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1.0 PROJECT DESCRIPTION 

1.1 INTRODUCTION 
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This Quality Assurance Project Plan (QAPP) has been prepared by Tetra Tech NUS (TtNUS) on behalf of 

the United States Navy Engineering Field Activity Northeast and the Naval Weapons. Station (NWS) 

Earle, Colts Neck, New Jersey, under the Comprehensive Long-Term Environmental Action Navy 

(CLEAN) Contract Number N62467-94-D-0888, Contract Task Order (CTO) 851. This QAPP includes 

sections that constitute the Work Plan and Sampling and Analysis Plan (WP/SAP). The QAPP and 

Health and Safety Plan (HASP), together constitute the project planning documents for this Investigation 

to support establishment of a Classification Exception Area (CEA Investigation), for groundwater as 

required by the Record of Decision (ROD) at the Defense Property Disposal Office (DPDO) Yard (Site 13) 

NWS Earle. 

J 

This QAPP presents the organization, objectives, planned activities, and specific Quality 

Assurance/Quality Control (QA/QC) procedures for the site investigation. Specific protocols for sampling, 

sample handling and storage, chain-of-custody, and laboratory and field analyses are described within 

this document. All QA/QC procedures are structured in accordance with applicable technical standards, 
. . 

the Naval Facilities Engineering Service Center (NFESC) guidance document "Navy Installation 

Restoration Laboratory Quality Assurance Guide (February 1996), and United States Environmental 

Protection Agency (USEPA) Region II and New Jersey Department of Environmental Protection (NJDEP) 

requirements, regulations, guidance, and t~chnical standards. 

1.2 FACILITY DESCRIPTION 

NWS Earle is located in Monmouth County in east-central New Jersey (see Figure 1-1). It is situated on 

approximately 11',134 acres and includes a Mainside area, which is approximately 10 miles inland from 

. the Atlantic Ocean at Sandy Hook Bay, and a Waterfront area, which includes an ammunition depot and 

associated piers. The Mainside and Waterfront areas are linked by a narrow tract of land that serves as a 

right-of-way for a government road and railroad. Site 13 is located in the Mainside area. 

The main entrance to NWS Earle is located off State Route 34, and the entrance to the Waterfront area is 

located adjacent to State Route 36. 

, .-
Land use at the Mainside area includes resideqces, office buildings, workshops, and warehouses~ 

recreational area~, open space, and undeveloped !and .. The majority ?f the land at the Mainside area.i~ 

undeveloped and is associated with ordnance operations, production, and storage facilities; the 

080409/p· 1-1 eTO 0851 



REVISION 0 
AUGUST 2004 

undeveloped landis encumbered by explosive safety quantity distance (ESOD) arcs. The area around 

the Mainside portion of the Facility includes agricultural areas, vacant land, and low-density residential 

land. 

1.3 SITE DESCRIPTION 

This section summarizes pertinent surface features, geology, and hydrogeology information for NWS 

Earle and Site 13. This information was obtained from the Feasibility Study (FS) for Site 13 at NWS Earle 

(TtNUS, 2000). Figure 1-2 shows the Mainside area Installation Restoration (IR) program sites, including 

Site 13. 

NWS Earle is located in the coastal lowlands of Monmouth County, New Jersey, within the Atlantic Coastal 

Plain Physiographic Province. The Mainside area, which includes Site 13, lies in the outer Coastal Plain, 

approximately 10 miles inland from the Atlantic Ocean. The Mainside area is relatively flat, with elevations 

ranging from approximately 100 to 300 feet above mean sea level (msl). The most significant topographic 

relief within the Mainside area is Hominy Hills, a northeast-southwest-trending group of low hills located 

near 'the center of NWS Earle. 

Site 13 is located at least partially within ESOD arcs; therefore, future development at this site is severely 

restricted. 

Site 13 in an area of fill material extending into a marsh near the rail classification yards (Figure 1-3). Site 

13 is located in the northern end of the DPDO Yard and extends past the fence which surrounds the DPDO 

Yard. Activities at the site included storage of scrap metals and batteries and the burial of material, such as 

cars, trucks, electronic equipment, clothing/shoes, sheet metal, furniture, scrap metal, and batteries. 

Additionally, batteries were broken open at the site for lead recovery, and acid was drained onto the ground. 

Because the primary function of this site was scrap metal storage, unexploded ordnance (UXO) is not 

expected to be present in the fill material; however, ordinance "shapes" have been encountered at this site 

during previous intrusive activities. Obvious fill material is present at the ground surface at several places 
" 

across the site. A partial removal of exposed debris was perform,ed by NWS Earle public works employees 

in the summer of 1997. 

Hydrology 

The rivers and streams draining NWS Earle ultimately discharge to the Atlantic Ocean, which is located 

approximately 10 miles east of the Mainside area. The headwaters and drainage basins of three major 
.' \ ' 

Coastal Plain rivers (Swimming, Manasquan, and Shark) originate on the Mainside area. The northern 

half of the Mainside is in the drainage basin of the Swimming River, and tributaries include Mine Brook, 
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Hockhockson Brook, and Pine Brook. The: southwestern portion of the Mainside area drains to the 

Manasquan River via either Mar$h Bog Brook or Mingamahor:Je Brook. The southeastern corner of the 

Mainside area drains to the Shark River. Both the Swimming River and the Shark River supply reservoirs 

used for public water supplies. 

Runoff from the site dr.ains north to the marsh and west to a perennial drainage channel that flows to 

Hockhockson Brook. A fence surrounds the DPDO Yard but is not located at the edge of the landfill. The 

extent of fill material was not clearly defined to the east by previous investigations. The toe of the landfill 

extends north of the DPDO yard fence into the marsh area and is clearly defined by an abrupt decrease , 
in elevation of several feet between the top of the landfill slope and the marsh. Based on the site 

topography, it is thought that the depth of waste is less than 10 feet below ground surface. 

Geology 

NWS Earle is situated in the Coastal Plain Physiographic Province of New Jersey. The New Jersey 

Coastal Plain is a seaward-dipping wedge of unconsolidated Cretaceous to Quaternary sediments 
" deposited on a pre-Cretaceous basement-bedrock complex. The Coastal Plain sediments are primarily 

composed of 'clay, silt, sand, and gravel and were deposited in continental, coastal, and marin'e 

environments. lhe sediments generally strike northeast-southwest and dip to the southeast at a rate of 

10 to 60 feet per mile. The approximate thickness of these sediments beneath NWS Earle is 900 feet. 

The pre-Cretaceous complex consists mainly of Pre-Cambrian and lower Paleozoic 'crystalline rocks and 

metamorphic schists and gneisses. The Cretaceous to Miocene Coastal Plain Formations are either 

exposed at the surface or subcrop in a banded pattern that roughly parallels the shoreline. The outcrop 

pattern is caused by the erosional truncation of the dipping sedimentary wedge. Where these formations 

are not exposed, they are covered by essentially flat-lying Post-Miocene surficial deposits. 

Regional mapping places Site 13 within the outcrop area of the Vincentown Formation, which ranges 

between 10 and 130 feet in thickness in the NWS Earle area. The lithology of the sediments encountered 

in the on-site boring~ generally agrees with the published description of the Vincentown Formation. In 

general, the borings encountered alternating beds of yellowish-brown to brown, micaceous, silty, fine- to 

medium-grained sand and olive, glauconitic, silty sand and sand. 

Hydrogeology 

Groundwater classification areas are defined under NJDEP Water Technical Programs Groundwater 

Quality Standards in New Jersey Administrative Code (NJAC) 7:9-6. The Mainside area is located in the 

Class II-A, Groundwater Supporting Potable Water Supply, area. Class II-A includes those areas where 

• groundwater is an existing source of potable water with conventional water supply treatment or is a 
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potential source of potable water. In the Mainside area, in general, the deeper aquifers are used for 

public water supplies, and the shallower aquifers are used for domestic supplies. 

Groundwater in the Vincentown aquifer beneath Site 13 occurs under unconfined conditions and is 

encountered at approximately 3 to 11 feet below ground surface (bgs). The direction of shallow 

groundwater flow in the aquifer under ,Site 13 is north-northwest. There does not appear to be a 

significant seasonal variation in groundwater flow direction. The hydraulic conductivity calculated for 

mqnitoring well MW13-04 is 2.64 x 10.5 centimeters per second (0.75 feet per day). 

Nature and Extent of Contamination 

The following discussion of nature and extent of contamination is excerpted from the proposed plan for 

Site 13 (TtNUS, 2002). Additional information can be found in the RI (B&R Environmental, 1998) and the 

FS (TtNUS, 2000). During the Site Inspection, six soil, three sediment, and three surface water samples 

were collected from Site 13. Surface water samples were analyzed for SVOCs, PCBs, pesticides, metals 

and cyanide. Elevated levels of several metals were present in surface water samples. No SVOCs, 

pesticides, or PCBs were detected in surface water. Low levels of metals, pesticides, PCBs, and SVOCs 

were detected in soil samples. Elevated levels of two semivolatiles were also detected in soil. Sediment 

samples were analyzed for SVOGs, pesticides, and PCBs. Low levels of pesticides, PCBs, and SVOCs 

were detected in sediments. 

The Remedial Investigation (RI) at Site 13 included the installation and sampling of monitoring wells, the 

collection of soil, surface water, and sediment samples, and the excavation of test pits to observe wastes 

and sample subsurface soil. A wide variety of metals and volatile, semivolatile, and pesticide compounds 

were <;ietected in Site 13 groundwater. PCBs, metals, semivolatiles, and pesticides were found in 

sediment, and limited metals were detected in surface water. 

~uring 2003, a pre-design investigation was completed at Site 13 to better define th~ limit of sediment 

contamination at the toe of the landfill. Samples were analyzed for PCBs' am:! TAL metals. The sampling 

showed an area of contamination that extended approximately 120 feet out from the toe of the landfill. 

Site Status 

The Proposed Plan for Site 13 was ,issued in December 2002 (TtNUS, 2002) and presented the preferred 

remedial alternative for Site 13 and summarized the information that led to the selection of the preferred 

alternative. The preferred alternative includes capping the landfill portion of the site with a low

permeability cover system, institutional controls, and long-term monitoring. Also indicated in the 

Proposed Plan are two areas of possible excavation located outside the landfill limit. These areas are 

080409/P 1-4 eTO 0851 ' 



REVISION 0 
AUGUST 2004 

associated with sediment contamination we~e the focus of the pre-design investigation. The remedy also 

indicates that a CEA will be established for Site 13 groundwater. The focus of this investigation is to 

collect data that will be used to support the establishment of a CEA. The Record of Decision (ROD) for 
, 

this 'site is currently being prepared. The investigation outlined in the QAPP is being performed as part of 

pre-design activities for Site 13. It is anticipated that the results of this investigation YJili be presented in 

remedial design documents. 

1.4 REPORT CONTENTS 

Section 1.0 of this QAPP is the introduction and site background. Section 2.0 details the scope of work to 

be conducted for this investigation and the use df the data to be collected. Section 3.0 discusses the 
/ . 

project· organization including personnel and entitiJ3s' involved with this project. Section 4.0 discusses 

sampling procedures and field activities. Sections 5.0 through 15.0 detail the QA/QC requirements for the 

data collection, analysis, and validation. Appendb( A contains the project specific HASP. Appendix B 

• contains field forms and Appendix C contains standard operating procedures (SOPs). 

/ 
/' 
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2.0 SCOPE OF WORK 

2.1 PROJECT OBJECTIVES 

REVISION 0 
AUGUST 2004 

The purpose of this CEA Investigation is the collection of groundwater data to support the establishment 

of a CEA for Site 13. The ROD indicates that a CEA will be established to provide the state with official 

notice that the constituent standards will not be met for a specified duration and to ensure that the use of. 

groundwater in the affected area is prohibited .. The most recent groundwater sampling at Site 13 

occurred during the RI and RI addendum investigations. The data for these investigations were collected 
. . 

in 1995 and 1996. The Groundwater ~x~eption Area Guidance Document (NJDEP, 1998) indicates that 

additional or confirmatory well sampling is required if a significant portion of the data is more than.2 years 

old. Because the existing groundwater d~ta is significantly older than 2 years old, new groundwater data 

needs to be collected to support the CEA. To establish the CEA, two characteristics of the plume must 
., I 

be determined. First, the amount of time that the contaminant concentration will take to reach the New 

Jersey Groundwater Quality Standards (NJ GWQS) goals must be determined. Second, the distance that 

the contamination will migrate must be established (NJDEP 1998). In addition, new monitoring wells at 

the down gradient edge of the groundwater plume will be needed for long term monitoring of the Site. 

( . 

Many of the previous groundwater samples were' collected using direct push technology (DPT) so that 

permanent wells were not' installed. Consequently these locations can not be resampled without installing 
. '. 

a new well or using DPT again. Therefore new monitoring points need to be established. Since the 

groundwater at Site 13 has not been sampled for approximately seven years the location of the down 

gradient edge of the plume must be verified. 

The objective of the CEA investigation is to collect groundwater data which will determine the down 

gradient edge of the groundwater plume and will provide current groundwater data on which predictions 

of the plume migration and longevity can be made. The monitoring points may also be used for long-term 

monitoring of the Site .. 

2.2 GROUNDWATER CONTAMINANTS OF CONCERN AND CRITERIA 

The ten groundwater contaminants of concern (COCs) were established in the FS report (TtNUS 2000). 
:' . 

The COCs include: Antimony, arsenic, cadmium, chromium (total), iron, lead, 1,2-gichloroethene, 
\ 

trichloroethene, tetratchloroethene, and vinyl chloride. The FS proposed that NJ GWQS be used as 
[ 

preliminary remediation goals (pRGs) for all of the COCs except for iron. .Background was cited 

(7690 mg/L) as the PRG for_iron. The NJ GWQS and the background value for iron will be used in 

calculating the extent and longevity of the plume. 

080409/P 2-1 eTO 0851 



2.3 INVESTIGATION AREA 

REVISION 0 
AUGUST 2004 

The investigation area will focus on resampling the existing monitoring wells and to collect additional 

groundwater data down gradient of th'e existing monitoring wells where it is expe<;:ted that the edge of the 

plume lies. 

Down gradient of the existing monitoring wells, new wells will be drilled in a stepwise fashion. The shortly 

after installation of the wells, the wells will be sampled with a quick turn analysis. That data will then be 

used to determine if additional wells will be required to define the edge of the plume. If it is determined 

that that newly installed wells are not needed for long term monitoring the wells will be abandoned. It is 

anticipated that 10 shallow monitoring wells win be drilled and that 6 wells will be kept for future 

, monitoring. 

2.4 DECISION RULE 

Groundwater'samples will be collected from the 6 existing wells located at the site concurrent with the 

installation of the 10 additional temporary/permanent wells. All groundwater samples will be submitted for 

expedited laboratory analyses for select VOAs and metals. Each of the newly installed wells will also be 

sampled and analyzed for the same constituents, immediately following installation and development of 

each well. In addition, a round of ,Water level measurements will be taken in all existing wells and a 

portion of the newly installed wells and staff gauges' approximately halfway through the investigation, to 

develop a preliminary potentiometric surface map with groundwater flow directions for the area of interest. 

The potentiometri~ surface data will be evaluated in conjunction with the expedited laboratory analyses 

results to help determine the remainirig monitoring well locations, and to determine which wells will 

ultimately be completed as permanent wells. The analytical data will be evaluated for contaminant type, 

magnitude, frequency, and location; and will be compared to the 1995 analytical database to evaluate 

plume characteristics over time. The overall intent of the investigation will be to monitor groundwater 

upgradient of the impacted areas, within the impacted areas, immediately downgradient of the impacted 

areas along the plume fringe, and further downgradient in unimpacted areas where the plume h~s yet to 

travel. Which this in mind, it is anticipated that the groundwater analytical results will vary from non 

detections, upwards through detections exceeding regulatory criteria, and approaching or perhaps 

exceeding those concentrations found during the 1995 investigation. 

'2.5 SAMPLING DESIGN AND ANALYSIS 

The sampling design is intended to initially establish baseline conditions by sampling all the existing wells 

and comparing the newly acquired data to the 1995 database, to evaluate plume characteristics over 

080409/P 2-2 eTO 0851 

• 



REVISION 0 
AUGUST 2004 

time. Secondly, the sampling design is intended to obtain real time data as the investigation progresses, 

to determine optimum well locations and to develop the framework for long term groundwater monitoring 

of the site. 

It is anticipated that groundwater contamination still exists in groundwater at concentrations that are 

similar to that found during the 1995 investigation, and that the plume has most likely migrated further 

downgradient. However, it is also likely that the plume has naturally attenuated and degraded over time, 

but the extent that these mechanisms exist, and the distance that the plume has traveled; is not known. 

The proposed monitoring well network is designed in a series of three arcs, or lines; starting along the 

fringe of the plume as defined during the 1995 investigation; and progressing in a downgradient direction 

parallel to the groundwater flow direction. The density and number of wells in each arc decreases in a 

downgradient direction as more data is collected; with the intent of focusing the effort along the plume 

axis, once defined. The network is intended to be capable of modification as necessary to fully evaluate 
r 

the effects of a migrating plume, if evident: 

2.6 PROJECT SCHEDULE 
( 

The groundwate~ samples will be as soon as possible following approval of this work plan. Allowing time 

for regulatory and Navy review and final submittal of this document, it is anticipated that the sediment 

groundwater at Site 13 w!" oc?ur at the beginning of Novemb,er 2004 and will take one 10-day shift to 

complete. The lab analyses will then be completed on a 24-hour turnaround. 

2.7 ,PROJECT TARGET PARAMETERS AND INTENDED DATA USES 

The project target parameters include both primary constituents which are reflective of the source 

products found in ,groundwater at the site, as well as those secondary parameters which will provide 

useful data to evaluate those naturally occurring processes that affect the concentration of constituents in 

groundwater at the site. 

The primary constituents of concern groundwater are select volatile organic compounds and metals. The 

volatile organic compounds consist of chlorinated solvent compounds (namely tetrachloroethene, 

trichloroethene, 1,2-dichloroethene, and vinyl chloride), and those compo_unds appear to be found in 

parent and daughter relationships, which could indicate natural attenuation. The inorganic compounds 

are a-ntimony, arsenic, cadmium, chromium, iron, and lead. Analyses of these primary constituents are 

essential to the overall evaluation of the groundwater at the site. All existing and newly installed wells will 

be analyzed for select VOAs and metals. 
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REVISION 0 
AUGUST 2004 

Those secondary parameters of interest are associated with evaluating whether natural attenuation 

processes exist at the site, which could effective alter the organic contaminant concentrations at the site. 

Biodegradation of chlorinated contaminants in grouridwater is most effective (in the source and near the 

source) under anaerobic or reducing conditions. Several geochemical parameters will be analyzed in 

select groundwater samples which, when evaluated in conjunction with the primary organic constituents 

and their parent/daughter relationships; will'be used to formulate several lines of biodegradation evidence 

at the site. 

Dissolved oxygen analyses will be used to determine whether anerobic conditions exist at the site, and is 

also a primary eleCtron acceptor. Nitrate, nitrite, sulfate, and manganese are anaerobic electron 

acceptors, and sulfide is a common product of sulfate reduction. Chloride is the ultimate daughter 

product of reductive dechlorination. Fe;rrous iron is also 'a product of iron reduction. The dissolved gases 

are daughter products of reductive dechlorination and alkalinity is used to determine buffering capacity. 

Only select monitoring wells will be analyzed for monitored natural attenuation parameters. One well, 

13MW05 will be used to monitor conditions upgradient of the source. Well 13MW02 will be used to 

monitor groundwater concentrations in the source area. Well 13MW09 will be used to monitor 

groundwater co~centrations along the downgradient fringe of the plume, assuming contaminated 

groundwater has migrated downgradient this distance. Wells 13MW13 and wells 13MW16 will monitor 

groundwater concentrations further downgradient of the plume, and it is anticipated that at least one of 

these wells will contain groundwater concentrations below regulatory standards. 
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SUMMARY OF PROPOSED SAMPLING 
,SITE,13 

NWS EARLE 
COLTS NECK, NEW JERS~Y 

. Analyses 
Sample Identification Select Select 

VOA Metals 
SITE 13 GROUNDWATER SAMPLES 

13GW0102 X X 
13GW0202 X X 

J 13GW0302 X X 
13GW0402 X X 
13GW0502 X X 
13GW0602 X X 
13GW0701 X X 
13GW0801 X X 
13GW0901 X X 
13GW1001 X X 
13GW1101 X X 
13GW1201 X X 
13GW1301 X X 
13GW1401 X X 
13GW1501 X X 
13GW1601 X X 

QUALITY CONTROL SAMPLES 
RB090804 (1) X 

'I 

X 
FD090404 (2) X X 
FD091204 (2) X X 

MNA(3) 

X 

X 

X 

X 

X 

The 6-digit number represents the date on which the rinsate blank was 
collected (i.e."090804" refers to September 8,2004. Only one rinsate blank 
will be required of the bladder pump during the entire field event. 

2 The "090804" indicates the date on which the duplicate sample was 
collected. The sample/duplicate pair will be recorded on the sample 
logsheet. Duplicate samples are to be collected at a rate of 1 for every 10 
environmental samples collected. 

3 Includes Chloride, dissolved gases (Hydrogen, Ethane, Ethene, Methane), 
Sulfate, Sulfide, Nitrate, Nitrite, Ferrous Iron, Dissolved Oxygen, and 
Alkalinity. The actual wells to be analyzed for MNA may be modified based 
on initial receipt of expedited analytical results. 

Note: A Matrix Spike / Matrix Spike Duplicate Sample (MS/MSD) will be collected 
at a rate of 1 for every 20 environmental samples. The MS/MSD sample 
consists of triple volume of the enviromnmental sample. The MS/MSD 
sample will be determined by the field sampler and will be noted on the 

, chain'of custody and sample logsheet. 
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TABLE 2-2 

. ANALYTICAL DETECTION LIMITS - SELECT VOCs 
NWS EARLE, COLTS NECK, NEW JERSEY 

PAGE 1 OF 4 

Select VOC 
RQL(l) for Aqueous Modified Calibration 

Parameter 
Samples (~g/L) Levels(2) for Aqueous 

Samples (~g/L) 

cis-1,2-Dichloroethene 35(3) 0.5 

trans-1,2-Dichloroethene 35(3) 0.5 

Trichloroethene 1.0 0.5 

Tetrachloroethene 1.0 0.5 

Vinyl chloride 2.0 0.5 

1 RQL - Required Quantitation Limit. 

2 CLP OLM04.3 Modified Quantitation Limits are· available under the 
Flexibility Clause. 

3 RQLs were derived from New Jersey Groundwater Quality Standard for 
total-1 ,2-dichloroethene (70 Ilg/L). 



TABLE 2-2 

ANALYTICAL DETECTION LIMITS - SELECT METALS 
NWS EARLE, COLTS NECK, NEW JERSEY 

PAGE20F4 

RDL(1) 
- Parameter Aqueous Samples 

(lJg/L) 

Antimony 20 

Arsenic 8.0 
-Cadmium 4.0 

9hromium (total) 100 

Iron 7690 

Lead 10 

Manganese 15 

1 RDL - Required Detection Limit as based on 
New Jersey Ground Water Quality Standards 
except for iron which was the site background 
concentration and manganese which is the CLP 
CRQL. 
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TABLE 2-2 

ANALYTICAL DETECTION LIMITS - DISSOLVED GASES 
NWS EARLE, COLTS NECK, NEW JERSEY 

PAGE 3 OF 4 

Detection Limit 
Parameter Aqueous Samples 

(lJg/L) 

Ethane 1 

Ethene 1 

Methane 1 

Hydrogen 1 



TABLE 2-2 

ANALYTICAL DETECTION LIMITS - MISCELLANEOUS ANALYSES 
NWS EARLE, COLTS NECK, NEW JERSEY 

PAGE 4 OF 4 

Estimated Detection 
Parameter Limit(1) (mglL) 

Dissolved Oxygen 0.025 

Chloride MOL 

Nitrate 0.01 

Nitrite 0.005 

Sulfate 4.9 

Sulfide 
, 

0.1 

Ferrous Iron 0.2 

Alkalinity 10 

Estimated Detection Limits are taken from the appropriate test kit. 
MOL - Method Detection Limit: The laboratory will report to the method 

detection limit for chloride, but no limits are listed because MDLs 
vary between laboratories and over time. Additionally, chloride is 
being analyzed for natural attenuation purposes only. 

( 
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3.0 PROJECT ORGANIZATION 

, REVISION 0 
AUGUST 2004 

This section presents proje,ct management 'and organization information for Site 13 Classification 

Exception Area (CEA) Investigation sampling and analysis activities. The project organization chart for 

the NavyfTtNUS team is provided in Figure 3-1. The various QA and management responsibilities of the 

Navy and key TtNUS personnel are defined in the following paragraphs. 

3.1 NAVY REMEDIAL PROJECT MANAGER 

The Navy Remedial Project Manager (RPM) is responsible for overall QA of the project. The Navy RPM 

has the responsibility for the following specific activities: 

• Implementing the remedial action in accordance with the ROD. 

• Serving as lead contact person with the regulatory agencies and regulatory oversight contractor, if 

applicable. 

• Initiating and chair meetings . 

• Facilitating resolution of issues during the planning and implementation stages. 

• ' Assuring, adequate resources are provided to complete activities in accordance with the approved 

plans, on schedule, and within budget. 

• Assuring compliance with QA policies and procedures. 

The Navy RPM for NWS Earle is Ms. Michele DiGeambeardino. 

3.2 TtNUS CLEAN PROGRAM MANAGER 

The TtNUS Navy EFANE CLE,AN Program \Manager provides operations, technical, and administrative 

leadership and oversee~ and supports quality policies. The TtNUS Program Manager is responsible for 

the execution of all contractual obligations. He serves as the primary program point of contact for the 

client and provides an interface between the Navy and the project staff. The TtNUS Program Manager, 

ML John Trepanowski, may delegate authority to the Deputy Program Manager, ML Garth Glenn, P.E. 

080409/P 3-1 eTO 0851 



3.3 TtNUS PROJECT MANAGER 

REVISION 0 
AUGUST 2004 

The TtNUS Project Manager (PM) is responsible for project performance, budget, and schedule and for 

ensuri~g the availability of necessary personnel, equipment, subcontractors, and services. The TtNUS 

PM will direct the development of the field program, the evaluation of findings, the determination of 

conclusions and recommendations, and the preparation of the technical report. The TtNUS PM is 
-

selected based upon technical experience, project needs, and previous experience. Additional 

responsibilities include: 

• Ensuring timely resolution of project-related technical, quality, safety, or waste management issues. 

I 

• Functioning as primary interface with the Navy RPM and NWS Site Manager, field and office 

personnel, and subcontractor points-of-contact. 

• Monitoring and evaluating subcontractor laboratory performance. 

• Coordinating and overseeing work performed by field and office technical staff (including data 

validation, statistical evaluations, and report preparation). 

• Coordinating and overseeing maintenance of all project records. 

• Coordinating and overseeing review of project deliverables. 

• Preparing and issuing final deliverables to the Navy. 

• Approving the implementation of corrective action. 

The TtNUS PM is Mr. Daniel Witt, P.E. 

3.4 TtNUS HEALTH AND SAFETY MANAGER 

!he TtNUS Health and Safety Manager (HSM) is responsible for the following: 

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

• Implementing the Site Security and HASP 

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

• Conducting Health and Safety audits 

• Preparing Health and Safety reports for management 

, 080409/P 3-2 eTO 0851 



• The TtNUS HSM is Mr. Matthew Soltis. 

3.5 QUALITY ASSURANCE 

REVISION 0 
AUGUST 2004 

- This section identifies the QA responsibilities for sediment sampling and analysis activities. 

Responsibilities of TtNUS and the analytical laboratories are discussed. ' 

3.5.1 TtNUS Quality Assurance Manager 

The TtNUS Quality As'surance Manager (QAM) is responsible for overall QA for the project and reports 

directly to the TtNUS Program Manager. The QAM has the responsibility for the following specific 

activities: 

• Developing, maintaining, and monitoring QA policies and procedures. 

• Providing training to TtNUS staff in QA/QC policies and procedures. 

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

contractual requirements, QAPP requirements, and corporate policies and procedures. 

• Auditing project records. 

• Monitoring subcontractor quality controls and records. 

• Assisting in the developmen~ of corrective action plans, 

• 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., 

• Overseeing the responsibilities of the TtNUS Site QAJQC Advisor. 

• Preparing QA reports for management. 

The TtNUS QAM is Ms. Kelly Carper. 

3.6 LABORATORY RESPONSIBILITIES 

The subcontracted laboratory is responsible fo~ analyzing all samples in accordance with the analytical 
, 

methods and additional requirements specified in this QAPP. It will also be the analytical laboratory's 

responsibility to properly dispose of unused sample aliquots. Responsibilities of key laboratory personnel 

are outlined in the following paragraphs. 
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Laboratory Project Manager 

The Laboratory Project Manager, who reports directly to the TtNUS PM, will: 

REVISION 0 
AUGUST 2004 

• Ensuring that method- and project-specific requirements are properly communicated and understood 

by laboratory personnel. 

• Ensuring that all laboratory resources are available on an as-required basis. 

• Monitoring analytical and project QA requirements. 

• Reviewing data packages for completeness, clarity and compli,;lnce with project requirements. 

• Informing the TtNUS PM of prpject status and any $ample receipt or analytical problems. 

Laboratory Director 

Responsibilities of the Laboratory Director include the following: 

• Supporting the QA program within the laboratory 

• Providing management overview of both production- and quality-related laboratory activities 

• Maintaining adequate staffing to meet project analytical and quality objectives 

• Approving all laboratory SOPs and QA documents 

• Supervising in-house COC documentation 

• Overseeing the preparation of and approving final analytical reports prior to submittal to TtNUS 

Laboratory Quality Assurance Officer 

The Laboratory QA Officer (QAO) has the overall responsibility for data after it leaves the laboratory. The 

Laboratory QAO will be independent of the laboratory but will communicate data issues through the 

'Laboratory Project Manager. In addition, the QAO will: 

I. Overseeing laboratory QA 

• Overseeing QA/QC documentation 

• Conducting detailed data reviews 

• Determining whether to implement labor£:ttory corrective actions 

• Defining appropriate laboratory QA procedures 

• Preparing laboratory SOPs 

Independent QA will be provided by the laboratory project manager and QAO prior to release of all data 

to TtNUS. 
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Laboratory Sample Custodian 

REVISION 0 
AUGUST 2004 

The Laboratory Sample Custodian will report to the Laboratory Director. Responsibilities of the 

Laboratory Sample Custodian include the following: 

• Receiving and inspecting the incoming sample containers. 

• Recording the condition of the incoming sample containers. 

• Signing appropriate documents. 
'-

• Verifying COCs. 

• Notifying Laboratory Project Manager and Laboratory Director of sample receipt and inspection. 
\ 

• Assigning a unique identification number and customer number and entering each into the sample 

receiving log. 

• With the help of the laboratory manager, initiating transfer of the samples to appropriate lab sections. 

• Controlling and monitoring access/storage of samples and extracts. 

Laboratory Technical Staff 

The laboratory technical staff will be responsible for sample analysis and identification of corrective 

actions. The staff will report directly to the Laboratory Director. 

3.7 POST RECORD OF DECISION INVESTIGATION ACTIVITIES 

TtNUS will be responsible for all field activities related to sediment sampling and analysis activities. The 

TtNUS field team will be organized according to the activities planned. 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 perforrry. The team will consist of a combination of the 

. following personnel: 

• Field Operations Leader (FOL) 

• Site OA/OC Advisor 

• SSO 

• Field technical staff 

3.7.1 Field Operations Leader 

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

r~quired. The FOL, or designee, will coordinate and lead all sampling activities and will ensure the 

availability and maintenance of all sampling materials/equipment. The FOL is responsible for the 
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completion of all sampling, field, and COC documentation will assume custody of samples and assure the 

proper handling and shipping'of samples. The FOL is a highly experienced environmental professional 

who will report directly to the TtNUS PM. Specific FOL responsibilities include the following: 

• Functioning las communications link between field staff members, the Site QA/QC Advisor, SSO, the 

NWS Site Manager and the TtNUS PM. 

• Overseeing the mobilization and demobilization of all field equipment and subcontractors. 

• Coordinating and managing the field technical staff. 

• Adhering to the work schedules provided by the PM. 

• Bearing responsibility for maintenance of the site logbook, field logbook, and field record-keeping. 

• . Initiating Field Task Modification Requests (FTMRs) when necessary. 

• Identifying and resolving problems in the field; resolving difficulties in consultation with the NWS Site 

Manager; implementing and documenting corrective action procedures and providing communication 

between the field team and upper management. 

3.7.2 Site Quality Assurance/Quality Control (QAlQC) Advisor 

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

all QA/QC guidelines as defined in the QAPP .. Strict adherence to these procedures is critical to the 

collection of acceptable and representative data. The following is a summary of the Site QA/QC Advisor's 

responsibilities: 

• Ensuring that field duplicates and field QC blanks are collected with the proper frequency. 

• Ensuring that additional volumes of sample are supplied to the analytical laboratory with the proper 

frequency to accommodate laboratory QA/QC analyses. 

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

applicable procedures. 
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• Acting as liaison between site personnel, laboratory personnel, and the TtNUS QAM. 

• Managing bottleware shipments and overseeing field sample preservation. 

3.7.3 Site Safety Officer 
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The FOL (or designee) will also serve as the SSO. The duties of the SSO are detailed in the HASP. The 

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

hazard. 

3.7.4 Field Technical Staff 

The field technical staff for this project will be drawn from TtNUS's pool of qualified personnel. All of the 

designated field team members will be experienced professionals who possess the degree of 

specialization and technical competence required to effectively and efficiently perform the required work. 

The field staff is responsible for complying with field-related requirements as presented in the QAPP. 

3.8 SPECIAL TRAINING REQUIREMENTS AND CERTIFICATIONS 

All field personnel will have appropriate training to conduct the field activities to which they are assigned. 

Additionally, each site worker will be required to have completed a 40-hour course in Health and Safety 

Training as described under Occupational Safety and Health Administration (OSHA) 29 Code of Federal 

Regulations (CFR) 1610.120(b)(4) as well as the requirements/training and certifications outlined in the 

project-specific HASP. 

! 
J 

" 
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4.0 FIELD ACTIVITIES AND PROCEDURES 
- '-

The field activities will include the following tasks: 

• Mobilization/demobilization 

• Temporary / permanent monitoring well installations 

• Groundwater Sampling 

• Water level measurements 

• Investigative Derived Waste Handling 

• Sample handling 

REVISION 0 
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The sample identification numbers and required analyses for the samples proposed at Site 13 are 

provided in Table 2-1. A summary of the field and laboratory analytical methods and bottleware, 

preservation, and holding time requirements is provided in Table 4-1. Field activities will be performed in 

accordance with TtNUS standard operating procedures, which are located in Appendix B. Field Forms 

are located in Appendix C. 

4.1 MOBILIZATION/DEMOBILIZATION 

TtNUS will pr~pare specifications and obtain subcontractors for the monitoring well drilling, surveying, and 

laboratory analyses. All field team members will review this QAPP and the project HASP prior to the 

initiation of the field activities. The project-specific HASP is provided in Appendix A. In addition, a field 

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

4.2 TEMPORARY/PERMANENT MONITORING WELL INSTALLATIONS 

A total of 10 monitoring wells will be installed at the approximate locations shown on Figure 2-1. The 

, wells will be installed i'1to the shallow groundwater and will be terminated at an approximately depth of 

15 feet beneath the ground surface. The wells will be initially installed as temporary wells, followed by 

well development, purging,' and groundwater sampl~ng for expedited analyses. The results of the 

expedited analyses will be used to make field determinations regarding subsequent well 'locations, and 

will be used to determine which temporary wells should be completed as permanent wells, to support long 

term monitoring. Those temporary monitoring wells not completed as permanent wells will be abandoned 

at the completion of the field activities. 

Both temporary and permanent monitoring wells will be drill~d and installed in a similar manner, however 

the temporary wells will not have protective casings and concrete pads installed until a determination is 
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made to either complete the well as a permanent installation or abandon the well. Temporary wells 

determined to be' used as permanent installations will be completed by installing the protective casing and 

concrete pad. 

The well borings will be drilled using Hollow Stem Auger drilling techniques to the desired depth. Split 

barrel sampling will be performed in accordance with ASTM methods at a frequency as determined by the 

field geologist. Drill cuttings will be spread at the drill locations. Once the desired depth is reached, the 

well will be installed. NSF approved, PVC schedule 40 well screen with a slot size of .010 inches and a 

length of 10 feet will be screwed onto NSF approved, PVC schedule 40 riser pipe; and lowered into the 

boring. A uniform sand pack will be placed around the well screen to a depth of 2 feet above the top of 

the well screen. A minimum two foot thick, bentonite pellet seal will be installed above the sand pack. 

The top of the riser ,pipe will be capped with an expandable (J-type) cap with keyed alike lock. The 

remainder of the boring (approximately 1 foot) will remain open until a determination is made based on 

analytical results regarding whether to complete the wells as permanent installations or to abandon the 

wells. A" well installation materials will be installed through the center of the augers as the augers are 

wi~hdrawn from the boring, to ensure adequate installation of well construction materials without caving. 

Temporary wells determined to remain as permanent installations will be completed by installing a 4 foot 

by 4 foot by 6 inch thick concrete pad with a steel protective casing and locking cap around each riser 

pipe. Concrete will be allowed to fill the remainder of the well annulus surrounding the riser pipe. 

Temporary wells determined not to be essential for long term monitoring purposes will be abandoned at 

the completion of the field activity. The riser pipe and well screen will be pulled from the well boring and . ) 

the void space will be backfilled with bentonite pellets to the ground surface. The temporary well location 

will be marked with a wooden stake for future surveying. 

All wells will be developed a minimum of 24 hours after installation with a surge block, submersible pump, 

bailer, and / or peristaltic pump. Measurements of temperature, pH, conductivity, and turbidity will be 

monitored during development. Development will continue until the discharge water is visibly clear but 

no more than one hour per well. The development water will be discharged onto the ground surface at 

each well location. 

4.3 GROUNDWATER SAMPLING 

Groundwater sampling will be performed in all the 6 existing wells 'and the newly installed 10 temporary 

wells immediately after each well is developed. The groundwater samples will be submitted for expedited 

analyses and the results will be used'to determined which wells will be used to guide the remainder of the 
, , 

investigation regarding additional well placement, and will be used to determine which wells will be 
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Completed as permanent installations. The wells wi" be sampled using downhole bladder pumps. The 

existing 6 monitoring wells presently have. dedicated downhole bladder pumps and wi" be' sampled 

initially at the beginning of the project, whereas the newly installed we"s' wi" be sampled with a bladder 

pump and replaceable bladder, the pump housing wi" be decontaminated between samples. 

The wells wi" be purged using the low flow purging sampling technique and flow - through cell connected 

,to the water quality meter. Measurements of pumping rate, water level dra'wdown, pH, ORP, conductivity, 

temperature, turbidity, and dissolved oxygen will be collected every' 10. minutes during purging. The 

pumping rate wi" be maintained during purging to ensure that- no more than 0..3 feet of drawdown is 

achieved during purging. Purging wi" be initiated at a flow \ rate of 1 do.ml/min and wi" be adjusted as 

necessary but wi" not exceed 40.0. ml/min. Purging will continue until at least one casing volume of water 

is removed and stabilization is reached as determined based on the following criteria for 3 consecutive 

measurements: 

• pH ± 0.2 standard units 

• Specific conductance ± 10.% 

• Temperature ± 10.% 

• Turbidity less than 10. NTUs 

• Dissolved oxygen ± 10.% 

Purging wi" continue for up to 4 hours, if necessary, until stabilization is reached. , If stabilization is not 

reached after 4 hours, then the groundwater sample wi" be collected and the information recorded on the 

sample logsheet. Wells with turbidity measurements in excess of 10. NTU's wi" be sampled for both , 
filtered and unfiltered metals analyses. 

Wells that are purged dry will be allowed to recover twice during purging, then wi" be allowed to recover 

once again prior to collecting the sample. Groundwater sampling will be performed within 24 hours after 

the start of purging. ,Purge, water will be discharged onto the ground surface at each we" location. 

4.4 WATER LEVEL MEASUREMENTS 

Water level measurements wi" be collected in a" of the existing monitoring wells and in the initially 

installed new temporary wells during the early stages of the investigation. The information will be used to 

prepare a potentiometric surface contour map to aid in the' placement of subsequent wells as the 

investigation progresses. The newly installed we" riser pipes wi" be field surveyed for elevation in 

. relation to the existing wells to determine potenti,ometric surface elevations. Temporary staff gauges wi" 

also be installed as necessary (using existing features such as bridge abutments, culvert pipes, or 

wooden stakes) in surface water bodies to determine the groundwater/surface water interrelationship. 
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One comprehensive round of groundwater level measurements will also be collected in all the existing 

and new' wells and staff gauges at the site. The measurements will be taken using an electronic water 

level indicator. 

4.5 AQUIFER TESTING 

Up to 6 selected monitoring wells will be tested to determine aquifer parameters. The monitoring wells 

will be slug tested using both rising and falling head tests. A hydrologic monitor connected to a pressure 

sensitive transducer will be used to record the change in water level with respect to time, and a solid slug 

will be used to displace a known volume of water in the well. 

4.6 SURVEYING 

All newly' installed monitoring wells and staff gauges will be surveyed by a licensed surveyor at the 

completion of the project. The points will surveyed for both vertical and horizontal control before the 

temporary wells are abandoned. 

4.7 DECONTAMINATION 

Items requiring decontamination include sampling and monitoring equipment as well as the downhole 

drilling equipment. The sampling and monitoring equipment including the bladder pump, water level 

indicator, transducer probe, solid slug, and water quality probe will be decontaminated using the following 

procedure: 

• Liquinox/water wash 

• Tap water rinse 

• . Deionized water rinse (bladder pump only) 

An isopropanol water rinse will follow the tap water rinse in the event that an oily residue is present. 

The downhole drilling and sampling tools will be decontaminated with a pressurized hot water water 

wash. 

The decontamination activities will be performed on the landfill area and the decontamination fluids will be 

discharged onto the ground surface. 
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Investigative Derived Waste (lOW) that will be accumulated during the field in'vestigation will include: 

• Disposable sampling equipment 

• Used personal protection equipment (PPE) 

• General refuse 

• Drill Cuttings ' 

• Purge and development water C' 

• Decontamination Fluids 

Disposable sampling equipment and used PPE will be decontaminated with a ~iquinox / water wash and 

discarded, with general refuse; in solid waste qumpsters at the facility. Drill cuttings will be spread out at 

the drill locations. Purge and development water will be discharged onto the ground surface at the well 

locations. Decontamination fluids will be discharged to the ground surface at t~e landfill.' 

4.9 SAMPLE HANDLING 

Sample handling includes the field-~elated activities necessary to ensure that the samples are prepared, 

packaged, and shipped to the laboratory in an appropriate, well documented, manner. Summaries of 

sample containers, volume requi~ements, preservatives, allowable holding times, and analyses are 

provided in Table 4-1. 
.., 

4.9.1 Field Documentation and Sample Custody 

Sample documentation consists of the completion of forms as shown in Appendix B to record pertinent 

information and to maintain sample custody. In addition, the Master Site Logbook serves as the overall 

record of field activities. Information included daily in the Master Site Logbook includes weather 

conditions, identity and arrival and departure times of personnel, management issues, etc. 

4.9.2 Sample Nomenclature 

Each 'sample collected at Site 13 will be assigned a unique tracking number. The sample number 

designation includes the sample location number, site number, and an indication of the sample matrix. 

The sample locations identified in Table 2-1 incorporate the sample matrix/type', site, and sample location 

numbers . 
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It may be necessary to filter groundwater samples for metals analyses in those cases where turbidity 

measurements are greater than 10 NTU's at the time of sample collection. The samples will be filtered 

using an .4511 in line filter and silicone tubing connected to a peristaltic pump. All filtering equipment will 

be dedicated and disposal. A rinsate blank of this equipment will not be necessary. 

4.9.4 Sample Preservation 

The existence of some chemical constituents in some environmental matrices is 'unstable. Therefore, 

these types of samples must be "stabilized" using preservatives and/or special, handling procedures. 

These preservation techniques prevent degradation of the sample to ensure that the sample is 

representative of actual site conditions. Preservation requirements for samples to be cOllected"at Site 13 

are presented in Table 4-1. 

4.9.5 Sample Packaging . 

The sample containers, once labeled and appropriately preserved, will be placed in Ziploc bags, and 

placed in a cooler lined with a garbage bag. Crushed ice will be placed around the sample containers 

and the chain of custody form will be taped to the'inside lid of the cooler. The cooler will be taped shut 

with chain of custody seals, and labeled for delivery to the lab. The sample cooler wili' be taken to the 

overnight courier for overnight shipping to the laboratory. 

, I 
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Analysis 

SEDIMENT 

Select VOCs 

Select Metals 

Chloride 

Dissolved Gases 
(Hydrogen, Ethane, 
Ethene, Methane) 

Nitrate, Nitrite, . 
Sulfate, and Sulfide 

Ferrous Iron 

Dissolved Oxygen 

Alkalinity 

TABLE 4-1 

SUMMARY OF FIELD AND LABORATORY ANALYSES 
BOTTLEWARE, PRESERVATION, AND HOLDING TIMES 

- SITE 13 
NWS EARLE, COLTS NECK, NEW JERSEY 

Method Container Material Preservation 

OLM04.3 40mL Glass vial Hydrochloric 
Acid to pH <2, 

Cool to 4°C 

ILM04.1 250mL Polyethylene Nitric Acid to 
pH <2 

EPA 300 250ml Polyethylene Cool to 4° C 

RSK SOPs 3-40 ml Glass Hydrochloric 
147 and 175 sample Acid pH < 2, 

vials Cool to 4°C 

Hach DR-850 (1 ) (1 ) (1 ) 

Hach IR-18C (1 ) (1 ) (1 ) 

Chemetrics (1 ) (1 ) (1 ) 
K-7501, K-

7512 

Chemetrics (1 ) (1 ) (1 ) 
K-9810,K-

9815, K-9820 

(1) Not applicable, these methods are field analyses and are performed on site. 

, 

Holding 
Time 

14 days 

180 Days 

28 days 

14 days 

(1 ) 

(1 ) 

(1 ) 

(1 ) 

NOTE: Method number shall be indicated on the chain-of-custody form for laboratory analyses. 
i 

Measurements of temperature, specific conductance, ORP, dissolved oxygen, and turbidity will be recorded 
with a water quality meter. . 
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5.0 QUALITY ASSURANCE OBJECTIVES FOR MEASUREMENT DATA" 

The overall QA objective for this project is to develop and implement procedures for field sampling, COC, 

laboratory analysis, and reporting that will provide results that i'lre legally defensible in a court of law. 

Specific procedures for sampling, COC, laboratory instrument calibration, iaboratory analysis, reporting of 

data, internal QC, audits, preventiye maintenance of field equipment, and corrective action are described 

in other sections of this QAPP. 

The PARCC parameters (precision, accuracy, representativeness,' comparability, and completeness) are 

qualitative and/or quantitative statements regarding the quality characteristics of the data used to support 
" 

project objectives and ultimately, environmental decisions. These parameters are discussed in, the 

remainder of this section. Specific routine procedures used to assess the quantitative parameters 
, 

(precision, accuracy, and completeness) are provided in Section 13.0 of this QAPP. 

5.1 PRECISION 

5.1.1 Definition 

Precision is a measure of the amount of variability and bias inherent in a data set. Precision describes the 

reproducibility of measurements of the same parameter for samples under similar conditions. The 

equation for determining precision is prdvided in Section 13.2 of this QAPP~ 

5.1.2 Fieid Precision Objectives 

Field duplicate precision monitors the consistency with which environmental samples were obtained and 

analyzed. Field duplicate "results for sediment matrix samples are considered to be precise if the relative 
, , 

percent difference (RPD) is less than or equal to 50 percent. Field precision is assessed through the 
( . 

collection and measurement of field duplicates at a rate of 1 duplicate per 10 environmental samples or 

one duplicate per sampling day per matrix, whichever is greater. 

5.1.3 Laboratory Precision Objectives 

Laboratory precision QC samples are analyzed at a frequency of 5 percent (i.e., 1 quality control sample 

per 20 environmental samples). Laboratory precision is measured via comparison of calculated RPD 

values and precision control limits specified in the analytical method or by the laboratory's QA/QC 

Program . 

/ 

080409/P 5-1 GTO 0851 



REVISION 0 
AUGUST 2004 

The following analyses will be completed for' environmental, samples collected during the CEA 

Investigation at NWS Earle: 

• Select Metals analysis via CLP ILM04.1 (see Table 4-1 note) 

• Select VOC analysis via CLP OLM04.3 

• 'Dissolved Gases via RSK SOPs 147/175 

• Chloride via EPA Method 300.0 

Precision for VOC organic and Chloride analyses will be measured via the RPDs for matrix spike/matrtx 

spike duplicate (MS/MSD) samples. Precision for Metals and Gases analyses will be measured via RPDs 

for laboratory duplicates. RPD limits will be statistically derived at the analytical laboratory. These limits 

will be provided in each analytical data package. 

/ 

5.2 ACCURACY 

5.2.1 Definition 

Accuracy is the degree of agreement between two results,'which are the observed value and an accepted 

reference value. The equation for determining accuracy is provided in Section 13.1 of t~is QAPP. 

5.2.2 Laboratory Accuracy Objectives 

Accuracy in the laboratory is measured through the comparison of a spiked sample result against a known 

or calculated value expressed as 'a percent recovery (%R). %Rs are derived from the analysis of known 

amounts of compounds spiked into de-ionized water (Le., laboratory control sample analysis) or into actual 

samples ,(Le., surrogate or MS analysis). These analyses measure the accuracy of laboratory operations 

as affected by matrix. Laboratory control sample and/or MS analyses are performed with a frequency of 1 

per 20 associated samples of like matrix. Surrogate spike analysis is performed for all organic analyses. 

Laboratory accuracy is assessed via comparison of calculated %R values with accuracy control limits 

specified in the analytical method or by the contracted laboratory's QA/QC Program. 

The following analyses wi'll be completed for environmental samples collected during the CEA 

Investigation at NWS Earle: 

• Select Metals analysis via CLP ILM04.1 (see Table 4-1 note) 

• SelecfVOC analysis via CLP OLM04.3 

• Dissolved Gases via RSK SOPs 147/175 

• Chloride via EPA Method 300.0 
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Accuracy for VOC analyses will be measured via the %Rs for surrogate spikes, LCS, and MS/MSDs. 

Accuracy for Metals analysis will be measured via %Rs for MS and laboratory control samples. Accuracy 

for Dissolved Gases analyses will be measured via LCS/LCSDs. Accuracy for ,Chloride analyses will be 

measured via MS/MSDs. OC limits for matrix and surrogate spike recbveries are statistically derived by , 
the analytical laboratory and will be provided in each analytical data package. 

5.3 COMPLETENESS 

5.3.1 Definition 

Completeness is a measure of the amount of usable, valid, analytical data obtained compared to the 

amount expected to be obtained. Completeness is typically expressed as a percentage. 

The ideal objective for completeness is 100 percent (i.e., every sample planned to be collected is 

collected; every sample submitted for analysis yields valid data). However, samples can be rendered 

unusable during shipping or preparation (e.g., bottles broken or extracts accidentally destroyed), errors 

can be introduced during analysis (e.g., loss of instrument sensitivity, introduction of ambient laboratory 

contamination), or strong matrix effects can become apparent (e.g., extremely low MS recovery). These 

instances result in data that do not meet OC criteria. . Based on these considerations, 95 percent is 

considered an acceptable target for the data completeness objective. If critical data points are lost, re

sampling and/or reanalysis may be required. 

One hundred percent of the data for the CEA Investigation activities shall be validated. The validation will 

be in accordance with the USEPA National Functional Guidelines for Organic and Inorganic Data Review 

and the USEPA Region" SOP for validation of data unless dictated otherwise by project-specific data 

quality objectives (DOOs). Data rejected as a result of the validation process will be treated as incomplete 

data. 

5.3.2 Laboratory Completeness Objectives 

Laboratory completeness is a measure of the amount of valid laboratory measurements obtained from all 

the laboratory measurements made in support of a given project. The equation for completeness is 

presented in Section 13.3 of this OAPP. Laboratory completeness for the NWS Earle CEA Investigation 

activities is expected to be at least 95 percent. . 
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5.4.1 Definition 

REVISION 0 
AUGUST 2004 

Representativeness is an expression of the degree to which the data accurately and precisely depict the 

actual characteristics of a population or environmental condition, existing at an individual sampling point. 

Use of standardized sampling, handling, analytical, and reporting procedures ensures that the final data 

accurately represent actual site conditions. 

5.4.2 Measures to Ensure Representativeness of Laboratory Data 

Representativeness. in the laboratory is ensured by using the proper analytical procedures, meeting 

sample holding times, and analysis of field duplicate samples. 

5.5 COMPARABILITY 

5.5.1 Definition 

Comparability is defined as the confidence with which one data set can be compared to another (e.g., 

between sampling points and between sampling events). Comparability is achieved by using standardized 

sampling and analysis methods and data reporting formats including use of consistent units of measure 

and reporting of solid matrix sample results on a dry-weight basis. Additionally, consideration is given to 

seasonal conditions and other environmental variations that could influence data results. 

5.5.2 Measures to Ensure Comparability of Laboratory Data 

Analytical data will be comparable when similar sampling and analytical' methods are used and 

documented. Results will be reported in units that ensure comparability with previous data and with 

current State and federal standards and guidelines. VOC, Gases, Chloride, and Metals results will be 

reported as Ilg/L for groun,dwater samples. Detection, reporting, and quantitation limits are discussed in 

Section 2 of this QAPP. 

5.6 LEVEL OF QUALITY CONTROL EFFORT 

Trip blank, equipment blank, field blank, method blank, duplicate, and MS samples will be analyzed to 

assess the quality of the data resulting from the field sampling and analytical program. 

External QC samples (i.e., field QC samples) consist of field duplicates, field blanks, trip blanks, and 

equipment (rinsate) blanks. Each of these types of .field QC samples undergoes the same preservation, 
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analysis, and reporting procedures as the related environmental samples. Each type of field QC sample is . 

discussed below. 

_ Field duplicates are either two samples collected independently at a sampling location (e.g., surface 
I 

water), or a single sample homogenized· and split into two portions. Field duplicates are collected and 
" 

analyzed for chemical constituents· to measure the precision of the sampling and analysis methods· 

employed. The general level ,of the QC effort will be 1 field dupli~ate for every 10 or fewer investigative 

samples or one duplicate per matrix per sampling day, whichever is greater. 

Field blanks (ambient condition blanks), consisting of source water, will be submitted to the laboratories to 

provide the means to assess the quality of the data resulting from the field sampling program. Field blank 

samples are analyzed to check for background contamination at the site that may cause sample 

contamination. Field blanks will be collected based on conditions at the time of sampling at the discretion 

of the FOL, with a minimum of one field blank being collected per individual contiguous area of potential 

concern. 

Equipment (rinsate) blanks are obtained under representative field conditions by collecting the rinse water 

generated' by running analyte-free water through sample collection equipment after decontamination and 

prior to use. One rinsate blank will be collected per each type of sampling equipment used (i.e., bailer, 

split-spoon sampler, hand tools, etc.) per day that sampling is conducted at a minimum frequency of 

10 percent. A sampling event is matrix-specific; therefore, an equipment blank must be collected for each 

matrix sampled. If pre-cleaned, dedicated, or disposable sampling equipment is used, one rinsate blank 

must be collected as a "batch blank." Rinsate blanks are analyzed for the same chemical constituents as 

the associated environmental samples. 

Method blank samples are generated within the laboratory and used to assess contamination resulting 

from laboratory procedures. Laboratory duplicate samples are analyzed for inorganic parameters to check 
. " for sampling and analytical reproducibility. 

MS samples provide information about the effect of the sample matrix on the digestion and measurement 

methodology. All MS for organic analyses are performed in duplicate and are hereinafter referred to as 

MS/MSD samples. One MS/MSD will be analyzed for every 20 or fewer investigative samples per sample 

matrix (i.e., groundwater, soil). 

The level of QC effort for testing of VOCs will conform to the CLP OLM04.3 guidelines. The level of QC 

effort for testing of Metals will conform to CLP ILM04.1. 
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Documented sample custody is one of several factors necessary for the admissibility of environmental 
" . 

data as evidence in a court of law. Custody procedures help to satisfy the two major requirements for 

admissibility: relevance and authenticity. Sample custody is addressed in three parts: field sample 

collection, laboratory analysis, and final evidence files. Final evidence files, including all ,original 
. , 

laboratory reports and purge files, are maintained under document control in a s~cure area. A sample or 

evidence file is under custody when anyone of the following conditions is satisfied: 

• The item is in the actual physical possessio!) of an authorized person. 
, 

• :rhe item is in view of the person <;tfter being in his or her possession. 

• The item was placed in a secure.area to prevent tampering. 

• The item is in a designated and identified secure area with access restricte~ to authorized personnel 

only. 

The COC form is a multi~part, standardized form used to summarize and document pertinent sample 

information such as sample identification and type, sample matrix, date and time of collection, 

preservation, and requested analyses. Furthermore, through the sequential signatu~es of various sample 

custodians (e.g., sampler, airbill number, laboratory sample custodian), the COC form documents sample 
I 

custody and tracking. Laboratory custody procedures will ensure that sample integrity is not 

compromised from the time of receipt at the laboratory until final data are reported to TtNUS. This 

requires that the laboratory control, all sample handling and storage conditions and circumstances. 

Custody procedures apply to all e~vironmental and associated field QC .samples obtained as part of the 

data collection system. 

6.1 FIELD CUSTODY PRqCEDURES 

The FOL (or designe'e) is responsible for the care and custody of the samples collected until they are 

relinquished to the laboratory or entrusted to a commercial courier. COC forms are completed to the 

fullest extent possible for each sample cooler used for shipment. The forms are legibly completed with 

,waterproof ink and are signed and dated by the sampler. COC forms will include the following 

information: project name, sample number, time collected, matrix, designated analyses, type of sample, 

preservative, and name of sampler. Pertinent notes or comments are also indicated on the COC form. 

Information similar to that contained on the COC form is provided on the sample label, which is securely 

attached to the sample bottle. Sample labels will include, at a minimum, the following information: sample 

number, date and time of collection, analysis required for the sar:nple aliquot in the associated sample 
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container, and a space for the laboratory sample number. The procedures for sample numbering are 

listed in SOP CT-04 in Appendix C of this QAPP. 

Site conditions during sampling and the care with which samples are handled may factor into the degree 

to which samples represent the media from which they are collected. This, in turn, could affect the ability 

of decision makers to make accurate and timely decisions concerning the contamination status of the site. 

As appropriate, logbooks are assigned to, and maintained ,by, key, field team personnel. The logbooks 

are used to record daily conditions and activities such as weather conditions, dates and times of 

significant events, level of PPE used, actual sample collection locations, photographs taken, problems 

encountered during field activities, chemical screening results, and corrective actions taken to overcome 

problems. In addition, the names of site visitors and the purposes of their visits shall be recorded. Field 

logbook assignments shall be recorded in the site logbook or other central file, the location of which is 

known by the FOL and PM. During field activities, the FOL is responsible for the maintenance and 

security of all field records. At the completion of field activities, the FOL will forward all field records to the 

TtNUS PM. All field sample records will eventually be docketed into the final evidence file. 

A temperature blank shall be included in each cooler containing samples for use by the laboratory upon 

receipt. Each cooler shall be taped shut with strapping tape in at least two places to prevent tampering. 

Custody seals shall be attached so that the seals must be' broken to open the cooler. Samples for 

chemical analysis will be sent for next-day receipt to the laboratory within 24 hours of collection. 

The following procedures will be used when transferring custody of samples. As previously noted, 

individual custody records will accompany each sample cO,oler. The 'method of shipment, courier name, 

and other pertinent information will be entered in the remarks section of the custody record. When 

transferring samples, the individuals relinquishing and receiving the samples will sign, date, and note the 

time on the COC record. The original record (top copy of the mUlti-part form) will accompany the 

shipment, and the field sampler will retain a copy. This record documents the sample custody transfer 

from the'sampler to the laboratory, often through another person or agency (common courier). After COC 

records have been placed within sealed shipping coolers, the signed courier airbills will serve to 

document COCo When samples arrive at the laboratory, internal laboratory sample custody procedures 

will be followed (see Section 6.2). 

6.2 LABORATORY CUSTODY PROCEDURES 

Upon laboratory receipt of a shipment of samples, the laboratory's sample custodian will verify that the 

correct number of coolers has been received. The custodian will examine each cooler's custody seals to 

verify that they are intact and that the integrity of the environmental samples has been maintained. The 

custodian will then open each cooler and measure its internal temperature by measuring the temperature 
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of the temperature blank. The temperature reading will be documented. The sample custodian will then 

sign the COC form and examine the contents of the cooler. Identification of broken sample containers or 

discrepancies between the COC form and sample labels will be recorded. The laboratory will retain the 

original field COC forms, providing copies of the forms with the final data package deliverable. All 

problems or discrepancies noted during sample receipt will be promptly reported to the TtNUS PM. 

Samples will be logged into the laboratory information management system. 

6.3 FINAL EVIDENCE FILES 

The TtNUS Central File will be the repository for all documents that constitute evidence relevant to 

sampling and analysis activities described in this OAPP. TtNUS will be the custodian of the evidence file 

and will maintain the contents of these files, including all relevant records, reports, logs, field notebooks, 

pictures, subcontractor reports, and data reviews in a secure, limited-access location and under custody 

of the TtNUS OAM. The control file will include at a minimum: 

• Field logbooks 

• Field data and data deliverables 

• Photographs and negatives 

• Drawings 

• Laboratory data deliverables 

• 
• 
• 
• 
• 
• 
• 

Data validation re~orts 

Data assessment reports 

Progress reports, OA reports, interim project reports, etc. 

All custody documentation (tags, forms, airbills, etc.) 

Sample log sheets 

FTMR 

Corrective actions documentation. 

Upon completion of the contract, all files associated with this investigation will be relinquished to the 

custody of the Navy. 

\ 

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

.• Sample labels _ 

• COC forms 

• COC seals for coolers 
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• Public courier air bills 

6.4 QUALITY CONTROL SAMPLES 
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Field QC samples will be collected or generated during environmental sampling activities. Field QC 

samples will be addressed in more detail in Sections 5.6 and 9.2. 

6.5 RECORD KEEPING 

In addition to CDC records, certain standard forms will be completed for sample description and 

documentation. These forms shall include sample log sheets, daily activity records, and logbooks. A 

bound, weatherproof notebook shall be maintain~d by the FOL. 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 90nditions, unusual events, and field measurements. Field notebooks should 

also contain qualitative or semi-qualitative information on sample conditions such as odor and color. 

Record keeping is discussed in further detail in SOP SA-6.3 in Appendix C of this QAPP. 

/ 
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All instrumentation used to perform chemical measurements must be properly calibrated prior to use in 

order to obtain valid and usable results. The requirement to properly calibrate instruments prior to use 

applies equally te- field instruments as it goes to fixed laboratory instruments. Laboratory instrument 
\ 

calibration is discussed in Section 7.1. The field staff will utilize photo-ionization detectors for health and 

safety reasons only. Because none of these measurements will be used to support the objectives, they 

are not considered 'field measurements. 

7.1 LABORATORY INSTRUMENT CALIBRATION 

Calibration procedures for a specific laboratory instrument will consist of initial calibration (generally three 

to five points), initial calibration verification (inorganic methods only), and. continuing calibration 

verification and will comply with the analytical methods. In all cases, the initial calibration will be verified 

using an independently prepared calibration verification solution. The frequency of calibration will be 

performed according to the requirements of the specific methods. 

- '. -

All standards used to calibrate analytical instruments must be obtained from the National Institute of 

Standards and Technology (NIST) or through a reliable commercial supplier with a proven record for 

quality standards. All c:ommercially supplied standards must be traceable to' NIST reference standards, 

where possible, and appropriate documentation will be obtained from. the supplier. In cases where 

documentation is not available, the laboratory will analyze the standard and compare the results to a 

USEPA-supplied known or previous NIST-traceable standard. 

The calibration procedures and frequencies used by the subcontract laboratory will comply with the 

applic'able analytical'method.. Brief descripfions of calibration procedures for the pertinent instrument 

types follow. 

7.1.1 Volatile Organic Compounds Analyses 

For VOC analyses, the GC/MS system will be calibrat~d in accordance with CLP OLM04.3. The initial 
) 

calibration is required before any samples are analyzed, and a multi-point initial calibration sE?quence is 

analyzed. A five-point initial calibration with standards bracketing the range of detection (for VOCs and a 

one-point calibration factor is determined). If all initial calibration criteria are met, samples may be 

analyzed for a period of 12 hours. " The calibration must be verified (continuing calibration every' 

12 hours). Calibration standards must be, injected after every 20 samples. If continuing' calibration 
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criteria are met, analysis of samples can continue. If continuing calibration criteria are not met it is 

necessary to recalibrate. 

7.1.2 Metals Analyses' 

7.1.2.1 Inductively Coupled Argon Plasma Analyses 

Inductively coupled plasma (ICP) spectrometry systems will be calibrated for the analysis of metals in 

accordance with the CLP protocols outlined in Method ILM04.1. Initial calibration is required each day 

before any samples are analyzed and consists of a calibration blank and at least one standard. Following 

initial calibration, an initial calibration verification sample (obtained from a different source than the 

solutions used for calibration), an initial calibration blank, and an interference check sample are analyzed. 

A continuing calibration verification sample and a continuing calibration blank are run every 2 hours or 

every 10 samples, whichever occurs first. A continuing calibration verification sample, a continuing 

calibration blank, and an interference check sample are also run after analysis of the last sample. The 

initial calibration verification standard, continuing calibration verification standard, and interference check 

sample each contain analytes of interest at different concentrations. The calibration verification standards 

must agree within 10 percent of their known values and must have a relative percent difference pf less 

than 5 percent for the calibration to be considered valid. All 'calibration standards contain acids at the 

same concentrations as the sample digestates. 

7.1.3 Dissolved Gases Analyses 

For Dissolved Gases analyses, the GC system will be calibrated in accordance with RSK SOPs 147/175. 

The initial calibration is required before any samples are analyzed, and a mUlti-point initial calibration 

sequence is analyzed. A five-point initial calibration with standards bracketing the range of detection (for 

VOCs and a one-point calibration factor is determined). If all initial calibration criteria are met, samples 

may be analyzed for a period of 12 hours. The calibration must be verified (continuing calibration every 

12 hours). Calibration standards must be injected after every 20 samples. If continuing calibration 

criteria are met, analysis of samples can continue. If continuing calibration criteria are not met it 'is 

necessary to recalibrate. 

7.1.4 Inorganic Anions Analyses 

For Inorganic Anions analyses, the Ion Chromatography (IC) system will be calibrated in accordance with 

EPA Method 300.0. The initial calibration is required before any samples are analyzed, and a mUlti-point 

initial calibration sequence is analyzed. A minimum of a three-point initial calibration plus a blank with 

standards bracketing the range of detection is performed. If all initial calibration criteria are met, samples 
I ' 

may be analyzed for a period of 12 hours. The calibration must be verified (continuing calibration every 
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12 hours). Calibration standards must be injected after every 20 samples. If continuing calibration 
1 

criteria are met, analysis of samples can continue. If continuing calibration criteria are not met it is 

necessary to recalibrate. 

7.2 MISCELLANEOUS FIELD ANALYSES 

Miscellaneous Field Analyses (Nitrate, Nitrite, Sulfate, Sulfide, Ferrous Iron, Dissolved Oxygen, and 

Alkalinity) will be performed using field test kits. The preparation and analyses will be performed 

according to the manufacturers' guidelines. 

r 
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The analytical laboratory has yet to be determined, however, QA/QC control limits are provided in the CLP 

Methodology which may be utilized to perform the majority of the routine chemical analyses for the 

environmental samples to be collected as part of this investigation. 

8.1 LABORATORY ANALYTICAL AND MEASUREMENT PROCEDURES 

Select Volatiles and select Metals will be analyzed in accordance with the CLP analytical procedures set 

forth in the CLP Methods OLM04.3 and ILM04.1, respectively. Dissolved Gases will be analyzed in 

accordance with the analytical proced~res set forth in RSK SOPs 147/175. Chloride will be analyzed in 

accordance with the analytical procedures set forth in EPA Method 300.0. 

8.1.1 List of Project Target Compounds and Detection Limits 

Table 8-1 provides a summary of the preparation, clean-up, and analytical methods for the anticipated 

activities. A complete list of the target compounds/analytes,· CRDLs, and CRQLs is provided in Section 2 

of this QAPP. Organics data generated through use of CLP protocols will be reported to the CRDL. 

Metals data generated through use of CLP protocols will be reported to the CRQL. Quantitation and 

detection limits will also be adjusted, as necessary, based on dilutions and sample volume. 

Non-detects will be reported to the CRDUCRQL for metals and to the PQL for dissolved gases and anions 

and marked with a "U" flag as applicable. Positive results between the CRDUCRQUPQL and method 

detection limiVinstrument detection limit will be flagged "J". 

8.1.2 List of Associated Quality Control Samples 

In addition to the field QC samples (duplicates, trip blanks, rinsate blanks, etc.) discussed in Sections 5.6 

of this QAPP, laboratory QC samples including MS/MSD samples, method blanks, preparation blanks, 

etc. will be analyzed as required by the appropriate methods. Laboratory QC samples are discussed in 

additional detail in Section 9.2 of this QAPP. 

8.2 FIELD ANALYTICAL AND MEASUREMENT PROCEDURES 

Nitrate, Nitrite, Sulfate, Sulfide, Ferrous Iron, Dissolved Oxygen, and Alkalinity will be analyzed using field 

test kits as defined in Table 4-1. The analyses will be performed according to the manufacturers' 

guidelines. 
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TABLE 8-1 ' 

SUMMARY OF ORGANIC AND INORGANIC ANALYTICAL PROCEDURES 
GROUNDWATER MATRIX 

NWS EARLE, NEW JERSEY 

Analytical Parameter Preparation! Analytical Method 

SelectVOCs CLP OLM04.3(1) 

Select Metals CLP ILM04.1 (2) 

Chloride' EPA 300.0(3) 

Methane, Ethane, Ethene, and Hydrogen RSK SOPs 1471175(4) 

Sulfate, Sulfide, Nitrate, and Nitrite HACH DR-850(5) 

Ferrous Iron HACH IR-18C(5) 

Dissolved Oxygen Chemetrics K-7501, K-7512(5) 

Alkalinity Chemetrics K-9810, K-9815, K-9820(5) 

, 
USEPA Contract Laboratory Program. Statement of Work for Organics Analysis; 
Multi-Media, Multi-Concentration, OLM04.3. 

2 USEPA Contract Laboratory Program. Statement of Work for Inorganic Analysis; 
Multi-Media, Multi-Concentration, ILM04.1. 

3 USEPA Method 300.0. Inorganic Anions by Ion Chromatography. 
4 Dissolved Gases: Ethane, Ethene, Methane, and Hydrogen in Groundwater. 

Robert S. Kerr Envin;mmental Research Laboratory SOPs 147/175. 
5 Analyses performed using field test kits. 

VOC = Volatile Organic Compounds 
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Field-related QC checks were discussed in S~ction 4.0 of this QAPP. This section provides additional 
I 

information regarding internal QC checks for the field and the laboratory. 

9.1 FIELD QUALITY CONTROL CHECKS 

Collection of the ·field QC samples will be in accordance with the sampling procedures provided in this 

QAPP at the frequencies discussed in Section 4.0 of this QAPP. 

9.2 LABORATORY QUALITY CONTROL CHECKS 

. The subcontract laboratory will have a QC program that ensures the reliability and validity of the analyses 

performed at the laboratory.' All analytical procedures are typically documented in writing as SOPs. 

Laboratory SOPs for any and all analyses will be provided in either addenda to the QAPP or under 

separate cover contingent upon the, logistics of the laboratory procurement process. 

Internal QC procedures for CLP analyses (VOC and metals) are discussed in OLM04.3 and ILM04.1. 

Internal QC procedures for Dissolved Gases (methane, ethane, ethene, and hydrogen) are discussed in 

RSK SOP-147/175., Internal QC procedures for chloride are discussed in EPA Method 300.0. Several 

internal laboratory QC checks are briefly discussed in the remainder of this section. 

/ 

Laboratory method blanks are prepared and analyzed in accordance with the analytical method 

employed to determine whether contaminants originating from laboratory sources have been introduced 

and have affected environmental sample analyses. A method blank generally consists of an aliquot of 

analyte-free water that is subjected to the same preparation and analysis procedures as the environmental 

samples undergoing analysis. If method blank contamination is found to exist, correctjve actions indicated 

in the CLP/EPA Methods or laboratory SOPs must be followed. Under no circumstances are laboratory 

method blank contaminant values subtracted from environmental sample analysis results. 

MS analysis for voe fraction analyses is performed in duplicate as a measure of laboratory precision. 

For inorganic analyses, 1 laboratory duplicate analysis is likewise performed for every 20 environmental 

sample analyses of like matrix. Laboratory duplicates are prepared by thoroughly mixing and splitting a 

sample aliquot into two portions and analyzing each portion following the same analytical procedures used 

for the environmental sample analyses. The field crew provides extra volumes of sample matrices 

designated for laboratory QC analyses, as required .. The laboratory SOPs and CLP/EPA Methods define 
/ 
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circumstances urider which corrective actions are warranted and how they must be performed when 

required. 

Surrogates are organic compounds (typically brominated, fluorinated, or isotopically labeled) that are 

similar in nature to the compounds of concern and that are not likely to be present in environmental 

media. Surrogates are spiked into each sample, standard, and method blank prior to analysis and are 

used only in organic chromatographic analysis procedures as a check of method effectiveness. Surrogate 

recoveries are evaluated against laboratory-derived statistical control limits. 

Less serve to monitor the overall performance of each step during the analysis, including the sample 

preparation. LCS analysis will be performed for Metals, chloride, and dissolved gases analyses. Aqueous 

LCS results must fall within the control limits established by CLP/EPA Methodology for metals and 

. laboratory SOP for dissolved gases. Aqueous LCSs shall be analyzed utilizing the same sample 

preparations, analytical methods, and QA/QC procedures as employed for the samples. 

,- r 
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Compound 

VOC ac LIMITS 

Toluene-d8 

Bromofluorobenzene 

1,2-Dichloroethene-d4 

1,1-Dichloroethene 

Trichloroethene 

Benzene 

Toluene 

Chlorobenzene 

MET ALS ac LIMITS 

A" Metals 

TABLE 9-1 

CLP ac SAMPLE CRITERIA 
NWS EARLE, NEW JERSEY 

MS/MSD LCS 

System Monitoring Compounds 

84%-138% NA 

59%-113% NA 

70%-121% NA 

Spiked Compounds 

61%-145% NA 

71%-120% NA 

76%-127% NA' 

76%-125% NA 

75%-130% NA 

75%-125% 80%-120% 

Precision 

NA 

NA 

NA 

14% 

14% 

11% 

I 13% 

13% 

20% 
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This section describes the procedures to be used for data reduction, validation, and reporting for the 

NWS Earle Groundwater CEA Investigation .. All data generated during the course of the investigation will 

be maintained in portable document format (PDF) format by TtNUS in the Engineering Field Activity 

Northeast designated central files located in the TtNUS Pittsburgh, Pennsylvania office. 

, In addition to the central files, PDF's of all data (as well as electronic data) will be maintained in the 

Chemistryffoxicology/Risk Assessment Department database records files located in the TtNUS 

Pittsburgh, Pennsylvania office. Upon completion of the contract, files will be relinquished to the Navy. 

10.1 DATA REDUCTION 

Data reduction will be completed for laboratory-generated analytical data. Reduction of laboratory data is 

discussed in the remainder of this section. 

10.1.1 Laboratory Data Reduction 

Data reduction for laboratory analytical data generated via the CLP analytical protocol, QA requirements, 

and reporting procedures (volatile organics, dissolved gases, chloride, and metals) will be completed in 

accordance with the applicable analytical methods. 

Laboratory analytical data will be reported using standard concentration units to e.nsure cOfTlparability with 

regulatory standards/guidelines and previous analytical results. Reporting units for groundwater matrix 

for the classes of chemicals under consideration are as follows: 

• volatile organics - Ilg/L 

• metals - Ilg/L 

• gases - Ilg/L 

• chloride - mg/L 

Field QC. sample results will be included in the database for the NWS Earle Groundwater CEA 

Investigation. Specifically, the analytical results for field duplicates, source water blanks, trip blanks, 

rinsate blanks, and ambient condition blanks will be provided. The results for field QC samples will be 

considered during the course of data validation (in concert with laboratory method blanks) to eliminate 

false positive results according to the 5- and 10-times rules specified in the National Functional 

Guidelines for Organic and Inorganic Data Review. The results for labqratory QC samples such as 

080409/P 10-1 eTO 0851 



REVISION 0 
AUGUST 2004 

method blanks will not be presented in the CEA Investigation Report database. ,In addition, only the 

original (unspiked) sample results for MS/MSD samples will be provided in the database. 

10.2 DATA VALIDATION 

Validation of field measurements and laboratory analytical data are discussed in this section. Laboratory 

analYtical data will be validated iii! accordance with current state and regional EPA guidance as discussed 

in Section 10.2.1. 

10.2.1 Laboratory Data Validation 

One hundred percent of the laboratory data will be validated. Validation of analytical data will be 

completed by the TtNUS Chemistry Department located in TtNUS's Pittsburgh, Pennsylvania office. Final 

review and approval of validation deliverables will be completed by the Department's Data Validation 

Coordinator. 

The analytical results for VOC and metals fractions generated using CLP methodology will be validated 

against method-specific requirements, National Functional Guidelines for Organic and Inorganic Data 

Review, USEPA Region" SOP for Data Validation, and the appropriate New Jersey DEP data validation 

SOPs to the extent practicable. 

10.3 DAT A REPORTING 

10.3.1 Laboratory Data Reporting 

Data reported by the laboratory will be in accordance with CLP reporting format including all non-CLP 

data (to the extent practicable). All pertinent QC data including raw data and summary forms for ~Ianks, 

, standards analysis, calibration information, etc., will be provided for the non-CLP analyses. Case 

narratives will be provided for each Sample Delivery Group . 

. All environmental and field QC sample results (trip blanks, field duplicates, rinsate blanks, source water 

blanks, ambient condition blanks) will be included in the report as an appendix. The database will include 

pertinent sampling information such as sample number, sampling date, general location, depth, and 

survey coordinates (if applicable). Sample-specific reporting limits will be reported for nondetected 

analytes. Units will be clearly summarized in, the database and will conform t6 those identified in 

Section 10.1 .1. The analytical data may also be reported in summary fashion within the body of the 

report text in tabular and graphic fashion. 
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Data will be handled electronic~lIy pursuant to the electronic deliverable requirements specified in 

TtNUS's Master Services Agreement with analytical laboratories. This agreement requires the analytical 

laboratories to provide data in both hardcopy and electronic form. The original electronic diskettes and 

the original hardcopy analytical data are maintained in TtNUS's Engineering Field Activity Northeast 

central files as received. 

Validation will be completed using the PDF file data. Upon completion of validation of a Sample Delivery 

Group and review by the Data Validation C<;>ordinator, the validation qualifiers will be entered in the 

electronic database and will be subjected to independent review for accuracy. During this review 

process, the electronic database printout will also be compared to the PDF data (Form Is) to ensure that 

the PDF data and electronic data are consistent. 
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Performance and system audits will be performed periodically to ensure that work is being implemented 

in accordance with the approved Project Plans and in an overall satisfactory manner. Such audits will be 

performed by various personnel and will include evaluation of field, laboratory, data validation, and data 

reporting processes. Examples of pertinent audits are as follows: 

• Performance and system audits of the'laboratory will be performed regularly, in accordance with the 

requirements of NJDEP (external, annual evaluation), by a Navy Contractor (internal, 18 month 

cycle), and in accordance with the Laboratory Quality Assurance Plan (internal, as specified). 

• Data validators will review (on a timely basis) the chemical analytical data packages submitted by 

the laboratory. The dat~ validators will check that the data were obtained through use of an 

approved methodology, that the appropriate level of QC effort and reporting was conducted, and 

whether or nO,t the results are in conformance with QC criteria. On the basis of these factors, the 

data validator will generate a report describing dat~ limitations, which will be reviewed internally by 

the Data Validation Coordinator prior to submittal to the PM. 

• A formal audit of the field sampling procedures may be conducted by the TtNUS QAM or designee 

in addition to the auditing that is an inherent part of the daily project activities. The purpose of this 

audit would be to ensure that sample collection, handling, and shipping protocols, equipment 

decontamination and field documentation procedures are being' performed in accordance with the 

approved Project Plans and SOPs. 

• A sample tracking system, as further described in Section 4 of the QAPP, will be employed for all 

environmental samples. This system will allow for early detection of errors made in the field or by 

the laboratory so that necessary adjustments can be made while the field crew is mobilized. 

The PM will maintain contact with the FOL and Data Validation Coordinator to ensure that.management 

of the acquired data proceeds in an organized and expeditious manner . 
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Measuring equipment used in environmental monitoring or analysis for the NWS Earle CEA Investigation 

shall be maintained in accordance with the manufacturer's operation and maintenance manuals. 

Equipment and instruments shall be calibtated in accordance with the procedures, and at the frequencies, 

discussed in Section 7.0 (Calibration Procedures and Frequency). Preventive maintenance for laboratory 

equipment is discussed in the remainder of this se~tion. 

12.1 LABORATORY INSTRUMENT PREVENTIVE MAINTENANCE 

Proper maintenance of laboratory instruments and equipment is essential to ensuring their readiness 

when needed. Maintenance intervals are established for each instrument based on manufacturer's 

recommendations.. All instruments must be labeled with a model number and serial number, and a 

maintenance logbook must be maintained for each instrument. Personnel must be alert to the 

maintenance status of the equipmentthey are using at all times. 

12.1.1 Major Instruments 

Table 12-1 provides a summary of preventive maintenance procedures typically performed for key 

analytical instruments. Maintenance of key instruments is sometimes covered under service contracts 

with external firms. These contracts provide for periodic routine maintenance to help guard against 

unexpected instrument downtime. The contracts also provide for quick response for unscheduled service 

calls when malfunctions are observed by the operator. 

The use of manufacturer-recommended grades or better of s!-lpporting supplies and reagents is also a 

form of preventive maintenance. For example, gases used in the various GC and metals instruments 

should be of sufficient grade to minimize fouling of the instrument. The routine use of septa, 

chromatographic columns, ferrules, atomic absorption furnace tubes, and other supporting supplies from 

reputable manufacturers will assist in averting unnecessary periods of instrument downtime. 

12.1.2 Refrigerators/Ovens 

The temperatures of refrigerators used for sample storage and drying ovens will be monitored a minimum 

of once daily. The acceptable range for refrigerator'temperatures is 4°C ±2°C. Required temperatures of 

ovens will vary based on the analytical methods for which the ovens are used. The temperatures will be 

. recorded on temperature logs that contain the following information at a minimum: 
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• Temperature. 

• Initials of person performing the check 
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Maintenance of the logs is typically the .responsibility of the sample custodia_no However, assignment of 

responsibilities for temperature monitoring to specific personnel does not preclude the participation of 

other laboratory personnel. If unusual temperature fluctuations are noted, it is the responsibility of the 

observer to immediately notify the person in charge of the discrepancy before the condition of the 

samples is compromised. 

Unstable or fluctuating temperatures may be indicative of malfunctions in the cooling or heating system. 

On the other hand, the instability may be due to frequent opening of the door. Regardless of the cause, 

such an observation must be investigated, and modifications must be made to access procedures or 

repairs to equipment must be made to prevent jeopardizing the integrity of the samples. 
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TABLE 12-1 

TYPICAL PREVENTIVE MAINTENANCE FOR KEY ANALYTICAL INSTRUMENTS 
NWS EARLE, COLTS NECK, NEW JERSEY 

Instrument Preventive Maintenance Maintenance 
Frequency 

GC Replace solvent washes and clean syringe. Daily. 

Clip column, Clean injection port, replace liner, and bake As required. 
oven. 

GC/MS Change pump oil. Every 6 months 
, 

Change septum. Clean injection port, replace liner, bake As needed 
oven, check carrier gas, clean the ion source. 

Clean source and rods, clean inside and outside of printer, As needed 
general cleaning of instrument. 

As needed 
Service in accordance with manufacturer specifications 
under the contractor maintenance agreement. 

Replace solvent washes and clean syringe. Daily 

Ion Chromatograph Replace pump seals. Annually. 

I 
Lubricate analytical pump motor. Semi-annually. 

Check chromatography module and all gas lines for leaks. Every run. 

, 
Clean conductivity detector cell electrodes, check cell Monthly. 
calibration. 

Replace bed supports, clean columns, clean membrane As needed. 
suppressor, replace autosampler pipette tip. 

ICP Change sample introduction tubing, clean nebulizer, clean As required. 
spray chamber, clean torch, manual profile, and automatic 
profile optics. 
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13.0 SPECIFIC ROUTINE PROCEDURES USED TO ASSESS 

DATA PRECISlqN, ACCURACY, AND COMPLETENESS 

The purpose of this section is to indicate the methods by which it will b'e ensured that the data collected 

for this investigation coincide with the project objectives as specified in Section 2 of this QAPP. The data 

assessment will be conducted to evaluate analytical data quality via compliance with the QA objectives 

addressed in Section 5.0 of this QAPP. Additionally, the data will be reviewed for indications of 

interferences to results caused by sample matrices,' cross contamination during sampling, cross 

conta.mination in the laboratory, and sample preservation and storage anomalies. 

The data validation process will be used to flag data with quality indicators that fall outside the QC 

acceptance limits. A summary of the data validation qualifiers for all project samples will be prepared. 

This summary will include a list of chemicals identified as laboratory and/or field QC blank contaminants, 
.,-

holding time exceedances, .samples exhibiting field duplicate/replicate imprecision as well as affected, 

chemicals, rej~cted results and associated specific causes, and general causes of estimated results. 

This summary will facilitate the preparation of a summary of the data validation results and completeness 

assessment for inclusion in the report. 

Compliance with the completeness objectives for laboratory measurements/data will be calculated 

electronically via a database subroutine. Sections 13.1, 13.2, and 13.3 present equations to be used for 

computing precision, accuracy, and completeness values, respectively. Section 13.4 presents additional 

data quality considerations that will be evaluated after completion of data validation. 

13.1 ACCURACY ASSESSMENT. 

As described in Sections 5.2.2 and 9.2, to assure the accuracy of the analytical procedures, a minimum of 

1 of every 20 samples is spiked with a known amount of the analyte or analytes to be evaluated. The 

spiked sample, is then analyzed. The increase in concentration of the analyte observed in the spiked 
/ .... . 

sample because of the addition of a known quantity of the analyte compared to the reported value of the 

same analyte in the unspiked sample determines the %R. Control charts are plotted by the laboratory for . , . 
each commonly analyzed compound and kept on matrix-specific and analyte-specific bases. The %R for 

a spiked sample is calculated according to the following formula: 

080409/P 

%R = Amount in Spiked Sample - Amount in Unspiked Sample X 100 % 
Known Amount Added 
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Section 9.2 also describes the use of surrogate spikes and LCSs as measures of accuracy. The %R for a . , 
surrogate spike or LCS is calculated using th~ following formula: 

%R = Experimental Concentration X 100% 
Known Amount Added 

13.2 PRECISION ASSESSMENT 

As described in Sections 5.1.1 and 9.2, duplicate samples (for inorganic analyses) and MSD samples (for 

organic analyses) are prepared and analyzed at a minimum frequency of 1 per every'20 environmental 

samples. As addressed in Section 5.6, field duplicate samples will also be collected at a minimum 

frequency of 1 per 10 environmental samples. The RPD between the sample (or spike) and duplicate (or 

duplicate,spike) is calculated ~sing the following formula: 

RPD = Amount in Sample 1- Amount in Sample' 2 X 100 % 
. 0.5 (Amount in Sample 1 + Amount in Sample 2) 

13.3 COMPLETENESS ASSESSMENT 

As addressed in Section 4.3, compl!3teness is the ratio of the number of valid sample results to the total 

number of sample results expected to be obtained for the project as a whole. Following the completion of 

the analytical testing and data validation, the percent completeness will be calculated using the following 

equation: 

C I t (number of valid measurements) 100°/' omp e eness = x /0 

(number of measurements planned 

13.4 DATA ASSESSMENT 

The laboratory data collected during the NWS Earle CEA Investigation will be used to meet the objectives 

presented in Section 2 of this QAPP. The QC results associated with each analytical parameter (only 

one) will be compared with the objectives presented in Sections 5.1 though 5.5 of this QAPP. Orily data 

deemed usable during data validation will be conside~ed usable for quantitative purposes. 

In addition, the data obtained will be both qualitatively and quantitatively assessed. The results of this 

assessment will be presented in the NWS Earle CEA Investigation Report. Examples of issues to be 

considered in the data assessment are as follows: 
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• Were all samples obtained using the methodologies and SOPs specified in the SAP/QAPP? 

• Were samples obtained from all sampling locations for all analyses specified in the SAP/QAPP? 

• Were all laboratory analyses performed using the methodologies specified in the QAPP? 

• Was all laboratory data validated as specified in the QAPP? 

• Do any analytical results exhibit elevated reporting limits? If so, what are the causes and what overall 

impact does this have on the data? 

• Were any data points determined to be unusable (qualified as "R") during the data validation 

process? If so, are these rejected data ,points critical in meeting the objectives of th(3 project? 

• Have sufficient data of appropriate quality been generated to support the objectives described in 

Section 2 of the QAPP? 
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14.0 CORRECTIVE ACTION' 
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Under the TtNUS ONOC program, it is required that any and all personnel noting conditions adverse to 

quality report these conditions immediately to the PM and OAM. These parties, in turn, are charged with 

. performing root-cause analyses and implementing appropriate corrective action in a timely manner. It is 

ultimately the responsibility of the OAM to document all fir:Jding~ and corrective actions taken and to 

monitor the effectiveness of the corrective measures performed. 

14.1 FIELD CORRECTIVE ACTION 

Field nonconform'ances or conditions adverse to quality must be identified and corrected as quickly as 

possible so that work integrity or product quality is not compromised. The need for corrective action may 

arise based on deviations from Project Plans and procedures, adverse field conditions, or other 

unforeseen circumstances. Corrective action needs may become apparent during the performance of 

daily work tasks or as a consequence of internal or external field audits. 

Corrective action may include resampling and may involve 'amending previously approved field 

procedures. If warranted by the severity of the problem (e.g., if a change in the approved Project Plan 

documents or SOPs is required), the Navy will be notified in writing via a field task modification request 

(FTMR), and Navy (in conjunction '!'lith USEPA Region" and N~DEP) approvals will be obtained. The 

FOL is responsible for initiating FTMRs; an FTMR will be initiated for all deviations from the Project Plan 

documents, as applicable. An example of an FTMR is provided as Figure 14-1. Copies of all FTMRs will 

be maintained with the on-site project planning documents and will be placed in the final evidence file. 

Minor modifications to field activities such as a slight offset of a sampling location will be initiated at the 

discretion of the FOL, subject to on-site approval by NWS Earle personnel. Approval for major 

modifications (e.g., elimination of a sampling point) must be obtained via an FTMR. 

14.2 LABORATORY CORRECTIVE ACTION 

\ 

In general, laboratory corrective actions are warranted whenever an out-of-control event or potential out-

of-control event is noted. The specific corrective action taken depends on the specific analysis and the 

nature of the event. Generally, the following occurrences alert laboratory perl?onnel that corrective action 

may be necessary: 

• QC data are outside established warning or control limits. 

• Method blank analyses yield concentration~ of target analytes greater than acceptable levels. 

080409/P 14-1 eTO 0851 



• Undesirable trends are detected in spike recoveries or in duplicate RPDs. 

• There is an unexplained change in compound detection capability. 

• Inquiries concerning data quality are received. 
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• Deficiencies are detected by laboratory QA staff audits or from performance evaluation sample test 

results. 

Corrective actions are typically documented for out-of-control situations on a corrective action form. 

Using a corrective action form, any employee may notify the QAlQC Officer of a problem. The QAlQC 

Officer generally initiates the corrective action by relating the problem to the appropriate Laboratory 

Manager and/or Internal Coordinator, who then investigates or assigns responsibility for investigating the 

problem and its cause. Once determined, an appropriate corrective action is approved by the QAlQC 

Officer, its implementation is verified and documented on the corrective action form and it is further 

documented through audits. 

14.3 CORRECTIVE ACTION DURING DATA VALIDATION'AND DATA ASSESSMENT 

The need for corrective action may become apparent during data validation, interpretation, or 

presentation activities or problems may be identified as a result of oversight findings. The performance of 

rework, instituting a change in work, procedures, or providing additional/refresher training are possible 

corrective actions relevant to data evaluation activities. The PM will be responsible for approving t(1e 

implementation of corrective action. 

/ 
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FIGURE 14-1 

TETRA TECH NUS 
FIELD TASK MODIFICATION REQUEST FORM 

Client Identification Project Number FTMR Number 

TO ________________ Location, _________ Date _______ _ 

Description: 

Reason for Change: 

Recommended Disposition: 

Field Operations Leader (Signature, if applicable) 

Disposition: 

Project Manager (Signature, if required) 

Distribution: 
Program Manager 
Quality Assurance Officer 
Project Manager 
Field Operations Leader __ _ 

Date 

Date 

Others as required ___________ _ 
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QA reports to management will be provided in three primary formats during the course ot the NWS Earle 

CEA Investigation. Data validation letter reports will be prepared on a Sample Delivery Group-specific 

basis and will summari~e QA issues for the subcontract laboratory data. In addition, daily verbal reports 

summarizing accomplishments and QA/QC issues during the field investigation will be provided by the 

FOL. Finally, monthly' progress reports are provided by the PM to the Navy. In addition, a summary of 

data validation qualifiers and a completeness ~ssessment for all project samples will be included in the 

CEA Investigation Report. 

15.1 CONTENTS OF PROJECT QUALITY ASSURANCE REPORTS 

The contents of the specific QA reports are as follows. The data'validation reports address all major and 

minor laboratory noncompliances as well as noted sample matrix effects. In the event that major 

problems occur with the analytical laboratory (e.g., holding time exceedances or calibration 

noncompliances, etc.), the Data Validation Coordinator will notify the PM, the Program Manager, and the 

Laboratory Services Coordinator. Such notifications (if necessary) are typically provided via internal 

memoranda and are placed in the project file. Such reports contain a summary of the noncompliance, a 

synopsis of the impact on individual projects, and recommendations regarding corrective action and 

compensational adjustments. Corrective actions are initiated at the program level. 

The FOL will provide the PM with daily reports via telephone regarding accomplishments, deviations from 

the QAPP, upcoming activities, and a QA summary during the course of the field investigation. In 

addition, monthly project review meetings are held for all active Navy CLEAN projects. Issues discussed 

at the ,project review meeting include all aspects of budget and schedule compliance and QA/QC 

problems. The PM provides a monthly progress report to the Navy that addresses the project budget, 

schedule, accomplishments, planned activities, required revisions of the QAPP, QA/QC issues, and 

intended corrective actions. 

r 
15.2 INDIVIDUALS RECEIVING/REVIEWING QUALITY ASSURANCE REPORTS 

Data validation QA Reports are provided to the PM for inclusion in the project files. In the event that 

major problems are observed for a given laboratory, the Program Manager, Deputy Program Manager, 

QAM, PM, and Laboratory Services Coordinator are provided with copies of the QA report. Weekly field 

progress reports are provided to the PM by the FOL. Monthly progress reports are provided to the Navy 

CLEAN Program Manager and the Navy CLEAN Contracting Officers Technical Representative. 
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1.0 INTRODUCTION 
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This Health and Safety Plan (HASP) provides practices and procedures for Tetra Tech NUS, Inc. (TtNUS) 

and 'subcontractor personnel engaged in additional environmental investigation activities at the Naval 

Weapons Station (NWS) Earle in Colts Neck, Monmouth County, New Jersey. This HASP must be used 

in conjunction with the TtNUS Health and Safety Guidance Manual. Both of these documents must be 

present at the site during the performance of site activities. The Guidance Manual provides detailed 

information pertaining to the HASP as well as applicable TtNUS Standard Operating Procedures (SOPs). 

This HASP and the contents of the Guidance Manual were developed to comply with the requirements 

stipulated in 29' CFR 1910.120 (Occupational Safety and Health Administration's [OSHA's] Hazardous 

Waste Operati(;ms and Emergency Response Standard); OSHA's Construction ~ Industry Standards, 29 

CFR 1926; and NWS Earle procedures and protocol, as they may apply. 

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 at the site. The 

HASP will be modified if new information becomes available. All changes to the HASP will be made with 

the approval of the TtNUS Project Health and Safety Officer (PHSO) and the TtNUS Health and Safety 

Manager (HSM). Requests for modifications to the HASP will be(directed to the PHSO, who will 

determine if the changes are necessary. The PHSO wiil notify the Project Manl'lger (PM), who will notify 

affected personn~1 of changes. 

1.1 KEY PROJECT PERSONNEL AND ORGANIZATION 
I 

This section defines responsibility for site safety and health for TtNUS and subcontractor employees 

engaged in onsite activities. Personnel assigned to these positions will exercise the primary responsibility 

for onsite health and safety. These persons will be the primary point of contact for questions regarding the 

safety and health procedures and the selected control measures that are to be implemented for onsite 

activities. 

• The TtNUS PM is responsible for the overall direction of health and safety for this project. 

• The PH SO is responsible for developing this 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 (PPE) based on task and potential hazards. 
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iv. Determining emergency response procedures and emergency contacts. 
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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. 

vii. Modify this HASP, as it becomes necesl?ary. 

• The TtNUS Field Operations Leader (FOL) is responsible 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 that plan. 

• The SSO supports site activities by advising the FOL on aspects of health and safety onsite. These 

duties may include: \ 

i. Coordinates health and safety activities with the FOL. 

ii. Selects, applies, inspects, and maintains PPE. 

iii. Establishes work zones and control points in areas of operation. 

iv. Implements air monitoring program for onsite activities. 

v. Verifies training and medical clearance.of onsite personnel status in relation to site activities. 

vi. Implements Hazard Communication, Respiratory Protection f'rograms, and other associated 

health and safety programs as they may apply to site activities. 

vii. Coordinates emergency services. 

viii. Provides site-specific training for onsite personnel. 

ix. Investigates accidents and injuries (see Attachment I - Illness/Injury Reporting Procedure and 

Form) 

x. Provides input to the PHSO regarding the need to modify, this HASP, or applicable health and 

safety associated documents as per site-specific requirements. 

• Compliance with the requirements stipulated in this HASP is monitored by the SSO and coordinated 

through the TtNUS HSM. 
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1.2 SITE INFORMATION AND PERSONNEL ASSIGNMENTS 

Site Name: NWS Earle 
EFANE RPM: '""M'-'-ic':"';h:::"e-=le:.=:...!.D=-iG-e-a-m-b-e-a-rd-in-o--: 

Site Contact: Alicia Harman 

Address: 201 Highway 34 South Colts Neck, NJ 
Phone Number: (610) 595-0567 (Ext. 117) 
Phone Number: (732) 866-2060 

Scheduled Activities: Site activities that will be addressed in this HASP include geophysical, surveying, 
installation of monitoring wells via hollow stem auger techniques, and sampling of installed and existing 
wells to confirm the absence of contamination in groundwater at Site 13 (OU-5), and surveying activities. 
Further details on these and other site tasks are in Section 4 of this HASP. 

Dates of scheduled activities: Site activities will begin in the Fall of 2004. 

Project Team: 

TtNUS Management Personnel: DisciplinelTasks Assigned: 

Daniel C. Witt, P.E. Project Manager 

TBA Field Operations Leader (FOU 

TBA Project Geologist 

Matthew M. Soltis, CIH, CSP Health and Safety Manager 

Donald J. Westerhoff, CSP Project Health and Safety Officer (PH SO) 

TBA Site Safety Officer (SSO) 

Other Potential TtNUS Project Personnel: 

Tom Patton Equipment Manager 

Non-TtNUS Personnel Affiliation/DisciplinefTasks Assigned 

TBA Drilling contractor 

TBA Analytical Laboratorv 

TBA Surveying contractor 

Hazard Assessment (for purpose of 29 CFR 1910.132) for HASP preparation has been conducted by: 

Donald J. Westerhoff, CSP 
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2.1 INTRODUCTION 

Rev.1 
August 2004 

This section is to direct and guide field personnel in the event of an emergency. All site activities are 

coordinated with the client contacts. In the event of an onsite emergency, personnel will evacuate to a 

,safe place of refuge and notify the NWS Earle Emergency Coordinator who is the Fire Chief. The NWS 

Earle emergency staff will coordinate on-site activities. They are the only authorized emergency 

responders who provide service in emergency situations. TtNUS and subcontractor personnel will notify 

the NWS Earle Emergency Dispatcher and only provide initial or incipient stage emergency response 

measures. 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 or ill person. The NWS Earle emergency response agencies listed in this plan 

are fully capable of providing the most effective response, an'd as such, are 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. The TtNUS Project Manager and HSM are to be 

notified in the event of an onsite incident. This Emergency Action Plan conforms to the requirements of 

29 CFR 1910.38(a), as allowed in 29 CFR 1910.120(I)(1)(ii). 

TtNUS will, through necessary services, provide the following emergency action measures: 

• Incipient stage fire-fighting support and pr1evention 

• Incipient spill control and containment measures and prevention 

• Removal of personnel from emergency situations 

• Initial medical support for injuries or illnesses requiring basic first aid 

• Site control and security measures as necessary 

2.2 PRE-EMERGENCY PLANNING 

Through the initial hazardlrisk assessment effort, emergencies resulting from chemical, physical, or fir~ 
. . 

hazards are the types of emergencies that could be encountered during site activities. 
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To minimize and eliminate the potential for these emergency situations, pre-emergency planning activities 
, . 

will include the following (which are the responsibility of the SSO and/or the FOL): 

• Coordinating with local Emergency Response personnel to ensure that TtNUS emergency action 

activities are compatible with existing emergency response procedures. NWS Earle Fire Protection 

and Emergency Services will be notified about scheduled events and activities. This is most 

imperative in situations where their services may be required. 

• Establishing and maintaining information at the project staging area (support zone) for easy access in 

the event of an emerge~cy. This information will include the following: 

Chemical inventory (of chemicals used onsite), with Material Safety Data Sheets (MSDSs) . 

. Onsite personnel medical records (Medical Data Sheets). 

A log book identifying personnel onsite each day. 

Hospital route map with directions (these should also be placed in each site vehicle). 

E~ergency notification - phone numbers: 

The TtNUS FOL will be responsible for the following tasks: 

• 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 providing early recognition and prevention, where possible. 

• Periodically performing practice drills to ensure site workers are familiar with incidental response 

measures. 

• Providing. the necessary equipment to safely accomplish identified tasks. 

2.3 EMERGENCY RECOGNITION AND PREVENTION 

2.3.1 Recognition 

Emergency situations that may be encountered during site activities will generally be recognized by visual 

observation. Visual observation is primarily relevant for physical hazards that may be associated with the 

proposed scope of work. Visual observation will also playa role in detecting some chemical hazards. To 

adequately recognize chemical exposures, site personnel must have a clear knowledge of signs and 

symptoms of exposure associated with site contaminants. This information is provided in Table 6-1. 

Tasks to be performed at'the site, potential hazards associated with those tasks, and the recommended 

control methods are discussed in detail in Sections 5.0 and 6.0. Additionally, early recognition of hazards 

will be supported by daily site surveys' to eliminate a situation predisposed to an emergency. The FOL 
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and/or the SSO will be responsible for performing surveys of work areas before, initiating site operations 

and periodically while operations are being conducted. Findings will be documented by the FOL and/or 

the SSO in the Site Health and Safety logbook; however, site personnel will be responsible for reporting 

hazardous situations., Where potential hazards exist, TtNUS will initiate control measures to prevent 

adverse effects to human health and'the environment. 

The above actions will provide early recognition for potential emergency situations and allow TtNUS to 

initiate necessary control measures. However, if the FOL and the SSO determine that control measures 

are not sufficient to eliminate the hazard, TtNUS will withdraw from the site and notify the appropriate 

response agencies listed in Table 2-1. 

2.3.2 Prevention 

TtNUS and subcontractor personnel will minimize. the potential for emergencies by following the Health 

and Safety Guidance Manual and ensuring comp,liance~with the HASP and applicable OSHA regulations. 

Daily site surveys of the work areas will also assist in the prevention of illness/injuries by identifying 

potential hazards and initiating appropriate control measures. The FOL or SSO will conduct these surveys 

at the beginning of each workday. 

2.4 EVACUATION ROUTES, PROCEDURES, AND PLACES OF REFUGE 

An evacuation will be initiated whenever recommended hazard controls are insufficient to protect the 
I 

health, safety, or welfare of site workers. Specific examples of conditions that may initiate an evacuation 

include, but are not limited to, the following:, severe weather conditions; fire or explosion; monitoring 

instrumentation readings that indicate levels of contamination are greater than established action levels; 

" and evidence of personnel overexposure to potential site contaminants. 

In the event of an emergency requiring evacuation, personnel will immediately stop activities and report to 

the designated safe place of refuge unless doing so would pose additional risks. When evacuation to the 

primary place of refuge is not possible, personnel will proceed to a designated alternate location ana 

remain until further notification from the TtNUS FOL. Other safe places of refuge will be identified before 

the commencement of site activities by the SSO and will be conveyed to personnel as part of the pre

activities training session. This information will be reiterated duririg daily safety meetings. Whenever 

possible, the safe place of refuge will also serve as the telephone communications point for that area. 

During an evacuation, personnel will remain at the refuge location until directed otherwise by the TtNUS 

FOL or the On-scene Incident Commander: The FOL or the SSO will perform a head count at this 
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location to account for and to confirm the location of site personnel. Emergency response personnel will 

be immediately notified of unaccounted personnel. The SSO will document the names of personnel onsite 

(on a daily basis) in the site Health and Safety Logbook. This information will be used to perform the head 

count in the event of an emergency. 

Evacuation procedures will be discussed during the pre-activities training session before the initiation of 

project tasks. Evacuation routes from the site and safe places of refuge are dependent on the location at 

which work is being performed and the circumstances under which an evacuation is required. 

Additionally, site location and meteorological conditions (i.e., 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. Evacuation should always take place in an upwind 

direction from the site. 

2.5 EMERGENCY ALERTING AND ACTIONIRESPONSE PROCEDURES 

TtNUS personnel will work in close proximity at NWS Earle. As a result, hand signals, voice commands, 

and line-of-site communication will be sufficient to alert site personnel of an emergency. When project 

tasks are performed simultaneously on different sites, cell phones or airlvehicle horns will be used to 

. communicate emergency situations. If an emergency warranting evacuation occurs, the following 

procedures are to be initiated: 

• Initiate the evacuation via hand signals, voice commands, line-of-site communication, cell phones or 

air/vehicle horns. The following signals shall be used when communication via air/vehicle horn is 

necessary: 

HELP 

EVACUATION 

three short blasts 

three long blasts 

• Report to the designated refuge point. 

. . . 

• Once nonessential personnel are evacuated, appropriate response procedures will be enacted to 

control the situation. 

• Give the FOL (FOL will serve as the Incident Coordinator) pertinent incident details. 

TtNUS personnel will perform removal of personnel from emergency situations and may provide initial 

medical support for injuries/illnesses requiring only first aid level support. Medical attention above that 
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level will require assistance and support form the designated emergency response agency. Attachment I 

provides the procedure to follow when reporting an injury/illness and the form to be used for this purpose. 

If the emergency involves exposures to chemicals, follow the steps provided in Figure 2-2. 
\ 

In the event that site personnel cannot mjtigate the hazardous situation, the FOL and/or SSO, will enact 

emergency notification procedures to secure additional assistance in the following manner: 

Dial the NWS Earle Emergency Center immediately and then call other pertinent emergency contacts 

listed in Table 2-1 to report the incident. Give the emergency operator the location of the emergency, the 

type of emergency, the number of personnel injured, and a brief description of the incident. Stay on the 

phone and follow the instructions given by the operator. The operator will then notify and dispatch the 

proper emergency response agencies. 

2.6 EMERGENCY CONTACTS 

Before initiating field activities, personnel will be thoroughly briefed on the emergency procedures to be 

followed in the event of an accident. Table 2-1 provides a list of emergency contacts and their associated 

telephone numbers. This table must be posted where it is readily available to site personnel. Facility 

maps should also be posted,showing potential evacuation routes and designated meeting areas 

2-5 eTO 0851 



TABLE 2-1 

EMERGENCY REFERENCE 
NWS EARLE, NEW JERSEY 

Fire Department, NWS Earle 

Security, NWS Earle 

NWS Earle, UXO Support (Chief Winkle) 

Riverview Medical Center 

New Jersey Poison Control Center 

New Jersey One Call (Underground Utility Locator) 

National Response Center 

Chemtrec 

NWS Earle Base Contact - Alicia Hartman 

EFANE RPM - Michele DiGeambeardino 

TtNUS Project Manager- Dan Witt, P.E. 

Health and Safety Manager - Matthew M. Soltis, CIH; CSP 

Project Health and Safety Officer - Donald J. Westerhoff, CSP 

2-6 
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2911 
or 

, (732) 866-2911 

(732) 866-2333 

(732) 866-2291 

(732) 866-2009 

(732) 741-2700 

(800) 962-1253 

(800) 272-1000 

(800) 424-8802 

(800) 424-9300 

(732) 866-2060 

(610) 595-0567 ext. 117 

(412) 921- 8259 

(412) 921-8912 

(412) 921-7281 
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2.7 I EMERGENCY ROUTE TO HOSPITAL 

Riverview Medical Center; 1 Riverview Plaza, Red Bank, New Jersey 07701 

Directions from Mainside Base: 

Rev.l 
August 2004 

Turn Route 34 north to County Road O. At the "T' turn right onto Swimming River Road. Make a left onto 

Sycamore Avenue. In Shrewsbury, turn left on to Br~ad Street. Make a right onto Front Street and an 

immediate left onto Wharf Avenue. 6The hospital is on the right. 

FIGURE 2-1 

ROUTE MAP FROM MAIN SIDE NWS EARLE TO RIVERSIDE MEDICAL CENTER 

FULL ROUTE DESTINATION 
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FIGURE 2-1A 
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ROUTE MAP FROM WATERFRONT NWS EARLE TO RIVERSIDE MEDICAL CENTER 

Directions from the Waterfront: 

Take Normandy Road south. 0 Make the first left onto Sleepy Hollow Road. At the "T" turn right onto 

Chapel Hill Road. Turn left onto Route 35. l'After crossing Cooper's Bridge, make a left onto Front Street. 

After crossing Maple, take the second left onto Wharf Avenue. f) Riverview Hospital is on the right. 

FULL ROUTE Destination 
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During a site evacuation, decontamination procedures will be performed only if doing so does flot further 

jeopardize the welfare of site workers. Decontamination will not be performed if the incident warrants 

immediate evacuation. However, it is unlikely that an evacuation would occur that would require workers 

to evacuate the site without first performil")g the necessary desontamination procedures. 

2.9 INJURY/ILLNESS REPORTING 

If TtNUS personnel are injured or develop an illness as a result of working on site, the TtNUS 

"Injury/Illness Procedure" (Attachment I) must b.e followed. Following this procedure it is necessary for 

documenting the information obtained at the time of the incident. 

Pertinent information regarding allergies to medications or other special conditions will be provided to ~ 

medical services personnel. This informati<m is listed on Medical.Data SheE(ts filed onsite. If an exposure 

to hazardous materials has occurred, ,provide information on the chemical, physical, and toxicological 

properties of the subject chemical(s) to medical service personnel. 

2.10 PPE AND EMERGENCy'EQUIPMENT 

PPE normally available for the. project will also be available for use in ca:,e of an emergency or spill 

incident. 

A first aid kit, eye wash units, and fire extinguishers will be maintained <?n~site and shall be immediately 

available for use in case of an emergency. 
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EMERGENCY RESPONSE PROTOCOL 
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The purpose of this protocol is to provide guidance for the medical management of injury situations. 

In the event of a personnel injury or accident: " 

• Rescue, when necessary, employing proper equipment and methods. 

• Give attention to emergency health problems -- breathing, cardiac function, bleeding, and shock. 

• Transfer the victim to the medical facility designated in this HASP by suitable and appropriate 

conveyance (i.e. ambulanc~ for serious events) 

• .Obtain as'much exposure history as possible (a Potential Exposure report is attached). 

• If the injured person is a-Tetra Tech NUS employee, c~1I the medical facility and advise them that the 

patient(s) is/are being sent and that they can anticipate a call from the WorkCare physician. 

WorkCare will contact the medical facility and request specific testing which may be appropriate. 

WorkCare physicians -will monitor the care of the victim. Site officers and personnel should not 

attempt to get this information, as this activity leads to confusion and misunderstanding. 

• -Call WorkCare at 1-800-455-6155 enter Extension 109, or follow the voice prompt for after hours and 

weekend notification, and be prepared to provide: 

Any known information about the nature of the injury . 

. As m~ch of the exposure history as was feasible to determine in the time·allowed. 

Name and phone number of the medical facility to which the victim(s) has/have been taken. 

Name(s) of the involved Tetra Tech NUS, Inc. employee(s). 

Name and phone number of an informed site officer who will be responsible for further 

investigations. 

Fax appropriate information to WorkCare at (714) 456-2154. 

• Contact Corporate Health and Safety Department (Matt Soltis) at 1-800-245-2730. 

• Contact the Human Resources Manager (Marilyn Duffy) at 1-800-245-2730. 

As data is gathered and the scenario becomes more clearly defined, this information should be forwarded 

to WorkCare. 

WorkCare will compile the results of data and provide a summary report of the incident. A copy of this 

report will be placed in each victim's medical file in addition to being distributed to appropriately designated 

company officials. 

Each involved worker will receive a letter describing the incident but deleting personal or individual 

comments. A personalized letter describing the individual findings/results will accompany this generalized 

summary. A copy of the personal letter will be filed in the continuing medical file maintained by WorkCare. 
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Name: 

FIGURE 2-2 (continued) 
WORKCARE 

POTENTIAL EXPOSURE REPORT 

___________________ Date of Exposure: 

Rev.1 
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Social Security No.: Age: 
--~---------

Sex: ------
Client Contact: Phone No.: 

Company Name: 

I. Exposing Agent 
Name of Product or Chemicals (if known): ___________________ _ 

Characteristics (if the name is not known) 
Solid Liquid Gas Fume Mist Vapor 

II. Dose Determinants 
What was individual doing?,......,.. __ -:---:--_..,..---:-___ -...,,...--,-_-:-:=-________ _ 

How long did individual work in area before signs/symptoms developed? 
Was protective gear being used? If yes, what was the PPE? 
Was their skin contact? -:-:--:---:-::--_____________________ _ 
Was the exposing agent inhaled? __ :-:-:--:--__ --:-_____ """7" _________ _ 

Were other persons exposed? If yes, did they experience symptoms? 

III. Signs and Symptoms (check off appropriate symptoms) 

IV. 

Immediately With Exposure: 
Burning of eyes, nose, or throat 
Tearing 
Headache 
Cough 
Shortness of Breath 

Weakness 
Nausea / Vomiting 
Shortness of Breath 
Cough 

Delayed Symptoms: 

Present Status of Symptoms (check off appropriate symptoms) 
Burning of eyes, nose, or throat 
Tearing 
Headache 
Cough 
Shortness of Breath 
Chest Tightness / Pressure 
Cyanosis 

Chest Tightness I Pressure 
Nausea / Vomiting 

Dizziness 
Weakness 

Loss of Appetite 
Abdominal Pain 

Headache 
Numbness / Tingling 

Nausea / Vomiting 
Dizziness 

Weakness 
Loss of Appetite 
Abdominal Pain 

Numbness / Tingling 

Have symptoms: (please check off appropriate response and give duration of symptoms) 
Improved: Worsened: . Remained Unchanged: 

V. Treatment of Symptoms (check off appropriate response) 
None: Self-Medicated: . Physician Treated: 
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The NWS Earle is, located in the east-central coastal region of Monmouth County in Colts Neck, New 

Jersey, approximately 35 miles sc;>uth of New York City and 70 miles northeast of Philadelphia. It is 

situated on approximately 11,134 acres and includes a Mainside area, which !s approximately 10 miles inland 

from the Atlantic Ocean at Sandy Hook Bay, and a Waterfront area, which incl~des an ammunition depot and 

associated piers. The Mainside and Waterfront areas are linked by a narrow tract of land that serves as a 

right-of-way for a government road and railroad. 

The main entrance to NWS Earle is located off State Route 34, and the entrance to the Waterfront area is 

located adjacent to ~tate Route 36. 

The majority of the land at the Mainside area is undeveloped land associated with ordnance operations, 

production, and storage facilities; the undeveloped land is encumbered by explosive safety quantity distance 

(ESQD) arcs. Land use at the Mainside facility includes residences, office buildings, workshops and 

warehouses, recreational areas, open space, and undeveloped land. The area around the Mainside facility 

includes agricultural areas, vacant land, and low-density residential land. 

3.1.1 Site 13 

Site 13 is located at least partially within ESQD arcs. Therefore, future 'development at this site is severely 

restricted. The DPDO Yard is an area of fill material extending into a marsh near the rail classification yards. 

Activities at the site included storage of scrap metals and batteries and the burial of material, such as cars, 

trucks, electronic equipment, clothing/shoes, sheet metal, furniture, scrap metal, and batteries. Additionally, 

batteries were broken open at the site for lead recovery, and acid was drained onto the ground. Since the 

primary function of this site was scrap metal storage, it is unlikely, that any unexploded ordnance (UXO) 

would be present in the fill material, however, ordinancE:l "shapes" have been encountered at this site during 

previous intrusive activities. Ordnance handling only occurs within specifically designated areas of NWS 

Earle. Obvious fill material is present at the ground surface at several places across the site. A partial 

removal of exposed debris was performed by NWS Earle public works employees in the summer of 1997. 

NWS Earle is located in the coastal lowlands of Monmouth County, New Jersey, within the Atlantic Coastal 
\.-

Plain Physiographic Province. The Mainside area, which includes Site 13, lies in the outer Coastal Plain, 

approximately 10 miles inland from the Atlantic Ocean. The Mainside area is relatively flat, with elevations 

ranging from 'approximately 100 to 300 feet above mean sea level (MSL). The most significant topographic 

relief within the Mainside area is Hominy Hills, a northeast-southwest-trending group of low hills located near 

the center of NWS Earle. 
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This section describes the project tasks that will be performed at NWS Earle. Additionally, each task has 

been evaluated and the associated hazards and recommended control measures are listed in Table 5-1 of 

this HASP. If new tasks are to be performed at the site, Table 5-1 and this section will be modified 

accordingly. 

The following is a list of activities that are proposed for the investigation: 

• Mobilization and, demobilization - These tasks include the procurement and shipping of equipment 

and materials for the field investigation; review of planning documents; site reconnaissance (site 

characterization, site preparation, layout of sampling locations, obtaining necessary utility clearances, 

isolation physical hazards, etc.) 

• Soil boring and groundwater sampling activities (using hollow stem auger techniques) - 10 monitoring 

wells will be installed in the wetland area to defin~ the down gradient edge of contamination. It is 

anticipated that based on quick turnaround analysis of groundwater sampling results six of these wells 

will be kept and permanent cas kings will be installed. The other 4 wells will be abandoned. 

• Groundwater sampling of six existing monitoring wells 

• Decontamination of sampling and heavy equipment - Heavy equipment (drill rig) will be cleaned and 

decontaminated with high-pressure wash (pressure washer). Sampling equipment (split spoon, 

trowels, etc.) will be decontaminated with soap (liquinox or equivalent) and water and allowed to air 

dry. 

• Geographic SUNeying - Ground surface topography, physical features, and point sUNey of the soil 

boring locations. 

If additional tasks are determined to be necessary, this HASP will be amended and a hazard evaluation of 

the additional tasks will be performed. 

/ 
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5.0 TASKS/HAZARDS/ASSOCIATED CONTROL MEASURES 
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Table 5-1 of this section serves as the primary portion of the site-specific HASP that' identifies the tasks 

that are to be performed as part of the scope of work. This table will be modified and incorporated into 

this document as new or additional tasks are performed at the site. The anticipated hazards, 

recommended control measures, air-monitoring recommendations, required PPE, and decontamination 
r 

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 the table, site. personnel can determine which hazards are associated with each task and at 

each site, and what associated control measures are necessary to minimize potential exposure or injuries 

related to those hazards. The table also assists field team members in determining which PPE and 

decontamination procedures to use based on prope~ air monitoring techniques and site-specific 

conditions. 

The TtNUS Health and Safety Guidance Manual supports this table and HASP. The guidance manual 

further explains supporting programs and elements for other site-specific aspects as required by 29 CFR 

1910.120. The Guidance Manual should be referenced for additional information regarding air monitoring 

instrumentation, decontamination activities, emergency response, hazard assessments, hazard 
, 

communication and hearing conservation programs, m~dical surveillance, PPE, respiratory protection, site 

control measures, standard work practices, and training requirements. Numerous TtNUS SOPs are also 

provided in the Guidance Manual. 

Safe Work Permits issued for exclusion zone activities (See Section 10.10 and Attachment IV) will use 

, elements defined in Table 5-1 as its primary reference. The FOL and/or the SSO completing the Safe 

Work Permit will add additional si,te-specific information.' In situations in which the Safe Work Permit is 

more conservative than the direction provided in Table 5-1 due to the incorporation of site-specific 

elements, the Safe Work Permit will be followed. Attachment VI is the "Standard Operating Procedures 

for Unexploded Ordnance Avoidance Operations." Additional site-specific information will be added to the 

Safe Work Permit by the FOL and/or the SSO. 

5.1 'GENERAL SAFE WORK PRACTICES 

In addition to the task-specific work practices identifi,~d on Table 5-1 general safe work practices should 

be followed when conducting work involving known and unknown site hazards. These safe work practices 
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establish a pattern of general precautions and measures for reducing risks associated with hazardous site 

operations. 

• Refrain from eating, drinking, chewing gum or tobacco, taking medication, or smoking in contaminated 

or potentially contaminated areas or where the possibility for the transfer of contamination exists. 

• Wash hands and face thoroughly upon leaving a contaminated or suspected contaminated area. A 

thorough shower and washing must be conducted as soon as possible if excessive skin contamination 

occurs. 

• Avoid contact with potentially contaminated substances by walking around puddles, pools, mud, or 

other such areas. Avoid, whenever possible, kneeling on the ground or leaning or sitting on 

equipment. 

• Be aware of the location of the nearest telephone and the emergency telephone numbers. See 

Section 2.0, Table 2-1. 

• Rehearse unfamiliar operations prior to implementation. 

• Maintain visual contact with each other and with other on-site team members by remaining in close 

proximity in order to assist each other in case of emergency. 

• Establish appropriate safety zones including support, contamination reduction, and exclusion zones. 
. . 

• Minimize the number of personnel and equipment in contarT)inated areas (such as the exclusion 

zone). Non-essential vehicles and equipment should remain within the Support Zone. 

• Establish appropriate decontamination procedures for leaving the site. 

• Observe coworkers for signs of toxic exposure and heat stress. Inform co-workers of potential 

symptoms of illness, such as headaches, dizziness, nausea, or blurred vision. 

• Whenever possible, stand upwind from an operating drill rig. 

• Establish hand signals with the drill rig operator. 

• Work areas must be kept free of ground clutter. 

• When in operation, personnel will remain more than three feet from the boom. 

5.2 DRILLING OPERATIONS - SAFE WORK PRACTICES 

The following Safe Work Practices are to be followed when. working if! or around drill rigs. 

5.2.1 Before Drilling Operations 

• Identify all underground utilities and buried structures .before drilling. Use the Utility Locating and 

Excavation Clearance Standard Operating Procedure provided in Attachment II. See notes for the 

time lines required on and off-Base utility clearances under mobilization/demobilization Section 4.1. 
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• All drilling rigs will be inspected by the SSO (or designee), prior to the acceptance of the equipment at 

the site and prior to the use of the equipment. All repairs or deficiencies identified will be corrected 

prior to use. The inspection will be accomplished using the Equipment Inspection Checklist provided 

in Attachment III. Inspection frequencies will be once every 10 day shift, or following repairs: 

• The work area around the point of operation will be graded to the extent possible to remove any trip 

, hazards near or surrounding 'operating equipment. 

• The driller's helper will establish an equipment staging and lay-down plan. The purpose of this is to 

keep the work area clear of clu'tter and slips, trips, and fall h~zards. ' Mechanisms to secure heavy 

objects such as auger flights' will be provided to avoid the collapse stacked equipment. 

• Potentially contaminated tooling will be wrapped in polyethylene sheeting for storage and transport to 

the centrally located decontamination unit. 

5.2.2 During Drilling Operations 

• Verbally alert workers and visually check to make sure personnel are away from moving parts 'or are 

in a safe location prior to starting drilling operations. 

• Assign one individual (drill rig operator) who is responsible for manning the emergency shut off device 

at all times and communicate this person to the entire field crew, 

• Minimize contact to th.e extent possible with contaminated tooling and environmental media. 

• Support functions (sampling and screening stations) will be maintained a minimum distance from the 

drilling rig of the height of the mast plus five feet to remove these activities from within physical hazard 

boundaries. 

• Only qualified operators and knowledgeable ground crew personnel will participate in the operation of 

the drill rig. All drill rig operators will be instructed in the location and operation of emergency stop 

buttons, switches or other devices and these shall in good operating condition and inspected daily. 

• . In order to minimize contact with potentially contaminated tooling and media and to minimize lifting , 
hazards, multiple personnel should move heavy tooling, where necessary. 
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• Only personnel absolutely essential to the work activity will be allowed in the exclusion zone. Site 

visitors will be escorted at all times. 

5.2.3 After Drilling Operations 

• All equipment used within the exclusion zone will undergo a complete decontamination and evaluation 

by the SSO to determined cleanliness prior to moving to the next location, exiting the site, or prior to 

down time for maintenance. 

• All motorized equipment will be fueled prior to the commencement of the. day's activities. During 

fueling operations all equipment will be shutdown and bonded to the fuel provider. 

• When not in use all drill rigs will be shutdown, emergency brakes set, and wheels chocked. 

• All areas subjected to subsurface investigative methods will be restored to equal or better condition 

than originaUo remove any contamination brought to the surface and to remove any physical hazards. 

In situations where these hazards cannot be removed these areas will be barricaded to minimize the 

impact on field crews working in the area. 
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1) Exposure to potential site 
contaminants is not anticipated during this 
activity. However, chemicals brought on 
site in support of field activities are to be 
identified, logged, accompanied by an 
appropriate MSDS, properly stored, and 
evaluated for purposes of hazard 
communication. 

Physical hazards: 

Potential physical hazards associated with 
this task may include: 

2) Ufting (muscle strains and pulls) 
3) Pinches and compressions 
4) Slip, trips, and falls 
5) Vehicular and foot traffic 

1) To eliminate potential chemical hazards associated with this task ensure the 
following: 
- A chemical inventory list is generated for all chemicals brought on site (Complete 
Section 5.0 of the Health and Safety Guidance Manual). 
- Material. ~afety Data Sheets must be available for all chemicalS brought on site 
(Complete Section 5.0 of the Health and Safety Guidance Manual). 
- Materials are stored in accordance with recommended practices and according 
to compatibility (See MSDS for storage and compatibility recommendations). 

Physical hazards: 

2) Use machinery or multiple personnel for heavy lifts. 
- Use proper lifting techniques. 
3) Keep any machine guarding in place. Avoid moving parts. Use tools or 
equipment where necessary to avoid contacting pinch points. 
4) Preview and prepare work locations where unstable/uneven terrain exists. 
5) Identify all access/egress routes and locations to within.established areas of 
operation. 
- All equipment capable of self-propelled movement will be equipped with 
movement alarms as applicable. 
- Traffic regulations for NWS Earle are to be followed ~~ posted. 

\'J 
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in Level D protection: 

Level D - (Minimum Requirements) 
- Standard field attire (SleeVed shirt; long pants; or coveralls) 
- Safety shoes or boots with steel toe 
- Safety glasses 
- Hardhat (when overhead hazards exists, or identified as an operation 
requirement) 
- Hearing protection for high noise areas, or as directed on an operation 
by operation scenario. As a general rule of thumb, if you need to raise 
your voice to be heard while engaged in conversation with someone 
who is within 2 feet of your position, you may be exposed to excessive 
noise levels and should use hearing protection. 

Note: The Safe Work Permit(s) for this task (see Attachment IV) will be 
issued at the beginning of each day to address the tasks planned for 
that day. As part of this task, additional PPE may be aSSigned to reflect 
site-specific conditions or special considerations or .conditions 
associated with any identified task. 

As potential site contaminants are not anticipated as 
part of this task, personal decontamination is not 
required. 

All equipment arrivinglleaving the site will be inspected 
prior to permitting this equipment to enter or exit the 
site. The SSO will inspect the equipment and give the 
clearance to allow the equipment to pass. Failure to 
pass inspection will prohibit entering or exiting the site 
as applicable. All equipment that failS the inspection 
will have to be decontaminated again to a level 
acceptable to the SSO prior to passage on qr off site. 
All equipment permitted to pass on/off site will bEl 
documented using an Equipment Inspection Checklist. 
This form may be found in Attachment III of this HASP. 

) 



• 

• 

1) Previous analytical data identified 
various contaminants of concem 
including chloroform and methylene 
chloride and various metals in 
groundwater at Site 13. Metals, 
PCBs, various pesticides and VOCs 
(primarily chlorinated solvents and 
associated degradation products) 
have been detected in adjacent areas 
in sediments and surface waters, and 
these areas are to avoided to the 
greatest extent pOSSible. 

None of the contaminants of concem 
have been previously detected at 
concentrations that are likely to 
present an inhalation exposure hazard 
to site personnel. It should be noted 
that historical information on Site 13 
suggests that some potential exists 
for encountering lead and battery 
acids (from previous disposal 
practices). 

Further information on some of the 
primary contaminants of concem is 
presented in Figure 6-1. 

2) Transfer of contaminants into clean 
areas or onto persons 

Physical hazards: 

3) Ufting (muscle strains and pulls) 
4) Pinches and compressions 
5) Slip, trips, and falls 
6) Noise hazards 
Natural hazards: 

7) Temperature extremes 
8) Insectlanimal bites and stings 
9) Inclement weather 

1) Use real-time monitoring instrumentation, action levels, and identified 
PPE to identify, quantify, and control exposures to potentially contaminated 
media (e.g., air, water, soils). 

2) Restrict the cross-use of equipment and supplies between sampling 
locations without first going through a suitable decontamination. 

Physical hazards: 

3) Use machinery or multiple personnel for heavy lifts. Use proper lifting 
techniques. 

4) Keep any machine guarding in place. Avoid moving parts. Use tools 
or equipment where necessary to avoid contacting pinch points. 
- A remote sampling device must be used to sample drill cuttings near 
rotating tools. The equipment operator shall shutdown machinery if the 
sampler is near moving machinery paris. 

5) Preview work locations for unstable/uneven terrain. 

6) Use hearing protection when working in the vicinity of operating equipment 
or other noise producing equipment. 

Natural hazards: 

7) Personnel must be aware of the conditions of heat/cold stress and take 
appropriate preventive measures to prevent the illness. For example, 
drink caffeine-free liquids to replace body fluids lost as a result of 
sweating if working under hot conditions, take rest breaks in appropriate 
areas (shaded if conditions are hot, and warm break areas if conditions 
are cold). See Section 4 of the Tetra Tech NUS Health and Safety 
Guidance Manual for additional information on heat stress and cold 
stress. 

8) Avoid nesting areas; Tape pant legs to work boots when in high brush 
(knee high) (tick hazards); Use repellents - follow manufacturer 
instructions. Apply Permo none over clothing articles to avoid skin 
irritation. Apply repellants containing DEET to skin areas. Application of 
repellants should concentrate where ticks and other insects will gain entry. 
Pant to boots, shirt to pants, collar; Perform close body inspections upon 
exiting high brush areas to facilitate and remove ticks and other insects; 
Report potential hazards to the SSO. Follow guidance presented in 
Section 4.0 of the TtNUS Health and Safety Guidance Manual and 
Section 6.3 of this HASP. 

9) All operations will be temporarily suspended during inclement weather" 
(e.g., electrical storms, high winds, etc.) at SSO's discretion. 

None of the contaminants of concern are anticipated to 
be present at detectable airborne concentrations. As a 
result, the contaminants of concern are unlikely to 
present a significant exposure potential to site workers, 
particularly via inhalation. However, as a precautionary 
measure, either an FID or a PID (with an 11.3 eV or higher 
lamp strength) will be used as follows: 

1) Screen potential source areas (excavated soils) to 
detect the presence of any VOCs. Elevated readings at a 
source area will require: 

Worker breathing zones to be monitored to determine 
airbome concentrations of VOCs that may oppose an 
inhalation hazard to site workers. Any sustained (> 1 
minute in duration) airbome concentration greater than 5.0 
ppm in a worker breathing zone requires site activities to be 
suspended and notification of the PHSO. 

DustslParticulates 

Observations of visible dust (approximately 2 mglm3
) will 

require site personnel to employ dust suppression (area 
wetting) methods if airbome dusts cannot be otherwise 
avoided by moving site operations upwind or by 
repositioning site equipment away from visible dust clouds. 
This conservative action level will control potential 
exposures to all site contaminants and nuisance 
particulates. 

TABLE 5-1 
TASKS/HAZARDSICONTROL MEASURES 

NWS EARLE, COLTS NECK, NEW JERSEY 
PAGE20F5 

All sampling activities are anticipated to proceed in Level D 
protection as specified below: ' 

Level D - (Minimum Requirements) For sampling activities: 

- Standard field attire (Sleeved shirt; long pants) 
- Safety shoes or boots (Steel toe) 
- Safety glasses with side shields 
- Nitrile gloves (Clean pair for each sample location), layered if 
necessary 
- Hard-hat (when overhead hazards exists such as when working 
around heavy equipment, or a.s identified as an operation 
requirement) , 
- Reflective vest for high traffic areas or when working around 
heavy equipment 
- Hearing protection for high noise areas, or as directed on an 
operation by operation scenario. 

Note: The Safe Work Permit(s) for this task (see Attacnment IV) 
will be issued at the beginning of each day to address the tasks 
planned for that day. As part of this task, additional PPE may be 
aSSigned to reflect site-specific conditions or special considerations 
or conditions associated with any identified task. 

Decontaminate sample containers in accordance 
with the Field Sampling Plan I Work Plan. 

Personnel decontamination: 

- Equipment drop-off 
- Wash and rinse reusable outer protective 
garments (if applicable) 
- Remove and dispose of disposable PPE 
- Wash hands and face, leave contamination 
reduction zone. 

Equipment decontamination: 

See Task - Decontamination of Sampling and 
Heavy Equipment 
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Soil Borings 

Soil boring activities will 
be performed using 
hollow stem auger 
techniques. C 

Chemical hazards: 

1) Previous analytical data identified the 
pres~nce of chloroform and methylene 
chloride in low concentrations in 
groundwater at Site 13. However, these 
contaminants are not likely to be present in 

. airbome concentrations that would present 
an inhalation exposure hazard to site 
personnel. It should be noted that historical 
information on Site 13 suggests that the 
potential exists for encountering lead and 
battery acids (from previous disposal 
practices). 

Further information on some of the primary 
contaminants of concem is presented in 
Figure 6-1. 

2) Transfer of contamination into clean 
areas or onto clean persons. 

Physical hazards: 

3) Rotating machinery (entanglement) 

4) Noise 

5) Energized systems 

6) Slips, trips, and falls 

7) Pinch/compression 

8) Ambient Temperature Extremes 

Natural hazards: 

9) Natural hazards (Insect/animal bites and 
stings) 

10) Inclement weather 

cO 

Chemical hazards: 

1) Use real-time monitoring instrumentation, action levels, identified PPE, and work practices to control 
exposures to potentially contaminated media (air, water, soils, etc.). 

2) Decontaminate all equipment and supplies between borings and prior to leaving the site. 

Physical hazards: 

3) All equipment to be used will be 
- Inspected in accordance with Federal safety and transportation guidelines, OSHA (1926.600.601.602), 
and manufacturer's design. All inspections will be documented using the Equipment Inspection Checklist 
found in Attachment III of this HASP. 
- Operated and supported by knowledgeable operators, and ground crew. 
- Used within safe work zones, with routes of approach clearly demarcated. All personnel not directly 
supporting this operation will remain at least 25 feet from the point of operation. This will be the area 
identified as the exclusion zone. 
In addition to equipment considerations, the following safe operating procedures will be incorporated: 
- Hydraulic masts or other projecting devices shall be at least 20 feet from overhead power sources and a 
minimum of 3 feet from underground utmties. . . 
- Hand signals will be established prior to the commencement of the operation. 
- Only manufacturer-approved equipment may be used in conjunction with equipment repair procedures 
(e.g., flight connectors). 
- Work areas will be kept clear of clutter. 
- Secure all loose articles to avoid possible entanglement during coring activities. 
- All self-propelled equipment shall be equipped with movement waming systems. 
- All personnel will be instructed in the location and operations of the emergency shut-off device(s). This 
device will be tested initially (and then periodically) to ensure its operational status. 
- Areas will be inspected prior to the movement of the drill rig and support vehicles to eliminate any 
physical hazards. This will be the responsibility of the FOL and/or SSO. 
- The drill rig and support vehicles will be moved no closer than 3 feet to unsupported side-walls of 
excavations and embankments. ' 
4) Hearing protection will be used during all drill rig intrusive activities. 
5) All ulility clearances shall be obtained prior to any subsurface investigation. Prior to any subsurface 
investigations, the locations of all underground utilities will be identified and marked. Follow the guidelines 
established in Attachment II (Utility Locating and Excavation Clearance SOP). The FOL will obtain written 
permit clearance prior to all subsurface investigations. 
6) Preview and prepare work locations where unstable/uneven terrain exists. 
7) Keep machine guards in place. Avoid moving parts. Secure long clothing, hair, or jewelry that could be 
entangled. 
8) Personnel must be aware of the conditions of heat/cold stress and take appropriate preventive measures 
to prevent the illness. For example, drink caffeine-free liquids to replace body fluids lost in sweating if 
working under hot conditions, take rest breaks in appropriate areas (shaded if conditions are hot, and warm 
break areas if conditions are cold). See Section 4 of the Tetra Tech NUS Health and Safety Guidance 
Manual for additional information on heat stress and cold stress. 

Natural hazards: 

9) This activity may take place in remote locations where natural hazards are a concem. To control this 
hazard: 
- Preview all work areas to remove or barricade physical hazards or potential nesting areas. 
- Clear sufficient area around the drill rig to permit unimpeded work. . 
- See Groundwater sampling task for direction on measures to minimize potentials for insect bites (see 
also Attachment VI, Tick Control and Lyme Disease). 
10) All operations will be temporarily suspended during electrical storms or other hazardous weather 
conditions at the SSO's" ., 

None of the contaminants of concern are 
anticipated to be present at detectable airborne 
concentrations. As a result, the contaminants of 
concern are unlikely to present a significant 
exposure potential to site workers, particularly 
via inhalation. However, as a precautionary 
measure, either an FID or a PID (with an 11.3 eV or 
higher lamp strength) will be used as follows: 

1) Screen potential source areas'(excavated soils) 
to detect the presence of any VOCs. Elevated 
readings at a source area will require: 

Worker breathing zones to be monitored to 
determine airbome concentrations of VOCs that may 
oppose an inhalation hazard to site workers. Any 
sustained (> 1 minute in duration) airbome 
concentration greater than 5.0 ppm in a worker 
breathing zone requires site activities to be 
suspended and notification of the PHSO. 

DustslParticulates 

Observations of visible dust (approximately 2 mglm~ 
will require site personnel to employ dust 

suppression (area wetting) methods if airbome dusts 
cannot be otherwise avoided by moving site 
operations upwind or by repositioning site equipment 
away from visible dust clouds. This conservative 
action level will control potential exposures to all site 
contaminants and nuisance particulates. 

Where the utility clearance cannot be determined, 
subsurface activities shall proceed with extreme 
caution using hand digging to at least below the 
frost-line depth (no less than 4 ft. BGS). Also, a 
magnetometer must be used for periodic down
hole surveys every 2 feet to a depth of at least 10 
feet. 

Level D protection constitutes the 
following minimum protection 
- Standard field dress (long pants, 
sleeved shirts) 
- Steel-toe safety shoes or boots 
- Nitrile gloves 
- Hard-hat, safety glasses, and earplugs 
or muffs. 
- Tyvek coveralls will be wom if there is 
a possibility of soiling work attire. 
- Rubber boots for 'muddy conditions 

Note: The Safe Work Perrnit(s) for this 
task (see Attachment IV) will be issued at 
the beginning of each day to address the 
tasks planned for that day. As part of this 
task, additional PPE may be aSSigned to 
reflect site-specific <-conditions or special 
considerations or conditions associated 
with any identified task. 
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Personnel Decontamination - Will consist of a 
soap/water wash and rinse for outer protective 
equipment (e.g. boots, gloves, etc.). This function 
will take place at an area adjacent to the drilling 
operations bordering the support zone. 

This decontamination procedure for Level D 
protection will consist of 
- Equipment drop 
- Remove and dispose of any disposable PPE 
(Tyvek coveralls, outer gloves, etc.) 
- Soap/water wash and rinse of reusable PPE Items 
(e.g., boots). 
- Wash hands and face; leave contamination 
reduction zone 

Equipment Decontamination - All heavy 
eqUipment decontamination will take place at Site 
13 utilizing steam or pressure washers. Heavy 
equipment will have the wheels and tires cleaned 
along· with any loose debris removed, prior to 
transporting to the central decontamination area. 
All site vehicles will be restricted access to 
exclusion zones, or also have their wheelsltires 
sprayed off so as not to track mud onto the 
roadways servicing this installation. Roadways 
shall be cleared of any debris resulting from the 
onsite activity. 

All equipment used in the exclusion zone will 
require a complete decontamination between 
locations and prior to removal from the site. 

The FOL or the SSO will be responsible for 
evaluating equipment arriving on site and prior to 
leaving the site. No equipment will be authorized 
access or exit without this inspection and 
authorization. See Attachment III Equipment 
Inspection Checklist. 
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Exposure to potential site contaminants during 
surveying activities is unlikely given the nature of 
the work and the limited contact with potentially 
contaminated media (soils, sediments, surface 
water, etc.). To further reduce the potential for 
exposure, site personnel performing these 
activities will minimize contact with potentially 
contaminated media and will avoid areas where 
chemical hazards may exist. 

Previous analytical data identified various 
contaminants of concem including chloroform and 
methylene chloride in groundwater, and metals, 
PCBs, various pesticides and VOCs in sediments and 
surface water. However, none of the contaminants of 
concem were previously detected at concentrations 
that are likely to present an inhalation exposure 
hazard to site personnel. It should be noted that 
historical information on Site 13 suggests that the 
potential exists for encountering lead and battery 
acids (from previous disposal practices). 

Physical hazards: 

1} Slip, trips, and falls 

Natural hazards: 

2} InsecVanimal bites and stings, poisonous plants 

3} Inclement weather 

4} Ambient Temperature Extremes 

1) Preview work locations and site lines for uneven and unstable terrain. 
Clear necessary vegetation and establish temporary means for traversing 
hazardous terrain (e.g. rope ladders). 

Natural hazards: 

2) Avoid potential nesting areas of biting/stinging insects and animals. Use 
commercially available insect repellents (Permanone on clothing and DEET 
on skin). Avoid contact with poisonous vegetation. Wear appropriate 
clothing. Tape ankle and wrists areas to prevent ticks, chiggers, etc. from 
attaching themselves to your skin. Wear light-colored clothing so that ticks 
and other biting insects can be easily visible and be removed. Follow 
directions as specified in section 6.2 conceming natural hazards. 

3} All operations will be temporarily suspended during electrical storms. 

4} Personnel must be aware of the conditions of heaVcold stress and take 
appropriate preventive measures to prevent the illness. For example, drink 
caffeine-free liquids to replace body fluids lost in sweating if working under 
hot conditions, take rest breaks in appropriate areas (shaded if conditions' 
are hot, and warm break areas if conditions are cold). See Section 4 of the 
Tetra Tech NUS Health and Safety Guidance Manual for additional 
information on heat stress and .,cold stress. 

air monitoring is needed given that volatile 
contaminants are not likely to be present during 
these site activities. The potential for exposure to 
site contaminants during this activity is 
considered minimal. 

Surveying activities shall be performed in Level 
D protection 

Level D Protection consists of the following: 
- Standard field dress including sleeved shirt 
and long pants 
- Steel-toe work boots or shoes 
- Safety glasses, hard hats (if working near, 
machinery or when eye/overhead hazards are 
present) 
- Tyvek coveralls may be worn to provide 
additional protection against poisonous plants 
and insects, particularly ticks. 
- Work gloves may be worn if desired. 
- Snake chaps for heavily wooded area where 
encounters are likely. 

Note: The Safe Work Permit(s) for this task 
(see Attachment IV) will be issued at the 
beginning of each day to address the tasks 
planned for that day. As part of this task, 
additional PPE may be assigned to reflect site
specific conditions or special considerations or 
conditions assOCiated with any identified task. 
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Personnel Decontamination - A structured 
decontamination is not required, as the likelihood of 
encountering contaminated media is considered 
remote. However, survey parties should inspect 
themselves and one another for the presence of ticks 
when exiting wooded areas, grassy fields, etc. This 
action will be used to stop the transfer of these 
insects into vehicles, homes, and offices. 



1) Previous analytical data identified various 
contaminants of concem including chloroform 
and methylene chloride in groundwater, and 
metals, PCBs, various pesticides and VOCs 
in sediments and surface waters. However, 
none of the contaminants of concem were 
previously detected at concentrations that are 
likely to present an inhalation exposure 
hazard to site personnel. It should be noted 
that historical information on Site 13 suggests 
that the potential exists for encountering lead 
and battery acids (from previous disposal 
practices). 

Further information on some of the primary 
contaminants of concem is presented in 
Figure 6-1. 

2) Decontamination fluids - Liquinox 
(det~rgent), acetone or isopropanol 

PhYSical Hazards 

3) Lifting (strain/muscle pulls) 
4) Noise in excess of 85 dBA 
5) Flying projectiles 
6) Vehicular and foot traffic 
7) Slips, trips, and falls 

Natural Hazards 

8) Ambient temperature extremes (heat 
stress) 

9) Inclement weather 

10) Insect/animal bites and stings, poisonous 
plants 

1) and 2) Use protective eqUipment to minimize contact 
with site contaminants and hazardous decontamination 
fluids. Obtain manufacturer's MSDS for any 
decontamination fluids used onsite. These must be 
used in well-ventilated areas, such as outdoors. Use 
appropriate PPE as identified on MSDS. All chemicals 
used must be listed on the Chemical Inventory for the 
site, and site activities must be consistent with the 
Hazard Communication section of the Health and 
Safety Guidance Manual (Section 5). 

Physical hazards: 

3) Use multiple persons where necessary for lifting 
and handling sampling equipment for decontamination 
purposes. 

4) Wear hearing protection when operating pressure 
washer. 

5) Use eye and face protective equipment when 
operating pressure washer. All other personnel must 
be restricted from the area. 

6) Traffic and equipment considerations are to inClude 
the following: 
- Establish safe zones of approach. 
- All equipment shall be equipped with movement 
waming systems. 
- All activities are to be conducted consistent with the 
Base requirements. 

7) Preview work locations for unstable/uneven terrain. 

Natural hazards: 

8) Personnel must be aware of the conditions of 
heat/cold stress and take appropriate preventive 
measures to prevent the illness: For example, drink 
caffeine-free liquids to replace body fluids lost in 
sweating if working under hot conditions, take rest 
breaks in appropriate areas (shaded if conditions are 
hot, and warm break areas if conditions are cold). See 
Section 4 of the Tetra Tech NUS Health and Safety 
Guidance Manual for additional information on heat 
stress and cold stress. 
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9) Suspend or terminate operations until directed 
otherwise by SSO. 

10) Avoid nesting areas; Tape pant legs to work boots 
when in high brush (knee high) (tick hazards); Use 
repellents - follow manufacturer instructions. Apply 
Permonone over clothing articles to avoid skin 
irritation. Apply repellants containing DEET to skin 
areas. Application of repellants should concentrate 
where ticks and other insects will gain entry. Pant to 
boots, shirt to pants, collar; Perform close body 
inspections upon exiting high brush areas to facilitate 
and remove ticks and other insects. 

Use visual observation, and real-time monitoring 
instrumentation to ensure all equipment has been 
properly cleaned of contamination and dried. After 
decon is completed, screen equipment with an FID or 
a PID. If any elevated readings (i.e., above 
background) are observed, perform decon again and 
re-screen. Repeat until no elevated FID/PID readings 
are-noted. 

For Heavy Equipment 
This applies to high-pressure soap/water, steam cleaning 
wash and rinse procedures. 

Level D Minimum requirements -
- Standard field attire (Long sleeve shirt; long pants) 
- Safety shoes (Steel toe/shank) 
- Nitrile outer gloves 
- Safety glasses undemeath a splash shield 
- Hearing protection (plugs or muffs) 
- PVC Rainsuits or PE or PVC coated Tyvek 
- Chemical resistant boot covers 
- Hard hat (at SSO's discretion) 

For sampling equipment the following PPE is required 

Note: Consult MSDS for PPE guidance. Otherwise, 
observe the following. 

Level D Minimum requirements -
- Standard field attire (Long sleeve shirt; long pants) 
- Safety shoes (Steel toe/shank) 

Nitrile outer gloves 
- Safety glasses 

In the event of overspray of chemical decontamination 
fluid use PVC Rainsuits or PE or PVC coated Tyvek as 
necessary. 

Note: The Safe Work Permit(s) for this task (see 
Attachment IV) will be issued at the beginning of each day 
to address the tasks planned for that day. As part of this 
task, additional PPE may be assigned to reflect site-specific 
conditions or special considerations or conditions 
associated with any identified task. 
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Personnel Decontamination will consist of a 
soap/water wash and rinse for reusable outer 
protective equipment (boots, gloves, PVC splash 
suits, as applicable). The decontamination function 
will take place at an area adjacent to the site activities. 
This procedure will consist of: 
- Equipment drop 
- Soap/water wash and rinse of outer boots and 
gloves, as applicable 
- Soap/water wash and rinse of the outer splash suit, 
as applicable 
- Disposable PPE will be removed and bagged. 

Equipment Decontamination - All heavy 
equipment decontamination will take place at a 
centralized decontamination pad utilizing steam or 
pressure washers. Heavy equipment will have the 
wheels and tires cleaned along with any loose debris 
removed, prior to transporting to the central 

'decontamination area. All site vehicles will have 
restricted access to exclusion zones, and have their 
wheels/tires sprayed off as not to track mud onto the 
roadways servicing this installation. Roadways 
shall be cleared of any debris resulting from the 
onsite activity. 

Sampling Equip~nt Decontamination 

Sampling equipment will be decontaminated as per 
the requirements in the Sampling and Analysis Plan 
and/or Work Plan. 

MSDS for any decon solutions (Alconox, isopropanol, 
etc.) will be obtained and used to determine proper 
handling / disposal methods and protective measures 
(PPE, first-aid, etc.). 

All equipment used in the exclusion zone will require a 
complete decontamination between locations and 
prior to removal from the site. 

The FOL or the SSO will be responsible to evaluate 
equipment as it arrives and leaves the site. No 
equipment will be authorized access or exit without 
this evaluation. See Attachment III Equipment 
Inspection Checklist. 
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The following section provides information regarding the chemical, physical, and natural hazards 

anticipated to be present during the activities to be conducted. Table 6-1 provides information related to 

chemical constituents that have been, identified by analysis or are suspected to be present at the site 

based on historical data. Specifically, toxicological information, exposure limits, symptoms of exposure, 
- \ ' 

physical properties, and air monitorIng and sampling data are discussed in the table. 

6.1 CHEMICAL HAZARDS 

Previous analytical data from Site 13 indicated the presence of various contaminant~ of concern including , 
various metals, polychlorinated biphenyls (PCBs), an assortment of pesticides, and several volatile org~nic 

compounds (VOCs) primarily in the form of chlorinated solvents and associated degradation products. The 

most recent data available pertinent to groundwater at Site 13 indicate the presence of only two organic 

compounds: methylene chloride and chloroform. An evaluation of that data indicate that it is very unlikely 

that personnel participating in drilling and sampling activities could encounter concentrations of any 

substances that would represent an exposure concern via inhalation. Some limited potential exposure 

concerns could e~ist through direct skin contact or ingestion of contaminated media. 

Potential (outes of exposure through ingestion and skin contact will be minimized through the use of personal 

protective equipment (PPE), decontamination procedures, and good personal hygiene (washing hands prior 
, 

to performing hand to mouth activities such as eating, smoking, etc.). As a precautionary measure, real-time 

monitoring instruments (flame ionization detector or photoionization detector) will be used to monitor for the 

presence of airborne concentrations of VOCs. Additionally, site personnel will visually monitor drilling 

operations to determine the presence of airborne dusts. If airborne dusts are observed, area wetting 
I 

methods will be used to suppress the generation of dusts that may facilitate exposure through Inhalation of 

airborne dusts. Tab~e 6-1 provides information on the toxicological, chemical, and physical properties of 

some of the contaminants of concern. 
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relative response ratio 
unknown. 

FlO: 100% response 
with FlO 

Methylene chloride 175-09-2 1 PIO: J.P. 11.32 eV, High 
response with PIO and 
11.7 eV lamp. 

FlO: 100% response 
with FlO. 

TABLE 6-1 

CHEMICAL, PHYSICAL, AND TOXICOLOGICAL DATA 
SITE 13 NWS EARLE, COLTS NECK, NEW JERSEY' 

Air sample using OSHA: 50ppm Inadequate - Odor threshold 133 - Boiling Pt; 143°F; 62°C 
charcoal sorbent (ceiling) 276 ppm. Chloroform has poor Melting Pt; -81°F; -62°C 
tube and carbon warning properties but Will adhere to Solubility: 0.5% 
disulfide desorpti0!1 NIOSH: organic vapor cartridges. Supplied Flash Pt: N/A 
with gas STEL2 ppm air respirators are recommended. LELJLFL; Not available 
chromatography UELlUFL: Not available 
flame ionization ACGIH: 10 ppm Recommended glove; Polyvinyl Vapor Density: Not available 
detector; Sample and Alcohol >8.00 hrs; Viton 9.50 hrs; Vapor Pressure: 160 mmHg @ 68°F; 
analytical protocol in IOLH: 500 ppm Teflon >3.60 hrs 20°C 
accordance with Specific Gravity: 1.48 
NIOSH Method Incompatibilities: Strong caustics, 
#1003. chemically active metals such as 

aluminum or magnesium powder, 
sodium and potassium, strong oxidizers 
Appearance and Odor: 
Colorless liquid with a sweet pleasant 
odor. 

Air sample using OSHA: 50 ppm, Inadequate - Odor threshold 160 Boiling Pt: 104°F; 39.8°C 
charcoal or Anasorb 100 ppm (Ceiling) ppm. Use a gas mask with a Type N Melting Pt: -141°F; -96°C 
CMS sorbent tube; camster for concentrations up to 25 Solubility: 2% 
carbon disulfide ACGIH: 50 ppm ppm. In excess of 25 ppm, use a Flash Pt: Not available 
desorption; gas supplied air respirator (airline LELlLFL: 13% 
chromatography- NIOSH: Lowest respirator with emergency escape UELlUFL: 12% 
flame ionization feasible cylinder or a Self-Contained Vapor Density: 2.93 
detector; Sampling concentration Breathing Apparatus - (SCBA): Vapor Pressure: 380 mmHg @ 72°F; 
and analytical 22°C 
protocol shall IOLH: 2300 ppm Recommended gloves: Nitrile Specific Gravity: 1.33 
proceed in rubber latex glove 3.00 hrs (vendor Incompatibilities: Strong OXidizers, 
accordance with specific); supported caustics, metals (i.e. aluminum, 
OSHA Method #59, Polyvinyl alcohol glove, magnesium, potassium, sodium, 
80, or NIOSH Method unsupported 1-8 hrs; Silver shield lithium), and concentrated acids 
#1005.· 1.90 hrs Appearance and Odor: 

Colorless liquid with a chloroform-like 

/ 

Overexposure to this substance may 
cause dizziness, mental dullness, 
nausea, headache, fatigue, 
anaesthesia, and irritation of the skin 
and eyes. Chronic overexposure 
may result in damage to the liver, 
kidneys, heart, eyes and skin. 

Effects of overexposure may 
CNS effects - cause sleepiness, 
fatigue, weakness, lightheadedness, 
numbness of the limbs, altered 
cardiac rate and incoordination. 
These signs and symptoms may be 
accompanied by nausea, gastriC and 
pulmonary irritation leading possibly 
to pulmonary edema. In addition to 
the narcosIs long term effects may 
include liver inJUry. listed as 
possessing carcinogenic properties 
by NTP, IARC, and ACGIH. 
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6.2 PHYSICAL HAZARDS 

Revision 1 
August 2004 

" The physical hazards that may be present during the performance of site activities are summarized below: 
I' " 

• Heavy equipment hazards (pinch/compression points, rotating equipment, etc.) 

• Slips, trips, and falls 

• Energized systems (contact with underground or overhead utilities) 
I ' 

• Lifting (strain/muscle pulls) 

• Noise exceeding 85 decibels (dBAs) 

• Ambient temperature extremes (heat or cold stress) 

• Eye (flying projectiles) and foot hazards. 

• . Pinches and compressions 

• Contact with sharp objects (glass, metal, etc.) 

• Vehicular and foot traffic 

These physical hazards are discussed in Table 5-1 as appl.icable to each site task. Furthermore, many of 

these hazards are discussed in detail in Section 4.0 of the Health and Safety Guidance Manual. Specific 

discussion on some of these hazards is presented below. 

6.2.1 Heavy Eguipment Hazards (Pinch/Compression ~oints, Rotating Eguipm~nt, etc.) 

. . 
Often the hazards associated with drilling operations are the most "dangerous to be encountered during 

site activities. The SSO will thoroughly discuss safe drilling procedures during the pre-activities training 

session. All site personnel will sign the form in Figure 8-2 documenting that they received the training and 

understand the procedures. The following rules will apply to drilling operations: . 

• Each rig must be equipped with emergency stop devices that will be tested daily to ensure that they 

are operational. 

• Long handled shovels or equivalent shall be used to clear cuttings from the borehole and rotating 

equipment. 

• The driller may not leave the controls when the augers are rotating. 

6.2.2 Energized Systems (Contact with Underground or Overhead Utilities) 

Underground utilities such as pressurized lines, water lines, telephone lines, buried utility lines, and high 

voltage power lines are known to be present throughout the facility. Clearance of underground and overhead .. , ' . 
utilities.for each sample location will be coo~dinated with NWS Earle personnel. All work must be consistent 
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with the SOP for Utility Locating and Excavation Clearance (See Attachment II of this HASP). Additionally, 

drilling operations will be conducted at a safe distance (>20 feet) from overhead power lines. Whenever 

underground utilities are suspected to be close to subsurface sampling locations, the borehole will be 

advanced to a minimum of 5 feet ,with a hand auger before d~illing. As built drawings may also be used for 

additional clarification. In certain cases, NWS Earle personnel may need to de-energize electrical cables 

using facility lockoutltagout procedures to ensure electrical hazards are eliminated. 

New Jersey One Call 

In New Jersey the law requires ·you to call New Jersey One-Call at least three but no more than 10 

business days before you dig (even with a shovel). New Jersey One-Call is a free utility locating service 

for homeowners and contractors throughout New Jersey. Within three business days of your call, the 

location of underground utilities will be marked. Call 1-800-272-1000 before you dig. 

6.2.3 Ambient Temperature Extremes 

Overexposure to high or low ambient temperatures (heat or cold stress) may exist during performance of 

this work depending on the project schedule. Work performed when ambient temperatures exceed 70°F 

,may result in varying levels of heat stress (heat rash, heat cramps, heat exhaustion, and/or heat stroke) 

depending on variables such as wind speed, humidity, and percent sunshine, as well as physiological 
, 

factors such as metabolic rate and skin moisture content. Additionally, work load and level of protective 

equipment will affect the degree of exposure. Site personnel will be encouraged to drink plenty of fluids to 

replace those lost through perspiration. Work performed when ambient temperatures are below 40°F may 

result in varying levels of cold stress (tremors, frostbite, wind burn, etc.) depending on variables such as 

wind speed, humidity, and percent sunshine, as well as physiological factors such as metabolic rate and 

skin moisture content. Additional information such as Work-Rest Regimens and personnel monitoring 

may be found i,n Section 4.0 of the Health and Safety Guidance Manual. The SSO will recommend 

additional heat or cold stress control measures as they are deemed necessary per American Conference 

of Governmental Industrial Hygienists (ACGIH) guidelines. 

6.3 NATURAL HAZARDS 

6.3.1 Insect/Animal Bites and Stings. Poisonous Plants. etc. 

Contact with poisonous plants and bites or stings from poisonous insects are other natural hazards that must . 

be considered. All site personnel who are allergic to stinging insects such as bees, wasps, and hornets must 

be particularly careful because severe illness and death may result from allergic reactions. As with a medical 
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condition or allergy, information regarding the condition must be listed on the Medical Data Sheet and the 

FOL and SSO must be notified. 

Ticks 

During warm months (spring through early fall), tick-borne Lyme Disease may pose a potential health hazard. 

, The longer a disease-carrying tick remains attached to the body, the greater the potential for contracting the 

disease. Wearing long sleeved shirts and long pants (tucked into boots) as well as performing frequent body 

checks will prevent Iqng-term attachment. Site first aid kits should be equipped with medical forceps and 
/ 

rubbing alcohol, to assist in tick removal. If necessary, tyvek coveralls can be worn to provide a barrier 

between the skin and ticks that may come into contact with clothing. Commercially available insect repellents 

have been shown to be effective at repelling ticks and other biting insects. For information regarding tick 

removal procedures and symptoms of exposure consult Attachment VII of this HASP or Section 4.0 of the 
. ' , 

Health and Safety Guidance Manual. 

West Nile Virus 

West Nile Virus (WNV) can spread to people and animals through the bite of an infected mosquito. 

Mosquitoes acquire the virus from infected bir~s. Infected mosquitoes then transmit the West Nile 

virus to humans and animals when biting (or taking a blood-meal). West Nile encephalitis is NOT 

transmitted from person-to-person. There is no evidence that a person can get the virus from 
, , 

handling live or dead infected birds. However, avoid bare-handed contact when, handling any 

dead animals, including dead birds. Ticks have not been implicated as vectors of West Nil -like 

virus. 

Prior to the detection of the virus in New York City, the virus, which can cause the brain infection 

encephalitis, WNV was found only in Africa, Eastern Europe and West Asia. Mild infections are 

common and include fever, headache, and body aches, often with skin rash and swollen lymph 

glands. More severe infection is marked by headache, high fever, neck stiffness, stupor, 

disorientation, coma, tremors, occasional convulsions, paralysis and, rarely, death (especially in 

the elderly and very young). The incubation period of West Nile encephalitis is usually 3 to 12 

days. There is no specific therapy or vaccine against West Nile encephalitis. The vast majority pf 

people who are bitten by'an infected mosquito will develop only mild symptoms, if any. 

In New Jersey, the legislation that established mosquito control, did so at the level of county government. 

All 21 counties have a mosquito control program of some kind. This network of county agencies interact 
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with state government via the Departments of Health and Senior Services, Agriculture, Environmental 

Protection and the Agricultural Experiment Station at Rutgers University. New Jersey has a 

co.mprehensive plan for dealing with a possible return of the West Nile Virus. It includes enhanced 

mosquito control efforts; increased human, animal and mosquito surveillance; a ~treamlined system for 

testing collected samples, and a public education program. 

Additional information can be obtained from the Monmouth County Mosquito Extermination Commission at 

(723) 542-3630. 

Precautions 

• 

• 

• 

Limit outdoor activities during peak mosquito times - at dusk and dawn. 

Avoid standing water 

Wear long-sleeved shirts and long pants whenever you are outdoors. 

• Apply insect repellent to exposed skin according to manufacturer instruction. An effective 

repellent will contain 20% to 30% DEET (N,N:diethyl-meta-toiuamide). Avoid products 

containing more than 30% DEET. 

• Spray clothing with repellents containing permethrin or DEET, mosquitoes may bite through 

thin clothing. 

6.3.2 Inclement Weather 

Many of the project tasks will be performed outdoors. As a result, inclement weather may be 

encountered. If adverse weather (e.g., electrical storms, hurricanes, etc.) conditions arise, the FOL and/or 

SSO will temporarily suspend or terminate activities until hazardous conditions cease. 

Tropical Storms and Hurricanes 

As the NWS Earle, New Jersey area is in a tropical storm, hurricane prone area. The decision to curtail 

operations and evacuate the area should be made by the FOL, PM, and the HSM. 

During the early summer to late fall months, typically from the first of June through the end of November, 

disturbances migrating off the West Coast of Africa move into the Atlantic Ocean and develop into tropical 

cyclones known as tropical storms and hurricanes. Many of these cyclones become strong enough to 

threaten life and property along the Eastern Seaboard and Gulf Coast. There are three main threats 

associated with tropical storms and hurricanes: 

• High winds 

• Excessive rainfall 
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• Storm surge 
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The impacts of high winds and excessive rainfall occur hours, maybe days, before the !ropical storm or 

hurricane makes landfall. However, the storm surge accompanies the storm or hurricane at the time that 

landfall occurs . 
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7.0' AIR MONITORING 
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Direct reading instruments Will be used at the site to detect and evaluate the presence of site 

contaminants and other potentially hazardous conditions. 'As' a result, specific air monitoring measures 

and requirements are established in Table 5-1 pertaining to the hazards and tasks of an identified 

operation. Additionally Section 1.0, the Health and Safety Guidance Manual contains detailed information 

regarding direct reading instrumentation, as well as general calibration procedures of various instruments. 

7.1 ,INSTRUMENTS AND USE, 

Instruments will be used primarily to monitor source points and worker breathing zone areas while 

observing instrument action levels. Action levels are discussed in Table 5:'1 as they may apply to a 

specific task or location; 

7 J.1 Flame Ionization Detector (FID) or Photoionization Detector (PID) 

VOC contaminants of concern were previously detected at concentrations that are unlikely to present an 

inhalation exposure hazard to site workers. However, as a precautionary measure, an FID or a PID will be 

used to monitor for VOCs that may be present at source areas (such as soil boring locations) and within 

worker breathing zones during site activities. If a PID is selected for use, it must be equipped with a 
lamp strength of at least 11.3 eV. This requirement recognizes that the two substances previously 

identified in the groundwater at Site 13 (c,hloroform and methylene chloride) both have ionization potentials 

at this level. The use of a PID with a lamp energy of less than 11.3 eV would not detect these substances 

in the unlikely event that they are present in the air. 

Before starting field activities, the background levels of the site must be determined and noted. Daily 

background readings will be taken away from areas of potential contamination. ,These readings, 

influencing conditions (weather, temperature, humidity, etc.), and site location must be documented in the 

field operations logbook or other site documentation (e.g., sample,log sheet). 

7.1.2 Hazard Monitoring Freguency 

Table 5-1 presents the frequencies in which hazard monitoring will be performed as well as the action 

levels that will initiate the use of elevated levels of protection. The SSO may decide to increase these 

frequencies based on instrument responses and site observations. The frequency in which monitoring is 
i ' 

performed will not be reduced without th~ prior consent of the PHSO or HSM . 
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7.2 INSTRUMENT MAINTENANCE AND CALIBRATION 
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Hazard monitoring instruments will be maintained and pre-field calibrated by the equipment provider (Le., 

equipment rental company). Operational checks and field calibration must be performed on instruments 

each day before use. Field calibration will be performed on instruments according to manufacturer's 

recommendations (for example, the PID must be field calibrated daily and an additional field' calibration 

must be performed at the end of each day to determine significant instrument drift). These operational 

checks and calibration efforts will be performed in a manner that complies with the manufacturer's 

recommendations and specifications. All calibration efforts must be documented. Figure 7~ 1 is provided 

for documenting these calibration efforts. This information may instead be recorded in a field operations 

logbook, provided that the information specified in Figure 7-1 is recorded. This required information 

includes the following: 

• Date calibration was performed 

• Individual calibrating the instrument 

• Instrument name, model, and serial number 

• Relevant instrument settings and resultant readings (before and after) calibration 

,. Identification of the calibration standard (lot no., source concentration, supplier) 

• Relevant comments or remarks 
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SITE NAME: 

- ----- -------

Date of Instrument Instrument I.D. 
Calibration Name and Number 

Model 

, ~ .. • • 'Ff' _ .'~~' 'T-'o 

Figure 7-1 
Documentation of Field Calibration 

PROJECT NO.: ____ _ 

-------- ----- --------- ---------

Person -Instrument Settings Instrument Readings 
Performing 
Calibration 

~ 

Pre- Post- Pre- Post-
Calibration Calibration Calibration Calibration 

, 

. 

Calibration Remarks! 
Standard Comments 

(Lot 
Number) 

-

-, 



8.0 TRAINING/MEDICAL SURVEILLANCE REQUIREMENTS 

8.1 INTRODUCTORY/REFRESHER/SUPERVISORY TRAINING 

J 

" 

Revision 1 
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This section is included to specify health and safety training' and medical surveillance requirements for' 

both TtNUS and subcontractor personnel participating in site activities. 

8.1.1 Requirements for TtNUS Personnel 

All TtNUS personnel must complete 40 hours of introductory hazardous waste site training before working 

at Site 13 at NWS Earle. Additionally, TtNUS personnel who have had introductory training more than 12 

months before site work must have completed 8 hours of refresher training within the past 12 months 

before being cleared for site work. In addition, 8-hour supervisory training in a~cordance with 29 CFR 

1910.120(e)(4) '!'Iill be required for site supervisory personnel. 

Documentation of TtNUS introductory, s'upervisory, and refreshe,r, training as well as site-specific training 

will be maintained onsite. Copies ,'qf certificates or other official documentation will be used to fulfill this 

requirement. 

TtNUS will conduct a pre-activities training session before initiating site work. Additionally, a brief meeting 

will be held 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 problems encountered. This activity will be 

supported through the use of Safe Work Permits (See Section 10.10). 

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 requirement~ of 29 CFR 1910.120(e)(8) befor~ performing field work at NWS Earle. 

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 by 

providing copies of certificates for subcontractor personnel participating in site activities. 
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FIGURE 8-1. 

TRAINING LETTER 
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The following statements must be typed on company letterhead, signed by an officer of the company, and 
accompanied by copies of personnel training certificates: 

LOGO 
XYZ CORPORATION 
555 E. 5th Street 
Nowheresville, Kansas 55555 

Month, day, year 

Mr. Daniel Witt, P.E. 
Project Manager 
Tetra Tech NUS, Inc. 
661 Andersen Drive 
Pittsburgh, PA 15220 

Subject: HAZWOPER Training for NWS Earle, New Jersey 

Dear Mr. Witt, 

As an officer of XYZ Corporation, I hereby state that I am aware of the potential hazardous nature of the 
subject project. I also understand that it is' our responsibility to comply with 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 1926. 

I also understand that Title 29 CFR 1910.120, titled "Hazardous Waste Operations and· Emergency 
Response," requires an 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 1910.120(e) and 
have had 8 hours of refresher training as applicable and as required by 29 CFR '191 O.120(e)(8) and that 
site supervisory personnel have had training in accordance with 29 CFR 191~.120(e)(4). 

LIST FULL NAMES OF EMPLOYEES AND THEIR SOCIAL SECURITY NUMBERS HERE. 

Should you have questions, please contact me at (555) 555-5555. 

Sincerely, 

(Name and Title of Company Officer) 
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8.2 SITE-SPECIFIC TRAINING 
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TtNUS will provide site-specific training to site personnel who will perform work on this project. Site

specific training will also be provided to other personnel [U.S. Department of Defense (000), 
\ 

Environmental Protection Agency (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: 

• 
• 
• 
• 
• 
• 
• 
• .. 
• 
• 
• 

Names of designated personnel and alternates responsible for si~e safety and health 

Safety, health, and other hazards present onsite 

Use of PPE 

Work practices to minimize risks from hazards 

Safe use of engineering controls and equipment 

Medical surveillance requirements 

Signs and symptoms of overexposure. 

Contents of the' HASP 

Emergency response procedures (evacuation and assembly points) 

Spill response procedures 

Review of the contents of relevant MSDSs 

Review of Safe Work Permits . . 

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. 

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 the 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. 
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FIGURE 8-2 

SITE-SF!ECIFIC TRAINING DOCUMENTATION 
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My signature below indicates that I am aware of the potential hazardous nature of performing site 
investigation activities at NWS Earle, New Jersey, and that I have received site-specific training that 
included the elements presented below: 

• Names of designated personnel and alternates responsible for site safety and health 
• Safety, health, and other hazards present onsite 
• Use of PPE 
• Work practices to minimize risks from hazards 
• Safe use of engineering controls and equipment 
• Medical surveillance requirements 
• Signs and symptoms of overexposure 
• Contents of the HASP 
• Emergency response procedures (evacuation and assembly points) 
• Spill response procedures 
• Review of contents of relevant MSDSs 
• Review of the use of Safe Work Permits 

I further state that I have been given the opportunity to ask questions, that my questions have been 
answered to my satisfaction, and that I agree to abide by the procedures and policies addressed in this 
plan. The date of my training (introductory, refresher, and supervisory, as applicable) and my medical 

·11 d h b f kid survel ance reqUirements are accurate an correct to t e est 0 my nowe Jge. 
Site- 40-Hour 8-Hour 8-Hour 

Name Specific Training Refresher Supervisory Medical 
(Printed and Signature) Training (Date) Training Training (Date) Exam 

Date (Date) 

I 

" 
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8.3.2 Medical Surveillance Requirements for Subcontractors 
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Subcontractors 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 shall be 

used to satisfy this requirement, providing it is properly completed and signed by a licensed physician. 

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 the information in the example letter presented in Figure 8-4 of 

this HASP. 

8.3.3 Requirements for All Field Personnel 

) 

Each field team member (including subcontractors) and visitors entering the exclusion zone(s) shall be 

required to complete and submit a copy of the Medical Data Sheet presented in Section 7 of the Health 
{ -

and Safety Guidance Manual. This shall be provided to the SSO, before participating in site activities. 
" 

The purpose of this document is to provide site p~rsonn~1 and emergency responders with additional 

information that may_be necessary to administer medical attention. 

8.4 SUBCONTRACTOR EXCEPTIONS 

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/r:nedical surveillance other than site-specific training as stipulated in Section 8.2. 
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FIGURE 8-3 

SUBCONTRACTOR MEDICAL APPROVAL FORM 

Foremployeesof ___________________________ _ 

Company Name 

Participant Name: ____________ Date of Exam: _______ _ 

The above-named individual has: 

1. Undergone a physical examination in accordance with OSHA Standard 29 CFR 1910.120, 
paragraph (f), and was found to be medically -

( ) qualified to perform work at the NWS Earle work site \ 
( ) not qualified to perform work at the NWS Earle work site 

, and, 

2. Undergone a physical examination in accordance with OSHA 29 CFR 191 0.134(b)(1 0) 
and was 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. 

( ) 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 PPE used or to be used. 
( ) Information from previous medical examinations of. the employee that 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 (CONTINUED) 

1. Results of the medical examination and tests (excluding findings or diagnoses unrelated to 
occupational exposure): 

2. Any detected medical conditions that would place the employee at increased risk of material 
impairment of the employee's health: 

3. Recommended limitations on the employee's assigned work: 

\ 

I have informed this participant of the results of this medical examination and any medical conditions that 
require further examination of treatment. r 

Based on the information provided to me, and in view of the activities and hazard potentials involved at the 
NWS Earle 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 
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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 

Mr. Daniel Witt, P.E. 
Project Manager 
Tetra Tech NUS, Inc. 
661 Andersen Drive 
Pittsburgh, PA 15220 

Subject: Medical Surveillance for NWS Earle, New Jersey 

Dear Mr. Witt: 

As an officer of XYZ Corporation, I hereby state that the persons listed below participated in a medical 
surveillance program meeting the requirements contained in paragraph (f) of Title 29 of the Code of 
Federal Regulations (CFR), Part 1910.120, titled "Hazardous Waste Operations and Emergency 
Response: Final Rule." 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 NWS Earle, New Jersey site. 

LIST FULL NAMES OF EMPLOYEES AND THEIR SOCIAL SECURITY NUMBERS HERE. 

Should you have questions, please contact me at (555) 555-5555. 

Sincerely, 

(Name and Title of Company Officer) 
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9.0 SPILL CONTAINMENT PROGRAM 

9.1 SCOPE AND APPLICATION 

Revision 1 
August 2004 

~} 

. It is not anticipated that quantities of bulk potentially hazardous materials (greater than 55 gallons) will be 

handled during site activities conducted as part of the scope of work. Small quantities of waste water 

(decontamination) and Investigative-Derived Waste (IDW) may be generated as part of site activities. It is 

not anticipated, however, that spillage of these materials would constitute a significant danger to human '. 

health or- the environment. Furthermore, it is possible that as the job progresses disposable PPE and 

other nonreusable items may be generated. As needed, 55-gallon drums will be used to contain waste 

water, IDW, and other unwanted items generated during investigation activities. These drums will be 

labeled with the site name and address, the type of contents, and the date the container was filled as well 

as contact person. Samples will be collected and analyzed to characterize the material and determine 

appropriate disposal measures. Once characterized they can be removed from the staging area and 

disposed of in accordance with Federal, state, and local regulations. 
. 1 , 

9.2 POTENTIAL SPILL AREAS 

Potential spill areas will be monitored in an ongoing attempt to prevent and control further potential 

contamination of the environment. Currently, various areas are vulnerable to this hazard including the 

areas used for central staging and decontamination activities. Additionally, areas designated for handling, ' , 
loading, and unloading of potentially contaminated soils, waters, and debris present limited potential for 

leaks or spills. It is antiCipated that IDW 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. 

9.3 LEAK AND SPILL DETECTION 

To establish an early detection of potential spills or. leaks, periodic inspections by the. SSO will be 

conducted during working hours to visually determine that containers are not leaking. If a leak is detected, 

the first approach will be -to transfer the container contents using a hand pump into a new container. Other 
( 

provisions for the transfer of container contents will be made and appropriate emergency contacts will be 

notified, if necessary. In most instances, leaks will be collected and contained using absorbents such as 
i1o~ 

Oil-dry, vermiculite, or sand, which will be stored at the staging area in a conspicuously marked drum. 

This material, -too, will be containerized for disposal pending analyses., All inspections will be documented 

in the Project Logbook. 
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9.4 PERSONNEL TRAINING AND SPILL PREVENTION 

Revision 1 
August 2004 

All personnel will be instructed on the procedures for spill prevention, contain,ment, and collection of 

hazardous materials in the site-specific training. The FOL and/or the SSO will serve as the Spill 

Response Coordinator for this operation if necessary. 

9.5 SPILL PREVENTION AND CONTAINMENT EQUIPMENT 

The following represents the types of equipment that may be maintained at the staging area 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) 

• Shovels, rakes, and brooms 

• ' Labels 

9.6 SPILL CONTROL PLAN 

This section describes the procedures the TtNUS field crewmembers will use when detecting a spill or 

leak. 

1) Notify the SSO or FOL immediately. 

2) Use PPE stored at the staging area. Take immediate actions to stop the leak or spill by plugging 

or patching the drum or raising the leak to the highest point. Spread the absorbent material in the 

area of the spill covering completely. 

3) Transfer the material to a new container, and collect and containerize the absorbent material. 

Label the new container appropriately. Await analyses for treatment or disposal options. 

4) All spills will be recontainerized with 2,inches of top cover and await test results for treatment or 

di:>posal options. 
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It is not anticipated that a spill will occur that the field crews cannot handle. Should this occur, however, 

the FOL or SSO will, notify the NWS Earle Emergency Coordinator who will notify the appropriate 

emergency response agencies. 

9-3 eTO 0851 



I 

10.0 SITE CONTROL 

Revision 1 
August 2004 

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 a~eas of th~ site. It is anticipated that a three-zone approach will be used during work at this 

site. This thre~-zone approach ~iII use an exc.lusion zone, a contamination reduction zone, and a support 

zo.ne. It is also anticipatep that this control measure will be used to .control access to site work areas. Use. 

of such controls will restrict the general public, minimize the potential for ~he spread of contaminants, and 

protect individuals who are not cleared to enter work areas. 

10.1 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 present in the proposed work areas 

of this site. It is anticipated that this will remain so until/unless contaminants are brought to the surface by 

intrusive activities, such as soil boring or sampling operations. 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 is being 

performed plus a designated area surro~n~ing.the point of operation. When possible, exclusion zones will 

be delineated using barrier tape, cones and/or drive poles, and postings to inform site personnel. 

The exclusion zone will be considered those areas of active operations plus an established safety zone 

depending on the task. The following represent the exclusion zone boundaries for the following identified 

tasks: 

• Soil Boring - The boundary perimeter will be established by determining the height of the mast, plus 

five feet. Therefore, if it is a 35-foot mast plus 5 feet equals a 40-foot boundary surroundipg the point 

of operation. 

• Decontamination (heavy equipment - steam/pressure washers) - 35 feet surrounding the point of 

operation. This will take place at a centralized location. 

10-1 GTO 0851 ,. 



10.1.1 Exclusion Zone Clearance 
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Before the initiation of site activities, utility locations will be identified following the guidance provided in the 

TtNUS SOP For Utility Locating and Excavation Clearance (see Attachment II). Additional utility surveys 

may be conducted by TtNUSthrough the use of available documentation provided by NWS Earle and/or 

local utility companies. The positions of identified utilities will be field located and staked to minimize the 

potential for damage during intrusive activities. Sample locations can be located to avoid buried utilities. 

In the event that a utility is struck during a subsurface investigative activity, the emergency numbers 

provided in Table 2-1 will be notified. 

Access to work areas will be controlled by TtNUS personnel. No personnel will be permitted to enter site 

exclusion zones without site-specific training. Site visitors will be provided site-specific training and will be 

escorted by TtNUS personnel (see section 10.4). 

10.2 CONTAMINATION REDUCTION ZONE 

The contamination reduction zone (CRZ) is a buffer area between the exclusion zone and areas of the site 

where contamination is not suspected. The personnel and equipment decontamination will not take place 

in this area, but will take place at a central location established for this project. This area instead will 

serve as a focal point in supporting exclusion zone activities. When applicable, this area will be delineated 

using !:>arrier tape, cones and/or drive poles, and postings to inform and direct facility personnel. 

10.3 SUPPORT ZONE 

, 
The support zone for this project will include a staging area where site vehicles will be parked, equipment 

will be unloaded, and food and drink containers will be maintained. 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. 

10.4 SITE VISITORS 

Site visitors for the purpose of this document are identified as representing the following groups of 

individuals: 

• Personnel invited to observe or participate in operations by TtNUS 

• Regulatory personnel (NJDEP, EPA, OSHA, etc.) 

• NWS Earle personnel 

10-2 eTO 0851 



• Other authorized vi?itors 
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August 2004 

All personnel working on this project are required to gain initial access to the site by coordinating with the 

TtNUS FOL or designee and following established site access procedures. 

Upon gaining access to the site, site visitors wishing to observe operations in progress will be escorted by 

a TtNUS representative (arranged for by the FOl) and shall be required to meet the minimum 

requirements discussed below: 

• All site visitors will be routed to the FOl, who ~iII sign them into the field logbook. Information to be 

recorded in the logbook will include the individual's name (proper identification required), the entity 

which they represent, and the purpose of the visit. 

• All site visitors will be required to produce the necessary information supporting cl,earance to the site. 

This shall include information attesting to applicable training (40 hours of HAZWOPER training) and 

medical surveillance as stipulated in Section 8.0 of this document. ' In addition, to enter the, site 

operational zones during planned activities, 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 operational 

zone. All visitors are required to observe'the protective equipment and site restrictions in effect at the site 

at the time of their visit. Visitors not meeting the requirements stipulated in this plan will not be permitted to 

enter the site operational zones during planned- activities. InCidences of unauthorized site visitation will 

cause the termination of onsite activities until the unauthorized visitor is removed from the premises. 
- , 

Removal of unauthorized visitors will be accomplished with support from the FOl, SSO, or on-site security 

personnel. 

10.5 SITE SECURITY 

. 
Site security will be accomplished using existing NWS Earle security resources and procedures, 

supplemented by TtNUS or subcontractor personnel, if necessary. TtNUS will retain control over active 

operational areas. The first line of security will take place at'the base boundaries restricting the general 

public. The second line of security will'take place' at the work site referring interested parties to the FOL. 
, 

The FOl will serve as a focal point for site personnel and will serve as the final line of security and the-

primary enforcement contact. 
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10.6 SITE MAPS 
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Once the areas of contamination, access routes, utilities, topography, and dispersion routes are 

determined, a site map will be generated and adjusted as site conditions change. These maps will show 

utility locations, potential points of contact with the public, roadways, and other significant characteristics 

that may impact site operations and safety. Site maps will be posted to illustrate up-to-date collection of 

contaminants and adjustment of zones and access points. 

10.7 BUDDY SYSTEM 

Personnel engaged in onsite activities will practice the "buddy system" to ensure the safety during this 

operation. 

10.8 MATERIAL SAFETY DATA SHEET (MSDS) REQUIREMENTS 

TtNUS and subcontractor personnel will provide MSDSs for chemicals brought onsite. The contents of 

these documents will be reviewed ,by the SSO' with the user(s) of the chemical substances before an 

actual use or application of the substances onsite. A chemical inventory of chemicals used onsite will be 

developed using Section 5.0 of the Health and Safety Guidance Manual. The MSDSs will then be 

maintained in a central location and will be available for anyone to review on request. 

10.9 COMMUNICATION 

As TtNUS personnel may not be working in close proximity to each other at NWS Earle a combination of 

communication methods will be used. Two-way radios, cellular and conventional telephone, hand 

signals, voice commands, and line of site will provide be utilized when most appropriate. When project 

tasks are performed simultaneously on different sites, vehicle horns will be user to communicate 

emergency situations as described in Section 2.6 of this HASP. All radio frequency transmitting devices, 

including cell phones and two way radios, must be approved by NWS Earle Radio Shop. All units cleared 

for Hazards of Electromagnetic Radiation to Ordnance (HERO) will be labeled as safe. Only these 

devices will be permitted fn the 08/00 unit. 

External communication will be· accomplished' by using provided telephones at the site. External 

communication will primarily be used for the purpose of resource and emergency resource 

communications. 
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10.10 SAFE WORK PERMITS 
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All exclusion zone work conducted in support of this project will be performed using Safe Work Permits to 

guide and direct field crews on a task-by-task basis. An example of the Safe Work Permit to be used is 

illustrated in Figure 10-1. The daily meetings conducted during their generatiol;l will further support these 
. . 

work permits. This effort will ensure site-specific considerations and changing conditions are incorporated 

into the planning effort. 

Use of these permits will proyide the communication line for reviewing protective measures and hazards 

associated with each operation. This HASP will be used as the primary reference for selecting levels of 

protection and control measures. The work permit will take precedence over the HASP when more 

conservative measures are required based on specific site conditions. 

The FOL and/or the SSO will be responsible for completing the Safe Work Permit and issuing them to the 

appropriate parties. Site personnel at the end of each day will turn in the permit(s) used for that day to the 

SSO. All permits will be maintained as part of the permanent project files attesting to safety and health 

measures used for a given task at a given time and place. Problems encountered with the protective 

measures required should be documented on the permit and brought to the attention of the SSO. 
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FIGURE 10-1 

SAFE WORK PERMIT 

Revision 1 
August 2004 

Permit No. _______ Date: ________ _ Time: From ______ to _____ _ 

SECTION -A: General Job Scope (To be filled in by person performing work) 
I. Work limited to the following (description, area, equipment used): __ -,--_-,... ______ ---, __ 

II. Names: _________________________________ _ 

III. Onsite Inspection conducted 0 Yes 0 No Initials of Inspector _-:::-:-:-:--:-=-__ 

TtNUS 

SECTION B: Health and Safety Requirements (To be filled in by permit issuer) 
IV. Protective equipment required Respiratory equipment required 

Level D 0 Level BOYes 0 (see reverse) 
Level C 0 Level A 0 No 0 

Modifications/Exceptions: ____________ -----~----------

V. Chemicals of Concern Action Level(s) Response Measures 

VI. Additional Safety EquipmentlProcedures 
Hardhat... .............................. O Yes 0 No Hearing Protection (Plugs/Muffs) .... 0 Yes 0 No 
Safety Glasses ..................... 0 Yes 0 No Safety beltlharness .......................... O Yes 0 No 
Chemical/splash goggles .. : .. 0 Yes 0 No Radio ............................................... O Yes 0 No 
Splash Shield ....................... 0 Yes 0 No Barricades ....................................... 0 Yes 0 No 
Splash suits/coveralls ........... 0 Yes 0 No Gloves (Typ'e) .................................. 0 Yes 0 No 
Steel toe/shank Workboots .. 0 Yes 0 No Work/rest regimen ........................... 0 Yes 0 No 
Modifications/Exceptions: ___________________________ _ 

VII. Procedure review with permit acceptors Yes NA Yes NA 
Safety shower/eyewash (Location & Use) .......... 0 0 Emergency alarms ................... 0 0 
Procedure for safe job completion ...................... 0 0 Evacuation routes .................... 0 0 
Contractor tools/equipment inspected ............ : ... 0 0 Assembly points ...................... 0 0 

VIII. Equipment Preparation ,Yes No NA 
Utility Locating and Excavation Clearance completed .................................................... 0 0 0 
Equipment and Foot Traffic Routes Cleared and Established ........................................ 0 0 0 
Physical Hazards Barricaded and Isolated ..................................................................... 0 0 0 
Emergency Equipment Staged ....................................................................................... 0 0, 0 

IX. Additional Permits required (Hot work, confined space entry, excavation etc.) ...................... 0 Yes 0 No 
If yes, fill out appropriate section(s) on safety work permit addendum 

X. Special instructions, precautions: __________________________ _ 

Permit Issued by: ________ ..c..-______ Permit Accepted by: _____ ---:-____ _ 
Job Completed by:, __________________ Date: ___________ _ 
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11.0 CONFINED SPACE ENTRY 
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It is not anticipated, under the proposed scope of work, that confined space, and permit-required confined 

space activities will be conducted. Therefore, 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 

that 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. 

A Permit-Required Confined Space is one that: 

• Contains or has a potential to contain a hazardous atmosphere (including excavations deeper than 4 

feet). 

• Contains a material that has the potential to engulf an entrant (including excavations). 

• Has an internal configuration such that an entrant could be trapped or asphyxiated by inwardly 

converging walls or by a floor that slopes downward and tapers to a smaller cross-section. 

• Contains other recognized serious safety or health hazard. 

I 
For further information on confined space, consult the Health and Safety Guidance Manual or call the 

PHSO. If confined space operations are to be performed as part of the scope of work, detailed 

procedures and training requirements will have to be ad~ressed. 
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12.0 MATERIALS AND DOCUMENTATION 
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. August 2004 

The Ttf'jUS FOL shall ensure the following materials/documents are taken to the project site and used 

when required. 

• A complete copy of this HASP 

• Health and Safety Guidance M~nual 

• Incident Reports 

• Medical Data Sheets 

• MSDSs for chemicals brought onsite, including decon solutions, fuels, lime, sample preservatives, 

calibration gases, etc, 

• A full-size OSHA Job Safety and Health Poster (posted in the site trailers) 

• Training/Medical Surveillance Documentation Form (Blank) 

• Emergency Reference Information (Section 2.0, extra copy for posting) 

12.1 MATERIALS TO BE POSTED OR MAINTAINED AT THE SITE 

The following documentation is to be posted or maintained at the site for quick reference purposes. In 

situations in which posting these documents is not feasible (such as no office trailer), these documents . . . 

should be separated and immediately accessible. 

Chemical Inventory Listing (posted) - This list represents chemicals brought onsite, including 

decontamination solutions, sample preservations, fuel, etc. This list should be posted in a central area. 

Material Safety Data Sheets (MSDSs) (maintained) - The MSDSs should also be in a central area 

accessible to site personnel. These documents should match the listings on the chemical inventory list for 

substances used onsite. It is acceptable to have these documents within a central folder and the chemical 

inventory as the table of contents. 

Th OSHA Job Safety & Health Protection Poster (posted) - This poster, as directed by 29 CFR 

1903.2 (a)(1), should be conspicuously posted in places where notices to employees are normally posted. 

Each FOL shall ensure that this poster is not defaced, altered, or covered by other material. 

Site Clearance (maintained) - This list is found within the training section of the HASP (See Figure 8-2). 

This list identifies site personnel, dates of training (including site-specific training), and medical 
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surveillance. The lists indicates not only. clearance but also status. If personnel do not meet these 

requirements, they do not enter the site while site personnel are engaged in activities. 

Emergency Phone Numbers and Directions to the Hospital(s) (posted) - This list of numbers and 

directions will be maintained at phone communications points and in each site vehicle. 

Medical Data Sheets/Cards (maintained) - Medical Data Sheets will be completed by onsite personnel 

and filed in a central location. The Medical Data Sheet will accompany an injury or illness requiring 

medical attention to the medical facility. A copy of this sheet or a wallet card will be given to personnel to 

carry with them. 

Hearing Conservation Standard (29 CFR 1910.95) (posted) - This standard will be posted when 

hearing protection or other noise abatement procedures are used. 

Personnel Monitoring (maintained) - All results generated through personnel sampling (levels of 

airborne toxins, noise levels, etc.) will be posted to inform individuals of the results of that effort. 

Placards and Labels (main~ained) - Where chemical inventories have been separated because of 

quantities and incompatibilities, these. areas will be conspicuously marked using Department of 

Transportation (DOT) placards and acceptable (Hazard Communication 29 CFR 191 0.1200(f)) labels. 

The purpose, as stated above, is to allow site personnel quick access to this information. Variations 

concerning location and methods of presentation are acceptable as long as the objection is accomplished. 
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ACGIH 

APR 

CFR 

CIH 

CNS 

CRZ 

CSP 

dBA 

DoD 

DOT 

EPA 

eV 

FID 

FOL 

HASP 

HAZWOPER 

HSM 

IDW 

IP 

LEL 

LFL 

mg/m3 

mmHg 

MSDS 

NIOSH 

NJDEP 

NWS 

OSHA' 

PCB 

PHSO 

PID 

PPE 

PPM 

SOP 

SSO 

13.0 GLOSSARY 

American Conference of Governmental Industrial Hygienists 

Air Purifying Respirator 

Code of Federal Regulations 

Certified Industrial Hygienist 
\ 

Central Nervous System , 

Contamination Reduction Zone 

Certified Safety Professional 

Decibel on the A weighting scale 

Department of Defense 

Department of Transportation 

Environmental Protection Agency 

electron Volts 

Flame Ionization Detector 

Field Operations Leader 

Health and Safety Plan 

Hazardous Waste Operations aJ;ld Emergency Response 

Health and Safety Manager 

Investigative Derived Waste 

Ionization Potential 

Lower Explosive Limit 

Lower Flammable Limit 

Milligrams per cubic meter 

millimeters mercury 

Material Safety Data Sheet 

National Institute of Occupational Safety and Health 

New Jersey Department of Environmental Protection 

Naval Weapons Station 

Revision 1 
August 2004 

Occupational Safety and Health Administration (U.S. Department of Labor) 

Polychlorinated Biphenyls 

Project Health and Safety Officer 

Photoionization Detector 

Personal Protective Equipment 

Parts per Million 

Standard Operating Procedure 

Site Safety Officer 
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ATTACHMENT I 

INJURY/ILLNESS PROCEDURE 
AND REPORT FORM 



TETRA TECH NUS, INC. 

INJURynLLNESSPROCEDURE 
WORKER'S COMPENSATION PROGRAM 

WHAT YOU SHOULD DO IF YOU ARE INJURED OR DEVELOP AN ILLNESS 
AS A RESULT OF YOUR EMPLOYMENT: 

• Stop work as needed to ensure no further hann is done. 

• If injury is minor, obtain appropriate first aid treatment. 

• If injury or illness is severe or life threatening, obtain professional medical treatment at the 
nearest hospital emergency room. Check with your office location or project health and 
safety plan for specific instructions. 

• If incident involves an injury, illness, or chemical exposure on a project work site, follow 
instructions in the Health & Safety Plan. 

• Imniediately report any injury or illness to your supervisor' or office manager. In addition, 
you must contact your Human Resources representative, Marilyn Duffy at (412) 921-8475, 
and the Corporate Health and Safety Manager, Matt Soltis at (412) 921-8912 within 24 hours 
of the injury. You will be required to complete an Injury/Illness Report. You may also be 
required to participate in a more detailed investigation with the Health Sciences Department. 

• In the event of a serious near-miss incident, a "Serious Near Miss Report" (Form AR-2, 
available online at https:l/g02.tetratech.com under "Departments", "Health and Safety"; 
"Accident Reporting Procedures", hyperlink for "Serious Near Miss Report") _must be 
completed and faxed to the Corporate Health and Safety Manager within 48 hours. 

• If further medical treatment is needed, our insurance carrier, ACE, will provide information 
on the authorized providers customized to the location of the injured employee. You can find 
this information by accessing the website of ACE's claims handler, ESIS, at: www.esis.com. 
These providers are to be used for treatment of Worker's Compensation injuries subject to the 
laws of the state in which you work. 

ADDITIONAL QUESTIONS REGARDING WORKER'S COMPENSATION: 

Contact your local Human Resources representative (Marilyn Duffy), Corporate Health and 
Safety Manager (Matt Soltis), or Corporate Administration in Pasadena, California, at (626) 351-
4664. 

Worker's compensation is a state-mandated program that provides medical and disability benefits 
to employees who become disabled due to job related injury or illness. Tetra Tech, Inc. and its 
subsidiaries pay premiums on behalf of their employees. This program is based on a no-fault 
system, and benefits are provided for covered events as an exclusive remedy to the injured 
employee regardless of fault. The types of injuries or illnesses covered and the amount of 



benefits paid are regulated by the state worker's compensation boards and vary from state to state. 
Corporate Administration in Pasadena is responsible for administering the Company's worker's 
compensation program. The following is a general explanation 'ofworker's compensation 
provided in the event that you become injured or develop an illness as a result of your 
employment with Tetra Tech or any of its subsidiaries. Please be aware that the term used for 
worker's compensation varies from state to state. 

WHO IS COVERED: 

All employees of Tetra Tech, whether they are on a full-time, part-time or temporary status, 
working in an office or in the field, are entitled to worker's compensation benefits from the first 
day of work All employees must follow the above injury/illness reporting procedures. If you are 
working out-of-state and away from your home office, you are still eligible for worker's 
compensation benefits. 

Consultants, independent contractors, and employees of subcontractors and employees from 
temporary employment agencies are not covered by Tetra Tech's Worker's Compensation plan . 

. WHAT IS COVERED: 

If you are injured or develop an illness caused by your employment, worker's compensation 
benefits are available to you s{.bject to the laws of the state you work in. Injuries do· not have to 
be serious; even injuries treated by first aid practices are covered and must be reported. 
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TETRA TECH, INC. 

ACCIDENT AND ILLNESS INVESTIGATION REPORT 

To: 
----~~------------------------------

Subsidiary Health and Safety Representative 

cc: 
Workers Compensation Administrator 

Project name: 

Prepared by: 

Position: 

Office: 

Teleph?ne number: 

Project number: Fax number: ______________________________ _ 

Information Regarding Injured or III Employee 

Name: Office: 

Home address: Gender: MDFD No. of dependents: 

Marital status: 

Home telephone number: Date of birth: 

Occupation (regular job title): Social security number: 

Department: 

Date of Accident: Time of Accident: a.m.D p.m.D 

Time Employee Began Work: 0" Check if time cannot be determined 

Location of Incident 

Street address: 

City, state, and zip code: 

County: 

Was place of accident or exposure on employer's premises? Yes·D NoD 

Information About the Incident 

What was the employee doing just before the incident occurred? Describe the activity as well as the tools, 
equipment, or material the employee was using. Be specific. Examples: "Climbing a ladder while carrying roofing materials"; 
"Spraying chlorine from hand sprayer"; "Daily computer key-entry" 

What Happened? Describe how the injury occurred. Examples: "When ladder slipped on wet floor, worker fell 20 feet"; "Worker 
was sprayed with chlorine when gasket broke during replacement"; "Worker developed soreness in wrist over time" 

This form contains information relating to employe~ health and must be used in a manner that protects the confidentiality 
of the employee to the extent possible while the information is being used for occupational safety and health purposes. 
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TETRA TECH, INC. 

ACCIDENT AND ILLNESS INVESTIGATION REPORT (Continued) 

Information About the Incident (Continued) 
What was the injury or illness? Describe the partes) of the body affected and how it was ~ffected. Be more specific than "hurt," "pain," or "sore." Examples "Strained back"; "Chemical bum, right hand"; "Carpal tunnel syndrome, left wrist" 

Describe the Object or Substance that Directly Harmed the Employee: Examples: "Concrete floor"; "Chlorine"; "Radial arm saw." If this question does not apply to the incident, write "Not applicable." 
, 

Did the employee die? Yes 0 NoD Date of death: 
Was employee perfonning regular job duties? Yes 0 NoD 
Was safety equipment provided? Yes 0 NoD Was safety equipment used? Yes 0 NoD 
Note: Attach any police reports or related diagrams to this. report. 
Witness (Attach additional sheets for other witnesses.) 
Name: 

Company: 

Street address: 

City: State: Zip code: 
Telephone number: 

DYes o No tJ First aid only 
, Medical Treatment Required? 

Name of physician or health care professional: 
If treatment was provided away from the work site, provide the infonnation below. 
Facility name: 

Street address: 

C;ity: State: Zip code: 
Telephone number: 

Was the employee treated in an emergency room? DYes o No 

Was the employee hospitalized over night as an in-patient? DYes o No 

This form contains information relating to employee health and must be used in a manner that protects the confidentiality of the employee to the extent possible while the information is being used for occupational safety and health purposes. 
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TETRA TECH, INC. 

ACCIDENT AND ILLNESS INVESTIGATION REPORT (Continued) 

Corrective Action(s) Taken by Unit Reporting the Accident: 

Corrective Action Still to be Taken (by whom and when): 

Name of Tetra Tech employee the injury or illness was first reported to: _____________ _ 

Date of Report: ______________________ __ Time of Report: 

I have reviewed this investigation report and agree, to the best of my recollection, with its contents. 

Printed Name of Injured Employee Telephone Number 

Signature ofInjured Employee Date 

The signatures provided below indicate that appropriate personnel have been notified of the incident. 

. Title Printed Name 
(--

Signature Telephone Number Date 

Office Manager 

I 

Project Manager 

Site Saf~ty Coordinator or 
Office Health and Safety 
Representative 

This form contains information relating to employee health and must be used in a manner that protects the confidentiality 
of the employee to the extent possible while the information is being used for occupational safety and health purposes. 
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TETRA TECH, INC. 

ACCIDENT AND ILLNESS INVE,STIGATION REPORT (Continued) 

form contains information relating to employee health and must be used in a manner that protects the confidentiality 
to the extent while the information is used for and health 
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ATTACHMENT II 

STANDARD OPERATING PROCEDURE 
FOR 

UTILITY LOCATING 
AND 

EXCAVATION CLEARANCE 
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Number Page 
HS-1.0 

:STAND.A:RD' . EffeCtiv~'Date' , "Rev}Sion, 

, 0> o FiERATI!N'G ~_" -"--12P_O_3 .....:....--~~<----+:~~ 
, , ." .' ." .. Applicabili~ .'. 

PRO:CED,U>R'ES', , Tetra T~cb,NUS, Inc: ' 
, ., ,,' ", . >0,:' " , " ,', '; ',' , Prepared', , , ," ' 

'<',';:,." ,: ' , i,': ,',:l"Ieaftli&:Safety 

,', 

" .'. Approved . 

~;:: . ,~0: ,Senqvi~h< 
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Subject 

UTiLITY LOCATING AND' 
:EXCAVATION CLEARANCE 

1.0 PURI?PSE 

I>:JUITlber 
HS-1.0 

ReVision' 
2 

; Page 

2 of 15 

Effective Date 

" '12193 

'<'Utilities"~uch ~s~el~~t~lb>~~rVice,liliks, natural 'or· p~opane g~sJines; ~~tkr and, sewage lines, 
" '" ,telecornmunicatiOlls, andste~mlines are very often in theimmediate:vicinityof work locations. Contact 

... '... ;:;" ' ... ",. '. " <' '" ~ .... / '" " '". '/ ... ' , , >.,..., i ' ... " '~ , -.. 

, ' ,with uRq~rground ',or bverh~f,\d ~ili!i~s ,can hav~ ~~riouq <?09~equel1c~,s'lrcluding, employee injury/fatality, 
. , propertY and eqliiRrnent d~lI:n€lge; ~uJ)sta!1tial financial impacts: and 16s~ of utility service to users. ' ' 

, ... ~ .' f... ,.~}.."... '" _ r... ..... 

'" .Th·~"p~rp.dse' o(thii 'P;O~~du~~,i~~toP~~~ide minimlJm reqYiferl)ents~'~~HeC:hrl;Cal'~uicf~lines regarding the 
. :;;',appropria:te pro~~~,ures 'tdJle, f§I!QW,ep:w~en performing S~b~I:Hface~~fover~~a'd ,l,Itilityloc;::~ting seplif~s: ' 

, " .; : "\ is ihe pdlicy,qfT~lra Ie9,1i~l;JS;'ilhg«:r:tNUS) t9 prdvid~~!safe ~lJd; h'ealthfuLwork el1vir~nnient for't!le: 
:, ~" ',protection ,:of "bur 'e'friploye~s; 'The, purpose of, this St~mdart:J Opera,tingPrdGedure ,(SOR)'is to aid in 
"';:~'achieving the objectives ot,:t~is POlicy; ,to wesenUhe acceptable pro~edur~s',pert~iiiing to utility locating 

~" ;)md exca:vatiori;¢!~a,rance' 8.'Gti\jities,and., tq pres~nf requirements andr~str,Jcti6n~r~IEwaQtbihe$e tYR~S 'of, ' ' 
'... {;', \~ctiv~.ties: 'Ttl is' :90P''tn~~t 1:>6, re"ie~,ed ' ~Y' ~ny , emplpy/:ie, PQt,Emtiq!!y,:,inyq"i~(l with t,I!iderground:9~, 

'~6~erhead utilitylogating and, a";Qidari9~activi!ies. ',' \ ",' ~', '<"';",',' , ' . ,,' ' 
, /' ~ 

SCOPE ....... / ) 

~... '. /, ~ , "~ 

" : ,'Thi~~'~roCeaure?p~i;es to'~II+tNUs~jrel~ a~ii~i;;~s'w~ere the~~ may b~p~t~ntial'c'~htact ~ith ~ndergrO~~d ' 
" ,::: ' or ov'er,head utilities; " :This, pf~Eldur~;8r9viql;i~"a;di¥scriptiofl~of the pril)SlplesO,t D,peration, ihstr:umElntati~n, 
" '" applic~b?ility,~~~V!~pJEl~,Elnta.}?,ilitX otdyp!cal;m~th~s useq fo.~~t~rmiijf;l!he\:pr~~erce and' cwoidan,ce: 8f 
" : ::~ohtC:lS~' with'u~lity ,:~,ervi9El~': "~his(ptqq,~dure9~ ',inten~e,~, JOl ,4~$ist:,witl:twbr~, :~lanning~99sche(@ing;1" 

v ;"'resource: planning;; fiel,d iril'pl,ementati6~jahd' s,u~ont~<;i~tbr)Jr6curement. Utility)bcatirig:' and 'excav'cl,tion '" 
" " cle~rahGe i'9C!uiressit~-speclfi¢,infon'nationpripr, to the irliti?~i.on of.any spch acijvitie~ on a ~peCific project. :' 
',:; ,This: $9P is noUiiter'1d!3d: t9::provi~~~\~U detailec!,c!e~criptior, of ,!Tl.etlji:?dologY',~nd{jnstl1.!fTleht oj;ierati'on; , 
<,' Speqia,lized expe~ise duririg both pl~n~ing a~d ,~xecution;9f:~eve'ral"6f tne;rnethods presenle.d maY: also' 
, " be required. " , '>'., ' , ',,; ,', ' '.. . ',', ',' • 

,'=::, '.-.. 

, ;: 
, " 

"";£:Electrb~agnetic' Induction' (E~f)~Su~ey- A ~eciPhYSica!:;~xpl~;~;i6h ~efbod ~h~rebY ~Ie~trom'agb~tic . . 
f(fieldsare induced in the ground and<the;resultanfseconQlky electro~agrietic fields are det~¢t6d, .a~;a 

" measure:of ground cO!1ductivity. '2,"·.. ", ' .,' ", ','.<', , " " ", ,.', {' '" 
, ~ .,. c / • ~ '. '. ' " ,"<'-

~",:(:,,/~ '~~',~<,~,~ '-", ".>, ~' _' .:~:~~ "'" "-{:,,.,,',,~,' ~," ' :' /,'~,~' ',' • .N 

, , ; ';. ,:>';},1Ia:cfhetometer - A device u~ed forprec'j~e a:rJ(t~elisitiveme'asuremei)ts" 6f magnetic ,fields. ,~ ". 
,,,/, \~,," ,'n'} , z""""<' ';~'<':';/,; ,:~~,~, <, ~;~v '. 

" ' 

Magnetic .survey -" A .ge0phYSical<slJiv~Y fTl~th.qd,that~.d~p;~h~sor1'd~tection qf magnetic anoITla!ies,. 
\~,~tlS~CI;;PY tfiepr~senceof·buried ferr6~~Qne~ic,:~qJ~cts. ~_\;, '~,' " ;': ::, "" , .", '\~ ,; , 

: i"et~t'[)et:ection ~'A geophysic~l s'6lVe~ m'eih~~~thi!t j~ ~~sed ~n 'electromagnetic coupling ca~sedb; 
:,' ,>;(lIJperQ~~yr\d conductive ~pjeds." ',:": <,~":~'" ',:, ,~;" ~,~ ,; ':'l;':': , 

'~,,< " ,'< :~.;~:>~ "::;', ,'~' ~ ~~// .. ~' .. ' :,;; :./ .- / ,,- 'v N"'"~' ',~ /, ,~' ;.:" ~ / ~, -' ' , '<:',~'<:/7 .. ~f}·';:'" 
" " :'.: VerticarGradiomeler - Amagnetorrl!3ter: equippe:q~wittrJ\vo:serl~grs,thafare'vertj~ally separat~ bya{tj~1jki 

"; " ;distan«~. 'Ifis be~t su!tecfto"ma~ neafsurface:fE)~!(jre~an~ji~:I~~s~us~eptible t9,deep geologi~featu~~§1' ,,' 
': ' ,',,'" '/, '/,':"",', ',' " ,,',',: ) ,':', , '~'>(//y~/<)" ',~,"/"""'" ; 'I, ~~/<:':"'>;</~J: 

Ground, ;Penetrating Radar ...;.' Grounq R~netr~t!ng'''Hadaf''(~PR):j!6voiv~§, specialized rC!dar eqilip(Jl'e6(,:, , 
': Whei'~tiy~as@~~I:is.'~ent,int~;the ground via a'tra6~~jftet;/~brne por,tioh,<ifthesignal will be'~eflecteq t~9.fiV ' 
"thesubsiJiiace mat~rial, which is thEmrecorde:cHyi!h a res~iver?lnd electronically,cOnverted into a grap,!ikf,' 

, pi,ct,ur~: '," , ' ," _, :'/"'" ': " , ' ,,', ' " :>, 
'/~ .. , ,:-' '(.; :'/:~~ 

/ ... "~ < ~: , 

01 IP 

~ ",' /,> ", 
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, '''-/ 
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Subject 

4.0 

, ",~ '. 

RESPONSIBILITIES 

Number 

Revision' " 
. ;2' 

Page 

3Qf 15 

Eff99tive Date . 
12/03,. 

, y' 

" . ~rdiec{:~~~age>(~~}[f~Sk Orde'r'~anager"(+6J(- Re~POnSibi~'':fOrenSI;l~in9 t,hat~1I fi~'I(j:'activitie~ are " 
conducted'irj.accoraance with thisproceaunf' ., v /~ .~.' • • .,,' • ' 

,:':,>'", ~< '~):~'~ <""",'~"'~'''''':: ,,:".'_<' ,,' ' ... , " ,'~, /, '>/ Y~{'" " "" ,:' ;~,,",), ... , ' " " ,.' 

,Site' Mfin~ger(SM)JFieid;Operati6riS ;Leader,]E0t:)i'j R~s~6hs1ble>fOf ;!h~:6nsJte),erificati6n' that all fi~ld 
adhiitiesar~j)~if9rmed Irrcompnahce with appro\;t,eg<'§pps or.'as otherWi~~ ~dlr~.cted by the appr~)Ved·' 

., / <project plari( s ):~', " ", / ,;;.', ", ;,; ,> .. /: '. . .' .' . . . . '. ' .'" 
;';}( ... ',': ... "~ ~':' ... 'f}, f,':r"'/~ ',< ... ~~<~, ~'<':' , ': ~ ... ~-,' : ... ~:i~~L~",,· "'/, ~<:,~".\~' .... : ,' ... ;:: "'/',' ,'" ',---._" ( ,'" ... :"," ;''. 

,c ·Site·.:H~altfL"&;SafetV Officer (S8S0)-. RespoQ,~tQle;:to::,provide)echi1ical assistanc~. cHid v~rify full, .' . 

:'': " 

"" ' 

; (i" 

A':, 

. <c?mpliangewi~~t~j~:~Op:The::~HSQ Js ·1illso. re$p9,~§i~le'for rep~~in~ any:deficieflci~s t9 the Corpcmite 
iH~altharig. ~afety fv1?!1ager,(H$,M),and to the PMIT,pM., . '; :;': ' ... ,:. . , 

:' '~;~~lth~~{S~;~~:Mana;~r,'(RtSM) - Res~onSibl~ f~r p~~pa~l~g; jm~lem~~ting, ~!1d ~6difying ~orp~rate health>' . 
jlnd.s~fetY t>9licyandthisS.OP. ~.. . : ,,;?,V,; . ~'."J:, '" " ';,. ' 

":Site pers~~ner~}~e~p~r:I~ible for ~erf6mling their:~~~~di~~tiesin acCorda!i~e.with'thiS SOP a~~:the~tNUS. '; 
H~alth'a,nd Safety:!?olicy; ,,; ,,:' :~ '.', , '; . ;'" > ' ",' ,". ' 

, , ... ~ '/ " ... " , : I '/,... ' • 

" 

5.0 :PROCEDlJRES. 
" ,"';,. < ,:, ' 

, " 

, 'llhis pr09~~ure'~~dr~ss~~~ttie r~d~!;:~m~hts.ana ,!e~~~·i6~1,:proced~res. that(~uiibe:p~rf()rmedJo mlriiriiize ," ' 
th~, potential forj:;Pf1tact ,vvUhundetg.r6undB;Rd oVl?rDe~d[jtility services. These prbcedure~ are addressed 

, !ndividually'frQm:~ibi:Jrieq'ai)dove),Head l?taridpoint.> '. '" '."'., . 
, ' "", ' , ." , .,.' '''' , '/ .,-' 

/ 
' .. /. 

5.1 
"-:. ,~ " 

, 'Buried' ~ilitiespre~~nt'~f'~~;~ht~~ed':'concern ~because their ,Iocafion iS~9tyty~i«,::~iIY obvi~~s bY:;~isua;" 
observation, and Jt;i~,:c()mm?n thattheir'pr:esenceand/o,r location is unkrio~ri O{;incorre,clly knqWn. on 
9lif,mt properties~· ~Thi~·,·pt~c:e"gur~ [Tly$(pefoll,c>wedwior to begtnningany ,s~l?surf~ce pro~ingor 
8xGav,ation, tnat ,might ppteJ5tia:lly 'b~:lnf~evicinjtY,0f Ullqe~ground utility 'servic~s. <'In' additiqrl,tlie; Utility 
tleararice~ rdrm >(J\ttactjment 3).::musfbeconipJeted for every location ;Qr cluS'ter oL:iocations where' . 

:; '/ iritrusiveactivitie~ will O~cU!., ":' .. '.' ' . .i ' .. : . " ", ':;':,:,:< >\ ..' .' 
"", ,-' / ,' ... ' , . "", ,(' <~,-",>,',>', '-; ,) :--.,.: ',. "::' ':<,':;/": l "~::'~ 
/"', ' yvneret~e positive;iden.titj(:atio~ and de-energiiing' of,'underground utilities' c,annot be pbtail}ed and 

. .,':" 'c()nfirm~d using t~e fqllpw!l}g s~~m~, tlile:RfllJtrOM is responsible for arral1ging'for;the,pr~cprem~nt'of a 
.:, ;',,' ,;qcfalifiec), exp~~!~Qced{;/yiilJty"Jos;~tiifg: ;~ubcQ)It~a~tor.w~p. wil! ·~ccom:R!i~n,.:tfj~:~:utili!i;~19~a..tion' and,' 
, ;. '. "; qemarca~ion dutit;ls specifiea,h~rein::<: ",' .. '. '." '., '" '" < ",';':/', : . 

/" :-:' ,',/..J , I ' ", , ... , I' " , ' " " '< I 

,~ ; 'f!\: ,90mp~~,h~i1Si~~.f~~i~W" >m~st ~¢;tn?df?n ~f • ~n(ay,~ila.bl~: ~~rop~.dS' ~m'i\P~·i, ~IJe:,ji~,~~ior'~~;~uiltS' ','. 
" " ,p'ripr t~'site actl"lt~es. 'I.ntetvlews wl!h;local persoflnel'f~mlliar wlth.the·,ateashouli;Ft;>e performed 

,t9o prQvide ad9iti6rialiilf~rJTlat!?,n cg!lc~rningt~e. Igcgtion of' poten'i~r.Lindergr9und ',LI,tilities. 
Jhf0rmation,. rega~~in!J' util.itY ;19f'il~i~hs' 5h~!1 ,be added<topnpject rry.ap~,:.4j?9n·~?mplet!On;:~f this'. 
'exercise. ' . , c·,' '; . "~. , '. ":.;.>.~'" .". . '; :,'" 

~ ,:?~, 'i , . ~; visual. site inspe~tion: rDyst, b~'~e~o;~e:cJto"cq~;are ·the sit~ plan iht6r~~tid';::to,,~c:i~alfi~ld .~; • 
';".¢6hditions: Any findings, must be~goyl,lJn~hted'Cln~l tbe site plqn/maps reyi~ea; : 'The, ar~~(s)9f 

prqposedexcavationor otl:iersup~urf'ii~,e activiti~~' must be'rl)qrked at the Sit,Eiqn wl:jJte pai~t9r pin" . 
. , >:~:". '~Iq~s :to' ;iqentify thope )qcatic>n1) ;p!the"pr,()p6~~ct;~btrusive a~tivities. The siteinspe,ction;{hould. " .. 
, .•. :" ': ' fdccls on 'I~~ating 'l?urface indic<;i~i~ds tjf~ipgtentiahundergr9tind utilities. Iteni§ of.iiJterestin6lude \' 

tne ,presence of nearby area lignts" telep~ohe 'serVice, drainage grates, .fire hydrants, electrical, ' 
, . sef\'Jc.~ vaultslp~nels, asphaltlc6,n~~~te s,c~~es 'and'.patch,es, and topographical depre~sions. Note 

, ~ > : tlie'·location of any emergencyshut<off.'>switches~/"Any,'additional information reg,Wdirjg,;.utilitY" , . 
,~ ... , ' " , ~ " ~ , 

, ' ~ , 

.. 019611/P Taira Tech NUS, !nc., 

~, " 
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Subject Num~ 

I-IS-1.0 
UTILITY LOCATING AND, "", . 
EXCAVATION CLEARAN(jE :,' 

:Revislorl' , . 
> :,' 2 . 

, 3 .. 

" '-
~,; ,,~':, ':. " ... ",~,~// '" "".<,,' __ , :;.;,. ,',_ ~ ,. ...... ," '. "', ~~ , ~,c > '.' " / ," , 

locatibiis,f:sh~W l?e,,~~dEldto' projec(mapsuPQn cOrnPJe,ioh'! pt, tnjs exercise and ,returned 'to,the 

PMrrO~{,;:' ,;:t:'{ ,/' ,," ':.:,','" "v>~,," '.";",, .' >', ' , 

If::th~ "~I~ifn.~~f4:i;prl<~J~ .>to be ,cqnp~'c!ed oh' >privat~',',kropertY te:g:'~:, !)1il!!~rY installations, " 
manufaptDrinrH~~ilities:e~c.} the.FOL Q1~st idertify anp;cont~s!>appnjr?Hate f~SWtY: p~~sqnn,eF, , 
(ei,9F,t p~Qlic,,~@tk.~;~r :f~cilitx engine~ringy be!gre: ~l/)y' itJ!ru~iye~o~k, b~ghi${to;:ir:ig~ire,?:bqut::( and, ," " 
'comply Wijtifprop,~~y'~wrler requiremerlt~,:; It is)mportant to:~0te;thatpr.jyat~·gr,'{;iper:tY~bwners:' '. 
rri<:l.Yrequir~~eve~ala,ay$,toseverai;weeks;?dvar;Jc.El,notice.priort<;>:lpcating .~tilities{:·,' , . , ',:, 

/ ,-' :,:, '~- ,':;t~,~~· ,,~.:«<':"::.' ~"~~-;'.;" :<, ,',:~,,~~~/~: ,'. ~>,~~\': -~/~ ?~;)':.;~~ ';:':~",,~:.~' ~;'>,~;j~~r"': ;~!f~ ,,~, " /:~ - >, " 

, ~t ; If, tha\{qrK::lq~ti9,~is 'of) ;!?.'ublic.prbperty, ,~he.~state~~g~f)cY:tf:l9t peil~rm~~tjlitifG/~a,rCl~9~~,r:nU,S1 be':, '", ' 
'r:iotified t~~,et~ttachro~nr 1J. . Stal~, "Oh~~call" s~rv,ces::frlust ·tie .. notifieqpi"ior t.o corhr:rienciii~l: ,' . 

. , ~ fiElI~w~r~~]~J:Jn~!,r~.i~~~i,~~ments:, ~.Ao~L~i}e)~~II; ~e~~8~$ ;f~~Nr~!l(~y '!~w~:;4a~~'18;7?7~~l;I;: ~d~~rl(~~.; <'/" 
ncw~~ ~IJ~MP, 1;>~~~?~Jng,,~ny e~cavatlon., '~uch; ~ef.'"ce~ 'y'p"Ga.l/ta.~S!Qri.'~::',~'19~~~;~'D!Jrnbe~·t<?t.h.C;/.:' , 
parbcul~r,:sJte.llfj,l~t!cket:'number mus,t be :recorded ,for future rej~rence and I~, yc;thd,lQr ~i'~p~lfIC, :.: ' 

5. , 

p~tiod()f0tilJie"pW:may I:>eejctenp~d by ~Qntactil')!i th:es,erv!¢e ag~f~~ 'TQe,~J!iW, ~eiVj~~)~llr09tify:/ ' 
u~ilityrePJe~~h~~f!y~sy{f;0 . .theO' marlttbeir re.s'p~c~!":'e lilies' itiitflir','fhe ~P~fifiec(t!~~:;ftaif!e:' 'If ,:. 
should. be,tlot~~!natl'Q~~t military tr1st~lIa,ti<?ils ~wn',their 'g~nytjlities but:i'hay I~~~e seNi~fi:al';1d' , 
.maint~n~r.Yq~.fr,0!:D:,~~~~;p:r<i>~i~~,rs. ~iV~!i,'!hi,s situ,afion, "~'1e .call~,sYste,rp~,ifT\aX!~tlIL;bere~uii"ed tb ' 
proviq~lqq€!1iQf1'~s"~rytee~ 9Jl,:niili!ary;installaJions?',' , : , ," ~,:> .. ', ~ '. , ,", )~':;/>' ,; ':~;' c/' 

;~":;' :~~~/,~<~~;{:'.':':'::',/(,"/"~,,,~/, .'~'.'« " - '- ,~,; , . : ~ ~ " :: " ,~,' <" '~, ":~/', ,~;~:,,~,"~,,\,''':~ ,,',: ',,:~ ~ .. ~/, 

· UHlitiesmusf: bel j8~ptifi~,~and t~,~ii" Ibc8:tiqns pl~lhly markedusirig~pin fl8:g~,. sp(~y;~p~jr1t;; ?r)9~her ~'. 
.acceptechlT)eans,~;,:;Yt}eJ9,'g?!ion of aU tJiiliti~~ nlystbi3,noteq'on a fi~!dsketcr}<>,i"f,utYle,iriClysJ6i; on',', 

'pi9ject m~r#: W~!ti'Y/I<x:cW;Qns ar~ito: b~. ~~Nitifi~~P;!~,[ng.the,fOIlOW!Q~, indus!rfstangfif,d coJorcbde"':.: ' 
sc:hemeiJ:mI~ss. tQ~;.proR~rtx oWlJer or utJ/lty Jo~ators~ry,lc~:uses a:<~,fferent' color, c(}~e~ ..... 

'<' ,A ~:"~,.,- , .r ~/ ~"';:, 1 ~ ~ • ; ~" " ~~ 

< ./ . .yvhite;' >exCaJatibnl~~bst.idaC~;inveStigation 106ation' .'X, "'~' : 

,':>,.>, ~' : reid "ele'etrica' ,; .. ~ 
'yeiiow<,. gas;:oil~ st~~tn ',' ':, ,,': 

. '~', '. ~~ai19Ei " ~,,> tel~phoii~,)c0,rhm(1I1Jcati(jns 
, .' .. ~:" blu~<" water, ir'rigatibn;slurr,y /. 

green : :'"se~er, drain>" . :;'" .:;~:: 
. ~ , ~~ >~; ./.~ ,v' .... ../''.-,~~',./' <,,- .... -...",' L'- ',~ ./', ,' .... ': .... ' -... , ./' ',\.'; ;y../",V· ,'~ \~ .... ( ./' ~-... " 

o. . ' Where,utllity'19Satio'ns '~re ~QfconfiiTf,~d 'iNith~:higli (jegree' ot.d)nfit:i~rce ttlro4gh;dra,vyjngs~, .' 
. " schemati~s;, 10ca!!!Jri 'seiVices;,Yetc:;.t!1~' 'work €lr,~a ;myst 'Qe ttl0rs)Ugll/y,in~~~\igat.e~,4?fi9r( fo 

: • beginning'the excavation':Jn these:situalior:ls',' utilities must I:)e identified using :safe,and:;effective, ' 
.. ',m$thod~~,u'¢has,;p.~ssive and;Jntru~ive:surY~Ys: oKi~e,use.of hc)n~cqrl(ilu~rV:e,ha~lf~ppj;:;~:,~lso~ ,in ~' 

situations.Where'such hiuiJd, .t061s arEh:ised,tH~~(;sj,ould alwaysbe~ use,d.:in,6onjurl'ction<with 
, ,<" ,,' .... ( /./' ./' ~"~', ' <, "" / .... ~. "./'..-', ",', , " ~, '"..-, :,~,..,,;v~, '/,' / ~~,_/" ' 

" suitable,; 9~tectj0r1 '.equipQ1~r'lt, s,:!ch' as ttil~" .iterris;·~escr~ped in Section" {?,.g". ofitl)~~h§ORJ~, <,Each r' 
" " method 'ha$~~<;Ivarit~ges~nd. djs~dv~nt~ge~'i!lc!,J~ihg cO,mplexity, app'lic~bilitYf\,~nd.~t>nc:~;. \I~~'a/so 

· 'should be h6tedit/;l~tin sbrhe~~tatesj<iI1It!~lI,~~caya!ipn is:l'equired bYhandlt:?'!lSpe·Cified d~pt.Ij~;· ," 
/'~ ~./' ,~'/~~:)~, .... '~~""~;;'~" .... / >': ,~" ';./' ' :~':''''' .'- ~~~""~~- .... ;;;'<' ,<\,:;:~,:~:~'~,'>;:'~/;, ~ -"~< '/" ~<: / ,/~~,~~>~,,' ;~~:i~-· ,~ .. ~ ':(;~~;-L\~;~~~ " 

;~;';" ,':~, f't ~~~h:-:'I~afioxi:·~~bere: iKehchi~g~ i or fi?<9~yati~ggWHI:7~¢~l}r· using: a :bgCKtioe .: pff9th~~s,~t,i~~yY ~' 
equipm~ilt, 'and~; where utilitY j,deii~i!L~r~ti~ps, .,~,nq, ,/ocaljons cannot' b~' confi~rt!ed ,0,P!}p~.,'to, ' 

, " grpundbreaking, ,the soil must be,<proPe9~lJsir)g ~,d~yicJ~~~uch ,as C! tiJe prope which, is mCj.~e, of 
': :' ,', ~P:I1;cqD(fuctive H:tat~ri~l. $4ch:;as'jr6etglj{~tf;~;lf@,Js~~ ~ttorts .are not su~cessf~I'(ifi':c/eadQg)tlJ.e . 

,e~9avat!On' area~j{ susp~crotili~i~s;. h~Jf~;:4h,qyelingffll:l~t· ~oe' performed for the'pef,'l1)etEiI<~W~the~ 
". t' d . d'" '" ·t·' , 'f ' v" . i i,. ," " .' ',''< ". • 
· In en e ,~x<::?va Jon. " :' ,:!,:,~,:,; ",J .... ' ' <' ,~, ";' 'j .. ';;'''''~'': 

'; /'; ,~);/ '~;~r~~{ ~ ~ ,,> , ' ~ ~ ,~:/ )~~~~~,:~~{ ::<~,~i~t~;-~~:<~~//, . ~ " / /~./< ' ~~iY/~~!::/'~~~ 
'8. )\11 utilitie~'I,lnpOvered or u!ldermined durtiJ~rexcavatibn:riil!lst be structurally·suppo'rted to p'revent ' ' 

> ' . ,pot~ntI~((d,arl)ag¢:.!Jnl~ss nece§sarY a~j'an erl),~rge,ncy, corrective mea~ur~,1tNUS sh,~!I"r10t:" ': 
. ,'<~ ~:/' make, 'ariy,,;r~R~irsqL'm09ific~ti6n~':~fo "e*i~,tj!lg I,lfiEty ,Hl)e~ 'witr<?~t, prior , (iiermlssionoft~~~tility:i/>' 
, ~owner,.· property., owner,.' <:lnd . CorPo·rateIffSMr;..'AII, repairs require' :thatthe . line' be.·, 

, 10cked-QutltaggEi~:ouf priqr to work~" . ,', '., . ~ . .~{;'\, , . ' . " 
. "...., . '>' :,... 

" ,;..' 
~ .. 

.:. ,:~01:;;96:;;;;11:;JJr;-P-'--+---:--;--:-:-++-'::' .:-. ~~-+---:::'-------:----+--:-'----:-~'t, .-/ ~-. ~, ,"", ---:--'-~-+--'-----:--,:-;;:::;;:t:r.~iU'j:jj(0,~ 

, ">\ 
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If it iSl1ece~s~ry tq w()rk wit~inJh~:rDinimu~:cie~;~r:i:c~;dl~tance of an ove,[h~a:d,pqYV;~~Jlfl~! th~:overhead 
:' ,;' line'rrilj$t 't>e<;l~~ener,gized;~rdgr09.pp~~!p.r~!~,"j!9).l~~d by th~~utility,:qornR~hyor: a>lfegist~.t~<;r ele~triCian:{lf :' : 
",' ,'prot~ctive mea,sures1:;~ch' as' 'gJ:Jat~ing, is?latingf.'Orinsul~ting a,fe proviqed, ltiEi~~' pre~autiQrjs 'must:be 
, ,;", adequ~t$ tOoPreventl~rnpl8:y~~¥JrolJl>,c'ontaRtm~~y~,h lin~s direcUy;with ,~hy pa~jPJ th~jr)):ody',driiiciirectW: 
: 'thougnconductive materials','-'{ools{ or~uif2merit.',"" ',,'"'' {'i ',,;" ,"~"/,::,:'i\', ;".' ;'. :", ' " 
:' : ": " ,Y', '\~'::;,':!>' <>':'C:;;~;::",', ,":'" :"'";",',, /' ,f;'} ;"':> ",',' , 

, the,'f~,!16wihg,tal:>le Rrbvides~t~e,r,~q(jjr~,d,rri!~iJnum!ql~~rances forworkihgin pi'<?~jmJty"t~:6verh~a:d P9we'r ' ' 
"lines:.",' ',/' c'.?~~:,' ,,':':" -';'~~~"!"~'~:""'\" /" ,~", 

, '" Nominal Volt~ge 'Minirflljhi;J~learance i , ,':~; '%'n ,," ' ,,', 

,d'~5(rk'L"\ ,:;;~bfeeC':br'; one mast length; Whichever: is'gr~att:lf, ,',;', , 
':",:)(', "":,,,V',;., " '<~,;,~~~,: ,~ .... ',',~t, '::: 

, ~O+ ~y ,'1O;fe,~tPhJ§:4 iri~he~ f9r~very; 10 kY pv¢r:~9;,kY6i f.p, .>c" ;: " 
'·~g§FI~.b'gths;iwhich~ver.iifgr~ater~; .' ; ';:"< " ,'" ,:, ... , : 

, ~ , ,> 

,~;O·UN[)ERGROUND:L0CATINri~~EdHf.iIQUES' , . < '>"':e,' N ";:< .;; , 
;. ",',~ , .... : .... c'~,---',' "?~/;.' ':~,,~'<;:'.;, .... ~ ' .... ' ~"........ .::- / .... ,. (,',: 

. " A vari~ty .0f;§~ppl~m~nt~1 utllit~:~ loc~ting ;~~proa~he~' are available andqari ,be: applied Wh~fi,~d~i~Q~~I; .':: 
':- \ (, :a~suF~:D~~ij~~~ee?~d:>'PheA~I~?tibn~9~ tpei:?ppr?p~i~~,~' rn,eth?d(s )};>': eme!~~ is3,sj~e::sp~·?~fican,d. ~~0I-!1.~;be;,' <', " 

': ,.t~tlor~d to th~al)tlclpated co~,dltlprys,islte aQgtp.rqJ~~!con~tralnts;: ~!1d persoflnel:f~pabM,es.:':' , ',v' 

"6~1"J;'; :"'Geobhisic~1 M:~~Od~<',:. "{:,: :': ,:,:' ,,' ',., '\:>~<.:,,~ ,/,: 
.. ' -, , .... ,,' ' ,', ~ ~~ . 

.... ,', ... , '.... .... .... , 

Ge~phy~ical; rilethod~ include electromagnetic/iridLJctioni', ~~gneHcs, and g~6'und' penetratihg radar.,,' 
Ac:lditipn,aldetail~conceming 'tj,ed~$igr.ab(flmpleme,nt~ti6nof el~ir6magneti(£~ductimi, m~gneti~;~rid' " 

, ',ground, penet~ating radar surveys can be Jound, in one' or more, of the TtNLJ$ So.Ps iflcluded inJ~e: 
,,;,~ "'·'Refer,~~g~$l~ection~8,.Q). " ' ,", ' ',' ; .., ' , , " ' , , ":", 

~,/,:,\ -)A",' ~ / ,'" ~ ,<'"' .... 
,:'> 

'I'>" , 

.',Ele~i~~fhagoetic,lnd~ction " "", ' , " , 

~Iectr~:agri~tic Ind~~tion'(EMI) 1i'~~'I;catoi~ op~~ate eith~'rbY 19~~tin~/a P~~k~round ~i~~~l or b;'IOC~~ng', 
';:,;",a>sigi)Jl,I"in!r~q\JGed int9'the ,ut,lityJine usihg:~',~ransmitter;, '~,utilitY,!in~ aQ!~ like ~~radio antenna~,pro91,J~trJ9 .' \ \', 
, ',;.> ,eleCtfQn:~;~"Y,~i6h ,'can,"De, picked up, with a r~i(tiofr~q9~ncy';receiver: 'Elec(ficar G~rrent9apying cbnduc.tot~:" " ' : ';"', 
, :' 'f;l~ye~:6bH.z;' sfgr~!assQcia,ted with' t,hem,' ;:This"§)gnal'cjccLirs in a!lppwerJiIl8.S r~garclles~f of'i(bltag~. • ,: 

, " ,,' :~' ,Utititi'Eisjn~!o~,~;pr9ximity t9,;ppw.er;I[D;e,sqr Alsed', aji;~grou~d~, 9)~Y';Clls?{h,~)te A ~"QP:lZ ,~ign~l, wl;1lch: 'c~rtQe, ," , '". " 
,,' ';., :pickeq~l:lp'with,an EMrece,iver. A M>icale~ai;nplei()f,:,tnis,1yP!3'ot-g~~physical eqtiipiTlentis an'.EM"~1:; ::<'. ';:" """" 

, ," ' ,"" '" ... : ',', ", .... :" ' "~ .. ~ 'i'" , . '''" .) ., ' ' , ; / > " ""',.... ~~:"," .... ,' ,', >', , ',' v " , ", ,::' ' '" 

,;' ~:,:; ,:~,~I Jp9ators/~pecifi~al!y d~signed :ior:"uti~i~~19y~iin~, ~S~~:Cl ;ip~~i~I;~§jg~~,(t~~t :is, j3~~er: ih9ir,e~!IY i~dPp,ea'", "'" '" 
,:''''onto Cl ~tility"ljne"by .. 'pl,?cif)g thetransh1itt~r'at5ove th~;liQWor di~~ytly~;in~~ced"using an ;iridu~~i~n damp. ' '~, ,}' 

Th.e cI?'r,np, i~~,uces: a.si~nal on the speCific: uWi~ cm<ji,s tb~JprefE3rted me.thod of tracin~siflce,there is, li~le ," 
" ',~~haf;lc,~ :9ftli~ 'rE!s!,!11ing'signal~ b~in~ interfered: iN,itt:), ' 4k~??d' ~x~rnP'I~~ o.t! :t~i~ :type' of"~.~ujpment . i~ ~,t,~~' ;, 

Schonstedt® 'rylA€'i5:1B JOGato~., T,he MA<t;:!51 B.performs ,lncl\:Jctlv~lyt~Clced ... s~rveys; s'mplel1lagn,~tF.'; 

" , 

locatip9.' ancl.fra~e.d 'nonmetallic surveys. :, ' , ' . , ' . .,' .. ,' ,:,' ," "".', ,"'. , ' .. , . ,', 
" ",'" ,," " ....' ,,', >, .,' " .... .., ,,' ' , 

~he~ ,acce~~~:~a'tiDe/:gai~~~ ',i~~ide:a c,o~ap}t~.Q b~ tra~ed::ai;;~ible 'i':lV~I~ie(ft~~c~ ;0i~~ 'G~h.:be use~:". 
This ,is :v~'ryu§~f~lfo( n()n-m~~t~Hip yonduifs;b~t ;is limited ~y thE} ?vailabiljty 'of ~air)ing,Clccess .int>ide the 

~,:pipe~" / "".' .... ','>', .... ",~~' ,- .... ,' <,-:",.0".... "~~ '. ", r "', ~ '/" >{-,,'v~1~::,,~, "",;' ,-'; ~:...' , ' > < 

. , ' :: ~ ~f" ,v ~,,; ':, ~~//; ,'~/ ' .... 

~' , 

,,0196111P ' 

' .... /,' 

:,~ "',) ~ ~ 

<) : .... -< 

. /, 

" . 
,'/ """"/,' 
~< 
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, >:'Magneiic 109~tP;s 9perate by detectir:i,9 the (~la!j~~,aJTlo~!1ts'of'~urie~ Je.rrolJS ~etal. They am inc?~4ble:' ' 
; ',:;:'9f ,10qa1ingqf.idenfi~Yihg nO!1J~'To'us" utility Iines'bJJ1 '£~n.: De v~ry, iiseful~fqr I()c~ting un~erg~9uh~ stora~~;' "\ 
'::.'~?lik~(L:JST'S)i 'steel,:utility lines; ancHjuried:etec\~is~hlin,~s~', A typi~' e~~frijple of:this type of eqLiipM~ntis l' ': 

"; .': ~he'S~~~m~tedt<IDq~"52CX J09ator., Th~/,G~~~52.;~X\~S c,apaq!~"9r~l6'ca~i,9.?,,4-inch steel pipe'up toJ:te:~!.: 

',;:; e~~;,!<, ':,', ,;,,', " ;' :'>""; '.. ,;<',,:'/::';:",~:,<;.<: " ' :~" ';~;;<, 
, ,; ;:;.~6ri7f~frQ!:I~ Jines are:often.!()cated .by uSin,9;a tYPicW JilI~r:Tlblng t~dl (;>.f;1~~e) fed through the line, . Pi signal' 
<~, ;,:'::i~t~eQ :lhtroQ\,J,ced:to, the snak~ that'is then trat~(f,:" /, ~,,' ,~ >, ' ,A ",:<.: <;:"" 
)" -:...<:".-" , ,~ , / , " • , '/ ,~ /' : ~ '~, ' ~ "/, , / ", " 

, '~;';':Gr6UI1C1'p~n~tratingRadar .. "/ '. <': ,>~, .' ", " , , .' < 

:~,,~:~mm~;"'~e~~t;ati~g '~~da~ (~PR), j~vOlv~~ s~~:ia;i~~'d;;a~ar'eq~ip~e,~;':~~:;:bY~ a Slgnc:1 i~' s~nt ifJ;~i~:?" 
',:.'grouAcj,)ija a lransrf!itte(. S<?A~e portion of: t,re ~,igr~lwi!k~e: refl~t~d fip"f th~subsurfa:c:e'rhC3:t~rJal,w~ic~""> , 
':' .!s:,ttJer:i.~reGordea with ',a, re'ceiver aT1d/~lect~ol1icaIlY'Ebi1y'~q,ecf'iIi1cFagraphiGJjictLire. ,lngener~l, ;an}opj~t ': " 

: ,:y: which Hs hq(q~r:.tbarl th,e surroun<;ting soil: will ~E:lJIf¥cb,a .strongE1r:~igQ~L Utili,ties, tunnel!), UST'Si~ ~'d3;;:, • 
. " "~:f9()ting?~ill':.f~fleGta, str0riger' signal than ,the, J"t.i,rr~lin.qi~~fsoil,/: ';«lth()~gFi;)!liis~,$urfac~ :aetectlon met~oa,',:; ::' 
"'~'i:riay;p~terllJine:thelocation,of a utility, this methdd'g6e$':npt$p~~ificallyiqe'ntity'l,Jtilitie~(Le.; water'vs: gas, ' 

: electi'i.c~r vSdeie,phone); hence; verification;-rha}t:,pe ·ri~dessary\u~ing;:'other. JTI~thod~,: Thisrh~th~)~ 
,·~<~Prn~~h,q!Jin1ited'when ~s,eq.in an3as with ,9!~y'~9il'!ype~9~;w!t~> ~~~igh'~~t,eYt~b!e, ' ". .:';,;'" '':;r; . 
" ,,;.,' "~~" " ".' ~ ,':,; ,,,; "~"'f.:"~,;,,,:~~//,, /,':/:~',,~: ' , ''-'~" '/.' 

:'6~~: " 'Passive,Detection Surveys " ',?:,~, " :<" 

';:~ ~ ',,~,'>: /~,' " , ,~, 

" , Acoustic Si:i6;eys " ~, ' 

.. ' .. , ,'~ "'.. . .. " 
~, ' .. "~, ';.,. ... ,? ... ,..,,~/ ~ ~'" ~ ',/ 

. 'Acoustic locati9n met~dds are generally most applicaBle' 'to' .;vat~'flines ;9r :gas:",lines. ',A highly sensitiye, 

" : 

Acoustic Receiver, :list~ns for backg~ouhdsounds :0f.'kat!:lrfloll\lirg>(aF;jolntsi'I~?k$.; ·~tc.)' 9r\tosplJnds 
. <introduced' intbtlle" water nlairi using,a transauce~;," Acoustics may,alsb''be'applicable 10 determirie the" " " 
:Iocation of pl€istI9:aa:fllnes. :" .,' <~;', ""'/ <:,':, ;:>:'" .. ' .. ,.' .' "":':: . 

'Therm~l)nJaging "",' 
.: ~'~ ':, < 

..... 
~; ~ 

, , 

, , "J'~rlri§ll (I.e,,' i,nfmr~~) im~ging, is ~,: I?a;~ive '~eihgcl";:f~r':9~t~PtIn~"itje" h~i:!terriitt$d by;; ~n o~~cL: 
, """" /, '~lectr<;>J"ics i~)Ke' iiitratedc,cim'~ra,convek~tJ~tl~~heat,dtfferetllials.:!nt!J~~i$uaFimag~: on'ih'e Vi$wfin~e~qr , 
,d , :,. '~ rhotjit6r. :rhe oper.at0r,~db~s,notI0(jK ;for, ,an:'eX9cr,t~mper,a,f~r~;' rat~edn,ey lobk Jorheat· fH;om~H~ ,: 

(either~levat~d pr ,s!:lppress~,~ '!er:n~~r~ture~ ){~AIi~racteri~!W9!~ a;'P~~epy~l:qtmty:'liQe.: .' ,,":', • ,'. >,,' :.':: "', ,\' 
Tile Jhermal;, fihgerprint, of ,~ndergrolind ~uti,itles res~lh('t~o~ .4!ff~:r~nt~~' i~':;,~~ri:tper~ttJr'ebetwe~n' :the 

, .atmosphere '~,rj~,;th(n!4idp~e~enr;ih§l pip~;'or th~'.heat'geherat~d bY,e!~ctit«~I;;,n:lSi.st~n¢e.>I,ri,a~~lti~h.' '< 

·infrared scanners, r,riay 'be 'G~pabl~, ·of.deteCtinggifferences)rt· the, compa'c;t'Qb/;femperatt.ir~ Jiod 'moisture' 
cont~nt .of \.md,~rgrp\;Hid t'li.il.itY tren~hes., .,"H!g~"p~rforrh~hce'·'thefr'nal:image~:~~J!j' detect 'teiT1p~rati:ire· 

~\'. " :diff~r~l)ces to ~undreaths Q!}t de~'ir~~., ':", ,>,; ,:", ,.;',' , <> ,< .:, " "):::'>:. 
,: /6.3 I~ttusive Det~c~ion,Su~eys ,.'/ ," ., , , ' ." "'~ . 

> ; ': .'~-(";~ _,v,' , • /",' '.''' ,.r ~ / > " v/ .' /' 

, '," Vacuum 'Excavation;, ' 
, ,.' \,~:<: 

Vacu~m ,exc~xatid~' is ~s~~: 'to P'h;s'i~a'iiY'}~xp~~~"l1tility, 'se~j6Ei~::' T~~ ~ ~roce~s invdl~~s' r~'M~vin~ ::the 
. surface material over approximately a l' x' j,'"area"at the site location. The air-vacuum process',proceeas 

'~ith, the simuhanf;lous actio!) of corjlpresse:d' air-J8!S ~o, loosen' sbij and vacuum' extraction, 9f ,(t:l~' r~sjJfting , -. / '; >~~_ d •• , , 

'0196}1/P 
'?,' 
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. . cjebris. This process ensur~s~the iritegritY:bf;th~~9tility line during !1'i~'excavC!tion pr9ces~;.as·nonartll:i;ters,;, . 
" bJa~esj' o:(beqvy mechahical eq~iprhent;cpmes, .. into ;contactwith the utility line,eliminat,ng)he ris~0f 
·.~9(Da~~~()nJtilities. The' proce~s cortih!ie,sNJritjrfthe utility isuncov¢(~"d.·v;~p'11i.Jn'iext~v~ti9n can' b~\U~.~~,~,';' ' 

'~' aUb~ propOsed 'site location to;~xcaya~e bel,ow the ~utilJtywindow' \A.(tiichi~djs'ually 8fe~t., ':;, ,\,>::<:,.:,: . 
~ - - ~ ,,' " ...: ,<":' "> ,,' , - ,. , " ~ , 

Ha.rid"Ex~~'v:ation ," " ',~ : . -,.' ~" ;, : ',' " ' "~ ,~~: ' 
, "/ ' -::",' "':' ~" , ,-

, "J' ", '~ f/,,;' "~, '~.;:; '" ,. ~ ~ ~ /~, "",", 

,.;" 0 '" When "ih~~' id~ntificati~n a~d '.Io~ati~n' of ,,'~'~d~fg;6und ,'util~ies can~'ot be' )P6sitjv,el/cbrifi~Med th;dq9h. '~,~ , 
<, ;.gocument ,reviews an?Jor o,t,herf'!l~thods" b?XlQg~' and ,excavations /~ay J)e cle~r~d via .. the, ~~,e .6f 'no.n:.' ;~,' 
, : . COI)c1ucJiv~hana, t06Js.This~~~oul~~~I~ay~·~ti&'ip?ne in co~jUiiFtipri. With 1I1e'us~iqf..ct~t~'C~ibnA¥1l!i~JiieQ~~~{~< ,,' .' 

. Th!s5NOul(;f;~e require9~or all IO'?§ltio.rls, wh~re th~reis a potel1~ial to;impact ~uri~:Utiliti~,s~' The mih@um'.: . 
,.~hang~ex,~avation ,depth that;rnqst"~~<te~c,9~~:Li~,!~9:be deJe/TTliQed .considering th~>ge<?g~~~hical ~1C?,qatior;l,;gL,'. ;', 

", '~'.: the,: w~rK' $~e. This ·approa9n,~r~c9gniie$~.tllatth~:?pJ~~emeri!' of buri~dutil!!ies ~ ifi~fluMced '~Y;tr6~flif1e/~· .:; 
.. ',; " ',aeRtt:i'$ th~t vary,~y geograpt'iip~d';y~giorl:;;f\ttacl:lfnenf2pre~ents fr9st line d,epth~AQr·tbe/ggi()!1s ~f)he:" 
" ,.,; ot' coHfiguous :Uriit~d Stat~s:, ,At,fl niihijliqrn,;hand,e,xcavat!on depths .. rTiustb~ :at le#t t(gh~, tt~st;li.n~ 'd~ptn :~: ,', . / :: 
': :;>~(s'ee ,Attachmen(2) plus tW6'(2) fe~t;Jbut'f1ever: le~s than 4 'feetb:elowgr9undspl;,f~c~;Xbgs); A::o{ han'g .'{~ , , ' . 
, : ,~; :excavatiqQ~ th~ h9Iecreatedrii~st·t?~:'.r~~rTi,e,d large, er10ugh'tobe::a,fi!~,ast th~ diain~te': of th~ 9rill:i'ig:~lJge):: 

, ·'oor'bit,>priotioorilling,-. Forsoil,gas"$lliveys;~ the. S uiVey 1> robe' shalhoeplacedas close'~as,possibleltb :th'Ei,:" 
:' ~ cl~~~~d~~a~~~ excav~t!on. itJ~ imRqnant ·t~· note~~~~ta post~~ole di~ger must not,:tje U'sed iri t~is lYfDe:9f,~"' 
,,~.' ,hc!-.I1d,exc~v~tlonactlvlty., . ,;. . .. n .. ': "., j,;'; ';.;" ':;" "~,A,' ", "" 

/» / ,",' '/ " ~... ~, "~'..:'"'' ',/," .',~' ........ ""');:,~~:~".-' ""}','~ 

,,:Tn~'Prob~i,suril:eys' .," ',o , ,,;/,~'" ",":,. ,';": ' 

.;''':~;:':::''~':S' :,::; ';~,:' " ,:. i.'.;:: :~:~), :~':l',~: '~f' '::; ,r,: :;~ '.':' ,~:::~:, .' ',;:<,,:::;;': "i;)F;, ,,<., 
.. :'. Fprsem,e ,: soil .types,' site :conditions, anq:excavaJi.on::requii·~ment~;· nori~c9nductiv!3·til!3;prob~~::ma:y:;l;je·:: •. : " 

< • ,':",: . '>,;; us~~;' A"~ifErpt6t;>~':isa'"T" -ti~ndledJQd. of~a~~ipQ'.tengths; that~~h,;bJ~ pu~~e,ci i~t8 theJ,~ino' ~~ferrti)re'lf';:;;,,' <: ': 
. . .f, . any,obstr!'lction~.exist at that loc~t[on:, Tile probes constl1.\Cted'9piqerglassor oth~rnonconduptive \;. 

, .>" h1~te.rial:qf!3:rea<:lily,.available fr9!ll n~t;!mer9lJs:ver:id()rs: .;:J;ile pr9~e~ must b~; performed to t~e ~~rn,e q~~th: , ... ' 
':', r¢q:yirements ~~',i:m~vi9t1slysp~cified: As wi~h6fl:ter t0D~,sot: hMfj'wc:cavating activitie$; th!3, ysffi,of'i:l"llon::;" " :~'" 

'{-, 

" ", cO:r;rd.J.Icti~etih3;d?.tobe, should ~lwayS, be in .conjU(iC,tion.""ithsuitaole,utilitY Iq~(lting'.<:I!3tectjgri:equiRriJeht. / :" 
',> ~/,,'~~~::~~'~'r:·~"~",'-i'~~<:<'~·:':>,~~·~~' _,M, ~~., ,~~ '.v':/,<~ ;',::/,Y/'<'\~ "'~"': '"/}"::;"~"':'~»"":\~ '"~',, /, .:, "~',:.; 
; / .~, '7.0>' ,">:'. ,IN:rRUSIVE ACTIVITIES.SUMMARY , . .' , 

.' ' ,<.-' ""', 
<"', '/ 

The' fOIlO~in~ >liS~ 'su~mariie~' the' ~~tivi~ies {~~t musi:;b~, pert~)rmed·. ,~~or to' beginning ~ "s~~sL~~c~:~" 
~>~~j~~i~~S':>:~<~;~.·" '. ',~ . ,,;' :i;:; :::~,~~::<",~~<,,/\~~,,;~~"'; ,:,:' . /< ' ">'<~ , 

.. ,lM~p ~~,g, mark .all sub,§urface 'lcicatipr1s):lnd>~xcavati,0n bpuf;ldafig~fusi~~.white;RaintQr m~rkers>t~r'~ 
'~~§pifi~,:byth~;cliel1t;'or,propertY~.o'(Jl1er;):.< '. "'< ;/.",~,: "<:ai>, " . ' <,'" \L'~' 

",,' " ~'N ,...:, ~ , ," '.. "~~ '''', ~,~ Y'~~ /: '>:~t ' ,~~~~, , . >~,',-;", ,:-</,>'~:-

", '~N' < , '" ~ ',~, ',~ '..(.~~ ," ~,,' ';',,::';, "-<,'," ;~'-.., :,>, .. <;-:~~'" /::;, ',' :.:' "',? , 

.. " ' ~~.~. , " '3}t9ti!yVt~Erip~9perty <?whElt!~ndjor;~~Gifef)tth,atJ8:~~I~,q~!ions ;ar~>m~r,~~d:: 'Af this p,oint,prawings 61 . 
'>:;~L:;'; :"i~c~tBjp~ or~~cav~ti£>~ bOIJ.~dari~s::Shall.:De pr?yideH;to, th~::proReHy owneY and/or 9lient so-;they , 

<;},.";~lr;nay In,~lat,e (!f'aRpllc~o,le>, .~tlhtych;~~rance: .. ' ;;" .;:;,; . :,<'; . " , 
,'t,~,~,;:,~"'., ~,",/ ~',:>~:.;.'/·<>s::~/: ~,,': ,-.:::~~~~f~ ... ,>" ,"d-$~ .' '''~~''<:~<,'~', '/ :,-.. "~":~~'>' ;/x,';,> ,.,,.:;." ~'~,2/"'" , ~x" "",'",-~ "~' > .. ~."'-: 

. " Note: ; Drawif)gs with ,conflrwed J9¢~tI9r,is shoyld bep~Cl\/ide,d:to. th~~prqperty owner imd/or client:" '. ' ' 
{.,~: /as soon;as possible\toredlice'pofemficiktime 'delays;,,' ;;;, .f~> ,/ »: ' . , .. ," 
,,:",\""/'''', :~":">~:~:::"'~\':,,'~.;'~~\;>")'.~:: '-~:;:',.' .. >.,' :'. .' •.•.. , :':., 

"3. ':"" .. ~oJify'.'~gn~ ~~~II~' ~~wiS~~;;-Jf: pg,~sible, ~r:ranQEl' f6r<ari';:app~it1!ment{~q, sh9~ th~ ,Ol)eCall, , 
, , " :represent~ti\te thes~uifac.e'19~ati~p:s\;or<exeavatio~bQuridaqes\hlp~r~i)n.~,:rris,will provide ,a~.petter;, 

:' <19Ca!ion'desig,nation t9 tfi,e'~t!!i~i~,~ they:repres~(lt. You ~~ould ~a'\(e, ~d9itional 9rawings should 
.' '" '... " Y9l! need to providej~.I9t plqf1~, tC?;tIie{Ons'Call service. . ,q ,:",;", ' ,',~'; • '. ,.. \ , ,>,: 

:,', ,'- ,:,,<,,'" >~':":~'::"<~~;; ", '~~',' '~,' ">~:~::,:,~,<~-,:{>:; ,;~ <,:,,<,:~,,~' '~~~~~"" 

Il1}plemElnt supplel11~nt,~I,;y~!Ii!y.qe,t'eCtion; techniques as necess~tya;ng;~ppropriat~ ·to. ~9rifor\ii:-
utilitY:locations or ~n,e'absericeftt:i.~reof: ~ :' ... ' :.~ r"; . . :, . ; ".'" . 

019611/R ~".' 

" ' 
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Client: ~,--":':';""",>;;.:.:;';,.:..' '-",-,~"",--~...:..-;. ; 'i;>r0Ject' Name:;+-,: ,,,,,,d7'Y~"""':-;': ;..,..: ~v :-----"" ••••• "'-"','-, ~-::'-'-'-:-"--::'-'-''';;'''''''''';''''; ","';:,--_ 

Project No::' _. -,-.,.--_+"------,,---_--,-..-'-- . ,', 6dm'~i.~tEfdB~:';,.::..'i.::...:" ,.,...:"~:",,,,~ :;,-,:..:..'",,-;.,:',.,.: ";;,.,' ---'-,-'-v.".. . ..:..<,.:..,:'..:.:" ":::,..' ,..:-.'..:..' ,""'::,-.,'''',-;.,,..... ~;..,-....;... 
Location'Name:'~', ,,", " ' .':" Work,nat~(~' ,i,v ',' : ,,<"~; . ' 

. Ex~avatio~ ~eth:;-p'-;'.~';"'ib';'-·v'-. e-r-he-'a-"d-,':-E-q""'U!'"""'p'-m-. e-"n-t,...-'-----:, ,-:",.: ". ~ ,,' , '~':,' .. ;~X~:: >-",,-', -,:-:."...,,,.,... .. -,-,<""':,i""";,-,-,"-'-,--· :-:"", ',"",:',:-"': ,~:"":;:~,"':',,';:""- /' . 
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'~';" ,',/, "'~/'-'.,,'~ 'v, ' "", 

~;!, ,',; '~<~ '.., "'-<: ... '-/ ' .... " '" ... ,';, ~', ' : ..... ,;~; " . /, ' ,<' -. ~ 
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ATTACHMENT III 

EQU'IPMENT INSPECTION CHECKLIST 



EQUIPMENT INSPECTION 

COMPANY: __________________________________ __ UNIT NO. ____________ _ 
FREQUENCY: Inspect daily, document prior to use and 'as repairs are needed. 

Inspection Date: ___ , __ /__ Time: ___ Equipment Type: _____ ---:-____ ----:-
(e.g., bulldozer) 

Good Need Repair N/A 

• 

Tires or tracks 

Hoses and belts 

Cab, mirrors, safety glass 
Turn signals, lights, brake lights, etc. (front/rear) for equipment 
approved for righway use? 
Is the equipment equipped with audible back-up alarms and 
back-up lights? 

Horn and gauges 

Brake condition (dynamic, park, etc.) 

Fire extinguisher (Type/Rating -_____ . 

Fluid Levels: 

Engine oil 
Transmission fluid 
Brake fluid . 
Cooling system fluid 
'Windshield wipers 
Hydraulic oil 

Oil leak/lube 

Coupling devices and connectors 

Exhaust system 

Blade/boom/ripper condition 

Accessways: Frame, hand holds, ladders, walkways (non-slip 
. surfaces), guardrails? 

Power cable and/or hoist cable 

Steering (standard and emergency) 

o 
o 
o 
o 

o 

o 
o 
o 

o 
o 
o 
o 
o 
o 
o 
o 
o 
o 

o 
o 
o 

Safety Guards: 

Around rotating apparatus (belts, pulleys, sprockets, spindles, drums, flywheels, chains) all points 
of operations protected from accidental contact? ________________ _ 

Hot pipes and surfaces exposed to accidental contact? ______________ _ 

All emergency shut offs have been identified and communicated to the field crew? _____ _ 

Have emergency shutoffs been field tested? ___ '--___ "'--__________ _ 

Results? _____ -:--________________________ _ 

Are any structural members bent, rusted, or otherwise show signs of damage? ______ _ 

Are fueling cans used with this equipment approved type safety cans? _________ _ 

o 
o 
o 
o 

o 

o 
o 
o 

o 
o 
o 
o 
o 
o 
o 
o 
o 
o 

0 

0 

0 

Yes 

0 

'0 

0 

0 

0 

0 

0 

o 
o 
o 
o 

o 

o 
o 
o 

o 
o 
o 
o 
o 
o 
o 
o 
o 
o 

0 

0 

0 

No 

0 

0 

0 

0 

0 

0 

0 



Have the attachments designed for use (as per manufacturer's recommendation) with this 
equipment been inspected and are considered suitable for use? ___________ _ o o 

Portable Power Tools: 

Tools and Equipment in Safe Condition? ____________________ _ 
o 0 

Saw blades, grinding wheels free from recognizable defects (grinding wheels have been sounded)? 
o o 

Portable electric tools properly grounded..:...? ___________________ _ 
o 0 

Damage to electrical power cords? ______________________ _ 
o 0 

Blade guards in place? ___________________________ _ 
o 0 

Components adjusted as per manufacturers recommendation? ____________ _ 
o 0 

Cleanliness: 

Overall condition (is the decontamination performed prior to arrival on-site considered acceptable)? _____ _ 
Where was this equipment used prior to its arrival on site? ____________________ _ 
Site Contaminants of concern at the previous site? _______________________ _ 
Inside debris (coffee cups, soda cans, tools and equipment) blocking free access to foot controls? ______ _ 

Operator Qualifications (as applicable for all heavy equipment): 

Does the operator have proper licensing where applicable, (e.g., CDL)? _______________ _ 
Does the operator, understand the equipments operating instructions? ____ ...,-___________ _ 
Is the operator experienced with this equipment? _______________________ _ 
Does the operator have emotional and/or physical limitations which would prevent him/her from performing 
this task in a safe manner? ______________________________ _ 
Is the operator 21 years of age or more? _________________________ _ 

Identification: 

Is a tagging system available, for positive identification, for tools removed from service?_ 

Additional Inspection Required Prior to Use On-Site 

Does equipment emit noise levels above 90 decibels? 

If so, has an a-hour noise dosimetry test been performed? 

Yes 
o 
o 

No 
o 
o 

Results of noise dosimetry: ______________________________ _ 

Defects and repairs needed: ______________ -...,. _______________ _ 

General Safety Condition: 

Operator or mechanic signature: _____________________ _ 

Approved for Use: 0 Yes 0 No 

Site Safety Officer Signature 



• 

ATTACHMENT IV 

SAFE WOR'K PERMITS 

/ 



• 
SAFE WORK PERMIT FOR 

MOBILIZATION AND DEMOBILIZATION ACTIVITIES 
AT NWS 'EARLE COLTS NECK, NEW JERSEY 

Permit No. _______ Date: ________ _ Time: From ______ to ______ _ 

SECTION I: General Job Scope 

I. Work limited to the following (description, area, equipment used):' Mobilization and demobilization activities. 

II. Required Monitoring Instrument~: .:...:N"'o.:..:n""e __ -'-____________________ _ 

III. Field Crew: ________________ -,--_____ .:....-_________ _ 

IV. On-site Inspection conducted 0 Yes 0 No Initials of Inspector __ --::=-:-::-:-:-,--

TtNUS 

SECTION II: General Safety Requirements (To be filled in by permit issuer) 
IV. Protective equipment required Respiratory equipment required 

Level D 181 Level B 0 . Yes 0 (see reverse) 
Level C 0 Level A 0 No 0 

Modifications/Exceptions: Minimum requirement include sleeved shirt and long pants, or coveralls, safety 
glasses and safety footwear. Hard hats, safety glasses and hearing protection will be worn when working 
near operating equipment. 

V. Chemicals of Concern Action Level(s) Response Measures 
None anticipated given the 
nature of activities 
and limited contact w/ media. 

NOTE: SSO to complete all entries in remaining sections, marking "Yes", "No'~, or "NA" as appropriate 

VI. Additional Safety EquipmentiProcedures 
Hard-hat ........................................ 0 Yes 0 No Hearing Protection·(Plugs/Muffs) .... 0 Yes . 0 No 
Safety Glasses ............................. 181 Yes 0 No Safety beltiharness ........................... O Yes 181 No 
Chemical/splash goggles .............. 0 Yes, 181 No Radio ................................................ 0 Yes 181 No 
Splash Shield .............................. :. 0 Yes 181 No Barricades .......... : ............................. 0 Yes 181 No 
Splash suits/coveralls .................... 0 Yes 181 No Gloves (Type - ) ..... 0 Yes 181 No 
Steel toe Work shoes or boots ...... I8IYes . 0 No ,Work/rest regimen ............................ 0 Yes 181 No 
Modifications/Exceptions: Tape up and use insect repellants, wear Twek coverall in high brush or wooded 
areas for further protection against natural hazards (e.g .. ticks, poison iw). If working in areas where 

.. snakes are a threat. wear snake chaps to protect against bites. 
VII. Procedure review with permit aC?ceptors Yes NA Yes NA 

Safety shower/eyewash (Location & Use) .......... 0 0 Emergency alarms ................... 0 0 
Procedure for safe job completion ...................... 0 0 Evacuation routes .................... 0 0 
Contractor tools/equipmentiPPE inspected ........ 0 . 0 Assembly points ................. : .... 0 0 

VIII. Equipment Preparation Yes No NA 
Utility Locating and Excavation Clearance completed ... : ................................................ 0 0 181 
Equipment and Foot Traffic Routes Cleared and Established ........................................ 0 0 0 
Physical Hazards Barricaded and Isolated ~ ..... .:.. ............................................................ O 0 0 
Emergency Equipment Staged , ................. : ......................... ; .......................................... 0 0 0 

IX. Additional Permits required (Hot work, confined space entry, excavation etc.) ...................... 0 Yes [8J No 
If yes, complete permit required or contact Health Sciences, Pittsburgh Office 

X. Special instructions, precautions: Preview work locations to identify potential hazards (slips, trips, and falls, 
natural hazards, etc.) Avoid potential nesting areas. Wear light colored clothing so that ticks and other 
biting insects can be easily visible and can be removed. Inspect clothing and body for ticks. Minimize 
contact with potentially contaminated med.ia. Suspend site activities in the event of inclement weather. 

Permit Issued by:. _______________ _ Permit Acc!,)pted by: ______ -:-___ _ 

mobdemobpermit CT00808 



SAFE WORK PERMIT FOR 
SOIL BORING AND SUBSURFACE SOIL SAMPLING OPRATIONS 

AT NWS EARLE COLTS NECK, NEW JERSEY 

Permit No. _______ Date: _______ _ Time: From ______ to ..:... _____ _ 

SECTION I: General Job Scope 

I. Work limited to the following (description, area, equipment used): Soil boring via hollow stem auger 

II. Required Monitoring Instruments: FID or PID with 11.3 eV (or higher) lamp source 
III. Field Crew: ________________________________ _ 

IV.' On-site Inspection conducted 0 Yes 0 No Initials of Inspector __ -=:-:-:-:--:-=-_ 

TtNUS 

SECTION II: General Safety Requirements (To be filled in by permit issuer) 
IV. P,rotective equipment required Respiratory equipment required 

Level D- ~ Level BOYes 0 (see reverse) 
Level C 0 Level A 0 No 0 

Modifications/Exceptions: Minimum requirement include sleeved shirt and long pants. safety footwear. and 
nitrile gloves. Safety glasses. hard hats. and hearing protection will be worn when working near or sampling in 
the vicinity of the_drill rig or other operating equipment. 

V. Chemicals of Concern Action Level(s) 
Chloroform and Sustained breathing zone 
Methylene chloride readings> 5.0 ppm 

Response Measures 
Retreat to an unaffected area 
Contact the PHSO for 
guidance. 

NOTE: SSO to complete all entries in remaining sections, marking "Yes", "No", or "NA" as appropriate 

VI.Additional Safety Equipment/Procedures 
Hard-hat ........................................ ~ Yes 0 No Hearing Protection (Plugs/Muffs) ..... ~ Yes 0 No 
Safety Glasses ............................. ~ Yes 0 No Safety belt/hamess ........................... O Yes ~ No 
Chemical/splash goggles .............. 0 Yes ~ No Radio ...... : ......................................... 0 Yes ~ No 
Splash Shield ................................ 0 Yes ~ No Barricades ........................................ 0 Yes ~ No 
Splash suits/coveralls .................... 0 Yes 0 No Gloves (Type - Nitrile) ....................... ~ Yes 0 No 
Steel toe Work shoes or boots ...... ~Yes 0 No Work/rest regimen ............................ 0 Yes ~ No 
Modifications/Exceptions: Twek coverall if there is a potential for soiling work cloths. PVC or PE coated Twek 
and rubber boots if saturation or work c1othslboots may occur. 

VII. Procedure review with permit acceptors Yes NA , Yes NA 
Safety shower/eyewash (Location & Use) .......... 0 0 Emergency alarms .................. 0 0 
Procedure for safe job completion ..................... 0 0 Evacuation routes .................... 0 0 
Contractor tools/equipment/PPE inspected ....... 0 0 Assembly points ...................... 0 0 

VIII. Equipment Preparation . Yes No NA 
Utility Locating and Excavation Clearance completed .................................................... 0 0 0 
Equipment and Foot Traffic Routes Cleared and Established ........................................ 0 0 0 
Physical Hazards Barricaded and Isolated ........................... : ......................................... 0 0 0 
Emergency Equipment Staged ....................................................................................... 0 0 0 

IX. Additional Permits required (Hot work, confined space entry, excavation etc.) ..................... 0 Yes ~ No 
If yes, complete permit required or contact Health Sciences, Pittsburgh Office 

X; Special instructions, precautions: The TtNUS SOPs on Utility Location and Excavation and UXO Clearance will 
be followed for all subsurface activities. Preview work locations to identify potential hazards (slips. trips. and' 
falls. natural hazards. etc.) Avoid potential nesting areas and use insect repellants (Permanone on clothing 
and DEET on skin). Wear light colored clothing so that ticks and other biting insects can be easily visible and 
can be removed. Inspect clothing and body for ticks. Minimize contact with potentially contaminated media. 
Suspend site activities in the event of inclement weather. 

Permit Issued by:. _______ ~-------_ Permit Accepted by: __________ _ 

drillpermit.doc eTO 0851 
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SAFE WORK PERMIT FOR 
GROUNDWATER SAMPLING 

AT NWS EARLE COLTS NECK, NEW JERSEY 

Permit No. _______ Date: ________ _ . Time: From ______ to _____ _ 

SECTION I: General Job Scope 

I. Work limited to the following (description, area, equipment used): Groundwater sampling. 

II. Required Monitoring Instrument(s}: FlO or PID with 11.3 eV (or higher) lamp source 

III. Field Crew: _____ -'--__________________________ _ 

IV. On-site Inspection conducted 0 Yes . 0 No Initials of Inspector __ -::::--:-:--:-:-=-_ 

TtNUS 

SECTION II: General Safety Requirements (To be filled in by permit issuer) 
IV. Protective equipment required Respiratory equipment required 

Level 0 I:8J Level BOYes 0 (see reverse) 
Level C 0 Level A 0 No 0 

Modifications/Exceptions: Minimum requirement include sleeved shirt and long pants, safety footwear, safety 
glasses and nitrile gloves. Hard hats and hearing protection will be worn when working near operating eguipment 

and or when required by the facility. 

V. Chemicals of Concern Action Level(s} 
Sustained breathing zone 
readings> 5.0 ppm 

Response Measures 
Chloroform and 
Methylene choloride 

Retreat to an unaffected area 
Contact the PHSO for' 

·guidance. 

NOTE: SSO to complete all entries in remaining sections, marking "Yes", "No", or "NA" as appropriate 

VI. Additional Safety Equipment/Procedures 

VII. 

Hard-hat.. ..................................... O Yes 0 No Hearing Protection (Plugs/Muffs) ........ 0 Yes 0 No 
Safety Glasses ...................... : ..... 1:8J Yes 0 No Safety belt/harness .............................. 0 Yes I:8J No 
Chemical/splash 909gles ............. 0 Yes I:8J No Radio .................................................... O Yes I:8J No 
Splash Shield ............................... O Yes I:8J No Barricades ........................ : ................... O Yes I:8J No 
Splash suits/coveralls .................. 0 Yes 0 No Gloves (Type - Nitrile) .......................... 1:8J Yes 0 No 
Steel toe Work shoes or boots ..... I:8JYes 0 No Work/rest regimen ............................... 0 Yes I:8J No 
Modifications/Exceptions: Tyvek coverall if there is a potential for soiling work cloths and PVC or PE coated Tyvek 
and rubber boots if saturation or work cloths/boots may occur.' Reflective vest for high traffic areas. Hearing 
protection when sampling near operating drill rig. 
Procedure review with permit acceptors. Yes NA 

. Safety shower/eyewash (Location & Use} ...... : .... O 0 
Procedure for safe job completion ............ : ......... 0 O. 
Contractor tools/equipment/PPE inspected ........ 0 0 

Yes 
Emergency alarms ................... 0 
Evacuation routes ..................... O 
Assembly points .................... : .. O 

NA 
o 
o o 

VIII. Equipment Preparation , . Yes No NA 
Utility Locating and Excavation Clearance completed .................................................... 0 0 0 
Equipment and Foot Traffic Routes Cleared and Established ................. : ................ , ..... 0 0 0 
Physical Hazards Barricaded and Isolated ..................................................................... 0 0 0 
Emergency Equipment Staged ....................................................................................... 0 0 0 

IX. Additional Permits required (Hot work, confined space entry, excavation etc.) ...................... 0 Yes I:8J No 
If yes, complete permit required or contact Health Sciences, Pittsburgh Office 

X. Special instructions, precautions: Contaminants were previously detected at low concentrations that are unlikely 
to present a significant exPosure potential (particularly via inhalation). However, air monitoring with FID/PID will be 
performed as a precautionary measure. ' 

Permit Issued by: ________ -'-_____ _ Permit Accepted by: __________ _ 

mmsamplingpermit CT00851 



SAFE WORK PERMIT 
DECONTAMINATION ACTIVITIES 

NWS EARLE COLTS NECK, NEW JERSEY 

Permit No. _______ Date: ________ _ Time: From ______ to ______ _ 

SECTION I: General Job Scope 

I. Work limited to the following (description, area, equipment used): Decontamination of sampling equipment 

and machinery (i.e., drill rigs, augers, excavating equipment. etc.). Brushes and spray bottles will be used to 

decon small sampling equipment. Pressure washers or steam cleaning units will be used to decon the 

augers, drill rigs, and other heavy equipment such as the backhoe or excavator. 

II. Required Monitoring Instrument(s): FID or PID with 11.3 eV (or higher) lamp source (to screen equipment) 

'111. Field Crew: -..., ______________________________ _ 

IV. On-site Inspection conducted 181 Yes 0 No Initials of Inspector __ -=':":":"':-:::-_ 

TtNUS 

SECTION II: General Safety Requirements (To be filled in by permit issuer) 
IV. . Protective equipment required Respiratory equipment required 

Level D 181 Level BOYes 0 (see reverse) 
Level C 0 Level A 0 No 0 

Modificatio!,\s/Exceptions: Minimum requirement include sleeved shirt and long pants, safety glasses, 
safety footwear, and nitrile gloves. When usinq pressure washers, field crews will wear hearing protection, 
and face shields. 

V. Chemicals of Concern 
Potential site contaminants 
include VOCs, metals, PCBs, 
and pesticides , 

Action Level(s) 
Elevated readings are not 
antiCipated to be 
encountered 

Response Measures 
If airborne readings are 
observed, repeat decon 
procedure 

NOTE: SSO to complete all entries in remaining sections,. marking "Yes", "No", or "NA" as appropriate 

VI. Additional Safety EquipmenVProcedures 
Hard-hat ........................................ 0 Yes 0 No Hearing Protection (Plugs/~uffs) ...... 181 Yes 0 No 
Safety Glasses ............................. 181 Yes 0 No Safety beIVharness ........................... O Yes 181 No 
Chemical/splash goggles .............. 0 Yes 181 No Radio ................................................ 0 Yes 181 No 
Splash Shield ................................ ·181 Yes 0 No Barricades ........................................ 0 Yes 181 No 
Splash suits/coveralls .................... 0 Yes 0 No Gloves '(Type - Nitrile) ....................... 181 Yes 0 No 
Steel toe Work shoes or boots ...... I8IYes 0 No Work/rest regimen ............................ O Yes 181 No 

Modifications/Exceptions: PVC rain suits or PE or PVC coated Tvvek for protection against splashes and 
overspray. Chemical resistant boot covers if excessive liquids are generated or to protected footwear. Hard hats 
may be necessary when using a face shield. 

VII. Procedure review with permit acceptors Yes NA Yes NA 
Safety shower/eyewash (Location & Use) .......... 0 0 Emergency alarms .................. 0 0 
Procedure for safe job completion ..................... 0 0 Evacuation routes .................... 0 ,0 
Contractor tools/equipmenVPPE inspected ....... 0 0 Assembly points ...................... 0 0 

VIII. Equipment Preparation Yes No NA 
Utility Locating and Excavation Clearance completed .................................................... 0 0 0 
Equipment and Foot Traffic Routes Cleared and Established ........................................ 0 0 0 
Physical Hazards Barricaded and Isolated ..................................................................... 0 0 0 
Emergency Equipment Staged ....................................................................................... 0 0 0 

IX. Additional Permits required (Hot work, confined space entry, excavation etc.) ..................... 0 Yes 181 No 
If yes, complete permit required or contact Health Sciences, Pittsburgh Office 

X. Special instructions, precautions: Chemical hazards may exist with decontamination procedures given the use 
of fluids such as isopropyl alcohol, etc. To minimize the potential for exposure, site personnel will use PPE and 
prevent contact with potentially contaminated equipment. Previous analytical data indicates low concentrations 
of potential contaminants of concern. Refer to the manufacturer's MSDS regarding PPE, handling, storage, 
and first-aid measures related to decontamination fluids. Use caution when using pressure washers. 

Permit Issued by: _______________ _ Permit Accepted by: __________ _ 

deconpermit CT00851 



SAFE WORK PERMIT FOR 
SURVEYING ACTIVITIES 

~ NWS EARLE COLTS NECK, NEW JERSEY 

Permit No. _______ Date: ________ _ Time: From ______ to _____ _ 

SECTION I: General Job Scope 

I. Work limited to the following (description, area, equipment used): Surveying and associated activities 

II. Required Monitoring Instruments: ,-,N,"",o.!.!n~e _______________________ _ 

III. Field Crew: ______ -=:--__ =-_____________________ _ 
IV. On-site Inspectiqn conducted 0 Yes 0 No Initials of Inspector __ ---,, ____ -

TtNUS 

SECTION II: General Safety Requirements (To be filled in by permit issuer) 
IV. Protective equipment required r RespiratorY equipment required 

Level 0 181 Level BOYes 0 (see reverse) 
Level C 0 Level A 0 No 0 

Modifications/Exceptions: Minimum requirements include sleeved shirt and long pants and safety footwear. 
Safety glasses. hard hats. and hearing protection will be worn when working near operating equipment. Rubber 
boots or hip waders if activities place personnel in areas of water. Safety glasses and Tvvek if working in brush or 
wooded areas. Wear insect repellant (Permanone on clothing and OEET on skin) . 

V. Chemicals of Concern 
None anticipated given the 
nature of activities and 

Action Level(s) 
None 

Response Measures 

limited contact w/ media. 

NOTE: SSO to complete all entries in remaining sections, marking "Yes", "No", or "NA" as appropriate 
VI. Additional Safety EquipmenUProcedures 

Hard-hat .......................................... 0 Yes 0 No Hearing Protection (Plugs/Muffs) .... 0 Yes 181 No 
Safety Glasses ............................... 0 Yes 0 No Safety belUharness .......................... 0 Yes 181 No 
Chemical/splash goggles ................ 0 Yes 181 No Radio ................................................ 0 Yes 181 No 
Splash Shield .................................. 0 Yes 181 No Barricades ........................................ 0 Yes 181 No 
Splash sU,its/coyeralis ..................... 0 Yes 0 No Gloves (Type - Work) ....................... 0 Yes 0 No 
Steel toe Work shoes or boots ........ OYes 0 No Work/rest regimen ......................... : .. 0 Yes 181 No 
Modifications/Exceptions: Tvvek coverall to protect against natural hazards (e.g .. ticks). If working in areas where 
snakes are a threat. wear snake chaps to protect against bites. 

. VII. Procedure review with permit acceptors Yes NA Yes NA 
Safety shower/eyewash (Location & Use) ........... O 0 Emergency alarms ................... 0 0 
Procedure for safe job completion ...................... 0 0 Evacuation routes ..................... O 0 
Contractor tools/equipmenUPPE inspected ........ 0 0 Assembly points ....................... 0 0 

VIII. Equipment Preparation , Yes No NA 
Utility Locating and Excavation Clearance completed .................................................... 0 0 0 
Equipment and Foot Traffic Routes Cleared and Established ........................................ 0 0 0 
PhYSical Hazards Barricaded and Isolated ..................................................................... 0 0 0 
Emergency Equipment Staged ....................................................................................... 0 0 0 

VII. Procedure review with permit acceptors Yes NA Yes NA 
Safety shower/eyewash (Location & Use) ........... O 0 Emergency alarms ................... 0 0 
Procedure for safe job completion ...................... 0 0 Evacuation routes ..................... O 0 
Contractor tools/equipmenUPPE inspected ..... , .. 0 0 Assembly points ....................... 0 0 

VIII. Equipment Preparation Yes No NA 
Utility Locating and Excavation Clearance completed .................................................... 0 0 0 
Equipment and Foot Traffic Routes Cleared and Established ........................................ 0 0 0 
PhYSical Hazards Barricaded and Isolated ..................................................................... 0 0 0 
Emergency Equipment Staged ....................................................................................... 0 0 0 

IX. Additional Permits required (Hot work, confined space entry, excavation etc.) ...................... 0 Yes 181 No 
If yes, complete permit required or contact Health Sciences, Pittsburgh Office 

X. Special instructions, precautions: Preview work locations to identify potential hazards (slips. trips. and falls. natural 
hazards. etc.) Avoid potential nesting areas. Wear light colored clothing so that ticks and other biting insects can 
be easily visible and can be removed. Inspect clothing and body for ticks. Minimize contact with potentially 
contaminated media. Suspend site activities in the event of inclement weather. 

Permit Issued by: _______________ _ Permit Accepted by: __________ _ 

surveypermit GTO 0851 



ATTACHMENT V 

MEDICAL DATA SHEET 



MEDICAL OAT A SHEET 

This Medical Data Sheet must be completed by all on-site personnel and kept in a central location during 
. the execution of site operations. This data sheet will accompany any personnel when medical assistance 

is needed or if transport to hospital facilities is required .. 

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 



ATTACHMENT VI 

TICK I LYME'S DISEASE INFORMATION 



TICK CONTROL 
. AND 

LYME'DISEASE 

The occurrence of Lyme disease has become a worldwide problem since its identification in 1976. This 

disease is characteristically recogn~zed as being transmitted by ticks, which may be encountered by field 

personnel while working at this site. As a result, this discussion has been included with this Health and 

Safety Plan to provide for adequate recognition, evaluation, and control efforts to minimize the occurrence 

and effects of this potential hazard. 

, The discovery of Lyme disease is credited to Dr. Allen Steere of Yale University Medical School, and is 

named after the community where it was (reportedly) first encountered, Lyme, Connecticut. This disease can. 

be transmitted to man through the bite of,. ticks th~t are infected with a cork screw-shaped microbe 

(spirochete). The spread of this disease has been so rapid that in 1984 it surpassed Rocky Mountain Spotted 

fever as the most common tick-borne disease in the United ?tates. In this country, most of the incidents of 

this disease have beem recorded in the Northeast, and the tick species. most commonly attributed with its 
" . 

spread is the deer tick. 

R cognition 

This hazard potential exists primarily in the spring and summer months, as these are the seasons that tick 

populations and activity flourish. In fact, 90 percent of the reported cases have occurred from early June 

through September. Also, this concern exists primarily in heavi,ly vegetated areas. T~erefore, recognition of 

these factors can aid in the awareness and control of this threat. . 
~ 

, ~':. 

To aid in the recognition and identification of these insects, an example illustration of the tick 'species . 

common to the region where this site is located has been included with this discussion. This species (the 

American Dog tick) is common' in the eastern half of the United States, and typically exists in areas covered 
, . 

with grass or underbrush. These insects will attach themselves to animals (including man) that pass through , . 

the area and rub against them. After finding a host, the tick ins~rts its mouthparts and sucks blood until it is 

fully engorged. This requi~es a time period of three to twelve days, then the tick will drop off. In addition to 

Lyme disease concerns, this tick has also been identified. as? transmitter of Rocky Mountain Spotted Fever, 

and the organisms of tularemia and possibly relapsing fever. The wounds left by tick bites can be painful, 

and can also have a paralyzing eff~t commonly referred to as tick paralysis. 
. . 



The earliest symptom of the onset of this disease is the occurrence of an unusual red skin rash. This is 
I 

commonly the first indication since it has been evidenced that many persons who have contracted this 

disease were, in fact, unaware that they had been bitten. This rash can appear at the site of the bite 

anywhere from several days to a few weeks after the bite. It typically starts as a small red spot, and then 

expands as the spirochetes expand from the bite location. Rash sizes can vary, but have been most 

commonly associated in a 2 to 3 inch diameter size range. This rash will fade (with or without treatment) after 

a few weeks. Close inspection is necessary to detect this symptom as the rashes are easy to miss because 

they're often very faint. Body sites where rashes frequently occur include the thigh areas, groin, and armpits. 

Also, it is not uncommon for a rash to develop in more than one place. 

Other early symptoms include profound fatigue, a stiff neck, and flu-like symptoms such as headache, chills, 

fever, and muscle aches. Recognition of the onset of any of these symptoms is important since tick bites do 

not always produce a rash. If left untreated, the disease will progres~ to its second stage within weeks or 

months after the infection. This stage involves affects to the heart and nervous system. A common second 

stage symptom is a paralysis on one or both sides of the face. Others include severe headache, 

encephalitis, or meningitis. The third and final stage involves the development of chronic inflammatory 

arthritis, which can occur up to a year or more after the bite. 

Evaluation 

Evaluation of this hazard potential principally involves field personnel performing close self-inspections for the 

presence of ticks each time they leave the site. This should involve careful examination, e~pecially of the 

individuals' heads. Personnel should be aware that when a tick attaches itself to its host, it inserts its entire, 

head under the surface of the skin. 

Control 

Control of this threat involves several components. First, field personnel must be aware of the climate and 

area conditions which are commonly associated with being conducive to tick infestatiofl. Second, when 

working in or walking through potential infested areas, personnel must ensure that they do not have exposed 

body parts (i.e. at least long sleeved shirts and long pants, particularly when protective coveralls are not 

worn). In heavily vegetated areas where infestation is likely, Tyvek coveralls will be required to minimize this 

hazard potential. Also, several commercial products have beel'.l demonstrated as bei!lg effective in repelling 

ticks. Examples include Permanone, Off!, and Cutter. These types of repellents will be used at the direction 

and discretion of the Tetra Tech NUS Health and Safety Officer, and only in accordance and observation of 

manufacturer's recommendations. In most instances, however, such repellents are typically applied to the 

outside surfaces of clothing (and not directly onto the skin), and should be applied also to shoe tops, socks, 

pants cuffs, and other areas most susceptible to ticks. 



TickR moval 

In ~he event that a tick is discovered to be attached to a member of the field team, timely removal of the insect 

is critical to reducing the potential for contracting the disease. According to available information and 

research, there is apparently a grace period of at least a few hours from the time of the bite before the tick 

transmits the microbe (the spirochetes are not present in the mouth parts of the tick). However, the incident 

of a tick bite is frequently unnoticed, and the discovery of the tick may not occur until after this suspected 

grace period has already elapsed. Therefore, timely removal is very important. The preferred method of tick 

removal is to pull it out using tweezers or small forceps. In this method, the tick sh6uld be grasped as close 

to the mouth as possible, and then pulled steadily upward. Care must be exercised so as not to pull in a 

jerking motion as this can result in the head becoming detached. After the tick has been removed, disinfect 

the bite with rubbing alcohol or povidone iodine (Beta?ine). The tick must not be handled as the microbes 

can enter the body through any breaks in intact skin. The bite should be checked occasionally for at least a 

two-week period to see if a rash forms. 'If it does, medical attention must be promptly sought. 

In order to provide for proper and timely response to the occurrence of a tick bite, the SSO will ensure 

that the site First Aid kit is properly equipped with medical forceps and' rubbing alcohol, in addition to the' 

standard kit contents. Also, an adequate supply of commercial insect (tick) repellents will be maintained 

on-site, and all personnel will be trained in its proper application and (will be required to use it, at the 

direction of FOL. 



APPENDIX 8 1 

FIELD FORMS 



( I tJ Tetra Tech NUS, Inc 

PROJECT NAME: 
PROJECT NUMBER: 
DRILLING COMPANY: 

BORING LOG 
BORING No.: 
DATE: 
GEOLOGIST: 

, DRILLING RIG: ---------

Depth Blows 1 Sample Lithology 
(Ft.) 6" or Change 
or RQD (Depth/Ft.) 

Run (%) Sample or 
RQD No. Length Screened 

Interval 

• When rock 'coring, enter rock brokeness. 

u 
s 
c 
s 

•• Include monitor reading in 6 foot intervals @ borehole. Increase reading frequency if elevated reponse read, 

Remarks: ' 

Page_of_ 

Remarks 

-~------------------------------------

Drilling Area ,.--__ -, 
Background (ppm): I .... _-' 

Converted to Well: Yes No Well I.D. #: -----------------------------



[ I t)TeUa Tech NUS, Inc. EQUIPMENT CALIBRATION LOG 

PROJECTNAME: __________________ _ INSTRUMENT NAME/MODEL: 

SITE NAME: MANUFACTURER: 

PROJECT No.: SERIAL NUMBER: 

Date Instrument Person Instrument Settings Instrument Readings Calibration Remarks 
of 1.0. Performing ir~~I~Ef "" ','V"W""" IT!?:~~~i~~I~~ ; ~ii:J.;liR.re~t~/;"ilyi !!t;!iiiflta:;tQst ;'II\'iIIIJ Standard and 

Calibration Number Calibration rMJ:~§it~1~ "'calil5ration"t ~)~Iib~~lio~ ~~n~?~t1~~]~1 (Lot No.) Comments ~;bi.l;"k>'«,1'S ~<;,1i:5~:i~dlle·WW.'ilim$M~ ~~i'I,,';';I::'-' ,'~Ii k.~J '{itd~¥ 
l,T, ,Ii" ,I~" ~ '" I' , 11" , ','1,,11-11, .t Il"IM,"IM,~4",'I",,', Itll"~' ,'l.lH,,1l! I'" I"~ , I, I i' t t" l' 'i, t, II~J, 'h, ~ , I', i" Ii II!, rlr i' i, ii', '1 Ii "~ io it , .1 t tl~l, , "l, -~h, t! , "I ,~ i iii I, ~, Ii ,,] 1 H" '1 I ' 1, i, I' "I1lr I~ I ~I, ,11 hi, 'I I ~ "1, ,Pili, III ,j1",1< , ~I, I ,Iii:' 111" j t, ,t'" "," i, I :11',1 11 , "It' 1,1~, ,i, 



PAGE 1 

Tetra Tech NUS, Inc. 

Project Site Name: 

Project No.: 

Sampled By: 

Field Analyst: 

FIELD ANALYTICAL LOG SHEEl 
GEOCHEMICAL PARAMETERS 

Sample 10 No.: 

Sample Location: 

Quplicate: 

.----__ --, Blank: 

D 
D 

Field Form Checked as per QA/QC Checklist (initials): 

Date: 

Time: 

Method: 

Color 

(VIsual) 

pH 

(S.U.) 

S.C. Turbidity 

(mS/em) (NTU) 

DO 

(mg/l) 

Page of 

Salinity 

(%) 

Other 

SA~i:ie;I;:Ql;i$.¢J!~ANAPf.$i~:INf.Q~MAWIli;?~ :Y:H;~:V~~; n:(>:""/:'~'~'j':'j~: j:;'U;;;:;HHj!:~n;{l~j::H::HHF·,?:j;:H'HHF::~:+,n)jH:.\::;'::·':;';j(:UH::.::;Y:j'·::L: j::': 
ORP (Eh) (+1- mv): Electrode Make & Model: _____________ _ 

Reference Electrode (circle one): Silver-Silver Chlonde I Calomel I Hydrogen 

Dissolved Oxygen: 

Equipment: HACH Digital Titrator OX-DT CHEMetrics (Range: ___ mg/L) Analysis Time: 

Range Used: Range Sample Vol. Cartridge Multiplier Titration Count Multiplier 'concentration 

0 1-5 mg/L 200 ml 0.200 N 0.01 x 0.01 mg/L 

0 2-10 mg/L . 100 ml 0.200 N 0.02 x 0.02 mg/L 

CHEMetncs. mg/L 

Notes: 

Alkalinity:· Analysis Time: 

Equipment: HACH Di~ltal Tltrator AL-DT CHEMetrics (Range: ___ mg/L) Filtered: 0 
Range Used: Range Sample Vol. Cartridge Multiplier Titration Count Multiplier Concentration 

·0 .10-40 mg/L 100 ml 0.1600 N 0.1 & x 0.1 mg/L 

0 40-160 mg/L 25ml 0.1600 N 0.4 & x 0.4 mg/L 

0 100-400 mg/L 100 ml 1.600 N 1.0 & x 1.0 mglL 

0 200-800 mg/L 50ml 1.600 N 2.0 & x 2.0 mg/L 

0 500-2000 mg/L 20ml 1.600 N 5.0 & x 5.0 mg/L 

0 1000-4000 mg/L 10 ml 1.600 N 10.0 & x 10.0 mg/L 

Parameter: Hydroxide Carbonate Bicarbonate 

Relationship: 

CHEMetrics: mg/L 

Notes: 

Standard Additions: 0 Titrant Molarity. Digits Required' 1st.: 2nd.: 3rd.: 

Carbon Dioxide: 

Equipment: HACH Digital Titrator CA-DT CHEMetrics (Range: ___ mg/L) Analysis Time: 

Range Used: Range Sample Vol. Cartridge Multiplier Titration Count Concentration 

0 10-50 mg/L 200 ml 0.3636 N 0.1 x 0.1 mg/L 

0 20-100 mg/L 100 ml 0.3636 N 0.2 xO.2 mg/L 

0 100-400 mg/L 200 ml 3.636 N 1.0 x 1.0 mglL 

0 200-1000 mg/L 100 ml 3.636 N 2.0 x2.0 mglL 

CHEMetrics: mg/L 

Notes: 

Standard Additions: 0 Titrant Molarity: Digits Required: 1st.: 2nd.: 3rd: 



Tetra Tech NUS, Inc. 

Equipment: DR-700 

Program/Module: 610nm 

DR-8 

93 

Concentration: ______ mg/L 

Notes: 

Sulfate (504
2

"): 

Equipment: 

Program/Module: 

DR-700 DR-8 

91 

______ mglL 

Standard Solution: 

PAGE 2 
FIELD ANALYTICAL LOG SHEET 
GEOCHEMICAL PARAMETERS 

HS-WR Color Wheel 

Other: 

Results: ___ _ 

r-------, 

Sample 10 No.: 

Sample Location: 

Duplicate: D 
Blank: D 

of 

Other: _____ Analysis Time: _____ _ 

Filtered: D 

Analysis Time: _____ _ 

Filtered: D 

ISI.::mcl::mi Additions: 

D 
D Digits Required: 0.1ml: ___ 0.2ml: ___ 0.3ml:. __ _ 

Notes: 

Nitrite (N02"-N): 

Equipment: DR-700 

Program/Module: 

DR-8 

60 

______ mglL 

Notes: 

Nitrate (N03--N): 

Equipment: DR-700 DR-8 

55 

______ mgIL 

ISI:~n"I"rC1 Solution: 

Other: 

Other: 

Results: ___ _ 

Analysis Time: =:------
Filtered: D 

Reagent Blank correction.D 

Standard Solution: D Results: D 

Analysis Time: =:-----
Filtered: D 

Nitrite Interference TreatmentD 

Reagent Blank C~rrectionD 
ISI:;!nl1l"rn Additions: 

D 
D Digits Required: 0.1ml:_.....:...._ 0.2ml: ___ 0.3ml: __ _ 



PAGE 3 
FIELD ANALYTICAL LOG SHEET .. 
GEOCHEMICAL PARAMETERS 

Tetra Tech NUS Inc Page of 

Project Site Name~ Samele ID No.: 

Project No.: Samele Location: 

Sampled By: . Duplicate: 0 
Field Analyst: Blank: 0 

. Field Form Checked as per QAlQC Checklist (initials), I I 
;5AMPLE C;OU:'~QTION1A~ALYSIS·I~foRrMTIQN~:::~: '.:> .. \: .... >< . .; <::>:::~ ... :<~:'::~:::<;"".: ::;:" ;'<;.: . /.;:', : : : .. ' , ::. .. 

Manganese (Mn2+): 

Equipment: DR-700 DR-8 -- HACH MN-5 Other: . Analysis Time: 

Program/Module: 525nm 41 

Concentration: mglL Filtered: .0 
, 

Digestion: 0 I· . 0 Reagent Blank C~rrectionD Standard Solution: Results: 

Standard Additions: 0 Digits Required: 0.1 ml: 0.2ml: - 0.3ml: 

Notes: .. 

" 1 

Ferrous Iron (Fe2+): 
\ 

Equipment: DR-700 DR-8 -- IR-18C Color Wheel Other: Analysis Time: 

Program/Module: 500nm 33 .. 

Concentration: mg/L Filtered: 0 
Notes: ,< 

Hydrogen Sulfide (H2S): 

Equipment: HS-C Other: Analysis Time: 

Concentration: mg/L Exceeded 5.0 mg/L range on color chart: 0 
Notes: 

QA/QC Checklist: 

All data fields have been completed as necessarY: 0 
Correct measurement units are cited in the SAMPLING DATA block: D 
Values cited in the SAMPLING DATA block are consistent with the Groundwater Sample Log Sheet: 0 
Mulitplication i's correct for each Multiplier table: 0 
Final <?<llulated concentration is within the appropriate Range Used block,: 0 
Alkalinity Relationship is.determined appropriaUy as per manufacturer (HACH) instructions: 0 
QAlQC sample (e.g., Std. Additions, etc.) frequency is appropriate as per the 'project planning documents: . 0 
Nitrite Interference treatment was used for Nitrate test if Nitrite was detected: 0 
Title block on eliCh page of form is initialized by person who performed this QAlQC Checklist: 0 



[ I L J ... Tech NUS, 100 

Project Name: 

. Location: 

Weather Conditions: 

Tidally Influenced: 

measurements to 

Yes 

GROUNDWATER LEVEL MEASUREMENT SHEET 

Project No.: 

Personnel: 

Measuring De'vi£~ ______________ ~ 

No Remarks: 

Page __ of_, _ 



( I L] T,tra T"h NUS, '"e GROUNDWATER SAMPLE LOG SHEET 

~g of 
'" 

Project Site Name: Sample ID No.: 
Project No.: Sample Location: 

Sampled By: 
0 Domestic Well Data C.O.C. No.: "' 
0 Monitoring Well Data Type of Sample: 
0 Other Well Type: o Low Concentration 
0 QA Sample Type: 0 High Concentration 

I~AMPL:JNl:hDAT ~:)' ,'",~'S'W!"",A; ",..i;, ./. ",' "",,,,: ",; ,::::A;'~B:~~ ;0"\:: &(;; : ;,~;>b~;; , >;/- ::'C. 
W§j', Llf!0 

IOate: 'Color pH S.C. T~~P' Turbidity DO Salinity Other 

ITime: (Visual) _(S,U.) (mS/em) (N1'!J) JttIgIl) i~ 
IMethou: 

;'/'; :,,'/;"'\1; '21 : 2}" :,;,'«7_ 

I Date: Volume pH S.C. Temp. Turbidity DO Salinity Other 

lMetho~ 
Monitor Reading (ppm): 

IWell Casing Diameter & Material 

IType: 

ITotal Well Depth (TO): 

IStatic Water Level (WL): 

lone Casing V~e(gal/L): 

Start Purge (hrs): 

• End Purge (hrs): 

Total Purge Time (min): 

T9tal Vol. Purged (gal/L): 

S~~V1r. t:}",),: ,~,,,; !RM~:, 
An~", ,;~ n, Comamdr Requirements Collected "'''"." VOL'V" 

UI:S~t:t(VA'I:IUIIISiI~ ;C}} :X:,1;!:,;>;i!Ii> \~:~J:~;:,;;(: :;;t;:ji;n~:0J'{::,~; t;;,\: <, ,;;ti 

-

lie. Ible:i'o, .,'. >:: ii Signature(s): 

MS/MSD Duplicate 10 No.: 

• , 
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T tra TechNU~ Inc. , 

HYDRAULIC CONDUCTIVITY 
TESTING DATA SHEET 

PROJECT NAME: .............................................................................................................. WELL/BORING NO.: . ........................... 

PROJECT NO.: •••••••••••••••••• n •••••••••••••••••••••••••••••••••••••• GEOlOGIST: . .................................................................................................. 
WELL DIAMETER: ........................... SCREEN LENGTH/DEPTH: . ................................................. TEST NO.: . ........................ 
STATIC WATER LEVEL (Depth /Elevation): ••••••••••••••••• u ............................................................... DATE: . ................................ 
TEST TYPE (Rlslng/F oiling/Constant Head): .......................................................... CHECKED: . .............................................. 
METHOD OF INDUCING WATER LEVEL CHANGE: ................................................................................ PAGE ...... OF ........... 

REFERENCE PT. FOR WI.. MEAS. (Top of Casing, Transducer, etc.): ................................................................................... 

ELAPSED MEASURED o~~~~~~(rH) ELAPSED MEASURED .PRAWDOW WELL SCH~Anc 

(mln~~~ec.) WA ~~eijEVEL (mln~~~ec.) WA~~e!fVEL lOR Hft!?) 6H) .-..::::::: ,WEL.. _ 

. -
Depths (IOC) 

11= == 
I~~ i= ;-

ii'~ 
'Sl.. IndIcate SWI.. 

, Depth on DrawIng 

REMARKS: 

~~~~~~~~.-.- .. -.-.. --.. -... -...... --.. -.-... ----.... . 



~ -. 
LOW FLOW PURGE DATA SHEET 

PROJECT SITE NAME: WELL 10.: 
PROJECT NUMBER: DATE: 

- , 

Time Water Level Flow pH S. Condo Turb. DO Temp. ORP Salinity 
Comments 

if,;:iblrs.) ~,;, ' " {I ;., ''." ""Y"~,,'"'' " .. :Y' . " Ft:-,belowTOC ;, -.(mUMin.),. "~t~ . '.r r. " ,\', 'J"'S,U •. iir11sicmY ,;/' {NTU) ,',' "-(mg/LX ' (C'ei'cilisY '~(':";'~m,i ~"':' o;~:!or'"'tipt .. 

, 

-

-

. , 

SIGNATURE(S): __________ _ PAGE_OF 
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WELL NO.: _____ _ 

T tra Tech NUS. Inc. 

OVERBURDEN 
MONITORING WELL SHEET 

STICK-UP 

PROJECT LOCATION ______ _ DRILLER ______ _=_ 

PROJECT -:"'N=O-. ------ BORING DRIlliNG 
DA TE BEGUN DA TE CO~M-:-:P=L-=E=TE=D~---- M~OD _______ _ 

DEVELOPMENT 
MElHOD 

FIELD GEOLO-=-GI=S=T~~-=--=--=--=--=--=--=--=---=-":,=:,,~ _______ _ 
GROUND ELEVATION DATUM 

....... ---.r---+_ ELEVATION/HEIGHT OF TOP OF SURFACE CASING:_----oI/'--_ 

.----,...I----+_ ELEVATION/HEIGHT OF TOP OF RISER PIPE: 

,--+- TYPE OF SURFACE SEAL: ______ _ 

I/fooo-----t-- 1.0. OF SURFACE CASING::--_____ _ 
TYPE OF SURFACE CASING: ______ _ 

&t-----t-- RISER PIPE 1.0.:........"...--_______ _ 
TYPE OF RISER PIPE: _______ _ 

n-----+- BOREHOLE DIAMETER: _______ _ 

l:+-----t--TYPE OF BACKnLL: ________ _ 

111----+- ELEVATION/DEPlH TOP OF SEAL: 

-----+-TYPEOFSEAL: _________ _ 

P.I!----+- DEPlH TOP OF SAND PACK: 

J~::t----t+-----+-- ELEVATION/DEPlH TOP OF SCREEN: 

-of;ii----+- TYPE OF SCREEN: _________ _ 

SLOT SIZE x LENGlH: _______ _ 

1.0. OF SCREEN: _________ _ 

~~----t-- TYPE OF SAND PACK: _______ _ 

ELEVATION/DEPlH BOTIOM OF; SCREEN: 

---+_ ELEVATION/DEPlH BOTIOM OF SAND PACK: 
BACKnLL MATERIAL BELOW SAND: ___ _ 

'---+_ ELEVATION/DEPlH OF HOLE: 

1 

1 

1 

1 I. 
1 



· ~ 

[I t) Tetra Tech NUS, Inc, MONITORINC; WELL DEVELOPMENT RECORD Page_of __ 

Site: Depth to Bottom (ft.): ProJect Name: _______________ _ 
Well: Static Water Level Before (ft.): Project Number: _______________ _ 
Date Installed: Static Water Level After (ft.): Site Geologist: ________________ _ 
Date Developed: Screen Length (ft.): Drilling Co.: _________________ _ 
Dev. Method: Specific Capacity: _______ _ 
Pump Type: Casing ID (in.): ________ _ 

Time Estimated Cumulative Water Level Temperature pH Specific Turbidity Remarks (odor, color, etc.) 
Sediment 'Water Readings (Degrees C) Conductance (NTU) 
Thickness . Volume (Ft. below TOG) (Units-> 

(Ft.) (Gal.) 

\ 
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1.0 PURPOSE 

5 
Effective Date 

09/03 

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 testing, and 
techniques for groundwater sampling. Review of the information contained herein will facilitate planning of 
the field sampling effort by describing standard sampling techniq!Jes. 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 

Conductivity - Conductivity is a numerical expression of the ability of an, aqueous solution to carry an 
electric current. This ability depends on the presence of ions, their total concentration, in'obility, valence, 
and relative concentrations"and on temperature of measure. Conduc~ivity is highly depenaent on 
temperature and should be reported at a particular temperature, i.e., 20.2 mS/cm at 14~C. . . ' 

Dissolved Oxygen (DO) - DO levels in natural and wastewater depe~d on 'the physical, chemical, and 
, " 'biochemical activities in the water sample. _ , 

Oxidation-Reduction Potential (ORP) - A measure of the activity ratio of oxi~izil")g 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. " . . 

Qt! -, 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 nearly equal. ,Thus, for all 
practici:lI 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 manufacture'r will then 'give' an indication.of the, 
solution!s pH. ' 

Salinity':" The' measurement of dissolv~d salts in a given mass of solution. Note:, most field meters 
determined salinity alitomatically from conductivity arid temperature. The displayed value will be displayed 
in either parts per thousand (ppt) or % (e.g., 35 ppt will equal 3.5%). ' . , 

r ' ; , 
Turbidity.:.. Turbidity in water is caused by suspended matter, such as clay, silt, fine organic arid inorganic 
matter. !urbidity is an expression of the optical property'that causes light to bescatte'red cin~absorbed 
rather than transmitted'in a straight line through the sample. ' " ' , . " 

4;0 RESPONSIBiliTIES 

Project Hydrogeologist - Responsible for seleeting and detaiiing, the specific grq.undwater, sampling, 
'techniques,onsite water quality,testing (type, frequency, and loc~tion),'i'lnd equipment to be' used; and 
,providing'detailed input in this regard to the project plan documents. ,The project hydrogeologist is also 
respon~ible for properly briefing and overseeing the performance of the site sampling p~rsorinel. 

Tetra Tech NUS, Inc. 
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Project Geologist/Field Sample Technician - is primarily responsible for the proper acquisition of the 
groundwat~r sarnpl~s. ~He/she is also responsible for the actual analyses of onsite water quality samples, 

: as'well as instrume~t C:,alibration, care, and maintenance. When appropriate, such responsibilities may be 
performed by other qualified personnel (e.g., field technicians). " 

'-", .... 

:5.0" PRO~I:I?URES ' 

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.tbe:time',of.,sarhpling to,the time of analysis in order to keep any changes in water quality 
parameters,to' a'·mirimum." , . 

. Methods, for ,withdrawing sa'mpies from completed 'wells include the use of pumps, compressed air, 
bailers, and variolJS types':,of samPlers. 'The primary cO[1siderations in obtaining a representative sample 

, cif the groundwater 'are to 'avoid c,ollection' 6f !5tagnant (standing) water in the well and to 'avoid physical or 
, cheniicalalteration of the water dueto,sampling techniques. In a non-pumping well, there will belittle or 

no vertical mixing of water.in the well pipe or casing, and stratification will occur. The well water in the 
scr~ened sec:tiqn will mix with the groundwater due to normal flow patterns, but the well'water above the 
screened sec~ion" will rem'aln, isolat~d and become' stagnant. To safeguard against collecting non
represent~tive.stagnantwater in 8\sample, the following approach shall be followed prior to sample 
acqUisition:' ",", .. ' ',' ' , ' ' 

-
1. ,All monitoring ~ells shalLbepurged prior to obtaining a sample. Evacu~tion of three to five 

volumes . is' re<;ommend~d pribr to sampling. In a high-yielding groundwater formation and where 
th~re,is rlOst~gnarir wat~rin,th~ yvelf above th~ screen,ed section, extensive evacuation prior to 

, sample.withdtawal is, noUls, criticaL , ,', ",' ,,' 
-' " 

2: For wells that can be purgecLdry, the well shall be evacuated and allowed t6r~cover to 75% full 
capacity prio'r tb'-sample' acquisition. If the recovery rate is fairly rapid, evacuation of more than 
one volume of water is req~ir~d-: ' - , , " 

, \ 

3. FOI'Jligh~yielding}no'~it~,rin~(~eils which cann<:>t be evacuated to dryness, there is no absolute. 
,safeguard against contaminating Jhe sample with stagnant water. One of the following techniques 

,'shall be used to miriirhizethis;possibility: ' 

,. " '':':,' 

A submersible pump or the intake line of a surface' pump or bailer shall be placed just below 
the watersurlace:,wtien removing the stagnant water and lowered as the water level drops. 
Threi3 to five volumes :of 'Wat~r 'shall be removed to provide reasonable assurance that all 
stagnant ,water' has,.t>een:evacuated.Oncethis is accomplished, a'bailer or other approved 
device rnay be used ,to ,c.ollect the sample for analysis., .,'. .' 

., 'th~ 'ihi'ake' li~e 6f :th'e' 's'amplirig' pump ,(o~ the submersible pump itself) unless otherwise 
~direded,'shall be' pla'cEid :near the center'of the screened section, and approxirriately one 
cci'singLvolume of :watEir. sbaIJ~b¢J)umped from the well at a loiN purge rate, equal to the well's 
'rec()verYrat~'(low flow's8rr)pling)".·· .' , . 

. '. '. .' 
,; . ,(, 

Stratificajion~of c~~taminar;lts r:n~ye,xist<iri Hie aquifer. CqncentratiOll grad,ents as a result at mixing and 
d.ispers!on proce,sses; layers, of var!?ble' perm,eability, and the presence of separate-phase product (i.e.; , 

Tetra Tech NUS, Inc. 
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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. 

I 

5.2 Sampling. Monitoring. and Evacuation Equipment 

Sample containers shB;1I conform with the guidelines expressed in ~OP SA-6.1. 

, The'following equipment shall be on hand when samplihg groundwater wells (reference SOPs SA-6.,1 and 
SA-7.1): 

• . Sample packaainQ and shippinQ equipment - Coolers for sample shipping and, cooling, chemical 
preservatives, appropriate sampling containers and filler, ice, labels and chain-of-custody documents. . . . . 

• Field tools and instrumentation, - Multi-parameters water quality meter capable of measuring ORP, pH, 
temperature, DO, specific conductance, turbidity 'and saliriity or individual meters (as applicable), pH 
:paper, camera and fiJm (if appropriate), appropriate keys (for ,locked wells), water level indicator. 

• Pumps 

'Shallow-we'lf pumps: Centrifugal, bladder, suction, 'or' peristaltic 'pumps with droplinE!s. air-lift 
, apparatu~ (compres'sor' and tubing) where applicable. 

Deep-well.pumps: ,Submersible pump and etectrical pO)Ner-generating unit, or bladder pumps. 
wh'ere applicat;ile.· . ., " 

• . Other sampling equipment -.Bailers and inert line 'with tripod"p~lI~y assembly (if necessary). 

• . Pails - Plastic,'graduated. 

• :Decontamination solutions - Deionit~d water. potable water,:laboratory detergents, 10% nitric acid 
solution (as required), and analytical~grade s.olvent (e.g., pesticide-grade isopropanol). as required. 

, Ideally, sample withdrawal equipment shall: be .. completely: inert, economical, easily cleaned, cleaned prior 
t6 .use, ,reusable, able to operate atrelTlote sites in the -absence of power sources, and capable of 
delivering variable rates for well purgingahdsample collection .. ,. ' "~.' ., '" 

5:3 Calculation~ of Well Volume 

To insure that the ,prop~~ volume of water has been rem,oved .from the'well prior to sampling it is ,first 
" necessary to know the volume of standing water in the well pipe. 'This volurrie can be'easily calculated by 
the following method.' Calculations shall be entered in-the' site logbook or field no.tebook or on a sample 
log sheetform (see SOP SA-6.3): 

• Obtain all Civailable information on,w~n:~onstruction (I~ca:!ion;,cas'ng, screens, etc.). 
, ~ > • • • 

• Determine' well or ih~er.cas.il)g diameter., ' 
'.<-

.' :M~asure and 'record' st~tic wafer.l~vel (depth 'below ground.lev~1 or top of qasing reference point) . 
'- ~ , " 

• Determine deptli of well by soundingusfng,a clean, decontaminated, weighted tape measure. 

,019611/P Tetra Tech NUS, Inc, ' 
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• Calculate number of linear feet of static water (total depth or length of well pipe minJ.js the depth to 
static water level). . 

• Calculate one static well volume in gallons V, =' (0.163 XI Xr2) 1 

5.4 

where: V 
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 injnches. 
A constant, .conversion factor which' compensates for. 'Jh~: 

",conversion of the casing radius, from inches to feet, the: 
converS!o:~of cubic feet·to gallons, and pi.' ,,'" , 

Per evacuation 'volumes discussea above, determine the minimum amount ,to beevai::uat~d 'bei~re 
sampling. . ,- -. ,i' , 

Evacuation,of Static Water-lPurging) 

5.4.1- General 

The amou~t of purgi~g a well shall ~eceive prior'to sample collection ~'i11 dep~-na q~\he':'intel)t:9.f"~t~~,- " 
monitoring program and the hydrogeOlogic conditions.' Programs:to 'determine oy~rall:q4a!itY,:qf;,wat~~' ' . 
resources may require 10l:1'g pumping periods to obtain a sample that is r~presentative 'pf;ii:larg~;yq!ume cif -. 
that aquifer. .The: pumped v6lume~may be 'specified prior to samplIng so,'thauli~~,sample:;c,an:be--a , 
composite:.of- a known' volume of ttieagLilfer: Alternafely the well_can'::~~::purjlped:,uritil;i]le;:parah'i~t~rs "-, " 
such as' t~mperature,'sp~cific 'cond,u,ctance: p8,: a'1d' 'turbidity (as ap'plicabfe ),have;:stab'iliied:',::;6'n~ite~ , ': i ; 
measu(ements '6Fthese,pEirameters shall' be' 'recorded ,in the site., iOgb6ok;. fielj:Hh:Mtebook,: or\pn:: "-; :' 
standardized data sheets. '__ ' ' '.. '<' ':,'::, ' :" -'" " 
5.4.2 , ,Evacuation 'Devices 

, .... "'," ", 
}<. >' 

,'.," .' " ' ~ r, • 

The following di'scussion .is limitea to those ~'devicescommonly. used at hazard~i:.~«w~~te', sites:, ':: 
AttachmeniAprovides .guidiu1ce' on the pro~r _ ev~cuation de,v_ice 'to use for ,giv~n: ;~hrpiing::~it~~tio~~~' ':, 
Note that all pf these techniques involve equipmer)t'vvhi,ch is portable and readily availa91~,:~ -~ :':~::":"' ... , ',' / ' " ", ";' ,;~ ,<~':'- .. 

'. .~:. . ~: '. ' 

" ,~\, 

Bailers are the.simplest evacuation devices used and have many ad~antages.TheY g'~n;'~~-IIY'cdnsi~t~of.'a" " 
length of :pipe with ~ sealed bottom (bucket-tyPe bailer)- o'r, as is mor~ useful and ,favored; ',with a ,ball , 
check-valve:at the bottom. An'inert line is used to IQwer'the baile'r and retrievetlie san1ple~'-' ;':" ',",' ,-

, " -". . . " , ' ~ ',,' , ' 

Advanta'ges 'of bailers include: 
,," " .. ; --

• . Few limitations on size arid materials ,used for: bailers. ,,' , ' 
'.' " 

• No external power squrce:rwe,ded. ' ' , .' .,' ,,' " -'- , ' , 
• Bailers- are inexpensive, and can be dedicated and hung in a well to reduce 'the' chances 'of' cross-

contamination.- ' " -', " " "., :', " -: 

• Baile~s are relativelye,asy,to dec9ntaminate. 

Limitations on the use of·b'ailers include the fbliowirig,: 

019611/P, Tetra 'r ech 'NUS, lric. 
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• 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, and 
peristaltic pumps. Centrifugal and diaphragm pumps' cali ,be used for well evacuation at a fast pumping 
rate and for sampling at a low pumping rate. The p:eristaltic pump is a Ibw volume pump that uses rollers 
to squeeze a flexible tubing, therElbycreating suction. This.tubing can be dedicated to a wellto prevent 

',cross contamination. 

These pumps are all portable, inexpensive imd -readily ava:ilable. 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 liniitation is that the va'cuum created by these pumps can ca'use significant'loss of dissolved 
gases and. vc;>latile organics. ' , , ' 

Air-Lift Samplers 

This group of pump samplers uses gas pre.ssure::eitber in,the annulus of the"VY,eIL or in, a venturi to force 
the_w~tenjp a sampling tube. These, P,lJmpS are:also rela~ively inexperlsiv'e:~:Air (or gas)-lift samplers arE? 

, more suitable for well developmenithanf()r sampling bec;ause the samples ,may' be aerated, leading to pH • 
' challges and subsequent trace metalprecipitation, or loss-of v()latile organic~.'~", ' 

, ,Submersible Pumps 

S~b~ersible' pumps take in water and:,push' the's~rriple up a sample fub~:);.the surface. -Th'~,'power. 
sources for these samplers may be compressed gas' or electricity .. The.'operation principles vary'andthe 
displacement of the sample can be by an inflatable:bladder, sliding piston, ,9$S t:)ubble, or impeller. Pumps 
are available for 2-inch-diameter wells and larger. These pumps can lift iNater'from considerable depths , 

. ,:(several hundred feet). " " ' 

, Limitations of this class of pumps include: ' 

• Tiley may have low delivery rates: " 
• 'Many models of these pumps are expensive: , ' 
• Compressed gas or electric powe~ is needed. _ ' ' , , 
• Sediment in water may cause clogging of the valves or eroding the impellers with some of these 

pumps. , " ' , 
• Decontamination of intemal components can be' diffi~ult and time-consuming. 

, ' 

,5.5 Onsite Water Quality'Testing 

This ,section describes the procedures and equipment required to measure the 'following parameters of an 
,aqlJeous sample in the field: . """, " . -, ", ,.' 

• pH 
• Specific Conductance 
• Temperature 
• Dissolved Oxygen (DO) 
•. ,Oxidation-Reduction Potential (ORP) 

0196111P Teira Tech NUS, Inc: 
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• Turbidity 
~ 

• Salinity 

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. Most meters 
used to measure field parameters require calibration on a daily basis. Refer to SOP 6.3 for example 
equipment calibration log. " ' 

5.5.1 Measurement of pH 

5.5.1.1 General 

Measurement of pH is one of the most impor:tantand frequently,used tests.inwaterchemistry. P~a¢ticaHy 
every phase of water supply and' wastewater treatment such as aCid-base' neutralization, water softening, 
and corrosion' control is pH' dependent. . • Likewise, the pH ;of leachate can' be correlated with" other' 
chemical analyses to determi.r:-.e the prcibabl~ source of· contamination. It, is. therefore important .. that' 
reasonably acc!Jrate pH measurements betaken., ' . 

Two methods aregiven"for pH measurement: the pH'met~r,and pH in'9i.~ator paper. The·indicator paper' ',. 
is used ,when' only a r()ugh~stimate of ,the pH -is required,:~nqthepH.;!1leter \:'Vhen:a rporeaccurate' , 
measurement is needed;' The response of a pH meter ca~ be affected'toa,slight degree by high levelscif " 
colloidal or suspended 'solids, but. the 'effect is usually/small and'generally, of little significance.:. 
Consequently, specifiC rhetnods to overcome this interference'a~e hot described. The response ,afp!':1 
paper is unaffected by solu.tion interferences from color, turbidity, colloidal or susp:ended materials unless.' 
extremely high levels capable'of coating or masking the,paper a:reencount'ered. In'suc<h cases,use:'of'a 
pH meter is recommend~9. " .' 

,', 

5.5.1.2 Principles of Equipment Operation 
, '<' 

Use of pH papers forpHmeaswemerit relies on a chemical'rea<;;tion caused by th~ aciditY or alkalinity'of ' ' 
the soiution 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 alkaliriity 
determination) and ~pecific pH r(J.nge hydr!on paper. 

Use of a pH meter relies on the same principle as other io~-specific electrodes. Measurement reJies oli 
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 ~C?ncentrationjs g~nerated and,measured. ,,>.. ".' 

5,5.1.3 Equipment 

The following equipment. is needed for taking,pH measurements: 

• , Stand-alone. portabl.~','pH meter; or. combination meter (e.g., Horiba U-10); or combination meters 
. equipped with an in-line saniplechamber (e.g., YSI 600 series and Horiba U-22). 

. . '" . . 
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• Combination electrode with polymer body to fit the above meter (altemately a pH electrode anc~ a 
reference electrode can be used if the pH meter is equipped with suitable electrode inputs). 

• Buffer solutions, as specified by the manufacturer. 

• pH indicator pap~r, to cover the pH range 2 through 12. 

• Manufacturer's operation manual. 

5.5.1.4 Measurement Techniques for Field Determination of pH 

pH Meter 

The following procedure is used for measuring pH with a pH meter (meter standardization is according to 
manufacturer's instructions): 

• Inspect the instrument and batteries prior to initiation of the field effort. 

• Check the integrity of the buffer solutions used for field calibration. Buffer solutions need to be 
changed often as a result of degradation upon exposure to the atmosphere. ' , 

• Ifapplicable,',make sure all electrolyte solutions within the electrode(s) are at their proper levels arid 

• 

• 

that no air, bubbles are present within the electrode(s). . 

Calibrate,on a daily use basis (or as recommended by manufacturer) following manufacturer's 
instructions. Record calibration data on an equipment calibration log sheet. 

Immerse the electrode(s) in the sample. Stabilization may take several seconds to minutes. If-the pH 
contirues to drift, the sample temperature may not be stable, a physical reaction, (e.g.; degassing) 

, may be taking place in the sample, or the m~ter or electrode may be malfunctioning. This must be 
de'arly noted in the logbook. ' 

•. "Read and: record the pH of the sample. pH shall be recorded to the nearest 0.01 pH unit. Also'reccir,d 
, the sample temperature. 

',' , 

• , Rinse the electrode(s) with deionized water. 

• Store the"electrode(s) in an appropriate manner when not in use., 

AQ'I visual obserVation of conditions which may interfere with pH measurement, such as oily materials, or 
turbidity, sheW be noted. 

, "pH Paper, 

Use oFpH paper is very simple and requires no sample preparation, standardization, etc. pH 'paper is 
availablein,sev,eral ranges, including 'wide-range (indicating approximately pH 1 to 12). mid-rang'e:', 
(approximately pH 0 to 6; 6 to 9, a'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 unknownthe,investigation 
shall start with wide-range paper arid proceed With successively narrower range paper until the sample p.+ , 
is adequately determined. ' 

, 019611/P Tetra Tech NUS. Inc. 
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Conductance pr~vides a measure' of dis~ol~ed ionic species in water' and can be used t~ )d~ntitY,the ' 
direCtion and extent of migratio_n ofcontSiminants in groundwater or surface water. 'It can also be used as 
a measure of subsurface biodegradation or to indicate alternate sources of groundwater contamination. ' 

- - '- - . . ' ~ 

Conductivity isa numerical expressi~~ 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 actual and 'relative concentrations affect conductivity: , ' ,':' ' " 

It is important to obtain. a specifib'COriduCt~nce measurement soon afte'r. taking ,a sample:~ sinc~ , 
temperature' changes, precipitation reactions, and absorption of carbon dioxide from the air all affect the 
specific conductance.: Most conductivity meters in ,use today display specific conductance (SC); -units of ' 
milljSiemens' per, centimeter; ,which is the ,conductivity normalized'to temperature',@ '25°C. This format 
(SC) is tne required uriitsr~corded Or! thegroimdwater'sample log field form (Attachment B). , 

5.5.2.2 Principles of ,Equipmerit()peration 

, , 

An aqueous 'system containin~r ions _will' conduct an electric current. In a direct-current field, lhe- positive 
. ions migrate'towaid 'the riegatiJe'electrode, while the n'egatively charged ions migrate toward the positive, 
,electrode. Most inorganic acids, eases and salts (~uch as,hydrochloric acid, sodium carbonate,or:sodiu!l1 

. chloride, respectivelY) are relativelY goodc'onductors. Coiwersely,organic compounds such as st.lcrOSe,or 
benzene,:whictido nof dissociate in aqueo,us solution, 'conduct a current very poorly,ifat all: " ',' 

" ,- ' " , 

A conductance cell, arid a' Whe~tsiorie: Bridge :(fo~, the m'easurement of potentialdiff~rence) may, be used ' 
,for measur,ement of electrical resistance:, The ratio, of9urrent 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·ot,interest. Depending, on ionic strength of the aqueous solution to be tested, a 
potential difference ,is\developed:acrossthe cell which can be converted directly, or'indirectly(depending , 
on instrument type) ,tq a measurement'ot. specitic ,conductance. ' ' 

5.5:2.3 Equipment 
" 

The following ,equipment is:needed for'taking spedfic.'conductance (SC) measurements:,: 

• Stand ~Ione portable conductivity"~eter, orGombination'met~r (e.g., Horiba U-10), or cOfrJbination 
meters equipped with:an in-line sample chamber (e.g., YSI 600 series and'Horiba U-22). 

• . 'Calibration solution, as specified by the' manufacturer. ' , 
'.Manufacturer's operation manuaL . 

, ' 

,f... variety of ~onductivjtymeters are av'ailablewhich may also be used to monitor saiinity and temperature. , 
, Probe ,types and~able 'lengths vary, ~o equipm:ent. must be obtained to meet the specific requirement of" 

'the'sampling'prognirii. ' . , " , ", ' -: ' ' 
> } , ,", 

~Measurement Technigues',for Specific Conduttarke 

'\ 
Th'e steps, involved in taking'specific'cconduct.ance measurements are listed below (standardization is 

, 'according to manufacturer's instru~tions): ',' 

'019611/P Tetra Tech NUS, Inc. 
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• Calibrate on a daily use basis (or as recommended by manufacturer), according to the manufac(urer'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 calibratio~. 

• Rinse the cell with one or more· portions of th~ sample to by tested orwith'deionized water. , 

• Immerse the electrode in the sample and measure.the'conductivity .. 
. . 

• 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 theinstniment anq see the 
manufacturer's in~tructions for details. 

5.5.3 Measurement of Temperature 

5.5.3.1 General 
" ' 

'In combination with other parameters, temperature can be a usefut indicator- of the likehhood of biol6gical 
action in ,a water sample. It' can' also be used to trace the~ flow direction of contami'n'ated groundWatEir., 
Temperaturemeasureme~ts shanhetaken in"situ, or as ,q~ickly, a,spossible in the f!eld.,Coliected;,wate'r,' 

.' samples may rapidly equilibrate with the.tempera.~ure. of. their slirroui1dings~, ,'" ,'. . " ' , ;.;", . 

5.5.3.2 Equipment 

Temperature measurements ,may'be taken' With'alcohoi-toluene, mercury filled, dial-type thermomete~or 
combination meters equipped with an in-line sar:nple chamber Je:9., YSI 600' series and Hoi"iba U~2~): .. 'ln 
addition, various' meters sucl1 as specific conductance or dissolved oxygen meters" whicl1" .. haVE! 
temperature measurement'capabilities,may,alsb' be used., Using such instrumentation along withsu)tabJe: •. : 
probes and cables, in-situ, measurements of tEmlperatureafgreat'depths can be performed. ,.,' " 

, , - , ' ~ .~, 

5.5.3.3 Measurement Techniques for- Water Temperature f ' 

If a thermometer is used to determjne.',the'temperature for a wa,ter ~~mple: 

• Immerse the thermor:net~win the sample until temperatu're equilibrium' is obtained (1-3 min'ute~)~ To. ' 
avoid the possibility of cross-co,nta'mination" the thermometer shall not be inserted into sample~;-which 
will undergo subsequent' chemical. analysis. ' " ' '. '; . .,' 

• Record values in a field logbook or sample log sheet. 
, , ' .' 

If a temperatur~ meter or'probe is: used, the instruinent,shallhecalibrated according to mqriUfactiJ~er's 
,recommendations. ' ,. ". ',. ." 
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Dissolved oxygen (DO) levels in natural water and wastewater depend'on the physical, c~emical 'and 
biochemicaLactivities in the water body. Conversely, the growth of many aquatic orgahisms 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 proces!, control. If at' all possible; :QO 
,measurements shall be taken in-situ, since concentration may show a large change in a>shorttime if the 
!3ample is not adequately preserved. ' 

"T:he monitoring method discussed herein is limited to the use of dissolved oxygen met~(s only. Chemical 
methods,of analysis (i.e., Winkler methods) are avai,lable, but require more equipment and greater ,s,a'mple 
manipulation. Furthermore, DO meters, using a membrane electrode, are suitable for highly polluted 
waters, be'cause 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 m'etal electrodes, of 
different' nobility irT1fI1ersed in an electrolyte. The electrolyte is retained by an,oxygeri~peinleabie 
,meinbri:lne: ;The metal of highest nobility (the cathode) is positioned at the membrane. ,When a suitable 
potentiai ~xists between the two metals, reduction of, oxygen to hydroxide ,ion (OH-) occurs ;ai ~he cathode 
5urlace., 'An electrical-cur~ent is developed that is directly proportional to the:rCl,te-6farrival"of oxygen, : 
molecUl~,s atthe cathode. ' , " , 

Slncethe 'current produced in the probe is directly proportional, to the reite' 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 ahd false lolll' readings' are 
obtained. ',It is therefore necessary to stir the sample (o':the probe) constantly to'maintain:fresh solution 
,near ,the membrane interfaye. Stirring, however, shall not be so' vigorous that :addition'aVoxygen: is 
irjtroduced'tl)rough the air-water interface at the sample surface. To,avoid this possipility;, som~ probes 

" . are equipped witli stirrers'to agitate the solution near the probe, while leaving the surface of t,he solution ' 
undisturbed.""" 

Dissolved ;oxYgenprobes are relatively unaffected 'by' interferences. Interferences that C;~m' occur are , 
reactions ,Yofith 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 possiblet ' Temperature variations can also cause, interf,erence 
b~cause,. probes, exhibit, temperature sensitivity. Automatic te'mp~rature,' compens?tiori , is- normally 

,proviqed by the manufacturer. 

5.5:4..3 : .. Equipment 

The'foliowing,equipment is needed to measure. dissolved oxygen concentration: 
:.' -,' :'< '- , 

.' St~nd '(ilone portable dissolved oxygen ,meter, or combination,mete'r (e,g.," Horiba,' U-1 0), or 
coOlbimition meters equipped ~ith an in-line sample chamber (~.g:,YSI600 serie~ and f;loriba lJ-22).' 

• SuffiCienttatile to Cl,lIow the probe to contactthe sample. . ';, ' 
• tv1'a'nufacturer's operation manual. ' , ' 
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\ 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: 

eTheequipment shall be calibrated and have its batteries checked before going to the field. 

e The ,probe shall be conditioned in a- water samJ)le..tor as long a period as practical before use in the 
,field. Long periods 01 dry storage follbwed'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. 

" ", '~, 

e' Record all pertinent information on an equipment ci:=liibration sheet. 

e Rinse the probe with deionized water. 

e, Immerse the probe in the sample. Sesure to provide for sufficient flow past the membrane by stirring 
the sample. Probes'without stirrersplacea in ~ellscan~e moved up and down. 

" . ~' 'Rinse the probey:lith deionized water.' 

::. c.Recatibrate the probe when themembran,e i~, replaced, or as needed. Follow the manufacturer's 
, instructions.' 

, f\lote that in-situ placement of the probe is: preferable, since sample ,handling is not involved. This 
, 'however, may not always be practic~1. ' 

Special, care shall be taken- during sc;uTlple, c,ollecti08' to avoid turbulen'ce which can lead to increased 
, oxygen solubilization and positive tesfinterferences . 

.. 
" '5~5.5 Mea'surement of Oxidation-Reduction P'otential 

" 

, , ,~, r 
" 

5.5.5:1 General 

Th'a' oxidation-reduction potential (ORP)p'rovides a measure of the ,tendency of organic or inorganic 
'compounds to exist in an oxidized 'state;' TheORP parameter therefore provides evidence of the 
"likelihood of anaerobic degradation' of ,biodegradable organics or the ratio of activities of oxidized to 

rediJced species in the sample: ' ' " ," ., , 
, " , 

,5.5.5.2 Principles of Equipment Operation, 

, When an inert metal electrode, such ,as platir)u,m,:ls, ilTlmersed'in, a solution, a potential is developed at 
," ' 'that electrode depending on the ions present in' the solution. If a reference eleCtr9de is placed in the same 

" 'solution, an ORP'electrodepair is estal;>lished; jhis-'ele~trcide p<;lir allows the Potential difference between 
the two electrodes to be measured .and is dependent .Dn the concentration of the ions in solution. Sy this • 
measurement, the ability 'to ,oxidize' or' reduce' species in solution may be' determined. Supplemental 

Q19611/P Tetra Tech NUS, Inc. 
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mea~urements, suct) as,dissolved oxygen. may be correlated with ORP to provide a knowledge of the 
, quaiityof the solution, water, or wastewater. :' 

5.5.5.3 Equipment 

l:h~ ,following equip'ment is needed for measuring the oxidation-reduction potential of a solution: 

.' Combination meters with an in-line sample chamber (e.g., YSI600 series and Horiba U-22). 

.. Reference solution as specified by the manufacturer. 
• Manufacturer's operation manual. 

5.5.5:4" Measurement Techniques for Oxidation-Reduction Potential 

The,folloWing procedure is used for m'easLlring oxidatioh~reduction potential: 

! The equipment shailbe checked using the manufacturer's recommended reference solution and have 
its batteries checked ,before going to the field. ' 

• ';'Thoroughly rinse, the' electrode with deionized water: 

.. :-if:ih~>;prcib~ do~s ~~bt respond~roperlY to the' h:icomm:ended reference solution, then verify the 
, ;s~n,sitiyitY:9tthe/elec!rodesby'n6ting the ,change in.millivolt readingwhen the pH of a test solution is 
, alten:id: ,The ORP wilL increase ,when the' pH of a test solLition :decreases, and the ORP will decrease 
-if the ~estsolution;pH,is increCl~,ed.: P!acethe sample in a clean contafner-c:md agitate the sample. 
,Insert the electrodes, and not,e the ORP drops sharply ,when th~ c'austic is added (Le .. pH is raised) 
, thl,ls'. il')dicatihg: .the ,electrodes,a(~ sensitive ,and operi!tit;l9, properly: If the ORP increases sharply 
'when )he ,caustic i9( Cld~ed",' the;,pol~rity is reversed and; musf be corrected in accordance with the 
manufacturer's instruc;tiC;>l1s or the probe, should be replaced: 

, >" '" .' " "" '" ' ' '" " " '<,' I 

• ,8ecord all pertinent informatioi1'on an ,equipment calibration log ,sheet. . . " . . 

5.5.6 Measurement of Turbidity 

. " . : 

, , Turb,idity is an' expr~ssion:of the optical property that cau9~s ,light to be scattered and absorbed'rather 
, than transmitted in a straight'line through the sample. l:urbidity in water is caused by suspended matter, 
. such as Clay, silt, Ji.nely divided organic and inorganic r:natter,· soluble colored organic compounds, and 

microscopic organisms; including plankton. , . I' , 

It is important to 'obtaina',tuibidity reading iml'!lediately altei taking a samPle;.since irreversible changes in 
~urbidity may 9ccur,iI:the,sampl~ is stor~d:t0610ng. ," . 

Principles of: Eguipme~t Oberation 5.5.6.2 
, ,< 

" -

: 'Turbidity.. is measured );>y. the Nl=lpn~lo~e.tric Method: This,,'method .ii:tiased on ,a comparison ;of the 
, intensity of lIght scattered by th'e samPle under defiriedcondifions\Nith t~e intensity of light scattered by a 

,~ , ,st~nQard"ref.er~n,ce~ susp~f1~ion 'u~d~~ th,9 same conditiol}s~~ :,Th,e.':higher tbe' scattered light intensity, the' 
;, :higherthe turbidity. . '. , ;' ". " . , . :.' . 'Fomiazin polymer: is used as the reference. 'turbiditY 'sta~dard suspension: because of its eas'e 'of 

pre~aratio'n combined·. wit~ a higher reproducibility of its.light~scattering properties than clay or turbid 

019611IP Tetra Tech,NUS, Inc, 
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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 canc/le turbidmeter. Therefore, nephelometric turbidity units (NTU) based on the 
fomiazinpreparation will approximate units d~rived from the candle turbidimeter but will not be identical to 
them. . " 

5.5.6.3 Equipment 

The following equipment is' needed for turbidity measurement: ' 

• Light mete! (e.g., Lalylotte 2020) which calibrates easily using test cells with standards of 0.0 NTUs, 
and 10NTUs, or combination meter (e.g., Horiba U-10), or combination meter equipped with an in-line 
,sample, chamber (e.g.,"YSI,600 series and Horiba U-22). 

• Calibr~tion soluti()n,as'specified by the manufacturer. 

• Manufacturer's operation manua,l. 

5.5.6A MeasurementTec~~igues for Turbidity 

The sieps:invblvedjn taking turbidity measurements utilizing an electrode (e) or light meter (I) are listed 
beiow (sta:r:idardization,is aC,cording to manufact'urer's instructions): . . . . . - ." . . . 

• 

• 

• 

• 

• 

• 

• 

• 

'. 

Check:;battei'ies and calibrate instrument before going into the field. 

",Che'ckJhe;expirati?n date (etc.) of the solutions used tor field,ci:ilibration. 
~ , " 

, C~librkt~(;h 'a'dciily~~~bi~is, a~cordi~g 't~ th'~ manufacturer's instructions and record all pertinent 
information, on an 'equipment calibration log sheet. " ' 

Rinse'fJ:!e~electrode,withorie,or'more'portion~ of the sample to be tested or,with deionized water 
(appli~s·to"lte"): ' - . , -

FiII,thl{light:m~ters,glass test cell with -5 ml of sample, screw on cap, wipe off glass, place test cell in " 
n!:lht~ete~ aDd, clos,Rthe lid, (applies to "I"). , 

IJTlm'e!s~.tb,~ electrdge in the sample and' measure, the turbidity '(applies to "e"). 

The reading;mu~t be,t~ken immediatelY,as:suspended solids iNili settle over time resulting in a lower, 
inacc~iate;turbidity reading'. , '>, ' , 

" 

'Read:and record ,th~ result~ in 'a field logbook or'sample log sheet. Include a physical description of' 
th~ ~mple: inch:iding'cQlor,qualitative estimate 'of turbidity, ,etc. ' 

"~ ~ . 

'RinS'e,the'~I~ctr~de()r tes~ cell wi~h deionizedvvater. 

5.5:7: :M~a~ur~~~)1t of.SalinitY 
,} , ~ '.... t _ ' ~,' , • 

,5.5.i:1 : -' -Gener'ai 

SalinitY, is ,8:, unitless PtopertYof .industrial and, natu'ral waters. It is the measurement of dissolved salts in a 
given ma~s 0(' soJuti(;m. Note: Most field meters, determined salinity automatically f,rom conquctivity abd 

019611/P , Tetra Tech NUS, Inc. 
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temperature. The displayed value will be dispiayed'in either parts per thousand (ppt) or % (e.g., 35 ppt will 
'equaI3.5%). " 

';5~5:1.2 PrinciPles of Equipment Operation 

saliri'ity i~detel:minidd: automatically from the meter's conductivity and temperature readings according to 
. :. algorit~,ms (found in Standard methods for the Examination of Water and Wastewa'tet). Depending on the 

,,: meter,:the results are:'displayed in ,either ppt.or %. The salinity, measurements are carried out in reference 
, ~ to· the' ~6nductlvity of, standard sea~ater (corrected to S = 35). 

·:5.5.7.3 :EguipmEmt . 

. :.Thefollo.wing, equipment is needed :~orSa'linity measurements: 

, ,. 
,. 
• 

Mu'lti~paramete~, Water quality "meter capable of measuring conductive, temperature and converting 
themtosalinity'(e:g" ,l:10riba U~ 10 or YSI ~OO se,ries). ' 
Calibr~tion Solution; as' specified by the manufacturer. 
Manufacturer's operation'manual. ' 

5.5'.7.4 ,MeasLl'fement.Techniques for Salinity 
,. 

':~:' ;il:ie:st~p~jn~ol~~d(irf!takin'~' S~liniiy/rn,ea~ur~ments' are liste'd below (standardiz~tion is '~~cording fo' 
:',;manufa~turer'sinstruCtioris): " , " ' _ 

¢heck/b'atteriesand calibrate before going iiitothe field. 
; , ';': ' .' . .' ~ , .' , , ' ~ v:" ,;:. ,.', . ~, " ~, v', . 

':c::Keckth'e e'xpifatioq date (etc;) .. ?f the 'solutions used for 'fi~ld calibration. 

.Calit:>rat,e,'on a daily use basIs; according to, the manufacturer's instructions and record all pertinent 
" :iritormation on an' equipment cali~rati(;>n log sheet. 

• ,Rinse the cell ,with 'the sample,to be tested. 
, : " ",~ , ~ • '" ' ~ \',:' " '0/' 

"'~ imrTlerse the multi-probe in tll~:,sar:hple and measure the salinity. R~ad, and record the results in a' 
, .' fi~ld.l99b()ok or: sample,jog ~h~et'· . . 

" 
Ri~se the probes with deiOnj~~~'~a;~r: ' 

" 5.6 ,Sampling 

,,!?6.l : Sampling Plan 

, ,,::'Ttie sa'mpling' appr~ach consisting: of' the following,'shall be developed 
, ',; ;:;,docurnents ,~hich are approved, prior ,to begiriningwork in the field: 

as part' of the ',project plan 

'>" :';',,'.::': SaCkground:and ObjeCtivesofs£~plih~.,:· ' ", ..' 
, , ;, " ".', ' ~ > ' " " , ' ~'> ,~~ x" "" ',:'". 

;. , Brief de~cription of area and waste' characterization. 
". ' " , , ~'h ,- /' '" , " '. '., ~ " 

• ,Identification of ~ampling locati9~s;· with map or sketCh, ,and applicable well construction data (well 
"'size, dep~hi screened interval;:reference elevati.on). ' " . 

>. ' •• ' '. ,}. 

, 019611/P Tetra Tech NUS, Inc .. 
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• 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. Wh,ere 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. 

• List of team members. 

• List of observers and contacts. 
'. :. 

• Other information, such' as thE3 necessity f6~ 'a warrant or permi$sion of. entry, requirement for: split 
samples, 'access 'problems, location of keys;'etc. ' 

5.6.2 Sampling Methods 

The coliection of a groundwater sample tonsists~of the following steps: 

1. 

2. 

,3. 

4. 

, 5. 

6. 

7. 

8. 

, 019611/P 

The site Health & Safety Officer (or designee) will first'open the well cap and use v6Iatil~,organic ' 
detection equipment (PID or FlO) on the ~scaping gases:at the welr'head to- dete'rmlne the' need',' 
for respiratory protection. " , , ' '~. " 

When proper respir~tory protecticil'1 hci~,been' ,d9n~'~d" ,sou~d ,the well )oi-: t6t~1 depth ~nd, ~~ter:,,' , 
level (using clean 'equipment) and're,cord.these data on agroundwatersampling:logshee!.(see c, ' , 

Attachment B); then ,calculate trie 'fluid' volum~ "in;,th~,well'pipe (as"previou$1y des'ciibe~ii:!"ihis:, ': 
'SOP). ,,' ' ' , 

Calculate well,volume to be removed as stated,iiI'SectioriS,3. 

Select the appropriate purging 'equipment (see 'Attach~ent A).' If an ,electric;, 's,ubmersibl~~ RUmp::: c 

with packer is chosen, go to Step, 10. , ',," ' ' ',";"~:: -(>', 

Lower the purging equipment oriritake into the well to 'a short,distance beloyv the'water iev~i;and~'.~' 
begin water Jeriioval. Collect the purged water. 'and dispose ,of it in an acceptable :manner' (as' ' 
applicable). Lowerthe purging dev!ce', as required, to maintain submergence; ',' ':' 

Measure the rate of discharge frequently. A graduated bucket or.cYlinder.and stopwatch ar~'''ITI?st:' l 

commonly used. ' .: " 

Obs'erve the peristaltic pump intake fqr- degassing,'''bubbles:" ,If bubbles are abundant-and'the 
, intake is fully su~merged, this pump is not su~table for collecting ~C!mpl~s fo~volatile organics. ' 

Purge a minimum of three to five. casing ,volumes b~f6resampling."~:ln lo~-perme~bilitY ~trata " 
(Le., if the well is pumped to.oiyness),one volume wiWsuffice. Purged water shall be collectedin- ' 
a deSignated' cont~ir1er and disposed in an acceptable~manner: ' . ',' " , ' : _' •. :, <-~< " i, ' 

, , , , ,~ > , ,:", > ~ 

, , 

If sampling using a pump, lower the pump intake to mldscreen (or the' middle 'of. the open seCtion " 
in uncased wells) and collect the sample. If sampling with a baiier, loiierthe baile'r to ju's(~eiow' 
the water surface:', ' ' ' . 

'. 
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(For pump and packer assembly, only)'. , Lower the assembly into·the well so t.l'lat the packer is 
positioned just above the screen or open section. Inflate the packer. ' Purgf3'a volume equai,to aL 
least. twice the screened interval (or unscreened opEm"se¢tion,volume below the packer) befora" 
sampling. Packers shall always be tested in a casing section aboveground to determine proper 
inflation pressures for good sealing. ' .. ' 

-

11. In the event that recovery time of ,the well' is very slow (e.g., 24 hours: or 'greater); sample 
collection can b,e,delayed until the, following day.,lfthe,weU·has been'pyrged early in:the"morning,' 
sufficient water may be standing in the well by the, day's ,end to permiH,ample' coU~ction. If the 
well is incapable of producing a sufficient volume of sample at anytime, ,take the largest,quantl!y 

12. 

13. 

14. 

15. 

5.7 

available and record this occurrence in the site logbook. ' I ' 

" ' " ,', 

Fill sam pie containers (preserve and label'as described in SOP SA-'6.1). 
, ' c' " , ' , ", 

: 

Replace the well cap and lock as, appropriate. ,M~ke sure ;h~well is, readily id'~ntifiableas .th~' 
,source of the !?amples. 

Proce~s sample containers as described in SO'P SA-6.1. 

Decontaminate equipment as describedin.SOP SA~ 7 .1. 

Low Flow, Purging and Sampling.' , 

5.7.1 'Scope & Application 

Low flow purging and sampiing technique~ ai~someji!T\es requiredJor gr~undwater' s~mpii'rig a(;tivities:, 
The PUiPOS8' of'low flow purging'and'sampling is: to'. coUect'groundwater sampies'/that 'contain ,,! 

':represf3ntatiye",amount~'of'mobile organicand,1ri,organic constituent~,in'the viciriity bfth:~ s'el~ct~ open, 
well interval, .'at. or near natural flow conditions.' ;':l'he minimum ,stress procedurEi! 'emphasizes negligible 
water level: drc~iwdownand ,low pumping rate,s..inorqer tocQllect samples ,with minimql;alteration~ in,water, , . 
chemistry. Tnisprocedure,is designed primarily to be used in wells with Ci casing diameter of .1 ,ir:u;;hor.' 
more.anda saturated screen"or open interval,'lerigth,of ten feet or'less. ,Samples obiained~are:suitable, 

'for a'nalyse~ of., comfT)on tYpes of groundwater' cO,ntaminants 0 (vola:tile qnd, s~mi~"olatile (}rganiC;:, '. 
compounds,' pesticides~, PCBs, 'metals and other' inorganic ,ions [cyC!riide, chloride" sLiI(ate:. ~tc;:.]). This:' 
procedure is not designed to collect nOJ)-aquec)lj,$: phase"liqui~ssaf(lples, from~wel!s'c,ontaining,light or. . 
dense non-aqueous phase liquids (LNAPLs or QN.A;PL,s) , .using the low flow pumps ... '":,, .' ': .',' , , 

, , , .> '.: • • ~' " • ,~ 

The procedLir~,is flexible fo~ .various well: construCtion types, and grCllmdwater ,yields",',the ,go'~1 of:,the( 
procE;)dure is to obtain a tUrbidity level of. less, than 10 NTU,and to achieve a waterlevel drawdown ofless 
than 0.3 feet .during purging and sampling:: ,Ifthes~:goals cannot bi achieved, samplecollection'can take' 
place provided the remaining criteria in thi~ procedure are met: ' . 

, -- ~,' ,., ,. " '},' .... " . , 

5.7.2 Equip!TIent' 

The following'equ'ipment is required (as appiica~I~)'for'low flow,purging:and sampli~g:. 

.' 
• 

019611/P 

~ , 

Adjust~Ple:r~te,subrhersible p~'mp (e.g.: cen{riflJgaforbladde~ pump constructed of~tainless,st~el dr " 
~eflon). ': ,',' ',,:,.',: :'. "'" ' ',' ',', ":<>":' 

,'; > 

Dis'posable 'cJea-(plasti~ b6tto~ filling b~ilers 'may be uSf3d tti,check for and obtain~samples o(LNAPLs' " 
,0(DNApLs. ' " ", ',' ",' '.:, " ,," " ' ::. ' 

Tetra,Tech'NUS, Inc. 
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• Tubing - Teflon, Teflon-lined polyethylene, polyethylene, PVC, Tygon, or stainless 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). 

• 'Interface probe, if needed. 

• Flow measurement supplies. 
, ( 

• 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 recommend~d. Optional Indicators - ORP, salinity, and dissolved oxygen, 
flow-through cell is required. Standards to perform field calibration of instruments. 

• Decontamination supplies. 

• Logbook(s), and other forms (see Attachments B 9nd C). 

• Sample Bottles. 

'.' ' 

~ample preservation supplies (as req!Jired by the analytical methods). 

',. 'Sample 'tags-and/or labels . 

• Weil construction data, location map, field, data from ,last sampling event ,(if available). 

• Field Sampling Plan. 
" . . 

., •... PID or FID instrument for measuring VOGs (volatile organic compounds). 

Purging and Sampling Procedure 

Open monitoring well, measure head space 'gases using PID/FID. If there is an indication of off gassing 
, when opening the well, wait 3-5 minutes to permit 'water level an opportunity to reach eqUilibrium. 

,\M~asure and record the water level immediately prior to placing the pump in the'well. 

. Lower pump or: tubing slowly into the well so that the pump intake is located at the center of the. saturated. 
, . ?creen length of the well. If possible keep' the pump intake at least two feet above'the bottom of the well, 
" ~to.llJinimizerriobillzation of sediment that may be,:present in the bottom,of thewelLCqllection of tUrbidity-
, free water' samples may be difficult if there is three feet or less' of standing water'in the well. ' , 

• ,<~" ,,; .Y~,,';' ~, ' ;. , , 

. , 

',':'Star1 with the initial pump rate'set.at approximately 0.1 liters/minute. Use' a graduated cylinder arid 
:stopwatch to measure the pumping, rate. Adjust pumping rates as nece?sary to ,prevent drawdown from 
,exc'eeding 0.3 feet during purging, If no drawdown is noted, the pump rate may be increased (to a max of 
OAliters/rriihute)t() expedite the purging and. sampling event. The pump rate will 'be reduced if turbiditY is
greater .than 10 NTUs after all other field parameters h~'lVe stabilized. If groundwater is drawn down below 

Ol9611/P' , Tetra Tech NUS, Inc. 
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the top of the well screen, purging will cease or the well will be pumped to dryness and the well will be 
allowed to recover before purging continues. Slow recovering wells will be identified and purged 'at the 
beginning ,of the workday. If possible, samples will be colleted from these wells within the same workday 
and no later than 24 hours after the start of purging. 

Meqsure the well water level using the watE;lr level meter every 5 to 10 minutes. Record the well water 
level on the Low-Flow Purge Data Form ,(Attachment C). 

Record on the Low-Flow Purge Data Form every 5 to 10 minutes -the 'water quality parameters' (pH, 
specific conductance, temperature, turbidity, oxidation-reduction potential, dissolved oxygen and salinity or 

· as specified by the approved site specific work plan) measured by the water quality meter and turbidity 
·meter. ' IOhe cell needs to be cleaned during purging operations, continue pumping (allowthe pump to 
dischargE3' into a container) and disconnect the cell. Rinse the cell with distilled/deionized water: .After 

. cleaning is completed, reconnect the flow-through cell and continue,purging. Document the. cell cleaning. 
on the Low-Flow Purge Data Form. . . 

Measur~ the flow rate using a graduated cylinder. Remeasure the flow,rate any time the: ,pump rate, is. 
adjusted. 

· ,,', ( , '" , 

· During purging, check for the presence of bubbles in the flow-through ceiL The presence of bubbles. is an 
,indicatlonthat connections are not tight. ,If bubbles are observed, check for loose 'connections. ' 

-, , ) 

" After'stabilization is achieved, sampling can begin when a' minimum ,of two s~tu~~ted screenv,6iumes 
haVe been removed 'and three consecutive readings, taken at 5 to 10 minute' intervals; are within' the,' 

, , following limits: ' , " ' 

• ,. 
• 

pH ±0.2 standard'units 
Specific conductance ± 10% 
Temperature ±10% 
Turbidity less tha,n 10 NTUs 
Dissolved oxygeri ±10% 

·.If the above condjtions have still not been met after the well has been-purged for, 4 hours, purging~will :be'.· 
considered complete 'and sampling can begin. Record the final well ~tabilization parameters froni the, 
l:6w,.Flow Purge Data'Form 'onto the Groundwater Sample tog FonTI. '. , " , .. ' 

, . 
,\lOC samples are preferably collected first, directly into pre~preserved sample containers.: Fill all,s~~ple 
.containers by allowing the pump discharge to flow gently down the inside of the' container with minimal' 
t~rbulence. . , ' 

Ifthe.'water cQI':Imn in the' pump tubing collapses (water. does not completely fill the tubing) before e~dting. " -
the tubing, use one of the following procedures to collect VOC samples: (1) Collect thenon"VOCs 
~;'aniples first, then in'crease ·the flow rate incrementally until the water column completely fills the tubing, 

, coll~cUhe samplean~ record the new flow rate; (2) reduce the diameter of the eXisting'tubing until. 'the' 
water co!umn, fills, thetuping either by adding a connector (Teflon or stainless steel), or clarnp.which . 

· should reduce the flow rate by constricting the end of thefubing; (3) insert a rarrow diameter Teflon t~be' 
'ibto'the pump'stubirig'so'tharthe end of the tubing is in the water column'arid the other end ofthe tubing 
. protrudes beyondjhepump's tubing, 'collect sample from..the'narrow diameter tubing. ' , , 

" ' , " 

'Prepare samples for'shipping as per.SOPSA-6.1. 

. TetraTed'i NUS; Inc. 
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Dia'meter Casing Bailer Peristaltic Vacuum Air-iift Diaphragm Submersible Submersible Submersible 
Pump Pump ''Trash" Diaphragm Electric Pump Electric Pump 

Pump F;'ump w/Packer 

1.2~lnch ' Water' level X X X X X. 
,/ , " ~5feet 

-, ,/' 

" " Water Level' X X ." 
',,: " >251oof 

" " 

" '" 
,'2-lnch,. ,Water' 'IEwel 

" <:25leet ' 
X, X X X X X 

" "" 'Wat~ 'Level 'X X X ) 

>25 feet 

'.4ilneh Water :Ievel X X X :X X X X X 
<25 ,feet 

, ~ ~' 

Water' Level .X X' ,X X X 
,';>25 feet 

: "".,..' 

:) , " .~I!1:ch:' :Water ' level. X X X X "',, ~ ... ,.' 

~5feet '.: " : 'Water Level ,X X X 
" " , 

" ' ,,,,25Ieet. 
,',< 

, 'W.ater ' .level , . , B-ll)Ch', v X, X X X 
<25 feet 

" 'Water Level: X X X 
>25fE~et 

, " 

," ; 
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ATTACHMENT A 

PURGING EQUIPMENT SELECTION 

PAGEl 

Manufacturer' : ',Model 
"(ame/Number 

Princlple of, 
,O'peralion 

BarCad Systems, I BarCadSampler~ 1 Dedicated;, gas 
Inc. , . " drive , " (poSitive 

., ,', displacement), 

" Cci: - 'Portable Sampling peristaltic 
Cole:-Parmer Inst.1 MaS\er-Ffex7570~portable; 

PumP. ",(suction) 
ECO Pump Corp. ISAMPLitier I Portable; venturi 

.' ~ c 

\, 

MaxImum 
, Outside 
plai'neter/L 

• !3ngth,' 
(InChes)' 
1,5/16 

<1.0/NA 

Construction I Lift 
Ma,~rials (~/Lines Range 

and Tubing) ',' (tt) 

~ ::., 

Deliveiy Rates 
or Volumes 

1982 
Price 

(Dollars)' 

Comments 

PE, brass,. nylon, 
aluminum oxide' 

O~f50, 1 liter for each I $220-3501 Requfres-compressed gas; custom sizes and 
with std.' 10-15 feet of materials available; acts as piezometer. 
tubing.' S,ubmei'gence ' , 

(riot submerSible) , ' 
TygoJ1<i', ' , silicone 

, "Viton<» ' ' 'L 

():'39,.1670 mUmin ~ $5(j~90 I ACmC; variaDI~ speed co,ntrol av~ilable; 
. with:,' 7P15- ,other models may have different flow rates. 

20 pump hea9 : : , ' , ",,' " 
<1,S or 
<2.Q/NA 
,:" 

PP, PE, PVC, 55,1 0-100 
Teflon®, TerzeI'J '. : 

0-500-mUmin I $4oo:-r01AC;-OC, or gasoline-driven motors available; 
dep,ending,' ,on' ,must .be primed., 
lift,,:,' , ",,' . 

Geltek Corp. , Baller 219-4' Portable; grab 1:1.66/38 'I Teflon®' : ' 'No,iimit .1;07S~C-, -, ','$120-13SIOthersiZes IIvaila'ble. 
(positive " 

disp,laceme!1t) >/ " 

GeoEnginaerlng, , ' IGEO~MONITOR , 
Inc" ' '," 

Declicated; ~, gas , 1:~!1,6 PE, PP, 
"drive " (positive Vito~' 

.. PVC;I, ProbaQly, I APRroXimately-I, ,$1 ~~:-:-r Acts as, pi~ometer, requires, compressed 
, ' 0-150 , 1 ,liter .. 'for' each ' , ,Igas: 

",Industrial," :', andl~quarrus' " 
Environmental' , 

,Analysts,lnC;:,(IEA)I, , 
lEA, - ~ l.syrfnge :;ampler 

displacel)'le'1t)'< 
, , ... ~ " 

Portable; . bladder 
(Positi~e ' " :' 
dISplacement)', " 
Portable;~-:grab 
(positive, ,.. , , 

'", IdlsplaCement),' 

'Specialties, "Cci, Well Sampler ' (positive ",~ 
Instrument "I Model" ,2600 I Portable;-bladder 

(ISCOr " , ' ' displacement) : 

'Instruments, Inc. Submersi~le rotor' (P9sitive 
Keck Geophysical I SP:81 , '~ortabre;, helical 

'Sampling Pump displacement) 
Leol1si't( Mold and I GeoFi!ler:-:-Small Porta-ble; ,bladder 
DieWor!<s, Inc. ,Diameter , Well (positive, 

Pump, (#OSOO) displacement)· 

Oil " Recovery I Surface samplelPOrf~~le; 91"1lb ' 
Systems, Inc, ":,',, ' (pOSitive ' 

'I" , " " ,',"" ' " displacement),', 

'I O.E]J:<',-:-- ':-1 WeU'Wizarc!® I Dedicated; 
, Enviro'nrp~r)tar'", Monlto,ring ,S~stem' bla~d~r ' ,Jposltive I ' 

Systems,lnc:" ,:' ,(P.100) , ' " , displacement»:,' 

" ' 

" ..... , '1 o feet • of ' 
, ,,' s'ubniEii'gence" 

1,75/4;3 'iss, Teflon@,:Ylton@r 9·25(j~ I 0"?,800mUminl" $1 ,50q~ , ,Requ.lres", compressed' 9/1s; " other,m09~ls 
',' " ,'", 3,000 ' available;' AC:' DC, ,manual operation 

" , ",,' p,~sible.,," ' 

1,Z5/43 ,1:S~~Teflof1<l, 

1.75/50 I PC, . :'~ 'silicone, I 
Jeflon~, ' P,P" PE, 
Detrl~, acetal ' 

1'.75/2S , I SS, Teflon~, PP, I 
" EPDM, Viton@" 

No Iimi(18?O,",'-~mII $1,100 
.. sample volume 

Requires VaCuumanO/or pressure fromnliiid 
pump., ',' 

0-1S0 TO-7,590 mUmln I $990', ' I Requires cOmpressed gas (40 psi minimum). 

0·160' I 04,SOO mUmin I '$3,500 I DC operated. 

$1 ,40~ -, RequIres l?Omprassadgas (55 psI mTnlmum); 
1,500 pneumatic or ACIDC control module. , 

1.,75/38 SS, Teflon®,' PC, I ' 0-400' I 0-3;50() mUmin 
Neoprene«' ' 

1.75/12 acrylic, Detrin@ , 

1.66136 PVC' 

,'Y ",_, 

, No limit I Approximately 
250 rnL ' 

$125-1S(fIOther materials'" and mOdels-available; for 
me/1suring ,thickness of "floating" 

',0-230 

"~' 

,e 

cOntaminants, 

0·2,000 rj1Ul)1inl $300-400 I ReQ41~ compresse~ gas; piezometriC level 
Indicator, other matenals available. ' 

~" / /(,' "'" ,>' > " :' 

'" ',! ~" 

" 
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'ATTACHMENT:A' ~ 

<PU~G,IN~;E~lJlPMENT SELECJION 

PAGE 3 , , 
, ,~ < 

Manufacturer, ,Model, 
, ,NarreiNumber 

Principle of 
Operation 

,,'-v,,' 

. Maximum 
Outside 

Diameter'/L 
ength' 

(Inches) 

Randolph Austin I Model SOO/ Portable; peristaltic I ' <O,S/NA 
Cq. , Vari·Flow Pump (suction) 

Robert 
Co. 

Bennett I Model 180 Portable; 
(positive 
displacement) 

piston 

I Slope" Indicatorl MO,del S14124\ Portable: gas 'drive 
Co, (SINCO)' Pneumatic (positive 
, " ,Water Sampler displacel'!1ent) 

1,8/~2 

1.9/18 

<,'. 

.'" 
Construction Materials 
(w/Llnes and Tubing) 

(Not submersible) 0-30 
Rubber, Tygon@,' or 
Neopren~ " 

55; Teflo[li', Delrin® PP, O·SOO, 
Vilor/», a~rylic, PE' 

PVC, nylon 0·1,100' 

(", 

Deliyery Rates or 1982 
Volumes Price 

(bollars) 

I 
See comments " $1,200-

. 1,300 

0-1,800 mUmin 1$2,600-
, ' 2,700 

2S0 mlJflushing I $2S~350 
cycle, 

Comments 

Flow rate dependent on motor and 
tubing selected; AC operated: other 
models available, 
Requires compressed gas: water leyel 
Indicator and flow' meter; custom 
models ayailable. 
Requires compressed gas;' SS 
available; piezometer model' available: 
de,dicated model ava,ilable, 

sollnsf' Canaaa/5W "WateT~ciifable; 
Ltd.' " Sampler '(positive 

, ' , displacement) 

gra~n/27 ,"'jPVC!, brass .. nylon, 
: Neopren~ 

0-330 SOOmL $1,300- / Requires compressed gas: custom 
1 ,800 model~ available. 

TIMCO Mfg: Co.:/ Std. Bailer 'l PQrtable; 
Inc" ' " ' , (positive' 

, 'displacement) 

grab 11.66/Cust6 I PVC, PP 
,m 

Air or Gas Lift I Portable: gas drive 
,Sampler (positive 

displaCement) , 

TIMCO 1.66/30 PVC, Tygon3, Teflon0 

Tole ,DeI/iCes Co, ,rSamprrng pump rPortaO~tifadder 
(positive , 

, , displacement) , 

1.38/48 58, silicone, Delrin3, 
TY!l0ri» 

No limit 

0·1 SO 

0·125 

250 'mutt of!, $20-60 
bailer 

3S0 mLlflushing I $1 0~200 
"cycle 

0-4,000 mUmin I $800· 
1,000 

Constru~iori Material AbbreYiations: Other Abbreviations: 

,PE Polyethylene 
PF:', Polypropylene 
PVC ' ' ,Polyyinyl'cl')loride 
·88; , .. Stainless steel, 
PC' ,; Polycarbonate:' , " '" '. , 
EPDM ,>' , E~hylehe"propylene di:ne (synth~tic ru~b,er)' 

> ~~ 

AC 
DC 

NA Not applicable 
Altemating current. 
Direct current 

Other sizes, m-aterials, models 
available; optional bottom-emptying 
device available; no solvents used. 
Requires compressed gas; other 
sizes, materials, models available; no 
solyents used. 

Compressed gas required; DC control 
module; custom built. 

N9TE: ather ~anuf~cturer~ni'~rk~t pumping ~evi~S ,whi,ch co:ulq be used for grqubd.;y~t~r sampling, ,t~o~gh not ~xpressly desi~ned for this purpose. The list is ,not meant to be 
" 'all-inclusive' a'nd listing"dOes .not constitute endorsem'emt-for use. InfOrmation in thif,table-,is 'from sales literature and/or ,personal communication, ~ No skimmer, 
. , scavenger-type, or high-.capacity pumps ar~ fncluded.· ',' , 

,. .;- , . 
Source: Barcelona et'al.. 1983. 
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ATTACHMENT B 
GROUNDWATER SAMPLE LOG SHEET 

r, It) TelraTech NUS. Inc. GROUNDWATER SAMPLE LO.G SHEET 

Project Site Name: Sample ID No.: 

Effective Date 

09/03 

Page of 

Project No.: SampJel~on: ____________ __ 

,[ ] Domestic Well Data 
[x} MOriitoring Wen Data, 
[ ] Other Well Type: 

. '(] QA Sample Type: 

1~r...wt!WJn~l)\1&:~~~~~!L%~ 
.,Da:=te::...: _' ___ -'-_____ -1 . ColO. 

Time: Visual 
• Method: 

Sampled By: 
C.O.C.No.: 
Type of samPle: 

[X) low Concentration 
[ ) High ConcentratiOn . 

" 

,,~'4',~~~J; 
ORP Other 

mV NA 

pH' S.C. Temp. Turbidity DO 
s .. ~ ",s,,,,;. o.!:r_C· NJU ,mill 

1llffi.~~ATAmfl.~1m~,Ji~\\W~~'& .. ijI '" • 

oat .. : ,Volume " pH s,c. I TamD. (C) TurbIdIty DO· ORP Other' 

M~rior Re8dlng (ppm): ',SEE LOW FLOW PURGE DATA'SHEET 

, ;~T~~~W~9~n~D~e~~~~nn~~~:: ____ ~_-,-__ p-_~~ __ -+ _____ ~ ______ ~ __ ~-+ _____ ~ ______ ~ 
siatio Water Level (WL\:, 

On" Casing VoIUmec9aVL): ' 

. ,: End i>;;'ae (Ius): , •. 

, Tolili Purge iim~ '(min): 

TotalNoJ. Pt.rged (gaJ/l): 

, , ~.ML~§1'11.!{!~!lp.!'ilI~!ifA1JO 
Analysis ',Presarvlitive Container ReQuJiemenl8 CDllected 

;~~----~---------'----'-~~~----~--~-----------------~-------+-------~ 
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1.0 PURPOSE 

The purpose of this document is to provide general reference information regarding 'natural attenuation 
parameter and methodology selection, sample collection, and a gene~al understanding of the sample 
results. ., 

2.0 SCOPE 

This 'document provides information on selection of appropriate groundwater, natural attenuation 
parameters, selection of sampling methods for these parameters, techniques for onsite field analysi~ of 
select parameters, and some basic understanding of the field sample re'sults. 8eviewof tile information 
contained' herein will facilitate planning of the field. sampling effort .by describing> standard sampling 
practices and techniques. To a limited extent, it shall also facilitate the understanding,and interpretation of 
the sampling results: It addresses field procedures for collection:of data at sites with'organic groundwater 
contaminants (e.g., chlorinated and petroleum hydrocarbons) to the extent practical. ,The focus: of this 
document is on natural attenuation, not enhanced bioremediation. ., , , 

, . 
The techniques described shall be followed whenever applicable, noting, that~ite':speCific conditions., 
project"specific objectives, local, state, and federal guidelines may, be used 'as a basis for modifbHioh of 
the procedures noted herein. The intent of this document is to supplement the local, state, and',federal 

. guidance ,documents and manufacturer's analytical methods referenced in Section6:d. ,'It is not intended 
, for this document to supersede this guidance or information. "Please note 'that 'natural atteriuation. is, a 
rela~ively dynamic sci,ence' with ongoing research in the science and' engineering comm'tinity.·' 'It is 
important that data collecton; and interpreters use the most . recent regulatory guidance, which may be 
updated on a periOdic'basis from that noted in Section '6. " 

, :\ ' , . , 

3.0 GLOSSARY 

Aerobe: Bacteria that use. oxygen as an electron acceptor. 
Anaerobe: Organi~ms that can use electron acceptors other thim molecular' oxygen- to support their 

metabolism. 
Anoxic groundwater. Groundwater that contains oxygen in c,oncen'trations less than.about 0;5mglL. This 

. term is synonymous with the term anaerobic. :' :' 
Anthropogenic: Man-made., ", " 
Cometabolism: The process ih which a compound'is fortuitously degraded by:an enzyme or cofactor: 

, produced during microbial metabolism of another compoimd.· , , , " . ,. ," 
Daughter product A compound that results directly from the biotic or'abiotic degradation of another .. For 

example, cis-1,2-dichloroethene (cis-1,2-DCE) is a common daughter product of ti'ichloroethene 
(TCE). 

Diffusiori: The process whE;lreby molecules move ·from a region of higher concentration to a region of 
, lower concentration as a result of Brownian motion.' , '.:'. ,: 

Dispersion: The tendency for a solute to spread from the patlythatitwould be 'expected to follow under 
advective transport \ ~, 

Electron acceptor. A compound capable of accepting ,electron~durilJg oxidationireduction' re~ctioris.~ 
Microorganjsmsobtain ,energy ,by transferring electrons 'from an electron' donor such, as an 
organic 'compound' (or sometimes a reduced inorganic compo'und $uch as sulfide) to an',~ieCtron' 
acceptor. 'EleCtron acceptors are' compounds that ~re relative!y oXidii,ed ahd' indudeQxYgeri,; 

/ . . nitrate" irori(JII), rrianganese(IV), sulfate, carbon :dioxide, or in :some casesdilorinatea aliphatic 
hydr.ocarbonssuch as tetrachloroethene (PCE), TCE, DeE'and vinylChloride (VC).., 

Electron donor. ' A 'compound capable 'cif supplying (giving' up) electrons during oxidation-reduction 
, reaction's.' Microorganisms obtain energy by transferring electrons from an,electron'aonor'such 'as 

an o'rganic compound (or sometimes a reduced inorganic compound :suchas sulfide) to an 
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electron acceptor. Electron donors are compounds that are relatively reduced and include fuel, ' 
hydrocarbons and native organic carbon. , ' -

Metabolic byproduct. A product. of the 'reaction between, '~m electron donor and an electron acceptor:' -
Metabolic byproducts include volatile . fatty acids, daughter, p'j-oducts of chlorinated aliphatic ' 
hydrocarbons, methane" and chloride. , , 

Oxic groundwater. Groundwater that contains oxygen in concentr~tions.greater than about 0.5 mg/L: 
Oxidationlreduction reaction: A chemical or biological reaction wherein an eleCtron is transferred from an 

, , ~, 

electron donor (donor is oxidized) to an electron acceptor-(acceptor'is r~duced). i 

Predominant terminal electron-accepting process: The electron-acceRting process' (oxygen reduction, 
nitrate reduction, iron(lll) reduction, etc:) that sequesters the majority of the eledron flow in a 
given system. '. 

Reductive dechlorination: Reduction of a ctilorine-col)taining organic compound via, tlW replacement of 
chlorine 'with hydrogen.' " , ' , : ",,: 

,- Respiration: The'process of coupling the oxidption oforgi:lnic compounds with the-reduction o(inorganic' 
compounds such as oxygen, nitrate, iron(IJI)"manganese(lV); arid sulfate. ' 

Seepage velocity: The average velocity of groundwater in a por()us medium. 
-Substrate: A compound used by microorganisms to obtain energy for growth. The term. can refer to either 

an electron acceptor or a'1 electron donor_ ' ' ' 

4.0 RESPONSIBILITIES 

Proje~t,Manager (Pfl/l) / Task Order Manager aOM) -Responsible tor,enswing thqta,,'fiela activjties ?re 

• .... .... .::::=:~::::~c:rw:::~::7s:~a:e::~:::,::;S::::~:~: d:'~iling Ihes~edfi~groUndwaler. .. 
sampling techniques, onsite water quality testing ,(type;','lret:jUency;,and location), and 'equiprflent to',be ' 
used, and'p~oviding detailed input in'this regard to the projectpian:documents.TheprpJect,hydrogeoldgist - ' :: 

; ~ , , , -

. ", ~; 

O( geoch,emist is also 'responsible for properly b~iefing and ,bvers~eing the pertorrijance of, the site ;',:" 
sampling personn'el. ' , '" " , , .' , -'" " 

.-

'Site Manager (s~il) /\Field Operations Leader (FOL) - Resp6nsibl~ for the onsite verifi9ation that all field 
, activities are performed in compliance iNith approved SOPs or as otherwise directed by the approved 

project plan(s). " ' ' ",,' '" 
~ I' -' ; ", 

Project Geologist - is primarily responsible for thepropcir acquisitio~',of the groundwater 'samples: He/she,' 
is also responsible 'for the .actual analyses, of' onsite 'water 'quality 'samples, as well, as, instrument ,,,, 
calibration, care; arid maintenance. When' appropriate, such responsibilities may ,I:>e ,performed by other ' ,', 
qualified personnel (e.g., field sampling technicians or'site"personnel). ", ,'" ,." _ " , 

<' " 

5.0 PROCEDURES 

5.1 ' , General 

Natural att!=lnuation includes physicaJ, chemip'al,:anq biochemicalpr9pe$ses affectill9 the,c;oncent~ati,oQs' 
.-( of, dissolved 'contaminants' in groundwater." '-:Thes~ process.as" fray :in'clude advection, dispersiol1,' 
:volatilization, dilution, sorPtion to aquifer.solids,:and/or"precipttafion-'or,mineralization cih:ompounas: Of " 
,grea,test. iri)portance are those processes. ttJat, I~ad to a'reduction iilcontaminant mas,s:(by.degradlng.or' 
:de~troying', contaminants) such as' biodegradaiion. Thesi/bioc~emical:processes\:r!=lmovedfganic' 
,c6nt~mlnants 'from the aquifer by destruction. ,Depending :on ',the type,', ci Gontami~ant: p~Hticulaj-ly the" ' 
organic, contaminant' (e.g., petn;>leum, hyd~bcarbons "or ,c;hlorinated, organic: solvents),. the ,bioch~micaJ' 
'environment in, the aq'uifer will vary. The biochemical emiironment,within' the aquifer: influences' and is 
,infiuenced by, the activitie~ of aquifer micr<:>biota. ' Sp'edfic types: of 'microbiota,workingsingly' or: in ' 

, cOl'Dplex consortia. may use organic, contamil:iants',as,'~.part qf, tneir ,normal ceiL Junctions., Natural 
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, attenuation monitoring is designed to measure indic~tors of the biochemical environment within the 
aquifer and, with direct and indirect lines of evidence and associated chemical concentration data, 
evaluate" the likely fate {Le., transformation, destruction, dilution, attenuation, etc.} of organic 
contaminants: 

; 5~2 PlariningforNatural Attenuation Sampling 

The first step, in preparing a natural attenuation investigation is to develop a site-specific conceptual 
'model. The first step in, development of this model is the analysis and review of available site-specific 
'characterization, data. The development and refinement of this model should be supplemented with 

, ,additional data as,needed. The data should include but is not limited to: ' 
~ F l 

• Geol()gic and'hydfogeologic information in three dimensions 
• , Nat",re, exterit, and magnitude of contamination 
• Location and presence of potential re,c~ptors·to contamination 

'Lines of Evidence' 

Severaliines' of evidence are used to determine whether natural atten'uation is working. The most 
'~ cOmpelling: <primary" evidence' is ',decreasing, groundwater containinarit concentrations ov~r time. 

Decreasing conc;entrationtrendscan be;demonstrated.in several ways including: 
, " ' . ',' 

.' Isoconcentration: maps 'Of tl;1e disso'ived plume over time wherein the extent of the plume ,is either 
stabl,eor decreasing., 

e" Time series piots,otcontaminant concentrations within a well illustrating a dear downward trend. 
0" 

• Contaminanfconcentration :'profiles. in a series of monitoring wei is along a groundwater flow path 
illustrating de<:;reasihg conce'ntrations beyond that attributable to dilution arid dispersion. . 

Se'condary, or supporting, lines of evidence, include: 

d., Analytical, data showing pi'Oduction::and subseq'uent destruction of, primary contaminant breakdown 
, " ' products:' "" , '. 

• ' Geochemical da~a indicatin'g that: the' biOc~emical environment is 'favorable for the appropriate 
microbiota. . 

• Geochemiccd data that indicate'Jhe aquifer microbiota are active. 

Monitoring Wel~ Location and Sampling Frequency 

. The,ri.umber and locations of wells,~equrred to monitor natural attenuation will depend on the physical 
, ~ettinir at each lo~at!on. Onepossible.'array of monitoring. wells is illustrated, in Attachment A. In this 
. scenai-io;'one' well is used tomonitdr conditions upgradient of the source, one well is located in the source 
area, and 'severalw,ells areuse'i:f'to'defirie. and 'monitor the downgradient ,and latera! extent of the 

, di~solved: plume~' Ata minimUni;,~ther~ ~sho'uld :be at 'least. one ,uP9r~dient well (ideally with 'no 
'cont1:fmiriation present)~ one' well in the~source':area, one well down gradient from the source' area in the 
'dissolved 'plume,' and one downgraaier)twell \vhere.'contaminant concentrations are below regulatory 
cr~eria. Note tti~tthe number and !,pc,at,ions of monitoring wells will vary depending on the,site complexity 
and site objectives. . ,'".,', , 
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Sampling frequency will"be 'dictatedby the l!ltimate use ·of the data and site-specific characteristics. 
Contaminant concentrations may ,be. used to define ,statistically meaningful trends in contaminant, 
concentrations. The: sampling fr~ql,lency~.ma:y be defined. by the hydrogeologic and/or geochemical" 
conditions as weir as the"proposedstatisticai method for data analysis. For 'example, groundwater .flow 
and contaminant characteristi~s (e.g:, seepage velocity and contaminant loading) may.dictate the sample 
fn:lquency. ',Regardless,of thefilctors'; samplirg fieguEmcyand duration will need·to establish the raoge of. 
natural cnemicalvariability within the aquifer: After a sufficient amount of data has been collected and the . 
ge9chemical conditioris are·understood, the'freq'uency of. sampling may be,reduced. See Section,5A for 
additional information ori:sample collectio,n ardJ~equency. 

" 

5 .. 3 Selection of Natural ,Attenuation. Parameters 
. . ' . . . ' .. ".:. . ~ '. 

, Natural attenuation' ~ia, blodegrad~tion ' d~pe'nds ,on the nature qf tM. organic contaminants' an<i':'th'El ' . 
',' oxidation~reduction (redox) environm,ent. within the aquifer .. Simply stated; if the contamiriantsare"fuels; 

biodegradation will'· be , most effective. if the' redox· conditions are aerobic 'or oxid,izing. If the' contaminants 
are chlorinated'solvents;'the biodegradation will'be most effective (in the source'and near source areas), if. :. 

,< .. 

redoX. conditions in the aquifer are'anaerobic or reducing. ' ..,.... ' 

'. Dissolved oxyg~n.' '>', 
• ,'. Nitrate/nitrite " " 

Dissolved manganese .' Irem' ' 
, '. Sulfate/sul(id,e ~: ',.:, h • 

• Methane 
• .: 'Oxidation-reduction pOtential (ORP) 

, 1-' ~ • 

SElco~dary parameters ,thaf'indicate biological a~tivity in the:'~qUifer and thereby support, the '~at~ral ;: ~ 
attenuation evaluati6riincl,ude:" '. " , ' ""':, < ;': :.:. ',' 

• 
Dissolved hydroge'n 
Alkalinity 
Dissolved carbon dioxide 

The con~entrations ofnaturalattenuatioh parameters are used to define the ~quiferredox conditiohs:W:is 
important to record and,:,document, the' presence' or ,absence' (Le., measurable or. not measurable': ';, , 
concentration) of certail1 natural attenuation parameters. The presence or absence of acert~in:substa:l1c~' " 
may, be sufficient to indicat¢ the: redox"'condition :,within, the aquifer. By r.eferer1ce' to Attachment"S;;,y.rhich 
)lIustraies th~ typicalse,qu,ence,ofbiologically"me"diated, redox reactions in' natural systems, jHs:,apparent. :; 

, ,th?t, for example, s,ulfate,:~eductiori(pr()(jucirg,'dissolve,dsulfide. in ,grounc::lw,ater), does ,~otopitrat~;~ih:,~n' ,,:,,;,. ',:,:
,aerobic emiironment.,'Tnerefore, rneasurable~ulfide shoUld not 'be'pres~i:ttifcthere is'also':'Oissblv~d' :. '; :' . 
oxygen at., concentratioh:f:indicating 'an ae~obic enyironment.: :Attachment:B;,alsodIJus'traies .the,{fe:d9X' ~'~' 

• potential (measured in millivolts) assoCiated with the redox reactions.' ORP,readings;also, in:millivoifs, ' 
'measured during 'well purging; 'm~y.be·colllpared ;withthe,,'range' ofvalli'es' in'Attachment B ':tidt,wl.th~ 

,caution. Redox potentials measured with a platinum, electrode in natural \vater s~mplE{s,' rrlay "be ': , ' , 
misleading, especially: whe!l biologically mediated re~ctions are, importcmt,' because' many of 'ih~:c:ritical 

,/ , ." , . , 

019611/P 

.', .' 



Subject 

NATURAL ATTENUATION 
PARAMETER COLLECTION 

Number 

Revision 

SA-1.6 

1 

Page 

6 of 21 

Effective Date 

09/03 

reactions in Attachment B dO,not generate a response in the electrode., Dissolved hydrogen concentration 
ranges a!?sociated withimportarit redox reactions are also indicated in Attachment B. Because dissolved 
hydrogen is actually used, by microbiota during redox reactions, its concentration may provide an 
additional'indicator of the overall redox condition in the aquifer. 

Attachments ,C ,and· D tabulate the natural attenuation parameters for chlorinated volatile organic 
compound and petroleum hydrocarbon plumes, respectively. The parameters listed in these tables are 
organized in 'order of importance. Parameters selected for analysis shall be determined based on site 
conditions, project-specific plans, and/or other criteria established for the project. Based on these criteria, 
it is possible that all of the parameters may be selected. 

5.4 Selection of Natural Attenuation AnalYtical Methods and Procedures 

There' are many ,'anitIYticaL methods available to measure concentrations of the natural attenuation 
pa~ameters discussed in the previous sections. Attachment E summarizes the sample methodologies, 
sarriplin~t equipment-' needed, ,sample volume; container, preservation, and holding time requirements. 
This table alsosummanzes ,the ,detection limits and the detection ranges for each method. A number of 
f~ctors sh<;>uld be, considered when selecting the appropriate sample analytical methodology including the 
required pa~ameters"appropriate detection ranges for each compound, cost, and ease of use in the field. ' 
For example, when determinlng,~he correct method<;>logy for measuring concentrations of totalsulfide,'the 
r:netabolic,byproduct,:of sulfate'reducing conditiol")s, it is important to analyze for each of the forms of 
sulfide.'(H2$;J3c2; ;md,HS-r Also, when the detec,tion limit of the selected method is exceedea, another 
method may"be :corisidered, or the sampler:' may be able .to dilute the sample (per' mahufacturer's • 
instructiol1s):to qUc1ntify,:i,hvithin: the ,detected' range. In terms of cost, some parameters, are very, time 
consuming whenperform~;ih the field., Witt)out sacrifiGing sample integrity it may be more appropriate to 

, select a methodology performed in a fixed"base ,laboratory. Finally, in terms of ease' of use, certain field 
meth6d5:arEHgenerallyeasier coinparedto 'other ffi'ethods. Using simpler methods may result in better 
quality 'sample : results , and increased' sampJ~ repeatability without sacrificing sampl~ integritY: 'For 
example"in s~mecases',CHEMetrics'Titret® Titration Ampule kits may be a good alternative to other h;md 
digital titration methods: '" ' , 

The sampie ;technicians: should be aware that based on geochemical conditions recorded in the field, 
certail) geochemicaj parameters may not have positive detections. For example, if dissolved, oxygen 
concentration:;; 'iridi~ateaerqbic':'condiiions thEm itJs unlikely'that dissolved hydrogen is present (see 
Section 5.10 ,for ,additional 'information). Another: example is alkalinity. If the pH of the groundwater 
sampl~ is less than 4.5, then'it is unlikely that alkalinity wijl be measurable. Despite the potential for non
detect results; in cases such as those described above, all paramete'rs should be collected ,in the field 
based upon proJec(pli:ms. The,value in collecting'the parameters in the future shall be determined by the 
project hydrogeologist and/or geochemist in accordanpe with the projects planning documents data quality 
objeCtives (DOO) and the items discussed in Section'S.2. 

~.5 • Procedures for, Sample Collection 
., , 

Groul}dwate~;sample coll~ction for natural 'attenuation sampling should be performed using low flow 
pul'gi(ig andsarnpling techniques. ThesetechniqLJes are described in detail in SOP SA-1 :1. , Low flow 
purging and sampling., procedures ,shoukf-be~' used, to ensure the collection of a sample that is 
"represeritatiye,i)qfthe wateq5resel)f in the aquiferJormatioh. 'Minimizing stress on Jhe aquifer formation 
durin~r'lbw:flow, p~rging~and sample collectiori"'ens:ures that there, are 'minimal altemations :to,the water 
chemistry, of " the ,::sample.,J;he: criteria used .,il) .the purging' process should include' minimi:;;atiol1 ' of, 
drawdown in "the,: well, stabilization' of applicable indicator' parameters, and' evacuation ,of' a sllffiGient· 
'amount of' purge, .volume in accordance with SOP, SA-1.1, p'roject plans, and/or"applicable' regulatory 
guidance. . , " ' 
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, , Groundwater purging and sampling for natural attenuation should be performed using submersible pumps 
(e.g., bladder pumps) in accordance with SOP SA~1.1.However, in accordance with project plans and 
applicable regulatory guidance, peristaltic pumps'may also be used for thi~ purpose. Limitations of and 
factors associated with using these devices should be considered (see SOP SA-1.1 for more information). 
As a result of difficulties in collecti,ng "representative", groundwat~r samples, bailers should not be used for 
the collection of natural attenuation sarrjp.les. ' .. ~ , ' 

,It' is critical that, disturbance and aerati~n of samples' monitored and collected at the well head are 
minimized. As a result, a flow-th~ough sa,mpling, cell and. a direct reading meter shall be used for the 
m'easurement of well stabiliiation indicator, paramelE~rs:'(e.g., pH,' conduqtivity, temperatu're, dissolved 

, oxygen, turbidity, and ORP) aUbe wen-head. The pump effluent tubing should be placed at the bottom of 
the flow-through cell allowing 'effluent waterfrom ,'the , cell to discharge at the top of the meter (above tbe 

, detector probes) to minimi.ze the agitqiion 'of water in the cell. 

Docum~nt'ation of the pu~ging p'ro~~~~;~h~il'be'; r~corded d~ring and at the compl~tion of purging ,as 
,discussed in Section 5.8.lrnrriediateIY;following, the purging process and'before sampling, all applicable. 
indicator parameters must be measured: and recorded on the appropriate sample log sheets as discussed " 
in Section 5.8. , ' :' '" ' " 

.Afterall of the purging requireniefJtsbaveb~en"r,nei; groundwater~ampling and natural atten'uatio[l ~ata , 
collection can begin. Monitorir:Jg:wells Will be sampled' using the same pump/and tubing ,used during well 

.purging. '" . ','. " . '" . , 

.:" • d 

,5.6 
" ' "...... 

'. 

':Each ,of the field~nd fixed-base labor~ltorY'~ampl~:'p~r~lIlieters requires different sanipling prOCedures ~~d: " 
, . holding times. Attachment E presen.ts parameter-specific r~quirements ,for sampling, analysis, and 
. storage o(all of the pimimeteis and methdds $arhpledas part of. natural attenuation analysis.' . " ~" ' , 

. , : Due to par~meter .proced~re "a~d,h6Id'l~g times,'j( is important to'conSider: the'se~ue~ce of ·sample 
collection and analysi~. Generally'speaking, with ·the exc'eption of' volatile'.organic compounds, field 

, parameters shall be analyzed first foll9weC;iby fixed~base laboratory sample collection. AILsamples will ,he , 
" collected in a sequence and', mal-mer that fr:Jihimizes volatilization; "o?,idation, and/or chembil 

: 'transformation 'of compounds. AS'a 're~utt;:the'followil')g sample'and analysis-ortJer should-be followed: ' 
/ " - ,- -'.' < ~'; ~ ,; , ~ .: • - , ' ~,' " , ' 

" ,1. 
'2. 
3: 
4. 
5. 
6. 
7. 

Volatile organic compounds ", 
Dissolved oxygen 
Alkalinity , 

, Dissolved carbon dioxide 
Dissolved ferrous iron ' , ' 

, Dissolved sulfide (tiydrog~n sulfide ~nd'sulfide), 
Dissolved hydrogen, methane,,~thene, and e~tiane 

, , 

8. Nitrate',j.Nitrite 
9. Diss61vedmanganese 
10.' Semivol~tile organic compounds 
,11. Other dissolved metals 
12. Total metals 
13. All other constituents 

, 'field"analyzed parameters should. be "collected andim.mediatelY analyzed ,directly from the pump efJIuent 
:per the requirements on Attachmenq~,a'r)d'man4fadurer's recommendatiori~ .. Care should be taken to 
minimize ,any: unnecessary disturbance;' aeration;: or',agitation of the, sample.ir:irior 'toanal~is. It 'is not 
acceptable' to collect and, "store sainples.that a're'Jobe analyzedimmedicitely at the well head in a' , 

, temporary holding container (e.g",open-.toPP!3d:pitcher) to be an,alyted at ,a .Iatertime. ' . ]. 
-, --

;, " , 'The manufacturer's procedure ma'nU~U9r,e~ph :ot the]fl~ld-based analyses !3hail be mainta'ine'ciin iheJield ' 
during the entire sampling program. The':pibcedures' give a'detailed explanation orhow,to pertorm each' " 
par:ticular method and include infoinlatio,11on sampli'ng, storage, accuracy checks, interferences, reagents; , . 
and apparatus ne'eded to perform e,ach'anaIYsis. ,.' ' 

" , 
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5.7 Procedures for Quality.Assurance and Quality Control Field Sample Analysis 
.~ -. ~ 

Accuracy and 'precision checks shall be performed to· check th~ performa'1ce of the reagents, apparatus, 
and field analytical procedures per the manuf~cturer's recommendations., Theac:curacy checks should 
i~clu,de the use' qf stand?rd solutions: (i.e., standard addition), as appropriate., ,Tre ,rnanufacturer's field 
test kit manual prQvides'defails on how to perform each of the accuracy chec;ks for each parameter where 
applicable. Refer to Section 6.0 for manufacturer contact information. 

, 
" 

Precision checks must 'include the, ,performance of, duplicate analysis.:' When 'using a colorimeter, 
precision checks' rTlaY, also include 'reagent, blank correCtions and standard curye adjustmerit~ as 
recommended bythe.'m,anufacturer. Field duplicate results'shpll'be performed and evaluated for relative 

,percent difference (RPD),ata rate of1 per 10 samples or as'determined by the project:plans. TheRPD 
'can be calculated as follows: ' , 

'RPD '= I ' ',," First result - Second,resui( ,,' '", :1 x 100 ' 
, ", 'Mean arithmetic (average) of first.a£)d second resultl ' , 

If the RPD exceeds '50: percent, it is required that the test be performed again to verify the result: The 
, ,d~plicate n:~sultssha:U:be;,documente'q in the 'Notes' section fQr'thatspe,cific':para:met~r-()ri the appropriate 
. sample logsheet(see SeCt,i6nS.8). " ,', , ,C",, ""':: ,,'>, "'" '" 

, 'I 0 , ., ~ ,. 

If a colorimeter (e.g.,}.JACH DR-8900r equivalent) is' used for pararrieter analysis; an, instrument 
performance verificatioQ 'test using absorbance stpndards may ,alsd be;P!'lrtormed:to ;~nsure the meter is, 

. providing accurate mea~urements.' ',: ,", ,.',', " ':,":, >,,' . " 
:The following table li~tsexamples of the' types andfrequ'~~Cies of accuracy, checks iequiredfor'each' 
parameter., Referto th~'I:rlanufacturer's instructions for infonhatic5~:regar(jinpother a'nalyses.' ,',' 

, ; 

Parameter 

~ Alkalinity . '"CH!=Metrics 

StancJard, 
Solution 

None 

" 

Reagent Biank 
Correction 

None .. 

" 

" 
,K~9810 -15 -20' , , 

,,1---------'-'1-' .,.....:.,-'''---'--'---+--------'-'. '--r-'-' --:---'----;----1------'-----1 
,8arbondioxideCHEMetrics, None" ':,~: ,'1 ,p,er'1 0 " 

Dissolved oxygen 

Ferrous iron 

Nitrite 

Nitrate' 

S\Jlfide 

. Hydrogen sulfide, 
'. 

IS~ ~ 9,1 0, ~20, -25 ,,:~" ':" " ,: '" , 

C'HEMetrics' 
.' K-7501, -12" 

HACH DR-890 

HACH DR-890' 

HACHDR,890 

",,: ,'HACH HS-C , , 

None 

None 
" ' 

1,per round 1 per'10 

1 per round .. ", 

None 1 per.10, 

Non'e " ,<,' ,1' per:,10 " 

None .. -, 
/ 

. , 

None.' 

None, 
, ' 

i perlo!, , 

" 
1 per lot, 

None: , 

Npne " 
, , 

,Prior to analysi~, the expiration dat~s of, reagents shall b~ ch~cK~d.lf t1:)(:rr~agehts ,have ex~eeded tb~ir 
e~piration date or shelf ,life, the reagentssharr be replaced. ",If ' de vi Cit ions 'fram"the applicable analytical 
procedure' a:re)dentifi~,ci; ,~he deviatiQns ,sh~" be 'Gorr~cted : an?:' ~He;:as,spciatedsan)ples: [e;analY2:~d .. ,If , 
problems are identified with, the reagents, apparatus, or procedu(es" data:!hterferences may be pres!3nt. , 
"Ihterferences may al1>obEidueto otheffaCtors (e.g., pH: presence or 'concentration of 9ther ions,:turbicfity, ' 
'temper?ture, etc:) thatrnay interfere with the sample result. The'rl]an'ufacturer'sj:>rocedures (e.g., 'Hach, 
1999) should:'be revieWed prior to analYsis to .avoid or minimiz~ such interferences. Associated problems 

, ..' ",' .' .. 
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or suspected interferences shall be ,documented in the 'Notes' section of the sample logsheet. Often, 
interferences cannot be, avoided. " In these cases, the sampler should be aware of these potential 
interferences and dOCument- them, properly.' 

5.8 Documeritation Procedures for Field Sample Analysis 

Field 'results shall be properly documented' in the field as noted .in SOP SA-6.3. The sample log. sheet 
titled"Fi~ld Analytical Log Sheet; Geochemical Parameters" shall be'prepared for each sample collected 

. and analyzed in thEHield. A co·py'ofthis. form 'c;:m be found as Attachment F of this sop, Other field log 
sheets (e.g., low flow purge log sheet, ,grounawatersample logsheet,etc.) shall also be completedin 
accordance with SOP SA-6.3. " " , . " 

Specific 'informationshall:als~ be r~c'6rdediri theprojecHogbook:This'information shan include, but is not 
limited to, the test kit. name and mOc;lEH:number; 'iot number and. expiration date'ofthe.tesfkit and r~agents 
.used, serial number of the,'instrument (e,g., colorimeter) used ,for the analysis, and results of'tne"quality " 
assurance and'qualitYJ::ontroffieldsample analysis:' Because enyironmental conditiol)s and changes in 
those conditions may affe,cf the field analYtical results, it is· important to document the, SitE( conditions 
(weather, temperature, etc.) at the time of sampling in.the logbook in accordance witliSOp SA::6.3. . ., ,,',' , . ",' - ,',' , .. 
5.9 'W~ste, Handliiig'and:'Disp~sal' 

, f ~I' .' :,' l 
" , 

" 

Several of the test kits listed in .Attachment E' require the .use of chemicals 'and materials that must:be 
propeily handled.'an'd :disP.o,sed.oLin: ap~oper·and·respon·sible manner .. 'Hefer .t(rsp~Cif.ic :maii~iEiC;;turer'~ .. 
guidance for' handling and dispos'ar, practi(;e~, " '~~e' also Section 6.0 for more detailf:ld:' arid' complete 
'informati9n: Handling ahd disposal.of these ,iternsshouldbe conducted in accordance~with'all:local, state, 
'and federaJ' guidelines. " ,.' , :. ' " 

5.10 

Natural attenuation, data . interpretation ,'is: complic'atedby the complex, i~ter-rel~tid~~:hips . of· various 
, para,meters. The complexity reflects th,e myriad of::biochemical processes.' Real-tir'n~,eyaluatiol1.of field 

analytical data.can be misleadingbecauseafullinterp~etation often requires combining the field analytical 
re,sults wHhfixed,~ba~e Jatxiratory results. ' Regardles~; some'$ilJiple observations a~ddata'iriterpretations 

.. in the fiel~ may provide insights abQut the' m,<?nitoririg s~tem or ~arly warnings abo~l' sample collection 
and handling probl~ms.'· . .:,:" . " 

Data· collected from the ',designated upgradient <monitoring well is the base.line·.from:which: other 
interpretations are made: Field a~alytical data will. indicate' that the up'gradient environment is either 
oxidizing or rechicing. The'redox conditiqn. withif1 the upgradient area of the.~quifer may. b~ natural.or 
impacted by other contaminant source areas (see SeCtion 5.2 for upgradient weILselection). Regardless, 
the redo~ condition, of, the~pgr?dient groun~wate,rwill influence th~ source area . .- .Cha8ges ·in field 
analytical results from the upgradient well to the ,source area well will be reflected' fn, samples .from 

.- - rlJonitorir'1g ,we-lis furth~r do,:,ngradient : " ,~ " .' ", ',:' , , ' '", ' '", 

The general ~haract.~ristics of the ~b redox environments are'summarized in the'foIl6wi~~ tq~~e.. 

" f 

'" 
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Anaeroi?ic/Reducing 

No measurable dissolved oxygen «1 PPrfl) 
No measurable nitrate 

Measurable dissolved manganese 

Measurable dissolved ferrous iron 

No measurable dissolved sulfate 

Measurable:dissolved'sulfide 

Measurable dissolved rri~thane ' 

• ' Measurable dissolved hydrogen . 

Transitional, e~virdnments between 'these two extremes may have intermedi~te 'chara6t~ristics .'and a:r~ 
actuaUy quite common. Because reactions are mediated by biological systell1s; equilibrium,(the ~asis for 
the :figure in Attachrrient B) conditions within' the aquifer'should not be expeCted. ,For example, sulfate 
reduCtion environments may occur in close proximity to methanogenic eiwironr:nents, ,and ·this natural 
attenuation data may be difficult to interpret. ' Carefully coilec~ed and 'analyzed field measurements and 
sample collec:tions' for fixed-base laboratory cmalyses are designed to. characterize the aquifer 

, enyironmerit along, the ~onti~uum between strongly aerobic and strongly anaerobic .. Because the la'nd , 
'surface. environment is generally more oxidizing than any,groundwater environment, sample handling'at 
,:the ,point. of coliec;tibn and ,analysis is" extremely important in prese'rvirigthe" chemical ,integrity of the 
groundwater sample. ' ": / . -
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HYPOTHETICAL LONG-TER'M MONITORING STRATEGY 

NAPl 
$(,urce 

o 

o 

oirOOtioo of- ' . 
plune:Mlg~ti(ln >'0 

.' Ccotinge'l)Cj! WeD' ~.: 
O'long-TSn; Mprlit6~ihg"~eB 

Note-. CanJ1ex Sites m~v req;lfe mo~ ~i~~ The tirol 
t'lUIlb~j' !f)d plQ::e!'r)$nI4'Jouldb$ ~et~.rfni rmj in o;,nj'.JTidJon 
w4h 1M tlrpro[riale regulrWrs:, ' , 

Extent of bissONel:i. 
Coolamlnant Plume' 

. ". ,', 

',', 

Taken from: Depa'1ment of the, NavY'- 1998. Tecl:micaIGuideiit:Jes for Evaiuatil)9 Monit6r~9],N~tLiral' , 
Attenuation'; of ,Petroleum, Hydrocarbons :and Chlorinated Solvents'in Ground Water\af: 
, Navafa:nd M.arin~,c;orpsFacilities; Prepar~d6Y~ToddWeidemeier and; Francis Chappelle: >.', 

",', ,:;' < • ' :. ,', ~/ ,,:v'>~/';""<{':"'.:A·'-
,'~ , ':' .' > < ., " 

", 
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ATTACHMENT B 

REDOX POTENTIALS FOR VARIOUS ELECTRON ACCEPTORS 

, 

.' 
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\ 
- - O,+4H++40--- 2H,O CDRP= +620) 
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"- H,<O.l- - 2NO;+12H++l00- -- N,+6H,O (ORP= -+5401 
'" Anaerobic ~ a: 
I-

Z' 
", 0 a: 

.1-
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W 

CI 
~ - !.InO ,< 5 I->tiCo'.-+3W+2e- --.:. M~COJ (5 )+2H, 0 (ORP= +3201 

2 300- -cr 
::> 

'. " 0 " 
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CI 
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0 -200- t-
2 

" ~ H,-0.2-0.6 - f- FeOOHI 5 I+HCOj+2H '+0- ----... FeCa;1 s)+2H,O I ORP= "-;-25,9 ) 
;' ,;--'" . w (IRON REDUCTION) 

Q: u , w 
0 

" " 
" 

" 
H,+tO-4.0 - I- SO/-+9W +8e--.HS'+4H, 0 (ORP= -420) (SULFATE REDUCTION) 

, H,·)5.0 - I- co, +aW -+;8e--- CH. +2H,O IORP= -440) [METHANOGEJoI~~1 S) , 
.-
" , 

( 

.' 

n' 

'. 
" 

-700 - c-

, ' ., , 

" 

Dissolved hydrogen (H,I'concentrotion in nonomoles per"ite'r (nM) 

" ". 
Oxidotion Reduction potentiollORP, ,YS A9! Agel) in milUvo,IS: 1!2 pH-7, T-,25-,<: , . , .. 

" 

, , , '<~ --, 
, FIGURE '8 

; REDOX POTENTIAlS 
, , 

FORVARlOUS ELECTRONACCEPJORS : 
" .. 

. kl'dge\Nnoy'Dr'«ub~t .. 'aa2\.aG2.-033.d!7' '-11-02 
,. 
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NATURAL ATTENUATION PARAMETERS FOR 
CHLORINATED VOLATILE ORGANIC COMPOUND PLUMES 

SCREENING PROCESS SUMMARY FOR REDUCTIVE (ANAEROBIC) DECHLORINATION 

,'Potential Electron Donors 

~ Native total organic carbon (TOC) 

'f.nthropogenic carbon (e,g,. leachate) 

':Fuel hydrocarbons (e.g,. BTEX) 
'{ < 

lightly chlorinated solvents (OCENC) 

Electron Acceptors: 

Dissolved Oxygen 

Manganese (Mn4-t) 

Nitrate (N03) 

Ferric Iron (Fe3+) 

Sulfate (S04) 

Carbon Dioxide (C02) 

Carbon Dioxide (C~) 

Manganese (Mn2+) 

Nitrite (N02) 

~ Ferrous Iron (Fe2+) 

~ Sulfide (s2-, HS-. H2S) 

Methane (CH4) 

Related Dechlorination 

Pathway: 

DCE~VC~C~ 

DCE~VC 

DCE~VC 

DCE ~ VC~C02 

TCE ~ DCE ~ VC ~ Ethane ,_ 

PCE -t TCE ~ DCE -t'VC ~ 
, Ethene 

L-______________________ ~ ____ ~--~~"~--~~--------------------~--------------~'. 

:,~'; , - ,'" 'Geb'cherraical Parameter List: 

Field Rationale }l\1portance: 
, 

, 
,1 

" 1 " 

1 " 

,', I';;', ',,;-:-" --..,------~--r_:__-----__:_--------'_:______,,___--_, 
>- ':, 

: ,:1' " .-' , , or lab '::.""<': } ~--'-------II----l------~~---'--'i 
"~" '",' 'volatile organic L Source products; daughter products; electr~m donors (e.g., benzene. 

'; , ';; ,. :c<;impqunds toluene. ethylbenzene. and xylene; BTEX) 
:;~! ; /1-':-D':';,i~-'s':"O"::'IV-ed-o-xy-g-e-n----l--F--t-p-n-'m-a-ry-'--e-Ie-'c'-tr-o-n-a-cc-e-'p-to-r-(-re':"s-p-ira-'ti:...·o-n-);-a-'n-'a-e-ro-b-ic-in-d-ic-a-to-r------t--'---~ 
:\:~ " ,,'Nitrate (and nitrile).' For L 'Anaerobic electron acceptor (prOduct of nitrate reducti~n) 

" ,,' ':;, -'I-"'_di_S,-~~-:-IV,....ed_--~------t--~-+-----------------'-'--------'-1I----~ 
, ',1~ ,~, ',:Mang~nes~, dissolved F or L Anaerobic electron acceptor 1 

, Ferrous Iron (Fe2+) F Product of iron reduction 1 

Parameter 

') ,- " <'S~lfate[and sulfide (S-2)J For L 'Common anaerobiC electron acceptor (product of sulfate,reduCtion) , 1 

,'; ,,}',' ":r\_S-cU""lfi'-?_e_(H_2_S_) _____ +_F-'---+_c_'o_m.,-'m_o_n..;..p_rod_u_ct_O,-f_,s_u_lfa_t_e_r_ed_u_c_ti_on_:.....,-__ --'-_-'-_____ --'--t ___ 1_'_'....,...,-I: ',-: 

i'j<~' :: __ :s ::~~ihane, ethane, ethene L Product of methanogenesis; daughter products of,reductive dechlorinatiori 1'" :: 

. ,',' • Chloride , L Ultimate daughter product of reductive dechlorinati~n 1 ',: " 

" , " ",' '. : Toe -,upgradient L Electron donor 1 
i " ,".-, 

; ,>' 

<,-<, 
, ' 

;, < >,', ; .!grouhdwater 

;; "', 'iORP; pH, specific F General water quality determination 

,'" ; " " :conductance. temperature. 
",:, :::t~ibidity 
~;I':,· '. ; CarlJol1 dioxide (C02) 

I, ",; '-- ., •• 

" ; ,:Alk~lInity'DIC 
2 

2, " 

2 

2 

\,folatile fatty acids L 3 
'" " 

Importance: 1'=Most important; 3=Least important (depending on oaos, all may. be recO'mmended). 
See Attachment E for details regarding analytical methods. ' 

0196WP Tetra Tech NUS, Inc. 
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SCREENING PROCESS SUMMARY: FOR 'OXIDATIVE (AEROBIC) DEGRADATION 

Parameter Field or 
Lab 

Rationale, Importance, 

Volatile organic compounds 

Dissolved oxygen 

',Nitrate (and nitrite), dissolved 

Manganese, dissolved 

Ferrous Iron (Fe2+) 

:Sulfate [and Sulfide (S-2)] 

TOC.~ upgradienf groundwater 

ORP, pH,.specific conductance 
t~mperature, turbidity 

Anions: 
chloride (GI), 
nitrate (N03), 

nitrite (N02), 

pho,sphate (P04), 

sulfate (S04) 

L ,Source produGts;.'daughter products; 
al,ectron donqrs '(i:3JEX)'< 

F'" ',Primary,eleCtron ciGceptor (respiration); 
, ,an/aerol;>icindicaibr " " " 

For L "', ,Ariaerob!celectronacceptor (and product 
, .' of nitrate reductiofl), " 

F or L . A~aerobjc ele~tron acceptor 

F 'Product ofiro'n reduction 

For L . "Common an'aerobic electron acceptor 
" . (product of sulfate redu~tiQn)' ',' , 

F '."', "'Cornmon produi;t ofs~lfate:reduction 

,General water, :quality,determihation 
, "- ,'" ' "), - '. ' 

F 

L 

L 

L' 

1 

1. 

1 

f 
1 

1 " 

1 " " 

':1' , 

1 i 
" " 

'" 

.-2, ,'; rOC-,Upgradient soil , Input to ahiilYtical NA-models; quantities 
. soil;water distribution coefficient and 
retard~tion factot 

..:;: ~ " 

Biological oxygen demand (BOD) L , Unqers!anding of'aquifer oxygen·demand 

Chemical oxygen demand (COD) , Under~tandilJg otaquifer oxygen'demand , 

Importance:1=Most important; 3=Least importanr{depending on'DOOs, all may I:le recommended): 
, , , ' _" > ~ • " 'f , " 

See Attachment E f<?rdetails regar<;ling analytical method? , 

, 
" 

) 

\ 
" 

<, 
<', 

" 

, , 

" 
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Parameter , 'M~thod I Roforon.o Equlpmonll Mothod 
, Chomlstry 

: Sample Volume, Container, Preservation, & Holdlng,TIme Range 
(mglL) 

Precision 
,(mglL) , 

, : IAikali nlty, , ICHEMelrilis K·9B,10, K·9B15, ~'lnb"el®JitratiOnAmpule'l 'IFleld, Followt •• t klt in.tni,tion., Avoid ag,laUon and ana~e etwell h.ad to dotonnone ,otall' 10-100 (K·9810), ) .J "N/A 
, 9B20, ,- Hyd .. chloricA,ld, ,alkalinity, Filler If tult,d (>10 NTU), '," -,' 50-500 (K.9815) 

.ASTM'O,1067.92, ' __ Phen,olplith'I"" ' " ' , " ' " , ", " ,,100-1000(K;-9820) 
-EPA 310,1". - -, ' ' ' , - " 

~Ikahnlty' F,lxed-base lab 
".EPA 310,1 

N/A 

Alj<aUn,ty I Dissolved -'IHACH Al·DT ' 
Inorgiilnlc Carbon ; .l-IACH 8203 

, ·SM 2320 I SM 403 

Digital 'Titration I 
Hydro,hlon, Acid, • 
Ph.nolphtllal.,n (P) and' 
Tolal (M) , 

Arsenic 

BloehemlCal OXygen -
Demand 
Carbon Dioxide;,,' 
dlBloiVed 

, / .. 
Flxecf..base lab 

"-SW·SOIO B '. 
Flxed-base lab 
,·EPA 4101 

N/A 
" ,'. 

N/A 

1925, " " ',Sod~m Hydroxide,' 
CHEMo,tno. K.ISIO, K-I920, K' Inuet®Tltratlon,AmPUle" 

:ASTM,O 513,82 _ -- • _ Phonolphtllaleon ., " 
·SM 4500:Co,:c' " ,', " ~,-' 

100 to 250 mL In glass or piastre container. Cool to ,4.°C, Anatyze wthin 14 days. filter rf 
turbid " ';<' , ' 

Reid.: Follow test kit Instructions 'Avoid aQlt~ijon and anatyze at"MJlI head to detennine ; I, 

carbonate: bl~rbonate. ~nd hyaroXIdB 10'1$. fUter If tUl'bld ao recommended by manu~eture. 
May use a pH mat~r for colored samples; " , .' ' 

1 ~ter glasa of polyethylene container, HNO" to pH.! 2, e months 

lItor HOPE, Cool 10 4'C, An.~e:...;tIlin 48 ~()U'" , ' 

Field. >F?II~ test Idt tnstnJebons. Avol~. ag!latlo,n and analyze at 'Nell head. 
~ , I 

Calton 0'9Xld." " IFIXed-ba.ola? , " ' 'IGC.,ECO/RGOIFID D~te~tor 140 mUn VOA vial. 210 3 vl,als by (V~port.ch), • 
dlnoivod ,'.' -VOAwutc".mple(V~portech) " "',, '." .. '. >' '.. ". 

C.",on Dioxide, • :,IFIXe<l-ba •• lab " --, IGC.ECD/RGDlFID Ooto,tor IFilid bubbl ... ~ oampDng requored, ,Ship In gl ... ~.Pb!m vial (Microllepo only), 
dissolved -Mlcroseeps gas stripping ceiL " '~,. 

C.~O~ Otoxlde, IHACK ~A-OT IDIg4aj litration I Sodium "IFiela. Fonow~st kit Instl\lc~o~s: 00 n~t aerate orag!tate Anatyie at weD ~ead 
dls.o~ed ' .HACH,820S- HydroXide, Phenolp/1t1laleln, -

-Mod, SM 406 ,. 
Ch emlcal OXygln 

,IOamand, ~, 

Chlond. (el), 

'JFlxe~basa lab, 
·EPA410,I· 

, , 1 FI)(8~bna lab 
(, ·EPA300 ' 

Chlenno. Total (CI,), 'IHACH DR·e50 
, ·HACH 8167 _ ' 

·SM4500-C1 

Conductance, Speclfi, IF,.ld Meier 
·SW-9050 A 

N/A 1:25 ml HOPE H2S0. to pH <2.0. Cc:ol to 4'C. An!lIY2~ \Alltnln 28 days 
: " / ~ ,.: ),.>, ... , 

NIA'- 100 to 250 mL I~ gl,ass orJ:llasyc container: Cool t~'4·C. Analyze ""thin 28 days. 

Colonmeler I OPO Meth~d IFleld: Follow test kit Irs"",Uon. 

Olr.ol R.adlng Meier _ 1100 to 2~0 !".In gl ... or pla.'o oonla,n.r, 'Analyze ",medIately:" 

Elhan',,dISBolvo,d - "IFIXe<l-b ... lab " " IGC-ECD/RGOIFID Do!o,'or 140 m. In VOA ~I~t 21013 vials by (Vaponeoh), 

" :~~~ ;;~~I~'rt~7~IPortoCh . 

Ethane. alS10lved FI~e<l-b .. e lab " , ' IGC-ECD/RGDIFIO Deteolor !Fleld bubble-strip sampling reQuired, Sh,p In gl ..... ptum v,,1 (Mi,~o.eepo 'only), 
·Mlcro".ps gas stnpplng cell 

.,.RSK SOP.147 & 175 

, " ~, . t, 
," , 

,,' 

',' ; 

NIA' NIA 

10-4000,, __ NlA 

NIA NIA 

, NIA N/A .-

10-100 (K·ISIO) 'N/A 
lOD-IOOO (K.IS20) 
250-2500 (K· (925) 

" ~ 

~ N/A 

N/A NIA 

,10-1000, NIA 

NIA NIA 

NIA' , N/A 

002·2,00 '~O,O1 ",gil. 
,¥Ath'a 1.00 mglL 

chlonna e 

solution. 
I!/A ---wA 

NIA NIA 

NIA N/A 

Esllmated 
Dotoctlon Limit 

(mglL) 

" 

,','-

10 
, 50 
100-

NIA 

10 

NIA 

NIA 

,10 
100 
250 

N/A 

NIA 

10, 

NI~ 

NIA 

NIA 

N/A 

N/A 

- " ,~ 
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Parameter , Mothod I Roferonce Equlpmontl Methed 
Chemistry 

S"!,,plo Velumo, Container, Prosorvatlon, & ~-"Idlng TIme 

Elhene, dissolved 'IFIXed-ba •• lab ,IGC-ECD/RGO/FID Detector 140 mLin VOA vial 2 to 3 vial. by (V.po~ech), 
-VOA water sample. Vaportech' ' 

• ·RSK SOP·147 & 175 ' 

Elhene:dlnolved 'IFixecj..bue lab ,,' jGc..ECO/RGO/FIO Detector jField bubble.$trip 5Bmpll~g'",quired.' Ship In glass septum vial (Mlcrcsesp$ ~nty). 

",' , ' ;~~~o;~~~~:;~ ~r1i:'ng cell 

Ff1Icbon Organic , IFlxed-ball! lab 
Carbon (fe'C) .soli .Walk-Black 
~~ .. ,dl.nt ,Saturated .SW-&l6,B050 

N/A 200 gram "gIass-jar ...... Cool to 4°C.' Analyze within 14 days. 

Hydrogen; d1I1,otved '-IF!X~~ba~e lab , ,- " IGC-EC5JRGO/Flo-oet8ctorIFi8Id bubbfe:stnp--iamp1lng required, S~ip in glass septum vial. 

, '. ~;~~i~~40;~,~:;T~Cht~· ,:",: .-<" ,: :',: ',:." • " 

Iron, ferrous (Fe~) ", IHACH OR~50 
.. ' ·HACH8146 

. , 'Mod. Sli315 B 

Iron, ferroUS (Fe'-.i'L \HACH IR .. 16C',' 
, .Mod:SM3156 

Iron; lotal dlnolved' ' "\FIXed-base lab ~ , 
"(Filtered) ". ,,' . ,SW-1l4880106 ' 

Manganes. (Mn~) IHACH ~R.850 
'HACH a034 , . 
,CFR 44(116) ~193. 

Mangane~e (Mn~) HACH MN·5 
.Mod. SM 3' gs 
.CFR44(116) 3-<193 

Colamn.ler , 
1: t~ ,p~enar.th,ro~'111 

Color Olac 
I, 10 Phenanth .. I.ln . 
NfA ;, 

Field: Foltowtest kit Instructions Analyze Immediately at well head. Filter IfbJrbld (>10 
d~l'U) 81 r.c~m.nd.d by th~, mlnut;~!,~r~~,. ' "- ~ , ." > '~' <~," 

FIeld Follow tes~ Idt IMtruetiorys ,Anlly~. immedlatety at \'!'ell head. F,ltter IfhJrtld (>1 0 
NTU)asreeommendedbythamanuractu". ~"t~, ' ,,> 

~s~~;~~ Pla,~lc, ~,n~ln>e~,· ~Ie.ld nl?r ~ 0, ~~,t' ,He,l, t? pH ~~ Cool,t~¥~,7~,_,~~lyze ~~In 

Coiorvneter I Cold Periodate IFleld,' Followt"t kit in$llUctions, Avoid agitation and analyze at well head. Filter rt'turbld as t • 

Oxidation" , "r'~f1'm~~~n~'~"b~ th~~~a~U,fac~~re/. , ::, :",:: -'. ' , :,' , ,::',~. 

Color Dllc I Cold Penodatll, IFleld. Followtelt ~t InstNetionl' Avoid agitation lind analyze at well head. Filter tfturbld as 
OXIdatIon ' reeon:'mendedby!t\e~a~ufacture',' " ~ '", ' y 

Manganel •. total 
diclolved (FUtered) 

Flxed-ba.elab IN/A 12~0 mL In plasUccontainer. Field nllerto 04' II- HCI to pH <2,' Cool to .'C. Anal}lze v.!thin 
1-SW-84e 50108 " • 5monttla. 

Methane, disla~ed Fixed--baae~lab, , ' iGC--ECOfRGO/FID Detsctcr i40 mL inVOA vial. 2103 vials by(Va~nech). 
INoA,water sample. Vaportec~ , ' 

'I~RSK SOP-147 & 17! 
Methane, ~issolved, '~FiX~d-ba5e,lab, t' 'IGC-ECD/RGD/FID Oetector IFleld bubbl ... tTlp ump6ng required ,Ship)n glass sephJm Vial (Mlcroseep,s on~Iy). , 

Microseeps gas stripping cell ' <" ~, 

·RSK SOP·147 &'175 
NItrite (No,) Flxed--base lab 

. ·EPA 300 . 

NItrite (NO,) HACH DR-850 
, .HACH e192 

·Mod. E~A 353 2 

Nltnte (No,) /'. ::pe::;~e lab 

"/ 

,/ '~ " '.', 

. \;" 

• 

NfA 1250 m~ ~18Stl~ container. Cool to 4ec~ Arla~e ~~tn 48 hours. 

Colorimeter I Cadmium IFleld: Follow test kit In$tl\J~ons Avoid agllabon end analyze at well head.' Pretreatment 
Reductio~ , IlIqlJlred ifnltntlls pre$lnl. 

N/A 1250 mL plastic container Cool to4°C. Analyze vAthln 48 hours. FlHer tfturbtd as 
recommendsd by th e manufacture. 

,. , ' 
,/ ' 

'1',," 

,,',:.,, 
,(.~ " 

." 

Range, Preclslen Esllmated 
(mgt") (mgt") o.loctlon Limit 

(mg/L) 

N/A N/A N/A 

N/A N/A N/A 

N/'" N/A N/A 

N/A N/A N/A 

',' , 

0.3.00 10.017 mgIL I, 0,03 
wth a iOOmg/L 
i Fe1+ Iolubon 

0.10 'N/A 0.2 
. '" 

'. N/A N/A· N/A 

0.20,0 , !01emgIL 012 
wIII1a 10.00 
; m;lL Mn, 

'SOlution.', 
0.3 NlA 0.1 

N/A N/A N/A 

N/A, NlA N/A 

N/A NJA N/A 

N/A- N/A N/A 

0.0 ~O !.0.03 mg/l. 0,01 
'Oith a O.2~ m gill 

ornluate 
nitrogen (No,-

N) solution. 
N/A N/A N/A 
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Parameter> 
, " ~ 

',' Method I'Roferonce 

":,,' d,: <?, ,', > " ::' 
N,tnt'(NOi) HACH OR.950 

-HACH 9507 
·Mod EPA 354 1 ' 
·MOd, SM "9 , 
-CFR 44(95) 25595 ' 

, .INll1ogen, dissolved' IFllI:ecj..ba~e lab , ' 
.Mleroseeps gas ;:tr1ppln~ cell 
• Vaportech VOA 'Nater sample 

Nitrogen, Total,l<J~tdahIIFIXeo.base lab 
, _ " . , ·EPA 351.2 

" 'Oxidation Reducllon 
Potential 
Oxygen, dIssolved 

Oxygen I dls50lved 

Oxygen. dlnolved 

Oxygen, diSlo,lved 

~gen, dIIlO~,'d ~ 

FIeld Meter 
• ASTM [).1498 

CHEM.lric. K·7501, K.7512 
:.ASTM 0554J-S4 
I.ASTM 0 887·92 

Flxeci-base rab 
-VOA Wiler sample. Vaponech 
·RSK SOP.147 & 175 

Fixed-base lab 1,' 

·Mic:roleeps gu stripping cell 
·RSK SOP·147 & 175 

HACH OX·OT 
.HACH 9215 
·SM450Jl.O.G 
HACH 0 R·9S0 (AccuVac 

'I~P~~~O Method ~ 
Oxygen. d}$$~lved IFJeld Meter 

pHI~~~o!~~ 
poo'poat. (orl!oo) Fixed-base lab 

'EPA 300' 

Ph~sphat~, potassium 1~~~::S:ci~gB~ 

Salinity 
" ISultate (SO, "'r 

Sulfate (SO,4) 

Sulfide (Hydrogen 
Sutlde, H,S) , 

Su~d. (5") 

FIeld Meter 
FlXed-~as.lab 

HACH OR·850 
·HACH 8051' ' 
·EPA 375 ~ 

HACH HS-C 
-HACH Proprietary 
·Mod: 8M 426 C 
CHEMetrtc. K·S510 
.SM450().S' 

~ 

",<' 

":'." 
.' >,' ',,""" ""'~h~\:~,~ ,~~~~,~~, """""~ 

" 

<', ' 

Equipment I Method 

, !=~~<ml'try ': ~ 

Colonmetef I Olazohzltlo~ 

"> 

~~P~8 ~~~u~,~~ :onl,~~,8r; ~re,~,~~~,I~on~ ~,~OI,~ln~ ~i!!~ 
~ ',">',,,' , 

Field, FOllOW tilt Idt Instructions. Avoid agitation and analyze al 'Nell nead, Fllter,tfturbld 81 
recomm8n~e~ bY)he manufacture..' " ' " " , 

GC-ECO/RGO/FIO Det.ctor IFleld bubble-strip sampling reqUired for Mlcroseep5.' Ship In glass lieptum vial (Mlcroseepli) 
or VOA vial (Vaportecn) , 

NtA 500 mL plastlc/gtass container Cool to 4°C HJ~9. to pH:: 2. Analyze ,,-,thin 2B days. 

Direct Readlflg Meter IFleld. 00 not urate Gentiy agitate prcbe using ,flow ~er ot,llow-lhrougl1 metnod. Analyze 
imm&dlat~at well head. 

CH EMet&® Vacuum Vials I \Fleld. Followtest kitinstrucbont, AVOid agitation and an.lyze Immediately at well head. 
Rhodazlne 0 and Indigo 
CanTllne 
GC-ECD/RGD/FID Detector 140 mL 1M VOA vtal. 210 3 Vlal$ by (Vaportech) 

GC-ECD/RGOIFID Detector IFleld bubble-strip sampling I'IClulI'ed, Ship in glall septum vllI.l·(Mlcroseeps· only). 

Dlsltal titration I A.zlde IField. Follow test lat instl\lctions. AVOId agltabon and ana~e Immedlately at 'Well head, 
Modification o1Wnkter 
Olgllal Tltratlon Method 

~:!~~~~OIn:::Od' I Field, FollowtDst kit Instructions AVOId agitall?n and analyze Im:nedlatefy it 'MIll head. 

Olrect Readlflg Meter Ana~e Immedtately at weG head. Avoid agitation and analyze immedIately at ~II head 
Used for well ttabBlZal10n measurement parameter only, 

Direct Reilding Mete~ An.~.lmm.dI.t.~ at woi o .. d, 

Ion Chromat.,..raphy 1250 mL pla,tl. container, ,Cool to 4'C, f"'alyz. -.!thin 49 houn:, Filter ~turl>ld a. 
recommIJnded by the manufacture, - ' , " " ' 

Inductively Coupled Plasma 1250 mL plastic container Cool t04oC. Analyze wlhl" 48 hours Filter rflurtlld n 
recommendedEyJhe manufacture. -

Direct Reading Meter • jAnalyze Immedlatel't. 
N/A 1250 mL plntlo con\ilner. Cool to 4°C. Analyze 'Mthin 48 hou~. Filter rfturbid as 

recommanded by the manufacture. - . 

;~II~t:~~r./TUrblmetI1C . IFleld, Followt.e!illci l~s.tl1J,ctlons, Filer Iftu~ld~. reco~mended by t¥, manufacbJre.-

"~10~O;SC~:~~~:!c.ence IFiel~, FolI,oW t~it k:Jt instnJctioRlj, AVOId agitabon an_d a~alyze imr!',edlalely, at Yfelll1~ad;' 

reacllve paper. 
CHEMetS®VacuuM Viill., ]Fleld Follow test kit Instructions, AVOId agitation and analyze Immedlalely at well head. 
Melhylene Blue • ' ' 

> ,', 
'~ " 

, , 
" 

, " >" ," ~ 

Range, 
(msjlL) , 

, ().(),3S0 

NtA 

NtA 

NtA 

0·1 (K·7501) 
1·12 (K·7512) 

N/A 

NtA 

1·10 

O,() 8 ppm 
()'10ppm 

N/A 

N/A 

NtA 

NtA 

NtA 
NtA 

0·70 

()'5 

().1 
1·10 

Precision' 
(inglq 

ot 0.001 mglL 
_.0,250 

, mgIL nitrite 
nitrogen 
solution 

NtA 

NtA 

NtA 

N/A 

NtA 

NtA 

NtA 

0,01 ppm 
0.1 ppm 

NtA 

N/A 

NlA 

NlA 

NtA 

NtA 

:t05mgIL-.lth 
.50 mg/L 

sulfate solution. 
NtA' 

NtA 

Estimated 
Detection Limit 

(m M' 
0,005 

NtA 

Nt" 

N/" 

0,025 
1 

Ni4 

NtA 

NtA 

NtA 

N/A 

NtA 

NtA 

NtA 
NtA 
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Parameter 

!iufflde (S') 

Sullld. (S·')· 

Sullld. (S·') 

Tel!1para.tu,re 

Method I Reference 

FIX,d.bas_lib 
·EPA 376.11378.2 

; IHACH OR·BSO 
·HACH B13t' 
-liM 450o.s' , 
HACH HS.WR 
-liM 450o.s' . 
Field Meter' I Thermometer 
- EHO.I " 

'urt>lc/Jty, IFleId Metar " 
• E 180 I 

N/A'. NQfippliCibli~ 

'<~ ~;;:--.~;. 
"'« ~< A •• ' 

Equipment r Method 
Ctiemlstry' 

N/A 

Colorimeter I, ~ethylene 
Blue 

Color DI~c I Mathylene Blue 

~,e9~ Readll1Q,Metar J' 
8nnometer • 

~/A 

Direct ~eadlng Meter 

/' 

Sample Volume, c,?ntaJner, Praservatl,on, & Holdhg"T1~e', 

1 ,liter in plastic container. no headspace NaOH to pH >9, Cool to 4°C Avoid Igltatlocfand 
analyze >MUllo 7 daY' . ','''' 
Field, Followtesl kit instructions, Avoid agitatIon and llnal~e immediately at well head. 
Pretre.a~~n~ ;eQU,red,fo; tU~I~ ,s~mp!es' as recom~.~~ded bYthe'n'lim~~aurD. ,> ' 

Field. Follow tlst kit Instructions Avoid agitaOon and analyze Immediately at well head, 
Pretreatment required for turbid samples ill recommended bylhe manulicture. 
Analyze.lmm.,dia!ely, " .. 

" 
125mLHOPE. H,SO,lOpH c 20. CooIt04'C. Analyze 'OItI1ln 28 daY' .' 

r " " ~ , ',' y' ~ ~ , 

An~Iyz.lmm.dlat.ly. 

,')" ' 

" ':,",: 
,'\ 

. ~ " ',,";..',\ 

,,,."',,' , " 

.. ,"''':' 

"" ~) 

" " ~~ '",,-
, ' "'.',l,.': 

, 

L. 

Range ' Precision ,Estimated 
(mgIL) (mglL) Dotecllon limit 

(mg/L) 
• N/A N/A N/A 

1).070 .!. 0.02 mgll . O.Ot 
w1ll e.073mg/l 

, sul1ide solution. 
I).tl.25 N/A' .• 0.1·2.5 

N/A N/A, ' N/A 

N/A ,', N/A, ' N/A 

N/A N/A, . N/A, 

,,' 
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ATTACHMENT F 

FIELD'ANALYTICAL LOG SHEET, GEOCHEMICAL PARAMETERS 
PAGE 1 OF3 

. Note.: Analyte, method, andfor equipment may be'deleted from form if not being performed. 

Tetra TeCh NUS. Inc. 

Proiect Site Name: 

Project No_: . 

FIELD ANALYTICAL LOG SHEEl 
GEOCHEMICAL PARAMETERS 

Sample 10 N'o.: 

Sample Location> 

Page of 

. ',Sampled BY: ' . Duplicate: o 
D . Field Analyst: ,-__ , Blank: 

.. Field ·Form.Checked as per QNQC Checklist Qnitials):, 1 '" 

Date Color pH S.C. Temp. . Turbidity DO S.IInlty 

~;, lme. (VIsual) .(SU) (mSJ",,) (Ie)' '(NTU) , ,(mgll) (Yo) 

" Method. 
. , 

ORP(Ehl 

(+I-m., 

~' ~!-.1~JJ;::eP.U.J:~1IQN.q\.~ ~~{~ )Nt:~Rr.tA:-np1t~ ~~ -: ~ ;:~~ i ~; ~~ -;:- ~ =:J~ ~ d~ ~ :E~ ~ ~ ~,;~::~ ~ :~ ~_: ~ ~ ~~? ~ ~ ~H~ H ~ ~ ::~~ ~; H;: ~~ '~~~~:; ; ~ ~ ~ ~" ~ ~ ~ ~~ ~ ~ ~ ~:: ~;~ ~ ~~ ~~ 
, ORP'(Eh) (+/. my) , Electrode Make 8. M6de1 ____ --,-___ ...:-__ --;-__ 

Reference Eled:ro~ (circle one): Sllver.SdverChlonde I Cal~ I ~drogen 
.. ', pi~~ol,yed Oxygen: 

Concentrabon: ":..' ' ____ ppm 

'RionQ;' Used: I' , Ran",,' , I ',Melhod Icon~entra"on ppm . I 
,0 I,' Otolppm 1'·K-7510 I, 'I An~tysisnme: ___ _ 

LJ, .. I lto12,ppm I· K-7512 1 'I 

quipment ' HACH Oog~al Titra\O~ O<-DT , 

, R • ..,e Used I Ran~e " lS.mpie Vol Cart1Jdge h..tultip5er ITilratlOnCount,.I, ·M'ultipher I CDncentrabon I 
0 I 1-5,m.\. 200ml '0200N 001 , xOOl mglL" 

0' I 2-IOmQIL ~ 100ml 0.200 N 002 I x 0.02 mg/L I 
iNotes. 

Carbon DIoxide: 
Eq~sment c,~emet~~ Test Kit, Concentrabon:" ,-,' ---,_,--_ppm 

Range Used Range: Method, Concentrabon ppm' 

0 10ta 100 ppm K-1910·· AnatySls Tme: '_-,-__ 

,[] 100 to 1000 ppm , K-l92O 

LJ 250 to 2500 pPm '"K-1925 

EqUipment HACH DigItal Titrator CA.DT • 

Range Used Range , ISample Vol Ic.ltndge I MulttJlier Coocenrranon 

o 10-50 mgIl 200ml 03638N 01 mgIl 

o 20-100 rTgJI., '100 mi.' 0.3636 NO.2 i02' mgIl 

LJ, ICJ0..4OU mgIL ,200ml 3636N' 10' x 1.0 mgIl 

o . 200-1000 mQiL ...... 1IiD mI 3 636 N . 20 x20 mg/L 

',~'aniardAddltrons 0, TItranl'Molar,IfY: ____ , 'DlQitsRequired_l~ __ --.-.:..,2nd.:~3n:J:~--
'No~ , 
, Hydrogen; dissOlved' 

~qmpffient 8ub'bI~ stnp sa~pling field, rrethod 

Start stnpper 01_-,-__ (i;me) 

End stnpper at : ("me) 

'Totalstnppertime_' __ 

Pump rate --'-__ ;- miUdllersJrrinute 

Tetra Tech NUS.Jne_ 
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Revision 

1 
Effective Date 
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'ATTACHMENT F 
, , 

FIELD ANALYTICAL lOG SHEET, GEOCHEMICAL PARAMETERS 
,-pAGE 2'OF-3 

Note: Analyte, method, andlor:~quip~i maY be deleted from form if riot being performed. 

FI ElC ANAL Y1l~AL LO~'SH_EEl 
GEOCHEMI'CAL PARAMETERS 

Tetra Tech NUS,lne. Page of 

Proiecl Sile Name: 

Project Nc.: 

Sampled By: 

Field Analyst: 

Alkalinity: 

EqLDpment Chemetrics Test Kit 

Range Used' Range MelliOd .' 

[]- 10 to 100 ppm K-981 0 

0' 5010 500 ppm , K-9B15, 

[J 100 10 1000 ppm K-9B20" 

EqUIpment HA Oi 01g1ra1TI1r~1DJ AL-DT 

Range Used: Range " ISamPle v~: 

0 , 10-40 mg/l 100 rnI 

.Q ,4().ISO~iL ·15rn1 

[J] 100-400 millL 100 rnI 

0'" : 200-BOO mgIL . . • ; 50rnl. 

lJ .'500-2000 mgIL ,20ml 

LJ' 1000-4000 mgIL " ,10 mI ' 

, Parameter I HydrOXIde' 

Relationship' I 

Concentration ppm 

, ¥', 

Cartridge' I M utbplier 
·0 IBOON . 01_ 

0.1800 N . ,04, , 

I SOON,· 10 

I SOON:' 1.0r 
(SOON, 50 -, 

I'SOON 10.0', ; 

Carbonate 

Sa'mple Location: 

oUpli~_~te: 
Blank: ' 

o 
o 

Concentration., ____ ,ppm 

Ana~SlsTlI11e: ___ -,-

.0.1 , mglt 

&" x 0 4:, mg/l 
xlO' mJvL ' 

& : x20 : mg/l' . 

X 5 0' 'rilgIL' 
&' x 10.0 mg/L 

BIcarbonate 

Titrant Motanty: __ _ DlgilSRequt~ed Ist.;~_:"" 7nd: ___ ~.: __ _ 

~quipmen~ 

~quipment 

DR;S50 

·'ProgramfModule: 

OR-S 

SOOnm 

IR-18CCoI"'Wheel 

Range: 0 - 3 00 n;9L 
33 

.' Ra.ng~ 0 - 10 mgA. 

COncentration: ____ pp'!' 

, , 

'.-
,",otes • FlRered 0' 
~~~--~--~~~------~--~--~--~----------~--------~~~~~~--~,' , 
Hydrogen SUIIl de (ti2S): Range: 0 - 5 mgiL < 

~l.Rp~nt HS-C Other 

Exceeded 5 0 ~IL range on colorchart .0 
Concentrabon 

.AnaIySlsTime· ___ _ 

-:--:---pprn 

Notes 

SUln!le (sl): 
eqUIpment ChemetricsTest Kit "Range 0-10~ , Concerd:r'abDn: ----ppm 

" Range Used:',' Range Method' CDn::entration ppm • 

D 0101 ppm 

.0:, I 110 iOppm' ,K-9510: 

, EqUipment ,OR-B50 DR-B . Range. 0 - 0 70 m~ 

, Program:MOdule 610rm 93 

Notes: 

Tetra Tech NUS, Inc. 
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ATTACHMENT F 

FIELD'ANALYTICAL LOG SHEET, GEOCHEMICAL PARAMETERS, 
PAGE 3 OF3. 

Note: Analyte. ,method,' and/or equipment may be deleted from form if not being performed: 

T~tr. Tech NUS. Inc 

FIELQ ANALYTICAL LOG SHEEl. 
GEOCHEMICAL PARAMETERS 

Page of 

, Projecl Site Name: Sample 10 No.: ' ./ 

, Project No.: 

Sampled By: 

Field Ana Ivst: 

, " Eqtipment DR-850 DR-S Range' 0 - 70 mglL 

,Sample locatiOn: 

Dupr";ale: 0 
, ,Blank: ·n 

Concentrabon ____ ,ppm 

~gram'Module' __ -,-___ 91 Afla¥,;~nme: -'-__ _ 

, ~and~rd'SOJution. 
Standard Ad~~ons

Notes' 

Nl)rlIte (NO]'-N): 

0' 
D 

Result!i, 

Digits Required 0 tmt ___ 02rri. __ ,-,_O'3mt __ ,,_, 

~q~~nt ' DR-SSO DR-8 

55 

Ra~ge 0- 0 50mglL,n C~ncentrabO~ . ,_' _-,-__ ppm , .' >, , 

Anatj'gsTime: '____ "~irler~d [J -, PrograirlM!ldule 

Siandard Solu~orr '0 ' Results: Nlb1le In(e'rtere~~ Treab'l1e~tD R;agent ~k CorrectlDn'D 
.0,' 

. SUind.ardAdmtions" ' .0 !JJy~sReqti"'" 0.1~_,_' __ '.O,1m1_·_, __ , 03mt_. __ '. 

~ite!'riate for:ms Nq _' __ NaN02 mgJ(. 
, . , ' 

NOt;;"'(1'): Ifre~lIs are over limil use dilUtion method ai'step 3, 5ml Sample 10m! 01 resuft X3, range upto 1',5m9n-. 
"' , ' ' , " ' ' , . ' '" ~ F ~ 

Notes. 

Coocentration. 

Equ!pment DR-e50 DR-e 

61 

____ ppm, 

Ana}y'9s Time. _' filtered ,0"' Range Ii - 0,350. mglL 

program'Mod,Ule 

St~dard Sol~tion: 

Notes 

Equipment 

o 

OR-BOO 

ProwalT1Module 525nm 

Standard SolubOrt o 

Results __ _ 

DR-S 

41 ' 

,Results: 

Range 0. - 20.0 mgtl' 

- Reagent Bla~COfrectiorr.t:" 

Concentration _-,-__ ppm 

~~9sT~: ______ __ 

:o;geSbOO 0 
Standard Addu"'ns' 0 DogilSReq .. red 0 Imt __ ~ 02m1 ___ 03m1 ___ _ 

Range 0 - 3 mg'V 

Notes 

QA/QC CheckOst: 

IAD'data fields have ,be'en complete,d'as 'necessary" 0 
Correct measll'ement Units are dted In the SAMPLING DATA block: o 
~~ues ated in the SA~PLlNG DATA block are consIStent With the GroUndWErter Sample Log Sheet 

'; M~IiIp1lcation)s co;rnct fo; eactNulliplier table D'.' . ./ 
, F';al CalUI~t';d concentratoon is wlthon th~ appropnatBafJge us~, blOCk:' ,'[J 
IAkabnoty RelBbonshlfJ IS determrned. ~'pproPriattY a~ per manufacturer iHACH) Instructbns 0 
OA/OC sample '(e' g,. Std, AdditIOns. elc ) freqooncy I~ appropriate as per the 'pi~Ject planning docUments 

Nlnte Interference !re aim en! was used tor NItrate test' IINltrile'was.detected •. ', 0 
'Ole block oil eaell page of form is inotlallZed by ;'.,';,;00 who performed thIS 'oNcC ChecklIst ' D ' 

FIltered o 

" 
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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 Tetra Tech NUS field activJties. 

2.0 SCOPE 

Documents presented within this'procedure (or equivalents) shall be used for all Tetra Tech NUS field < ' , 

activities, as applicable. Other or additional documents' may' be 'required by specific client contracts ,or 
project planning documents. ' " . 

3.0 GLOSSARY 

None 

4.0 RESPONSIBILITIES' 

Project Manager (prv1) - The Project Manager is responsible for, obtaining hardbound, controlled: 
distribution logbooks'(from the appropriate source), as needed. In addition, the Project Man~ger;,is' 
responsible fo~ plapingall fleld ,dQcumel)tation",usedin site activities (Le., records, field rep()rts, sample. '" 
data sheets, field notebooks, and the site:logbo'ok) int!1eproject's central file upon the completion, of field 
~~ ",:. . ~ " 

Field Operations Leader (FOL) - ni~ Field Qperations, Leader,i.s responsible for ensuring that the, sile 
logbook" notebooks, and' all :appropriCite and c~rr~nt fprms and field reports illustrated in this guideljne' 
(and 'any additionalf91111s rl?quiredby th~contra'ctrare, correctly used, accurately filled out; and complet~d 
in therequired\time-frame .. , '.' ,'. ,,)', ," .':: " " . " ." . 

, _ 'h ' 

5~ PROCEDURES. 

5.1 Site Logbook 

5.1.1 General 

The site iogbook is a hard-bound; pagfnated,contr6lled-distribution record book in which all major onslt~' '" 
activities are documented. At a minimum, the 'fqllowing'activities/events shall be recorded or referenced 
(daily) in the site logbook: ", , , . " ' 

• 

• 
• 
• 

A'll fie'ld personnel present' 
Arrival/departure of ,SIte' visitors 
Time and date of His training 
Arrival/departure of equipment 
Time 'and date cif equipment calibration " 

• 'Startiuld/or completion of borehole, trench;-mo.flltoring wel,i installation, etc. 
• Daily,'onsite activities performed each .day,· , '.', , .' 

Sample pickup information "., " 
Healtli and Safety issues (level of, protection' obserVed: etc:) 

• 
• 
• Weather conditions ' 

A siti3' logbook shall be maintained for each pr6j~cf The site logbook shall be initi?\ted at the start of the 
first onsite activity (e.g,; site visit or initial reconnaissance survey). Entries are to be:made for every day, 

" " 

019611/P Telra Tech NUS,lnc. 
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that onsite activities take place which involve ,Tetra Tech NUS or subcontractor personnel. Upon 
completion of the fieldwork, the site logbook"must become part of the project's central file. 

The following Information must be r.ecorded on the cover of each site logbook: 

• 
• 
• 
• 
• 

Project 'name 
Tetra Tech NUS,project number 
Sequential book number 
Start date 
End date 

',Information recorded dailyinthe site,logb09k need 'not-!?e,:duplicated in 'other field notebooks (see Section 
, '5.2), but must summarize the contents of these' othernojebooks and refer to specific page locations in 
, these notebooks for detailed information (wher~ applicable): ,An example of a typical site logbook entry is 

shown in Attachment A: _ '" 

If- measurements are, made,at any, locati~m, Jhe measurements and equipm'ent used must either be 
, recorded in the site logbook 'Or reference}nust, be made to'tl1e field notebook in which the ,measurements 
~re recorqed (see AttachmentA). ,- '" ' 

'; All logqook;' not~book;" arid Iqg : sh~et ,er1th~~'sha'II"'be'~ii~de)n incjelible i~k (black pen is preferred). No, 
erasures are perll)itted . .If aniricorrect entiY:is-made;t~e entry shall be crossed out with a single strike 
rriark;,'and initialecfand dateid:j\.t th~, c;ompletion'o( ei1fries :tiY"any' individual, the I()gbook pages uS,ed must 
,be signed and,dated.', the ,site logbook must 'alsoiJesig'ned_'by the'Field Operations Leader at the'end of 
eactlday: " '" ",' " , 

- , 

'5.1,.2 Photographs. 
, , 

When movies, ,slides; onjhotogra'phs are' :taken' of a~ite- or.',any monitoring location: they -must be 
numbered sequential]y t6 correspond to logbook/notebOok':~ntries. The name of the photograp/]er;date, 
time, ,site location: site ,description, imd weather: cQndition'smust ,be entered in the logbook/notebook as 
the photographs are~taken.: A: serieS, ~ntry maY,be,;:used 'for 'rapid-sequence, photographs. The 
photpgrapher is nof-f~quired 't,o' t:ec?rd the aperture~:s,etting~:',and' shutt~r speeds for photographs taken 

, , within the normal a\jtomatic exposure range. ' Hqwever, ~1>Peci~llem~es, films,'filters; and other image
" ,enhancement'techniques 'musfbe noted, in the" Iqgbook{nbt~book: If. possible, such techniques shall be 

avoided, since,.,'they. can adversely . affect . the' accuracy; qfC'photographs. Chain-of-custody procedures 
. depend upon the subject matter, type of camera (digitar6rfilm), and the processing it requires., Film used 
:for aerial photpgr~phy, qonfidential' informati()n,' crcririiinal -'investigation, require chain~of-custody 
iprocedures .. Once processed, the' slides of photographic prints, shall be, consecutively numbered and 
labeled-according to the logbook/notebook'descriptions. : The site photographs and associated negatives 
and/or digitally saved 'images to compact 'disks mus, be docketed into the project's central file. 

v , ,,', _""", , 

Field Notebooks 

Key fi~ld teampersor:mel:may mai~tain a- separate,d~djcated 'fieid notebook to document the pertinent 
. 'riejd activities,condDcted direc!ly.under their, superVisiqn::'<Fdrexampl~: on large projects with multiple, 

investigaflve sites and varying -operating conditions;:the H,ealtltarid Safety Qfficer may elect to maintain a 
,separat~ field not~boo~. 'Where s~v~ral drill rigs iue in' operation simultaneously, each s'ite geologist 

, 'assigned, to oversee a rig must maintain a field notebo'ok," ,;: " ' 
, , ,'" - .l 
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All Tetra Tech NUS;,field .torms (see Iist.in Section 6.0 of this SOP) can be found on the company's 
intranet site'(htlp://intrariet.ttnus.com) under',Field Log Sheets.' ,Forms' may be altered or revised for 
projeCt-spec~ic needs con~ingent upon client approval. Care .must be taken to ensure that all essential 
information .canbe documented. Guidelines for completing these forms can be found in the related 
sampling SOP;; , ", ' 

5.3.1 . ,Sarnille ;Collect.ion, Labeling;' Shipment" Request for Analysis, and Field Test Res~lts 
.. , 

5.3.1.1 . S'ample.LOQ Sheet ' . 

Sa~pl~ Log 'Sheets:~~e' u~ed' to record "s~ecifi~d:types '6fdata while sampling. , The data recorded on 
, .,lhese. sheets are useful 10 describing th~ :sample "as well as 'pornting, 'out any problems, difficulties, or 
, irregu.larities : encountered during sampling. ,~,A log: $l1e,et must be ~ompleted for each sample obtained, 

including, field quality"~ontrol :{QC) samples. ' 

5.~.1.2 

,A tW>jc(k~~rT,lph3:1a~~f is iHlistrateg in 't~!tqcJl,~en(B., ,Adhesi"e I~bels: must t':e.~ompl~led 'and applied.fo 
, e~erY.·s~lmp!~ :container. , ,S'ample .IaDels' c~n ' usually, be'obtained,f~om the appropriate: Program source 
, '~I~ct.~~n}~~!lfg~neratedh'l-.house;cir are sUPRlied .fr0rTI :the laborato'~ subc~mtractor ... , • 

5.3.1'.3" , Chain-6f-CustodY Record F~rin ' 

The 'ch~in-of::Gbsfody (COC) ,Record:i~ '}:~~Iti:p~rt :forrn thati~ )niti~t~d ~s ~sampl~s';'are .acquired' and 
accompaniel>' a sarnp,le (or group of samples) as Jhey,a're:transferred from pers(jn to person.' This form 

· must be used for any samples colle.cted fOL:c~'e,mIcai' or"g~otechni~al an~lysis whethe~the analyses' are' 
performed on site or off site. One ca'rbonless, cppy of,the ,compl~ted COC forr;ri is j'etained,by the, field 

"Gre~~' onec6py is ser:Jt to, tne Project, M~n9ger; (o'l','designee), while the original is 'sent :to the laboratory, 
:, The original (top, sigf1ed cOpy) of the'COc;,form shall be,placed)~side.a:largeZiploc-type bag,and taped 
· il')Sid~'th'e lid"of th~';.shlppi~gcooler.,' If m!J,l!iple :cciolers 'ifr~ ,sent.biJt are in<:;lude<:fonorie COC form, the 

" COe: '!~rm. $hould be sent with the c601~r !?ci,ntai~ing vial~Jor VOCanalysisor t~e9~9Ier with the air bill 
, , attached.' The air bill should'then state how.tnanycoolers are included with that shipment An example of 
, . ~'Chaih::of':C~stodY,:Record. form ·is,proyid~(ras)~ttachmenfC.,'dnce the samples'are~ received 'at the 

lab6ratoiy, the 'sample cooler and contentsarectleckedimd any problems are':notedon the enclosed 
COCform· (any discrepancies betWeen· the ~sample.,labels :anctGOC form, ~nd any, other problems that are 

: :noted:,are resolVed ,through. communicatio'n between the~ laborato~' pOint-of-contactand the Tetra Tech 
'~NUS'PC9jed Manager,): The COC form issig~ed,aQd copied. th'e,laborato~ willr~tain the, copy while the 
· .original bect>mes' part of the samples', corres'ponding analytical data package. " . :, :, ,. ~ , '. 

, '-, .' - -: ~ , 

· 5.3.1'.4 Chain-of-CustodY Seal 

.• Attac'hmentD'is an e~ainple of a custody,se~[ .the Custody sea(is:an adhesive£6'ackedl~bel. It is part of 
a chaiiicof:-;custody proc~ss and is used to; RrE?,veiif fampering Wjth,:~amples: after:theyJ);:lve been collected 

, .in .th~e fieidand, sealEKljh f:;oolers for transpornq !he;laboratoiy. ",T}ie:COC seal.s'are sighed Sind dated by 
. the sampler(s) and, affixed across the .lid and:<body!~f ; each: cooler (front: and· back), containing 
. ,enviroQmentalsamples (see SOP S~:~,:1),. ':COC:s~£lIs .in~y'be.availabfefrom thelaborato~; the$e seals 
, ',maY'also be purcnased from a supplier.: . , " .. " 
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. Field Analytical Log Sheets are used to record geochemical and/or natural attenuation field test results. 

5.3:2 Hydrogeological and Geotechnical Forms 

5.3.2.1 Groundwater Level Measurement Sheet 

A Groundwater Level Measure'ment Sheet m~st be filled out for each round of water level measurements 
made at a site. 

5.3.2.2 . Data Sheet for Pumping Test 

Du'ringthe performance of a pumping test (or an in-situ hydraulic conductiyity test), a large arno'unt of data, 
·must be recorded, often within a short time period. The Pumping Test Data Sheet facilitates this task by 
standardizing the data collection. format for the pumping well and observation wells, and allowing the ·time 
interval: for cqllection to be laid out in adv~nce. . , . 

5.3.2.3' . Packer Test Report·Form 

A Packer Test Report Form must be· completed for each well upon which ·a.packer tesris coriducted. 

5.3.2.4 Boring Log . 
<" ' 

;.,' During·the progress of each boring, a log bf the materials· encounter~~:operati9n and driving of casing,>. > 

'\<' - and location ,of sample~~'must( be . kept. The Summ'ary Log of Boi-ing;. or BOring Log' is.used forthis" ., 
purpose and must be completed for each soil boring performed. 1I:i addition, if 'volatile 'organics are. ../ 
monitored on cores, samples, cuttings from the' borehole, or breathing:z.one, (using· a PIDor FlO)', ,these .. " 

,'readings,mustbe entered'on the boring log at the approp"riate d,~pth., ~T:~e!'R~fTlarks" column can be u~e~" "~ 
to' subsequently enter the labOratory sample number, the concentration, of key analytical results, or otner 
p.ertinent . information. This .feature allows direct comparis6n' of contaminant concentrations with soil' ," 

, ' ~ ~ 

. ,charaCt~ristics. . .. . " '. :" . ..M 

~ >,';" 
5:3.2.5 Monitoring Well Construction Details Form 

.A Monitoring'Well Construction Details Form must be completed'for evelY.monitoring well; piezometer, or ': ; 
.: " temporary well point installep. 'ihis form contains specific information' on length and tYpe of well riser pipe,: .:" 

" arid screen, backfill, filter pack, annular seal and grout characteristics,arid sUrlace seal characteristics. ' 

, I 

This inforrriation is important in evaluating the performance of the monitoring well, . particularly in areas' 
where.··water ,'levels sh9.w· !emporalvariation, or where there 'are :multiple Om miscible) .phases ·.6f~ '. 
contaminants. Depending on ·the type of monitoririg well'(in overburden or'bedrock; stick-Up or flush.;,.· 
rri0Urit), different forms are used. ' . . : 

5.3.2.6. Test Pit Log 

FA . W~en a test pit.or trench ,is. constructed for investigative or sampling purposes, a Test'Pit Lo'g mu;i be .. 
. ' .. filled out by the responsible field geologist or sampling tech,nician .. ' '. '. ' ,.:.. .. , , 

•••••• 
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Monitoring Well Materials Certificate of Conformanqe should be used as, the project directs todo~ument 
all materials utilized during each monitoring well installation.' . 

The Monitoring Well Development Record should be used as the project dii'ectsto document all well ' 
development activities. 

5.3.2.8 Miscellaneous Field Forms - QA and Checklists 

Container Sample and Inspection Sheet should be used as the project directs each time 'a container 
(drum, tank, etc.) is sampled and/or inspected. ' " ".'. 

QA Sample Log Sheet should be used at the project directs, each time a QA sample is collated, such as 
Rinsate Blank, Source Blank, etc. ' , , 

Field Task Modification Request (FTMR) will b~prepared for all' deviations f;om the project planning 
documents. The FOL is responsible for initiating the FTMRs. Copies of allFTMRswill be malntained,with ' 
the onsite planning documents and originals will be pi aced in the final eVide,ntefil,e:' 

The Field Project Daily Activities Check List and Field,Project Pre-Mobilization Checklist s~~uld be 4s~d 
during both the planning and field effort to assure thatallnecessary tasks. are planned Jorandcompleted: . 
These two forms are not a requirement but.a useful tool for mosffield work. ,;'. ,,' . .' 

5.3.3 Equipment Calibration and Maintenance Form 
" • • , <-

, The calibration or staridardization of monitOring:.me~~unng:or test ~q~i~rrient is·.neces~a~,to as.sure,th'e 
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. 'Sorrie item~:of eqiJipment, 
require frequent calibration" others infrequent. Some are calibrated by the ~anufacture.r,'A~he~s by the 
use~ " ' . 

Each instrument requiring calibration has· its :ownEquipment C,alibration Log' which :documents thai the 
manufacturer's instructions were followed for calibration.oHhe equiprrlE:~nt,'includir)9Jrequ,e-ricyandtype of 
standard or calibration device. An Equipment Calibration. Log must' be 'maintaIned for each:e!ettronic .' 
measuring device used in the field; entries must be made. for each, day the equipmentis used or in 
accordance with the manufacturer's recommendation's. ' '. ' . " , ':" , 

5.4 Field Reports 

The primary means of ,recording onsite activities is'the site logbook. ':O.therfield notebooks:rnay i:lIso: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 .arethus not 
accessible for timely review by projectrrian.agemeri~: •. ',: : '. ' , ;. ,. : ' .. ,'" .: 

5.4.1 Daily'Activities Report 

To provide timely oversight of onsite contractors; Daily Activities Reports, ~ue completed and sUbrilitted as ' 
. described below. . ' . " "'. , ' . 

'019611/P Tetra Tech NUS, Inc, 
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The Daily Activities Report (DAR) documerits the activities and progress' for each day's field work, This 
report must be filled out on a daily basis wh,enever there are drilling, test pitting, well construction, or other 
related activities occurring which involve subcontractor personnel. These 'sheets' summarize)he work 
performed and form the basis of payment to subcontractors: The, DAR form can be found on the TtNUS 
intranet site~ , " 

5.4.1.2 Responsibilities 

It is the responsibility of the rig geologist to, complete ,the OAR and obtain thedriller'ssigna,ture_ 
acknowledging that the times and quantities of material entered are correct. 

, ~ , ' , ' 'r 

5.4.1.3 Submittal and Approval 

At the end of the shift, the rig geologist must submit't,~e Daily Activities, Report to. the Field Operations 
Leader (FOL) for review and filing. The Daily Activities' Report ,is rl~t a fqrmal report ?nd thus require,s ,no 
further approval. The DAR reports are retained by the FOLfor us~ in.preparingJhe site logbook and in ' 
preparing weekly status reports for submission to the Project Manager .. ' ' 
. ',' 

5:4.2 Weekly Status Reports 

To facilitate timely review by project management, photocopies of logbook/notebook entries may be made, 
for internal use. " . ' ' ' 

It shou!d be noted that in addition to summaries ,described"her~in, 'other sum"!lar,y,!eportsmay als~ qe 
contractuallyrequi~ed. ' ,>', " ,,'", ""': ' " :' " ,', 

All Tetra Tech NUS field .forms can be found on ,the company's jntranet site at htt6://intrariet.ttnus.cbm 
under Field Log Sheets. • 

6:0 LISTING OF TETRA TECH, NUS :FIELD FORMS FOUND ON THE, TTNUS' INTRANET 
SITE. 'HTTP://INTRANET.ITNUS;COM CLICK ON FIEUj,LOG'SHEETS 

, . .; . 

Ground';"'ater Sample Log Sheet 
Surface Water Sample Log Sheet 
Soil/Sediment Sample Log Sheet 
Container Sample and Inspection sheet 
Geochemical Parameters (Natural Attenuation) 
Groundwater Level 'Measurement Sheet ' 
Pumping Test Data ~heet 
packer Test Report Form 
Bo'ring Log 
Monitoring Well Construction Bedrock'Flush Mount 

,Monitoring Well G'or;struction Bedrock Open'fiole . 
Monitori'l]g Well Cbnstniction Bedrock. Stick ,Up 

, Monitoring Well Construction Confining Layer 
Monitoring Well Construction Overburden Flush Mount 

, Monitoring Well Construction Overburden'Stick.Up . 
T estPitLog > , ~ 

, Monitoring Well Materials Certificate of Conformance 
,'Monitoring Well Develo'pment Record 

, . '." ", 

:' 
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Daily Activities Record . 
Field Task Modification Request 
Hydraulic Conductivity Test Data Sheet 
Low Flow Purge Data Sheet 
QA Sample Log Sheet 

, Equipment Calibration Log 
Field Project Daily Activities Checklist 

/ 

Field Project Pre-Mobilization Checklist 
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START TIME: __________ ~ __________ __ DATE: ~ ____________________ _ 

SITE LEADER: 
PERSONNEL: 

TtNUS DRILLER SITE VISITORS 

WEATHER:, Clear, 68°F, 2-5 mph wind from SE 

ACTIVITIES: 

, 0196111P', 

1 .. 

3. 

Steam jenney and fire hoses were set up. 

Qrillin~ractiVities at well_'_ resumes. Rig geologist was See Ge~logist's~ 
Notebook; No.1, page 29-30, for details of' drilling activity. Sample No. 123-21-84 collected; 

, ~. see s1:lll}pie logbook, page 4i Drilling:activities completed at 11 :50 and a 4-inch ·stainless ",', ," 
.,sfeei,~eiHnstalled. See Geologist's,Notebook, No.1, page 31, and well construction,details' 
""fd~';well ': " ;' A' 

Drilling rig', No.2 steam-cleaned at decontamination pit. Then set up at location of 
welj:-".', __ _ 

4. ,. VJ~" '" " drilled., '.Rig geologist was " See ,Geologist's Notebook, 
,No'::2;' page_'_, _ for details of, drilling activities.' Sample numbers 123-22-S 1, 123-22-S2, 

, : a,nd 123~22~S3 'colleCted; see sample logbook, pages 43; 44; and 45. " 

5. Well_' _' __ was developed. Seven 55-gi:lllon drums were,filled inthe flushing stage: Thewell 
, was·then pumped u~ing the pitcher'pump for 1 hour. At the end of the hour, water; pumped 
from'weilwas "sand free." ' 

6: ip~ r~medi~1 p~~ject manger arrives on sit~:at 14:25 hours: 

7: 'L~:~~e:,Jump t~~k arrives at 14:45 ahd is st~am-cleaned. Backhoe and dump truck ,set up ,', 
" over'tesfpit ,---,-- : , 

" : ,<' -

8. '.-Test' pit dug with cuttings, placed in dump, truck. Rig geologist was 
, - See Geologistls Notebook, No.1, page 32, for details' of te,st pit 

. activities. Test ,pit subsequently filled. No samples taken for chemical analysis. , Due to 
shall6W groundwater table, filling in of ,test pit _ resulted in a very soft and wet a~ea. A 

, ; mound was developed and the area ropedpft 

9. Expr~ss carrier, picked up samples (see Sample LClgbook, pages 42 through 45) at. 
,17:50'hours. Site activities terminated at 18:22 hours. All personnel off site, gate locked. 

" 

Field Operations Leader 

Tetr~ Tech Ntis. IIle. 
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1.0 PURPOSE 

Decontamination is the" process of removing and/or, neutralizing site contaminants that have contacted 
and/or accumulated on equipment. Theobjective/purpo~e of this SOP is. intended to protect site 
'personnel,' general' pubiic,' and ,the sample integrity through the prevention bf cross contamination onto 
unaffected persons'orareas. Jt.is further intend~d through 'this procedure to, provide guidelines regarding 
the ~ppropriafe ,prb,cedures to be followed when decontaminating drilling equipment, monitoring well 

, materials, chemicafsampling equipment and field, analYtical equipment. 

2.0 

This' procedure applieS: t~:, all equipment including drilling ,equipment,'~e.avy equipment,monitoring, well 
materials, as i.\ie'ilas'chemiGal samplingandJieid~nalYtical equipmentdecohtamination that may be used 

,to :provlde 'acc:Sssiacquire ~~nvifonmental' samples. Where technol()gically, and, economically feasible, 
single us~: sealed disposable ,equipment will be erriployed to minimize the potential for cross 
contamiriatio'n. This" procedure" ,als'o provides general reference: 'information' ,on' the ,control of 
conta'minated materials. ' " "', , 

3.0 'GLO$SARY 
.-

Acid ~ For:dec6ntamiri~~i6~;of equipmer:'t wne~'sainpli~gfd'r tra~~'levels{9tJn~~g~ni~s, a, 10o/~ ~o!~tion of 
nitric acid 'in deionized water. should be used. Due to, the 'Iea:ching, abilily 'oL nitric, aCid, if should not be 
used OD,stElinlesssteeJ: ' ,," ' "", ;' ' , 

" '" 

Alconox!i:.iquinox - A brahd 'of phosphate-free laboratorY-gra'de det~igeri[:::, 

Dec;ntami~~tion ~oiution -' Is' ~ sJI~iiOn~~I!3cted/igentified within th~ H,~aiU~;~~d Sa.fe~ .'Pla~ ,or Project
Specific Qi.JaIitY'Assu~ance, Plan.:, Tn!') solution' is, selected and employed ';asdirecteo by 'the project 
ch~mistlhealth and safety professional. """ " 

Deionizec{Water: (DJ) -'Deioniz~(L~ate~,;js tap"':'ater that ha~ been trea't~d. ~i pas~ing through ,~ standard 
deionizing' resin colum!).' This water may· also Pi'iSS through addition~I:' fiitering,media ' to attain various 
levels ofanalyte-free status/-. The'DI water should meetJ~AP and NCCLS ~pe.cificatio·ris for reagent grade, , 
Type I'water. ' . '. , . ,; , . '" '" ",', '" " " , 

~ , : ,.. ~ 
~'; -', 

,Potable Water - Tap water used from,,~ny, municipaiw~ter treatment system. :,Us~ of:an untreated potable 
water supply is .not qn 'acceptable' substitute for tap water. ' " ',' '" , . 

, , ' " - ,- ,~ • A " " ' 

Pressure Washing -'E~ploys ,high pr~ssure pumps and nozzle configurati6ntocre!3-te a high pressure 
spray of potable water .• High pressure spray is erriployedto remove's'ol,ids. , :'>, ," " " , , 

-' ... ,~ /" 

Solvent,- The, solvent of choice i,s pesticide"'grade Is~propanoI.Use, of dthe~,'~olvents,(methaf1ol, acetone, 
pesticide"grade hexane, OF petrole'uni"ether) maybe requlred 16r ,particular'projects orfor a~particular 

, purpose, (e:g.,for; the removal of concentrated waste) 'andmus1' be 'justified ,in'cthe .'project planning 
documents. 'As an example;; if rr,ay, be necessaiyto , use hexane: wherj;~maIYzir')~JfQr trace:' levels of 
pesticid~s;' PCBs,'or' fuels.' Iii addition, beCiiuse"many'ofthese,solvents<afe:ootmlscible ,in water, the, 
equi'pment" s~oul<;! be fair dried 'p.rior, ,to, use. :SoJvents should' not ,be: "usei;t on Jl,VC ' equiprri~~t'?r, well 
construction materials. "'" ' '" ' 

'~ 

Ste~m Pressure'W'~~tiing - This method employs a. hlgh,pres5urespray oj he~ted' pota'bl~w~t~r.' This 
, method,through the application: of he~t 'provide~ for'the removalof'various,organic/inorganic compounds. 

- '." , , . , . " ' 
';y' , 
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Project Manager - Responsible forehsuring that all field activities are conducted in accordance with 
approved project plan(s) requirements. 

Field' Operations Leader' (FOL) '- Responsible for the' onsile verification that all field activities are: , 
performed in compliance with approved Standards Opera~ing Procedures or as otherwise dictated by th,e 
approved project plan(s). ' , " ' " " 

Site Health arid Safety Officer (SHSO) ~ TheSHSO exercises shared responsibility with ,the FOL 
concerning decontamination effectiveness." All, equipment 'arriving on-site '(as part 'of the eq'uipment ;, 
inspection), leaving the site, moving between locations are rElquired to go'through a decontamination' 
evaluation. This is accomplished thro~gh visual examination and/or instrument-screening to determine 
the, effectiveness 'of the decontainiriation,tm)cess. ,FailureJo meet'the,se objectives 'are sufficient ','to' , , 
restr:ictequipment from en~ering ,the site/exiting the site/ or moving to a new location on the site' until the 
objectives are successfully completed: " ,', ' , " " , 

5.0 PROCEDURES 

The process of- decontamination. is accomplished" th(ough 'ft1e . removal ''of' contaminants, 'neutralizEition 'of~ " ~ 
contamin;mts, or the isolation of contaminants. 'In.ordeit6'ae;complish'this activity',a level ,of preparation IS ' 
required. This ,includes, site ,preparation,,: equipment'selectYon, :and ,~yaluation,of' the pro(;~ss. Site,' " 
contaminant'types; concentrations; media types',: are :primarY "drivers "in', the selection' of the iypes,,"ot ' 
decontamination as welras where it 'Will be conduCted:': Fo'r purposes '6LthisSOP discussion:vilili be 
,provided con,cerning general environmental, iiw9stigaiion', proc'edures. ' 

, " ' .', ' ' '" ), ' ~ " 

The dec6ntamirH:iti~!lproceSses ~re typi~~il~ ~:~pioy~ti ~t: ",,;,,' ,', 
, , '" . ~ , 

• 
• 
• 

Temporary Dec~mtaminati~m 'PadsiFacmiie~ , 
Sample Locations' , ,,' , . . 

Centralized 8econtamination Pad/Faciiities 
• ' CO,mbination of some or all of the above 

, " 

, . 

The following discussion ,represents reco~mendedsite'preparation in support' of the decontamination. 
pro~ess. ,,' . ';: ' . , '" 

5.1 
, I 

, , Dec~ntamination Design/Constructions ,Co~sicierations 

5.1:1 Tempora..y.:Decontamination Pads' 

Temporary decontamination pads' are c'ortstructed at sa~ellire,locations in,support of temporfllY'l,IVoi"k-site's. 
These structures are generally. constructed to s~pport the decontarriinafion of heavy equipment ,such as 
drill ri9sand earth 'movi~g equipm,ent but cafl be, employed for s'maller artiCles. 

Tbe -purpose of the.dec,dntaminationpad is to contain~a~hwaters arid potentially contamifJate(tS:~ils: 
g~rierated duririgdecolltaminatiqn procedures. Therefbre'"constrUction of thes'e pads should tak,e into 
accouriUhe'fdllowin'g'considerations ',' . ; , ''': ,'",' ,; ,': ':" ", ';,. " 

, ' • <" ',,', , , , ' ' 
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• Site Location - The site selected should be within a reasonable distance from the work site but should 
avoid: 

PedestrianNehicle thoroughfares 
Areas where control/custody cannot be maintained , " ' 
Areas where a potential releases may be compounded through access to storm water trims port 
systems,streams or other potentially sensitive areas. ' 
Areas potentially contaminated. 

• Pad - The pad should be constructed to provide the following characteristics 

- , Size - The size of the pad should be sufficient to accept the equipment to bedecontaminated'as 
',well as permitting free movement around the equipment, by the personna'i COl)ductingti;le, 

.' 'decontamination.' " 

- ' Slope - An adequate slope will be constructed to permit the collection of the water ard potentially 
contaminated soils within a trough or sump constructed at one' end. The cpllection point for wash 

';VI(aters ,should be of adequate distance that the decontamination workers 'do' not have ,to' walk 
through th.e wash 'waters while completing their tasks. . 

- ,', Sidewqlls - The' sidewalls should be a minimum of 6-inches in h~igtit to: provid~' : adequate 
, containment for wash waters and soils. If, splash represents a potential'prol;i~e.m,: splash guards ' , 
',,~hould, be constructed to' control overspray. Sidewalls maybe' constructed 6f~'wood, ',inflatables, 

. ,'sand ba'95, etc; 't6 permit containment. ' :- : ' "~,'" ' 

-'. ::Llner..;:.. DependiQg on the types of equipment and the decontamination rnethocJ,~he';iinersh6uld'~e 
"'~;of' sUfficient thickness' t6 provide a puncture resistant barrier, betWeen ,:tfi'e ,decontamination, 
,operation and the unprotected environment: Care should be taken to examine, the . surface :area' 

. prior top)acing the Ilner to remove sharP articles (sticks, stones, debrisYthat;coul(:tP\J~cture the 
',:liner., Liners are intended to form an impermeable barrier. The tnicknes~f:::may 'vary ffom'a, ' 
, minimum recommended thickness of 10 mil to 30 miL Achieving the,aesirecfthicknessmay'be ' 
:,achieved through layering lighter constructed materials: It should be noted ,that various .materials 
:' ,'(rubber, Polyethylene sheeting) become, slippery when' wet. To' minimize this potential. hazC\rd.: 

associated with a sloped liner a light coating of sand maYbe applied' ,to provide traction';as 
necessary. . '" :, .. 

-'<Wash/drying Racks - Auger flights, drili/drive rods require racks positioried',off of the g;ound to 
: permit these articles to be washed; drained, and dried while secured from, falling during this, 
:proces~. A minimum ground clearance of 2-feet is recommended. ' , ' " 

- , " 'Maintenance - The work area should be periodically cleared of standing. wafer, soils, and deb~is. 
" ,':This,actlon will·aidin eliminating slip, frip, and'fall hazards. In additiori;,lhesearticleswill reduce 
, <!pOtentialbacksplash and cross contamination. Hoses should be' gathered ~hen not in, USE)' to 
< :'eliminate potential tripping hazards. ' . " 

'. 
'5.1.2,: ,Decontamination ActiYitiesat Drill Rigs/D'PT Units 

: During~s~bsu'rf§\ce> ~ampling activities including drilling and directpushactivities :geGon~amil')ati6n ptdriye 
'~ods,MaCr6Core Samplers, split spoons; etc. are tyPically conduCted at-an area,adjac'eht tothe:6peraticin. 
Decontaminatio'n is gelleralty accomplished using a soap/water wash and . ril)~e utilizing ;buckets ,and 
brushes.' This areareq':lires sufficient prepar~tion to accomplish the decontaminatioll.objectives., ' . '. 

< ",~ , • , 
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-Buckets shall be placed within mortar tubs or similar secondary containment tubs to prevent splash and 
spills from reaching unprotected media. Drying racks Will be employed as directed for temporary pads to 
permit parts ,to dry and be evaluated prior to use/re-use. 

5.1.3 1 Decontamination Activities, at Remote Sample locations 

When'samplingat remote locations s'ampling devices such as trowels, pumps/tubing should be evacuated 
of potentially contaminated media. to the extent possible. This equipment should be wrapped in plastic for 
transport to the temporary/centralized:decontamination location for final cleaning and disposition. 

5.2 ' Equipment Decontamination Procedures 

, The, following represents procedures to bEl employed for the decontamination of equipment that,may have 
contacted and/or accumulated contamiriation 'through site investigation activities. 

, .5.2.1 Monitoring Well Sampl.ingEquipm~nt. 

, /' 
5.2.1.1 

' .. 
Groundwater sampling'Dumps ~,Thisincludes pumps inserted into the monitoring well such 

:::; 

. " 

3) 

4) 

'as Bladder pumps. Wnale pumps. ~edi~Flo .. reusable bailers, etc. 

Evacuate to the extent possib,le, anypurgewater within the 'pump. 

Scrub using soap and w~t~r::and!or steam d~anthe outside of the pump and tubing, where 
applicable: ' ',' , ' .::' 

.Insert t6e pump aod tubing into a ,clean container of soapy water. Pump a sufficient amount of: 
'soap{water through ;the: JSunlp ~o;,tlush ~any,re!?idual purge water. Once flushed, circulate soapy 
water through ,the j:>umpto ensure the'intemal components are thoroughly flushed. 

• , h' • " '. • 

,Remove the pump" and, h,lb'i,ng fr6mAh~ container,' rinse external components using tap water. ' 
'Inserrthe' pump and,tubintHrito 'a' Clean container of tap water. Pump a sufficient amourit of tap 
water through the pump to~~acuate all.of the soapy water (until Clear). 

'. • .,' • • • "h"<. -" ''': ~~ •• ~ ,( " ' "h'" " • '. , : 
:,'-.' 

Rinse equipment ~ith pesticide grade,isopropanol 

Repeat item' #4 'usin~r dei6nized' water through the hose 'to fl~sh out the tap water and solvent 
. , residue as applicable. ' .' .' ','. . 

7) 

:8) 

5.2.1.2 

, '. 

Drain residual deionized water to t~eextent'possible, allow components to air dry. 

Wrap pump in aluminumfoil;or'~ clear clean plas,tic bag for storage. 

Electronic Water Levellndicators/SounderslTapes. 

During' water level measurements, 'rinSing w~h .the extracted tape and' probe with deionized water and 
.. -,wiping,thesurface 6f, the extracted:tape is :acceptable. However; periodic full decontamination should be " 

conducted ~s indicated below."', ':".', , >:;"';,:":: .. "''- , .. 

- The solvent should be erriployed when samples contain oil,: grease; PAHs, PCBs, and other hard to 
remove ,materials. If these are nqt:()f;primal}i concern, the solvent step may,be omitted. In addition, do 

, riot rinse PE, PVC, and associated't,ubin'g with sojvents.. . . . , . 
::L-.,--___ .....,-______ -:..:......,-__ .-.:..-'-_-,-:.._-:..:. _______ .:..-__________ -'--.-:...---l 
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Note: In situations where oil, grease, free product, other hard to remove materials are encountered 
: probes and exposed tapes should be washed in hot soapy water. . 

5.2.1.3 Miscellaneous Equipment 

, , 

Miscellaneous 'equipment including analYtical equipment (water quality testing equipment) should be 
cleaned per manufacturer's instructions. This generally includes wiping down the sensor housing and 
rinsing with tap and deionized water. :-" 

Coolers/Shipping Containers employed to ship samples are received from the lab in a variety, of conditions. 
from marginal to extremely poor. Coolers should be evaluated prior to use for ' 

• . Structural integrity - Coolers missing handles or having breaks within the 'out~r. housing should be 
removed and .not used. Notify the laboratory that the risk of shipping samples willnot'be'at1empted 

• 

and request a_replacement unit. . 

c:leanliness - As per protocol only volatile organic samples are 'accomp~nied"by atfip blank. -If a~ 
coolers cleanliness is in question (visibly dirty/stained) or, associated with. noticeable odors it: should 
be decontaminated prior to use. . ' , . , . 

; 

1 j Wash with:,soap and water 
2), Rinse with.tap water 
3) Dry " 

. If these measures:'fail to clean the cooler to an acceptable level: remove the unit fr0~ us~ 'as a sbipping 
, container and notify the laboratory to provide a replacemerit'unit. '. " 

5;2.2 Down-Hole Drilling .Equipment 

This includes any, pqrtion of the drill' rig that is over the 'borehol,e including aLiger flights, ,drilj :'stems;:,rods, 
and associated tooling that 'would extend over the borehole. This procequre. is to be employed·prior to. 
initiating the drilling/sampling activity, then between locations. ' , . ., 

1) 
2) 

3) 
4) 
5) 
6) 

,5.2.3' 

Remove all soils to the extent possible using sho~els, scrapers, etc. to remove loos'e' soils. " 
Through a combination of scrubbing using soap ,and water and/or steam cleaning remove visible 
dirt/soils. " 
Rin~e with tap water. 
Rinse equipment with pesticide grade isopropanol 
To the ex~ent possible allow.components to air dry. 
Wrapo(~over equipment in clear plastic 4ntil it is,time to be used. 

Soil/Sediment Sampling Equipment 

• This, consists '~f soil sampling equipment including but nof limited 'to hand augers, stainless :ste~1 
trowels/spqons, boviils, dredges, scoops, split spoons, Macro Core samplers, etc. 

019611/P , T elra' Tech NUS, Inc, 
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Tlirough a comb.ination of scrubbing using soap' and water and/or steam cleaning remove visible 
dirt/soils. 

Rinse with tap water. 

Rinse equipment with pesticide grade isopropanol 

Rinse with deionized water 
.-

To the extent possible allow, c9mponents to air dry. 

If the' device is to be, used irrimedi~teiy, screen with a PID/FID to insure all solvents (if they were 
-,used) and trace contaminants have'beenadequately removed. 

, . .' , " .. 
- • • , -' '\. • ' • ~ '1, ,._ • , • '.: 

Once these devices have been dried Wrap in ~Iuminum foil for storage until it is time to be used. 
, ':' ~ . " ~ , 

" ,,' 
Contact WastelMateriajs ' 

During tbe,course of field inv~stigations ,disPQs'able/single" use equipment becomes contaminated. These, 
items-include tUbing,'trowels; PPE(gloves'; ove'iboots, splash suits, etc.) broken sample containers. 

". ." .. ." 

With ilie exceptic)'n; of th'e broken giass, 'single use articles should be cleaned (washed and rinsed) of 
visible' materials and disPose9 of as nOrrlial refuse. The' exception to this rule is that extremely soiled 
materfi:lIs. that., cannot be cleaned should. 'be,: containerized fer disposal in accordance with applicable' 

, federal state iU1d lobal regulat;ons. ':. ,'., '<" '~- ' 

5.3.1 

All waste decontamination solutions'and -rInses, must be assumed to contain the hazardous chemicals 
assoCiated' with the ,site -unless there arE=i:analyticalor other data to the contrary. The waste solution 
volum'es :could, vary from a 'few'gaIl6ns;toi,~everal, hLindred gallons in cases where large equipment 
requiredcl~anlng. " , '; " ",:,.' ' , , ' 

" '<, ,: 

Contairierii.ed wast~ rinse soltitionsare b,est stored, in 55-gallon drums (or equivalent containers) ,that can 
be 'sealed until, ultimate disposal' at an approved facility.: These containers must be appropriately lapeled. 

',,' 

5.4 De~ontaminati~n 'EvahJation'~ ~ 
" 

Determining the effectivenes~ _of-the-'dec<;>n,tamination proGess will be accomplished in the following 
manner )", ", . :":-~-

• 
:.' :' 

Visual Evaluation -A, visual ~val~ati'6nwill/, Qe conducted. to insure the removal of particulate matter.' 
< Thiswill be don~ to insure that thEnivashing/~h~ing process is working as intended. -

, "" t' " / • 

• " InstrumehFScreening - 'A PiD and/dr:a:~, FlO should be' used to evaluate the preseqce of the 
contanjinants orsolver'ltsused in the ~Iea(iing, proc;ess. The air intake of the instrument shOuld be 
pa~sed over the\articleto be evaluated: Apositiv9' detection requires a repeat the decontamination 
process. ,It should ~e nOledthat theinstrurnent;scan IS only viable if the contaminants are detectable, 
within the instruments capabilities.:, ' . I ' 

019611/P Tetra Tech NUS, Inc. 
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Evaluate 'the decontamination procedure represe'nting different equipment applications (pumps 
versus drilling equipment) and djffer~nt'decontafT)ination application's: 

, .' 

Si~gle use disposable ,equipment --The/humber of samples should represent different types of ' 
equipment as well as different Lot Numbers of single use articles. ' 

The collection and the frequency of collection of rinsate samples are as follows: 
, ' , ' , ' , 

• Per decontamination method 
• .Per disposable artidelBatch number of disposa~leariid.es 

11 is recommended that ,an il')ltiat rj~sate ~~mple·'be co(lected early intl)e project· to :ensure;that the 
decdntamination process is functioning properly and in an effort' tbavoid'using ,a 'contaminated batch of 
single use articles. It is recommended that a follow up sample beccileCted during ,.the ~xecution of the 
project to insure those conditions do not change: -Lastly, rinsate:sainples 'collection may' be driven by 

, types of and/or contaminant levels. Hard to ,remove conJaminants,oils/gr~a.ses, some PAHs!PCBs, etc. 
may also supportJhe collection' of addition'alrinsates due to the obvious challenges tbthe decontamination 
process .• This isa·field consideration to'bEl'deterrriinedbythe FOC , _ " 

, . 
.. ' 
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"This:' pr6ced~re,provides g~ner~t guidance and information pertaining to proper monitoring well design, 
instanatio~, pild development. ' 

This procedJre':is applicable to the cDnstructiDn Df monitDring wells. The methDds described, her~in may 
be,mgdified bY::pf6jE!ct~specific requirements fDr mDnitoring well construction. In addition; many regulatory 

" , ",agencies ,l1av~";specific ' regulations, pertaining, to monitoring well' construction', and permitting: The~e 
, , requirements :,must be, determined during the project planning phases of. the investigation; and any' 

," required,permlts"nlustbe Dbtained before field work, begins. Innovative 'monitoring well installation 
,tectiniqoes,which'iypica'lIy'are nDt used, will be discussed Dnly generally iJithis/procedure."'" ' , 

'_~h - >~~;f' <" <' "\r",,. ::~h ") "'t ,'.' C , 

. "...,(" 
'3.0' , 

.' '. '> ~,,~ ," 
",-, 

,GLOSSARY 

,;,'':': "s' ~;~\ 

! Monitoring Weli;':~' A ,.well'which ',is 'screened, cased, and ,sealed which, is 'capable of, proylding a 
'~ ,'"grounqwateile\fel'and g'rciundwater sample representative of the zone being'monitored. Some,monitoring 
", :wEl'I~~rn'#i:bEl'PQ!)siructed as open bD(eholes.. ' , . . 
, ,~:, <;L:~,',,;;~;::".~· ~:',>"~"\:~:>'<'~v, <', ". " .' ,.~""'.. .- ' '_ ' ,:, ~ ,: ' ~ ,:," ••• ',,' " 

. :;?"Piezometer'2/A:'pipeDr tube'inserted,intothe water bearing 'zone, typically'oper;rto water flow aHhe bottom', 

."L)ai1(fJ()~ i~~atcilOsphere at the top, and, used 'to measure water'level elevations,. ,Piezome~ers may range 'iii ' 
, ;sizetfrQm,J'/2:inch::diameter plastic tubes to Well points or monitoring wells. ,:-':, " ',,' , " 

, , ,;. ">''''':'~'''I'l~'';'~~:;\t:,'>, :'Y\,'",'/<" ~ :' ,; < ," , ; , ' 

"/ }'~dt~~ti~{h~fri6:;gtrt~ce '" 'l:h'~' s~rfa:~e,iepresEmtative of the le~el to which wate~ ~iII' rise in a :w~" ',cased' to 
" the~scr:eened: aquifer. ,," , " ' , 

, ! >" '<, ' , 

~ ,;\,',:-":;;/' ,','/\ ,:-' '- -",," , ' " ,~,',', ,~,<, ",,', ' --,' , , 
, " W eil;; Point ,'(Drive(;P6int) '-I<screened,Dr perforated tube (Typiccilly 1-1 Wbr,2 iriches ,in diameter) witll' a .- , 

c' ;;S6Iid,{ic6nical,hatq~nedpoint.at'one ,end, which is attached to a riser pipe'anddriveri'irito the:grdund with" 
a sl~age:hammer;;~d~()p weight, or ine'chanical vibrator. Well points may be used for,groundwater)njection 

, "an,dfi~6overy,as':pieiorrieters (Le., to measure water levels) Dr to provide ,groundwater sample~'for water 

~\: i:t:)~~r~l~~1~!i~. ,::i~:;>", , , ' ' ,',',,' , 
'~'4.0,i ' ',' <'B~SPONSJBIL.lTIES 

,: Qrill~:j,);f~e<8~if~,;:'j)rOVid~s:,adeq~ate~nd: ope'rable equipment, sUfficient ,q~:~~tities :of ~atE~~al~, and ~m 
'expe'rt~nc~d:an~feffiqient:'labor ,force c~pable of performing all phasesibf'prqper monitoring well 
,inst~liatiortaiidcdhstruction. The &iiler may also be responsible for obtainirig, in, advance, any required 

". ;:permits:for monitdrjng well installation an,d construction. ' " , , 

"': "":~;;~;~'~~J~'odj~i~:::'The 'field geolog'ist s~pervises and documents well:: install~tiDn and ,construction 
.; "'peuol'ined by the driller, and insures that well construction is adequate to provide representative,' 
" ;,~,:grol:i:h9water~9Clta~f!om .therpDnitoredjriterval. Geotechnici:d 'engineers, field .t~chnicians, 9r other,suitable, 
'tra!r'1~~;persor1:I'),EMriay also servein't!iis capacitY., , ' ' ,'" ,,' " '; ,,", "", , , 
,<A<~", <,,~,~ "~~,,,t"~_: J , " " 

• /';~' • A" 

, ' 

" 
>-, •• ",,' <,' -
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-Below:is a list of items,that mayhe need~d when' installing a monitoring well or piezometer: 
" • , " ' • " , ',~'" ~ • ", ", > ~,:,' " "'. 

• ,Well drilling and irista,lIation';equipment wit~,a:ssociated mater!als(typically supplied by the driller). 
< '- ' • ;' , -/' :,',,;.', .' " ' '.;,: \' " '~,.' • " , • • , 

': " ,,' '. ',"Hydrogeologic e~ul~irlent:;(,weigh~e~:'~ngine~,,'~ ;tape, water le~el"indicator" retractable engineers rule, 
,electronic calculator, clipl:ioarCl,' rriirr,orand:,flas~light, ~ for observl~g dowrihol,e' activities, paint' and ink 
marker. for,mai1<irig;,inonitori~g.w~II~,:sai'nple jars, well installation forms, and a field ,notebook) . 

. ,,~. .l"" ,_ "', "'~ ,',' <_'. ,~~,).-." "~;.:' ... <,"'" '.:,_' v ',<' , ' 

• ' ,Drive "POi~t':inst~lIa~i6~'~~b;~,(~ied~e;'hainm~r', dr~p ha'mlne~, 'or mechanical vibrator; tripod, 'pip~ 
wrenches:,drivepoi~fs,riser pipe, cirid,E!ndcaps).' ",,' , , ' , ' 

, -5:2: "We"'D~~i~~':: ' , ,'. ',,:,-':, '>',> ',', 

, 1h~:0IJjecti~~'~ andin,t~~I1.&_~~:d>~~:ibr,~,~chJ!,l~ni!b~f~g w~n m~st b~ ,£I~arly'defined pefore the mqnitoring ::, 
;"u'; , " ,"sYStem" is d~~lgned:::'::; W~hjrl ,\:,tb~:~O'n}toiing;: syst'ehl,: diff~:renr:',r:nonitoring" ;,yells ri)ay serVe different , 
<~;:, :",';, , ,'-', purp,ose,s a'nd; theref6r'e;l:eqi.iii'eidif~ereiit:Jyp!'ls. oeconstruction.: [i)'uring all phases of the we" .. design; " 

, ',,:,"'~'_".":'" .,' :, . ::,attention must' be ',givei'eto; ql~i:Hly ,<;Iocumenting the basis:, for:Jd~signded$ions, thedetai'ls of, well .' 
';_ ,', .. ,':, cQrlstfuction"andthe:mciteri,als;u:?9d. t~e 'qbjectiyes'for il)sti:lIling the monito'ringwells may i,nclude: ' " , 

." ~, '. ," <"".,)" .. , ';-""A),"~t7,~: .' ),_""\;;:",, , _,,.:,.' /,-"'>f~'..,.,>', " ,~. ,v -:_' ," / ' ",,' 

... '" '. "D~termining,gr~ti~~~ater':fiO~dir~Ctioris.'~~dv'elociti~~. '_0 "~' , 

, " .,' Sampllng:or monitofingfor:trace'conta,nlr:lants:, .', ,,:-; <, 
• ; Determinirig,aqu~~(~hara9teri!?ticS5(~'.g;ihydrauilcc6riduct'ivlty):': ',: 

. " " ~ '~' ,~ , 

'Siting of monitoring ,,~e"!3:sh'all :be per,forrh~d:'after a pr~i,i~iHa-r/~stimati6n (jf the.:groundwater flow, 
.direction. In 'mostca'ses;'grollndlNaterJlpvv dir~ctions and'pdie-{lthlLWellJocatibnsccan'.bedetermined by: an: , 

· experiend:!d,hydroge6f6gisithr6~gh:the:review,'orgeologic '<;iata',arid.lhe,site terrain. lri)ddition; data ircim: ... 
"production 'v)Iells, 0'( 'ott1~r'monjtdl-ibgw~i1s'iri the' area' rh~Y b~used.: to getermine the groundwater ,fI()V\!i'; . 
. direction, If these,methods. citnnot be'used;, piezometers"which,:arejrelatively, inexpensiyeto instali, ::'inay:', ", 

, :,.' 'hav~ to ,be instcillec! in a':RrE3liminarY iny~stigative phase tod~Jermine:'groLJndwater flow direction. ,; '" '" "'-:' ',' , :' 
0' ,,' " '.""', • ::..:: .,., ,;.".~ _'., ., < ,"", • ,-,' •• ,'~, '" '/ " "~' "" • , 

, 5.2.1 Well Depth:;'Di~m~ier"and~Monii9r:ed Intf!;~ai ',' , , , , 

'Ttu3"well depth, di~in~~~~~::an~i~o~itbred:';n;er:Valrn~st:be t~ilo~e(j to,the spe~it'ic,mohitoring ne~ds;of each:: " 
, investigation. SpeCification oftihes.e,ite'ms:generciliy depends:,:on;th¢purPose' of the monitoring ~ystem, 
, arid the characteristics'. Qf,Jhe hydro-geologic:system' being. rri9nitor!'Kf. > 'Wells of ,different depth, ,diameter, ': 
'and"monitore~ interV~I~;~~h 'be, ::employ~d"in the- same"'groUridW~fei mOl)itorrng sy~tem: For' instance,;:' " 
varying the monitored,,),ntervcilAn' several :wells,at the san:j~;location;;(cl~ster wells); can. help to determin~:,' 

, the vertical: gradient and the.'depft:Js: atwl)i~h 'cpntaminants.,:are fJre'sent. Coill/ersely,' a fully penetrating' 
, ,_' _ well ,Is, usually, not usei;f;tq, qy~ntJfy:, ot y~rii~ally ,IO:c~te a ,contamin~ni::piume: 'since groundwater, samples ': , ' 

-, ,collected in wells that are,screen8'cfovedhe full thickness:of~the water-bearing'-zone will'be'representative" .'; 
" ' . 'of aVerage 'conditiofls:across :tJ1e;eiitife'monitcHEid:interJal.'t:l6w-eyer; -fujlypehetrati_ng ~ellscan' b,e ,used.: ,.,< ,; 

· ,ib.establish the"exi~tenc,~:of. contaminati9n.in:tlie :water-bearingzdn~~, '::rheweiJ;~iamete'r desired depends' i' , 

~pon the'!:lydraulic cJ1a!a9t~ris~ics/6tth~,water~beanng iQne;',sar:ripJ)ng';r~q[jirements'; drilli(lg methodalj~,:,.: 
· 'cost;' . , , : "",< " :.' .' ','. . :: .. , " ", . -- '", ", 

, ~. > , 

< " ' 
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The decision concerning the monitored interval and well depth is based on the following (and. possibly 
other) infor"!1:ation: . 

• ' The vertical location of the contaminant source in relation to the water-bearing zone. 
" . 

• The,depth;'thickness and uniformity of the water-bearing zone. 
, , I 

• The, anticij:>ated .. depth, ,thiCkness, alJd characteristics (e:g., qensity relative to water) of the 
co~t~,l)ii~~~t pluh)e. - -

'I .Fluctuatic)n ingr6undwater levels (due to pumping, tidal influences, or natural recharge/~ischarge,' 
eventst~'< ,< .:- • .' 

• ,The presence andlocatio~of contaminants encountered during drilling. 
• ..'«" • 

• : 'Wheth'ei'the,'PllrPOSe o(the installation is for determining exist~nce or non-existence of 'cont~mi~ati~n 
. or if a particular stratfgraphic zone is being investigated. .,' , . . . ',' . , . 

• ~ ~:The.~n~IYSjS"Of'~iehOlegeOPhYSiCallogs. 
, • ':>- • ,', v"",, .... N>' --::' . ",- . . , 

,. InMost sitt;;ni9~s wh~!e groundwater-flow lines are' horizontal, d~pending on the purpose 6f'thel' well and' 
-. , the\;site~o~'ghio'1s, ,njO'nitored.Intervals' are ,20 feet or less: 'Shorter sc'rean :lengths (5 'feeL6r -'less): ,a~~ 

us'ually:.,r,~,quir~d::wl1~te flo\·v lines are 'not : horizontal; (Le.;if the wells' am to be used, for a~:curate:. 

, 

.' 
measureri)~ntof':t~ejpotentiorrietric head afa speCifiC point). " '. ' '. ' 
• .' '.', " •••••• " ' ' .:.. • > 

• Majly,facto~~:infl~e~6~,the'~i~meter ol'a monitorin~ well. The diameter of the:monitoring we!l·depends.on' 
';thE! applicatipn:"i"ln determining,,\I\.iell diameter, the follOWing ne.eds must be considered:' ,'., ',' .. ' ",' 

. "'';' ' ,- , 

/. , Adeq~at~~:'~iiter~~ol~me ,for samplihg. 
, ; v,, ''IX_ :;"""y', .... ', >,,'.' -.. '. 

", 'Driningi\rn,~thodoIQgy., ;'. C ,:', , 

• 'Typeof-:samplihg'~device't9 be used. 

-.: :,?ostS·~;:;i~,~,~,.>::':. ,,' ..' . . ',' ,'. ' .. 
Standardm6r'iit9ring~~~IIdiameters are 2,4,6, orB"inches. ,Drive.pointsare.tyPically 1:'1/4 or.:2;inches' in' 
diameteJ:.,~ F6r monit6ringprograms which require' screemed monitoring wells, either a. 2-inch, or~~inch-, 
cli~~e~er."~~11,).?> p~~~~rr!id,.,:; ::Ty'pically" '.w~II' :diqmeters gr~?ter, th.~n .,4 inches, are u~~,g i,n ';~onitoring , 

. ,programs InMl1lctrop,en-hole bedrock mOnltonng wells are used. W,th smaller dIameter wells,.the:volume.' ", 
'6f ~tagna[1rwater~inJ~e well is minimized, and weil construction costs are reduced; how.ever,the sampling'" ' 
devices that can' be used are limited.' ", ::' 

",:./ '''i":'~:-L(.('';~,'''''''~~~'''',,~ , ,- -,',' ,", "" ... ·0 ' ",'¥" ;'~""" ,._ 

,In speCifyih'g"~~lIdiarrieter,sampling requirements mU,st be considered (up to a)otal of 4 gallorisof water 
may'bereq@i~~Hor a'~ingle,sample to account fodull organic and'inorganic arialys~s, andsplii'samples)/' 

,par:ti(;u1c:lrly ~t:!~~( monitgi.e<:t formation is, known to be .aloV\l~yieldilJg" forrpatiQn .. The unit voJu~e 'of wate( 
, " .' cohtained Witfiiri'a, monitoring well is dependent on the welldiametefas follows:, ,,', ' . ',' , .-
/,' -' ,~'.~" :<";;:~(,}",.~:,,, ~ .. :~' ' '. :' '. . "" ' 

" ' 

. '\' ;( 

" ", ,''; Casing Inside' . ' "'" < ,Diameter (hieh), 
~, - --'~" /,- ;'" 

~"'\ " :",' "~: ,/'{,2 

standing Water lj3ngth to,Obtain, 
'. '1 Galion Wate'r.{Feet) 

6.13" .;' ," 

'~. , '." " .. -:-' 4 
'1>->: ',' ,.,". 6 

1~53 

" 0.68' 
'·:,'.N: " ':',_: ' " ':, " " '" ' 

If a:weil: reth~rges.quickly after purging, then well diameter may not be an. important fact6de~iardi~g\ 
sample voluQi'e~requirein~nts. " " ' ..', , . <, 

" t ' >- :' ~'. -; " ~ >, ' 

" ,. :, ":.';,:-,;.>-;:",,':'<. ,'.' 
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, Pumping tests for determining aquifer characteristics may require larger diameter wells (for installation of 
hi'gh c.ipaCitY,pumps);'hO'.vever>in small-aiameter wel!s in~situ,permeabillty tests can be performed during 

-drillirigor,after, well irislaliatiOll is completedr " " , " , 
, • ~': ' ,,' -' ",' ,,' , ,.' , ': .,'~ y , ' 

, ,5:2.2:, ,Riser Pip,e'and Screen Materials 

",~Well~rnaterials arEi:speCifi~d by diamete'r;JyPe'of niat~ri~I;,,~nd thickness of pipe. Well screens require an 
.additional"specificariCm Of510t size: Thic~rjess:'of pipe is referred ,to as "Schedule" for polyvinyl chloride 
·(PVqca'singand i~. usually Sche~ule 40 ,(thiruier'wall)'or 80 (thicker wall). 'Steel, pipe thickness, is often 

;, referred;to;as :'Strength":, Standard,Strength ,is usuallya'dequate for monitoring wellpu'rposes. With'larger 
, ','diamet~r,:pipe, the wal!':thickness ,must be; greater: to.rri~intain, aqequate$trength. The required thickness 

, ~,: is ·also: dependeirit, oli ~the metnod of., installatiqh;' risers· for drive'pointsrequire greate(strength than wells 
,.·:~~,i~stalled,ins',idedrili~:b6dngs,·,'", " "',' '",', " ", 

" '. • <,', -' ,,' , 

~: The sel~ctionofwell:~~~~en and',risermateji~ls:depehqs'on the m~thod of drilling , the type of subsurface 
,;,.;materials: tl}eweILpimefrates,:the' type, of ¢6ntaminatio'iiexpected; .ana natural water quality'and depth. 

. '::/Cos(~nd;the leveI'6faccuracy::required,are:~lso import.an( ,The),riaterials generally ayailable are Teflon, 
:: ·~stainless·st~el,PVCga)v;;lniz,edsteel,and\.carbonste~L' Each ,has advantages and.limitations (see 
,', : AttachmentA of this:guiaeliheJor a:ne~el1sivs' presentatio.n on thi~.topic):' The two most commonly cisect 

. ;,~"naterials>~i~e PVC'and:sta.inless'steel~,"erdp~tti~s of.these:two mpterial~ areLcompareq,il) Attachm'emt B: 
,.':'r'St~in)~ss';~teel.is ,i;goolfch'oice ',~heln:(trace;metal$ ori,brgcinic:~siimpling ,IS required;"however, costs 'are' 

,: ' ',:')iigf):\tefl~n: materlal~'aie:eXtre,rr(eiy' e)(pe~si~e, but a';~::relativeIX' iQert ana' p'rovide the lea51':opporturity 
".'" ':.' ;':, ;,~9r~ater d)ntamin~tk)"'I'du~to'W~n rriCiteria!s.",PVC has,m,any:aavantages,'illclu<;ling'low cost"exceUent 
, , ,,' , : ,,: {~vailaDiI~ty~~ lightweig~t;:ease of:nianipula~i~ri,; 'a!1d wid~~pfe/ldacc~ptarice.The 'cru,s~ihg strength of PVC 

: :' :,:,may/limi(; the 'depth,',ofinstallation\'"blit th~,)':"u.s'e,:Ot;«$che!:lul(r80 m!1terials)llay,'overcomesom~ of the 
,'" ;:: pr§bj~ms :'cl~s6Cl~t~d\~lth,'dept,h:: ,,/'!-l(~Wever':'{~Jie:'srn~ll~r~:i,D~ide' 'dlameter'of S'c!1eCillle 89,,:p,ipe 'may. be,~an 
" , 'important factqr w~en considering' the ;siz~: of 'bailers' or, pumps, required forscimpling or testing .• [)ue to 

" . '-.tl:lis:problem, themirlinium well. pipe:;size'r~c9rnme.ndel;l .tor Schedul~8(j wells is,4-inch I.D. 

",,,,,,,',,, :,.'< 
.. 

',:' .' ~ :~~cr~en~·~~~'ris~r;~~:llY' ~av~ tO~'6'~;~eco~t~'~i~~¥~d;bef~re u~e: beca~'se: ~;I:b,~~ed ,pr~s~rvativ~~ a~d :oil 
.. ; ,,' :'bse(tduririg'thre~dcutting.andscr~'~n.mappf~c:turing may. cbntClrTJiiiate samples. 'rytetalpipe may corrode 
. "';Clndrele~se,met~l,ions or cheniically react,with:6tganic: constitue~ts, .but this.isconsidere~:f.a minor issue. 
'.' ",,;'Galvanized,steel is I)ot,recommended where, samples,jhay ,be collected for,metals analyses, as zinc and 

" ' '."~ ~~'admi~m;ley~ls in 'g~oun~iw~ter s~mples 'may~!:>,ecom~:el~Y.atf?d from Jeathipg,of:the zinc coating. ' 

,': . ',:: =rhr~~~~~"~~~~Sh~j6i~¥: :~aSing is' '~~~r~fte~;;pt~;~~r~~':'~lrm~niioiing :~~li~~~p;i6:~ti~~~. '. 'p,VC, T eflot,; and 
, ',;steei' 'ca.n::ail be obta.ined with: threaqed j()ints~ ... W~lde~-jbin': steel' casing is. also 1:l¢ceptable. Glued, PVC 
, ',"': 'mayrelea'se'orgari'lc'<::ontaminarits':into.,thE(~ell,ancUnerefcmk'shoLild, ri6H~e ~us.edif the: well is,to be 
'~sarnpl~~;t9r,'organic co,nstituents.; ': ,,;' :,'" . > '/; ,:' . : ,,' , " ' . . : ' " 
. , ";:~~enJh~ w~te~~be~ri~g ~zone' i~ ':incOnS();;q~t~d b~'r~¢k~~uCh' a's'ii,~eSrOI)~'or 'fractured"granite, ,8' well, ' 
" screen i;:;,,()ften not necessary (the,well is sijnply an oRen'hole in bedrock):': ,Unconsolidated materials, 

, ,',,:' 'such,as sands,clay"arid'silts require a'screen., 'A screen. slot size,of 0.010 or ,0;020 inch is'generally used 
:<-:,,;:",h~Ii~'~~'reen, i~,n~:cessarY,' ';m,d ·tl1~: ann,~ia( ~orehQj(spacearound' the s,drEiened i!1teryal'is artificially 

" ~~:packed With'an' appropriately sized sand';.selec;;ted based.onformation,grain ,size:: ,The slot.size'controls 
!;the :quahtitY:,9f wate,r entering t~e 'w,:ell an'd, pre~e,nts,,~ntryof nat~ral matenals\;r;s,md,pack.The screen 

-' '.: snail, p~?,s ,np~ mpr~:tnan1 O<p:~rc~ri,{ of, tl1~p~ck: rna,teiii~I~, 'or, in~situ,:aCJuifer: m~!~ri,!11. Th"e',siteg€)ologist 
, >, ,l' :,shiill:specify,the, chmbinationoLscri?en;slof's,ize~and :s,8:0d: pack :which will oe,,:compatible.with the:water-
, :, /", '~earlri~f ~O'ne:':to maxi'mize gr9undvVaterinfl()~(aiiCl,mln!fI1iz,e he'aCLiO?~es:and:, ~ovement of fines:into' the , 

, ,,' wells. ,F~r exaniple;:'asa stahdard;prqcedur'e, 'a Morie ,No.1 or No.1 0 to 'No.20:8;S; .standard Sieve ,size . 
, '.' ",', filter packjs:tYPIGallyappropriate, fora O.02'O~inchslofs,creen; ,hoWever, aNQ,20 lo"No.4b~U.S. Standard 
, " ' " ., .Sieve'sizEl:filterpackls typically appropriate for:a,O;OtO-inch slotscrsein." '-'::. . ',.' ' 

: " ;' -<-' ,,> ~,' '. ".. , , ". ~ • " " , ' --:: , "', ' 

" ", 

, , 
; 
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. Materials ';placed in the annular space tietw~enthe bq'rehole ancfriser pip~ and screen include a ,sand,' 
'pack when necessary, a bentqnite seal, an~ cement-bentonite grout.T,he sand'pack is usually a medium
,to coarse-grairied 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' ext~nd at least 1 foot above, the, top of the screen. At . least ,1 to 3 feet of bentonite 

· ;'/pellets:or'~uivalent-shall'be placed above the scmd p~ck:. Cement-bentonite grout (or eq'uivalent) is ttl~n. ' 
,placed t6~~xtent frorri.thetop oJ:the bentonite pellets to the ground surface.· 

, ' . , ," ", ~ " 

On occa~iqn, and, with. the concurrence o(the involved regulat6iY ag~ncies, monitoriri'g wells may be 
: pqckecj . QaJurally (Le.,. no artificial sand pack installed). .lr1' t~~V case; 'the natural 'formation material is 

, ,allowed;t~-:~ollapse ~rplJnd ,the' wellscreeri a~ter the we!I;·!s jrisfalled[';· This· n:\etbod has been used where 
" "the formationmate'rial'itself .is a relativelyuniform;grain size, or wnen,artificiaLsandpacking is not possible 
· .' dueto borehole'coliapse: ',' .. , ,,' 

,Bento~iie:~',~~R~hds' :by 'absorbing water and pr'ovi~es a seal :b~~een the ,screened interval and' the 
'overlyin~d)ortion of· the :~nmilar space aQd formation. Cement=:bentonite grout is placed on top of' the 

: 'bentdnit~:(pellets,' extending ,to' the surface:· Ttie{ groJJt effectively:,~e~ls, the; ~emairiing bb'rehole annulus
, 'and, e!iri)inates the possibility for surface infiltratiohreachingthe:s9~eehed int~rvaLGrouting also replaces 

• ' .. "/materiiil:removed,during'orillirm and prevents .hole.collaps:eand:suqsidence:'around the. well. ,:A tremie, 
,.".".iplpe sh9ul(foe useej'-,to ·introduce grout 'from :the botidm,upward,'~to\preverit~.6ridgirig, ,a rid' to provide:'a 

: ...... better' se'~i;:" in: shalloy,;: boreholes tha't don't collapse(it may .be' rrlorepraCtical to pour:the !:i'rout from t/1e ' 
',',suiface\~'ithbui a'ti-ernie pipe: ' ' "~:,: '.,.' '. < •••• ; • 

• )/ Grout i~ :~: general.t~~, ~liich has 'severaL'different connotatiohs~:.'~or all :~~~~tical purPoses within' the ,::; ;.: ' ... 
". ,:'~" ',~'. " mohitoiitlg, well install~tion industry, 'grouf'refers to,th!3 sqlidifiecJ;"rriajei-ial w~i.ch isjnstalled and occupies . ",' ",: 

· '.' the annular space above the, bentonite pellet seal..' Grout, most of the time","is made up'of one or two .. 
". a~semblages of. material, (e.g., cement and/or bentonite) .. A c~ment~belitonitegrout, which is the most 

\,': ,tommon)YP,e of groUt, u~ed, 'i~ J!;lonitoririg weir completions, nc?r.rP~lIy is a~mixture 'of ,cement, bentoni~e,', .', 
:, /'~ '. ,~and w~~er"·af'a< ratio~ ol~.qnE1~·90~pound.·bag of ',Poi1land '/Typ~ ,I ;c~ry1ent, _plus ~.!o·.5 p~unds·of granular or " , 
'. • flake-type bentonite,' arid ,6-7. gallons of water.' ,A .nf,lat: cement,:'co,nsists of :one ninety~poundbag ':01 
'Portlanq :rype I cement 'and 6-7 gallons of water., kbentonite sltiri)i,(pentonite and water mixed to a thick' 
" but pumpable mixtl,jre);js som:etiines used instead'ofgrocit:fqr,:dElElp::w!=l1l installations where placement'of, , . , . 

, ::,~ bentonIte ,pellets: is' difficu~. '.B,ehto,nite chips are. alsq 'occasionitliy?used for annular backfill in ,place ot' . .,' 
'·gr?0· ,.' '" ' . ':' '. .', .' ,'.:, ';-, ,.~,', , . ' . . ," .... : 

. ., )~ ~ ., . .,' >~ ::,~\ .A ' -" , .~, , 

, :. ' . . ,.J , " " . , , , 

,'In.certain cas~s, the borehole may be drilled to a depth greater than:<the anticipated well' installation deptl,1 . 
.. ,For thes'ecases, the· well shall: be backfilled to the de~,ir8dAepttl.~.ith.benton~~epellets/chips or sand.'f'\ ... ' 
., ,short (1:-. to 2-foot) ~ection. of 'capped riser, pipe~ump : is :soitie1!i;D~s .installed immediately belov(the. 

"screen, as, a silf reservoir, when significant post-development silting',is anticipated. This will ensure that 
. the entire screen surface remains unobstructed. ..' ", ,.' . 

< 5.2.4 .. Protec~iv~,Cash,g .. 
'W'hen the well is cbinpietedand'grouted to,·the surlace', a,i:>rote~ti~e steel casing is typically placed over 

• :, : •.. the top ,of the well. This casing generally has a hinged c'ap i:mdcanb.9 locked:t'op'revent vandalism. ,':The 
',<' '/p!:otective:casing has a-larger'diilr:neter· than the we.!1 arid:'is set int6~'the.\.\tet:Celilent gro'ut over the well,." 

'. <' ;,' • ~poh coffjple,tion, 1~·~additi6r\,\OrEf:hole is drilled.justabqv·e ihe'c~ijjenf!col!ar'tnr9ugh the'protective casiQ9 ' 
/.:which ~ct,s ,as a weep h~lefor;the:tlow of \,!at.er whicn riiaY,<eiit~r.;'the annulus'during well 'development, ' 

piJrging; ?f'Sampling. . . , . J 
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A protective casing which is level with th'e ground 'surface (flush-mounted) is used in' roadway or parking 
lot applications where the top of a monitoring well must be below the pavement. The totrof. the riser pipe, 
is placed 4 to 5 inches "below the pavel1)ent, and a 'locking protective, casing is' cemented in place to,' . 
3 inches below the pavement. A large diameter, manhole-type protective collar is set intqthewet cement 
around'the well with the top set level with or slightly above the pavement. An appropriately"sized idiis " 
placed over the protective sleeve. The cement st)ould be sligntly mounded to direct,po91~q water. away , . 
from the well head.' " , ," , '" 

5.3 Monitoring WelilnstaJlation 
',' 

Pertinent data regardin'g monitoring' well installa,tlon, shall b~ rec~)(dedorr log she~ts :as ;~epicted ci~(j'. ' 
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 Wellsi'; Unconsolidate,d Sediments, 
,,"'" , 

After the borehole 'is drilled to, the desired depth, well installationca~ 'begin.; TheprocedGre for,;weli 
installation will partially be dictated by the stability of ' the' formation in which the ""ellis being:pIaced. If the, 
borehole collapses immediately after the drilling tools ,are withdrawn; thenatempora,ry casing must be 
installed ,and well .installation will proceed .through,t~e·Genter 6f. the 'temporarYcasihg, ,and 'continue as,the ' 
temporary,casing is withdrawn from the, borehole. '. Jh:thecase of 'hoilow-stem a~ger ,drllling~·:th,e 'augers'wilt" " . 
act to stabilize the borehole dufingwell installation.' ',' , ", . " ", , ", , '. '<": " 

, . . " . 

Before the screen and riser; pipe are lowered into:the borehole;' all pipe ·and·screen s~ctibiis: should,be ' 
,measured with an'engineer's ,rule to 'ensure proper:placemerit.. When mea~uri:ng:s'ecti6ns/t~e,thr~ads'on':: ' , ; 
one ,end of tne,pipe or screen must'be exclud(3d wnile':measuriri'g;,since'the,pipe and sGre'en,;secti6ns·are 
screw.ed flus,h tOQether. " " ' " ' ' ' ',': " ' 

After the scr/aen'and riser pip'e are ioyvered tl1rOu~ti'th~:temporary. casing, th'fsandpac~ ~~~'r:J,be;instclll~d., " 
'A weighted tape measu're must be used dUring"tne"inqtallation ,prpcedure tQ carefully rhpnitpt.,instal!ation 
progress. <The sand is slowly poured into' the anriulus,petween'the~ riser'pipe and temp6rar;y, 6asl~g; as tl5e 
casing is withdrawn. Sand sh'ould always be kept-withint~e temporaryc:asing during iiiihhdrav.,alin order, 
to ensure an ad~quate sana pack., However, if. too"ml-lch sand is within thete,rriporary ca13ing (greater Jhan 
1, foot above ',the' bottOm ,of:.the. casing) bridging b~tween 1 the temporarY casin~i' and risefpipe' may.:occur. 
Centralizers :may be used ,at the geologi'st's piscr'e{iqn: one above aridonebelow'thet~:Gr:e~n"to as,sure, ' 
enough annular space' for sahd pack placement.. " ,\',: ,,' ,~~ ,A " " 'j' ':,' > .. " " .. '~..:' ,,'< 

, " " ;,' \-' / , . .. " , ',' ",,,' '." "'.... , 

After the sand pa~k is installed to the desired depth (at least 1 foot above the top,of the s6r~~n)~'then:the . 
bentonite pellet seal (or'equivalent), can be instaHedin ttle,same manner,as the sand~piil«:;k;<AUeast 

" Ho 3 feet oj, bentonite; peUetsshould be instCilled ;~~<?v<ethe' sand pa'ck. Pellets shot.ild,;p~:,adge~:r slowly 
and,their fall,monitored closely to ensure that'D'ridgin<g;~o~s hot.'occur.· ", " ' " ',"': ',,', ' 

• .. , .. ' ' "','- >" .. '.. .. ,~~ " - " ' 

The cemenFbentonite grout is'then mixed and tremied.into the annulu~ as the temporary casing or augers 
are withdrawn." Finally, :the protective casil')g,can be"initalled:asdetailed in S,ection 5.2.4. : ',~< :,s;,:.." , ' , : .'" ' 

'" 

5;3.2 :Corifining:Layer MonitoringWeils': 
.. ' ", h, .. .. 

} ~, .. 

When drilling and instcilling a w~II in a confined aquifer; rm:>per well-insi~IIatipn 'techniqUE3s!in~st be ,applied, " 
to av,oid' cross', contamination' between 'aquifers'.' . [jrider,mostconditions;Htiis ,can be:,accomplished by , ' ;, 
installi~g dq<4i:iIe",cased:w~ilS, This, is i;lccompli~h~~.t by{drilling'a,large~diam~t:er'bOn,ngt~r~u'gh the,~pper 

,aquifer, 1'to;5'feetintoJhs:U'nderlying confining layer"a:nd':setting and pressure grqirting:ortre.mie grOl~ting 
'a large-diam¢ter casing into, the confining layer. The, grout material must fill :the spcjce between Jhe nativ~ , 
material and ,the .outer cas[rig. A smallerdi~mete'r'boring,is then 'c:ontinued through the' cO,nfiblng layer for 

, ' , ~ " '" ' " . .' . ',:" ' ',<' , " 

,; " ,"¥/ A 
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. .installation of.the monitoring well as detailed for overburden monitoring wells. Sufficient time (determined 
" ,'by tti~ ,field' ~eologist), must be allowed for setting of the grout prior to drilling through the confined layer. 

5.3.3 B.~drockMonitorjng Wells 

~' ',:;,Whe~oins'ialling bedrock monitoring wells, a large diameter'boring is drilled 'through the overburden and 
· '·.approximately.5 -10 feet into bedrock. 'A casing (tyPically steel) is installed and either pressure grouted or 

tremie.gtouted· in place. After the grout has cured, a smafler diameter boring is continued into bedrock to 
,,' .~. tne deSired, depth. If .·the boring 90es 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 
·;:,.6v~ro~rderi'm9nitonngwells. ILa screen is to ,be 'used, then the casing which is :installedthrou'gh the 

, .' .ov~rburd~n and in,to the bedrock does not require grouting and can be removed when the final well 
, . ,installation J$,:completed. 

,\:: ::':','5;3[4 :',' . ,,·".:Drive P~i~ts 
~' '. 

: :> Dri~ep~int~can be, ins~alled with either a sledge hammer: drop hammer, or'a mechanic.al vibrator. The 
'. screen ~ection is threaded and tightened onto, the ,riser pipe with pipe wrenches. The driv.e point is simply 

,pounded.int6.:thesubstirface to the' desired depth.: 'If a heavy drop hammer is used, then a tripod and 
, " ,.;pulley setyp: is required to lift the hammer. Drive points typically cannot. be manually driven to ,depths 

".:"'~exceediilg;,1b feet.' " '. ' " ,'''. . 
, ~~,' :;/ ",~~\~,~ h\, ~ ~;":~:;+~ ~:~", h, , ' 

\. ,-".' Direct 'push sampling(monitoring point installation 'methods, using a direct push rig or drilling rig, are 
.. >:;!:!:'~t~Cri~ed' tn:?0P SA,-2.5. ' ,. '. " ' 

: ',:",;i,;,~}~:~. .'. ':':,;~~~~ov~ti~~ ~onitodng :~.~II'I~sf~I)~t~,~rr Techniques .,' 

, ·:,.)Certain in~c;*ati~e ·~~ij1~ling devicesS)~~e proven advantageous; . These devices aree~sentially scre~ned 
': ;;;;s~'Dplers' j~stalled; in;,a, bdrehdle~ith;'9rilysmali"d'i~lmeter' tube~ extending to: the surface. This redu<:;es 

···.·,:,,:CJiiliing costs; ,aecreas:es thevolurT)e :6fstagnant .water: arid. provides a sall]pfing.sYstem that minimizes 
:.: : "~'i-~ss~conti:!mination; from·sampling,;ecluipment.. ":Fourmanufacturers of· these sample'rs include Timco 
,·.'.';Mfihufactu'r,i~g, Company;, Inc.,ofpr:airie du slie, Wisconsin,' BARCAD Syste,ms, 'Inc., 'of Concqrd, 
· <',:;:\;~iv1assactlu~etts, Westbay'lnstruments'Ltd:,o(vci~couver,British'Colurribia, Canada and the University of . 
",:;riWaterloo'afWaterloo; Ontario;Canaaa;. '. Each manufacturer'otfers various construction materials. ' 

':',:·.?Pi~r;, ·~~'.:::"W~II~e~elopmentMei~~d~' " , " '. '. .' >, .>' • 

~,' ,'- '. 
''.'' 

" 'T~~J)urp6se',~f well de~'~lopment·is. to sj~biiize ~rid increase the perme~bifiW 'of the gravel pack ar~und 
. ; .thevv~lI,scxeen, and to' restore the,pe~eabiJityofthe,formation which may have been reduced by drilling 
, .' . qperati6hs,,: )t.jellsar~ tyPitally dev.eloRed dntiL all, fine material'and drilling water is:r.emoved'from the' ""ell. 

," ,,;~:equentl~lI:rr(easurements of pHi conductivity, tu'rbidity, and temperature. taken duringdeyelopment may 
'.,~,yi~ld information (stabillz~c! values) regarding whether: sufficient development has been.performed. The 

" , ... ,., .. s~le~tion of the well development method;'shall I:{e .made,by the .fieldgeologist- and is based on. the drilling 
: .. :methods; well construction and installation details; and the characteristics of' the formation that the well· is 
. '::'~breene&ii:i:', 'Theprih-Jary m·eth6ds;:0i.,~eil deveiopment are' summariz~',below .. A more detailed 

,>,:dlscussiOn"rnay be,found:in qrlscOIl (W86r :,' .', . '.- ' ' 

:;' , 

, ~;4.1." '.,. ;"p~~;PUm~ingand Ba~~aShiI)9': 
': ¥.,' "< ' "'; ,'., ,:;/:' ~ ,', /'/~:\ ',', ' , 

:<~;Wgi.l~ :~~/&~:de~~I()~~~(byalter~,aii~~~::~~~~in;~t~e w~ter level down ,at,.a~igh, r~te/(b; pumping ~r: 
· ., bailingrarid; thEm reve~~il)gthe f1qw' dire.ction (ba~kwashing) so that water is passing from :tl1e well into the 

formiUion: T,his;,~ackand forthmoverhentof-,'fiaterthrough the well screen and gravel pack serve:s to 
" .¥ > h '- ,,->., "., , / ' , 

,/,' 

'" 

• 

, " 

'~,' . 

,',':"',, ',' 
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remove'fines from the formation irnmediately adjacent to the well, while preventing bridging (wedging) of 
sand grains. 8ackwashing 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 ("rawhiding"). Care should be taken when 
'backwashing not bapplytoomuch pressure, which could damage or destroy the well screen'. 

" 

5.4.2 Surging with a:Surge Plunger 

, ,/\ surge plunger' (also called a surge block) is approximately the same diameter as the well, casing and.is 
: aggressively: moved up,and'(jown within the well to agitate the water, causing it to move in and out of the 
.' screens. This,movemEHit.oh"laterpulls fine materials into the well,where they maybe removed by'~ny.of ' 

. ,sevEmil:methcids, arid 'prev'ents bridging of, sand particles in the gravel pack. There are two basic type,s·ot.. 
, .surg~· plungers;; sblidand valved surge plungers. In formations with low yields, a valved surge plunger 
\maY.be.'preferred;' as solid /plungers tend to force water out of the well at a greater rate than it will flpw 
?ack·f!1.'.Ya"iedpi~.ngersare designed to produce a greater inflow than outflow of water during surging. ' 

'Compressed, air: :can, ,be-used to' develop' a well by either of two methods: backwashing or surging. 
:: ~;~~cKwashingis qo!)eby fqrcing water out through the screens, using increasing'air pressure, inside a' ,; 

,':seal~:we:II;/then'releasiiigthE! pressurized air to allow the water to flow back into the well: Care shotild.Jje ' , , :, 
;: ,taken"wheh ,'using, this 'hie~hod so that, the water level does not drop below the top oLthe, screen, thus:' 

,;",/,:,:j;, .'''''lJtroduCirig~1:li'('inJ6;t~e:f9rmation and'reducing well yield. Surging, or the "open'well" m,ethod, cOl"!sist~>of .... 
,:." " ," alternately" releasing ,Jarge, volumes of air suddenly into ,an open well below the water level to produce,:a 
, , ':strong . su'rge :oy virtuEL6r:'the" resistance of water head, friction, and inertia. Pumping of the wei! 'is " 
"',;:" " , .. ,),ubseqlJ~ntly'cloneusing ,the, air lift method: ' '". 

' •.....•. :'~.~.J. . ··H;~~~~~I~;~'~~~i~9 . . '. , ....•... 
:- ~ " 

" ;iln.ttie"high: velociNje~ing "methOd, ""ater· is forced at high velocities from a plunger-type device"cib(j.' ',\ 
, '. 'through th'ewell sqreei'lto loo~erifilie'particles from the sand pack and surrounding. formation. Thi:! jet,tlbg " 

': ' , "tooi-is slowli,rotat~d ,ar'id',raised:and lowered along the length of ,the well screen to develop the entire" ' 
" "screened ~rea. Jettirig'~sing'a hose lowered into the well may also be effective. The fines washedjnt6 

, ';,,", ';:,' ,the screen during ,this process 'can' then be bailed or pumped from the well. ' ' " 
: " > ~ ;<, • ~ ~ '... .,... ;:: t' , • > " ' 

: ," -', 

:t '" :'6:0':' ",,' , R,ECO,~R, OS:;< " " "~ ~:, 
'" \\ .. ">, 

,,' ' < 

, , , ., 

" , 
',' 

'A ~r~i6~I,:p~rt',bf'rhonitdring;well 'installation is recording of all significant det~ils and events in th~, ,she " 
, logbook or fielc1 notep09,k. The geologisL must record the exact depths of significant hydrogeological: " 
feat\Jres', scre'e!) placement; gravel'pack' placement, and bentonite placement. ' , 

: "~:'M'6~'ft~ring,~eli':Sh~~t:(~'~~; Atta~hments to' SOP SA-6:3) ,Shall,' be tompl~ted, ,ensuring the:u~if~r~: " , , 
"fecordingof data"f6'r:~each iristallation,and rapid identification of missing information. Well depth, length" 
mat~j-i~l,s ~ofcorjstruttion,' len9th ahd openings of screen, length and type of riser, and depth and type of all ". 

,;,backfill m-aterials ,:'Jhall be recorded. ,Additional information shall include,: location, installation ,date, , 
'''. ".' ;:~ :::, 'pro'blem~::en~oljnt~~ed,'vvate~; levels before and' after well installation, crosslteference to the geoiogi,C:' " ' 

",~9r!,,~~)~g,'a~q, mi?~hoqs'us&Q:,dlJring,t,h~ installation am~ d,evelopment process. Documentation, is,v~ry", " 
)!mp<?rtant)6'pr,ev~8t'pr()blems:Jm(()lvirlg questionable sample validity. Somewhat different informC!t!9n.v~iII,'", " 
, :QeedJ,obe;rec0rd~d;,dependii)g on.whether:the well is completed'in overburden (sing!e- or double~cased)",,~, 

,,; 

~iis a!tasid 'weli;inJ)edrbc~, or,as an open hole in bedrock. " '. " , ,,' ' , ;: " ,,', . 

:. ;. . .·;i:heqi,mrtni";'·oj ·s~~d."~en;6~ite,and grout placed in the well are'also impdrtani. The geologi<1 shall .. 
'" , , :: ',;Caic'Llh:ite the arintJl~:r,~pace Y<;>lume' and' have an idea of the quantity of material needed'to fill the 'annular;' 

" ", 

,019611/P' Tetra Tech N'US; hie, , 
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space: Volumes of backfill significantly higher than the calculated volume may indicate a problem such as 
a large cavity; while a smaller backfiU'volume may indicate,a cave-in o~ bridging of the backfill materials. 
Any problems with rig operation or c;lown~time slia"'be'record~d arid may affect the driller's final fee. 

, ' • " " "'< I 
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, ,. /:, ,,(' :" ' ~,'; '. ',~,~ ,," /, ':,." .... , .,',' '. ' " ->. " 

, .RELATlvEtOMPATf~ILlTY OF RIGID WELL CASING MAtERIAL (PERCENT) , 
Potentially-DetetibratingType of pasihg Material 
Substance "', , : ,~') 1-:':::-:' :-=' -:-1r:'::-::-' -' --:-::-,:-r-,,::-,,'--:--,...-;--~:---r':':::-:---:-::---""'r-'::'~--:-:-:--r-::=-:-::---:-i 

C', ,: P;yc 1., :~a""S''',taeneiZ, ed c."SatrebeO,nLO"Carbon:St~ihl,E;lSS·'$tainle~s~, Teflon* 
" . . ',SteerSteel'304:'S.teel:316' 

. Buffered Weak Acid> 100 ' . 56 51 .59 ' ' 97 ,100" '100 

Mineral.Acid/> ,: .' ''-,' 1'00 ; . " 48'.' 57' '60 80','< <82.:: 
High .Solids Content:· ,' .. ".; , .'; :"- .. ", , 

':J?q~eouSJOrgal1.i,c' ,": :~4:: '.'69 -.' . 73' 
Mixtures: ., ',.,., ':., , ' . ',"" :"?'" 

P~elimin~uv RahkimrofHigid Mat~~~als:' 
< ~ >,- , ':: "\ 

. , 1- ,/ , TefJon~ ',:/',-
'2 ">Stairiless St~el:3l6;' 
; 3,' : :,' stainless' Steel 304<: ,.", 

4 . ";pvci',, :< . <,0 • 
""-", .' ..: ;, , 

',.. -98;,": i",':, ,10{) .':' 
"'" ',y. 

59 

5 Lb.~,¢~rb'on Steer " ' 
,6' Galvanized'Steel' 

, "7 ",':, :e~rboh}teej;)", 
,< ", v;, '~ 

'100' , 

., .ct ~ 

~;':trad~mii('<Qfbup~ri( '". " , " . .' ," '." ':'~:,;:., __ . " , " 
'RELATIVE COMPAi:IBIt:f(Y,OF-,SEMI~RIGIO:OR ELASTOMERIC MATE8IAtS(PERCE~T) .' 

, pofentially~"" ,"":' Type.pf.Castng Materii:lI, , , " 
. D~t\3riorating'" ' .• :'.' . '".;' ".. " 

S:ubl?tance' :' ';,:': :;.. .. , 
,'< PVC:' , 'PP .. ';PE :: PE' PMM 
:F:lexible ',' ,,;,::' Conv. Linear 

" Weak Acid , . 92,9.0 ,~4 '96:,78 
.' Minerill:ACidF', . ,,: :' ;'. 100·.' ,:100':' 100 '100 95 

,'. High SOI'ids Content> ' : :, I:':; :,~< ,,' 

'<j ';:~~'.'<" (, .' .'" 

:':'~",'c'f,':,:b:'i-' : ,,:':; ,>, 
Viton":, '$ilicone:, ;Neoprehe' Jeflon"* , 

.', 'U< <; :/< ; I,::,,> " ':, ',' 

, : .1 0,0 :::::',7:,~' , ,,;:,·:.~;~2;>, ':';:" 1 00 
~" ';> "'v'~?: ,',<,~ 

" , ,: Aqueous/Organi~" ":' ,62 ,'-; , "7;[ / .-, AO. ' 60 49' 
, ,Mixtures' " , .' " "Ii ;',' :: ',,":: ' 

" Percent Overall.,' 88 • 90':. ,84· ,88 ".78' 
Rl:iting::. " ,,' '; ,.,', . 

"1', 
'; 2, 

'3~, 

4 

, " 

, T eflcm 9 
' ;, " . 

,Polypropylene (PR) , ' 
, PVC FlexibleiPE Linec:i"r 
Niton~' , 

.. ,* ;f~ad~mar~ofDiJPont. " ' 

,;, , 
.' 

, $b'lirc's;JSarcelpna et"al.; '1983 
" ' " " 

. " 
-, ~, 

, ,,>' 

" ' 

( , 

5 
6, 
f 

.' 

- '~," , ,',' " 

", \' ,> 

:' ", 'v, .... /, 

-:F)~:G~;;~e~tion~1 
,/~ RI~xIQ!~~/LuqiteJPMM) 
, !Silicorie/r;.Jeoprerie:" ' 

, , ~ !,< : " "j, ' " , 

.; 

$, " 

. '" 
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ATTACHMENT B 

COMPARISON .OF STAINtESS:STEEL AND 'PVC FOR MONITORING WELL .CONSTRUCTION , 
Characteristic Stainless Steel. PVG ',: 

.strength 

Weight 
Cost 
Corrosivity 

Ease oLUse 

Preparation for 
Use.' " 

" 

. ',Usein'deep wells,to prevent· " UsewtJenshear and compressive 
c9mpression'and ~iosingof 'strength arenot.critical. ' 
screen/riser. '.' • ,. ., " 

, 'Relatively heavier:' " 'Ught,:weiqht;' floats ihwater. 
Relatiyely;expensive. '- ...... : . ,RelativelyAnexpensive. 

'Deterior'ates:m~re'rapidIY'in ,corrosive :- ;f\Jbh~c~rrosive --'ma:ydete~iorat~dn .. 
·w!:iter.· .', . , ',' '. ,'.' pr~sence of,ketones"aromatics, alkyl 
" . . ' .'. . .' .sulfi(jes,or.sorrie.c!,)!orinated ' " 

h~droCarborls: , ' ' 
Difficult. to adjust size. or length in the 
.field;',':"" 
Should be steam cleaned if'organics 
will be'!3upseQl:lently sampled: 
~ '~' " " . ~ ~, 

Easy .to handle and yvork with in the 
:field.·' ~,:' 

, Nev~(use glUe fittings -:'pjpes should " 
, :Qe threadseJ(or pressure)itted., Should. 

. , , ~be steam Cleaned when used for ',. '. 
,,' ':. ,,': 'monitorinq wells. ';.' ,. 

~----~--~---r~~~--~~~~~~~------~~~~~~~~~~~~--~~~", . 
• :Interaction with ,May sorb orgalJ.ic or- iflorgan,ic ., 'MayS-orb or release:6rganic' ;. '." 
Contamlnants~' ,$ubstiulces·whEm oXidized.: ' substi:mces. 

, See, also Attathmetlt A" ' 
, < : 

.,' -: 

. " 

" {; 
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1;0 PURPOSE 

,Well abandonment is t~at procedure 'by which any monitoring well is permanently, closed. Abandonment 
,procedures are' designed to prevent fluids from entering or migrating, within the ,monitoring well. 
Therefore, an' abandoned,monitonng well must be sealed in such a manner thi::ltit can, riot aCt as a conduit 
.for migration of contaminants from the ground surface to the water table or between aquifers. 

• • • I' • 

, it is important th'at the; ap'propriate state or local, agency be notifi~ of moriltoring:;well abandonment. The 
application of and adherence to .this, SOP must be tailored to applicable state, local, and Federal 
J~gulatory requirements. 

SCQPE 

'The methods described 'ih 'this procedure' shall be used for all projects 'requiring :well ab~ndonment where 
specific state, local" or Federal regulations are unavailable. An abandoned well.shall be filled and sealed 
so that 'it will not -act as a pathway for' the interchange of water between the ~'s'urface and subsurface or 

, present,a hazard to.the environment. - -' '" " 

3;0 :GI..,OSSARy 

,Well -' Any constructed access point to an aquifer, co~fined or unconfin~d, incl~ding; but not limited tO,test 
~orings, hydropUilch holes, monitoring points, and production .wells. ,,_ '", , 'r".:' ' ' " 
.~. '. " ,~-.( v 

~ 

Abandon:. To permanently discontinue the use of'a well. Any well shall'i-eqJit~' abandonment when it is 
,no longer'serving'as a monitoring p,dintor i~ in such a state of disrepaiL,thatc6nHritled'use fo~thepurpose 
'of:ootaining groundwater is impraCticable; or Wheri ifh'as been'-pehTtanentlydi~cOnnected from any water 

',~upply system orirrigati~nsystem. '., ' ',' '" " ; 

4.0 RESPONSIBILITIES' 

Project Manager: It shall be the :res'po'}sibilityof the Project Manag~r)lrid/or;;PiojElcH-:lydrogeologist to 
detemiil')ethe applicability of well abandonment, based on the establ!sh~<:Is~opea:hd:objectiveof the 
project ,and program-specific requirements: It shall be the re'sponsioiliW, of, the, Project Manager {or 
designee) to ensure that,the procedures:establiSl:led for wellabandonl1)ent-are)bor,oi.Jghlyspecified and/or 

'..-, referemced in -the relevant proj~ct planning' documents.' It: shall, be ;)be' reNj,onsibility of the Project 
Manager to ensure that the Field, Operations' L(3ader' is. familiarWjth the- proper 'procedures for well 

. abandonment and confirm the supervising project geologist or the .subcontracto~peifdrmihg the well 
abandonment are qualified to perform such activities. '::, "".' ". " 

Field Operations Leader (FOl) - It sh,al! be the :responsibility of the Field 'Opl=lrp.tionsleader to el!sure, that 
'all field technicians and/or drilling personnel are' thbrougl:lly familiar-witn i,this' Standard Operating . ,,' 
Procedure. It shall be the responsibility of the FOl,to ensurett'iat,the procedures~,identifiedinthis.sOP are 
used d~ring wella~andonment ' " . 

--
5.0 PROCEDURES 

" 

,,' . ' ,- , 
,5.1 General .. ' 

" ~ 

" , 

Well abandonment is warr~nted whem ,the prbject team has r~'aso~ ,to:beli~\/,e, oil·'the t>:~sis 'of local 
conditions, thatthe well is causing or is a potential source of pollution' t~an{aquifer; is:apr6~uction well 
that is producing water that is polluted; or dO,es not have a certificate of potability, if required. Wells may 

>,,," , ' ' ... 

-~--~~----------------------~--~--------------------~~~~~------~~--------~ 
, \ 
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also be abandoned, once. their designed pur:j:>oses ha",e b~en fulfilled and are, detemjined to n~ longer be 
of use. '" 

Well, abandonment .is conducted to '.elIminate pl:Jysical 'hazards, prevent/groundwater contamination, 
prev.erit intermixing of aquifer waters, .and ',cQns~rve ,aquifer'yiel~ 'andhydrostatic head .. ' 

, , . ' , ' . -' " . . . 
Please note Federal,:'state, and Jocal regulations concerning this a~tivity may ~ary. Therefore, applicable, .' 
regulatory requirements:should be reviewed ,to 'determine 'the need fpr Licensed/Cei}ified'Well Drillers to 
complete/oversight'this activity. ' , .. 

5.2 Material for Sealing 

Acceptable sealing .materi~ls ,include' concret~, ,portland, cemeni grout; sodi~m-ba~e bentonite'clay,' or. ' 
combinations of these materials: These'm'aterials are defined asfdllows: ";', ", 

," 

• Concrete m'ay b~' us~d for filling the upper' part' of a w~II or,~ater bea~inli i6'rmatioll, o~. pluggin'g sI)6rt-' '. 
sections of casing and;filling large,dial'net~r;wells.' ' . , ~" , , 

• ' Portland ~ement',grout is' superior fo~ sealing small openings, penet~ating' any 'an!,)uiar space'6ufside: 
the casing, and for' filling' voids, in 'the surrounding forl1)ation. , Po(tlahdcement, grout shall be, , 

, composed,of one bag ,of :TypeOl"cementper :6"to 8 gallo'ns: of· ...... ater . .Two ,part§;~',sand:to one:par1' 
'cement may be added., ' ,,', ., ' , ' "," ',,, -::" 

'. 

• . S~nionite clay, whe~ applied as' a heavy mUd-iaden fluid ~nder presiJ're, ha~' rriost~i,tI:'e :~dv~~t~gt~ ',' 
, of 'cement: grout, ,p~:;under, somec;:oni;fitlqrls m~y be G~uried:a:way intott)eswrol!ndJt:lgfo~niatio.n:,,:A, ':~ 
bentonite clay mixture shall be:'composed of not less than 2 pounds oVclay per' gallon of "water .. "." 
Bentonite clay may·n9t b~ used:where it will come in coh,tact>with water of a pH,'below.5~O~or:toJ!'l1 " 
dissolved sOlids'TfDSfcontent greater than 1,000 mg/L 'or both. "Bentonite may 'a [so' be ad.CJec!Jo' . 
'c,ement grout tci;a~d'fl~Xibility. " " , ~,:~ , 

Fi[Lmat~rials includec!ay, 'silt·;.sand, grav~l, crushed stohe~ ol',a miX-t,mes of these .f!1aterials m~y pe. u~ed>: 
as a filler in sealIng a ,weILwhem, used, iA'cpnjunction with the seciling.materials,describeq, above. ,Organic , 

~ material,may not be;!J,sed·~nd:fill materi?Lmay be required to be d!sinfetted'o~:certifiE;ldde.~n prip( t9.4se:, ',:' :: 
.'Spent drilling mU9s or~d~ii!:cuttil)gs'arenot,to be;used'to seal Enveli. ,~.','. .. ," ,,"'" ',o' ,'. " ": ' 

, ,'-/h/Z' , < • - • 

, '5::f 

5.3.1 

Sev~ral fal;tors 'sho~ld' Be considered t~ determine the ap~ropriate well abandonment method:' These' 
factors include:; , ' " , 

• Conditions of th~:well;., " ' ,.' :, 
'. ,Details of well cOnstruction, induding casing material, diameter of 'c;:asing, 'depth of well, and well 

p[yrribness. ',' " ,,' . .'. ' '. " " , 

• . 'Obstructions wit~in;thewell!that'may interfere with filling or sealing. ""'" 
• Hydrogeologic s,e~ing:. c " " "." ' 

.' Level of. contamination ,and the ?one .or zones where it occurs. , 
• ,R~gulat6rY:req4ir,em~~ts. " , ' 

'0egraded wells may:nQt,pEHI'iilt casing removal by p~lIlng. Alsci,the c.asingmateril:d may dictai~ whether,~ : 
, casing can ,be :remov,ed intact. Stainless steel will haVe a higher tensile strength than PVC and I1l~Y'hOld 

, , 
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together while pulling the casing; PVC well casing may break under, pulling and -may need to be. ov~rdrilled 
to remove 'it., The depth of the well and well plumbness may limit casing:removatdepending on whether.a 
casing' is ,pulled or overdrilled. In some cases, casirigs can,be left in-place if:tl)ey are ,properly fill~d wjih 
. appropriate backfill. " '-

. ,~: ~ " ,,' . . , ~" ~ .. ' . : '~ '~ , 

Theforrnation :Iitholcig"y influences the selection of casing removal. - Uncon~olidatedi:'material~canbe 
,drilled' with hollow"stem' :augering techniques whereas consolidated : materials caJJnQt', _ ,Unconsolidated 
materialsinay ~dso cave~in during' well casing removal. '. • - - ,'- " - . 

. Fillirigand Sealing Procedures 

o 

Drilled wells (ali: welfs not dug)shan:be filled with sealing material o(acorhbination of. se~ling,material and " 
fill material: ' , '" ":,,: ": ':: . 

.In some 'cases;'wellcasil1g'~emoval is necessary for well abandoriment Ifthe:bOrehole is:unstable and 
may cav&-Ir1,:sealing materialwill be emplaced simultaneously during, casing remoyal. ."f the well is not 
grputed,: caSing. may:bepull~9 witl:lhydraulic jacks. or a drilling rig':-It may-also be;'Pulled:by;sandlocking, 
Sandlocking consists of lowering a pipe wrapped with burlap approximatel}! 2/.3 of the weI) depth and filling -
-the burlap'.:wrap with s~nci. The pip~ is slowly lifted and lock~:the sahd, pulling tbe:,casiryg>Welrcasi'ngs 
can also;,~e,removeCf:by overdrilling. Wells cari'be overdrilled with 'larger 9iameter hollow steam"of solid 
stem auge,i:s:or.dir~~ rotary, tecl)niques, using 'air.or' mUd., Augers', used:to(overdiiliirig,.~houla pe:at'lea~t. 
2 inches larger in diameteithim the diameter of the well casing,' - ';;" '-- " '-:,;- '\; -

,'lfw~lIdlsi(;~'is:in POOr-Cqhdition or isgrouted'in place: the casing may b~'ripped or' p~~orated' ancHilled 
and p~ess,y,re grout~d.in place. ," , '; '" " ','" ' 

.. ':'.,., ' 

AbangoDed wells':~hall tie~fi"-ed.,withtlie 'appr6priateJilli~g,and:sealfng ~'aterial plac:eo.frornthe bOttom ~of 
the' well ' upward:', ,When' Portland 'cement grout' or- concrete- is used, it': shall be', placed in ,continuous 
operation,using ~ tremie pipe. Sealing material shall'be -placed in the interval or interVal~, to-be sealed by -
meth-ods t6atwevenUree fall,qiliJtion, and/or separation of aggregates from cementing material:' : - ,,' 

A well, coristruet'ed in ,unconsolidated m'aterial'-iri, an iJnconfined gr~undwater'iori'&-' s~all be fill~d 'and 
, sealedbypl~Cing fili:material in the weil to the'levelof·the water tal;>le, ancUillihg the r~mainc;ler of.the well 
-with<s~alihglTlaterial. Ifthe, water table is af a ,depth;greaterthan4(Heet;"a minimum:~f,:40feet ofsealin!:f 
mat~rial-~hclll be required: , '_ " "" ' ' ' " , ,,' > ,,' " , ;" ' " : . -

, < ' ~, ' - -. 

" 

A VIIeilwhich pen~t~a~es several aquifers or formations shall ;be 'mi~d an'd ,S,eale'd.in such 'a· way ,as to 
prevent tt1e,vertical'movementof water from one aquifer orformati~>n to another:<,if':thescasing'has bee'n 
removed; ;sealing material shal,l beplaced'opposite the confiningforinations and fromJhe,:surface downto" 
the,f.irst cqnfinin,9'forma,tion. Sand and other, suii~ble fillrriat~rial-inay be placed 6ppq,sij~ the producing " 

,aquifer. ,Ide.ally"the"entire weUdm be filled withseal}ng material. If the.' casing has npt been'rel1)oved,,!he, ' 
entire.well,shall befilfwith sealing material., "- , ;' ' " ' 

• • • <' • ~ / ' , 

A well- pettetrating, creviced or cavernous rock shall be filled, usifl9 coarse fill ~materialopposite the 
cavernous, or creviced rock portions of. the, well. 'SealIng material shall extend from: the, top of the 
;unfractured: rock, pqrtion, of the well 'or base of th~ casing" whichever is deeper; .to ,the, sUrf,ace.' ,The, 
minimum:depth 'of ~~alihg material may not be,'less th1:ln 10 f.eet:" ' ' . " 

,In th~casEFwhere wells pEmetr~te ~pecific aquife'rs wher,e conditions ne~essitate,th~;seajing ~f. specific', 
aquifers;0(f9rrhations"the annular space' in tlie area 'Of the ,specific. aquifer or. fomiation shali ~e sealed 
durin!ftt-ie:~bandonmerit'6f. the well. '. . ',' " 

,-' 

, " , r 
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A dug well exceeding 24 inches in diameter shall be filleq and sealed'by placing fill materil:d (excluding 
clay or silt) in the well to a level approximately'Steet below the land surfac~, and placinga3'foofp)ug of 
sealing material above the fill. The remainder of the well shall be'back filled with soil f!1aterial. ' , , 

6.0 REFERENCES 

Maryland Department of the Environment (MDE Regulations); Title :26, Subtitle 04; Regulation of Water .. 
Supply, Sewage Disposal, and Solid Waste; Chapter 4 .. -WeIl9o~struction. ~ 

U.S. EPA, February 1990. Handbook of Suggested Practices for'the'Designandlnstallatiori,of/Gro~nd~' 
Water Monitoring Wells, " 

", 
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The purpose of tliis procedure is to describe the methods and equipment necessary to perform soil and 
rock borings and identify the equipment, sequence of events, and appropriate methods necess~ry to 
obtain soil, both surface and subsurface, and rock'samples during field sampling activities, 

2.0 SCOPE 

This guideline addresses most of the accepted and standard drilling techniques, their benefits, and 
drawbacks. It should be used generally to determine what type of drilling techniques would be most 

. successful depending on site-specific geologic conditions and the type of sampling required. 

The sampling methods described within this procedure are applicable to collecting surface and 
subsurface soil samples, and obtaining rock core samples for lithologic and hydrogeologic evaluation, 
excavation/foundation design, remedial alternative design and related civil engineering purposes. 

3.0 GLOSSARY 

Rock Coring - A method in which a continuous solid cylindrical sample of rock or compact rock-like soil is 
_ obtained by the use of a double tube core barrel that is equipped with an appropriate diamond-studded 

drill bit which is advanced with a hydraulic rotary drilling machine. 

Wire-Line Coring - As an alternative to conventional coring, this technique is valuable in deep hole drilling, 
since this method eliminates trips in and 'out of the hole with the coring equipment With this technique, 
the core barrel becomes an integral part of the drill rod string. The drill rod serves as both a coring device 
and casing. 

4.0 RESPONSIBILITIES 

Project Manager - In ~onsultation with the project geologist, the Project Manager is responsible for 
evaluating the drilling requirements for the site and specifying drilling techniques that will be successful 
given the study objectives and the known or' suspected geologic conditions at the site. The Project 
Manager also determines the disposal methods for products generated by drilling, such as drill cuttings 
and well development water, as well as any specialized supplies or logistical support required for· the 
drilling operations. ' . 

Field Operations Leader (FOL) - The FOL is responsible for the overall supervision and scheduling of 
drilling activities, and is strongly supported by the project geologist. 

Project Geologist - The project geologist is responsible for ensuring that standard and approved drilling 
procedures are followed. The geologist will generate a detailed boring log for each test hole. This log 
shall include a description of materials, samples, method of sampling, blow counts, and other pertinent 
drilling and testing information that may be obtained during drilling (see SOPs SA-6.3 and GH-1.5). Often 
this position for inspecting the drilling operations may be filled by other geotechnical personnel, such as 
soils and foundation engineers, civil engineers, etc. . 

Determination of the exact location for borings is the responsibility. of the site geologist. The final location 
for drilling must be properly documented on the boring log. The general area in which the borings are to 
be located will be shown on a site map included in the Work Plan and/or Sampling and AnalYSis Plan. 

019611/P , Tetra Tech NUS, Inc. 
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Drilling Subcontractor - Operates under the supervision of the FOL. Responsible for obtaining all drilling 
permits and clearances, and supplying all services (including labor), equipment and material required to 
perform the drilling, testing, and well installation program, as well as maintenance and quality control of 
such required equipment except as stated in signed and approved subcontracts. 

The driller must report any major technical or analytical problems encountered in the field to the FOL 
within 24 hours of determination, and must provide advance written notification of any changes in field 
procedures, describing and justifYing such changes. No such changes shall be made unless requested 
and authorized in writing by the FOL (with the concurrence of the Project Manager). ,.Depending on the 
subcontract, the Project Manager may need to obtain written authorization from appropriate administrative 
personnel before approving any changes. -

The drilling subcontractor is responsible for following decontamination procedures specified in the project 
plan documents. Upon completion of the work, the driller is responsible for demobilizing all equipment, 
cleaning up any materials deposited on site during drilling operations, and properly backfilling any open 
borings. I . 

5.0 PROCEDURES 

5.1 General 

The purpose of drilling boreholes is: 

• To determine the type" thickness, and certain physical and chemical properties of the soil, water and 
rock strata which underlie the site. 

• To 'install monitoring wells or piezometers. 

All drilling and sampling equipment will be cleaned between samples and borings using appropriate 
decontamination procedures as outlined in SOP SA-7.1. ' Unless otherwise speCified, it is generally 

, advisable to drill borings at "clean" locations first, and at the most contaminated locations last, to reduce 
the risk of spreading contamination between locations. All borings must be logged by the site geologist as 
they proceed (see SOPs SA-6.3 and GH-1.5). Situations where logging would not be required would 
include installation of multiple well points within a small area, or a "second attempf' boring adjacent to a 
boring that could not be continued through resistant material. In the latter case, the boring log can be 
resumed 5 feet above the depth at which the initial bOring was abandoned, although the site geologist 
should still confirm that the stratigraphy at the redrilled location conforms essentially with that encountered 
at the original location. If significant differences are seen, each hole should be logged separately. 

5.2 Drilling Methods 

The selected drilling methods described below apply to drilling in subsurface materials, including, but not 
limited to, sand, gravel, clay, silt. cobbles, boulders, ro~k and man-made fill. Drilling methods should be 
selected after studying the site geology and terrain, the waste conditions at the site, and reviewing the 
purpose of drilling and the overall subsurface investigation program proposed fur the site. The fun range 
of different drilling methods applicable to the proposed program should be identified with final selection 
based on relative cost, availability. time constraints, and how well each method meets the sampling and 
testing requirements of the individual drilling program. 

019611fP Tetra Tech NUS, Inc. 
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This method of drilling consists of rotating augers with a hollow stem into the ground. Cuttings are 
brought to the surface by the rotating action of the auger. This method is relatively quick and inexpensive. 
Advantages of this type of drilling include: 

• Samples can be obtained without pulling the augers out of the hole. However, this is a poor method 
for obtaining grab samples from thil1, discrete formations because of mixing of soils which occurs as 
the material is brought to the surface. Sampling of such formations requires the use of split-barrel or 
thin-wall tube samplers advanced through the hollow core of the auger. 

• No drilling fluids are required. 
• A well can be installed inside the auger stem and backfilled as the augers are withdrawn. 

Disadvantages and limitations of this method of drilling include: 

• Augering can only be done in unconsolidated materials. 

• The inside diameter of hollow stem augers used for well installation should be at least 4 inches 
greater than the well casing. Use of such large-diameter hollow~stem augers is more expensive than 
the use of small-diameter augers in boreholes not used for well installation. Furthermore, the density 
of unconsolidated materials and depths become more of a limiting factor. More friction is produced 
with the larger diameter auger and subsequently greater torque is ,needed to advance the boring. 

• The maximum effective depth for drilling is 150 feet or less, depending on site conditions and the size 
of augers used. . . 

• In augering through clean sand formatIons below the water table, the sand will tend to flow into the 
hollow stem when the plug is removed for soil sampling or well installation. . If the condition of 
"running" or '!fJowing" sands is persistent at a site, an alternative method of drilling is recommended, 
in particular for wells or boreholes deeper than 25 feet. 

Hollow-stem auger drilling is the preferre9 method of drilling. Most alternative methods require the 
introduction of water or mud downhole (air rotary is the exception) to maintain the open borehole. With 
these other methods, great care must be taken to ensure that the method does not interfere with the 
collection of a representative sample (which may be the prime objective of the borehole construction). 
With this in mind, the preferred order of choice of drilling method after hollow-stem augering (MSA) is: 

, 
" 

- Cable tool . 
- Casing drive (air) J " 

- Air rotary 
- Mud rotary 

\ 

- Rotosonic , 
- Drive and wash 
- Jetting '. 

" 

However, the use of any method will also depend on efficiency and cost-effectiveness. In many cases, 
mud rotary is the only feasible alternative to holloVt.'-stem augering. Thus, mud rotary drilling is generally 
acceptable as a first substitute for HSA 

The procedures for sampling soils through holes drilled by hollow-stem auger shall conform with the 
applicable'ASTMStandards: 01587-83 and D15~6-84. The guidelines established in SOP SA-1.3 shall 

019611/P Tetra Tech NUS, Inc. 
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also be followed. The hollow-stem auger may be advanced by any power-operated drilling machine 
having sufficient torque and ram range to rotate and force the auger to the desired depth. The machine 
must, however, be equipped with the accessory equipment needed to perform required sampling, or rock 
coring. 

The hollow-stem auger may be used without the plug when boring for geotechnical examination or for well 
installation. However, when drilling below the water table, specially designed plugs which allow passage 

. of formation water but not solid material shall be used (see Reference 1 of this guideline). This drilling 
configuration method also prevents blow back and plugging of the auger when the plug is removed for 
sampling. 

Alternately, it may be necessary to keep the hollow stem full of water, at least to the level of the water 
table, to prevent blowback and plugging of the auger. If water is added to the hole, it must be sampled 
and analyzed to determine if it is free from contaminants prior to use. In addition,the amount of water 
introduced, the amount recovered upon attainment of depth, and the amount of water extracted during 
well development must be carefully logged in order to ensure that a representative sample of the 
formation water can be obtained. Well development should occur as soon after well completion as 
practicable (see SOP GH-2.8 for well development procedures). If gravelly or hard material is 
encountered which prevents advan~ing the auger to the desired depth, augering should be halted and 
either driven casing or hydraulic rotary methods should be attempted. If the' depth to the bedrock/soil 
interface and bedrock lithology must be determined, then a 5-foot confirmatory core run should be 
conducted (see Section 5.2.9). 

At the option of the Field Operations Leader (in communication with the Project Manager), when resistant 
materials prevent the advancement of the auger, a new boring can be attempted. The original boring 
must,be properly backfilled and the new boring s~rted a short distance away at a location determined by 
the site geologist. If multiple water bearing strata were encountered, the original boring must be grouted. 
In some formations, it may be prudent to also grout borings which penetrate only the water table aquifer, 
since loose soil backfill in the boring may still provide a preferred pathway for surface liquids to reach the 
water table. Backfilling requirements may also be driven by state or local regulations. 

5.2.2 Continuous-Flight Solid-Stem Auger Drilling 

This drilling method is similar to hollow-stem augering. Practical application of this method is severely 
restricted compared to use of hollow-stem augers. Split-barrel (split-spoon) sampling cannot be 
performed without pulling the augerS out, which may allow the hole ,to collapse. The continuous-flight 
solid-stem auger drilling method is therefore very time consuming and is not cost effective. Also, augers 
would have to be withdrawn before installing a monitoring well, which again, may allow the hole to 
collapse. Furthermore, geologic logging by examining the soils brought to the surface is unreliable, and 
depth to water may be difficult to determine while drilling. 

There would be very few situations where use of a solid-stem auger would be preferable to other drilling 
methods. The only practical applications of this method would be to drill boreholes for well installation 
where no lithologic information is desired and the soils are such that the borehole can be expected to 
remain open after the augers are withdrawn. Altematively, this technique can be used to find depth to 
bedrock in an area when no other information is required from drilling. 

5.2.3 Rotary Drilling ( 

Direct rotary drilling includes air-rotary and fluid-rotary drilling. For air or fluid-rotary drilling, the rotary drill • 
may be advanced to the desired depth by any power-operated drilling machine having sufficient torque 
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and ram range to rotate and force the bit to the desired depth. The drilling machin'e must, however, be 
equipped with any accessory equipment needed to iperform. required sampling, or coring. Prior to 
sampling, any settled drill cuttings in the borehole must be removed. 

Air-rotary drilling is a method of drilling where the drill rig simultaneously tums and exerts a downward 
pressure on the' drilling rods and bit while circulating compressed air down the inside of the drill rods, 
around the bit, and out the annulus of the borehole. Air circulation serves to both cool the bit and remove 
the cuttings from the borehole. Advantages of this method include: 

• The drilling rate is high (even in rock). 
• The cost per foot of drilling is relatively low. 
• Air-rotary rigs are common in most areas. 
• No drilling fluid is required (except when water is injected to keep down dust). 
• The borehole diameter is large, to allow room for proper well installation procedures. 

Disadvantages to using this method include: 

• Formations must be logged from the cuttings that are blown to the surface and thus the depths of 
materials logged are approximate. 

• Air blown into the formation during drilling may "bind" ·the formation and impede well development and 
natural groundwater flow. . , 

• In-situ samples cannot be taken, unless the hole is cased. 

• Casing must generally be U!~ed in unconsolidated materials. 

• Air-rotary drill rigs are large and heavy. 

• Large amounts of Investigation Derived Waste (IDW) may be generated which may require 
containerization, sampling, and off-site disposal. 

A variation of the typical air-rotary drill bit is a down hole hammer which hammers the drill bit down as it' 
drills. This makes drilling in hard rock faster. Air-rotary drills can also be adapted to use for rock coring 
although they are generally slower than other types of core drills. A major application of the air-rotary 
drilling method would be to drill holes in rock for well installation. 

Fluid-Rotary drilling operates in a similar manner to air-rotary drilling except that a drilling fluid ("mud") or 
clean water is used in place of air to cool the drill bit and remove cuttings. There are a variety' of fluids 
that can be used with this drilling method, including bentonite slurry and synthetic slurries. If a drilling fluid 
other than water/cuttings is used, it must be a natural Clay (Le., bentonite) and a "background" sample of 
the fluid should be take.n for ana~ysis of possible organic or inorganic contaminants. 

Advantages to the fluid-rotary drilling method include: 

• The ability to drill in many types of formations. ' 

• Relatively quick and inexpensive. 

• Split-barrel (split-spoon) or thin-wall (Shelby) tube samples can be obtained without removing drill 
rods if the appropriate size drill rods and bits (Le., fish-tail or drag bit) are used. 
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• In some borings temporary casing may not be needed as the drilling fluids may keep the borehole 
open. 

• Dri" rigs are readily available in most areas. 

Disadvantages to this method include: 

• Formation logging is not as accurate as with hollow-stem auger method if split-barrel (split-spoon) 
samples are not taken (i.e., the depths of materials logged from cuttings delivered to the surface are 
approximate). 

• Drilling fluids reduce permeability of the.formation adjacent to the boring to some degree, and ~equire 
more extensive well development than "dry" techniques (augering, air-rotary). 

• No information on depth to water is obtainable while drilling. 

• Fluids are needed for drilling, and there is some question about the effects of the drilling fluids on 
subsequent water samples obtained. For this reason as well, extensive well development may be 
required. 

• In very porous materials (i.e., rubble fill, boulders, coarse gravel) drilling fluids may be continuously 
lost into the formation. This requires either constant replenishment of the drilling fluid, or the use,of 
casing through this formation. 

• Drill rigs are large and heavy, and must be supported with supplied water. 

• Grounqwater samples can be potentially diluted with drilling fluid. 

The procedures for performing direct rotary soil investigations and sampling shall conform with the 
applicable ASTM standards: 02113-83. 01587-83. and 01586-84. 

Soil.samples shall be taken as specified by project plan documents, or more freqI,Jently, if requested by 
the project geologist. Any required sampling shall be performed by rotation, pressing, or driving in 
accordance with the standard or approved method governing use of the particular sampling tool. 

When field conditions prevent the advancement of the hole to the desired depth, a new boring may be 
drilled at the request of the Field Operations Leader. The original boring shall be backfilled using methods 
and materials appropriate for the given site and a new baring started a short distance away at a location 
determined by the project geologist. 

5.2.4 Rotosonic Drilling 

The Rotosonic drilling method employs a high frequency vibrational and 'low speed rotational motion 
coupled with down pressure to advance the cutting edge of a drill string. This produces a uniform 
borehole while providing a continuous, undisturbed core sample of both unconsolidated and most bedrock 
formations. Rotosonic drilling advances a 4-inch diameter to 12-inch diameter core barrel for sampling 
and can advance up to a 12-inch diameter outer casing for the construction of standard and telescoped 
monitoring wells. Durmg drilling. the core barrel is advanced ahead of the outer barrel in increments as 
determined by the site geologist and depending upon type of material, degree of subsurface 
contamination and sampling objectives. 
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The outer casing can be advanced at the same time as the inner drill string and core barrel, or advanced 
down over the inner drill rods and core barrel, or after the core barrel has moved ahead to collect the 
undisturbed sample and has been pulled out of the borehole. The outer casing can be advanced dry in 
most cases, or can be advanced with water or air depending upon the formations being drilled, the depth 
and diameter of the hole, or requirements of the project. 

Advantages of this method include: 

• Sampling and well installation are faster as compared to other drilling methods. 

• Continuous sampling, with larger sample volume as compared to split-spoon sampling. 

• The ability to drill through difficult formations such as cobbles or boulders, hard till and bedrock. 

• Reduction of lOW by an average of 70 to 80 percent. 
( 

• Well installations are quick and controlled by elimination of potential bridging of annular materials 
during well installation, due to the ability to vibrate the outer casing during removal. 

Disadvantages include: 

• The cost for Rotosonic drilling as compared to other methods are generally higher. However, the net 
result can be a significant savings considering reduced lOW and shortened project duration. 

• Rotosonic drill rigs are large' and need ample room to drill, however, Rotosonic units can be placed, on 
the ground or placed on an A TV. 

.• There are a limited number of Rotosonic drilling contractors at the present time. 

5.2.5 Reverse Circulation Rotary Drilling 

The common reverse--circulation rig is a water or mud-rotary rig with a large-diameter drill pipe which 
circulates the drilling water down the annulus and up the inside of the drill pipe (reverse flow direction 
from direct mud-rotary). This type of rig is used for the ·construction of large-capacity production water 
wells and is not suited for small, water quality sampling wells because of the use of drilling muds and the 
large-diameter hole which is created. A few special reverse-circulation rotary rigs are made with double
wall drill pipe. The dril!ing water or air is circulated down the annulus between the drill pipes and up inside 
the inner pipe. 

Advantages of the latter method include: 

• The formation water is not contaminated by the drilling water. 

• Formation samples can be obtained, from known depths. 

• When drilling with air, immediate information is av~ilabie regarding the water-bearing properties of 
formations penetrated . 

• Collapsing of the hole in unconsolidated formations is not as great a problem as when drilling with the 
normal air-rotary rig. 
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• Placing cement grout around the outside of the well casing above a well screen often is difficult, 
especially when the screen and casing are placed down through the inner drill pipe before the drill 
pipe is pulled out. 

5.2.6 Drill-through Casing Driver 

The driven-casing method consists of alternately driving casing (fitted with a sharp, hardened casing 
shoe) into the ground using a hammer lifted and dropped by the drill rig (or an air-hammer) and cleaning 
out the casing using a rotary chopping bit and air or water to flush out the materials. The casing is driven 
down in stages (usually 5 feet per stage); a continuous record is kept of the blows per foot in driving the 
casing (see SOP GH-1.5). The casing is normally advanced by a 300-pound hammer falling freely 
through a height of 30 inches. Simultaneous washing and driving of the casing is not recommended. If 
this procedure is used, the elevations within which wash water is used and in which the casing is driven 
must be clearly recorded. 

The driven casing method is used in unconsolidated formations only. When the boring is to be used for 
later weJl installation, the driven casing used should be at least 4 inches larger in diameter than the welJ 
casing to be installed. Advantages to this method of drilling include: 

• Split-barrel (split-spoon) sampling can be conducted while drilling. 

• Well installation is easily accomplished. 

• Drill rigs used are relatively small and mobile. 

• The use of casing minimizes flow into the hole from upper water-bearing layers; therefore, multiple 
aquifers can be penetrated and sampled for rough field determinations of some water quality 
parameters. 

Some of the disadvantages include: 

• This method can only be used in unconsolidated formations. 

• The method is slower than other methods (average drilling progress is 30 to 50 feet per day). 

• Maximum depth of the borehole varies with the size of the drill rig and casing diameter used, and the 
nature of the formations drilled. 

• The cost per hour or per foot of drilling may be substantially higher than other drilling methods. 

• It is difficult and time consuming to pull back the caSing if it has been driven very deep (deeper than 
50 feet in many formations). , 

5.2.7 Cable Tool Drilling 

A cable tool rig uses a heavy, solid-steel, chisel-type drill bit ("tool") suspended on a steel cable, which 
when raised and dropped, chisels or pounds a hole through the soils and rock. Drilling progress may be 
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expedited by the use of "slip-jars" which serve as a cable-activated down hole percussion device to 
hammer the bit ahead. 

When drilling through the unsaturated zone, some water must be added to the hole. The cuttings are 
suspended in the water and then bailed out periodically. Below the water table, after sufficient ground 
water enters the borehole to replace the water removed by bailing, no further water needs to be added. 

\ When soft caving .formations are encountered, it is· usually necessary to drive casing as the hole is 
advanced to prevent collapse of the hole. Often the drilling can be only a few feet below the bottom of the 
casing. Because the drill bit is lowered through the casing, the hole created by the bit is smaller than the 
casing. Therefore, the casing (with a sharp, hardened casing shoe on the bottom) must be driven into the 
hole (see Section 5.2.5 of this guideline). 

Advantages of the cable-tool method include the following: 

• Information regarding water-bearing zones is readily available during the drilling. Even relative 
permeabilities and rough water quality data from different zones penetrated can be obtained by skilled 
operators. 

• The cable-tool rig can operate satisfactorily in all formations, but is best suited for caving, boulder, 
cobble or coarse gravel type formations (e.g., glacial till) or formations with large cavities above the 
water table (such as limestones). 

• When casing is used, the casing seals formation water out. of the hole, preventing down hole 
contamination and allowing sampling of deeper aquifers for field-measurable water quality 
parameters. 

• Split-barrel (split-spoon) or thin-wall (Shelby) tube samples can be collected through the casing. 

Disadvantages include: 

• Drilling is slow compared with rotary rigs. 

• The necessity of driving the casing in unconsolidated formations requires that the casing be pulled 
back if exposure of selected water-bearing zones is desired. This process complicCites the well 
completion process and often increases costs. There is also a chance that the casing may become 
stuck in the hole. 

• The relatively large diameters required (minimum of 4-inch casing) plus the cost of steel casing result 
in higher costs compared to rotary drilling methods where casing is not required (e.g., such use of a 
hollow-stem auger). • 

• Cable-tool rigs have largely been replaced by rotary rigs. In some parts of the U.S., availability may 
be difficult. 

5.2.8 Jet Drilling (Washing) 

Jet drilling, which should be used only for piezometer or vadose zone sampler installation, consists of 
pumping water or drilling mud down through a small diameter (1/2- to 2-inch) standard pipe (steel or 
PVC). The pipe may be fitted with a chisel bit or a special jetting screen. Formation materials dislodged 
by the bit and jetting action' of the water are brought to the surface through the annulus around the pipe. 
As the pipe is jetted deeper, additional lengths of pipe may be added at the surface. 
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Jet percussion is a variation of the jetting method, in which the casing is driven with a drive weight 
Normally, this method .is used to place 2-inch-diameter casing in shallow, unconsolidated sand 
formations, but this method has also been used to install 3- to 4-inch-diameter casings to a depth of 
200 feet. 

Jetting is acceptable in very soft formations, usually for shallow sampling, and when introduction of drilling 
water to the formation is acceptable. Such conditions would occur during rough stratigraphic investigation 
or installation of piezometers for water level measurement Advantages of this method include: 

• Jetting is fast and ine:xpensive. 

• Because of the small amount of equipment required, jetting can be accomplished in locations where 
access by a normal drilling rig would be very difficult. For example, it would be possible to jet down a 
well point in the center of a lagoon at a fraction of the cost of using a drill rig. 

• Jetting numerous well points just into a shallow water table is an inexpensive method for determining' 
the water table contours, hence flow direction. 

Disadvantages inClude the following: 

• A large amount of foreign water or drilling mud is introduced above and into the formation to be 
sampled. 

• Jetting is usually done in very soft formations which are subject to caving. Because of this caving, it 
is often not possible to place a grout seal above the screen to assure that water in the well is only 

r. from the screened interval. 

• The diameter of the casing is usually limited to 2 inches. 

• Jetting is only possible in very soft formations that do not contain boulders or coarse gravel, and the 
depth limitation is shallow (about 30 feet without jet percussion eqUipment). 

• Large quantities of water are often needed. 

5.2.9 Drilling with a Hand Auger 

This method is applicable wherever the formation, total depth of sampling, and the site and groundwater 
conditions are such as to allow hand auger drilling. Hand augering can also be considered at locations 
where drill rig access is not possible. All hand auger borings will be performed according to 
ASTM 01452-80. 

Samples should be taken continuously unless otherwise specified by the project plan documents. Any 
required sampling is performed by rotation, preSSing, or driving in accordance with the standard or 
approved method goveming use of the particular sampling tool. Typical equipment used for sampling and 
advancing shallow "hand auger" holes are Iwan samplers (which are rotated) or post hole diggers (which 
are operated like tongs). These techniques are slow but effective where larger pieces of equipment do 
not have access, and where very shallow holes are desired (less. than 15 feet). Surficial soils must be 
composed of relatively soft and non-cemented formations to allow penetration by the auger. 
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When soil borings cannot be continued using augers or rotary methods due to the hardness of the sailor 
when rock or large boulders are encountered, drilling and sampling can be performed using a diamond bit 
corer in accordance with ASTM 02113. 

Drilling is done by rotating and applying downward pressure to the drill rods and drill bit. The drill bit is a 
circular, hollow, diamond-studded bit attached to the outer core barrel in a double-tube core barrel. The 
use of single-tube core barrels is not recommended, as the rotation of the barrel erodes the sample and 
Iimifs its use for detailed geological evaluation. Water or air is circulated down through the drill rods and 
annular space between the core barrel tubes to cool the bit and remove the cuttings. The bit cuts a core 
out of the rock which rises into an inner barrel mounted inside the outer barrel. The inner core barrel and 
rock ·core are removed by lowering a wire line with a coupling into the drill rods, latching onto the inner 
barrel and withdrawing the inner barrel. A less efficient variation of this method utilizes a core barrel that 
cannot be removed without pulling all of the drill rods. This variation is practical only if less than 50 feet of 
core is required. 

Core borings are made th~ough the casing used for the soil borings. The casing must be driven and 
sealed into the rock formation to prevent seepage from the overburden into the hole to be cored (see 
Section 5.3 of this guideline).· A double-tube core barrel with a diamond bit and reaming shell or 
equivalent should be used to recover rock cores of a size specified in the project plans. The most 
common core barrel diameters are listed in Attachment A. 

Soft or decomposed rock should be sampled with a driven split-barrel whenever possible or cored with a 
Denison or Pitcher sampler. 

When coring rock, including shale and claystone, the speed of the drill and the drilling pressure, amount 
and pressure of water, and length of run can be varied to give the maximum recovery from the rock being 
drilled. Should any rock formation be so soft or broken that the pieces continually fall into the hole 
ca·using unsatisfactory coring, the hole should be reamed and a flush-joint casing installed to a point 
below the broken formation. The size of the flush-joint casing must permit securing the core size 
specified. When soft or broken rock is anticipated, the length of core runs should be reduced to less than 
5 feet to avoid core loss and minimize core disturbance. 

Advantages of core drilling include: 

• Undisturbed rock cores can be recovered for examination and/or testing. 
•. In formations in which the cored hole will remain open without casing, water from the rock fractures 

may be recovered from the well without the installation of a well screen and gravel pack. 

• Formation logging is extremely accurate. 
• Drill rigs are relatively small and mobile. 

Disadvantages include: 

• 
• 
• 
• 
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Water or air is needed for drilling. 
Coring is slower than rotary drilling (and more expensive). 
Depth to water cannot accurately be determined if water is used for drilling. 
The size of the borehole is limited. 
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This drilling method is useful if accurate determinations of rock lithology are desired or if open wells are to 
be installed into bedrock. To install larger diameter wells in coreholes, the hole must be reamed out to the 
proper size after boring, using air or mud rotary drilling methods. 

5.2.11 Drilling & Support Vehicles 

In addition to the drilling method required to accomplish the objectives of the field program, the type of 
vehicle canying the drill rig and/or support equipment and its suitability for the site terrain, will often be an 
additional deciding factor in planning the drilling program. The types of vehicles available are extensive, 
and depend upon the particular drilling subcontractor's fleet. Most large drilling subcontractors will have a 
wide variety of vehicle and drill types suited for most drilling assignments in their particular region, while 
smaller drilling subcontractors will usually have a fleet of much more limited diversity. The weight, size, 
and means of locomotion (tires, tracks, etc.) of the drill rig must be selected to be compatible with the site 
terrain to assure adequate mobility between borehole locations. Such considerations also apply to 
necessary suppolit vehicles used to transport water and/or drilling materials to the drill rigs at the borehole 
locations. When the drill rigs or support vehicles do not have adequate mobility to easily traverse the site, 
provisions must be made for assisting equipment, such as bulldozers, winches, timber planking, etc., to 
maintain adequate progress during the drilling program. 

Some of the typical vehicles which are usually available for drill rigs and support equipment are: 

( 

• Totally portable drilling/sampling equipment, where all necessary components (tripods, samplers, 
hammers, catheads, etc.) may be hand carried to the borehole site. Drilling/sampling methods used 
with such equipment include: 

- Hand augers and lightweight motorized augers. 
- Retractable plug samplers-driven by hand (hammer). 
- Motorized cathead - a lightweight aluminum tripod with a small gas-engine cathead mounted on 

one leg, used to install small-diameter cased borings. This rig is sometimes called a "monkey on 
a stick." 

• Skid-mounted drilling equipment containing a rotary drill or engine-driven cathead (to lift hammers and 
drill string), a pump, and a dismounted tripod. The skid is pushed, dr:agged, or winched (using the 
cathead drum) between boring locations. 

• Small truck-mounted drilling equipment using a Jeep, stake body or other light truck (4 to 6 wheels), 
upon which are mounted the drill and/or a cathead, a pump, and a tripod or small drilling derrick. On 
some rigs, the drill and/or a cathead are driven by a powertake-off from the truck, instead of by a 
separate engine. 

• Track-mounted. drilling equipment is similar to truck-mounted rigs, except that the vehicle used has 
wide bulldozer tracks for traversing soft ground. Sometimes a continuous-track "all terrain vehicle" is 
also modified for this purpose. Some types of tracked drill rigs are called "bombardier" or "weasel" 
rigs. 

• Heavy truck-mounted drilling equipment is mounted on tandem or dual tandem trucks to transport the 
drill, derrick, winches, and pumps or compressors. The drill may be provided with a separate engine 
or may use a power take-off from the truck engine. Large augers, hydraulic rotary and reverse 
circulation rotary drilling equipment are usually mounted on such heavy duty trucks. For soft-ground 
sites, the drilling eqUipment is sometimes mounted on ,vehicles having low pressure, very wide 
diameter tires and capable of floating; these vehicles are called "swamp buggy" rigs. 
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• Marine drilling equipment is mounted on various floating equipment for drilling borings in lakes, 
estuaries and other bodies of water. The floating equipment varies, and is often manufactured or 
customized by the drilling subcontractor to suit specific drilling requirements. Typically, the range of 
flotation vehicles include: 

- Barrel-float rigs - a drill rig mounted on a timber platform buoyed by empty 55-gallon drums or 
similar flotation units. 

- Barge-mounted drill rigs. 

- Jack-up platforms - drilling equipment mounted on a floating platform having retractable legs to 
support the unit on the sea or lake bed when the platform is jacked up out of the water. 

- Drill ships - for deep ocean drilling. 

In addition to the mobility for the drilling equipment, similar consideration must be given for equipment to 
support the drilling operations. Such vehicles or floating equipment are needed to transport drill water, 
drilling supplies and equipment, samples, drilling personnel, etc. to and/or from various boring locations. 

5.2.12 Equipment Sizes 

'\ 

In planning subsurface exploration programs, care must be takf:m in specifying the various drilling 
components, so that they will fit properly in the boring or well. 

For drilling open boreholes using rotary drilling equipment, tri-cone drill bits are employed with air, water 
or drilling mud to remove cuttings and cool the bit. Tri-cone ,bits are slightly smaller than the holes they 
drill (i.e., 5-7/8-inch or 7-7/8-inch bits will nominally drill6-inch and 8-inch holes, respectively). 

For obtaining split-barrel samples of a formation, samplers are commonly manufactured in sizes ranging 
from 2 inches to 3-1/2 inches in outside diameter. However, the most commonly used size is the 
2-inch 0.0., 1-3/8-inch 1.0. split-barrel sampler. When this sampler is used and driven by a 140-pound 
(± 2-pound) hammer dropping 30 inches (± 1 inch), the procedure is called a Standard Penetration Test, 
and the blows per foot required to advance the sampler into the formation can be correlated to the 
formation's density or strength. 

In planning the diilling of boreholes using hollow-stem augers or casing, in which thin-wall tube samples 
or diamond core drilling will be performed, refer to the various sizes and clearances provided in 
Attachment A of this guideline .. Sizes selected must be stated in the project plan documents. 

5.2.13 Estimated Drilling Progress 

To estimate the anticipated rates of drilling progress for a site, the following must be considered: 

• The speed of the drilling method employed. 

• Applicable site conditions (e.g., terrain, mobility between borings, difficult drilling conditions in 
bouldery soils, ruqble fill or broken rock, etc.). 

• Project-imposed restrictions (e.g., drilling while wearing personal protective equipment, 
decontamination of drilling equipment, etc.). 
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Based on recent experience in drilling average soil conditions (no boulders) and taking samples at 5-
foot interVals, for moderate depth (30 feet to 50 feet) boreholes (not including installation or' development 
of wells), the following daily rates of total drilling progress may be anticipated for the following drilling 
methods: 

Drilling Method Average Daily Progress 
(linear feet) 

Hollow-stem augers 75' 

Solid-stem augers 50' 

Mud-Rotary Drilling 100' (cuttings samples) 

Rotosonic Drilling 100'-160' (continuous core) 

Reverse-Circulation Rotary 100' (cuttings samples) 

Skid-Rig with driven casing 30' 

Rotary with driven casing 50' 

Cable Tool 30' 

Hand Auger Varies 

Continuous Rock Coring 50' 

5.3 Prevention of Cross-Contamination 

A telescoping or multiple casing technique minimizes the potential for the migration of contaminated 
groundwater to lower strata below a confining layer. The telescoping technique consists of drilling to a 
confining layer utilizing a spun casing method with a diamond cutting or augering shoe (a method similar 
to the rock coring method described in Section 5.2.10, except that larger caSing is used) or by using a 
driven-casing method (see Section 5.2.6 of this guideline) and installing a specified diameter steel well 
casing. The operation consists of three separate steps. Initially, a drilling casing (usually of 8-inch 
diameter) is installed followed by installation of the well casing (6-inch-diameter is common for 2-inch 
wells). This well casing is driven into the confining layer to ensure a tight seal at the bottom of the hole. 
The well casing is sealed at the bottom with a bentonite-cement slurry. The remaining depth of the borin9 
is drilled utilizing a narrower diameter spun or driven casing technique within the outer well casing. A 
smaller diameter well casing with an appropriate length of slotted screen on the lower end, is installed to 
the surface. 

Clean sand is placed in the annulus around and to a point of about 2 feet above the screen prior to 
withdrawal of the drilling casing. The annular space above the screen and to a point 2 feet above the 
bottom of the outer well casing is sealed with a tremied cement-bentonite slurry which, is pressure-grouted 
or displacement-grouted into the hole. The remaining casing annulus is backfilled with clean material and 
grouted at the surface, or it is grouted all the way to the surface, 

5.4 Cleanout of Casing Prior to Sampling 

The boring hole must be completely cleaned of disturbed soil, segregated coarse material and clay 
adhering to the inside walls of the casing, The cleaning must extend to the bottom edge of the casing 
and, if possible, a short distance further (1 or 2 inches) to bypass disturbed soil resulting from the 
advancement of the casing, Loss of wash water during cleaning should be recorded. 

: 
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For disturbed samples both above and below the water table and where introduction of relatively large 
volumes of wash water is permissible, the cleaning operation is usually performed by washing the 
material out of the casing with water; however, the cleaning should never be accomplished with a strong, 
downward-directed jet which will disturb the underlying soil. When clean out has reached the bottom of 
the casing or slightly below (as specified above), the string of tools should be lifted one foot off the bottom 
with the water still flowing, until the wash water coming out of the caSing is clear of granular soil particles_ 
In formations where the cuttings contain gravel and other larger particles, it is often useful to repeatedly 
raise and lower the drill rods and wash bit while washing out the hole, to surge these large particles 
upward out of the hole. As a time saver, the drilling contractor may be permitted to use a split-barrel 
(split-spoon) sampler with the ball check valve removed as the clean-out tool, provided the material below 
the spoon is not disturbed and the shoe of the spoon is not damaged. However, because the ball check 
valve has been removed, in some formations it may be necessary to install a flap valve or spring sample 
retainer in the split-spoon bit, to prevent the sample from falling out as the sampler is withdrawn from the 
hole. The use of jet-type chopping bits is discouraged except where large boulders and cobbles or hard
cemented soils are encountered. If water markedly softens the soils above the water table, clean out 
should be performed dry with an auger. 

For undisturbed samples below the water table, or where wash water must be minimized, clean out is 
usually accomplished with an appropriate diameter clean out auger. This auger has cutting blades at the 
bottom to carry loose material up into the auger,' and up-turned water jets just above the cutting blades to 
carry the removed soil to the surface. In this manner, there is a minimum of disturbance at the top of the 
material to be sampled. If any gravel material washes down into the casing and cannot be removed by 
the clean out auger, a split-barrel sample can be taken to remqve it; bailers and sandpumps should not be 
used. For undisturbed samples above the groundwater table, all operations must be performed in a dry 
manner. 

If all of the cuttings created by drilling through the overlying formations are not cleaned from the borehole 
prior to sampling, some of the problems which may be encountered during sampling include: ' 

• When sampling is attempted through the cuttings remaining in the borehole, all or part of the sampler 
may become filled with the cuttings. This limits the amount of sample from the underlying formation 
which can enter and be retained in the sampler, and also raises questions as to the validity of the 
sample. 

• If the cuttings remaining in the borehole contain coarse gravel and/or other large particles, these may 
block the bit of the sampler and prevent any' materials from the underlying formation from entering the 
sampler when the sampler is advanced. 

• In cased borings, should sampling be attempted through cuttings which remain' in the lower portion of 
the casing, these cuttings could cause the sampler to become bound into the casing, such that it 
becomes very difficult to either advance or retract the sampler. 

• When sampler blow counts are used to estimate the density or strength of the formation being 
sampled, the presence of cuttings in the borehole will usually give erroneously high sample blow 
counts. 

To confirm that all cuttings have been removed from the borehole prior to attempting sampling, it is 
important that the site geologist measure the "stickup" of the drill string. This is accomplished by 
measuring the assembled length of all drill rods_and bits or samplers (the drill string) as they are lowered 
to the bottom of the hole, below some convenient referenc;e point of the drill string, then measuring the 
height of this reference point above' the ground surface. The difference of these measurements is the 
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depth of the drill string (lower end of the bit or sampler) below the ground surface, which must then be 
compared with the depth of sampling required (installed depth of casing or depth of borehole drilled). If 
the length of drill string below grade is more than the drilled or casing depth, the borehole has been 
cleaned too deeply, and this deeper depth of sampling must be recorded on the log. If the length of drill 
string below grade is less than ·the drilled or casing depth, the difference represents the thickness of 
cuttings which remain in the borehole. In most cases. an inch or two of cuttings may be left in the 
borehole with little or no problem. However. if more than a few inches of cuttings are encountered, the 
borehole must be recleaned prior to attempting sampling. ' 

5.5 Materials of Construction 

The effects of monitoring well construction materials on specific chemical analytical parameters are 
described and/or referenced in SOP GH-2.8. However. there are several materials used during drilling, 
particularly drilling fluids and lubricants, which must be used with care to avoid compromising the 
representativeness' of soil and ground water samples. 

The use of synthetic or organic polymer slurries is not permitted at any location where soil samples for 
chemical analysis are to be collected. These slurry materials could be used for installation of long-term 
monitoring wells. but the early time data in time series collection of ground water data may then be 
suspect. If synthetic or organic polymer muds are proposed for use at a given site. a complete written 
justification including methods and procedures for their use must be provided by the site geologist and 
approved by the Project Manager. The specific slurry composition and the concentration of suspected 
contaminants for each site must be known. 

I 
For many drilling operations. potable water is an adequate lubricant for drill stem and drilling tool 
connections. However, the~e are instances, such as drilling in tight clayey formations or in loose gravels, 
when threaded couplings must be lubricated to avoid binding. In these instances. to be determined in the 
field by the judgment of the site geOlogist and noted in the site logbook, and only after approval by the 
Project Manager, a vegetable oil or silicone-based lubricant should·be used. Petroleum based greases, 
etc. will not be permitted. Samples of lubricants used must be provided and analyzed for chemical 
parameters appropriate to the given site. 

5.6 Subsurface Soil Samples 

Subsurface soil samples are used to characterize subsurface stratigraphy. This characterization can 
indicate the potential for migration of chemical contaminants in the subsurface. In addition, definition of 
the actual migration of contaminants can be obtained through chemical analysis of the soil samples. 
Where the remedial activities may include in-situ treatment or excavation and removal of the 
contaminated soil, the depth and areal extent of contamination must be known as accurately as possible. 

Engineering and physical properties of soil may also be of interest should site construction activities be 
planned. Soil types, grain size distribution. shear strength, compressibility, permeability, plasticity, unit 
weight. and moisture content ~:lre some of the physical characteristics that may be determined for soil 
samples. 

Penetration tests are also described in this procedure. The tests can be used to estimate various physical 
and engineering parameters such as relative density, unconfined compressive strength, and consolidation 
characteristics of soils. 

Surface protocols for various soil sampling techniques are discussed in SOP SA-1.3. Continuous-core 
soil sampling and rock coring are discussed below. The procedures described here are representative of 
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a larger number of possible drilling and sampling techniques. The choice of techniques is based on a 
large number of variables such as cost, local geology, etc. The final choice of methods must be made 
with the assistance of drilling subcontractors familiar with the local geologic conditions. Alternative 
techniques must be based upon the underlying principles of quality assurance impliCit in the following 
procedures. 

The CME continuous sample tube system provides a method of sampling soil continuously during hollow
stem augering. The 5-foot. sample barrel fits within the lead 'auger of a hollow-auger column. The 
sampling system can be used with a wide range of 1.0. hollow-stem augers (from 3-1/4-inch to 
8-1/4-inch 1.0.). This method has been used to sample many different materials such as glacial drift, hard 
clays and shales, mine tailings, etc. This method is particularly used when SPT samples are not required 
and a large volume of material is needed. Also, this. method is useful when a visual description of the 
subsurface lithology is required. Rotosonic drilling methods also provide a.continuous soil sample: 

5.7 Rock Sampling (Coring) (ASTM D2113-83) 

Rock coring enables a detailed assessment of borehole conditions to be made, showing precisely all 
lithologic changes and characteristics. Because coring IS an expensive drilling method, it is commonly 
used for shallow studies of 500 feet or less, or for specific intervals in the drill hole that require detailed 
logging and/or analyzing. Rock coring can, however, proceed for thousands of feel' continuously, 
depending on the size of the drill rig, and yields better quality data than air-rotary drilling, although at a 
substantially reduced drilling rate. Rate of drilling varies widely, depending on the characteristics of 
lithologies encountered, drilling methods, depth of drilling, and condition of drilling equipment. Average 
output in a 10-hour day ranges from 40 to over 200 feet. Down hole geophysical logging or television 
camera monitoring is sometimes used to complement the data generated by coring. .. 

Borehole diameter can be drilled to various sizes, depending on the information needed. Standard sizes 
of core barrels (showing core diameter) and casing are shown in Figure 1. 

Core drilling is used when formations are too hard to be sampled by soil sampling methods and a 
continuous solid sample is desired. Usually, soil samples are used for overburden, and coring begins in 
sound bedrock. Casing is set into bedrock before coring begins to prevent loose material from entering 
the borehole, to prevent loss of drilling fluid, and to prevent cross-contamination of aquifers. 

Drilling through bedrock is initiated by using a diamond-tipped core bit threaded to a drill rod (outer core 
barrel) . with a rate of drilling determined by the downward pressure, rotation speed of drill rods, drilling 
fluid pressure in the borehole, and the characteristics of the rock (mineralogy, cementation, weathering). 
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FIGURE 1 
,. 

STANDARD SIZES OF CORE BARRELS AND CASING 

Coring Bit Size Nominal· Set Size· 

0.0. 1.0. 0.0. 1.0. 

RWT 1 5/32 3/4 1.160 0.735 

EWT 1 1/2 29/32 1.470 0.905 

EX,EXL,EVVG,~ 1 1/2 13/16 1.470 0.845 

AWT 1 7/8 1 9/32 1.875 1.281 

AX,AXL,AVVG,A~ 1 7/8 1 3/16 1.875 1.185 

BWT 2 3/8 1 3/4 2.345 1.750 

BX,BXL,BVVG,BVVM 2 3/8 1 5/8 2.345 1.655 

NVVT 3 2 5/16 2.965 2.313 . 

NX,NXL,NVVG,NVVM 3 2 1/8 2.965 2.155 

HWT 3 29/32 3 3116 3.889 3.187 

HVVG 3 29/32 3 3.889 3.000 

2 3/4 x 3 7/8 3 7/8 2 3/4 3.840 2.690 

4 x 5 1/2 5 1/2 4 5.435 3.970 • 6 x 7 3/4 7 3/4 6 7.655 5.970 

AX VVire line _1_1 1 7/8 1 1.875 1.000 

BX VVire line _1_' 2 3/8 1 7/16 2.345 1.437 

NX VVire line _I 1 3 1 15/16 2.965 1.937 

I . All dimensions are in inches; to convert to millimeters, multiply by 25.4 . 

_. _1_1 Wire line dimensions ,and designations may vary according to manufacturer. 
, . -

; 

, 
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FIGURE 1 \ 
STANDARD SIZES OF CORE BARRELS AND CASING 

PAGElWO 

Size D~signations Casing Approximate Core . 
Coupling Diameter 

Casing; Rod; rod 0.0., J.D., Core- Nonnal, Thinwall, 
Casing couplings' Casing Inches Inches Casing barrel Drill rod Inches Inches 

coupling; . 0.0., bit 0.0., bit 0.0., 0.0., 

Casing Inches Inches Inches· Inches 

bits; Core 
.. 

barrel bitS 

RX RW 1.437 1.437 1.188 1.485 1.160 1.094 - 0.735 

EX E 1.812 1.812 1.500 1.875 ·1.470 1.313 0.845 0.905 <-

AX A 2.250 2.250 1.906 2.345 1.875 1.625 1.185 1.281 

BX B 2.875 . 2.875 2.375 2.965 2.345 1.906 1.655 1.750 

NX N 3.500 3.500 3.000 3.615 2.965 2.375 2.155 2.313 

HX HW 4.500 4.500 3.938 4.625 3.890 3.500 3.000 3.187 

RW RW 1.437 1.485 1.160. 1.094 - 0.735 

EW EW 1.812 1.875 1.470_ 1.375 0.845 0.905 

AW AW 2.250 2.345 1.875 1.750 1.185 1.281 

BW BW 2.875 C 0> 2.965 2.345 2.125 1.655 . 1.750' 
.S 

NW NW 3.500 '0 Ci. 3.615 2.965 2.625 2.155 2.313 '"") :l 

HW HW 4.500 .c 0 4.625 3.890 3.500 3.000 3.187 en 0 , 
:l 

PW - 5.500 u:: 0 5.650 - - - -z 
SW - 6.625 6.790 - - - -
UW - 7.625 7.800 - - - -
ZW - 8.625 8.810 - - - -
- AX-'_' - - - - 1.875 1.750 1.000 -
-- BX-'_' - - - - 2.345 2.250 1.437 -
- NX-'_\ - - - - 2.965 2.813 1.937 --

* All dimensions are in inches; to convert to millimeters, multiply by 25.4. 

-'_I Wire line dimensions and designations may vary according to manufacturer. 

NOMINAL DIMENSIONS FOR DRILL CASINGS AND ACCESSORIES. 
(DIAMOND CORE DRILL MANUFACTURERS ASSOCIATION). 288-

• 0-2889 
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A penetration of typically less than 6 inches per 50 blows using a 140-lb. hammer dropping 30 inches with 
a 2-inch split-barrel sampler shall be considered an indication that soil sampling methods may not be 
applicable and that coring may be necessary to obtain samples. 

When formations are encountered that are too hard to be sampled by soil sampling methods, the following 
diamond core drilling procedure may be used: 

• Firmly seat a casing into the bedrock or the hard material to prevent loose materials from entering the 
hole and to prevent the loss of'drilling fluid return. Level the surface of the rock or hard material when 
necessary by the use of a fishtail or other bits. If the drill hole can be retained open without the casing 
and if cross-contamination of aquifers in the unconsolidated materials is unlikely, leveling may be 
omitted. 

• Begin the core drilling using a double-tube swivel-core barrel of the desired size. After drilling no 
more than 10 feet (3 m), remove the core barrel from the hole and take out the core. If the core 
blocks the flow of the drilling fluid during drilling, remove the core barrel immediately. In soft 
materials, a large starting size may be specified for the coring tools; where local experience indicates 
satisfactory core recovery or where hard, sound materials are anticipated, a smaller size or the single
tube type may be speCified and longer runs may be drilled. NXINW size coring equipment is the most 
commonly used size. 

• When soft materials are encountered that produce less than 50 percent recovery, stop the core 
drilling. If soil samples are desired, secure such samples in accordance with the procedures 
described in ASTM Method D 1586 (Split-barrel·Sampling) or in Method D 1587 (Thin-Walled Tube 
Sampling); sample soils per SOP SA-1.3. Resume diamond core drilling when refusal materials are 
again encountered. 

• Since rock structures and the occurrence of seams, fissures, cavities, and broken areas are among 
the most important items to be detected and described, take special care to obtain and record these 
features. If such broken zones ~r cavities prevent further advance of the boring, one of the following 
three steps shall be taken: (1) cement the hole; (2) ream and case; or (3) case and advance with the 
next smaller size core barrel, as conditions warrant. . 

• In soft, seamy, or otherwise unsound rOCk, where core recovery may be difficult, M-clesign core 
barrels may be used. In hard, sound rock where a high percentage of core recovery is anticipated, 
the single-tube core barrel may be employed. 

5.7.2 Rock Sample Preparation and Documentation 

Once the rock coring has' been completed and the core recovered, the rock core shall be carefully 
removed from the barrel, placed in a core tray (previously labeled "top" and "bottom" to avoid confusion), 
classified, and measured for percentage of recovery as well as the rock quality designation (RQD). Each 
core shall be described, classified, and logged using a uniform system as presented in SOP GH-1.5. If 
moisture content will be determined or if it is desirable to prevent drying (e.g., to prevent shrinkage of clay 
formations) or oxidation of the core, the core shall be wrapped in plastic sleeves immediately after 
logging. Each plastic sleeve shall be labeled with indelible ink. The boring number, run number, and the 
footage represented in each sleeve shall be included, as well as designating the top and bottom of the 
core run. 
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After sampling, rock cores shall be placed in the sequence of recovery in well-constructed wooden boxes 
provided by the drilling contractor. Rock cores from two different borings shall not be placed in the same 
core box unless accepted by ,the Project Geologist. The core boxes shall be constructed to accommodate 
at least 20 linear feet of core in rows of approximately 5 feet each and shall be constructed with hinged 
tops secured with screws, and a latch (usually a hook and eye) to keep the top securely fastened down. 
Wood partitions shall be placed at the end of each core run and between rows. 

The depth from the surface of the boring· to the top and bottom of the drill run and run number shall be 
marked on the wooden partitions with indelible ink. A wooden partition (wooden block) shall be placed at 
the end of each run with the depth of the bottom of the run written on the block. These blocks will serve to 
separate successive core runs and indicate depth intervals for each run. The order of placing cores shall 
be the same in all core boxes. Rock core shall be placed in the box so that, when the box is open, with 
the inside of the lid facing the observer, the top of the cored interval contained within the box is in the 
upper left corner of the box, and the bottom of the cored interval is in the lower right corner of the box. 
The top and bottom of each core obtained and its true depth shall be clearly and permanently marked on 
each box. The width of each row must be compatible with the core diameter to prevent lateral movement 
of the core in the box. Similarly, an empty space in a row shall be filled with an appropriate filler material 
or spacers to prevent longitudinal movement of the core in the box. 

The inside and outside of the core-box lid shall be marked by indelible ink to show all pertinent data on the 
box's contents. At a minimum, the following information shall be i~cluded: . . . 

• Project name. 
• Project number. 
• Boring number. 
• Run numbers. 
• Footage (depths). 
• Recovery. 
• ROD (%). 
• Box number and total number of boxes for that boring (Example: Box 5 of 7). 

, 
For easy retrieval when core boxes are stacked, the sides and ends of the box shall also be labeled and 
include project number, boring number, top and bottom depths of core and box number. 

Prior to final closing of the core box, a photograph of the recovered core and the labeling on the inside 
cover shall be taken. If moisture content is not critical, the .core shall be wetted and wiped clean for the 
photograph. (This will help to show true colors and bedding features in the cores). 
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ATTACHMENT A 

DRILLING EQUIPMENT SIZES 

Drilling Component Designation or 0.0. 1.0. Coupling 1.0. 
Hole Size (Inches) (Inches) (Inches) (Inches) 

Hollow-stem augers (Ref. 7) 6 1/4 5 2 1/4 

6 3/4 5 3/4 2 3/4 -
7 1/4 6 1/4 3 1/4 -
13 1/4 12 . 6 -

Thin Wall Tube Samplers -- 2 1 7/8 --
(Ref. 7) 

- 2 112 2 3/8 -
- 3 2 7/8 -

- 3 112 3 3/8 -- -
-- 4 112 4 3/8 -
-- 5 4 3/4 -

Drill Rods (Ref. 7) RW 1 3/32 23/32 13/32 

EW 1 318 15/16 7116 

AW 1 3/4 1 1/4 5/8 

BW 2 1/8 '1 314 3/4 

NW 2 5/8 2 1/4 1 3/8 

HW \ 3 112 3 1/16 2 3/8 

E 1 5/16 7/8 7/16 

A 1 5/8 1 1/8 9/16 

B, 1 7/8 1 1/4 5/8 

N 2 3/8 2 1 

Wall Thickness 
(Inches) 

Driven Extemal Coupled Extra 2 112 2.875 2.323 0.276 
~trong Steel" Casing (Ref. 8) 

3 3.5 2.9 0.300 

3 112 4.0 3.364 0.318 

4 4.5 3.826 0.337 

5 5.63 4.813 0.375 

6 6.625 5.761 0.432 

8 8.625 7.625 0.500 

10 10.750 9.750 0.500 

12 12.750 11.750 0.500 

.. Add twice the casing wall thickne,ss to casing 0.0. to obtain the approximate 0.0. of the external 
pipe couplings. 
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ATTACHMENT A 
DRILUNG EQUIPMENT SIZES 
PAGElWO 

Drilling Component Designation or 0.0. 1.0. Coupling 1.0. 
Hole Size (Inches) (Inches) (Inches) 
(Inches) 

Flush Coupled Casing RX 1 7116 1 3/16 1 3/16 (Ref. 7) 

EX 1 13/16 1 518 1 112 
~ AX 2 1/4 2 1 29/32 (' 

BX 2 718 2 9/16 2 3/8 
NX 3 112 3 3116 3 

, HX 4 112 4 1/8 3 15/16 
Flush Joint Casing (Ref. 7) RW 1 7116 1 3/16 

EW 1 13116 , 1 1/2 
AW 2 1/4 1 29/32 
BW 2 718 2 3/8 
NW 3 1/2 3 
HW 4 1/2 4 
PW 5 1/2 5 
SW 6 5/8 6 
UW 7 5/8 7 
ZW 8 5/8 8 

Diamond Core Barrels EWM 1 112 7/8** 
(Ref. 7) 

AWM· 1 7/8 1 1/8-
BWM 2 3/8 1 5/8** 
NWM 3 2 1/8 
HWG 3 7/8 3 

2 3/4 x 3 7/8 3 7/8 2 11/16 
4 x 5 112 5 112 3 15116 
6 x 7 3/4 7 3/4 5 15/16 

AO (wireline) 1 57/64 1 1116-
BO (wireline) 2 23/64 1 7/16-
NQ (wireline) 2 63/64 1 718 
HQ (wireline) 3 25/32 2 112 

** Because of the fragile nature of the core and the difficulty to identify rock details, use of small- . 
diameter core (13/8") is not recommend~. 
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This guideline is intended to describe procedures for performing in-situ hydraulic conductivity testing (slug 
testing) in boreholes and monitoring wells, and provide a short description of commonly used evaluation 
techniques for the data generated: Slug tests are used to provide data regarding the hydraulic properties 
of the formation tested. A variation of the slug test, called a constant-head test, Js also briefly described. 

2.0 SCOPE 

I 

Slug tests are short-term tests designed to provide approximate hydraulic conductivity values for the 
portion of a formation immediately surrounding the screened/open interval of a well or boring. These tests 
are much less accurate than pumping tests, as a much more localized area is involved. Therefore, a 
number of slug tests are typically performed and averaged to determine a representative hydraulic 
conductivity value for the formation tested. Performance of slug tests may be preferable to pumping tests 
in situations where handling of large volumes of contaminated water is a concern or' when time/budget 
constraints preclude the more expensive and time-consuming setup and performance of a pumping test. 

Constant-head tests also are used to determine hydraulic conductivity values and are similar to slug tests 
with regard to the quality of data obtained and time/cost considerations. A disadvantage of constant-head 
tests is that a significant volume of water may be added to high-permeability formations, potentially 
affecting short-term water quality. , 

3.0 GLOSSARY 

Hydraulic Conductivity (K) - A quantitative measure of the ability of a porous material to transmit water, 
defined as the volume of water that will flow through a unit cross-sectional area of porous material per unit 
time under a head gradient of 1. Hydraulic conductivity is dependent upon properties of the medium and 
fluid. Common units of expression include centimeters per second (cm/sec), feet per day (Wday), and 
gallons per day per fooe (gpd/ff). 

Transmissivity (T) - A quantitative measure of the ability of an aquifer to transmit water. The product of 
the hydraulic conductivity times the saturated thickness. 

Slug Test - A rising head or falling head test used to measure hydraulic conductivity. A slug test consists 
of instantaneously changing the water level within a well and measuring the rate of recovery of the water 
level to equilibrium conditions. Slug tests are performed by either withdrawing a slug of water (rising head 
test) or adding a slug of water (falling head test), then measuring recovery over time. A solid slug of 
known volume can be used to displace a volume of water, thereby simulating the addition or removal of 
water. 

4.0 RESPONSIBILITIES 

Project Hydrogeologist - The project. hydrogeologist, in conjunction with the Project Manager, shall 
evaluate the' type(s) ~nd extent of hydraulic testing required for a given project during the planning 
process, and design the field program accordingly. The project hydrogeologist also shall ensure that field 
personnel have the necessary training and guidance to properly perform the tests, and shall oversee data 
reduction activities, including selecting the appropriate evaluation techniques and checking calculations 
for accuracy. 
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Field Geologist - The field geologist is responsible for performing the planned field tests as specifikd in the 
project planning documents, (or approved modifications thereto). The field ·geologist also ~enerally 
assists in the data evaluation process. The field geologist shall be knowledgeable in the testing 

. I 

methodologies used and is responsible for obtaining the necessary support equipment required to perform 
the field tests. All applicable data regarding testing procedures, equipment used, well construction, and 
geologic/hydrogeologic conditions shall' be recorded by the field geologist. The field geologist shall be 
familiar enough with testing procedures/requirements to be able to recommend changes in methodology, 
should unanticipated field conditions be·encountered. 

5.0 , PROCEDURES 

5.1 In-situ Hydraulic Conductivity Testing in Wells 

Slug tests are commonly performed 'in completed wells. Prior to testing, the well shall be thoroughly 
developed and allowed to stabilize, in order to obtain accurate results. Once the water level within the 
well has stabilized at its static level, it shall be quickly raised or lowered and the rate. of recovery 
measured. 

One of the basic assumptions of slug testing is that the initial change in water level is instantaneous; 
therefore, an effort shall be made to minimize the time involved in raising or lowering the water level 
initially. Various methods can be used to induce instantaneous (or nearly instantaneous) changes in 
water level within the well. A rise in water levels can be induced by pouring water into the well. A solid 
slug of known volume, quickly lowered below the water level within the well, will displace an equivalent 
volume of water and raise the water level within the well. The slug can be left in place until the water level 
restabilizes at the static water level, then suddenly removed to create a drop in water level within the well. 
An advantage of using a solid cylinder o.f known volume (slug) to change the water level is that no water is 
removed or added to the monitoring well. This eliminates the need to dispose of contaminated water 
and/or add water to the system. A bailer or pump can be used to withdraw water from the well. If a pump 
is used, pumping shall not continue for more than several seconds so that a cone of depression is not 
created which would adversely impact testing results. The pump hose shall also qe removed from the 
well during the recovery period, as data analysis techniques involve volume of recovery versus time, and 
leaving the hose within the well would distort the calculated testing results by altering the apparent volume 
of recovery. Falling head slug tests should only be performed in wells with fully submerged screens, while 
rising head slug tests can be performed in wells with either partially or fully su/)merged screens/open 
intervals. 

Other methods that can be used to change water levels within a well include creating a v~cuum or a high 
pressure environment within the well. The vacuum method will raise water levels within the well, while the 
pressure method will depress the water level in the well. These methods are particularly useful in I highly 
permeable formations where other methods are ineffective in creating measurable changes in' water 
levels. Both of these methods are limited to wells,which have completely submerged screens. 

Rate of recovery measurements shall be obtained from time zero (maximum change in water lev~l) until 
water level recovery exceeds 90 percent' of the initial change in water level. In low permeability 
formations, the test may be cut-off short of 90 percent reCovery due to time constraints. Time intervals 
between water level readings will vary according to the rate of recoverY of the well. For a moderately fast ' 
recovering well, water level readings at 0,0.1,0.2,0.3,0.4,0.5,0.75,1.0,1.25,1.5,2.0,2.5,3.0, 4.0, ... 
minutes may ,be required. With practice, readings at down to D.D5-minute (3 seconds) time intervals can 
be obtained with, reasonable accuracy, using a pressure transducer and hand held readout. For wells 
which recover very fast, a pressure transducer and data logger may be required to obtain representative' 
data, nme intervals between measurements can be extended for slow recovering wells. A typical 
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schedule for measurements for a slow recovering we" would be 0,0.25,0.5,0.75, 1.0, 1.5,2.0,3.0,4.0, 
6.0, 8.0, 10.0, 15.0,20.0, 30.0, .' .. minutes from the beginning the test. Measurements shall be taken 
from the top of the we" casing. \ 

Water level measurements can be obtained using an electric water level indicator, popper, or pressure' 
transducer. Steel tape coated with chalk or water sensitiv~ paste although very accurate, is a slower 
method of obtaining water levels and is generally not recommended for use due to the frequency at which 
water level measurements need to be obtained during the performance of a slug test. 

Time/recovery should be field-plotted on semilog graph paper to determine the data quality. The data set 
should plot along a sloped, straight line. If excessive data scatter is observed, the test should be rerun 
until acceptable results are obtained. 

The following data shall be recorded when performing slug tests in wells or borings: 

• Well/boring 10 number 
• Total depth of well/boring 
• Screened/open interval depth and length 
• Gravel pack interval depth and length 
• We" stickup above ground surface 
• Gravel pack radius 
• Static water level 
• Aquifer thickness 
• Depth to confining layer 
• Tiine/recovery data 

A variation of the slug test, called a constant-head test, is a test in which water is added to the well at a 
measured rate sufficient to maintain the water level in the well at a constant height above the static water 
level. Once a stable elevated water level has been achieved, discharge (pumping) rate measurements 
are recorded in place of time/recovery data for approximately 10 to 20 minutes. The hydraulic 
conductivity is then calculated from this information. The, constant-head test is generally not 
recommended for monitoring wells as large volumes of water may be introduced into the screened 
formation, potentially impacting later sampling events. ' 

5.2 In-situ Hydraulic Conductivity Testing in Borings 

Slug tests can be performed in borings while the boring is being advanced. This permits testing of 
formations at different depths throughout the drilling process. Boreholes to be tested shall be drilled using 
casing, so that discrete depths may be investigated. Various tests and testing methods are described 
below. The most appropriate test and testing me.thod to, be used in a situation varies and shall be 
selected after a careful eval.uation of drilling, geologic, and general site conditions. 

Rising head or falling head slug tests can ge performed in saturated and unsaturated formations during 
drilling. There are two ways'that the tests can be performed. One way entails setting the casing flush' 
with the bottom of the boring when the desired testing depth has been reached. The hole is then cleaned 
out to remove loose materials, the drill bit a'1d rods are carefully withdrawn from the boring, and a few feet 
of sand (of higher permeability than the surrounding formation) is added to the bottom of the boring. After 
the water level in the boring has . stabilized (for,saturated formations), the static water level is measured 
and' recorded. The water level is then raised {falling head test} or lowered (rising head test) and the 
change in water level is measured at time intervals determined by the field hydrogeologist. Only falling 
head tests can be performed for depth intervals within the unsaturated (vadose) zone. As described for 
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wells, time intervals for .water level measurements will vary according to the formation's hydraulic 
conductivity. The faster the rate of recovery expected, the shorter the time intervals between 
measurements shall be. The rate of change of water level will be used to calculate hydraulic conductivity. 
The test is to be conducted until the water level again stabilizes, or for a minimum of 20 minutes. In low 
permeability formations, it is not always practical to run the test until the water level stabilizes, as it may 
take a long time to do so. The top of the casing shall be used as the reference point for all water level 
measurements. 

-
The second method for conducting a slug test during drilling consists of placing a temporary well with a 
short screen into the cleaned-out boring, pulling the drilling casing back to expose the screen, allowing the 
formation to collapse around the screen (or placing a sand/gravel pack around the screen), and 
performing the appropriate hydraulic conductivity test in the well, as described for the first method. Again, 
the test shall be conducted until the water level stabilizes or for a minimum of 20 minutes. This method 
allows for testing a larger section of the formation and results' in more reliable hydraulic conductivity 
estimates. 

Constant-head tests may also be performed in borings. As described for monitoring wells, once a stable 
elevated level has been achieved, the discharge rate into the boring is measured for a period of time, 
usually 10 to 20 minutes, and the hydraulic conductivity is calculated fr!?m this. This method is the most 
accurate method depicted in this section, and shall be given preference over others if the materials are 
available to perform the test and the addition of water to the boring does not adversely impact project 
objectives. Once the test is over, additional information can be gathered by measuring the rate of the 
drop in water level in the boring (for saturated formations). A limitation of the constant-head test is that 
foreign water is introduced into the formation which must be removed from the well area by natural or 
artificial m~ans, before a representative groundwater sample can be obtained.· 

Detailed descriptions regarding the performance of borehole hydraulic conductivity tests and subsequent 
data analysis techniques are provided in Ground Water Manual (1981).-

5.3 Data Analysis 

There are a number of data analysis methods available to reduce and evaluate slug testing data. The 
determination of which method is most appropriate shall be made based on the testing conditions 
(including physical setup of the welVboring tested, hydrogeologic conditions, and testing methodology) 
and the limitations of each test analysis method. Well construction details, aquifer type (confined or 
unconfined), and scre~ned/open interval (fully or partially penetrating the aquifer) shall be taken into 
account in selecting an aflalysis method. Cooper, et al. (1967), and Papadapulos, et al. (1973) have 
developed test interpretation procedures for fully penetrating wells in confined aquifers. Hvorslev (1951) 
developed a relatively simple analytical procedure for point piezometers in an infinite isotropic medium. In 
Cedergren (1967), Hvorslev presents a number of analytical procedures which cover a wide variety of 
hydrogeologic conditions, testing procedures, and well/boring/piezometer configurations. Bouwer and 
Rice (1976) developed an analytical technique applicable to both unconfined and confined conditions, 
which factors in partiaVfull penetration and discusses well screen gravel pack considerations. The 
Ground Water Manual (1981) presents a number of testing and test analysis procedures for wells and 
bOrings open above or below the water table, and for both falling head and constant-head tests. The 
methods described above do not represent a complete listing of test analysis methods available, but are 
some of the more commonly used and accepted methods. Other methods can be used, at the discretion 
of the project hydrogeologist and in concurrence with the Project Manager and client. 

One consideration to be noted during data analysis is the determination of the screened/open interval of a 
tested well. If a well with a fully submerged screen is installed in a relatively low permeability formation, 
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and a gravel pack which is significantly more permeable is installed around the screen, the length of the' 
gravel pack (if longer than the screened interval) should be used as the screened/open length, rather than 
the screen length itself. In situations where the formation permeability is judged to be comparable to the 
gravel pack permeability (within about an order of magnitude) this adjustment is not required. 

All data analysis applications and calculations shall be reviewed' by. technical personnel thoroughly 
familiar with testing and test analysis procedures. Upon approval of the calculations and results, the 
calculation sheets shall be initialed and dated by the reviewer. Distribution copies shall be supplied to 
appropriate project personnel and the original copy stored in the project central file. 

6.0 REFERENCES 

Cedergren, H. R., 1967. Seepage, Drainage, and Flow Nets. John Wiley and Sons Inc., New York, 
pp.78-76. 

Cooper, H. H., Jr., J. D. Bredehoeft, and I. S. Papadopulos, 1967. Response of a Finite-Diameter Well to 
an Instantaneous Change of Water. Water Resources Research, V. 3, No.1, pp. 263-269. 

Hvorslev, M. J., 1951. Time Lag and Soil Permeability in Ground Water Observations. U.S. Army Corps 
of Engineers: Waterways Experiment Station, Washington, D.C., BUll. No. 36. / 

Papadopulos, I. S., J. D. Bredehoeft, an~ H. H. Cooper, 1973. On the Analysis of Slug Test Data. Water 
Resources Research, V. 9, No.4, pp. 1087-1089. 

Bouwer, H. and R. C. Rice, 1976. "A Slug Test for Determining. Hydraulic Conductivity of Unconfined 
Aquifers with Completely or Partially Penetrating Wells." Water Resources Research, 12:423-28. 

United States Department of the Interior, 1981. Ground Water Manual. U.S. Government Printing Office, 
Denver, ColoradO. 

7.0 RECORDS 

Field data shall be recorded on the data sheet included as Attachment A (or equivalent). 1 Any notes 
regarding testing procedure~, problems encountered, and general observations not included on the data 
sheet shall be noted in the bound site logbook or field notebook. The boring log and well construction 
diagrams for each well/boring tested shall be used as references during testing and data analysis 
activities. Original data sheets shall be placed in the project file, along with the logbOok/notebook. 

1 If an automated data recorder is used, the data may be displayed using th~ printer output from the unit Such 
printouts should be annoted to include the relevant data form, or attached to the form shown as Attachment A. 
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TIME 

(min • ." ....:) 

ATTACHMENT A 
EXAMPLE HYDRAULIC CONDUCTIVITY TESTING DATA SHEET 

HYDRAULIC CONDUCTIVITY TESTING DATA SHEET, 

MEASURED DRAWD~ ~SED 
WATER LEVEL OR HEAl? {AH) TIME· 

(feet> (feetl (min. 0<" .....,.) 

MEASURED DRA1hOO~ l!!El1 SQjEMAnc 
WATER LEVEL OR H~AD lllH) rc:: 

(feet) lfeet> I - WEll. • 

1----1-----1----1----1---+-----1 ~ I Dmtbl (00) 

019611/P 

REMARKS: 

~I--I-+--->F== 
IliF= 2:F== 
Q ~= , 
15 ~= o!j= 
~LF==--,'-t-___ _ 
'" D, 

SZ I"dlc:ota Soh\. 
Depth on 0.0";"9 

CALeS,SKETCH MAPS, ETC,: 

Tetra Tech NUS. Inc. 



STANDARD 
OPERATING 

PROCEDURES 

Number 

CT-04 

Effective Date 

09/03 

Applicability 

Page 

Revision 

Tetra Tech NUS, Inc. 

10f6 

Prepared 

Risk Assessment Department TETRA TECH NUS, INC. 

Subject' Approved . , I J 
" ,D. Senovich Agtd • SAMPLE NOMENCLATURE 

T ABLE OF CONTENTS 

SECTION 

1:0 PURPOSE' •................................................................................................. : .....•...•..•.....•.............. ' .... 2 ",., . 

SCOPE ........................................... :: .......................................................................... : .............. : ... : •.•. '2 

'3.0' ,GLOSSARY ..... :.: ..................••...•.•..•.......•.................. : ............... ~: ....•.•..•..... ~ ................ :: ................... 2 

4.0 'RESPONSIBILITIES .............. , ..............................................................•..•...•.......•....•........ ' ...... :.:.".::.2 

5;0 PROCEDURES ..... ~ .................•.......•................................................... : •.•...•............... ~.,.; .... : ..... ; •. :.'~,:. 2 

5, 1 INTRODUCTION .... ,: .......................... ; .. ·.;.:: ............... , ................. : ............. ~ .......... : .... : ... ;;;.2 ::\',: ' ' ',', '" 
'5.2SAMPtE IDENTIFICATION FIELD REQLJIREMENTS ......... ~ ......... :.: ...... : ... : ............... :::: 3',· ,,,' , 
'5.3 EXAMPLE SAMPLE FIELD DESIGNATI9NS .. ; ...................... : ..... , ......... : ........ : .... :: .. : .. , .. 4:,' , 
sA 'EXAMPLES OF SAMPL.:E NOMENCLATURE ............. : ........................ : .................. : ... : ... 5 . ';, 
5.5 FIELD QUALlTy'ASSURANCE/QUALlTY CONTROL (O..yQC::;LSAMPLE·,. ,', 

, NOMENCLATURE) ........ :.: .............. : ....................... : .. " ... : .... :: .... :::~:.: ...... ~.:.: ........... ';.; .. :;.:. 6,: ;, 
,5.6 EXAMPLES OF FIELD QAiQC SAMPLE NOMENCLAtURE'" ... ::~:.: ..... ~ ....... :.:.; .. ::!;:~:.~~'6,;,'.: 

DEViATIONS ............... : ..................................................... : ...... : .. , .... : .• ;,.:.; .. ~ .. : .. :.: .... ; .... ; ... ::.; •. ~:~:::~~~~. ";, ' 

'\ < ',: ,'j 

L:,:,:',: ',.':\,: 

:1', ' 

-,' ' 

, .019611/P',' Tetra Tech,NUS, r~c. 



Subject Number Page 

CT-04 20f6 
SAMPLE NOMENCLATURE Revision Effective Date 

-
1 09/03 

1.0 PURPOSE 

t~e purPose of this document ist~ specify a consistent sample nomenclature system that will·facilitate 
subsequent data management in a cost-effective manner. The sample nomenclature system" hi'\s been 
devised such that the following objectives can be attained: 

" . , 

., Sorting of data by matrix . 
• ' .. 'Sorting of data by depth. 
·e.,,' Maintenance of consistency (field, laboratory, and data base sample numbers). 
.• Accommodatipn of all project-specific requirements. 
.Accommodatic)~ oflaboratory sample number length c0nstraints (maxim,um'of 20 characters). 

2:0 SCOPE 

" 

.The methods.descrjbed in this procedure shall be used consistently for all projects requiring electronic data. 

'3:'0 'GLOSSARY 

, , " 

;None. .; 

,'4:0,.', ·RESPONSIBllITIES 
:':.. 

, .:p1~graiii ,ivI~nager - It shall.be the r~sponsibility ·of ,the Progra~ Manager (or desig~ee)' to inf~';';'i::pntract
" ~; »:~p,ecific Project.~ariagers of the exist~h~e:and requirements of this Standa~d Operating Procedure:" 

\ : 

~.' >:' <~'roi~ct Ma~ager:-' 'It stialLbe the re~~6hsibility of 'the' ProjeCt ~ariager to dete~inine th~ ~ppiicabii!ty of~his 
',', ')J;cStii'ridar9:0perating, Procedure based 'on:. (1)· program-specific requirem'ents, 'and: (2): project ',size, and 

..,obje€tives, It'shal,lbe th~ responsibilityoUhe Project Manager (or designee),to ensure 'that the 'sample' 
, ','< ':;n6menclatlJre is thoroughly specified irltherelevant project planning docl!meriqe.g.,:samplirig and analysis' 
" :' planr~:\rid is consistent with this Standard Operatil1g Procedure if relevant.' It shall be the responsibiiity of ' 

, ': ,the, projept ~§lnager to ensure that the Field Operations Leader is familiar with the sample nomenclature 
'. ;" ;\systefri: ' ,. ' 

, ~.,~;:Fi "ldOperations. Leader - It shall:be' the 'responsibility of the Field Operations LeadeL to ~nsure that,all 
,~,' <field,teChnicians or:sampling personnel are th9roughly familiar with this $tandard, Operating, Procedure' and 
'> > ith:ei:pfoj~ct-sp~cific' ~arriple nomenclature system. It shall .be the' responsibility cinhe Field Operations 

. Leader ~o ensure that the sample nomenclature system is used during all project-specific sampling efforts. 
" " ' . . - " .-

5:0'.' PROCEDURES 
, , 

.. ' 
'.' :" , 
5,1 introduction 

" 

" 

ffi~ :s'qmpleidentification. (10) syStem, car) consist of as fElw,as 8 but not more than 26 distinCt alpha
"numeric c,haracters. The sample 10 will be provided to the labOratbryon the·sample~labels.and cf1ain-of
';custOOY,forms.; The basic sampleIDp'rovided.to the lab has three segments andshaJI be.as,f6il!:>ws where 

? '" .... "A" indicates !'alpha;': and "Nil indicates I~nurneric": . , , 
/' 

i, 

A or N ",: AAA A or N 
3-or 4-Characters 2- or3-Ch~uacters 3- to 6-Ctlaracters 

.. 
t, ~', 

< 
I;',:.,···· 

Site Identifier Sah:lple Type Sample Location 

; 

',' ,< 

" 

" ' 
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Additional segments may be added as needed. For example: 

(1) ',Soil and Sediment Sample 10 

" , A,or N AM 'AorN 
3- or 4-Characters 2- or 3-Characters 3- to 6-Chat:'acters 

,Si.te JdentifierSample Type Sample Lc;>cation ~ 

" , (2)' ,:Aqueous (groundwater or surface water) Sample 10 

,AM AorN'" 

Page 
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NNNN' 
, 4'-Cha'racters 

Sample Oepth ' 

, -A ~'>, ;" ,,: A,Qr N , 
A ~" ,':, :3':' or,4~'Characters ' 

: I;'?:, ':'Siteld~hfifi~r ' 

2- or 3~Characters 

, Sample ,type 

3- to 6-Character:,.s ' 
NN 

2-Characters , 

';: >[;': ': ',: ',' 
Sample Loca~iori R9undNumber:' 'Filtered Sample only' ' 

:, " ,. ~3)' ;:'Biota Sample 10 

, , ,'~,:'~ ~'<' ~'r--'~;.;,.""-"::.,.' -'-' ---:,..,;-,...--r-'----:--'------,---------'----,--------'--,-... "'-'-' '----'----:----. 
: "Aor N AM 'A or NAA " NNN 

• ',:;1':-: -,-:3-:-,,'''..,-,o,-'r-'-.4.t;.;,.<C_h_a_r-;-a_c,,-te_r,-s-:-, 1-+? ... -:_0_r_3-:--C_h_ar_a_c_te_r_s-t_3-_t_o_6_"_C_h_a_r_a_ct_e_r_s_'t--_2-... , C_h_a_r_a_c_te_r_s ... ,,:-/' ";,, ... ' _3_~-:-,C-,h_a_ra_c_t_t=i_rs_...,.,-I 
, : ':, ,.:', ;.:,,~ .: $ite:l~e~tifier;Sample Type , Sample Location.' Species ,Sample Group 

:'i: li".5.2.~: .... ·samPle Identification Field Requirements .Id~ntrrier •.. ·.Nuinber . 

:'; :,:: ;;",,:, 'i:~~,:V~[i~lUS fields, i~'the sample 10 will include but are,not limited to the:follovyiri!:J: . , 
:-; 

• " She Identifi~r ' 
~. ' , , ," '. S~inple Type' ' 
", ',' " .. " ",'. $cl[nple Location' --
, , , :' ': Ie .. Sampl,eiOepth 

" .;,Sampling Roun,d Number' 
, '- ':, I:;~, :, • .: Filt~red:,:' ">.,',:" ,'" 
;;";';7 ' \,." 'Sp~ci~s'ldel'ltifjer " " 
c,','.' sample'GroifpNumber; 

, <, 

, ;< ;; ': ';Th'e:;~~e:·jdEmt~ier' ~ust be'"athree- or four-character field (numeric characters, alpha' char~cters: :or' ~,,' 
'," ,':,:: 'mixtiJr~,,"<6f:alpha"andnumeric, characters may be used): ',A site number is·.hecessary:sinse,:mariY 

':" 'Iacilitiesb?ites ha'ieinultipleindividualsites, SWMUs, operable units, etc. Severah~xamples are presentes! , 
:inSectiqn S:30Lthis SOp., . ' , "-:- ' ' " , 

":: ',: " 
'::-",Th~~'d~mpl~ty~e,"mustbe:,a two- o'r, three-character ,alpha field.Suggestep' ~odes :ar~ ,provided 'i,~:, 

" ',: 'Sedio,n,5.3 of thiS' SOP.' , ", ,', 
'-C 

, ,", 

, :'; ""Th!3 sarripl~ location mu~t,be at least ,a three-character'field ,but 'may have ,up to six~characters (alp~~,:, , .' 
" " " v, rlllmeriq:, or ,a mixture)., ]he six7characters may be useful in identifying a'moni16ring well to be sampled or' , , ' ,,' 

,,: " -,';: ,';<, describing a,gridldcation, ' ' , ",' " , 
, v, ~, , ~.\' ' , ,_,'" , , " " , 

, ' "':::{ :'th~';a~'Ple c1ePt~~field isU~'~dto 1)6t~ the depth beiow ground sUrlace (b9~r~~'~~t;i~h;a'~oi'l or Sed'ime~t-" 
::'.' , :;::~".' ':s~:lrl!pl~:,iS COlle~t'7tf",the'f\~~t:tWonu~tiers of the foiJr-numt>e'~':cdde' specify,the iop:i.nterVal, :~nd ,fret,third ' 
, ';"",.; and fourth speclfytbe bottom, mterval, In'feet bgs of the sample.,llthe sample depth IS equal to or, greater 

:' , " than,:100, ih~h ohly'the top interval would be represented and the sampling depth would be trunCat~'to 
, " .-'-, , ' . ~ , , ' ;:- " 

,'/', ' ;:,', 

'\ ~</'" c '", , ' ,~' 

""019611/P : ~' 
,.' , ',,,' 
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,three-characters. The depths will be noted in whole numbers only; further detail, if needed, will be recorded 
on the samPle log sheet, boring log, logbook, etc. ' 

A twO-digit round number will be used to track the number of aqueous samples taken from, a particlJlar 
aqueous, s'ample location. The first sample collected 'from a location will, be assigned the_ round identifier ' 
01, the second 02, etc. This applies to both existing and proposed monitoring wellsanctsurface w~ter , 
locations. ' . -

Aqueous samples ,that are field filtered (dissolved analysis) will be identifie,d .with an "-F",'in the last field 
segment. No entry in this segment signifies an unfiltered (total) sample, 

- , 

: ; 

, " 

The species 'identifier mUst be a two-character alpha field. Several suggested codesareprOvid~~~i'i~" ,', 
Section 5.3 of this SOP: . .~! 

. The three digit ~an1Rle group number will be used to track the number of biota sam'ple ~'r6uR~::(a P~~i~;j'~r, 
'group size may he determined by sample technique; media type, the humber of individuai'eaygh( weight- '}o '\ 
. ,issues"time, 'etc.),by species,and location. The -first sample group of a particular speciescollectedfrorn:a 

., given Jobation. wi'nbe assigned the sample group number 001 and the second sampl~ group .of the sarne-, , 
speciescoll~~ed'from the same location will be assigned the sample group number 002. -' -:.: ," ,~,-, _ " -i; ~ 

, ' 

Example Sample Field Designations 

Exampl;e'SOf.eac,h'-~t'ihe,fieldS are asfoIlQ~s: 

'Site'ldentiiier'-Ex~mpies.of site numbers/designations are as follows: ' 

, A01."': 
~-, ~125,:,/-,,' 

:000' '
'BBG.-

~....... -, 

, " 

'6\reaof,Concem Number 1 
-iSolid:Wastj3 Management Unit;Number 125 
, Base orF;~cility Wide Sample (e,g., upgradient well) 

Base Background 

; 
" 

- -

" ,'The e~am~les' cited, are only'suggestions. Each-Project Manager (or de~ignee) musrdesi~~~t~'approprjate ' , ' ' -, 
(~nd cO:nsistent) site'designations for their individual project. ' . ,,:,::,';: -:':,' :' 

,_",;' -:,' Sample TyPe - Examples of sample types are as follows: 
-' 

.1., 

. AH- - ,.Ash Sample 
As - /:\irSample 
BM - ' Building Material Sample 

,BSB.' -: Biota Sample Full Body 
, BSF - . Biota' Sample Fillet 
. cp , -' . 'Composite Sample 
<CS - Chip Sample 
. OS' . ~ .' Drum Sample 

.: DV - pust Sampl~ 
FP;- "Free Product 
IDW - ,'Investigation Derived weiste Sample 
~:i' ::,' '- -.. ' .leachate Sample ," '., '. ' 

"MW - ..: "Monitoring WeIl'Ground~aterSamp'le 
OF -.,' Outfall Sample <, • 

RW.: . . . Residential Well Sample 
,,~13.' - Soil' Boring Sample " 
;':SO ,- SedimentSample 
SC - Scrape SfUl1ple: 

"l' ,', , 

," 

Tetr~ Tech NUS, inc.:. ' 
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,SG. - Soil Gas Sample l 
. . 

SL - , Sludge Sample 
'SR - Seep$ample 
'~S,' - Surface Soil Sample , " : I' 
ST , - ' ,Storm Sewer Water Sample 
SW'- Surface Water Sample 

: ,T~ - ' Test pit Sample 
TW Temporary Well Sample -, 

'WC - Well Construction Material Sample: \ 
.' yxp - Wipe:Sample 

'-

'WS. - Waste/Solid Sample : 

'. 'WW - Wastewater Sample' 
" , 

" 

"Sample Location -Examples 'of the Idcationfield a're, as follows: . 
"" >, ' "" 

"> 'j" 

.0'01 
N32E92 
.0096 

" 

Monitoring WeIL1 ' " 
'Gridlocation32. North·and 92 East ,', ' 
}nvestigation.d¢rived wa'ste:?~m number 96 

• Species, Identifier - ExaiDples of species identifier are-as follows:: 
h,? "", <. ',..' .,,' ..... ' • 

. '.... ":~b>':"~' " '. BIJeCrab ". .," ':, 
,,({s' - Blue' Gill', 

: ',', ", .:6'0 -,' Corn , 
, ..... ~~ ~., Soybean 
'. ,n'; 

" " 

" 

.. 
, , 
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; , 

" Tbe:first round:monitoring'well gr6uhdwaier sampi;e,6611~~ted from eXistiQg:monitoririg well 001 at SWMU 
.l6 .. tor·a:.iilteied:samp'lewould be 'designa,tedas 016rviWOO1(j1-P.:" '. ,';.' '" ' 

,; '" • , 'h ''';,' ''''" ~ , 

" , ." . ,':the\~;econdroundinonitoring we'lgrou!1d~ater' s~~p!e .col·I~~ted :fro~ e*lstihg monitoring well C20P2 'at 
"~:','SitEr23:~or an unfiltered sample wouldbedesignatedJ:ui023MWC20P202~::;" . . 

'< ',,,. '. ,. " , ',,' 

, :' '(h~'~e"cond surface'water sample cone~tep,Jrom point 01 .at SWM.U 130 for an unfiltered sample would be 
. c::lesig~~ted as 130SWQ01 02. .. :':.' ".:, , '::,' . ',' . . ' 

, ,< -, )" ' 

,,':. ( 1;. surface s~il. ~ampl,e collected. f~o~, gnd.loCEltion. 32 ·North and, 92 East: 'at Sit~ 32 at the 0- to 2-foot 
"'interVatwould bedesignated'as032SSN3ZE92000~.' c: . . .' . ' 

, ,A:s'ubsurface soil sample from soil .. boring 03 'at ,SWMU,32 at ,an intE:)rVai Of 4 t6 5 feet bgs would be 
.:. de~ign~ted:as 0328B0030465.' ':.: ';'" ,"'i .' , '. . . ," " ' f::' 

: ~ , " ',' , " ' 

" 

( 

J\:~Et¥nentsample c()lIected at S\{VMU19'from, d to 6 ,inches at' locfltion14<woul~ be designated as 
., 01~SI~ip14000L The sample, data' sheet- would; r~fleCt the preCise d~pth' at which this sample was' 
. c6l1ected. ," , -, 

, ,.';'DLlri~~biota: ~~~pling fO~'fUII'bPd/~~aiYSi~thefits(ti~e~' minno~ tra'piii~check~d a1' grid lo~ation A25 
'. : 'ofSWMU 141'5 three small blue' gills: .we·re. capfured. collected and designated with the' sample '10 of 
,... .. '1~ 1, 5B~BA25!3GOO1. .Th·e s~cond: tirjl.e: ~IGe,gill,~~'r~"coll~c!ed, £it ,th~ ,same loc~tion (grid,lo~atio~ /\,25 at 
" , : 'SWMU' 1415) .the'sample 10 desigr18tiongiven'was ·1415BSBA25BG002:.' " ", ' 

, , ' ' • ~, " , ,- "", ", '" < h,. ' 

': . :Npte: ,No da's,Q'( + or spaciD9 is use:d between the' segments. with -the e~g'e'ption of the filtered segment. 
, ~T;he'!'F"used for ilfillered aqueous~arriple'is;'pre2ede(j by a dash :'-F". ,,' .',' , '_ _ 

. . 
, ' "0196111P' Tetra Tech NUS:lnc: 
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,5.5 Fi~ld QualitY' Assurance/Ouamy Control (OAlQC) Sample~Nomencl~tur~) . 

"Fi~ldOAlQC will be designated using, a different coding sYstem. The QC code will co~sist of a thr~e- 'to ' 
.' .t6ur-segmentalpha-numeric code that ideritifiestbe sample QC tYPe, the qate thes'ample wascollecte9, 
,and the number: of this typeofQC sample collected 'on that date." " '; '/, " ' 
, " " " , " 

AA 'NNNNNN NN "-F , 
; 

QCtype, Date $equ'ence Number, , ,yilter~'d, ,', , _ 
(per day) , (aqueous only, 'if need€}o) 

, ' 

_ :-", the':Q¢Jypes~'ar~'identlfied'as: ' , .~",' 

" ," . 

, 

.'TB ,;; Ti-ip BI~~k , , 
,:'RB == Rinsate ,Blank (Equipment,Blank) 
Fb = Field,Duplicate, ' ',' 

"AB '=:'Ambient Condltjo,ns Blank 
,WB =Sburce WaterJ~lank' 

< " 

, ,The ,sarnpl,ing', time re~orded ;qn, th~¢hain-c?f~Custody, ForlTi;-, labej~, ::~nd tag~for, dUPliCClt~'s~~pies~iII::6~:", ' 
" , : 'o~60,sb thatthe,sa:mptesare,"bli~d"'t6!he,'labor~tq,ry.- Nofes;d~t~iling the'sampfe:nUmb~r;.time!';date,\~nd, ' , 

, type ~iII be xe,corded: on the 'routine'~ample ;Iog sheetsahd,wiU ;documerit the Ipc:atio~ ofth'e<duRlicate: , 
',' sa~p!e (sa!'Tlple'lo~rsh~ets',are'not 'p.r~vided-to, th-e-)ab,brat6ry)." D,ci_cumentationJo'r:a"oi~erQC, tYpes{T:B;' ',:: ' "". 

RB; AS; andyvS) will' be rec()rded on the QC Sample Lo~fsheet(see SOPon Field:Documentation). ' ':,:" 
, , ' , ' , , , , " ' ' " " • ' ~ <' ~' , ,(' 

>' ::,: ",' :~> -f;~t::; 
" '," r ,~ , '/ • ":, ", "~~~"';~"/' ":,' 

, : th~ first >duplicat~ ,Of 'the ,da}/ for' a ,filtered ground> water: sampl~(_coll~9ted onJune: 3; 2bo({'w'o~id::be ' 
~ designated as, FD0603()001-F: > ' :' :' ,: - ""'" ;; ~ ',' ' "", - /' ,:,:.,. '<z. '.' ":: 
. ,The t~lrd duplicateqf'*be dayiaken of~subsuiiace SOilsampie'coil~c~ed ,ori'Nov~~ber;17, 20b~wC;~I(r;~'E;;:: :,:': i 

" ,"designate<fas FD1.n:70303: " :-:," ,- . ,'," "'" ,-" , . ,: ",~~\'.;".:::, 
" ' ' ,~ \ 

:rhe first trip blank a~soci~ted with >sampl~s co"e~ted on 'October 12,,,2000'~9uld ,ti~ de:sigria~~>;~~:~',,_,< :,; , 
TS10120001. ' -, ": >' , ,':::" ' '" 'i " ,,-,:,:,,,:\;,:""-,~ , 

',The only rinsate blan,k collec~e~ ,on r'Jovember 17, 2001 WOUld'b~d~signateq:as RB11 J79~ 01., 
'., " ':, ' "" , - /' > ~' " ,.,' , " ,.. '. r 

6.0 QEVIATIONS ' 
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