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(Note: Brown & Root Environmental was purchased on January 1, 1998 and became Tetra Tech NUS, 

Inc. [TtNUS]). TtNUS has prepared this Work Plan for Solid Waste Management Unit (SWMU) 30, Naval 

Surface Warfare Center (NSWC) Crane, Indiana. This Work Plan was prepared for the U.S. Navy (Navy) 

Southern Division (SOUTHDN) Naval Facilities Engineering Command (NAVFAC) under Contract Task 

Order (CTO) 0019, for the Comprehensive Long-Term Environmental Action Navy (CLEAN III) Contract 

Number N62467-94-D-0888. 

Although this Work Plan was prepared as a stand-alone document, it should be used with the Quality 

Assurance Project Plan (QAPP) and associated standard operating procedures (SOPs). This Work Plan 

is an qutgrowth of a January- 1995 U.S. Army Corps of Engineers Waterways Experiment Station 

(USACEWES) Work Plan completed for SWMU 30. It is designed to provide direction for field and 

laboratory staff to ensure that specific procedures are properly implemented in a safe and scientifically 

defensible manner. It is also designed to provide a logical rationale for the investigative approach based 

on kn9wn regional and site-specific background information. This Work Plan is comprised of an 

Introduction (Section 1) that provides background information, presents the project rationale, and 

identifies project management issues; a Sampling and Analysis Plan (Section 2) that provides direction to 

the field staff; and an Environmental Sample Handling Procedures section (Section 3) that also provides 

direction to the field staff. Four appendices are attached to this Work Plan: Appendix A, Geologic Logs 

and Well Construction Diagrams (site-specific data from previous investigations); Appendix B, Field 

Forms; Appendix C, Standard Operating Procedures; and Appendix D, Health and Safety Plan. 

1.1 OBJECTIVES AND SCOPE 

The objective of this project is to determine the possible presence or absence and extent of ground water 

contamination at SWMU 30. SWMU 30 is commonly referred to as the "Landfarm". The work is being 

conducted to meet the requirements of a Phase II Ground Water Resource Conservation and Recovery 

Act (RCRA) Facility Investigation (RFI). 

Seven groundwater monitoring wells were installed around the perimeter of SWMU 30 (the Landfarm) 

during a previous USACEWESinvestigation, but these wells have not been sampled to date. The scope 

of the current investigation involves sampling the seven on-site ground water monitoring wells five times 

over a 15-month duration, laboratory analysis, analytical data validation, data management, and 

reporting. 

049910/P 1-1 CTa 0019 
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The NSWC Crane is located in Crane, Indiana, approximately 75 miles southwest of Indianapolis and 

71 miles northwest of Louisville, Kentucky (Figure 1-1). The facility encompasses more than 100 square 

miles (64,463 acres) (Figure 1-2). NSWC Crane provides material, technical, and logistical support to the 

Navy for equipment, weapons systems, and expendable and non expendable ordnance items. The facility 

was opened in 1941 as the Naval Ammunition Depot (NAD), Burns City, to serve as an inland munitions 

production and storage center. In 1943, the name was changed to NAD Crane in honor of Commodore 

William Montgomery Crane, the first chief of the Navy's Bur~au of Ordnance. The name changed again 

in 1975 to Naval Weapons Support Center to reflect the facility's growing involvement in high-technology 

weapons system. In 1977, the Secretary of Defense decided to combine all conventional ammunition 

acquisition under the responsibility of a single service. The ammunition production and storage function 

was given to the Army, and the Crane Army Ammunition Activity was established as a Crane tenant to 

accomplish this task for Naval ammunition. In 1992, based on changing missions and alignment, the 

name was changed again to the Naval Surface Warfare Center Crane. The Army has assumed ordnance 

production, storage, and related responsibilities under the single-service management directive. All 

environmental activities on the installation, including permitting activities, remain the responsibility of the 

Navy. Although ordnance production and storage still resides on Base, Crane serves a modern and 

sophisticated Navy as a recognized leader in diverse and highly technical product lines, such as 

microwave devices, acoustic sensors, small arms, microelectronic technology, and more. The Army 

currently exists as a Tenant Activity on the Base. 

The Landfarm (SWMU 30) is located in the west central part of the NSWC Crane, approximately 1 mile 

. south of Burns City, Indiana (Figure 1-2) at the northeastern· intersection ot. Highway 161 and Highway 

200. Aboveground, high-voltage power lines cross the site from east to west. 

1.2.1 Landfarm History 

Within the facility, NSWC Crane operates a wastewater treatment plant that generates sludges. NSWC 

Crane has historically used land application for the disposal of sludge from its main on-site sewage 

treatment plant. These sludges are from the processing of domestic and process wastewater sources. 

Process sources included wastewater from metal finishing operations; surface coating operations; the 

loading, assembly, and packing of ordnance; water treatment plant backwash; boiler blowdowns; and 

. industrial laundry. 
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In October 1980, NSWC Crane filed a RCRA Section 3010 Notification and a Part A (interim status) 

permit application to operate as a treatment, storage, or disposal facility. The application for the Part A 

permit was approved, and the facility was allowed to operate as though it had a permit. In December 

1983, NSWC Crane applied for and obtained a sludge application permit to spray sludges from its 

wastewater treatment plant along approximately 18 miles of roadside near the western boundary of the 

facility. On April 13, 1988, NSWC Crane was issued a permit (effective May 6, 1988) to apply sludge to a 

2.5-acre site (the Landfarm, Figure 1-2) located near an existing sanitary landfill. Sludges from the on­

site wastewater treatment facility were applied to this site from November 16, 1988 through March 1995. 

In June of 1994, NSWC Crane began applying sludges to eight new land-application-permitted sites 

located south and southeast of the Landfarm (see Figure 1-2). 

On December 20, 1989, a joint federal and state RCRA storage permit was issued to the Navy. The 

federal portion of the permit established the Hazardous and Solid Waste Amendments (HSWA) 

Corrective Actions Requirements and Compliance Schedules (RCRA 3004). The compliance schedule 

obligated NSWC Crane to perform an RFI at each on-site SWMU. A corrective measures study (CMS) 

and implementation of corrective measures are to be initiated if contamination is identified at a SWMU 

during the RFI process. The State of Indiana obtained pre-HSWA authorization and issued the Navy the 

state portion of the permit. 

In .1992, the U.S. Environmental Protection Agency (U.S. EPA) became concerned that the sludges from 

the on-site treatment plant should be characterized as F006 waste (wastewater treatment sludges from 

electroplating operations). U.S. EPA contended that wastewaters discharging from the electroplating 

shop pretreatment ,Plants (Buildings 38 and 3064) were mixing with other wastewaters in the sewer 

system prior to arrival at the main sewage ·treatment plant. In response to U.S. EPA concerns, NSWC· 

Crane implemented measures to prevent the discharge of wastes from the plating shops and resulting 

mixing with other wastewaters. In 1995, U.S. EPA renewed and modified the NSWC Crane permit to 

include the Landfarm as SWMU 30 to settle the enforcement issue concerning F006 and to modify the 

HSWA corrective action requirements and schedule. U.S. EPA had already required NSWC Crane to 

conduct an RFI at the Landfarm as part of the 1989 permit to determine if the previous application of 

. sludges possibly contaminated with plating wastes had adversely affected the shallow ground water 

regime. 

1.2.2 Site Topography 

The Landfarm is approximately 2.5 acres in area. The site is relatively topographically flat. Ground 

• 

• 

elevations for the monitoring wells at the Landfarm are currently not available. The tops of monitoring • 
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well casings at the Landfarm varied in elevation from 705.03 feet above mean sea level (ftASL) at 

location 30-07 to 719.11 ftASL at location 30-03 (Figure 1-3). 

A hill north-northeast of the site has an elevation of 741.1 ftASL. This hill slopes gently toward the 

Landfarm. The elevation at the intersection of Highways 200 and 161 is 705.7 ftASL. Therefore, the 

topography across the Landfarm slopes southwest at an average gradient of approximately 0.02 feet per 

feet (ftlft). ....:. 

1.2.3 Natural and Manmade Features 

The Landfarm is located directly beneath two high-voltage power lines (Figure 1-3). The site is lightly 

vegetated and is bound on the north and south by forested areas. The Landfarm is bound to the west by 

Highway 161 and to the east by an unnamed road. William's Cemetery is located on top of the hill north­

northeast of the site. The Landfarm is located northeast of the intersection of Highways 161 and 200. 

1.3 PREVIOUS SITE INVESTIGATIONS 

NSWC Crane subcontracted to the USACEWES the installation of seven ground water monitoring wells 

around the Landfarm. The USACEWES installed four downgradient, one cross-gradient, and two 

. upgradient ground water monitoring wells at this site in the Fall of 1993 (Figure 1-3). These seven ground 

water monitoring wells were designated 30-1 through 30-7. The original well logs and reformatted well 

logs and well construction diagrams are presented in Appendix A. 

Ground water samples have not been obtained from these seven wells. However, NSWC Crane has 

conducted quarterly analysis of the sludge since 1988. Although analytical data has been collected for 

the sludge since 1988, only data from 1990-through 1992 were available for the completion of this Work 

Plan. 

Sludge samples were obtained before the sludge was loaded into the spreader truck. The available 

quarterly analyses of sludges destined for the Landfarm were performed by Anacon Laboratories in 1990, 

1991, and 1992 (Table 1-1A), and by Heritage Laboratories in 1992 (Table 1-1B). The Anacon analytical 

data was for a limited analysis that included a modified metals analysis, polychlorinated biphenyls 

(PCBs), ammonia, nitrate, total Kjeldahl nitrogen (TKN), and phosphorus. The Heritage analyses were 

limited to include only a modified metals analysis, cyanide, toxicity characteristic leaching procedure 

(TCLP) analysis for volatile and semivolatile organic compounds, sulfide, ignitability, and pH. The 

available historic sludge analytical results (1990 through 1992) are presented in Tables 1-1 A and 1-1 B . 

049910/P 1-7 CT00019 
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mg/L mg/L 

Percent Total Solids 51 
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Cadmium 430 <0.02 
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The soils underlying the site were observed to be silty clay and ranged in thickness from 12 to 16 feet 

(USACEWES,.1995). These soils were classified under the Unified Soil Classification System (USCS) as 

being silt to silty clay (ML to CL). The soils were dry to moist and commonly were slightly to moderately 

plastic. 

The rock underlying the Landfarm is Pennsylvanian in age and consists of 0 to 14 feel of interbedded soft 

clay, gray to black shale, coal, and sandstone (USACEWES, 1995). These strata overlie a massively 

bedded, predominantly brown,. noncalcareous, quartzitic, fine- to medium-grained sandstone that 

becomes coarser and. more friable with depth. An upper interbedded shale and sandstone sequence that 

was observed in most borings was absent in the easternmost bo~ing, (30-2). The sandstone was 

observed to be jointed along bedding planes. An east-west cross section was constructed to show the 

geology across the site and is presented. as Figure 1 ~4. The location of the cross-section line is 

presented on Figure 1-3. 

1.3.2 Site Hydrogeology 

• Based on information collected by the USACEWES, the first indication of saturated subsurface conditions 

was noted within the sandstone bedrock at between 30 and 42 feet below ground level (USACEWES, 

1995). This shallow ground water regime is suspected to be confined or semiconfined based on the 

observed increase in the subsequent water-level elevation data upon completion of drilling and monitoring 

well installation. Water levels in completed monitoring wells were approximately 26 feet below the 

surface. This is believed to be due to a graditional change in the character of the sandstone at depth and 

the presence of a clayey overburden soil (Figure 1-4). It is antiCipated that the potentiometric surface of 

the shallow ground water regime at the site parallels the surface topography. Ground water flow within 

the shallow regime is believed to reflect surface topography, with flow from the north-northeast to south­

southwest. 

• 
" 

Seven ground water monitoring wells were installed in the shallow bedrock ground water regime during 

the USACEWES investigation (Figure 1-3). These seven monitoring wells are designated 30-1 through 

30-7. The geologic and well construction diagrams for these monitoring wells are presented in 

Appendix A. Two monitoring wells were installed hydraulically upgradient of the site (30-1 and 30-3); one 

was installed hydraulically cross-gradient to the site (30-2), and four were installed hydraulically 

downgradient of the site (30-4, 30-5, 30-6 and 30-7). These seven wells are screened within the 

uppermo'st water-bearing zone . 
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The objective of this ground water sampling program is to obtain representative samples from the shallow 

ground water regime at the landfarm. To accomplish this objective, five quarterly ground water sampling 
I 

rounds will be performed for the seven on-site ground water monitoring wells. The. results of the ground 

water sampling program will be used to determine the possible presence and extent of ground water 

contamination associated with application of sludge at the landfarm. These ground water samples are to 

b~ collected at quarter-year intervals over approximately 1 year. The rationale for collecting quarterly 

samples is to examine the variability of the analytical data versus time ,and seasonal changes. 

The first round of sampling will be conducted within 10 weeks of final Work Plan approval. Subsequent 

rounds will be collected at 3-month intervals following the first sampling event. Assuming final written 

approval of the Work Plan is received by September 1, 1999, the first sampling event would be completed . , 

by November 8, 1999. Subsequent rounds 2,3,4,and 5 would be conducted in February, May, August, 

and November of 2000, respectively. 

The ground water samples will be analyzed for a list of parameters associated with single application 

operations. These parameters include modified list of Appendix IX volatile organic compounds (VOCs), 

Appendix IX metals ,(total and dissolved), explosives, cyanide, nitrate/nitrite, ammonia, TKN, and 

phosphorus (total and total dissolved). Specific analytes are presented in Table 1-2 of the QAPP. 

Hexavalent chromium analYSis will also be performed using a U.S. EPA-accepted field test method (see 

Appendix E). Any exceedance of the hexavalent chromium RBTl specified in Table 1-2 of the QAPP wIll 

require a discussion with EPA Region 5to determine if fixed-base laboratory analysis is required. Also, 

additional testing of hexavalent chromium using an accepted fixed-base laboratory analytical procedure 

may be required if hexavalent chromium results are in the range of 100 to 180 IJg/l and the total 

chromium results are less than the field result. The rationale for using this parameter list is based on 

generator knowledge provided by Crane personnel. 

Samples for the first two sampling rounds will be analyzed for the aforementioned list of parameters. The 

data from these initial two sampling rounds will be used to preliminarily characterize the upgradient and 

downgradient ground water and will allow TtNUS to develop a list of potential contaminants of concern for 

this site. The results will provide a basis for focusing the subsequent three sampling rounds on the list of 

potential contaminants of concern. The subsequent focused list will be based on a subset of the above 

parameter list. The scientific basis for determining the analysis subset will be as follows: 
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IF: 

The compound was not detected during 
the first and second sampling rounds. 

The parameter was detected but in 
amounts statistically insignificant* relate 
to background data and state or federal 
standards. 

The parameter was detected in amounts 
statistically significant* relative to 
background but less than state or 
federal standards. 

The parameter was detected in amounts 
statistically significant* relative to 
background and greater than state or 
federal standards. 

THEN: 

No further analysis is 
recommended for this compound. 

No further analysis is 
recommended for this compound. 

Recommend continued analysis for 
the parameter in the subsequent 
three sampling rounds. 

Recommend continued analysis for 
the parameter in the subsequent 
three sampling rounds. 
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ACTION: 

Remove compound from 
future sampling list. 

Remove compound from 
future ~ampling list. 

Keep compound on . 
future sampling list. 

Keep compound on 
future sampling list. 

*Note: Statistical insignificance or significance will be determined based on a cor:nparison of the 
maximum value downgradient to the maximum value upgradient. If one value exceeds the maximum 
upgradient value, that parameter will be retained for further analysis. Statistical analysis specified in 40 
Code of Federal Regulations (CFR) 264 Subpart F will be conducted after four full rounds of data are 
available. Because metals are the primary contaminants of concern associated with this SWMU, 
analyses for the metals listed will be conducted. for all 5 rounds, even if nondetectable values are 
obtained in the first 2 rounds. . 

1.5 PROJECT MANAGEMENT AND ORGANIZATION 

TtNUS is responsible for the overall management of the project, including all field sampling activities. 

Navy personnel will actively support the investigation and will coordinate with TtNUS personnel during 

field activities. The responsible organizations and personnel involved in the project are as follows: 

Southern Division 
SOUTHNAVFACENGCOM 
2155 Eagle Drive 
P.O. Box 190010 
. North Charleston, South Carolina 29419-9010 
(843) 820-7360 

Mr. Bill Gates 
Restoration Project Manager 

Point of Contact 
Naval Surface Warfare Center 
300 Highway 361, Building 3260 
Crane, Indiana 47522-5009 

Mr. Thomas Brent 
Installation Restoration Project Manager 

049910/P 
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Tetra Tech NUS, Inc. 
Foster Plaza VII 
661 Andersen Drive 
Pittsburgh, PA 15220 
(412) 921-7090 

Ms. Debra Wroblewski, Program Manager 
Dr. Roger A. Clark, Task Order Manager 
Mr. Paul Frank, Quality Assurance Manager 
Mr. Matt Soltis, Health and Safety Manager 
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This section presents the'project management for the RFI to be conducted at NSWC Crane. Included in 

the following sections are the staffing and coordination requirements. At the direction of the Restoration 

Project Manager (RPM), TtNUS is responsible for the overall management, implementation, and 
, , 

inspection of contract 'field activities. Navy personnel will be actively involved and will coordinate with 

TtNUS personnel in a number of areas. The authorities and organizational relationship' of key personnel 

are depicted on Figure 1-5. Responsibilities for program management, project management, field 

operations, and laboratory operations are discussed in the following sections. 

1.5.1 Management Responsibilities 

Navy Project Management 

The U.S. Navy Restoration Project Manager (RPM), Bill Gates, has overall responsibility for all phases of 

the RFI. In general, the Navy RPM acts as the focal representative for the U.S. Navy,providing 

management, technical direction, and oversight for all NSWC Crane project activities performed by 

contractors and their subcontractors. In matters such as facilitation of access and of project activities, 

oversight, etc., the Navy RPM is assisted by the Installation Restoration Project Manager (IRPM), 

Thomas Brent. 

Federal and State Regulators 

This ground water investigation is being conducted under a RCRA permit administered jointly by the U.S. 

EPA Region V and the State of Indiana. As such, all aspects of the project will require approval by both 

agencies. The U.S. EPA representative for the project is Mr. Peter Ramanauskas. The state 

representative for the project is Mr. Mike Sickels. 

Program Manager 

The TtNUS CLEAN Program Manager, Debbie Wroblewski, provides operations, technical, and 

administrative leadership, and oversees and supports quality policies. The Program Manager assigns 

project Task Order Managers (TOMs) and oversees their performance. The Program Manager also 

ensures the availability of technical and clerical resources for program operations, and maintains 

consistency in procedures and projects amongst Contract Task Order (CTO) assignments. In these 

matters, the Program Manager is assisted by the TOM. 
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P. Ramanauskas 
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State 

State of Indiana 
Remedial 

Project Manager 
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Health & Safety Manager 
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U.S. Navy NSWC Crane 
SOUTHNAVFACENGCOM Installation Restorati on 

Restoration Project Manager Project Manager - _. 

B. Gates T. Brent 

TtNUS TtNUS 
Program Manager Quality Assurance 

Manager 

D. Wroblewski , 
P. Frank 

I 

TtNUS 
Task Order Manager 

R. Clark 

I 
TtNUS 

Field Operations Leader, 
. Site QA/QC Advisor, and Site Safety Officer 

To Be Determined 

I 
SUPPORT STAFF 

-
• CADD Operators • Field Samplers • Risk Assessors 

• Designers • Technicians • Word Processors 

• Civil Engineers • Chemists • Env. Engineers 

SUBCONTRACTORS 

• Analytical Laboratory 
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The TtNUS TOM, Roger Clark, Ph.D., has overall responsibility for the project (Le., scope, schedule, 

budget) and technical management" and is responsible for identifying and ensuring the availability of 

qualified on-site p'ersonnel.' Additional responsibilities of the TOM are as follows: 

• Ensuring timely resolution of project-related technical, quality, safety, and waste management 

issues. 

• Functioning as primary interface with the contract RPM, field personnel, laboratory point-of-contact, 

and subcontractors. 

• Monitoring and evaluating subcontractor performance. 

• Coordinating and overseeing work performed by technical staff (including risk assessment and 

modeling) . 

• Coordinating and overseeing the maintenance of all project records. 

• Coordinating and overseeing the review of project deliverables . 

• ' Preparing and issuing final deliverables to the client. ' ' 

• Approving the implementation of corrective actions. 

• Performs final data assessment with assistance from the data validation coordinator 

Health and Safety Manager 

The TtNUS Health and Safety Manager (HSM), Matt Soltis, is responsible for the following: 

• Implementing the Site Security and Health and Safety Plan (HASP). 

• Overseeing the development and review of the Site Security and HASP. 

• Assigning the Site Safety Officer (SSO) and supervising his or her performance. 

• • Conducting health and safety audits. 
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• Preparing health and safety reports for management. 

1.5.2 Quality Assurance Responsibilities 
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This section identifies the quality assurance responsibilities for the NSWC Crane RFI. Responsibilities of 

u.s. EPA Region V regulators, TtNUS personnel, and the analytical laboratory are discussed. 

u.s. EPA Region V Quality Assurance Manager 

The U.S. EPA Region V Quality Assurance Manager is responsible for reviewing and approving the 

QAPP and providing overall quality assurance support and review throughout the RFI process. 

Ttt-JUS Quality Assurance and Quality Control Manager 

The TtNUS Quality Assurance Manager (QAM), Paul Frank, is responsible for the following activities: 

• Developing, maintaining, and monitoring quality assurance policies and procedures. 

• 

• Providing training to TtNUS staff in quality assurance and quality control (QA/QC) policies and • 

procedures. 

• Conducting systems and performance audits to monitor compliance with environmental regulations, 

contractual requirements, project plan requirements, and corporate policies and procedures. 

• Conducting audits of project records. 

• Ensuring external audits of subcontracted laboratories, and monitoring subcontractor quality controls 

and records. 

• Assisting in the development of corrective action plans, and ensuring correction of nonconformances 

reported in internal or external audits. 

• Overseeing the implementation of the QAPP. 

• Overseeing and reviewing the development and revision of the QAPP. 
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• Overseeing the TtNUS Site QA/QC Advisor. 

• Preparing quality assurance reports for management. 

• Mr. Andy Kendrick (TtNUS) will be responsible for conducting all internal field audits. 

1.5.3 Laboratory Responsibilities 
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The subcontract analytical laboratory will be responsible for analyzing all RFI samples in accordance with 

the specified analytical methods and for reporting data in accordance with the requirements outlined 
I 

under the Contract Laboratory Program. "Phe analytical laboratory will properly dispose of unused 

samples and report the receipt of any broken sample bottles or other problems relative to samples (e.g!, 

headspace in volatile organic yi~ls) to the TOM. 

1.5.4 Field Responsibilities 

The TtNUS field investigation team will be organized according to the activities plann~d. Field team 

members will be selected based on the type and extent of effort required .. All team members will be 

appropriately skilled and trained for the tasks they are assigned to perform. The team will consist of a 

combination of the following personnel: 

• Field Operations Leader (FOL) (The FOL may also fill other roles) 

• Site QA/QC Advisor 

• ·SSO 

• Field hydrogeologist/geologists . 

The proposed NSWC Crane field activities will be performed by TtNUS personnel and subcontractors, 

and overseen by the TtNUS FOL. The FOL's responsibilities are discussed below. 

The FOL is responsible for coordinating all on-site personnel and providing technical assistance when 

required. The FOL or designee will coordinate and be present during all sampling activities and will 

. ensure the availability and maintenance of all sampling materials and equipment. The FOL is responsible 

for the completion of all sampling, field, and chain-of-custody documentation, will assume custody of all 

samples, and will ensure the proper handling and shipping of samples. Other duties of the FOL include 

• the following:· 
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• Functions as communications link between field crew members, the Site QA/QC Advisor, SSO, and 

TOM. 

• Oversees the mobilization and demobilization of all field equipment. 

• Resolves logistical, weather, personnel, and equipment problems. 

• Maintains (or ensures the maintenance of) the site logbook. 

• Initiates field change requests when necessary. 

The FOL (or his assistant) will act as the Site QA/QC Advisor, who is responsible for ensuring adherence 

to all QA/QC guidelines as defined in the Field Sampling Plan (FSP) and QAPP. Strict adherence to 

these procedures is critical to the collection of acceptable and representative data. The following 

summarizes the Site QA/QC Advisor's responsibilities: 

• Ensures that field d.uplicates and field quality control blanks are collected at the proper frequency. 

• Ensures that additional volumes of sample are supplied to the analytical I~boratory at the proper 

frequency to accommodate laboratory QA/QC analyses. 

• Ensures that measuring and test equipment are calibrated, used, and maintained in accordance with 

,0 applicable procedures. 

• Acts as liaison between site personnel, laboratory personnel, and the QAM. 

• Manages bonleware shipments, and oversees field preservation and in-field filtration activities. 

The FOL will also serve as the SSO. The duties of the SSO are detailed in the Site Security and HASP. 

The SSO has stop-work authority that can be executed upon the determination of an imminent safety 

hazard. 

To accomplish these duties effectively, the FOL may be assisted by a yet-to-be-determined TtNUS field 

geologist or hydrogeologist. 

1.6 COMMUNITY RELATIONS 

Six progress and review meetings are scheduled between the Navy, TtNUS staff, and members of the 

• 

• 

Restoration Advisory Board (RAB). The RAB will include representatives from regulatory agencies such • 
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as the U.S. EPA, State Environmental Protection Branch, State Fish and Wildlife Commission, and the 

community. The first meeting will present the Revised Draft Work Plan, the second through fifth meetings 

will pre'sent the quarterly sampling results, and the sixth meeting will present the Draft Final Report. 

1.7 DELIVERABLES AND DATA MANAGEMENT 

Four interim reports will be issued approximately 2 months after the completion of each of the first four 

sampling rounds. These reports will briefly discuss the on-site field activities, observations, and sampling 

methodologies and discuss the sampling results. The results from the ~ifth and final sampling round will 

be· incorporated into the draft final report. The draft .tinal report will include a discussion and tables 

regarding all sampling results from this investigation. 

" 

Historical analytical data regarding the sludge samples and ground· water chemistry data will be 

maintained in a database. The database will be used to identify data trends and anomalous data results 

and will be used to compare the results to state and federal standards. The database will also be used to 

identify anomalous re~ults that are statistically significant relative to background concentrations. 

1.8 PROJECT SCHEDULE 

The first round of sampling will be conducted within 10 weeks of final Work Plan approval. Subsequent 

rounds will be collected at 3-month intervals following the first sampling event. Assuming final written 

approval of the Work Plan is received by September 1, 1999, the first sampling event would be completed 

by November 8, 1999. Subsequent rounds 2,3,4,and 5 would be conducted in February, May, August, 

and November of 2000, respectively. 
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This Sampling and Analysis Plan discusses general sampling operations and procedures for the 

proposed sampling events to be performed at the Landfarm. Details of the sampling events, including 

sampling locations, sample analytes, and rationale, are provided. 

2.1 FIELD OPERATIONS SUMMARY 

The purpose of this field investigation is to acquire ground water chemistry data at seven ground water 

monitoring wells installed around the perimeter of the Landfarm. These monitoring wells were installed by 

USACEWES during a previous investigation. USACEWES indicated that .the surveyed elevations of the 

wells are suspect; therefore, the relative elevations of the seven wells will be resurveyed during the 

upcoming field sampling operations. For this investigation, seven ground water monitoring wells will be 

sampled quarterly. A total of five quarterly sampling events will be performed during this investigation. 

Ground water samples will be analyzed for the parameters listed in Table 2-1 during the first two sampling 

rounds. The results of the first two sampling rounds will allow TtNUS to identify the potential 

contaminants of concern for this site. The remaining three quarterly sampling events will be focused on 

the potential contaminants of concern. For purposes of discussion, it is assumed that samples collected 

during all five sampling events will be analyzed for the full list of parameters. 

2.2 MOBILIZATION I DEMOBILIZATION 

Following approval of the Work Plan, TtNUS will begin mobilization activities. All field team members will 

review the Sampling and Analysis Plan, the HASP, and the QAPP prior to mobilization. In addition, a field 

team orientation meeting will be held to familiarize personnel with the scope of the'field activities. 

The FOL will coordinate the mobili'zation activities for this project. The equipment required for the field 

activities will be mobilized from TtNUS's Pittsburgh office to the site by the FOL and the field crew. The 

Landfarm is in a fairly remote area of the Base. As a result, electricity is not available on-site. Therefore, 

power for electric pumps and all other electric-powered. equipment, if required, will be supplied from 

portable gas-powered generators. It is presently anticipated that no portable gas-powered equipment will 

be used during field operations, but if conditions arise that require such equipment, an application for their 

use will be made to the NSWC Crane Fire Department. The FOL and crew will demobilize from the site 

upon completion of the field operations and transport all field equipment back to the Pittsburgh office, 
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TABLE 2-1 

QUARTERLY CHEMICAL ANALYSIS SUMMARY 
SWMU 30 (LANDFARM) INVESTIGATION 

NSWC CRANE, INDIANA 

Analytical Parameter Analytical Aqueous Field Source Equipment Matrix Trip 
Method Samples Duplicate Water Rinsate ,Spikel Blanks 

Samples Blanks Blanks Duplicate 

Volatile Organics SW -846 8260B 7 1 1 1 1/1 1 

Mercury" Total and Dissolved SW-8467470A 7 1 1 1 1/1 0 

Appendix IX Metals (except mercury), Dissolved SW-8466020 7 1 1 1 1/1 0 

Appendix ,IX Metals (except mercury), Total SW-8466020 7 1 1 1 1/1 , 0 

Cyanide SW-8469012A 7 1 1 1 1/1 0 

N itrate/N it rite EPA 353.2 7 1 1 1 1/1 0 

Hexavalent Chromium Field Hach Test 7 1 1 1 NA 0 
Kit Method 8023 

Ammonia EPA 350.1 7 1 1 1 1/1 0 

Phosphorus, Total EPA 365.2 7 1 1 1 1/1 0 

Phosphorus, Dissolved EPA 365.2 7 1 1 1 . 1/1 0 

Total Kjeldahl Nitrogen EPA 351.2 7 1 1 1 1/1 0 

Notes: Specific analytes are listed in Table 1-2 of the QAPP. The total number of aqueous samples is based on sampling the seven existing 
wells. One field duplicate will be collected per round. 

• 

Matrix spike (MS) and duplicate samples will be collected at a frequency of 1 per 20 samples. For inorganics, an MS and a sample 
duplicate will be collected, and for organics, an MS and a matrix spike duplicate (MSD) will be collected. MS/MSDs and sample 
duplicates are not applicable for field analyses (NA). 
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2.3 ' GROUND WATER SAMPLING 
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The objective of this section is to provide guidance for the proper sampling equipment and techniques for 

ground water sample collection. All ground water sampling shall be conducted in accordance with TtNUS 

SOP SA-1.1 (Appendix C). 

2.3.1 Water-Level Measurements and Ground Water Monitoring Well Evaluations 

Water-level measurements and total ~ell depth soundings will be obtained at each of the seven 

monitoring well locations at this site. All water-level measurements will be taken within a 24-hour period 

of consistent weather conditions. The sequence for measuring water levels at this site will proceed from 
, 

ground water monitoring well locations 30-3, to 30-1 (background) to 30-2 (cross-gradient), to 30-4, 30-5, 

30-6, and 30-7 (downgradient); this sequence will minimize the potential for cross-well contamination. All 

water-level measurements will be taken using an electronic water-level meter. Water-Ievel,elevations will 

be recorded to within a 0.01-foot accuracy from a marked reference point on the well riser pipe. Water 

levels will be recorded on a TtNUS water-level form. A blank water-level form is provided in Appendix B 

,for reference purposes. 

The condition of each ground water monitoring well will be evaluated prior to the initiation of well 

development and sampling. This evaluation will examine for the: presence of a silted screen, a damaged 

surface casing, or a damaged concrete surface pad. The condition of well tags and locks will be 

recorded. Water levels will be measured and monitoring wells will be evaluated in accordance with 

procedures outlined in TtNUS SOP GH-1.2 (Appendix C). 

A photoionization detector (PID) or flame ionization detector (FID) will be used to monitor the presence of 

organic vapors in the well annulus. The organic vapor monitor will be calibrated daily in accordance with 

procedures outlined in the manufacturer's operations manual. Organic vapor monitor calibration records 

will be recorded daily on TtNUS equipment calibrations sheets as per TtNUS SOP SA-6.3 (Appendixes B 

and C). 

2.3.2 Monitoring Well Development and Purging 

Older monitoring wells that have not been rece"ntly purged require development to maintain or improve 

their original specific capacity. Regaining high specific capacity is critical in approximating natural aquifer 

flow conditions and the subsequent collection of representative ground water samples. Therefore, the 

seven existing wells at the site will be developed prior to purging and sampling. 
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Each of the seven ground water monitoring wells will be developed and purged in accordance with 

procedures outlined in TtNUS SOP SA-1.1 (Appendix C). Each monitoring well will be developed during 

the first scheduled sampling round using a surge block and submersible pump. The purpose of the well 

development is to remove sediments from inside the casing and within the sand filter that surrounds the 

screen. Each monitoring well will be developed (pumped) for at least 1 hour to help remove sediment 

around the well screen and within the sand filter (SOP SA-1.1). Development will continue until all visual 

sediments have t;>een removed. Water-level elevation data will be collected periodically during the well 

development process to ensure that the well is not pumped dry. In the event that the well runs dry, field 

personnel will allow sufficient recharge time and continue with other scheduled activities. Specific 

capacity data will be collected at the end of the development process. Specific capacity data are useful in 

determining the potential yield of a well and for estimating the hydraulic properties of the aquifer. 

Each of the existing wells consist of a 5- to 10-foot screened section within an approximately 15-foot-thick 

artificial sand pack. The sandstone aquifer exhibits semiconfined to confined conditions and should 

. provide sufficient water to develop, purge, and sample the wells. In order to remove the fine-grained 

,. 

material that has likely accumulated in the stagnant wells, surging and overpumping is the recommended 

method of development. Overpumping is not an ideal method for initial development of unconsolidated 

aquifers but is an,effective development method for a relatively stable sandstone aquifer. 

Overpumping is the process where a well is pumped at a higher rate than it will be subsequently purged 

and sampled. The objective is to remove fine-grained material at higher flow rates so that it will not be 

entrained ,in the sample collected at lower flow rates. Although it is anticipated that this aquifer can 

sustain a sufficient yield, if the well does pump dry during the 1-hour period, the well will be allowed to 

recharge back to a level greater than or equal to the height of the screened section and pumped a second 

time. The total pumping time is anticipated to equal 1 hour per well. Prior to and upon completion of 

development, the sediment thickness, if any, within the well will be measured and recorded on the 

development form. 

Monitoring well development will be completed at least 24 hours before well purging and sampling. The 

intent of this delay is to provide time for the well and surrounding sand pack and aquifer materia,l to 

sufficiently equilibrate to natural conditions. 

The sequence for developing and purging ground water monitoring wells at this site will proceed from 

locations 30-3 and 30-1 (background), to 30-2 (cross-gradient), to 30-4, 30-5, 30-6, and 30-7 

(downgradient) to minimize the potential for cross-well contamination. 
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Ground water monitoring well purging will be performed prior to each sampling event. The water-level 

elevation and total well depth will be measured prior to the start of ground water monitoring well purging. 

These measurements will. be used to calculate the volume of water ,each ground water monitoring well 

contains for estimating purging requirements. To calculate the volume of water present, the following 

geometric formula for determining the volume of a cylinder will be used: 

volume = nr2hC 

or 

volume = (0.163)(h) for a 2-inch monitoring well 

Where: n = 3.14 (dimensionless) 

r = The radius of the well (feet) 

h = The length of the water column in the well (feet) 

C = 7.48 gallons per cubic foot 

volume = gallons 

T etlon-lined PVC bladder p,umps will be used to sample each well. A minimum of one well volume will be 

purged from each ground water monitoring well using the iow flow (0.14 Umin to 0.35 Umin) bladder 

pump prior to sampling. Measurements of pH, temperature, dissolved oxygen, turbidity, and conductivity 

will be taken at the start of purging and every 5 to 10 minutes thereafter. Purging will continue until these 

parameters stabilize or a maximum of six well volumes are removed. All development and purging fluids 

removed from the wells will be placed in labeled containers. Stabilization is achieved and sampling can 

begin when a minimum of one casing volume has been removed and three consecutive readings, taken 

at 5- to 10-minute intervals, are within the following limits: 

• pH ± 0.1 standard unit 

• Specific conductance ± 3 percent 

• Temperature ± 3 percent 

• Turbidity less than 10 Nephelometric Turbidity Units 

2.3.3 Sampling 

Ground water samples will be collected using low flow sampling techniques as described in SOP SA 1.1 

(Teflon-lined PVC bladder pumps). All samples will be transferred directly from the bladder pump to the 

• sample container. Samples for voe analysis will always be collected first, making sure that zero head 
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space is present in the sample container once filled. Filtered ground water samples will be collected and 

analyzed for the presence of dissolved metals. The field-filtered samples will be processed using a 0.45 

micron particulate filter. Unfiltered ground water samples will be collected and analyzed for total metals 

and all other parameters. Sample nomenclature and rationale are presented in Table 2-2. Bottle and 

sample preservation requirements are presented in Table 2-3. 

One field duplicate sample will be collected per quarterly sampling event. The purpose of the field 

duplicate sample is to examine the variability of the samples. One trip· blank will be collected per 

shipment of VOC samples. The purpose of the trip blank is to examine the potential for cross 

contamination of samples during shipping. One equipment rinsate blank will be collected for each of the 

sampling rounds. The equipment rinsate blank will be collected from a bladder pump to examine its 

cleanliness before it is installed in a monitoring well. The common purpose of the equipment rinsate 

blank is to examine the effectiveness of the decontamination procedures. One source water blank will be 

collected per quarterly sampling event for the purpose of evaluating contamination in water used for 

decontamination activities. Quality control samples are further discussed in Section 3.4. 

Sampling chain-of-custody requirements are addressed in Section 3.3. All pertinent field data will be 

recorded on a sample log sheet and in the field log book. A TtNUS sample log sheet is included in 

Appendix B. 

2.4 FIELD MEASUREMENTS 

Field measurements recorded during field and sampling operations include air quality within the well 

casing, ground water temperature, pH, turbidity, and specific conductance. The following instruments are 

anticipated to be used during the field activities: 

• FlO or PID 

• Temperature probe 

• Specific conductance meter 

• pH meter 

• Dissolved oxygen meter 

• HACH Test Kit for hexavalent chrome 

• Turbidity meter 

• Electronic water-level meter 

• Oxidation reduction potential (ORP) flow-through cell 
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TABLE 2-2 

SUMMARY OF SAMPLING ACTIVITIES 
NSWC CRANE, INDIANA 

PAGE 1 OF 5 

GROUND WATER SAMPLES FOR FIRST SAMPLING ROUND 
Sample 1.0. Analytical Parameters 

030-GW-001-01 30-1 ' . 45.5 feet Parameter List as per Table 2-1 
030-GW-002-01 30-2 50.3 feet Parameter List as per Table 2-1 
030-GW-003-01 30-3 51.6 feet Parameter List as per Table 2-1 
030-GW -004-01 30-4 39.8 feet Parameter List as per Table 2-1 
030-GW -005-01 30-5 42.5 feet Parameter List as per Table 2-1 
030-GW -006-01 30-6 42.8 feet Parameter List as per Table 2-1 
030-GW-007-01 ·30-7 42.8 feet Parameter List as per Table 2-1 
030-IW-001-01 

- ,--~-- __ ~a_~__ Parameter List ~er J~ble2-=1 
- - --

~ OA/OC SAMPLES FOR FIRST SAMPLING ROUND 
DUP-GW-001-01 Duplicate Sample n/a Parameter List as per Table 2-1 
030-TB-001-01 . Trip Blank· n/a VOC List as per Table 2-1 

030-FB-001-01 Field Blank n/a Parameter List as per Table 2-1 

030-RB-001-01 Equipment Rinsate Blank n/a Parameter List as per Table 2-1 
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Sample Rationale 

Uparadient Sampling Location 
Cross-Gradient Sampling Location 

Upgradient Sampling Location 
Downgradient Sampling Location 
Downgradient Sampling Location 
Downaradient Sampling Location 
Downgradient Sampling Location 

IDW Sample 

Examine Sample Variability 
Examine for VOC Cross-

Contamination During Shipping 
Examine Water used for 

Equipment Decontamination 
Determine Effectiveness of 

Equipment Decontamination 
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TABLE 2-2 

SUMMARY OF SAMPLING ACTIVITIES 
NSWC CRANE, INDIANA 

PAGE 2 OF 5 

GROUNDWATER SAMPLES FOR SECOND SAMPLING ROUND 
Sample 1.0. Analytical Parameters 

030-GW-001-02 30-1 45.5 feet Parameter List as per Table 2-1 
030-GW -002-02 30-2 50.3 feet Parameter List as per Table 2-1 
030-GW -003-02 30-3 51.6 feet Parameter List as per Table 2-1 
030-GW -004-02 30-4 39.8 feet Parameter List as per Table 2-1 
030-G W -005-02 -30-5 42.5 feet Parameter List as per Table 2-1 
030-GW -006-02 30-6 42.8 feet Parameter List as per Table 2-1 
030-GW -007 -02 30-7 42.8 feet Parameter List as p_er Table 2-1 
030-IW-001-02 n/a n/a Parameter List as per Table 2-1 

QA/QC SAMPLES FOR SECOND SAMPLING ROUND 
DUP-GW-001-02 Duplicate Sample n/a Parameter List as ~_er Table 2-1 
030-TB-OO 1-02 Trip Blank n/a VOC List as per Table 2-1 

030-FB-001-02 Field Blank n/a Parameter List as per Table 2-1 

030-RB-001-02 Equipment Rinstate Blank n/a Parameter List as per Table 2-1 

• • 

Sample Rationale 

Upg-radient Sampling Location 
Cross-Gradient Sampling Location 

Upgradient SamplinQ Location 
DownQradient SamplinQ Location 
DownQradient Sampling Location 
Downgradient Sampling Location 
Downgradient Sampling Location 

IDW Sample 

Examine Sample Variability 
Examine for VOC Cross-

Contamination During ShippinQ 
Examine Water used for 

- Equipment Decontamination 
Determine Effectiveness of 
Equipment Decontamination 
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• 
Sample 1.0. 

030-GW -00 1-03 30-1 
030-GW -002-03 30-2 
030-GW -003-03 30-3 
030-GW -004-03 30-4 
030-GW -005-03 30-5 
030-GW -006-03 30-6 
030-GW -007 -03 30-7 
030-IW-001-02 n/a 

• 
TABLE 2-2 

SUMMARY OF SAMPLING ACTIVITIES 
NSWC CRANE, INDIANA 

PAGE30F5 

Analytical Parameters 

45.5 feet Focused Parameter List 
50.3 feet Focused Parameter List 
51.6 feet Focused Parameter List 
39.8 feet Focused Parameter List 
42.5 feet Focused Parameter List· 
42.8 feet Focused Parameter List 
42.8 feet Focused Parameter List 

n/a Parameter List as per Table 2-1 

OA/OC SAMPLES FOR THIRD SAMPLING ROUND 
DUP-GW -001-03 Duplicate Sample n/a Focused Parameter List 
030-TB-001-03 Trip Blank n/a VOC List as per Table 2-1 

030-FB-001-03 Field Blank n/a Parameter List as per Table 2-1 

030-RB-001-03 Equipment Rinstate Blank. n/a Parameter List as per Table 2-1 

- - - -- -- -

• 
Sample Rationale 

Upgradient Sampling Location 
Cross-Gradient Sampling Location 

Upgradient Sampling Location 
Downgradient Sampling Location 
Downgradient Sampling Location 
Downgradient Sampling Location 
Downgradient Sampling Location 

lOW Sample 
.... -

Examine SamQle VariabilLty 
Examine for VOC Cross-

Contamination During Shipping 
Examine Water used for 

..• 

Equipment Decontamination 
Determine Effectiveness of· 

Equipment Decontamination 
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. TABLE 2-2 

SUMMARY OF SAMPLING ACTIVITIES 
NSWC CRANE, If.,IDIANA 

PAGE 4 OF 5 

GROUND WATER SAMPLES FOR FOURTH SAMPLING ROUND - (QUARTERLY SAMPLING 
Sample 1.0. Analytical Parameters 

030-GW-001-04 30-1 45.5 feet Focused Parameter List 
030-GW -002-04 30-2 50.3 feet Focused Parameter List 
030-GW -003-04 30-3 51.6 feet Focused Parameter List 
030-GW -004-04 30-4 39.8 feet Focused Parameter List 
030-GW -005-04 30-5 42.5 feet Focused Parameter List 
030-GW -006-04 30-6 42.8 feet Focused Parameter List 
030-GW -007 -04 30-7 42.8 feet Focused Parameter List 
030-IW-001-04 

--
n/a 

- -
n/a 

--
Parameter Listas per Table 2-J 

QNQC SAMPLES FOR FOURTH SAMPLING ROUND 
DUP-GW-001-04 Duplicate Sample n/a Focused Parameter List 
030-TB-OO 1-04 Trip Blank n/a VOC List as per Table 2-1 

030"FB-001-04 Field Blank n/a Parameter List as per Table 2-1 -

030-RB-001-04 Equipment Rinstate Blank n/a Parameter List as per Table 2-1 

• • 

Sample Rationale 

Upgradient Sampling Location 
Cross-Gradient Sampling Location 

Upgradient Sampling Location 
Dowl}gradient Sampling_ Location 
Downgradient Sam~ling Location 
Downgradient Sampling Location -
Downgradient Sampling Location 

-------
ID'yy_§ample 

---

Examine Sample Variability I 
Examine for VOC Cross- I 

Contamination During Shipping i 

Examine Water used for 
I Equipment Decontamination 

Determine Effectiveness of I 
Equipment Decontamination I 
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-030-GW -00 1-05 30-1 
030-GW -002-05 30-2 
030-GW -003-05 30-3 
030-GW -004-05 30-4 
030-GW-005-05 30-5 
030-GW -006-05 30-6 
030-GW -007 -05 30-7 
030-IW-001-05 n/a 

QA/QC SAMPLES FOR FIFTH SAMPLING ROUND 
DUP-GW-001-05 DuQlicate Sample 
030-TB-001-05 Trip Blank 

030-FB-001-05 Field Blank 

030-FB-001-05 Equipment Rinstate Blank 

-- -- -------

Notes: 

lOW -Investigation Derived Waste 
n/a - not applicable 

• 
TABLE 2-2 

SUMMARY OF SAMPLING ACTIVITIES 
NSWC CRANE, INDIANA 

PAGE 5 OF 5 

Analytical Parameters 

45.5 feet Focused Parameter List 
50.3 feet Focused Parameter List 
51.6 feet Focused Parameer List 
39.8 feet Focused Parameter List 
42.5 feet Focused Parameter List 
42.8 feet Focused Parameter List 
42.8 feet Focused Parameter List 

n/a Parameter List as per Table 2-1 . 

n/a Focused Parameter List 
n/a VOC List as per Table 2-1 

n/a . Parameter List as per Table 2-1 

\ n/a Parameter List as per Table 2-1 

• 
Sample Rationale 

UpQradient Sampling Location 
Cross-Gradient SamplinQ Location 

Upgradient Sampling Location 
Downgradient Sampling Location 
Downgradient SamQling Location 
Downgradient Sampling Location -
Downgradient Sampling Location 

lOW Samj)le 

Examine Sample Variability .~~ . 
Examine for VOC Cross-

Contamination Durin~ Shipping 
Examine for VOC Cross- -. 

Contamination During Shippir'iQ 
Determine Effectiveness of 

Egl.lipment _ Decontamil1ation 

Matrix spike (MS) and duplicate samples will be collected at a frequency of 1 per 20 samples. For inorganics, an MS and a sample duplicate will 
be collected, and for organics, an MS and a matrix spike duplicate (MSD) will be collected. MS/MSDs and sample duplicates are not applicable for 
field analyses (NA). See Table 2-3 for specific numbers of vials/bottles required. 
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TABLE 2-3 

-
SUMMARY OF SAMPLE ANALYSES, CONTAINER TYPES AND VOLUMES, 

PRESERVATION REQUIREMENTS, AND HOLDING TIMES 
NSWC CRANE, INDIANA 

Parameter Sample Container Container Preservation(l) Maximum Holding Analytical Methodology 

Volume Tlme(2) 

Volatile Organic Compounds Glass, black phenolic plastic (3) 40 mL(3) Cool to 4°C, dark, 14 days SW-846!4) Method 82608(5) 

screw cap, Teflon-lined zero headspace, 

septum HCI to pH < 2 

Explosives Amber glass, Teflon-lined (2) 1000 mL(6) Cool to 4°C, dark Extraction within 7 days; SW-846 Method 8330 

cap analysis within 40 days of 

extraction 

Metals (total and dissolved) Polyethylene bottle, plastic 1000 mL HN03 to pH < 2 Within 180 days; SW-846 Method 6020; 

cap, plastic liner mercury within 28 days mercury - SW-846 Method 7470A 

Ammonia Polyethylene bottle, plastic 1000 mL(7) Cool .to 4°C, H2S04 to 28 days EPA Method (15) 350.1 

cap, plastic liner pH <2 

Cyanide Polyethylene bottle, plastic 500mL Cool to 4°C, NaOH to 14 days SW-846 Method 9012A 

cap, plastic liner pH> 12 

Nitrate/Nitrate Polyethylene bottle, plastic 1000 mL(7) Cool to 4°C, H2SO4 28 days EPA Method 353.2 

cap, plastic liner to pH <2 

Phosphorus Polyethylene bottle, plastic 1000 mL(7) Cool to 4°C, H2SO4 28 days EPA Method 365.2 

(total and dissolved) cap, plastic liner to pH <2 

Total Kjeldahl Nitrogen (TKN) Polyethylene bottle, plastic 1000 mL(7) Cool to 4°C, H2SO4 28 days EPA.Method 351.2 

- --
cap, plastic liner to pH <2 

1 HCI = Hydrochloric acid, H2S04 = Sulfuric Acid, NaOH = Sodium Hydroxide, HN03 = Nitric Acid. 
2 All holding times are from date of collection. 
3 Four additional 40-mL vials are required for samples designated for matrix spike/matrix spike duplicate analysis (minimum 1 per 20 samples). 
4 U.S. EPA, 1986. Test Methods for Evaluating Solid Wastes, Physical/Chemical Methods. SW-846, 3rd ed, including updates. 
5 Analysis will be performed using a 25-mL sample volume in order to achieve lower quantitation limits for ground water samples. 
6 Two additional1000-mL bottles !ire required for samples designated for matrix spike/matrix spike duplicate analysis (minimum 1 per 20 samples). 
7 Ammonia, nitrate/nitrite, TKN, and total phosphorus samples will be provided for analysis in the same 1000-mL bottle. 

mL = milliliter 
< = less than 
°C = degrees centigrade 
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Field instruments are calibrated in accordance with the manufacturer's procedures and the following: 

• The pH meters are calibrated daily. At least two buffer solutions that bracket the expected pH shall 

be used (e.g. 4.0 and 7.0). 

• Specific conductance meters are calibrated prior to each day's use. 

• Thermometers are calibrated monthly at the TtNUS equipment warehouse in Pittsburgh. 

• Turbidity meters are calibrated daily using a standard within the expected range of sample turbidities. 

• FIDs and PIDs are calibrated daily as per TtNUS SOPs ME-12 and ME-15. 

• The dissolved oxygen and ORP probes will be calibrated before each sampling event: 

Horiba® water quality meters are commonly used in place of separate temperature, conductivity, pH, and 

turbidity meters. This device can. record six separate parameters, and the calibration is checked prior to 

each day's use. 

All instrument calibration is recorded on an Equipment Calibration Log Sheet (Appendix B). During 

calibration, a maintenance check is performed on each piece of equipment. If damaged or defective parts 

are identified during the maintenance check, and it is determined that the damage could impact the 

instrument's performance, the instrument is removed from service until the defective parts can be 

repaired or the instrument replaced. 

2.5 DECONTAMINATION 

Teflon-lined PVC bladder pumps will be used at this site for well purging and sample collection. All non­

dedicated equipment required for field sampling activities will be decontaminated prior to and during 

sampling activities. Any decontamination water that is generated will be handled in the same manner as 

purge water, as described in Section 2.6. 

For any non-dedicated ground water sampling equipment, decontamination will be performed both prior to 

field sampling and between samples. The following decontamination steps will be conducted . 
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Potable water rinse 

Liquinox detergent wash 

Potable water rinse 

Deionized water rinse 

Air dry 
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Field measurement equipment that comes into contact with ground water will be decontaminated using a 

deionized water rinse. This equipment is anticipated to include a Horiba® (or equivalent) water quality 

meter and a water level meter. The sequence of sampling presented in Section 2.3.1 will be followed to 

minimize cross-contamination. 

2.6 INVESTIGATION DERIVED WASTE 

It is anticipated that this investigation will generate three types of potentially contaminated residues: 

• Personal protective equipment (PPE) 

• Development and purge fluids 

• Equipment decontamination fluids 

PPE - All PPE will be double bagged and placed in trash receptacles at the facility. 

Development and Purge Fluids - All development and purge fluids will be collected and stored on-site 

using a 300- and/or 2,1 OO-gallon plastic holding tank, respectively, until appropriate IDW analyses are 

completed. Providing that IDW analyses are acceptable as described below, development and purge 

fluids will be discharged to the- NSWC-permitted sanitary sewer system. IDW analyses from the first 

round of sampling will be deemed suitable for use on subsequent sampling rounds. The 2,1 OO-gallon 

tank will be situated in a semi-permanent location near an access to the wastewater treatment plant. 

Purge and development fluids will be collected on-site using a 300-gallon portable holding tank attached 

to a truck or a smaller polyethylene container, as appropriate. The fluids will be transported to the main 

2,100-gallon holding tank daily and transferred from the portable 300-g~lIon tank using a submersible 

pump. The main fluid storage tank (2,1 OO-gallon) will be sealed and labeled with contents, date, and 

origin(s) of waste. An IDW sample will be collected from the 300-gallon tank at the completion of each 

sampling round and analyzed for the parameters listed in Table 2-1. The lOW sample will be identified 

using the sample nomenclature examples provided in Table 2-2 and Section 3.1. NSWC Crane will use 

the analytical results to determine" if the IDW fluids can be treated on-site via the wastewater treatment 

• 

• 

facility or if they must be treated or" disposed of" off site. Progress of the laboratory analyses will be • 
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monitored by the TOM to co"nfirm that the lOW fluids are not stored on-site for over 90 days. The 

laboratory turnaround time for the lOW sample analyses is 30 days, which should be sufficient time to 

identify a potential problem before corrective action is required. NSWC Crane will take possession of the 

containers and contents after receipt of the analytical results. 
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Sample handling includes field-related considerations regarding the selection of sample containers, 

preservatives, allowable holding times, and analyses requested.. In addition, sa~ple identification, 

packaging, and shipping will be addressed. 

The EPA User's Guide to the Contract Laboratory Program (EPA, December, 1988) and the Federal 

Register (EPA, October 26, 1984) were used to determine the container types, holding times, and sample 

preservation methods. 

3.1 SAMPLE IDENTIFICATION SYSTEM 

Each sample collecte~ will be assigned a unique sample tracking number as per TtNUS SOP CT -0.4 

(Appendix C). The sample tracking number consists of a four-segment alpha-numeric code that identifies 

the site, the sampling location, the sample media, and the sample number that corresponds to a depth. 

All other pertinent information regarding sample identification will be recorded in the field log books. 

Examples of the sample codes to be used for this project are provided in Table 2-2 . 

3.2 SAMPLE PACKAGING AND SHIPPING 

. 
Samples will be packaged and shipped in accordance with TtNUS SOP SA-6.1 (Appendix C). The FOL 

will be responsible for ensuring the completion of the following forms: 

• Sample Labels· 

• Chain-of-Custody Forms 

• Chain-of-Custody Seals for Coolers 

• Shipping Labels for Coolers 

• Express Mail Air Bills 

3.3 . SAM PLE CUSTODY 

Custody of samples must be maintained and documented at all times as per TtNUS SOP SA 6.1. Chain­

of-custody begins with the collection of samples in the field. A sample chain-of-custody record is provided 

in Appendix B .. 
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Quality control (QC) samples will be collected or generated during environmental sampling activities. QC 

samples include field duplicates, source water blanks, and equipment rinsate blanks. Trip blanks will be 

.. provided by th,e analytical laboratory chosen to support this project. Table 2-2 of this document presents 

th~ types and numbers of required QC samples. The four types of field QC samples are defined as 

follows: 

Field Duplicates. Field duplicates are obtained during a single act of sampling and are used to assess the 

overall precision of the sampling and analysis program. Ten percent of all samples for each media shall 

be field duplicates, or a minimum of one per sampling event. Field duplicates shall be. analyzed for the 

same parameters in the laboratory as their environmental sample counterparts. 

Equipment Rinsate Blanks. Equipment rinsate blanks are obtained under representative field conditions 

by running analyte-free water through sample collection equipment after decontamination and placing it in 

the appropriate sample containers for analysis. Rinsate blanks will be collected for non-dedicated 

equipment for all sampling rounds. 

• 

Source Water Blanks. Source water blanks are obtained by sampling the waters used for • 

decontamination during the field investigation. Samples consist of analyte-free water used for 

decontaminating sampling equipment. Source water blanks will be used to determine if the analyte-free 

water or the laboratory bottles are contributing to sample contamination. Source water blanks will be 

collected for each type of water used for decontamination and will be submitted at a frequency of one per 

sampling event. Source water blanks, as applicable, will be analyzed for the entire suite of parameters 

under investigation. It is anticipated that one source water blank will be collected for each sampling round. 

Trip Blanks. Trip blanks are included when analyzing for VOCs and will be prepared and provided by the 

subcontractor laboratory. Trip blanks will remain with the sample containers at all times and are thus 

subjected to the same field conditions as the field samples. One trip blank will be included in every 

shipping or sample collection cooler that contains samples to be analyzed for VOCs, regardless of sample 

matrix. 

Matrix Spikes/Duplicates. Matrix spikes are investigative samples analyzed to provide information about 

the effect of the sample matrix on the digestion 'and measurement methodology. All matrix spikes for 

organic analysis are performed in duplicate. Matrix spike (MS) and duplicate samples will be collected at 

a frequency of 1 per 20 samples. For inorganics; an MS and a sample duplicate will be collected. For 
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organics, an MS and a matrix spike duplicate (MSD) will be collected. MS/MSDs and sample duplicates 

are not applicable for field analyses. 

3.5 RECORD KEEPING 

In addition to chain-of-custody records, certain standard forms will be completed for sample description 

and documentation. These forms shall include sample log sheets, boring logs, daily activity records, and 

logbooks. A bound, weatherproof notebook shall be maintained by each sampling event leader. All 

information related to sampling or field activities will be recorded in the field notebook. This information 

will include, but is not limited to, sampling time, weather conditions, unusual events, field measurements, 

an descriptions of photographs. 

A bound, weatherproof logbook shall be maintained by the FOL. This book will contain a summary of 

each day's activities and will reference the field notebooks when applicable. At completion of the field 

activities, the FOL shall submit to the TOM all field records, data, field notebooks, logbooks, chain-of­

custody receipts, sample log sheets, and daily activity logs. Requirements for field documentation are 

outlined in TtNUS SOP SA-S.3 (Appendix C). 
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ATTACHMENT 2 

BORING LOG I 

! 

FIELD DATA I 

I 

Project (!rqO, b, ad /;/1'7 We lis Site I. (![. n/.,t;rm Date wl/fJ 
Location /lis-Wee. Job No. 
Drill Rig ~//u" /.9>0 Inspector·U,i. 'c;¥ftp-,P~Y Operator {i, B(tIl..Jl1,y. tHl Y~/1 Surface EI "-J Boring No. ~/f//ftl'H13p -(J/ , 

SAMPLE DATE STRATUM DRIVE SAMPLE TYPE OF 
CLAS~IFICATION AND REMARKS NUMBER TAKEN FROM ·~O FROM TO FROM TO SAMPLER 

1 .0 0.0 0.0 0.4 IOnllt 3'/ $p/;f ,)4,- WI ~/I~ clt£.l ~ r.&t!''4 <;/) ('CL..IMLl 

~ Pili" (J' ",(oS) )'11' , 
, / 

Z- 2.00 /.4 2·0 z. J.",Jd l-o/orM ()chr( k/vv d..s' ' f'nJ, .. H, 

112,t) (P" Flf ~f6f- j 13,tj' Jnfl<S ""X') wI Yn,"j",.,J 1'0 il 41 J'II.;1, 

/2.,0 /3,f 11.4 13,g' 14.4 IVro~e S"~"'I 
1 •• )!7hl<"''''~ G~ 1o~/e..e1c. ~""" sh4le, f)r"l < __ .JJ 

t.J/ss At(('A~,1,..1 IAW-/J/., Cowll dnr~ 11"/, 

1/4,/- I -114 RII"'J IfUi£.. ' .. 
AI 14,1' ~.f...,o , 20 I S- Jo.,~- - J.l1I C,,.. iwfTn t:. 3.H t1. '/",1 '5S . II. hJ 

• ,.1,rl~ "/111 ~~ IVo:) l.os/- 1£1.3 Ih ",,I,JMo {;, 'drti I "', J.w (HIJ I-H""J r..-.;eJ 
~ 

, . 

Ir( .... oA I",·J c.-- 0 ( '.11f' .1/ /0' C4"'~ b.rr,j. 

IH6'M';('/u~i(, //,0 -/8,t.' If:. ,;'''A J,.u 
--" 

Ir~..d-brn Ir~~5Jrn,,. (aaArfl. '54,,'/r!tn,,) 

f/R.'-
12 __ 1 ~/4ck ;jra; 'rbyllu?1Ik s=ha/c . 

I(w~""v -btlJ j, 
1/8,t. 

T 

IA./. ' ~ 20.S" ,1 511.N/"lJwM;" &-0 "~ __ A.:~ , 
.J ..... ~~/~) , 

• • 



• • • 
BORING LOG 
FIELD DATA 

Project Site Date '7/If'/1..J. 
Location Job No. 
Drill Rig Inspector Operator Surface EI Bo~ing Noht:i"""~ 3" -01 

SAMPLE DATE STRATUM DRIVE SAMPLE TYPE OF CLASSIFICATION AND REMARKS 
NUMBER TAKEN FROM TO FROM TO FROM TO SAMPLER 

ao " {'I P YC c~ r/" f "" 
14.1/; f--(~r .. ~.Q} W ;/u ~. Ylol /(/),11' t-.D t.f\I 1Yn.~A ~ kl JJ 'J.fa 2d 7' FI .. rJwl L/o,/<fkr " eI~l("" 

.n I ~D/~ f ~.,; ,j .. .1 

I 

tIu. Ie-; "'}.J /R. [~I I" 
, 

)a. tJ" .J .!.~It,,, <.J///Jn'h.M.J,(;y~/,-.. h./,. At; I~ '1 /rl/ if · . .NIH (It ""'~ .... 
v 

2tJ.7 2.5, $I )/Q.~ .. Wv.-J 
/{ 'I/I/t. ~ .. :ts 20.7- 'U.1 ,!;A~rTbNC ,~~ ~J;,o,". Rc.I- 6".. ..... .;"1 

~" /erl O.l.r I M I ~If(l OIU' '114.."b,h, ;tIod'. <l"iI,Y/I1J. r:;., al~ 
J.o/~ - 4j..,. ~ il-?. .j. 

./ v 

Elf . ,')-O'WI Nbl ".. :14. i'll, /., w I ~,v b I</IA:.I. [h,d .. <;oJ(i./-.:J ;,,"1. R.U>1h) JIll! r_ld ""011 
I , Y~":'~ ~ 

-:.-

~A.ld7 ""I 1\1.'~ !JMJI J,}AA IIhIIllA.I~'-tf)r'L.h'" 

i'Qllltl~' Wild.; II. I), "Ij),,,. VUW/.J I-,';'JJ./J.,.(:> 

~~ 
r 

.... ;1 J.u. 4f1Yri1~~/r .. bUd,,,,, ,41lt1/";""~ 

I -II. .. h,JJ,<L 
.J J 

[.fwD ;r - ~) .'14. 
R" III P"'L-L. ...J .. 

2~t{,7 31.~ #Oc'n tll/llW 6.0 1 •. 0 ,~.JI- .1/. \'. <;'"ANOSlIIrlr,_ ...J.,;..,. (l!/K,.A, t 

Rr. 'JQ) - l'I-iJ1 l".-~Ic. .:- '-I/k /001. ""r( rdrlc . .kw brUlJ. 

3J.~ '37. [, Ru" I y.,,,,,- .I. . 

,,~o,... t...J~ 31. r 3/. !J II 6.0 J.~j 3 I.)? - 3/. f' SAllfJJrvNiJ" " 

Bo. [t. ~ ,Jot "., J , ....... £..,/ :/.w.l.J£-Ih- ./....t,,, ...r 37. 
, :!J:'/f rz~/r c;, j'l/l, w.~· ~ rl<1~. -

i I 

6>\ ,/,8. @6~o - L~I i-ovvJilw- V'..Jh •. 

I.j" if Ir- rl n ".1r e.o "11' u..t) 0-/"'" ,.,1' r /:,. ", rl , 
--- --- --- -- --

WES ::NR~4 819 EDITION OF NOV 1971 MAY BE USED Sheet 2 of -3 Sheets 
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':..,/, L-, 
i 

BORING LOG 
FIELD DATA 

Project Site Date 'l,/zv/~.3 
Location Job No. 
Drill Rig Inspector 

, 
Operator Surface EI Boring No.LA""lYlJ(?~ 3.0 - DI 

SAMPLE DATE STRATUM DRIVE SAMPLE TYPE OF CLASSIFICATION AND REMARKS NUMBER TAKEN FROM '~O FROM TO FROM TO SAMPLER 

" 
r)flz D ./VI rJYIti <t.., - I 

I 
1~7,~ 46./ 4:{'5' I lidl 11/,,,;:1,.;. f'. ~,.. 

l1ulf S' PIA .. /.-
.3 7. .P. - 4-5'&i' <:"AI'fOr1rhol? 'vO ~, 45.~ 11.{' 9.3 11.90 

Wp l-h.-rJuI ",r 15".5 /~/I flO~,r /'$ f 
/ .... je~lI. / 01 .1.. J L hY/V)'j ""')03 .... .1'-1 t'. I., j,;/( 

I 
L/:) Jl ... 1. 41.1...- 1 rl,~J1. rr Oil. ) . 5d ,,1Ifr...<. 

/2,a /h. Lt h,,/~ -/, hw ~.L.. 
I 

"1<,,, l-M fy"""l} I Ii., S- ~,,, .. -k.(WUJ..I"" Iu~~), 15 t)"''''''.IIJ~ j,r.'J.Ju. fir w/yr It--~ Du,", , I 7 

Sel ' 2" (I!). b::lo "f/, II) /;((... ~/--"~t .. -hoI/-. .... ")"'4 141 4~. 5' Ai I/u ~Jz <;Mtt!~/..v //. £, .. ~/" ,~ /, ... ~ U. 
I W 

MtlJ- 1L."",,j.,J ~" -' It. At). 'rd IYJ ~ .('/ wI'" "'''7 <k , ~ ."3v ..J ~ , .:/tl 
<;n / • 

v ' 
.J/el$ ~ 205 

1/ I ' , 
't..f/b k,.. ". /t"A"1 h .. LJ 37. .r % r 1", is I ) I.,.,h; In,'h '1 .1 '.,; ..... , Ih (r;~(. I tP 12,[ . f 12., 11J 

-... I / \ 

r:.rDIAJ ~,I-kc .. ~.I' u ? hI! D...IIA It! ('e-, .. ~..1 l1..a·l. Ih~,f' hp.,h .... ) hl04/. 
J , 

2.-1 If 5hcJ. 1 ... .- oj 2" P. v ,,,r If. ' 
I I . 

WetJ ~,.. Sk.. ~,.f 2~ .,' Tilt. (3o.S' hie) ,_ ~ IZI Iv 

WES ' :AONR~. 819 EDITION OF NOV 1971 MAY BE USED Sheet -3 of~ Sheets 
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• • • 
! " 

." i..I , ill Ii 
" I. ,.~ 

BORING LOG·;l~ . 
. './ . 

FIELD DATA'·::~·<~ 

I Project L,.e}NpfiV&t1 tfoNI7b/?11I6 ,..)Ef.tf ,;,: Site:": I-AHfJF'i4f?tJ1 qA .... e Date 1/z,lo, :6~iJ~\r~ 
. '·1, > . :j!~:;Jr.'\.::'~ 

Location ' ,Job No.'. ,,:~,~:,;,,-,i 
Drill Rig [iuUd/6i, . Inspector MURPHt' Op~rator 8f?QW"/MI)La~ Sur1ace EI ,v7,1.f Bo~lng No. 3" -d Z:.. ," ,tqh;~f; 

, ,i • , l ,I ' ' , "',~;l)~¥":! .' 

SAMPLE I DATE I STRATUM DRIVE SA~pLE' TYPE OF : ;;":1 )S.:~~;\ 
. './ CLASSIFICATION AND REMARKS ,,' ""'~:' 

NUMBER TAKEN I ......... I -:-0 FROM I TO I=DrlU' I! Tn SAMPLER ;' ; ; ',:'::'i 

WES ~ORM 

JAN 7~ 819 

() 

EDITION OF NOV 1971, MAY BE USED z 



BORING LOG 
FIELD DATA 

Project Site Date j/ Z 3/J,3 r. . 
Location Job No. 
Drill Rig Inspector Operator Surface EI Boring No. 30-02. 

SAMPLE DATE STRATUM DRIVE SAMPLE TYPE OF CLASSIFICATION AND REMARKS NUMBER TAKEN FROM '~O FROM TO FROM TO SAMPLER 

~/Zl.. 33.0 \\-Q c...,V'(' 
~"'3 ~\A1,..l.. 

T.r.n.J ..J' .d'2.~ ~,. IvNE:' A.J"'~c. 13.0· .n.n q.~ 

I ro.D~' 42.C; 
0.1'" \.,olt.. 

\ 

o ~ L . .,u· tl.""'!'.N At 3"U'·~1.5.a' 

'.tiL at- 3d II -mc.. @. '~4 D ~/2l. 
I 

vI.L "J 31.. ~"f1k. I@. 072 Is CJJl.J 
.. 

_9/1.3 'i>.3 4g,o SD,,3 "' C«~ I~,f~ PIAl..!, 
"~tJO(,1lI/11C jI\~Abo/' {'\'4Wl \J"\-\t. Wo ...... 1.0 

~\e ~"'bl~ IS II- ?o3 -roG ~~A5().3 II~<~ In.4 -I'J.L - 4c..4 . ChOLOkk 'vf"owW\ @ .A"lO - ...h~ ...... .. I 
L.,.l\- \, .... \. '" ~.~b'v <an -h ~oh'Wl 

~ 

, 
..httA Ik...;..~ Iw· ... .l-Y . 

J 

Se\- S'<u I", '" *'t . C:;o.1.. I ~ c\Cj.1. ~~J DH.~ .t 3~' f3e"'~V\I' ~ D?II ~.1 h s,S' ~'1""W ~ s·~~ 
I 

2 . .l\· Itr"~,,, ... ofl ~rI\'" 

~:~ ::;').Z~ qJL~ 
.. 

IJ.L. n", 

36.0 Do-. 1121 

-=t4;4 0 ... ",/z.9 

• 2. --



• • • 
BORING LOG 
FIELD DATA, 

Project ,. 'j.-' ,', 1'1( ,: 6 J;d .,/,zC''''! 1./" '> Site , •...• ','1, Date 9L.2 1./7.1 
I 

Location " :. Ie ( Job No. 

Drill Rig :~. ;. <. Inspector /,{. ;'£1,1 (/ Operator ·i,....~/·~,·v, ';' 'C:,{.''/ Surface Ell" " ~:J Boring No. 'I.: , . 
...-

•. !ii' 

SAMPLE DATE 
NUMBER TAKEN 

I i/Z4 

C;/2.4-

- -

WES FORM 
JAN 7. 819 

STRATUM DRIVE SAMPLE 

FROM TO FROM TO FROM TO 

d.{) '} j.~ / '.' " ,/ .. I .... : 

" 

12. Z. tl 12.1- /I/o; lu 

<;.. i I_ II Pr/C If'" A r .. ~ /2. :2' TlJe, 
I 

/ J.. 1-1/"" . 

12 z. 11. ~ zz.4 /2. I 22. l.. 

.c, ~/;'. u/ 1JAfu.. ., 

J:,ro I- l/llfA If'" 1 fB, tJ t;;y frr6h 
, I 

.I 

2~.t.:; 22,4 32. (, 25'.5 21..g 

EDITION OF NOV 1971 MAY BE USED 

TYPE OF CLASSIFICATION AND REMARKS 
SAMPLER 

~" S"l, .. fnJv' Jf}1l l' I 0- I.~' 'I, - /MLl b <:L ~,i., .. ~1 
I 

i",('·{ r ,,, . /: •• , j" ,j" I}" ... 

,,," .(';/ ,:/ / • .;/Y' LIJ~ 5r 'r"wllrl~~/ /.,. i rr (' .. i. I (' :1 .... &.4 

/ , " '. 

/J" ."'. ~_,.", .," IJ~(' (It!' ..•• c', •• ,. ~ ., ., 
I. l". u; .... ) . . }'V f), ,R.,/".~ I .. I-

I 

fl'l/£l .; f ;;~;, ,..~ " 12." -v.;~ 

Alb'Lni'r / A'"' .,,: 
/, 'v", I PU~I-

/2, 2. - 22 zinl(.,.. ,·".Ii. , ,Ii. ..J ,.J £/ulc. 
/0 " S.C 

~O(.'; z 1. 2 . ~:Z" 
J, .1, 

~h, i/' Clri", "IIJI"'" 0/,,": T /1 111 .. ('IAII 
'., C> ' ",~ 

I 
J 

LIN) ()allJ'~L~L J/, J.) n) - h.,.11 /r'/lIfH",IcI"_ 

.. 
f'nf Ylk" J'~"JJlvntJ. CI«." /I rU~j. ~i ..,1/,,.) 

"(o/.'/'v ~ I 

ft." It 1.0' tAN /0/1 

I\Q G;tf j,~""" 
I'N" Z f\o .. '-

12.4-z~.l) 1~\(V'bI" '~'\AI, H 4t.~ .. w h-III 't. ,~.I 

T"f>I' 32',L 
0. ~' '- .. ,I- Zl.5. brc.rl .. hftl"/ rl"\I'f£ -40 flMtf -btH,{ 

./ 

<;Ar/liIT1l:/L' wI b\t\d< shill. I~~~II~ I<bt 

21),'i ~I.' . . .' .. 
• - . J 1\'" I, ... 1 t· . 

Sheet /- of Z. Sheets 

. .:-.~. 

! 



BORING LOG 
FIELD DATA 

Project - Site Date 1/z~ 
Location Job No. 
Drill Rig Inspector Operator Surface EI Boring No. 3d-Q1 

SAMPLE DATE STRATUM DRIVE SAMPLE TYPE OF 
NUMBER TAKEN SAMPLER ~ 

CLASSIFICATION AND REMARKS 
FROM TO FROM TO FROM TO 

.31.1-
RVrl '!> ~\.'-

;l.(,-~S. Z F/~(lr ',IJ,j < ,,,,,h"", Mu' 47..1- ..:11.4 ~Z.3 H Q. (.,\'( I.III(({ l 10.0 .,.q 

I 
3S.Z. T#.,uJ 42.(.. ILn<J.. .;)./ IhlM}, ~h~/( ",,'k,~'h . BdJ'lJ :J~. 2. ,'/ ,/1 

.. 
J(to 41.4 - 42.3.dl (~fJ"'rol. 5ANf)~rOtlr hl;:./'), +. h"", -,.",/ (r~;'''~ 

Bill), ItA '~AYh: 1-1(: 
,../ 

, Iwl, 111.1 "', Ii-III. '" 1/, ... • i(_ --'':''ClJI, 1·11 <dIM, 1,/., ~ "tI'; • 
/ I I 

lIn J Ifo·,.?J bl4f qS'l.4 ,,,,I-T 41, .. !lillI";''''' 
'7 I I • I . / 

.~." 0 I Jo, fJZ ().S'rl'A ,r""f"-Y)( titl 35. f:' It..a' 

<;/10 Nn ,n"/I( ,'~ (<1,.,'ft'.- """,;", "~J, h,·1I. 39.-1 

35'. Z 51.C, 42.1, C; /. ~ ..I1./' 5/.(;, 1M DYr b,,((r/ 
fo,ltl 4 

la,l> 
PULL-
fl. 0 .. :h·. i - C;I. L ot;JlI'JIJS1VI/r". ~ IInV( Skrlll,.! 

!t.llul r:,.l.. if) J I 0, Z. ' 
I 

uJ rhdc.llllo~ ~r"'''' (./ ... 51.'{· 57.S'trrVC/IL 
I 

}ylNt .rv uti 1(70 I ~, .. t J. . 5 .. /1 . hi ,hl4' 
I 

i 

R ... ; /,,/ '.;'0 /<. iJ4~ .,/ 14f.J- @ /('2& 91M ... I 

17./ e 11..31 if/I. 4-

J~. 7 <! ()717 "fIn-

<;eJ. 10' PV( rut'~11 IS I ,!; r/. " .( 41. " hJh"" f;""'/ ~ 37S' 1" ... 'Iv.:.,1r a.//,/f in 35.S 
7 

I 

• • Of. Z 



• • • 
. . c:; . 

. ) "]. 

j . " 

BORING LOG , 

FIELD DATA 

Project J....~~d..kt,!b. iJtm;t2";" t/"Iis Site ACiJ),I/,l"':, lis'/C Date ?L?Zl'1..3 w a.J Job No. Location 5 c.uu.1e! _~l.'i· -: ('~"1 
Drill Rig Fr3t!:(!.~?)2 Inspector . A1'LRI2!:fX. Operato[l' &[dV,/ /;1/';<'otV Surface EI· rJ 7173 Boring No. 30' 01:. 

-

SAMPLE DATE 
STRATUM DRIVE SAMPLE TYPE OF CLASSIFICATION AND REMARKS 

NUMBER TAKEN FROM '~O FROM TO FROM TO SAMPLER 

/ 1/2.7 .1,{) &.cJ /.(' ~,4 iI. B 3" 5,,), i \/lw' J" ,. ' . -:-: ;' --:;'1 ((I-:JLi 10 '5; if,.., c I,.. eeL) p"t.JI'1 
• f 

In'' H TAn YH"ill,,-I 
N·~ 

12.7 ~,d 12.1 . 7"rIJ,4.~((t' tfJ. () /l. l' Lt1~$f (t'1L) -h fl//.. c../,.., 1;:1-) 

5t.1 II-" .:o~ 1/012.1 y~' .f 
I 

~. 
, 

C~If';'" , L;' L i6t"l1h",j, (-/ /,,, I C;'lL~; : /"(vl/./~rllll' .. ,k.lI.."·JJ ,'.jl ot!I:.c,~ 
I , Iv I . 

, 
.eIIAJ IIntlot/"", J) t. L ".11 tt) (" ,: ... ~ -Uy~ '" 6, .. /',., j, . 1(;, (, j. ,/ S.1itJ f2./iUf / "'/ I z, 7' I 

~ 
, 

I 

/Z.7 23./ 11Jj /.(..] )N c..,.., ~ ~rr ,/ 
Rvll 1 /J&.ILI.. 

/7.7-11. $ I"kb,-I/,r,;' Jlu/r If, .1,. ,C-~"" 
I 

1/2.Q la.1-- /..1. 
• 'n 

UJn, I ... #<I/W~ Ie." '2."),7 7.7.1. T~I/I Z1.1' j,J t;,. l5.l· cl'(." ii. 5h,;'" .6,. .... J,,"'/rf-fn, "",/ It" n.l·/',,,-, 
rrj'i: r .. :: I - ,,-; .. ' 't j,,,I,( 3" ·tJ."" 1,,·& z JJ."I. 

(J./' b/~(J I,i.,'/, '0-) ~/6ullz"" ,/ 1"''1 ~M.. I 

. - : 
./ . 

~flIk( ,. Ntv'] IV Zu'1d. Lv,I J.t..' -/bhl. ,t-:n; I 

/2.1-~_.y! J ,,-/ Z7.7 - 2 1.1, b.,y rI,r '~LI"/JJ 
27.2 27.1 '31./ Z'J./ 25.7.- 1/t1Cn" 6,0'/ 

,fill z... 
!v.v 

/·','i / 
'1".8 2. '3. ,- Z7, z.. /,.,4,6/,1 ;"'.wJ-> J"A/rf) f1lJNt: ... ~_ ., ..... 

3 2 ,0 ,,'2 ·7 -c;-n.l J ? 7 ffi t'.-, /"/1 bllI(,! ~-'I;rv sh",J-(h,,1 N'oVlb-uJ. 5I1fVO.fJ7JNI:,', 
I J / 

27.~ 0.1..' ,,, ,I, r;tIL-!r, "'(.).l'itiflilJ'/, fI1~ff (,,~JI, /xlfr( 31. f~ M.r 
{3q,~ hili, • k._Ctlt 

./ / 

rI't J~ - 241·]j.Z,lnj :JJ,J -1>, 7 R~J) .Ir! JIc.r ~ rl1.,. 
I 

(/1// $,f"PfntlJ::./:"LN 0.1) 
-

WES FOA'" 819 EDITION OF NOV 1971 'MAY BE USED 
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BORING LOG 
FIELD DATA 

Project Site Date 
Location Job No. I 

Boring No. ft-e.f I 
Drill Rig Inspector Operator Surface EI 

i 

STRATUM I 
SAMPLE DATE DRIVE SAMPLE TYPE OF CLASSIFICATION AND REMARKS 
NUMBER TAKE.N FROM '~O FROM TO FROM TO SAMPLER 

. 
! 

'3~i.Jr 33,1 Si,fJ 325 lit; ( ... ,.' i,"rr (/ 
P~ .. 3 P"<L 

33.1- 11· e. .sA..,jf) (",..;c . BJIAr 
1 ."N.r ~·7 /...7 I, lV' 
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l' .... .::"jl/ !?Qf) /1 C /'IlL :, r'),tJ. I.. ' ~.~ A, ."./ 

R .. j~ j., ,I, ilL I .... ; J vvGt",jj ~l 
. il. 

~ .. I ('j::' "J. ;/,,/ rIA" 11 kw blfl", (I f. J::.Ar 
./" I 

Lr /1 a,/' .-f'./A/ 1. /?,/I/I1U1",V ../"4 ~,r' rtL4'/. 

W~h IIf Z~ . '2.' T(J 'rr7 oE( ~ d~ '(2i/f.l ('.7 ~. 2 'tv'" I() f r 

If)' III. 31. 7 It. 
, 

'r.hJ"j t r/k;- f~#/ Jo St· fll/rup ~,., 4"1 21,7· 12 {'.J-
, 

~d ,I ht L..L....;&o Ibl//l'h ~ I73.S' 

.. 

f 
I 

1 

. 

-
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BORING LOG 
FIELD DATA 

• 
Project LawlfiuA:,. A1'Jl:U./uC.l h '; hlf::.LI.£ Site LA(1jlArlf' ,HJWC. c;..11 tH Date 9/2~/"i.'3 
Location 1If~.si S,At., ~4f.~'3.' J/~.. /t;. t.. 

; 

Job No. 
t 

Operator !3I?ow,J / M I X 11 J Surface EI '" Z04l 30-o~ Drill Rig ;;'~tlJ' Irw Ins~ector ./Wu (f./!1:I..'t.. Bor,ng No. 

SAMPLE DATE 
STRATUM DRIVE SAMPLE TYPE OF CLASSIFICATION AND REMARKS 

NUMBER TAKEN FROM '~O FROM TO FROM TO SAMPLER 

I o/l8 0.0 o,() I/.5 tJ.s o.e 
, 

3" SDtJJI}!21t1 Jl(r til Ja!'S S (.') ft1L -C l DJ~lhi /Jdr~ ~ 
" ~'" t::..D/or. 

I_~~ 0,(/ /JG. #~ ~~ 7"Fllk~ tfl.C1- /St. 'J.."us ('?) Alt.<:L J)r,6.,JI .. 

<;;1 I.' IJ hil'" :'1111." 
, 

we. ( .. ,;" Iv I. "t',,,/' Ih> .. b,;h VIlc>kP/~ rJW/ re.wnlfl/ .J,It. rlr;I.,,,,1 ~~,I 4~, -.Ilk'! 

h,M ~"'I~ ~ flfYf. ~t',.., 1,..;U'·,f (i.aIlS~/.n.J -vS' ,ol,uhi .R«Ic .. I/jl,: 
I?u[' PULL 

.,. 
/J,? J.1. C- U. J I?,' 22.7 /It; Coo k,.al .. '1- S' j.7 /.3.C- Z2, 7 In/erkl'/ ,4,,,, -",1." $'01+. 

L!,r. h" w/ IAI ~.t: .... /itJ)l/ Z t. 7 tf/" lt~, i 1>J4~hC. c/ui 'f,," I.J .1;",'17 -+-",! rBtI-J.rn S"'ANIlJ 
IJ , 

S,.,tlEI'Jr, ~s /vt,,.). 6"0 of' ,,;:..,.,., J~J;' /11 fe"tA-f1 

h/l ;/1 .. ~,Io'" ~ onl'5 K(}D II'. low. " , 

IRUN l 7!"'I.L. 
, 

! 12'3./ 33.1 ' 2.:z.1' l'3t.~ /, 
, iD.e "1.1- 'Z 7. 7-Z4,0 /hkKbJ.I hkei.s4.,.I, ~",J 

''24.0' 
, 

IrC\o,.1 3z,s J:~t It;[~ 
Ihrllcln sAft'()!>1lJI'I£ M ,,/Pt( 24,0- 31'. S' a I 

- 2,' 
. .1 

hr,,~Alt1(mN~ hti' -m,1 c.:N.OH aHJ UIId't' I ~4.o 

1.G-1~'J;' w/ dtn H.. VVlw k..u !,I.,J fhAI .. }"Hf,';4' .1 
I I I~,.,. hI"rJJ~ __ . R Ol} rJ ')0 '9~ 

33.1 '12.,(, 32S 42..5' /I 
/JA,J3 
iqs Pq,L, ? 2, S' - 41,:;- Arn n.~/ - '1r1,,1 sAtll1mlll1!' tU 

L~(~ ;gr .., 
1"fJJt/ 4 2.~ /2/'.", MMr/n (hJd".o"' .. If,fJ/JArr,d ~t hrtllu) , ~ 

RQb /(01) .. eA..tAI/- J~ 1,1bm.. {.!... Ale,,",_" m~1"L. 
WES :AONR~4 819 EDITION OF NOV 1971 MAY BE USED /1Iu. r 4m #"" , ~U41V. Sheet / of~ Sheets 

Ruff' ~ " cpr~~. 
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BORING LOG 
FIELD DATA 

Project Site' Date 

Location 'Job No. 

Drill Rig Inspector Operator Surface EI Boring No. 2/) -oS" 

SAMPLE DATE STRATUM DRIVE SAMPLE TYPE OF CLASSIFICATION AND REMARKS 
NUMBER TAKEN 

FROM '~O FROM TO FROM TO SAMPLER 

4:(~ - h-u.·"ft, ,~ b~/I,,11'J 2' AH,' L.Dot"-u,,-tJr,",,,,). 

EIf,/,." ~ulr 11,,"'- C4I P 'V 28 ' ~1/7 o 71zFhs 
c./ 

'fflto IA-IJ t 

<el (,", J 

I/- 4~ 
I 

'P -) [; 
, 

br-t"III!'H A. Ir ,Jr,' 3~ £0 1r'l1lfh/ fA "'/ 
./ 

, .... h 2'1.0 11776 !J ~hf1.:t 10 Z~ ,,' n; in 
( 

.' 

W(j.J. I"""r 24.7 /7.0. G tJ7d. .... ~91 1/'1 ( . 

. " , 

.;, . 

• ~-

of ~ 2 
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'. BORING LOG 

- FIELD DATA 

Project L an'~rm @o" 1'''&1 We 1I.r Site Ltr 11.~;;c."', l'I'.JwC G:.li.ll f Date 9,/2>fjU. 
• 

Location ~lI.ll:l. ~L'e.· 'I.,-t. Job No. 

Drill Rig Et,L!rl.j Ins~ector ;t1(/rtt.~ ~ Operator .t3?()WH 1I'!t.l x..e. tV Surface EI '" I() 8 Boring No. .30-0' 

'r .-

SAMPLE DATE 
STRATU~I DRIVE SAMPLE TYPE OF CLASSIFICATION AND REMARKS 

NUMBER TAKEN FROM ;0 FROM TO FROM TO 
SAMPLER 

o/Zf d.S' 
. 

~r R'P"""Ir,/ In"rc t.') ~L - C L d".'/{ 
I I),() prJ /.) (). ~,. 3 I, Snit I J/Jl()t1. IFI 

f 
.f:...4r L ,HI, ",'In,lcII'I. 

, 

I.~. 4 113,'4 No 7" FIIAtIlV 
.. . 

(J,O i1~ /J.()-/:J,,( ~ .. J,,'l""" filfAIIL J/ 

$, J J. 
" 

!?1l;,f6' cI~ t L ~ locs r (',letwll J" it,! ftt-e(" .1 
" PtC rAf,;', 13 . .f' IJ~ /'& ~Iah,'k 1 'Hoi, PlI4.) hll,; 14"" .. 1" 

./ 
~ 

•• ~.!. 

of c , 'If' ... LJ.....· I.L ~ , .. ,,~. ~ k~:1 '" / rvd .hu r. Tin. I ,., elt 1'3. <I ' 

1/1..4' 1.1·4 21.4 n." 21~ I~ C,'(~ACrt.L 
ViUN I ';:';,'- 1/3.4·?? 1 /:~ ~j.l 'lAd 5HAU so/I- oeJ,~(' 

/d.o 

r;.~/ Z1.·3 
(J.I, .. "i I~ l,t {U'~ c/"-f J,,,rJ f'u/-Iv.. IrmrJen, ~ 
Llff' .i· 

f 
J -, J -

IA~.n.,.., 5ANfJln.AI~ #f I;' 014.- J"rI;'l/. ~):d ., 
1..8.,.11 (,.7·J' '/:t; , los( l Z' .. ,; u .. ,,,.I;,.,.., f 

'2~.4 ':\3.4 
jh\I" %. PtA"" 21. ~ -2£,1 I.Jn,J.J.J M.,d, ruAf4 CoAt.. "".j 

215 ~.,. z,. , , 
JtJ .. i) . <1. 2-. 
f~~/ 

h,lc 
I 

'. , r4IYJ ~3.l. Iii 7 • . <:At4/JJ-rw"E. .1 ...... 0, rJIl1~ I:uIJ,1. 2/. 7-7C 1, i 
I 

1,.// 1lr"'f!MALE. AN h~,J ~Aur {)mf bt;,!do .JIn.1J-
.-,-, , 

25.7 cJ.4'UI J.. S~lIiJjTbNC~'" 25,7 
... 

~6.1 l~.g 
2~. 7 -2'1 ~ P.#Vh t;,.u ... .... ~J c/;,'I,I. r""",_ "". , ., 

1."1.8 
Z? ~ - 33.2 Abr .. 1iI ,./'Io I1H .(. _.t... '" 1..1 •• 1.1- ....... 

J / J I 

I,J~~(. Colo' ;fr~,MlJ('.Aic.~rUlif 'ilr"·", S'MOfa.<t: 

1/l,1l IIIJ :',b/~1. . IAMk(.,/ f'..n"J;'AIn/rA-I,J.,ltil 
I oJ 
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BORING LOG 
FIELD DATA 

Project Site Date 
, 

Location .. Job No. 

Drill Rig Inspector Operator . Surface EI Boring No . ..3()-()~ 
-

SAMPLE DATE STRATUM DRIVE SAMPLE TYPE OF CLASSIFICATION AND REMARKS 
NUMBER TAKEN FROM 'ro FROM TO FROM TO SAMPLER 

L/nJ IvD t.hf- ~Q/JN 859. 

34..(" 33.4 43.4 4t.f2J· liUl(-3 Pl.it.-'-
.3~.1-~4_\ Wink dlMr, l':.4.Ic. S"A."JI,- JK 31.2- !fIR G4t't. 1~.l1 R.5" 

'1MJt I 4:;.8 Iq,~~'· IZi'S- IH ~ b.,"-t S;)V,JI WMlur If!' .3 -I.J-,(. hrlJJlt 
I 

SA NDITO"'/!' 

34.~' 'f2.R ~4p" 42..~ R,,,,,m h-/~bI,. n,n,-cif/c. SAN/) ..... 

~ 7lJ tlf. ~ ~ ... 'J,'"Ir' 2i J1 ,/ ~A'rlhl'c J c I.oIUIl.k 

&,/,., IhDh w ,/,..1 f'.M~ a."~,, 51. 1"'/_ bvw" ~1~.uJ 0"", fJ.If'e.,_ rlt.J, I!,,/ 

,./;./u / / 

It? 111· ,/~.] 7 , £. .." I (~, ' ) 1412t.1. I 7: (). 1:0. '7t I ~.J-. .?J. 1/ P .. JJ,,. ,-. :3~. z.,. 4;. S I I 

5" ., fi'1ftt'J 4:J,~ - ~.1.Jj , RrYlr IAI (';."..) I_I. 2 7. 4' Tl 6. l,..lAllI, ~ . .J" /OJI I. J' Crt' ,'1 ,;. r".~1 Aw..J..t 
I' 

1!..,jAl u'7 (~.9iJ 6,lthoI 3~~1 ~oJ .. 
'. ' 

F.. • ..,.k" ~~ rv .,1, ~ 12.1 n' . ,. : ' 
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• NOTE: 

Boring No. Landfarm 30-07 

Boring Log Field Data - Not available 

Per Bill Murphy (Corps of Engineers Waterways Experiment Station) 
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APPENDIX B 

FIELD FORMS 

Note: Brown and Root Environmental was purchased on January 1, 1998 and 
became Tetra Tech NUS (TtNUS) . 

• Well Development Form 
• Groundwater Level Measurement Sheet 
• Groundwater Sample Log Sheet 
• Equipment Calibration Log 
• Chain-of-Custody Record 



~ 
Brown & Root Environmental 

• WELL DEVELOPMENT SHEET 

PROJECT NAME:, __________ _ SITE/LOCATION: ______ _ 
PROJECT NUMBER: _______ _ MEASURING DEVICE: _____ _ 
PERSONNEL: __________ _ ADJUSTMENT FACTOR: ____ _ 
WEATHER: ___________ _ DATE: __________ _ 
REMARKS:-.,-__________ _ WELL NO.: 

o Domestic Well 0 Monitoring Well Static Water Level:_---' _____ _ 
o Other Well ________ _ Total Depth: _________ _ 

One Casing Volume: ______ _ 

Method: ______________________________________________________________ __ 

Start Time: _____ _ 
Complete Time: ________ _ 

Approx Time pH Temp. Turbidity Color Specific DISOiVf:~ 
i 
,j 

Volume (OCI Conductance 'Jxy;~r. 'I 

• 1\ 

i 
! 
! 
I 
I 
I 

! 
i 

.; 
I r 

I .. i 
! i! 

II 

I 
I i 

I 
I 

I 
! 

I It II I I I I I I 

NOTE: AI) measurements to nearest 0.01 foot measured from top of well riser pipe unless otherwise noted. 

Additional Comments 

• Signature: ____________________ _ Page: __ of: . 



GROUNDWATER LEVEL 
MEASUREMENT SHEET Page_of_ • 

PROJECT NAME: _______ _ LOCATION: _______ _ 
PROJECTNUMBER: _____ ~ ___ MEASURING DEVICE: _____ _ 
PERSONNEL: _-'--_____ ~_ ADJUSTMENT FACTOR: ___ _ 
DATE: _______ ~ _______ __ REMARKS: ---'-______ _ 
WEATHER CONDITIONS: _____________________ _ 

• Measurements to nearest 0.01 foot. Signature(s): __________ _ 



• 

• 

• 

\ .. 
i:,.· 

, GROUNDWATER 

SAMPLE LOG SHEET Page __ of __ 

Project Site Name: _____________ _ Sample 10 No.: _..--;. ________ _ 

Project No.: _______________ _ Sample locetion: _________ _ 

o Domestic Well Data Sampled By: ___________ _ 

o Monitoring Well Data 
o Other Well Type: ___________ _ C.O.C. No.: ___________ _ 
o QA Sample Type: ___________ _ 

Sill::~::6:.~~·: :[1::,: •.. : ... :: .•.. ····---=~iiM.~::J:,!=fl~~:!::~~ __ · •. :::.··::·:·:··:·:::·:;:·;:.i;::·:··:~i.:·:.··:·:·:·:·:··:·:·:·:·:;:·: 
Time: ______ -.,.-__ 

.:.:~;~.~~.~.:))))i~ 
Date: _______ _ 

Method: 

Monitor Reading.(ppm); 

Well Casing Dia. & Material 
Type': 

Total Well Depth (TO) 

static Water level (Wl) 

TD-Wl (ft.) 

One Casing Volume: (galll) 

Start ,Purge (hrs.) 

End Purge (hrs.): 

Total Purge TIme (min): 

Observations/Notes: 

1 . 

2 
3 

4 

5 

MS/MSD Duplicate 10 No: 
. . ... ::.:.::::()))::::.:.:.:::,:_,:........ Signature(s): 

TBD: To Be Determined 



~ .. 
Brown & Root Enworvnental 

, " 

EQUIPMENT CALIBRATION LOG 

INSTRUMENTNAME/MODEL: ______________ __ JOBNAME: ____________ __ 

MANUFACTURER: ______________ __ JOBNUMBER: ____________ __ 

CALIBRATION INITIAL STANDARDS PROCEDURE ADJUSTMENTS FINAL SIGNATURE COMMENTS 

DATE SETTINGS USED MADE 

~ /:H):::U::::::::::::\):} ~ I:::::::H?:::::::::/:}::f):} 1/:/::: (}/:::::\::::::::::/ I::::?m=m=: ~ - --
, 

.. • • • 



• • • CHAIN OF CUSTODY RECORD 

PROJECT NO.: SITE NAME: 

SAMPlERS (SIGNATURE): NO. ' 
OF 

CON- REMARKS 
TAINERS 

STATION DATE TIME COMP GRAB STAnON LOCAnON 
NO. 

" , 

t.,'o-i. 

> 

RELINQUISHED BY (SIGNATURE): DATE/TIME: RECEIVED BY(SIGNA TURE): RELINQUISHED BY (SIGNATURE): DATE/TIME: RECEIVED BY(SIGNATURE): 

I I 
RELINQUISHED BY (SIGNATURE): DATE/TIME: RECEIVED BY (SIGNATURE): RELINQUISHED BY (SIGNATURE): DATE/TIME: RECEIVED BY(SIGNATURE): 

I I 
RELINQUISHED BY (SIGNATURE): DATE/TIME: RECEIVED FOR LABORATORY BY 

(SIGNATURE): . 
DATE/TIME: REMARKS: 

I I 
Order No, 70440 (069) 
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APPENDIX C 

STANDARD OPERATING PROCEDURES 

Note: Brown and Root Environmental was purchased on January 1, 1998 and became 
Tetra Tech NUS (TtNUS) . 

CT-04 
GH-1.2 
GH-2.5 
GH-2.8 
SA-1.1 
SA-6.1 
SA-6.3 
SA-7.1 
ME-12 
ME-15 

Sample Nomenclature 
Evaluation of Existing Monitoring Wells and Water Level Measurement 
Water Level Measurement and Groundwater Contour Mapping 
Groundwater Monitoring Point Installation 
Groundwater Sample Acquisition and Onsite Water Quality Testing 
Non-Radiological Sampling Handling 
Field Documentation 
Decontamination of Field Equipment and Waste Handling 
Photovac 2020 Photoionization Air Monitor 
Photovac Micro-FlO Handheld Flame Ionization Detector 
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019611/P 

Number 

SAMPLE NOMENCLATURE Revision 

1.0 PURPOSE 

CT-04 

o 

Page 
2 of 6 

Effective Date 
03/01/96 

The purpose of this document is to specify a consistent sample nomenclature system that will facilitate 
subsequent data management in a cost-effective manner. The sample nomenclature system has been 
devised such that the following objectives can be attained: 

2.0 

• 
• 
• 
• 
• 

Sorting of data by matrix. 
Sorting of data by depth. 
Maintenance of consistency (field, laboratory, and data base sample numbers). 
Accommodation of all project-specific requirements on a global basis. 
Accommodation of laboratory sample number length constraints (10 characters). 

SCOPE 

The methods described in this procedure shall be used consistently for all projects requiring electronic 
data handl_ing managed by personnel located in the Northeast Region of Brown & Root Environmental 
(Pittsburgh, Wayne, Holt, and Wilmington) and for any large contracts managed by the Northeast Region 

. (e.g., NORTHDIV CLEAN, SOUTHDIV CLEAN, ARCS I, ARCS III, etc.) .. Smaller projects (as determined 
by Project Manager) are outside the scope of this SOP. 

3.0 GLOSSARY 

None. 

4.0 RESPONSIBILITIES 

Program Manager - It shall be the responsibility of the Program Manager (or designee) to inform 
contract-specific Project Managers of the existence and requirements of this Standard Operating 
Procedure. 

Project Manager - It shall be the responsibility of the Project Manager to determine the applicability of 
this Standard Operating Procedure based on: (1) program-specific requirements, and (2) project size and 
objectives. It shall be the responsibility of the Project Manager (or designee) to ensure that the sample 
nomenclature is thoroughly specified in ~he relevant project planning document (e.g., sampling and 
analysis plan) and is consistent with this Standard Operating Procedure if relevant. It shall be the 
responsibility of the project manager to ensure that the Field Operations Leader is familiar with the 
sample nomenclature system. 

Field Operations Leader - It shall be the responsibility of the Field Operations Leader to ensure that all 
field technicians or sampling personnel are thoroughly familiar with this Standard Operating Procedure 
and the project-specific sample nomenclature system. It shall be the responsibility of the Field. 
Operations Leader to ensure that the sample nomenclature system is used during all project-specific 
sampling efforts. 

Brown & Root Environmental 
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~o PROCEDURES 

5.1 Introduction 

The sample numbering system consists of 12 distinct alpha-numeric characters, only 10 of whIch will be 
provided to the laboratory on the sample labels and chain-of-custody forms. The sample number 
provided to the lab shall be as follows where "A" indicates "alpha," "N" indicates "numeric," and "Eb 
indicates "either"): 

E E E A A E E E N N 

Once the analytical results are received from the laboratory the Sample nu"mber will be revised by a 
subroutine such that the sample number is more user friendly (Le., dashes will be inserted). The sample 
number will then appear as follows: " 

E E E A A E E E N N 

If multiple sampling events occur (or are planned) for a given matrix, a subroutine within the database 
will be used to append two additional characters such that the sample number will appear as follows: . 

E E E A A E E E N N N N 

Site Type Location Depth Round 

5.2 Sample Number Field Requirements 

" The various fields in the sample number will include the following: 

019611/P 

• Site Identifier 
• Sample Type 
• Sample Location 
• Sample D!i!pth Indicator 
• Sampling Round 

The site identifier must be a three-character field (numeric characters, alpha characters, or a mixture of 
alpha-and numeric characters may be used). A site number is necessary since many facilities/sites have 
multiple individual sites, SWMUs, operable units, etc. 

The sample type must be a two:.character alpha field. Suggested codes are provided in Section 5.3 of 
this SOP. 

The sample location must be a three-character field (alpha, numeric, or a mixture). 

Brown & Root Environmental 
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The depth field must be provided for all samples, regardless if it is strictly applicable (as discussed in 
Section 5.3). 

The sampling round is optional, but, if provided, must be two numeric characters. 

5.3 Example Sample Field Designations 

Examples of each of the fields are as follows: 

Site Number - Examples of site numbers/designations are as follows: 

A01 -
125 -
000 -
BBG -

Area of Concern Number 1. 
Solid Waste Management Unit Number 125 
Base or Facility Wide Sample (e.g., upgradient well) 
Base Background . 

The examples cited are only suggestions. Each Project Manager (or designee) must designate 
appropriate (and consistent) site deSignations for their individual project. . 

Sample Type - Examples of sample types are as follows: 

AS 
BS 
CP 
CS 
OS 
DU -
FP 
10· 
LT 
MW -
OF -
RW -
SB 
SO -
SC -
SG -
SP 
SS 
SU 
SW -
TP 
TW -
WC -
WI 
WP -
WS -

Air Sample 
Biota Sample (See Note) 
Composite Sample 
Chip Sample 
Drum Sample 
Dust Sample 
Free Product 
Investigation Derived Waste Sample 
Leachate Sample 
Monitoring Well 
Outfall Sample 
Residential Well Sample 
Soil Boring Sample 
Sediment Sample 
Scrape Sample 
Soil Gas Sample 
Seep Sample. 
Surface Soil Sample 
Subsurface Soil Sample 
Surface Water Sample 
Test Pit Sample 
Temporary Well Sample 
Well Construction Material Sample 
Wipe Sample 
Well Point Sample 
Waste/Sludge S~mple 

Note: The biota sample designation may be contingent upon the type of biota sampled (e.g., 
BL - Lobster; BF - Finfish; BC - Clam; BO - Oyster). Numerous other examples can be cited but will be 
site-specific. 

Brown & Root Environmental 
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This field will also be used to designate field Quality Control Samples, as follows: 

TB Trip Blank 
FB Field Blank 
RB Rinsate Blank (Equipment Blank) 
BB Bottle Blank . 
AB Ambient Condition Blank 

Field quality control samples should be numbered sequentially (e.g., RB-001; FB-Ol0, etc.). 

Filtered/unfiltered surface water or groundwater samples shall be handled in an separate manner, as 
subsequently discussed. . 

Location - Examples of the location field are as follows: 

AOl -
001 

Grid node Al 
Monitoring Well 1 

It is important that consistency be maintained with respect to the use of the characters "0" and O. Data 
base subroutines will not sort correctly if a mixture are used (e.g, AOl and A02). 

Depth- Formerly, depth specifications were indicated with a four digit field (e.g., 0002 - 0 to 2 feet). 
While this is effective for depth sorting, it is difficult to include this level of detail in a 10-character lab 
number (Form Master limitations). In addition, this approach will not accommodate non-integer depths· 
(e.g., 2.5 feet to 4.5 feet): 

Based on such potential problems, the following approach shall be used: Sample depths will simply 
represent the horizon from which the sample was obtained: For example, It ten split-spoon samples are 
collected from a boring, they will be numbered 01 through 10. The sample log sheet will be used to 
record the specific d.epth of the sample, and, this information will be entered in a separator field in the 
data base. 

Similar nomenclature will be used for depth-specific surface water and sediment samples, etc. If no 
depth information is required (e.g., groundwater samples). the field must'still be filled (e.g., 0, 0). 

This field will also be used for the designation of filtered and unfiltered samples. An unfiltered 
groundwater sample shall be designated as UO, if and only if, a corresponding filtered sample is 
collected. Such as sample shall be designated as FO. 

Sampling Round - The sampling round field is straightforward. It can range from 01 to 99. 

Brown & Root Environmental 



Subject 

019611/P 

Number 

SAMPLE NOMENCLATURE Revision 

5.4 Example Sample Numbers 

CT-04 

o 

Page 

6 of 6 

Effective Date 

03/01/96 

Examples of complete sample numbers (field/data base versus laboratory) are as follows: 

Field/Data Base 10 Lab 10 Description 

101-SB-A01.{)1 101SBA010l 
The first sample (e.g., 0 to 2 feet) from soil boring AOl . 
(grid) at Site 101. 

101-SB-A01-02 101SBA0102 
The second sample from boring A01 (could be the next 
depth interval or a duplicate of 101-SB-A01-01). 

125-MW-001-01-01 125MW0010l 
A groundwate~ sample from monitoring well MWOOl (first 
sampling round) 

125-MW-001-02-01 125MW00102 
A duplicate groundwater sample from monitoring well 
MW001 (first sampling round) 

130-MW-003-U 1-01 130MWOO3Ul 
An unfiltered groundwater sample from monitoring well 
MW003 (first sampling round) 

130-MW-003-F1-Ol 130MW003Fl 
A filtered groundwater sample from monitoring well 
MW003 (first sampling round) 

137 -RB-001-00-Ol 137RB00100 The first rinsate blank collected at site 137. 

137-TB-004-00-02 137TBOO400 
The fourth trip blank collected during the second 
sampling event at Site 137. 

155-SW-003-01-01 155SW00301 
A surface water sample collected from the surface of a 
pond at Site 155. 

. 155-SW-003-02-01 155SW00302 
A surface water sample collected from the bottom of the 
water column in a pond at Site 155. 
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The purpose of this procedure is to provide reference information regarding the proper- methods for 
evaluating existing monitoring wells, and determining water level measurements. ' 

2.0 SCOPE 

The procedures described herein are applicable to all existing monitoring wells and, for the most part, 
are independent of construction materials and methods. 

3.0 GLOSSARY 

Hydraulic Head - The height to which water will rise in a well. 

Water Table - A surface in an unconfined aquifer where groundwater pressure is equal to atmospheric 
pressure (i.e~, the pressure head is zero). 

4.0 RESPONSIBILITIES 

Site Geologist/Hydrogeologist - Has overall responsibility for obtaining water level measurements and 
developing groundwater contour maps. The site geologist/hydrogeologist (in concurrence with the 
Project Manager) shall specify the reference point from which water levels are measured (usually a 
specific pc;>int on the upper edge of the inner well casing), the number of data points needed and which 
wells shall be used for a contour map, and how many complete sets of water levels are required to. 
adequately define groundwater flow directions (e.g., if there are seasonal variations). 

Field Personnel - Must have a basic familiarity with the equipment and procedures involved in obtaining 
·water levels, and must be aware of any project-specific requirements. 

5.0 PROCEDURES 

Accurate, valid and useful groundwater monitoring requires that four important conditions be met: 

• Proper characterization of sit~ hydrogeology. 

• Proper design of the groundwater monitoring program, including adequate numbers of wells 
installed at appropriate locations and depths. 

• Satisfactory methods of groundwater sampling and analysis to meet the data quality 
objectives (DOOs). 

• The assurance that specific monitoring well Samples are representative of water quality 
conditions in the monitored interval. 

To Insure that these conditions are met, adequate descriptions of subsurface geology, well construction 
methods and well testing results must be available. The following steps will help to insure' that the 
required data are available to permit an evaluation of the utility of existing monitoring wells for collecting 
additional samples. 

Brown & Root Environmental 



.. ' ) . ,. 

Subject Number Page 
EVALUATION OF EXISTING GH-l.2 3 of 9 
MONITORING WELLS AND WATER Revision Effective Date 

LEVEL MEASUREMENT 2 03/01/96 

.~------~~~--~~--~ 

• 

• 
019611/P 

5.1 . Preliminary Evaluation 

A necessary first step in evaluating eXisting monitoring well data is the study and review of the original 
work plan for monitoring well installation (if available). This helps to familiarize the site 
geologistjhydrogeologist with site-specific conditions, and will promote an understanding of the original 
purpose of the monitoring wells. 

The next step of the evaluation should involve a review of all available. information concerning borehole 
drilling and well construction. This will . allow interpretation of groundwater flow conditions and area 
geology, and will help to establish consistency between hydraulic properties of the well and physical 
features of the well or formation. The physical features which should be identified and detailed, if 
available, include: 

5.2 

• The well identification number, permit number and location by referenced coordinates, the 
distance from prominent site features, or the location of the well on a map. 

• The installation dates, drilling methods, well development methods, and contractors. 

• The depth to bedrock -- where rock cores were not taken, auger refusal, drive casing 
refusal or penetration test results (blow counts for split-barrel sampling) may be used to 
estimate bedrock interface. 

• 
• 
• 

• 
• 

• 

The soil profile and stratigraphy. 

The borehole depth and diameter. 

The elevation of the top of the protective casing, the top of the well riser, and the ground 
surface. 

The total depth of the well. 

The type of well materials; screen type, 'slot size, and length, and the elevation/depths of 
the screen, interval, and/or monitored interval. 

The elevation/depths of the tops and bottom of the filter pack and well seals and the type 
and size. 

Field Inspection 

DUring the onsite inspection of existing monitoring wells, features to be noted include: 

• The condition of the protective casing, cap and lock. 

• The condition of the cement seal surrounding the protective casing. 

• The presence of depressions or standing water around the casing. 

• : The presence of any electrical cable and its connections . 

If the protective casing, cap and lock have been damaged or the cement collar appears deteriorated, or 
if there are any depressions around the well casing capable of holding water, surface water may have 
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infiltrated into the well. This may invalidate previous sampling results since the time when leakage started 
is unknown. 

The routine physical inspection must be followed by a more detailed investigation to identify other 
potential routes of contamination or sampling equipment malfunction. Any of these occurrences may 
invalidate previously-collected water quality data. If the monitoring well is to be used in the future, 
considerations shown in the steps described above should be rectified to rehabilitate the well. After 
disconnecting any wires, cables.or electrical sources, remove the lock and open the cap. Check for the 
presence of organic vapors with a photoionization detector (PIO) or flame-ionization detector (FlO) and' 
combustible gas meter to determine the appropriate worker safety level. The following information 
should be noted: 

• Cap function. 

• Physical characteristics and composition of the inner casing or riser, including inner 
diameter and annular space. 

• Presence of grout between the riser and outer protective casing and the existence of drain 
holes in ,the protective casing. . 

• Presence of a riser cap, method of attachment to casing, and venting of the riser. 

• Presence of dedicated sampling equipment; if possible,' remove such equipment and 
inspect size, materials of construction and condition. 

The final step of the field inspection is to confirm previous hydraulic or physical property data and to 
obtain data not previously available. This includes the determination of static water levels, total well 
depth and well obstruction. This may be accomplished using a weighted tape measure which can also 
be used to check for sediment (the weight will advance slowly if sediment is present, and the presence 
of sediment on the weight upon removal should be noted). If sediment is present, the well be should 
be'redeveloped before sampling. 

Lastly, as a final step, the location, condition and expected water quality of the wells should be reviewed 
in light of their usefulness for the intended purpose of the investigation. 

5.3 Water Level (Hydraulic Head) Measurements 

5.3.1 General 

Groundwater level measurements can be made in monitoring wells, private or public water wells, 
piezometers, open boreholes, or test pits (after stabilization). Groundwater measurements should 
generally not be made in boreholes with drilling rods or auger flights present. If groundwater sampling 
activities are to occur, groundwater level measurements shall take place prior to well evacuation or 
sampling. 

All groundwater level measurements shall be made to the nearest 0.01 foot, and recorded in the site 
geologist/hydrogeologist's field notebook or on the Groundwater Level Measurement Sheet 
(Attachment A), along with the date and time of the reading. The total depth of the well shall be 
measured and recorded, if not already known.. Weather changes that occur over the period of time 
during which water levels are being taken, ~uch as precipitation and barometric pressure changes, 
should be noted. 
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In measuring groundwater levels, there shall be a clear1y-established reference point of known elevation, 
which is normally identijied by a mark on the upper edge of the inner well casing. The reference point 
shall be noted in the field notebook. To be useful, the reference point should be tied in with an 
established USGS benchmark or other proper1y surveyed elevation datum. An arbitrary datum could be 
used for an isolated group of wells. if nec~ssary. 

Cascading water within a borehole or steel well casings can cause false readings with some types of 
sounding devices (chalked line. electrical). Oil layers may also cause problems in determining the true 
water level in a well. Special devices (interface probes) are available for measuring the thickness of oil 
layers and true depth to groundwater. if required. 

Water level readings shall be taken regular1y. as required by the site geologist/hydrogeologist. 
Monitoring wells or open-cased boreholes that are subject to tidal fluctuations should be read in 
conjunction with a tidal chart (or preferably in conjunction with readings of a tide staff or tide level 
recorder installed in the adjacent water body); the frequency of such readings shall be established by 
the site hydrogeologist. All water level measurements at a site used to develop a groundwater contour 
map shall be made in the shortest practical time to minimize affects due weather changes, and at least 
during the same day. 

5.3.2 Water Level Measuring Techniques 
, 

There are several methods for determining standing or changing water levels in boreholes and monitoring 
wells. Certain methods have particular advantages and disadvantages depending upon well conditions. 
A general description of these methods is presented, along with a listing of various advantages and 
disadvantages of each technique., An effective technique shall be selected for the particular site 
conditions by the site geologist/hydrogeologist. 

In most instances, preparation of accurate potentiometric surface maps require that static water level 
measurements be obtained to a precision of 0.01 feet. To obtain such measurements in individual 
accessible wells, chalked tape or electrical water level indicator methods have been found best, and thus 
are the most often utilized. Other, less precise methods, such as the popper or bell sound, or bailer line 
methods. may be appropriate for developing preliminary estimates of hydraulic conditions. When a large 
number of (or continuous) readings are required, time-consuming individual readings are not usually , 
feasible. In such cases, it is best to use the float recorder or pressure transducer methods. When 
conditions in the well limit readings (Le., turbulence in the water surface or limited access through small 
diameter tubing), less precise, but appropriate methods such as the air line or capillary tubing methods 
can be used (see subseuqent SOP section for discussion of these devices). 

5.3.3 Methods 

Water levels can be measured by several different techniques, but the same steps shall be followed In 
each case. The proper sequence is as follows: 

1. Check operation of recording equipment above ground. Prior to opening the well, don 
personal protective equipment, as required. 

2. Record all information specified below in the geologist/hydrogeologist's field notebook or 
on the Groundwater Level Measurement Sheet (Attachment A): 

• Well number . 
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• Water level (to the nearest 0.01 foot; 0.3 cm). Water levels shall be taken from the 
surveyed reference mark on the top edge of the inner well casing. 

• Time and day of the measurement. 

Water level measuring devices with permanently marked intervals shall be used when possible. If water 
level measuring d.evices marked by metal or plastic bands clamped at intervals along the measuring line 
are used, the spacing and accuracy of these bands shall be checked frequently as they may loosen and 
slide up or down the line, resulting in inaccurate reference points (see Section 5.3.6). 

5.3.4 Water Level Measuring Devices 

Chalked Steel Tape 

The water level is measured by chalking a weighted steel tape and lowering it a known distance (to any 
convenient whole foot mark) into the well or borehole. The water level is determined by subtracting the 
wetted chalked mark from the total length lowered into the hole. -

The tape shall be withdrawn quickly from the well because water has a tendency to rise up the chalk due 
to capillary action. A water finding paste may be used in place of chalk. The paste is spread on the tape 
the same way as the chalk, and turns' red upon contacting water. 

Disadvantages to this method include the following: depths are limited by the inconvenience of using 
heavier weights to properiy tension longer tape lengths; ineffective if borehole/well wall is wet or inflow 
is occurring above the static water level; chalking the tape is time-consuming; difficult to use during 
periods of precipitation. 

Electric Water Level Indicators 

These devices consist of a spool- of small-diameter cable and a weighted probe attached to the end. 
When the probe comes in contact with the water, an electrical circuit is closed and a meter, light, and/or 
buzzer attached to the spool will Signal the contact. 

There are a number of commercial electric sounders available, none of which is entirely reliable under 
all conditions likely to occur in a contaminated monitoring well. In conditions where there is oil on the 
water, groundwater with high specific conductance, water cascading into the well; steel well casing, or 
a turbulent water surface in the well, measuring with an electric sounder may be difficult. 

For accurate readings, the probe shall be lowered slowly into the well. The electric tape is marked at 
the measuring point where contact with the water surface was indicated. The distance from the mark 
to the nearest tape band is measured using an engineer's folding ruler or steel tape, and added to the 
band reading to obtain the depth to water. If the band is not a permanent marking band, spacing shall 
be checked periodically as described in Section 5.3.6. 

Popper 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 ·plopping· or "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 strikes the water. This method is not sufficiently accurate to obtain water levels 
to 0.01 feet, and thus is more appropriate for obtaining only approximate water levels quickly. 
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Float Recorder 

A float or an electromechanically actuated water-seeking probe may be used to detect vertical changes 
of the water surface in the hole. A paper-covered recording chart drum is rotated by the up and down 
motion of the float via a pulley and reduction gear mechanism, while a clock drive moves a recording 
pen horizontally across the chart. To ensure continuous records, the recorder shall be inspected, 
maintained, and adjusted periodically. This type of device is useful for continuously measuring periodic 
water level fluctuations, such as tidal fluctuations or influences of pumping wells. 

Air Line 

An air line is especially useful in pumped wells where water turbulence may preclude the use of other 
devices. A small-diarneter weighted tube of known length is installed from the surface to a depth below 
the lowest water level expected. Compressed air (from a compressor, bottled air, or air pump) is used 
to purge the water from the tube, until air begins to escape the lower end of the tube, and is seEm (or 
heard) to be bubbling up through the water in the well. The pressure needed to purge the water from 
the air line multiplied by 2.307 (feet of water for 1 psi) equals the length in feet of submerged, air line. 
The depth to water below the center of the pressure gauge can be calculated by subtracting the length 
of air line below the water surface from the total length of the air line. 

The disadvantages to this method include the need for an air supply and lower level of accuracy (unless 
a very accurate air pressure gauge is used, this method cannot be used to obtain water level readings 
to the ne~rest 0.01 ft) . 

Capillary Tubing 

In small diameter piezometer tubing, water levels are determined by using a capillary tube. Colored or 
clear water is placed in a small "U· -shaped loop in one end of the tube (the rest of the tube contains air). 
The other end of the capillary tube is lowered down the piezometer tubing until the water in the loop 
moves, indicating that the water level has been reached. The point is then measured from the bottom 
of the capillary tube or recorded if the capillary tube is calibrated. This is the best method for very small 
diameter tubing monitoring systems such as Barcad and other multilevel systems. Unless the capillary 
tube is calibrated, two people may be required to measure the length of capillary tubing used to reach 
the groundwater. Since the piezometer tubing and capillary tubing usually are somewhat coiled when 
installed, it is difficult to accurately measure absolute water level elevations using this method. However, 
the method is useful in accurately measuring differences or changes in water levels (i.e., during pumping 
tests). 

Pressure Transducer 

Pressure transducers ·can be lowered into a well or borehole to measure the pressure of water and 
therefore the water elevation above the transducer. The transducer is wired into a recorder at the surface 
to record changes in water level with time. The recorder digitizes the information and can provide a 
printout or transfer the information to a computer for evaluation (using a well drawdownjrecovery model). 
The pressure transducer should be initially calibrated with another water level measurement technique 
to ensure accuracy. This technique is very useful for hydraulic conductivity testing in highly permeable 
material where repeated,. accurate water level measurements are required in a very short period of time. 
A sensitive transducer element is required to measure water levels to 0.01 foot accuracy . 
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Approximate water levels can be determined during geophysical logging of the borehole (although this 
is not the primary purpose for geophysical logging and such logging is not cost effective if used only for 
this purpose). Several logging techniques will indicate water level. Commonly-used logs 'which will 
indicate saturated/unsaturated conditions include the spontaneous potential.(SP) log and the neutron 
log. 

5.3.5 Data Recording 

Water level measurements, time, data, and weather conditions shall be recorded in the 
geologist/hydrogeologist's field notebook or on the Groundwater Level Measurement Sheet. All water 
level measurements shall be measured from a known reference point. The reference point is generally 
a marked point on the upper edge of the inner well casing that has been surveyed for an elevation. The 
exact reference point shall be marked with permanent ink on the casing since the top of the casing may 
not be entirely level. It is important to note changes in weather conditions because changes in the 
barometric pressure may affect the water level within the well. 

5.3.6 Specific Quality Control Procedures for Water Level Measuring DeVices 

All groundwater level measurement devices must be cleaned before and after each use to prevent cross 
contamination of wells. Manufacturer's instructions for cleaning the device shall be' strictly followed, 

. Some devices used to measure groundwater levels may need to be calibrated. These devices shall be 
calibrated to 0.01 foot accuracy and any adjustments/correctioris shall be recorded in the field 
logbook/notebook. After the corrections/adjustments are made to the measuring device and entered 
in the field logbook/notebook, the corrected readings shall be entered onto the Groundwater Level 
Measuring Sheet (Attachment A). Elevations will be entered on the sheet when they become available. 

5.4 . Health and Safety Considerations 

Groundwater contaminated by volatile organic compounds may release toxic vapors into the air space 
inside the well pipe. The release of this air when the well is initially opened is a health/safety hazard 
which must be considered. Initial monitoring of the well headspace and breathing zone concentrations 
using a PIO (e.g., HNu) or FlO (e.g., OVA) and combustible gas meters shall be performed to determine 
required levels of protection. . 

6.0 RECORDS 

A record of all field procedures, tests and observations must be recorded in the site logbook or 
designated field notebook. Entries in the log/notebook should include the individuals participating in the 
field effort, and the date and time. The use of annotated sketches may help to supplement the 
evaluation. 
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ATTACHMENT A 
EXAMPLE GROUNDWATER LEVEL MEASUREMENT SHEET 

GROUNDWATER LEVEL 
MEASUREMENT SHEET Page_of_ 

PROJECT NAME:.~ ________ _ 
PROJECT NUMBER: _______ _ 
PERSONNEL: __________ _ 

LOCATION: ______ ------
MEASURING DEVICE: ___ -----
ADJUSTMENT FACTOR: ___ ...:...-_ 

DATE: _______________________ ___ 
WEATHER CONDITIONS: ____________________ _ 

REMARKS: ______ ------_ 

-Measurements to nea,.st 0:01 foot~ . SignatureCs):, ____________ -----------

Brown & Root Environmental 



• 

I," 

STANDARD 
Number 

GH-2.5 

Effective Date 

03/01/96 
Applicability 

Page 

1 of 9 

Revision 

o 

B&R Environmental, NE 

BROWN & ROOT ENVIRONMENTAL 

OPERATING 
PROCEDURES 

Prepared 
Earth Sciences Department 

Subject Approved~/. 
GROUNDWATER CONTOUR MAPS AND FLOW RATES D. Senovich 

TABLE OF CONTENTS 

SECTION 

1.0 PURPOSE .••.•.•.••••.••.....•..•.•.••••••••• ". . • • . • • • . . • . . • . . . • • • . .• 2 

2.0 SCOPE. . . • • • • • . • • • . • • • • . • . . . • . • . • . • • • • . . • • • • • • . • • • • • • • • • • • • . • • • . • •• 2 

3.0 GLOSSARY ...•• '0 • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •• 2 

4.0 RESPONSIBILITIES • • . . . . • . . • . . . . • . . • • . . . • . • • • • . . . • • • • • • • . . . . • . • . . • .. • •. 3 

5.0 PROCEDURES. . . • . . . . . • . . . . . • . . . . . . • . . . . . . • . . . . • . • . • . . • . • . . . • • . . . . .. 3 

5.1 Potentiometric Surface Mapping .. .................................... 3 
5.1.1 Selection of Wells . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 3 
5.1.2 Construction of Equipotential Lines .................................... , 4 
5.1.3 Determination of Groundwater-FlOW Direction. . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 4 
5.2 Groundwater Flow Considerations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 4 
5.3 Determination of Flow Rate ........ " . " . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 5 

6.0 REFERENCES. . • . . • . . . . . . . • . . . . . . . . . . . . . . . • . . . . • . • . • . • . . . . • . . • . . • . •. 7 

ATTACHMENTS 

A GENERAUZED POROSITY AND HYDRAUUC CONDUCTIVITY 
VALUES FOR GEOLOGIC MATERIALS .................................. 8 

019611/P Brown & Root Environmental 



Subject 

019611/P 

GROUNDWATER CONTOUR MAPS . 
AND FLOW RATES 

1.0 PURPOSE 

Number 

Revision 

GH-2.S 

o 

Page 

2of9 

Effective Date 

03/01/96 

The purpose of this procedure is to ·prcivide a basic understanding of developing contour maps and the 
approaches used. to identify and quantify the direction and rate of groundwater flow and contaminant 
plume movement. . . 

2.0 SCOPE 

This procedure provides only a general overview of the field techniques, mathematical and physical 
relationships and data handling procedures used for determining groundwater flow direction and rate. 
The references Identified herein can provide a more complete explanation of particular methods cited, 
as well as a more comprehensiVe discussion on the interpretation of hydrogeologic data. 

3.0 GLOSSARY 

Aquifer - A geologic formation capable of transmitting usable quantities of groundwater to a well or other 
discharge point. . 

Aquitard - A geologic formation which retards the flow of groundwater due to its low permeability. 

Confined Aquifer - An aquifer that is overlain and underlain by zones of lower permeability (aquitards). 
If the aquifer is "artesian," the potentiometric head of the aquifer at a given paint is higher than the top 
of the zone comprising the aquifer at that point. 

Equipotential Line - A line connecting points of equal elevation of the. water table or potentiometric 
surface. Equipotential lines on the water table are also called water table contour lines. 

Flow Line - A flow line indicates the direction of groundwater movement within the saturated zone. Flow 
lines are drawn perpendicular to equipotential lines. 

Flow Net - A diagram of groundwater flow showing flow lines and equipotential lines. 

Hydraulic Conductivity (I<) - A parameter relating the volume of fluid flowing through a cross-sectional 
area of a saturated permeable medium to the driving force for the flow (hydraulic gradient). The 
hydraulic conductivity is a function both of the aquifer characteristics (porosity and interconnection of 
pores) and of the characteristics of the fluid (density and viscosity) passing through the aquifer. Thus, 
an aquifer will have a different hydraulic conductivity for water compared to pure-phase organic liquids. 

Hydraulic Gradient (i) - The rate of change of hydraulic head per unit distance of flow at a given point 
and in the downgradient direction. 

Hydraulic Head - The height to which water will rise insi~e a well casing, equal to the elevation head plus 
the pressure head. In a well screened across the water table, hydraulic head equals the elevation head, 
as the pressure head equals O. In wells screened below the water table in an unconfined aquifer or 
screened at any interval within a confined aquifer, the head is the sum of the elevation of the aquifer (the 
elevation head) and the fluid pressure of the water confined in the aquifer (the pressure head). 

Permeability - The capacity of a porous medium to transmit water. The degree of permeability depends 
on the size and shape of the pores, and the extent of their intercon'1ections. 

Porosity .:-Percentage of the total volume of a rock or soil which is occupied by voids (pore space). 
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Potentiometric (piezometric) Surface - A hypothetical surface that coincides with the static level of the 
water in aquifer (Le., the maximum elevation to which water will rise in a well or piezometer penetrating 
the aquifer). The term ·potentiometric surface" is usually applied to confined aquifers, although the water 
table is the potentiometric surface of an unconfined aquifer. 

Unconfined Aquifer - An aquife~ in which the water tabfe forms the upper boundary. 

Water Table - The surface in the groundwater system at which the fluid pressure is equal to atmospheric 
pressure (Le., the net pressure head is zero) and below which all strata are saturated with water. 

4.0 RESPONSIBILITIES 

Project Hydrogeologist - The project hydrogeologist has overall responsibility for obtaining water level 
measurements and developing groundwater contour maps. The hydrogeologist (with the concurrence 
of the Project Manager) shall specify the reference point from which water levels are measured (usually 
a specific point on the upper edge of the inner well casing), the number of data points needed and which 
wells shall be used for a contour map, and how many complete sets of water levels are required to 
adequately define groundwater flow directions (e.g .. if there are seasonal variations). 

Field Personnel - All supporting field personnel must have a basic familiarity with the eqUipment and 
procedures involved in obtaining water levels. and must be aware of any project-specific requirements. 

5.0 PROCEDURES 

5.1 Potentiometric Surface Mapping 

5.1.-' Selection of Wells 

All wells used to prepare a flow net in a plan or map view should represent the same hydrogeologic unit, 
be it aquifer- or aquitard. All water level measurements used shall be collected on the same day. 
preferably within 2-3 hours. This is especially important when working in an area where groundwater 
levels are tidally influenced or influenced by pumping_ 

Before mapping, review the recorded water levels and monitoring-well construction data, site ge610gy 
and topographic setting must be reviewed to ascertain that the wells are completed in the same 
hydrogeologic unit and to determine if strong vertical hydraulic gradients may be present. Such 
conditions will be manifested by a pronounced correlation between well depth and water level. or by a 
difference in water level between two wells located near each other but set to different depths or having 
different screen lengths. Professional judgment of the hydrogeologist is importantin this determination. 
If vertical gradients are significant, the data to be used must be limited vertically. and only wells finished 
in a chosen vertical zone of the hydrogeologic ~nit can be used. 

At least three wells must be used to provide an estimation of the direction of groundwater flow; 
information from many more wells are needed to provide an accurate contour map. Generally. shallow 
systems require data from more wells than deep systems for accurate contour mapping. 

5.1.2 Water Level Measurements 
( 

After selection of the wells to be used for mapping. the next step in determining the direction of 
groundwater flow is to obtain water level elevations from the selected points. In addition, any other 
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readily available wells/surface water bodies should also be measured to ensure that sufficient data are 
available for interpretation purposes. 

Elevations are obtained from measurements of the depth to water in a monitoring well or piezometer 
taken from the top of the well caSing (see SOP GH-1.2) and then referencing the elevation of the cas"ing 
to a chosen and consistent datum point, usually mean sea level. Subtracting the depth to water from 
the casing elevation provides the elevation of the potentiometric surface. Elevations of pOints and areas 
of groundwater discharge or recharge such as springs: seeps, streams, rivers, and lakes also need to 
be determined, typically through staff gauge measurements. Comparison of these elevations, whic.h 
represent hydraulic heads, will reveal the direction of flow because groundwater flows from areas of high 
head to areas of low head. 

5.1.3 Construction of Equipotential Lines 

Graphical methods available for depicting the flow of groundwater include the use of equipotential lines 
and flow lines to construct potentiometric surface maps and vertical flow nets. If the hydrogeologic 
system consists of a water table aquifer and one or more confined aquifers, separate contour maps 
should be prepared for each aquifer system. Water table maps should be developed using water level 
measurements obtained from monitoring wells screened at the unsaturated-saturated interface. Water 
level measurements collected from monitoring wells screened in the deeper portions of an unconfined 
aquifer should generally be contoured as a separate potentiometric surface map. Surface water 
discharge or recharge features are contoured in the water table system. Vertical flow nets should be 
constructed using a cross section aligned parallel to the direction of 'groundwater flow. All water level 
measurements along this cross section. both deep and shallow. are used in developing equipotential 
lines and flow lines for the flow net. 

To construct equipotential lines, water elevations in the chosen wells are plotted on a site map. Other 
hydrogeologic features associated with the zone of interest -- such as seeps. wetlands. and surface-water 
bodies -- should also be plotted along with their elevations. 

The data should then be contoured. using mathematically valid and generally accepted techniques. 
Unear interpolation is the most commonly used technique. However. quadratic interpolation or any 
technique of trend-surface analysis or data smoothing is acceptable. Computer-generated contour maps 
may be useful for large data sets. Contour lines shall be drawn as smooth. continuous lines which never 
cross one another. 

Inspect the contour map. noting known features. such as pumping wells and site topography. The 
contour lines must be adjusted utilizing the profeSSional judgment of the hydrog·eologist in accordance 
with these features. Closed contours should be avoided unless a known sink exists. Groundwater 
mounding is common under landfills and lagoons: if the data imply this. the feature must be evident In 
the contour plot. 

5.1.4 Determination of Groundwater-Flow Direction 

Flow lines shall be drawn so that they are perpendicular to equipotential lines. Flow lines will begin at 
high head elevations and end at low head elevations. Closed highs will be the source of additional flow 
lines. Closed depressions (i.e .. wells) will be the termination of some flow 'lines. Care must be used hi 
areas with Significant vertical gradients to avoid erroneous conclusions concerning gradients and flow 
directions. 
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5~2 Groundwater Flow Considerations 

Groundwater movement is an integral part of the hydrologic cycle. Recharge to the shallow groundwater 

environment generally occurs by infiltration of precipitation through an upper unsaturated soil zone. 

Movement is downward under the force of gravity until the water reaches the saturated zone of the water 

table aquifer. Once water is part of the water table aquifer, movement is controlled by differences in 

hydraulic head with movement from areas of high head to areas of low head. Areas of low head incl!Jde 

natural discharge areas such as springs, lakes, rivers, and, ultimately, the ocean. These features can be 

considered as outcrops of the water table. Points of low head also are created by pumping wells. 

Local head differences and consequent vertical flow patterns within an aquifer can be detected by well 

clusters. A well cluster consists of several adjacent wells,generally installed within a few feet of each 

other, and screened at different depths. Variations in water levels in these closely spaced wells indicates 

the vertical component of groundwater flow within an aquifer, provided that the wells are all screened 

within the same aquifer. 

The number, location, and extent of geologic units and their properties with regard to aquifer or 'aquitard 

characteristics must be understood to properly interpret water level data gathered from the monitoring 

system. This firm understanding of the hydrogeologic system must be developed through a program 

of soil borings and interpretation of subsurface geology. The adequacy of the positions and depths of 

borings used to define relevant subsurface hydrogeologic conditions must also be assessed. The 

iocation of surface water discharge or recharge points must ,be considered. Surface water features, 

influence the system, as flow is most likely toward them (if they are discharge points) or away from them, 

(if they are recharge points). Man-made discharge or recharge features such as pumping or injection, 

wells, ditches, and trenches can also affect the flow of groundwater. 

5.3 Determination of Flow Rate 

Darcy's Law states that the quantity of water flowing through a geologic material is dependent upon the 

permeability of the material, the hydraulic gradient, and the cross sectional area through which the water 

flows. This relation is expressed in the equation: 

where: 

Q 
K 
i 
A 

= 
= 
= 
= 

Q = KiA 

volume of water flo~ing through the cross sectional area of the formation (L 
3 fT). 

hydraulic, conductivity, (LjT) , 

hydraulic gradientJL/L. i.e., dimensionless). , 2 

cross sectional area of formation being considered (L ). 

The relation is similar to one used in stream flow measurements where: 

where: 

Q = 

V = 

A = 

Q = VA 

discharge from the cross sectional are~ of a stream or pipe (L3 jT). 

average velocity of flowing water (LjT). 

cross sectional area through which water flows (L2
). 
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The velocity of water movement in a geologic fOrmation depends on the specific formation properties 
and the head differences across the formation. This relation is defined in the equation: 

where: 

V 
K 

n 

v 

average linear velocity of groundwater through the,formatlon (LfT) 
hydraulic conductivity (LfT) 
hydraulic gradient (dimensionless) 
porosity (expressed as a fraction). 

Values of porosity for several geologic materials are given in Attachment A. More accurate and specific 
values of porosity can be obtained by laboratory analysis of a formation sample. 

Hydraulic conductivity is related to the permeability of the formation and depends on the size and 
interconnection of the pore spaces. In isotropic and homogeneous formations. the hydraulic conductivity 
will be the same vertically and horizontally. However. in anisotropic formations. horizontal and vertical 
conductivity can be markedly different and the vertical hydraulic conductivity can be up to several orders 
of magnitude lower than the horizontal hydraulic conductivity. For example. an unfractured shale has 
a very high porosity. but because of its layered nature. the pore spaces are not connected· vertically. 
Consequently. unfractured shale often has a moderate horizontal hydraulic conductivity but a very low 
vertical hydraulic conductivity. 

Generally, hydraulic conductivity is high for sands, gravels, and limestone containing large solution 
cavities and low for clays and tightly fractured rock. Anachment A gives values of hydraulic conductivity 
for several geologic materials. More accurate values can be obtained during field testing of aquifers or 
from laboratory measur.ements on undisturbed cores. However. results from field testing usually indicate 
higher hydraulic conductivities than laboratory testing because full-scale field testing includes the effects 
of the formational macrostructure (i.e .. secondary permeability due to jointing or fractures) which is not 
reflected in the testing of a small sample in the laboratory. 

The hydraulic gradient. i. is determined from field measurements of hydraulic head obtained from water 
level measuring points. Do not measure gradient from well to well: measure across equipotential lines 
that are based on the well (and other) data. Once a potentiometric surface map has been generated ' 
using the hydraulic head data. the hydraulic gradient can be calculated using the following formula: 

where: 

dh 
dl 

= 

I 

change in head (L) 

dh 

dl 

distance between equipotential lines (L) 

The hydraulic gradient along any flow line can be calculated from a potentiometric surface map by 
dividing the contour interval by the. length of the flow line between contour lines. 
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When chemical solutes are traveling in groundwater, as in cases of groundwater contamination, the 
calculated groundwater velocity may predict flow rates in excess of what is actually observed. This 
difference in chemical versus water velocities may be due .10 attenuation or .biodegradatlon of the 
chemical species in the aquifer. Attenuation is most often caused by adsorption of the chemical· 
contaminant onto the formation grains or matrix. The resul, is that the chemical does not appear at the 
downgradient sampling point as quickly as the velocity calculation predicts. An equation to correct for 
this attenuation. Is: 

where: 

Vc 
Vw 
Pb 
n 

~ 

= 
= 
= 
= 
= 

velocity of the chemical solute flow (LIT) 
. velocity of groundwater flow (LfT) 
formation mass bulk density (MIL 3) 
formation porosity (expressed as a fraction) 
distribution coefficient = (L 31M) 

The ~ is equal to the mass of solute per unit mass of solid phase divided by the concentration of solute 
in solution. The term in the denominator is known as the retardation factor. 

Density differences between water and contaminants can also cause velocity determination errors. Ught 
hydrocarbons such as ·gasoline are less dense than water and consequently float on the water table. 
These contaminants can migrate along the water table surface at rates faster or slower than the rate of 
groundwater movement, depending on specific conditions. and may also volatilize into unsaturated soil 
pore spaces. On the other hand, contaminants denser than water such as heavy hydrocarbons (e.g., 
coal tar) or chlorinated compounds (e.g .. TCE. PCE) tend to sink to the bottom of an aquifer if present 
in concentrations exceeding their solubility limit. Here. the contamination may move at faster or slower 
rates than the overlying groundwater or may actually move in a direction opposite to that of the 
groundwater, depending on the geologic characteristics of the aquifer base and direction of dip of the 

. underlying aquitard. 

Other factors involving the physicochemical interaction between the chemical and the groundwater, such 
as dilution (mixing contaminated water or chemicals with additional quantities of groundwater) and 
dispersion (molecular diffusion of the chemical throughout the groundwater regime), can also affect the 
observed rates of travel of contaminants in groundwater. In addition to such physicochemical 
characteristics, all of the aquifer and aquitard properties and groundwater flow characteristics described 
above must be known so that adequate and accurate estimations of the extent and severity of 
groundwater contamination can be developed. 
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ATTACHMENT A 

GENERALIZED POROSITY AND HYDRAUUC CONDUCTIVITY 
VALUES FOR GEOLOGIC MATERIALS 

Porosity Hydraulic Conductivity Range 
Material Range 

(%) em/sec ft/day 

Gravel 3040 10.1 to 10.2 280 to 2.8 x 105 

Coarse sand (clean) 30-40 10.1 to 1 ' 280 to 2,800 

Medium sand (clean) 35-45 10~2 to 10.1 28 to 280 

Fine sand (clean) 40-50 
5 x 10-4 to 

1.4 to 28 10.2 

Silty sand 25-40 10.5 to 10.2 0.03 to 280 

Glacial Till Variable 10.10 to 10-4 3 X 10.7 to 0.3 

10.7 to 10-4 3x 10-4 to 0.3 
(horizontal) 

Unweathered Clay/Shale ' 45·55 (clay) 
_3 x 10.7 to 3 X 10-3 

10.10 to 10~ 
(vertical) 

Karst Limestone -_. 10-4 to 10.1 0.3 to 2.800 

Fractured Igneous/ _. 10-6 to 10.1 3 X 10.3 to 280 
Metamorphic Rocks 

Sandstone 5·30 10-8 to 10-4 3 X 10.5 to 0.3 

Source: References 1 and 2 

I 
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This procedure provides general guidance and information pertaining to proper monitoring well design, 
installation, and development. 

2.0 SCOPE 

This procedure is applicable to the construction of permanent monitoring wells. The methods described 
herein may be modified by project-specific requirements for monitoring well construction. In addition, 
many regulatory agencies have specific regulations pertaining to monitoring well construction and 
permitting. These requirements must be determined during the project planning phases of the 
investigation, and any required permits must be obtained before field work begins. Innovative monitoring 
well installation techniques, which typically are not used, will be discussed only generally in this 
procedure. 

3.0 GLOSSARY 

Monitoring Well - A well which is properly screened (if screening is necessary, e.g., open borehole), 
cased, and sealed which is capable of providing a groundwater level and groundwater sample 
representative of the zone being monitored. 

Piezometer - A pipe or tube inserted into the water bearing zone, typically open to water flow at the 
bottom and to the atmosphere at the top, and used to measure water level elevations. Piezometers may 
range in size from 1 /2-inch-diameter plastic tubes, to well points or monitoring wells. 

Potentiometric Surface - The surface representative of the level to which water will rise in a well cased 
to the screened aquifer. 

Well Point (Drive Point) - A screened or perforated tube (Typicaliy 1-1/4 or 2 inches in diameter) with a 
solid, conical, hardened point at one end, which is attached to a riser pipe and driven into the ground 
with a sledge hammer, drop weight, or mechanical vibrator. Well points may be used for groundwater 
injection and recovery, as piezometers (i.e., to measure water levels) or to provide groundwater samples 
for wat~r qual~ data. . . 

4.0 RESPONSIBIUTIES 

Driller - The driller provides adequate and operable equipment, sufficient quantities of materials, and an . 
experienced and efficient labor force capable of performing all phases of proper monitoring well 
installation and construction. The driller may also be responsible for obtaining, in advance, any required 
permits for monitoring well installation and constr~ction. 

Rig Geologist - The rig geologist supervises and documents well installation and construction performed 
by the driller, and insures that well construction is adequate to provide representative groundwater data 
from the monitored interval. Geotechnical engineers, field technicians, or other suitable trained personnel 
may also serve in this capacity. 
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5~ PROCEDURES 

5.1 Equipment/Items Needed 

Below is a list of items that may be needed when installing a monitorin~ well: 

• 
• 

• 

• 

5.2 

Health and safety equipment as required by the Site Safety Officer, 

Well drilling and installation equipment with associated materials (typically supplied by the 
driller),' 

Hydrogeologic equipment (weighted' engineer's tape, water level indicator, retractable 
engineers rule, electronic calculator, clipboard, mirror ,and flashlight - for observing 
downhole activities, paint and ink marker for marking monitoring wells, sample jars, well 
installation forms, and a field notebook). 

Drive point installations tools (sledge hammer, drop hammer, or mechanical vibrator; tripod, 
pipe wrenches, drive points, riser pipe, and end caps). 

Well Design 

The objectives for each monitoring well and its intended use must be clearly defined before the 
monitoring system is designed. Within the monitoring system, different monitoring wells may serve 
different purposes and, therefore, require different types of construction. During all phases of the well 
design, attention must be given to clearly documenting the basis for design decisions, the details of well 
construction, and the materials to be used. The objectives for installing the monitoring, wells may 
include: 

• Determining groundwater flow directions and velocities. 
• Sampling or monitoring for trace contaminants. 
• Determining aquifer characteristics (e.g., hydraulic conductivity). 

Siting of monitoring wells shall be performed after a. preliminary estimation of the groundwater flow 
direction. In most cases, groundwater flow and potential well locations can be determined through the 
review of geologic data·and the site terrain. In addition, data from production wells or other monitoring 
wells in the area may be used to determine the groundwater flow direction. If these methods cannot be 
used, piezometers, which are relatively inexpensive to install, may have to be installed in a preliminary 
investigative phase to determine groundwater flow direction. 

5.2.1 Well Depth, Diameter, and Monitored Interval 

The well depth, diameter, and monitored interval must be tailored to the specific monitoring needs of 
each investigation. Specification of these items generally depends on the purpose of the monitoring 
system and the characteristics of the hydrogeologic system being monitored. Wells of different depth, 
diameter, and monitored interval can be employed in the same groundwater monitoring system. For 
instance, varying the monitored interval in several wells, at the same location (cluster wells) can help to 
determine the vertical gradient and the levels at which contaminants are present. Conversely, a fully 
penetrating well is usually not used to quantify or vertically locate a contaminant plume, since 
groundwater samples collected in wells that are screened over the full thickness of the water-bearing 
zone will be representative of average conditions across the entire monitored interval. However, fully 
penetrating wells can be used to establish the existence of contamination in the water-bearing zone. The 
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well diameter desired depends upon the hydraulic characteristics of the water-bearing zone, sampling 
requirements, drilling method and cost. 

The decision concerning the monitored interval and well depth is based on the following (and possibly 
other) information: 

• The vertical location of the contaminant source in relation to the water-bearing zone. 

• The depth, thickness and uniformity of the water-bearing zone. 

• The anticipated depth, thickness, and characteristics (e.g., density relative to water) of the 
contaminant plume. 

• Fluctuation in groundwater levels (due to pumping, tidal influences, or natural 
recharge/discharge events). 

• The presence and location of contaminants encountered during drilling. 

• Whether the purpose of the installation is for determining existence or non-existence of 
contamination or if a particular stratigraphic zone is being investigated. 

• The analysis of borehole geophysical logs. 

In most situations where groundwater flow lines are horizontal, depending on the purpose of the well and 
the site conditions, monitored intervals are 20 feet or less. Shorter screen lengths (1 to 2 feet) are 
usually required where flow lines are not horizontal, (Le., if the wells are to be used for accurate 
measurement of the potentiometric head at a specific point). 

Many factors influence the diameter of a monitoring well. The diameter of the monitoring well depends 
on the application. In determining well diameter, the following needs must be considered: 

• Adequate water volume for sampling. 
• Drilling methodology. 
• Type of sampling device to be-used. 
• Costs. 

Standard monitoring well diameters are 2, 4, 6, or 8 inches. However, drive points are typically 1-1/4 or 
2 inches in diameter. For monitoring programs which require screened monitoring wells, either a 2-inch 
or 4-inch-diameter well is preferred. Typically, well diameters greater than -4 inches are used in 
monitoring programs in which open-hole monitoring wells are required. In the smaller diameter wells, 
the volume of stagnant water in the well is minimized, and well construction costs are reduced, however, 
the type of sampling devices that can be used are limited. In specifying well diameter, sampling 
requirements must be considered (up to a total of 4 gallons of water may be required for a single sample 
to account for full organic and inorganic analyses. and split samples). The volume of water in the 
monitoring well available for sampling is dependent on the well diameter as follows: 
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However, if a specific well recharges quickly after purging, then well diameter may not be an important 
factor regarding sample volume requirements. 

Pumping tests for determining aquifer characteristics may require larger diameter wells; however, in 
small-diameter wells in~situ permeability tests can be performed during drilling or after well installation 
is completed. . 

5.2.2 Riser Pipe and Screen Materials 

Well materials are specified by diameter, type of material, and thickness of pipe. Well screens require 
an additional specification of slot size. Thickness of pipe is referred to as "schedule" for polyvinyl 
chloride (PVC) casing and is usually Schedule 40 (thinner wall) or 80 (thicker wall). Steel pipe thickness 
is often referred to as "Strength"· and Standard Strength is usually adequate for monitoring well purposes . 
With larger diameter pipe, the· wall thickness must be ·greater to maintain adequate strength. The 
required thickness is also dependent on the method of installation; risers for drive points require greater 
strength than wells installed inside drilled borings. 

The selection of well screen and riser materials depends on the method of drilling, the type of subsurface 
materials the well penetrates, the type of contamination expected, and natural water quality and depth. 
Cost and the level of accuracy required are also important. The materials generally available are Teflon,. 
stainless steel, PVC galvanized steel, and carbon steel. Each has advantages and limitations (see 
Attachment A of this guideline for an extensive presentation on this topic). The two most commonly used 
materials are PVC and stainless steel for wells in which screens are installed. Properties of these two 
materials are compared in Attachment B. Stainless steel is preferred where trace metals or organic 
sampling is required; however, costs are high. Teflon materials are extremely expensive, but are 
relatively inert and provide the least opportunity for water contamination due to well materials. PVC has 
many advantages, including low cost, excellent availability, light weight, and ease of manipulation; 
however, there are also some questions about organic chemical sorption and leaching that are currently 
being researched (see Barcelona et aI., 1983). Concern about the use of PVC can be minimized if PVC 
wells are used strictly for geohydrologic measurements and not for chemical sampling. The crushing 
strength of PVC may limit the depth of installation, but Schedule 80 materials normally used for wells 
greater than 50 feet deep may overcome some of the problems associated with depth. However, the 
smaller inside diameter of Schedule 80 pipe may be an important factor when considering the size of 
bailers or pumps required for sampling or testing. Due to this problem, the minimum well pipe size 
recommended .lor Schedule 80 wells is 4-inch 1.0. 

Screens and risers may have to be decontaminated before use because oil-based preservatives and oil 
used during thread cutting and screen manufacturing may contaminate samples. Metal pipe, may 
corrode and release metal ions or chemically react with organiC constituents, but this is considered by 
some to be less of a problem than the problem associated with PVC material. Galvanized steel is not 
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recommended where samples may be collected for metal analyses, as zinc and cadmium levels in 
groundwater samples may become elevated from leaching of the zinc coating. . 

Threaded, flush-joint casing is most often preferred for monitoring well applications. PVC, Teflon, and 
steel can all be obtained with threaded joints at slightly more costs. Welded-joint steel casing is also 
acceptable. Glued PVC may release organic contaminants into the well, and therefore, should not be 
used if the well is to be sampled for organic constituents. 

When the water-bearing zc;me is in consolidated bedrock, such as limestone or fractured granite, a well 
screen is often not necessary (the well is simply an open hole in bedrock). Unconsolidated materials, 
such as sands,. clay, and silts require a screen. A screen slot size of 0.010 ·or 0.020 inch is generally. 
used when a screen is necessary and the screened interval is artificially packed with a fine sand. The 
slot size controls the quantity of water entering the well and prevents entry of natural materials or sand 
pack. The screen' shall pass no more than 10 percent of the pack material, or in-situ aquifer material. 

. The rig geologist shall specify the combination of screen slot size and sand pack which will be 
compatible with the water-bearing zone, to maximize groundwater inflow and minimize head losses and 
movement of fines into the wells. (For example, as a standard procedure, a Morie No. 1 or Ottowa sand 
may be used with a 0.010-inch slot screen, however, with a 0.020-inch slot screen, the filter pack material 
must be the material retained on a No. 20 to No. 30 U.S. standard sieve.) 

5.2.3 Annular Materials 

Materials placed in the annular space between the borehole and riser pipe and screen include a sand 
pack when necessary, a bentonite seal, and cement-bentonite grout. The sand pack is usually a fine­
to medium-grained poorly graded, silica sand and should relate to the grain size of the aquifer sediments. 
The quantity of sand placed in the annular space is dependent upon the length of the screened interval, 
but should always extend at least 1 foot above the top of the screen. At least 1 to 3 feet of bentonite 
pellets or equivalent shall be placed above the sand pack. Cement-bentonite grout (or equivalent) is then. 
placed to extent from the top of the bentonite pellets to the ground surface. 

On occasion, and with the concurrence of the involved regulatory agencies, monitoring wells may be 
packed naturally (Le., no artificial sand pack installed), and the natural formation material is allowed to 
collapse around the well screen after the well is installed. This method has been used where the 

. formation material itself is a relatively uniform grain size, or when artificial sand packing is not possible 
due to borehole collapse. 

Bentonite expands by absorbing water and provides a seal between the screened interval and the 
overlying portion of the annular space and formation. Cement-bentonite grout is placed on top of the 
bentonite pellets extending to the surface. The grout effectively seals the well and eliminates the 
. possibility for surface infiltration reaching the screened interval. Grouting also replaces material removed 
during drilling and prevents hole collapse and subsidence around the well. A tremie pipe should be used 
to introduce grout from the bottom of the hole upward, to prevent bridging, and to provide a better seal. 
However; in shallow boreholes that don~t collapse, it may be more practical to pour the grout from the 
surface without a tremie pipe. 

Grout is a general term which has several different connotations. For all practical purposes within the 
monitoring well installation industry, grout refers to the solidified material which is installed and occupies 
the annular space above the bentonite pellet seal. Grout, most of the time, is made up of two 
assemblages of material, (e.g., cement-bentonite). A cement-bentonite grout normally is a mixture of 
cement, bentonite, and water at a ratio of one 9O~pound bag of Portland Type I cement, plus 
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In certain cases, the borehole may be drilled to a depth greater than the anticipated well installation 
depth. For these cases, the well shall be backfilled to the desired depth with bentonite pellets or 
equivalent. A short (1- to 2-foot) section of capped riser pipe sump is sometimes installed immediately 
below the screen, as a silt reservoir. when significant post-development silting is anticipated. This will 
ensure that the entire screen surface remains unobstructed. 

5.2.4 Protective Casing 

When the well is completed and grouted to the surface, a protective steel casing is often placed over the 
top of the well. This casing generally has a hinged cap and can be locked to prevent vandalism. A vent 
hole shall be provided in the cap to allow venting of gases and maintain atmospheric pressure as water 
levels rise or fall in the well. The protective casing has a larger diameter than the well and is set into the 
wet cement grout over the well upon completion. In addition, one hole is drilled just above the cement 
collar through the protective casing which acts as a weep hole for the flow of water which may enter the 
annulus during well development, purging, or sampling. 

A protective casing which is level with the ground surface is used in roadway or parking lot applications 
where the top of a monitoring well must be below the pavement. The top of the riser pipe is placed 4 to 
5 inches below the pavement. and a locking protective casing is cemented in place to 3 inches below 
the pavement. A large diameter protective sleeve is set into the wet cement around the well with the top 
set level with the pavement. A manhole-type lid placed over the protective sleeve.. The cement should 
be slightly mounded to direct pooled water away from the well head. 

5.3 Monitoring Well Installation 

Pertinent data regarding monitoring well installation shall be recorded on log sheets as depicted and 
discussed in SOP SA-6.3. Attachments to this referenced SOP illustrate terms and physical construction 
of various types of monitoring wells. 

5.3.1 Monitoring Wells in Unconsolidated Sediments 

After the borehole is drilled to the desired depth, well installation can begin. The procedure for well 
installation will partially be dictated by the stability of the formation in which the well is being placed. If 
the borehole colJapses immediately after the drilling tools are withdrawn, then a temporary casing must 
be install~ and well installation will proceed through the center of the temporary casing, and continue 
as the temporary casing is withdrawn from the borehole. In the case of hollow-stem auger drilling, the 
augers will act to stabilize the borehole during well installation. 

Before the screen and riser pipe are lowered into the borehole, all pipe and screen sections should be 
measured with an engineer's rule to ensure proper placement. When measuring sections, the threads 
on one end of the pipe or screen must be excluded. while measuring, since the pipe and screen sections 
are screwed flush together. 

After the screen and riser pipe are lowered through the temporary casing, the sand pack can be installed. 
A weighted tape measure must be used during the installation procedure to carefully monitor installation 
progress. The sand is poured into the annulus between the riser pipe and temporary casing, as the 
casing is withdrawn. Sand should always be kept within the temporary ·casing during withdrawal in order 
to ensure an adequate sand pack. However, if too much sand is within the temporary casing (greater 

. Brown & Root Environmental 



Subject 

019611/P 

GROUNDWATER MONITORING 
POINT INSTALLATION 

Number 

Revision 

GH-2.8 
Page 

8 of 13 

Effective Date 

03/01/96 

than 1 foot above the bottom of the casing) bridging between the temporary casing and riser pipe may 
occur. 

After the sand pack is installed to the desired depth (at least 1 foot above the top of the screen), then 
the bentonite pellet seal (or equivalent), can be installed in the same manner as the sand pack. At least 
1 to 3 feet of bentonite pellets should be installed above the sand pack. 

The cement-bentonite grout is then mixed and either poured or tremied into the annulus as the temporary 
casing or augers are withdrawn. Finally, the protective casing can be installed as detailed in 
Section 5.2.4. 

In stable formations where borehole collapse does not occur, the well can be installed as discussed 
above, and the use of.a temporary casing is not needed. However, centralizers may have to be installed, 
one above and one below the screen, to assure enough annular space for sand pack placement. 

5.3.2 Confining Layer Monitoring Wells 

When drilling and installing a well in a confined aquifer, proper well installation techniques must be 
applied to avoid cross contamination between the unconfined and confined aquifer. Under most 
conditions, this can be accomplished by installing double-cased wells. This is accomplished by drilling 
a large-ciiameter boring through the upper aquifer. 1 to 3 feet into the underlying confining layer, and 
setting and pressure grouting or tremie grouting the outer caSing into the confining layer. The grout 
material must fill the space between the native material and the outer casing. A smaller diameter boring 
is then continued through the' confining layer for installation of the monitoring well as detailed for 
overburden monitoring wells (with the exception of not using a temporary casing during installation). 
Sufficient time (determined by the rig geologist), must be allowed for setting of the grout prior to drilling 
through the confined layer. . 

5.3.3 Bedrock Monitoring Wells 

When installing bedrock monitoring wells, a large diameter boring is drilled through the overburden and 
approximately 5 feet into the bedrock. A casing (typically steel) is installed and either pressure grouted 
or tremie grouted in place. After the grout has cured, a smaller diameter boring is continued through 
the bedrock to the desired depth. If the boring ,does not collapse, the well can be left open, and a. 
screen is not necessary. If the boring collapses, then a screen is required and can be installed as 
detailed for overburden monitoring wells. However, if a screen is to be used, then the casing which is 
installed through the overburden and into the bedrock does not require grouting and can be installed 
tempor~ry until final well installation is completed. 

5.3.4 Drive Points 

Drive points can be installed with either a sledge hammer, drop hammer, or a mechanical vibrator .. The 
screen is threaded and tightened onto the riser pipe with pipe wrenches. The drive point is simply 
pounded into the subsurface to the desired depth. If a heavy drop hammer is used, then a tripod and 
pulley setup is required to lift !he hammer. Drive points typically cannot be driven to depths exceeding 
10 feet. 

5.3.5 Innovative Monitoring Well Installation Techniques 

Certain innovative sampling devices have proven advantageous. These devices are essentially screened 
samplers installed in a borehole with only one or two small-ciiameter tubes extending to the surface. 
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Manufacturers of these types of samplers claim that four samplers can be installed in a 3-inch-diameter 
borehole. This reduces drilling costs, decreases the volume of stagnant water, and provides a sampling 
system that minimizes cross-contamination from sampling equipment. These samplers also perform well 
when the water table is within 25 feet of the surface (the typical range of suction pumps). Two 
manufacturers of these samplers are Timco Manufacturing Company, Inc., of Prairie du Sac, Wisconsin, 
and BARCAD Systems, Inc., of Concord, Massachusetts. Each manufacturer offers various construction 
materials. . 

Two additional types of multilevel sampling systems have been developed. Both employ individual 
screened openings through a small-diameter casing. One of these systems (marketed by Westbay 
Instruments Ltd. of Vancouver, British Columbia, Canada) uses a screened port and a sampling probe 
to obtain samples and head measurements or perform permeability tests. This system allows sampling 
ports at intervals as close as 5 feet, if desired, in boreholes from 3 to 4.8 inches in diameter. 

The second system, developed at the University of Waterloo at Waterloo, Ontario, Canada, requires field 
. assembly of the individual sampling ports and tubes that actuate a simple piston pump and force the 
samples to the surface, Where the depth to ground water is less than 25 feet, the piston pumps are not 
required. The assembly is made of easily obtained materials; however, the cost of labor to assemble 
these monitoring systems may not be cost-effective. 

5.4 Well Development Methods 

The purpose of well development is to stabilize and increase the permeability of the gravel pack around 
the well screen, and to restore the permeability of the formation which may have been reduced by drilling 

, 9perations. Wells are typically developed until all fine material and drilling water is removed from the 
well. Sequential measurements of pH, conductivity and temperature taken during development may yield 
information (stabilized values) that sufficient development is reached.' The selection of the well 
development method shall be made by the rig geologist and is based on the drilling methods, well 
construction and installation details, and the characteristics of the formation that the well is screened in. 
The'primary methods of well development are summarized below. A more detailed discussion may be 
found in Driscoll (1986). ' 

019611/P 

5.4.1 Overpumping and Backwashing 

Wells may be developed by alternatively drawing the water level down at a high rate (by pumping or 
bailing) and then reversing the flow direction (b~ckwashing) so that water is passing from the well into 
the formation. This back and forth movement of water through the well screen and gravel pack serves· 
to remove fines from the formation immediately adjacent to the well, while preventing bridging (wedging) 
of sand grains. Backwashing can be accomplished by several methods, including pouring water into the 
well and then bailing, starting and stopping a pump intermittently to change water levels, or forcing water 
into the well under pressure through a water-tight fitting ("rawhidingU). Care should be taken when 
backwashing not to apply too much pressure, which could damage or destroy the well screen. 

5.4.2 Surging with a Surge Plunger 

A surge plunger (also called a surge block) is approximately the same diameter as the well casing and 
is used to agitate the water, causing it to move in and out of the screens. This movement of water pulls 
fine materials into the well, where they may be removed by any of several methods, and prevents 
bridging of sand particles in the gravel pack. There are two basic types of surge plungers; solid and 
valved surge plungers. In formations with low yields, a valved surge plunger may be preferred, as solid 
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plungers tend to force water out of the well at a greater rate than it will flow back in. Valved plungers 
are designed to produce a greater inflow than qutflow of water during surging. 

5.4.3 Compressed Air 

Compressed air can be used to develop a well by either of two methods: backwashing or surging. 
Backwashing is done by forcing water out through the screens, using increasing air pressure inside a 
sealed 'well, then releasing the pressurized air to allow the water to flow back into the well. Care should 
be taken when using this method so that the water level does not drop below the top of the screen, thus 
reducing well yield. Surging, or the "open Well"'method, consists of alternately releasing large volumes 
of air suddenly into an open well below the water level to produce a strong surge by virtue of the 
resistance of water head, friction, and inertia. Pumping of the well is subsequently done using the air 
lift method. 

5.4.4 High Velocity Jetting 

In the high velocity jetting method, water is forced at high velocities from a plunger-type device and 
through the well screen to loosen fine particles from the sand pack and surrounding formation. The 
jetting tool is slowly rotated and raised and lowered along the length of the well screen to develop the 
entire screened area. Jetting using a hose lowered into the well may also be effective, The fines washed 
into the screen during this process can then be bailed or pumped from the well. 
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7.0 RECORDS 

A critical part of monito~ing well installation is recording of significant details and events in' the site 
lobgook or field notebook. The geologist must record the exact depths of significant hydrogeological 
features screen placement, gravel pack placement, and bentonite placement. 

A Monitoring Well Sheet (see Attachments to SOP SA-6.3) shall be completed thus ensuring the uniform 
recording of data for each installation and rapid identification of missing information. Well depth, length, 
materials of construction, length and openings of screen, length and type of riser, and depth and type 
of all backfill materials shall be recorded. Additional information shall include location, installation date, 
problems encountered, water levels before and after well installation, cross-reference to the geologic 
boring log, and methods used during the installation and development process. Documentation is very 
important to prevent problems involving questionable sample validity. Somewhat different information 
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will need to be recorded.depending on whether the well is completed in overburden, in a confined layer, 
in be~rock with a cased well, or as an open hole in bedrock. . 

The quantities of sand, bentonite, and grout placed in the well are also important. The geologist shall 
calculate the annular space volume and have a general idea of the quantity of material needed to fill the 
annular space. Volumes' of backfill significantly higher than the calculated volume may indicate a 
problem such as a large cavity, while a smaller backfill volume may indicate a cave-in. Any problems 
with rig operation or down-time shall be recorded and may affect the driller's final fee. 
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ATIACHMENTA " 

RELATIVE COMPATIBILITY OF RIGID WELL CASING MATERIAL (PERCENT) 

Type of Casing Material 

Potentially-Deteriorating 
PVC 1 

Galvanized' Carbon Lo-carbon Stainless Stainless 
Teflon* 

Substance Steel Steel Steel Steel 304 Steel 316 

Buffered Weak Acid 100 56 51 ' 59 97 100 100 

Weak Acid 98 59 43 47 96 100 100 

Mineral Acid/ 
100 48 57 60 80 82 100 

High Solids Content 

Aqueous/Organic 
64 69 73 73 98 100 100 

, Mixtures 

Percent Overall Rating 91 58 56 59 93 96 100 

PreliminarY Ranking of Rigid Materials: 

1 Teflon(\) 5 Lo-Carbon Steel 
2 Stainless Steel 316 6 Galvanized Steel 
3. Stainless Steel 304· 7 Carbon Steel 
4 PVC 1 

* Trademark of DuPont 

RELATIVE COMPATIBILITY OF SEMI-RIGID OR ELASTOMERIC MATERIALS (PERCENT) 

Potentially-
Type of Casing Material 

Deteriorating PVC 
PP 

PE PE 
PMM Viton®* Silicone Neoprene Teflon®* 

Substance Flexible Conv. Linear 

Buffered Weak Acid ~7 97 100 97 90 92 87 ' 85 100 

Weak Acid 92 90 94 96 78 78 75 75 100 

Mineral Acid/ 
100 100 100 100 95 100 78 82 ,100 

High Solids Content 

Aqueous /Organic 
62 71 40 60 49 78 49 44 100 

Mixtures 

Percent Overall 
88 90 84 88 78 ,87 72 72 100 

Rating 

Preliminary Ranking of Semi-Rigid or Elastomeric Materials: 

1 Teflon 
® 

5 PE Conventional 
2 Polypropylene (PP) 6 Plexiglas/Lucite (PMM) 
3. PVC Flexible/PE Linear 7 Silicone/Neoprene 
4 Viton(\) 

* Trademark of DuPont 

Source: Barcelona et aI., 1983 
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COMPARISON OF STAINLESS STEEL AND PVC FOR MONITORING WELL CONSTRUCTION 

. Characteristic Stainless Steel PVC 

Strength Use in deep wells to prevent Use when shear and compressive 
compression and closing of strength are not critical. 
screen/riser. 

Weight Relatively heavier. Ught-weighi; floats in water. 

Cost Relatively expensive. Relatively inexpensive. 

Corrosivity Deteriorates more rapidly in corrosive Non-corrosive - may deteriorate in 
water. presence of ketones, aromatics, alkyl 

sulfides, or some chlorinated 
hydrocarbons. 

Ease of Use Difficult to adjust size or length in the Easy to handle and work with in the 
field. field. 

Preparation for Should be steam cleaned organics will Never use glue fittings --. pipes should 
Use be subsequently sampled. be threaded or pressure fitted. 

Should be steam cleaned when used 
, for monitoring wells. 

Interaction with May sorb organic or inorganic May sorb or release organic 
Contaminants· substances when oxidized. substances. 

• See also Attachment A . 
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The purpose of this procedure is to provide general reference information regarding the sampling of 
groundwater wells. 

2.0 SCOPE 

This procedure provides information on proper sampling equipment, onsite water quality te~ting, and 
techniques for groundwater sampling. Review of the information contained herein will facilitate planning 
of the field sampling effort by describing standard sampling techniques. The techniques described shall 
be followed whenever applicable, noting that site-specific conditions or project-specific plans may require 
modifications to methodology. 

3.0 GLOSSARY 

Conductance - The conductance of a conductor 1 centimeter long and 1 square centimeter in cross­
sectional area. For groundwater measurements, a volume of water contained in a 1 cm x 1 cm sample 
container (the water acts as the conductor). Conductivity and specific conductance are used 
synonymously. 

Electrolytic Cell - An electrochemical cell in which electrical energy is supplied from an external source. 
This cell functions in much the same way as a galvanic cell, only the current flows in the opposite 
direction due to the external source of applied Voltage. Electrolytic cells are used in dissolved oxygen 
measurement. 

Galvanic Cell - A electrochemical cell in which chemical energy is spontaneously converted to electrical 
energy. The electrical energy produced is supplied to an external circuit. Galvanic cells are used in 
dissolved oxygen measurement. . 

Ohm - Standard unit of electrical resistance (R). Used in specific conductance measurement. A siemen 
(or umho) is the standard unit of electrical conductance, the inverse of the ohm. 

Oxidation-Reduction Potential (ORP) - A measure of the activity ratio of oxidizing and reducing species 
as determined by the electromotive force developed by a ,noble metal electrode, immersed in water, as 
referenced against a standard hydrogen electrode. ' ' 

.Q!:! - The negative logarithm (base 10) of the hydrogen ion activity. The hydrogen ion activity is related 
to the hydrogen ion concentration, and, in a relatively weak solution, the two are n~arlyequal. Thus, for 
all practical purposes, pH is a measure of the hydrogen ion concentration. 

pH Paper - Indicator paper that turns different colors depending on the pH, of the solution to which it is 
exposed. Comparison with color standards supplied by the manufacturer will then give an indication of 
the solution's pH. 

Resistance - A measure of the solution's ability to oppose the passage of electrical current. For 'metals 
and solutions, resistance is defined by Ohm's law, E = IR, where E is the potential difference, I is the 
current, and R is the resistance. Used in measurement of specific conductance. 
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4.0 RESPONSIBILITIES 

Project Hydrogeologist - Responsible for selecting and detailing the specific groundwater sampling 
techniques, onsite water quality testing (type, frequency, and location), and equipment to be used, and 
providing detailed input in this regard to the project plan documents. The project hydrogeologist is also 
responsi,ble for properly briefing and overseeing the performance of the site sampling personnel. 

Project Geologist - is primarily responsible for the proper acquisition of the groundwater samples. 
He/she is also responsible for the actual analyses of onsite water quality samples, as well as instrument 
calibration, care, and maintenance. When appropriate, such responsibilities may be performed by other 
qualified personnel (e.g., field technicians). 

5.0 PROCEDURES 

5.1 General 

To be useful and accurate, a groundwater sample must be representative of the particular zone of the 
water being sampled. The physical, chemical, and bacteriological integrity of the sample must be 
maintained from the time of sampling to the time of analysis in order to keep any changes in water 
quality parameters to a minimum. 

Methods for withdrawing samples from completed wells include the use of 'pumps, compressed air, 
bailers, and various types of samplers. The primary considerations in obtaining a representative sample 
of the groundwater are to avoid collection of stagnant (standing) water in the well and to avoid physical 
or chemical alteration of the water due to sampling techniques. In a non-pumping well, there will be little 
or no vertical mixing of water in the well pipe or casing, and stratification will occur. The well water in 
the screened section will mix with the groundwater due to normal flow patterns, but the well water above 
the screened section will remain isolated and become stagnant. To safeguard against collecting non­
representative stagnant water in a sample, the following approach shall be followed prior to sample 
acquisition: 

1. All monitoring wells shall be purged prior to obtaining a sample.· Evacuation of three to five 
volumes is recommended prior to sampling. In a high-yielding groundwater formation and 
where there is no stagnant water in the well above the screened section, extensive evacuation 
prior to Sample withdrawal is not as critical. 

2. For wells that can be purged dry, the well shall· be evacuated and allowed to recover prior 
to sample acquisition. If the recovery rate is fairly rapid, evacuation of more than one volume 
of water Is required: 

3. For high-yielding monitoring wells which cannot be evacuated to dryness, there is no 
absolute safeguard against contaminating the sample with stagnant water. One of the 
following techniques shall be used to minimize this possibility: 

• A submersible pump or the intake line of a surface pump or bailer shall be placed just 
below the water surface when removing the stagnant water and lowered as the water 
level drops. Three to five volumes of water shall be removed to provide reasonable 
assurance that all stagnant water has been evacuated. Once this is accomplished, a 
bailer or other approved device may be used to collect the sample for analysis. 
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• The intake line of the sampling pump (or the submersible pump itself) shall be placed 
near the bottom of the screened section, and approximately one casing volume of 
water shall be pumped from the well at a low purge rate, equal to the well's recovery 
rate (low flow sampling). 

Stratification of contaminants may exist in the aquifer. Concentration gradients as a result of, mixing and 
dispersion processes, layers of variable permeability, and the presence of separate-phase product (Le, 
floating hydrocarbons) may cause stratification. Excessive pumping or improper sampling methods can 
dilute or increase the contaminant concentrations in the recovered sample compared to what is 
representative of the integrated water column as it naturally occurs at that point, thus the result is the 
collection of a non-representative sample. 

5.2 Sampling, Monitoring, and Evacuation Equipment 

Sample containers shall conform with the guidelines expressed in SOP SA~.l. 

The following equipment shall be on'hand when sampling ground water wells (reference SOPs SA~.l 
and SA-7.1): 

• Sample packaging and shipping equipment - Coolers for sample shipping and cooling, 
chemical preservatiyes, appropriate sampling containers and filler, ice, labels and chain-of­
custody documents. 

• Field tools and instrumentation - Thermometer, pH paper Imeter, camera and film (if 
appropriate), appropriate keys (for locked wells), engineer's rule, water level indicator, specific 
conductivity meter, and turbidity meter (as applicable). 

• Pumps 

Shallow-well pu·mps: Centrifugal, pitcher, suction, or peristaltic pumps with droplines, 
air-lift apparatus (compressor and tubing) where applicable. 

Deep-well pumps: Submersible pump and electrical power-generating unit, or air-lift 
apparatus where applicable. 

• Other sampling equipment - Bailers and inert line with tripod-pulley assembly (if necessary). 
Bailers or submersible centrifugal pumps shall be used to obtain samples for volatile organics 
from shallow and deep groundwater wells. 

• Pails - Plastic, graduated. 

• Decontamination solutions -Deionized water, laboratory detergents, 10% nitric acid solution 
(as required), and analytical-grade solvents (e.g., methanol, acetone, hexane), as required. 

Ideally, sample withdrawal equipment shall be completely inert, economical, easily cleaned, cleaned prior 
to use, reusable, able to operate at remote sites in the absence of power sources, and capable of 
delivering variable rates for well flushing and sample collection. 
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5.3 Calculations of Well Volume 

To insure that the proper volume of water has been removed from the well prior to sampling it is first 
necessary to know the volume of standing water in the well pipe. This volume can be easily calculated 
by the following method. Calculations shall be entered in the site logbook or field notebook or on a 
sample log sheet form (see SOP SA-6.3): 

5.4 

5.4.1 

• Obtain all available information on well construction (location, casing, screens, etc.). 

• Determine well or casing diameter. 

• Measure and record static water level (depth below ground level or top of casing reference 
point). 

• Determine depth of well by sounding using a clean; decontaminated. weighted tape measure. 

• Calculate number of linear feet of static water (total depth or length of well pipe minus the 
depth to static water level). 

• 

• 

Calculate one static well volume in gallons V 

where: V 
• 1 

T 

r 
0.163 

- Static volume of well in gallons. 
Thickness of water table in the well measured in feet (i.e., linear 
feet of static water). 
Inside radius of well casing in inches. 
A constant conversion factor which compensates for the 
conversion of the casing radius from inches to feet, the 
conversion of cubic feet to gallons, and pi. 

Per evacuation volumes. discussed above, determine the minimum amount to be evacuated . 
before sampling. 

Evacuation of Static Water (Purging) 

General 

The amount of purging a well shall receive prior to sample collection will depend on the intent of the 
monitoring program and the hydrogeologic conditions. Programs to determine overall quality of water 
resources may require long pumping periods to obtain a sample that is representative of a large volume 
of that aquifer. The pumped volume may be specified prior to sampling so that the sample can be a 
composite of a known volume of the aquifer. Altemately the well can be pumped until the parameters 
such as temperature, electrical conductance, pH, and turbidity (as applicable), have stabilized. Onsite 
measurements of these parameters shall be recorded in the site logbook, field notebook, or on 
standardized data sheets. 
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The following discussion is limited to those devices commonly used at hazardous waste sites. 
Attachment A provides guidance on the proper evacuation device to use for given sampling situations. 
Note that all of these techniques involve equipment which is portable and readily available. 

Bailers 

Bailers are the simplest evacuation devices used and have many advantages. They generally consist of 
a length of pipe with a sealed bottom (bucket-type bailer) or. as is more useful and favored. with a ball 
check-valve at the bottom. An inert line is used to lower the bailer and retrieve the sample. 

Advantages of bailers include: 

• Few limitations on size and materials used for bailers. 
• No external power source needed. 
• Bailers are inexpensiVe. and can be dedicated and hung in a well to reduce the chances of 

cross-contamination. 
• There is minimal outgassing of volatile organics while the sample is in the bailer. 
• Bailers are relatively easy to decontaminate. 

Umitations on the use of bailers include the following: 

• It is time consuming to remove stagnant water using a bailer. 
• Transfer of sample may cause aeration. 
• Use of bailers is physically demanding. especially in warm temperatures at protection levels 

above Level D. 

Suction Pumps 

There are many different types of inexpensive suction pumps including centrifugal. diaphragm. peristaltic. 
and pitcher pumps. Centrifugal and diaphragm pumps can be used for well evacuation at a fast pumping 
rate and for sampling at a low pumping rate. The peristaltic pump is a low volume pump that uses 
rollers to squeeze a flexible tubing. thereby creating suction. This tubing can be dedicated to a well to 
prevent cross' contamination. The pitcher pump is a common farm hand-pump. 

These pumps are all portable. inexpensive and readily available. However. because they are based on 
suction. their use is restricted to.areas with water levels within 20 to 25 feet of the ground surface. A 
significant limitation is that the vacuum created by these pumps can cause significant loss of dissolved 
gases and volatile organics. 

Air-Lift Samplers 

This group of pump samplers uses gas pressure either in the annulus of the well or in a venturi to force 
the water up a sampling tube. These pumps are also relatively inexpensive. Air (or gas)-lift samplers 
are more suitable for well development than for sampling because the samples may be aerated. leading 
to pH changes and subsequent trace metal preCipitation. or loss of volatile organics. 
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Submersible Pumps 

Submersible pumps take in water and push the sample up a sample tube to the surface. The power 
sources for these samplers may be compressed gas or electricity. The operation principles vary and the 
displacement of the sample can be by an inflatable bladder, sliding pisto!1, gas bubble, or impeller. 
Pumps are available for 2-inch-diameter wells. and larger. These pumps can lift water from considerable 
depths (several hundred feet). . 

Limitations of this class of pumps include: 

• They may have low delivery rates. 
• Many models of these pumps are expensive. 
• Compressed gas or electric power is needed. 
• Sediment in water may cause clogging of the valves or eroding the impellers with some of 

these pumps. 
• Decontamination of internal components can be difficult and time-consuming. 

5.5 Onsite Water Quality Testing 

This section describes the procedures and equipment required to measure the following parameters of 
an aqueous sample in the field: 

• 
• 
• • 
• 
• 
• 

pH 
Specific Conductance 
Temperature 
Dissolved Oxygen (DO) Concentration 
Oxidation Reduction Potential 
Certain Dissolved Constituents Using Specific Ion Elements 
Turbidity 

This section is applicable for use in an onsite groundwater quality monitoring program to be conducted 
at a hazardous or nonhazardous site. The procedures and equipment described are applicable to 
groundwater samples and are not, In general, subject to solution interferences from color, turbidity, and 
colloidal material or suspended matter. 

This section provides general Information for measuring the parameters listed above with instruments and 
techniques in common use. Since instruments from different manufacturers may vary, review of the 
manufacturer's literature pertaining to the use of a specific instrument is required before use. 

5.5.1 Measurement of pH 

5,5.1.1 General 

Measurement of pH Is one of the most Important and frequently used tests in water chemistry. 
Practically·every phase of water supply and wastewater treatment such as acid-base neutralization, water 

. softening; and corrosion control is pH dependent. Ukewise, the pH of leachate can be correlated with 
other chemical analyses to determine the probable source of contamination. It is therefore important that 
reasonably accurate pH measurements be taken . 
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Two methods are given for pH measurement: the pH meter and pH indicator paper. The indicator paper 
is used when only a rough estimate of the pH is required, and the pH meter when a more accurate 
measurement is needed. The response of a pHmeter can be affected to a slight degree by high levels 
of colloidal or suspended solids, but the effect is usually small and generally of little significance. 
Consequently, specific methods to overcome this interference are not described. The response of pH 
paper is unaffected by solution interferences from color, turbidity, colloidal or suspended materials unless 
extremely high levels capable of coating or masking the paper are encountered. In such cases, use of 
a pH meter is recommended. 

5.5.1.2 Principles of Equipment Operation 

Use of pH papers for pH measurement relies on a chemical reaction caused by the acidity or basicity 
of the solution created by the addition of the water sample reacting with the indicator compound on the 
paper. Various types of pH papers are available, including litmus (for general acidity or basicity 
determination) and speCific pH range hydrion paper. . 

Use of a pH meter relies on the same principle as other ion-specific electrodes. Measurement relies on 
establishment of a potential difference across a glass or other type of membrane in response to (in this 
instance, hydrogen) ion concentration across that membrane. The membrane is conductive to ionic 
species and, in combination with a standard or reference electrode, a potential difference proportional 
to the ion concentration is gene~ted and measured. 

5.5.1.3 Equipment 

The following equipment is needed for taking pH measurements: 

• 

• 

• 
• 
• 

5.5.1.4 

pH Meter 

o 
Stand-alone 150 portable pH meter, or combination meter (e.g., H_riba U-10), or combination 
meter equipped with an in-line sample chamber. 

Combination electrode with polymer body to fit the above meter (alternately a pH electrode 
and a reference electrode can be used if the pH meter is equipped with suitable electrode 
inputs). . 

Butter solutions, as specified by the manufacturer. 

pH indicator paper, to cover the pH range 2 through 12. 

Manufacturer's operation manual. 

Measurement Techniques for Field Determination of pH 

The following procedure is used for measuring pH with a pH meter (meter standardizatio~s according 
to manufacturer's instructions): . AND Cl/1..;Bl<AndJ 

• 
• 

Inspect the instrument and batteries prior to initiation of the field effort. 

Check the integrity of.the butter solutions used for field calibration. Butter solutions need to 
be changed often as a result of degradation upon exposure to the atmosphere. 
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• 

• 

• 

• 

• 

• 
• 

Immerse the tip of the electrodes in water ovemight. If this is not possible due to field 
conditions, immerse the electrode tip in water for at least an hour before use. The electrode 
tip may be immersed in a rubber or plastic sack containing buffer solution for field transport . 
or storage. This is not applicable for all electrodes as some must be stored dry. 

If applicable, mak~ sure all electrolyte solutions within the electrode(s) are at their proper 
, levels and that no air bubbles are present within the electrode(s). 

Calibrate on a daily use basis following manufacturer's instructions. Rec0'"9\calibration data 
on an equipment calibration log sheet. . . STAAJ~ SOW""~ /-or 

. , \ (to.\ '" ,~~ V.o;~)· , AlfI""~A,vD 
Immerse ~ electr~(s) in the unknown solution, slowly stirring the probe until the pH 
stabilizes. Stabilization may take several seconds to minutes. If the pH continues to drift, 
the sample temperature may not be stable, a physical reaction (e.g., degassing) may be 
taking place in the sample, or the meter or electrode may be malfunctioning. This must be 
clearly noted in the logbook. 

Store the electrode(s) in an appropriate manner when not in use .. 
. '. 

Any visual observation of conditions which may interfere with pH measurement, such as oily materials, 
or tUrbidity, shall be noted. 

pH Paper 

Use of pH paper is very. simple and requires no sample preparation. standardization, etc. pH paper is 
available in several ranges, including wide-range (indicating approximately pH 1 to 12), mid-range 
(approximately pH'O to 6, 6. to 9, 8 to 14) and narrow-range (many available. with ranges as narrow as 
1.5 pH units). The appropriate range of pH paper shall be selected. If the pH is unknown the 
investigation shall start with wide-range paper and proceed with successively narrower range paper until 
the sample pH is adequately determined. 

5.5.2 Measurement of Specific Conductance 

5.5.2.1 General 

ConduCtance provides a' measure of dissolved ionic sp~iE;'s in water and can be used to identify the 
direction and extent of migration of contaminants in groundwater or surface water. It can also be used 
as a measure of subsurface biodegradation or to indicate altemate sources of groundwater 
contamination. 

Conductivity is a numerical expression of the ability of a water sample to carry an electric current. This 
value depends on the total concentration of the ionized substances dissolved in the water and the 
temperature at which the measurement is made. The mobility of each of the various dissolved ions, their 
valences, and their actu~ and relative concentrations affect conductivity. 
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It is important to obtain a specific conductance measurement soon after taking a sample, since 
temperature changes, precipitation reactions, 'and absorption of carbon dioxide from the air all affect the 
specifiC conductance. 

5.5.2.2 Principles of Equipment Operation 

An aqueous system containing ions will conduct an electric current. In a direct-current field, the positiVe 
ions migrate toward the negative electrode, while the negatively charged ions migrate toward the positive 
electrode. Most inorganic acids, bases and salts (such as hydrochloric acid, sodium carbonate, or 
sodium chloride, "respectively) are relatively good conductors. Conversely, organic compounds such as 
sucrose or benzene; which do not disassociate in aqueous solution, conduct a current very poorly, if at 
all. 

'A conductance cell and a Wheatstone Bridge (for the measurement of potential difference) may be used 
for measurement of electrical resistance. The ratio of current applied to voltage across the cell may also 
be used as a measure of conductance. The core element of the apparatus is the conductivity cell 
containing the solution of interest. Depending on ionic strength of the aqueous solution to be tested, 
a potential difference is develope9 across the cell which can be converted directly or indirectly 
(depending on instrument type) to a measurement of specific conductance. 

5.5.2.3 Equipment 

The following equipment is needed for taking specific conductance (SC) measurements: 

• Stand alone portable conductivity meter, or combination meter (e;g., Horiba U-10), or 
combination meter equipped with an in-line sample chamber. 

• Calibration solution, as specified by the manufacturer. 
• Manufacturer's operation manual. 

A variety of conductivity meters are available which may also be used to monitor salinity and 
temperatures. Probe types and cable lengths vary, so equipment must be obtained to meet the specific 
requirement of the sampling program. 

5.5.2.4 Measurement Techniques for Specific' Conductance 

The steps involved in taking specific conductance measurements are listed below (standardization is 
according to manufacturer's instructions): 

• 
• 

• 

Check batteries and calibrate instrument before going into the field. 

" ~LWf),'.AJt, C4(.I~ S7'4NPA~O /...Or ,vl/M~I:""~ 
Calibrate on a daily u6. basis, according to the manUta:cturer's instructions and record all 
pertinent information on an equipment calibration log sheet. Potassium chloride solutions 
with a SC closest to the values expected in the field shall be used for calibration. Attachment 
B provides guid~mce in this regard. " . 

Rinse the cell with one or more portions of the sample to be tested or with deionized water. 

• 
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• Immerse the electrode in the sampie and measure the conductivity. Adjust the temperature 
setting to the sample temperature (if applicable). ' 

., Read and record the results in a field logbook or sample log sheet. 

• Rinse the electrode with deionized water. 

If the specific conductance measurements become erratic, recalibrate the instrument and see the 
manufacturer's instructions for details. 5TASLE Sc. ~(i)4~IJ~EAl1S ME Wi1JII'~:t3 p~r. 

5.5.3 Measurement of Temperature 

5.5.3.1 General 

I n combination with other parameters, te'mperature can be a useful indicator of the likelihood of biological 
action in a water sample. It can also be used to trace the flow direction of contaminated groundwater. 
Temperature measurements shall be taken in-situ, or as quickly as possible in the field. Collected water 
samples may rapidly equilibrate with the temperature of their surroundings. 

5.5.3.2 Equipment 

Temperature measurements may be taken with alcohol-toluene, mercury filled or dial-type thermometers. 
In addition, various meters such as specific conductance or dissolved oxygen meters, which have 
temperature measurement capabilities, may also be used. Using such instrumentation along with suitable 

. probes and'cables, in-situ measurements of temperature at great depths can be performed. 

5.5.3.3 Measurement Techniques for Water Temperature 

If a thermometer is used to determine the temperature for a water sample: 

• 
-t:~ fe~1Jr 

Immerse the thermometer in the sample until temperature equilibrium is obtamea ~ 
-3 "'iA~e!). To avoid the possibility of cross-contamination, the thermometer shall not be 
inserted into samples which will undergo subsequent chemical analysis. 

• Record values in a field logbook or sample log sheet. 

If a temperature meter or probe is used, the instrument shall be,calibrated according to manufacturer's 
recommendations. 

5.5.4 Measurement of Dissolved Oxygen Concentration 

5.5.4.1 General 

Dissolved oxygen (DO) levels in natural water and wastewater depend on the physical, chemical and 
biochemical activities in the water body. Conversely, the growth of many aquatic organisms as well as 
the rate of corrosivity, are dependent on the dissolved oxygen concentration. Thus, analysis for 
dissolved oxygen is a key test in water pollution and waste treatment process control. If at all possible, 
DO measurements' shall be taken in-situ, since concentration may show a large change in a short time 
if the sample is not adequately preserved. 
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The monitoring method discussed herein is limited to the use of dissolved oxygen meters only. Chemical 
methods of analysis (Le., Winkler methods) are available, but require more equipment and greater sample 
manipulation. Furthermore, DO meters, using a membrane electrode, are suitable for highly polluted 
waters, because the probe is completely submersible, and is not susceptible to interference caused by 
color, turbidity, colloidal material or suspended matter. 

5.5.4.2 Principles of Equipment Operation 

Dissolved oxygen· probes are normally electrochemical cells that have two solid metal electrodes of 
different nobility immersed in an electrolyte. The electrolyte is retained by an oxygen-permeable 
membrane. The metal of highest nobility (the cathode) is positioned at the membrane. When a suitable 
potential exists between the two metals, reduction of oxygen to hydroxide ion (OH) occurs at the 
cathode surface. An electrical current is developed that is directly proportional to the rate of arrival of 
oxygen molecules at the cathode. 

Since the current produced in the probe is directly proportional to the rate of arrival of oxygen at the 
cathode, it is important that a fresh supply of sample always be in contact with the membrane. 
Otherwise, the oxygen in the aqueous layer along the membrane is quickly depleted and false low 
readings are obtained. It is therefore necessary to stir the sample (or the probe) constantly to maintain 
fresh solution near the membrane interface. Stirring, however, shall not be so vigorous that additional 
oxygen is introduced through the air-water interface at the sample surface. To avoid this possibility, 
some probes are equipped with stirrers to agitate the solution near the probe, while leaving the surface 
of the solution undisturbed. 

Dissolved oxygen probes are relatively unaffected by interferences. Interferences that can occur are 
reactions with oxidizing gases (such as chlorine) or with gases such as hydrogen sulfide, which are not 
easily depolarized from the indicating electrode. If a gaseous interference is suspected, it shall be noted 
in the field log book and checked if possible. Temperature variations can also cause interference 
,because probes exhibit temperature sensitivity. Automatic temperature compensation is normally 

.. '. provideq by the manufacturer. 

019611/P 

5.5.4.3 Equipment 

The following equipment is needed to measure dissolved oxygen concentration: 

• 
• 
• 

5.5.4.4 

Stand alone portable dissolved oxygen meter, or combination meter (e.g., Horiba U-l0), or 
combination meter equipped with an in-line sample chamber. 
Sufficient cable to allow the probe to contact the sample. 
Manufacturer's operation manual. 

• 
Measurement Techniques for Dissolved Oxygen Determination 

Probes differ as to specifics of use. Follow the manufacturer's instructions to obtain an accurate reading. 
The follOwing general steps shall be used to measure the dissolved oxygen concentration: 

• The equipment shall be calibrated and have its batteries checked in the warehouse before 
going to the field. 

Brown & Root Environmental 



Subject 

e 

e· 

e 
019611/P 

Number Page 

SA-l.l 13 of 27 
GROUNDWATER SAMPLE 
ACQUISITION AND ONSITE WATER 
QUAUTY TESTING 

Revision 
3 

Effective Date 

03/01/96 

• The probe shall be conditioned in a water sample for as long a period as practical before use 
in the field. Long periods otdry storage followed by short periods of use in the field may 
result in inaccurate readings. 

• The instrument shall be calibrated in the field according to manufacturer's recommendations 
or in a freshly air-saturated water sample of known temperature. Dissolved oxygen values 
for air-saturated water can be determined by consulting a table listing oxygen solubilities as 
a function of temperature and salinity (see Attachment C). 

• Record all pertinent information on an equipment calibration sheet. 

• Rinse the probe with deionized water. 

• Immerse the probe in the sample. Be sure to provide for sufficient flow past the membrane 
by stirring the sample. Probes without stirrers placed in wells can be moved up and down. 

• Record the dissolv~ oxygen· content and temperature of the sample in a field logbook or 
sample log sheet. . 

• Rinse the probe with deionized water. 

• Recalibrate the probe when the membrane is replaced, or as needed. Follow the 
manufacturer's instructions. 

Note that in-situ placement of the probe is preferable, since sample handling is not involved. This 
however, may not always be practical. Be sure to record whether the liquid was analyzed in-situ, or if 
a sample was taken. 

Special care shall be taken during sample collection to avoid turbulence which can lead to increased 
oxygen solUbilization and positive test interferences. 

5.5.5 Measurement of Oxidation-Reduction Potential 

5.5.5.1 General 

The oxidation-reduction potential (ORP) provides a measure of the tendency of organic or inorganic 
compounds to exist in an oxidized state. The ORP parameter therefore provides evidence of the 
likelihood of anaerobic degradation of biodegradable organics or the ratio of activities of oxidized to 
reduced species in the sample. 

5.5.5.2 Principles of Equipment. Operation 

When an inert metal electrode, such as platinum, is immersed in a solution, a potential is developed at 
that electrode depending on the ions present in the solution. If a reference electrode is placed in the 
same solution, an ORP electrode pair is established. This electrode pair allows the potential difference 
between the two electrodes to be. measured and is dependent on the concentration· of the ions in 
solution. By this measurement, the ability to oxidize or reduce species in solution may be determined. 
Supplemental measurements; such as dissolved oxygen, may be correlated with ORP to provide a 
knowledge of the quality of the· solution, water, or wastewat~r. 
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5.5.5.3 Equipment 

The following 'equipment is needed for measuring the oxidation-reduction potential of a solution: 

• 
• 
• 
• 
• 

5.5.5.4 

Portable pH meter or equivalent, with a millivolt scale. 
Platinum electrode to fit above pH meter. 
Reference electrode such as a calomel, silver-silver chloride, or equivalent. 
Reference solution as specified by the manufacturer. 
Manufacturer's operation manual. 

Measurement Techniques for Oxidation-Reduction Potential 

The following procedure is used for measuring oxidation-reduction potential: 

• 
• 

• 
• 

• 

5.5.6 

5.5.6.1 

The' eqUipment shall be calibrated and have its batteries checked before going to the field. 

Check that the platinum probe is clean and that the platinum bond or tip is unoxidized. If 
dirty, polish with emery paper or, if necessary, clean the electrode using aqua regia, nitric 
acid, or chromic acid, in accordance with manufacturer's instructions. 

Thoroughly rinse the electrode with deionized water. 

Verify the sensitivity of the electrodes by noting the change in millivolt reading when the pH 
of the test solution is altered. The ORP will increase when the pH of the test solution 
decreases and the ORP will decrease if the test solution pH is increased. Place the sample 
in a clean container and agitate the sample. Insert the electrodes and note the ORP drops 
sharply when the caustic is added (i.e., pH is raised) thus indicating the electrodes are 
sensitive and operating property. If the ORP increases sharply when the caustic is added, 
the polarity is reversed and must be corrected in accordance with the manufacturer's 
instructions. If the QRP does not respond as above when the caustic is added, the 
electrodes shall be cleaned and the above procedure repeated. 

After the assembly has been checked for sensitivity, wash the electrodes with three changes 
of water or by means of a flowing stream of deionized water from a wash bottle. Place the, 
sample in a clean container and insert the electrodes. Set temperature compensator 
throughout the measurement period. Read the millivolt potential of the solution, allowing 
sufficient time for the system to stabilize and reach temperature equilibrium. Measure 
successive portions of the sample until readings on two successive portions differ by no more 
than 10 mV. A system that is very slow to stabilize property will not yield a meaningful ORP. 
Record all results in a field logbook or sample logsheet. including ORP (to nearest 10 my), 
sample temperature and pH at the time of measurement. ' 

Measurement of Turbidity 

General 

Turbidity in water is caused by suspended matter, such as clay, silt, finely divided organic and inorganic 
matter, soluble colored organic compounds, and microscopic organisms. including plankton. Turbidity 
is an expression of the optical property that, causes light to be scattered and absorbed rather than 
transmitted in a straight line through the sample. 

f 
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It is important to obtain a turbidity reading immediately after taking a sample, since irreversible changes 
in turbidity may occur if the ~mple is stored too long. 

5.5.6.2 Principles of Equipment Operation 

. Turbidity is measured by the Nephelometric Method. This methOd is based on a comparison of the 
intensity of light scattered by the sample under defined conditions with the intensity of light scattered by 
a standard. reference suspension under the same conditions. The higher the scattered light intensity, the 
higher the turbidity. 

Formazin polymer is used as the reference turbidity standard suspension because of Its ease of 
preparation combined with a higher reproducibility of Its light-scattering properties than clay or turbid 
natural water. The turbidity of a specified concentration of formazin suspension is defined as 40 
nephelometric units. This same suspension has an approximate turbidity of 40 Jackson units when 
measured on the candle turbid meter. Therefore, nephelometric turbidity units (NTU) based on the 
formazin preparation will approximate units derived from the candle turbidimeter but will not be identical 
to them. 

5.5.6.3 Equipment 

The following equipment is needed for turbidity measurement: 

• 

• 
• 

5.5.6.4 

Stand alone portable turbidity meter, or combination meter (e.g., Horiba U-10), or 
combination meter equipped with an in-line sample chamber. 

Calibration solution, as specified by the manufacturer. 

Manufacturer's operation manual. 

tIT . "'1J~IDITy 
Measuremen3echniques for Specific eUllaactallce 

The steps involved in taking turbidity measurements are listed below (standardizatio~s according to 
manufacturer's instructions):. AIfIf) cAt.i8NtriCIJ 

• Check ,batteries and calibrate instrument before going into the field. 

• Check the expiration date (etc.) of the solutions used for field calibration. 

• 

• 
• 

Calibrate on a daily 'use basis, according to the manufacturer'~ instructions and record all 
pertinent informatio~n an equipment calibration log sheet. 

. -:ccJ(.LVO. ~ CAi-Ie,II,q ntw STltIVDAA..D '-Dr AJl.Il'.( 8~ 
Rinse the cell with one or more portions of the sample to be tested or with deionized water. 

Immerse the probe in the sample and measure the turbidity. The reading must be taken 
immediately as suspended solids will settle over time resulting in a lower, inaccurate turbidity 
reading. 

019611/P , Brown & Root Environmental 
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• Read and record the results in a field logbook or'sample log sheet. Include a physical 
description of the sample, including color, qualitative estimate of turbidity, etc. 

• Rinse the electrode with deioniZed water. 

5.6 Sampling 

5.6.1 Sampling Plan 

The sampling approach consisting of the following, shall be developed as part of the project plan . 
documents which are approved prior to beginning work in the field: 

• Background and objectives of sampling. 

• Brief'description of area and waste characterization. 

• Identification of sampling locations, with map or sketch, and applicable well construction data 
(well size, depth, screened interval, reference elevation). . . 

• Intended number, sequence volumes, and types of samples. If the relative degrees of 
contamination between wells 'is unknown or insignificant, a sampling sequence which 
facilitates sampling logistics may be followed. Where some wells are known or strongly 
suspected of being highly contaminated, these shall be sampled last to reduce the risk of 
cross-contamination between wells as a result of the, sampling procedures. 

• Sample preservation requirements. 

• Work schedule. 

• Ust of team members. 

• Ust of observers and contacts. 

• Other information, such as the necessity for a warrant or permission of entry, requirement for 
split samples, access problems, location of keys, etc. 

5.6.2 Sampling Methods 

The collection of a groundwater sample consists of the following steps: 

1.' .The site t-iealth,~ Safety.Officer (or,designee) will first'"open the well cap and use volatile 
organic detection' equipment (PID or FlO) on the escaping gases at the well head to 
determine the need for respiratory protection. 

2. When proper respiratory protection has been donned, sound the well for total depth and 
water level (using clean equipment) and record these data on a groundwarer sampling log 
sheet (see SOP SA-6.3); then calculate the fluid volume in the well pipe (as previously 
described in this SOP). 

) 

3. Calculate well volume to be removed as stated in Section 5.3. 
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Select the appropriate purging equipment (see Attachment A). If an. electric submersible 
pump with packer is chosen. go to Step 10 . 

Lower the purging equipment or intake into the well to a short distance below the water level 
and begin water removal. Collect the purged water and dispose of it in an acceptable 
manner (as applicable). Lower the purging device. as required. tcj.maintain submergence. 

Measure the rate .of discharge frequently. A graduated bucket and stopwatch are most 
commonly used; other techniques include use of pipe trajectory methods. weir boxes or flow 
meters. 

Observe the peristaltic pump intake for degassing "bubbles." If bubbles are abundant and 
the intake is fully submerged. this pump is not suitable for collecting samples for volatile 
organics. Never collect volatile organics samples using a vacuum pump. 

Purge a minimum of three to five casing volumes before sampling. In low-permeability strata 
(Le.. if the well is pumped to dryness). one volume will suffice. Purged water shall be 
col~ed in a designated container and disposed in an acceptable manner. 

7 

If ~pling using a pump. lower the pump intake to midscreen (or the middle of.the open 
section in uncased wells) and collect the sample. If sampling with a bailer. lower the bailer 
to the sampling level before filling. . 

(For pump and packer assembly only). Lower the assembly into the well so that the packer 
is positioned just above the screen or open section. Inflate the packer. Purge a volume 
equal to at least twice the screened interval (or unscreened open section volume below the 
packer) before sampling. Packers shall always be tested in a casing section above ground 
to determine proper inflation pressures for good sealing. 

In the event that recovery time of the well is very slow (e.g .• 24 hours or greater). sample 
collection can be delayed until the following day. If the well has been purged early in the 
morning. sufficient water may be standing in the well by the day's end to permit sample 
collection. If the well is incapable of producing a sufficient volume of sample at any time • 
take the large~t quantity available and record this occurrence in the site logbook. 

Fill sample containers (preserve and label as described in SOPs SA~.2 and SA~.l) . 

Replace the well cap and lock as appropriate. Make sure the well Is readily identifiable as 
the source of the samples. . 

Process sample containers as described in SOPs SA~.2 and SA~.l. 

Decpntamlnate equipment as described in SOP SA-7.1. 

5.7 Low Flow Purging and Sampling 

019611/P' 

5.7.1 Scope & Application 

LoW flow purging and sampling techniques are sometimes required for groundwater sampling activities. 
'The purpose of . low' flow purging and sampling is to collect groundwater samples that contain 
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"representative" amounts of mobile organic and inorganic constituents in the vicinity of the selected open 
I 

well interval, at near natural flow conditions. The minimum stress procedure emphasizes negligible water 
level drawdown and low pumping rates in order to collect samples with minimal alterations in water 
chemistry. This procedure is designed primarily to be used in wells with a casing aiameter of 2 inches 
or more and a saturated screen, or open interval, length of ten feet or less. Samples obtained are 
suitable for analyses of common types of groundwater contaminants (volatile and semi-volatile organic, 
compounds, pesticides, PCBs, metals and other inorganic ions [cyanide, chloride, sulfate, etc.]). This· 
procedure is not deSigned to collect non-aqueous phase liquids samples from wells containing light or 

. dense non-aqueous phase liquids (LNAPLs or DNAPLs), using the low flow pumps. 

The procedure is flexible for various well construction types and groundwater yields. The goal of the, 
procedure is to obtain a turbidity level of less than 5 NTU and to achieve a water level drawdown of less 
than 0.3 feet during purging and sampling. Ifthese goals cannot be achieved, sample collection can take 
place provided the remaining criteria in this procedure are met. 

5.7.2 Equipment 

The following equipment is required (as applicable) for low flow purging and sampling: 

• 

• 

• 

• 

•• 
• 
• 

• 

• 
• 
• 

Adjustable rate, submersible pump (e.g., centrifugal or bladder pump constructed of stainless steel 
or Teflon). Peristaltic pumps may be used only for inorganic sample collection. 

Disposable clear plastic bottom filling bailers may be used to check for and obtain samples of 
LNAPLs or DNAPLs. . 

Tubing - Teflon, Teflon lined polyethylene, polyethylene, PVC, tygon steel tubing can be used to 
collect samples for analysis, depending on the analyses to be performed and regulatory 
requirements. 

Water level measuring device, 0.01 foot accuracy, (electronic devices are preferred for tracking 
water level drawdown during all pumping operations) . 

Row measurement supplies . 

Interface probe, if needed. 

Power source (generator, nitrogen tank, etc.). If a gasoline generator is used, it must be located 
downwind and at a safe distance from the well so that the exhaust fumes do not contaminate the 
samples. 

Indicator parameter monitoring instruments - pH, turbidity, specific conductance, and temperature. 
Use of a flow-through cell is recommended. Optional Indicators - eH and dissolved oxygen, flow­
through cell is required. Standards to perform field calibration of instruments. 

Decontamination supplies. 

Logbook(s), and other forms (e.g., well purging forms). 

Sample Bottles. 
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• Sample preservation supplies (as required by the analytical methods). 

• Sample tags or labels. 

• Well construction data, location map, field data from last sampling event. 

• Field Sampling Plan. 

• PID or FlO instrument for measuring VOCs (volatile organic compounds). 

5.7.3 Purging and Sampling Procedure 

Use a submersible pump to purge and sample monitoring wells which have a 2.0 inch or greater well 
casing diameter. 

Measure and record the water level immediately prior to placing the pump in the well. 
" \ 

Lower pump, safety cable, .tubing and electrical lines slowly into the well 50 that the pump intake is 
located at the center of the saturated screen length of the well. If possible keep the pump intake at least 
two feet above the bottom of the well, to minimize mobilization of sediment that may be present in the 
bottom of the well. Collection of turbid free water samples may be difficult if there islhree feet or less 
of standing water in the well. 

When starting the pump, slowly increase the pump speed until a discharge occurs. Check water level. 
Adjust pump speed to maintain little or no water level drawdown. The target drawdown should be less 
than 0.3 feet and it should stabilize. If the target of less than 0.3 feet cannot be achieved or maintained, 
the sampling is acceptable if remaining criteria in the procedure are met. Subsequent sampling rounds 
will probably have intake settings and extraction rates that are comparable to those used in the initial 
sampling rounds. 

Monitor water level and pumping rate every three to five minutes (or as appropriate) during purging. 
Record pumping rate adjustments and depths to water. Pumping rates should, as needed, be reduced 
to the minimum" capabilities of the pump (e.g., 0.1-0.2 I/min) to ensure stabilization of indicator 
parameters. Adjustments are best made in the first fifteen minutes of pumping in order to help minimize 
purging time. During initial pump start-up, drawdown may exceed the 0.3 feet target and then recover 
as pump "flow adjustments are made (min"imum purge volume calculations should utilize stabilized 
drawdown values, riot the initial drawdown). If the r~charge rate of the well is less than minimum 
capability of the pump do not allow the water level to fall to the intake level (if the static water level is 
above the screen, avoid lowering the water level into the screen). Shut off the pump if either of the 
above is about to occur and allow the water level to recover. Repeat the process until field indicator 
parameters stabilize and the minimum purge volume is removed. The minimum purge volume with 
negligible drawdown (0.3 feet or less) is two saturated screen length volumes. In situations where the 
drawdown is greater than 0.3 feet and has stabilized, the minimum purge volume is two times the 
saturated screen volume plus the stabilized drawdown volume. After the minimum purge volume is 
attained (and field parameters have stabilized) begin sampling. For low yields wells, commence sampling 
as soon as the well has recovered sufficiently to collect the appropriate volume for all anticipated 
samples. " " 

DUring well purging, monitor field indicator parameters (turbidity, temperature, specific conductance, pH, 
etc.) every three to fIVe minutes (or as appropriate). Purging is complete and sampling may begin when 
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all field indicator parameters have stabilized (variations in values are within ten percent of-each other, pH 
+ /- 0.2 units, for three consecutive readings taken at three to five minute intervals). If the parameters 
have stabilized, but turbidity remains above 5 NTU goal, decrease pump flow rate, and continue 
measurement of parameters every three to five minutes. If pumping rate cannot be decreased any 
further and stabilized turbidity values remain above 5 NTU goal record this information. Measurements 
of field parameters should be obtained (as per Section 5.5) and recorded. 

VOC samples are preferably collected first and directly into pre-preserved sample containers. Fill all 
sample containers by allowing the pump discharge to flow gently down the inside of the container with 
minimal turbulence. . 

If the water column in the pump tubing collapses (water does not completely fill the tubing) before exiting 
the tubing, use one of the following procedures to collect VOC samples: (1) Collect the non-VOCs 
samples first, then increase the flow rate incrementally until the water column completely fills the tUbing, 
collect the sample and record the new flow rate; (2) reduce the diameter of the existing tubing until the 
water column fills the tubing either by adding a connector (Teflon or stainless steel), or clamp which 
should reduce the flow rate by constricting the end of the tubing; (3) insert a narrow diameter Teflon tube 
into the pump's tubing so that the end of the tubing is in the water column and the other end of the 
tubing protrudes beyond the pump's tubing, collect sample from the narrow diameter tubing. 

Prepare samples for shipping as per SOP SA-6.1. 
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ATTACHMENT A 

PURGING EQUIPMENT SELECTION 

Peristaltic 
Diaphragm Submersible Submersible Submersible 

Diameter Casing Bailer 
Vacuum "Trash" Diaphragm Electric Electric 

Pump Air-lift Pump Pump Pump Pump Pump 
w/Packer 

1.25-lnch Water level X X X X <25 feet 

Water Level X >25 feet \ 

2-lnch Water level X X X X <25 feet X X 

Water Level X X >25 feet X 

4-lnch Water level X X X X <25 feet X X X X 

Water Level X X >25 feet X X X 

6-lnch Water level X <25 feet X X X 

Water Level X >25 feet X X 

8-lnch Water level X <25 feet X X X 

Water Level X >25 feet X X 
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Model Principle of Manufac1urer 
Name/Number Operation 

BarCad Systems, Dedicated; gas 
BarCad Sampler drive (positive Inc. displacement) 

Cole-Parmer Inst. Master Flex 7570 Portable; 

Co. Portable peristaltic 
Sampling Pump (suc1ion) 

ECO Pump Corp. SAMPUfier Portable; venturi 

Portable; grab 
Geltek Corp. Bailer 219-4 (positive 

displacement) 

Dedicated; gas GeoEngineering, GEO-MONITOR drive (positive Inc. displacement) 

Industrial and Portable; Environmental 
Analysts, Inc. Aquarius bladder (positive 

displacement) 
(lEA) 

Portable; grab 
lEA Syringe Sampler (positive 

displacement) 

Instrument Model 2600 Portable; 
SpeCialties Co. bladder (positive 
(ISCO) Well Sampler displacement) 

Keck Geophysical SP-81 Portable; helical 
Submersible rotor (positive Instruments, Inc. Sampling Pump displacement) 

Leonard Mold GeoFilter Small. Portable; 
and Die Works, Diameter Well bladder (positive 
Inc. Pump (#0500) displacement) 

Portable; grab 
Oil Recovery Surface Sampler (positive 
Systems, Inc. displacement) 

Q.E.D. Well Wizard® Dedicated; 
Environmental Monitoring bladder (positive 
Systems, Inc. §ystem (Pc1OO) displacement) 

Maximum Construc1ion Outside Materials Diameter/ 
Length (w/Unes and 

Tubing) (Inches) 

PE, brass, nylon, 1.5/16 aluminum oxide 

(not submersible) 
<1.0/NA Tygon®, silicone 

Viton® 

< 1.5 or PP, PE, PVC,' SS, 
<2.0/NA Teflon®, Tefzel® 

1.66/38 Teflon® 

1.5/16 PE, PP, PVC, 
Viton® 

SS, Teflon®, 
1.75/43 Vitonl!) 

1.75/43 SS, Teflon® 

PC, silicone, 
1.75/50 Teflon®, PP, PE, 

Detrinl!), acetal 

SS, Teflon®, PP, 
1.75/25 EPDM, Viton® 

SS, Teflon®, PC, 
1.75/38 Neoprene® 

1.75/12 acrylic, Detrin® 

1.66/36 PVC' 

• • CJ) 
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~ 

CD 
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Uft Delivery Rates 1982 mO» 
Range Price Comments enZ-I 

(ft) or Volumes (Dollars) ::t»m 
ZZ:D 
G')oen 

0-150 1 liter for each Requires compressed gas; custom sizes 0» 
with std. 10-15 feet of $220-350 and materials available; .acts as zS:: 
tubing submergence . piezometer. en"lJ _r 

670 mL/min AC/DC; variable speed control available; -1m 
m 

0-30 with 7015- $500-600 other models may have different flow 
:E 20 pump head rates. 

0-500 mL/min AC, DC, or gasoline-driven motors ~ 
0-100 depending on $400-700 m 

lift available; must be primed. :D 

No limit 1,075 mL $120-135 Other sizes available. 

i z 
Approximately c: < 3 Probably 1 liter for each $185 Acts as piezometer; requires compressed iir tr 

0-150 10 feet of gas. o· !!! ::l ..':"';\' 

submergence 

Requires compressed gas; other models 0-2,800 $1,SOO-0-250 
mL/min 3,000 . available; AC, DC, manual operation 

-- possible. 
(,J en 

850mL Requires vacuum and/or pressure from 
» , 

No limit sample volum $1,100 ...... 
e hand pump. ~ 

0-7,500 Requires compressed gas (40 psi 0-150 $990 mL/min minimum). 

0-4,500 0-160 $3,500 DC operated. mL/min 
~ "lJ 

III 
Requires compressed gas (55 psi CD co 

0-3,500 $1,400- ~. CD 
0-400 mL/min 1,500 minimum); pneumatic or AC/DC control < 

module. CD 

Other materials and models available; for 0 0 I\) 

Approximately (,J!!l. (.) 

No limit $125-160 measuring thickness of "floating" _CD 

9-250mL 0 
contaminants. ...... - I\) 

0-2,000 Requires compressed gas; piezometric ~ ..... 
0·230 mL/min $300-400 level indicator; other materials available. 
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ATTACHMENT A 
PURGING EQUIPMENT SELECTION 
PAGE 3 

Maximum 

Model Principle of Outside Construction Materials Uft Range Delivery Rates 1982 
Manufacturer Diameter/ Price Comments Name/Number Operation (w/Unes and Tubing) (ft) or Volumes length (Dollars) 

(Inches) 

Randolph Austin Model 500 Portable; peristaltic (Not submersible) $1,200- Row rate dependent· on motor and 
<0.5/NA Rubber, Tygon®, or 0-30 See comments tubing selected; AC operated; other Co. Vari-Row Pump (suction) 1,300 Neoprene® models available. 

Robert Bennett Portable; piston SS, Teflon®, Delrin® $2,600- Requires compressed gas; water 

Co. Model 180 (positive 1.8/22 PP, Viton®, acrylic, PE 0-500 0-1,800 ml/min 2,700 level indicator and flow meter; 
displacement) custom models available. 

, 
Model 514124 Portable; gas drive Requires compressed gas; SS 

Slope Indicator 
Pneumatic (positive 1.9/18 PVC, nylon 0-1,100 250 ml/ $250-350 available; piezometer model 

Co. (SINCO) 
Water Sampler displacement) flushing cycle available; dedicated model 

available. 

Solinst Canada Portable; grab 5WWater (positive 1.9/27 
PVC, brass, nylon, 0-330 500ml $1,300- Requires compressed gas; custom 

Ltd. Sampler Neoprene® 1,800 models available. displacement) 

Portable; grab. Other sizes, materials, models TlMCO Mfg. Co., 1.66/Cust 250 ml/ft of Std. Bailer (positive PVC,PP No limit $20-60 available; optional bottom-emptying Inc. 
displacement) om bailer device available; no solvents used. 

Air or Gas Uft Portable; gas drive 350 ml/ 
Requires compressed gas; other 

TIMCO (positive 1.66/30 PVC, Tygon®, Teflon® 0-150 $100-200 sizes, materials, models available; 
Sampler displacement) flushing cycle no solvents used. 

Portable; bladder Sampling SS, silicone, Delrin®, . $800- Compressed gas required; DC Tole Devices Co. (positive 1.38/48 0-125 0·4,000 ml/min Pump Tygon® 1,000 control module; custom built. displacement) 

Construction Material Abbreviations: Other Abbreviations: 

PE Polyethylene NA Not applicable 
PP Polypropylene AC Alternating current 
PVC Polyvinyl chloride DC Direct current 
SS Stainless steel 
PC Polycarbonate 
EPDM Ethylene-propylene diene (synthetic rubber) 

NOTE: Other manufacturers market pumping devices which could be used for groundwater sampling, though not expressly designed for this purpose. The list is not 
meant to be all-Inclusive and listing does not constitute endorsement for use. Information in the table is from sales literature and/or personal communication. 
No skimmer, scavenger-type, or high-capacity pumps are included. 

Source: Barcelona et aI., 1983. 
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ATTACHMENT B 

SPECIFIC CONDUCTANCE OF 1 MOLAR KCI 
AT VARIOUS TEMPERATURES1 

Temperature (0C) 
Specific Conductance 

(umhos/cm) 

15 1,147 

16 1,173 

17 1,199 

18 1,225 

19 1,251 

20 1,278 

21 1,305 

22 1,332 

23 1,359 

24 1,368 

25 '1,413 

26 1,441 

27 1,468 

28 1,496 

29 1,524 

30 1,552 

Data derived from the International Critical 
Tables 1-3-8 . 

, 
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ATTACHMENT C 

VARIATION OF DISSOLVED OXYGEN CONCENTRATION IN WATER 
AS A FUNCTION OF TEMPERATURE AND SAUNITY 

Dissolved Oxygen (mg/L) 

Temperature Chloride 'Concentration in Water Difference/ 
.(0C) 100 mg 

0 5,000 10,000 15,000 20,000 Chloride 

0 14.6 13.8 13.0 12.1 11.3 0.017 

1 14.2 . 13.4 12.6 11.8 11.0 0.016 

2 13.8 13.1 12.3 11.5 10.8 0.015 

3 13.5 12.7 12.0 11.2 10.5 0.015 

4 13.1 '12.4 11.7 11.0 10.3 0.014 

5 12.8" 12.1 11.4 10.7 10.0 0.014 

6 12.5 11.8 11.1 10.5 9.8 0.014 

7 12.2 11.5 10.9 10.2 9.6 0.013 

8 11.9 11.2 10.6 10.0 9.4 0.013 

9 11.6 11.0 10.4 9.8 9.2 0.012 

10 11.3 10.7 10.1 9.6 9.0 0.012 " 

11 11.1 10.5 9.9 9.4 8.8 0.011 

12 10.8 10.3 9.7 9.2 8.6 0.011 

13 10.6 10.1 9.5 9.0 8.5 0.011 

14 10.4 9.9 9.3 8.8 8.3 0.010 

15 10.2 9.7 9.1 8.6 8.1 0.010 

16 10.0 9.5 9.0 8.5 . 8.0 0.010 

17 9.7 9.3 8.8 8.3 7.8 0.010 

18 9.5 9.1 8.6 8.2 7.7 0.009 

19 9.4 8.9 8.5 8.0 7.6 0.009 

20 9.2 8.7 8.3 7.9 7.4 0.009 

21 9.0 8.6 8.1 7.7 7.3 0.009 

22 8.8 8.4 8.0 7.6 7.1 0.008 

23 8.7 8.3 7.9 7.4 7.0 0.008 

24 8.5 8.1 7.7 7.3 6.9 0.008 

·25 8.4 8.0 7.6 7.2 6.7 0.008 

019611/P Brown & Root Environmental 
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ATTACHMENT C 
VARIATION OF DISSOLVED OXYGEN CONCENTRATION IN WATER 
AS A FUNCTION OF TEMPERATURE AND SALINITY 
PAGE TWO 

Dissolved Oxygen (mg/L)· 
Temperature Chloride Concentration in Water Difference/ 

(0C) 100 mg 
0 5,000· 10,000 15,000 20,000 Chloride 

26 8.2 7.8 7.4 7.0 6.6 0.008 

27· 8.1 7.7 7.3 6.9 6.5 0.008 

28 7.9 7.5 7.1 6.8 6.4 0.008 

29 7.8 7.4 7.0 6.6 6.3 0.008 

30 7.6 7.3 6.9 6.5 6.1 0.008 

31 7.5 

32 7.4 

33 7.3 

34 7.2· 

• 35 7.1 

36 7.0 

37 6.9 

38 6.8 , 

39 6.7 

40 6.6 

41 6.5 

42 6.4 

43 6.3 

44 6.2 

45 6.1 

46 6.0 

47 5.9 

48 5.8 

49 5.7 

50 5.6 

Note: In a chloride solution, conductivity can be roughly related to chloride concentration 
(and therefore, used to correct measured D.O. concentration) using Attachment B . 

• 
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1.0 PURPOSE 

The purpose of this Standard Operating Procedure (SOP) is to provide information on sample 
preservation, packaging, and shipping procedures to be used in handling environmental samples 
submitted for chemical constituent, biological, or geotechnical analysis. Sample chain-of-custody 
procedures and other aspects offield documentation are addressed in SOP SA-6.3. Sample identification 
is addressed in SOP CT -04. 

2.0 SCOPE 

This procedure: 

• Describes the appropriate containers to be used for samples depending on the analyses 
to be performed, and the steps necessary to preserve the samples when shipped off site 
for chemical analysis. 

• Provides instruction for sample packaging and shipping in accordance with current 
U.S. Department of Transportation (DOT) regulations. 

3.0 GLOSSARY 

Hazardous Material - A substance or material which has been determined by the Secretary of 
Transportation to be capable of posing an unreasonable risk to health, safety, and property when 
transported in commerce, and which has been so designated. Under 49 CFR, the term includes 
hazardous substances, hazardous wastes, marine pollutants, al)d elevated temperature materials, as we" 
as materials designated as hazardous under the provisions of § 172.1 01 and § 172.1 02 and materials that 
meet the defining criteria for hazard classes and divisions in Part 173. 

Hazardous Waste - Any substance listed in 40 CFR, Subpart 0 (y261.30 et seq.), or otherwise 
characterized as ignitable, corrosive, reactive, or toxic (as defined by Toxicity Characteristic Leaching 
Procedure, TCLP, analysis) as specified under 40 CFR, Subpart C (y261.20 et seq.), that would be 
subject to manifest requirements specified in 40 CFR 262. Such substances are defined and regulated 
by EPA. 

Marking - A descriptive name, identification number, instructions, cautions, weight, specification or UN 
marks, or combination thereof required on outer packaging of hazardous materials. 

n.o.i - Not otherwise indicated (may be used interchangeably with n:o.s.). 

n.o.s. - Not otherwise specified. ---- . 

ORM - Other regulated material (see DOT 49 CFR 173.144). 

Packaging - A receptacle and any other components or materials necessary for compliance with the 
minimum packaging requirements of 49 CFR 174, including containers (other than freight containers or 
overpacks), portable tanks, cargo tanks, tank cars, and mUlti-unit tank-car tanks to perform a 
containment function in conformance with the minimum packaging requirements of 
49 CFR 173.24(a) & (b). . 

Placard - Color-coded, pictorial sign which depicts the hazard class symbol and name and which is 
placed on the side of a vehicle transporting certain hazardous materials. 

Brown & Root Environmental 
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Common Preservatives: 

• Hydrochloric Acid - HCI 
• Sulfuric Acid - H2S04 
• Nitric Acid - HN03 
• Sodium Hydroxid,e - NaOH . 

Other Preservatives 

• : Zinc Acetate 
• Sodium Thiosulfate - Na2S20 3 

Normality (N) - Conc~ntration of a solution expressed as equivalent per liter, an equivalent being the 
amount of a substance containing 1 gram-atom of replaceable hydrogen or its equivalent. Thus, a 
one-molar solution of HCI, containing 1 gram-atom of H, is "one normal," whereas a one-molar solution, 
of H2S04, containing 2 gram-atoms of H, is ''two normaL" 

Reportable Quantity (RQ) - For the purposes of this SOP, means the quantity specified in column 3 of 
the Appendix to DOT 49 CFR §172,101 for any material identified in column 1 of the appendix. A spill 
greater than the amount specified must be reported to the National Response Center. 

Sample - A sample is physical evidence collected from a facility or the environment, which is 
representative of conditions at the location and time of collection. 

4.0 RESPONSIBILITIES 

Field Operations Leader - Directly responsible for the bottling, preservation, labeling, packaging, shipping, 
and custody of samples up to and including release to the shipper: 

Field Samplers - Responsible for initiating the Chain-of-Custody Record (per SOP SA-6.3), implementing 
the packaging and shipping requirements, and maintaining custody of samples until they are relinquished 
to another custodian or to the common carrier. 

5.0 PROCEDURES 

Sample identification, labeling, documentation, and chain-of-custody are addressed by SOP SA-6.3. 

5.1 Sample Containers 

Different types of chemicals react differently with sample containers made of various materials. For 
eXample, trace metals adsorb more strongly to glass than to plastic, whereas many organiC chemicals 
may dissolve various types of plastic containers. Attachments A and B show proper containers (as well 
as other information) per 4(j CFR 136. In general, the sample container shall allow approximately 5-10 
percent air space (·ullage") to allow for expansion/vaporization if the sample warms during transport. 
However, for collection of volatile organic compounds, head space shall be omitted. The analytical 
laboratory will generally provide certified-clean containers for samples to be analyzed for chemical 
constituents, Shelby tubes or other sample containers are generally provided by the driller for samples 
requiring. geotechnical analysis. Suttic!ent lead time shall be allowed for a delivery of bottle orders. 
Therefore, it is critical.to use the correct container to maintain the integrity of the sample prior to analysis. 

Brown & Root Environmental 
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Once opened, the container must be used at once for storage of a particular sample.. Unused but 
opened containers are to be considered contaminated and must be discarded; because of the potential 
for introduction of contamination, they cannot be reclosed and saved for later use. Ukewise. any unused 
containers which appear contaminated upon receipt, or which are found to have loose caps or a missing 
Teflon liner (if required for the container), shall be discarded. 

5.2 Sample Preservation 

Many water and soil samples are unstable and therefore require preservation to prevent changes in either 
the concentration or the phYSical condition of the constituent(s) requiring analysis. Although complete 
and irreversible preservation of samples is not possible, preservation does retard the chemical and . 
biological changes that inevitably take place after the sample is collected. Preservation techniques are 
usually limited to pH control. chemical addition(s), and refrigeration/ freezing (certain biological samples 

. only). 

5.2.1 Overview 

The preservation techniques to be used for various analytes are listed in Attachments A and B. Reagents 
required for sample preservation will either be added to the sample containers by the laboratory prior 
to their shipment to the field or be added in the field (in a clean environment). Only high purity reagents 
shall be used for preservation. In general. aqueous samples of low-concentration organics (or soil 
samples of low-or medium-concentration organics) are cooled to 4°":. Medium-concentration aqueous 
samples and high-hazard organics samples are typically not preserved. Low-concentration aqueous 
samples for metals are acidified with HN03, whereas medium-concentration and high-hazard aqueous 
metal samples are not preserved. Low- or medium-concentration soil samples for metals are cooled to 
4°C, whereas high-hazard samples are not preserved. 

The following subsections describe the procedures for preparing and adding chemical preservatives. 
Attachments A and B indicate the specific analytes which require these preservatives. 

5.2.2 Preparation and Addition of Reagents 

Addition of the following acids or bases may be specified for sample preservation; these reagents shall 
be analytical reagent (AR) grade or purer and shall be diluted to the required concentration with 
deionized water before field sampling commences. To avoid uncontrolled reactions, be sure to ~dd ~cid 
to water (not vice versa). A dilutions guide is provided below. . . 

Estimated 
Acid/Base Dilution Concentration Amount Required 

for Preservation 

Hydrochloric Acid (HCI) 
1 part concentrated HCI: 1 part 

6N 5-10 mL 
double-distilled. deionized water 

Sulfuric Acid (H2SO4) 
1 part concentrated H2S04: 1 part 

18N 2 - 5 mL 
double-distilled. deionized water 

Nitric Acid (HNO~ Undiluted concentrated HN03 16N 2 - 5 mL 

Sodium Hydroxide 
400 grams solid NaOH dissolved in 

(NaOH) 
870 mL double-distilled, deionized 10N 2 mL 
water; yields 1 liter of solution 

Brown & Root Environmental 
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The amounts required for preservation shown in the above table· assumes proper preparation of the 
preservative and addition of the preservative to one liter of aqueous sample (assuming that the sample 
is initially at pH 7, is poorly buffered, and does not contain particulate matter; as these conditions vary, 
more preservative may be required). Consequently, the final sample pH must be checked using narrow­
range pH paper, as described in the generalized procedure detailed below: 

• Pour off 5-10 mL of sample into a dedicated, clean container. Use some of this sample to 
check the initial sample pH using wide range (0-14) pH paper. Never dip the pH paper into 
the sample; always apply a drop of sample to the pH paper using a clean stirring rod or 
pipette. . 

• Add about one-half of the estimated preservative required to the original sample bottle. Cap 
and invert gently several times to· mix. Check pH (as described above) using medium 
range .pH paper (pH O~ or pH 7.5-14, as applicable). 

• Cap sample bottle and seal securely. 

Additional considerations are discussed below: 

• To text if ascorbic acid must be used to remove oxidizing agents present in the sample 
before it can be properly preserved, place a drop of sample on KI-starch paper. A blue 
color indicates the need for ascorbic acid addition. \. . . 

If required, add a few crystals of ascorbic acid to the sample and retest with the KI-starch 
paper. Repeat until a drop of sample produces no color on the KI-starch paper. Then add 
an additional 0.6 grams of ascorbic acid per each liter of sample volume. 

Continue with proper base preservation of the sample as described, generally, above. 

• Samples for sulfide analysis must be treated by the addition of 4 drops (0.2 mL) of 2N zinc 
acetate solution per 100 ml of sample. 

• 

The 2N zinc acetate solution is made by dissolving 220 grams of zinc acetate in 870 mL of 
double-ciistilled, deionized water to make 1 liter of solution. 

The sample pH is then raised to 9 using the NaOH preserVative. 

To test of sodium thiosulfate must be added to remove residual chlorine from a sample, test 
the sample for residual chlorine using a field test kit especially made for this purpose. 

If residual chlorine is present, add 0.08 grams of sodium thiosulfate per liter of sample to 
remove the residual chlorine . 

. Continue with proper acidification of the sample as described, generally, above. 

For biological samples, 10% buffered formalin or isopropanol may also be required for preservation. 
Questions regarding preservation requirements should be resolved through communication with the 
laboratory before sampling begins. 
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5.3 Field Filtration 

At times, field-filtration may be required to provide for the analysis of dissolved chemical· constituents. 
Field-filtration must be performed prior to the preservation of samples as described above. General 
procedures for field filtration are described below: 

• 

• 

• 

5.4 

The sample shall be filtered through a non-metallic, O.45-micron membrane filter, 
immediately after collection. The filtration system shall consist of dedicated filter canister, 
dedicated silicon tubing, and a peristaltic pump with pressure or vacuum pumping squeeze 
action (since the sample is filtered by mechanical peristalsis, the sample travels only 
through the tubing). 

To perform filtration, thread the silicon tubing through the peristaltic pump head. Attach the 
filter canister to the discharge end of the silicon tubing (note flow direction arrow); attach 
the aqueous sample container to the intake end of the silicon tubing. Turn the peristaltic 
pump on and perform filtration. 

Continue by preserving the filtrate (contained in the filter canister), as applicable and 
generally described above. 

Sample Packaging and Shipping 

Samples' collected for shipment from a site .shall be classified as either environmental or hazardous 
material samples. Samples from drums containing materials other than Investigative Derived Waste (lOW) 
and samples obtained from waste piles or bulk storage tanks are generally shipped as hazardous 
materials. A distinction must be made between the two types of samples in order to: 

- . 
. • Determine appropriate procedures for transportation of samples (if there is any doubt, a 

sample shall be considered hazardous and shipped accordingly,) 

• . Protect the health and safety of transport and laboratory personnel receiving the samples 
(special precautions are used by the. shipper and at laboratories when hazardous materials 
are received.) 

Detailed procedures for packaging environmental and hazardous material samples are outlined in the 
remainder of this section. 

5.4.1 ' Environmental Samples 

Environmental samples are packaged as follows: 

• ' Place sample container, properly identified and with lid securely fastened in a plastiC bag 
(e.g. Ziploc baggie), and seal the bag. ' 

• Place sample in a cooler constructed of sturdy material which has been lined with a large, 
plastic (e.g. "garbage" bag). 

• Pack with enough noncombustible, absorbent, cushioning materials' such· as vermiculite 
(shoulders of bottles must be iced if required) to minimize the possibility of the container 
breaking. 

019611/P Brown & Root Environmental 
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• If cooling is required (see Attachments A and B), double-bag ice in Ziploc baggies and 
place around container shoulders, and on top of absorbent packing material (minimum of 
8 pounds of ice for a medium-size cooler). 

• Seal (Le., tape or tie top in knot) large liner bag. 

• Attach appropriate completed chain-of-custody form to inside lid of container (no DOT 
shippi~g papers are required). 

• Close and seal outside of cooler as described in SOP SA-6.3. Signed custody seals must 
be used. 

Coolers must be marked as containing "Environmental Samples." The appropriate side of the container 
must be marked ''This End Up" and arrows placed appropriately. No DOT marking or labeling is 
required; there are no DOT restrictions on mode of transportation. 

5.4.2 Determination of Shipping Classification for Hazardous Material Samples 

Samples not determined to be environmental samples, or samples known or expected to contain 
hazardous materials, must be considered hazardous material samples and transported according to the . 
requirements listed below. 

5.4.2.1 Known Substances 

If the substance in the sample is known or can be identified, package, mark, label, and ship according 
to the specific instructions for that material (if it is listed) in the DOT Hazardous Materials Table, 
49 CFR 172.101. (DOT Guide for shippers can be found in Attachment 0 of this document.) 

To determine the proper shipping name, use the following steps to help locate the shipping name on the 
Hazardous Materials Table, DOT 49 CFR 172.101. 

1. 

2. 

3. 

4. 

5. 

Look first for the chemical or technical name of the material, for example, ethyl alcohol. 
Note that many chemicals have more than one technical name, for example, 
perchloroethylene. (not listed in 172.101) is listed as tetrachloroethylene (listed 172.101). 
It may be useful to consult a chemist for all possible technical names a material can have. 
If your material is not listed by its technical name, then ... 

Look for the chemical family name. For example, penty! alcohol is not listed but the 
chemical family nam.e is: alcohol, n.o.s. (not otherwise specified). If the chemical family 
name is not listed, then ... 

Look for a generic name based on end use. For example~ Paint, n.o.s or Fireworks, n.o.s. 
If a generic name based on end use is not listed, then ... 

Look for a generic family name based on end use, for example, drugs, n.o.s. or cosmetics, 
n.o.s. Finally, if your material is not . listed by a generic family name but you suspect or 
know the material is hazardous because it meets the definition of one or more hazardous 
classes, then . . . 

You will.have to use the general hazard class for a proper shipping name. For example, 
Flammable Liquid, n.o.s, or Oxidizer, n.o.s. 
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5.4.2.2 Unknown Substances 

For samples of hazardous substances of unknown content, select the appropriate transportation category 
according to the DOT hazardous materials classification of a material having more than one hazard. This 
procedure is outlined in DOT Regulation 49 CFR 173.2a. (This can be found in Attachment C of this 
SOP.) . 

The correct shipping classification for an unknown sample is selected through a process of elimination, 
as outlined in DOT Regulation 49 CFR 172.101(c)(11). By using the provisions in this paragraph, the 
proper shipping name and description will be determined .. A step-by-step guide is provided by the 
Department of Transportation (DOT) and can be found in Attachment D of this SOP. 

5.4.3 Packaging and Shipping of Samples Classified as Flammable Liquid (or Solid) 

5.4.3.1 Packaging 

Applying the. word "flammable" to a sample does not imply that it is in fact flammable. The word 
prescribes the class of packaging according to DOT regulations. 

1. 

2. 

3. 

4. 

5. 

5.4.3.2 

1. 

Containerize sample as required (see Attachments A and B). To prevent leakage, fill 
container no more than 90 percent full. Seal lid with teflon tape or wire. 

Complete sample label and attach securely to sample container. 

Seal container and place in 2-mil-thick (or thicker) polyethylene bag (e.g., Ziploc baggie), 
one sample per bag. Position sample identification label so that it can be read through 
bag. Seal bag. 

For soil jars, place sealed bag inside metal can (available from laboratory or laboratory 
supplier) and cushion it with enough noncombustible, absorbent material (for example, 
vermiculite or diatomaceous earth) between the bottom and sides of the can and bag to 
prevent breakage and absorb leakage. Pack one bag per can. Use clips, tape, or other 
positive means to hold can lid securely, tightly and permanently. Mark can as indicated in . 
Paragraph 1 of Section 5.3.4.2, below. Single 1-gallon bottles do not need to be placed in 
metal cans. 

Place one or more metal cans (or a single l-gallon bottle) into a strong outside container, 
such as a metal picnic cooler or a DOT-approved fiberboard box. Surround cans (or bottle) 
with noncombustible, absorbent cushioning materials for stability during transport. The 
absorbent material should be able to absorb the entire contents of the container. Mark 
container as indicated in Paragraph 2 below. 

Marking/Labeling 

Use abbreviations only where specified. Place the following information, either hand-printed 
or in label form, on the metal can (or 1-gallon bottle): 

• Laboratory name and address . 

Brown & Root Environmental 
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• Proper shipping name from .the hazardous materials table (DOT Regula­
tion CFR 49 172.101). Example: "Flammable Liquid, n.o.s. UN1993" or "Flammable 
Solid, n.o.s. UN1325." This will include packing group (see Section 5.3.4.2, No.2.) 

Not otherwise specified (n.o.s) is not used if the flammable liquid (or solid) is identified. If 
identified, the name of the specific material is listed before the category (for example, 
Acetone, Flammable Liquid), followed' by Its appropriate UN number found in the DOT 
Hazardous Materials table (49 CFR 172.101). 

2. . Determine' packing group. The packing group is part of the proper shipping name and 
must be included on the shipping papers in the description section. 

I. Most Hazardous 
II. Medium Hazard 
III. Least Hazardous 

The packing group will be listed in the hazardous materials table, column 5. 

3. Place all information on outside shipping container as on can (or bottle), specifically: 

5.4.3.3 

1. 

• 
• 
• 
• 

Proper shipping name 
UN or NA number 
Proper label(s) 
Addressee and sender 

Place the following labels on the outside shipping container: "Cargo Aircraft Only" and DOT 
label such as: "Flammable Liquid" (or "Flammable Solid"). "Dangerous When Wet" label 
shall be used if the Flammable Solid has not been exposed to a wet environment. 
"Laboratory Samples" and ''THIS SIDE Up· or "THIS END UP· shall also be marked on the 
top of the outside container, and upward-pointing arrows shall be placed on all four sides 
of the container. . 

Shipping Papers 

Use abbreviations only where specified. Complete the carrier-provided bill of lading and 
sign certification statement. Provide the following information in the order listed (one form 
may be used for more than one exterior container): 

• 

• 
• 
• 

• 

Proper shipping name. (Example: "Flammable Liquid, n.o.s. UN1993" or "Flammable 
Solid, n.o.s. UN1325 Packing Group I, II, III"). 

·Limlted Quantity" (or "Ltd. Qty."). (See No~ 3, below.) 

"Cargo Aircraft Only." 

Net weight (wt) or net volume (vol), just before or just after "Flammable Liquid, n.o.s." 
or "Flammable Solid, n.o.s.," by Item, if more than one metal can is inside an exterior 
container. 

"Laboratory Samples" (if applicable). 

Brown & Root Environmental 
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2. Include Chain-of-Custody Record, property executed in outside container; use custody seals. 

3. "Limited Quantity" means the maximum amount of a hazardous material for which there is a specific labeling or packaging exception (DOT CFR 49 171.8). This may mean that packages are exempted from labeling requirements. To determine if your sample meets the Limited Quantity Exception, refer to DOT Regulation CFR 49 Subpart C 173.50 through 173.156. First, determine the proper classification and shipping name for the material; then refer to the exception requirements for that particular class of material beginning with 173.50. 

Example: "Flammable Liquid n.o.s. UN1993 Packing Group 1." The outer package can weigh no more than 66 pounds gross weight. The inner package or container can weigh no more than 0.1 gallon net capacity for each container. . 

To determine whether the material can be shipped as a "Limited Quantity," you must check the specific requirement for that class of material. 

5.4;3.4 Transportation 

1. . The majority of unknown hazardous substance samples will be classified as flammable IJquids. The samples will be transported by rented or common carrier truck, railroad, or express overnight package services. Do not transport samples on any passenger-carrying air transport system, even if the system has cargo-only aircraft. DOT regulations permit regular airtine cargo-only aircraft, but difficulties with most suggest avoiding them. Instead, ship by air1ine carriers that carry only car~o. If unsure of what mode of transportation to use, consult the FOL or Project Manager. 

2. For transport by government-owned vehicle, including aircraft, DOT regulations do not apply. However, procedures described above, with the exception of execution of the bill of lading with certification, shall still be followed. 

3. Use the hazardous materials shipping check list (Attachment E) as a guidance to ensure that all sample-handling requirements are satisfied. 

4. In some cases, various materials may react if they break during shipment. To determine if you are shipping such materials, refer to the DOT compatibility chart in Attachment F. 

5.5 Shipment of Lithium Batteries 

Monitoring well data are analyzed using either the Hermit SE 1000 or the Hermit SE 2000 environmental data logger. These instruments are powered by lithium batteries. The Department of Transportation has determined that lithium batteries are a hazardous material and are to be shipped using the following information: 

. 1 
Note: If you are unsure as how to ship the sample (hazardous or environmental sample), contact the FOL or Project Manager so that a decision can be made as to the proper shipping practices. The DOT penalties for improper shipment of a hazardous material are stringent and may include a prison term for intentional violations. 
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Shipment of equipment containing lithium batteries must be accompanied by shipping papers completed 
as indicated in Attachment G. The Instrument will be shipped by Federal Express as a Hazardous 
Material. Place the instrument in the same container in which it was received. This container or case 
is a DOT-approved shipping container. For Federal Express procedures to ship hazardous materials. 
call 1-800-238-5355. extension 922-1666. In most cases. the return shipping papers and DOT labels will 
be shipped to you from the company warehouse or the vendor. An example of the types of labels used 
for. shipment and the wording are shown in Attachment G. These labels will be attached to the outside 
container with the following wording: 

• 

6.0 

Lithium Batteries Contained in Equipment 
UN-3091 
Shipped Under CA-9206009 

REFERENCES 

American Public Health Association. 1981. Standard Methods for the Examination of Water and 
Wastewater. 15th Edition. APHA. Washington, D.C. 

U.S. Department of Transportation. 1993. Hazardous Materials Regulations. 49 CFR 171-177. 

U.S. EPA. 1984. "Guidelines Establishing Test Procedures for the Analysis of Pollutants under Clean 
Water Act." Federal Register. Volume 49 (209). October 26. 1984. p. 43234. 

U.S. EPA. 1979. Methods for Chemical Analysis of Water and Wastes. EPA-600/4-79~20. U.S. EPA­
EMSL. Cincinnati. Ohio. 
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ATTACHMENT A 

GENERAL SAMPLE CONTAINER AND PRESERVATION REQUIREMENTS 

Sample Type and Concentration Containerl1l Sample Size Preservation(2} Holding Timel2l 

WATER 

VOC Low Borosilicate glass 2 x 40 mL Cool to 4"C 14 days(SI 
HCI to s 2 

Extractables (Low 2x2 Lor 4x1 L 7 days to extraction; 
Organics SVOCs and Amber glass Cool to 4"C 40 days after 
(GC&GC/MS) pesticide/PCBs) extraction 

Extractables (Medium 2x2 Lor 4xl L 7 days to extraction; 
SVOCs and Amber glass None 40 days after 
pesticide/PCBs) extraction 

Metals Low High-density polyethylene 1 L HN03 to pH s2 
6 months (Hg-28 
days) 

Medium Wide-mouth glass 16 oz. None 6 months 
Inorganics 

NaOH to Cyanide Low High-density polyethylene 1 L 
pH>12 

14 days 

Cyanide Medium Wide-mouth glass . 16 oz. None 14 days 

Organic/ High Hazard Wide-mouth glass 
Inorganic 

a oz. None 14 days 

SOIL 

VOC Wide-mouth glass with 
teflon liner 

2 x 4 oz. Cool to 4"C 14 days 

Extractables (Low 14 days to extraction; 
Organics SVOCs and Wide-mouth glass a oz. Cool to 4"C 40 days after 
(GC&GC/MS) pesticides/PCBs) extraction 

Extractables (Medium 14 days to extraction; 
SVOCs and Wide-mouth glass a oz. Cool to 4°C 40 days after 
pesticides/PCBs) extraction 

6 months 
Inorganics Low/Medium Wide-mouth glasS a oz. Cool to 4°C (Hg - 28 days) 

Cyanide (14 days) 

Organic/ High Hazard Wide-mouth glass a oz. None NA 
Inorganic 

7 days until 

Dioxin/Furan All Wide-mouth glass 4 oz. None extraction; 
40 days after 
extraction 

7 days until 
TCLP All Wide-mouth glass a oz. None preparation; analysis 

as per fraction 

AIR 

Volatile Low/Medium Charcoal tube - 7 cm 100 Lair Cool to 4°C 5 days 
. Organics long, 6 mm 00, 4 mm 10 recommended 

(11 All glass containers should have Teflon cap liners or septa. 
(2) See Attachment E. Preservation and maximum holding time allowances per 40 CFR 136. 
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ATTACHMENT B 

ADDITIONAL REQUIRED CONTAINERS, PRESERVATION TECHNIQUES, 
AND HOLDING TIMES 

Parameter Number/Name Container(1) Preservation (2) (3) Maximum Holding 
Time(4) 

INORGANIC TESTS: 
Acidity , P,G Cool,4°C 14 days 

Alkalinity P,G Cool,4°C 14 days 

Ammonia - Nitrogen P,G Cool, 4°C; H2S04 to pH 2 28 days 

Biochemical Oxygen Demand (BOD) P,G Cool,4°C 48 hours 

Bromide p,.G None required 28 days 

Chemical Oxygen Demand (COD) P,G Cool, 4°C; H2S04 to pH 2 28 days 

Chloride P,G None required 28 days 

Chlorine, Total Residual P,G None required Analyze immediately 

Color P,G Cool,4°C 48 hours 

Cyanide. Total and Amenable to P,G Cool, 4°C; NaOH to pH 12; 14 daysls) , 
Chlorination 0.6 g ascorbic acidl5J 

Fluoride P None required 28 days 

Hardness P, G HN03 to pH 2; 6 months 
H2S04 to pH 2 

Total Kjeldahl and Organic Nitrogen P,G Cool, 4°C; H2S04 to pH 2 28 days 

Nitrate - Nitrogen P,G None required 48 hours 

Nitrate-Nitrite - Nitrogen P,G Cool, 4°C; H2S04 to pH 2 28 days 

Nitrite - Nitrogen P,G Cool,4°C 48 hours 

Oil & Grease G Cool, 4°C; H2S04 to pH 2 28 days 

Total Organic Carbon (TOC) P,G Cool, 4°C; HCI or H2S04 to 28 days 
pH 2 

Orthophosphate P,G Filter immediately; 48 hours 
Cool, 4°C 

Oxygen, Dissolved-Probe G Bottle & top None required Analyze immediately 

Oxygen, Dissolved-Winkler G Bottle & top Fix on site and store in dark 8 hours 

Phenols G Cool, 4°C; H2S04 to pH 2 28 days 

Phosphorus, Total P,G Cool, 4°C; H2S04 to pH 2 28 days 

Residue, Total P,G Cool,4°C 7 days 

Residue, Filterable (TDS) P,G Cool,4°C 7 days 

Residue, Nonfilterable (TSS) P,G Cool,4°C 7 days 

Residue, Settleable P,G Cool,4°C 48 hours 

Residue, Volatile (Ash Content) P,G Cool,4°C 7 days 

Silica P Cool,4°C 28 days 

Specific Conductance P,G Cool,4°C 28 days 

Sulfate ( P,G Cool,4°C 28 days 
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Parameter Number/Name. Container(1) Preservation(2)(3) Maximum Holding 
Time(4) 

INORGANIC TESTS (Con,'d): 

Cool, 4°C; add zinc acetate Sulfide P,G plus sodium hydroxide to 7 days 
pH9 

Sulfite P,G None required Analyze immediately 
Turbidity P,G Cool,4°C 48 hours 
METALS:III 

Chromium VI (Hexachrome) P,G Cool,4°C 24 hours 
Mercury (Hg) ·p,G HN03 to pH 2 28 days 
Metals, except Chromium VI and 

P, G HN03 to pH 2 6.months Mercury 

ORGANIC TESTS:ltlI 

Purgeable Halocarbons G, Teflon-lined 
Cool, 4°C; 0.008% N~~03(5) 14 days septum 

Purgeable Aromatic Hydrocarbons G, Teflon-lined Cool, 4°C; 0.008% N~~03(5) 14 days septum HCI to pH 2 (8) 

Acrolein and Acrylonitrile G, Teflon-lined Cool, 4°C; 0.008% N7,~Ol) 14 days septum adjust pH to 4-5 0) 

Phenols(1l) G, Teflon-lined 
Cool, 4°C; 0.008% N~S203(5) 

7 days until extraction; 
cap 40 days after-extraction 

Benzidines(l1). (12) G, Teflon-lined 
Cool, 4°C; 0.008% N~S203(5) 7 days until extraction(l3J cap 

P~thalate esters(l1) G, Teflon-lined 
Cool,4°C 7 days until extraction; 

cap 40 days after extraction 
Nitrosamines(l1). II.) G, Teflon-lined Cool, 4°C; store in dark; 7 days until extraction; 

cap 0.008% N~~03(5) 40 days after extraction 
PCBs(11) G, Teflon-lined 

Cool,4°C 7 days until extraction; 
cap 40 days after extraction 

Nitroaromatics & Isophorone(1l) G, Teflon-lined Cool, 4°C; 0.008% 7 days until extraction; 
cap N~~03(5); store in dark 40 days after extraction 

Polynuclear Aromatic HYdrocarbons G, Teflon-lined Cool, 4°C; 0.008% 7 days until extraction; (PAHs)(l1)·II.) cap N~S203(5); store in dark 40 days after extraction 
Haloethers(1l) G, Teflon-lined 

Cool, 4°C; 0.008% N~S203(5) 
7 days until extraction; 

cap 40days after extraction 
Dioxin/Furan (TCDDjTCDF)(1ll G, Teflon-lined 

Cool, 4°C; 0.008% N~~03(5) 
7 days until extraction; 

cap 40 days after extraction 
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MaXimum Holding 
Time(4) 

1-5 Alpha, beta and radium P,G HN03 to pH 2 6 months 

(1) Polyethylene (P): generally 500 ml or Glass (G): generally 1L. 
(2) Sample preservation should be performed immediately upon sample collection. For composite chemical samples 

each aliquot should be preserved at the time of collection. When use of an automated sampler makes it impossible 
to preserve each aliquot. then chemical samples may be preserved by maintaining at 4°C until compositing and 
sample splitting is completed. 

(3) When any sample is to be shipped by common carrier or sent through the United States Mail, it must comply with 
the Department of Transportation Hazardous Materials Regulations (49 CFR Part 172). 

(4) Samples should be analyzed as soon as possible after collection. The times listed are the maximum times that 
samples may be held before analysis and still be considered valid. Samples may be held for longer periods only if 
the permittee, or monitoring laboratory, has data on file to show that the specific types of samples under study are 
stable for the longer periods, and has received a variance from the Regional Administrator. 

(5) Should only be used in the presence of residual chlorine. 
(6) Maximum holding time is 24 hours when sulfide is present. Optionally, all samples may be tested with lead acetate 

paper before pH adjustments are made to determine if sulfide is present. If sulfide is present, it can be removed by 
the addition of cadmium nitrate powder until a negative spot test is obtained. The sample is filtered and then NaOH 
is added to pH 12. 

(7) Samples should be filtered immediately on site before adding preservative for dissolyed metals. 
(8) Guidance applies to samples to be analyzed by GC, LC, or GC/MS for specific compounds. 
(9) Sample receiving no pH adjustment must be analyzed within 7 days of sampling. 
(10) The pH adjustment is not required if acrolein will not be measured. Samples for acrolein receiving no pH 

adjustment must be analyzed within 3 days of sampling. 
(11) When the extractable analytes of concern fall within a single chemical category, the specified preservative and 

maximum holding times should be observed for optimum safeguard of sample integrity. When the analytes of 
concern fall within two or more chemical categories. the sample may be preserved by cooling to 4°C, reducing 
residual chlorine with 0.008% sodium thiosulfate, storing in the dark, and adjusting the pH to 6-9; samples preserved 
in this manner may be held for 7 days before extraction and for 40 days after extraction. Exceptions to this optional 
preservation and holding time procedure are noted in footnote 5 (re: the requirement for thiosulfate reduction of 
residual chlorine) and footnotes 12, 13 (re: the analysiS of benzidine). . 

(12) If 1,2-diphenylthydrazine is likely to be present, adjust the pH of the sample to 4.0±0.2 to prevent rearrangement to 
benzidine. 

(13) Extracts may be stored up to 7 days before analysis if storage is conducted under an inert (oxidant-free) 
atmosphere. 

(14) For the analysis of diphenylnitrosamine, add 0.008% Na2~03 and adjust pH to 7-10 with NaOH within 24 hours of 
sampling. 

(15) The pH adjustment may be performed upon receipt at the laboratory and may be omitted if the samples are 
extracted within 72 hours of collection. For the analysis of aldrin, add 0.008% N~S203' 
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5. Division 6.1, Poisonous Liquids, Packing Group 1 (poison by inhalation only) 

6. Division 4.2, Pyrophoric Material 

7. Division 4.1, Self-Reactive Material 

8. Class 3, Flammable Liquids* 

9. Class 8, Corrosive Material 

10. Division 4.1, Flammable Solid* 

11: Division 4.2, Spontaneously Combustible Materials* 

12. Division 4.3, Dangerous When Wet Materials* 

13. Division 5.1, Oxidizers* 

14. Division 6.1, Poisonous Liquids or Solids (other than Packing Group 1)* 

15. Combustible liquid 

16. Class 9, Miscellaneous Hazardous Materials 

If a material has or meets the criteria for more than one hazard class, use the precedence of hazardous 
table on the following page for Classes 3 and 8 and Divisions 4.1, 4.2, 4.3, 5.1, and 6.1. The following table 
ranks those materials that meet the definition of Classes 3 and 8 and Divisions 4.1, 4.2, 4.3, 5.1, and 6.1. 
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PRECEDENCE OF HAZARD TABLE 

(Hazard Class and Packing Group) 

6.1 6.1 8 8 8 8 8 8 
Class 

Packing 
4.2 4.3 

5.1 5.1 5.1 
I I 

. 6.1 6.1 
I I II II III III 

Group Itll 11111 II~II II III 
(Liquid) (Dermal) (Oral) (Uquid) (Solid) (Solid) (Uquid) (Solid) 

3 I 3 3 3 3 3 tel 3 tel 3 
. lei 

3 II 3 3 3 3 8 lei 3 lei 3 lei 

3 III 6.1 6.1 6.1 31dl 8 tel 8 tel 3 tel 

4.1 lib 4.2 4.3 5.1 4.1 . 4.1 6.1 6.1 4.1 4.1 tel 8 tel 4.1 tel 4.1 

4.1 I lib 4.2 4.3 5.1 4.1 4.1 6.1 6.1 6.1 4.1 tel 8 tel 8 tel 4.1 

4.2 II 4.3 5.1 4.2 4.2 6.·1 6.1 4.2 4.2 tel 8 tel 4.2 tel 4.2 

4.2 III 4.3 5.1 4.2 4.2 6.1 6.1 6.1 4.2 tel 8 tel 8 tel 4.2 

4.3 I 5.1 4.3 4.3 6.1 4.3 4.3 4.3 4.3 4.3 4.3 4.3 4.3 4.3 

4.3 II 5.1 4.3 4.3 6.1 4.3 4.3 4.3 8 8 8 4.3 4.3 4.3 

4.3 III 5.1 4.3 4.3 6.1 6.1 6.1 4.3 8 8 8 8 4.3 4.3 

5.1 I" 5.1 5.1 5.1 5.1 5.1 5.1 5.1 5.1 5.1 5.1 

5.1 II" .6.1 5.1 5.1 5.1 8 8 8 5.1 5.1 5.1 

5.1 '111" 6.1 6.1 6.1 5.1 8 8 8 8 5.1 5.1 

6.1 I, Dermal 8 6.1 6.1 6.1 6.1 6.1 

6.1 I, Oral 8 6.1 6.1 6.1 6.1 6.1 

6.1 
II, 

8 6.1 6.1 6.1 6.1 6.1 
Inhalation 

6.1 II, Dermal 8 6.1 8 6.1 6.1 6.1 

6.1 II, Oral 8 8 8 . 6.1 6.1 6.1 

6.1 III 8 8 8 8 . 8 8 

tol There are at present no established criteria for determining Packing Groups for liquids in Division 5.1. At present, the degree of hazard is to be assessed 
by analogy with listed substances, allocating the substances to Packing Group I, Great; Group II, Medium; or Group III, Minor Danger. 

till Substances of Division 4.1 other than self-reactive substances. 
tel Denotes an impossible combination. 
tdl For pesticides only, where a material has the hazards of Class 3, Packing Group III, and Division 6.1, 'Packing Group III, the primary hazard is Division 6.1, 

Packing Group III. 
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ATIACHMENTD 

GUIDE FOR HAZARDOUS MATERIALS SHIPPERS 

USE OF GUIDE - This guide is presented as an aid to shippers of hazardous materials. It does not contain or 
refer to all of the DOT requirements for shipping hazardous materials. For specific details. refer to all of the 
DOT requirements for shipping hazardous materials. as provided in the Code of Federal Regulations (CFR). 
Title 49. Transportation. Parts 100-199. 

The following is offered. as a step-by-step procedure to aid in compliance with the applicable DOT regulations. 

STEP 1 - DETERMINE THE PROPER SHIPPING NAME. The shipper must determine the proper shipping 
name of the materials as listed in the Hazardous Materials Table. 49 CFR 172.101. Column (2). 

STEP 2 - DETERMINE THE HAZARD CLASS OR CLASSES. 
a. Refer to the Table. 49 CFR 172.101. Column (3). and locate the hazard class of the material. 
b. If more than one class is shown for the proper shipping name. determine the proper class by 

definition. . 
c. If the materials have more than one hazard. classify the material based on the order of hazards in 

49 CFR 173.2. 

STEP 3 - SELECT THE PROPER IDENTIFICATION NUMBERS. 
a. Refer to the Table. 49 CFR 172.101. Column (3a). and select the Identification Number (10) that 

corresponds to the proper shipping name and hazard class. 
b. Enter the 10 number(s) on the shipping papers and display them. as required. on packagings. 

placards and/or orange panels . 

. STEP 4 - DETERMINE THE MODE(S) OF TRANSPORT TO ULTIMATE DESTINATION. 
a. As a shipper. you must assure yourself that the shipment complies with various modal 

requirements. 
b. The modal requirements may affect the following: (1) Packaging; (2) Quantity per Package; 

(3) Marking; (4) Labeling; (5) Shipping Papers; and (6) Certification. 

STEP 5 - SELECT THE PROPER LABEL(S) AND APPLY AS REQUIRED: 
a. Refer to the Table. 49 CFR 172.101. Column (4) for required labels. 
b. For details on labeling refer to (1) Additional Labels. 49 CFR 172.402; (2) Placement of Labels. 

49 CFR 172.406; (3) Packagings (Mixed or Consolidated). 49 CFR 172.404(a) and ·(h); (4) Packages 
. Containing Samples. 49 CFR 172.402(h); (5) Radioactive Materials. 49 CFR 172.403; and 
(6) Authorized Label Modifications. 49 CFR 172.405. 

STEP 6 - DETERMINE AND SELECT THE PROPER PACKAGES. 

019611/P 

a. Refer to the Table, 49 CFR 172.101, Column (5a) for exceptions and Column (5b) for specification 
packagings. Consider the following when selecting an authorized package: Quantity per Package; 
Cushioning Material, if required; Proper Closure and Reinforcement; Proper Pressure; Outage; etc., 
as required. . 

b. If packaged by a prior shipper, make sure the packaging is correct and in proper condition for 
transportation. 

Brown & Root Environmental 
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ATTACHMENT D (Continued) 
GUIDE FOR HAZARDOUS MATERIALS SHIPPERS 

STEP 7 - MARK THE PACKAGING (INCLUDING OVERPACKS). 
a. Apply the required markings (49 CFR 172.300); Proper shipping name and ID number, when 

required (49 CFR 172.301); Name and address of Consignee or Consignor (49 CFR 172.306). 
b. For details and other required markings, see 49 CFR 172.300 through 172.338. 

STEP 8 - PREPARE THE SHIPPING PAPERS. 
a. The basic requirements for preparing shipping papers include Proper Shipping Name; Hazard 

Class; ID Number; Total Quantity; Shipper's Certification; and Emergency Response Telephone 
Number. 

b. Make. all entries on the shipping papers using the information required and in proper sequence 
(49 CFR 172.202). 

STEP 9 - CERTIFICATION. 
a. Each shipper must certify by printing (manually or mechanically) on the shipping papers that the 

materi~ls being offered for shipment are properly classified, described, packaged, marked and 
labeled, and in proper condition for transportation according to the applicable DOT Regulations 
(49 CFR 172.202). 

STEP 10 - LOADING, BLOCKING, AND BRACING. When hazardous materials are loaded into the transport 
vehicle or freight container, each package must be loaded, blocked, and braced in accordance with the 
requirements for mode of transport. 

a. If the shipper loads the freight container or transport vehicle, the shipper is responsible for the 
proper loading, blocking, and bracing of the materials. 

b. If the carrier does the loading, the carrier is responsible. 

STEP 11' - DETERMINE THE PROPER PLACARD(S). Each! person who 'offers hazardous materials for 
transportation must determine that the placarding requirements have been met. 

a. For Highway, unless the. vehicle. is already correctly placarded, the shipper must provide the 
required placard(s) and required ID number(s) (49 CFR 172.506). 

b. For Rail, if loaded by the shipper, the shipper must placard the rail car if placards are required 
(49 CFR 172.5(8). 

c. For Air and Water shipments, the shipper has the responsibility to apply the proper placards. 

STEP 12 -HAZARDOUS WASTE/HAZARDOUS SUBSTANCE. . 
a. If the material is classed as.a hazardous waste or hazardous substance, most of the above steps 

will be applicable. 
b. Pertinent Environmental Protection Agency regulations are found in the Code of Federal 

Regulations, Title 40, Part 262. 

As a final check and before offering the shipment for transportation, visually inspect your shipment. The 
shipper should ensure that emergency response information is on the vehicle for transportation of 
hazardous materials~ 

NOTE: This material may be reproduced without special permission from this office. 

Revised March 1995. 
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ATTACHMENT E 

HAZARDOUS MATERIALS SHIPPING CHECK LIST 

PACKAGING 

1. Check DOT 173.24 for appropriate type of package for hazardous substance: 

2. Check for container integrity, especially the closure. 

3. Check for sufficient absorbent material in package. 

4. Check for sample tags and log sheets for each sample and for chain-of-custody record. 

SHIPPING PAPERS 

1. Check that entries contain only approved DOT ·abbreviations. 

2.· Check that entries are in English. 

3. Check that hazardous material entries are specially marked to differentiate them from any 
nonhazardous material~ being sent using same shipping pap'3r. 

4. Be careful that all hazardous classes are shown for multiclass materials. 

5. Check total amounts by weight, quantity, or other measures used. 

6. Check that any limited-quantity exemptions are so designated on the shipping paper. 

7. Check that certification is signed by shipper. 

8. Make certain driver signs for shipment. 

RCRA MANIFEST 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

Check that approved state/federal manifests are prepared. 

Check that transporter has the following: valid EPA Identification number, valid driver's license, 
valid vehicle registration, insurance protection, and proper DOT labels for materials being shipped. 

Check that destination address is correct. 

Check that driver knows where shipment is going. 

Check that the driver is aware of emergency procedures for" spills and accidents. 

Make certain driver signs for shipment. 

Make certain one copy of executed manifest and shipping document is retained by shipper. 

Brown & Root Environmental 
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ATTACHMENT F 

DOT SEGREGATION AND SEPARATION CHART 

2.3 2.3 6.1 
gas gas liquids 

1.1- Zone Zone PG-I 

Class or Division Notes 1.2 1.3 1.4 1.5 1.6 2.1 2.2 A* . B* 3 4.1 4.2 4.3 5.1 5.2 Zone A* 

explosives .............. 1.1 and 1.2 A * * * * * X X X X X X X X X X X 

Explosives ..... . . . . . . . . . . . . . .. 1.3 * * * * * X ·X X X X X X X X 

Explosives .................... 1.4 * * * * * 0 0 0 0 0 0 

Very insensitive explosives ........ 1.5 A * * * * * X X X X X X X X X X X 

Extremely insensitive explosives . . .. 1.6 * * * * * 

Flammable gases . . . . . . . . . . . . . .. 2.1 X X Q X X 0 0 

Non-toxic, non-flammable gases. . .. 2.2 X X 

Poisonous gas - Zone A** ....... 2.3 X X 0 X X X X X X X X 

Poisonous gas - Zone B** ....... 2.3 X X 0 X 0 0 0 0 0 0 0 

Flammable liquids ............... 3 X X 0 X X 0 0 X 

Flammable solids . . . . . . . . . . . . . .. 4.1 X X X 0 X 

Spontaneously combustible materials 4.2 X X 0 X X 0 X 

Dangerous-when-wet materials . . . .. 4.3 X X X X 0 X 

Oxidizers . . . . . . . . . . . . . . . . . . . .. 5.1 A X X X X 0 0 X 

Organic peroxides .............. 5.2 X X X X 0 X 

Poisonous liquids PG I - Zone A** .. 6.1 X X 0 X 0 X X X X X X 

Radioactive materials . . . . . . . . . . . .. 7 X X 0 

Corrosive liquids ................ 8 X X 0 X X 0 0 X 0 0 0 X 

No entry means that the materials are compatible (have no restrictions). 

X These materials may not be loaded, transported, or stored together in the same vehicle or facility. 
o The materials may not be loaded, transported, or stored together In the same vehicle or facility unless they are separated for 4 feet on all sides. 
* Check the explosives compatibility chart In 49 CFR 179.848(f). 
A Ammonium nitrate fertilizers may be stored with Division 1.1 materials. 
** Denotes inhalation hazardous for poisons; consult field team leader or project manager if you encounter a material in this class before shipment. 
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. handed to the operator. . . 

S ~~~ S TRANSPORT DETAILS Failure to comply In all r.spects with the applicable Dangerous. Goods 

S 
Airport of o.p.mn Regulations mlY ba In breach 0' the applicable law, subject to legal S 

penalties. This Declaration must not, In any circumataneee, be completed ' 
and/or Signed by a consolidator, II 'orwarder. or In lATA cargo agent. 
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~, NON-RADIOACTIVE ... , . 
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1.0 PURPOSE 

The purpose of this Standard Operating Procedure (SOP) is to identify and designate the field data 
record forms, logs and reports generally initiated and maintained for. documenting Brown & Root 
Environmental field activities. 

2.0 SCOPE 

Documents presented within this procedure (or equivalents) shall be used for all Brown & Root 
Environmental field activities, as applicable. Other or additional documents may be required by specific 
client contracts. 

3.0 GLOSSARY 

None 

4.0 RESPONSIBILITIES 

Project Manager - The Project Manager is responsible for obtaining hardbound, controlled-distribution 
logbooks (from the appropriate source), as needed. In addition, the Project Manager is responsible for 
placing all forms used in site activities (Le., records, field reports, and upon the completion of field work, 
the site logbook) in the project's central file. 

Field Operations Leader (FOL) - The Field Operations Leader is responsible for ensuring that the site 
logbook, notebooks, and all appropriate forms and field reports illustrated in this guideline (and any 
additional forms required by the contract) are correctly used, accurately filled out, and completed in the 
required time-frame. . -

5.0 PROCEDURES 

5.1 Site Logbook 

5.1.1 General 

The site logbook is a hard-bound, paginated controlled-distribution record book in which all major onsite 
activities are documented. At a minimum, the following activities/events shall be recorded (daily) in the 
site logbook: 

• All field personnel present 
• Arrival/departure of site visitors 
• Arrival/departure of equipment 
• Start or completion of borehole/trench/monitoring well installation or sampling activities 
• Daily onsite activities performed each day 
• Sample pickup information 
• Health and Safety issues Oevel of protection observed, etc.) 
• Weather conditions 

A site logbook shall be maintained for each project. The site logbook shall be initiated at the start of the 
first onsite activity (e.g., site visit or initial reconnaissance survey). Entr.ies are to be made for every day 
that onsite activities take place which involve Brown & Root Environmental or subcontractor personnel. 
Upon completion of the fieldwork, the site logbook must become part of the project's central file. 

Brown & Root Environmental 
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Information recorded daily in the site logbook need not be duplicated in other field notebooks (see 
Section 5.2), but must summarize the contents of these other notebooks and refer to specific page 
locations in these notebooks for detailed information (where applicable) .. An example of a typical site 
logbook entry is shown in Attachment A. 

If measurements are made at any location, the measurements and equipment used must either be 
recorded in the site logbook or reference must be made to the site notebook in which the measurements 
are recorded (see Attachment A). 

All logbook, notebook, and log sheet entries shall be made in indelible ink (black pen is preferred). No 
erasures are permitted. If an incorrect entry is made, the data shall be crossed out with a single strike 
mark, and initialed and dated. At the completion of entries by any individual, the logbook pages used 
must be signed and dated. The site logbook must also be signed by the Field Operations Leader at the 
end of each day. 

5.1.2 Photographs 

When movies, slides, or photographs are taken of a site or any monitoring location, they must be 
numbered sequentially to correspond to logbook entries. The name of the photographer, date, time, site 
location, site description, and weather conditions must be entered in the logbook as the photographs 
are taken. A series entry may be used for rapid-sequence photographs. The photographer is not 
required to record the aperture settings and shutter speeds for photographs taken within the normal 
automatic exposure range. However, special lenses, films, filters, and other image-enhancement 
techniques must be noted in the logbook. If possible, such techniques shall be avoided, since they can 
adversely affect the admissibility of photographs as evidence. Chain-of-custody procedures depend upon 
the subject matter, type of film, and the processing it requires. Film used for aerial photography, 
confidential information, or criminal investigation req'uire chain-of-custody procedures. Adequate logbook 
notation and receipts must be compiled to account for routine film processing. Once processed, the 
slides of photographic prints shall be consecutively numbered and labeled according to the logbook 
deSCriptions. The site photographs and associated negatives must be docketed into the project's central 
file. 

5.2 Site Notebooks 

Key field team personnel may maintain a separate dedicated notebook to document the pertinent field 
activities conducted directly under their supervision. For example, on large projects with multiple 
investigative sites and varying operating conditions, the Health and Safety Officer may elect to maintain 
a separate site notebook. Where several drill rigs are in operation simultaneously, each site geologist 
assigned to oversee a rig must maintain a site notebook. 
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5.3 Sample Forms 

A summary of the forms illustrated in this procedure is shown as the listing of Attachments in the Table 
of Contents for this SOP. Forms may be altered or revised for project-specific needs contingent upon 
client approval. Care must be taken to ensure that all essential information can be documented. 
Guidelines for completing these forms can be found in the related sampling SOP . 

5.3.1 . Sample Collection, Labeling, Shipment and Request for Analysis 

5.3.1.1 Sample Log Sheet 

Sample Log Sheets are used to record specified types of data while sampling. Attachments B-1 to B-4 
are examples of Sample Log Sheets. The data recorded on these sheets are useful in describing the 
waste source and sample as well as pointing out any problems encountered during sampling. A log 
sheet must be completed for each sample obtained, including field quality control (QC) samples. 

5.3.1.2 Sample Label 

A typical sample label is illustrated in Attachment B-5. Adhesive labels must be completed and applied 
to every sample container. Sample labels can usually be obtained from the appropriate Program source 
or are supplied from the laboratory subcontractor. 

5.3.1.3 Chain-of-Custody Record Form 

The Chain-of-Custody (COC) Record is a multi-part form thai is initiated as samples are acquired and 
accompanies a sample (or group of samples) as they are transferred from person to person. This form 
must be used for any samples collected for chemical or geotechnical analysis whether the analyses are 
performed on site or off site .. One part of the completed form is retained by the field crew while the other 
two portions are sent to the laboratory. An example of a Chain-of-Custody Record form is provided as 
Attachment B~. A supply of these forms are purchased and stocked by the field department of the 
various Brown & Root Environmental offices. Alternately. COC forms supplied by the laboratory may be 
used. Once the samples are received at the laboratory, the sample cooler and contents are checked 
and any problems are noted on the enclosed COC form (any discrepancies between the sample labels 
and COC form and any other problems that are noted are resolved through communication between the 
laboratory point-of-contact and the Brown & Root Environmental Project Manager). The COC form is 
signed and one of the remaining two .parts are retained by the laboratory while the last part becomes 
part of the samples' corresponding analytical data package. Internal laboratory chain-of-custody 
procedures are documented in the Laboratory Quality Assurance Plan (LQAP). 

5.3.1.4 Chain-of-Custody Seal 

Attachment B-7 is an example of a custody seal. The Custody seal is also an adhesive-backed label. 
It is part of a chain-of-custody process. and is used to prevent tampering with samples after they have 
been collected in the field and sealed in coolers for transit to the laboratory. The COC seals are signed 
and dated by the samplers and affixed across the opening edges of each cooler containing 
environmental samples. COC seals may be available from the laboratory; these seals may also be 
purchased fr0"!l a supplier . 
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A groundwater level measurement sheet, shown in Attachment C-1 must be filled out for eaCh round of 
water level measurements made at a site. 

5.3.2.2 Data Sheet for Pumping Test 

During the performance of a pumping test (or an in-situ hydraulic conductivity test), a large amount of 
data must be recorded, often within a short .time period. The pumping test data sheet (Attachment C-2) 
facilitates this task by standardizing the data collection format, and allowing the time interval for collection 
to be laid out in advance. 

5.3.2.3 Packer Test Report Form 

A packer test report form shown in Attachment C-3 must be completed for each well upon which a 
packer test is conducted following well installation. 

5.3.2.4 Summary Log of Boring 

During the progress of each boring, a log of the materials encountered, operation and driving of casing, 
and location of samples must be kept. The Summary Log of Boring (Attachment C4) is used for this 
purpose and must be completed for each soil boring performed. In addition, if volatile organics are 
monitored on cores, samples or cuttings from the borehole (using HNU or OVA detectors), these results 
must be entered on the boring log (under the ~Remarks· column) at the appropriate depth. The 
"Remarks" column can also be used to subsequently enter the laboratory sample number and the 
concentration of a few key analytical results. This feature allows direct comparison of contaminant 
concentrations with soil characteristics. 

5.3.2.5 Monitoring Well Construction Details Form 

A Monitoring Well Construction Details Form must be completed for every monitoring well piezometer 
or temporary well point installed. This form contains specifiC information on length and type of well riser -
pipe and screen, backfill, filter pack, 'annular -seal and grout characteristics, and surface seal 
characteristics. This information is important in evaluating the performance of the monitoring well, 
particularly in areas where water levels show temporal variation, or where there are multiple (immisCible) 
phases of contaminants. Depending on the type of monitoring well (in overburden or bedrock), different 
forms are used (see Attachments C-5 through C-9). Similar forms are used for flush-mount well 
completions. The Monitoring Well Construction Details Form is not a controlled document. 

5.3.2.6 Test Pit Log 

When.a test pit or trench is constructed for investigative or sampling purposes, a Test Pit Log 
(Attachment C-10) must be filled out by the responsible field geologist or sampling technician. 

5.3.3 Equipment Calibration and Maintenance Form 

The calibration or standardization of monitoring, measuring or test equipment is necessary to assure the 
proper operation and response of the eqUipment, to document the accuracy, precision or sensitivity of 
the measurement, and determine- if correction should be applied to the readings. Some items of 

Brown & Root Environmental 
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equipment require frequent calibration, others infrequent. Some are calibrated by the manufacturer, 
others by the user. 

Each instrument requiring calibration has its own Equipment Calibration Log (Attachment D) which 
documents that the manufacturer's instructions were followed for calibration of the equipment, including 
frequency and type of standard or calibration device. An Equipment Calibration Log must be maintained 
for each electronic measuring device used in the field; entries must be made for each day the equipment 
is used. 

5.4 Field Reports 

The primary means of recording onsite activities is the site logbook. Other field notebooks may also be 
maintained. These logbooks and notebooks (and supporting forms) contain detailed information required 
for data interpretation or documentation, but are not easily useful for tracking and reporting of progress. 
Furthermore, the field logbook/notebooks remain onsite for extended periods of time and are thus not 
accessible for timely review by project management. 

5.4.1 Weekly Status Reports 

To facilitate timely review by project management, Xeroxed copies of logbook/notebook entries may be 
made for internal use. To provide timely oversight of onsite contractors, Daily Activities Reports are 
completed and submitted as described below. . 

It should be noted that in addition to the summaries described herein, other summary reports may also 
be contractually required. 

5.4.2 Daily Activities Report 

5.4.2.1 Description 

The Daily Activities Report (DAR) documents the activities and progress for each day's field work. This 
report must be filled out on a daily basis whenever there are drilling, test pitting, well construction, or 
other related activities occurring which involve subcontractor personnel. These sheets summarize the 
work performed and form the basis of payment to subcontractors (Attachment E is an example of a Daily 
Activities Report). 

5.4.2.2 Responsibilities 

It is the responsibility of the ri.g geologist to complete the DAR and obtain the driller's signature 
acknowledging that the times and quantities of material entered are correct. 

5.4.2.3 Submittal and Approval 

At the end of the shift, the rig geologist must submit the Daily Activities Report to the Field Operations 
Leader (FOl) for review and filing. The Daily Activities Report is not a formal report and thus requires 
no further approval. The DAR reports are retained by the FOl for use in preparing the site logbook and 
in preparing weekly status reports for submission to the Project Manager . 

Brown & Root Environmental 
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ATTACHMENT A 
lYPICAL SITE LOGBOOK ENTRY 

START TIME: DATE: 

SITE LEADER: 
PERSONNEL: 

BROWN & ROOT ENV. DRILLER EPA 

WEATHER: Clear, 68°F, 2-5 mph wind from SE 

ACTIVITIES: 

1. Steam jenney and fire hoses were set up. 

2. Drilling activities at well resumes. Rig geologist was See 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

, Geologist's Notebook, No, 1, page 29-30, for details of drilling activity. Sample No. 123-21-
S4 collected; see sample logbook, page 42. Drilling activities completed at 11 :50 and a 
4-inch stainless steel well installed. See Geologist's Notebook, No.1, page 31, and well 
construction details for well ---
Drilling rig No. 2 steam-cleaned at decontamination pit. Then set up at location of 
well __ _ 

Well drilled. Rig geologist was . See Geologist's Notebook, 
No.2, page for details of drilling activities. Sample numbers 123-22-S1, 123-22-S2, 
and 123-22-S3 collected; see sample logbook, pages 43,44, and 45. 

Well was 'developed. Seven 55-gallon drums were filled in the flushing stage. The 
well was then pumped using the pitcher pump for 1 hour. At the end of the hour, water 
pumped from well was "sand free." , 

EPA remedial project manger arrives on site at 14:25 hours. 

Large dump truck arrives at 14:45 and is'steam-cleaned. Backhoe and dump truck set up 
over test pit ___ _ 

Test pit ' dug with cuttings placed in dump truck. Rig geologist was 
See Geologist's Notebook, No.1, page 32, for details of test pit 

activities. Test ,pit subsequently filled. No samples taken for chemical analysis. Due to 
shallow groundwater table, filling in of test pit resulted in a very soft and wet area. A 
mound was developed and the area roped off-. -

Express carrier picked up samples (see Sample Logbook, pages 42 through 45), at 
17:50 hours. Site activities terminated at 18:22 hours. All personnel off site, gate locked . 

Field Operations Leader 
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ATTACHMENT 8-1 
EXAMPLE GROUNDWATE'R SAMPLE LOG SHEET 

GROUNDWATER 

SAMPLE lOG SHEET Page __ of __ 

Project Site Nllmll': _____________ _ SampllliD No.: ___________ _ 

Project No.: _______________ _ Samplll Loclltion: ____ ..;.-. _____ _ 

o Dome.tic Willi Dlltll SampilldBV: ___________ _ 

o Monitoring Well Dlltll o Other Well TyplI: ____________ _ c.o.c. No.: ______ ~ _____ _ 
o QA Sample Type: __________ -.,...._ 

Signllturol.l: 
MSIMSO OUplicatll 10 No: 

TaD: To Be Determined 

Brown & Root Environmental 
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ATTACHMENT B-2 
EXAMPLE SURFACE WATER SAMPLING. LOG SHEET 

SURFACE WATER 
SAMPLING LOG SHEET Page __ of 

Project Site Name: __________ _ Sample 10 No.: _________ _ 

Project No.: _--:... __________ _ Sample Location: _______ ....,..._ 

o Spring 0 Pond Sampled By: __________ _ 

o Stream 0 Lake o Omer __ =-_________ _ 
o QA Sample Type: _______ _ C.O.C. No.: __ ~ ______ _ 

Observations/Notes: 

Signature(s) : 

TBD: To Be Determined 

Brown & Root Environmental 
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EXAMPLE SOIL/SEDIMENT SINGLE SAMPLE LOG SHEET 

SOIL/SEDIMENT 
SINGLE SAMPLE LOG SHEET 

Page of 

Project Site Name: ____ ...;..... __ Sample 10 No.: ____________ _ 

Project No.: ________ _ Sample Location: ___________ _ 

o Surface Soil Sampled By: __ ........ _________ _ 
. 0 Subsurface Soil 
o Sediment C.O.C. No.: ____________ _ 
o Other __ _ 

o OA Sample Type: ___ _ 

Sample Method: 

Time Color/Ossa ip1ion 

Depth Sampled: 

Sample Date and Time: 

Tyat at Sampl. 
o Grab 
o Composite 
o Grab-Compolite 
o High Concentration 
o Low Concentration 

Observations/NOt8S: 

.. Signature(s): 

Brown & Root Environmental 
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ATTACHMENT 8-4 
CONTAINER SAMPLE LOG SHEET FORM 

Brown & Root Environmental Page_of _ 

o Container Data Gase#: __ 

By: __________________________ __ 

Project Site Name: __ -'-________________________ _ Project Site No, ____________________ _ 

Brown & Root Env, Source No_ --------------- Source Location: _________________________ _ 

Drum 
o Bung Top 
o Lever Lock 
o Bolted Ring 
o Other ___ '--_---,._ 

o Bag/Sack 
o Tank 
o Other _______ _ 

Disposition of pie 

o Container Sampled 
o Container opened but not 

sampled. Reason: ____ __ 

o Container not opened, 

Reason:_~-----------

Monitor Reading: 

Method: 

Sample Date & Time: 

Sampled by: 

019611/P 

Condition: 

Markings: 

Vol. of Contents: 

Other: 

Sample Description 

Phase 
Color 
.Viscosity 
% of Total 

Volume 
Other 

Layer 1 
OSol. OUq, 

OL OM OH 

o Low Concentration 
o High Concentration 

!'-iJ:llmnllA Identification 

Layer 2 
OSol. OUq, 

OL OM OH 

o Grab 

Layer 3 
OSol. OUq. 

OL OM OH 

o Composite 
o Grab-composite 

Brown & Root Environmental 
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ATTACHMENT B-5 

SAMPLE LABEL 

Brown & Root Environmental 
PROJECT: __________ _ 

STATION LOCATION: ________ ~ __________ _ 

DATE: / / TIME: ___ hrs. 

MEDIA: WATER 0 SOIL 0 SEDIMENT 0 

MEDIUM 0 

______ 0 

CONCENTRATION: LOW 0 HIGH 0 

TYPE: GRAB 0 
ANALYSIS 

COMPOSITE 0 

VOA 0 BNAs 0 
. PCBs 0 PESTICIDES 0 
METALS: TOTAL 0 DISSOLVED 0 
CYANIDE 0 ______________________ 0 

PRESERVATION 

~ Cool to 4°C 
l HNOa to pH < 2 i NaOH to pH > t 2 

o 
o 
o 
o 

Sampled by: _________________________ .... 

Remarks: 

Brown & Root Environmental 
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ATTACHMENT B-7 

CHAIN-OF-CUSTODY SEAL 

CUSTODY SEAL 
Date 

Signature 
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ATTACHMENT C-1 
EXAMPLE GROUNDWATER LEVEL MEASUREMENT SHEET 

GROUNDWATER LEVEL 
MEASUREMENT SHEET Page_of_ 

PROJECT NAME: ~_________ LOCATION: _________ _ 
PROJECT NUMBER: ________ MEASURING DEVICE: _____ _ 
PERSONNEL: __ -,-________ ADJUSTMENT FACTOR: ____ _ 
DATE: REMARKS: _________ _ 
VVEATH-E-R-C-O~N~D~I~T-IO-N~S-:=============-__________________ ~ ______ __ 

·Measurement8 to ne.r •• t 0.01 foot. Signaturels): ________________________ _ 

Brown & Root Environmental 
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ATTACHMENT C-2 
EXAMPLE PUMPING TEST DATA SHEET 

~ 
PUMPING TEST DATA SHEET 

Page __ of --
PROJECT NAME: PUMPING WELL NUMBER: 
PROJECT NUMBER: MEASURED WELL NUMBER: 
PUMPING TEST: [ ] STEP DRAW DOWN TEST [ ] 
TEST NUMBER: MONITORING POINT: 

. METHOD OF MEASUREMENT: DEPTH CORRECTION (tt) 
DATE(s): PUMP SETTING (Ft below monitoring point): 
STATIC H20 LEVEL (tt) (SO) DISTANCE FROM PUMPING WELL (tt) (r): 
PUMPING TEST PERFORMED BY: 
REMARKS: 

ELAPSED 
DRAW 

MIUTARY 
TIME SINCE 

WATER LEVEl. CORRECTION DOWN OR 
FLOWMETER 

PUMPING 
PUMP START READINQ REMARKS 

TIME 
OR STOP 

IFt.1 1Ft.' RECOVERY 
(GIll •• ' 

RATE (GPM' 

(Min.' 
(Ft.' 

SIGNATURE{s): 

019611/P Brown & Root Environmental 
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ATTACHMENT C-4 
EXAMPLE BORING LOG 

BORING LOG 

Page 

20 of 32 
Effective Date 
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Page_of_-_ 

PROJECT NAME: ______________________ ___ BORING NUMBER: ________________________ _ 
PROJECT NUMBER: ____________________ ___ DATE: ________________________ _ 

DRILLING COMPANY: ____________________ _ 
WATER LEVEL DATA: 

GEOLOGIST: ______________________ _ 

"-... ... ..., I ...... --I' " Mr'AL D~cR'~nON I ; ..D .. 
No.~ 

0. .... .... 1--..,1 C~~ • 

Remarks "t.} or ' .............. 1 S .. D 
Typ •• r I .. _NO 

"aD ....... I.. c -"QD ,., '-til 
~W" S ,-

- -

V 
V 
/ 
/ 
/ 
1/ 
1/ 
V 
1/ 
1/ 
V 
V 
1/ 
/ 
/ -;. -

V 
./ 
/ 
V 
1/ 
V 
V 
1/ 
1/ 
/ 

·When rock cOring onter rock brokene ••• 

CONVERTED TO WELL: ___ Yes ___ No; WELL 1.0.#: ____________ ---: ___________ _ 
REMARKS: _______ -________________________________________________ _ 

Signalure(s): _______________________________________________ _ 

Brown & Root Environmental 
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SOIL TERMS 

UNIFIED SOIL CLASSIFICATION IUSC6, 

COARSE-GRAINEO SOILS FINE-GRAINED SOILS 
More Then Hall of Ma .. i .. io LARGER Th.n No, 200 Siev. Size More Than Helf of Material II SMALLER Then No. 200 steve Size 

fiElD IDENTifiCATION PROCEDURES 
([.eludlng p.uttcl •• larger nUlln 1 Inche' and hstng fr.actlons on 

[stt_ted WiIIt~t. 

(5f1f.(:')V,[lL/~"0 ~t~ ~ ~~~~~ I ~=~-;r.1 t~:= !~Z:l;nd 
tnt.,....t.t. parttcl •• lzes. 

PT"edoIIIlnantly one s t ze eM" • 
... ange 0' StIft with some 
tnt.n.d1.te sh.s mining. 

CAOUP ,,-.. 

ow 

.... 

'rp I CAt MQ[S 

V.11 graded gr .. ",e'" grol"el.,and 
",hturH. l1ttl. or no fines. 

Poorly graded grav.ls. grav.l-sAnd 
mbtu ... es. lttti. or no fines. 

fiELD IDENTlflC"'TIC* PROCEDURES 
(ExcludIng P.lrtlcl •• LoIrgl!'r Th.n 1 Inches and autng fr.let.ons on 

[stlmated W81Q1hts) 

IdenttflcoItlDn Pt'"OCe$Jrtls on f"'.Ictlon sm.al1ef than No. 40 S1 • .,. SilO 

SILn AfC) 

CLA'S 
lIlJ.Ild 

lImit <SO 

DAY STRU.ont 
(Cru'tltng 

Cha"'oIcterlsttcs) 

MOne to Slight 

Medium to HI~ 

OILAT.t.NCy 
(React Ion to 

Sholklng) 

Quick to Slow 

None to vet"y 
Slow 

T~[SS 

(Cons htenc)' ....... 
PIntle Ltmlt) 

_diu," 

::~~~ ~t:!a::~~~::. C:: :a.o;tttt- .... ::!!:I~:;;:~:tlr:!~u~:~ Slight to -.dIu,.. Slow ,I tght 

.-. 
50'1.(.)<1/."0 

(Ht~~r'nH)~--------____________ -i ____ -+ ________________________ -i~ ________ ~ ____________ -+ ______ ----
Phstlc fin .. CfeM" Ict.nUfI­
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... 
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SILTS AN) 

CLAYS 
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Medtutll to High 
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Slow 
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H .... 

Slight to ~tun 

!:!~~ ... :~da. poorly.gr.ded sand-slit I OAf8:':I~:OIlS I ~~~~t:~!I~:~O:~ ~:!:~;.~' spongy f .. l .nd 

CI.yey •• nds, poor.y graded 'And_ 
.c I.y .. txturn. 
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GROUP ,,-.. 

... 
CL 

OL 

CH 

ott 

Pt 

"PICAl NAMES 

Inoroan I cst It. .nd v .... y fin. s.anm, rock 
flour, .tlly or cl.yey fin. sMds .Ith 
s1t~t pl .. ttct~y. 
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Oro-nlc cl.ys of Ndlum to high 
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DENSITY OF GRANULAR SOILS CONSISTENCY OF COHESIVE SOILS 

DESICNATlewt 

V.ry.Loose 

Loon 

MedIUlll Loo •• 

-so 
'I.,.)' Dense 

STANJAAO p[NEmATlON 
At:SISTANCE-BLows/rOOT 

0-. 
5-10 

11-30 

31-50 

Ovor 50 

CIJffSISIO.cy 

V"'y SOft 

sort 

Medium Stiff 

Stiff 

V"'y Stiff 

.... d 

ROCK TERMS 

UNC COMPRESSIVE 
SmEIIMOTlt 

(TONS/SQ. fT.' 

us~ than 0.25 

0.25 to O.SO 

0.50 to 1.0 

1.0 to Z.O 

2.0 to 4.0 

..ar. ttl.an 4.0 

STANDARD PENETRATION 
RESISTANCE.BLOW'S/fooT 

o to 2 

2 to 4 

4 to • 

8 to 15 

IS to :JO 
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Ho"" 

l[G£ICh 

Eastly C:OUged 

C.n be Ciouged 
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Cannot be .cr.tched 
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5-200 SpUt.a.rT.' s,aq,'. 
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C",ush .. """en prosed with hanwrer Very BrOken 
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18r. ) 2'"-1' 

(81.) "_3M 

(fl.) 3'·10' 
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ATTACHMENT C-5 
EXAMPLE OVERBURDEN MONITORING WELL SHEET 

BORING NO.: ____ _ 

OVERBURDEN 

MONITORING WELL SHEET 

PROJECT ________ lOCATION ______ _ DRILLER ___ -----
DRILUNG 
METHOD----------­
DEVELOPMENT 

PROJECT NO. _______ BORING_....:..-. _____ _ 
ElEVATION------- DATE _________ _ 

FIELD GEOlOGIST----------------- METHOD 

GROUND 
ELEVATION 

..... ~-..... r+---+- ELEVATION OF TOP OF SURFACE CASING: 
.... --+- ELEVATION OF TOP OF RISER PIPE: 

.+---i- STICK. UP TOP OF SURFACE CASING: 
I"--_+_- STICK - UP.RISER PIPE: 

TYPE OFSURFACE SEAL: __ ..,--_____ _ 

;f+---!-- 1.0. OF SURFACE CASING: _________ _ 
TYPE OF SURFACE CASING..:------------

~---t-- RISER PIPE 1.0. ---------------
TYPE OF RISER PIPE: ______________ _ 

...---t- BOREHOLE DIAMETER: _________ _ 

M-----ir-- TYPE OF BACKFILL: _______________ _ 

~ ... I__-_+_- ELEVATION/DEPTH TOPOF·SEAL: , 
.~~-~--TYPEOFSEAL: ______ ~ _________ _ 

~ ... I__-_+_- DEPTH TOP QF SAND PACK: 

OI--~...---t- ELEVATION / DEPTH TOP OF SCREEN: 

~I-----~TYPEOFSCREEN: _______________ _ 

SLOT SIZE x LENGTH: _________ _ 

1.0. OF SCREEN: ______________ _ 

r.*--~~TYPEOFSANDPACK: _________ ~---

---+-- ELEVATION I DEPTH BOTTOM OF SCREEN: 

--'--+-- ELEVATION I DEPTH BOTTOM OF SAND PACK: 
TYPE OF BACKFILL BELOW OBSERVATION WelL: ___________________ _ 

''---+-. ELEVATION I DEPTH OF HOLE: 

I 

I 

I 
I 

I 

Brown & Root Environmental 
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ATTACHMENT C-5A 
EXAMPLE OVERBURDEN MONITORING WELL SHEET (FLUSHMOUNT) 

BORING NO.: ------i 

MO~ITQB.lN~ W_ELL SHEE~ _. 

LocATION ______ _ 
DRILLER _. ______ _ 

PROJECT ________ _ 
DRILLING 

PROJECT NO. _______ _ 

ELEVATION -------­

BORING _______ _ 
DATE _________ _ METHOD ------­

DEVELOPMENT 
FIELD GEOLOGIST----------------- METHOD 

~Cround 

, Ele .... tiO".---- ~'""ELEVATION TOP OF RISER: 

t-....,...:....-----~'"-~.~"7\T:~.~::;:.: :;:;:;:.,...-..:::;:;a:~~~"'!:,.::-:=:~-:-:.-=T1. I-"NPE OF SURFACE SEAL: ________ _ 

Flush moun~ "';,: "NPE OF" PROTECTIVE CASING: _....,--_____ _ 
surfoce cOll1n9 ____ '" /J 
with lock--- 1.0. OF" PROTECTIVE CASING: _____ ..:.-___ _ 

~ ~ )AMETER OF HOLE: ----------~ 
~ F.o~ ... o---+-TYPE OF RISER PIPE: _________ _ 

~ ~ RISER PIPE 1.0.: __________ _ 

~ ~ ~ v.~;'O---+-TYPE OF BACXFlLL/SEAL: 

~ ~ 
~ ~ 

.~ ~ 

r---+DEP1li/ELEVATION TOP OF SAND: 

~':: :-:1 
I'f ".1 
(: :;·1 
t ,.t-r."~' '---t-DEPlM/ELEVAllON TOP OF SCREEN: 
1:' - "1 
I' - '/"1 
t'~, = ::"1 . : 

l~ = ";1 
c= ~l 
I~: = .:.-\ 

TYPE OF SCREEN: ___________ _ 

SLOT SIZE x LENGTH: __________ _ 

.1'> _ • I; - .... ,,---+-TYPE OF SAND PACK: __________ _ 

I':' = ·~I i) = :'] DIAMETER OF HOLE IN BEDROCK: ______ _ 

r!: :: (J _____ ~OEPlH/ELEVATION BOno,,:, OF SCREEN: 

L .... ~~ OEPTH/ELEVAll0N BonOM OF SAND: 

l:~:.:::·2t---!-OEPTH/ELEVAnON BonOM OF HOLE: 
~.,. . BACKFILL MATERIAL BELOW SAND: 

I 

I 

I 

I 

I 
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ATTACHMENT C-6 
EXAMPLE CONFINING LAYER MONITORING WELL SHEET 

BORING NO.: __ ~ __ 

CONFINING LAYER 
MONITORING WELL SHEET 

LOCATION ______ _ 
DRILLER _______ _ 

PROJECT ______________ _ 
DRILLING 

PROJECT NO. __________ _ BORING _______ _ 
ELEVATION _______ _ DATE _________ _ METHOD -------­

DEVELOPMENT FIELD GEOLOGIST ________________ _ 
METHOD-

GROUND 
ELEVATION 

~_--...... --+- ELEVATION OF TOP OF SURFACE CASING: 
ELEVATION OF TOP OF RISER PIPE: 
ELEVATION TOPOF PERM. CASING: 
TYPE OF SURFACE SEAL: ____ ~ ____ _ 

1.0. OF SURFACE CASING:. _______ -...,. 
TYPE OF SURFACE CASING: ______ ...:......_ 

~~--_+_ RISER PIPE 1.0. 
TYPE OF RISER P::I=PE=-:----------

~~----+- BOREHOLE DIAMETER: 

t:H&--_+_ PERM. CASING 1.0. 
TYPE OF CASING & BACKFILL: -------
ELEVATION I DEPTH TOP CONFINING LAYER: 
ELEVATION I DEPTH BOTTOM OF CASING: 
ELEVATION' DEPTH BOT. CONFINING LAYER: 

~----+- BOREHOLE DIA. BELOW CASING: 
~---t- TYPE OF BACKFILL: ___ --:-_____ __ 

ELEVATION' DEPTH TOP OF SEAL: 
TYPEOFSEAL: ___________ __ 

m .. t-----_+_ DEPTH TOP OF SAND PACK: 

ELEVATION/DEPTH TOP OF SCREEN: 
TYPEOFSCREEN: __________ _ 

TYPEOFSANDPACK: __________ _ 

----4-- ELEVATION' DEPTH BOTTOM OF SCREEN: 

-----+- ELEVATION' DEPTH BOTTOM OF SAND PACK: 
TYPE OF BACKFILL BELOW OBSERVATION WaL: ________________ _ 

.-"";"-1- ELEVATION I DEPTH OF HOLE: 

Brown & Root Environmental 
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,,', ',' • ATTACHMENT C-7 

EXAMPLE BEDROCK MONITORING WELL SHEET - OPEN HOLE WELL 

BORING NO.: 

~ 
BEDROCK 

MONITORING WELL SHEET 
OPEN HOLE WELL 

PROJECT LOCATION 
DRILLER 
DRILLING 

PROJECT NO. BORING METHOD 
ELEVATION DATE DEVELOPMENT 
FIELD GEOLOGIST METHOD 

• ELEVA 'nON OF TOP OF CASING: 

STICK UP OF CASING ABOVE GROUND 
SURFACE: 

GROUND 

~ I'-l... ELEVATION A TYPE OF SURFACE SEAL: 

'1 ~ I.D. OF CASING: 

~ ~ TYPE OF CASING: 

f. ~ TEMP. I PERM.: 

t ~. 

~ I ~ .' 

i ~ • 
~ 

DIAMETER OF HOLE: , , 
~ 
~ ~ TYPE OF CASING SEAL: 

T.O. R. _~ 
.- DEPTH TO TOP OF ROCK: ..,..111_111: 12:- 1 

J -- DEPTH TO BOTTOM CASING: 
~III lUll I - -

111111 =111 DIAMETER OF HOLE IN BEDROCK: 

DESCRIBE IF COREl REAMED WITH BIT: 

DESCRIBE JOINTS IN BEDROCK AND DePTH: 

• III --- L == III ELEVATION I DEPTH OF HOLE: 
III~== 

019611/P Brown & Root Environmental 
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ATTACHMENT C-8 
EXAMPLE BEDROCK MONITORING· WELL SHEET - WELL INSTALLED IN BEDROCK 

BORING NO.: ____ _ 

BEDROCK 
MONITORING WELL SH~ET 

WELL INSTALLED IN BEDROCK' 
DRILLER ________ _ 

PROJECT ________________ _ LOCATION ______ _ 
DRILLING 
METHOD------­
DEVELOPMENT 

PROJECT NO. _______ _ BORING ______________ _ 

ELEVA TION -------------­
DATE __________ _ 

FIELD GEOLOGIST------------------ METHOD 

GROUND 
ELEVATION 

.6<11F====;r---,--+- ELEVAnON OF TOP OF SURFACE CASING: 

11+-----+- STICK UP OF CASING ABOVE GROUND 
SURFACE: 

'--+-- ELEVATION TOP OF RISER: 
W~~::::r- TYPE OF SURFACE SEAL: _______ _ 

~---f- 1.0. OF SURFACE CASING: ________ _ 

~~+--+_- DIAMETER OF HOLE: 

~~r-----+-- RISER PIPE 1.0.: ___________ _ 
TYPE OF RISER PIPE: _________ _ 

;w..~---+-- TYPE OF BACKFILL: _____________ _ 

ELEVATION I DEPTH TOP OF SEAL: 
ELEVATION/DEPTH TOPOFBEDROCK: =, 
TYPE OF SEAL: 

ELEVATION / DEPTH TOP OF SAND: 

ELEVATION/DEPTH TOPOFSCREEN: 

TYPE OF SCREEN: 

SLOT SIZE x LENGTH: 

1.0. SCREEN: 

TYPE OF SAND PACK: 

DIAMETER OF HOLE IN BEDROCK: 

CORE/REAM: 

ELEVATION / DEPTH BOTTOM SCREEN: 

ELEVATION I DEPTH BOTTOM OF HOLE: 

~. 

./ 

/ 

I 
I 
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ATTACHMENT C-8A 
EXAMPLE BEDROCK MONITORING WELL SHEET' 
WELL INSTALLED IN BEDROCK (FLUSHMOUNT) 

BORING NO.: ____ _ 

BEDROCK 
MONITORING WELL SHEET 
,', WELL INSTALLED IN BEDROCK 

PROJECT: ________ _ LOCATION: _________ _ DRILLER: _______ _ 

PROJECT NO.: ______ _ DRILLING BORING: _________ _ 
,IoIETHOO: _______ _ 

ELEVA~ON: ___ ~ ___ _ DATE: ________________ _ 
DEVELOPMENT 

FIELD GEOLOGIST: IoIETHOO: 

019611/P . 

Ground 
Elevatlon ___ _ 

__---,~ELEVATION TOP or RISER: 

TYPE or SURfACE SEAL: ________ _ 

Flush mount 
surface cosin~g __ ~A 
with lock 

I¥---+-TYPE or PROiECTlVE CASINC: _____ ~ __ 
1.0. Of PROTECTlVE CASING:.;..' _______ _ 

I'r--+-DIAMETER or HOLE: __________ _ 

I'*5i---;-TYPE or RISER PIPE: ______________ ~_ 

RISER PIPE 1.0.: ___________ _ 

M----+-TYP,E or BACJ<FlLL/SEAL: ___ --, ____ _ 

DEPll-1/ELEVATlON TOP or BEDROCK: 

, :. ----+- DEPll-1 !ELEVA TlON TOP OF" SAND: 
.": 

.'. 
h<-=r-7I!"I7."=n==--- t . 

. ,;. -, . ... 
.. I-fi·:~·. ----_+_ DEPll-1!ELEVA TlON TOP or SCREEN: 
:.- ". 

'.~ =.( TYPE Of" SCREEN: ____ ~ ______ _ 

SLOT SIZE x LENGTH: _________ _ 

....... -----ll-l'I'PE Of SAND PACK: _________ _ 

~--+-DIAJ.lETER Of HOLE IN BEDROCK: ______ _ 

~--t-DEPTH/ELEVATlON BOTTO'" OF SCREEN: 

2' PVC Trap DEPTH/ELEVA nON BOTTO'" or SAN!>: 
Below Scr_n-~-'='-J ......... ..--.-OEPTH/ELEVATlON BOTTOM OF HOLE; 

BACKFILL MATERIAL BELOW SAND: 

I 

I 

I 

I 

I 
u 

I 
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ATTACHMENT C-9 
EXAMPLE TEST PIT LOG 

EIB 
I I TEST PIT LOG Brown a Root EnWanmenbd .. 

PROJECT: TEST PIT NO.: 

PROJECT NO DATE: 

LOCATION: 

FI1:LD GeOLOGIST: . 
. . 

MA TEJUAL DESCRIPTlON 

~OG" REMARKS - ~. (Soil D~i1Y' ConsiStency. Color) 
I~ ,-..... UKS 

. 
, 

'en Prt Cross \eel ..... end I 0' "'-n v_ , 

REMARKS 

... .. .. - -

PHOTO LOG 
TESIPIT 

PAGE Of .. .. 
_. -
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~STRUMENTNAME/MODE~: __ .................... __ __ 

MANUFACTURER: ____ ..... ___ __ 

CAlIBRAnoN 
DATE 

~ITIAL 

SETTINGS 
STANDARDS 

USED 

t~~@fm~t~l~;~:t~~~WA~Ni.:~'lf~:t~~tft$~~t~tfr~~i~fg~::i~ 

• 
EQUIPMENT CALIBRATION LOG 

JOBNAME: ______ .......... __ 

JOB NUMBER: ____________ _ 

PROCEDURE ADJUSTMENTS FiNAl SIGNATURE COMMENTS 
MADE SETTINGS 
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ATTACHMEtiT E 
EXAMPLE DAILY ACTIVITIES RECORD 

I Brown a Root EDWaI ...... lir ACTll" "= RECORD. 

-I~r:i . LOCATION 

tal 

iCLIENT' ARRIVAL TIME JOB NO. 
iDA· DEPARTURE TIME 
jCONTRACTOR DRILLER 
IBORING NO~ HNUS REPRESENTATIVE 

PREVIOUS CUMULATIVE 
ITEM QUANTITY -. QUANTITY N III T 

ESTIMATE TODAY QUANTITY TO DATE 

. ~ -.. 

-

-

" 

COMMENTS: __________________________________________________ ___ 

APPROVED BY: 

HNUS AELD REPRESENTATIVE DRILLER OR REPRESENTATIVE 

019611/P 
Brown & Root Environmental 
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FIELD DOCUMENTATION 

SUNDAY 
Date: 

Weather: 

Site Activities: 

MONDAY 
Date: 

Weather: 

Site Activities: 

TUESDAY· 

Date: 

Weather: 

Site Activities: 

WEDNESDAY 
Date: 

Weather: 

Site Activities: 

Number:-O. 

SA-6.3 

Revision 

o 

ATTACHMENT F 
FIELD TRIP SUMMARY REPORT 

PAGE 1 OF 2 

Page 

31 of 32 
Effective Date 

03/01/96 

Personnel: 

Onsite: 

Personnel: 

Onsite: 

Personnel: 

Onsite: 

Personnel: 

Onsite: 
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ATTACHMENT F 
PAGE 2 OF 2 
FIELD TRIP SUMMARY REPORT 

THURSDAY 

Date: 

Weather: 

Site Activities: 

FRIDAY 

Date: 

Weather: 

Site Activities: 

SATURDAY 

Date: 

Weather: 

Site Activities: 

Number 

Revision 

Page 

SA~.3 32 of 32 

Effective Date 

o 03/01/96 

Personnel: 

Onsite: 

Personnel: 

Onsite: 

Personnel: 

Onsite: 

Brown & Root Environmental 



,", " ' 

Number 
SA~7.1 

Effective Date 

03/01/96 

Applicability 

Page 

1 of 9 

Revision 

o 

B&R Environmental, 
BROWN & ROOT ENVIRONMENTAL 

STANDARD 
OPERATING 

PROCEDURES 
Prepared 

Subject DECONTAMINATION OF FIELD EQUIPMENT 
AND WASTE HANDLING 

TABLE OF CONTENTS 

SECTION 

Earth Sciences Department 

Approved 

D. Senovich 

1.0 PURPOSE . . • . . . . . . . . . . . • . . . . . . • • • . • • • • • • • . . • • • • . . . . • • . • • • • . . • • . • • • .. 2 

2.0 SCOPE .................. ' ..•... ' •.•.•....••• ~ •.•••••.............. '. .. 2 

3.0 GLOSSARY .........................•...•..•..............•.•.•.• ',' . ~ 2 

4.0 RESPONSIBILITIES . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . • . . . . . • . . . . . . • • • . . . •. 2 

5.0 PROCEDURES ..............•.••.•• ' .•..... : •.. ; . . . • • . . . . . . . . . • . • • . • •• 2 

5.1 Drilling Equipment ................................................. 2 
5.2 Sampling Equipment . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 3 
5.2.1 Bailers and Bailing Line . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 3 
5.2.2 Sampling Pumps .... ............................................ ,.. 4 
5.2.3 Filtering Equipment . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 4 
5.2.4 Other. Sampling Equipment . . . . . . . . . ................................... 5 
5.3 Field Analytical Equipment ...... .................... '. . . . . . . . . . . . . . . . .. 5 
5.3.1 Water Level Indicators .......................... : .............. " . . .. 5 
5.3.2 Probes ........ ' ............. '. " ............................. '. . . . .. 5 
5.4 Waste Handling ................................................... 5 
5.5 Sources of Contaminated Materials and Containment Methods . . . . . . . . . . . . . . . .. 6 
5.5.1 Decontamination Solutions ........................................... 6 
5.5.2 Disposal Equipment ................................................ 6 
5.5.3 . Drilling Muds and Well-Development Fluids ............................... 6 
5.5.4 Spill-Contaminated Materials . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 7 
5.6 Disposal of Contaminated Materials . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 7 

6.0 ( REFERENCES. . • . . . . . • • • . . . . . . . . • . • • . • . • • • . . . . . . . . • • . . . . • . • . . . . . . . .. 8 

ATTACHMENTS 

A TWO TYPES OF MUD PITS USED IN WELL DRILLING ........................ 9 

019611/P Brown & Root Environmental 



Subject 

019611/P 

DECONTAMINATION OF WASTE 
EQUIPMENT AND WASTE HANDLING 

1.0 PURPOSE 

Number 

Revision 

Page 

SA-7.1 2 of 9 

Effective Date 

o 03/01/96 

The purpose of this procedure is to provide guidelines regarding the appropriate procedures to be 
followed when decontaminating drilling equipment, monitoring well materials, chemical sampling 
equipment and field analytical equipment. 

2.0 SCOPE 

This procedure addresses drilling equipment and monitoring well materials decontamination, as well as 
chemical sampling and field analytical equipment decontamination. This procedure also provides general 

. reference information on the control of contaminated materials. . 

3.0 GLOSSARY 

None. 

4.0 RESPONSIBILITIES 

Project Manager - Responsible for ensuring that all field activities are conducted in accordance with 
approved project plan(s) reqUirements. 

Field Operations Leader (FOLl - Responsible for the onsite verification that all field activities are 
performed in compliance with approved Standards Operating Procedures or as otherwise dictated by 
the approved project plan(s). . 

~O. PROCEDURES 

To ensure that analytical chemical results reflect actual contaminant concentrations present at sampling 
locations, the various drilling equipment and chemical sampling and analytical equipment used to acquire 
the environment sample must be properly decontaminated. Decontamination minimizes the potential for 
cross-contamination between sampling locations, and the transfer of contamination offsite. 

5.1 Drilling Equipment 

Prior to the initiation of a drilling program, all drilling equipment involved in field sampling activities shall 
be decontaminated by steam cleaning at a predetermined area. The steam cleaning procedure shall be 
performed using a high-pressure spray of heated potable water producing a pressurized stream of steam. 
This steam shall be sprayed directly onto all surfaces of the various equipment which might contact 
environmental samples. The decontamination procedure shall be performed until all equipment is free 
of all visible potential contamination (dirt, grease, oil, noticeable odors, etc.) In addition, this 
decontamination procedure shall be performed at the completion of each sampling and/or driiling 
loeation, including soil borings, installation of monitoring· wells, test pits, etc. Such equipment shall 
include drilling rigs, backhoes,downhole tools, augers, well casings, and screens. Where the drilling rig 
is set to perform multiple borings at a single area of concern, the steam-cleaning of the drilling rig itself 
may be waived with proper approval. Downhole eqUipment, however, must always be steam-cleaned 
between borings. Where PVC well casings are to be installed, decontamination is not required If the 
manufacturer provides these casings in factory-sealed, protective, plastic sleeves (so long as the 
protective packaging is not compromised until immediately before use. 

The steam cleaning area shall be designed to contain decontamination wa~tes and waste waters and can 
be a lined excavated pit or a bermed concrete or asphalt pad. For the latter, a floor drain must be 

Brown & Root Environmental 
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provided which is connected to a holding facility. A shallow above-ground tank may be used or a 
pumping system with discharge to a waste tank may be installed. 

In certain cases such an elaborate decontamination pad is not possible. In such cases, a plastic lined 
gravel bed pad with a collection system may serve as an adequate decontamination area. Alternately, 
a lined sloped pad with a collection pump installed at the lower end may be permissible. The location 
of the steam cleaning area shall be onsite in order to minimize potential impacts at certain sites. 

Guidance to be u~ed when decontaminating drilling equipment shall include: 

• As a general rule, any part of the drilling rig which extends over the borehole, shall be 
steam cleaned. 

• All drilling rods, augers, and any other equipment which will be introduced to the hole shall 
be steam cleaned. 

• The drilling rig, all rods and augers, and any other potentially contaminated equipment shall 
be decontaminated between each well location to prevent cross contamination of potential 
hazardous substances. 

Prior to leaving at the end of each work day and/or at the completion of the drilling program, drilling rigs 
and transport vehicles used onsite for personnel or equipment transfer shall be steam cleaned, as 
practicable. A drilling rig left at the drilling location does not need to be steam cleaned until it is finished 
drilling at that location. 

5.2 Sampling Equipment 

5.2.1 Bailers and Bailing Une 

The potential for cross-contamination between sampling points through the use of a common bailer or 
, its attached line is high unless strict procedures for decontamination are followed. For this reason, it Is 

preferable to dedicate an individual bailer and its line to each sample point, although this does not 
eliminate the need for decontamination of dedicated bailers. For non-dedicated sampling equipment, 
the following conditions and/or decontamination procedures must be followed. 

Before the initial sampling and after each successive sampling point, the bailer must be decontaminated. 
,The following steps are to be performed when sampling for organic contaminants. Note: contract­
specific requirements may permit alternative procedures. 

• Potable water rinse 
• A1conox or Uquinox detergent wash 
• Scrubbing of the line and bailer with a scrub brush (may be required if the sample point is 

heavily contaminated with heavy or extremely viscous compounds) 
• Potable water rinse 
• Rinse with 10 percent nitric acid solution * 
• Deionized water rinse 

* Due to the leaching ability of nitric acid 'on stainless steel, this step is to be omitted if a stainless 
steel sampling device is being used and metals analysis is required with detection limits less than 
approximately 50 ppb. 
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• Acetone or methanol rinse (in some EPA Regions, isopropanol is used instead) 
** • Hexane rinse 

• Copious distilled/Deionized water rinse 

• Air dry 

If sampling for volatile organic compounds (VOCs) only, the nitric acid, acetone, methanol, and hexane 
rinses may be omitted. Only reagent grade or purer solvents are to'be used for decontamination. When 
isopropanol is used, the bailer must be thoroughly dry before using to acquire the next sample. 

In general, specially purchased pre-cleaned disposable sampling equipment is not decontaminated (nor 
is an equipment rinsate blank collected) so long as the supplier has provided certification of cleanliness. 
If decontamination is performed on several bailers at once (Le., in batches), bailers not immediately used 
may be completely wrapped in aluminum foil (shiny-side toward equipment) and stored for future use. 
When batch decontamination is performed, one equipment rinsate is generally collected from one of the 
bailers belonging to the batch before it is used for sampling. 

It is recommended that clean, dedicated braided nylon or polypropylene line be employed with each 
bailer use. 

5.2.2 Sampling Pumps 

Most sampling pumps are low volume (less than 2 gpm) pumps. These include peristaltic, diaphragm, 
air-lift, pitcher and bladder pumps, to name a few. If these pumps are used for sampling from more than 
one sampling point, they must be decontaminated prior to initial use and after each use. 

The procedures to be used for decontamination of sampling pumps compare to those used for a bailer 
except that the 10 percent nitric acid solution is omitted. Each of the liquid factions is to be pumped 
through the system. The amount of pumping is dependent upon the size of the pump and the length 
of the intake and discharge hoses. Certain types of pumps are unacceptable for· sampling purposes .. 
For peristaltic pumps, the tubing is replaced rather than cleaned. 

An additional problem is introduced when the pump relies on absorption of water via an inlet or outlet 
hose. For organic sampling, this hose should be Teflon. Other types of hoses leach organics (especially 
phthalate esters) into the water being.sampled or adsorb organics from the sampled water. For all other 
sampling, the hose should be Viton, polyethylene, or polyvinyl chloride (listed in order of preference). 
Whenever possible, dedicated hoses should be used. It is preferable that these types of pumps not be 
used for sampling, only for purging. . 

5.2.3 FiHering Equipment 

On occasion; the sampling plan may require acquisition of filtered groundwater samples. Field-filtering 
. is addressed in SOP SA-6.1 and should be conducted as soon after sample acqUisition as possible. To 
this end, three basic filtration systems are most commonly used: the in-line disposable Teflon filter, the 
inert gas over-pressure filtration system, and the vacuum filtration system. 

For the in-line filter, decontamination is not required since the filter cartridge is disposable, however, the 
cartridge must be disposed of in an approved receptacle and the intake and discharge lines must still 
be decontaminated or replaced before each use. 

** If sampling for pesticides, PCBs, or fuels. 
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For the over-pressure and the vacuum filtration systems, the portions of the apparatus which come in 
contact ~ith the sample must be decontaminated as outlined in the paragraphs describing the 
decontamination of bailers. (Note: Varieties of both of these systems come equipped from the 
manufacturer with Teflon-lined surfaces for those that would come into contact with the sample. These 
filtration systems are preferred when decontamination procedures must be employed.) 

5.2.4 Other Sampling· Equipment 

Field tools such as trowels and mixing bowls are to be decontaminated in the same manner as described 
above. 

5.3 Field Analytical Equipment 

, 
5.3.1 Water Level Indicators 

Water level indicators that come into contact with groundwater must be decontaminated using the 
following steps: 

• Rinse with potable water 
• Rinse with deionized water 
• Acetone or methanol rinse (unless otherwise directed by manufacturer) 
• Rinse with deionized water . 

Water level indicators that do not come in contact with the groundwater but may encounter incidental 
contact during installation or retrieval need only undergo the first and last steps stated above. 

5.3.2 Probes 

Probes (e.g., pH or specific-ion electrodes, geophysical probes, or thermometers) ~hich would come 
in direct contact with the sample: will be decontaminated using the procedures specified above unless 
manufacturer's instructions indicate otherwise (e.g .• dissolved oxygen probes). Probes that contact a 
volume of groundwater not used for laboratory analyses can be rinsed with deionized water. For probes 
which make no direct contact, (e.g., OVA equipment) the probe is self-cleaning when exposure to 
uncontaminated air is allowed and the housing can be wiped clean with paper-towels or cloth wetted with 
alcohol. 

5.4 Waste Handling 

For the purposes of these procedures, contaminated materials are defined as any byproducts of field 
activities that are suspected or known to be contaminated with hazardous substances. These byproducts 
include such materials as decontamination solutions, disposable equipment, drilling muds, well­
development fluids, and spill-contaminated materials and Personal Protection Equipment (PPE). 

The procedures for obtaining permits for investigations of ·sites containing hazardous substances are not 
cleariy defined at present.· In the absence of a clear directive to the contrary by the EPA and the states, 
it must be assumed that hazardous wastes generated during field activities will require compliance with 
Federal agency requirements for generation, storage, transportation, or disposal. In addition, there may 
be state regulations that govern the disposal action. This procedure exclusively describes the techriical 
methods used to control contaminated materials . 
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The plan documents for site activities must include a description of control procedures for contaminated 
materials. This planning strategy must assess the type of contamination, estimate the amounts that 
would be produced, describe containment equipment and procedures, and delineate storage or disposal 
methods. As a general policy, it is wise to select investigation methods that minimize the generation of 
contaminated spoils. Handling and disposing of potentially hazardous materials can be dangerous and 
expensive. Until sample analysis is complete, it is assumed that all produced materials are suspected 
of contamination from hazardous chemicals and require containment. 

5.5 Sources of Contaminated Materials and Containment Methods 

5.5.1 Decontamination Solutions 

All waste decontamination solutions and rinses must be assurped to contain the hazardous chemicals 
associated with the site unless there are analytical or other data to the contrary. The waste solution 
volumes could vary from a few gallons to several hundred gallons in cases where large equipment 
required cleaning. . 

Containerized waste rinse solutions are best stored in 55-gallon drums (or equivalent containers) that can 
be sealed until ultimate disposal at an approved facility. Larger equipment such as backhoes and 
tractors must be decontaminated in an area provided with an impermeable liner and a liquid collection 
system. A decontamination area for large equipment could consist of a bermed concrete pad with a 
floor drain leading to a buried holding tank. 

5.5.2 Disposable Equipment 

Disposable equipment that could become contaminated during use typically includes PPE, rubQer gloves, 
boots, broken sample containers, and cleaning-wipes. These items are small and can easily be 
contain~ in 55-gallon drums with lids. These containers should be closed at the end of each work day 
and upon proje~t completion to provide secure containment until disposed. 

5.5.3 Drilling Muds and Well-Development Fluids 

Drilling muds and well-clevelopment fluids are materials that may be used in groundwater monitoring well 
installations. Their proper use could result in the surface accumulation of contaminated liquids and muds 
that require containment. The volumes of drilling muds and well-clevelopment fluids used depend on well 
diameter and depth, groundwater characteristics, and geologic formations. There are no simple 
mathematical formulas available for accurately predicting these volumes. It is best to rely on the 
experience of reputable well drillers familiar with local conditions and the well installation techniques 
selected. These individuals should be able to estimate the sizes (or number) of containment structures 
required. Since guesswork is involved, it is recommended that an slight excess of the estimated amount 
of containers required will be available. 

Drilling muds are mixed and stored in what is commonly referred to as a mud pit. This mud pit consists 
of a suction section from which drilling mud is withdrawn and pumped through hoses, down the drill pipe 
to the bit, and back up the hole to the settling section of the mud p~. In the settling section, the mud's 
velocity is reduced by a screen and several flow-restriction devices, thereby allowing the well cuttings 
to settle out of the mud/fluid. ' 

The mud pit may be e~her portable above-ground tanks commonly made of steel (which is preferred) 
or stationary in-ground pits as depicted in Attachment A. The above-ground tanks have a major 
advantage over the in-ground pits because the above-ground tanks isolate the natural soils from the 
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contaminated fluids within the drilling system. These tanks are also portable and can usually be cleaned 
easily. 

As the well is drilled, the cuttings that accumulate in the settling section must be removeq. This is best 
done by shoveling them into drums or other similar containers. When the drilling is complete, the 
contents of the above-ground tank are likewise shoveled or pumped into drums, and the tank is cleaned 
and made available for its next use. 

If in-ground pits are used, they should not extend into the natural water table. They should also be lined 
with a bentonite-cement mixture followed by a layer of flexible impermeable material such as plastic 
sheeting. Of course, to maintain its impermeable seal, the lining material used would have to be 
nonreactive with the wastes. An advantage of the in-ground pits is that well cuttings do not necessarily 
have to be removed periodically during drilling because the pit can be made deep enough to contain 
them. Depending on site conditions, the in-ground pit may have to be totally excavated and refilled with 
uncontaminated natural soils when the drilling operation is complete. 

When the above-ground tank or the in-ground pit is used, a reserve tank or pit should be located. at the 
site as a backup system for leaks, spills, and overflows. In either case, surface drainage should be such 
that any excess fluid could be controlled within the immediate area of the drill site. 

The containment procedure for well-development fluids is similar to that for drilling muds. The volume 
and weight of contaminated fluid will be determined by the method used for development. When a new 
well is pumped or bailed to produce clear water, substantially less volume and weight of fluid result than 
when backwashing or high-velocity jetting is used. 

5.5.4 Spill-Contaminated Materials 

A spill is always possible when containers of liquids are opened or moved. Contaminated sorbents and 
soils resulting from spills must be contained. Small quantities of spill-contaminated materials are usually 
best contained in drums, while larger quantities can be placed in lined pits or in other impermeable 
structures. In some cases, onsite containment may not be feasible and immediate transport to an 
approved disposal site will be required. 

5.6 Disposal of Contaminated Materials 

Actual disposal techniques for contaminated materials are the same as those for any hazardous 
substance, ' that is, incineration, landfilling, treatment, and so on. The problem centers around the 
assignment of responsibility for disposal. The responsibility must be determined and agreed upon by 
all involved parties before the field work starts. If the site owner or manager was involved in activities 
that precipitated the investigation, it seems reasonable to encourage his acceptance of the disposal 
obligation. In instances where a responsible party·cannot be identified, this responsibility may fall on the 
public agency or private organization investigating the site. 

Another consideration in selecting disposal methods for contaminated materials is whether the disposal 
can be incorporated into subsequent site cleanup activities. For example, if construction of a suitable 
onsite disposal structure is expected, contaminated materials generated during the investigation should 
be stored at the site for disposal with other site materials. In this case, the initial containment structures 
should be evaluated for use as long-term storage structures. Also, other site conditions such as drainage 
control, security, and soil type mu~t be considered so that proper storage is provided. If onsite storage 
is expected, then the containment structures should be specifically designed for that purpose. 
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Brown & Root Environmental: Standard Operating Procedure No. 4.33, Control of Contaminated 
Material. 
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To establish procedures for the use, calibration, maintenance, troubleshooting, and shipment of the 
Photovac MicroFID handheld flame ionization detector. 

2.0 SCOPE 

Applies to all Brown & Root Environmental personnel who operate the MicroFID instrument during the 
performance of their work. 

3.0 GLOSSARY 

None. 

4.0 RESPONSIBILITIES 

\ 
Health and Safety Manager (HSM) - The HSM shall ensure that the user has been appropriately trained and 
certified in the usage of the Photovac 2020 instrument. 

Eguipment Manager - The Equipment Manager shall ensure that all air monitoring instrumentation slated for 
field activities has been operationally checked out, fully charged, and calibrated prior to issuance for field 
service. Maintenance deficiencies identified by the Equipment Manager will require those instruments to be 
pulled from service until repairs can be facilitated. 

Field Operations Leader (FOL)/Field Team Leader (FTL) - The FOL/FTL shall ensure all field team members 
using monitoring instruments as part of their assigned duties are adequately trained in their proper operation 
and limitations. The FOL/FTL shall ensure that the air monitoring instruments are employed as directed by 
site guidance documents (Le., Work Plan, Health and Safety Plan, etc.). Additionally, the FOL/FTL shall 
ensure that the appropriate documentation and recordkeeping requirements are fulfilled induding 
Documentation of Calibration and Direct Reading Instrument Response Data Sheets for air monitoring 
activities. 

Health and Safety Officer (HSO) - The HSO is responsible for determining air monitoring requirements for 
the site activities, and providing direction for air monitoring during specific site activities. This identification 
of types of air monitoring and direction for use are indicated within the Site-Specific Health and Safety Plan 

. (HASP). . 

Site Safety Officer (SSO) - The SSO shall ensure the instruments identified are employed in the manner 
directed by the HSO and action levels employed as contingencies marks for the application of engineering 
. controls, personal protective equipment (PPE) use, and administrative controls are employed as directed. 
Additionally, he/she shall ensure the instruments are property maintained and calibrated prior to use in the 
field. The SSO during specific air monitoring applications including STEL and TWA mode measurements 
will be responsible for operation and application of this specialty air monitoring employment duty. 

5.0 PROCEDURES 

5.1 Principles of Operation 

The MicroFID is a flame ionization detector used for the measurement of combustible organic compounds 
in air at parts per million levels. Permanent air gases (argon, carbon dioxide, nitrogen, oxygen, water vapor, 
etc.) are not ionized by the flame. 
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When the MicroFID is turned on, the display prompts you to turn on the hydrogen. The internal pump draws 
air in through MicroFID's inlet. This sample air provides the oxygen necessary for combustion in the 
hydrogen-fueled flame. When the proper ratio of hydrogen to air is present in the combustion chamber, the 
flame is automatically started with a glow plug. A thermocouple is used to monitor the status of the fl~me. 
When the sample passes through the flame the combustible organic compounds in the sample will be 
ionized. After the compounds have been ionized, they are subjected to a continuous electric field between 
the repeller electrode at the jet and the collector electrode. The ions in the electric field generate a.current 
which is proportional to the concentration of the ionized molecules in the ionization chamber. An 
electrometer circuit converts the current to a voltage that is then fed to the microprocessor which interprets 
the current in units of ppm. After the sample passes through the flame and has become ionized, it is vented 
from the detector through a flame arrestor. The flame arrestor prevents the flame from igniting any 
flammable gases present in the working atmosphere. 

MicroFID is strictly an organic compound detector. It does not respond to inorganic compounds. 
MicroFID's sensitivity is highly dependent on chemical structure and bonding characteristics. The 
combustion efficiency of a compound determines its sensitivity. Simple saturated hydrocarbons (methane, 
ethane, etc.) posses high combustion efficiencies and are among the compounds that produce the highest 
MicroFID response. Organic fuels (acetylene, refined petroleum products), burn easily and are also 
extremely well detected. 

The presence of substituted functional groups (amino, hydroxyl, halogens) on a simple hydrocarbon reduces 
its combustion efficiency and the MicroFID's sensitivity to the compound. For example, methanol and 
chloromethane are detectable with MicroFID, but not at the same sensitivity as methane. The number of 
carbon atoms can also affect the instrument's sensitivity due to substitution. For example, MicroFID is more 
sensitive to n-butanoi than it is to methanol. For additional information regarding response factors of the 
MicroFID, consult Appendix 8.5 of the User's ManuaL 

Beginning Operation 

You can operate MicroFID without the flame to print or review logged data. In this way you can conserve 
the hydrogen fuel. 

If you choose to start the flame, MicroFID will attempt to ignite the flame once you have turned on the flow 
of hydrogen gas. If the MicroFID has not been used for a while, it is possible that the gas supply lines are 
filled with air. If the flame cannot be started, MicroFID will begin a 30 second purge cycle. During the purge 
cycle it will flush the gas supply lines with hydrogen. After the purge cycle, it will attempt to light the flame 
again. If it fails again, another purge cycle will be performed and MicroFID will try a third time to ignite the 
flame. The following steps summarize proper start-up procedures. 

1. 

2. 

3. 

Turn the instrument on by pre&sing the front of the On/Ott switch. When the instrument is powered 
up, the version number and creat.ion date of the instrument software are displayed. Press ENTER. 

You will be prompted to start the flame. If you do not want to start the flame, use the ARROW keys 
to select "No Rame Needed" and press ENTER. To start the flame, use the ARROW keys to select 
Start Flame and press ENTER. 

If you selected ·Start Flame," MicroFID will prompt you to turn on the hydrogen. Turn the shut-off 
valve counterclockwise to start the flow of hydrogen and press ENTER. . 

019611/P Brown & Root Environmental 



Subject 

PHOTOVAC MICROFID HANDHELD' 
FLAME IONIZATION DETECTOR 

Number 

Revision 

ME-15 

o 

Page 

4 of 15 

Effective Date 
. 05/01/96 

4. The pump will start and MicroFID will then ignite the flame. You will hear a small pop when the flame 
has been ignited. Once the flame has been started the message "Detector flame has been started 
OK' will be displayed followed by the default display. 

The'default display provides the following information: instrument status, current detected concentration, 
event name (if the datalogger is on), time, and date. If an event name is longer than three characters, the 
bottom line of the display will scroll through the information . 

. The instrument status appears at the left of the upper line of the display and on the Print and Graph outputs. 
Each status has a priority assigned to it. If more than one status is in effect, then the status with thehighest 
priority is displayed until the condition is corrected or until the option is turned off. 

5.2 Calibration 

The calibration (CAL) key is used to calibrate MicroFID. Before beginning calibration, ensure that you have 
a reliable source of both zero air and calibration gas. To document calibration efforts, field personnel will 
record information on Figure 1-1. A brief description of the functions under the CAL key are as follows: . 

1. 

2. 

3. 

4. 

5. 

. 6. 

7. 

Q19611/P 

When you press the CAL key you will first be prompted to select a Cal Memory. Each Cal Memory 
stores a unique zero pOint, sensitivity setting, response factor and alarm level. 

You will then be prompted to enter a response factor. Refer to Appendix 8.5 of the User's Manual 
for a list of response factors. If the compound is not in that reference, or if you are measuring gas 
mixtures, enter a value of 1.00. The concentration detected by MicroFID will be multiplied by the 
response factor before it is displayed and logged. 

Next select Low Range or High Range operation. Use Low Range if you are sampling concentrations 
between 0.5 and· 2000 ppm (methane equivalents). Use High Range if you are sampling 
concentrations between 10 and 50,000 ppm (methane equivalents). 

You will now be prompted to connect a supply of zero air. You can use ambient air or, for best 
results, use a clean sampling bag filled with zero grade air. In most cases, ambient air will be used 
provided calibration is performed in an area in which airborne concentrations of contaminants are not 
present. If using ambient air, press < ENTER> to being zeroing. 

If you are using a charcoal filter to clean ambient air, connect the filter by loading the Teflon ferrules 
into the nut (the ferrules and the nut are supplied with the filter). Connect the nut to MicroFID's inlet. 
Do not tighten the nut. Remove the charcoal filter from its plastic bag and insert it into the nut. 
Finger tighten the nut onto the inlet. If the filter is not secure, ensure you have inserted the tube far 
enough into the nut. Do not over-tighten the fitting. Press < ENTER> and the MicroFID will set its 
zero point. NOTE: The charcoal filter does not filter methane or ethane. If these compounds are 
present, use a gas bag with a supply of commercial zero air. 

If you are using a gas bag with zero air, connect the gas bag to the inlet. Open the bag and press 
< ENTER>. MicroFID will set its zero point. 

After MicroFID has set its zero point, you can then enter the concentration of the calibration gas (span 
gas), and then connect the gas bag adapter to the inlet. Open the bag and press <ENTER>. 
MicroFID sets its sensitivity. Note: You must have a supply of calibration gas ready before 
calibrating MicroFID. When calibrating MicroFID, ensure the instrument is level. If MicroFID is tilted 
from side to side, gravity will affect the flame height and cause erroneous readings. 

Brown & Root Environmental 



~ 

~ .... -... 
-0 

m 

~ 
~ 

I/'> 

'B 
g 

~ a 
~ 

3 
CD 
~ 

~ 

• 
SITE NAME: 

Instrument 
Date of 

Name and 
Calibration 

Model 

• -

FIGURE 1-1 

DOCUMENTATION OF FIELD CALIBRATION 
--_I 

PROJECT NO.: 

B&R Person Instrument Settings/Readings Calibration 
Environmental Performing Standard Remarks/ Comments 
Instrument 1.0. Calibration Pre-Calibration Post-Calibration (lot Number) 

l'!umber 

/ 

. 

• en c 
J!. 

CD 
!l 

11""0 
~J: 
s:0 
ma 
-< 0> 
~o 

~~ ::jo 
0:0 
zO 
o::!! 
~o 
m:I: 
0> 
-i Z 
0 0 
:o:I: m 

6 

" - if z 
c 

S. ",..~: . <I> cr .". ·.CD' 
~ ... ::,) .. ~. ~~{;i1; 

. ~~ 

... ~~ 
, .. 1~~~ 

~:,r7 

'0 s: 
~ 

m 
I ..... 

01 

~ -0 
I» 

CD (Q 

!l CD 

c:" 
CD 

0° 01 
01~ 

9-_CD 
0 ..... ..... - 01 

~ 



Subject Number' Page 

ME-15 6 of 15 PHOTOVAC MICROFID HANDHELD 
FLAME IONIZATION DETECTOR Revision Effective Date 

o 05/01/96 

8. When MicroFID's display reverts to normal, it is calibrated and ready to use. Remove the span gas 
bag from the inlet. 

9. Press the ALARM key and enter the alarm level for the selected CAL memory. 

5.3 Routine Maintenance 

5.3.1 Battery Charging 

A fully charged battery will power the MicroFID for approximately 15 hours. If the instrument is to be used 
for more than 15 hours, carry a spare battery pack. Battery life is reduced if the instrument is turned off and 
then on again repeatedly. 

When the instrument status displays "LaBat," the battery pack requires changing. When the "LaBat" status 
is displayed, you have a few minutes of operation left. MicroFID will turn itself off before the battery pack 
becomes critically low. . , 

To remove the battery pack: 

1. Stop the flow of hydrogen gas by turning the hydrogen shut-off valve fully clockwise. 'Turn the 
instrument off by pressing the On/Off switch twice. 

2. Use the MicroFID multi-tool to loosen ~he two captive screws' in the bottom of the battery pack. 

3. A retainer at the rear of the instrument helps secure the battery pack to the instrument. Free the 
battery pack from the instrument 

4. '. Connect the charged battery pack to the retainer at the rear of the instrument. 

5. Retighten the two captive screws and the bottom of the battery pack. 

To charge the battery pack: 

1. Ensure the correct plug is installed on the line cord of the battery charger. 

2. Plug the charger into the jack located on the front of the battery pack. 

3. Plug the charger into an AC outlet. The LED, on the battery pack indicates the charge state. Red 
indicates the battery is being charged. Green indicates the battery is fully charged and ready for use. 
It is normal for a fully charged battery to indicate it is charging (red light) when first plugged in. The 
LED will tum green as the battery charges. 

4. When the battery pack is charged remove the charger, first from the wall outlet then from the battery 
pack. 

Charging a fully discharged battery pack will take approximately 8 hours. Leaving the charger connected 
to a charged battery pack will not harm the battery or the charger in any way. If a battery pack is to be left 
indefinitely, ,leave it connected to the charger so that it wUl be fully charged and ready for operation. 

Q196t1/P Brown & Root Environmental 



Subject 

" 0, .i· 

:',: '. 
" > 

Page 

ME-15 7 of 15 PHOTOVAC MICROFID HANDHELD 
FLAME IONIZATION DETECTOR Revision Effective Date 

05/01/96 

5.3.2 Emptying the Hydrogen Cylinder 

When you transport the MicroFID, you should empty the internal hydrogen cylinder and then refill it when 
you arrive at your destination. 

To empty the cylinder: 

1. Turn the MicroFID off and open the hydrogen shut-off valve. 

2. 'Remove the battery pack as described above. ' 

3. Locate the purge outlet. It is located on the underside of the instrument. 

4. Use the MicroFID multi-tool to turn the screws counterclockwise. Loosen the screw but do not 
remove it. 

5. Leave the instrument so that the purge outlet is facing up. If the purge outlet is facing down, 
hydrogen will vent into MicroFID's case. 

6. If the cylinder is full, it will take approximately 15 minutes to empty. 

7. Watch the Contents gauge. When the cylinder is empty, close the purge outlet. Use the MicroFID 
multi-tool to turn the screw clockwise. 

8. Replace the battery pack as discussed above. 

5.3.3 Replacing the Sample Inlet Filter 

MicroFID is equipped with a combined dust and water filter to reduce detector contamination. As the filter 
collects dust, MicroFID's inlet flow rate and sensitivity decrease. The filter will not allow water to pass 
through, but the filter will not stop all solvents. 

Replace the filter on a weekly basis, or more frequently if MicroFID is used in a dusty orwet environment. 
You must replace the filter if MicroFID has been exposed to liquid water. The pump will sound labored when 
the filter requires replacement. 

1. 

2. 

3. 

4. 

Turn off the instrument and unscrew the filter housing from the detector housing. Be careful not to 
lose the o-ring seal. ' 

Remove the Teflon/Polypropylene filter and install the new filter. Place the filter in the filter housing 
with the Teflon side facing down into the filter housing and the mesh side facing the MicroFID. 
Handle the filter disk only by the edges. The mesh may be damaged or contaminated by excessive 
handling. Use forceps if possible. 

Replace the filter housing. 

Calibrate the CAL Memories that you are using before continuing operation. 
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. 5.4 Troubleshooting 

This section provides guidance for troubleshooting the MicroFID. If problems are not corrected through 
these troubleshooting methods, contact the Photovac Service Department. 

5.4.1 MlcroFID Fault Messages 

When the "Check" status is displayed, MicroFID's operation is compromised. Press the <TUTOR> key for 
a two-line description of the fault. One exception is the flame out fault. When a flame out fault occurs, the 
instrument status changes to "NoFlm." 

Fault: Detector flame has gone out. 

Cause: The hydrogen gas has run out. 

Action: Ensure the shut-off valve is open. Check the hydrogen contents gauge on the side of 
the instrument and refill the hydrogen cylinder if necessary. Ensure the cylinder purge outlet has 
been closed. 

Cause: Oxygen supply is deficient. 

Ql9611/P 

Action: Ensure there is an adequate supply of oxygen. If you are sampling very high 
concentrations it is possible you are sampling above the flame out concentration. The flame out 
concentration for methane is approximately 52,000 ppm (5.2 percent methane in air). 

A minimum of 17 percent oxygen is required to start the hydrogen flame. The oxygen is supplied 
from the sample as it is drawn in by the pump. A minimum of 10 percent oxygen is required to 
maintain the hydrogen flame. 

Aame out also may occur when sampling enclosed or confined spaces where vapors and gases 
cannot escape. Watch for indications of increased flame height such as erratic readings or 
sudden high concentrations followed by a flame out fault. 

I 
If you will be using the MicroFID in a highly contaminated area where it is possible that the oxygen 

. content is below 10 percent, watch for indication of reduced flame height such as lowered 
detection limits or a flame out fault. 

Cause: High concentrations of flammable gases (gases within their flammable range) are present. High· 
concentrations of flammable gases can act as an additional fuel source. When this happens, the 
flame height may increase beyond the confines of the combustion chamber. The hydrogen supply 
will then be cut-off and the flame will go out. 

Action: Move to a location where there is an adequate supply of air and restart the flame. See 
the information above. Watch for indications of increased flame height such as erratic readings 
or sudden height concentrations followed by a flame out fault. 
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Action: At loW temperatures, water vapor, a by-product of the hydrogen flame, may condense 
at the exhaust port. At sub-zero temperatures the water will freeze and obstruct the exhaust port. 
If the exhaust port becomes obstructed, pump operation will be inhibited. Flame out may also 
result. Operate the MicroFID within the operating temperature range 41 to 105 degrees 
Fahrenheit. In the event that the flame arrestor becomes clogged, contact the Photovac Service 
Department. 

Cause: Sample line is blocked. 

Action: Ensure the sample line is not obstructed in any way. If you are using the long sample 
probe, ensure flow is maintained through the entire length of tubing. 

Cause: Inlet filter is plugged. 

Action: Replace the inlet filter. 

Fault: Signal form zero gas is too high. 

Cause: Contamination of sample line or fittings before the detector. 

Action: Clean or replace the sample line of the inlet filter. 

Cause: Span gas is used instead of zero gas. 

Action: Ensure clean gas is used to zero the MicroFID. Mark the calibration and zero gas bags 
clearly. 

Cause: Ambient air is contaminated. 

Action: If you are unsure about the quality of the ambient air, use a charcoal filter or a supply of 
commercial zero grade air. 

Cause: Hydrogen supply is contaminated. 

Action: Hydrogen may react with the carbon element of the steel tank to produce methane. This 
will only occur if the cylinder is in poor condition and if the hydrogen has a high moisture content. 
Replace the hydrogen tank. Empty and refill the MicroFID internal cylinder with fresh hydrogen. 

Fault: Signal form the span gas is too small 

Cause: Span gas and zero air are switched. 

Action: Ensure calibration is used to calibrate. MicroFID. Mark the calibration and zero gas bags 
clearly. Ensure the span gas is of a reliable concentration. 
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Problem: No instrument response detected, yet compounds are known t() be present. 

Cause: MicroFjD has 'not been calibrated properly. 

Action: Ensure calibration gas is of a reliable concentration and then calibrate the instrument. 
After the instrument has been calibrated, sample the'bag of calibration gas. A reading equivalent 
to the calibration gas should be displayed. If not, contact the Photovac Service Department. 

Action: When calibrating the MicroFID, ensure the instrument is level. If the MicroFID is tilted side 
to side, gravity will affect the flame height and cause erroneous readings. If the sampling location 
is difficult to reach without tilting the instrument, use the long sample probe. 

Cause: Background contamination from the hydrogen. 

Action: It is possible that the hydrogen has 'become contaminated and is contributing a high 
background signal. If the hydrogen supply tank is more than 6 months old it should be replaced 
with a new cylinder. When ordering hydrogen, specify ultra-high purity (99.999 percent pure). 
Empty the MicroFID hydrogen cylinder and then refill with hydrogen from the new cylinder. 

Problem: Date and time settings are not retained. 

Cause: MicroFID has not been used for 3 months or more and the internal battery (not the external battery 
pack) has been discharged. 

Action: Tum MicroFID on and allow it to run until a "LoBat" status appears. This will take 
approximately 15 hours. Remove the battery pack and recharge it overnight. Repeat this 
procedure for 3 or 4 days. While MicroFID is running the internal battery is charging. 

Problem: Cannot bill the internal hydrogen cylinder to 1800 psig. 

Cause: Supply tank has ·Iess than 1800 psig of pressure. You can only fill the internal cylinder to a 
pressure of less than or equal to the tank pressure. 

Action: Fill the internal cylinder to the pressure of the tank or replace the tank with a full one. 

Cause: The hydrogen purge outlet is open. 

Action: Close the outlet and fill the cylinder. 

Cause: There is a problem with the refill adapter. 

Action: Contact the Photovac Service Department 
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Cause: Rapid change in signal level. The detector electronics have been momentarily saturated. 

Action: Wait a few seconds for the status to return to "Ready." 

Cause: The detector has become saturated. 

Action: Move the MicroFID to a location where it can sample clean air. Sample zero air until the 
reading stabilizes around "0." If you were using Low Range, switch to High Range. Calibrate the 
CAL Memory you were using when the "Over" status appeared. . 

Problem: Display contrast bars are on or display is blank. 

Cause: Battery pack is critically low. 

Action: Recharge the battery pack or connect the MicroFID to the battery charger. 

Cause: The battery pack is not connected to the instrument properly. 

Action: Ensure the battery pack has been aligned correctly. Ensure the battery pack is secured 
by the retainer at the rear of the instrument. 

.Problem: Sample flow rate varies from 600 ml/min. +/-10 percent. 

Cause: Inlet filter has not been installed. 

Action: Install an inlet filter. 

Cause: Inlet filter has not been tightened onto the detector cap. 

Action: Finger-tighten the filter cap. 

Cause: Inlet filter is plugged. 

Action: Replace the inlet filter. 

Cause: Pump has been damaged. 

Action: Contact the Photovac Service Department 

Cause: Exhaust port is blocked. 

Action: At low temperatures, water vapor (a by-product of the hydrogen flame) may condense 
at the exhaust port. At sub-zero temperatures the water will freeze and obstruct the exhaust port. 
If the exhaust port becomes obstructed, pump operation will be inhibited. Aame out may also 
result. Operate the MicroFID within the operating temperature range 41 to 105 degrees 
Fahrenheit. In the event that the flame arrestor becomes clogged, contact the Photovac Service 
Department. 
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Action: Ensure the shut-off valve is open. Check the hydrogen contents gauge on the side of 
the instrument and refill the hydrogen cylinder if necessary. Ensure the hydrogen purge outlet is 
closed. . 

Cause: Oxygen supply is deficient. 

Action: Ensure there is an adequate supply of oxygen. Do not attempt to ignite the flame in a 
location where there is greater than 10,000 ppm methane or the equivalent concentration of a 
flammable gas. Move to a location where there are lower concentrations, start the flame and then 
begin sampling higher concentrations. If the flame goes out while you are sampling v.ery high 
concentrations, it is possible you are sampling above the flame out concentration. The flame out 
concentration of methane is approximately 52,OPO ppm (5.2 percent methane in air). A minimum 
of 17 percent oxygen is required to start the hydrogen flame. Oxygen is supplied from the sample 
as it is drawn in by the pump. A minimum or 10 percent' oxygen is required to maintain the 
hydrogen flame. 

Cause: Exhaust port is blocked. 

Action: At low temperatures, water vapor (a by-product of the hydrogen flame) may condense 
at the exhaust port.' At sub-zero temperatures the water will freeze and obstruct the exhaust port. 
If the exhaust port becomes obstructed, pump operation will be inhibited. Flame out may also 
result. Operate the MicroFID within the operating temperature range 41 to 105 degrees 
Fahrenheit. In the event that the flame arrestor becomes clogged, contact the Photovac Service 
Department. 

Cause: Hydrogen supply lines are full of air. 

Action: If MicroFID has not been operated for some time, it is possible that the hydrogen supply 
lines contain air. Fill the hydrogen cylinder and then open the hydrogen shut-off valve. Allow the 
hydrogen to purge the system for about 5 minutes and then turn MicroFID on and start the flame. 

Cause: Hydrogen lines are blocked. 

Action: Contact the Photovac Service Department. 

Problem: Liquid has been aspirated. 

Cause: MicroFID has been exposed to a solvent that can pass through the Teflon/Polypropylene filter. 

Action: Contact the Photovac Service Department. 

5.5 Transporting MicroFID 

When you transport MicroFID, you should empty the internal hydrogen cylinder and then refill it when you 
arrive at your destination. If you are traveling by passenger aircraft, you must empty the hydrogen cylinder. 
You cannot transport MicroFID by passenger aircraft with hydrogen in the cylinder. 
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The MicroFID can be shipped to sites. However, if shipment is to be performed while the cylinder still 
contains hydrogen, a hazardous materials airbill must be filled out. Examples of various completed forms 
are provided as Figures 6-1 and 6-2. 

6.0 SHIPPING 

The Photovac may be shipped as cargo or carried on as luggage providing there is no hydrogen fuel source 
or calibration gas cylinder accompanying the kit. If shipping or transporting the hydrogen fuel source, a 
Hazardous Airbill (such as the example in Figure 6-1) must be completed. When shipping or transporting 
the calibration gas, a separate Hazardous Airbill such as the one illustrated in Figure 6-2 must be prepared. 

~OREFERENCES 

MicroFID Handheld Flame Ionization· Detector User's Manual, 1995. 
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EXAMPLE OF A HAZARDOUS AIRBILL FOR HYDROGEN 
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FIGURE 6-2 

EXAMPLE OF A HAZARDOUS AIRBILL FOR METHANE IN AIR 
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To establish procedures for the use, maintenance, and calibration of the Photovac 2020 Photoionization 
Air Monitor. 

2.0 SCOPE 

Applies to each usage of the Photovac 2020 Photoionization Air Monitor by Brown & Root Environmental 
personnel. 

3.0 GLOSSARY 

Electron volt·(eY} - A unit of energy equal to the energy acquired by an electron when it passes through 
a potential difference of 1 volt in a vacuum. It is equal to 1.602192±0.000007 x 10.19 volts. . 

Intrinsically Safe (I.S.) -Based on wiring, configuration, design, operation, gasketing, construction, this 
instrument may be employed within locations in which flammable gases and/or vapors may exist. 

, 
Ionization Potential (I.P.) - The energy required to remove an· electron from a molecule yielding a 
positively charged ion and a negatively charged free electron. The instrument measures this energy level. 

Photoionization Detector (PID) : Photoionization detector employed as general reference to air monitors 
of this type. PIDs detection method employs ultraviolet (UV) radiation as an energy source. As air and 
contaminant are drawn through the ionization chamber theUV light source causes the contaminant with 
ionization potentials' equal to or less than the UV source to break into positive and negatively charge 
ions. The created ions are subjected. to an electrostatic field. The voltage difference is measured in 
proportion to the calibration reference and the concentration of the contaminant. 

Ultraviolet Radiation (UY) - Ultraviolet radiation is the energy source employed by the instrument to ionize 
collected sample gas streams. The UV lamp source is requireq to be equal to or greater than the 
ionization potential of the substance drawn through the instrument in order to create separate ionized 
species. 

4.0 RESPONSIBILITIES 

Health and Safety Manager (HSM) - The HSM shall ensure that the user has been appropriately trained 
and certified in the usage of the Photovac 2020 instrument. 

Equipment Manager - The Equipment Manager shall ensure all air monitoring instrumentation slated for 
field activities has been operationally checked out, fully charged, and calibrated prior to issuing any 
instrument for field service. Maintenance deficiencies identified by the Equipment Manager will require 
those instruments to be pulled from service until repairs can be facilitated. 

Field Operations leader (FOl) IField Team leader (FTl) - The FOl/FTl shall ensure all field team 
members employing the monitoring instruments as part of their assigned duties are adequately trained 
in the operation and limitations of this instrument. The FOl/FTl shall ensure that the air monitoring 
instruments are employed as directed by site guidance documents (Le., Work Plan, Health and Safety 
Plan, etc.). Additionally, the FOl/FTl shall ensure that the appropriate documentation and 
record keeping requirements are fulfilled including Documentation of Calibration and Direct Reading 
Instrument Response Data Sheets for air monitoring activities. 
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Health and Safety Officer (HSO) - The HSO is responsible for'determining air monitoring requirements 
for the site activities, and providing direction for air monitoring during specific site activities, This 
identification of types of air monitoring and direction for use are indicated within the Site-Specific Health 
and Safety Plan (HASP), 

Site Safety Officer (SSO) - The SSO shall ensure the instruments identified are employed in the manner 
directed by the HSO, and that any action levels specified are observed for the application of engineering 
controls, personal protective equipment (PPE) use, and administrative controls. Additionally, he/she shall 

. ensure the instruments are properly maintained and calibrated prior to use in the field. The SSO, during 
specific air monitoring appli9ations including STEL and TWA mode measurements, will be responsible 
for the operation and application of this specialty air monitoring device. 

~o PROCEDURES 

5.1 Principle of Operation 

The Photovac portable photoionizer detects the concentration of many o~ganic (and a few inorganic). 
The basis for detection of this instrument is the ionization of components of captured gaseous streams. 
The incoming gas molecules are subjected to ultraviolet (UV) radiation, which is energetic enough to 
ioniz,e many gaseous compounds. Molecules are transformed into charged-ion pairs, creating a current 
between two electrodes. Each molecule has a characteristic ionization potential, which is the energy 
required to remove an electron from the molecule, yielding a positively-charged ion and the free electron. 
The instrument measures this energy level. 

This instrument measures the concentration of airborne photoionizable gases and vapors and 
automatically displays and records these concentrations. It does not distinguish between individual 
substances. Readings displayed represent the total concentration of all photoionizable chemicals ~resent 
in the sample. This instrument is factory set to display concentration in units of ppm or mg/m . 

The 2020 instrument is easy to operate. The meter display updates itself once per second. 
Concentrations are directly displayed on the readout. 

2020 also performs short-term exposure limit (STEL), time-weighted average (rWA) and PEAK 
calculations. You can view any of these results, but only one mode may be viewed at a time. 

2020 has 6 keys for alphanumeric entry and for accessing multiple functions. The keys are used to set 
up and calibrate 2020. They allow you to manipulate the concentration data in various ways. 

All information entered with the keys and stored in 2020's memory is retained when the instrument is 
switched off. The clock and calendar continue to operate and do not need to be set each time 2020 Is 
turned on. 

5.1.1 Displays 

The 2020 has a meter display for reporting detected concentration, and a display used to display status 
information and guide you through configuration options. All functions of the 2020 will be controlled or 
reported using one of these displays. 
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The meter display is a 4-digit display. It will always be used for reporting detected concentration. When 
the detector and pump are off, the meter display will be blank. 

In order to accommodate the range of concentrations 2020 can detect, the meter reading will be 
reported using one of 2 resolutions. A resolution of 0.1 will be used for concentrations below 100 ppm, 

. and a resolution of 1 will be used for concentrations above 100 'ppm. 

5.1.1.2 Status Display 

The status display is a 2 line by 16 character display. The top line is used to display status information 
and prompts 'you for information. The bottom line is used for soft key names. Up to 3 names can be 
displayed for the 3 soft keys. If a name does not appear for a soft key, then the soft key has no 
associated function. \ 

5.1.2 Keys 

5.1.2.1 Fixed Keys 

The three round keys below the soft keys each have a fixed function. The first key is the ON/OFF key, 
the middle key is the EXIT key, and the last key is the ENTER key. 

The ON/OFF key is used to both turn power on to the 2020 as well as turn the power off .. To turn on 
2020, press the ON/OFF key. To turn the power off, press the ON/OFF key and hold it down for 2 
seconds, and then release it. This is done to prevent accidental power off. 

The EXIT key provides a way of returning to the default display. In the functional map, the soft keys 
allow you to advance and the EXIT key provides a way to go back. If you are at the initial entry of the 
menu, EXI~ will return you to the default displ~y. 

The ENTER key has a context sensitive function. When you are operating or navigating through the 
function map, the ENTER key is used to exit the functions and return you to the default display. When 
entering data such as a name, number, date, or time, ENTER is used to confirm the entry. 

5.1.2.2 Soft Keys 

The three soft keys on 2020 are located directly below the status display. Each key has varying functions 
for configuring 2020, editing the data logger, and controlling the display. Since only three soft keys are 
available, each function is broken down into a path. 

5.1.2.3 Entering Text With the Soft Keys 

For all information that you must enter, the left, center, and right soft keys correspond to the up, down, 
and right arrow. 

The up and down arrows are used to change the character highlighted by the cursor. The right arrow 
is used to advance the cursor to the next character on the right. When the cursor is advanced past the 
right most character, it wraps around to the first character again. TO'accept the changes, press the 
ENTER key. To ignore the change, press EXIT. 
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Formatting characters, such as the colon (:) in the time, the decimal (.) in a concentration, and the slash 
(f) in the date are skipped when advancing the cu'rsor. 

All inputs are an 8 character input, which is displayed on the right side of the top line of the status 
display. The prompt, describing the input, occupies the left half o(the top line. The soft keys are defined 
on the bottom line of the status display. 

5.2 Default Display 

The meter display shows the detected concentration. The resolution of the display changes with the 
magnitude of the reading. A reading of 0 to 99.9 will be displayed with a resolution of 0.1 ppm or 
mg/m3. A reading greater than 99.9 will be shown with a resolution of 1 ppm or mg/m3. The meter will 
display concentrations up to 2000 ppm or 2(XX) mg/m3. 

The status display is used to display the instrument status, date, time, uriits, and active soft keys. . 

The default display provides the following information: instrument status, current detected concentration, 
time, date, and measurement units. The status display toggles between showing time and units and then 
the date. 

When the display mode is MAX, the date and time correspond to the date and time the MAX 
concentration was recorded. In TWA mode, the time represents the .number of hours and minutes during 
which the TWA has been accumulating. For PEAK and STEL monitoring, the date and time correspond 
to the current date and time. . , 

5.3 Monitoring 

5.3.1 Instrument Status 

The instrument status is shown on the left of the first I,ine of the status display and on the Table and 
Graph outputs. Each status has a priority assigned to it. If more than one status is in effect, then the 
status with the highest priority is displayed until the condition is corrected or until the option is turned 
off. 

5.3.2 Alarms 

While operating the instrument, anyone of three alarm conditions-can occur. To accurately identify the 
source of the alarm, each type of alarm has been given a unique status. 

. . 

In additi,on to the status, 2020 also has an audible,alarm and a visual alarm LED. To conserve power, 
the 2020 alternates between these two alarm indicators, rather than operating both concurrently. 
Different alarms are identified by the frequency at which the 2020 alternates as follows: PEAK alarm-5 
times per second; STEL alarm-2.5 times per second; and TWA alarm-1 ;25 times per second. 

The left soft key is used for acknowledging alarms, and is named -Ack." If no alarm exists, then the "Ack" 
key is not shown. To clear the alarm, press the "Ack" key. Once acknowledged, the alarm indicators 
are cleared. The alarm status will remain until the alarm condition clears. 

2020 updates the peak concentration once every second. Following every update, the peak 
concentration is compared to the peak alarm level, and if exceeded, an alarm is triggered. 
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The TWA alarm is generated when the current average of concentration, since the TWA was last cleared, 
has exceeded the TWA exposure limit. 

During calibration, all alarms are disabled. Once the calibration is complete the alarms are re-enabled. 

5.4 STEL, TWA, MAX, and PEAK Operation 

The 2020's meter display can be configured to show one of four values: STEL, TWA, PEAK, and . MAX. 

5.4.1 Short-term Exposure Limit (STEL) Mode 

The Short-term Exposure Limit (STEL) mode displays the concentration as a 15 minute moving average. 
2020 maintains 15 samples, each representing a one-minute averaging interval. 

Once every minute, the oldest of the 15· samples is replaced with a new one minute average. This 
moving average provides a 15-minute average of the last 15 minutes with a one-minute update rate. 
Since the average is calculated using 15 one-minute averages, the meter display will only update once 
every minute. 

STEL is set to zero each time the instrument is turned on. Since STEL is a 15-minute moving average, 
there is no need to clear or reset the STEL 

STEL calculations are always being performed by 2020. You can display the results of the calculations 
by selecting STEL as the Display mode. 

5.4.2 .TIme-weighted Average (TWA) Mode 

The TWA accumulator sums c0ncentrations every second until 8 hours of data have been combined. 
If this value exceeds the TWA alarm setting, a TWA alarm is generated. The TWA is not calculated using 
a moving average. Once 8 hours of data have been summed, the accumulation stops. In order to reset 

. the TWA accumulator, press the "Clr" key. 

This sum will only be complete after 8 hours, so the meter displays the current sum divided by 8 hours. 
While you are in TWA mode, the time on the status display will show the number of minutes and hours 
of data that TWA has accumulated. When this reaches 8 hours 2020 stops accumulating data and the 
TWA is complete. 

TWA calculations are always being performed by 2020. You can display the results of the calculations 
by selecting TWA as the Display mode. 

5.4.3 MAX Mode 

The MAX mode displays the maximum' signal, with the date and time that it· was recorded. 2020 
continues to log data according to the selected averaging interval, but only the maximum detected 
concentration is displayed on the meter display. 

The right soft key is used to clear the meter when displaying MAX. The ·Clr" key only affects the reading 
that the meter is displaying. For example, if you display the MAX reading, and you press "Clr," only the 
MAX value is cleared. The TWA is still accumulating in the background. 
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The PEAK mode displays the current detected concentration. The reading is updated once a second. 
In the background, the 2020 data logger is sampling the concentration and measuring minimum, 
maximum, and average concentrations for the selected averaging interval. At the end of every interval, 
one entry is placed in the data logger until the data logger is full. Typical application concerning the use 
of this instrument is 'operated in this mode. Operation within the other specialized modes are the 
responsibility of the SSO. 

5.5 Set Functions 

Set functions are used to setup 2020. There are three functions which can be set on the 2020: 
Calibration, Pump and Clock. 

5.5.1 Pump 

The Pump function is used to control the pump. After selecting Set Pump, 2020 responds by displaying 
the new pump status. 

The detector is also turned off when you turn the pump off. This prevents the detector from being 
damaged when there is no sample flowing through the detector. 

When the pump and the detector are off, the meter display will be blank. Turn the pump and detector 
off when concentration measurements are not necessary, and 2020 will only be used for reviewing data 
or generating reports. By operating the instrument with the pump and detector off when you do not 
need them, you will conserve the lives of the battery and ultraviolet (UV) lamp. 

1. Press the ENTER key. The top line of the status display changes to "Select?". The bottom line 
.displays 3 soft key names: "Set: "Log," and "Disp." 

2. Press the soft key below "Set." 

3. The names of the soft keys change to reflect the Set options. The display now shows 3 devices 
which can be set: "Clock," ·Pump," and "CaL" Press the "Pump" key. 

4. The 2020 turns the pump off. If the pump was off, pressing "Pump" will turn the pump on. 

5. A message will be ~isplayed to show you the status of the pump. 2020 reverts back to the 
previous menu after a few seconds. 

6. To return to the default display, press the ENTER key. 

5.5.2 Clock 

The Clock function is used to set both the current date and time. 

1. Press the ENTER key. 

2. Press the ·Set" key. 

3. . When the names of the soft keys change, press the ·Clock" key. 
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The up and down arrows are used to change the character underlined by the cursor.. The right 
arrow is used to advance the cursor to the next character on the right. When the cursor is 
advanced past the right-most character, it wraps around to the first character again. 

Formatting characters, such as the colon (:) in the time and the slash (j) in the date are skipped 
when advancing the cursor. 

4. Use the "arrow keys" to enter the correct time. The time is formatted as Hour:Minute:Second. 

5. Press the ENTER key to confirm the time and move to the date option. 

6. When setting the date, the 2020 prompts you for the current date formatted as Year/Month/Day. 
Use the "arrow keys" to enter the correct date. 

7. Press the ENTER key to confirm the date and return to the Set options. You can wait for the 
display to timeout or press ENTER to return to the default display. 

5.5.3 Calibration (Cal) 

Cal. allows you to setup and calibrate 2020. You have three options under the Cal function: "Zero,· 
Span," and "Mem." 

A calibration memory consists of a name, a response factor, and PEAK, TWA,· and STEL alarm levels. 

The "Zero" and "Span" keys are. covered in detail in the manufacturer's operations manual for the 
instrument. 

To edit the calibration memory, select "Mem" and then "Chng." "The 2020 prompts you with two new soft 
keys: "User" and "Lib." 

5.5.4 Library (Lib) 

Library selections simplify Cal Memory programming, and provide standard response factors for 
approximately 70 applications. "Lib" allows you to select an entry from a pre-programmed library. The 
name, response factor, and three alarm levels are all set from the library. To select a library entry to 
program the selected Cal Memory: 

1. Select ·Set,· ·Cai,· "Mem," "Chng," and "Lib." 

2. Use the "Next" and "Prev" keys to scroll through the list. See the manufacturer's manual Appendix 
. 8.7 for a list of the library entries. 

5.6 Preparing for Field Operation of the Photovac 2020 

Turning 2020 On 

1. Tum 2020 on by pressing the ON/OFF key . 

2. . 2020 will display the software version number. Wait for the 2020 to proceed to the default display. 

3. Allow 10 minutes for the instrument to warm up and stabilize. 
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4. Press the Enter Key. The default display will provide 3 soft key selection "Set," "Log," and 
"Display." 

5. Press "Set." From this option 3 other soft key selections will be offered: "Pump," "Clock," and 
"CaL" 

6. Press "Cal." This will begin the calibration sequence. The first selection is to Zero the instrument. 

7. Press Enter, zeroing will begin. (Note: When employing zero gas attach and activate zero gas 
supply at this time.) 

S. The next selection offered will be Span .. Press Enter at which time the concentration will be 
requested. The isobutylene calibration gas employed under general service will be marked on the 
side of the container. Use the soft keys to toggle into position and to log the concentration. Once 
the concentration is logged press "Enter." The direction or status display will indiCate spanning. 
At this time hook up the span gas with a regulator to the Photovac 2020, and open it to supply 
enough flow to elevate the flow rate indicator to the green indicator line (1/S" from the rest 
position). 

9. Once spanning is complete, the alarms which have been disabled during calibration will activate 
indicating that calibration is complete. 

10. Document this calibration ·procedure using a Document of Calibration form as illustrated in 
Figure 5-1; 

This instrument is ready for general purpose application. 

Calibration is to be performed daily or prior to each use in accordance with Section 5.6 of this SOP .. 

5.7 Maintenance and Calibration Schedule 

Function Frequency 

Routine Calibration Prior to each use 

Factory Inspection and Calibration Once a year, or when malfunctioning 

Wipe Down the Outer Casing of the Unit After each use 

Clean UV Ught Source Every 24 hours of operation 

Sample Inlet Filter Change on a weekly basis or as required by level of 
use 

Battery charging After each use 

Clean ionization chamber Monthly 
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1. Turn the FUNCTION switch to the OFF position. Use 2020 multi-tool and remove lamp housing 
cover. 

2. Tilt the lamp housing. with one hand over the opening. slide the lamp out of the housing. 

3. The lamp window may now be cleaned with any of the following compounds using lens paper: 

a. 11.7 eV Lamp - Dry Aluminum Oxide Powder (3.0 micron powder) 
b. HPLC Grade Methanol -"All other lamps 

4. Following cleaning. reassemble by first sliding the lamp back into the lamp housing. Replace 
o-ring as necessary. reinstall lamp housing cover. tighten using 2020 mUlti-tool. (Do not over 
tighten); 

5. Recalibrate as per Section 5.6. 

5.7.2 Cleaning the Ionization Chamber 

1. Turn the FUNCTION switch to the OFF position and remove the lamp housing cover and lamp as 
per Section 5.;.1. 

2. Using a gentle jet of compressed air. gently blowout any dust or dirt. 

3. Following cleaning. reassemble by first sliding the lamp back into the lamp housing. Replace 
o-ring as necessary. reinstall lamp housing cover. tighten using 2020 multi-tool. (Do not over 
tighten). 

4. Recalibrate as per Section 5.6. 

5.8 Instrument Advantages 

The Photovac 2020 is easy to use in comparison to many other types of monitoring instrumentation. Its 
detection limit range is in the low parts-per-million range. Response time rapidly reaches 90 percent 
scale of the indicated concentration Oess than 3 seconds for benzene). This instrument's automated 
performance covers multiple monitoring functions simultaneously. incorporating data logging capabilities. 

5.9 Limitations of the Photovac 2020 Photoionization Monitor 

• Since the 2020 is a nonspecific total gas/vapor detector. it cannot be used to identify unknown 
chemicals; it can only quantitate them in relationship to a calibration standard (relative response 
ratio). 

• For appropriate application of the 2020. ionization potentials of suspected contaminants must be 
known. . 

• Because the types of compounds that the 2020 can potentially detect are only a fraction of the 
chemicals possibly present at a hazardous waste site or incident. a background or zero reading 
on this instrument does not necessarily signify the absence of air contaminants: 
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• The 2020 instrument can monitor only certain vapors and gases in air. Many nonvolatile liquids, 
toxic solids, particulates, and other toxic gases and vapors cannot be detected. 

• PI D's are generally not specific. Their response to different compounds is relative to the 
calibration gas used. This is referred to as relative response ratio. Instrument readings may be 
higher or lower than the true concentration. This can be an especially serious problem when 
monitoring for total contaminant concentrations if several different compounds are being detected 
at once. 

• The 2020 is a small, portable instrument which cannot be expected to yield results as accurately 
as laboratory instruments. 

5.9.1 Variables A~ecting Monitoring Data 

Monitoring hazardous waste site environment can pose a significant challenge in assessing airborne 
concentrations and the potential threats to site personnel. Several variables may influence both 
dispersion and the iristrument's'ability to detect actual concentrations. Some of the variables which may 
impact these conditions are as follows: 

• Temperature - changes in temperature or pressure Will influence volatization, and effect airborne 
concentrations. Additionally, an increase or decrease in temperature ranges may have an adverse 
effect on the instrument's ability to detect airborne concentrations. 

• Humidity - excessive levels of humidity may interfere with the accuracy of monitoring results. 

• Rainfall - through increased barometric pressure and water may influence dispersion pathways 
effecting airborne emissions. 

• Electromagnetic interference - high voltage sources, generators, other electrical equipment may 
interfere with the operation and accuracy of direct~reading monitoring instruments. 

6.0 TROUBLESHOOTING 

6.1 Fault Messages 

When the "Fault" status is displayed, 2020's operation is comprised. 

Fault 1: Signal from zero gas is too high. 

Cause: 

Cause: 

Cause: 

If another fault occurred while 2020 was setting its zero point, then this fault is displayed. 

Action: Ensure no faults are occurring and calibrate 2020 again. 

Contamination of sample line, sample line, sample probe or fittings before the detector. 

Action: Clean or replace the sample line, sample probe or the inlet filter. 

Span gas and zero air are mixed up. 

Action: Ensure clean air is used to zero 2020. If you are using gas bags, mark the 
calibration and zero gas bags clearly. 
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Ambient air is contaminated. 

Action: If you are unsure about the quality of ambient air, use a supply of commercial 
zero grade air to zero 2020. 

Fault 2: Signal from span gas is too small. 

Cause: 

Cause: 

Operator may have confused the span gas and zero air. 

Action: 

Action:' 

Ensure clean air is used to zero 2020. ,If you are using gas bags, mark the 
calibration and zero gas bags clearly. 

Ensure the span gas is of a reliable concentration. 

UV lamp window is dirty. 

Note: Do not remove the detector lamp in a hazardous location. 

Action: Clean the UV lamp window. 

Cause: UV lamp is failing. 

Note: Do not remove or replace the detector lamp in a hazardous location. 

Action:' Install a new UV lamp. 

Cause: Incompatible application. 

Action: The concentration and sample gas are incompatible for use with 2020. 

Fault 3: UV lamp fault. UV lamp has not started. 

Cause: 

Cause: 

UV lamp has not started immediately. , 

Action: This fault may be seen momentarily when 2020 is first turned on. Allow 30 to 
60 seconds for the UV lamp to start and the fault to clear. 

UV lamp serial number label is blocking the photocell. 

Note: Do not remove or replace the detector lamp in a hazardous location. 

Cause: 

Action: If you have a UV lamp with a white serial number label, it is possible that the 
label is blocking the photocell. Rotate the lamp approximately 90 degree and 
then try to start 2020 again. If the fault persists, replace the lamp. 

UV lamp not Installed. 

Note: Do not remove or replace the detector lamp in a hazardous location. 

Action: Install a UV lamp. 
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Cause: UV lamp has failed. 

Note: Do not remove or replace the detector lamp in a hazardous location. 

Cause: 

Action: Install a new UV lamp. 

Electronic problem. 

Action: If a new UV lamp still generates this fault, then contact the Photovac Servic'e 
Department. 

Fault 4: Pump current too low or too high. 

Cause: If the pump sounds labored, then the pump is' operating beyond normal operating 
parameters. 

Action: Check for an obstruction in the sample line. Make sure sample line, sample 
. probe or inlet filter are not plugged. 

Note: Do not replace the inlet filter in a hazardous location. 

Action: Replace the inlet filter. 

Action: Ensure the sample outlet, located on the underside of 2020, is not obstructed. 

Cause: UV lamp is too wide, causing flow to be restricted. 

Note: Do not remove or replace the detector lamp in a hazardous location. 

Cause: 

Cause: 

Action: If you have a UV lamp with a white serial number label, it is possible that the 
lamp is too wide for the lampholder. Contact the Equipment Manager. 

2020 has been exposed to a solvent that can pass through the inlet filter and liquid has 
been aspirated. 

Action: Contact the Equipment Manager ~ 

The pump has failed. 

Action: Contact the Equipment Manager. 

6.2 Specific Problems 

Problem: Very low or no Instrument response detected, yet compounds are known to be present. 

Cause: . 2020 has not been calibrated properly. 

Action: Ensure the calibration gas is of a reliable concentration and then calibrate the 
instrument as outlined in Section 3.2 or 3.3 of the User's Manual. 
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After the instrument has been calibrated, sample the bag of calibration gas. 
A reading equivalent to the calibration gas should be displayed. If not, contact 
the Equipment Manager. 

Note: Do not remove or recharge the battery pack in a hazardous location. 

Cause: 

Cause: 

Cause: 

Action: Disconnect the battery charger before calibrating 2020. 

Calibration Memories have not been programmed correctly. 

Action: Program all the calibration memories you require for your application. You 
must use the correct calibration gas and concentration for each Cal Memory. 

Response factor has been set to zero. 

Action: Enter the correct response factor. Refer to Appendix 8.6 for a list of response 
'factors. If the compound is not listed in Appendix 8.6 or you are measuring 
gas mixtures, then enter a value of 1.0. See User's Manual. 

You are not using the correct Cal Memory. 

Action: Select the correct Cal Memory for your application. 

Note: It does not- matter which Cal Memory ;s selected or which response factor is entered. 
2020's response is not specific to anyone compound. The reading displayed represents 
the total concentration of all ionizable compounds in the sample. 

Cause: Detector is leaking. A decrease in sensitivity may be due to a leak in the detector. 

Note: Do not remove or replace the detection lamp in a hazardous location. 

Cause: 

Action: 

Action: 

Action: 

Ensure the UV lamp has been installed correctly. 

Ensure the lamp cover has been tightened down. Do not overtighten the 
cover. 

Ensure the o-ring seal on the lamp cover is positioned correctly. 

UV lamp is too long, causing flow to be restricted. 

Note: Do not remove or replace the detector lamp in a hazardous location. 

Cause: 

, Action: If you have a UV lamp with a white serial number label, it is possible that the 
,lamp is too long for the lampholder. Replace the lamp and contact the 
Equipment Manager. 

UV lamp is too wide, causing flow to be restricted. 

Note: Do not remove or replace the detector lamp in a hazardous location. 
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·If you have a UV lamp with a white serial number label, it is possible that the 
lamp is too wide for the lampholder. Contact the Equipment Manager. 

Sampling environment is extremely humid. 

Action: Water vapor is not ionized by the PID, but it does scatter and absorb the light 
and results in a lower reading. 

The 2020 detector has been designed to operate under high humidity 
conditions. Under extreme conditions you may notice decreased response 
due to. humidity. 

UV lamp is failing. 

Note: Do not remove or replace the detector lamp in a hazardous location. 

Cause: High concentration of non-ionjzable compounds. 

Action: Chemical compounds, such as methane, with IPs greater than the 10.6 eV 
scatter and absorb the UV light. Sensitivity may be decreased significantly. 

Application with high backgrounds of such materials" may be incompatible 
with 2020. Contact the Photovac Applications Group for more information. 

Problem: Erroneously high readings. 

Cause: 

Cause: 

Cause: 

Sampling environment is extremely humid. 

Action: Water vapor may contain mineral salts which carry a charge. The water vapor 
becomes an electrolytic solution which becomes ionized when it enters the 
detector. 

Atmospheric water in areas around the sea or stagnant water may produce a 
response in the absence of contaminants. The same effect may b~ seen when 
conducting ground water investigations in areas where the water is hard 
because It contains a significant concentration of minerals. 

2020 has not been calibrated proper1y. 

Action: Ensure the calibration gas is of a reliable concentration and then calibrate the 
instrument as outlined in Section 5.6. 

After the instrument has been calibrated, sample the bag of calibration gas. 
A reading equivalent to the calibration gas should be displayed. If not contact 
the Equipment Manager. 

Cal Memories have not been programmed correctly. 

Action: Program all the Cal Memories you require for your application. You must use 
the correct calibration gas and concentration for each Cal Memory. See 
Section 3.4, of the User's ManUal. 
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You are not using the correct Cal Memory. 

Action: Select the correct Cai Memory for your application. See Section 3.2.2 or 
3.3.2, of the User's Manual. 

Note: It does not matter which Cal Memory is selected or which response factor is entered. 
2020's response is not specific to anyone compound. The reading displayed represents 
the total concentration of all ionizable compounds in the sample. 

Cause: Detector has been short circuited by foreign matter in the detector cell. 

Note: Do not service 2020 in a hazardous location. 

Action: Do not touch the wire grid inside the detector cell. Use a gentle jet of 
compressed air to remove any dust in the detector cell. 

Warning: Do not insert any object, other than the UV lamp, into the lampholder. 
I 

Cause: There is an undetermined problem. 

Action: Contact the Equipment Manager. 
. 

Problem: . Date and time settings are not retained. 

Cause:' The battery pack has been removed before 2020 was turned off. 

Note: Do not remove or recharge the battery pack in a hazardous location. 

Cause: 

Action: Replace the battery pack and reset the time and date. Ensure 2020 has been 
turned off before removing the battery pack. 

2020 has not been used for 3 months or more and the internal battery (not the external 
battery pack) has discharged. 

Note: Do not remove or recharge the battery pack in a hazardous location. 

Action: Connect 2020 to the AC adapter and turn 2020 on. Turn the pump off. While 
2020 is running the internal battery is charging. Leave the instrument running 
for approximately 24 hours. 

Problem: Instrument status shows ·Over.· 

Cause: 

Cause: 

High concentrations of gases and vapors will cause a rapid change in signal level. The 
detector and associated electronics may become temporarily saturated. 

Action: Wait a few seconds for the status to return to normal. PIDs are designed to 
detect relatively low conc~ntrations of gases and vapors. Exposure to very 
high concentrations may result in a very high or maximum response. 

The detector has become saturated. 
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Cause: 

Action: 

o 

Move 2020 to a location where it can sample clean air. Sample clean air until 
the reading stabilizes around O. 

Detector has been short circuited by foreign matter in the detector cell. 

Note: Do not service 2020 in a hazardous location. 

Action: Do not touch the wire grid inside the detector cell. Use a gentle jet of 
compressed air to remove any dust or dirt in the detector cell. 

Warning: Do not insert any object, other than the UV lamp, into the lampholder. 

Cause: There is an undetermined problem. 

Action: Contact the Equipment Manager. 

Problem: Display is blank. 

Cause: Battery pack is critically low. 

Note: Do not remove or recharge the battery pack in a hazardous location. 

Cause: 

Cause: 

Action: Replace the battery pack or connect 2020 to the AC adapter. 

The battery pack is not connected to the instrument correctly. 

Action: Ensure the battery pack connector is securely attached to the connector on 
2020. --, , 

There is an undetermined probl,em. 

Action: 

Action: 

Reset 2020. You must leave the instrument on while you disconnect the 
, battery pack. This will reset the instrument. Reconnect the battery pack and 

close the battery hatch. Tum on 2020, set the time and date and program all 
the calibration memories that you are, using. 

Contact the Equipment Manager. 

Problem: Sample flow rate is less than 300 ml/min. 

Cause: Inlet filter is plugged. 

Note: Do not replace the inlet filter in a hazardous location. 

Action: Replace inlet filter. 

Cause: Inlet filter has not been installed properly. 

Action: Ensure that the inlet filter has been installed correctly. 

Cause: UV lamp is too long, causing flow to be restricted. 
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Note: Do not remove or replace the detector lamp in a hazardous location. 

Cause: 

Cause: 

Cause: 

Cause: 

Action: If you have a UV lamp with a white serial number label, it is possible that the 
lamp is too long for the lampholder. Replace the lamp and contact the 
Equipment Manager. 

UV lamp is too wide, causing flow to be restricted. 

Action: If you have a UV lamp with a white serial number label, it is possible that the 
lamp is too wide for .the lampholder. Contact the Equipment Manager. 

2020 has been exposed to a solvent that can pass through the inlet filter and liquid ha~ 
been aspirated. . 

Action: Contact the Equipment Manager. 

Sample outlet is obstructed. 

Action: Ensure the sample outlet is? not obstructed in any way. 

Pump has been damaged. 

Action: Contact the Equipment Manager: 

Problem: Uquid has been aspirated. 

Cause: 2020 has been exposed to a solvent that can pass through the inlet filter. 

. Action: Contact the Equipment Manager . 

Problem: CorrOSive gases and vapors have been sampled. 

Cause: 2020 has been exposed to corrosive gases and vapors. 

Action: Corrosive gases and vapors can affect the electrodes within the detector as 
well as the lamp window. Prolonged exposure to corrosive materials may 
result in permanent fogging or etching of the window. If 2020 is exposed to 
corrosive material, contact the Equipment Manager. 

7.0 SHIPPING 

The Photovac may be shipped as cargo or carried on as luggage providing there is no calibration gas 
cylinder accompanying the kit. When shipping or transporting the calibration gas, a Hazardous Airbill 
including the information as stipulated in Figure 7-1 will be entered. . 

8.0 REFERENCES 

Photovac 2020 Photoionization Monitor User's Manual, 1995. 
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This Health and Safety Plan (HASP) is specifically written for site activities that are to be conducted at the 

Naval Surface Warfare Center Crane (NSWC Crane), located in Crane, Indiana. In addition to this HASP, 

a copy of the Brown & Root Environmental Health and Safety Guidance Manual must be present at the 

site during the performance of site activities. This guidance. manual provides detailed information 

pertaining to the HASP as well as Brown & Root Environmental (TtNUS) standard operating procedures 

(SOPs). Both documents must be present at the site to comply with the requirements stipulated in the 

Occupational Safety and Health Administration (OSHA) standard 29 CFR 191 0.120~ 

This HASP' has been developed using the latest available information regarding known or suspected 

chemical contaminants and potential physical hazards associated with the proposed work and site 

activities. This HASP will be modified if new information becomes available. All changes to the HASP will 

be requested through the TtNUS Health and Safety Manager (HSM) and the Task Order Manager (TOM). 

It is the responsibility of the TOM to notify all affected personnel of all changes to this HASP. A Site 

Safety Follow-up Report will document all changes to this HASP . 

The elements of this HASP are in compliance with the requirements established by OSHA 29 CFR 

1910.120, "Hazardous·Was.te Operations and Emergency Response" (HAZWOPER) and sections of 29 

CFR 1926 "Safety and Health Regulations For Construction.". The information contained in this plan, as 

well as policies on conducting on-site operations, have been obtained from the TtNUS Health and Safety 

Program and NSWC Crane policies and procedures. 

1.1 KEY PROJECT'PERSONNEL AND ORGANIZATION 

This section defines' responsibility for site safety and health for TtNUS and subcontractor employees 

engaged in on-site activities. Personnel assigned to these positions will exercise the primary 

responsibility for all on-site health and safety. These persons will be the primary point of contact for any 

questions regarding the safety and health procedures and the selected control measures that are to be 

implemented for on-site activities. 

, 
• The TtNUS Task Order Manager (TOM) is responsible for the overall direction of health and safety 

for this project. 
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• The Project Health and Safety Officer (PH SO) is responsible for developing the HASP in accordance 

with applicable OSHA regulations. Specific responsibilities include: 

i. providing information regarding site contaminants and physical hazards associated with 

the site 

ii. establishing air monitoring and decontamination procedures 

iii. assigning personal protective equipment 

iv. determining emergency response procedures and emergency contacts 

v. stipulating training requirements and reviewing appropriate training and medical 

surveillance certificates 

vi. providing standard work practices to minimize potential injuries and ,exposures 

associated with hazardous waste work. 

• The TtNUS Field Operations Leader (FOL) is resp,?nsible for implementation of the HASP with the 

assistance of an appointed Site Safety Officer (SSO). The FOL manages field activities, executes the 

work plan, and enforces safety procedures as applicable to the work plan. 

• The Site Safety Officer (SSO) supports site activities by advising the F,OL on all aspects of health and 

safety on-site. These duties may include: 

i. coordinates all health and safety activities with the FOL 

ii. selects, applies, inspects, and maintains personal protective equipment 

iii. establishes work zones and control points 

iv. implements air monitoring program for on-site activities 

v. verifies training and medical of on-site personnel status in 'relation to site activities 

vi. implements hazard communication and respiratory protection programs 

vii. coordinates emergency services. 

viii. provides site specific training for all on-site personnel 

• Compliance with the requirements stipulated in this HASP is monitored by the SSO and coordinated 

through the CLEAN Health and Safety Manager. 
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1.2 SITE INFORMATION AND PERSONNEL ASSIGNMENTS 

Site Name:,_---'N..:.;S~W:..:....=C:....C~ra~n:..:::e:...._ __ _ Client Contact: Mr. Thomas Brent 

Address: __ -'C:,:r""a""'ne=,"""I.:....:.nd=i.=,an:...:.:a=- Phone Number: (812) 854-6160 

Alternate Contact: Ms. Chris Freeman 

Phone Number: (812) 854-4423 

Project Team: 

TtNUS Personnel: ' DisciplinelTasks Assigned: 

Roger A. Clark, Ph.D. Task Order Manager (TOM) 

Matthew M. Soltis, CIH, CSP Manager of Health and Safety (HSM) 

Donald J. Westerhoff. CSP Project Health and Safety Officer (PHSO) 

TBD Site Safety Officer (SSO) 

Other Potential TtNUS Project Personnel: 

Karen Smecker Keith Simpson 

Dave Yost Terry Rojahn 

Fred Ramser Andy Kendrick 

Tim Evans 

Non-TtNUS Personnel AffiliationIDisciplinelTasks Assigned 

TBD 

TBD 

Prepared by: Donald J. Westerhoff, CSP 

Reviewed and Approved by: 

Roger A. Clark, Ph.D. 
Task Order Manager 

049910/P 
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This section has been developed as part of a preplanning effort to direct and guide field personnel in the 

event of an emergency. In the event of on-site emergencies, which cannot be handled by on-site 

personnel, site personnel will be evacuated to a safe place of refuge and the appropriate emergency 

response agencies will be notified. It has been determined that a majority of potential emergency 

situations would be better supported by outside emergency responders. Based on this determination, 

TtNUS and subcontractor personnel will not provide emergency response support beyond the capabilities 

of on-site response. Workers who are ill or who have suffered a non-serious injury may be transported by 

site personnel to nearby medical facilities, provided that such transport does not aggravate or further 

endanger the welfare of the injured/ill person. The emergency response agencies listed in this plan are 

capable of providing the most effective response, and as such, will be designated as the primary 

responders. These agencies are located within a reasonable distance from the area of site operations, 

which ensures adequate emergency response time. This emergency action plan conforms to the 

requirements of OSHA Standard 29 CFR 191 0.38(a), as allowed in OSHA 29 CFR 1910.120(1)(1 )(ii). 

TtNUS will through necessary services include incidental response measures for incidents such as: 

• Incipient stage fire fighting support and prevention 

• Incipient spill control and containment measures and prevention 

• Removal of personnel from emergency situations 

• Provide initial medical support for injuries or illnesses requiring only first-aid level support 

• Provide site control and security measures as necessary 

2.2 PRE-EMERGENCY PLANNING 

Through the initial hazard/risk assessment effort, injuries or illnesses resulting from exposure to chemical 

or physical hazards or fire are the most probable emergencies that could be encountered during site 

activities. 

To minimize .and eliminate these potential emergency situations, pre-emergency planning activities 

associated with this project include the following. The SSO and/or the FOL are responsible for: 

.049910/P 2-1 CTO 0019 
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• Coordinating with NSWC Crane Emergency Services personnel to ensure that TtNUS emergency • 

action activities are compatible with existing facility emergency response procedures. 

• Establis.hing and maintaining information at the project staging area (support zone) for easy access in 

the event of an emergency. This information will include the following: 

Chemical InventorY (used on-site), with Material Safety Data Sheets. 

On-site personnel medical records (medical data sheets). 

A log book identifying personnel on site each day. 

It will be the responsibility of the TtNUS FOL to ensure this information is available and present at the 

site. 

• Identifying a chain of command for emergency action. 

• Educating site workers to the hazards and control measures associated with planned activities at the 

site, and to provide early recognition and prevention where possible. 

• Drill and practice incidental response measures periodically. 

It is understood that the use of two-way communicat,ion devices (cellular phones and radios) must be 

approved by the NSWC Crane Safety Office and such equipment will not be used until official permission 

is granted. 

2.3 EMERGENCY RECOGNITION AND PREV~NTION 

2.3.1 Recognition 

Foreseeable emergency situations that may be encountered during site activities will generally be . ' 

recognizable by visual observation. Visual observation is primarily relevant for physical hazards that may 

be associated with the proposed scope of work. Visua! observation will also playa role in detecting some 

chemical overexposures. To adequately recognized exposures to site contaminants, site personnel must 

have a clear knowledge of signs and symptoms of exposure associated with the site contaminants. This 

information is provided in Table 6-1 of this HASP. Potential site hazards, the activities unto which they 

have been associated with, and the recommended control methods are discussed in detail in Section 5.0 

and 6.0 of this, HASP. Additionally, early recognition of emergency situations will be supported by 
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periodic site surveys to eliminate any situation predisposed to an emergency. The FOl, and the SSO will 

make up the site evaluation committee responsible for these periodic surveys. Site surveys will be 

conducted at least once a week during the initiation of this effort. 

The above actions will provide early recognition for potential emergency situations. Should a incident 

occur, TtNUS will take defensive and offensive measure to control these situations.· However, if the FOl 

and the SSO determine that an incident has progressed to a serious emergency situation, TtNUS will 

withdraw, and notify the appropriate response agencies. 

2.3.2 Prevention 

TtNUS,and subcontractor personnel will minimize the potential for emergencies by ensuring compliance 

with the HASP, the Health and Safety Guidance Manual and applicable OSHA regulations. 

2.4 SAFE DISTANCES AND PLACES OF REFUGE 

In the event that the site must be evacuated, all personnel will immediately stop activities and report to 

the telephone communications point at the support zone. Telephone communication points and safe 

places of refuge will be identified prior to the commencement of site activities and will be conveyed to 

. personnel as part of the daily safety meeting conducted each morning. During an evacuation, personnel 

reporting to the refuge location will remain there until directed otherwise by the TtNUS FOL. The FOl or 

the SSO will take a head count at this location to account for and to confirm the location of all site 

personnel. The site log book will be used to take the head count. Emergency response personnel will be 

immediately notified of any unaccounted personnel. 

2.5 EVACUATION ROUTES AND PROCEDURES 

An evacuation Will be initiated whenever; severe weather is encountered; a fire or explosion occurs; 

readings on monitoring instrumentation indicate levels of contamination greater than instituted action 

levels; or if personnel show signs or symptoms of overexposure to potential site contaminants. In the 

event of an evacuation, personnel will proceed immediately to the designated place of refuge in the 

support zone, unless doing so would further jeopardize the welfare of workers. In such an event, 
, 

personnel will proceed to a designated alternate location and remain until further notification from the 

TtNUS FOL. 

Evacuation procedures will be discussed prior to the initiation of any work at the site. Evacuation routes 

• from the site and safe places of refuge are dependent upon the location at which work is being performed 
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and the circumstances under which an evacuation is. required. Additionally, site location and 

meteorological conditions (Le., wind speed and direction) may dictate evacuation routes. As a result, 

assembly points will be selected and communicated to the workers relative to the site location where work 

is being performed. 

2.6 DECONTAMINATION PROCEDURES I EMERGENCY MEDICAL TREATMENT 

During an evacuation, decontamination procedures will be performed only if doing so does not further 

jeopardize the welfare of site workers. Decontamination will not be performed if the action which initiates 

an evacuation would further endanger the lives of workers if workers were to perform decontamination 

procedures. However, it is unlikely that an evacuation would occur at this site which would require 

workers to evacuate the site without first performing decontamination procedures. 

2.7 EMERGENCY ALERTING AND ACTIONIRESPONSE PROCEDURES 

Since TtNUS personnel will be working in close proximity to each other, hand signals, voice commands, 

and air horns, will be sufficient to alert site personnel of an emergency. If site personnel will be working in 

remote locations or if site activities are conducted in separate sites simultaneously, two-way radios will be 

• 

used to communicate between teams of workers. Use.of cellular phones and radios must be approved by • 

the NSWC Crane safety office. 

If an emergency occurs on Base, the following procedures are to be initiated: 

• Initiate an evacuation by hand signals, voice commands, air horn, or two-way radios. Report to the 

designated refuge assembly point in the support zone. 

• Describe to the FOL (who will serve as the Incident Coordinator) what has occurred and as many 

details as possible. Once all personnel are evacuated, incipient response procedures will be enacted 

to control the situation. 

In the event that site personnel cannot control the incid~nt through offensive and defensive measures, the 

FOL and SSO will enact the emergency notification procedures to secure additional outside assistance in 

the following manner: 

• On" base call 854-3300 or 864-1333" or other emergency contacts (Table 2-1) and report the 

emergency. Give the emergency operator the location of the emergency, the-type of emergency, the 
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number of injured, and a brief description of what occurred. Stay on the phone and follow the 

instructions given by the operator. The operator will then notify and dispatch "the proper emergency 

response agencies. 

*NOTE: On-base extensions 3300 and 1333 are the primary emergency phone numbers. From an 

NSWC Crane phone, on Base extensions must be preceded by "854," Off-bas"e numbers can only be 

reached by dialing "990" or "991" first. Furthermore, all emergencies involving site activities should 

subsequently be reported to the Environmental Protection Department (x-3114/11321S1S0). 

• Conduct a head count of site personnel using the site logbook. 

2.8 PPE AND EMERGENCY EQUIPMENT 

A first-aid kit, eye wash units, stretcher, fire extinguishers (strategically placed), and fire blanket will be 

maintained on-site and shall be immediately available for use in the event of an emergency. 

2.9 EMERGENCY CONTACTS 

e" Prior to performing work at any of the sites, all personnel will be thoroughly briefed on the emergency 

procedures to be followed in the event of an accident. A mobile phone may be available on site. Table 2-

1 provides a list of emergency contacts and their associated telephone numbers. This table must be 

posted on site where it is readily available to all site personnel. Telephone numbers for the Base Safety 

Office, the Base Emergency Preparedness Coordinator, and the Base Environmental Office will be 

obtained and incorporated into Table 2-1 prior to the commencment of site activities. 

e 

2.10 EMERGENCY ROUTE TO HOSPITAL 

Directions to the Bloomington Hospital:* 

Exit NSWC Crane on H-45 through the Bloomington gate. Follow Highway 45 North to Bloomington at 

Highway 45 and Highway 37. Continue going straight over the overpass (Bloomfield Road). Follow 

Bloomfield Road North; this road turns into 2nd Street. Follow 2nd Street, hospital will be on the right 

(S01 West 2nd Street) 

Directions to Bedford Medical Center:* 
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Exit the base on H-58, through the Bedford Gate. Head West on State Highway 158. State Highway 158 

becomes 16th Street upon entering the City of Bedford. The medical center is on the right shortly after 

Plaza Drive. 

*NOTE: The Bedford Gate is open only from 0600 - 0830 and 1500 - 1800 hours, whereas the 

Bloomington Gate is open 24 hours. 
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TABLE 2-1 

EMERGENCY REFERENCE 
NSWC CRANE, CRANE, INDIANA 

AGENCY '. TELEPHONE 
Base Emergency Number (Fire Department, Base Security, dial 854-3300 or 
Ambulance) 854-1333 

Base Environmental Office (812) 854-6160 

Bedford Ambulance (812) 279-6545 

Bloomington Hospital (Bloomington, IN) (812) 336-9515 

Hospital, Bedford Medical Center (Bedford, IN) (812) 275-1200 

Poison Control Center .1-800-382-9097 

National Response Center 1-800-424-8802 

Base Contact (812) 854-6160 
Thomas Brent (Environmental Protection Department) 

Contract Task Order Manager, (412) 921-8415 
Roger A: Clark, Ph.D. 

TtNUS Office, Pittsburgh 1-800-245-2730 
(412) 921-7090 

CLEAN Health and Safety Manager, 
Matthew M. Soltis, CIH, CSP (412) 921-8912 

Project Health and Safety Officer, 
Donald J. Westerhoff, CSP (412) 921-7281 

2-7 

NSWC Crane 
HASP 

Revision: 3 
Date: August 1999 

Section: 2 
Page 7 of 11 

CTO 0019 



This page intentionally left blank. 

049910/P 2-8. 

NSWC Crane 
HASP 

Revision: 3 
Date: August 1999 

Section: 2 
Page 8 of 11 

CTO 0019 

• 

• 



' ..... 
~ 

. , 

. I,.~.,.:( ":" 

,~. 

,-.J:: 

. :" 

I .. ... 
I ... 
I 
~ 
~ 

/,'" ~ 
~; ~.~' : ~ 
:'jt' = 

';~;'> : 

Revision: 3 
Date: August 1999 

Section: 2 
Page 9 of 11 

. ~:- ", 

~ .. 
.... <: .; .•..... ~ 

ROUTE TO BLOOMINGTON HOSPITAL 
• EXIT BASE ON H5·45 THROUGH THE BLOOMINGTON GATE; 

FOLLOW HWY 45 NORTH TO BLOOMINGTON AT HWY 45 AND HWY 37; 
CONTINUE GOING STRAIGHT OYER THE 9YERPASS (BLOOMFIELD RD,); 
FOLLOW BLOOMFIELD RD. NORTH WHICH TURNS INTO'2ND. STREET; 
FOLLOW 2ND. STREET AND HOSPITAL IS: ON YOUR RIGHT 
(10 1 WEST 2ND. STREET). 
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This section provides information pertaining to NSWC Crane ,and the sites that are to be investigated. 

This information will be revised if additional information becomes available or if additional sites are going 

to be investigated. 

3.1 SITE HISTORY 

The Naval Surface Warfare Center Crane (NSWC Crane) is located in Crane, Indiana approximately 75 

miles southwest of Indianapolis and 71 miles northwest of Louisville, Kentucky. The facility encompasses 

more than 100 sq~are miles (64,463 acres) in Daviess, Greene, Lawrence, and Martin Counties. It is 

located in a rural, sparsely populated area. The acreage surrounding the base is either wooded or 

farmed land. The facility, originally called Naval Ammunition Depot (NAD), Burns City, was opened in 

1941 to serve as an inland ammunition production and storage center. The Depot's name was changed 

to NAD, Cra'rie in 1943. In 1975, the name was changed to Naval Weapons Support Center, Crane and 

in 1992" the name was again changed to Naval Surface Warfare Center, Crane. Today NSWC Crane's 

mission is to "provide quality and responsive engineering, technical and material support to the Fleet for 

combat subsystems, equipment and components, microelectronic technology, microwave components, 

electronic warfare, acoustic sensors tests, engineering pyrotechnics, small arms, electronic module test 

and syster:n command." Under the Single Service Management Program, a segment of the Center's 

mission is to provide support (including environmental protection) to the Crane Army Ammunition Activity 

(CAAA). The Army is tasked with the production and renovation of conventional ammunition and related 

,items, the performance' of manufacturing, engineering, and product quality assurance to support 

production; and the storage, shipment, demilitarization, and disposal of conventional ammunition and 

related components., Because of the nature of the Army's operations, CAAA contributes significant 

financial support for the environmental program through an Interservice Support Agreement. 

3.2 SPECIFIC SITES TO BE INVESTIGATED 

The Landfarm (SWMU 30) is the only site that is to be investigated as part of the scope of work 

addressed in this HASP. This HASP addresses activities that will be performed as part of the scope of 

work to characterize the nature and extent of contamination at SWMU 30. 
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This site is regulated under the state water program:· Sludges from the main wastewater treatment plant 

are applied to the ground under specific permit conditions; No groundwater monitoring has been required 

. by the state, the USEPA would like this media investigated. The primary objective of this GTO is to 

determine whether or not there is groundwater contamination migration and what its extent may be. 

Seven wells are in existence and need to be sampled. 
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This section discusses the activities that are to be performed at the site. Table 5-1 of this HASP provides 

information related to each of the tasks that are to be performed as part of the scope of work conducted 

at the site. As new phases or tasks are to be performed at the site, Table 5-1 will be modified 

accordingly. If tasks other than those presented below are performed at the site, this section will be 

modified accordingly. 

Site activities conducted during this phase of work shall include groundwater sampling of existing wells. 

Additional information regarding site activities is addressed in the Work Plan which includes a Quality 

Assurance Project Plan (QAPP) and a Sampling and Analyses Plan (SAP) . 
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5.0 TASKS/HAZARDS/ASSOCIATED CONTROL MEASURES SUMMARIZATION 

Table 5-1 of this section serves as the primary portion of the site specific HASP which identifies the tasks 

that are to be performed under the said HASP. The anticipated hazards, recommended control 

measures, air monitoring recommendations, required Personal Protective Equipment (PPE), and 

decontamination measures for each site task are discussed in detail. This table and the associated 

control measures shall be changed if the scope of work, contaminants of concern, or other conditions 

change. Through using this table, the FOL and field personnel can determine which hazards are 

associated with each task, what hazards are present at each site, and what associated control measures 

are necessary to minimize exposure or injuries related to those hazards. This table also assists the FOL 

in determining which PPE and decontamination procedures to use based on proper air monitoring 

techniques and site-speCific conditions . 
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Anticipated Hazards 

Chemical Hazards 

,1) Primary site contaminants 
associated with the SWMU 30 include 
various inorganics such as chromium, 
cadmium, copper, lead, nickel, zinc, 
and cyanide. These contaminants 
may be bound to soils, sledges and 
particulates. The primary route of 
exposure to these contaminant is 
through ingestion or inhalation or 
airborne contaminant bound 
particulates. 

Analytical data does not indicate the 
presence of any volatile or semivolatile 
constituents. However, air monitoring 
activities will be performed as a 
precautionary measure to detect the 
presence of any volatile contaminants 
that may be present at the site. 

2) The potential exists for minor 
exposure to hydrocarbons (indicated 
as BTEX) due to the use of gasoline or 
diesel powered equipment. 

3) Cross contamination 

Physicsl hazards 

1) Lifting (muscle strains and pulls) 
2) Pinches and compressions 
3) Slip, trips, and falls 
4) Biological hazards (InsecVanimal 
bites and stings, poisonous plants) 
5) Ambient temperature extremes 

TABLE 5-1 
TASKS/HAZARDS/CONTROL MEASURES COMPENDIUM 

NSWC CRANE, CRANE, INDIANA 

Recommended Control Measures 

Chemical Hazards 

1) Employ real-time monitoring instrumentation, action levels, and identified PPE to control 
exposures to potentially contaminated water and· solis. Minimize the generation of dust via 
dust suppression methods such as area wetting. 

2) Avoid contact with fuels and minimize quantities used and stored on-site. Segregate fuels 
from combustibles and store in appropriate containers. 

3) D,econtaminate all equipment and supplies before moving to a new location. 

Physical Hazards 

1) Use machinery or multiple personnel for heavy lifts. Use proper lifting techniques. 

2) Use pinch bars or other equipment to remove hand from the point of operation. Do not, 
ope~ate equipment unless all appropriate safeguards are in place. 

3) Preview work locations for unstable/uneven terrain. 

4) Avoid nesting areas, employ repellents if necessary. Wear long pants and long sleeved 
shirt,s '. Tape pant legs or tuck them Into boots to minimize exposed areas of skin. If 
necessary employ Tyvek coveralls to further protect exposed areas of the body. Report 
potential hazards.to the SSO. 

5) Wear appropriate clothing for the anticipated weather conditions while maintaining the 
required level of protection. Institute work rest regimens in accordance with ACGIH 
recommendations as discussed in the Health and Safety Guidance ManUal. Provide liquids to 
replace lost body fluids and maintain awareness of signs and symptoms of heat stress. 

Air Monitoring Type Action Levels 

Based on previous analytical results, it is not 
anticipated that air monitoring instrumentation 
will detect the presence of any airborne volatile 
contaminants. However, monitoring' 
instrumentation will be employed,at each 
location in which sample extraction is being 
performed. All monitoring wells should be 
opened prior to sampling to allow venting. All 
monitoring will be performed using the following 
instrumentation: 

:oniZatiOn Detector w/ 11,7 eV UV lamp 

1) Source monitoring will be conducted at 
regular intervals determined by the SSO. 
Positive sustained results which may impact filed 
crews will require the following actions: 

- Monitor the breathing zone of high risk 
employees. Any sustained readings in the 
breathing zone requires evacuation to a safe 
area until a determination of the source 
contaminant can be made. This determination 

, can made through use of color metric tube 
measurements or grab samples collected using 
Tedlar bags. If sustained readings are present 
in the workers breathing zone, contact the Brown 
& Root Environmental Project Heath and Safety 
Officer or the CLEAN Health and Safety 
Manager for additional air monitoring and PPE 
requirements. 

In the absence of any positive readings and 
airborne particulates, site personnel will perform 
site a,ctivities in Level D protection. 

Site activities may be upgraded to Level C 
protection if excessive dusts are generated 
during site activities or if further air monitoring 
(colormetric tube analysis or grab sampling) 
indicates the need for increased levels of 
protection (I.e., air purifying respiratory 
protection). However, other control measures 
such as area wetting procedures should be 
employed whenever possible to control the 
generation of dusts. 

Personal Prot9Clive Equipment 

It is anticipated that sampli1g activities will be 
performed in Level b Protection. 

Level 0 protection 
Hard-hat, safety glasses,sieel-toe / shank boots, 
reflective vest (if in areas of vehicular traffic), 
impermeable boot covers; and earplugs or muffs. 

In addition to the above PF'=, it is anticipated that 
most of the sampling may he accomplished through 
use of layered surgeon stylo inner nitrile gloves. 
Grossly contaminated or muddy sampling areas will 
require the use of nitrile Oli~er gloves as well. 

Tyvek coveralls 'shall be required if the potential for 
contamination of work clol11es exists or if poison ivy 
or 
if insect (ticks, chiggers, 'etc.) infestations exist. 

Level C protection 
Requires the use of Air-Pur,fying Respirators (APR) 
with appropriate combination cartridge filters (to be 
determined by the Project Heaith and Safety Officer 
or CLEAN Health and Safety Manager pending 
contaminant identification): High Efficiency 
Particulate Air (HEPA) filters will be used if airborne 
particulates are observed' and cannot otherwise be, 
controlled. 

1, 

This level of protection will t>e utilized whenever: 
- If colormetric'tube analysi., or grab sampling 
conducted as a result of ehNated readings on the 
PID indicate the need for inaeased levels of 
protection. 
- Airborne particulates are ~enerated and cannot 
be adequately controlled via area wetting methods. 

Chemical protective clothir:g will consist of 
impermeable boot covers, !,nitrile outer gloves 
,surgical style inner gloves, Tyvek coveralls. If free 
phase product is encountered, or the potential for 
splashes saturation of work clothes exists, the use 
of a PVC or PE splash suit will be required. 

Level B Protection 
Supplied air respiratory protection conSisting of 
either a Self Contained Brealhing Apparatus 
(SCBA) or an air line respirator with escape SCBA. 
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Decontamination Procedures 

Personnel Decontamination will consist of a 
soap/water wash and rinse for outer protective 
equipment (e.g. boots, gloves, PVC splash suits, 
etc.). This function will take place at a satellite 
location. Disposable PPE will be bagged between 
sampling events. ,This procedure will consist of 
- Sample acquisition 
- Sample equipment will be bagged to be 
decontaminated at the central location 
,- Clean the outside of the sample 
containersilabeVbag 
- Soap/water wash and rinse of outer boots and 
gloves 
- Pack and ice sample transport container 

Level C and B protection requires a more extensive 
decontamination procedure which Is outlined in 
Section 6.1.2 and 6.1.3 of Module 2 of the Health 
and Safety Guidance Manual 

All decontamination efforts should be followed by 
personnel performing personnel hygiene practices 
such as hand and face washing. 

./ 
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Level B protection will be required if the identity 
of volatile contaminants cannot be determined or 
if further air monitoring (colormetric tube analysis 
or grab sampling) indicates the need for 
increased levels of protection (I.e., supplied air 
respiratory protection) .. 

Chemical protective clothing will consist of 
impermeable boot covers, nitrile outer gloves, 
surgical style inner gloves, T~Nek coveralls. If the 
potential exists for saturation or work clothes, PVC 
or PE coated Tyvek will be st:bstituted for regular 
Tyvek. 
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TASKS/HAZARDS/CONTROL MEASURES COMPENDIUM 
NSWC CRANE, CRANE, INDIANA 

(.E2 

----

TankslOperation/ Anticipated Hazards 
-
'. Recommended Control Measures 

Locations 
. Mobiliziltionl Physical Hazards 1) -Use machinery or multiple personnel for heavy lifts. Use proper lifting techniques. 
Demobilization 2) .Use pinch bars or other equipment to remove hands from. the point of operation. 

1) Ufting (muscle strains and pulls) 3) . Preview work locations for unstable/uneven terrain. Barricade any excavations from 
2) Pinches and compressions access closer than two feet from the edge. 
3) Slip, trips, and falls 4) : All equipment will be 
4) Moving machinery - Inspected in accordance with OSHA, and manufacturers design. 
5) Biological hazards (Insect/animal - Operated by certified operators, and knowledgeable ground crew. 
bites and stings, poisonous plants) - Establish safe zones of approach (boom + 3 feet). 
6) Vehicular and foot traffic - ,. Secure all loose articles to avoid possible entanglement. , 
7) Contact with energized systems 5) Avoid nesting areas, use repellents. Report potential hazards to the SSO. 
(e.g., powerlines) 6) Identify all access routes hours of clearance, Base contacts personnel may approach 

under the badge clearance and permit system: 

--

-

7) Inspect all areas prior to work for the potential to contact energized systems. All projectng 
devices shall be at least 20 feet from overhead power lines. 

i • 

."~~ , 

:'f • . ' 
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Air Monitoring 

Not required 

Air monitoring will not be performed during this 
task given the low probability of any airborne 
concentrations of site contaminants being 
present. 

Personal Protec;:ive Equipment 

Level D Protection - (Mini:num Requirements) 
- Standard field attire (Ion!; sleeve shirt; long pants) 
- Safety shoes (steel- toe(:;hank) 
- Safety glasses 
- Hard-hat (when overheall hazards exists, or 
identified as a operation rl3'luirement) 
- Reflective vest for high traffic areas 
- Hearing protection for hirh noise areas, or as 
directed on an operation-bj' operation basis. 
- Work gloves 

'I 
--
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Decontamination Procedures 

Not required 

Decontamination activities will not be required for 
this task since there is minimal potential for 
contamination of equipment or clothing during 
mobilization and demobilization efforts. 
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6.0 HAZARD ASSESSMENT 

NSWC Crane 
HASP 

Revision: 3 
Date: February 1999 

Section: 6 
Page 1 of 5 

The following section provides information regarding the chemical and physical hazards associated with 

the NSWC Crane Site and the activities that are to, be conducted as part of the scope of work. Table 6-1 

provides information related to the chemical hazards that may be present at the site. Specifically, 

toxicological information, exposure limits, symptoms of exposure, physical properties, and air monitoring 

and sampling data are discussed in the table. It should be noted that the contaminants of concern may 

vary between tasks. 

6.1 CHEMICAL HAZARDS 

Primary site contaminants associated with SWMU 30 are related to sludges from the waste water 

treatment plant. Additionally, contamination from plating operations is also anticipated to be present at 

this site. Analytical results indicate the presence of various metals including chromium, copper, cadmium, 

barium, lead, nickel, and zinc. The presence of cyanide is also indicated in some of the analytical results. 

The analytical data also included analysis for TCLP volatiles and semivolatile organics. However, all 

sample results were below laboratory detection levels for constituents of these analyses . 

6.2 PHYSICAL HAZARDS 

The following is a list of physical hazards that may be encountered at the site or may present during the 

performance of site activities associated with the scope of work. 

• Uneven or unstable terrain (slip, trip, and fall hazards) 

• Strain/muscle pulls from manual lifting 

• Inclement weather 

• Ambient temperature extremes 

• Natural hazards (exposure to poisonous or disease carrying animals and plants) 

Each of these physical hazards is discussed in the Health and Safety Guidance Manual. Additionally, 

these 'physical hazards and the associated control measures are discussed in -Table 5-1 of the site 

specific HASP . 

049910/P 6-1 CTO 0019 
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.. Substance" 
Barium 

Cadmium 

",.:CAS:No~':T.:,;;: 

7440-39-3 as Ba 

10022-31-8 as 
Ba (N03)2 

10361-37-2 as 
BaCI2 

' 7440-43-9 

• 

TABLE 6-1 

CHEMICAL, PHYSICAL, AND TOXICOLOGICAL DATA 
NSWC CRANE, CRANE, INDIANA 

'<":';"'Alr MonltoilnQlSe,inpllnQlnformatlori, ,>: '~.: ,Exposure Lirrilts' :;: ,,;:':"!;:Warnlng.PropEirty Ratli'lli::~:,rS~~Y~ ">;" i',V~"~::PhysICaI ProPerties! I"~ '.; j:Y.[f~::· ;c·,.;,' Health Hlizard:lnfoi'rrilitloi'l : ,-

Particulate form - This Air sample using OSHA; NIOSH; 
substance is unable to particulate filter; water ACGIH: 3 
be detected by PID/FID. desorption; AAS 0.5mglm 

detection. Sampling and 
analytical protocol shall IDLH: 50 mglmJ 
proceed in accordance 
with NIOSH Method 
#7056. 

Particulate Form - Air sample using a mixed OSHA: 
Unable to be easily cellulose-ester filter 1 acid 2 mgl~3 (0.002 
detected by PID or FID. desorption and analysis mglm ) 

by atomic absorption-
flame. Sampling and ACGIH: 3 
analytical protocol shall 0,01 mglm 
proceed in accordance . (total particfte)' 
with NIOSH Method 
#7300 or #7048. 

0.002 mglm 
(respirable 
particulate) 

IDLH: 9 mglm3 
(as cd) 

, 

" 

No identifiable warning properties to Bolling Pt: 2984DF 1640DC (decomposes) 
indicate presence and thereby detection. Melting Pt: 1337DF 725DC 

Solubility: Varies between compounds 
Recommended APR Cartridge: 9/38% 
Suitable for dust and fume. Organic Flash Pt: Not available (Airborne dust 
vapor acid gases with HEPA filter. may bum or explode when exposed to 

heat, flame, or incompatible chemicals) 
Recommended gloves: This is in the LEULFL: Not available 
particulate form. Therefore any glove UEUUFL: Not available 
suitable to prevent skin contact (Nitrile Vapor Density: Not available 
has been the one most widely used for Vapor Pressure: 10 mmHg @ 1920DF 
the other substances). 1049DC 

SpecifiC Gravity: 3.5 
Incompatibilities: Acids, oxidizers' 
Appearance and odor: Silver to white, 
odorless 

The use of an air purifying, full face-piece Boiling Pt: 1412DF; 767"C 
respirator with a high efficiency Melting Pt: 610DF; 321°C 
particulate airjilter for concentrations up Solubility: Insoluble 
to 0.25 mglm . . Flash Pt: Not applicable (Airbome dust 

may burn or explode when exposed to 
Recommended Gloves: This is in .' " heat, flame, or incompatible chemicals) 
particulate form; Therefore any,glove ., LELlLFL: Not applicable 
suitable to prevent skin contact. UEUUFL: Not applicable 

Vapor Density: Not available 
Vapor Pressure: 1 mmHg @ 741DF; 
394DC 
Specific Gravity: 8.65 @ 90°F; 32°C 
Incompatibilities: Strong oxidizers, 
elemental sulfur, selenium, tellurium, zinc, 
nitric acid, and hydrazoic acid 
Appearance and Odor; 
Metal: Silver-white, blue-tinged lustrous, 
odorless solid. 
Fume: yellow-brown, finely divided 

. particulate dispersed in air. 

• 

Overexposure to this substance 
results in the solubilization in the 
water or stomach acids. Symptoms 
include vomiting, colic, diarrhea 
(watery sometimes bloody), slow to 
irregular pulse, transient 
hypertension, convulsive tremors, 
and muscular paralysis resulting in 
stiffness immobility, leg cramps, 
twitching, and impairment of speech 
and swallowing, Overexposure to 
some compounds via inhalation may 
result in respiratory distress, 
dyspnea, and baritosis (a benign 
pneumoconiosis). Direct contact to 
the skin or eyes may result in 
irritation. 

Overexposure to this substance may 
result in irritation to the respiratory 
tract, dyspnea, tightness in the 
chest, coughing, possibly pulmonary 
edema. Overexposure to fumes 

',. causes symptoms characteristic of 
the flu.(headaches, chills, muscle 
aches, nausea, vomiting, diarrhea). 
Chronic exposure may result in 
damage to the lungs, kidneys and 
liver. This substance has been 
identified as a confirmed animal; 
potential human carcinogen by IARC 
and NTP, 
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o CHEMICAL, PHYSICAL, AND TOXICOLOGICAL DATA 
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PAGE 2 

- - -- -- - -- - ------ - ----

,Substiiilcei; 'i~l~,!j: ~E'10,;·;"';.:r;;f:i" 'AIi',Monltc)'rhigtSampliri lilfonriatloh,;':;;!, \' :;C'C~':j,' ,Exposure Limits :WarningJ'ropertY Rating 'J ~ , :CiCl; ,;,(.;' ";;:-;::',;;;' I:, ;Physical,Propertles <,::; ',r:, i; " ';""" Health Hazard Informaticin ,"'" 
Chromium 7440-47-3 Not detectable by PID, Air sample using mixed OSHA & NIOSH: The use of a air purifying, full face-piece Boiling Pt: 4788°F; 2642°C Health hazards are characterized 
Compounds (Element) Not detectable by FID, cellulose -ester filter; acid (Chromiu!3' II, III) respirator with a high efficiency Melting Pt: 3452°F; 1900°C normally through chronic exposure 

desorption and analysis 0,5 mgtm particulat?3 filter for concentra~ions up to Solubility: Insoluble manifesting as histologic fibrosis of 
by atomic absorption, (ChromiU!3' VI) 0,1 mgtm ' Flash Pt: Not applicable (Airbome dust the lungs and ulceration of the nasal 
Sampling and analytical 0,1 mgtm may bum or explode when exposed to septum and skin, IARC, NTP and 
protocol shall proceed in (Ceiling) Recommended Gloves: This is in heat, flame, or incompatible chemicals) ACGIH list various chromium 
accordance with NIOSH particulate form, Therefore any glove LEULFL: Not apphcable compounds as possessing 
Method #7024, ACGIH: suitable to prevent skin contact. UEUUFL: Not applicable carcinogenic properties, 

0,5 mgtm3 Vapor Density: Not available 
(Chromium II, III Vapor ,Pressure: 0 mmHg 
compoundS), Specific Gravity: 7,14 
0,05 mgtm3 Inco~patibillties: ~trong oxidizers, 
(Chromium VI peroxides, and alkalis 
compounds) Appearance and Odor: I 

Appearance and odor vary depending 
IDLH: 30 mgtm3 upon the specific compound, 

(Chromium VI 

0) , 
w 

compounds) 
Copper 7440-50-8 Substance is not Air sample using a mixed NIOSH; O~A: The use of an air-purifying full-face BOiling Pt: 4215°F; 2324°C Irritation to the nose, throat, and 

(Cu) volatile, Unable to be cellulose ester filter; 0,10 mgtm respirator with a high efficiency Melting Pt: 1981°F; 1083°C respiratory tract. Metallic taste 

t~: 
,J.-. 

.ti· 
;11-

1:1' •• .. -"; .. 1317-38-0 detected by PID or FID, inductively coupled particulate air filter, Solubility: Insoluble Discoloration of skin (potential ,,:.-' 
(CuO) plasma/atomic emission ACGII:l: 0,2 Flash Pt: Not applicable (Airbome dust dermatitis) and hair. Chronic ~, 

spectroscopy, Sampling mgtm3 ' Recommended gloves: This is in the may bum or explode when eXposed to exposure may result in dermatitis ,~ 
and analytical protocol particulate form. Therefore any glove heat, flame, or incompatible chemicals) and damage to the liver and kidneys, 

Z~~~~ 

~ 
o 
~ 
(0 

shall proceed in suitable to prevent skin contact (Nitrile LEULFL: Not applicable Overexposure to fumes Causes 
accordance with NIOSH has been the one most widely used for UEUUFL: Not applicable 'symptoms characteristic l'f the flu 
Method #7300. the other substances). Vapor Density: Not available (headaches, chills, muscle aches, 

- Vapor Pressure: 1 mmHg @ 2962°F nausea, vomiting, diarrhea), 
1628°C Ingestion may cause burning in the 
Specific Gravity: 8.94 mouth, throat, and stomach. 
incompatibilities: Oxidizers, alkalis, Metallic taste with colicky abdominal 
sodium azide, acetyiene, bromates, pain. Individuals with Wilson's 
chi orates, iodates, and acids. disease are at greater risk of chronic 
Appearance and Odor: exposure as a result of the bodies 
Metal: Reddish, lustrous malleable, tendency to absorb and retain 
odorless Solid. copper. 
Fume: Finely divided black particulate 
dispersed in air, 
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';SiibstancE" ~+\;c;:;r;'t0 ,':,hi";'; AlrMonitorliiQ/Siirilplln Informatlon"\':, ';i;>,\C,,' 
Lead 7439-92-1 Particulate form - Air sample using a mixed 

Unable to be detected cellulose ester filter; or 
by either PIO or FlO, HN03or H202 

desorption; or Atomic, 
absorption detection, 
NIOSH Method #7082 or 
#7300, 

Nickel 7440-02-0 Particulate form - This Air sample using 
substance is unable to particulate filter; acid 
be detected by PIO/FIO. desorption; ICP detection, 

Sampling and analy1ical 
protocol shall proceed in 
accordance with NIOSH 
Method #7300. ' 

- ' 

-" --' --_._-

• 

Eipo9ureLliTilts: 
OSHA: 
0,05 mglm3 

ACGIH: 3 
0,15 mglm 

NIOSH: 
0,10 mglm3 

IOLH: 10O 
mglm3 as lead 

OSHA: as Ni 
metal and 
insoluble 
comp~unds I 
mglm , 

" 

NIOSH: 
0,015 mglm3 

ACGI~: 0,05 
mglm 
IOLH: 10 mglm;j 

Warnlnci ProDsrtY,Ratlrici '; ,~,\,/,';tl; ::' ;,~ '.':':,;;,·,;y,"'.Physlciil Properties ~:';' ; ,,~,.,;' 

The use of a air purifying, full-face BOiling Pt: 3164'F; 1740'C 
respirator with high efficie~y particulate Mel~lng PI: 621°F; 327°C 
airfilterfor up to 2,5 mglm ' , Solubility: Insoluble 

Flash Pt: Not applicable (Airborne dust 
Recommended gloves: This is in the may bum .or explode when exposed to 
particulate form, Therefore any glove heat, flame, or incompatible chemicals) 
suitable to prevent skin contact (Nitrile LEULFL: Not applicable 
has been the one most widely used for UEUUFL: Not applicable 
the other substances), Vapor Density: Not available 

Vapor Pressure: ° mmHg 
Specific Gravity: II ,34 
Incompatibilities: Strong oxidizers, 
peroxides, sodium acetytide, zirconium, 
and acids 
Appearance and Odor: 
Metal: A heavy ductile, soft arav solid. 

No identifiable warning properties to Boiling Pt: 4946'F; 2730DC 
indicate presence and thereby detection. Melting Pt: 2651 D F; 1455°C 

Solubility: Insoluble acid 
Recommended APR Cartridge: Flash Pt: Not available(Airborne dust may 
'Suitable for dust and fume, Organic ' bum or explode when exposed to heat, 
vapor acid gases with HEPA filter. flame, or incompatible chemicals) 

LELlLFL: Not available 
Recommended gloves: This material is UEUUFL: Not available 
in the particulate form. Therefore any Vapor Density: Not available 
glove suitable to prevent skin contact Vapor Pressure: I mmHg @ 3290D F; 
(Nitrile has been the one most widely 1810DC 
used for the other substances). Specific Gravity: 8.90 

Incompatibilities: Strong acids. halogens. 
sulfur. wood and other combustibles. 
nickel nitrate, and oxidizers 
Appearance and odor: Silvery white. 
hard. malleable ductile metal. odor1ess 

• 

: :"~Health Hliziu'dlnformatlon ',' 
Overexposure to this substance via 
ingestion or inhalation may result in 
metallic taste in the mouth, dry 
throat, thirst, Gastrointestinal 
disorders (burning stomach pain, 
nausea, vomiting, possible diarrhea 
sometimes bloody or black, 
accompanied by severe bouts of 
colic), CNS effects (muscular 
weakness, pain, cramps, 
headaches, insomnia, depression, 
partial paralysis possibly coma and 
death, Ex1ended exposure may 
result in damage to the kidneys, 
gingival lead line, brain, and anemia, 

Syrnptoms of overexposure to this 
product may include headaches, 
vertigo, delirium, ex1reme weakness, 
GI disturbance and pain including 
nausea vomiting and diarrhea, 
coughing, hyperpnea. ·cyanosis. 
weakness. allergic dermatitis. nickel 
itch. pulmonary asthma. chest pains 
tightness. dyspnea. dry cough, and 
conjunctivitis. This substances has 
been identified as a Human 
carCinogen by NTP and IARC. 
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[Substance:: ~;~10,,(Yi, . ",+,k 

Zinc 7440-66-6 

Cyanides varies depending 
(asCN) of compound 

'Air:M6riitoi'inQlSam~in :lrifoi'matiori;~;:~3:~f>';) :,;iY 
Particulate !onn - This Air sample using a 
substance is not particulate filter; acid 
detectable using a PIO desorption; AAS 
or FlO. detection. Sarnpling and 

analytical protocol will 
proceed in accordance 
with NIOSH Method 
#7300. 

No infonnation found. Air sample using filter; 
analyze using specific ion 
electrode. Sampling and 
analytica1.protocol in 
accordance with 
established methodology. 

• 
Exposure Limits. Warning' Propei1YRatirig~f' ;;,:,'~"~;~;;;., ""j; 
OSHA: No identifiable warning properties to 
10 mg/rn3 Total indicate presence and thereby detection. 

dust, 3 
5mg/m Recommended APR Cartridge: 

Respirable Suitable for dust and fume. Organic 

fraction vapor acid gases with HEPA filter. 

NIOSH:
3 

Recommended gloves: 

5mg/m This is in the particulate fonn. Therefore 

15 mg/m3 any glove suitable to prevent skin contact 

(Ceiling) 
(Nitrile has been the one most widely 
used for the other substances). 

ACGIH: 3 
10mg/m 

OSHA; ACGIH; Inadequate waming properties; 
NIOS~: 5 recommend the use of supplied air 
mg/m (ceiling) respirators. 

IOLH: 3 Recommended Gloves: Butyl 1.00 hr. 

50 mg/m 

. 
-

',dJJ:C>iif,.::::; Physical Properties' ,;;' ,'~'0."":; ;,~ 
Boiling Pt: 1666°F; 908°C 
Melting Pt: 788°F; 419.8°C 
Solubility: Insoluble 
Flash Pt: Not available (Airborne dust 
may burn or explode when exposed to 
heat, flame, or incompatible chemicals) 
LEULFL: Not available 
UEUUFL: Not available 
Vapor Density: Not available 
Vapor Pressure: 0 mmHg 
Specific Gravity: 7.14 
Incompatibilities: Strong acids, halogens, 
catalytiC metals, combustibles, oxidizers, 
nitryt fluoride 
Appearance and odor: Bluish-white, 
lustrous metal, odorless 
Boiling Pt: 2725°F; 1496°C 
Melting Pt: 1047°F; 564°C 
Solubility: 58% 
Flash Pt: Not available 
LEULFL: Not available 
UEUUFL: Not available 
Vapor Density: Not available 
Vapor Pressure: 0 mmHg 
Specific Gravity: 1.6 
Incompatibilities: Strong oxidizers, acids, 
acid salts, chlorates, and nitrates 
Appearance and odor: KCN and NaCN 
are white granular or c~tal1ine solids with 
a faint almond-like odor 

• 
,":., \Health Hlizard lriform'ation'.',: " 
Inhalation of fumes may result in 
metal furne fever. This condition is 
characterized by metallic taste, 
dryness of the throat, coughing_with 
generalized aching and flu-like 
symptoms. Effects through ingestion 
may include coughing, difficulty in 
breathing, and sweating. A human 
skin irritant Irritation to the eyes may 
result from mechanical action. 

<" 

Overexposure may result in ~F 

chemical asphyxiation and death. ",~~. 

Symptoms of exposure Include ..~ 

weakness, headache, confusion, :"j~; 

nausea, vomiting, increased 
respiratory rate, slow gasping ~~ " 

respirations, irritation of the eyes ana . 
skin. Target organs are listed as 

~~~~~~: 
~:'" 1[7 

Cardiovascular system;, Central 
nervous system, liver, kidneys, and 
skin. • ":1, 
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7.0 AIR MONITORING 

NSWCCrane 
HASP 

Revision: 3 
Date: August 1999 

Section: 7 
Page 1 of 1 

Monitoring devices such as Direct Reading Instruments (ORis), will be employed at the site to detect and 

evaluate the presence of site contaminants and other potentially harmful agents. The specific type of 

monitoring and the associated instruments, frequency of use, and applicable action levels are dependent 

upon the specific scope of work and the contaminants of concern. As a result, specific air monitoring 

measures and requirements have been established in Table 5-1 of this site specific HASP. Additionally, 

Section 1.0 of the TtNUS Health and Safety Guidance Manual contains detailed information regarding 

direct reading instrumentation, personal and area air sampling procedures, as well as general calibration 

procedures of various instruments. 

049910/P . 7-1 CTO 0019 



• 8.0 TRAINING/MEDICAL SURVEILLANCE REQUIREMENTS 

8.1 INTRODUCTORY/REFRESHER/SUPERVISORY TRAINING 

8.1.1 Requirements for TtNUS Personnel 

NSWCCrane 
HASP 

Revision: 4 
Date: August 1999 

Section: 8 
Page 1 of 8 

All TtNUS personnel must complete 40 hours of introductory hazardous waste site training in accordance 

with 29 CFR 1910.120(e) prior to performing work at NSWC Crane. Additionally, TtNUS personnel who 

have had introductory training more than 12 months prior to site' work must have completed 8 hours of 

refresher training within the past 12 months before being cleared for site work. 8-hour Supervisory 

Training in accordance with 29 CFR 191 0.120(e)(4) will be required for site supervisory personnel. 

Documentation of TtNUS Health and Safety Training will be maintained at the project site. Copies of 

certificates or other official documentation will be used to fulfill this requirement. 

At the request of the U.S. Navy, TtNUS will conduct a brief meeting daily to discuss operations planned 

for that day. At the end of the workday" a short meeting will be held to discuss the operations completed 

• and any problems that were encountered. 

• 

8.1.2 Requirements for Subcontractors 

All TtNUS subcontractor personnel must have completed introductory hazardous waste site training or 

equivalent work experience as defined in OSHA Standard 29 CFR 1910.120(e) and 8 hours of refresher 

training meeting the requirements of 29 CFR 1910.120(e)(8) prio~ to performing field work at NSWC 

Crane. TtNUS subcontractors must certify that each employee has had such training by sending TtNUS a 

letter, on company letterhead, containing the information in the example letter provided in Figure 8-1,' and, 

providing copies of all training certificates. 

8.2 SITE-SPECIFIC TRAINING 

TtNUS will provide site-specific training to all TtNUS employees and subcontractor personnel who will 

perform work on this project. Site-specific training will also be provided to all site visitors (DOD, EPA, 

etc.) who may enter the site to perform functions that mayor may not be directly related to site 

operations. Site-specific training will include: 

, 049910/P 8-1 CTO 0019 



, 

FIGURE 8-1 

TRAINING LETTER 

NSWC Crane 
HASP 

Revision: 4 
Date: August 1999 

Section: 8 
Page 2 of 8 

The following statements must be typed on company letterhead and signed by an officer of the company 

and accompany copies of associated training certificates: 

LOGO 
XYZ CORPORATION 
555 E. 5th Street 
Nowheresville, Kansas 55555 

Month, day, year 

Roger A. Clark, Ph.D. 
Project Manager 
Brown & Root Environmental 
Foster Plaza VII 661 Andersen Drive 
Pittsburgh, Pennsylvania 15220 

Subject: HAZWOPER Training for NSWC Crane 

Dear Dr. Clark: 

. As an officer of XYZ Corporation, I hereby state that I am aware of potential hazardous nature of the 
subject project. I also understand that is out responsibility to comply with all applicable occupational 
safety and health regulations including those stipulated in Title 29 of the Code of Federal Regulations 
(CFR), Parts 1900 through 1910 and Part 126. 

I. also understand that Title 29 CFR 1910.120 ·entitled "Hazardous Waste Operations and Emergency 
Response" requires appropriate level of training for certain employees engaged in hazardous waste 
operations. In this regard, I hereby state that the following employees have had 40 hours of introductory 
hazardous waste site training or equivalent work experience as requested by 29 CFR 191 0.120(e) and 

. have had 8 hours of refresher training as requiredby 29 CFR 191 0.120(e)(8), 

LIST FULL NAMES OF EMPLOYEES AND THEIR SOCIAL SECURITY NUMBERS HERE 

Should you have any questions, please contact me at (555) 555-5555. 

Sincerely, 

(Name of Company Officer) 

.. 049910/P 8-2' CTO 0019 
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• .. 
• 
• 
• 

Names of personnel and alternates responsible for site safety and health 

Safety, h~alth and other hazards present on site 

Use of personal protective equipment 

Work practices to minimize risks from hazards 

Safe use of engineering controls and equipment 

Medical surveillance requirements 

Signs and symptoms of overexposure to site contaminants 

NSWCCrane 
HASP. 

Revision: 4 
Date: August 1999 

Section: 8 
Page 3 of 8 

• 
• 

The contents of the site-specific health and safety plan including the contents of Table 5-1 and 6-1. 

Emergency response procedures (evacuation and assembly points) 

• Spill response procedures 

• Review the contents of relevant Material Safety Data Sheets 

Site-specific documentation will be established through the use of Figure 8-2. All site personnel and 

visitors must sign this document upon receiving site-specific training prior to commencement of site 

activities. 

8.3 MEDICAL SURVEILLANCE 
" 

8.3.1 Medical Surveillance Requirements For TtNUS Personnel 

All TtNUS personnel participating in project field activities will have had a physical examination meeting 

the requirements of TtNUS' medical surveillance program and will be medically qualified to perform 

hazardous waste site work using respiratory protection. 

Documentation for medical clearances will be maintained in the TtNUS 

Pittsburgh office and made available as necessary. 

8.3.2 Medical Surveillance Requirements For Subcontractors 

Subcontractor personnel are required to obtain a certificate of their ability to perform hazardous waste site 

work and to wear respiratory protection. The "Subcontractor Medical Approval Form" provided in Figure 

8-3 of this HASP shall be used to satisfy this requirement providing it is properly completed and signed by 

a licensed physician. 
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SITE·SPECIFIC TRAINING DOCUMENTATION 
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My signature below indicates that I am aware of the potential hazardous nature of performing 

investigation activities at NSWC Crane, and that I have received site-specific training which included the , 
elements presented below: 

• Names ·of personnel al")d alternates responsible for site safety and health 

• Safety, health and other hazards present on site 

• Use of personal protective equipment 

• Work practices to minimize risks from hazards 

• Safe use of engineering controls and equipment 

• Medical surveillance requirements 

• Signs and symptoms of overexposure 

•. The contents of the health and safety plan including Table 5-1 and 6-1 

• Emergency response procedures (evacuation and assembly points) 

• Review contents of relevant Material Safety Data Sheets and Chemical Data Sheets I Hazard Lines 

• Spill Response 

I further state that I have been given the opportunity to ask questions and that all of my questions have 

been .answered to my satisfaction. 

I further state by the presence of my Signature ~elow the date of my training (introductory, refresher, and 

supervisory, as applicable); and my medical surveillance requirements are accurate and correct to the 

best of my knowledge. 

40-Hour 
Name General Site 8-Hour 8"Hour Medical SIGNATURE 

Worker Refresher Supervisory Surveillance 
Training (Date) Training (Date) Training (Date) 
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Subcontractors who have a company medical surveillance program meeting the requirements of 

paragraph (f) of OSHA 29 CFR 1910.120 can substitute "Subcontractor Medical Approval Form" with a 

letter, on company letterhead, containing all of the information in the example letter presented in Figure 8-

4. 

8.3.3 Requirements For All Field Personnel 

Each field team member (including subcontractors and visitors entering the exclusion zone) shall be 

required to complete and submit a copy of the Medical Data Sheet found in the TtNUS Health and Safety 

Guidance Manual. This shall be provided to the SSO prior to participating in site activities. The purpose 

of this document is to provide site personnel and emergency responders with additional information that 

may be necessary in order to administer medical attention. 

8.4 SUBCONTRACTOR EXCEPTION 

Subcontractors who will not enter the exclusion zone during operation, and whose activities involve no 

potential for exposure to site contaminants, will not be required to meet the requirements for 

training/medical surveillance, other than site-specific training as stipulated in Section 8-2. 

049910lP 8-5 CTa 0019 



FIGURE 8-3 

SUBCONTRACTOR MEDICAL APPROVAL FORM 

For employees of _________________ ---, _______ _ 

Company Name 

Participant Name: ____________ _ Date of Exam: ______ _ 

The above-named individual has: 

NSWC Crane 
HASP 

Revision: 4 
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Section: 8 
Page 6 of 8 

1. Undergone a physical examination in accordance with OSHA Standard 29 CFR 1910.120, 
paragraph (f) and found to be medically -

( ) qualified to perform work at the NSWC Crane work site 
( ) not qualified to perform work at the NSWC Crane work site 

and, 

• 

2. Undergone a physical examination as per OSHA 29 CFR 1910.134(b)(10) and found to be • 
medically -

( ) qualified to wear respiratory protection 
( ) not qualified to wear respiratory protection 

My evaluation has been based on the following information, as provided to me by the employer. 

Part B 

( ) A copy of OSHA Standard 29 CFR 1910.120 and appendices. 
( ) A description of the employee's duties as they relate to the employee's 

exposures. 
( ) A list of known/suspected contaminants and their concentrations (if known). 
( ) A description of any personal protective equipment used or to be used. 
( ) Information from previous medical examinations of the employee which is not 

readily available to the examining physician. 

I, _____________ , have examined ______________ _ 

Physician's Name (print) Participant's Name (print) 

and have determined the following information: 
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SUBCONTRACTOR MEDICAL APPROVAL FORM 
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1. Results of the medical examination and tests (excluding finding or diagnoses unrelated to 
occupational exposure): 

2. Any detected medical conditions which would place the employee at increased risk of material 
. impairment of the employee's health: 

3. Recommended limitations upon the employee's assigned work: 

I have informed this participant of the results of this medical examination and any medical conditions 
which require further examination of treatment. 

Based on the information provided to me, and in view of the activities and hazard potentials involved at 
the NSWC Crane work site, this participant 

( ) may 

( ) may not 

perform his/her assigned task. 

Physician's Signature _____________ _ 

Address _____________ _ 

Phone Number ______________ _ 

NOTE: Copies of test results are maintained and available at: 

Address 

·049910/P 8-7 CTC 0019 



f' 

FIGURE 8-4 

MEDICAL SURVEILLANCE LETTER' 
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The following statements must be typed on company letterhead and signed by an officer of the company: 

LOGO 
XYZ CORPORATION 
555 E. 5th Street 
Nowheresville, Kansas 55555 

Month, day, year 

Roger A. Clark, Ph.D. 
Project Manager 
TtNUS Corp. 
Foster Plaza VII 661 Andersen Drive 
Pittsburgh, Pennsylvania 15220 

Subject: Medical Surveillance for NSWC Crane 

Dear Dr. Clark: 

As an officer of XYZ Corporation, I hereby state that the persons listed below participate in a medical 
surveillance program meeting the requirements contained in paragraph (f) of Title 29 of ,the Code of 
Federal RegulatioFls (CFR), Part 1910.120 entitled "Hazardous Waste Operations and Emergency 
Response" I further state that the persons listed below have had physical examinations under this 
program within the past 12 months and that they have been cleared, by a licensed physician, to perform ' 
hazardous waste site work and to wear positive and negative pressure respiratory protection. I also state 

, that, to my knowledge, no person listed below has any medical restriction that would preclude him/her 
from working at the NSWC Crane Site. 

LIST FULL NAMES OF EMPLOYEES AND THEIR SOCIAL SECURITY NUMBERS HERE 

Should you have any questions, please contact me at (555) 555-5555. 

S~ncerely, 

(Name of Company Officer) 
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This Section outlines the means by which TtNUS will delineate work zones and use these work zones in 

conjunction with decontamination procedures to prevent the spread of contaminants into previously 

unaffected areas of the site. It is anticipated that a three zone approach will be used during work at this 

site; an exclusion zone, a contamination reduction zone, and a support zone. It is also anticipated that 

this control measure will be used to control access to the work areas, thereby restricting the general 

public to avoid the spread of contaminants, and to protect individuals who are not cleared to enter by way 

of training and/or medical surveillance qualifications. 

9.1 ' EXCLUSION ZONE 

The exclusion zone will be considered those areas of the site of known or suspected contamination. It is 

not anticipated that significant amounts of surface contamination are in the proposed work areas of this 

site. It is also anticipated that this will remain so until/unless contaminants are brought to the surface by 

intrusive activities. Furthermore, once intrusive activities have been completed, and surface 

contamination has been removed, the potential for exposure is again diminished and the area can then 

be reclassified as part of the contamination reduction zone. Therefore, the exclusion zones for this 

project will be limited to those' areas of the site where active work (groundwater sampling) is being 

performed plus a safety zone of 15 feet surrounding the point of operation. All exclusion zones will be 

delineated using barrier tape, cones and/or drive poles, and postings to inform and direct site personnel. 

9.2 CONTAMINATION REDUCTION ZONE 

The contamination reduction zone (CRZ) will be the buffer area between the exclusion zone and any of 

the site where contamination is not suspected. Personnel and equipment decontamination can take 

place in this area if a central decontamination location is not established for this project. This zone will 

also serve as a focal point in supporting exclusion zone activities. This area will be delineated using 

barrier tape, cones and/or drive poles, and postings to inform and direct site personnel. 

9.3 SUPPORT ZONE 

The support zone for this project will include a staging area where site vehicles will be parked, equipment 

will be unloaded, and where food and drink containers will be maintained. In all cases, the support zones 

will be established at areas of the site where exposure to site contaminants would not be expected during 

normal working conditions or foreseeable emergencies. 
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Once the areas of contamination, access routes, topography, dispersion routes are determined, a site 

map will be generated and adjusted as site conditions change. These maps will be posted to illustrate 

up-to-date information of contaminants and adjustment of zones and access points. 

9.5 BUDDY SYSTEM 

Personnel engaged in on-site activities will practice the "buddy system" to insure the safety of all 

personnel involved in this operation. 

9.6 MATERIAL SAFETY DATA SHEET (MSDS) REQUIREMENTS 

TtNUS personnel will provide MSDS's for all chemicals brought on-site. The contents of these documents 

will be reviewed by the SSO with the user(s) cif the chemical substances prior to any actual use or 

application or the substances on-site. The MSDS's will be maintained in a central location (i.e., temporary 

office) and will be available for anyone to review upon request. 

9.7 COMMUNICATION 

It is anticipated that sit~ personnel will be working in close proximity during proposed field activities. In 

the event that site personnel are in isolated areas or are separated by significant distances, a supported 

means of comomunication between field crews will be utilized. Two-way radio communication devices, if 

needed, will be submitted for NSWC Crane approval. 

External communications will be done so utilizing the telephones at predetermined and approved 

locations or through cellular phones. External communication will primarily be used for the purpose of 

resource arid emergency resource communications. Prior to the commencement of site activities; the 

FOL will determine and arrange for telephone communications, if it is determined a cellular means will not 

be used. 

9.8 SITE VISITORS 

Site visitors for the purpose of this document are identified as representing the following groups of 

individuals: 
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Personnel invited to observe or participate in operations by TtNUS. 

Regulatory personnel (i.e., DOD, EPA, OSHA, etc.) 

Southern Division Navy personnel 

Other authorized visitors 

NSWC Crane 
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All non DOD personnel working on this project are required to gain initial 'access to the base by 

coordinating with our Task Order Manag,er or designee and following established base access 

procedures. 

Once access to the base is obtained, all personnel who require site (areas of ongoing operations) access 

will be required to obtain permission from the FOl and the Base Contact. Upon gaining access to the 

site, all site visitors wishing to observe operations in progress will be required to meet the minimum 

requirements as stipulated below.· 

• 

• 

All site visitors will be routed to the FOl, who will sign them into the field logbook. Information to be 

recorded ir;J the logbook will include the individuals name (proper identification required), who they 

represent, and the purpose for the visit. 

All site visitors will be required to produce the necessary information supporting clearance on to the 

. site. This includes information attesting to applicable training (40-hours of HAZWOPER, training 

required for all Southern Division Navy Personnel), and medical surveillance as stipulated in Section 

8.3, of this document. In addition, to enter the sites operational zones during planned activities, all 

visitors will be required to first go through site-specific training covering the topics stipulated in 

Section 8.2 of this HASP. 

Once the site visitors have completed the above items they will be permitted to enter the site and 

applicable operational areas. All visitors are required to observe the protective equipment and site 

restrictions in effect at the site. Any and all visitors not meeting the requirements as stipulated in this plan 

for site clearance will not be permitted to enter the site operational zones during planned activities. Any 

incidence of unauthorized site visitation will cause all on-site activities to be terminated until that visitor 

can be removed. Removal of unauthorized visitors will be accomplished with support form the Base) 

Contact, if necessary. At a minimum, the Base Contact will be notified of any unauthorized visitors . 
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Site security will be accomplished using field personnel.' This is a multiple person operation, involving 

multiple operational zones. TtNUS personnel will retain complete control over active operational zones. 

As this activity will take place at a Navy facility, the first line of security will take place at the base gate 

restricting the general public. The second line of security will take place at the work site referring 

interested parties to the FOL and Base Contact. 

The Base Contact will serve as the focal point for base personnel and interested parties and will serve as 

the final line of security and the primary enforcement contact. 
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10.0 SPILL CONTAINMENT PROGRAM 

10.1 SCOPE AND APPLICATION 
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It' is not anticipated that bulk hazardous materials (over 55-gallons) will be handled at any given time as 

part of the scope of work. Small (less than 5 gallons) of generator fuel, either gasoline or diesel fuel, may 

be used and stored on-site and constitute a minor spill hazard. It is also not anticipated that spillage of 

any stored materials would constitute a danger to human health or the environment. However, it is 

possible that as the job progresses, the potential for accumulating purge water and decontaminatio~ fluids 

in t~e central staging area exists. Once these fluids are characterized they can be removed from the 

staging area and disposed of. As these fluids remain uncharacterized while in the staging area, and given 

the potential presence of minor quantities of fuel on-site, a spill containment program will be developed 

and instituted as part of this HASP. 

10.2 POTENTIAL SPILL AREAS 

Potential spill areas will be monitored in an ongoing attempt to prevent and control further potential 

contamination of the environment. Fuels will be handled and transferred where necessary to 

accommodate. operation of the generat9rs. There are limited areas vulnerable to other spill hazards, 

including areas that may be used for central staging and decontamination activities. Additionally, areas 

designated for handling, loading,· and unloading of potentially contaminated waters present limited 

potential for leaks or spills. At this junction, it is anticipated that all purge water and decontamination fluids 

generated as a result of this scope of work, will be containerized, labeled, and staged to await chemical 

analyses. The results of these analyses will determine appropriate disposal methods. During the turn 

around for the chemical analyses there exists a possibility to accumulate multiple drums of fluids. 

10.3 LEAK AND SPILL DETECTION 

To establish an early detection of potential spills or leaks, a periodic walk around of the mobile and fixed 

holding tank will be conduCted during working hours to visually determine that containers are not leaking. 

Fuel storage containers will be inspected periodically and during each use for signs of leakage or potential 

leakage. If a leak is detected in the holding tank, the contents of th~ tank will be transferred into a new 

holding tank using a submersible pump. If a leak is detected in a fuel storage container, the contents of 

the container will be transferred into a similar container approved for fuel storage. Leaked material will be 

collected and contained using absorbents such as Oil-dry, vermiculite, or sand, which will be stored at the 
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staging area in a drum conspicuously marked. This used material, too, will be containerized for disposal 

pending analyses. All inspections will be documented in the.Project Logbook. 

All Investigation-Derived Waste (lOW) including primarily purge water generated during sampling activities 

will be containerized into a 300- and/or 2,1 OO-gallon plastic holding tank. 

10.4 PERSONNEL TRAINING AND SPILL PREVENTION 

All personnel will be instructed on the procedures for spill prevention, containment, and collection of 

hazardous materials in the site-specific training. The FOL and/or the SSO will s~rve as the Spill 

Response Coordinator for this operation should the need arise. 

10.5 SPILL PREVENTION AND CONTAINMENT EQUIPMENT 

The following represents the minimum equipment which will be maintained at the staging area at all times 

. for the purpose of supporting this Spill Prevention/Containment Program. 

• Sand, clean fill, vermiculite, or other noncombustible absorbent (oil-dry) 

• Drums (55-gallon U.S. DOT 17-E or 17-H) and an empty 5-gal. container approved to store fuels 

• Shovels, rakes, and brooms 

• Hand operated drum pump with hose 

• Labels 

• Drum Patch kit 

10.6 SPilL CONTROL PLAN 

This section describes the procedures the TtNUS field crew members will employ upon the detection of a 

spill or leak. 

1) Notify the SSO or FOL immediately upon the detection of a leak or spill. The SSO or FOL will 

then immediately notify the Base Contact at x-3114 or 6160. 

2) Employ the personnel protective equipment stored at the staging area. Take immediate actions to 

stop the leak or spill by plugging or patching the .container or raising the leak to the highest point. 

Spread the absorbent material in the area of the spill covering completely. 
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Transfer the material to a new container, collect and containerize the absorbent material. Label 

the new container appropriately. Await analyses for treatment or disposal options. 

It is not anticipated that a spill will occur in which the field crews cannot handle. Should this occur 

notification of appropriate emergency response agencies will be carried out by the FOL or SSO. 

049910/P 10-3 CTO 0019 



• 

• 

• 

11.0 CONFINED SPACE ENTRY 
I 

NSWCCrane 
HASP 

Revision: 3 
Date: August 1999 

Section: 11 
Page 1 of 1 

Personnel under the provisions of this HASP are not allowed, under any circumstances, to enter confined 

spaces. A confined space is defined as an area which has one or more of the following ·characteristics: 

• Is large enough and so configured that an employee can bodily enter and perform assigned work. 

• Has limited or restricted means for entry or exit (for example, tanks, vessels, silos, storage bins, 

hoppers, vaults, and pits are spaces that may have limited means of entry). 

• Is not designed for continuous employee occupancy. 

• Contains or has a potential to contain a hazardous atmosphere. 

• Contains a material that has the potential to engulf an entrant. 

• . Has an internal configuration such that an entrant could be trapped or asphyxiated by inwardly 

converging walls or by a floor which slopes downward and tapers to a smaller cross-section. 

• Contains any other recognized, serious, safety or health hazard. 

For further information on confined space consult the Health and Safety Guidance Manual or call the 
. . 

Manager, Health Sciences. If confined space operations are to be' performed as part of the scope of 

work, detailed procedures and training requirements will be addressed in an addendum or the site 

specific health and safety plan. 

't. 
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The TtNUS Filed Operations Leader (FOL) shall ensure the following materials/documents are taken to 

the project site and utilized as required. 

• Incident Reports 

• Supervisor's Accident Report 

• Medical Data Sheets 

• Material Safety Data Sheets for decon solutions and other substances brought to the site 

• Follow-Up Reports (to be completed by the Field Team Leader) 

• ·OSHA Job Safety and Health Poster (posted at the site) 

• Training/Medical Surveillance Documentation Form (Blank) 

• OSHA 29 CFR 1910.120 (HAZWOP) training certificates 

• First Aid Supply Usage Form 

• Emergency Reference Form (Section 2.0, extra copy for posting) 

• Health and Safety Guidance Manual 
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ACGIH 

APR 

ASP 

B&R 

CFR 

CIH 

CLEAN 

CNS 

CQP 

CSP 

CTO 

DRI 

eV 

FID' 

• FOL 

HSGM 

HASP 

HAZWOPER 

HEPA 

HSM 

IDLH 

N/A 

NIOSH 

NSWC 

OSHA 

PEL 

PH SO 

PID 

PM 

PPE 

PPM 

PVC _ 

• SAP 
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American Conference of Governmental Industrial Hygienists 

-Air Purifying Respirators 

Associate Safety Professional 

Brown & Root Environmental 

Code of Federal Regulations 

Certified Industrial Hygienist 

Comprehensive Long-Term Environmental Action Navy 

Central Nervous System 

Construction Quality Plan 

Certified Safety.professional 

Contract Task Order 

Direct Reading Instruments 

electron Volts 

Flame Ionization Detector 

Field Operations Leader 

Health and Safety Guidance Manual 

Health and Safety Plan 

Hazardous Waste Operations and Emergency Response 

High Efficiency Particulate Air 

Health and Safety Manager 

Immediately Dangerous to Life and Health 

Not Available 

National Institute Occupational Safety and Health 

Naval Surface Warfare Center 
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Occupational Safety and Health Administration (U.S. Department of Labor) 

Permissible Exposure Limit 

Project Health and Safety Manager 

Photo Ionization Detector 

Project Manager 

Personal Protective Equipment 

Parts Per Million 

Poly Vinyl Chloride 

Sampling and Analyses Plan 
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SCBA 

SSO 

STEL 

SWMU 

TOM 

TWA 

UV 

WP 
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Self Contained Breathing Apparatus 

Site Safety Officer 

Short Term Exposure Li.mit 

Solid Waste Management Unit 

Task Order Manager 

Time Weighted Average 

Ultra Violet 

Work Plan 

l 

13-2 

NSWC Crane 
HASP 

Revision: 3 
Date: August 1999 

Section: 13 
Page 2 of 2 

CTO 0019 

• 

• 

•• 



• 

.' ATTACHMENT 1 
OSHA POSTER 



• 

• 

j 

• I , 

\ 
\ 

. .' . 

')()II SlU4'J~I'Y& ID~U:I'I 
'.' .. 

.. - "I»II()'1'I~(;ll()N 
./ 

The Occupational Safety and Health Act of 1970 
provides job safety and health protection for workers by 
promoting safe and healthful working conditions 
throughout the Nation. Requirements of the Act include 
the following: .' 

. Employers . 
All empI~ musI furnish 10 III1IIloyees employmenl and a place 01 
~ tree from realO"lmd hmrds that are causlng or are likely to 
cause deIIh or serious IIatm 10 employees. Employers must comply with 
OQ:UIlIIlonal salety WI health standards issued uncle! the Ad. 

Employees' . 
Employees musl COITIIlly with all occupational saJety and health standards. 
niles. reQUlaUons and orders Issued under the Act that apply to their own 
actions and COIlduCI on the lob. 

The Oa:upaUonal Salety and Health Allministration (03HA) 01 the U.S. 
Oepanment 01 Labor haS the primary resl)OllSibliity lor iIlministering the 
Ad. OSHA lssuss occupational salety and health Slandards. and its 
Co!nPIfanot.SaJety and Health OHicers conduct jobsile Inspeclions 10 help 
ensure compliance wilh lhe Act. 

.. ..lnspection .. :- ................ ,. 
The Ad IIQIiIIlS that a repteSeIIlatlw 01 the employer and a lepreseNative 
auIhortzId by the employees be given an opportunity 10 accompany the 
OSHA Insps:Sor 101 the purpose 01 aiding \he inspection. 

Whn !lin Is no aulllOrlZed employee rept'eselltalive. the OSHA 
~iIIa 0IIIcer must consult wllh a leasonable number 01 employees 
an:anIng SIIery and heaIIII conditions In \he woB;Jlace. 

: Complaint, 
~ or their represenQ\lves 11M the right to lile a complaInt with 
\lie ,.,... OSHA oIIice requesting an Ins;Iedlon il \hey bellM lIIsaIe or 
unhaIIhIuI condltlons exist In their workplace. OSHA will wilhhold. on 
request, nanm 01 employees CDmlllaining. 

The Ad ptcMdes lhal employees may nOI be discharged or 
discriminated againsl in any WlIy lor tiling salety and health complaints or 
lor othenIIse exerctsinO lheir righlS under the Ad. 

Employees who believe \hey haw been discriminaled againSI may lile a 
compIalnl wllh their nearesl OSHA office within JO days 01 the alleged 
dlscrlmlnallon. 

Citation' .: 
II ~ lnspCJon OSHA believes an employer has violaled 11M: Ad. a 
dllllon IIleg1ng such viOlalions will be iSSUed 10 \he employer. Each 

citation will specily a lime period wilhin which the alleged violalion mu 
be COllected 

The OSHA citation musl be prominenlly displayed al or near the pia! 
oIlIleQed violation lor Ihree days. or unlil il is corrected. whichMr is 
Imf, 10 WlIrn employees 01 dangers lhal may elisllhere. 

: Proposed Penalty . 
The Act J)lcMdes lor mandalory penallies aoainsl employet$ 01 up 10 
SI.000 lor each serious violalion and 101 oplional penalties 01 up to 
SI.000 lor each nonserious violalion. Penallies 01 up 10 SI.000 per da 
may be proposed lor lailure 10 correcl violations wilhin lhe prOPOSed II 
period. Also. any employel who willfully or repealedly violates Ihe Acl 
be assessed penallies 01 up 10 SI0.000 lor each such violation. 

Criminal penallies are also provided lor in Ihe Act. Arty willlul violal 
resulUng In dealh 01 an employee. upon conviclion. is punishable by a 
01 nol more IIlan stO.OOO. or Dy imprisONnenl lor nOI more lhan six 
months. or by bolh. Conviction 01 an employer aller a lirsl conviClion 
doubles these malimum penallies. 

, Voluntary Activity . 
WhIle providing penallies lor violalions. \he Acl also encourJges effort! 
labor and management. belore an OSHA inspeclion. 10 reduce workola( 
hazards voluntarily and 10 develop and improve salety and health prQOI 
In III workplaces and industries, OSHA's Voluntary Prolection Progra'" 
recognlze outsIanding ellolts 01 Ihis nalure, 

Such voluntary action SIIould inilially locus on lhe identilicalion ana 
elimination 01 hazards IIlaI could cause death. injury. or illness 10 
tmIIIoyees and supervisors. There are many publiC and privale 
organlzJtlons thai can provide inlormatiun and Issistance In this enort, 
requested. Also. your local OSHA oUice can provide considerable help 
advtce on solving saJety and health problems 01 can leler you 10 olher 
sources lor help such as Iraining, . 

. : . Consultation ' 
Free consultallve assisllnce. wllhoul citalion or penally. is milable 10 
employers. on reQuesl. Ihrough OSHA supported programs in mosl Sia 
departmenls 01 labor or health 

More Information 
AddIIIonaI lnIonnatlon and 
CIICIiIS GIllie AcI. specilic 
OSHA SIIery and heallh 
SIMdIrds. lAd oIher 
applicable IIIOUlIIlons may be 
oIIIIINd from yow employer 
or from IIIe IIIIIIISI OSHA 
Re;lnJ 0IIIce In the 

Allanla. Georgia· 
BosIon. Massadlusells • 
C/IIQoo, Illinois 
Dallas. T em 
Denver, Colorado 
Kansas Cily. Missouri 
New yen. New York 
Philadelphla. Pennsylvania 
San Francisco. Calilornia 
Seattle. WaSllington . 

Telephone numbers lor these 
olllc:es. and additional area 
onlce Iocalions. are 1!sIed in 
\lie telephone directory under 
the United Slales Depar1men1 
oIlIbor in the United Slales 
GO¥eInrnenl listing. 

Washinglon. D.C. 
1985 
OSHA 2203 

~~M. 
William E. Brock. Secretary oillbor 

lollowlng locations: US. Department of Labo 
Occupaloonal Salely and Heallh Adminislrll 

-,..-- 01 TIlle a. eo. of '_et~. Perl1-.ztIKl'.......,... _1_' tN ..... , .... C- Illc-.., 
In I ___ pi-. __ .10-",-"cu.-" _lOCI. 
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MEDICAL DATA SHEET 
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• MEDICAL DATA SHEET 

This brief Medical Data Sheet will be completed by all on-site personnel and will be kept in the command 

post during the conduct of site operations. This data sheet will accompany any personnel when medical 

assistance is needed or if transport to hospital facilities is requjred . 

. Project 

Name 

Address 

Age 

Name of Next Kin 

Drug or other Allergies 

Particular Sensitivities 

Home Telephone 

Height Weight 

Do You Wear Contacts? ___________________________ _ 

Provide a Checklist of Previous Illnesses or Exposure to Hazardous Chemicals 

• What medications are you presently using? 

Do you have any medical restrictions? 

Name, Address, and Phone Number of personal physician: 

I am the individual described above. I have read and understand this HASP. 

Signature Date 

• 
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CHROMIUM, HEXAVALENT, continued 

Using A~~uva~ Ampuls •• , .. ~ . ----. 

1. EnICr the stored z.~ss: 14.ENTER 
program number for Thc:d!5play wiD show 
hexavalent chromium mg/L~Ct-6'and the 
(Crbt'} AccuVac Ampuls. ZEROicooo.' 

• • .-~ : I ~ I" .-l-!. . "t 

Press: PRGM No": for Qlr~/'nQIt JnrtM 
(Cr04;:CrP71.press tlw 

The display will show: . CONe 'ttY. ' .. , 
PRGM ? .. ~; .,~::. 

S. Quickly invert the 
ampul several times to 
miX. Wipe off any liquid 
or fingerprints. 
Note: A purple color wiU 
form if hexavalenl . 
chromium is pruenl. 

,·i: ;~:.! :-:.".;i 
.,! 'Ld '\~': .. 

. ::r:'.!.'. 

6~ Press: 

TIMER ENTER 

A five-minute reaction 
period will begin. 

• ,' J" 

.:": . 

3. Fill a sample ceD 
with at least 10 mL of 
sample (the blank). 
Collect at least 40 mL of 

4. FiU a ChromaVer 3 
Reagent Accu Vac . 
Ampul (the prepared 
sample) with sample. 

. sumple in a Noll: K~~p th~ tip 
SO-mL beaker. imm~~ whil~ 11t~ <111lfHll 

NOle: For ,,,rbid sQmp/~s. . fills c:omplet~/]. 
IlJd IIrr. ,'ontmt.J of 0If~ Not.: ChromaVer J s/muid 
A"id R~Q8enl Powtin' ~ "·!tile 10 'pi' ill CIIllJr. 

Pillow 10/0 mL oll!t~ R~plQn: ifil is bin"'" 
Mank. 77,u ~,uwrs tlr Rr"n. 
turbidi" diJsofved by 'h~ 
lIc1d In the ChromaV" j 
CIJrtHnium R~aRenl is also 
JiuUll'f!'u in the hltmk • 

7. When the timer 
beeps place the blank 
into the cell holder. 

:r.L. .. 

8. Press: ZERO 

The cursor will move to 
the right, then the 
display will show: 

0.00 mgiL en 

9. Place the prepared 
sample into the cell 
holder. Tightly cover the 
sample ce~ with the 
instrument cap. 

10. Press: READ ... __ " .... 

The cursor will DlOVe'to.: I 

the right, then the rmili' , .. 
in mg/L hexavalent 
chromium will be 
displayed. 

Not.: StmrtlardAdjun may 
1M performed wing G' .. ; ".; 

prepared stIUIIIard (8.U .. ,. ti ' .. Standard Ad·un ill .. .... 

Section 1 J. 
II . , 

( 



APPENDIX F 

• SLUDGE SAMPLING ADDENDUM 
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PHASE II GROUND WATER RCRA FACILITY INVESTIGATION 

SOLID WASTE MANAGEMENT UNIT 30 (LANDFARM) 

QUALITY ASSURANCE PROJECT PLAN ADDENDUM FOR SOIUSLUDGE 

SAMPLING AND RISK SCREENING 

Five rounds of groundwater data were collected at the Landfarm between October 1999 and 

October 2000. Results of these data have shown that no statistically. significant impacts to groundwater 

have occurred from this SWMU. 

Based on the results of groundwater data, Tetra Tech NUS (TtNUS) prepared the Draft Phase II RCRA 

Facility Investigation Report for Solid Waste Management Unit (SWMU) #30 (Landfarm) dated May 2001. 

The Navy requested no further action at this SWMU for all media. The U.S. EPA responded to this 

request on October 30, 2001, recommending that the Navy proceed with drafting a risk screening 

document for this SWMU as part of an official no further action request (as was done for previous NSWC 

Crane SWMUs such as the Lithium Battery Site). As requested by the U.S. EPA, this risk screening 

should be conducted using the Technical Guidance on Corrective Action Activity, Naval Surface Warfare 

Center Crane, Indiana dated August 1999. The U.S. EPA also recommended that the Navy collect and 

analyze soil/sludge samples from the Landfarm in order to identify any potential risks that may be present 

in the soil/sludge exposure pathway. They further suggested that samples should be collected from the 

surface soil (0 to 1 foot); tested for total metals; and these results compared to the Basewide Background 

Soil Investigation levels and risk-based screening levels for soils (human health and ecological). They 

further added that this would determine what, if any, institutional and/or engineering controls might be 

necessary for the SWMU should soil/sludge sampling show elevated levels of constituents. 

A conference call was conducted on November 8, 2001 to discuss the proposed additional activities for 

the Landfarm. The following persons were present during the conference call: 

Bill Gates (Remedial Project Manager-SOUTHDIV) 

Christine Freeman (NSWC Crane) 

Peter Ramanauskas (Project Manager-U.S. EPA Region 5) 

Roger Clark (Task Order Manager- TtNUS) 

LeeAnn Sinagoga (Department Manager Risk Assessment-TtNUS) 

Mark Francis (Deputy Task Order Manager- TtNUS) 

The following summarizes EPA's recommendations from this conference call: 
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• No additional risk screening is required for groundwater. 

• Prepare a streamlined soil sampling Work Plan Addendum referencing previously approved NSWC 

Crane QAPPs. 

• List the types, number, locations and depths of samples to be collected. 

• If possible, make visual distinction between sludge and soil in the field. 

• Analyze only for metals (F006) and any other metals related to F006 including cyanide. 

• Recommended sampling depths of surface (0 to 1-foot bgs) and shallow subsurface (1 to 4 feet bgs). 

• Incorporate grid and/or random sampling methods. 

• Compare results to Risk Based Screening Levels and Background Values. 

• Use both industrial and residential values for comparison. 

• May want to perform intermediate risk assessment, which would fall between a quantitative and a 

qualitative screening. 

• The assessment will need to also address ecological factors. 

Based on the above-listed recommendations, the following activities are proposed to address these 

comments. 

SAMPLING RATIONALE 

This section describes the sampling rationale to be incorporated for the soil/sludge sampling at the 

Landfarm. In an attempt to expedite the fieldwork at this SWMU, similar field collection and analysis 

procedures that were recently conducted at an adjacent SWMU will be incorporated where possible. 

Fieldwork at an adjacent SWMU was recently conducted at the Old Rifle Range (SWMU 7) that is also 

located at NSWC Crane. The field activities at the Old Rifle Range (ORR) consist of collection and 

analysis of surface and shallow subsurface soil samples. This work is being conducted under a recently 

U.S. EPA-approved Quality Assurance Project Plan (QAPP) dated October 2000. Where possible, field 
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procedures including sampling methodologies referenced in the ORR QAPP will used in the current Work 

Plan Addendum for the Landfarm. 

SOIL SAMPLING LOCATIONS, ANALYSES, AND RATIONALE 

This section presents sampling locations, QA samples to be collected, analyses to be performed, and 

rationale for the sampling and analytical program. Details regarding the equipment and procedures for 

collecting, preserving, packaging, and shipping the samples are included in Section 4 .. 0 and related SOPs 

in Appendix B of the QAPP for the ORR at Crane (TtNUS, October 2000). 

Wastewater treatment plant sludges were applied at SWMU 30 (Landfarm) from November 1988 through 

March 1995. Although laboratory analyses were performed on these sludges, the only available data are 

from January 1990 through July 1992 (refer to Tables1-1A & 1-1B of the Landfarm Work Plan, TtNUS, 

August 1999). The primary constituents of concern are several metals such as those cited as the reason 

that some wastewater treatment plant sludges, from electroplating operations are an F006 listed 

hazardous waste (e.g., cadmium, chromium, and nickel). [These metals have been detected in sludge 

samples (1990, 1991) for SWMU 30.] Based on existing site information, wastewater treatment plant 

sludges were not preferentially applied to any particular sub-area of SWMU 30. The following surface 

and subsurface soil sampling activities are intended to determine whether significant quantities of waste 

materials (metals) have accumulated in the soils as a result of the sludge application. 

Soil sampling locations at SWMU 30 will be selected as follows. SWMU 30.Will be divided into 12 sub­

areas as shown on the attached figure (each sub-area will represent approximately 9,000 square feet). 

Each sub-area will be divided further into a 10-by-10 array of subcells (i.e., 100 sub-cells approximately 

90 square feet each). Five subcells within each sub-area will be selected as borehole sampling locations 

(the borehole will be advanced at the approximate center point of the sub-cell). Sub-cells to be sampled 

will be randomly selected using a uniform random number generator [Microsoft Excel 97 SR-2 (h)]. This 

soil sampling design constitutes a stratified random design [as was used in the evaluation of SWMU 1/12 

(Mustard Gas Burial Ground) during a recent NSWC Crane investigation]. Samples collected from each 

of the five subcells in each sub-area will be composited and the composite soil sample will be analyzed 

as described below. Samples will be collected at the three depth-intervals described below. Thus, three 

composite soil samples will be submitted to the laboratory from each sub-area [i.e., a .total of 36 

composite soil samples (i.e., 12 sub-areas; 3 composite samples from each sub-area) will be submitted 

for analysis]. Additionally, no more than 6 borings (18 samples) will advanced just outside the assumed 

limits of SWMU 30 to confirm the lateral extent of the SWMU and to further investigate potential 

contaminant migration from the SWMU. 
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Because of the shallow depths and unconsolidated nature of the samples to be collected, subsurface soil 

sampling may be performed using a hand auger or OPT, depending on site conditions. Based on 

historical accounts of the sludge application activities, the sludges were highly liquid and were poured 

directly onto the ground surface. At the request of the U.S. EPA, an attempt will be made during 

sampling to differentiate between sludge and native soil, although it is assumed that an obvious visual 

distinction between the two will not be feasible. Excess soil cuttings from the borings will be placed back 

in the borehole. Details regarding soil sampling equipment and procedures are included in the previously 

approved QAPP for the Old Rifle Range (ORR) at Crane (TtNUS, October 2000). 

Three soil samples will be collected from each borehole location from the following nominal depth 

intervals: 0 to 6 inches, 6 inches to.2 feet bgs, and 2 feet to 4 feet bgs. Bedrock is not anticipated to 

occur at shallow depths underlying the Landfarm, although if bedrock is shallower than the bottom of a 

depth interval,sampling will stop. at the bedrock. Surface soils will be defined as soils 0 to 2 feet bgs, and 

subsurface soils will be defined as soils greater than 2 feet bgs. Soil samples will be collected even if the 

borehole advances into a saturated zone. The top ·of the water table underlying the Landfarm averages 

over 25 feet bgs and saturated conditions are not anticipated. 

Although subsurface soils will be collected (2 to 4 feet bgs); contamination is most likely to be present in 

the surface soils (versus subsurface soils) given the fact that the sludges were applied to the surface 

soils. Initially, samples from the 0 to 6 inch soil interval and the 2 to 4 foot bgs soil interval only will be 

analyzed for target analytes. The soil sample from the 6 inch to 2 foot bgs interval will be analyzed if 

chemical concentrations in the 0 to 6 inch depth interval exceeds the following screening levels (and 

background): 

• U.S. EPA Region 9 Preliminary Remediation Goals for exposure to soils (residential land use) 

• IDEM - Tier I Default Closure Levels for soils for Residential Land Use 

• U.S. EPA Soil Screening Levels for Soil Ingestion, Transfer from Soils to Air, and Migration from Soils 

to Groundwater 

• U.S. EPA Region 5 Ecological Data Quality Levels 

A maximum of 54 samples (i.e., 36 sub-area samples and 18 boundary samples) will be collected and 

analyzed. Additional soil samples may be collected and analyzed in a Phase 2 investigation if: 
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• The statistical analysis (specific statistical methodologies to be determined following receipt 
of soil data) of the Phase 1 data indicates that exposure point concentrations based on the 
Phase 1 data are highly uncertain (e.g., the variability in chemical concentrations noted in the 
Phase I samples indicate an inadequate number of samples have been collected), and/or 

• The vertical or horizontal extent of contamination has not been bounded AND the risk 
assessment of target analyte concentrations in the Phase I soil samples exceed risk 
benchmarks acceptable to the Navy and the U.S. EPA. 

All of the soil samples will be analyzed for target analyte list metals and cyanide, hexavalent 
chromium and pH. The analytical detection limit requirements (Table 1), analytical methods and 
corresponding laboratory SOPs (Table 2), quality control samples collection frequency (Table 3), 
matrix spike and laboratory duplicate control limits (Table 4), laboratory control sample control 
limits (Table 5), and bottleware, preservation, and holding time requirements (Table 6) are 
specified in the attached Tables 1 through 6. 
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Parameter 

Method 6020 ICP/MS 

MISCELLANEOUS METALS (SW-846 METHOD 6010B Trace 
Aluminum 
Calcium 

Magnesium 
Manganese 

MDL = method detection limit 
IDL = instrument detection limit 
RL = reporting limit 
IJg/L = micrograms per liter. 
mg/kg = milligrams per kilogram. 

• 
TABLE 1 

DETCTION LIMITS VERSUS RISK CRITERIA 
NSWC CRANE INDIANA 

PAGE 1 OF 2 

. AaueousMatrix 

CAS 1 Laboratory I Laboratory I Risk-Based 
NUMBER MDUIDL(1) RL(1) Target Level (2) 

ua/L) (ua/L) (ua/L 

I 7429-90-5 81 ~Wf:~ir.1I!;tfi 87 
I 7440-70-2 150 5000 --

7439-89-6 13 100 300 
T 7439-95-4 7.6 5000 --
I 7439-96-5 0.2 15 50 

7440-09-7 16 5000 --
7440-23-5 76 5000 --

8.1 
15 
1.3 

0.76 
0.02 
1.6 
7.6 

• 
Solid Matrix 

Laboratory 
RL(1) 

ma/k 

20 
500 
10 

500 
1.5 
500 
500 

T 
T 

I 

Risk-Based 
Soil Target Level (2) 

ma/k 

76000 

23000 

1800 



TABLE 1 

DETCTION LIMITS VERSUS RISK CRITERIA 
NSWC CRANE INDIANA 

PAGE 2 OF 2 

Aqueous Matrix Solid Matrix 
CAS . Laboratory Laboratory Risk-Based Laboratory Laboratory Risk-Based 

Parameter NUMBER MDUIDL(1) RL(1) Target Level (2) MDUIDL(1) RL(1) Soil Target Level (2) 

-- --
(ug/L) (ug/L) (ug/L) (mg/kg) (mg/kg) (mg/kg) 

Asterisks indicate those chemicals for which the laboratory RL exceeds the risk-based target level for the project. 
Method Detection Limits (MDLs) (all parameters except metals), instrument detection limits (IDLs) (metals only), and reporting limits as provided by'Laucks Testing 
laboratories, Inc. The values may change prior to the SWMU investigations as laboratory MDLs and IDLs are updated. 

2 Value is based on the lowest human health or ecological risk-based criteria as presented in Appendix B, Tables B-1 (aqueous) and B-2 (solids). , 
3 Risk-based target level is not provided because human and ecological risk-based criteria are not available for this parameter. 
4 laucks Testing Laboratories is confident that it can reliably report to this pal, even though this value is less than two times the MDl and/or IDL. 
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TABLE 2 

SUMMARY OF ANALYTICAL :PRO'CEDURES 
SOLID SAMPLES 

NSWC CRANE, CRANE, INDIANA 

Analytical Parameter Preparation Analytical 
Method Method 

Metals SW-846 Method SW -846 Method 
(As, Ba, Be, Cd, Cr [total]; Co, 3050B (no HCI) 6020 
Cu, Pb, Ni, Se, Ag, TI, V, Zn) 

Sb SW-846 Method SW -846 Method 
3050B (no H20 2) 6020 

Metals (AI, Ca, Fe, Mg, Mn, K, SW-846 Method SW-846 Method 
Na) 3050B 6010B 

Mercury SW-846 Method SW-846 Method 
7471A 7471A 

Hexavalent chromium SW-3060A SW-846 7196A 

Cyanide SW-8469012B SW-8469012B 

pH No prep method SW-846 9045C 
required 

1 Laboratory SOPs are attached. 

Preparation/Analytical 
SOP(s) (1) 

LTL-7012 or LTL-7015/ 
LTL-7202 

LTL-7012 or LTL-7015/ 
LTL-7202 

L TL-7012 or L TL-7015/ 
LTL-7105 

LTL-7501 

LTL7014/LTL-7401 

LTL-9104 

LTL-9113 



QC Sample 
Type 

Field Duplicate 

Equipment 
Rinsate Blank 

Laboratory 
Control Sample 

Laboratory . 
Method Blank 

Matrix Spike* 

Matrix Spike 
Duplicate* 

Temperature 
Blank 

TABLE 3 

NON·CALIBRATION QC SAMPLE COLLECTION FREQUENCIES, 
ACCEPTANCE LIMITS AND CORRECTIVE ACTIONS 

NSWC CRANE, CRANE, INDIANA 

Collection Frequency Acceptance Limits Corrective Action 

1 per 10 investigative samples Aqueous = 20% RPD Qualify data according to data 
collected. Soil/Sediment = 50% validation requirements. 

RPD 

1 per 10 investigative samples < RL (soil and water) Identify source of contamination, if 
collected, with a minimum of possible. Qualify data according to 
one per day of sampling, per validation criteria. Qualify use of 
non-disposable sampling data if contamination appears to 
device/instrument. have adversely affected its usability. 

For pre-cleaned, dedicated, 
and/or disposable equipment 
(i.e., disposable plastic trowels, 
etc.), one rinsate blank will be 
collected and analyzed at a 
frequency of one per lot or 
"batch blank" for a specific 
equipment type. 

1 per 20 environmental samples See Table 5 Laboratory action taken per L TL-
per matrix 1008. TtNUS action taken per 

validation protocols. 

1 per 20 environmental samples < RL (soil and water) Laboratory action taken per L TL-
or per preparation batch, 1008. TtNUS action taken per 
whichever is more frequent validation protocols. 

1 per 20 environmental samples See Table 4 Laboratory action taken per L TL-
1008. TtNUS action taken per 
validation protocols. 

1 per 20 environmental samples See Table 4 Laboratory action taken per L TL-
analyzed for organic target 1008. TtNUS action taken per 
analytes validation protocols. 

One blank per sample cooler. 4 ±2 °C Laboratory action taken per L TL-
1008. TtNUS action taken per 
validation protocols. 

* Matrix spike and matrix spike duplicates are not analyzed in the field, but additional sample material must be 
collected in the field to ensure that the laboratory has enough material for spiking and duplicate analysis. 

• 
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. TABLE 4 

QUALITY CONTROL LlMITS(1) 
MATRIX SPIKE AND LABORATORY DUPLICATE SAMPLES· 

METALS ANALYSES 
NSWC CRANE, INDIANA 

Chemical Solid Matrix . Aqueous Matrix 

Accuracy(2) I Precision(3) Accuracy(2) I Precision(3) 
. (%R) (RPD) (%R) . 

APPENDIX IX METALS BY SW-846 METHOD 6020 (UNLESS OTHERWISE NOTED) 

Antimony 75-125 50 75-125 

Arsenic 75-125 50 75-125 

Barium 75-125 50 75-125 

Beryllium 75-125 50 75-125 

Cadmium 75-125 50 75-125 

Chromium (total) 75-125 50 75-125 

Cobalt 75-125 50 75-125 

Copper 75-125 50 75-125 

Lead 75-125 50 75-125 

Mercury (SW-846 Method 7470A) 75-125 50 75-125 

Nickel 75-125 50 75-125 

Selenium 75-125 50 75-125 

Silver 75-125 50 75-125 

Thallium 75-125 50 75-125 

Vanadium 75-125 50 75-125 

. Zinc 75-125 50 75-125 

MISCELLANEOUS METALS BY SW-846 METHOD 6010B 

Aluminum 75-125 50 75-125 

Calcium 75-125 50 75-125 

Iron 75-125 50 75-125 

Magnesium 75-125 50 75-125 

Manganese 75-125 50 75-125 

Potassium 75-125 50 75-125 

Sodium 75-125 50 75-125 

Micsellaneous 

Hexavalent Chromium 50-150 30 50-148 

Cyanide 50-150 30 64-135 

1 In-house QC limits provided by Laucks Testing Laboratories, Inc. 
2 These acceptance limits apply to spikes that augment the native sample analyte 

concentration by at least 25 percent. 

(RPD) 

30 

30 

30 

30 

30 

30 

30 

30 

30 

30 

30 

30 

30 

30 

30 

30 

30 

30 

30 

30 

30 

30 

30 

30 

11 

3 These acceptance limits apply to original and duplicate sample concentrations >5x 
RL. If one or both of the results is <5x Rl, the acceptance criterion is ! RL. If one of 
the results is a non-detect, the reported %RPD will be 200%. 

%R = Percent Recovery RPD = Relative Percent Difference 



Chemical 

TABLE 5 

QUALITY CONTROL LlMITS(1) 
LABORATORY CONTROL SAMPLES 

METALS ANALYSES 
NSWC CRANE, INDIANA 

Solid Matrix 
Accuracy (%R)(2) 

Aqueous Matrix 
Accuracy (%R)(2) 

METALS BY SW-846 METHOD 6020 (UNLESS OTHERWISE NOTED) 

Antimony 75-125 75-125 

Arsenic 80-120 80-120 

Barium" 80-120 80-120 

Beryllium 80-120 80-120 

Cadmium 80-120 80-120 

Chromium (total) 80-120 80-120 

Cobalt 80-120 80-120 

Copper 80-120 80-120 

Lead 80-120 ~0-120 

Mercury (SW-846 Method 7470A) 80-120 "8.0-120 

Nickel 80-120 80-120 

Selenium 80-120 80-120 

Silver 75-125 75-125 

Thallium 80-120 80-120 

Vanadium 80-120 80-120 

Zinc 80-120 80-120 

MISCELLANEOUS METALS BY SW-846 METHOD 6010B 

Aluminum 80-120 80-120 

Calcium 80-120 80-120 

Iron 80-120 80-120 

Magnesium 80-120 80-120 

Manganese 80-120 80-120 

Potassium 80-120 80-120 

Sodium 80-120 80-120 

Miscellaneous 

Hexavalent Chromium 50-150 73-130 

Cyanide 50-150 85-115 

1 In-house QC limits provided by Laucks Testing Laboratories, Inc. 
2 As noted in the laboratory SOPs, the laboratory may use a purchased 

standard reference material (SRM) in place of a LCS. If an SRM is used, the 
acceptance limits provided by the supplier of the SRM may be used unless 
the SRM limits are wider than the acceptance limits provided in this table. If 
the SRM limits are wider, the laboratory must use the acceptance limits 
provided in this table. 

%R = Percent Recovery 

• 
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• 
Parameter 

Soil 

Metals 

pH 

Hexavalent Chromium 

Cyanide 

Aqueous Blanks 

Metals plus tin (total) 

Hexavalent Chromium 

Cyanide 

• 
TABLE 6 

SUMMARY OF SAMPLE ANALYSES, CONTAINER TYPES AND VOLUMES, 
PRESERVATION REQUIREMENTS, HOLDING TIMES AND ANALYTICAL LABORATORY 

NSWC CRANE, CRANE, INDIANA 

Sample Container Container Volume Preservation Maximum Holding Time(1) 

, 
, " ; ~ 

Cool' to' 4 cc, ' ~ j • 

Wide-mouth jar, Teflon- 8 ounce W,ithin 180 days; mercury within 28 days 

lined plastic cap As soon as possible 

28 day to analysis 

14 days to analysis 

Polyethylene, plastic 1000 mL Cool to 4 cc, Within 180 days; mercury within 28 days 

cap wI plastic liner -r," HN03to pH <2 

Polyethylene. plastic 500 mL Cool to 4 24 hours to, analysis 

cap wI plastic liner 

Polyethylene. plastic 500 mL or 1000 mL NaOH 14 days to analysis 

cap wI plastic liner 

1 All holding times are from date of colLection, 

2 Includes Unified Soil Classification,'grain size. and bulk density 

• 
Analytical 

Laboratory 

Laucks 

Laucks 

Laucks 

Laucks 

Laucks." 
'I' 

Laucks~-' 

Laucks 

~';~ 
'.::1 '. ~~ 

",. 

',' . ~~ 

~. 

" 
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. LABORATORY STANDARD OPERATING PROCEDURES (SOPs) 
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Microwave Assisted Acid Digestion of Sediments, Sludges, Soils, and Oils 
Using SW846 Method 3015 

Alkaline Digestion for Hexavalent Chromium 8y SW-846 Method 3060A 

Acid Digestion of Sediments, Sludges, and Soils Using SW846 Method 
30508 

Method Protocols for the Analysis of Metals by ICP Using SW846 60108 

Metals Analysis Using Inductively Coupled Plasma - Mass Spectrometry 
(ICP/MS) SW846 Method 6020 

The Colorimetric Determination of Hexavalent Chromium by SW-846 7196A 

Operation of the PE FIMS 400 for the Analysis of Hg for EPA Methods SW-
846747017471,245.2/245.5, and CLP ILM04.1 

Preparation and Analysis of Total and Amenable Cyanide according to EPA 
Methods 335.1, 335.3, and SW -846 Method 9012A 

pH in Soil and Waste Samples Using SW-846 Method 9045C 
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1. Introduction and Scope 

1.1 Purpose 
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Revision: 
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1.1.1 The purpose of this SOP is to establish a system to identify, document and resolve out­

of-control events. 

1.2 Scope 

'1.2.1 An out-of-control event may be recognized by any 'member of Laucks. When they occur, 

the analyst, supervisor and Quality Assurance work jointly to solve and correct the 

problem. Out-of-control events are documented using an Out-of-Control-Event form or 

a Corrective Action form,or in a few selected instances, on a Jogsheet with space 

'specifically for such actions. Corrective action resulting from an audit is also dealt with 

using its own Audit Response form but this action is elucidated in an SOP specific to that 

process. 

2. Definition of Terms 

2.1 This section defines terms and acronyms as they are used in this SOP. 

2.1.1 Corrective Action: Action taken by an individual(s) to correcCa problem as evidenced 

by either the failure of QC criteria or a more general problem whiCh could affect 

performance of an analysis, the quality of service or other activity undertaken by the 

laboratory. 

2.1.2 Out-or-control event: Any occurrence or condition failing to meet Laucks QC 

criteria or has the potential to impact data quality. 

2.1.3 QAlQC: Quality Assurance/Quality Control 

2.1.4 QAp: Quality Assurance Plan - The laboratory document governing overall Quality 

Assurance (QA) policy and guidelines. This document discusses physical assets as well 

as administrative aspects of the laboratory's QA,program. 

2.1.5 Reagent blank: , a measured volume of reagents used in a method. 

2.1.6 RSD: Relative Standard Deviation - The ratio of the standard deviation of a set of 

values to the mean of the set of values. A measure of the similarity of the values one to 

another. 

',. 
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2.1. 7 Method blank or Preparation Blank: a reagent blank that undergoes a preparation 
(digestion, extraction, distillation, etc.) step prior to analysis. 

2.1.8 "RPD: Relative Percent Difference 

2.1.9 LCS: Laboratory Control Sample 

3. OUT-OF-CONTROL EVENT PROCEDURE 

3.1 Identifying an Out-Of-Control Event 

3.1.1 "The following is a list of examples of out-of-control events. This is not a complete list of 
all possible out-of-control events and many of those listed may be different for different 
methods. Specific criteria are given in analytical SOPs or in other QAdocuments. If 
there is doubt about whether a situation is out-of-control and must be responded to, 
consult with Quality Assurance. 

3.1.1.1 GCIMS instrument tune criteria failing to meet criteria 

• 

3.1.1.2 Initial calibration linearity, depending upon the method used for calibration, • 
correl~tion coefficient <0.995 «0.990 for some fuels analyses) orpercent RSD 
fai"ling to meet method specifications. 

3.1.1.3 Daily and continuing calibration verification or calibration blanks outside 
acceptable ranges as defined in their respective SOPs. 

3.1.1.4 NOTE: If any of the above instances (3.I.l.1-3.1.1.3) occurs, analysis is 
stopped. No sample analysis can occur until the event is back in control. A 
corrective action form does not need to be filled out for these instances if 
identified at the analyst level and corrected before any data are affected. Since 
even sample data with non-compliant QC are sometimes used to support other 
results even if the non-compliant data itself is not reportable, once actual 
samples or sample-specific QC have been analyzed, the above (3.1.1.1 -
3.1.1.3) constitute out-of-control events and must be formally addressed using 
the appropriate forms. 

3.1.1.5 Matrix spike, surrogate spike or blank spike recoveries outside acceptable 
ranges. 

3.1.1.6 Unacceptable RPD value for MSIMSD or duplicate samples. 

Laucks Testing Laboratories, Inc. 
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3.1.1.7 Unacceptable values for LCSts and QC samples. 
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3.1.1.S A method (reagent) blank containing interference or, a target analyte at a 
concentration greater than or equal to Yz the method reporting limit. 

3.1.1.9 Note: Samples which contain target analyte levels which are greater than 20 
times the blank or which contain none of the offending analyte may be 
considered acceptable. 

3.1.1.10 A sampl~ receiyed, prepared or analyzed past holding time. 

3.1.1.11 A sample depleted before all required analyses are completed. 

3.1.1.12 An extract blown down to dryness, spilled or otherwise compromised. 

3.1 ,1.13 Contaminated reagents and glassware. 

3.1.1.14 Equipment m,alfunction or instrument failure, such as cold storage unit 
temperature outside acceptabie ranges and the loss of data acquisition. 

3: 1.1 J 5 Record keeping omissions, errors, and deviations from the record keeping 
standard operating procedures are also out-of-control situations 

3.2 Responding to an Out-Of-Control Event 

3.2.1 When an out-of-control event is recognized, each individual involved with the analysis in 
question has an interactive role and responsibility, these are as follows: 

3.2.2 Analyst: 

3.2.2.1 Must be 'able to recognize QC failure and immediately'take the proper action or, 
if unsure of the appropriate response, notify the supervisor and work with the 
supervisor and Quality Assurance to solve the problem; also maintains QC 
charts. 

3.2.2.2 The analyst is also responsible for performing the following steps to correct the 
problem: 

3.2.2.3 . Examine all calculations for correctness 

. 3.2.2.4 Examine bench sheets for correctness 

Laucks Testing Laboratories, Inc. 
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3.2.2.5 Check instrumentation and operating conditions to preclude the possibility of 
malfunctions or' op'erator error 

3.2.2.6 Verify integrity of spiking solution, laboratory control sample, or calibration 
standard 

3.2.2.7 Re-analyze the sample 

3.2.2.8 Take other actions as noted in the specific analytical SOP. 

3.2.2.9 If these steps do not yield acceptable results, consult the supervisor. 

3.2.3 Supervisor: 

5 

3.2.3.1 Must review all analytical and QC data for reasonableness, accuracy and clerical 
errors; also responsible for QC charts. Some of the above duties may be 
assigned to others, with'supervisory oversight, if those others have been trained 

• 

to observe the conditions which would initiate further investigation. • 

3.2.3.2 In an out-of-control event, the supervisor works with the analyst and Quality 
Assurance to solve the problem and prevents the reporting of suspect data by 
stopping work on the analysis in question and insuring that analyses for all 
suspect results are repeated, if possible, after the source of the error is 
detennined and remedied. 

3.2.3.3 If corrective actions do not yield results which meet specifications, it may be 
detennined that sufficient action has been taken. The supervisor and QA will 
approve of such decisions and if it is detennined that the data quality could be 
impacted, the supervisor will ensure that appropriate comments are reported 
with the data to the Client. 

3.2.4 Quality Assurance: 

3.2.4.1 The Quality Assurance Officer or designee will work with supervisory 
personnel and/or analysts to solve out-of-control situations which are not ' 
routinely corrected at the bench. 

3.2.4.2 In the event that an out-of-control situation occurs that is unnoticed at the bench 
or supervisory level, such as perfonnance failure on a blind QC sample, Quality • 
Assurance will notify the supervisor, help identify and solve the problem where 

Laucks Testing Laboratories, Inc. 
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applicable, insure .the work is stopped on the analysis and no suspect data is 
reported. 

3.2.4.3 . Finally th~ Quality Assurance Officer or designee must review and approve all 
.corrective action reports which cannot be resolved. If corrective actions do not 
yield results which meet specifications; it may be determined that sufficient 
action has been taken. The supervisor and QA will approve of~uch decisions. 

3.2.4.4 Ifit is determined that the data quality could be impacted, the superVisor will 
ensure that appropriate comments are reported with the data to the-client and 
QA will review said comments. 

3.2.5· Project Manager: 

5 

3.2.5.1 _ The Project Manager is responsible for notifying the client of out-of-control 
events, such as missed holding times, raised reporting limits, matrix 
interferences, etc. which cannot be resolved without potential impact on either 
the data quality, the agreed upon or routinely reported results, or the' timely and 
expected delivery date. It is not necessary to contact the client for events which 
are correctable and do not impact the final data quality, holding times or turn­
around unless specifically requested by the client. 

3.3 Corrective Actions 

3.3.1 Appropriate corrective action depends on the type of analysis, the extent of the 
discrepancy, and whether the event is determinant or not. The corrective action to be 
taken for analytical QC failures is usually described in the specific analytical method but 
may also be determined by either the supervisor, Quality Assurance Officer, or by both 
in conference, if necessary. 

3.3.1.1 Some items may not necessitate direct intervention of QA where standard 
practices are in place for some events, where the SOP or project or program 
QAP itself dictates the corrective action and where the action taken is the most 
conservative response practical. These types of events may be considered to 
have automatic' QA approval and may not even require the completion of any 
related out-of-control event forms. 

3.3.2 A corrective action can be as extensive as replacing a complete lot of contaminated 
extraction solvent, re-extracting and re-analyzing a complete batch of samples, due to 
reagent blank contamination; or as simple as recalculating a series of results because a 

Laucks Testing Laboratories, Inc. 
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wrong dilution factor was applied. Again, the appropriate corrective action must be 
determined on a case by case basis. 

3.3.3 Data cannot be released until the system is in control or the QC failure can be attributed 
to a cause-other than method performance. In the case where the out-of-control event is 

5 

. due to matrix problems in the sample and the system remained out of control, the data is 
flagged, narrative comments usually made in the report, and supporting documentation is 
released to· the client. 

3.3.4 Corrective actions are considered adequate when the problem has been .resolved and data 
can be reported or other actions takenfrom an in-control condition. Alternatively, it may 
be determined that the action taken was, as a minimum, all that was required by the 
method or that no further action was reasonable or possible that would improve the data 
In these cases, the final decision must be appro·ved by the supervisor and QA. 

3.4 Documenting ail Out-Of-Control Event 

.3.4.1 This is accomplished by completing one of the following 

• A Corrective Action (CA) Form (See Appendix 1) 

• A QC_DB Report Form (for·Inorganics analytical QC only, see Appendix 2) 
• An Out-Of-Control Event (OOCE) Form (lab use only, see Appendix 3) 
• A Sample Receipt Form (for sample receipt events, see Appendix 4) 
• An Audit Finding Report Form (QA use only, not shown here, see audit SOP) 
• or logged onto a form which itself includes corrective actions (example, Cold Storage 

Logsheet, see Appendix 5). 

3.4.2 CA forms are general and are for documenting corrective action taken to correct 
problems not associated with a particular analytical event. Such events are usually more 
general, such as PE sample failure, questioning a general practice even if it did not 
necessarily precipitate an error because it could lead to problems (i.e. failing to properly 
document standards or misuse of a run log, etc.) 

3.4.3 Out:Of-Control Event (OOCE) Forms are filled out by technical laboratory staff only 
and are designed for documenting analytical QC failures and associated corrective 
actions. Where other forms, such as the Inorganics QC_DB Report Form, are used to 
document that the QC parameters were checked, any failures of QC and the decision to 
perform corrective action or continue data processing must be documented on the OOCE 
form. The checklist may then be attached to the OOCE form for final data submission . 

Laucks Testing Laboratories, Inc. 
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Note: It is not necessary for analytical staff to document actions which were 
taken prior to processing samples or which do not in any way affect reported 
data. . 

5 

3.4.4 Audit Finding Reports are responded to by the assigned individual and signed offby QA 
or a designated individual (see the audit SOP). 

3.4.5 All OOCE and Corrective Action Forms shall be filled in completely by the person 
observing the event. Actions taken may be filled in by either the initiating person or the 
person actually performing the corrective action. The descriptions of the event and any 
corrective actions taken should be detailed and specific. The OOCE form provides check 
boxes for most' analytical events. 

Note: Holding time violations due to laboratory error are annotated on the OOCE 
form. Holding time violations occurring due to receipt of samples beyond the 
criteria are documented on the sample receipt form only. 

3.4.6 If the corrective action taken and annotated on the OOCE Form resolves the problem and 
allows data to be reported which is in control, the action is complete and only needs to be 
signed by the individual taking action and the individual initiating the action. 

3.4.7 If the corrective action taken and annotated on the OOCE Form does not resolve the 
event and it is determined that no further action can or will be taken; the form must be 

. signed by the analyst, supervisor, and QA. 

3.4.8 Originals of all OOCE forms must be turned into QA. Copies must be included in each 
SDa or workorder in validatable packages and in the first workorderin the "samples 
affected" column for non-validatable data packages. 

3.4.9 Any corrective actions taken which could either impact data directly, help to explain 
analytical decisions that were made in order to resolve analytical discrepancies, ~r which 
would help in the interpretation of the final data package must also be narrated in the 
final report. OOCE forms must be turned in with the data and the supervisor creating the 
narrative comment for that area will comment on any decisions resulting from failed QC 
which could impact data validity or interpretation. 

Laucks Testing Laboratories, Inc. 
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1) Problem Description: 

Laucks Testing Laboratories 
Corrective Action Report 

Responsetaskedto: _______________________________ on ________________________ __ 

By: ______________ Response Requested By ___________ _ 

2) Cause: 

3) Action Taken: 

Completed by ________________ on ___________ _ 

o Corrective actions will be reviewed 30 days after completion to verify problem has been 
corrected. 

o No further action necessary 

Reviewed .by: ___________________________ on _______ -'--____ _ 

I) Person initiating corrective action fill out Part I and may till out Part 2 if they are aware of the cause 
2) Original goes to person tasked with a response; one copy goes to QA Officer and another kept by person initiating corrective action 
3) Person tasked completes response in Part 2 (if not previously completed) and Part 3. signs response, and returns original to person initiating 
actio!}. 
4) Person initiating action determines if action corrects the problem and signs "Reviewed by." If action was insufficient, return to the person 
charged with responding without signing. . 
5) Completed original goes to QA Officer 

H:\DOCS\C_ACTION.DOC 517/97 
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• Laucks Testing Laboratories 

QC_DB ReportForm 

Analyst 

Checker 

Test Code 

QC Exceeds Control Limit Corrective 
--J if yes Action Approved By _ 

PBlk B 00 D 
MS/MSD K 00 D 

•• SRM R 00 D 
Blk Spk S 00 D 
MS/Dup M 00 D 
Duplicate D 00 D· 
BS/BSD L 00 D 
This report validates the following work orders 

• . .~ 
p:linorgltcmpla1clqctq>Ort.doc 
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• OUT OF CONA EVENT FORM • No: ------
Date Recognized: ____________ _ 
Date Occurred: .,--___________ _ 
Method: __________________________ __ 
Initiated By: _________________________ _ 
Analyst: _______________ _ 

o GCIMS VOA 
o GC/MSABN 
o GCVOA 

o GC non-VOA 

o Metals 
o Wet Chemistry 
o Extractions 
o Data Management 

liilllt'f!~\~ 
................................... -... -: ................... :.::-.:-, 

o HPLC 

Type of Event: (check all that apply) Corrective Action: (check all that apply) 

_ Holding time missed (describe below) _ Repeat Calibration· 
_ Blank ~ MDL_ RL_ CRQIDL_ - Made new standards 
_. Spike Recoveries do not meet criteria _ Reanalyzed, Date: 
_ Duplicate RPDs do not meet criteria __ Sample(s) RedigestediReextracted Date: 

MS/MSD Results do not meet criteria %Rec RPD Results Recalculated 
BS/BSD Results do not meet criteria %Rec RPD _ Cleaned System 

_ Analytical Spike recoveries do not meet criteria Ran Standard Additions 
Standard Additions do not meet criteria Notified Client 

_ LCS or Blank Spike Recoveries do not meet criteria _ Other (Please explain) 
_ Surrogate Recoveries do not meet criteria 

Calibration Corr. Coefficient does not meet criteria 
Calibration Verification does not meet criteria lnit Cont. 

_Recovery Retention time %D 
_ Tuning fails criteria 

ISTD fails criteria 
_ CalculatiOn/Transcription error Check One: Notified: 

_ Other (explain) 
. 

_ Original Results Reported _QA 

_. Rerun Results Reported Client Services 
-----

Action taken By: Date: Reviewed by Initiator: Date: 
_Out of Control Event Corrected By: --------

_ Corrective Actions Not Successful (signatures required) IPA!N~V$j;.~~:fJfA,99#P~Pj9¥N:~jJ~pl •. ' 

Analyst: _________________ -'--_____ _ 

. Supervisor: 
QA Department: 

Date: 
Date: 
Date: 'illl'ilflll~!;~'~;,;~i;~;~~iii~;i~;~,; 

.:[!~i~~t~@;Je.r§flf~lf9{ii:§ri,ya.Ji~~liI~le4~t~;:.: ... ,::: •• ··.··.··({/I 
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Lilucks resting Laboratories, Inc. 
NON-CLP SAMPJ;.J1::RECEIPT LOG 

Initial once samples are checked in __ _ 

DATE RECEIVED: _______ _ SAMPLE LOG-IN DA TE: ________ _ 
TIME RECEIVED:_----'-_____ _ WORKORDER #: _________ _ 
CLIENT NAME: ________ _ CLIENT PROJECT: _________ _ 
SDO# ___________ _ AIRBILL A IT ACHED?:(#) _______ _ 
COC# ___________ _ RECEIVED BY: __________ _ 

Non-Conformance: (Check applicable item(s)) Client IDs affected: 

o 

o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 

(I) Not enough sample sent for proper analysis. #s affected: ____________ _ 

(2) Sample Bottle received broken and/or cap not intact. _____________ -:-_ 
(3) Custody seal: Absent __ PresentlIntact __ PresentlBroken ___ _ 
(4) Any temperature out ofcompliance: _________________ _ 

(5) Sample received outside of holding time. ___________ _ 

(6) Sample not properly-preserved. pH =_. Wrong. preservative used. ________ _ 
(7) Illegible sample numbers or label missing from bottles. ____ ----, ________ _ 

(8) Identification on bottle same as identification on paperwork: yes: __ ·_no: ___ _ 

(9) Incomplete instructions received with sample(s), i.e., 
no Request for Analysis, no Chain-of-Custody. _______________ _ 

(10) Samples received in improper container._---, ________________ _ 

(II) Samples held in field before receipt by Lab. Days (specify) . --------------
(12) Air Bubble(s) in _of __ samples for volatiles analysis. ___ -::-_______ ___ 
(13) Other ______________ ~ __________ _ 

CORRECTIVE ACTION: (Check applicable item(s» 

o 
o 
o 
o 
o 
o 
o 

Correction action taken by: 

(\) Client informed verbally (Client Services). 
(2) Client informed by memo/letter/fax (Client SerVices). 
(3) Sample processed "as received" (Sample Entry). 
(4) Re-sampling requested of client (Client Services). 

Inititals Date 

(5) Samples placed "on hold" until further notice (Sample Entry/Client Service~). ____ _ 
(6) NOTE IN NARRATIVE. See temperature/pH login sheet. (Sample Entry). ___ _ 
(7) Other (Specify) ________________ _ 

* When complete (within 24 hours of nonconformance) forward to QA: Original to be forwarded to initiator to be 
included in transmittal file. . 
Comments: 

reel.doc/revision 4/12·27.95 



Laucks T~sting Laboratories, Inc. 
SAMPLE RECEIPT LOG (2) In-:house 

P:\PM\HollyldocsllaxIPlmemo.doc 12122194 

DATE RECEIVED: _______ _ WORKORDER #: _______ _ • CLIENT NAME: _______ _ 
RECEIVED BY: __ _ 

Non-Conformance: 

o Other 

• 

CORRECTIVE ACTION: (Check applicable item(s» 
Correction action taken by: 

lnititals Date 
o (I) Client infomled verbally (Client Services). 
o (2) Client informed by memo/letter/fax (Client Services). 
o (3) Sample processed "as received" (Sample Entry). 
o (4) Re-sampling requested of client (Client Services). 
0.. (5) Samples placed "on hold" until further notice (Sample Entry/Client Services).. __ 
* When complete (within 24 hours of nonconformance) forward to QA. Original to be forwarded to initiator to be 
included in transmittal file. . 
Comments: 

• 



SOP No: LTL-I008 
Revision: 6 
Date: 6/16/00 

• Page: 190[20 
Replaces: 5 

Appendix 5 

Example Logsheet (Cold Storage) 

• 
Laucks Testing Laboratories, Inc. 



Cold Storage 10 #:. ___ _ Thermometer ID: 

Cold Storage Temperature Log 
Laucks Testing Laboratories, Inc. 

----
Location: ______ _ Year: 2000 Correction Factor (add this number when recording the thermometer reading): °C 

Month: Month: Month: 
Day Time Temp. Initials Actions Time Temp. Initials Actions Time Temp. Initials Actions 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 

13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 

Record Time and Temperature in the proper blocks and initial the entry each day of normal laboratory operatIOn. Q:\TEMPLATS\L TLFORMS\REFERFRM.DOC 
If refrigerator temperatures exceed 4"C±2"C or if freezer temperatures are warmer than ·IO"C, corrective' action must be taken. 
Corrective action includes 1) Adjust the temperature of the thermostat 2) Defrost the refrigerator or freezer 

3) Contact the appropriate laboratory maintenance personnel, the departmental supervisor, and/or the QA Officer 
4) One of the above may decide that professional maintenance is necessary or even that the cold storage unit must be disposed of. 

Any and a~.s_~UST be recorded on this log sheet. lfthere is insufficient room, mark on the baCk.page with the date the action occurred. 
Samples ~~ be stored in units which are not maintaining the proper temperature. • 

, 

I 

I 

I 

I 

12/21/99 

~ 

I, 
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1.1 1bis method is restricted to use by, or under the supervision of analysts experienced in 
the technique described. Each analyst performing this method must have demonstrated 
the ability to perform the described analysis. 

1.2 1bis digestion procedure is used for the preparation of sediments, sludge, soils, and oils 
for analysis by flame atomic absorption speCtroscopy (FLAA), graphite furnace 
absorption spectroscopy (GF AA), inductively coupled argon plasma spectroscopy (ICP), 
or inductively coupled argon plasma mass spectrometry (ICP-MS). The procedure is a 
hot acid leach for determination of available metals. 

1.3 Samples prepared by Method 3051 using nitric acid digestion may be anatyzed by FLAA, 
GF AA, ICP or ICP-MS for the following: 

Aluminum Cadmium Iron Molybdenum Sodium 
Antimony Calcium Lead Nickel Strontitim 
Arsenic Chromium Magnesium . Potassium Thallium 
Boron Cobalt Manganese Selenium Vanadium 
Barium Copper Mercury Silver Zinc 
Beryllium 

1.4 1bis method is provided as an alternate to L TL-70 11. It is intended to provide a rapid 
multielement acid leach digestion prior to analysis by Flame Atomic Absorption(FLAA), . 
Graphite F~e Atomic Absorption(GF M), Inductively Coupled Plasma Emission 
Spectroscopy, or Inductively Coupled Plasma Mass Spectroscopy(ICP-MS). Ifa 
decomposition including Hydrochloric Acid is required for certain elements,it is 
recommended that L TL-70 11 be used. The parameters which are quoted in this . 
procedure are those recommended by the manufacturer of the microwave digestion 
system used, in order to be in compliance with SW-846 protocols. 

ls.. Summary of Method 

2.1 A representative sample of up to 0.5g is digested in.a Teflon vessel with 10 mL ofHNO~ 
in a microwave unit. After cooling, the vessel contents are either filtered or allowed to 
settle and diluted to volume and analyzed by an appropriate method . 
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3.1 . These procedUres involve the use of strong and/or hot acid solutions. The analyst must 
wear eye protection, a lab coat, and gloves to protect against burns. 

3.2' Samples and spiking solutions may contain high levels Qftoxic metals and other 
unknown: constituents. The analyst must take every pre~tion to avoid contact with 
these potentially hazardous materials and should wash hands thoroughly before eatiilg or 
leaving the laboratory. . 

3.3 Very reactive or volatile materials may create high pressures when heat~d;-causing 
the vessels to vent with potential loss of sample and analytes. Sampl~s that contain 
carbonates or other carbon dioxide generating compounds may generate enough 
pressure to vent the vessel. If this situation is anticipated the analyst may wish to 
use a smaller sample or an alternative digestion method. 

~ Equipment 

• MDS-2100 Microwave Digestion system, CEM 
• 120 mL Teflon® vessels and caps, carousel 
• 50 or 100 mL graduated cylinder, acid washed 
• Glass funnels, acid-washed 
• Filter paper, Whatman No. 41 or equivalent 
• Sample digestate bottles, acid washed 
• Analytical balance, capable ofweighing± 0.01 g 

Note: All glassware used for this dige'stion must be prepared by the method stated in 
Inorganics Glassware Cleaning Procedures, L TL-7003. 

All Teflon® vessels and caps are to be thoroughly rinsed with deionized water prior to 
digestions and shaken to remove any significant droplets in the vessels. 

The microwave is to be calibrated according to the procedures stated in SW846 method 
3051. The MDS-2100 microwave, being designed with temperature control, does not 
require the calibration outlined in method 3051. 

Sa... Reagents 

5.1 Reagent Water - Reagent water will be interference free. All references to water in the 
method refer to reagent water unless otherwise specified. 
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5.2 Nitric acid (concentrated), RN03, ACS Reagent grade or better. Acid should be analyzed 
to determine levels of impurities. If the method blank is less. than reporting limit then the 
acid can be used. 

n.... Microwaye Sample Digestion Procedure 

See Appendix A for digestion log 
See Appendix B for flowchart 
See Appendix. C for quality control solutions 

6.1 Weigh a well mixed sample directly into the Teflon digestion vessel to the nearest O.OIg. 
For soils, sludge and sediments, use no more than 0.50g. For oils, use no more4:han 
0.25g. 

6.2 Add 10 mL of concentrated nitric acid to each vessel and cap hand tight. If a vigorous 
reaction occurs with the addition of the acid, wait for.the reaction to subside before 

. capping .. For each microwave digestion run, the pressure control lid is to accompany the 
sample that seems to have the most carbon. Weigh each capped vessel to the nearest 0.01 
g . 

6.3 Microwave 

6.3.1 MDS-2100 Microwave Digestion system, CEM 

6.3.2 Place the carousel in the unit and attach the pressure control line to the digestion vessel 
with the double ported lid. Run the heating programSW~3051 (temperature). 

Program SW-3051 (temperatUre) as follows: 

Stage (1) (2) (3) (4) (5). 
%POWER 100 0 0 0 0 

PSI 70 0 0 0 0 
RMv1P 05:00 0000 0000 0000 0000 
HOLD '04:30 0000 0000 0000 0000 
TEMP 175 000 000·' 000 000 

Laucks Testing Laboratories, Inc. 
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At the end of the microwave program, allow the vessels to cool in the unit for a minjmum 

of 5 minutes before removal to avoid possible· injury if a ves.sel vents immediately after 
microwave heating. Once they are at room temperature, weigh and record the weight of 
each vessel assembly. If the weight of the sample plus acid has decreased by more than 
10%, discard and prepare the sample again. . 

6.5 Uncap the vessels in a fume hood due to the likely presence of nitrogen oxide. Dilute 
·sample to 50 mL in a graduated cylinder and t:ra.nSfer the samples to ail acid-cleaned 
polyethylene bottle. If only one graduated cylinder is used·to volUme all smpples, the 
blank is to be the final sample diluted to assure the absence of sample carry-over. If the 
digested sainple contains particulate which may clog nebulizers pr interfere with injection 
of the sample into an instrument, the sample may be allowed to settle or be filtered . 

. ' 

6.6 The prepared samples are then transferred to the metals analysis department. The 
. digestion log is to reflect the time at the start and· finish of the digest. In order to maintain 

a strict chain of custody,·the time and date when the digestates are relinquished to the 
analysis department, as well as the initials of the analyst accepting the digest, are 
recorded on the digestion log 

L... Quality Control 

7.1 In each batch or SDG consisting of no more than 20 samples, a preparation blank is 
created. The blank should be labeled on the digestatebottle in the following way: B, 
date, M (microwave), S (soil) and the sequence number of the digestion. Example 
B061598MSOL 

7.2 Spiked samples should be employed to determine accuracy. In each batch or SDG 
consisting..of no more than 20 samples, either matrix spike 1 sample duplicate (M.SlDup) 
or matrix spike Imatrix spike duplicate (MSIMSD) samples will be prepared. For 
SW3051-specifiedquality control measures, MSlDup samples will be prepared in the 
followiilg way. Dispense a sample in triplicate. Two will be analyzed exactly as any 
other sample. The third must be spiked with the appropriate spike solutions, determined 
by the analyst. All glassware and digestate bottles must be marked appropriately. If 
MSIMSD samples are required instead of the SW84:6-specified MSlDup, both the second 
and third aliquot must be spiked. 

7.3 Determine the analytes required for analysis by consulting sample work order 
information. The analyst must record the specific spiking solution(s) used, the volume(s) 
of the solution(s), and the corresponding Metals Standard Logbook number(s) on the 
digestion log as illustrated in Appendix C 
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7.4 In each batch or SDG consisting of no more than 20 sample~, prepare a Lab Control 
Sample (LCSS) in exactly the same manner as a sample. All spikes and standard 
reference materials must be recorded by the analyst on the digestion log. The record must 
state'the specific spiking solution used, the volume of the solution, and it's Metals 
Standard Logbook number, and the lot number of any reference materials. 

B.... References 

8.1 USEP A, Test Methods for Evaluating Solid Waste Physical/Chemical Methods, USEPA 
SW846, most recent version, Method 3051. - . 
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Laucla SIAKI IIMISB -
Testiag Laboratories. INC. DATE DATE METHOD - ANALYST ANALYSIS 

TIME TIME 
SDGI#: SW846 Microwave 

MATRIX: SOIL lOSl Digestiou 

B Fiaal T Bomb & Fiaal a a 
0 SampleID Samp Vol Color e Artifacts Sample Bomb (g) >0.5 
m (g) (mL) I (g) (g) g! 
b t 
1# 

lot Fia 

~ 

• I 

Chain Digest Relinquished Digest Accepted Digest Disposed 
of Date I Time: Aaalyst :Analyst :Date 

Custody I : 

COLOR: 1 = Red, 2'" Blue, 3 = Yellow, 4 = GreeD,S co Oraage, 6 = Violet, 7 = White, 8 = Brown, 
. 9'" Gray, 10", Black, 11 = Colorless. 

TEXTURE: F '" Fiue {Powdery), M .. Medium (Sandy), C= Coane (Rocky) • 
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• . The CLP spike solution for ICP digest was made by diluting 10 m.Ls of CLPP­
SPK-1TM, 10 mLs ofCLPP-SPK-2™, and 10 mLs ofCLPP-SPK-3™ to 100 mLs 
with Type II water. 

• Add 500 ~s of CLP spike solution to s()il samples prior to digestion. 

ICP Analytes 

Analyte Concentration in Analyte Concentration in 
Digest (J.lg/L) Digest (J.lg/L) 

Ag 50 • Fe 1000 
Al 2000 Mn . 500 
As 2000 Ni 500 
Ba 2000 Pb 500 

. ·Be 50 Se 2000 
Cd 50 Sb 500 
Co .- 500 TI 2000 
Cr 200 V 500 
Cu 250 Zn 500 

Table based on a final volume of 50 mL for soil digests . 
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.• Add the analytes listed in the table below to a 100 mL volumetric flask which 
contains -50 mL of Type II water and 5 mL ofHN03-

Analyte 
As 
Pb 
Se 
TI 

Volume 
400 J.1L 
200 J.1L 
100 J.1L 
500 J.1L 

Stock Concentration 
1000 mg/L 
1000 mg/L 
1000 mgIL 
1000 mgIL 

• Dilute to 100 mL with Type II water. This spike solution now contains: 

4.0 mgIL Arsenic 
2.0 1I1gIL Lead 
1.0 mgIL Selenium 
5.0 mg/L . Thallium 

• Add 500 J.1L of Spike Solution to soil samples prior to digestion. 
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1.1.1 Method 3060A is an alkaline digestion procedure for extracting hexavalent chromium, 
Cr(VI), from soluble, adsorbed, and precipitated forms of chromium compounds in soils, 
sludges, sediments, and some industrial waste materials. To quantify total CR(VI) in a 
solid matrix, three criteria must be satisfied: (a) the extracting solution must solubilize all 
forms of Cr(VI), (b) the conditions of the extraction must not induce reduction of native 
Cr(VI) to Cr(Ill), and (c) the method must not cause oxidation of native Cr(Ill) contained 
in the sample to Cr(VI). Method 3060A meets these criteria for a wide spectrum of solid 
matrices. Under the alkaline conditions of the extraction. minimal reduction ofCr(VI) or 
oxidation of native Cr(Ill) occurs. The addition of Mg2+ in a phosphate buffer to the 
alkaline solution has been shown to suppress oxidation if observed. The accuracy of the 
extraction procedure is assessed using spike recovery data for soluble and insoluble forms 
of Cr(VI) (e.g., K2Cr207 and PbCr04), coupled with measurement of ancillary soil 
properties, indicative of the potential for the soil to maintain a Cr(VI) spike during 
digestion, such as oxidation-reduction potential (ORP), pH, organic matter content, 
ferrous iron, and sulfides. Recovery of an insoluble Cr(VI) spike can be used to assess 
the first two criteria, and method-induced oxidation is minimal except in soils high in Mn 
and amended with soluble Cr(Ill) salts or freshly precipitated Cr(OHh The sample is 
digested using 0.28M Na2CO/0.5M NaOH solution and heating at 90-95°C for 60 
minutes to dissolve the Cr(VI) and stabilize it against reduction tei Cr(lll). After 
digestion the Cr(VI) is quantitated using SW 846 7196A. 

1.1.2 This method is restricted to use by, or under the supervision of analysts experienced in 
the technique described. Each analyst performing this method must have demonstrated 
the ability to perform the described analysis: 

1.2 Sample Collection, Sample Storage, Holding Times 

1.2.1 Samples' should be collected using devices and placed in containers that do not contain 
stainless steel (e.g., plastic or glass). A 16 oz glass jar will be required due to the 
possible need to analyze the sample for other parameters should the matrix spike (MS) . 
exceed limits. 

1.2.2 Samples should be stored field-moist at 4°C ± 2°C until analysis. 

1.2.3 Hexavalent chromium has been shown (interlaboratory studies) to be quantitatively stable 
in field-moist soil samples for at least one month f~om sample collection. In addition, Cr 
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(VI) has also been shown (interlaboratory studie~) to be stable in the alkaline digestate for 
up to 96 hours after extraction from soil. 

1.3 Definition of Tenns 

1.3.1 This section defines tenns and acronyms as they are used in this SOP. Other tenns, such 
. as MSIMSD or method blank, are not defined here since it is assumed that the user of this 
SOP already understands their more general meaning. 

1.3.2 Batch Identifier - A number given to each preparation or analysis group which uniquely 
identifies that batch. This number is generally the blank ID for preparation batches and 
an analysis number which is similar to the blank ID, only preceded by an "A" rather than 
a "B" for inorganic batches. The preparation batch IDs are discussed in other 
documentation. The batch identifier for the second run of soils for Cr(VI) analyzed on 
June 2,1997 would be A060297_CR6_S02. 

1.3.3 Blank spike - A background free matrix ( clean sand for soils/sediments) to which a 
known amount of Cr(VI) is added each time samples are prepared. Blank spikes are 

• 

required on all HAZWRAP and NFESC work. Note that an LCS or SRM will substitUte • 
as a blank spike for most inorganic analyses. At this time there is no known Cr(VI) LCS. 
In the context of this SOP, a blank spike is the same asa QC check standard. See also 
QC check standard. 

1.3.4 DIW - Deionized water - Lab reagent water. This water .should be free of virtually all 
analytes. 

1.3.5 IDL - Instrument detection limit. The lowest concentration of a target analyte that will 
yield a signal:noise ·ratio of least 3x. Used as a starting point for selecting MDL study 
spiking levels. 

1.3.6 MDL - Method detection limit - The lowest concentration a sample which will yield a 
positive result that is greater zero at a known level of confidence. MDLs are empirically 
detennined by Laucks. 

. 1.3.7 MDL standard- Method detection limit standard - A standard prepared so that the 
concentrations of the target analytes are no greater than 4x the empirically detennined 
MDLs. This standard is used to verify that the instrument or system is capable of 
detecting the target analytes on an ongoing basis. 
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1.3.8 QC check standard - Quality control check standard. Referred to in this SOP as a blank 
spike. A QC check standard is used to determine whether the analytical system is in 
control if MS/MSD recoveries are out of control. See also blank spike. 

1.... Equipment List and Standards 

2: 1 Apparatus 

2.1.1 Beakers: borosilicate glassware, 250-mL, with watch glass covers. 

2.1.2 Graduated Cylinder: 100-mL. 

2.1.3 Volumetric Flasks: Class A glassware, 1000-mL and 100-mL with stoppers. 

2.1.4 Filtration Apparatus. 

2.1.5 Filter membranes (0.45 J.lm). Preferably cellulosic or polycarbonate membranes. 

2.1.6 Heating Device - capable of maintaining the digestion solution at 90 - 95°C with 
continuous auto stirring capability or equivalent. 

2.1. 7 Volumetric pipettes: Class A glassware, assorted sizes, as necessary. ' 

2.1.8 Calibrated pH rueter. 

2.1.9 Calibrated balance. 

2.1.10 Thermometer (NIST -Certified or equivalent) or other appropriate temperature sensing 
device. 

2.2 Standards 

2.2.1 Potassium Dichromate, K2Cr207' spiking'solution, 100 mg/L Cr (VI). Dissolve 0.2829 g 
of dried (105°C) K2Cr207 in distilled deionized water in a 1 liter volumetric flask and 
dilute to the mark. Store at 20-25°C in a tightly sealed container for up to six months. 

2.2.2 The Blank Spike, and MS are prepared by adding 1.0 mLofthe 100 mglL standard to 
their respective beakers. 

Laucks Testing Laboratories. Inc. 
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2.2.3 Lead Chromate: PbCr04, analytical reagent grade. The insoluble matrix spike is prepared 
by adding 10-20 mg PbCr04 to a separate aliquot. Store under dry conditions at 20-2SoC 
in a tightly sealed container. 

2.3 Reagents 

2.3.1 Nitric acid: HNO) concentrated, analytical reagent grade or spectrograde quality. Store at 
20-2SoC in the dark. Discard.ifthe solution has a yellow tinge; this is indicative of 
photoreduction of NO)' to N02-

2.3.2 Sodium carbonate: Na2CO), anhydrous, analytical reagent grade. Store at 20-2SoC in a 
tightly sealed container. 

') ....... 
_.-'.-' Sodium hydroxide: NaOH, analytical reagent grade. Store at 20-2SoC in tightly sealed 

container. 

2.3.4 Magnesium Chloride: MgCl2 (anhydrous), analytical reagent grade. 392.18 mg MgCl2 is 
equivalent to 100 mg Mg2+. Store at 20-2SoC in a tightly sealed container. 

• 

. 2.3.S Phosphate Buffer: O.5M K2HP04/0.SM KH2P04 buffer at pH 7: Dissolve 87.09 g • 
analytical reagent grade K2HP04 and 68.04 g analytical reagent grade KH2P04 in 700 mL 
of deionized water. Transfer to a lL volumetric flask and dilute to volume. 

2.3.6 Digestion solution: Dissolve 20.0 ± O.OS g NaOH and 30.0 ± O.OS g Na2CO) in deionized 
water ina one-liter volumetric flask and dilute to the mark. Store the solution in a tightly 
capped polyethylene bottle at 20-2SoC and prepare fresh monthly. The pH of the 
digestion solution must be checked before using. The pH must be 11.5 or greater; if not, 
discard. 

J.... Safety precautions and Waste Disposal 

3.1 Safety Precautions 

3.1.1 All standards, samples and sample solutions should be handled as ifthey are hazardous 
substances. 

3.1.2 Routine precautions include an awareness of the moving parts on the instrument you're. 
using. These parts are often charged with power from an electrical component and have 
the potential to do harm if not used properly. 

3.1.3 Electrical shock - All instruments present the possibility of electrical shock. The operator 
should take all precautions including erisuring tha~ all instruments 'are operated with fully 
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grounded power outlets, turning off the instrument and disconnecting the instrument from 
the electrical power supply before working on any electrical components, etc. 

3.2 Waste Disposal 

3.2.1 The waste generated by this digestion are not hazardous and may discarded down the 
sink, while diluting with tap water. Waste segregation and disposal from the point of 
collection is further covered in the Laucks SOP on Waste Segregation and Disposal. 

4.... Calibration and Quality Control 

4.1 Method Detection Limit Study 

4.1,1 Prior to the analysis of any samples, it is necessary to establish method detection limits. 
This, procedure is fully described in Laucks on MOL studies. Briefly, it involves the 
analysis of 7 replicate samples spiked at a concentration near the anticipated method 
detection limit. A Student's T -test is then applied to these measured values to calculate 
the MOL. 

• 4.2 Method Blanks 

• 

4.2.1 Method blanks are used to verify contamination free reagents and apparatus. They are 
prepared with every set of samples prepared at the same time orat,least one blank every 
20 samples which ever is more frequent. Any analyte response above the detection limit 
is reported. Method blank control limits are that contamination should not exceed the 
Reporting Limit or 10% of the conc'entration of the lowest s~ple, whichever is greater. 

4.2.2 Corrective action 

4.2.2.1 
, 

Corrective action may necessitate re-preparation and re-analysis of the sample set. For 
example if an analyte were found in the blank but not in any of the associated samples 
then sample group may not require re-analysis. In addition, if sample levels exceed 10 
times the blank, the level of contamination may be considered insignificant. In any 
case, if re-preparation and re-analysis is not being undertaken, the analyst must first 
discuss the. issue' with the Quality Assurance Officer. It is the laboratory's 
responsibility to ensure that method interferences caused by contaminants in acids, 
solvents, reagents, glassware, and other sample processing hardware leading to 
discrete artifacts and/or elevated baselines in the analytical run be minimized. In the 
extreme case of chronic contamination, blanks may have to be analyzed from each 
stage of the sample processing to determine the contamination source so it can be 
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eliminated. In all cases where blank contamination exceeds the control limit, a 
, narrative comment must be made which documents the corrective actions taken. 

4.3 Method Blank Spikes 

4.3.1 A method blank spike follows the same protocol as with the matrix spike analysis except, 
that the spiking solution is added to a method blank solution instead of an actual sample. 
A method blank with added analytes is a method blank spike. A method blank spike is the 
same as a QC check standard. A blank spike OR a standard reference material (SRM) 
must be analyzed. The SRM is the preferred material and the blank spike should only be 
analyzed where an SRM does not exist or is not practical for routine use. 

4.3.1.1 Corrective action 

4.3.1.2 Recovery must be within the certified acceptance range or a recovery range of 80 to 
120% or the sample batch must be reanalyzed. 

4.4 Pre digestion Matrix Spike 

Both soluble and insoluble pre-digestion matrix spikes must be analyzed at a frequency of 
one per batch of::; 20 field samples. The soluble matrix spike should be spiked with 1.0 mL 
of the spiking solution prepared in 2.2.1 (equivalent to 40 mglkg Cr(VI)) or at twice the 
sample concentration, whichever is greater. The insoluble matrix spike is prepared by 
adding 10-20 mg of PbCr04 (2.2.3) to a separate sample aliquot. It is used to evaluate the 
dissolution during the digestion process. Both matrix spikes are then carried through the 
digestion process. More frequent matrix spikes must be ana'lyzed if the ~oil characteristics 
within the analytical batch appear to have significant variability based on visual observation. 

4.4.1 A sample is chosen at random from the samples to be analyzed, and an aliquot of spikiDg 
solution is added to this sample prior to preparation. The analyst should attempt to avoid 
selecting samples which are identified by the client as blanks. As the purpose of the 
matrix spike is to test the system under "typical" conditions, the analyst may also avoid 
selecting the most difficult sample of the batch for spiking. It is not always required that 
a matrix spike analysis be performed with each preparation/analysis batch, however, the 
minimum frequency for MS analysis is 1 each per 20 samples per matrix. This will be 
best accomplished by running one with every batch for many analyses. This matrix spike 
sample is used to evaluate the matrix effect of the sample upon recovery of the analytes. 
The recovery of spike analytes is calculated as follows: 
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(SS - S) * 100 
recovery = ----------------

SA 

where: 
SS = concentration in spiked sample 
S = native concentration in unspiked sample 
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SA = spiked added, the amount of spiking material actually added to the sample calculated 
on the sample basis 

4.4.2 The recovery criteria' are defined by SW 846 as 75% - 125%. 

4.4.3 Corrective action 

4.4.3.1 If the matrix spike recoveries are not within these recovery limits, the entire batch 
must be redigested/reanalyzed. If upon reanalysis the matrix spike is not within the 
recovery limits, but the LCS is within criteria specified in 4.3.1.2, information such as 
pH, Fe+2

, ORP, S2 and TOC should be carefully evaluated, as the Cr(VI) data may be 
valid for use despite the perceived "QC failure." The information discussed below is 
provided to interpret ancillary parameter data in conjunction with data on spike 
recovenes. 

When pre-digestion matrix spike recoveries for Cr(VI) are less than acceptance range 
minimum criterion (75%), this is indicative of highly reducing samples (e.g., anoxic 
sediments) with no measurable native Cr(VI) in the unspiked sample (assuming the criteria 
in 4.3.1.2 are met). Such a result indicates that the combined and interacting influences of 
ORP, pH and reducing agents (e.g., organic acids, Fe +2 and sulfides) caused reduction of 
Cr(VI) spikes. Oxidation-reduction potentials below the bold diagonal line on Fig. 2 of SW 
846 Method 3060A (Eh/pH Phase Diagram, located in Appendix 2 of this SOP) indicates a 
reducing soil for Cr(VI). The downward slope to the right indicates that the Eh value, at 
which Cr(VI) is expected to be reduced, decreases with increasing pH. The solubility and 
quantity of organic constituents will influence reduction of Cr(VI). The presence of H2S or 
other strong odors indicate a reducing environment for Cr(VI). In general, acidic conditions 
accelerate reduction of Cr(VI) in soils, and alkaline conditions tend to stabilize Cr(VI) 
against reduction. If spike recoveries are not within the recovery limits, the reductive nature 
of the sample ill!!S1 be documented. 

4.5 Post Digestion Spike 

4.5.1.1 One post-digestion Cr(VI) matrix spike must be analyzed per batch. The post-
,digestion matrix spike concentration' should be ~quivalent to 40mg/kg or twice the 
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sample cQncentratiQn Qbserved in the unspiked aliquQt Qf the test sample, whichever is 
greater. Dilute the sample aliquQt to' a minimum extent, if necessary, so. that the 
absQrbance reading fQr bQth the unspiked sample aliquQt and spiked aliquQt are within 
the initial calibratiQn curve. A guideline fQr the PQst-digestiQn matrix spike reCQvery is 
85-115% reCQvery. If nQt achieved, cQnsider the cQrrective actiQns/guidance Qn data 
use specified in 4.4.3.1. These digestates may cQntain sQluble reducing agents fQr 
Cr(VI), such as fulvic acids. 

4.6 Sample Duplicate 

4.6.1 Criteria 

4.6.1.1 Sample duplicates are required. At least Qne duplicate sample per 20 samples per 
matrix is required when matrix spikes are being perfQrmed. RPD values are calculated 
in a manner similar to' MS/MSD RPDs: 

ISl- S21 * 100 
RPD = ---------------

(Sl + S2)12 

where: 
S 1 = measured cQncentratiQn in the initial analysis 
S2 = measured cQncentratiQn in the duplicate analysis 

4.6.1.2 Duplicate samples must have a Relative Percent Difference (RPD) Qf ~ 20%, if bQth 
the Qriginal and the duplicate are ~fQur times the labQratQry repQrting limit. A cQntrQI 
limit Qf ± the labQratQry repQrting limit is used when either the Qriginal Qr the 
duplicate sample is < fQur times the labQratQry repQrting limit. 

4.6.2 CQrrective actiQn 

4.6.2.1 In general, reanalysis Qfthe samples shQuld QCcur if duplicate values fail to' meet these 
criteria. Extenuating circumstances Qr special cQnsideratiQns shQuld be discussed with 
the Quality Assurance Officer. 

4.6.2.2 If a trend in Qut Qf cQntrQI RPD vah.ies is Qbserved, the methQds used must be 
examined to' determine the SQurce Qf variance. Once this SQurce is identified, the 
methQd must be changed so. that samples can be analyzed with a predictable 
reproducibility. Generally, if recQveries are in cQntrQI and no. analyte Qf interest was 
detected in any Qf the samples, no. immediate actiQn will be taken Qn that sample set. 
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If integrity of reported sample values is in doubt, re-analysis may be called for. 
Corrective actions should be discussed with the Quality Assurance Officer. 

s..- Operation procedures 

5.1 Sample Analysis 

5.1.1 

5.1.1.1 

Analysis sequence 

A typical batch will consist of: 

Prep Blank 
Blank Spike 
Sample 
Sample Duplicate 
Sample Spike~Soluble 
Sample Spike-Insoluble 
Sample Spike Soluble post digestion 
Up to 19 more samples 

5.2 Analytical Operation 

5.2.1 Adjust the temperature setting of each heating device used in the alkaline digestion i?y 
preparing and monitoring a temperature blank (a 250 mL beaker filled with 50 mL 
digestion solution (2.3.6». Maintain a solution temperature of90 - 95°C as measured 
with a NIST-calibrated thermometer or equivalent. 

5.2.2 Place 2.5 ± 0.10 g of the as received sample into a clean and labeled 250 mL beaker. The 
sample should be mixed thoroughly before the aliquot is removed: 

5.2.3 Add 50 mL of digestion solution (2.3.6) to each sample. Add == 400 mg ofMgCl2 (2.3.4) 
and 0.5 mL of 1.0 M phosphate buffer (2.3.5). Cover all samples with watch glasses. 
The Mg +2 is used to suppress oxidation of certain forms of Cr(IlI) (such as soluble fonns) 
that can be oxidized to Cr(VI) during the procedure. 

5.2.4 Stir the samples continuously (unheated) for at least five minutes using a stirring bar. 

5.2.5 Heat the samples and maintain a temperature range of 90-95°C with constant stirring for 
60 minutes at temperature. 
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5.2.6 Gradually cool each solution to room.temperature and transfer it quantitatively to the 
filtration apparatus with distilled deionized water rinses and filter through a 0.45 \..lm 
membrane filter. Rinse the inside of the filter flask and filter pad with deionized water 
and transfer the filtrate and the rinses to a clean 250-mL beaker. NOTE: The remaining 
solid after filtration of the matrix spike should be saved for possible use in assessing low 
Cr(VI) matrix spike recoveries. Store the filtered solid at 4 ± 2°C. 

5.2.7 Place a magnetic stirring bar into the sample digest beaker, place the vessel on a stirrer, 
and, with constant stirring, slowly add concentrated nitric acid solution to the beaker 
dropwise. Adjust the pH of the solution to 7.5 ± 0.5 and monitor the pH with a pH meter. 
If the pH of the digest should drop below 7.0, discard the solution and redigest. If 
overshooting pH 7.5 ± 0.5 occurs repeatedly, prepare a diluted nitric acid solution and 
repeat digestion procedure. CAUTION: CO2 will be evolved. This step should be 

. performed in a fume hood. 

5.2.8 Remove the stirring bar and rinse, collecting the rinsate in the beaker. Transfer 
quantitatively the contents of the beaker to a 100 rnL volumetric flask and adjust the 
sample volume to 100 mL (to the mark on the volumetric flask) with deionized water. 
Mix well. 

5.2.9 The sample digestates are now ready to be analyzed. Determine the Cr(VI) concentration 
in mg/kg by SW-846 Method 7196A (colorimetrically by UV-Vis spectrometry) 

5.3 Compound Quantification 

5.3.1 The quantitation of Cr(VI) follows L TL-740 1 with the following exceptions: 

The calibration curve is prepared to go from 0.05-0.50 mgIL. 

A 1 cm cell is used· 

5.3.2 The output from the UV-Vis is calculated in mg/L in 100 mL of solution. To calculate 
the concentration in the soil: 

Cr(VI), mglKg db = A * 100*dilution 
Sa wt,g* IS 

100 

where A= concentration in mgIL in the digest . 
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5.3.3 Any sample exceeding the linear range of the calibration curve should be diluted and 
reanalyzed. 

5.3.4 If a sample displays a reading at the instrument that is at odds with the analyst's 
observation of the color of the sample, an aliquot of the sample should be prepared at the 
same dilution as the sample and analyzed just like a sample, except that instead of the 
color reagent, an aliquot·of acetone only should 'be used. This is the turbidity correction 
for that sample and its value should be subtracted from that of the colorized sample in 
order to compute the final result. 

~ Reports 

6.1 D'ata Packet Organization 

6.1.1 The bench sheet generated during the digestion should list the sample 10, analyst, test, 
date, temperatures, weights, ID of the standard, and any other pertinent information. 

6.2 Quality Control Reports 

6.2.1 All results for quality control tests are entered into the lab data base using the QC _ DB 
program. Printouts of all data entered must be included in the data packet. The routine 
minimum is a method blank report, and an MSIMSD or MS/duplicate report. Many 
analyses will also require an SRM, blank spike or other report. 

6.3 Sample Result Reports 

6.3.1 Data Qualifying Flags 

6.3.1.1 . Sample report results are qualified with data qualifying flags. These flags have the 
following definitions: 

CODE Definition 

U : The analyte of interest was not detected, to the limit of detection indicated. 
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Appendix I 

QC Summary Table 

Laucks Testing Laboratories 

Method 3060Al7196A QA Requirements and Corrective Actions 

QA Element Method Laucks Frequency Corrective Documentation 
Criterion Criterion Action 

Method Blank <MDL, or 10% <RL, or 10% of 1120, minimum Redigest QC_DB report 
of lowest lowest sample 
sample 

Matrix Spike 75-125 75-125 1120, minimum Redigest QC_DB report 
Recovery 

Duplicate ~20%, or ± RL ~20%, or ± RL 1/20, minimum Redigest QC_DB 
% Difference 

Blank Spike 80-120% 80-120% 1120, minimum Redigest QC_DB report 
Recovery 

Post digestion 85-115% 85-115% 1120, minimum Redigest QC _DB report 
Matrix Spike 
recovery 

See text for more specifics on the corrective actions. Results may be reported if the samples are 
detennined to cause matrix effects. However, this entails additional detenninations of pH, 
oxidation-reduction potential and reducing agents (TOC, sulfides, ferrous iron). 

• 
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Appendix II 
EhlpH Phase Diagram 

FIGURE Z 
Eh/pH Phase D1agra. 
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Appendix III 

Flow Charts 
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FIGURE 1 

QU~LITY CONTROL FLOW CHART 
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FIGURE 1 
QUALITY CONTROL FLOW CHART (Continued) 
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1.1. This method is an acid digestion procedure used to prepare sediments, sludges, and soil 
samples for analysis by flame or furnace atomic absorption spectroscopy (FLAA and GF AA, 
respectively) or by inductively coupled argon plasma spectroscopy (ICP) or inductively 
coupled argon plasma spectroscopy - mass spectrometry (ICP-MS). Samples prepared by 
this method may be analyzed by ICP for all the listed metals, or by FLM or GF AA as 
indicated t:>elow (see also step 2.1): " " 

-
FLAAlICP~AES GF AAlICP-MS 

Aluminum Magnesium Arsenic 
Antimony Manganese Beryllium 
* Arsenic Molybdenum Cadmium 
Barium Nickel Chromium 
Beryllium Potassium Cobalt 
Cadmium * Selenium Iron 
Calcium Silver Lead 
Chromium Sodium Molybdenum 
Cobalt Thallium Selenium 
Copper *Tin (FLAA only) *Tin (ICP-MS only) 
Iron Vanadium Thallium 
Lead Zinc 

* Although Arsenic and Selenium (analyzed by FLAAlICP) and Tin 
(analyzed by FLAA or ICP-MS) are not listed in the original SW846 
document as analytes that may be analyzed from samples prepared by 
Method 3050B, Laucks has demonstrated adequate recovery for these 
analytes from this digestate . 
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2. Summary of Method 

-2.1 A representative 1. to 1.5g sample is digested in nitric acid and hydrogen peroxide. The 
digestate is then either reduced to a low volume or refluxed with hydrochloric acid. 
Hydrochloric acid is used for flame AA and ICP analyses only. Dilute hydrochloric acid is 
used as the final reflux acid for (1) the ICP analysis of As and Se, (2) the flame AA or ICP 
analysis of Ag, AI, Ba, Be, Ca, Cd, Co, Cr, Cu, Fe, K, Mg, Mn, Mo, Na, Ni, Pb~ Sb, Sn, TI, 
V, and Zn: The hydrochloric acid step is omitted for the furnace AA analysis of As, Be, Cd, 
Cr, Co, Fe, Pb, Mo, Se,and Tl. The diluted samples have an approximate acid concentration 
of5% (v/v). 

3. Safety Procedures 

3.1 These procedures involve the use of strong and/or hot acid solutions. The analyst must 
wear eye protection, a lab coat, and gloves to protect against bums. 

3.2. . These procedures involve hot plates which may present the danger of burns from heated 
surfaces and electrical hazards. The analyst must take appropriate caution to avoid injury 
from these sources. 

3.3. Samples and spiking solutions may contain high levels of toxic metals and other 
unknown constituents. The analyst must take every precaution to avoid contact with these 
potentially hazardous materials and should wash hands thoroughly before taking any breaks, 
eating, or going home for the day. 

3.4. Fertilizer samples are chemically complex matrices and should be handled with extreme 
caution. Many components found in fertilizer are highly reactive to acid and all acid 
additions should be made with special care, in a hood, standing back from the sample. Also, 
these samples have been known to "pop" or explode during heating, so care should be taken 
not to stand close to or have any body part over the samples while they are being heated. 

4. Equipment 

• 250-mL Erlenmeyer flasks or equivalent, acid-washed 
• Analytical balance capable of accurately weighing to the nearest 0.01 g 
• Reflux caps fitted for Erlenmeyer flasks, acid-washed 
• Eppendorf or other micropipets 
• Hot plate or equivalent heating source, adjustable and capable of maintaining a 

temperature of 90-95° C 
• 100-mL graduated cylinder, acid-washed 
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Filter paper, Whatman No. 41 or equivalent 
Glass funnels, acid-washed 
100-mL volumetric flasks, acid-washed 
Sample digestate bottles, acid-washed 
Thermometer 
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Note: All glassware used for this digestion must be prepared by the method stated in 
Inorganic~ Glass Cleaning Procedures, SOP #: LTL-:7003. 

5. Reagents 

5.1 Reagent Water. Reagent water will be interference-free deionized water. All references 
to water in the method refers to reagent water unless otherwise specified. 

5.2 Nitric acid (concentrated), HN03, ACS Reagent grade or better 

5.3 Hydrochloric acid (concentrated), HCI, ACS Reagent grade or better 

5.4 Hydrogen peroxide (30%), H202, ACS Reagent grade or better 

The method blank prepared along with the samples is used as a contamination check. Since the 
holding time for all analytes associated with this method have a holding time of 6 months, . 
repreparation would not be an issue if contamination was traced to a specific reagent. 

6. Acid Digestion Procedure 

See Appendix A for digestion logs . 
.see Appendix B for flowchart . 
. See Appendix C for Quality Control solutions 
. See Appendix D for Procedure Checklist 

6.1 Mix the sample thoroughly to achieve homogeneity. For each digestion procedure, weigh 
1.00-1.50 g of sample to the nearest 0.01 g directly into an Erlenmeyer flask. Forsamples 
with low percent solids, a larger sample size may be used to attain the equivalent of 1.00-1.50 
g dry basis as long as digestion is completed. Add appropriate spiking mix aliquots to QC 
samples at this point. 

6.2 Phlce the reflux caps on the flasks, add 5 mL of concentrated HN03, 5.mL H20 and mix 
the slurry. Heat the samples to 95° C and reflux without boiling for 15 minutes. Allowthe 
samples to cool. Record the temperature in the digest log. Add 5 mL of concentrated HN03, 

heat 30 min and allow the samples to cool.' If brown fiimes are generated continue to add 
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acid, heat and cool until fumes are no longer emitted. Reflux the samples for two hours or 
allow them to evaporate to 5 mL with reflux caps. Allow the samples to cool. 

6.3 Add 2 mL water, 3 mL 30% H202, heat for 10 minutes and cool the samples. Add 1 mL 

0 

30% H202, .reflux for 10 minutes and allow the samples to cool. Repeat the addition of 1 mL 
H20 2 and heat until effervescence is minimal or a maximum of 10 mL H20 2 is added. Make 
sure that sample losses do not occur due to excessive effervescence. Reduce the sample to 5 
mL. 

6.4 If the sample is being prepared for GF AA or ICP-MS analysis then skip this step 
otherwise add 10 mL of concentrated HC!. Heat the sample for 15 minutes and allow it to 
cool. 

6.5 Dilute the sample to 100 mL with water in a graduated cylinder and place in an acid-
washed digestate bottle. If only one graduated cylinder is to be used to measure all samples, 
then bring the blank to volume after the rest of the samples. This will help to determine if 
their is any sample carry over contamination. 

Note: If a sample is allowed to go dry at any stage of the digestion 
procedure, the sample must be discarded and redigested. 

6.6 If silicates or other insoluble material that could clog the nebulizer or the graphite furnace 
autosampler are present in the samples, allow the samples to settle overnight prior to 
analysis. If there is concern that the insoluble material will not settle out of solution filter the 
sample with Whatman No. 41 or equivalent filter paper. 

6.7 In the digestion log record the start date/time, finish date/time, and the date/time 
digestates are relinquished. Transfer the samples to the metals analysis department. Have the 
analyst accepting the digestates initial and date the digestion log 

7. Quality Control 

7.1 In each batchorSDG consisting of no more than 20 samples, a preparation blank is 
created. This consists of an empty, acid-washed Erlenmeyer flask to which the appropriate 
reagents are added and digested in exactly the same manner as a sample The blank should be 
labeled on the digestate bottle in the following way: B, date, instrument, S or W (for soil or 
water) and the sequence number of the digestion .. Example: Bl11794ICPSOl. 

7.2 Spiked samples should be employed to determine accuracy. In each batch or SDG 

• 

•• 

consisting of no more than 20 samples, either matrix spike / sample duplicate (MSlDup) or • 
matrix spike / matrix spike duplicate (MSIMSD) samples will be prepared. For SW846- i 
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specified quality control measures, MSlDup samples will be prepared in the following way. 
Dispense one sample in triplicate. Two will be digested exactly as any other sample. The 
third must be spiked with the appropriate spike solutions determined' by the analyst, and then 
treated as any other sample. All glassware and digestate bottles muSt be marked 
appropriately. If MSIMSD samples are required instead of the SW846-specified MSlDup, 
both the second and third aliquots must be spiked and all glassware and digestate bottles 
marked appropriately . See Appendix C for instructions on the preparation and use of QC 
solutions .. Spiking levels presented are to be used only as guidance. The actmil analytes and 
concentrations may· vary . 

.7.3 Determine the analytes required for analysis by consulting sample work order 
information. Each spiking solution is given its own unique number according to the page and 
line of the standards logbook which it is entered into. This number and the volume dispensed 
must be clearly recorded on the digestion log. A sample page from the standards logbook is 
included in the Appendix C. 

7.4 In each batch or SDG consisting of no more than 20 samples, either a Blank Spike (BLK 
SPK) or a Laboratory Control Sample (ICP or GF LCSS) must be digested in exactly the 
same manner as a sample. A Blank Spike consists of an empty, acid-washed Erlenmeyer 
fhisk to which the appropriate spikes (determined as outlined in Section 7.3) and reagents are 

. added. The Certified Value and Advisory range for each analyte in a particular LCSS can be 
accessed from the Quality Control Database. 

8. References 

8.1 USEPA, Test Methods for Evaluating Solid Waste Physical/Chemical Methods, USEPA 
SW846, most r~cent version, Method 30508. 
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LAUCKS ICP - .. 
Place a ..J in the box next to the 

TESTING LABORATORIES, INC. DIGESTION LOG method performed. 

e. Digest start: date/time Digest finish: date/time SW-8463005A ILM04.0-water 
SDG #: SW-8463010A ILM04.0-soil 

Analyst: SW-8463050A SW-8463050B 

Sample Final , 
Sample Size Volume Color Clarity Text Art Comments Bottle 

ID (2:mL) (mL) Bef Aft Bef Aft # 

01 
02 

03 
04 

05 

06 
07 

.08 

09 
10 

11 

e· 12 

13 
14 
15 
16 

17 

18 
19 

20 
21 
22 
23 

24 
Chain Digest Relinquished Digest Accepted Digest Disposed Hot Plate 

of Date I Time:· Analyst Analyst Date Temperature, DC 
Custody 

e . Reagents I HNO) HCI HIOI 
Lot Number 

Color l=Red, 2=Blue, 3=Yellow, 4=Green, S=Orange, 6=Violet, 7=White, 8=Brown, 9=Grey, lO=Black, 11=Colorless 
Clarity l=Clear, 2=Cloudy, 3=Opaque 

. p:\metals\bnchshee\icp·dig.doc 
Texture F=Fine (powdery), M=Medium (sandy), C=Coarse (rocky) Artifacts: if "Yes", give description in the comments field. 
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06 

07 

08 

09 
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11 
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13 

14 

15 

16 
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19 

20 

21 

22 

23 

24 

LAUCKS GRAPHITE FURNACE- '. Place a ..J in the box next to the 
TESTING LAB ORA TORIES, INC. DIGESTION LOG ft,,,.th,,,l Dt::l r' 

Digest start : date/time Die:est finish: SW-84(i3020A IIMM '_=,pr I 
SDG #: SW -846-7060A " MIld. ILon;1 • 

Analyst: SW-8463050A sw:846 30508 
..; 

Sample Final 
Sample Size Volume Color Claritv Text Art Comments, Bottle 

ID (2:mL) (mL) Ber -Aft Bef Aft # 

,./ 

DigeltnaIYS~I- Hot Plate Chain Digest Rplinnni.hpt! Digest Disposed 
of Date I Time: Analyst Date Temperature, DC 

Custody 

Reagents I HNO) 
Lot Number I HC,I I R10 1 • Color I=Red, 2=Blue, 3=Yellow, 4=Green, 5=Oran'ge, 6=Violet, 7=White, 8=Brown, 9=Grey, 100Black, I I =Colorless 
Clarity I=Clear, 2=Cloudy, 3=Opaque " 
Texture F=Fine (powdery), M=Medium (sandy). C=Coarse (rocky) Artifacts: If "Yes", give description in the comments field. 
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• The CLP spike solution for rcp digest was made by diluting.1.0 mLs ofCLPP­
SPK-FM, 10 mLs ofCLPP-SPK-2TM, and 10 mLs ofCLPP-SPK-3™ to 100 mLs 
with Type II water. 

• Add 1000 flLs ofCLP spike solution to water samples and 2000 flLs ofCLP 
spike solution to soil samples prior to digestion. 

rcp Analytes 

Analyte Concentration in Analyte Concentration in 
Digest (ppb) Digest (Ppb) 

Ag 50 Fe 1000 
Al 2000 Mn 500 
As 2000 Ni 500 
Ba 2000 Pb 500 
Be 50 Se 2000 
Cd 50 Sb 500 
Co 500 Tl 2000 
Cr 200 V 500 
Cu 250 Zn 500 

Table based on a final volume of 100 mL for water digests, and 200 mL for soil digests. 

. LaucksTesting Laboratories, Inc. 
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• Add the analytes listed in the table below to a 100 mL volumetric flask which 
contains ---50 mL of Type II water and 5 Ii1L ofHN03. 

Analyte Volume Stock Concentration 
As .400 J-lL 1000 ppm 
Pb 200 J-lL 1000 ppm 
Se 100 J-lL 1000 ppm 
TI 500 J-lL 1000 ppm 

• Dilute to 100 mL with Type II water. This spike solution now contains: 

4.0 ppm 
2.0 ppm 
1.0 ppm 
5.0 ppm 

Arsenic 
Lead 
Selenium 
Thallium 

• Add 1000 J-lL of Spike Solution to water samples and 2000 J-lL to soil samples 
prior to digestion . 

Laucks Testing Laboratories, Inc. 
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Add the analytes from the two tables below into separate 100 mL volumetric 
flasks which contain -50 mL of Type II water and 5 mL ofHN03 .. 

ICP-1" 

Analy,!e Volume Stock Concentration S12ike Concentration 
Sb 500 JlL 1000 ppm 5 ppm 
Al 5000 JlL 1000 ppm 50 ppm 
Ba 2000 JlL 1000 ppm 20 ppm 
Be 100 JlL 1000 ppm 1 ppm 
Cr 500 JlL 1000 ppm 5 ppm 
Co 1000 JlL 1000 ppm 10 ppm 
Cu 500 JlL 1000 ppm 5 ppm 
Fe 2500 JlL 1000 ppm 25 ppm 
Mn 500 JlL 1000 ppm 5 ppm 
Ni 1000 JlL 1000 ppm 10 ppm 
V 1000 J-tL 1000 ppm 10 ppm 

Zn 1000 JlL 1000 ppm 10 ppm 

ICP-2 

Ana I y,!e Volume Stock Concentration S12ike Concentration 
Ag 500 JlL 1000 ppm 5 ppm 

• Add 1000 JlL ofICP-1 and 1000 JlL ofICP-2 spike solutions to water samples 
prior to digestion. For soil samples, add 2000 JlL of each spike solution prior 
to digestion. The final digest will contain: 

Analy,!e 
Sb 
Ba 

Concentration 
in Digest 

50 ppb 
" 200 ppb 

Analyte 
Al 
Be 

Concentration 
in Digest 
500 ppb 

10 ppb 

Laucks Testing Laboratories, Inc. 
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Cr 50 ppb Co 100 ppb 
Cu 50ppb Fe 250 ppb 
Mn 50ppb Ni 100 ppb 
V 100 ppb Zn 100 ppb 

Ag 50ppb 

Table b~ed on final volume of 100 mL for water digests, and 200 mL for soil digests. 

e· 

e 
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• Add the analytes listed in the table below to a 100 mL volumetric flask which 
contains .-50 mL of Type II water. 

Analyte 
As 
Se 
TI 
Pb 
Cd 

Volume 
100 ilL 
500 ilL 
500 ilL 
250 ilL 
100 JlL 

Stock Concentration 
1000 ppm 
1000 ppm 
1000 ppm 
1000 ppm 
1000 ppm 

Spike Concentration 
1000 ppb 
5000 ppb 
5000 ppb 
2500 ppb 
1000 ppb 

• Add 1000 ilL of Spike Solution to water samples and 2000 ilL to soil samples 
prior to digestion. The final digest will contain*: 

10 ppb Arsenic 
50 ppb Selenium 
50 ppb Thallium 
25 ppbLead 
10 ppb Cadmium 

*Based on 100 mL final volume for water digests and 200 mL for soil digests. 
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The LCSW for the ICP digest was made by diluting 10 mLs of CLP-SPIKE and 
50 mLs ofL TL-6 solutions, and 2 mLs of conc. HN03 to 1000 mLs with type II 
water. A 100 mL aliquot of this solution was then digested . 

. ICP Analytes 

Analyte Concentration in Analyte Concentration in 
Digest (ppb) . Digest (Ppb) 

Al 2000 Pb 500 
Ba 2000 Mg 50000 
Be 50 Mn 500 
Cd 50 Ni 500 
Ca 50000 K 50000 
Cr 200 . Ag 50 
Co 500 Na 50000 
Cu 250 V 500 
Fe 1000 Zn 500 
Sb 500 

Other Analytes 
Analyte . Concentration in Analyte Concentration in 

Digest (ppb) Digest (Ppb) 
As 2000 TI 2000 
Se 2000 

Tables based on a final volume of 100 mL. 

, 
Laucks Testing Laboratories, Inc_ 



Graphite Furnace LCSW 

fytemod No: 
Revision: 
Date: 
Page: 

Replaces: 

LTL-7015 
1 

3/20100 
200f23 

o 

• Add the analytes listed in the table below to a 100 mL volumetric flask which 
contains -50 mL of Type II water and 2 mL ofHN03• Dilute to volume with 
Type II water. 

Analyte Volume Stock Concentration 

As 500 ilL 1000 ppm .. 
·Pb 500 ilL 1000 ppm 
Se 250 ilL 1000 ppm 
TI 250 ilL 1000 ppm 
Cd 100 ilL 1000 ppm 

• Dilute to 100 mL with Type II water. This LCSW stock solution now contains: 

5.0 ppm Arsenic 
5.0 ppm Lead 
2.5 ppm Selenium 

·2.5 ppm Thallium 
1.0 ppm Cadmium 

The LCSW for the GFAA digest was made by diluting 10 mLs of LCSW stock 
solution and 20 mLs ofconc. HN03 to 1000 mLs with type II water. A 100 mL 
aliquot of this solution was then digested. 

Graphite ·Furnace Analytes 

Analyte Concentration in Analyte Concentration in 
Digest (ppb) . Digest (Ppb) 

As 50 TI 25 
Pb 50 Cd 10 
Se 25 

Tables based on a .final volume of 100 mL. 
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The LCSW for the PDCA extraction was make by adding 10 mL SPEX 
ICV-PM solution to 100 mL of Type II water prior to extraction. The spike was 
made by ad~ing 1000 JlL of CLP SPK solution to a 100 mL aliquot of the sample 

. prior to extraction. 

Analyte 
Cd 
Co 
Cu 
Fe 
Zn 

Analyte 
Pb 
Se 

ICP Analytes 

Concentration 
in Digest 

50ppb 
500 ppb 
250 ppb 

1000 ppb 
500 ppb 

Analyte· 
Mn 
Ni 
Ag 
V 

Concentration 
in Digest 
500 ppb 
500 ppb 
50 ppb 

500 ppb 

Graphite Furnace Analytes 

Concentration 
. in Digest 

500 ppb 
2000 ppb 

Analyte 
TI 

Concentration 
in Digest 
2000 ppb 

Tables based on a final volume of 100 mL . 
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SW846-3050B 

• ICPIFAA GFAAlICP-MS 

1.0-2.0g Sample 1.0-2.0g Sample 
Add Spikes Add Spikes 
5 mLH20 5 mLH20 . 

5 mLHN03 .5 mL RN03 

Heat 15 min Heat 15 min 
Cool Cool 

\-

5 mLHN03 5 mLHN03 

Heat 30 min Heat 30 min 
Repeat (5 mL HN03) until Repeat (5 mL RN03) until 

no brown fumes exist no brown fumes exist 
Reduce to 5 mL or heat 2 Reduce to 5 mL or heat 2 

- hours hours 

• Cool Cool 
-2mLH2O 2mLH2O 
3 mL H20 2 3 mL H20 2 

Heat until effervescence Heat until effervescence 
subsides subsides 
- Cool Cool 

Repeat with 1 mL aliquots . Repeat with 1 mL aliquots 
H20 2 until effervesence is H20 2 until effervesence is 

minimal or 7 times minimal or 7 times 
Reduce to 5 mL or heat 2 Reduce to 5 mL or heat 2 

hours -hours 

Cool Cool 
10 mL HCI Final Volume 100 mL 

Heat 15 min 

• Cool· 
Final Volume 100 mL 

P:\metals\bnchshee\3050b.doc 
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1.1.1 This method is to be used as a supplement to the instrumental SOP, LTL-71 06, in order 
to follow the'method requirements ofSW 846 60IOB for ICP analysis. Operating 
parameters are to be followed in the individual instrument SOP. 

1.1.2 The analyst should become familiar with SW 846 protocols prior to using this SOP. 

1.1.3 This method is restricted to use by, or under the supervision of analysts experienced in 
the technique described. Each analyst performing this method must have demonstrated 
the ability to perform the described analysis. 

1.2 Sample Collection, Sample Storage, Holding Times 

1.2.1 Samples are to be collected in either glass or plastic containers. Water samples are to be 
preserved to a pH < 2 using nitric acid. A one-liter sample bottle is sufficient volume for 
analysis. Soil samples do not require preservation but need to be stored at 4° C. At least 

• 

200 grams of sample should be collected. The holding time for ICP metals is 6 months. • 
See Appendix ITI for Sample Handling and Preservation Table. 

1.3 Definition of Terms 

1.3.1 This section defines terms and acronyms as they are used in this SOP. Other terms, such 
as MSIMSD or method blank, are not defined here since it is assumed that the user of this 
SOP already understands their more general meaning. 

ICV - Initial Calibration verification - This is a standard run immediately following the 
initial calibration. The ICV is made from an independent source. Agreement 
within 10% and a relative standard deviation less than 5% RSD from replicate 
(minimum of two) integrations is required. 

ItB - Initial calibration blank - An instrument blank is made up in the same way as 
calibration standards, without target analytes. 

CCV - Continuing calibration verification. - This is a standard analyzed after every 10 
samples during the analysis sequence to determine whether the instrument or 
system has remained in calibration. Agreement within 10% and less than 5% RSD 
from replicate (minimum of two) integrations, is required. 

CCB - Continuing Calibration Blank - This is a blank that is used to determine if there is 
carry-over between sample injections. A CCB succeeds every CCV, every 10 • 
samples. 

Laucks Testing Laboratories, Inc. 
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CRDL ,- Contract Required Detection Limit,. The minimum level of detection at ±20% 
analyte recovery. This limit represents the analyte concentrations below which 
data must be evaluated and qualified as estimated concentrations. The commercial 
CRDL solution may be used as a check ~tandard, but must be fortified with As, Pb, 
and Se to a final concentration before analysis of 10ugiL. 

DIW - Deionized water - Lab reagent water. This water should be free of virtually all 
analytes. 

IEC - Interelement Correction Factors - IECs are experimentally-determined constants 
used by the calibration modeling software in estimating the extent of interference 
caused by IEC elements on the other analyzed el~ents. This list is to include the 
nine interferents listed in SW846 Method 6010B - AI, Ca, Cr, Cu, Fe, Mg, Mn, TI, 
andY. ' 

ICSA - Interference Check Solution A - This solution is prepared to contain known 
concentrations of interfering elements that will provide an adequate test of the 
correction factors. 

ICSAB - Interference Check Solution AB - This solution is prepared by spiking the ICSA 
with known quantities of analyte. Adequate recovery of the analytes within this 
interfering matrix indicates proper application of the correction factors. 

IDL - Instrument detection limit - The lowest concentration of a target analyte that is 
detectable. The IDL is three times the average standard deviation of seven 
replicates at 2 to 5 times the estimated IDL over three non-consecutive days. Used 
as a starting point for selecting MDL study spiking levels. 'IDL should be 
determined quarterly. 

Method Blank Sample / Preparation Blanks Sample- A sample containing only 
reagent and representative matrix (DIW or blank solid material, as appropriate). 
This sample is to be carried through the entire preparation procedure and analyzed 
as a regular sample. The level of analytes in this sample must not exceed one-half 
the concentration requested as reporting limits for the project, or twice the MDL, 
whichever is lower. Corrective action will be either qualification of data 
associated with that blank sample or repreparationlreanalysis of the associated 
samples. 

MS - Matrix spike. The matrix spike sample is to be prepared such that the amounts of 
analyte added are near the action levels of concern for the project, but above 20x 
the MDLs. Preparation of the matrix spike sample is described in the appropriate 
SOP. 

Laucks Testing Laboratories, Inc. 
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MDL -. Method detection limit - The lowest concentration which will yield a positive 
result that is greater than zero at a known level of confidence. The MDL is 
preparation specific and empjrically determined by Laucks. 

LCS - Laboratory Control Sample - This is a material of approximately the same matrix 
as the samples, containing a known and usually certified amount of target analyte 
and which is prepared and analyzed in the same manner as a typical sample. This 
sample is used to demonstrate that the analytical system is in controi. It may be 
considered to bea blank spike for most inorganic analyses and is preferred over 
artificially spiking blank materials. 

, Post ·digestion spike - The sample selected fpr QC analYsis will be post-spiked and 
analyzed in the event that the matrix spike sample exceeds recovery criteria. The. 
final spike level should be identical to the predigestion spike, near the action levels 
of concern for the project but above 20x the MDL. 

• 

QC period - Quality controi period - An analysis sequence initiated by the analysis of 
one or more standards, followed by samples, and terminated with a standard and 
blank analysis. • 

RSD or %RSD - Relative standard deviation or percent relative standard deviation - The 
. ratio of the standard deviation of a set of values to the mean of the set of values. A 
measure of the similarity of the values one to another. 

S·equence - A set of sample digests and standard solutions introduced into an instrument 
in a chronologically continuous group. 

2. Equipment List and Standards 

2.1 Instrumentation 

2.1.1· Thermo Jarrell Ash ICAP 61E Trace Analyzer or·equivalent. 

2.2 Computer and software 

2.2.1 . Pentium 75 computer (or faster), running Thermospec software version 6.2 or later. 

2.3 Standards . 

2.3.1 SW 846 Method 6010B requires the use of one standard and a blank. See the instrument 
SOP for standards and their preparation. 

Laucks Testing Laboratories, Inc. 
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3.1.2 All standards, samples and sample solutions should be handled as if they are hazardo·us 
substances. . . 

3.1.3 Refer to the instrument manufacturer's manual for routine instrument precautions. 

3.1.4 Routine precautions include an awareness of the moving parts on the instrument you're 
using. These parts are often charged with power from an electrical component or with 
high pressure gas and have the potential to do harm if n6t used properly. 

3.1.5 Electrical shock - All instruments present the possibility of electrical shock. The operator 
should take all precautions including ensuring that all instruments are operated with fully 
grounded power outlets, turning off the instrument and disconnecting the instrument from 
the electrical power supply before working on any electrical components, etc. 

• 3.1.6 Caution should be used when handling acidic digestates. 

3 .2 Waste Disposal 

• 

. . 

3.2.1 Waste segregation and disposal from the point of collection is further covered in the 
Laucks SOP on waste segregation and disposal, LTL-2001. All acidified samples and 
standards should be neutralized prior to sewer disposal. 

4. Calibration and Quality Control 

4.1 Method Detection Limit Study 

4.1.1 Prior to the analysis of any samples, it is necessary to establish method detection limits. 
This procedure is fully described in the Laucks SOP on performing MDL studies. 
Briefly, it involves the analysis of 7 replicate samples spiked at a concentration 
approximately 3 to 5 times the estimated method detection limit. A Student's T -test is 
then applied to these measured values to calculate the MDL. 

4.2 Linear range study 

4.2.1 The upper limit of the linear dynamic range must be established by running a mUlti-point 
calibration using 4 standards and then running an upper range standard. The upper range 
limit should be an observed signal with no more than a 10% variation from the true value 
of the upper range standard. All samples with elements exceeding the level of the upper 
range standard must be diluted. 

. 'Laucks Testing Laboratories, Inc. 
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4.3.1 Analyze standard solutions consisting of a blank and three standards. The calibration 
curve must be verified by running an Initial Calibration Standard (ICV) and obtaining . 
agreement within 10% of the expected concentration and a 5% RSD for replicate 
integrations. 

4.3.2 One check standard at the CRDL is to be analyzed, and the recovery criteria shall be 
±20%. 

4.3.3 One check standard at or below the linear range for each analyte may be analyzed in 
order to confirm the linearity of the calibratiori curve between the single-point high 
standard and the estimated linear range maxima. Recovery of90-110% allows the use of 

/ 

the calibration curve in this region to quantify sample results. 

4.3.4 Criteria and Corrective Action: 

4.3.4.1 Calibration - The standard curve is validated by evaluating the ICV and the 
subsequent CCVs. Ifthe corresponding control limits for the ICV and CCV are 

• 

exceeded, then the sample analysis must be discontinued, the cause determined • 
and the instrument recalibrated. All samples following the last acceptable ICV, 
CCV must be reanalyzed. 

4.3.4.2 . Linear range standard - If this standard is not included in the analysis then any 
data acquired with concentration values above the high standard but within the 
linear range of the instrument must be qualified as estimated quantities. 
Preferably, the samples would be diluted and reanalyzed 

4.3.4.3 CRDL- If the stated criterion cannot be met then the reporting limit will be 
adjusted such that this analysis will be in control. This may involve adjusting 
the CRDL concentration for individual analytes which failed to meet acceptance 
followed by reanalysis. 

4.4 Initial C~libration Standard ICV: 

4.4.1 hnmediately after the calibration curve, an ICV is analyzed. 

4.4.1.1 The calculated concentration of the standard must be within 10% of the expected 
value and the RSD must be less than 5% for replicate integrations. 

4.4.2 Corrective Action: 

Laucks Testing Laboratories, Inc. 
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4.4.2.1 If the ICV criteria are not met, no samples can be analyzed. Perfonn system 
maintenance and re-check the ICV. If the criteria still cannot be met,the system 
must be recalibrated. 

4.5 Initial Calibration Blank 

4.5.1 After the analysis of the high standard, an instrument blank (ICB) is analyzed. The levels 
of target analytes in the ICB should not exceed Y2 of the reporting limit. 

4.5.2 Corrective Action: 

4.5.2.1 The source of contamination must be identified and'corrected before proceeding 
with the analysis. If the blank is less than 1110 the concentration of the action 
level of interest, andnci sample is within 10% '6f the action limit, analyses need 
not be rerun and recalibration need not be perfonned before continuation of the 
run. 

4.6 Continuing Calibration Verification (CCV) and Blank (CCB) 

4.6.1 ,A continuing calibration verification standard is analyzed after every 10 samples . 
Immediately following the CCV, a blank solution is analyzed. In addition, this standard 
and blank must be the last samples analyzed in the run. The CCV must also be prepared 
from an independent source. 

.: t 

4.6.1.1 The CCV must fall within ± 10% of the true value and the RSD must be less 
than 5% for replicate integrations. 

4.6.1.2 The levels of target analytes in the CCB should not exceed one half of the 
reporting limit. 

," 4.6.2 Corrective action: 

4.6.2.1 

4.6.2.2 

If CCV limits are exceeded, check calculations or perfonn instrument 
maintenance. Recalibrate and reanalyze. No sample results may be reported 
'that are not bracketed by a successful calibration and CCV/CCB which are in 
control or by preceding and following CCV /CCBs which are within limits. 

If the CCB analyte levels exceed one half of the reporting limit, tenninate the 
, analysis, correct the problem, recalibrate, and reanalyze the previous 10 

sample's. If the blank is less than 1110 the concentration of the action level of 
interest, and no sample is within ten percent of the action limit, analyses need 
not be rerun and recalibration rieed not be prefonned before continuation of the 
run. 

'Laucks Testing Laboratories, Inc. 
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4.7.1 At the beginning and at the end of each run, an interference check solution A is analyzed. 
This solution contains interfering elements only. All other elements are nbt present in the 
solution. All elements not present should show a recovery of no greater than ± the 
CRDL. 

4.7.2 Corrective Action: 

4.7.2.1 If the analytes do not recover within the specified control limits, then the system 
is out of control. The problem needs to be identified and corrected prior to 
beginning another run. / 

(ICSAB): 

4.7.3 At the beginning and end of each analytical sequence an ICSAB must be analyzed: 
Analytes must recover between 80-120%. 

4.7.4 Corrective Action: 

4.7.4.1 Ifthe'analytes do not recover within the specified control limits, then the system 
is out of control. The problem needs to be identified and corrected prior to 
beginning another analysis. 

4.8 Method Blanks 

4.8.1 Method blanks are used to verify contamination free reagents and apparatus. They are 
prepared with every set of samples prepared at the same time or at least one blank every 
20 samples, which ever is more frequent. Any analyte response above the MDL is 
reported. For a.method blank to be acceptable for use with the accompanying samples, 
the concentration of the blank of any analyte of concern should not be higher than the 
highest of either: 

(1) One-half of the reporting limit, which is approximately twice the value of the MDL,br 
(2) Five percent of the regulatory limit for that analyte, or 

. (3) Five percent of the measured concentration in the sample. 

4.8.2 Corrective Action: 
\ 

4.8.2.1 Corrective action may necessitate re-preparation and re-analysis of the sample 

• 

• 

set. For example if an analyte was detected in the blank but not in any of the 
. associated samples then sampl~ group may not require re-analysis. In any case, • 

-Laucks Testing Laboratories, Inc. 
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if re-preparation and re-analysis is not being undertaken, the analyst must first 
discuss the issue with the Quality Control Officer. It is the laboratory's 
responsibility to ensure that method interference caused by contaminants in 
acids, solvents, reagents, glassware, and other sample processing hardware 
leading to discrete artifacts and/or elevated baselines in the analytical run be 
minimized. In the extreme case of chronic contamination, blanks may have to 
be analyzed from each stage of the sample processing to determine the 
contamination source so it can be eliminated. In all cases where blank 
contamination exceeds the control limit, a narrative comment mtlst be made 
which documents the corrective actions taken. 

4.9 Laboratory Control Sample 

4.9.1 The LCS is made from an independent source of the sa~e matrix (soil or water) and is 
carried through the entire digestion procedure. The LCSW is to be spiked at a level near 
the action levels of concern for the project but above 20x the MDL. The SDG Routing 
Form will indicate appropriate spike level. A LCS is performed with each digestion 
batch. At a minimum, LCSW (water) control limits, are 80% to 1~0%. Control limits for 
the LCSW will be empirically determined and must be within the method specified . 
control limit noted above . 

~. . 
4.9.2 The manufacturer supplies LeSS (soil) control limits. LCSS control limits are not 

derived by the laboratory due to the small number of data points available from each lot 
of certified material. 

4.9.3 Corrective Action 

4.9.3.1 If the LCS is not within the required control limits but the matrix spike is in 
control, corrective action may not be required unless otherwise specified. If 
both LCS and matrix spikes exceed limits, particularly if the recoveries are low 
or there are reportable quantities ofthe affected target analytes, then a 
redigestion will occur for the affected analytes. Other extenuating 
circumstances may exist that allow for exceptions without redigestion and 
reanalysis but they must first be approved by QA. . 

4.10 Matrix Spike 

4.10.1 . Unless specific samples are specified for use as matrix Spike Samples, a sample is 
chosen at random from the samples to be analyzed, and an aliquot of spiking solution is 
added to this sample prior to preparation. Spike samples will be identified on the SDG 
Routing Forms as required. The analyst should attempt to avoid selecting samples that 
are identified by the client as blanks . 

. Laucks Testing Laboratories, Inc. 
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4.10.2 The matrix spike sample is to be prepared such·that the amounts of analyte added are 
near the action levels of concern for the project, but above 20x the MDLs. Preparation of 
the matrix spike sample is described inLTL-71 06. 

4.10.3 As the purpose of the matrix spike is to test the system under "typical" conditions, the 
analyst may also avoid selecting the most difficult sample of the batch for spiking. It is 
not always required that a matrix spike analysis be perfonned with each 
preparation/analysis batch, however, the minimum frequency for MS analysis is 1 each 
per 20 samples per matrix. This will be best accomplished by running one· with every 
batch for many analyses. This matrix spike sample is used to evaluate the matrix effect 
of the sample upon recovery of the analytes. The recovery of spike analytes is calculated 
as follows: 

. (SS - S) . ..-
recovery,% = * 100 .. SA 

where: 
SS = concentration in spiked sample 
S = native concentration in unspiked sample 
SA = spike added, the amount of spiking material actually added calculated on the 
sample basis. 

4.10.4 For ICP, control limits for spike recoveries will be 75-125% unless otherwise specified in 
the project specific QAPP. In-house control limits are based on historical perfonnance. 

4.10.5 The recovery criteria are detailed in the QC Database and will change from time to time. 

4.10.6 Corrective Action: 

4.10.6.1 Samples with spike recoveries outside control limits will be reviewed for 
possible corrective action .. Corrective action will first involve recalculation, 
followed by possible re-preparation, and/or reanalysis. This process should also 
look at the recovery of matrix spiking compounds from the SRM and/or blank 
spike analysis. 

4.10.6.2 In some cases a Post Digestion Spike ·is required when matrix interference is 
suspected. The sample selected for QC analysis will be post-spiked and 
analyzed in the event that the matrix spike sample exceeds recovery· criteria. 
The final spike level should be identical to the predigestion spike, near the 
action levels of concern for the project but above 20x the MDL. The same 75-
125% recovery criteria exist for this spike as for the matrix spike or a matrix 
effect is expected. In all cases a narrative explanation of the condition is 

Laucks Testing Laboratories. Inc. 
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required to detail the corrective actions taken. Data reported in validatable 
packages will be flagged with an "N" indicating the out-of-control event. 

4.11 Matrix Spike Duplicate/SampleDuplicate 

'4.11.1 Method QC consists of MSIMSD. A duplicate maybe performed instead ofa MSD. 
Other types ofQC can performed at the client's request. 

4.11.2 Criteria 

4.11.2.1 At least one matrix spike duplicate sample per 20 samples per matrix is required 
when matrix spikes are being performed. RPD values are calculated in a manner 
similar to MSIMSD RPDs: 

RPD = ISS - SSDI * 100 
(SS+S~D)/2 . 

where: 
SS = concentration in spiked sample , 
SSD = concentration in matrix spiked duplicate sample 

4.11.2.2 For sample concentrations greater than ten times the IDL, control limits for 
RPD of duplicates will be ±20% unless otherwise specified in the project 
specific QAPP. For sample concentrations less than ten times the IDL, control 
limits for the difference will be ± the reporting limit. In-house control limits are 

I 

based on historical performance. The RPD control limits are detailed in the 
current QC Database and will change from time to time. 

4.11.3 Corrective Action: 

4.11.3.1 Ifa trend. in out of control RPD values is observed, the methods used must be 
examined to determine the source of variance. Once this source is identified, the 
method must be changed so that samples can be analyzed with a predictable 
reproducibility. Generally, if recoveries are in control and no analyte of interest 

. was detected in any of the samples, no immediate action will be taken on that 
sample set. If integrity of reported sample values is in doubt, re-analysis may be 
called for. Corrective actions should be discussed with the Quality Control 
Officer. In a validatable package, data associated with an out-of-control sample 
duplicate will be flagged with an "*" . 

'Laucks Testing Laboratories, Inc. 
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4.12.1 A five~fold dilution is perfonned on the QC sample in each analytical batch. The 
difference between the initial value and the serial dilution should agree within 10%. In a 
validatable package, if the difference is greater than 10% on analytes that exhibit a level 
50 times greater than the MDL, then results for those analytes will be flagged with an 
"E". 

4.12.2 Corrective Action: 

4.12.2.1 No corrective action is necessary other than appropriately flagging the data. 

5. Operation procedures 

5.1 Instrumental Conditions 

5.1.1 See instrument SOP for operating procedures, LTL~ 71 06. 

5.2 Calibration 

5.2.1 Calibrate the instrument with a blank and one standard. 

5.2.2 Immediately following the calibration, analyZe the ICV followed by an ICB. 
Con,centration values obtained for the ICV should not deviate from the actual values by 
more than 10% and less than 5% RSD for replicate integrations. 

5.2.3 Analyze both the CRDL standard and the linear range standard. The CRDL recoveries 
should not exceed ±20% and the Ilnear range standard should not deviate from the actual 
values by more than 10% and less than 5% RSD for replicate integrations. 

5.2.4 Flush the system with the calibration blank solution for at least 1 minute before the 
'analysis of each sample. 

5.2.5 Analyze a CCV and CCB every 10 samples. The CCV must agree within 10% of its 
expected value, and less than 5% RSD for replicate integrations. The results of the 
calibration blanks are to be below one half of the reporting limit or tenninate the analysis, 
correct the problem, recallbrate, and reanalyze the previous 10 samples. 

5.3 Analysis Sequence 

5.3.1 See Appendix IV for Analytical Sequence 

5.4 Analytical Operation 

5.4.1 See instrument SOP for operating procedures, LTL-71 06. 

Laucks Testing Laboratories, Inc. 

• 

• 

• 



• 

.' 

• 

1 . 

,SOP No: 
Revision: 
Date: 
Page: 
Replaces: 

6. Reports 

6.1 Data Packet Organization 

6.1.1 See the metals validation SOP, LTL-700 1, for a check list detailing data packet 
organization 
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6.1.2 If requested, all analysis perfonned under SW 846 guidelines can be reported via CLP 
SOW ILM04.1 fonns. These fonns provide all relevant QC infonnation. 

6.1.3 Data packages will be produced via MARRS. Analyte levels that are less than the IDL or 
MDL will be reported as the SDL followed by a "U". Analyte levels that fall between the 
IDL or MDL and the reporting limit will be flagged with a "B". Analyte levels greater 
than or equal to the reporting limit PQL will be reported' without a flag. 

6.2 Flagging 

CODE Definition 

U The analyte of interest was not detected, to the limit of detection indicated. •• 
B The analyte of interest was detected between the MDL and the reporting • 

limit. 
N 

* 
The spike recovery exceeded the control limits. • 
The duplicates exceeded the RPD controi limit or their difference exceeded • 
the reporting limit. 

E The Serial Dilution did not agree within 10%. • 
S The analyte c<?ncentratiori was detennined by MSA. • 

• Used in all reports . 
• Used in data validatable packages. 

6.3 Control Chart(s) 

6.3.1 The recovery values for ICP analytes AI, B, Cd, Cr, and Ag in the LCS are plotted on 
control charts. Other analytes may be added at the discretion of QA without immediate 
revision of this SOP. 

6.4 References: 

Test Methods for Evaluating Solid Waste, SW-846, Method 601OB, Revision 2, December 1996 

"Laucks Testing Laboratories. Inc. 
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Method 6010B QA Requirements and Corrective Actions 

Method Laucks Freq~ency Corrective Documentation 
Criterion Criterion Action 

One standard and One standard Beginning of . In raw data. 
a Blank and a Blank each run. 

± 1 0% of nominal ±10% of Beginning of Recalibration Fonn 2A or in 
value. Made nominal value each run required. raw data. 
from an andRSD<5% immedtately 
independent for replicate following· -
source. integrations. ICAL. 

Made from an 
independent 
source. 

±10% and RSD ±10% and RSD Every 10 Recalibrate and Fonn 2A or in 
< 5% for < 5% for samples. Mid- rerun affected raw data. 
replicate replicate range samples. 
integrations. integrations. 
±3 sigma of < 112 reporting Every 10 . Recalibrate and Fonn 3 or in· 
average. limit samples. rerun affected raw data. 

samples. 
<MDLor<5% < one-half the Onelbatch Flag data per Fonn 3, in raw 
of the reporting limit or QCOor data, or 
concentration of <5% of the redigest database report. 
any sample or regulatory limit samples 
<5% of the or <5% of the 
regulatory limit sample conc. 
(whichever is (whichever is 
highest). highest}. 

- LCSW:80%- Onelbatch Redigest Fonn 7, in raw 
120% samples data, or 
LCSS: database report 
Manufacturer 
Specs. 

75-125% or 75-125% or 5% or per batch Consult QCO Fonn 5, in raw 
within current QC data, or 
documented database criteria. database report 
historical limits 

Laucks Testing Laboratories, Inc. 
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Method 6010B QA Requirements and Corrective Actions 

Method Laucks Frequency Corrective Documentation 
Criterion Criterion Action 

75-125% used 75-125%. Spike used when MS none Fonn 5B, in 
for new or level either 2x is out of control raw data, or 
unusual sample RL or 2x native database report 
matrices sample level, 

whichever is 
greater 

± 20% if sample ± 20% or current 5%or per batch Consult QCO Fonn 6, in raw 
conc. > 1 Ox the QC database data, or 
IDL criteria. ±RL if database report 

sample is <lOx 
theIDL 

± 10% difference ± 10% difference One/batch Flag data with Fonn 9 or in the 
used for new or if sample conc. > an "E". raw data. 
unusual matrices 50x the MDL 
±20% true value ±20% true value Beginning and Recalibrate and Fonn 4, or in 
of analytes, or of analytes, or end of run rerun affected raw data. 
± the CRDL. ± the CRDL. ~ples 
See QC control Control limits set 5% or per batch Redigest Fonn 7, in raw 
catalog by vendor samples data, or 

database report 

• 
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Appendix III 

Sample Handling and Preservation 

Metals (except hexavalent chromium and mercury): 

Measurement Digestion Volume Collection Volume 
Required. 

Total recoverable 100mL 600mL 

Dissolved iOOmL 600mL 

Suspended 100mL 600mL 

Total 100mL 600mL 
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PreservationIHolding Time 

RN03 to pH <2 
6 months 

Filter on site; RN03 to pH 
<2 
6 months 

Filter on site 
6 months 

RN03 to pH <2 
6 months 

Solid samples should be at least 200 g and usually require no preservation other than storing at 
4°C until analyzed. Either plastic or glass containers may be used for sample collection . 

'Laucks Tesiing Laboratories, Inc. 
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1. Introduction and Scope 

1.1 Method Description 

Inductively coupled plasma-mass spectrometry (ICP-MS) is a technique which is applicable 
to Jlg/L concentrations of a large number of elements in water and wastes after appropriate 
sample preparation steps are taken. When dissolved constituents are required, samples must 
be filtered and acid preserved prior to analysis. No further digestion is required prior to 
analysis for dissolved elements. Acid digestion prior to filtration and analysis is required for 
groundwater, aqueous samples, industrial waste, soil, sludge, sediment, and other solid 
waste for which total (acid-leachable) elements are required. 

See Appendix V for reporting limits. 
See Appendix I for analytical masses and standard concentrations. 

This method is restricted to use by, or under the supervision of analysts experienced in the 
technique described. Each analyst performing this method must have demonstrated their 
ability to perform the described analysis. 

1.2 Sample Collection, Sample Storage, Holding Times· 

Water samples should to be collected in plastic or Teflon containers and preserved to a pH < 
2. A one liter sample bottle is sufficient volume for analysis. Soil samples do not require 
preservation but need to be stored at 4° C and may be collected in glass if plastic containers 
are not available. At least 200 grams of sClmple should be collected. The holding time for 
metals is 6 months. If mercury is being analyzed by this technique, which is not currently 
approved or done without specific client arrangement, the holding time is 28 days. 

1.3 Definition of Terms 

This section defines terms and acronyms as they are used in this SOP. Other terms, such as 
MSIMSD or method blank, are not defined here since it is assumed that the user of this SOP 
already understands their more general meaning. 

Batch Identifier - A number given to each analysis group which uniquely identifies that batch. 
This number is preceded by an "A", mmddyy, ICPMS, matrix (W for water, S for 
soil), sequence number (i.e. A022595ICPMSW01). 
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CCB - Continuing Calibration Blank - This is the same acronym used in the CLP program. This 
isa blank which is analyzed immediately after the CCV (almost always after 
every ·10 samples and at the end of the analytical run) during the analysis 
sequence to determine whether the instrument or system has maintained a stable 
baseline. 

CCV - Continuing calibration verification. ~ This is the same acronym used in the CLP program. 
This is a standard analyzed at some prescribed frequency (almost always after 
every 10 samples and at the end of the analytical run) during the analysis 
sequence to determine whether the instrument or system has remained in 
calibration. 

CLP - Contract Laboratory Program ~ The USEP A program that contracts with laboratories to 
provide laboratory services. The term has come to mean a much broader set of 
methods and deliverables. In context of this SOP, CLP means procedures or 
operations which are detailed in the CLP contract and which are extended to a . 
broader working definition. 

DIW - Deionized water - Lab reagent water. This water should be free of virtually all analytes. 

ICB - Initial calibration blank - This term is borrowed from CLP. An instrument blank is made 
up in the same matrix as calibration standards, without target analytes. 

ICV - Initial calibration verification - This term is borrowed from the CLP protocol. It is a 
standard which is analyzed at the start of each analytical ruil that is compared to 

. the initial multi-point calibration to determine whether the instrument calibration 
is accurate. 

IDL - Instrument detection limit. IDL's can be estimated by analyzing seven replicates of a 
standard analyte solution over three nonconsecutive days. The analyte 
concentration should be 3-5 times the estimated IDL. Multiplying the average 
standard deviation by three will yield the IDL for that analyte. Each measurement 
must be performed as though it were a separate analytical sample. IDL's must be 

. determined quarterly 

MDL -Method detection limit - The lowest concentration of ananalyte which will yield a 
positive result that is greater than zero at a known level of confidence. MDLs are 
empirically determined and are performed annually. 

J.,CS - Laboratory Control Sample. This is a material of approximately the same matrix as the. 
samples, containing a known and usually certified amount of target analyte and 
which is prepared and analyzed -in the same manner as a typical sample. This 

-Laucks Testing Laboratories, Inc. 
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sample is used to demonstrate that the analytical system is in control. It may be 
considered to be a blank spike for most inorganic analyses and is preferred over 
artificially spiking blank materials. 

Serial Dilution - If the analyte concentration is within the linear range of the instrument and is . 
sufficiently high (minimally, a factor of 100 above the IDLIMDL), an analysis of 
a fivefold dilution must agree within±I 0% of the original detennination. If not, 
an interference effect must be suspected. One serial dilution must be analyzed for 
each twenty samples or less of each matz:ix ina batch. A serial dilution is denoted 
in the raw data by an "L". 

ICSA - Interference Check Solution A. The ICSA is a sol~tion that contains the interfering 
analytes. This solution is analyzed to indicate if a high level of interfeIjng 
compounds will have an affect on the analytes of interest. 

ICSAB ,- Interference Check Solution AB. The ICSAB is a solution that contains the interfering 
analytes and the analytes of interest. This solution is analyzed to indicate if a high 
level of interfering compounds will have an affect on the recovery of the analytes 
of interest. 

Internal Standards - Internal standards are added to all blanks, standards, and samples. They 
monitor the affect of a sample's matrix on the quantification of the analytes of 
interest. The internal standards used are Sc45, InII5, and Bi209. 

Post-Digestion Spike - An analyte spike added to a portion of a prepared sample should be 
recovered to within 75% to 125% of the known value or within the laboratory 
derived acceptance criteria. 

Standard-Addition - The standarq. addition technique involves adding known amounts of 
standard to an aliquot of the sample. This technique compensates for a sample 
constituent that enhances or depresses theanalyte signal thus producing a 
different slope than that of the calibration standards. 

QC Period - Quality control period - An analysis sequence initiated by the analysis of one or 
more standards, followed by samples, and tenninated with a standard and blank 

. analysis. A QC period can be open-ended chronologically, but calibration 
verification must be documented using the procedures in this SOP 

RSD or %RSD - Relative standard deviation or percent relative standard deviation - The ratio of 
the standard deviation of a set of values to the mean of the set of values. A 
measure of the similarity of the values one to another. 

===================================,.,=========================== 
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2. Equipment List and Standards 

2.1 Instrumentation: 

Perkin-Elmer ELAN 5000 

2.2 Standards 
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SW 846 'requires the use of one standard and a blank. Standards are made in a 1 % HN03. 

See Appendix I for standard concentrations. 

2.3 Internal Standards 

Sc45, Inl15 ,and Bi209 are used as internal standards . 

3. Safety precautions and Waste Disposal 
;:" 

3.1 Safety Precautions 

All standards, samples and sample solutions shoUld be handled as if they are hazardous 
substances. 

Refer to the instrument manufacturer's manual for routine instrument precautions. 

Routine precautions include an awareness of the moving parts on the, instrument you are 
using, These parts are often charged with power from an electrical component or With high 
pressure gas and have the potential to do hium if not used properly. ' 

Electrical shock - All instruments present the possibility of electrical shock The operator 
should take all precautions including ensuring th~t all instruments are operated with fully , 
grounded power outlets, turning off the instrument and disconnecting the instrument from 
the electrical power supply before working on any electrical components, etc. 

Radio Frequency - The ELAN 5000 uses a high energy RF. Although the generator is well 
shielded, care should be taken when operating the instrument. Pace makers can be adversely 
affected by exposure to high energy RF . 

===================================== ==========================~====== 
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Plasma Radiation - Do not view the torch without the proper eye wear. Severe eye damage 
can occur if the plasma is viewed directly. 

3 .2 Waste Disposal 

Waste segregation and disposal from the point of collection is further covered in the Laucks 
SOP on waste segregation and disposal . 

. 4. Quality Control 

4.1 Method Detection Limit Study 

Prior to the analysis of any samples, it is necessary to establish method detection limits. This 
procedure is fully described in the Laucks SOP on performing MDL studies; Briefly, it 
involves the analysis of 7 replicate samples spiked at a concentration approximately 3 to 5 
times the estimated method detection limit. A Student's T -test is then applied to these 
measured values to calculate the MDL. 

4.2 Linear range study 

Linear ranges for each analyte are detennined by analyzing a high concentration "sample". 
The analytically determined concentration must be within 5% of the true value. The true 
value is the upper limit of the ICPIMS linear range. Linear ranges must be verified 
quarterly. 

4.3 Internal Standards 

A 50 uL aliquot ofa20 ppm ofSc45, 10 ppm ofIn115 and 10 ppm of Bi209 is added to a 
10 rnL of all standards and samples prior to analysis. 

Criteria 

The intensities of all internal standards for instrument check standards must be between 80 
and 120 percent of the intensities of the internal standards in·the initial calibration standard. 

Corrective action 

. If the criteria are not met, tenninate the analysis, correct the problem, recalibrate, verify the 
new calibration, and re-analyze the affected samples. 
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The intensities of all internal standards in the samples musfbe between 30 and 120 percent 
of the intensities of the internal standards in the initial calibration standard. 

Corrective action 

When the intensity of any internal standard in the sample fails to fall between the required 
levels, the sample must be diluted fivefold (1 +4) and re-analyzed with the addition of 
appropriate amounts of internal standards. This procedure must be repeated until all internal 
standards fall within the prescribed windows. 

4.4 Initial Calibration 

Analyze standard solutions using a minimum of a calibration blank and one standard. The 
calibration curve must be verified by running an Initial Calibration Standard (ICV) and 
obtaining agreement within 10% of the expected concentration . 

Criteria and Corrective Action: 

Since a linear regression is not possible when using a two point calibration on the ELAN 
5000, the standard curve is validated by evaluating the ICV and the subsequent CCVs. If the 
corresponding control limits for the ICV and CCV are exceeded, then the sample analysis 
must be discontinued, the cause determined and the instrument recalibrated. All samples 
following the last acceptable ICV, CCV must be reanalyzed .. 

4.5 Initial Calibration Verification 

Immediately after the calibration curve, analyze a standard from a source other than that 
from which the calibration material was obtained. 

Criteria 

The crucuhited concentration of the ICV should be within 90%-110% of the true value. 

Corrective action 

If the ICV criteria are not met, the analysis is terminated. Perform system maintenance and 
re-calibrate the instrument . 

Laucks Testing Laboratories. Inc. 
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4.6 Initial Calibration Blank 

After the analysis of the ICV standard an instrument 'blank (ICB) is imaIyzed. The levels of 
target analytes in the.ICB should not exceed the contract required detection limit. 

Corrective action 

If the initial ICB contains target analyte levels above the contract required detection limit, 
the system is out of control. The source of contamination must be identified and corrected 
before proceeding with the analysis. 

,4.7 Continuing Calibration Verification (CCV) and Blank (CCB) , 

A continuing calibration verification standard is analyzed after every 10 samples. 
Immediately following the CCV, a blank solution is analyzed. In addition, this standard and 
blank must be the last samples analyzed in the run. 

Criteria 

The CCV must fall within ± 10% of the true value. 

The levels of target analytes in the CCB should not exceed the contract required detection 
limit. ' 

Corrective action 

If CCV limits are exceeded, check calculations or perform instrument maintenance. 
, Recalibrate and reanalyze. No sample results may be reported that are not bracketed by a 

successful calibration and a CCV which is in control or by preceding and following CCV s 
which are within limits. 

If the initial CCB contains target analyte levels above the contract required detection limit, 
the system is out of control. The source of contamination must be identified and corrected 
and the affected samples re-analyzed. As with the C'CV s, no sample results may be reported 
thatare not bracketed by a successful initial and continuing calibration blank which are in 
control or by preceding and following CCBs which are Within limits. 

4.8 Interference Check Solutions A (ICSA) and AB (ICSAB) 

• 

• 

Due to the high sensitivity of the ICP-MS technique and instrument developments that have 
occurred since the method was written, the high dissolved solids content of the specified ICS • 
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solutions are not recommended by the manufacturer for modem instruments. The ICSA and 
ICSAB solutions are prepared at different concentration levels from method 6020 to avoid 
cloggingofthe sampler cone orifice and damage to the instrument. Therefore, AI, Ca, Fe, 
Mg, Na, P, K~ S, C, and CI in the ICSA and th~ ICSAB are at 1110 of the specified levels. 
See Appendix II for ICSA and ICSAB solutions concentrations .. 

(lCSA): 

At the beginning and at the end of each run, an interference check solution A-is analyzed. 
This solution contains interfering elements only. All other elements are not present in the 
solution. All elements not present should show a recovery of zero, or ± the contract 
required detection limit. 

Corrective Action: 
If the analytes do not recover within the specified control limits, then the system is out of 
control. The problem needs to be identified and corrected prior to beginning another run. 

(ICSAB): 

At the beginning and end of each analytical sequence an ICSAB must be analyzed. Analytes 
must recover between 80-120%. 

Corrective Action: 

If the analytes do-not recover within the specified control limits, then the system is out of 
control. The problem needs to be identified and corrected prior to beginning another 
analysis. 

4.9 Method Blanks 

Method blanks are used to verify contamination free reagents and apparatus. They are 
prepared with every set of samples prepared at the same time or at least one blank every 20 
samples, which ever is more frequent. Any analyt~ response above the CRDL is reported. 
For a method blank to be acceptable for use with the accompanying samples, the 
,.",oncentration of the blank of any analyte of concern should not be higher than the highest of 
~:ither: 

(1) The reporting limit, or 
(2) Five percent of the regulatory limit for that analyte, or 
(3) Five percent of the measured concentration in the sample . 

Corrective Action: 

Laucks Testing Laborato;~!es.lnc. 
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Corrective action may necessitate re-preparation and re-analysis of the sample set. For 
example if an analyte were found in the blank but not in any of the associated samples then 
sample group may not require re-analysis. In any case, if re-preparation and re-analysis is 
not being undertaken, the analyst must first discuss the issue with the Quality Control 
Officer. It is the laboratory's responsibility to ensure that method interference caused by 
contaminants in acids, solvents, reagents, glassware, and other sample processing hardware 
leading to discrete artifacts and/or elevated baselines in the analytical run be minimized. In 
the extreme case of chronic contamination, blanks may have to be analyzed frqm each stage 
of the sample processing to determine the contamination source so it can be eliminated. In 
all cases where blank contamination exceeds the control limit, a narrative comment must be 
made which documents the corrective actions taken. 

4.10 Laboratory Control Sample 

The LCS is made from an independent source of the same matrix (soil or water) and is 
carried through the entire digestion procedure. An LCS is performed with each digestion 
batch. At a minimum, LCSW(water) control limits are 80% to 120%. . 

e 

LCSS(soil) control limits are supplied by the manufacturer. LCSS control limits are not e. 
derived by the laboratory due to the small number of data points available from each lot of 
certified material. 

Corrective Action 

If theLCS is not within the required control limits, a redigestion will occur for the affected 
analytes. 

4.11 Matrix Spike 

A sample is chosen at random from the samples to be analyzed, and an aliquot of spiking 
solution is added to this sample prior to preparation. The analyst should attempt to avoid 
selecting samples which are identified by the client as blanks. As the purpose of the matrix 

. spike is to test the system under "typical" conditions, the analyst may also avoid selecting 
the most difficult sample of the batch for spiking. The minimum frequency for MS analysis 
is 1 each per 20 samples per matrix. This will be best accomplished by running one with 
every batch for many analyses. This matrix spike sample is used to evaluate the matrix 
effect of the sample upon recovery of the analytes. The recovery of spike analytes is 
calculated as follows: . 
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(SS - S) 
re cov ery, % = * 100 

SA 

where: 
SS = concentration in spiked sample 
S = native concentration in unspiked sample 
SA = spike added, the amount of spiking material actually added calculated on the 
sample basis. 

For ICPIMS, control limits for spike recoveries will be 75-125% unless the sample result is 
greater than 4 times the spike concentration or unless otherwise specified in the project 
specific QAPP. In-house control limits are based on historical perfonnance. 
The recovery criteria are detailed in the QC Database QC_DB and will change from time to 
time. 

Corrective Action: 

Samples with spike recoveries outside control limits will be reviewed for possible corrective 
action. Corrective action will first involve recalculation, followed by possible re­
preparation, and/or reanalysis .. This process should al~o look at the recovery of matrix 
spiking compounds from the SRM and/or blank spike analysis. In all cases a narrative 
explanation of the condition is required to detail the corrective actions taken. Data reported 
in validatable packages will be flagged with an i'N" indicating the out-of-control event. 

4.12 Post-Digestion Spike 

A post digestion spike is also performed to a portion of a prepared sample. The minimum 
frequency for MS analysis is 1 each per 20 samples per matrix, control limits for post-spike 
recoveries will be 75-125% 

Corrective Action: 

Samples with post-spike recoveries outside control limits will be diluted and re-analyzed to 
compensate for matrix effects. The results must agree to within 10% of the original 
measured concentrations. A standard-addition technique may also be used to corp.pensate 
for matrix effects. 

4.13 Matrix Spike Duplicate/Sample Duplicate 

Method QC consists of MSIMSD. A duplicate maybe be performed instead of a MSD . 
Other types ofQC can performed at the client's request. 
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At least one matrix spike duplicate sample per 20 samples per matrix is required when 
matrix spikes are being performed .. RPD values are calculated in a manner similar to 
MSIMSD RPDs: 

where: 

RPD = ISS - SSDI * 100 
(SS+SSD)/2 

SS = concentration in spiked sample 
SSD = concentration in matrix spiked 'duplicate sample 

For sample concentrations greater than 5 times the CRDL, control limits for RPD of 
duplicates will be ±20% unless otherwise specified in the project specific QAPP. For 
sample concentrations less than 5 times the CRDL, control limits for the difference will be ± 
the CRDL. In-house control limits are based on historical· performance. The RPD control 
limits are detailed in the current QC Database QC_DB and will change from time to time. 

Corrective Action: 

If a trend in out of control RPD values is observed, the methods used must be examined to 
determine the source of vanance. Once 'this source is identified, the method must be changed 
so that samples can be analyzed with a predictable reproducibility. Generally, if recoveries 
are in control and no analyte of interest was detected in any of the samples, no immediate 
action will be taken on that sample set. If integrity of reported sample values is in doubt, re'" 
analysis may be called for. Corrective actions should be discussed with the Quality Control 
Officer. In a validatable package, data associated with an out-of-control RPD will.be 
flagged with an "*". . 

4.14 Serial Dilution 

A five-fold dilution is perfoimed on the QC sample in each analytical batch. The difference 
between the initial value and the serial dilution should agree within 10%. If the difference is 
greater than 10% on analytes that exhibit a level 50 times greater than the IDL, then results 
for those analytes will be flagged with an "E". 

Corrective Action: 

No corrective is necessary other than appropriately flagging the data. 

Lt;lucks Testing Laboratories, Inc. 
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5. Procedure 

5.1 Instrumental Conditions 
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• Refer to manufacture's instruction for specific operating procedures. Allow at least 30 
m.inutes for the instrument to stabilize before initiating any analysis. 

• Conduct mass calibration and resolution checks in the- mass regions of interest. The mass 
calibration and resolution parameters are required criteria which must be met prior to any 
sample being analyzed. The monitored masses of Mg, Rh, and Pb must meet the 
following criteria: 

Element 

Mg 
Rh 
Pb 

RSD for replicate (minimum 
offour) integrations. 

<5% 
<5% 
<5% 

5.2 Analytical Operation 

,'/0 • 

Mass, amu 

23.90-24.10 
102.80-103,00 
207.90-208.10 

Resolution @ 10 % 
peak. height, amu 

<0.9 
<0.9 
<0.9 

• Calibrate the instrument, using a calibration blank and a standard. Refer to Appendix I 
for-the applied levels of concentration. 

• All masses which could affect data quality are monitored to determine potential effects 
from matrix components on the analytes of interest. 

• After the calibration has been established, an ICV solution is analyzed to verify the 
validity of the curve. MeaSurements for the_analytes of interest must be at ±10% of the 
true -value. A re-calibration and re-analysis is required for any analyte which falls outside 
the control limit. 

• Analyze the interference check samples (ICSA and ICSAB) prior to and after the analysis 
of samples 

• Analyze a CCV and a CCB once every 10 analytical samples. 

• Dilute samples that exceed the established linear range of the instrl'ment. -

.Laucks Testing Laboratones, Inc. 
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• See the SOP metals validation for a check list detailing data packet organization 

• Ifrequested, all analysis performed Wlder SW 846 guidelines the data can be reported 
via CLP SOW 3/90 forms. 

• Data packages will be produced via Enviroforms. Analyte levels that are less than the 
MDL will be reported as th~ SDL followed by a "U". Analyte levels that fall between 
the MDL and the reporting limit will be flagged with a "B". Analyte levels greater than 
or equal to the reporting limit PQL will be reported without a flag. 

CODE Definition 

U 
B 

N 

* 

E 
S 

The analyte of interest was not detected, to the limit of detection indicated. 
The analyte of interest was detected between the MDL and the reporting 
limit. 
The spike recovery exceeded the control limits. 
The duplicates exceeded the RPD control limit or their difference exceeded 
the reporting limit. . 
The Serial Dilution did not agree within 10%. 
The analyte concentration was determined by MSA. 

• Used in all reports. 
• Used in data validatable packages. 

6.2 References: 

•• • 
• • 
• .. 

Test Methods for Evaluating Solid Waste, SW-846, Method 6020, Revision 0, September 1994 
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Elements Mass 
Be 9 
Na 23 
Mg 26 
AI 27 
K 39 
Ca 44 

V 51 
Cr 52 
Mn 55 
Fe .54,57 
Co 59 
Ni 60 
Cu 63,65 
Zn 66 
As 75 
Se 82 
Ag 107 . 
Cd 111 
Sb 121 
Ba 137 
Tl 205 
Pb 208 
Li 7 
B 11 

Mo 98 
Sn 118,120 
U 238 

STD, ~gIL 
50 
500 
500 
400 
500 
500 
100 
100 
150 
200 
100 
400 
50 

200 
100 
200 
100 
50 
60 

400 
100 
50 

200 
200 
200 
200 
250 
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The SID is made by diluting 10.OmL of the ICPIMS stock standard to a 100 mL fmal volume . 
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The ICPIMS stock standard which consists of: 

100 ilL 
1000 ilL 
200 ilL 
1000 ilL 
100 ilL 
250 ilL 
200 ilL 
200 ilL ' 
200 ilL 
200 ilL 
40 ilL 
150 ilL 

ICAL-l 
ICAL-2 
ICAL-3 
ICAL-4 
ICAL-5 
1000 ppm U 
1000 ppm B 
1000ppmMo 
1000ppmLi' 
1000 ppm Sn 
1000 ppm Be 
1000 ppm Se 
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Note: 50 ilL of 20 ppm Sc45, 10 ppm In115 and 10 ppm Bi209 is added to a.l 0 mL aliquot of 
standard . 

=.,,============================== 
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·' 
Element 

Aluminum 

Arsenic 

Cadmium 

Calcium 

Chromium 

Cobalt 

Copper 

Iron •• Magnesium 

Manganese 

Molybdenum 

Nickel 

Potassium 

Selenium 

Silver 

Sodium 

Vanadiuni 

Zinc 

• 

ICSA (PPM) 

4 

12 

10 

4 

4 

10 
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ICSAB (PPM) 

4 

0.020 

0.020 

12 

0.040 

0.040 

0.040 

10 

4 

0.040 

0.16 

0.040 

4 

0.020 

0.040 

10 

0.040 

0.020 
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Laucks Testing Laboratories 

Method SW 846 6020 QA Requirements and Corrective Actions 

QAElement Method Criterion Laucks Criterion Frequency Corrective Documentation 
Action 

Mass must be performed Mg 23.90-24.10 Beginning Perform new Instrument 
Calibration in mass regions of Rh 102.80-103.00 of each mass Logbook 
Check interest and be Pb 207.90-208.10 analysis. calibration. 

within ±O.l amu of 
the actual value. 

Resolution < 0.9 amu full < 0.9 amu full Beginning Adjust Instrument 
Check width at 10% peak width at 10% peak of each resolution. Logbook 

height height analysis. 
Initial Blankand at least Blank and one Beginning NA In the raw data 
Calibration one standard standard of each and/or on 

. analysis FORM 14. 
Initial ±10% of true ±IO% of true Immediately· Recalibrate and Form 2, in the 
Calibration value. Made from value. Made from following reverify. raw data 
Verification an independent an independent calibration. 

source. source .. 
Initial Values must be Values must be Immediately Recalibrate, Forril3, in the 
Calibration < 3x the IDL for <CRDL following reverify, and raw data 
Blank . each element. ICV. . rerun the I CB. 
Continuing ±10% true value. ±10% true value. Every 10 Recalibrate and Form 2, in the 
Calibration Analyte levels are samples and rerun affected raw data 
Verification at the mid-range of end ofiun .. samples. 

the calibration. 
Continuing Values must be Values must be Immediately Recalibrate and Form 3, in the 
Calibration < 3 times the ID L <CRDL following rerun affected raw data 
Blank for each elemerit. CCV. samples. 
Method < CRDL or <5% of < CRDL or <5% of Onelbatch Redigest Form 3, in the 
] lank regulatory limit or regulatory limit or samples raw data. 

any sample ( any sample 

• 
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QAElement Method Criterion Laucks Criterion 

Internal I.Samples: 30 % - 1. Samples 30 % -
Standards 120 % of the initial 120 % of the initial 

calibration calibration blank. 
standard 2. Instrument 
2. Instrument Check Standards: 

'. Check Standards: 80 -120 of the 
80 -120 of the initial calibration 
initial calibration blank. 
standard. 

Serial within ±10% ,fthe within ± 1 0% of the 
Dilution original value if original value if . 

the analyteconc. is the analyte conc. is 
> 100 x the IDL. > 100 x the IDL. 

Duplicate, ± 20% for analyte ± 20% or current 
% Difference values greater than QC database 

100 times the IDL. criteria. 

Matrix Spike 75-125% or 
Recovery current QC 

database criteria. 
Post- 75%-125% 75%-125% 
Digestion 
Spike 
LaboraLul y . Dnelbatch, no LCSW: 80%-120% 
Control acceptance criteria LCSS: 
Sample Manufacturer 

Specs. 
ICSAand ±20% true value of ±20% true value of 

,ICSAB analytes, or analytes, or 
± the CRDL. ±the CRDL. 

. Frequency 

1. All 
samples 

2. All 
instrument 
check 
standards 

Dnelbatch 

5% or per 
batch 

5% or per 
batch 

5% or per 
batch 

Onelbatch 

Beginning 
and end of 
run 
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Corrective 
Action 

1. dIlute and 
reanalyze. 

2. recalibrate, 
re-analyze the 
affected 
samples. 

Flag data with 
an "E". 

reanalyze 
digestates, if 
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In the raw data. 

Fonn 9,.in the 
raw data 

F onn 6, in raw 
data, or 

still fail, consult database report 
QCD 
Consult QCD Fonn 5A, in 

raw data, or 
database report 

dilute and re- Fonn 5B, in the 
analyze or MSA raw data 

Redigest Fonn 7, in raw 
samples. data, or 

database report 

reanalyze Fonn 4, or in 
affected raw data. 
~ample~ 
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Yes 

Use Method 
3040 and 

analyze by 7000 
or 

3015, or 

Use method 
3050 or 
3051. 

computer. 

Set up and 

stabil~e 
instrument 

Set operating 
conditions as 

recommended. 

Perfonn mass 
calibration and 

resolution 
checks. 

Calibrate the 
instrument for th 

analytes & 
masses of 

interest 

Monitor all 
masses which 

could affect data 
quality as 

recommended 

Verify calibratio 
with ICV. 

Analyze check 
standard and 

calibration blan 
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Flush system 
and analyze 

sample. 

end of run. 
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Dilute digestate. 

Calculate 
concentration. 
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Routine Reporting Limits 
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SW 846 6020 Reporting Limits 

Reporting Reporting 
Element Limit, Element Limit, 

~g/L ~g/L 

Ag 3.0 Mn 1.0 
As 1.0 Mo 10.0 
B 10.0 Ni 10.0 
Ba 2.0 Pb 1.0 
Be 1.0 Sb 1.0 
Cd 1.0 Se 3.0 
Co 3.0 Sn 10.0 
Cr 5.0 U 100 
Cu 2.0 V 2.0 
Li 10.0 Zn 10.0 

. Reporting limits are approximately 2-10 times the instrumental MDL. The MDL is based on 
samples prepared using SW 846 3015. Values actually reported may be less than the routine 
reporting limits but above our method detection limit. 
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1.1,1. Method 7196 is used to detennine the concentration of dissolved hexavalent chromium in 
TCLP extracts, ground waters, domestic and industrial wastes. Highly turbid or colored 
samples will present the possibility of positive interference, and will need to be corrected' 
spectrophotometrically. This method is used to measure Cr+u in samples'lrom 5-100 
~lg/L at a wavelength of 540 nm. Higher concentrations will require either dilution or the 
use of a shorter cell path. 

1.1.2. This method is restricted to use by, or under the supervision of analysts experienced in 
the technique described. Each analyst perfonning this method must have demonstrated 
the ability to perfonn the described analysis. 

1.2. Sample Collection, Sample Storage, Holding Times 

1.2.1. Water samples should be collected in a 500 ml unpreserved bottle~ Glass and plastic are, 
acceptable. Soil samples should be collected in a 4 or 8 oz glass soil container. Samples 

, should be stored at 4°C± 2°C until extraction or analysis,Water samples should be 
analyzed within 24 hrsof collection. Soil samples may b~ extracted using a number of 
different methods. The holding time will be dependent upon the method chosen. 

1.3. Interferences 

1.3.1 The reaction with diphenylcarbazide is neatly specific for chromium. Hexavalent 
molybedium and mercury saltswill react to fonn color with reagent but intensities are 
mllch lower than for chromium at the specific pH.' Concentrations as high as 200mg Mo 
or Hg/L can be tolerated. Vanadium interferes strongly, but concentrations up to 10 times 
that- of chromium will not cause trouble. Potentail interferences from pennanganate is 
eliminated by prior reduction with azide. Iron in concentrations greater than 1 mglL may 
produce a yellow color but the ferric ion (Fe3+) color is not strong and no difficulty is 
encountered nonnally if the absorbance is measured photometrically at the appropriate 
wavelength. Reducing conditions will cause Hexavalent Chromium to be present in 
lower quantities and will result in significantly reduced spike recoveries . 

, Laucks Testing Laboratories. Inc. 
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1.4.1. This section defines tenns and acronYms as they are used in this SOP. Other terms, such 
as MS/MSD or method blank, are not defined here since it is assumed that the user of this 
SOP already understands their more general meaning. 

L.4.2. Batch Identifier - A number given to each preparation or analysis group which uniquely 
identifies that batch. This number is an analysis number which is similar to the blank rD, 
only preceded by an "A" rather than a "B" for inorganic batches. The preparation batch 
IDs are discussed in other documentation. The second analysis for a water sample 
perfonned on Jan 2, 1996 would have the identifier AOI0296CR6W02. 

1.4.3. Blank spike - A background free matrix (DIW for water,· clean sand for soils/sediments) 
to which kilOwn amounts of target analytes are added each time samples are prepared. 
Blank spikes are required on all NFESC work. Note that an LCS or SRM (see below) will 
substitute as a blank spike for most inorganic analyses. In the context of this SOP, a 
blank spike is the same as a QC check standard. See also QC check standard. 

1.4.4. CCB - Continuing Calibration Blank - This is the same acronym used in the CLP 
program. This is a blank which is analyzed immediately after theCCV (almost always 
after every 10 samples and at the end of the analytical mn)during the analysis sequence 
to detennine whether theinstmment or system has maintained astable baseline. 

1.4.5. CCV - Continuing Calibration Verification - This is the same acronym used in the CLP 
program. This is a standard analyzed at some prescribed frequency (almost always after 
every 10 samples and at the end of the analytical run) during the analysis sequence to 
detennine whetber the instrument or system has remained in calibration. 

l.4.6. CLP - Contract Laboratory Program - The USEP A program that. contracts with 
laboratories to provide laboratory services. The tenn has come to mean a much broader 
set of methods and deliverables. In context of this SOP, eLP means procedures or 
operations which are detailed in the CLP contract and which are extended to a broader 
working definition. . 

1.4.7. Corr Coef, CC - Correlation coefficient - A measure of the" goodness of fit" of a set of 
data to a regression model. The closer the value is to 1, the higher the degree of 
confidence in the correlation 

• 

• 

1.4.8. DIW - Deionized Water - Lab reagent water. This water should be free of virtually all • 
analytes. . . 
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1.4.9. Initial Calibration Blank - This term is borrowed from CLP. An instrument blank is 
made up in the same way as calibration standards, without target analytes .. 

1 

1.4.10. ICV - Initial Calibration Verification - This term is borrowed from the CLP protocol. It 
is a standard which is analyzed at the start of each analytical run that is compared to the 
initial mUlti-point calibration to determine whether the instrument calibration is accurate. 
For most inorganic methods, this verification standard is from a source different from that 
used to make the calibration standards. 

1.4.11. IDL - Instrument Detection Limit. The lowest concentration of a target analyte that will 
yield,a signal:noise ratio ofleast 3x. Used as a starting point for selecting MDL study 
spiking levels. 

1.4.12. MDL - Method Detection Limit - The lowest concentration a sample which will yield a 
positive result that is greater zero at a known level of confidence. MDLs are empirically 
determined by Laucks. 

1.4.13. MDL standard - Method detection limit standard - A standard prepared so that the 
concentrations of the target analytes are no greaier than 4x the empirically determined 
MDLs. This standard is used to verify that the instrument or system is capable of 
detecting the target analytes on an ongoing basis. 

1.4.14. QC check standard - Quality control check standard. Referred to in this SOP as a blank 
spike. A QC check standard is used to determine whether the analytical system is in 
control if MS/MSD recoveries are out of control. See also blank spike. 

1.4.15. SRM or LCS - Standard Reference Material or Laboratory Control Sample. This is a 
material of approximately the same matrix'as the samples, containing a knoWn and 
usually certified amount of target analyte and which is prepared and analyzed in, the same 
manner as a typical sample. This sample is used to demonstrate that the analytical system 
is in control. It may be considered to be a blank spike for most inorganic analyses and is 
preferred over artificially spiking blank materials. 

1.4.16. RSD or %RSD - Relative Standard Deviation or percent relative standard deviation -
The ratio of the standard deviation ofa set of values to the mean of the set of values. A 
measure of the similarity of the values one to another. 

- Laucks Testing Laboratories. Inc. 
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2. Equipment List and Standards. 

2.1. Instrument 

2.1.1. This analysis uses a Varian Cary 50 Bio spectrophotometer or equivalent instrumentation. 
Instmmental conditions are 540 nm, slit 1., integration 2, and a .1 cm path length cell. 

2.2. Standards and Reagents (All should be stored in the refrigerator at 4°C +/- 2°C) 

2.2.1. Potassium dichromate standard solution 1,-1 00 ~g/ml 
Dissolve 0.2829 g of Primary Standard Reagent K]Cr20 7 in DIW and dilute to 1000 ml. 

This solution should be prepared annually. . 

2.2.2. Potassium dichromate standard solution 2, 0.1 0 ~g/ml 
Dilute 250 ~l of Standard 1 to 250 mls with DIW. 

This solution should be prepared fresh daily. 

2.2.3. Diphenylcarbazide Solution: Dissolve 250 mg of 1,5-diphenylcarbazide in 50 mls of 
Reagellt grade Acetone. Store this solution in an amber bottle. Discard when it becomes 
discolored. 

2.2.4. Sulfuric Acid Solution, 10% (v/v): Dilute 10 mls of metals grade H2S04 to 100 mls with 
DIW 

3. Safety. precautions aDd Waste Disposal 

3.1. Safety Precautions 

3.1.1. All standards, samples and sample solutions should be handled as if they are hazardous 
substances. 

3.1.2. Refer to the instrument manufacturer's manual for routine· instrument precautions. 

• 

• 

3.1.3. Routine precautions include an awareness of the moving parts on the instrument you're 
using. These parts are often charged with power from an electrical component or with 
high pressure gas and have the potential to do harm ifnot used properly. .1 

. Laucks Testing Laboratories. Inc. 
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3.1.4. Electrical shock - All instruments present the possibility of electrical shock. The operator 
should take all precautions including ensuring that all instruments are operated with fully 
grounded power.outlets, turning off the instrument and disconnecting the instrument from 
the electrical power supply before working on any electrical components, etc. 

3.1.5. Hexavalent chromium is highly toxic. Care should be taken to avoid ingestion. 

3.2. Waste Disposal 

3.2.1. All highly concentrated Chromium waste from this analysis should disposed of in with 
the COD waste, currently in a container under the sink where Chromium analysis is 
performed. Low concentration samples can be disposed down the sink with water. 

3.2.2. Waste segregation and disposal from the point of collection is further covered in the 
Laucks SOP on Waste Segregation and Disposal. 

4. Calibration and Quality Control 

4.1. Method Detection Limit Study 

4.1.1. Prior to the analysis of any samples, it is necessary to establish method detection limits. 
This procedure is fully described in the Laucks on MDL studies .. Briefly, it involves the 
analysis of 7 replicate samples spiked at a concentration near the anticipated method 
detection limit. A Student's T -test is tht:m applied to these measured values to calculate 
the MDL. Currently, the MDL for water analysis i~ 1.0 ugl L, while soil analysis is 1.0 
mg/kg. 

4.2. Initial Multi-PointCalibratiori 

4.2.1. A calibration curve is prepared by measuring 5, and 25 mls of solution 2 and 50, 250, 
and 500 \-lIs of solution I into 50 ml nessler tubes. The concentration of Cr+6 in the flasks 
is 0.01,0.05, 0.l0, 0.50, and 1.0 mglL, respectively. 5 )lg/L is the reporting limit. Any 
samples above 1.0 mg/L should be diluted and reanalyzed. 

The instrument is calibrated from the lowest to the highest concentration. 

Due to the inherent instability ofCr+b
, solution 2 should be prepared fresh daily. 

Laucks Testing Laboratories. Inc. 
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4.2.3. Initial calibration data is evaluated using the correlation coefficient of a linear regression 
analysis. The correlation coefficient must be 0.995 or greater for a 5-point calibration. 
All CCVs and sample extract concentrations must be computed using the regression 
equation. 

4.2.4. Corrective action 

" . 
4.2.5. If the criteria are not met, the instrument must be recalibrated. 

4.3. Initial Calibration Verification 

4.3.1. Immediately after the calibration curve, analyze a standard from a source other than that 
from which the calibration material was obtained. 

4.3.2. Criteria 

4.3.3. The calculated concentration of the ICV must be within the limits supplied by the 
manufacturer. If limits for the ICV have not been supplied by the vendor, default limits 
of90-110% will be used. Cr+6 is an inherently unstable analyte. Thus,' the ICV solutions 
and their corresponding limits will change frequently. 

4.3.4. Corrective action 

4.3.5. If the ICV criteria are not met, no samples can be analyzed. Perform system maintenance 
and re-check the ICV. If the criteria still cannot be met, the system must be recalibrated. 

4.4. Initial Calibration Blank 

4.4.1. After the analysis of the ICV standard an instrume"nt blank(ICB) is analyzed. The levels 
of target analytes in the ICBshould not exceed Y2 the reporting limit. 

4.4.2. Corrective action 

4.4.3. Ifthe initial ICB contains target analyte levels above the reporting limit, the system is out 
of controL The source of contamination must be identified and corrected before 
proceeding with the analysis. 

. Laucks Testing Laboratories, Inc. 
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4.5.1. After'the calibration is performed, but before the analysis of any sample extracts, an 
MDL standard is to be analyzed. The MDL standard is used 'to provide on-going 
verification of the ability of the system to detect analytes at a concentration near the 
method detection limit. This standard is usually at the reporting limit. It must be 
detected for the system to be considered in control. 

4.5.2. Corrective Action 

4.5.3. If target analytes are not detected, the analysis must be terminated until.the problem has 
been solved. Alternatively, if the affected samples are well above the detection limit (ie 
bracketed by appropriate standards), they may be reported. No undetected values should 
be reported, If the MDL standard for that analyte(s) is undetected. 

4.6. Contimiing Calibration Verification (CCV) and Blank (CCB) 

4.6.1. A mid-range calibration standard is analyzed afterevery 10 samples. Immediately 
following the CCV, a blank solution is analyzed. In addition, this standard and blank 
must be the last samples analyzed in the nm. 

4.6.2. The CCV must fall within ± 10% of the true value. 

4.6.3. The levels of target analytes in the CCB should not exceed Yz the reporting limit. 

4.6.4. Corrective action 

4.6.5. If CCV limits are exceeded, check calculations or perform instrument maintenance . 
. Recalibrate and reanalyze. No sample results may be reported that are not bracketed by a 
successful calibration and a CCV which is in control or by preceding and following 
CCVs which are within limits. 

4.6.6. If the initial CCB contains target analyte levels above the reporting limit, the system is 
out of control. The source of contamination must be identified and corrected and the 
affected samples re-analyzed. As with the CCVs, no sample results may be reported that 
are not bracketed by a successful initial and continuing calibration blank which are in 
control or by preceding and following CCBs w~ich are within limits. 

• 4.7. Method Blanks 

. Laucks Testing Laboratories. Inc. 
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4.7.1. Method blanks are used to verify contamination free reagents and apparatus. They are 
prepared with every set of samples prepared at the same time or at leas.t one blank for 
every 20 samples, whichever is more frequent. Any. analyte response above the reporting 
limit is reported. Method blank control limits are that contamination should not exceed ~ 
the reporting limit. 

4.7.2. Corrective actiori 

4.7.3. Corrective action may necessitate re-preparation and re-analysis ofthe sample set. For 
example if an analyte were found in the blank but not in any of the associated samples 
then sample group may not require re-analysis. In addition; if sample levels exceed 20 
times the blank, the level of contamination may be considered insignificant. In any case, 

• 

'- if re-preparation and re-analysis is not being undertaken, the analyst must first discuss the 
issue with the Quality Control Officer. It is the laboratory's responsibility to ensure that 
method interferences caused by contaminants in acids, solvents, reagents, glassware, and 
other sample processing hardware leading to discrete artifaCts and/or elevated baselines in 
the analytical run be minimized. In the extreme case of chronic contamination, blanks • 
may have to be analyzed from each stage of the sample processing to determine the 
contamination source so it can be eliminated. In all cases where blank contamination 
exceeds the control limit, a narrative comment must be made which documerits the 

. corrective actions taken. 

4.8. Method Blank Spikes 

4.8.1. A method blank spike follows the same protocol as with the matrix spike analysis except 
that the spiking solution is added to a method blank solution instead of an actual sample. 
A method blank with added analytes is a method blank spike~ A method blank spike is 
the same as a QC check standard. A blank spike or a standard reference material (SRM) 
should be analyzed. The SRM is the preferred material. The blank spike should only be 
analyzed when an SRM is not available. We currently use a material from APG. 

4.8.2. COlTective action 

"4.8.3. lfthe MSIMSD recoveries are out of control, the blank spike recoveries are examined to 
assess whether the method was in control during sample preparation and analysis. Re­
prepare and reanalyze any samples for which both the matrix spike recoveries are low and 
out of control and for which the associated blank spike demonstrates out of control and 
low recoveries. • 

. Lauck Testing Laboratories. Inc. 
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The method requires a spike be run on every sample matrix to verify that neither a 
reducing condition nor a chemical interference is affecting color development. The 
amount of spike added should double the concentration found in the sample, and should 
be at least 30 ugiL A sample is chosen at random from the samples to be analyzed, and 
ail aliquot of spiking solution is added to this sample prior to preparation. The analyst 
should attempt to avoid selecting samples which are identified by the client as blanks. As 
the purpose of the matrix spike is to test the system under "typical" conditions, the" 
analyst may also avoid selecting the most difficult sample of the batch for spiking. The 
minimum frequency for MS analysis is 1 each per 20 samples per matrix. This will be 
best accomplished by running one with every batch for·many analyses. This matrix spike 
sample is used to evaluate the matrix effect of the sample upon recovery of the analytes. 
The recovery of spike analytes is calculated as follows: 

(SS - S) * 100 
% recovery = ------"-..:--'------

SA 

where: 
SS = concentration in spiked sample 
S = native concentration in unspiked sample 
SA = spiked added, the amount of spiking material.actually added to the sample 

calculated on the sample basis 

4.9.2. The recovery criteria are detailed in the Quality Control Database and will change from 
time to time. Currently, for water analysis the allowed recoveries are 50-148%, while 
that of soil analysis is 50-150%. 

4.9.3. Corrective action 

4.9.4. Samples with spike recoveries outside control limits will be reviewed for possible 
corrective action. Corrective action will first involve recalculation, followed by possible 
re-preparation, and/or reanalysis of a diluted aliq~ot of the sample. This process should 
also look at the recovery of at the recovery of matrix spiking compounds from the SRM 
and/or blank spike analysis. In all cases a narrative explanation of the condition is 
required to detail the c<?rrective actions taken. 

. Laucks Testing Laboratories, Inc. 
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4.10.1. The compound recovery criteria are identical to those for the matrix spike sample. In 
addition, the matrix spike duplicate is used measure method precision. This is done by 
computing the relative percent difference (RPD) between the matrix spike and matrix 
spike duplicate recovery values. The control limits for the RPD are detailed in the quality 
control database and are currently 30%. The calculation is as follows: 

where: 

lSI - S21 
RPD = -:..----------- * 100 

(SI + S2)/2 

S I = measured concentration for MS sample 
S2 = measured concentration for MSD sample 

4.11. Sample Duplicate 

4.11.1. Criteria 

4.11.2. Sample duplicates are required only when the client requests, when CLP practices are 
employed, or when the method specifically calls for duplicates. At least one duplicate 
sample per 20 samples per matrix is required when matrix spikes are being performed. 
RPD values are calculated in a manner similar to MSIMSD:RPDs: 

where: 

ISl- S21 
RPD = --------------- * roo 

(S 1 + S2)/2 

S 1 = measured concentration in the initial analysis' 
S2 = measur~d concentration in the duplicate analysis 

4.11.3. The RPD control limits are detailed in the Quality Control Database and will change from 
time to time. Currently~ the RPD allowed for both soil and water analysis is 30 . 
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4.11.4 Corrective action 

4.11.4. If a trend in out of control RPD values is observed, the methods u.sed must be examined 
to detennine the source of variance. Once this source is identified, the method must be 
changed so that samples can be analyzed with a predictable reproducibility. Generally, if 
recoveries are in control and no analyte of interest was detected in any ofthe samples, no 
immediate action will be taken on that sample set. If integrity of reported sample values 
is in doubt, re-analysis may be called for .. Corrective actions should be discussed with the 
Quality Control Officer. 

5. Operation procedures 

5.1. . Sample Analysis Sequence 

SO.OI 
SO.05 
SO.lO 
SO.50 
SJ.O 
ICV 
ICB 
MDL 
PBW 
Sample 1 
Sample ID ( or S, depending upon client needs) 
Sample IS (or MSD, depending upon client needs) 
Sample 2· 
Sample 3 
Etc 
after 10 samples 
CCV 1 
CCB 1 
Sample 11 
Etc 
CCV2 
CCB2 

. Laucks Testing Laboratories. Inc. 
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5.2.1 The samples· are measured with a Varian Cary 50 Bio UV-VIS spectrophotometer. 

The slit is set at 1 nm 
The integration is set for 1 sec 
The wavelength is 540 nm. 
Use 1 cm cells. 
The zero standard is used to auto-zero the instrument. 

5.3 Analytical Operation 

5.3.1 If ctC> in soil is requested, the sample may be extracted using the SW -846 3060A 
method. These are detailed in the applicable Laucks SOPs.· 

5.3.2. Starting with a water sample or aqueous extract: 

1. Transfer 50 mls to a 50 nil nessler tube. 
2. Add 1.0 ml of the dipheny1c~rbazide solution. 
J. Add 1.0 ml of 10% H2S04 and mix. 
4. Let the solution stand for 40+ mins for maximum col~r development 
5. Measure the absorbance at 540 nm using the zero standard as a reference. 

5.3.3. If the sample appears to be turbid, it will have to be corrected for. This is done by 
preparing a second aliquot. This is treated like the sample, except that the 
diphenylcarbazide is not added. This solution is read and the adsorbance is subtra:cted 
from the reading of the sample. 

5.3.4. In some instances, the adsorbance reading will be due largely to turbidity. If the reading 
is greater than the high standard, the sample needs to be diluted and reanalyzed. If the 
client needs lower reporting limits than this can achieve: 

1. Filter an aliquot of the sample, and spike an aliquot of sample and then filter. If the 
recovery is 85-115%, the method is in controL 

·2. Analyze the sample by SW 846 7197. This method is not affected by sample 
turbidity. 
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5.3.5 Compound Quantification 

Cr+6
, mg/L = Measured concentration at instrument * dilution 

If a soil sample was analyzed, the mglL value is divided by the % Total Solids/l 00. 

6. Reports 

6.1. Data Packet Organization 

6.1.1. Each data package will contain a bench sheet showing all volumes, weights, dilutions, 
dates and analyst's initials, a copy of the instrumental output, and a copy of the Quality 
Control report . 

, 6.2. Quality Control Reports _;1 

6.2.1. All results for quality control tests are entered into the lab data base using the quality 
control database. A summary of all data entered must be included in the data packet. The 
routine minimum is a method blank report, and an MSIMSD or MS/duplicate report: 
Many. analyses will also require an SRM, blank spike or other report. 

6.3. Sample Result Reports 

, 6.3.1. Data Qualifying Flags 

Sample report results are qualified with data qualifying flags. These flags have the 
following definitions: 

CODE Definition 

U : The analyte of interest was not detected, to the limit of detection indicated. 

7. References 

USEPA Test Methods for Evaluating Solid Wastes, Vol. lA, Latest Revision, Method 7196A. 

1 
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Laucks Testing Laboratories 
Method 7196A QA Requirements and Corrective Actions 

QA Element Method Laucks Frequency Corrective Documentation 
Criterion Criterion Action 

Initial Multi-point MUlti-point One per run Recalibrate Printout of 
Calibration R>.995 calibration 

Initial Required One Manufacturer One per run Recalibrate or Printout of 
Calibration per 15 samples supplied, or 90- Reanalyze result 
Verification 110% ifnot 

specified 
Initial One per batch < Y2 Reporting One per run Reanalyze Printout of 
Calibration limit result 
Blank 
Continuing Not required 90-110 % One after every Recalibrate Printout of 
Calibration recovery 10 samples, and result 
Verification at the end of the 

run. 

Method Blank One per batch < Y2 Reporting . One per run Reanalyze Printout of 
limit result 

Continuing Not required < Y2 Reporting One after every Recalibrate Printout of 
Calibration limit 10 samples, and result 
Blank at the end of the 

run. 
MD L standard Not required Detectable One·per run Recalibrate Printout of 
recovery result 

Matrix Spike 85-115 % One SeeQC One MSIMSD Dilute and Printout of 
Recovery per matrix database or one MS/DUP Reanalyze or. result 

per 20 Out of Contro.! 
Document filed 

*MS/MSD RPD Not Required SeeQC One MS/MSD Out of Control Printout of 
database or one MSIDUP Document filed result 

per 20 
*Duplicate Not Required SeeQC One MS/MSD Dilute and Printout of 
% Difference database or one MS/DUP Reanalyze or result 

per 20 Out of Control 
Document filed 

• * Either an MSD or a Duplicate/MS will be analyzed 
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1.1.1 This SOP covers the cold vapor analysis ofHg using the Perkin-Elmer Flow Injection 
Mercury System, Model 400 (FIMS 400). Sample handling and preparation are as 
required by SW-846 methods 747017471 and 24~.11245.5. This SOP is also valid for the 
preparation and analysis of samples under CLP protocol when used in conjunction with 
the SOW ILM04.1. Where the requirements ofthese procedures differ, the more 
stringent requirements are used. The requirement of analyzing soil samples in triplicate 
under 7471 is not used except upon request. 

1.1.2 After preparation and digestion to convert Hg to its ionic form, 0.5 rnL of sample is 
introduced into a stream of carrier solution (3% HCI), mixed with a SnCl2 suspension to 
reduce the Hg ion to its metallic form, which is then carried into an absorption tube . 
through which passes light at a wavelength of253.7 nm. The absorption is then 
measured. . 

1.1.3 This method is restricted to use by, or under the supervision of analysts experienced in 
the technique described. Each analyst performing this method must have demonstrated 
the ability to perform the described analysis. 

1.2 Sample Collection, Sample Storage, Holding Times 

1.2.1 Samples are stored either in glass or plastic. The holding time is 28 days from collection. 

Soil samples are stored at 4° ±2° C. Water sample,S. are stored at room temperature. 
Water samples are preserved by the addition ofRN03 to a pH <2. 

1.3 Interferences 

1.3.1 This section covers interferences which may potentially occur with the FIMS associated 
with sample or standard preparation or gas or liquid flow through the system. 

1.3.2 Foaming 

1.3 .2.1 If excess foaming results in liquid being transported into the quartz cell, the reagent 
stream should be stopped immediately, and the tubing and cell assemblies should be 
disassembled and cleaned. 

1.3.3 Precipitates 

. Laucks Testing Laboratories, Inc. 
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1.3.3.1 All solutions used with the FIMS (samples, carrier solutions, and reducing agents) must 
be free of solid particles since they are transported through the narrow tubing and valve 
openings. In addition, the formation of precipitates during the course of a reaction must 
be avoideO. When such a case occurs, an appropriate digestion or separation method 
should be used to remove the offending component. . 

1.3.4 Contamination 

1 

1.3.4.1 The detection limits obtainable using the FIAS-System are very often a function ofthe 
degree of contamination in the samples and the reagents rather than of instrument 
capabilities. Contamination is the main source of error when working at the nanogram 
levels typical for FIMS analyses .. Careful operation of the instrument, selection of proper 
sample preparation techniques, and good laboratory cleanliness practices are the most 
important prerequisites for minimizing contamination. 

1.4 Definition of Terms 

1.4.1 This section defines terms and acronyrris as they are used in this SOP. Other terms, such 
as MSIMSD or method blank, are not defined here since it is assumed that the user of this 
SOP already understands their more general meaning. 

1.4.2 .LFB - Laboratory Fortified Blank - A sample ofDIW to which a known amount ofHg is 
added. 

1.4.3 CRA - a sample ofDIW to which a known amount ofHg is added. This is a low 
concentration to verify the curve is valid near the reporting limit of 0.2 JlglL. 

1.4.4 CCB - Continuing Calibration Blank - This is the same acronym used in the CLP 
program. This is a blarik which is analyzed immediately after the CCV (almost always 
after every 10 samples and at the end of the analytical run) during the analysis sequence 
to determine whether the instrument or system has maintained a stable baseline. 

1.4.5 CCV - Continuing calibration verification. - This is the same acronym used in the CLP 
program. This is a standard analyzed at some prescribed frequency (almost always after 
every 10 samples and at the end of the analytical run) during the analysis sequence to 
determine whether the instrument or system has remained in calibration. 

1.4.6 . eLP - Contract Laboratory Program - The USEPA program that contracts with 
laboratories to provide laboratory services. The term has come to mean a much broader 
set of methods and deliverables. In context of this SOP, CLP means procedures or 
operations which are deta:iled in the CLP contract and which are extended to a broader 
working definition. 
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1.4.7 Corr Coef, CC - Correlation coefficient - A measure of the "goodness of fit" of a set of 
data to a linear regression model. The closer the value is to 1, the higher the degree of 
confidence in the correlation 

1.4.8 DIW - Deionized water - Lab reagent water. This water should be free of virtually all 
analytes: 

1.4.9 ICB - Initial calibration blank - This term is borrowed from CLP. An instrument blank is 
made up in the same way as calibration standards, without target analytes. 

1.4.10 I CV - Initial calibration verification - is a standard which is analyzed at the start of each 
analytical run that is compared to the initial multi-point calibration to determine whether 
the instrument calibration is accurate. This verification standard is from a source different 
from that used to make the calibration standards 

1.4.11 IDL - Instrument detection limit. The lowest concentration of a target analyte that will 
yield a signal:noise ratio of least 3x. Determined quarterly using blanks to which a 
known quantity of standard has been added. The IDL is determined by analyzing 7 
replicates spiked at 2-5 times the expected IDL on three non-consecutive days. The sum 
of the standard deviations of the three runs is the IDL. . , 

1.4.12 MDL - Method detection limit - The lowest concentration a sample which will yield a 
positive result that is greater than zero at a known level of confidence. MDLs are 
empirically determined by Laucks annually. 

1.4.13 MDL standard - Method detection limit standard - A standard prepared so that the 
concentration ofHg is 1-5 times the anticipated MDL 

1.4.14 LCS - Laboratory Control Sample - Asample containing a known quantity ofHg used to 
verify digestion and analysis. LCSW indicates a water sample. It is used interchangeably 
with ICV. LCSS indicates a soil sample. 

1.4.15 RSD or %RSD - Relative standard deviation or percent relative standard deviation - The 
ratio of the standard deviation of a set of values to the mean ofthe set of values. A 
measure ofthe similarity of the values one to another. 

1.4.16 PBW - A blank carried through the sample preparation and digest procedures. 

. Laucks Testing Laboratories. Inc. 



2. Equipment, Standards and Reagents 

2.1 Equipment 

2.1.1 Equivalent equipment may be used where appropriate. 

FIMS 400 automatic Hg analyzer 
Perkin Elmer AS-90 autosampler 
Epson LQ300dot-matrix printer 
Hot water bath 
BOD bottles 
Analytical balance. 
Micropipettes: 20, 50, 100, 200, 500 and 1.000 Ill, . 
50 mL and 15 mL plastic centrifuge tubes 

2.2 Standards 

2.2.1 All standards must be prepared in 0.15% HN03• 
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2.2.2 1000'ppm Hg stock solution: Vendor supplied. CurrentlYPufchased from Inorganic 
Ventures. 

2.2.3 Working Hg solution: Dilute 100 III of 1000 ppm Hg stock solution to 100 rnL in DIW 
to which 0.15 mLHN03 has been added. The identification number of the standard 
solution used arid the dilution must be entered in the standards logbook. This solution 
must be prepared daily. The identification number of the working standard must also be 
recorded on the bench sheet (digestion log-Append.ix II). 

2.2.4 . 0.2 J.lg/L standard - Place 100 rnL DIW in a BOD bottle .. Add 20 J.lI working Hg 
solution. 

2.2.5 0.5 J.lg/L standard - Place 100 mL DIW in a BOD bottle. Add 50 III working Hg 
solutiori .. 

2.2.6 1.0 J.lg/L standard - Place 100 mL DIW in aBOD bottle. Add1001l1 working Hg 
solution. 

2.2.7 2.0 J.lg/L standard - Place 100 mL DIW in a BOD bottle. Add 200 III working Hg 
solution. 

2.2.8 5.0 J.lg/L standard- Place 100 mL DIW in a BOD bottle. Add 500 III working Hg 
solution. 
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2.2.9 10.0 JlglL standard - Place 100 mL DIW in a BOD bottle. Add 1000 JlI working Hg 
solution. 

2.2.10 100 ppm Hg stock solution: Vendor supplied. Currently purchased from Spex 
Certiprep. 

2.2.11 ICV Standard - Dilute 1000Jll of 100 ppm Hg stock solution to 100 mL in DIW to 
which 0.15 mL HN03 has been added. The identification number of the standard solution 
used and the dilution must be entered in the standards logbook and the digestion log 
(Appendix II). This solution must be prepared monthly from an independent stock 
solution, ie a different vendor than the stock solution used to prepare the calibration and 
quality control samples. 

2.2.12 ICV solution - Add 100 mls DIW to a BOD bottle. Add sufficient ICV solution to 

produce a concentration of 1.0 to 5.0' Jlg/L. Currently a concentration of 4.0 Jlg/L is in 
use. 

2.2.13 CCV/CCBlBlank Spike (Soils only) - In setting up the run, use the 5.0 Jlg/L standard 
for the CCV and Blank Spike; for the CCB use the calibration blank . 

2.2.14 MSIMSD or MSlDuplicate - Add 500 JlI of the working Hg solution to the samples 

being spiked. When performing Hg under CLP protocols use 100 JlI of the working Hg 
solution and perform MSlDuplicate .. 

2.2.15 LCSS - Laboratory control soil sample. Concentrations and limits are certified by the 
vendor. 

2.3 Reagents: 

2.3.1 DIW·- deionized water free of impurities. 

2.3.2· H2S04 (sulfuric acid) - concentrated, reagent grade 

2.3.3 HN03 (nitric acid) - concentrated, reagent grade 

2.3.4 HCI (hydrochloric acid) - concentrated, reagent grade 

2.3.5 Stannous chloride - Add 27.5 g. SnCI2"2H20 (stannous chloride dihydrate) to 2.5 L DIW 
to which has been added 75 mL concentrated HCI. . 

.Laucks Testing Laboratories. Inc. 
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2.3.6 KMn04 (potassium pennanganate) - Dissolve 100 g. KMn04, marked "suitable for Hg 
detennination", in 2 L DlW. This is a saturated solution. Sufficient undissolved KMn04 

should be allowed remaining in the bottom of the bottle to assure a saturated solution. 

2.3:7 K2S20 g (potassium persulfate) - Dissolve 50 g. K2S20 g, marked "suitable for Hg . 
detennination", in 1 L DlW. This is a saturated solution. Sufficient undissolved K2S20 g 

should rema~n in the bottom of the bottle to assure a saturated solution. 

2.3.8 "NaClINH20HHCI (sodiuIIlchioridelhydroxylamine hydrochloride) - Dissolve 240 g 
NaCI (table salt is generally used) and 240 g NaClINH20HHCl (reagent grade marked 
"suitable for Hg determination") in 2 L DIW. Contamination has been experienced with 
this solution. For this reason a 50% solution should be analyzed by the FlMS 400 
whenever a new bottle is made up. lfthe absorbance (peak height) exceeds .004 the 

"solution ofNaClINH20HHCI should be disposed and remade. 

2.3.9 Carrier solution - The carrier is a 3% Hel solution. 

3. Safety Precautions and Waste Disposal 

3.1 Safety Precautions 

3.1.1 All standards, samples and sample solutions should be handled as if they are hazardous 
substances. 

J.l.2 Refer to the instrument manufacturer's manual for routine instrument precautions. 

3.1.3 Routine precautions include an awareness of the moving parts on the instrument you're 
using. These parts are often charged with power from an electrical component or with 
high pressure gas and have the potential to do hann if not used properly. 

3.1.4 Electrical shock - All instruments present the possibility of electrical shock The operator 
should take all precautions including ensuring that all instruments are operated with fully 
grounded power outlets, turning off the instrument and disconnecting the instrument from 
the electrical power supply before working on any electrical components, etc. 

3.1.5 Because of the toxic nature ofHg vapor, inhalation or skin contact should be avoided. 

3.1.6 The usual precautions should be taken in handling acids. 

3.1.7 SnCl2 is a skin and eye irritant; avoid contact. 

• 

• 

3.1.8 The addition of hydroxylamine after digestion may release gas including chlorine. Avoid 
inhalation; use hood if necessary. • 
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3.1.9 Waste disposal- See SOP LTL-2001 for general infonnation on waste disposal. In 
addition, sample digestates are acidic in' nature and must be neutralized prior to disposal. 

4. Calibration and Quality Control 

4.1 Method Detection Limit Study (MDL). 

4.1.1 The estimated MDL for waters is currently 0.05 J-lg/L. The estimated MDL for soils is 
currently 0.04 mglkg. 

4.1.2 Prior to the analysis of any samples, it is necessary to establish method detection lImits. 

1 

This procedure is fuliy described m L~l.Ucks SOP on MDL studies. Briefly, it involves the 
analysis of 7 replicate samples spiked at a concentration near the anticipated method 
detection limit. A Student's T -test is then applied to these,measured values to calculate 

. the MDL. MDL studies for Hg water samples 'and soil samples are perfonned annually. 

4.2 Initial Multi-Point Calibration: 

4.2.1 Concentrations: 

Standard 
Name 
SO 
SO.2 
SO.5 
81.0 

S2.0 

S5.0 

SIO. 

Concentration 

0.0 J-lg/L 

0.21lg/L 

0.5 1lg(L 
1.0llglL 

2.0 Ilg/L 
, 5.0 Ilg/L 
10.0 Ilg/L 

Standards are prepared fresh daily from the working standard in 0.15% RN03• See section 2.2.2 
through 2.2.8 for the preparation details. 

4.2.2 The calibration blank, the ICV, the LCS, the Blank Spike, the ICB and all standards are 
digested along with the samples being analyzed. 

4.3 Calibration Criteria 
, , 

4.3.1 Calibration curve - "best fit" of points in calibration curve. Linear correlation coefficient 
(R) must be equal to or gi"eaterthan 0.995 . 

Laucks Testing Laboratories. Inc. 
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4.3.2 ICV - This is run immediately following a successful curve. This is to verify from a 
source of mercury independent from the calibration source that the curve is valid. For 
CLP and EPA 245.11245.5 analyses the recovery limits are 80-120 %, for SW-846 
747017471 the limits are 90-110%. lfrecovery is outside of the control limits an 
immediate reanalysis is permitted. If still out of control the curve must be reanalyzed 
followed by another ICV otherwise continue with an ICB: 

4.3.3 lCB - This is run immediately following a successful ICV. This is to verify that there is 

no contamination and that the curve is valid. Limitations presently in use are ±O.1 J..Lg/L 
(112 of the reporting limit). lfrecovery is outside the limit an immediate reanalysis is 
permitted. ~f still out of control, a corrective action must follow and a reanalysis of the 
curve. 

4.3.4 . A PBWafid an LFB are run immediately following the successful calibration.: The 
'limitations on the PBW are the same as the limitation on the lCB. The limitations on the 
LFB are as set forth in the laboratory QC database (80-120%). 

4.3.5 lfthe above criteria are not met, recalibration must be performed. 

4.4 Continuing Calibration: 

. 4.4.1 A CCV followed immediately by a CCB must be run every 10 samples and after the last 
sample. The ICB, PBW and Blank Spike count as samples for this purpose. 

4.4.2 Criteria - For CCV's the recovery limitations are 80% to 120%. For blanks the 

limitations are ±0.1 J..Lg/L. 

4.4.3 Corrective action - If a CCV or CCB is out of contiol, an immediate reanalysis is 
permitted. However if the reanalysis is out of control a reanalysis of all samples since the 
previous successful CCV and/or CCB must be performed . 

. 4.5 Matrix Spike 

"., 

• 

• 

4.5.1 A sample is chosen at random from the samples to be analyzed, and 500 J..LI of the 

working standard is added (lOOJ..Ll for CLP). The spike level is then 5.0 J..LglL(l.O J..Lg/L for 
CLP). The analyst should attempt to avoid selecting samples which are identified by the 
client as blanks. As the purpose of the matrix spike is to test the system under "typical" 
conditions, the analyst may also avoid selecting the most difficult sample of the batch for 
spiking. It is not always required that a matrix spike analys.is be performed with each 
preparation/analysis batch, however, the minimum frequency for MS analysis is 1 each 
per'20 samples per matrix. This will be best accomplished by running one with every 
batch for many analyses. This matrix spike sample is used to evaluate the matrix effect • 
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of the sample upon recovery of the analytes. The recovery of spike analytes is calculated 
as follows: 

where: 

(SS - S) 
recovery, % = ---------------- * 100 

SA. 

SS = concentration in spiked sample 
S = native concentration in unspiked sample 
SA = spiked added, the amount of spiking material actually added to the sample 

calculated on the sample basis 

4.5.2 The recovery criteria are listed in the quality control database and will change from time 
to time. Current acceptable recovery limits are 85-116% for SW-7470. All other· 
methods are 75-125%. 

4.5.3 Corrective action 

4.5.3.1 Samples with spike recoveries outside control limits will be reviewed for 
possible corrective action. Corrective action will first involve recalculation, 
followed by possible re-preparation, and/or reanalysis. This process should also 
look at the recovery ofHg from the LCS and/or blank spike analysis. In all 
cases a narrative explanation of the condition is required to detail the corrective 
actions taken. 

4.6 Matrix Spike Duplicate 

. 4.6.1 The compound recovery criteria are identical to those for the matrix spike sample. In 
addition, the matrix spike duplicate is used measure method precision. This is done by 
computing the relative percent difference (RPD) between the matrix spike and matrix 
spike duplicate recovery values. This calculation is as follows: 

where: 

lSI - S21 
RPD = --------------- * 100 

(SI +S2)12 

Sl = measured concentration for MS sample 
S2 = measured concentration for MSD sample 

4.6.2 RPD control limits are listed in the quality control database and will change from time to 
time. The currently acceptable RPD limit is 20%. . 

Laucks Testing Laboratories, Inc. 
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4.7.1 Sample duplicates are required when CLP practices are emplqyed, or when the method 
specifically calls for duplicates. At least one duplicate sample per 20 samples per matrix 
is required when matrix spikes are being performed. 

"" where: 

ISl- S21 
RPD = --------------- * 100 

(Sl + S2)/2 " 

S 1 = measured concentration in the initial analysis 
S2 = measured concentration in the duplicate analyses 

4.7.2 The RPD control limits listed in the quality control database and will change from time to 
time. 

4.7.3 Corrective action 

• 

4.7.3.1 Ifa trend in out of control RPD values is observed, the methods used must be " .\ 
examined to determine the source of variance. Once this source is identified, the " 
method must be changed so that samples can be analyzed with a predictable 
.reproducibility. Generally, if recoveries are in control and no analyte of interest 
was detected in any of the samples, no immediate action will be taken on that 
sample set. If integrity of reported sample values is in doubt, re-analysis may be 
called for. Corrective actions should be discussed with the Quality Assurance 
Officer . 

.5. Operation Procedures 

5.1 Digestion Set-up - BOD bottles - Soil or Water":" 

5.1.1 Digestion log (Appendix II): The digestion log should list the sample numbers, the date, 
the name of the analyst, the time placed in the hot water bath, the time when the 

temperature reached 95 ± 5° C, and the time removed from the hot water bath. One 
should be prepared for each run. An example is attached as Appendix II. The numbers of 
each BOD bottle must be placed in the leftmost column of this form to identify which 
sample is in each BOD bottle. 

5.1.2 Preparation of standards: 

Laucks Testing Laboratories, Inc. 
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5.1.2.1 Prepare a working standard daily by adding 100 J.11 of the 1000 mg/L stock 
standard to 100 mL of 0.15% HN03 in DIW, giving a concentration of 1.0 mg/L 
ofHg. 

5.1.22 Place 100 mL DIW in each·of9 BOD bottles. Mark these BOD bottles with the 
concentration of each standard in J.1g/L, plus one marked "Blank;', one marked 
"ICV", and one more marked ICB. 

5.1.2.3 Add from the working standard the following amounts to the following bottles: 

o J.1g/L 
0.2 ~g/L 

0.5 J.1g/L 

1.0J.1g/L 

2.0 J.1g/L . 
5.0 J.1g/L 

10.0 J.1g/L 

o J.11 
20J.11 

. 50 J.11 

100 J.11 

200 J.11 
500 J.11 

1000 J.11 

5.1.2.4 To the ICV BOD bottle add th~t amount of the ICV standard which will produce 
a concentration from 1.0 J.1g/L to 5.0 J.1g/L. Currently a contration of 4.0 IlglL is 
muse. 

5.1.2.5 The standards, the ICV and the ICB must be digested along with the PBW, 
Blank Spike and samples. 

5.2 Digestion - Water Samples 

5.2.1 These procedures are for methods SW-846 7470 and EPA 245.1·unless noted otherwise. 

5.2.2 Place 100 mL DIW in thePBW BOD bottle. 

5.2.3 Place 100 mL DIW + 500 III intermediate standard in the Blank Spike BOD bottle. 

5.2.4 Place 100 mL sample in the BOD bottle designated for that sample, being sure to place 
100 mL sample in the designated duplicate, MS and MSD BOD bottles for the sample 
involved. TCLP samples and spikes should be diluted 20 mL/I00 mL (dilution factor of 
5) in DIW. The TCLP spikes should be diluted 2 mL/I00 mL (dilution factor of 50) in 
DIW. . 

5.2.5 Add the required quantity (See Sec. 4.5.1) of the working standard to the MS and MSD 
BOD bottles. 

. Laucks Tes~ing Laboratories, Inc. 
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5.2.7 The KMn04 color must persist for 15 minutes. Ifit does not, more KMn04 must be 
added. 

5.2.8 Place ·all the BOD bottles, being careful to keep them in order, in the hot water bath in a 
hood, and record the time on the digest log. Monitor th~ temperature of the hot water 

bath and record the time when the temperature reaches 90°C. Continue to heat the water 

bath, keeping the bath at 95°C ± 5°C for two hours. 

5.2.9 Remove the BOD bottles from the hot water bath and allow to cool. 

5.2.10 Add 7 mL NaClINH20HHCI solution and mix until the mixture clears. If some 
undissolved permanganate remains, it will usually disappear on standing after a few 
minutes. 

5.3 Digestion - Soil samples 

5.3.1 These procedures are (for Methods SW-846 7471 and EPA 245.5 unless noted 
otherwise): 

5.3.2 Place 50 mL DIW in the calibration BOD bottles. Add appropriate working standard to 
each. 

5.3.3 Place approximately 0.5 g, or for certain CLP and SW-846 analyses, ·approxhnately 0.2 g 
of sample in each of the sample BOD bottles to which that sample applies. Record the 
exact weight on the digestion log. 

5.3.4 Add3.75 rnL HCI, 1.25 mL RNO) to all the BOD bottles and 10 ml DIW to each sample 
BOD bottle. 

5.3.5 Place all ~ample BOD bottles in a hot water bath ina hood that is at 95°C ±.5°C. 
Maintain the heat at this level for 10 minutes. . . 

5.3.6 Cool for 20-30 minutes and add 40 mL DIW and 15 rnL KMn04 to all sample BOD 
, bottles (also add 8 rnL K2S20 g for CLP). Mix. 
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5.3.7 TheKMn04 color must persist for 15 minutes. If it does not, more.KMn04 must be 
added. 

5.3.8 Place all BOD bottles in a hot water bath that is at 95°C ± 5°C. Record the time on the 
digestion log. Maintain the hot water bath at this temperature for 30 minutes. Remove 
the BOD bottles and allow to cool. 

5.3.9 Add 7 mL HClINH4NH20HHCI solution to all BOD bottles and mix to remove color. 

5.3.10 Add 50 mL DIW to all BOD bottles. Allow to cool. 

5.4 Analysis on FIMS 400 

5.4.1 This is a programmed analysis. This is a 6 point curve with a blank correction. The 
development of the calibration curve, including the ICV and ICB,is automatic. if the . 

calibration is unsuccessful, recalibration is attempted. The 5.0 J.lg/L standard is used for 
CCV's; the calibration blank for CCB's, both of which are programmed to be run every 
10 samples. If a CCV or a CCB fails to meet quality control specifications, the system 
stops and all samples since the last preceding valid CCV or CCB are reanalyzed. A CCV 
and a CCB are also run after the last sample in the run. 

5~5 Sample Information sheet. 

5.5.1 Click the basic functions button on the screen which appears after activating the program. 

5.5.2 Click the "Sample Information" button on the toolbar. 

5.5.3 A blank sample information sheet appears. Previous sample information sheets may be 
obtained by activating the File - Open menu, designating "Sample Information" from the 
dialog which appears. The sample information sheet should be filled in to tell the 
computer to which auto-sampler locations to go. 

·5.5.4 Sample ID column - Some typing can be saved by double clicking on the column title. 
On the resulting form the job order may be typed in and the sample numbers will then be 
incremented by 1 for the autosampler locations indicated. The" sample ID's will then be 
filled in. Sample: "0102094-0001..0002 .. ". 

5.5.5 Sample weight column - ·For soil samples the weight of the samples should be filled in. 
At the top, the volume units should be filled in "mL", the weight units "g". 

. . 

5.5.6 Sample units column - Typing may be saved by double clicking on the· column title and 
indicating the units on the dialog box which appears, and indicating the AS locations 
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involved. In the case of water samples this will ordinarily by "J.1g/L". For soil samples 
the button "weight:weight" should be clicked and the desired units specified in the dialog 
box· selected. If the dialog box has been properly filled in, the machine is programmed to 
compute the proper units (e.g. mglkg). It should be kept in mind that this is on an as 

. received basis, not a dry basis. 

5.5.7 User dilution column - Where a dilution is in~olved (e.g. TCLP analyses) the dilution 
factor should be entered. As in the sample weight and sample units columns, above;:, 
typing may be saved by double clicking the column title; 

5.5.8 The autosampler tray being used at present is "Tray B". 

Sampler 
Location . Size Contents 

1 50 mL tube Calibration Blank 
2 50 mL tube 0.2 J.1g1L standard 
3 50 mL tube 0.5 J.1g/L standard 
4 50mLtube:';'· . 1 ~O J.1g/L standard 
5 50mL tube 2.0 J.1g/L standard 
6 50 mL tube 5.0 J.1g/L standard 
7 50 mL tube 10.0 J.1g/L standard 
8· 50mLtube ICV 
9 15 mL tube ICB 
10 15 mL tube LCSS/LCSW 
11 15 mL tube CRA 
12 15 mL tubes PBW 

·13-109 15 mL tUbes . Samples· 

5.5.9 All tubes should be marked with their contents beforebeirig filled. Then the tubes are 
filled from the BOD bottles and placed in the autosampler locations designated either by 
the method or by the sample information sheet. 

5.5.10 At the beginning of each day of analysis, the following steps are taken to prepare the 
instrument: 

5.5.10.1 The flows of the carrier solution and the reductant solution (the stannous 
chloride solution) are measured by the methodology suggested in the Perkin­
Elmer handbook "Setting Up and Performing Analyses", 2.4.2-2.4.4. 
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5.5.10.2 The rinse container (autosampler location 0) is rinsed and filled with 3% HCI 
solution. This is then analyzed using the location button in the analysis window 
of the automated analysis window, and the curve produced displayed through the 
curve button in the toolbar. The curve should be flat and less than 0.0004 
absorbance units. 

5.5.11 Analysis - The analysis is ordinarily started by clicking the "Analyze All" button in the 
Automated Analysis.window. If only calibration is desired, the "Calibrate" button may 
be used. If samples are to be analyzed by an already existing calibration curve use the 
"Analyze Samples" button. 

5.5.11.1 Once the analysis has been started, the autosampler places the sampling probe 
in the sample/calibration cup. The peristaltic pump begins pulling sample 
through the sample loop. After the line has been purged, the injection valve 
cycles and injects the sample into the carrier flow. This flow is then combined 
with the Snel2 and mixed. Next it goes to a liquid/vapor separator. The liquid 
goes to waste and the vapor is transported into the absorption cell of the 
spectrophotometer. All samples and standards are measured in duplicate. 

5.5.11.2 Run log - A run log will be printed as the analysis progresses. The print 
program is designed to transmit the data to be printed to the printer one page at a 
time. Thus several autosampler locations wiil be analyzed before anything 
appears on the printer. If anything else is printed (e.g. the sample information 
sheet) wh~le the automated analysis window is open, the computer must be 
rebooted, or a run log will not be printed. 

5.5.11.3 Additional samples may be analyzed afte~ the run designated on the sample 
information sheet by using the "Select Location" button on the "Analyze",page 
of the Automated Analysis window. The autosampler locations should be filled 
in the resulting dialog. The instrument will then analyze the s~ples indicated. 
This may be used to reanalyze the samples with questionable results, or to 
analyze diluted samples. 

5.5.11.4 Dilution - Where analysis results are above the high standard (10.0 Jlg/L ) an 
aliquot of the sample diluted with the calibration blank may be analyzed as set 
forth in 5.5.11.3 above. 

Laucks Testing Laboratories, Inc. 
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6. Reports 

6.1 Data Packet Organization 

6.1.1 A report is prepared using the refonnat procedure on the main menu. The refonnatted 
design is entitled "Summary". It is transferred to a floppy disk, which is then imported to 
a spreadsheet using Microsoft Excel 2000. This must theq be fonnatted into the form 
included in Appendix III. 

6.1.2 The final data packet is to include the following: 

1) The report (See Appendix III). 
2) The quality control database Report Fonn . 
2) The digestion log (Appendix II). 
4) The run log~ if required. 

6.1.3 All results for quality control tests are entered into the quality control database. A 
summary report of all data entered must be included in the data packet. The routine 
minimum is a method blank report, an MSIMSD or MS/duplicate report and a 
SRMlLCSW. 

6.2 Data·Qualifying Flags 

Flag Definition 
U The analyte of interest was not detected, to the limit of detection indicated. 

6.2.1 Control charts 

7. References 

US EPA, Test Methods for Evaluating Solid Waste Physical/Chemical Methods, USEPA SW846, 
most recent version, Method 747017471 

USEP A, Detennination of Mercury in Water by cold vapor atomic absorption spectrometry, 
USEPA 245.11245.5, most recent version, Method 245.11245.5 

CLP Inorganics Statement ofWork,ILM04.1 
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Method 245.11245.5747117470, & CLP ILM04.1 QA Requirements and Corrective Actions 

QAElement Method Laucks Frequency Corrective Documentation 
Criterion Criterion Action 

Initial R> 0.995 R>0.995 once per batch recalibrate run log 
Calibration 6-point curve + -

blank 
Initial SW846 Per the method Once per batch recalibrate run log, report 
Calibration 90-110% 
Verification EPA 245 and 

CLP 80-120% 

Initial BelowMDL Below Yz RL. one per batch recalibrate run log, report 
Calibration 
Blank 
Method Blank Below RL. Below Yz RL. One per batch Consult QC Quality control 
(PBW) officer. Flag database 

data or 
reanalyze. 

Continuing 80-120 % 80-120 % every 10 rerun samples run log 
Calibration samples arid since last CCV 
Verification after·the last 

sample 
Continuing BelowMDL Below Yz RL. every 10 rerun samples run log 
Calibration samples and since last CCB 
Blank after the last 

sample 
Matrix Spike See method See quality Every 20 Consult QC Quality control 
Recovery control database samples officer. Flag database 

data or 
reanalyze. 

MSIMSDRPD See method See quality Every 20 Consult QC Quality control 
control database samples officer. Flag database 

data or 
reanalyze . 

.Laucks Testing Laboratories, Inc. 



QAElement Method Laucks 
Criterion Criterion 

Duplicate See method See quality 
% Difference control database 

Standard Soil Vendor's Vendor's limits 
Reference limits 
Material (LCS) Water SeelCV 
Recovery 

Frequency 

Every 20 
samples 

Once per 20' 
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Action 

Consult QC 
officer. Flag 
'data or 

. reanalyze: 
Recalibrate 
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Quality control 
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Hg in Water by SW-7470 
Digested 11/1312000 - " 
Analyzed 11/1412000 

Sample i Iim.e. 
.. i I 

Calib Blank ! 11 :49:54: ; ~g1L i 

! 50.2 I 11 :52:45: ! ~g/L : 
•.• ---------.-- ! -----!---+--_i 

_~o.-s. __ . 11 :-=-5.5_:_38.,-: ___ -'--: !..-'~g"'-,/::-L--+-: --~!--+!----i 
Sl_0 i 11 :58:33j ; ~g/L : 
S_2-0____ "112:01 :30: ! ~g/L __ ~i __ -----'! __ t-!o _-; 

~~.:.o. ______ . _____ ._ ! 12:04:261 ! ~glL ! : 
[ 

Sl_~:O i 12:07:221 i ~g1L ; I 
ICVl ME-13-4-1=4 \ 12:10:26\ 3.951 i ~g/L'j 99%\ 
ICB 112:13:21! 0.021: ~g/L I 
LCSWl '---' I 12:16:101 3.964j ~g1L i 
CRA \12:19:03: 0.1991 ~g/L I 
paw 112:21:571 0.017! ~g1L i 
0011185-01 ; 12:24:51 i 0.023i ~g1L I 
01.-1185-Q..~_- ___ : 12:27:45L 0.021 i ~g1L 
011185-03 : 12:30:421 0.024: ~g/L 1 

01"f185-04 --: 12:33:37; 0.015f~-'--

i 
99%j 

I 
! 
i 

I 
I 

- .... -+--I----i : 
01-f185-0-4D -------r12:36:31TD.018l ~g/L t - I 
0111S5=04MS-Sp-k-=S--- u i 12:39:21 r- 5,0~§21g/L __ L 10-2-011-0-'--: -~!----f 
CCV1=5 i 12:42:141 5.1431 ~g/L I 103%: 0 

CCS-l ----- 112:45:081 0.026\ ~g/L I ~---~--+--; 

011185-05 : 12:47:581 0.017! ~g1L 1 

0.11185-06 112:50:491 0.019i ~g/L i -- I 
ifi11iis-07 112:53:401 0.0211 ~g/Li----+; -----l----f 
()T~'185-08 12:56:32: 0.016: ~g/L_--+i ____ -+-_--1I_--I 

Q11185-09 -; 12:59:24; 0.017! ~g/L I i 
u._ ... ___ . ! -~---~--+---f 

011185-10 0 13:02:17: 0.013~ ~g/L i --r---'---t 
01'-F_~~~11 _-=-~-~~~ _______ ~ 13:05:13.1 0.009: ~g/L r_~_-r-I_-I 
0011143-02 j 13:08:05; 0.016i ~g/L 0 i ._---_.-_. __ ._ .. - ----'---+---I 
011143-02MS Spk=5 ! 13:10:59i 5.160i ~glL I 103%: 

... -.- ----- r-----.--c----i--=--=---+--~---:--:-+_-_+_-_i 

CCV2=5 i 13:13:54j 5.143j 1='9/L j 103%1 
CCB2--- : 13:16:46; -om8! ~g/L--;-! -----+-----1---1 

011143-02MSD ----J13:19:39: 5.156r~iL·! 103%: 0% 
0011149-02 113:'22:34: 0_018! ~g/L I i 

0011167-02 ; 13:25:31: 0.016! ~g/L 1 -;-! ---'--t---t 

01"f167-03- ; 13:28:27! 0.017! ~g/L ! i ! -- _ .. _. ____ . ______ .. 1.- ... ________ .•.. _____ • ____ •. ~ __ _ 

001_!1.~8-9.?_____ L13:31:~~.L......Q:.O'29: ~g/L_. ___ ._._: j 
011168-03 '13:34:10: O.:9.~T ~g/L_:_. _____ .. ___ ~ 1 
00-111-96-02--- 13:37:01: 0.021' ~g/L : I 

'-'-' _._-_ .. _-_.,- .--.' "--'---'- _.------:-
011~96-~~ ___________ : 13:39:51 0.023; ~g/L .! 
00~~_1 ~8-0~ __ 13:42:42: 0.021 ~g/L -.- ---"- : 
CCV3=5 ; 13:45:34: 5.163. ~g/L' 103%: 0 

CCB3 I 13:48:28; 0.026: ~g/L ; 

.'-',\ 
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Cyanide in samples is determined by a preparation with manual distillation followed by an 
automated spectrophotometric analysis on an auto analyzer with a UV digester and in-line 
distillation. The routine reporting limit is 10 J.1g/L in waters, and 0.50 mg/kg DB ~ soils and 
sediments. Pretreatment for the determination of cyanides amenable to chlorination in waters is 
also included in this SOP. 

This SOP is applicable to the sample preparation (for cyanide analysis) of drinking waters, 
surface and saline waters, 40mestic and industrial wastes according to EPA methods 335.1, 335.3 
and SW 846 method 9012A with the main difference being the use of the in-line still and UV 
digestion in EPA 335.3. Also, MIDI distillation with a 50 mL water sample instead of the 
normal distillation of a 500 mL sample is used in this SOP. Other differences from 9012A are 
listed on the QA chart at the end of this SOP. Soils and sediments are MIDI distilled as a 1 g 
sample. 

• This method is restricted to use by, or under the supervision of analysts experienced in the 
technique described and in SW 846 methodology. Each analyst performing this method must 
have demonstrated the ability to perform the described analysis. 

, 1.2 Method Deviations and Comments 

, The following items represent deviations of Method 9012A, as published, which are 
followed as standard operating procedures in the performance of this method at Laucks: 

• The MIDI distillation procedure is used, exactly as written in the CLP statement of work. 
This distillation uses a 50 mL aliquot of sample imd a final distillation volume of 50 mls. 
This procedure allows the lab to use less sample, and dispose of smaller vollimes of waste 
material. All molar ratios in this distillation are identical to the method as written. 

• The calibration curve specified in 9012A is reduced by 2 to compensate for the lack of 
sample concentration in the distillation step. 

1.3 Method Summary 

Sample Preparation: The MIDI distillation procedure applies to relatively solid samples such 
as soils, sediments and sludges, or if requested to water samples. Cyanide determined by this, 

'method is defined as cyanide ion and complex cyanides converted to hydrocyanic acid by 

Laucks Testing Laboratories. Inc. 
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reaction in a reflux system with mineral acid in the presence of magnesium ion. The cyanide as 
hydrocyanic acid (HeN) is released from cyanide complexes by means of a MIDI reflux­
distillation operation and absorbed in a scrubber containing sodium hydroxide solution. The 
cyanide in the distillate is then determined in a spectrophotometric analysis. 

Water samples analyzed under EPA 335.3 are not externally distilled and are directly analyzed 
unless otherwise requested. 

Spectrophotometric Analysis: On a Technicon auto analyzer, the samples are acidified and 
passed through a UV digester and then distilled in-line. The cyanide released is converted to 
cyanogen chloride, CNCI, by reaction with chloramine-T at pH less than 8 without hyttrolysis to 

- the cyanate. After the reaction is complete, color is formed on the addition of pyridine-barbituric 
---- acid reagent. The absorbance is read at S70nm. To obtain colors of comparable intensity, it is 

essential to have the same salt content in both the samples and the standards. 

1.4 -Sample Handling, Sample Storage, Holding Times _ 

Samples are preserved with 8 pellets of sodium hydroxide per liter of sample (pH> 12) at the 
time of collection. Samples must be stored at 4°C ± 2°C and must be analyzed within the 
specified holding time of 14 days from date of collection. The samples can be submitted in 
either plastic or glass containers. The pH is checked at the time of analysis and the client should 
be notified if the pH is less than 12. -

Samples are to be checked for chlorine interference at the- time of collection and the appropriate 
action should be taken (see section 5.4 on interferences). 

1.5 Deimition of Terms 

This section defines terms andacronyms as they are used in this SOP. Otherterms are not -
defined here since it is assumed that the user of this SOP already understands their more general 
meanmg. 

_ Batch Identifier - A number given to each preparation or analysis group which uniquely 
identifies that batch. This nwilber is generally the blank ID for preparation 
batches only preceded by an "A" rather than a "B" for inorganic batches. The 
preparation batch IDs are discussed in other documentation. The batch identifier 
for the second set of water samples analyzed on Feb 6, 1998 would be 
A020698AAI W02. 
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CCB - Continuing Calibration Blank - This is the same acronym used in the CLP program. This 
. is a blank which is analyzed immediately after the CCV (almost always after 
every 10 samples and at the end of the analytical run) during the analysis 
sequence to determine whether the instrument or system has maintained a stable 
baseline. 

CCV - Continuing Calibration Verification. - This is the same acronym used in the CLP 
program. This is a standard analyzed at sqme prescrib~ frequency (almost always· 
after every 10 samples and at the end of the analytical run) during the analysis 
sequence to determine whether the instrument or system has remained in 
calibration. 

CLP - Contract Laboratory Program - The USEP A program that contracts with laboratories to 
provide laboratory services. The tenn has come to mean a much broader set of 
methods and deliverables. In context of this SOP, CLP means procedures or 
operations which are detailed in the CLP contract and which are extended to a 
broader working definition . 

Corr Coef, CC, r - Correlation coefficient - A measure of the "goodness of fit" of a set of data to 
.. a regression model. The closer the value IS to 1, .the higher the degree of 

confidence in the correlation. 

DIW - Deionized water - Lab reagent water. This water should be free of virtually all analytes. 

ICD - Iniial calibration blank - This term is borrowed from CLP. An instrument blank is made 
up in the same way as calibration standards, without target analytes. 

ICV - Initial calibration verification - This term is borrowed from the eLP protocol. It is a 
standard which is analyzed at the start:of each analytical run and compared to th~ 
initial calibration to determine whether the instrument calibration is accurate. 

MDL - Method detection limit - The lowest concentration a sample which will yield a positive 
result that is greater zero at a known level of confidence. MDLs are empirically 
determined by Laucks. . 

SRM or LCS - Standard Reference Material or Laboratory Control Sample. This is a material of 
approximately ~e same matrix as the samples, containing a known and usually 
certified amount of target analyte and which is prepared and analyzed in the same 
manner as a typical sample~ This sample is used to demonstrate that the analytical 

• system is in control. 
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QC period - Quality control period - An analysis sequence initiated by the analysis of one or . 
more standards, followed by samples, and terminated with a standard and blank 
analysis. A QC period can be open-ended chronologically, but calibration 
verification must be documented using the procedures in this SOP 

Sequence - A set of sample extracts and standard solutions injected into an instrument in a 
chronologically continuous group. See also QC period. 

l.... Eqoipment Reagents. and·Standards 

2.1 Equipment 

Required instrumentation includes the following: 

1) Midi reflux distillation system with heating block capable of maintaining 125°C ± 5°C. We . 
use the MIDI-VAP model MC~100 ("CYN-TEN"). 

2) Technicon Auto-Analyzer with in-line distillation unit and UV digester. 

2.2 Reagents 

1) 0.25 N NaOH: dissolve 10.0 g NaOH pellets in 1 L DIW. CAUTION: this reagent will get 
hot upon mixiilg! . 

2) MgCl2 solution: dissolve SlOg MgCI2·6H20 and dilute to 1 L with DIW. 

3) 1:1 H2S04: carefully and slowly: add with mixing 500 mL ofconc. H2S04 to 500 mL of 
DIW .. CAUTION:· this reagent will get EXTREMELY hot upon mixing! Mix 

. in a Pyrex or equivalent container! DO NOT ADD WATER TO ACID! 

4) Phosphate buffer: dissolve 13.6 g monobasic potassium phosphate (KH2P04) and 0.28 g 
anhydrous dibasic sodium phosphate.(Na2HP04) and dilute to 1 L with DIW. 

5) Chloramine -T solution: dissolve 1.0 g in 250 mL ofDIW. Prepare this reagent fresh daily. 

6) Color reagent: place 15 g of barbituric· acid in the bottom of a container, and rinse down the 
sides of the container with DIW. Add 100 mL ofDIW and swirl gently. Add 75 
niL of pyridine and mix. Add 15 mL of conc. Hel, mix, and cool. Dilute to 1 L 
with DIW. This reagent should be stored at 4°C. This reagent should be made 
under a hood. 
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7) Distillation reagent: to 500 mL ofDIW add 250 mL' conc. H3P04 and 50 mL 50% H3'P02 and 
then dilute to 1 L with DIW. 

8) Sodium Hypochlorite solution: Commercial bleach such as Clorox (5.5%). 

2.3 Standards 

(a) Stock cyanide solution for standards and spiking, 100 mgIL CN. Place 0.2510 g ofKCN and 
approx. 1.5 g NaOH in a 1.0 L volumetric flask and dissolve. Dilute up to the mark with DIW. 
Record this standard in a ~dards logbook. The stock standard is good for one year.~ 

(b) Intermediate cyanide standard solution, .1.00 mgIL CN. Dilute 1.0mL of stock standard 
solution (a) to 100 mL With 0.25 N NaOH. Prepare fresh solution at least weekly and record in a 
standards logbook. 

(c) Blank solution for zero standard, blanks and diluting samples and standards: Dilute 200 J.LL 
ION NaOH to 100 mL with DIW. Prepare fresh solution at least weekly and as needed. 

• .( d) Calibration standards: 

Concentration (mgIL) 
0.200 
0.150 
0:100 
0.050 
0.020 
0.010 
o 

J.Lls of (b) 
1000 
750 
.500. 
250. 
100 
.50. 
o 

Final volume. (mL) 
5.0 
5.0 
5.0 
5.0 
5.0 
5,0 
5.0 

All standards should be diluted up to final volume with (c) Blank solution. Standards are used 
up in analysis so prepare fresh standards for each analytical run. 

l... Safety Precautions 

Refer to the Laucks SOP on lab safety practices and the iIistrument manufacturer's manual for 
routine instrument precautions. 

All standards, samples and sample solutions should be handled as if they are hazardous 
substances. Some forms of cyanide can be released as a gaseous form upon acidification. Treat 
all samples as if they definitely contain cyanide. 

Laucks TeslingLaboralories, Inc. 
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Routine precautions include an awareness of the moving parts on the instrument you're using. 
These parts are often charged with power from an electrical component or with high pressure gas 
and have the potential to do harm if not used properly. 

Electrical shock - All instruments present the possibility of electrical shock The operator should 
take all precautions including ensuring that all iDstruments are operated with fully'grounded 
power outlets, turning off the instrument and disconnecting the instrument from the electrical 
power supply before working on any electrical components, etc. " 

Sodium hydroxide and sulfuric phosphoric acid are extreme irritants if they come in contact with 
skin or eyes. 'When using these chemicals, the analyst should wear gloves and safety glasses. 

The color reagent (containing pyridine) should be prepared under a hood. 

~ Calibration and Quality Control 

Quality Control criteria are further detailed in Appendix I. 

4.1 Method Detection Limit Study 

Prior to the analysis of any samples, it is necessary to establish method detection limits. This 
procedure is fully described in the Laucks SOP on determining detection limits. Briefly, it 
involves the analysis of 7 replicate, samples spiked at a concentration 1-5 times the anticipated 
method detection limit. A Student's T -test is then applied to these measured values to calculate 
the rvIDL.' rvIDLs are determined annually. 

4.2 Initial Multi-Point Calibration' 

The calibration standards listed in section 2.3 (d) should be analyzed in order from lowest 
concentration to highest. ,This calibration MUST IM?vfEDIA TEL Y PRECEDE sample analysis. 
Initial calibration data is evaluated using the correlation coefficient of a linear regression 
analysis. 'The correlation coefficient must be 0.995 or greater. All calibration verifications and 
sample extract concentrations must be computed using the regression equation., If the criteria are , 

, not met, the instrument must be recalibrated. 

The highest standard used in the linear regression calculation defines the upper usable working , 
range of the instrument. Any sample concentration value that exceeds the concentration of this 
high standard must be diluted with blank solution (standard c) and reanalyzed. 
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Immediately after the calibration curve, analyze an appropriate ICV. The calculated 
concentration of the ICV must be withln ±15% of the true value. If the ICV criteria are not met, . 
no samples can be analyzed. Perform system maintenance and re-calibrate. An LCSW is 
analyzed for every 20 samples per analytical run and only the first one is also an ICV. 

4.4 Initial Calibration Blank . 

After the analysis of the ICV standard an instrument blank (ICB) is analyzed .. The ICB consIsts 
of a sample of blank solution, standard (c). The levels of cyanide in the ICB must not exceed the 

---- reporting limit. If the initial ICB contains CN levels above the reporting limit, the system is out 
of control. The soUrce of contamination must be identified and corrected before proceeding with 
the analysis. The instrument must be recalibrated. 

4.5 Continuing Calibration Verification (CCV) and Blank (CCB) 

The mid-range calibration standard of 0.100 mgIL is analyzed after every 10 samples (starting 
after the ICB) as the CCV. Immediately following the CCV, a sample of blank solution . 
(standard (c) is analyzed as the CCB. In addition, the CCV/CCB must be the last samples 
analyzed in the run. 

o 

Cyanide concentration in the CCV must fall within ± 15% of the true value. The levels of 
cyanide in the CCB must not exceed the reporting limit. If CCV limits are exceeded, check 
calculations or perform instrument maintenance. If the CCB limit is exceeded., identify the 
source of the contamination. No sample results may be reported that are not bracketed by a 
successful ICVIlCB and/or successful CCV/CCBs, and only ten samples within each successful 
bracket can be reported. 

4.6 Preparation Blanks 

For manual distillation preparation, the preparation bla,nk (PB) consists of a 50 mL sample of 
DIW and is used to verify contamination free reagents and apparatus. A PB is distilled every 20 
samples per analytical run. The cyanide concentration of the PB must not exceed the reporting 
limit. If the reporting limit is excee.ded in a manually distilled PB, the lowest reportable 
concentration of CN in the associated samples is twenty times the PB concentration. Otherwise, 
all samples associated with the PB with cyanide concentrations less than twenty times the PB 
concentration and above the reporting limit, must be re-distilled arid reanalyzed with a new PB. 

Laucks Testing Laboratories, Inc. 
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For auto analyzed water samples, a PBW is analyzed for every 20 samples (or with each SOGY 
analyzed. This does not include distillates from manual distillation which are represented by 
their distilled PB. This consists of a sample of blank solution (standard (c). If the cyanide 
concentration is above the reporting limit, then the blank solution is reprepared arid reanalyzed as 
well as any samples diluted with the solution since the last PBW was checked (including the 
calibration). If the new PBW is in control, then the samples are verified by the new PBW. If 
contamination persists, then source isolated and the instrument is recalibrated and all samples are 
verified by the PBW are reanalyzed. 

'4.7 Matrix Spike 

" For manual distillation preparation, a sample is chosen at random from the samples to be 
analyzed (or a sample that is specifically requested by the client if they send excess sample 
volume). 50 ~L of 100 mg/L CN standard solution, standard (a), is added to the 50 mL of 
sample prior to distillation, for a spike value of 0.100 mg/L in the 50 mL of distillate. For 90l2A 
a 50 mL aliquot is spiked with 20 ~L for a spike concentration of 0.040 mg/L The analyst inust . 

o 
attempt to avoid selecting samples which are identified by the client as blanks. As the purpose of 
the matrix. spike is to test the system under "typical" conditions, the analyst may also avoid 
selecting the most difficult sample of the batch for spiking. The minimum frequency for MS 
analysis is ! each per 20 sainples per matrix.. This matrix spike sample is used to evaluate the 
matrix effect' of the sample upon recovery of the analytes. 

For autoanalyzed water samples, the same criteria for sample selection and frequency applies. 
The MS is prepared by measuring out 10 mL of the selected sample, then adding 1 0 ~L of the 
100 mg/L CN standard (standard (a» for a spike value ofO.lOd mg/L. If the sample needs 
dilution, the diluted sample is spiked in the same manner for a spike value of 0.1 00 (multiplied 
by the dilution factor) mg/L. . 

The recovery of spike analytes is calculated as follows: 

(SS - S) 
% recovery = ---------:-- * 100 

SA 
where: 

SS = concentration in spiked sample 
S = native concentration in unspiked sample '. 
SA = spiked added; the amount of spiking material actually added to the sample calculated 
on the sample basis' ." 

If the ,spike recovery is not at or within the limits stated in QC-DB,' an action such as re-analysis 
of the spike at a higher dilution, or selection of an alternate sample for spiking (if possible) is 
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taken. An exception to this rule is granted in situations where the blank spike is in control, or the 
sample concentration exceeds the spike level by a factor of four or more. In these cases, a 
narration is included with the data. 

4.8 Matrix Spike Duplicate 

For both manual distillation and autoanalysis; at least one duplicate sample per 20 samples per 
matrix is required. RPD values are calculated as follows: 

ISR1- SR21 
RPD= * 100 

(SRI + S~)j2 
where: 

SRI = measured concentration in the initial spike analysis 
SR2 = measured concentration in the duplicate spike analysis· 

The recovery and RPD must fall within the control limit stated in QC-DB . 

4.9 Blank Spike 

To verify the manual distillation procedure, a 50 mL sample ofDIW is spiked with 50 J,LL of the 
100 mgIL standard (standard (a)) for a spike value of 0.100 mgIL, and is distilled and analyzed 
with the other samples. The calculated recovery must be within the limits stated in QC-DB. The 
minimum frequency for .the BS is one per 20 samples per analytical run. 

4.10 Sample Duplicate 

4.10.1.1 Sample duplicates are required .. At least one duplicate sample per 20 samples per 
matrix is required when matrix spikes are being performed. RPD values are calculated in a 
manner similar to MSIMSD RPDs: 

where: 

lSI - S21* 100 
RPD=---­

(SI + S2)/2 

S 1 = measured concentration in the initial analysis 
S2 = measured concentration in the duplicate analysis 

4.10.1.2 The RPD control limits are detailed in the current Control Limits Catalog and in the . 
Quality Control Database (QC_DB) and will change from time to time. 

-Laucks Testing Laboratories, Inc. 
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4.10.2.1 If a trend in out of control RPD values is observed, the methods used must be examined 
to determine the source of variance. Once this source is identified, the method must be changed 
so that samples can be analyzed with a predictable reproducibility .. Generally, if recoveries are in 
control and no analyte of interest was detected in any of the samples, no immediate action will be 
taken on that sample set If integrity of reported sample values is in doubt, re-analY,sis may be 
called for. Corrective actions should be discussed with the Quality Control Officer .. . . 

~ Operation procedures 

5.1 Pre-distillation Sample Screen for Waters 

Water samples are screened for sulfide and chlorine interferences prior to distillation as follows: 

1) Pour a small amount of pH 4 buffer into a loz. plastic cup. 

• 

2) Check for the presence of sulfide with lead acetate test paper. Wet the paper with pH 4 buffer • 
and then drop -10 J.1L of sample onto it A darkening of the paper indicates the presence of S20. . .. ;. 
Ifpresent then see Section 5.3 Interferences before proceeding with the distillation. 

3) Check for the presence of chlorine with potassium iodide-starch test paper. Wet the paper 
with pH 4 bUffer and then drop"'; 1 0 J.1L of sample onto it. A bluish discoloration indicates the 
presence of chlorine. If present then see Section 5.3 . Interferences before proceeding with the 
distillation. . 

5.2 Pretreatment for Cyanides Amenable to Chlorination .. 

Two sample aliquots are required for chlorine amenable cyanide determination. One is 
pretreated, the other is not pretreated. Both are prepped and analyzed and the difference between 
the two is the cyanide amenable to chlorination. 

1.) To the sample aliquot designated for pretreatment add bleach solution dropwise until an 
excess of chlorine is maintained. Test for residual chlorine with KI-starch paper. Paper will tum 

blue. 

2.) Maintain excess for one hour with continued agitation using a Teflon stir bar and a stir plate . 

L.auclcs Testing Laboratories, Inc. 
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3.) After one hour, add ascorbic acid in small increments (-0.01 g) until KI-starch paper shows 
no residual chlorine and analyze. 

5.3 Manual Distillation 

Samples are distilled using the, MIDI distillation method. The distillation procedure is as 
follows: 

1) Remove fritted tubes from absorbers, rinse, and set aside. 

- 2) Rinse out absorbers, and invert to drain. 

3) Add 50.0 mL of a liquid sample (or 1.0 g of a solid sample) to a sample tube. For solid 
samples, dilute with DIW to the 50 mL mark on the tube. 

4) Set up sample tubes for the appropriate QC (BS, PB, MSIMSD), but do not spike the BS or 
the"spiked" sample yet . 

5) Add 3-4 boiling stones to each tube. 

6) Insert reflux impingers into the sample tubes. 

7) Fill the absorber tubes with 50.0 mL of 0.25 N NaOH, and insert the fritted tub~s. 

8) Place sample tubes in the back row of the heating block, and the absorbers into the front row. 

9) ID.sert .the cold-finger condensers into the top of the sample tubes. 

10) Hook up all vacuum hoses. 

11) . Turn on water flow, and adjust flow meter to approx. the same number of samples that are 
being distilled (about 9-10 for 10 samples). 

12) Plug in the vacuum pump. 

13) Stabilize the flow rate at about 3 bubbles per second and wait for about 5 minutes. 

14) Spike the BS and the MSIMSD with the appropriate spiking material. 

• 15) Add 5 mL of 1:1 H2S04 to each tube, and let mix for about 3 minutes. 

Laucks Testing Laboratories. Inc. 
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18) When distillation is complete ( 10 minutes to heat to reflux, 60 mins of reflux, and 15 
minutes of cooling) the heating block will automatically shut itselfoff. Replace tubes in tube 
rack, removing the fritted tubes before turning the vacuum pump off. 

19) Pour off the liquid from the absorbers into a clean container, label,and store at 4°C if the 
distillates will not be analyzed immediately. . 

20) Rinse all glassware with DIW, and store fritted tubes in DIW. 

5.4 Interferences 

• 

1.) Sulfide interference: Some sulfides convert CN to SCN. Add cadmium carbonate to . 
sample until lead acetate test paper no longer darkens (treat 25 mL more than is necessary for the 
distillation). Yellow cadmium sulfide precipitates if the sample contains sulfide. Avoid a large • 
excess of cadmium carbonate and a long contact time in order to minimize a loss by ',~ 

complexation or occlusion of cyanide on the precipitated material. Filter sample through a dry 
filter paper into a dry container then proceed with the distillation procedure. A narration is' 

. included in the final report. Run a standard or BS treated in the same manner with the treated 
samples. 

2.) Chlorine interfereI;lce: Chlorine deconiposes niost cyanides. Add ascorbic acid to the 50 mL 
sample -0.02 g at a time until KI-starch test paper no longer turns bluish then add an additional 
0.02 g of ascorbic acid. Proceed with the distillation procedure. A narration is included in the 
final report. 

3.) N03 1 N02 interference: Nitrates and/or nitrites can form oximes with organic compounds 
which can decompose under test conditionS to form HCN. If high levels are suspected (e.g. 
fertilizers) then sulfamic acid is added to the sample to remove the interference. 

4.) Surfactants. For manual distillation. the. presence ofsurfactants may cause the sample to 
foam during refluxing. If this occurs, add an antifoam agent such as Baker Antifoam B Silicone 
Emulsion. 

5.) Interferences are eliminated or reduced by the distillation procedure 

. 'L~ucks Testing Laboratories, Inc. 
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6.1 Instrument start-up and operation 
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The auto-analyzer should be set up for cyanide analysis according to the Laucks SOP on 
configuring the Technicon Autoanalyzer. Turn on power and allow heating bath to reach 150 
degrees C while flushing reagent tubes with DIW. After the temperature is reached, place the 
reagent tubes into their proper reagents. Turn on chart drive motor and allow reagents to flow 

. through completely. When baseline has settled, set baseline at about 90%T. 

6.2 Analysis procedure 

1) Prepare the 1.0 ppm working standard and the blank solution 

2) From these solutions make the standard curve in 1 oz plastic cups, swirl and transfer to 
sampler cups, and load onto sampler . 

3) Immediately after the calibration standards, load an EP,A approved LCSW as the ICV. 
Immediately after the ICV, load the blank solution for the ICB. 

4) Load standards, water samples, and distillates from manual distillation (distillates are 
analyzed the same as water samples) as in the following example and press the reset button on 
the autosampler to begin the analysis: 

.. 
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10 
11 
12 
13 
14 
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cup contains 
SID 1 0 ppb 
SID2 10ppb 
SID 3 20ppb 
SID4 50ppb 
SID 5 100 ppb 
SID 6 150ppb 
SID 7 200ppb 
ICVILCSWI 

··ICB 
PBWI 
Sample 1 
Sample IMS 
Sample IMSD 
Next Sample 

CCVx 
CCBx 
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. After sampling is finished and thehlastdsampleffPtheak ~l bbethenhreCordeod, turnth°~lthbe thcharthasdrivel ·d • 
motor, put reagent tubes into was an turn 0 e 01 a eater. nce e 01 a coo e 
below 100 degrees.C, the instrument.can be entirely shut down. 

6.3 Compound Quantification 

The data for each sample is recorded in strip-chart form. On a bench sheet is recorded the 
information for each sample such as Sample ID, Cup #, and Dilution. Then the value for the 
Peak Ht and Baseline, as read from the strip-chart (to the nearest 0.25 units), is recorded for each 
sample. This data is then entered into a 5ta:ndard spreadsheet for the calculation of all other 
values. (An example of the spreadsheet is included in appendix II.) 

• Percent transmittance is calculated from the formula: % T = Peak Ht/(Baseline/l 00) 
where the ratio Baseline/IOO accounts for baseline drift. 

• Absorbance is calculated from % T by the formula: Abs = 2-log(% T) 

• The spreadsheet performs a linear regression including the calibration standards 0 mg/L up to 
0.200 mg/L with x being the true value of the standards, and y being their corresponding 
absorbances. 

L'!uc!cs Testing Laboratories, Inc. 
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• Concentration of CN in the samples is calculated from the linear regression curve using the 
formula y=mx+b. Substituting the sample absorbance as the y value and solving for x (canc. 
of CN in the same units as the standards were entered) and multiplying by the dilution factor, 
the formula becomes: 

conc. of CN = [(Abs. - y intercept) I slope] • dilution 

L... Reports 

7.1 Data Qualifying Flags 

Sample report results are qualified with data qualifying flags. These flags have the following 
definitions: 

CODE Definition 

u : The analyte of interest was not detected, to the reporting limit. 

* : QC limits were exceeded. 

-Laucks Testing Laboratories. Inc. 
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QAElement Laucla Frequency Corrective Action Documentation 
Criterion Criterion 

stds plus a blan.k, In raw 
one std distilled as 

r~.995 the BS. 
r~.995 

Verify calibration source per Enter QC 
Verification I every 15 samples ±15%. including one database under 
LCSW· with an immediately after SRM. 

independently calibration. 
prepared check 
standard.± 15%. 
No 1 per run In raw daGl. 

Blank after ICV. 

Continuing Verify calibration calibration I after every 10 In raw data. 

Calibration with the mid- with the mid-range samples, and at the 
Verification range stimdard. standard. Must end of the run. 

Must agree within agree within 15% 
15% of true value. of nue value. 

criteria. SO.OlOmg/L In raw 
Calibration Blank or reporting limit 

Preparation Blank ~O.50 mglkg DB source 
Soil: No criteria. ~O.OI0 mg/L contamination. database under 

Water: No criteria. or reporting limit Reanalyze I reprep wI BLANKS. 
associated 

1 per batch or 5% Spike at higher level or Enter in QC 
choose another sample database under 
and reanalyze I reprep MSPKDATA. 
wI associated 

I per batch or 5% Same as MS. Same as MS .. 

Two stds Refer to current I per batch or Reprep wI 
(%Rec) and compared to control limits samples. database under 
(Manually distilled soils equal values in catalog BS_CALC. 
and waters only.) standard curVe. 

• 
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~~~~~~~81 . ~ ~~~............... J ~-.. • ) \.; •• "..:c"" ... \."-. :- ., .• :-C':'., 
. ~~~~~~~ 

~OB#: prep. Man. Distill PL ' 

MATRIX: water' analysis 1/25/96 EPA 335.3 PL 

~ 

• WP586 (tv=0.500 ppm) standard stock: 
TE4-67·17 

% T Absorbance 

99.47 

18. 

r= 0.9999 m= 2.9043 y(O) = 0.0022 x(O) = -0.0008 
ms/msd = O. 1 OOppm 

Sample 1.0. Dilution' Peak Ht. Baseline ! %T Absorbance CN (mg/L) 

lev I LCSWl 5 54.25 95.00 57.11 0.243 0.4151 83% Rac. 

Ica 1 94.25 95.00 99.21 0.003 0.0004 NO 

MOL tv ,0.005 1 91.25 95.00 96.05 0.017 0.0053 105% Rac. 

paWl 1 94.50 95.00 99.47 0.002 O. )()lJl NO 

5555·1 1 94.50 95.00 99.47 0.002 0 ................ ,.JUU\... NO 

5555·1ms 1 48.00 95.00 50.53 0.296 0.1013 101 % Rac. 

5555·1msd 1 48.25 95.00 50.79 0.294 0.1005 101% Rec. 

5555·2 1 94.25 95.00 99.21 0.003 0.0004 NO 

5555·3 1 92.00 95.00 96.84 0.014 0.0040 NO 

5555-4 1 89.00 95.00 93.68 0.028 0.0090 0.O9~ 

5555·5 1 88.50 95.00 93.16 0.031 0.0098 0.010 

5555·6 1 65.75 95.00 69.21 0.160 0.0543 0.054 

CCVl tv=0.100 1 45.50 95.00 47.89 0.320 0.1093 ' 109% Rac. 

.al~ l 1 94.00 95.00 t 98.95 0.005 0.0008 NO 

Laucks Testing Laboratories. Inc. 
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1.1 Method Description 
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1.1.1 This method is an electrometric procedure for the determination of pH in soils and waste 
samples. 

1.1.2 The sample is mixed with deionized water (DIW). The pH of the solution is then 
measured with a pH meter. 

1.1.3 This method is restricted to use by, or under the supervision of analysts experienced in the 
technique descrilJed. Each analyst perfonning this method must have demonstrated the ability to 
perform the described analysis. 

1.2 Interferences: 

1.2.1 Samples with very low or very high pH may give incorrect readings on the meter. For 
samples with a true pH of>10, which is not uncommon for some ash and other waste materials, 
the measured pH may be incorrectly low. This error can be minimized by using a low-sodium­
error electrode. Strong acid solutions, with a true value of <1, an uncommon condition, may 
give incorrectly high measurements. 

1.2.2 Temperature fluctuations will cause measurement errors. Most pH electrodes are 
calibrated to 25°C. Whereas Laucks does use a temperature correction probe with the pH meter, 

.. significant differences in pH can affect the solubility and apparent pH characteristics of the 
solution itself. Therefore, measurements should be made near the appropriate temperature by 
allowing the sample and diluent (DIW) to warm to room temperature prior to analysis. 

1.2.3 Errors can occur when the pH electrode· becomes coated. If this occurs, the electrode must 
be thoroughly clean and re-buffered prior to measuring the pH of subsequent samples. 

1.3 Sample Collection, Sample Storage, Holding Times 

1.3.1 There is no official holding time for the analysis of soil pH. The holding time for aqueous 
samples is to analyze immediately. Soil should not demonstrate significant pH fluctuations if 
refrigerated and analyzed within a reasonable time but Laucks has chosen to analyze soils 
samples as soon as is reasonable after collection, not to exceed 7 days from collection . 
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1.4.1 This section defines.terms and acronyms as they are used in this SOP. Other terms, such 
as MSIMSD or method bl~ are not defined here since it is assumed that the user of this SOP 
already understands their more general meaning. 

1.4.1.1 DIW - Deionized water - Lab reagent water. This water should be free ofyirtually all 
analytes. 

1.4.1.2 Seq~ence - A set of sample extracts and standard solutions presented to an iiistrument in 
a chronologically continuous group: 

la.. Equipment List Reagents and Standards 

2.1 Apparatus 

pH meter with means for temperature correction (temperature correction probe) 
Glass electrode 
50 ml. beaker 
Analytical balance capable of weighing to 0.1 g . 

. 2.2 Standards 

pH 4 buffer 
pH 7 buffer 
pH 10 buffer 

2.3 Reagents 

Deionized water (DIW) 

3a.. Safety precautions and Waste Disposal 

3.1 SafetyPrecautions 

3.1.1 All standards, samples and sample solutions should be handled as if they are hazardous 
substances. 

3.1.2 Refer to the instrument manufacturer's manual for routine instrWnenrprecautions. 
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3.1.3 Electrical shock - All instruments present the possibility of electrical shock The operator 
should take all precautions including ensuring that all instruments are operated with fully 
grounded power outlets, turning 'off the instrument and disconnecting the instrument from the 
electrical power supply before workin~ on any electrical components, etc. 

3.2 Waste Disposal 

32.1 There should be no significant waste associated with this procedure which cannot be 
disposed of in the laboratory sink andlor garbage. 

~ Calibration and Quality Control 

4.1 Calibration 

4.1.1 The pH meter inust be calibrated with at least two pH buffers. One is the pH 7 buffer and 
the other depends upon the samples .. If high pH is expected, the second buffer should be at pH ' 
10 or higher. If low pH is expected, the second buffer should be the pH 4 buffer. High pH 
samples should not be analyzed from .a low pH calibration and visa versa. 

4.2 Sample Duplicate 

4.2.1 Criteria 

4.2.1.1 At least one duplicate sample per 10 samples per matrix is required. RPD values are not 
currently calculated for .this analysis. The control limit is considered to be,O.S pH writs. 

4.2.2 Corrective action 

4.2.2.1 If an out-of-control duplicate pair is observed, the methods used must be examined to 
detennine the source of variance. Once this source is' identified, the method must be changed so 
that samples can be analyzed with a predictable reproducibility. If integrity of reported sample 
values is in doubt, re-analysis may be called for. Corrective actions should b~ discussed with the 
Quality Control Officer. 
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Sa... Operation procedures 

5.1 Sample preparation and pH measurement of soils 

5.1.1 To 20 grams of soil in a SO mlbeaker, add 20 mls ofDIW and stir the suspension for 5 
minutes. This may also be done with a magnetic stirring bar. 

5.1.2 Allow the suspension to stand for about 1 additional hour with no agitation in order to 
allow most of the suspended particulates to settle out. 

1.0 

.. -5.1.3 Immerse the electrode (including the temperature correction probe) just. far enough into the 
solution to establish good electrical contact. It should not come into contact with the soil itself. 

5.1.4 The electrodes should be thoroughly rinsed between samples. 

5.1.5 Report the results as "soil pH measured in water @ __ ~c." 

5.2 Sample preparation and pH measurement of waste material: 

5.2.1 To 20 grams of waste material in a 50 ml beaker, add 20 mls ofDIW .and stir the 
suspension for 5 minutes. This may also be done with a magnetic stirring bar. 

5.2.2 Allow the suspension to stand for about 15 additional minutes with no agitation in order to 
allow most of the suspended particulates to settle out. 

. ~: If the waste is hygroscopic and absorbs all the DIW, begin the test again using 20 
g of waste and 40 ml ofDIW. 

~: If the supernatant is multiphasic', decant the oily phase and measure the pH of the 
aqueous phase. . 

5.2.3 Immerse the electrode (including the temperature correction probe) just far enough into the 
solution to establish good electrical contact. It should not come into contact with the waste 
material itself. 

5.2.4 The electrodes should be thoroughly rinsed between samples. 

5.2.5 Report the results as "waste pH measured in water @ __ °C. 
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6.1.1 The data package for this analysis consists of the data sheet and a quality control database 
(QC_DB) report form. 

6.2 Quality Control Reports 

6.2.1 All results for quality control tests are entered into the lab data base using the QC_DB 
program. The report form must be filled out in order to indicate that the duplicate QC had been 
performed and met the criteria specified in this document 
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Method SW 9045C QA Requirements and Corrective Actions 

QAElement Method Laucks Frequency Corrective Documentation 
Criterion Criterion Action 

Initial Buffer pH meter Buffer pH meter Once before None None 
Calibration to bracket between pH 7 & analyzing any 

sample values 4 or 10 before samples or QC 
analyses (to ... 
bracket sample 

~ 

values) 
Duplicate N/A within 0.5 pH 10% or once Correct problem QC_DB report . 
% Difference units of one every 10 form with 

another samples. Consult QC appropriate 
Officer . commentary 
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