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1.0  INTRODUCTION 

1.1 PURPOSE 

This Work Plan describes the activities and procedures to be followed during the completion of the 

remedial action for groundwater at Site 3 - Area A Downstream Watercourses/Overbank Disposal Area 

(OBDA) and Site 7 – Torpedo Shops at Naval Submarine Base-New London (NSB-NLON) in Groton, 

Connecticut.  The remedial action for groundwater at Sites 3 and 7, as selected in the Interim Record of 

Decision for Sites 3, 7, 14, 15, 18, and 20 Groundwater (Navy, 2004c), was Institutional Controls and 

Monitoring.  This Work Plan provides information to supplement the existing information provided in 

Volume II - Groundwater Monitoring Plan of the Operations and Maintenance Manual for the Installation 

Restoration Program Sites (TtNUS, 2006) and the Remedial Design for Land Use Controls at Sites 3 and 

7 (Navy, 2005). 

 

This plan was prepared by Tetra Tech NUS, Inc. (TtNUS) under the Comprehensive Long-Term 

Environmental Action Navy (CLEAN) Contract N62472-03-D-0057, Contract Task Order (CTO) 038.  This 

task was added to the CTO under Scope Change Memorandum (SCM) No. 1 dated December 21, 2005.  

The work is part of the United States Department of the Navy’s Installation Restoration Program (IRP), 

which is designed to identify contamination of Navy and Marine Corps lands and facilities resulting from 

past operations and to institute remedial actions as necessary.   

 

1.2 OBJECTIVES 

The objectives of the field work covered by this Work Plan are as follows: 

 

• Install and survey the new monitoring wells required for the monitoring program. 

• Redevelop the existing monitoring wells included in the monitoring program. 

• Install dedicated sampling equipment in all of the wells in the monitoring program. 

• Collect one round of water levels and groundwater samples from the wells in the monitoring program.  

• Survey the boundaries of Sites 3 and 7 for land use control purposes.  

 

1.3 FACILITY LOCATION AND DESCRIPTION 

NSB-NLON is located in southern Connecticut in the Towns of Ledyard and Groton.  NSB-NLON is 

situated on the eastern bank of the Thames River, approximately 6 miles north of Long Island Sound.  It 

is bordered on the east by Connecticut Route 12, on the south by Crystal Lake Road, and on the west by 

the Thames River.  The northern border is a low ridge that trends approximately east-southeastward from 
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the Thames River to Baldwin Hill.  A general facility location map is presented as Figure 1-1.  The location 

of each IRP site within NSB-NLON is shown on Figure 1-2.     

 

1.4 SITE LOCATION AND DESCRIPTION 

1.4.1 Site 3 

Site 3 covers approximately 75 acres and is located in the northern portion of NSB-NLON.  The site 

includes undeveloped wooded areas with several small ponds, streams, wetlands, and recreation areas 

(golf course and lake for swimming).  Site 3 watercourses include several small ponds and interconnected 

streams that convey surface water to the Thames River.  Site 3 also included the former OBDA.  The 

general configuration of Site 3 and adjacent areas is shown on Figure 1-3. 

 

Site 3 was investigated during several phases from 1990 to 2002.  The major sources of contamination to 

Site 3 included historical application of pesticides, abandoned disposal areas, and the septic system 

leach fields at Site 7.  A summary of the nature and extent of groundwater contamination at the site is 

provided in the Interim Record of Decision for Sites 3, 7, 14, 15, 18, and 20 Groundwater (Navy, 2004c).  

The nature and extent of the soil contamination at the site is summarized in the Record of Decision for 

Site 3-New Source Area Soil (Operable Unit 3) (Navy, 2004b) and Record of Decision for Site 3 Soil and 

Sediment (Navy, 1998).   

 

In March 1997, accumulated debris in the OBDA, including discarded wooden pallets, telephone poles, 

and empty tanks, was removed and disposed off site.  During 1999 and 2000, a remedial action was 

completed for a portion of Site 3, Operable Unit 3.  Approximately 18,050 tons of soil and sediment 

contaminated with pesticides and metals were excavated and disposed at off-site disposal facilities.  The 

Site 3-New Source Area (NSA), discovered during the remedial action for Operable Unit 3, contains 

petroleum-contaminated soil.  The site is a small disposal area on a hillside adjacent to Stream 5 (see 

Figure 1-3).  Debris such as rusted drums and wire cable were found intermingled with boulders at the 

site.  

 

A nine-hole golf course covers a majority of the western portion of Site 3.  It was reported that 

groundwater wells were used to provide irrigation water for the golf course until the early 1980s.  These 

wells were eliminated, and municipal potable water is currently used for irrigation purposes. 

 

Most of Site 3 is within designated Explosive Safety Quantity Distance (ESQD) arcs of Site 20; therefore, 

further development is not planned for this area.  Navy regulations prohibit construction of inhabited 

buildings or structures within these arcs and, although existing buildings operate under a waiver of these 

regulations, no further construction is planned. 
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1.4.2 Site 7 

Site 7 is the Torpedo Shops (Buildings 325, 450, 477, and 528) and is located in the northern portion of 

NSB-NLON on the northern side of Triton Road (see Figure 1-4).  The Navy conducts maintenance 

activities on torpedoes at the site.  The site is bordered on the east and north by 60-foot-high bedrock 

cliffs.  The remainder of the site slopes to the southwest towards Site 3.  An earthen berm extends along 

the base of the eastern portion of the exposed rock face.   

 

Site 7 media were investigated during several phases from 1990 to 2000.  The major sources of 

contamination at Site 7 included potential historical disposal of solvents/chemicals into two on-site septic 

systems and leaks or spills associated with on-site underground storage tanks.  A summary of the nature 

and extent of groundwater contamination at the site is provided in the Interim Record of Decision for Sites 

3, 7, 14, 15, 18, and 20 Groundwater (Navy, 2004c).  The nature and extent of the soil contamination at 

the site is summarized in the Record of Decision for Site 7 and Site 14 Soil (Operable Unit 8) (Navy, 

2004a).   

 

Building 325 is a torpedo overhaul facility at which a variety of fuels, solvents, and petroleum products 

have been used.  Plumbing for the building drained into the on-site septic system until 1983.  Two 

underground and one aboveground storage tanks were located on the southern side of Building 325 and 

were used to store fuel oil. 

 

A smaller building attached to the eastern side of Building 325 was previously used as an assembly shop 

for torpedoes and as a paint shop.  A closet in this building was used to store containers of 

1,1,1-trichloroethane and methyl ethyl ketone (2-butanone).  Drums and cylinders were stored outside on 

the eastern side of this building.  The vessels were labeled as containing propane, isobutane, 

2-butanone, xylot, methylene chloride, propellant, and zinc chromate.  An addition to the northern side of 

Building 325, completed in 1990, is also used as a torpedo maintenance shop. 

 

Building 450 is the primary MK-48 torpedo overhaul/assembly facility.  Petroleum products including 

TL-250 motor oil and hydraulic fluid have been used in this building for torpedo maintenance.  Torpedo 

overhaul/assembly operations at Building 450 generate fuels, solvents, and petroleum products as 

wastes.   

 

Building 477, approximately 65 feet east of Building 450, was formerly used to store drums of Otto fuel.  

Solvents including 1,1,1-trichloroethane, trichloroethene, toluene, mineral spirits, alcohol, and bulk Freon 

have been used at this facility.   
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1.5 WORK PLAN FORMAT 

Section 1.0 of the Work Plan is this brief introduction.  Section 2.0 describes the field tasks and 

methodologies in detail.  A Health and Safety Plan (HASP) (Appendix A), a Quality Assurance Project 

Plan (QAPP) (Appendix B), standard field forms (Appendix C), and Standard Operating Procedures 

(SOPs) (Appendix D) are provided as appendices to this report. 

  

1.6 SCHEDULE 

Field activities associated with this Work Plan are scheduled to begin in March 2006 and are anticipated 

to continue for approximately 30 days.   
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2.0  FIELD TASKS 

2.1 INSTALL MONITORING WELLS  

The objective of this task is to install the eight new monitoring wells required to complete the monitoring 

well network for the Groundwater Monitoring Program for Sites 3 and 7.  The proposed locations of the 

wells are shown on Figures 1-3 and 1-4, respectively, and the proposed details of the wells are provided 

in Table 2-1.  Four wells will be installed at Site 3 along Shark Boulevard.  Three of the wells will be 

completed in the overburden, and one will be completed in bedrock.  All of the new Site 3 wells will be 

completed as flush-mount wells.  Four overburden wells will also be installed at Site 7 near Building 325.  

It is assumed that all new Site 7 wells will be completed as stick-up wells, although field conditions may 

require some to be completed as flush-mount wells.  The field geologist will work with the Navy to 

determine the best method for completing each well.  The overburden wells will be installed by hollow-

stem auger drilling techniques, and the bedrock well will be installed by air-rotary drilling techniques.  

Each well will be developed after installation. 

 

2.2 REDEVELOP EXISTING MONITORING WELLS 

The purpose of this task is to redevelop the nine existing monitoring wells at Sites 3 and 7 that are 

included in the Groundwater Monitoring Program.  The locations of the existing wells are shown on 

Figures 1-3 and 1-4, respectively, and the details of the wells are provided in Table 2-1.  Most of these 

wells have not been sampled in several years.  The redevelopment will be conducted to remove sediment 

that may have settled in the wells and to improve the conductivity of the well screens.  Redevelopment 

should improve the quality of the samples collected from the wells for the monitoring program.  

 

2.3 INSTALL DEDICATED SAMPLING EQUIPMENT AND SAMPLE MONITORING WELLS 

The scope of this task includes installing dedicated sampling equipment in the 17 existing and newly 

installed monitoring wells included in the Groundwater Monitoring Program for Sites 3 and 7.  The 

equipment to be installed in each well includes a pump, tubing, and sampling cap.  Installation of 

dedicated sampling equipment minimizes the need for decontamination of equipment and the generation 

of investigation-derived waste (IDW).   

 

Construction details of the existing wells will be sent to the pump manufacturer at the beginning of the 

project so that equipment can be manufactured.  Details of the new wells will be sent to the manufacturer 

as the wells are completed to reduce the amount of time required to manufacture the equipment.  The 

equipment sent from the manufacturer will be ready to install (i.e., correct tube lengths, caps, etc.), and it 

should not require any field modifications. 
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A comprehensive round of water levels will be collected in the 17 monitoring wells after the wells are 

developed and prior to groundwater sampling.  Groundwater samples will be collected from each well, 

and the samples will be sent to the project laboratory for the appropriate analyses.   

 

2.4 SURVEY MONITORING WELLS AND SITE BOUNDARIES 

2.4.1 Monitoring Wells 

The purpose of this task is to locate the horizontal and vertical position of the eight new monitoring wells 

that are to be installed at Sites 3 and 7.  The horizontal locations are required for mapping purposes, and 

the vertical positions are necessary to determine groundwater elevations and elevations of well 

construction details (e.g., screened interval).    

 

2.4.2 Site Boundaries 

The objective of conducting boundary surveys for Sites 3 and 7 is to formally define the area that requires 

land use controls under the Remedial Design for Land Use Controls for Sites 3 and 7 (Navy, 2005).  The 

results of the survey will be plats that depict the boundaries of the sites and verbal descriptions (metes 

and bounds) of the boundaries.  This information will fulfill the legal property description requirements for 

property transfer if Navy decides to sell property in the future while land use controls are still necessary.  

The information will be incorporated into the facility’s current land use control document [SOPA (ADMIN) 

Instruction 5090.18B – Installation Restoration Site Use Restrictions at Naval Submarine Base New 

London (Navy, 2003)].   

 

2.5 FIELD PROCEDURES 

All field procedures shall be conducted in accordance with the site-specific HASP and the QAPP (see 

Appendices A and B, respectively) and the appropriate SOPs (see Appendix D).  

 

The field activities will include the following tasks: 

 

• Mobilization/demobilization 

• Permanent groundwater monitoring well installation 

• Monitoring well development 

• Water level measurement collection 

• Groundwater sampling and analysis 

• Equipment calibration and maintenance 
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• Decontamination 

• IDW management 

• Surveying 

• Reporting and documentation 

 

The following sections describe these activities.  

 

2.5.1 Mobilization/Demobilization 

Following approval of the Work Plan, TtNUS will begin mobilization activities. These activities will include 

coordinating on-base utility clearances, identifying the locations of the equipment laydown area and 

decontamination pad, obtaining passes, mobilizing TtNUS staff and equipment and subcontractors. The 

Project Manager (PM) and Field Operations Leader (FOL) will coordinate the mobilization activities for 

this project.  The equipment required for field activities will be mobilized from the TtNUS Pittsburgh, 

Pennsylvania warehouse and other locations to the site by the FOL and the field crew.   

 

TtNUS personnel will submit drawings with proposed groundwater monitoring well locations to NSB-

NLON Public Works for utility clearance purposes.  These drawings will be submitted approximately 

2 weeks before staff and equipment are mobilized.  The FOL will then mobilize to the site to mark the 

proposed boring locations with NSB-NLON personnel (i.e., Environmental and Public Works 

Departments).  The purpose of this mobilization will be to review each location for equipment access 

and/or logistics problems with on-going base activities.  No subcontracted utility clearance is anticipated 

for clearing the proposed locations.  TtNUS SOP HS-1.0 (Appendix D) will be followed as appropriate.  

The FOL and NSB-NLON personnel will review and agree upon any locations that have to be moved due 

to access, utility, or logistic issues.   

 

All field team members will review the Work Plan, HASP (Appendix A), and QAPP (Appendix B) after 

utility clearance activities are completed.  Prior to mobilization, a field team orientation meeting will be 

held to familiarize personnel with the scope of the field activities.  Site-specific health and safety training 

will be given to the field crew after they have mobilized to the site. 

 

The FOL and crew will demobilize from the site after the field operations have been completed and 

transport all field equipment back to the appropriate locations.  

 

2.5.2 Permanent Monitoring Well Installation 

Seven overburden monitoring wells and one bedrock monitoring well will be installed under this Work 

Plan.  The monitoring wells will be installed according to the procedures provided in TtNUS SOPs GH-1.3 
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and GH-2.8 and the sections provided below. All drilling equipment will be decontaminated before the 

field investigation begins, between each borehole to prevent cross-borehole contamination, and prior to 

leaving the site, as described in Section 2.5.7.  All drill cuttings will be containerized in 55-gallon drums. 

 

2.5.2.1 Overburden 

Seven permanent overburden monitoring wells will be installed at Sites 3 and 7 using appropriate drilling 

techniques (i.e., hollow-stem augering). The hollow-stem augers will have a minimum 4¼-inch inside 

diameter (ID) to accommodate installation of casing, sand pack, and well seal materials.  Split-spoon 

sampling will be performed at each proposed monitoring well location to characterize the soil lithology.  It  

is anticipated that split-spoon samples will be collected at 5-foot intervals, but the actual sample interval 

will be at  the field geologist’s discretion.  A 2-foot-long, 2-inch-ID split-spoon sampler will be used for 

sampling.  Vapors from the split-spoon samples will be monitored with a Photoionization Detector 

(PID)/Flame Ionization Detector (FID) meter.  Results of the vapor monitoring will be recorded on boring 

logs. 

 

All monitoring wells will be constructed of 2-inch-ID flush-jointed PVC riser pipe and 10-foot-long PVC 

slotted screens (0.010 inch or 0.006 inch).  Clean sand (No. 20 to 30 U.S. Standard Sieve size or 

00 Morie) will be installed in the annulus from 6 inches below the well screen, around the well screen, and 

to 3 feet above the top of the screen.  The field geologist should choose the 0.006-inch screen with the 

00 Morie sand when fine sand and finer formations are encountered.  A bentonite seal will be installed 

above the sand.  The remaining annular space will be backfilled with a cement-bentonite grout.  The 

monitoring wells will be equipped with either a slightly raised flush-mounted surface steel protective 

casing with a neat Portland cement pad or a stick-up with protective bollards, depending on site 

conditions.  The three Site 3 overburden wells will be flush-mounted.   It is anticipated that the four Site 7 

overburden wells will be stick-ups.  The TtNUS field geologist will coordinate with Navy personnel and 

consider site conditions to determine the best method (i.e., flushmount or stickup) for finishing each well.  

A Connecticut-licensed driller will install all monitoring wells.   

 

Borehole logging will be conducted in accordance with TtNUS SOP GH-1.5.  Lithology and drilling 

activities will be recorded on boring log sheets (Appendix C) for each monitoring well.  Monitoring well 

construction sheets (Appendix C) will also be completed for each monitoring well. 

 

2.5.2.2 Bedrock 

One permanent bedrock monitoring well will be installed at Site 3.  An 8-inch- or 10-inch-diameter 

borehole and steel casing will be advanced through the overburden and at least 5 feet into competent 

bedrock using appropriate drilling methods (i.e., hollow-stem augering for overburden and air-rotary for 
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bedrock).  The bedrock well will be cased through the overburden with a 6-inch-diameter steel casing and 

sealed at the overburden-bedrock surface to prevent vertical contaminant migration into the bedrock from 

the overburden.  Split-spoon samples will be collected as required by the field geologist to log the 

overburden lithology as the boring is advanced. 

 

If a borehole collapse occurs in the overburden during casing installation, mud rotary drilling methods 

may be used after all other methods have failed to advance the borehole into the bedrock.  The drilling 

mud should not come into contact with the bedrock borehole to prevent impacting bedrock groundwater 

quality.   

 

The steel casing will be grouted in place with neat cement or cement-bentonite slurry using a tremie pipe 

raised from the bottom upward during pumping.  The grout will be allowed to cure at least 24 hours before 

the well borehole is drilled.  A  5⅞-inch diameter well borehole will be advanced into bedrock using 

appropriate drilling methods to the first water-bearing fracture with a greater than 1 gallon per minute flow 

rate or 10 feet into bedrock.  If groundwater-producing fractures are not shown to occur in the first 10 feet 

of drilling, the borehole will be allowed to naturally develop for 15 minutes.  If groundwater enters the 

borehole in that period of time, a PVC monitoring well (screen and riser) will be installed in the borehole; 

otherwise, an additional 10 feet of drilling will occur to explore for a water-producing fracture.  This 

process will continue until a productive fracture is encountered or to a maximum of 60 feet into bedrock.  

If a productive fracture is not encountered within 60 feet, the TtNUS PM and Navy will be contacted to 

determine an appropriate approach for completing the well.  A 10-foot or smaller PVC screen length with 

0.010-inch screen slot size will be used to screen the productive fracture(s).  No core samples of the 

bedrock will be collected as the borehole is advanced.  Drill cuttings will be used to log the bedrock 

lithology. 

 

It is anticipated that the Site 3 bedrock well will be flush-mounted.  The TtNUS field geologist will 

coordinate with NSB-NLON personnel and consider site conditions to determine the best method (i.e., 

flush-mount or stick-up) for finishing the well.   

 

Borehole logging will be conducted in accordance with TtNUS SOP GH-1.5.  Lithology and drilling 

activities will be recorded on boring log sheets (Appendix C) for each monitoring well.  Monitoring well 

construction sheets (Appendix C) will also be completed for each monitoring well. 

 

2.5.3 Monitoring Well Development 

Each newly installed permanent monitoring well will be developed a minimum of 24 hours after installation 

is complete.  The existing monitoring wells that are part of the program will be redeveloped to improve 

their performance.  Development will be conducted in accordance with TtNUS SOP GH-2.8.  The purpose 
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of well development is to remove sediments from inside the casing and within the sand filter pack that 

surrounds the well screen.   

 

Development will proceed until the discharged water is visibly clear.  Well development information such 

as pH, conductivity, temperature, turbidity, and oxidation-reduction potential for each monitoring well will 

be recorded on well development sheets (Appendix C).  Each well will be developed for approximately 

1 hour.  All development water will be containerized in 55-gallon drums.  Water levels will be collected 

periodically during the well development process to ensure that the well is not pumped dry and to obtain 

specific capacity data regarding the aquifer.  Specific capacity data is useful in determining a well’s 

potential yield and for estimating the hydraulic conductivity of an aquifer.  The water level in the 

monitoring wells will be allowed to stabilize for a minimum of 72 hours after development before sampling. 

 

2.5.4 Water Level Measurement Collection 

A comprehensive round of water level measurements will be obtained from the 17 monitoring wells that 

are included in the monitoring program.  Water level measurements will be performed in accordance with 

procedures outlined in TtNUS SOP GH-1.2 (Appendix D).  Water level measurements will be taken at all 

wells within a 24-hour period of consistent weather conditions.  All water level measurements will be 

taken using an electronic water level meter and will be recorded to within a 0.01-foot accuracy from a 

marked reference point at each well.  Water levels will be recorded on a TtNUS water level form 

(Appendix C).   

 

If free product is encountered, an interface probe will be used to measure the thickness of free-phase 

product in a well.  The measurements will be done under static conditions prior to any purging or removal 

of water or free-phase product from the monitoring well.  The depth to the top and bottom of the free-

phase product will be measured using a interface probe.  The interface probe will be used to detect free-

phase product at both the surface of the water table and at the bottom of each well because some of the 

chlorinated solvents previously detected at the sites may have specific gravities greater than 1.   

   

A PID/FID will be used to monitor the presence of organic vapors in the well annulus during water level 

measurements. The organic vapor monitor will be calibrated daily in accordance with procedures outlined 

in Section 2.5.6.  
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2.5.5 Groundwater Sampling and Analysis 

2.5.5.1 Groundwater Sampling 

The condition of the existing groundwater monitoring wells will be evaluated before sampling begins.  

Each well will be examined for the presence of a silted screen, a damaged surface casing, or a damaged 

concrete surface pad.  Monitoring well evaluations will be performed in accordance with procedures 

outlined in TtNUS SOP GH-1.2 (Appendix D).   

 

Dedicated sampling equipment (pumps, tubing, and caps) will be installed in each of the 17 monitoring 

wells according to the manufacturer’s recommendations.  The pumps will be bladder pumps of PVC 

construction with Teflon bladders.  Teflon-lined polyethylene tubing will be used to connect the pumps to  

the sealing/sampling cap.  The cap will have two ports, one for the gas supply to the pump and the other 

for collecting groundwater samples.  A rinsate sample will be collected from the tubing prior to installation 

to check for manufacturer-related contaminants. 

 

Groundwater monitoring wells will be purged immediately before sampling using low-flow purging 

methods.  The purging methods shall be in accordance with TtNUS SOP SA-1.1 and United States 

Environmental Protection Agency (USEPA) Region I Low Stress Purging and Sampling Procedure for the 

Collection of Groundwater Sample from Monitoring Wells (USEPA, 1996).  The wells will be purged using 

the dedicated pumps and all wells will be purged at a flow rate of 0.1 to 0.4 liters per minute. 

 

Water quality parameters including pH, specific conductivity, temperature, dissolved oxygen (DO), 

oxidation reduction potential, salinity, and turbidity will be measured at 5- to 10-minute intervals.  All 

measurements except turbidity must be obtained using a flow-through cell.  Transparent flow-through 

cells are preferred because they allow field personnel to watch for particulate build-up within the cell.  

This build-up may affect field water quality parameters measured within the cell and may also cause an 

underestimation of turbidity values measured after the cell.  If the cell needs to be cleaned during purging 

operations, the well will continue to be pumped while the cell is disconnected, cleaned, and then 

reconnected.  The flow-through cell must be set up and operated in a way that prevents air bubble 

entrapment in the cell.  Monitoring probes must be submerged in water at all times.   

 

Purging will be completed and sampling will begin when the following parameters have stabilized for three 

consecutive readings to within the following limits: 

 

• pH to + 0.2 units 

• Specific conductivity, +10 percent 

• Temperature, +10 percent 

010609/P 2-7 CTO 038 



  MARCH 2006 
 

• Dissolved oxygen, +10 percent 

• Oxidation reduction potential, + 10 millivolts 

• Turbidity, less than 10 NTUs 

 

The water level will not be allowed to draw down to the level of the pump intake.  All purged water will be 

containerized (see Section 2.5.8).   

 

Groundwater samples will be collected using the low-flow techniques described above.  Samples will be 

transferred directly from the pump tubing to the container.  Samples for volatile organic compounds 

(VOC) analysis will be collected such that zero head space is present in the sample container when filled.  

The groundwater samples will be analyzed for a variety of parameters including Target Compound List 

(TCL) VOCs, TCL semivolatile organic compounds (SVOCs), and polynuclear aromatic hydrocarbons 

(PAHs) (see Tables 2-2 and 2-3).  Bottle and sample preservation requirements are presented in Table 

2-4.  Quality assurance and quality controls samples, such as trip blanks, duplicates, rinsate blanks, 

matrix spike samples, and matrix spike duplicates, will be collected as necessary during the sampling 

program (see Table 2-3). 

   

Sampling chain-of-custody requirements are addressed in Section 2.5.5.2.  All pertinent field data will be 

recorded on a TtNUS sample log sheet and in the field logbook.  An example TtNUS sample log sheet 

and chain-of-custody form are included in Appendix C. 

 

2.5.5.2 Field Sample Documentation 

Sample documentation consists of the completion of chain-of-custody forms and matrix-specific sample 

log sheets.  The FOL will maintain a bound, weatherproof site logbook.  All information related to 

sampling or field activities will be recorded in the site logbook and/or log sheets.  This information will 

include, but is not limited to, sample type, sample number, time, and date, weather conditions, method of 

sample collection, unusual events, field measurements, descriptions of any photographs taken, etc.  

Sample log sheets are sequentially numbered and placed in a sample logbook.  Field documentation 

forms can be found in Appendix C. 

 

All collected samples will be properly labeled with a sample label affixed to the sample container.  The 

following information will be printed on the labels and tags prior to field activities: 

 

• Project number (CTO 038) 

• Project location (NSB-NLON) 

• Sample identification 
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• Preservative 

• Analysis to be performed 

• Matrix type 

• Laboratory name 

 

Date, time, and sampler’s initials will be completed in the field.  Extra blank labels will be brought to the 

site for additional environmental samples not anticipated prior to mobilization. 

 

2.5.5.3 Sample Nomenclature 

Each sample collected will be assigned a unique sample tracking number in general accordance with 

TtNUS SOP CT-04 (Appendix D).  The sample tracking number consists of up to 13 digits that identify the 

site, the sample medium, the sample location, and the sampling round.  All other pertinent information 

regarding sample identification will be recorded in the field logbooks.  An example sample number for this 

project is provided below. 

 

Groundwater Sample: S3GW3MW15S01 

 

S3 - Site 3 

GW - Groundwater 

3MW15S - Existing well identification number 

01 - Round 01 of the monitoring program 

 

For each quality control sample, the sample will be labeled to indicate whether it is a rinse blank, a matrix 

spike, a matrix spike duplicate, or an environmental duplicate sample.  Rinse blanks will be labeled 

RB030706, where the “030706” represents the date (March 7, 2006).  Matrix spike and matrix spike 

duplicate samples will be labeled the same as an environmental sample, followed by “MS” for matrix spike 

and “MSD” for matrix spike duplicate.  An environmental duplicate sample will be labeled FD-030706-01, 

where the “030706” would indicate the day on which the duplicate was collected.  The additional “01” 

would indicate a sequential number in the event that two or more duplicate samples are collected during 

the same day.  This nomenclature will not allow the laboratory to know from which location the duplicate 

sample was collected; however, the duplicate pair will be recorded in the field logbook and sample log 

sheet.  

 

2.5.5.4 Sample Packaging and Shipping 

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

will be responsible for completing the following forms: 
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• Sample labels 

• Chain-of-custody forms 

• Chain-of-custody labels 

• Shipping labels for coolers 

• Express mail air bills 

 

The laboratory will provide sample containers that are certified clean for the analytical parameters for 

which the samples are to be analyzed.  All samples will be held, stored, and shipped at 4 degrees Celsius 

(°C) ± 2°C.  This will be accomplished through refrigeration (used to hold samples prior to shipment) 

and/or ice. 

 

2.5.5.5 Sample Custody 

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

(Appendix D).  Chain of custody will begin with the collection of samples in the field.  A sample chain-of 

custody record is provided in Appendix C.  The FOL will be responsible for completion of the following 

forms: 

 

• Sample labels 

• Chain-of-custody forms 

• Appropriate labels applied to shipping coolers 

• Chain-of-custody seals 

• Shipping bills 

 

2.5.6 Equipment Calibration and Maintenance 

Measurements recorded during field sampling operations include monitoring ambient air around the work-

space area, screening air quality within the well casing, and measuring groundwater quality parameters.  

The following instruments are anticipated to be used during the field activities: 

 

• FID or PID 

• YSI® multi-parameter meter with data logger (or similar device) 

• Turbidity meter (LaMotte) 

• Electronic water level meter/interface probe 
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Field instruments will be calibrated in accordance with the manufacturers’ recommendations.  A field 

check will also be completed at the end of each day.  Duplicate measurements of pH, specific 

conductance, temperature, and turbidity will be taken at a frequency of 1 in 10 samples and will be used 

to estimate the precision of the field analytical measurements. 

 

All instrument calibrations will be recorded on an equipment calibration log sheet (Appendix C) as per 

TtNUS SOP SA-6.3 (Appendix D).  During calibration, a maintenance check will be performed on each 

piece of equipment.  If damaged or defective parts are identified during the maintenance check and the 

damage could have an impact on the instrument's performance, the instrument will be removed from 

service until the defective parts can be repaired or the instrument replaced. 

  

In the event that an instrument does not meet performance specifications during operation, the instrument 

will be tagged out of service until the instrument is demonstrated to be performing within specifications.  

In the event that failed equipment cannot be repaired, the supplier of the equipment will be notified and an 

overnight carrier will ship replacement equipment to the site to minimize downtime.   

 

2.5.7 Decontamination 

The drilling and sampling equipment involved in the field sampling activities will be decontaminated upon 

arrival at the site, between each borehole location, and at the completion of the sampling program as per 

TtNUS SOP SA-7.1 (Appendix D).  Sampling equipment that may require decontamination includes split-

spoons and development pumps.  A centralized decontamination pad will be constructed at a Navy-

approved location and will be used throughout the investigation. 

 

The following sampling equipment decontamination sequence will typically be used: 

 

1. Potable water rinse 

2. Detergent wash (alconox or liquinox) 

3. Potable water rinse 

4. Analyte-free water rinse 

5. Air dry 

6. Aluminum foil wrap if not used immediately 

 

The drilling equipment will be steam-cleaned before drilling operations begin, between each borehole 

location to minimize the potential for cross-contamination, and at the completion of the project.  Steam-

cleaning will be performed at the decontamination pad with a portable steam cleaner supplied by the 

driller and municipal water supplied by NSB-NLON.  Water supplied by the driller should not be used for 

decontamination because of the potential for cross-contamination. 
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Additional decontamination procedures may be necessary if oily substances are present on the sampling 

or drilling equipment.  These procedures are detailed in TtNUS SOP SA-7.1. 

 

2.5.8 Investigation-Derived Waste Handling 

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

 

• Personal protective equipment (PPE) 

• Soil cuttings 

• Development and purge fluids 

• Equipment decontamination fluids 

 

PPE - All PPE will be double bagged and placed in a designated dumpster. 

 

Soil Cuttings - Soil cuttings will be placed in clean Department of Transportation (DOT)-approved 

55-gallon steel drums.  Each drum will be labeled with NSB-NLON labels provided by the Environmental 

Department that include the facility’s name and address, the type of contents, the groundwater monitoring 

well identifier, the date the drum was filled, and the name and phone number of the party responsible for 

disposal.  The Navy, TtNUS, or the driller will temporarily store the drums at a Navy-designated location.  

An IDW disposal contractor will collect and analyze an appropriate number of soil samples from the 

drums at the completion of the field operations to determine the best disposal method.   

 

Development and Purge Fluids – Development and purge fluids will be collected in 55-gallon drums for 

temporary storage at a Navy-designated location prior to disposal.  Each drum will be labeled with NSB-

NLON labels provided by the Environmental Department that include the facility’s name and address, the 

type of contents, the groundwater monitoring well identifier, the date the drum was filled, and the name 

and phone number of the party responsible for disposal.  The IDW disposal contractor will collect an 

appropriate number of liquid samples from the drums at the completion of the field operations and the 

results of the analyses will be used to determine the best method for disposal.   

 

Equipment Decontamination Fluids - Equipment decontamination fluids will be containerized and handled 

in the same manner as development and purge fluids. 

 

TtNUS will arrange for collection, transportation, and disposal of all IDW by a subcontractor.  All IDW will 

be removed from the temporary storage location after receipt of analytical results and preparation of 

waste manifests.  Processing of the IDW will take approximately 30 to 60 days.  The IDW will be 

considered the property of the Navy, and the Navy will sign all manifests. 

010609/P 2-12 CTO 038 



  MARCH 2006 
 

 

2.5.9 Surveying 

The vertical and horizontal locations of the eight new groundwater monitoring wells will be surveyed by a 

Connecticut-licensed professional surveyor.  The third-order survey will be tied into the existing 

NSB-NLON Base Traverse and Monuments.  Information regarding the monuments is available through 

the Public Works Department.  The survey will be based on the Connecticut State Plane Coordinate 

System (SPCS) North American Datum (NAD) 1983 horizontal control and the North American Vertical 

Datum (NAVD) 1988 vertical control. 

 

The monitoring wells shall be surveyed horizontally to the nearest 0.1 foot and vertically to the nearest 

0.01 foot.  At all well locations, the well casing elevation shall be surveyed at the designated reference 

point (i.e., where the uncapped PVC riser pipe is notched or marked).  The elevation of the ground 

surface in the vicinity of each monitoring well will also be measured. 

 

In addition, the same Connecticut-licensed professional surveyor will conduct a boundary survey of Sites 

3 and 7 to formally define the area that requires land use controls under the Remedial Design for Land 

Use Controls for Sites 3 and 7 (Navy, 2005).  The boundary surveys will be performed with horizontal 

precision to ± 0.1 foot and vertical precision to ± 0.10 foot for natural ground surfaces and ± 0.01 feet for 

man-made surfaces.  All level circuits will be closed on established benchmarks contained in the NSB-

NLON Base Traverse and Monuments.  The results of the survey will be plats that depict the boundaries 

of the sites and verbal descriptions (metes and bounds) of the boundaries.  This information will fulfill the 

legal property description requirements for property transfer if the property is transferred in the future 

while land use controls are still necessary.   

 

2.5.10 Reporting and Documentation 

In addition to chain-of-custody records, certain standard forms will be completed to describe and 

document the field activities and samples.  These forms shall include sample log sheets, boring logs, 

daily activity records, and logbooks.  Each work team (e.g., sampling crew, well installation supervisor, 

etc.) shall maintain a bound, weatherproof notebook.  All information related to sampling or field activities 

will be recorded in the field notebook.  This information will include, but is not limited to, sampling time, 

weather conditions, unusual events, field measurements, and descriptions of photographs. 

 

A bound, weatherproof logbook shall be maintained by the FOL.  The requirements are outlined in TtNUS 

SOP SA-6.3 (Appendix D).  This book will contain a summary of the day's activities and will reference the 

field notebooks when applicable.  After the field activities are completed, the FOL shall submit all field 
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records, data, field notebooks, logbooks, chain-of-custody receipts, sample log sheets, and daily activity 

logs to the project manager. 

 

A Field Task Modification Request (FTMR) form is a specific form initiated when a change or deviation 

from procedures in the project planning documents occurs.  The procedure for requesting and recording 

field changes is as follows: 

 

• The FOL notifies the PM of the need for the change. 

 

• If necessary, the PM discusses the change with the appropriate individuals [the Navy Remedial 

Project Manager (RPM) and TtNUS Quality Assurance Manager (QAM)].  Verbal approval or denial of 

the proposed change is given at this time. 

 

• The FOL documents the change on an FTMR form and forwards the form to the PM at the earliest 

convenient time (e.g., end of the work week). 

 

• The PM signs the form and distributes copies to the Navy RPM, TtNUS QAM, FOL, and project file. 

 

• A copy of the completed FTMR form is attached to the field copy of the affected document. 
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TABLE 2-1 
 

CONSTRUCTION INFORMATION FOR EXISTING AND PROPOSED MONITORING WELLS 
REMEDIAL ACTION FOR SITES 3 AND 7 
NSB-NLON, GROTON, CONNECTICUT 

 
MONITORING WELL GEOLOGIC UNIT INTERVAL DEPTH TO TOP OF 

SCREEN (feet bgs) 
DEPTH TO BOTTOM OF 

SCREEN (feet bgs) 
EXISTING WELLS 
Site 3 
2DMW16S    Overburden (Alluvium) Shallow 1.69 11.69
2DMW16D     Bedrock Deep 18.00 59.91
2DMW25S      Overburden (Fill) Shallow 5.50 10.50
2DMW28D     Bedrock Deep 26.00 136.00
2DMW29S    Overburden (Alluvium) Shallow 6.00 16.00
Site 7 
7MW1D     Bedrock Deep 14.20 25.20
7MW3S     Overburden (Fill/Alluvium) Shallow 6.90 16.90
7MW5D     Bedrock Deep 32.00 42.00
7MW9S    Overburden (Alluvium) Shallow 4.00 14.00
PROPOSED WELLS 
Site 3 
3MW15S Overburden (Alluvium) Shallow (Water Table) TBD (25) TBD (35) 
3MW15I Overburden (Alluvium) Intermediate  

(O/B Interface) 
TBD (40) TBD (50) 

3MW16S Overburden (Alluvium) Shallow (Water Table) TBD (25) TBD (35) 
3MW16D Bedrock Deep TBD (90) TBD (100) 
Site 7 
7MW3I Overburden (Fill/Alluvium) Intermediate  

(O/B Interface) 
TBD (20) TBD (30) 

7MW12S   Overburden (Fill) Shallow (Water Table) TBD (5) TBD (15) 
7MW12I    Overburden (Fill/Alluvium) Intermediate

(O/B Interface) 
TBD (20) TBD (30) 

7MW13S   Overburden (Fill) Shallow (Water Table) TBD (5) TBD (15) 
 
bgs – Below ground surface.    O/B – Overburden/bedrock. 
TBD – To be determined (estimated depth in parentheses, actual depth will be determined when well is completed). 



TABLE 2-2 
 

SUMMARY OF GROUNDWATER SAMPLING PROGRAM 
REMEDIAL ACTION FOR SITES 3 AND 7 
NSB-NLON, GROTON, CONNECTICUT 

 
 

Well 
 

VOCs(1) 
 

SVOCs(2) 
 

PAHs(3) 
Water 

Quality(4) 
Site 3 
2DMW16S X   X 
2DMW16D X   X 
2DMW25S X   X 
2DMW28D X   X 
2DMW29S X   X 
3MW15S  X   X 
3MW15I X   X 
3MW16S X   X 
3MW16D X   X 

Site 7 
7MW1D X   X 
7MW3S X X  X 
7MW5D X   X 
7MW9S X X  X 
7MW3I X X  X 

7MW12S X X  X 
7MW12I X X  X 
7MW13S  X X X 

 
1 VOCs – Analyze by OLC02.1, CLP – low level. 
2 SVOCs – Analyze by SW-846 8270C. 
3 PAHs – Analyze by SW-846 8310 HPLC. 
4 Field water quality parameters include pH, temperature, 

dissolved oxygen, oxidation-reduction potential, specific 
conductance, and turbidity. 

 



TABLE 2-3 
 

SUMMARY OF ANALYTICAL PROGRAM 
REMEDIAL ACTION FOR SITES 3 AND 7  
NSB-NLON, GROTON, CONNECTICUT 

 
    Media Analysis Analytical Method Environmental

Samples
(1)

 
 Trip Blanks

(2)
Equipment

(3)
 

Rinsate Blank 
Duplicates

(4)
Total Samples 

VOCs        CLP OLC02.1 16 3 1 2 22

SVOCs minus PAHs SW-846 8270C 6 - 1 1 8 

PAHs        SW-846 8310 1 - 1 1 3

Groundwater 

Water quality (5)       Field Probes 17 - - - 17
 
1 Matrix Spike/Matrix Spike Duplicate – Matrix spike samples and matrix spike duplicates will be collected at a rate of 1 for every 20 envrionmental samples of 

the same matrix.  
2 Trip blanks - Samples that originate from analyte-free water taken from the laboratory to the sampling site and returned to the laboratory with the volatile 

organic samples.  One trip blank per each cooler containing samples for volatile analysis.   
3 Equipment rinsate blank - Sample obtained from rinsing clean sampling equipment (tubing) with analyte-free water under field conditions. 
4 Duplicates - A single sample split into two portions during a single act of sampling used to assess the overall precision of the sampling and analysis program.   
5 Field water quality parameters include pH, temperature, dissolved oxygen, oxidation-reduction potential, specific conductance, and turbidity. 



TABLE 2-4 
 

SUMMARY OF SAMPLE ANALYSIS, BOTTLE REQUIREMENTS, 
PRESERVATION REQUIREMENTS, AND HOLDING TIMES 

REMEDIAL ACTION FOR SITES 3 AND 7  
NSB-NLON, GROTON, CONNECTICUT 

 
Parameter    Sample Container Container

Volume 
 Preservation(1) Maximum Holding

Time(2) 
Analytical Methodology 

GROUNDWATER 

TCL VOCs Glass, Teflon-lined septum 2x40 mL Cool to 4°C, 
HCl to pH < 2  

14 days CLP OLC02.1(3) 

TCL SVOCs (minus 
PAHs) 

Amber glass, Teflon-lined 
cap 

1 liter Cool to 4°C, dark Extract 7 days; analysis 
40 days  

SW-846 8270C(4) 

TCL PAHs Amber glass, Teflon-lined 
cap 

1 liter Cool to 4°C, dark Extract 7 days, analysis 
40 days  

SW-846 8310(4) 

 
1 Preservation agents: HCl = Hydrochloric Acid,  HNO3 = Nitric Acid. 
2 Maximum holding time is measured from the date of sample collection to date of sample preparation and/or analysis. 
3 USEPA CLP, 2000.  Statement of Work for Organic Analysis,  Low Concentration, OLC02.1. 
4 USEPA SW-846, 1997.  Test Methods for Evaluating Solid Waste, Methods 8310 and 8270C. 
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I .O INTRODUCTION 

This Health and Safety Plan (HASP) has been developed to provide practices and procedures for Tetra 

Tech NUS, Inc. (TtNUS) and subcontractor personnel engaged in activities associated with the Remedial 

Action at Sites 3 and 7 at the Naval Submarine Base - New London (NSB-NLON), located in Groton, 

Connecticut. This HASP is being prepared for NSB-NLON as part of an overall effort conducted under 

Comprehensive Long-Term Environmental Action Navy (CLEAN IV) administered through the U.S. Navy 

Engineering Field Activity Northeast Naval Facilities Engineering Command (NAVFAC), as defined under 

Contract Number N62472-03-D-0057. In addition to the HASP, a copy of the TtNUS Health and Safety 

Guidance Manual must be present at the site during the performance of site activities. The Guidance 

Manual provides supporting information pertaining to the HASP, as well as TtNUS Standard Operating 

Procedures (SOP'S). Both documents must be present at the site to comply with the requirements 

stipulated in the Occupational Safety and Health Administration (OSHA) standard 29 CFR 191 0.1 20 

(Hazardous Waste Operations and Emergency Response Standard or HAZWOPER). 

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. 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). 

I .I KEY PROJECT PERSONNEL AND ORGANIZATION 

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 any 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 PHSO 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 based on task and potential hazards. 

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. Modifying this HASP, as it becomes necessary. 

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 to the work plan. 

The SSO supports site activities by advising the FOL on the aspects of health and safety on site. In 

this capacity the SSO: 

i. Coordinates health and safety activities with the FOL. 

ii. Selects, applies, inspects, and maintains personal protective equipment. 

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 Programs, 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/lnjury 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 CLEAN HSM. 

Note: In some cases one person may be designated responsibilities for more than one position. For 

example, at NSB-NLON the FOL may also be responsible for SSO duties. This action will be performed 

only as credentials, experience, and availability permits. 
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1.2 SITE INFORMATION AND PERSONNEL ASSIGNMENTS 

Site Name: Naval Submarine Base - New London 
Groton, Connecticut 

Client Contact: Richard Conant 
Phone Number: (860) 694-5649 

Scheduled Activities: Remedial action (monitorinq well installation, groundwater sampling, water levels) 
for qroundwater at Site 3 - Area A Downstream Watercourses/Overbank Disposal Area (OBDA) (Site 3) 
and Site 7 - Torpedo Shops (Site 7) 

Dates of scheduled activities: Site activities will begin in Februarv 2006 and will continue until completion. 

Proiect Team: 

TtNUS Management Personnel: Discipline/Tasks Assigned: 

Corey Rich. P.E. Proiect Manager (PM) 

TBD Field Operations Leader (FOL) 

TBD Site Safetv Officer (SSO) 

Matthew M. Soltis, CIH. CSP CLEAN Health and Safetv Manager 

Clvde J. Snvder Proiect Health and Safetv Officer (PHSO) 

Other Potential TtNUS Project Personnel: 

TBD Field Geologist 

Non-TtNUS Personnel AffiIiationlDiscipline/Tasks Assigned 

TBD Drilling subcontractor 

TBD Suweving subcontractor 

TBD IDW disposal 

TBD Utilitv Clearance Contractor 

Hazard Assessments (for purposes of 29 CFR 191 0.1 32) and HASP preparation have been conducted by: 

Clvde J. Snvder 
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2.0 EMERGENCY ACTION PLAN 

2.1 INTRODUCTION 

This section is part of a planning effort to direct and guide field personnel in the event of an emergency. 

Site activities will be coordinated with the client contact, Mr. Richard Conant. In the event of onsite 

emergencies that cannot be handled by onsite personnel, they will be evacuated to a safe place of refuge, 

and the appropriate emergency response agencies will be notified. Because a majority of potential 

emergency situations will require assistance from outside emergency responders, TtNUS and 

subcontractor personnel will not provide emergency response support for significant emergency events 

beyond responding to easily controlled minor incidents. The emergency response agencies listed in this 

plan are capable of providing the most effective response and are designated as the primary responders. 

These agencies are located within a reasonable distance from the area of operations, a factor that 

ensures adequate emergency response time. NSB-NLON contact Mr. Richard Conant will be notified 

anytime outside response agencies are contacted. This emergency action plan conforms to the 

requirements of OSHA Standard 29 CFR 191 O.38(a), as allowed in OSHA 29 CFR 1910.1 20(1)(l)(ii). 

TtNUS will, through necessary services, include initial response measures for incidents such as: 

Initial fire-fighting support and prevention 

Initial spill control and containment measures and prevention 

Removal of personnel from emergency situations 

Provision of initial medical support for injury/illness requiring only first-aid level support 

Provision of site control and security measures as necessary 

2.2 EMERGENCY PLANNING 

Through the initial hazardlrisk assessment effort, injury or illness resulting from exposure to chemical or 

physical hazards or fire are the most probable emergencies that can be encountered during site activities. 

To minimize and eliminate these potential emergency situations, emergency planning activities associated 

with this project include the following. The SSO and/or the FOL are responsible for: 

Coordinating response actions with NSB-NLON Emergency Services personnel to ensure that TtNUS 

emergency action activities are compatible with existing facility emergency response procedures. 

Establishing and maintaining information at the project staging area (Support Zone) for easy access in 

the event of an emergency. This information includes the following: 
- Chemical Inventory (for substances used onsite), with Material Safety Data Sheets. 
- Onsite personnel medical records (medical data sheets). 
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- A logbook identifying personnel onsite each day. 

- Emergency notification phone numbers in site vehicles 

Identifying a chain or 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. 

Providing suitable resources (equipment and personnel) to control conditions that may result in an 

emergency situation. 

It is the responsibility of the TtNUS FOL to ensure that this information is available and present at the site. 

2.3 EMERGENCY RECOGNITION AND PREVENTION 

2.3.1 Reconnition 

Foreseeable emergency situations that may be encountered during site activities will generally be 

recognizable by visual observation. A clear knowledge of the physical hazards of excavation collapse and 

the signs and symptoms of oxygen deficiency, may alert personnel of the potential hazards concerning 

themselves or their fellow workers. These potential hazards, the activities with which they have been 

associated, and the recommended control methods are discussed in detail in Sections 5.0 and 6.0 of this 

document. Additionally, early recognition will be supported by periodic site surveys to eliminate any 

conditions that may predispose site personnel or properties to an emergency. The FOL and the SSO will 

constitute the site evaluation committee responsible for these periodic surveys. Site surveys will be 

conducted at least once a week during the initiation of this effort. 

The above actions will provide early recognition for potential emergency situations. Should an incident 

take place, TtNUS will take defensive and offensive measures to control these situations. However, if the 

FOL andlor the SSO determine that an incident has progressed to a serious emergency situation, TtNUS 

will withdraw, and notify the appropriate response agencies. 

2.3.2 Prevention 

TtNUS and subcontractor personnel will minimize the potential for emergencies by ensuring compliance 

with the Safe Work Permits, the HASP, the Health and Safety Guidance Manual, applicable OSHA 

regulations, and through periodic site surveys of work areas. 

2.4 SAFE DISTANCES AND PLACES OF REFUGE 

In the event that the site must be evacuated, personnel will immediately stop activities and report to the 

FOL at the place of safe refuge. Safe places of refuge will be determined prior to commencement of site 

activities and will be conveyed to personnel as part of the daily safety meeting conducted each morning. 
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Upon reporting to the refuge location, personnel will remain there until directed otherwise by the TtNUS 

FOL. The FOL or the SSO will take a head count at this location to confirm the location of site personnel. 

The site logbook will be used to take the head count. Places of refuge will ideally be selected which offer 

a point for communication purposes. 

2.5 EVACUATION ROUTES AND PROCEDURES 

Once an evacuation is initiated, personnel will proceed immediately to the designated place of refuge, 

unless doing so would further jeopardize the welfare of workers. In such event, personnel will proceed to 

a designated alternate location (to be identified) and remain there until further notification from the FOL. 

The use of these locations as assembly points provides communication and a direction point for 

emergency services, should they be needed. 

Evacuation procedures will be discussed prior to the initiation of any work at the site. This shall include 

identifying primary and secondary evacuation routes and assembly points. Evacuation routes from the 

site are dependent upon 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) will influence the designation of evacuation routes. As a result, assembly points at NSB-NLON 

will be selected, and in the event of an emergency, field personnel will proceed to these points by the most 

direct route possible without further endangering themselves. 

2.6 EMERGENCY ALERTING AND ACTIONIRESPONSE PROCEDURES 

Since TtNUS personnel will not always be working in the proximity of each other, hand signals, voice 

commands, air horns, and two-way radios (approved by NSB-NLON personnel) will comprise the 

mechanisms to alert site personnel of an emergency. 

If an incident occurs, site personnel will initiate the following procedures: 

lnitiate incident alerting procedures (if needed) verbally, by air horn, or using two-way radios. 

Evacuate non-essential personnel. 

lnitiate incipient response procedures. 

Describe to the FOL (who will serve as the Incident Commander) what has occurred in as much detail 

as possible. 

In the event that site personnel cannot control the incident through offensive and/or defensive measures, 

the FOL and/or the SSO will enact emergency notification procedure to secure additional outside 

assistance in the following manner: 
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Contact Ext. 3333 from base phone [or (860) 694-3333 from a conventional phone] to report the 

incident (see Table 2-1). Give the emergency operator the location of the emergency, the type of 

emergency, the number of 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. 

If an incident occurs at NSB-NLON outside of designated operating areas impacting field personnel, the 

following procedures are to be initiated: 

Initiate an evacuation (if needed) by voice commands, hand signals, air horns, or two-way radio. 

Call Navy On-Site Representative 

Proceed to the assembly points as directed by NSB-NLON personnel. 

2.7 EMERGENCY CONTACTS 

Prior to 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. 
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TABLE 2-1 
EMERGENCY CONTACTS 

NSB-NLON, GROTON, CONNECTICUT 

11 Local NSB-NLON Fire Department, Police and EMS I Ext. 3333 from base phone or 

CONTACT 

11 Lawrence & Memorial Hospital I (860) 442-071 1 

PHONE NUMBER 

11 (Off-Base) Groton Police and Fire Department I 91 1 

I 

Poison Control Center 

Utility Emergencies and clearance (electric, gas, water 
and sewer) NSB-NLON Public Works: George LeBard 

Connecticut Call Before Your Dig 

Site Contact 

11 Clyde J. Snyder I 

(800) 222-1 222 

(860) 694-471 1 

(800) 922-4455 

(860) 694-5649 

Richard Conant 

TtNUS Project Manager 

Corey Rich, P.E. 

TtNUS Project Health and Safety Officer 

(41 2) 92 1 -8984 

(41 2) 921 -8904 
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2.8 EMERGENCY ROUTE TO HOSPITAL 

Lawrence and Memorial Hospital, 365 Montauk Ave., New London: 

Exit the base and proceed South on Route 12 . Exit onto 1-95 South and take exit 82A. 

Proceed on the service road and continue until turning on Coleman Street. Travel on Coleman 

St. to the intersection of Coleman and Bank Streets. Turn right onto Bank Street and follow to 

the intersection of Ocean Avenue. Turn left onto Ocean Avenue and follow signs to the 

Hospital @. 

FIGURE 2-1 

ROUTE TO HOSPITAL 
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2.9 DECONTAMINATION PROCEDURESIEMERGENCY MEDICAL TREATMENT 

Chemical contamination is not anticipated to present an exposure potential during this project. However, 

during a site evacuation, decontamination procedures will be performed only if doing so does not further 

jeopardize the welfare of site workers. Decontamination will be postponed if the incident warrants 

immediate evacuation. However, it is unlikely that an incident would occur which would require workers to 

evacuate the site without first performing the necessary decontamination procedures. 

TtNUS personnel will perform removal of personnel from emergency situations and may provide initial 

medical support for injurylillnesses requiring only "Basic First-Aid" level support. Basic First-Aid is 

considered treatment that can be rendered by a trained first aid provider at the injury location and not 

requiring follow-up treatment or examination by a physician (for example; minor cuts, bruises, stings, 

scrapes, and burns). Personnel providing medical assistance are required to be trained in First-Aid and in 

the requirements of OSHA's Bloodborne Pathogen Standard (29 CFR 1910.1030). Medical attention 

above Basic First-Aid will require assistance and support from the designated emergency response 

agencies. If the emergency involves personnel exposures to chemicals, follow the steps provided 

in Figure 2-2. 

2.10 INJURYIILLNESS REPORTING 

If any TtNUS personnel are injured or develop an illness as a result of working on site, the TtNUS 

"lnjuryllllness Procedure" (Attachment I) must be followed. Following this procedure is necessary for 

documenting the information obtained at the time of the incident. Also, as soon as possible Navy contact 

Richard Conant must be informed of any incident or accident that requires medical attention. 

Any pertinent information regarding allergies to medications or other special conditions will be provided to 

medical services personnel. This information is listed on Medical Data Sheets 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. 
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FIGURE 2-2 

POTENTIAL EXPOSURE PROTOCOL 

The purpose of this protocol is to provide guidance for the medical management of exposure 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. ambulance 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, call the medical facility and advise them that the 

patient(s) islare 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 victim. Site officers and personnel should not attempt to get this 

information, as this activity leads to confusion and misunderstanding. 

Call WorkCare at 1-800-455-61 55 and 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 exposure. 
- As much 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) haslhave been taken. 
- Name(s) of the exposed Tetra Tech NUS, Inc. employee(s). 

- Name and phone number of an informed site officer who will be responsible for further 

investigations. 
- Fax appropriate MSDS to WorkCare (714) 456-21 54. 

Contact Corporate Health and Safety (Matt Soltis) and Human Resources Departments (Marilyn 

Duffy) at 1-800-245-2730. 

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 any personal or individual 

comments. This generalized summary will be accompanied by a personalized letter describing the 

individual's findingslresults. A copy of the personal letter will be filed in the continuing medical file 

maintained by WorkCare. 
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FIGURE 2-2 (continued) 

POTENTIAL EXPOSURE REPORT 

Name: Date of Exposure: 

Social Security No.: Age: Sex: 

Client Contact: Phone No.: 

Com~anv Name: 

1. 

II. 

111. 

IV. 

v. 

Exposing Agent 
Name of Product or Chemicals (if known): 

Characteristics (if the name is not known) 
Solid Liquid Gas Fume Mist Vapor 
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? 
Were other persons exposed? If yes, did they experience symptoms? 

Signs and Symptoms (check off appropriate symptoms) 

Immediately With Exposure: 
Burning of eyes, nose, or throat 
Tearing 
Headache 
Cough 
Shortness of Breath 

Delaved Symptoms: 
Weakness 
Nausea / Vomiting 
Shortness of Breath 
Cough 

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 1 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) 
1 m proved : Worsened: Remained Unchanged: 

Treatment of Symptoms (check off appropriate response) 
None: Self-Medicated: Physician Treated: 
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3.0 SlTE BACKGROUND 

NSB-NLON is located in southern Connecticut, in the towns of Groton and Ledyard. NSB-NLON consists 

of approximately 547 acres of land and associated buildings, situated on the east bank of the Thames 

River, and is approximately six miles north of Long Island Sound. NSB-NLON was established as an 

official Navy yard in July 1886. The site initially moored small craft and obsolete warships and was used 

as a coaling station for the Atlantic Fleet. The property was officially established as a permanent 

submarine base in 1916. The overall base facilities were expanded and a Submarine School training 

facility was established in 1917; the Submarine Medical Center was established in 1918. During World 

Wars I and II, NSB-NLON greatly expanded in size and in the number of buildings to support the 

submarine fleet. NSB-NLON currently provides a base command for naval submarine fleet activities in the 

Atlantic Ocean. In addition, NSB-NLON contains naval housing, submarine training facilities, military 

offices, medical facilities, and facilities for the maintenance, repair, and overhaul of submarines. 

3.1 SITE LOCATION AND DESCRIPTION 

3.1.1 Site 3 

Site 3 covers approximately 75 acres and is located in the northern portion of NSB-NLON. The site 

includes undeveloped wooded areas featuring several small ponds, streams, and wetlands and recreation 

areas (golf course and lake for swimming). Site 3 watercourses include several small ponds and 

interconnected streams that convey surface water to the Thames River. Site 3 also included the former 

Open Burn Detonation Area (OBDA). Site 3 included historic application of pesticides, abandoned 

disposal areas, and the septic system leach fields at Site 7. 

3.1.2 Site 7 

Site 7 is the Torpedo Shops (Buildings 325, 450, 477, and 528) and is located in the northern portion of 

NSB-NLON on the northern side of Triton Road. The Navy conducts maintenance activities on torpedoes 

at the site. The site is bordered on the east and north by 60-foot-high bedrock cliffs. The remainder of the 

site slopes to the southwest towards Site 3. An earthen berm extends along the base of the eastern 

portion of the exposed rock face. The major sources of contamination at Site 7 included potential historic 

disposal of solvents/chemicals into two on-site septic systems and leaks or spills associated with on-site 

underground storage tanks. Building 325 is a torpedo overhaul facility. A variety of fuels, solvents, and 

petroleum products have been used in Building 325. Plumbing for the building drained into the on-site 

septic system until 1983. Two underground and one above ground storage tanks were located on the 

south side of Building 325 and used to store fuel oil. 
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A smaller building attached to the eastern side of Building 325 was previously used as an assembly shop 

for torpedoes and as a paint shop. A closet in this building was used to store containers of 

1 ,I , I  -trichloroethane and methyl ethyl ketone (2-butanone). Drums and cylinders were stored outside on 

the eastern side of this building. The vessels were labeled as containing propane, isobutane, 2-butanone, 

xylot, methylene chloride, propellant, and zinc chromate. An addition to the northern side of Building 325, 

completed in 1990, is also used as a torpedo maintenance shop. 

Building 450 is the primary MK-48 torpedo overhaul/assembly facility. Petroleum products including 

TL-250 motor oil and hydraulic fluid have also been used in this building for torpedo maintenance. 

Torpedo overhaul/assembly operations at Building 450 generate fuels, solvents, and petroleum products 

as wastes. 

Building 477, approximately 65 feet east of Building 450, was formerly used to store drums of Otto fuel. 

Solvents including 1 , I  ,I-trichloroethane, trichloroethene (TCE), toluene, mineral spirits, alcohol, and bulk 

Freon have been used at this facility. 
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4.0 SCOPE OF WORK 

The scope of work consists of the following: 

I. Install and survey the new monitoring wells required for the monitoring program. 

2. Re-develop the existing monitoring wells included in the monitoring program. 

3. Install dedicated sampling equipment in all of the wells in the monitoring program. 

4. Collect one round of water levels and groundwater samples from the wells in the monitoring program. 

5. Survey the boundaries of Sites 3 and 7 for land use control purposes. 

The field activities will include the following tasks: 

Mobilization/Demobilization 

Permanent Groundwater Monitoring Well Installation 

Monitoring Well Development 

Water Level Measurement Collection 

Groundwater Sampling and Analysis 

Decontamination 

Investigation-Derived Waste Management 

Surveying 

Any tasks to be conducted outside of the elements listed here will be considered a change in scope 

requiring modification of this document. The PM or a designated representative will submit requested 

modifications to this document to the HSM. 

4.1 INSTALL MONITORING WELLS 

The objective of this task is to install the eight new monitoring wells required to complete the monitoring 

well network for the Groundwater Monitoring Program for Sites 3 and 7. Four wells will be installed at Site 

3 along Shark Boulevard. Four overburden wells will also be installed at Site 7 near Building 325. Each 

well will be developed after installation. 

4.2 RE-DEVELOP EXISTING MONITORING WELLS 

The purpose of this task is to re-develop the nine existing monitoring wells at Sites 3 and 7 that are 

included in the Groundwater Monitoring Program. 
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4.3 INSTALL DEDICATED SAMPLING EQUIPMENT AND SAMPLE MONITORING WELLS 

The scope of this task includes installing dedicated sampling equipment in the 17 monitoring wells 

included in the Groundwater Monitoring Program for Sites 3 and 7. The equipment to be installed in each 

well will include a pump, tubing, and sampling cap. Installation of dedicated sampling equipment 

minimizes the need for decontamination of equipment and the generation of investigation-derived waste. 

A comprehensive round of water levels will be measured in the 17 monitoring wells after the wells are 

developed and prior to groundwater sampling. 

4.4 SURVEY MONITORING WELLS AND SITE BOUNDARIES 

4.4.1 Monitorina Wells 

The purpose of this task is to locate the horizontal and vertical position of the eight new monitoring wells 

that are to be installed at Sites 3 and 7. 

4.4.2 Site Boundaries 

The objective of conducting a boundary survey for Sites 3 and 7 is to formally define the area that requires 

land use controls under the Remedial Design for Land Use Controls for Sites 3 and 7. 
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5.0 TASKSIHAZARDSIASSOCIATED CONTROL MEASURES 

Table 5-1 of this section serves as the primary portion of the site-specific HASP which identifies the tasks 

that are to be performed 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 Personal Protective Equipment (PPE), and 

decontamination measures for each site task are discussed in detail. This table and the associated 

control measures shall be changed, if the scope of work, contaminants of concern, or other conditions 

change. 

Through using 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 proper air monitoring techniques and site-specific 

conditions. 

As discussed earlier, the Health and Safety Guidance Manual supports this table and HASP. The manual 

is designed to further explain supporting programs and elements for other site-specific aspects as required 

by regulatory requirements. 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, medical surveillance, PPE, 

respiratory protection, site control measures, standard work practices, and training requirements. Many of 

TtNUS' SOPS are also provided in this Guidance Manual. 

Safe Work Permits issued for Exclusion Zone activities (See Section 9.4 and Attachment IV) will use 

elements defined in Table 5-1 as the primary reference. The FOL or the SSO completing the Safe Work 

Permit will add additional site-specific information. In situations where the Safe Work Permit is more 

conservative than the direction provided in Table 5-1, the Safe Work Permit will be followed. As the 

project develops and more information is gained, the SSO will modify the Safe Work Permits to reflect this 

information. 

5.1 GENERAL SAFE WORK PRACTICES 

In addition to the task-specific work practices identified on Table 5-1, follow these safe work practices 

when conducting work involving known and unknown site hazards. These safe work practices establish a 

pattern of general precautions and measures for reducing risks associated with hazardous site operations. 
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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. Do not place monitoring equipment on potentially contaminated surfaces. 

Be familiar with and adhere to instructions in the site-specific HASP. 

Be aware of the location of the nearest telephone and emergency telephone numbers. See Section 

2.0, Table 2-1. 

Attend briefings on anticipated hazards, equipment requirements, Safe Work Permits, emergency 

procedures, and communication methods before going on site. 

Plan and mark entrance, exit, and emergency escape routes. See Section 2.0. 

Rehearse unfamiliar operations prior to implementation. 

Use the "buddy system" whenever respiratory protection equipment is in use. Establish hand signals 

or other means of emergency communication in case two-way radio failure. 

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 contaminated 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. 

Immediately report injuries, illnesses, and unsafe conditions, practices, and equipment to the Site 

Safety Officer (SSO). 

Matches and lighters are restricted from entering in the Exclusion Zone or Contamination Reduction 

Zone. 

Observe coworkers for signs of toxic exposure and heat or cold stress. 
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Inform co-workers of potential symptoms of illness, such as headaches, dizziness, nausea, or blurred 

vision. 

5.2 DRILLING SAFE WORK PRACTICES 

The following Safe Work Practices are to be followed when working in or around Air Rotary or Hollow 

Stem Auger (HSA) Drill Rig Operations. 

5.2.1 Before Drilling 

Identify someone specifically responsible for activating the emergency stop (kill) switch. 

Driller must verbally alert the crew before physically beginning rig operations. 

Identify underground utilities and buried structures before drilling. Use the Utility Locating and 

Excavation Clearance Standard Operating Procedure provided in Attachment 11. 

0 Heavy equipment 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. Repairs or deficiencies identified will be 

corrected prior to use. The inspection will be accomplished using the Equipment lnspection Checklist 

provided in Attachment Ill. Inspection frequencies will be once every shift (either 5 or 10 day) or 

following repairs. 

The work area around the point of operation will be maintained to the extent possible to remove any 

trip hazards near or surrounding rotating equipment. 

0 The driller's helper will establish an equipment staging and laydown plan. The purpose of this is to 

keep the work area clear of clutter and slips, trips, and fall hazards. Mechanisms to secure heavy 

objects such as drill 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 Durinrr Drilling 

Secure frayed or loose clothing, hair, and jewelry when working with rotating equipment. 

Minimize contact with contaminated tooling and environmental media. 
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Support functions (sampling and screening stations) will be maintained a minimum distance from the 

drill 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. 

0 In order to minimize contact with potentially contaminated tooling and media and to minimize lifting 

hazards, multiple personnel should move auger flights and other heavy tooling. 

Only personnel absolutely essential to the work activity will be allowed in the exclusion zone. Site 

visitors will be escorted. 

5.2.3 After Drilling 

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. 

Motorized equipment will be fueled prior to the commencement of the day's activities. During fueling 

operations equipment will be shutdown and bonded to the fuel provider. 

When not in use heavy equipment will be shutdown, emergency brakes set, and wheels chocked 

0 Areas subjected to subsurface investigative methods will be restored to equal or better condition than 

original to 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. 

5.2 COMPRESSED GAS CYLINDER SAFE WORK PRACTICES 

Tetra Tech NUS personnel will be required to use compressed gases (non-flammable) when working 

on site performing groundwater sampling. The sampling procedure will require the use of nitrogen gas 

to operate bladder pumps. The TtNUS Compressed Gas Cylinder Procedure can be found in 

Attachment V and will be followed when using, storing and transporting compressed gas. 
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I) 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, inventoried, 
accompanied by an appropriate MSDS, properly 
stored, and evaluated for purposes of hazard 
communication. 

Physical hazards: 

2) Lifting (strainlmuscle pulls) 
3) Pinches and compressions 
4) Slip, trips, and falls 
5) Heavy equipment hazards (rotating 
equipment, hydraulic lines, etc.) 
6) Vehicular and foot traffic 
7) Ambient temperature extremes (heat stress) 

Chemical hazards: 

1) Analytical data, collected during previous 
nvestigation activities, indicate that low 
concentrations of (below regulatory limits) volatile 
xganic compounds (VOCs) and some metals 
have been detected in groundwater samples. 
However, none of these contaminants are 
anticipated to be present at airborne 
zoncentrations that would pose an inhalation 
hazard to site workers 

None of the contaminants, are expected to be 
present in significant concentrations to present an 
nhalation hazard. Further information on these 
zontaminants and other potential contaminants is 
presented in Table 6-1. 

2) Decontamination fluids - Liquinox (detergent) 

Physical hazards: 

3) Lifting (strainlmuscle pulls) 
4) Noise in excess of 85 dBA 
5) Flying projectiles 
6) Vehicular and foot traffic 
7) Slips, trips, and falls 
8) Ambient temperature extremes (cold stress) 

(Com~lete Section 5.0 of the ~ t ~ ~ s - ~ e a l t h  and Safety Guidance Manual). 
: ~aierial  Safety Data Sheets must be available for all chemicals brought on site. 
- Materials are to be stored in accordance with recommended practices and according to compatibility 
(See MSDS for storage and compatibility recommendations). 
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 work locations for unstableluneven terrain. 
5) All equipment will be 
- hIs~ected in accordance with OSHA. and manufacturer's design. 
- operated by knowledgeable operators, and knowledgeable ground crew. 
6) Traffic and equipment considerations are to include the following: 
- ~stabl ish safe zones of approach (i.e. Boom + 3 feet). 
- Secure all loose articles to avoid possible entanglement. 
- Heavy equipment shall be equipped with movement warning systems. 
- All activities are to be conducted consistent with the Base requirements. 
7) Wear appropriate clothing for weather conditions. Provide acceptable shelter and liquids for field 
crews. Additional information reaardina coldlheat stress concerns is provided in Section 4 of the TtNUS 
Health and Safety Guidance ~anual.  - 
1) and 2) Emolov Drotective eaubment to minimize contact with site contaminants and hazardous 
decontahinaiion fluids. ~stabli'sh the exclusion zone for this activity at leas 25 feet surrounding the 
gross contamination wash and rinse as well as 25 feet surrounding the heavy equipment 
decontamination area. Obtain manufacturer's MSDS for any decontamination solvents used onsite. 
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). 

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 a~oroach ke .  Boom + 3 feet). 
- Secure all loose articles tb'avoid possible entanglement. 
- All equipment shall be equipped with movement warning systems. 
-All activities are to be conducted consistent with the Base requirements. 

7) Preview work locations for unstableluneven terrain. 

8) Wear appropriate clothing for weather conditions. Provide acceptable shelter and liquids for field 
crews. Additional information regarding cold stress concerns is provided in Section 4 of the TtNUS 
Health and Safety Guidance Manual. 

Use visual observation to 
ensure all equipment has 
been properly cleaned of 
visible contamination and 
dried. 

Personal Protective Equipment 
(Items in italics are deemed optional as 
conditions or the FOL or SSO require.) 

Level D - (M~nimum Requirements) 
- Standard field attire (Sleeved shirt; long pants) 
- Steel toe safety shoes 
- Safety glasses 
- Hardhat (when overhead hazards exists, or 
identified as a operation requirement) 
- Reflective vest for high traffic areas 
- 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 
Attachment IV) will be issued at the beginning of 
each task to address the work planned for that 
task. 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. 

For Heavv Eaui~ment 
This applies to high pressure soaplwater, steam 
cleaning wash and rinse procedures. 

Level D Minimum requirements - 
- Standard field attire (Long sleeve shirt; long 
pants) 
- Steel toe safety shoes 
- Chemical resistant boot covers 
- Nitrile outer gloves 
- Hard Hat 
- PVC Rainsuits or PE or PVC coated Tyvek 
- Safety glasses underneath a splash shield 
- Hearing protection (plugs or muffs) 

In the event of overspray of chemical 
decontamination fluids employ 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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TABLE 5-1 
TASKSIHAZARDSICONTROL MEASURES 

NAVAL SUBMARINE BASE - NEW LONDON 
GROTON, CONNECTICUT 

Personnel Decontamination will consist of a 
soaplwater wash and rinse for reusable outer 
protective equipment (boots, gloves, PVC splash 
suits, as applicable). The decon function will 
take place at an area adjacent to the site 
activities. This procedure will consist of: 
- Equipment drop 
- Soaplwater (or sanitary wipes) wash and rinse 
of outer boots and gloves, as applicable 
- Soaplwater 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 wheelsltires 
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. 

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 amving onsite and leaving 
the site. No equipment will be authorized access 
or exit without this evaluation. 
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TABLE 5-1 
TASKSIHAZARDSICONTROL MEASURES 

NAVAL SUBMARINE BASE - NEW LONDON 
GROTON, CONNECTICUT 

1) Analytical data, collected during 
previous investigation activities, 
indicate that low concentrations of 
(below regulatory limits) volatile 
organic compounds (VOCs) and 
some metals have been detected in 
groundwater samples. However, none 
of these contaminants are anticipated 
to be present at airborne 
concentrations that would pose an 
inhalation hazard to site workers. 

Further information on these 
contaminants andlor components of 
these contaminants are presented in 
Section 6.1 and Table 6:l. 

2) Transfer of contamination into 
clean areas or onto persons. 

Physical hazards: 

3) Heavy equipment hazards 
(pinchlcompressions points, rotating 
equipment, hydraulic lines, etc.) 
4) Noise in excess of 85 dBA 
5) Energized systems (contact with 
underground or overhead utilities) 
6) Lifting (strainlmuscle pulls) 
7) Slips, trips, and falls 
8) Vehicular and foot traffic 

Natural hazards: 

9) Inclement weather 
10) Animal and insect bites and 
encounters 

L *  - 9 I 

P ,  * - 
 omme mended Control ~e&clres' , 

, < 
A ,  , - , (  

1) Avo~d contact w~th contammated med~a (alr, water, so~ls, etc ) Control measures to mlnlmlze potent~al exposures mclude good work 
and personal hygiene practices. Avoid hand-to-mouth contact, wash hands and face orior to breaks or lunch. Real time monitoring 
instruments  and^^^ will be used to support protective measures. Positive readings at source areas will require the SSO to monitor 
airborne concentrations in worker's breathing zone. Airborne dustslparticulates will be avoided or otherwise controlled through the use 
of area wetting methods since site contaminants may be bound to particulates. 
2) Transfer of Contamination into Clean Areas or onto Persons will be minimized by restricting the use of equipment and supplies 
between locations without first going through a suitable decontamination. Work practices include: 
- A  rigid decontamination procedure for all equipment between locations and between clean and potentially dirty work 
- Polyethylene sheeting shall be used to place contaminated tooling for transport to the central decontamination unit as applicable. 
- Always have the spill kit accessible - The drilling systems use hydraulics that can leak and rupture. Rapid containment is the best 
control measure. 
3) All equipment will be inspected in accordance with Federal safety and transportation guidelines, OSHA (1926.600.601.602), and 
manufacturer's design, as applicable. See the Equipment Inspection Checklist found in Attachment Ill of this HASP. 
- Operated and supported by qualified operators and ground crew. 
- Used within safe work zones, with routes of approach clearly marked. All personnel not directly supporting this operation will remain a 
distance of at least the height of the mast + 5-feet but no less than 25-feet from the rig. See Section 9.1 for initial exclusion zone 
boundaries. 
In addition to equipment considerations, the following safe operating procedures will be incorporated: 
- Only manufacturer-approved equipment may be used in conjunction with equipment repair procedures (e.g., auger flight connectors, 
pressure fittings, etc.). 
- Work areas will be kept clear of clutter. 
- Self-propelled equipment shall be equipped with movement warning systems. 
- Personnel will be instructed in the location and operation of emergency shut-off device(s). These devices will be tested initially (and 
then periodically) to ensure proper operation. 
- 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 andlor SSO. 
-The drill rig and support vehicles will be moved no closer than 5-feet to unsupported side-walls of excavations and embankments. 
- See additional safe work procedures for drilling in Section 5.2 of this HASP. 
- Driller or designee is the Emergency kill switch operator. 
-Verbal announcement - Drilling to begin move away from augers. 
4) Hearing protection will be used during all subsurface activities using the drillingldirect push rig or when noise levels are > 85 dBA. 
Use the rule of thumb: Excessive noise levels are being approach when you have to raise your voice to talk to someone within 2 feet 
of your location. 
5) All drilling activities will proceed in accordance with the Utility Locating and Excavation Clearance SOP in Attachment II of this HASP. All 
utility clearances will be obtained, in writing, and locations identified and marked, prior to activities. 
6) Use machinery or multiple personnel for heavy lifts. Use proper lifting techniques as described in Section 6.2.2. 
7) Preview work locations for unstableluneven terrain1Raised PlatformsIExcavations. 
- Cover, guard and barricade all open pits, ditches, and openings of subsurface structures, as necessary. 
- Ruts, roots, and other tripping hazards should be eliminated near points of operation to minimize trips and falls when near 
rotatingloperaling equipment. 
- Maintain a clutter free work area. 
-Use signs and postings to control traffic into the control zones, or staging area. 
8) Use traffic-warning signs, flag persons, and high visibility vests as determined by the SSO when working along traffic thoroughfares. In 
addition, use physical barricades when working within normal traffic flow pattemsltraffic lanes. 
9) To minimize hazards of this nature, the following provisions shall be used: 
- Wear appropriate clothing for weather conditions. 
- Provide replacement liquids for field crews as relief from excessive ambient temperatures. 
- Electrical stormslhigh winds - Suspend or terminate operations until directed otherwise by SHSO. 
Follow the provisions as specified in Section 4.0 of the Tetra Tech NUS, Inc. Health and Safety Guidance Manual regarding the 
identification and evaluation of heatkold stress related conditions. 
10) Preview routes, avoid nests, if at all possible. Check existing well casings for spider and bee nests. 
- Wear light color clothes. This will allow easier detection of ticks and insects crawling on your body. It will also assist in heat stress 
control. 
- Tape pant legs to work boots to block direct access. 
- Use repellents - Permanone should be applied liberally to the clothing, but not the skin as it may cause irritation. Concentrate on 
areas where ticks and other insects may access your body such as pant cuffs, shirt to pants, and collars. 
- Upon exiting the high brush and wooded areas perform a close body inspection to remove any ticks or other insects that have 
attached to your clothing or skin. 
- If you leave your work boots in the trailer during days off, always shake them out prior to putting them on. The purpose is to remove 
any insectslspiders who may have set up house. 

A direct reading Photoionization 
Detector (PID) with a 11.7 eV  lam^ or 
higher, ora ~hneionization ~ e t k t o r  
(FID), will be used to screen samples 
and to detect the presence of any 
potential volatile organic compounds. 
The following procedures will be 
followed when air monitoring: 

- Screen source areas (open 
boreholes, monitoring wells, and 
sample media) to evaluate the 
presence of VOCs. Monitor the 
breathing zone of at-risk and 
downwind employees. Any 
sustained readings (greater 
than greater 1 minute than 1 in ppm duration) above 

established background levels 
in the breathing zone of the at- 
risk employees requires site 
activities to be suspended and 
site personnel to retreat to an 
unaffected area. 

Work may only resume if airborne 
readings in worker breathing zone 
return to background levels. If 
elevated readings in worker breathing 
zone are present or frequently noted, 
contact the PHSO for additional 
guidance. 

Level D proiection, including the following 
articles: 

SarnplerlOversight Personnel 

- Standard field dress (long pants, Sleeved 
shirts) 
- Steel toe safety shoes or work boots 
- - Safety Hard hat Glasses 

- Layered nitrile surgeon style gloves for 
sampling 
- lmpermeable boot covers 
- Tjvek or washable colfon coveralls 
- Reflective vest for traffic areas 

Driller and Driller Helper 

-Standard field attire including sleeved 
shirt and long pants 
- Safety shoes (Steel toelshank) 
- Safety glasses 
- Neoprene outer gloves; Nitrile inner 
gloves 
- Hearing protection 

- - Impermeable Hard hat boot covers 
- lmpermeable outer garments such as 
PVC Rain-suit or saranexB, PE coated 
~ j v e k @  due to contact with contaminated 
tooling. An impermeable apron is an 
acceptable alternative and may also be 
used when conditions of heat stress are 
prevalent. 

As site conditions may change, the 
following equipment will be maintained 
during all on-site activities 

- Fire Extinguishers 
- First-aid Kit 

Note: The Safe Work Perrnit(s) for this 
task (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. 

Decontamination Procedures 

Personnel Decontamination will 
consist of a soaplwater wash and 
rinse for reusable and non-reusable 
outer protective equipment (boots, 
gloves, PVC splash suits, as 
applicable) 

For Operations: HSAIMud Rotary, DPT 

The sequential procedure is as 
follows: 
Stage 1 : Equipment drop, remove 
outer protective wrapping; 
Decontamination personnel will wipe 
down the outer shell and pass hand 
equipment through as necessary. 
Stage 2: Soaplwater wash and rinse 
of outer boots and gloves 
Stage 3: Soaplwater wash and rinse 
of the outer splash suit, as 
applicable. Stage 4: Disposable PPE will be 

removed and bagged. 
Stage 5: Wash face and hands or 
use hygienic wipes to remove 
associated contaminants. 
Stage 6: If appropriate based on 
ambient conditions, levels of PPE, or 
signs and symptoms of heaUcold 
stress, perform medical evaluation. 
This evaluation consists of pulse, 
breathing rate, and oral temperature. 

HeavylSampling Equipment 
Decontamination - All heavy and 
sampling equipment 
decontamination will proceed in 
accordance with the directives 
provided in Table 5-1 for that task. 
Heavy equipment will have the 
wheels and tires cleaned along with 
any loose debris removed, prior to 
transporting to the central 
decontamination area. Roadways 
shall be cleared of any debris 
resulting from the onsite activity. 
Portable pieces will be wrapped in 
polyethylene sheeting for transport to 
a centrally located decontamination 
facility. 

The FOL or the SSO will be 
responsible for evaluating equipment 
arriving between,locations. on-site, leaving No equipment the site, and will 

be authorized access, exit, or 
movement to another location without 
this evaluation. 
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TABLE 5-1 
TASKSIHAZARDSICONTROL MEASURES 

NAVAL SUBMARINE BASE - NEW LONDON 
GROTON, CONNECTICUT 

TaskslOperaUonl 
Locations 

Multi-media sampling, 
including: 

- Ground water -bladder, 
electric driven pumps 
-Soil Sampling 
-Monitoring Well 
Development 
-Water Level 
measurements 

1) Analytical data, collected during 
previous investigation activities, indicate 
that low concentrations of (below 
regulatory limits) volatile organic 
compounds (VOCs) and some metals 
have been detected in groundwater 
samples. However, none of these 
contaminants are anticipated to be 
present at airborne concentrations that 
would pose an inhalation hazard to site 
workers 
It is recommended that exposure (via 
ingestion due to hand to mouth contact) 
be minimized to the extent possible. For 
additional information on these 
contaminants, See Table 6-1. 

2) Transfer of contamination into clean 
areas. 

Physical hazards: 

3) Slip, trip, and fall hazards 

4) Strainlmuscle pulls from manual litling 

5) Cuts and Lacerations 

6) Pressurized Systems - Compressed 
Gas Cylinders 

7) Ambient temperature extremes 
(heaffcold stress) 

8) Site Characterization 

Natural hazards: 

9) Animal and insect bites and 
encounters 

10) Inclement weather 

to leaving the site. 
3) Slip, Trip, and Fall Hazards -These hazards shall be minimized by adherence to the practices indicated in (Insert applicable 
section). These include: 
- ~aintain proper housekeeping in all work areas. 
- Preview and inspect work areas to identify and eliminate slip, trip, or fall hazards. 
- Cover, guard, barricade, and or place warning postings overlat holes or openings that personnel may fall or step into. 
- For crossing steep, slippery, or sloped terrain establish rope ladders to control ascent and descent or use alternative pathways. 
- Use multiple persons and pack small loads to remote locations. 
4) StrainIMuscle Pulls from Manual Lifting - Use machinery or multiple personnel for heavy lifts. Use proper lifting techniques. 
5) Cuts and Lacerations - Employ the following measures to reduce andlor eliminate the potential for cuts and lacerations 
- Select and secure the most favorable route to monitoring wells and sampling locations. 
- Previewing pathways - Where possible, remove or demarcate the physical hazards. 
- Inspect all cutting equipment to be used to clear access routes for defects. 
- When cutting items - always use a sharp knife and always cut away from your body. Do not place items to be cut in your 
opposite hand or on your knee. 
- Carry all glassware and items that present a potential for clrts, lacerations, or impalement such as machetes or brush hooks in 
protective packaging or sheathed to avoid breakage or exposure in the event of a slip, trip, andlor fall. 
6) Pressurized Systems (Compressed Gas Cylinders) - Follow the safe work practices as indicated in Compressed Gas Cylinder 
Procedure in Attachment V 
7) Ambient Temperature Extremes (HeaffCold Stress) - Wear appropriate clothing for weather conditions. Provide acceptable 
shelter and liquids for field crews. Additional information regarding heaffcold stress is provided in Section 4.0 of the Health and 
Safety Guidance Manual. 
8) Site Characterization -Work areas will be surveyed prior to committing personnel or resources. The survey will be conducted 
by the FOL andlor the SSO. The purpose is to identify physical and natural hazards that may impact the proposed work area. 
These hazards are to be identified, barricaded, or eliminated to the extent possible to minimize potential effect to field crew. 
9) Animal and Insect Bites and Encounters - To combat the potential impact of natural hazards, the following actions are 
recommended: 
- Avoid nesting - Preview routes, avoid nests, if at all possible. 
- Wear light color clothes. This will allow easier detection of ticks and insects crawling on your body. It will also assist in heat 
stress control. 
-Tape pant legs to work boots to block direct access. 
- Use repellents - Penanone should be applied liberally to the clothing, but not the skin as it may cause irritation. Concentrate 
on areas where ticks and other insects may access your body such as pant cuffs, shirt to pants, and collars. 
- Upon exiting the high brush and wooded areas perform a close body inspection to remove any ticks or other insects that have 
attached to your clothing or skin. 
- If working in snake infested areas personnel are directed to adhere to the following provisions: 

a) Leave snakes and animals alone, do not harass or try to capture. Contact the SSO for direction in the removal of animals 
and snakes within the confines of the work site. 
b) Snake chaps or high leather boots should be worn in unimproved or unmaintained areas on an initial sweep of the area, if 
you are unknowledgeable regarding nesting and habitat considerations for indigenous animals and reptiles. 
c) Keep hands and feet out of areas you cannot see. Exercise extreme care when lifting materials or debris providing ground 
cover as snakes and other animals prefer these areas to nest. 
d) Be cautious when moving debris or other structures, that may serve as a nest. Do not use your hands to separate debris 
piles. Use equipment (hand tools or heavy equipment, as available). 

- Be aware of poison ivy, poison oak, and poison sumac 
a) Avoid direct contact through the use of Tyvek coveralls, clothing, or barrier creams 
b) Wash after contact with cool water and mild soap. 
c) Wash equipment contaminated with the oils of these plants to avoid cross contamination. 

- Report potential hazards to the SSO. 
10) Suspend or terminate operations until directed otherwise by the SSO. 

(PID) with a 11.7 eV lamp or higher, or a 
Flameionization Detector (FID), will be 
used to screen samples and to detect the 
presence of anv ~otential volatile organic 
compounds.   he following procedures will 
be followed when air monitoring: 

- Screen source areas (open 
boreholes, monitoring wells, and 
sample media) to evaluate the 
presence of VOCs. Monitor the 
breathing zone of at-risk and 
downwind employees. Any sustained 
readings (greater than 1 minute in 
duration) greater than 1 ppm above 
established background levels in the 
breathing zone of the at-risk 
employees requires site activities to 
be suspended and site personnel to 
retreat to an unaffected area. 

Work may only resume if airborne readings 
in worker breathing zone return to 
background levels. If elevated readings in 
worker breathing zone are present or 
frequently noted, contact the PHSO for 
additional guidance. 

Personal Protective Equipment 
(Items in italics are deemed optional as 
conditions or the FOL or SSO require.) 

Level D protection will be utilized for the 
following sampling activities 

Surface water, groundwater, and sediments 

Sampling Personnel 

Level D - (Minimum Requirements) 
- Standard field attire (Sleeved shirt; long pants) 
- Safety shoes (steel toelshank) 
- Safety glasses 
- Surgical style gloves (double-layered, if 

necessary) 
- Orange Safety Vests during hunting season. 
- Tyvek coveralls and disposable boot covers, if 

surface contamination is present or i f  the 
potential for soiling work attire exists. 

Upgrades to Level C protection are not 
anticipated. 

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. 

Decontamination Procedures 

Personnel 
Decontamination 

Sampling surface water, 
groundwater, and 
sediments, the following 
provisions will apply 

- sampling Upon completion dedicated of the 

trowels, tubing, etc. will 
be bagged for transport 
back to the central 
decontamination area. 

- removed PPE (gloves) and will also be 

bagged for disposal. 

- Handi-Wipes or similar 
product will be used to 
clean hands, prior to 
moving to the next 
location. 

Equipment 
Decontamination 

All remote equipment sampling used locations in 

will be brought back to the 
central area for decontamination decontamination 

and re-use or disposal. 

Decontamination of 
equipment (sampling and 
hand tools) will proceed as 
indicated in the Work Plan. 
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Anticipated Hazards 

Chemical hazards: 

1) Analytical data, collected during previous 
investigation activities, indicate that low concentrations 
of (below regulatory limits) volatile organic compounds 
(VOCs) and some metals have been detected in 
groundwater samples. However, none of these 
contaminants are anticipated to be present at airborne 
concentrations that would pose an inhalation hazard to 
site workers 
It is recommended that exDosure (via inaestion due to 
hand to mouth contact) be minimiied toyhe extent 
possible. For additional information on these 
contaminants, See Table 6-1 

Physical hazards: 

2) Lifting (strainlmuscle pulls) 
3) Pinches or compressions 
4) Slips, trips, and falls 

Natural hazards: 

5) Insect bites 

Chemical hazards: 

Exposure to potential site contaminants during surveying 
activities is unlikely given the nature of surveying work and 
the limited contact with potentially contaminated media 
(soils, sediments, surface water, etc.). To further reduce 
the potential for exposure, site personnel performing 
surveying activities will minimize contact with potentially 
contaminated media and will avoid areas where chemical 
hazards may exist. 

Refer to Table 6-1 for a list of site contaminants 
Physical hazards: 

1) Slip, trips, and falls 

Natural hazards: 

2) Insectlanimal bites and stings, poisonous plants 

3) Inclement weather 

4) Ambient Temperature Extremes 

2) Use multiple persons where necessary for lifting and handling 
sampling equipment for decontamination purposes. 

3) Use drum dollies or other mechanical drum moving equipment 
to place or move IDW drums. Wear cutlabrasion-resistant gloves. 

4) Inspect IDW storage areas regularly to detect and respond to 
any spills or leaking drums. Keep IDW storage area clear of clutter 
and debris. Stage drums on pallets (maximum of 4 drums to a 
pallet). 

5) Tape up and use insect repellents in accordance with 
manufacturer's specifications. 

Not required for this task. 

2) Avoid potential nesting areas of bitinglstinging insects and 
animals. Use commercially available insect repellents. 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 concerning natural hazards. 

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). 

3) All operations will be temporarily suspended during electrical 
storms. 

The potential for exposure to site 
contaminants during this activity is 
considered minimal. 

4) Personnel must be aware of the conditions of heatlcold 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. 

Minimize the generation of airborne dusts 
since many site contaminants are in the form 
of a particulate or may be bound to 
particulates. 

Personal Protective Equipment 

(Italicized text represent optional equipment to be 
worn as wnditions require) 

Note: The ROlCC requires Hard hat, safety glasses, 
and steel toe work boots for all on-site activities. 

Level D Minimum requirements - 
- Standard field attire (Long sleeve shirt; long pants) 
- Safety shoes (Steel toelshank) 
- Cotton or leather work gloves when handling IDW 
drums 
- Hard hat 
- Safety glasses 

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. 

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 (except for UXO 
sweeps and magnetometer use) 
- Safety glasses, hard hats (if working near machinery) 
- 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. 

TABLE 5-1 
TASKSIHAZARDSICONTROL MEASURES 

NAVAL SUBMARINE BASE - NEW LONDON 
GROTON, CONNECTICUT 

- ~oaplwater wash and rinse of any reusable PPE used 
- Disposable PPE will be removed and bagged. 

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. 
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6.0 HAZARD ASSESSMENT 

The following section provides information regarding the chemical, physical, and natural hazards that are 

anticipated to be present during site activities. 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 

The potential health hazards associated with NSB-NLON include inhalation, ingestion, and dermal contact of 

various contaminants that may be present in groundwater and soil. Analytical data, collected during the 

past investigations, indicate low concentrations of (below regulatory limits) volatile organic compounds 

(VOCs) Acetone, Benzene, Carbon Disulfide, 1,1- Dichloroethene and Methylene Chloride and metals 

Arsenic, Barium, Beryllium and have been detected in soil and groundwater samples. Given the nature of 

activities and the low concentrations of all site contaminants it is unlikely that they will be encountered 

during this task. 

If exposure to these compounds would occur it would be through ingestion and inhalation of contaminated 

soil or water, or hand-to-mouth contact during soil disturbance activities. For this reason, PPE and basic 

hygiene practices (washing face and hands before leaving site) will be extremely important. Inhalation 

exposure will be avoided by using appropriate PPE and engineering controls where necessary. 

The physical hazards that may be present during the performance of site activities are summarized below: 

Heavy equipment hazards (pinch/compression points, rotating equipment, etc.). 

Slips, trips, and falls 

Energized systems (contact with underground or overhead utilities) 

Lifting (strain/muscle pulls) 

Excavation collapse 

Sudden pressure release from~cylinders/containers 

Noise in excess of 85 decibels (dBA) 

Flying projectiles 

Pinches and compressions 

Vehicular and foot traffic 
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Contact with sharp objects (glass, metal, etc.) 

Ambient temperature extremes 

These physical hazards are discussed in Table 5-1 as applicable to each site task. Further, many of 

these hazards are discussed in detail in Section 4.0 of the Health and Safety Guidance Manual. Specific 

discussions on some of these hazards are presented below. 

6.2.1 Heavy Equipment Hazards (Pinchlcompression points, rotatina equipment, 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. 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 which 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 Svstems (Contact with Underground or Overhead Utilities) 

Subsurface activities must be conducted following the requirements of the TtNUS SOP for "Utility 

Locating and Excavation Clearance (HS-1.0)". A copy of this SOP is provided as Attachment II. 

Clearance of underground and overhead utilities for each sample location will be coordinated with NSB- 

NLON personnel. NSB-NLON Public Works is the point-of-contact for utilities clearance and can be reached 

at (860) 694-471 1. Additionally, drilling operations will be conducted at a safe distance from overhead power 

lines as detailed in Attachment II. Whenever underground utilities are suspected to be close to subsurface 

sampling locations, the borehole will be advanced to a minimum of five (5) feet with a hand auger prior to 

drilling. As built drawings may also be utilized for additional clarification. In certain cases, NSB-NLON 

personnel may need to de-energize electrical cables using facility lockout~tagout procedures to insure 

electrical hazards are eliminated. 
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6.3 NATURAL HAZARDS 

The project tasks to be conducted under this Scope of Work will be performed outdoors. As a result, 

inclement weather may be encountered. In the event that adverse weather (winter storms, etc.) conditions 

arise, the FOL and/or the SSO will be responsible for temporarily suspending or terminating activities until 

hazardous conditions no longer exist. 

CTO 0038 



TABLE 6-1 
CHEMICAL, PHYSICAL, AND TOXICOLOGICAL DATA 

Substance 
Identification 
ketone 

>arbon Disulfide 

CAS No. 

37-64-1 

7l -43-2 

'5-1 5-0 

Air Monitoring 

:V, relative charcoal1Dry 

'6%. desordion. 

'ID: I.P. 9.69 eV. 
iigh response 
vith PlD and 10.2 
:V lamp. 

'ID: 60 % relative 
esponse ratio 
vith FID. 

)ID: 1.P 9.24 eV, 
00% response 
vith PID and 10.2 
:V lamp. 

=ID: 150% 
elative response 
atio with FID. 

:ID: Relative 
esponse ratio for 
:ID detection is 
~nknown. 
iowever, as a 
ammable 
,ubstance it is 
mticipated that it 
vill be detectable. 

Airsample using 
a charcoal tube; 
carbon disulfide 
desorption; 
GCIFID 
detection. 
Sampling and 
analytical 
protocol shall 
proceed in 
accordance with 
OSHA Method 
#69,07 or 
NlOSH Method 
#1300. 
Air sample using 
charcoal tube; 
carbon disulfide 
desorption; 
Sampling and 
analytical 
protocol in 
accordance with 
OSHA 07 or 
NlOSH Method 

GCIFPD ' 

Detection. 
Sampling and 
analytical 
protocol shall 
proceed in 
accordance with 
NlOSH Method 

Exposure Limits 

ISHA 1000 ppm 

rllOSH: 250 ppm I Recommended glove: 
Natural rubber 

Warning Property 
Rating 

Adequate - Can use alr 

XGIH: 750 pprn, 1000 
)pm STEL 

purifying respirator with 
organic vapor cartridge 
up to 2500 ppm. 

ISHA: 1 ppm 
4CGIH: 0.5 ppm 
IIOSH: 0.1 ppm 
DLH: 500 ppm 

Inadequate - Odor 
threshold 34-199 ppm. 
OSHA accepts the use of 
air-purifying respirators 
with organic vapor 
cartridge up to 10 ppm 
despite the inadequate 
warning properties 
providing cartridges are 
changed at the beginning 
of each shift. 

CGIH: 10 ppm 

ISHA: 20 ppm, 
iO ppm Ceiling 

dIOSH: 1 pprn, STEL 10 
)pm 

Phvsical Pro~erties 

Recommended gloves: 
Butyllneoprene blend - 
S . 0 0  hrs; Silver shield 
as a liner - A 0 0  hrs; 
Viton - A .00  hrs 
Odor threshold 0.016 - 
0.42 ppm. An air 
purifying respirator 
equipped with a organic 
vapors filter is acceptable 
for concentrations up to 
100 ppm. 

DLH: 500 ppm 

Boiling Pt: 133"F, 56OC 
Melting Pt: -139°F; -95°C 
Solubility: Mlsc~ble 
Flash Pt: 0°F; -18°C 
LEULFL: 2 5% 
UEUUFL: 13% 
Vapor Density: Not ava~lable 
Vapor Pressure: 180 mmHg 
Specific Gravity: 0 79 
Incompatibilities: Ox~d~zers, ac~ds 
Appearance and odor: Colorless 
l ~ q u ~ d  w~th a fragrant m~nt-hke odor 

Recommended glove: 
Nitrile 0.50 hr.; PV 
Alcoho1>6.00 hrs: Viton 

Boiling Pt: 176°F; 80°C 
Melting Pt: 42OF; 5.5% 
Solubility: 0.07% 
Flash Pt: lZ°F; -11°C 
LEULFL: 1.3% 
UEUUFL: 7.9% 
Vapor Density: 2.77 
Vapor Pressure: 75 mmHg 
Specific Gravity: 0.88 
Incompatibilities: Strong oxidizers, 
fluorides, perchlorates, and acids 
Appearance and Odor: 
Colorless to a light yellow liquid with 
an aromatic odor 

Boiling Pt: 116°F; 47°C 
Melting Pt: c-164"F;<-108°C 
Solubility: 0.3% 
Flash Pt: -22°F; -30°C 
LEULFL: 1.3% 
UEUUFL: 50.0% 
Vapor Density: 2.64 
Vapor Pressure: 297 mmHg 
Specific Gravity: 1.26 
Incompatibilities: Strong oxidizers, 
chemically active metals such as 
sodium, potassium, magnesium, 
zinc;azides; rust; halogens; amines 
Note: Vapors may ignite by contact 
with an ordinary light-bulb 
Appearance and Odor: 
Colorless to light yellow liquid with a 
sweet ether like odor. Reagent 
grades are foul smelling. 

Health Hazard Information 

Exposure to this chemical may result in 
irritation to the eyes, nose, throat. 
Overexposure may cause headache, 
dizziness. Contact with the skin may 
cause dermatitis. Target organs are listec 
as the respiratory system (lungs) and 
skin. 

Overexposure may result in irritation to 
the eyes, nose, throat, and respiratory 
system. CNS effects include giddiness, 
lightheadedness, headaches, staggered 
gait, fatigue, and lassitude and 
depression. Additional effects may includt 
nausea. Long duration exposures may 
result in respiratory collapse. Regulated 
as an OSHA carcinogen. May cause 
damage to the blood forming organs and 
may cause a form of cancer called 
leukemia. 

Overexposure may result in irritation to 
the eyes, nose, throat, and respiratory 
system. Dermal contact with concentratec 
solutions may cause burning pain, 
redness and inflammation, and resulting 
scaly skin. Poisoning through inhalation, 
ingestion, and skin absorption may result 
in euphoria, restlessness, nausea, 
vomiting, unconsciousness, and terminal 
convulsions. 
Long duration exposures may result in 
psychic disturbances including extreme 
irritability, mania with hallucinations, 
tremors, visual disturbances, weight loss, 
blood dyscrasias (presence of abnormal 
material in the blood) kidney (anuria and 
azotemia) and liver damage. This materia 
has demonstrated cancer causing 
potential in laboratory animals. 



TABLE 6-1 
CHEMICAL, PHYSICAL, AND TOXICOLOGICAL DATA 

Substance 
Identification 

1.1 
Dichloroethene 
See also 
vinylidene 
~hloride 

Methylene 
chloride 

CAS No. 

'5-34-4 

'5-09-2 

:V, relative a charcbal filter- 
esponse ratio is tube; carbon 
10%. disulfide 

desorption; 
:ID: Relative GClFlD 
esponse ratio for detection in 
letection with the accordance with 
:ID is 40%. NIOSH Method 

'ID: I.P. 11.32 Air sample using 
:V, High response charcoal or 
vith PID and 11.7 Anasorb CMS 
?V lamp. sorbent tube; 

carbon disulfide 
:ID: 100% desorption; gas 
esponse with chromatography- 
=ID. flame ionization 

detector; 
Sampling and 
analytical 
protocol shall 
proceed in 
accordance with 
OSHA Method 
#59, 80, or 
NlOSH Method 

Exposure Limits Warning Property 
Rating 

KGIH: 5 D D ~ .  Ooor tnreshola - 190 
STEL 20 ppm ppm. An air purifying 

respirator equipped with 
dIOSH & OSHA have not a organic vapors filter is 
stablished exposure acceptable for escape 
mits. purposes only. For 

exposures greater than 
the recommended 
exposures limits should 
employ supplied air 
respirators. 

Recommended glove: 
Butyl, nitrile, or 
neoprene. 

0 0  ppm (Ceiling) threshold 160 ppm. Use 
a gas mask with a Type 

ICGIH: 50 ppm N canister for 
concentrations up to 25 
. . 

:oncentration ppm, use a supplied air 
respirator (airline 

DLH: 2300 pprn respirator with 
emergency escape 
cylinder or a Self- 
Contained Breathing 
Apparatus - (SCBA). 

Recommended gloves: 
Nitrile rubber latex glove 
3.00 hrs (vendor 
specific); supported 
Polyvinyl alcohol glove, 
unsupported 1-8 hrs; 

Physical Properties 
-- 

Boilina Pt: 89°F: 32% 
~ e l t i n g  Pt: -188%;-122"~ 
Solubility: Slight (0.04%) 
Flash Pt: -2°F; -19°C 
LEULFL: 6.5% 
UEUUFL: 15.5% 
Vapor Density: 3.25 
Vapor Pressure: 500 mmHg Q 68" 
F; 20°C 
Specific Gravity: 1.21 Q 20°F; 4OC 
Incompatibilities: Aluminum, air. 
copper, and heat. Polymerization 
may occur if exposed to oxidizers. 
Appearance and Odor: 
Colorless liquid with a slight sweet 
chloroform odor. 
Boiling Pt: 104°F; 39.8"C 
Melting Pt: -14IoF; -96% 
Solubility: 2% 
Flash Pt: Not available 
LEULFL: 13% 
UEUUFL: 12% 
Vapor Density: 2.93 
Vapor Pressure: 380 mmHg @ 72" 
F; 22°C 
Specific Gravity: 1.33 
Incompatibilities: Strong oxidizers, 
caustics, metals (i.e. aluminum, 
magnesium, potassium, sodium, 
lithium), and concentrated acids 
Appearance and Odor: 
Colorless liquid with a chloroform-like 
odor. (Note: A gas above 104°F; 40" 
C). 

Health Hazard information 

Overexposure to thls substance may 
result In lrrltatlon to the eyes, nose, 
throat, and respiratory system Dermal 
contact w~th concentrated solut~ons may 
cause sl~ght Irrltatlon, redness and 
~nflammat~on System~cally, headaches, 
dlzzmess, nausea, and dlfflculty In 
breathmg Chron~c effects may lnclude 
k~dney and h e r  dysfunct~on, and 
pneumonltls Th~s  mater~al has expressed 
cancer causlng potentla1 In laboratory 
anlmals lncludmg lwer and k~dney tumors 

Effects of overexposure may include CNS 
effects - cause sleepiness, fatigue, 
weakness, lightheadedness, numbness o 
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. 



TABLE 6-1 
CHEMICAL, PHYSICAL, AND TOXICOLOGICAL DATA 

Substance 
Identification CAS No. 

'440-39-3 
IS Ba 

0022-31 -8 
IS Ba 
N03)2 

0361 -37-2 
IS Ba C12 

'440-38-2 

Air Monitoring 

'articulate form - 1 Alr sam~le  uslnq 
-his substance is particulate filter- 
mable to be water desorption; 
letected by AAS detection. 
'IDIFID. Sampling and 

analytical 
protocol shall 
proceed in 
accordance with 
NlOSH Method 

'ID. using Inductively 
coupled plasma / 
atomic emission 
spectroscopy in 
accordance with 
NlOSH Method 

1.5 mglm3 

DLH: 50 mglm3 

properties to indicate 
presence and thereby 
detection. 

Recommended APR 
Cartridge: Suitable for 
dust and fume. Organic 
vapor acid gases with 
HEPA filter. 

Recommended gloves: 
This is in the particulate 
form. Therefore any 
glove suitable to prevent 
skin contact (Nitrile has 
been the one most widely 
used for the other 
substances). 

ISHA: The substance will 
).010 mglm3 generally be present in a 
1910.1018) particulate form or bound 

to particulates. As a 
IIOSH: result, air purifying 
).002 mgIm3 (Ceiling) respirators equipped with 

High Efficiency 
CGIH: Particulate Air (HEPA) 
1.010 mgIm3 filters are suitable for 

use. 

Recommended glove: 
Given this chemicals 
particulate form, any 
glove material is suitable 
for protection. Nitrile is 
the most common glove 
material. 

Boiling Pt: 2984°F 1640°C 
(decomposes) 
Melting Pt: 1337'F 725°C 
Solubility: Varies between 
compounds 9138% 
Flash Pt: Not available (Airborne 
dust may burn or explode when 
exposed to heat, flame, or 
incompatible chemicals) 
LEULFL: Not available 
UEUUFL: Not available 
Vapor Density: Not available 
Vapor Pressure: 10 mmHg CO 1920" 
F 1049OC 
Specific Gravity: 3.5 
Incompatibilities: Acids, oxidizers 
Appearance and odor: Silver to 
white, odorless 

Boiling Pt: Sublimes 
Melting Pt: 1135°F; 613°C 
Solubility: Insoluble 
Flash Pt: Not available 
LEULFL: Not available 
UEUUFL: Not available 
Vapor Density: Not available 
Vapor Pressure: 0 mmHg (approx.) 
Specific Gravity: 5.73 (metal) 
Incompatibilities: Strong oxidizers, 
bromine azide. Hydrogen gas can 
react with inorganic arsenic to form 
the highly toxic gas arsine. 
Appearance and Odor: 
Metal - Silver-gray or tin-white, brittle, 
odorless solid. 

Health Hazard information 

herexposure to thls substance results In 
he solubll~zatlon In the water or stomach 
mds Symptoms lnclude vomltlng, collc. 
i~arrhea (watery sometlmes bloody), slow 
o Irregular pulse, translent hypertens~on, 
;onvuls~ve tremors, and muscular 
)aralys~s result~ng In stiffness ~mmobll~ty, 
eg cramps, twltchlng, and Impairment of 
;peech and swallowmg Overexposure to 
,ome compounds vla ~nhalat~on may 
esult In respiratory d~stress, dyspnea, 
ind barltosls (a ben~gn pneumocon~os~s) 
l~rect  contact to the sk~n  or eyes may 
esult In Irntatlon. 

Ixposure to arsenic may cause ulceration 
)f the nasal septum, dermatitis, 
jastrointestinal disturbances, respiratory 
rritation, hyperpigmentation of the skin, 
ind peripheral neuropathy. Arsenic is 
.ecognized as a carcinogen by IARC, 
gTP, OSHA, and ACGIH. 

rarget organs include the liver, kidneys, 
;kin, lungs, and lymphatic system (lung 
md lymphatic cancer). 



TABLE 6-1 
CHEMICAL, PHYSICAL, AND TOXICOLOGICAL DATA 

Substance 
Identification 
leryll~um 

CAS No. 

7440-41 -7 
3s Be 

7440-43-9 

Air Monitorina 

'articulate form - Air sample using 
rhis substance is I 

'articulate Form - 
Jnable to be 
?as~ly detected by 
'ID or FID. 

a particulate 
filter; acid 
desorption; 
AASIGF 
detection. 
Sampling and 
analytical 
protocol shall 
proceed in 
accordance with 
NlOSH Method 
#7102. 

Air sample using 
a mixed 
cellulose-ester 
filter / acid 
desorption and 
analysis by 
atomic 
absorption- 
flame. 
Sampling and 
analytical 
protocol shall 
proceed in 
accordance with 
NlOSH Method 
#7300 or #7048. 

1.002 mgIm3, (ceiling) 
1.005 mglm3 

VIOSH: 
1.0005 mglm3 

3SHA: 
2 pglm3 (0.002 mgIm3) 

4CGIH: 
1.01 mglm3 (total 
~articulate) 
1.002 mg/m3 (respirable 
~articulate) 

DLH: 9 mglm3 (as cd) 

No identifiable warning 
properties to indicate 
presence and thereby 
detection. 

Recommended APR 
Cartridge: Suitable for 
dust and fume. Organic 
vapor acid gases with 
HEPA filter. 

Recommended gloves: 
This is in the particulate 
form. Therefore any 
glove suitable to prevent 
skin contact (Nitrile has 
been the one most widely 
used for the other 
substances). 
The use of an air 
purifying, full face-piece 
respirator with a high 
efficiency particulate air 
filter for concentrations 
up to 0.25 mglm3. 

Recommended Gloves: 
This is in particulate 
form. Therefore any 
glove suitable to prevent 
skin contact. 

Boiling Pt: 5378°F; 2970% 
Melting Pt: 2332°F; 1278'C 
Solubility: Insoluble 
Flash Pt: Not available (Airborne 
dust may burn or explode when 
exposed to heat, flame, or 
incompatible chemicals) 
LELRFL: Not available 
UEUUFL: Not available 
Vapor Density: Not available 
Vapor Pressure: 0 mmHg 
Specific Gravity: 1 .85 
Incompatibilities: Halocarbons, 
strong oxidizers, acids and caustics 
Appearance and odor: gray to white 
hard light metal, brittle 

Boiling Pt: 1412°F; 767°C 
Melting Pt: 610°F; 321°C 
Solubility: Insoluble 
Flash Pt: Not applicable (Airborne 
dust may burn or explode when 
exposed to heat, flame, or 
incompatible chemicals) 
LEULFL: Not applicable 
UEUUFL: Not applicable 
Vapor Density: Not available 
Vapor Pressure: 1 mmHg Q 741°F; 
394°C 
Specific Gravity: 8.65 Q 90°F; 32°C 
Incompatibilities: Strong oxidizers, 
elemental sulfur, selenium, tellurium, 
zinc, nitric acid, and hydrazoic acid 
Appearance and Odor: 
Metal: Silver-white, blue-tinged 
lustrous, odorless solid. 
Fume: yellow-brown, finely divided 
particulate dispersed in air. 

Health Hazard Information 

Overexposure to this substance may 
result in respiratory symptoms including 
difficulty in breathing, coughing, rales. 
chest pain, possibly pulmonary edema, 
weakness, fatigue, headache, weight 
loss. Direct contact may result in irritant 
action on the skin (dermatitis), eyes 
(conjunctivae), and mucous membranes. 
This substance has been identified as a 
potential human carcinogen. 

Overexposure to this substance may 
result in irritation to the respiratory tract, 
dyspnea, tightness in the chest, coughing. 
possibly pulmonary edema. Overexposure 
to fumes causes symptoms characteristic 
of the flu (headaches, chills, muscle 
aches, nausea, vomiting, diarrhea). 
Chronic exposure may result in damage 
to the lungs, kidneys and liver. This 
substance has been identified as a 
confirmed animal; potential human 
carcinogen by IARC and NTP. 



TABLE 6-1 
.CHEMICAL, PHYSICAL, AND TOXICOLOGICAL DATA 

Substance 
Identification 
;obalt 

Aanganese 

CAS No. 

'440-48-4 
IS  Co 

'439-96-5 
IS Mn 

Air MOI 

Particulate form - 
Thls substance IS 

unable to be 
detected by 
PIDIFID 

Particulate form - 
This substance is 
~nable to be 
detected by 
PIDIFID. 

Air sample using 
a particulate 
filter; acid 
desorption; 
Atomic 
Absorption 
Spectrophotome 
ry WAS) 
detection. 
Sampling and 
analytical 
protocol shall 
proceed in 
accordance with 
NIOSH Method 
#7027. 

-r 

- - 

Air sample using 
particulate filter; 
acid desorption, 
ICP detection. 
Sampling and 
analytical 
protocol shall 
proceed in 
accordance with 
NIOSH Method 
#7300. 

nitoring Exposure Limits 

ISHA. NIOSH: ACGIH: 

ISHA: Ceiling 5 mgIm3 
IS a fume 1 mglm3 

JIOSH: 1 mglm3 for 
lust and fume 3 mgIm3 
1s a STEL 

CGIH: 5 mglm3 for 
lust 
mglm3 for fume 

3LH: 500 mgIm3 

Warning Property 
Rating 

No .dent flable warnlna - 
properties to indicate 
presence and thereby 
detection. 

Recommended APR 
Cartridge: Suitable for 
dust and fume. Organic 
vapor acid gases with 
HEPA filter. 

Recommended gloves: 
This is in the particulate 
form. Therefore any 
glove suitable to prevent 
skin contact (Nitrile has 
been the one most widely 
used for the other 
substances). 

No identifiable warning 
properties to indicate 
presence and thereby 
detection. 

Recommended APR 
Cartridge: Suitable for 
dust and fume. Organic 
vapor acid gases with 
HEPA filter. 

Recommended gloves: 
This is in the particulate 
form. Therefore any 
glove suitable to prevent 
skin contact (Nitrile has 
been the one most widely 
used for the other 
substances). 

Physical Properties 

Boiling Pt: 5612°F. 3100°C 
Melting Pt: 271 g°F, 1493% 
Solubility: Insoluble in  water; 
soluble in  nitric acid 
Flash Pt: Not avallable (A~rborne 
dust may burn or explode when 
exposed to heat, flame, or 
lncompatlble chemicals) 
LEULFL: Not ava~lable 
UEUUFL: Not avallable 
Vapor Density: Not ava~lable 
Vapor Pressure: 0 mmHg 
Specific Gravity: 8 92 
Incompatibilities: Strong ox~d~zers, 
and ammonlum nitrate 
Appearance and odor: Sliver-gray to 
black solid, odorless 

Boiling Pt: 3452°F; 1900°C 
Melting Pt: 2300°F; 1260°C 
Solubility: Insoluble 
Flash Pt: Not available (Airborne 
just may burn or explode when 
exposed to heat, flame, or 
ncompatible chemicals. This 
substance is considered a 
:ombustible solid.) 
LEULFL: Not available 
UEUUFL: Not available 
Vapor Density: Not available 
Vapor Pressure: 1 mmHg @ 235E0 
F; 1292'C 
Specific Gravity: 7.20 
Incompatibilities: Strong oxidizers, 
lalogens, and nitrates. Will react 
~ i t h  water to produce hydrogen gas. 
Appearance and odor: Silvery solid 
,r reddish-gray, odorless 

Health Hazard Information 

lverexposure to this substance through 
ngestion may result in symptoms of 
iausea, and vomiting. Symptoms 
nanifested through inhalation may 
nclude wheezing, coughing, dyspnea, 
ncreased by reduced pulmonary volume 
)y nodular fibrosis. Direct contact may 
esult in irritation leading to dermatitis of 
he skin. Irritation to the eyes may result 
argely from mechanical damage. 

herexposure to this product may result 
I Central Nervous System and 
rulmonary effects by inhalation. 
;ymptoms may include disturbances in 
lait and speech, sleepiness, mental 
:onfusion, stolid, masklike face, muscular 
witching varying from tremors to coarse 
hythmical movements of the extremities 
lccompanied by cramps. Symptoms are 
lescribed as postencephalitic 
'arkinsonism. Additionally dry throat, 
ghtness in the chest, dyspnea, rales, flu- 
ke symptoms low back pain, and 
.omiting. 
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7.0 AIR MONITORING 

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 .O, 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. 

7.1 . I  Photoionization Detector and Flame Ionization Detector 

To accurately monitor for substances that may present an exposure potential to site personnel, a 

Photoionization Detector (PID) using a lamp energy of 11.7 electron volts (eV) or higher will be used. This 

instrument will be used to monitor potential source areas and to screen the breathing zones of employees 

during site activities. The PID has been selected because it is capable of detecting the organic vapors of 

concern (Note: A Flame lonization Detector [FID] may be used as an alternative to the PID). This 

instrument will only detect the presence of ionizing contaminants. This instrument will not detect the 

explosive compounds and metals. 

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 Frequency 

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 

performed will not be reduced without the prior consent of the PHSO or HSM. 

7.2 INSTRUMENT MAINTENANCE AND CALIBRATION 

Hazard monitoring instruments will be maintained and pre-field calibrated by the TtNUS Equipment 

Manager. Operational checks and field calibration will be performed on instruments each day before use. 
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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 employees health and safety training, the 

manufacturer's recommendations, and with the applicable manufacturer SOP (copies of which can be 

found in the Health and Safety Guidance Manual that will be maintained onsite for reference). 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 

lnstrument 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 

7.3 DOCUMENTING INSTRUMENT READINGS 

The SHSO is responsible for ensuring that air monitoring instruments are used in accordance with the 

specifications of this HASP and with manufacturer's specifications/recommendations. In addition, the 

SHSO is also responsible for ensuring that all instrument use is documented. This requirement can be 

satisfied either by recording instrument readings on pre-printed sampling log sheets or in a field log book. 

This includes the requirement for documenting instrument readings that indicate no elevated 

readings above noted daily background levels (i.e., no-exposure readings). At a minimum, the 

SHSO must document the following information for each use of an air monitoring device: 

Date, time, and duration of the reading 

Site location where the reading was obtained 

lnstrument used (e.g., PID, FID, LELIO, meter, etc.) 

Personnel present at the area where the reading was noted 

Other conditions that are considered relevant to the SHSO (such as weather conditions, possible 

instrument interferences, etc.) 
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DOCUMENTATION OF FIELD CALIBRATION 
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8.0 TRAININGIMEDICAL SURVEILLANCE REQUIREMENTS 

8.1 lNTRODUCTORYlREFRESHERISUPERVlSORY TRAINING 

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 

TtNUS personnel must complete 40 hours of introductory hazardous waste site training prior to performing 

work at the NSB-NLON facility. Additionally, TtNUS personnel who have had introductory training more 

than 12 months prior to site work must have completed 8 hours of refresher training in the past 12 months 

before being cleared for site work. In addition, &hour supervisory training in accordance with 29 CFR 

1910.120 (e)(4) will be required for site supervisory personnel. 

Documentation of TtNUS introductory, supervisory, and refresher training as well as site-specific training 

will be maintained at the project. Copies of certificates or other official documentation will be used to fulfill 

this requirement. 

8.1.2 Requirements for Subcontractors 

TtNUS subcontractor personnel must have completed introductory hazardous waste site training or 

equivalent work experience as defined in OSHA Standard 29 CFR 191 0.1 20 (e). Additionally, personnel 

who have had the introductory training more than 12 months ago, are required to have 8 hours of 

refresher training meeting the requirements of 29 CFR 1910.120 (e)(8) prior to performing field work at the 

NSB-NLON facility if required. For excavation purposes, the subcontractor Competent Person must be 

capable of identifying existing and predictable hazards in the surroundings, or working conditions which 

are unsanitary, hazardous, or dangerous to employees, and who has authorization to take prompt 

corrective measures to eliminate them. This person must meet the training requirements in the OSHA 

Construction Standards for Excavations 29 CFR Part 1926.650-.652 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 as 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 

The following statements must be typed on company letterhead and 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. Corey Rich, P.E. 
Tetra Tech NUS, Inc. 
Project Manager 
661 Andersen Drive 
Pittsburgh, Pennsylvania 15220 

Subject: HAZWOPER Training for NSB-NLON, Groton, Connecticut 

Dear Mr. Rich: 

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 191 0 and Part 1926. 

I also understand that Title 29 CFR 191 0.1 20, entitled "Hazardous Waste Operations and Emergency 
Response," requires appropriate level of training for certain employees engaged in hazardous waste 
operations. In this regard, I hereby state that the following employees have had 40 hours of introductory 
hazardous waste site training or equivalent work experience as requested by 29 CFR 1910.120(e) and 
have had 8 hour of refresher training as applicable and as required by 29 CFR 1910.120(e)(8) and that 
site supervisory personnel have had training in accordance with 29 CFR 191 0.1 2O(e)(4). 

LIST FULL NAMES OF EMPLOYEES AND THEIR SOCIAL SECURITY NUMBERS HERE. 

Should you have any questions, please contact me at (555) 555-5555 

Sincerely, 

(Name and Title of Company Officer) 

Enclosed: Training Certificates 
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8.2 SITE-SPECIFIC TRAINING 

TtNUS will provide site-specific training to TtNUS employees and subcontractor personnel who will 

perform work on this project. Site-specific training will also be provided to personnel (U.S. Department of 

Defense, EPA, etc.) who may enter the site to perform functions that may or may not be directly related to 

site operations. Site-Specific training will include: 

Names of designated personnel and alternates responsible for site safety and health 

Safety, health, and other hazards present on site 

Use of personal protective equipment 

Safe use of engineering controls and equipment 

Medical surveillance requirements 

Signs and symptoms of overexposure 

Contents of the Health and Safety Plan 

Emergency response procedures (evacuation and assembly points) 

Incipient response procedures 

Review of the contents of relevant Material Safety Data Sheets 

Review of the use of Safe Work Permits 

Site-specific documentation will be established through the use of Figure 8-2. 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 

TtNUS personnel participating in project field activities will have had a physical examination meeting the 

requirements of TtNUS's 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. 

CTO 0038 



Revision 0 
February 2006 

FIGURE 8-2 

SITE-SPECIFIC TRAINING DOCUMENTATION 

My signature below indicates that I am aware of the potential hazardous nature of performing remedial 
investigation activities at NSB-NLON, Groton, Connecticut, and that I have received site-specific training 
which included the elements presented below: 

Names of designated personnel and alternates responsible for site safety and health 
Safety, health, and other hazards present on site 
Use of personal protective equipment 
Safe use of engineering controls and equipment 
Medical surveillance requirements 
Signs and symptoms of overexposure 
Contents of the Health and Safety Plan 
Emergency response procedures (evacuation and assembly points) 
Incipient response procedures 
Review of the contents of relevant Material Safety Data Sheets 
Review of the use of Safe Work Permits 

CTO 0038 

I have been given the opportunity to ask questions and that my questions have been answered to my 
satisfaction. The dates of my training and medical surveillance indicated below are accurate. 

Name 
(Printed and Signature) 

Medical 
Exam 

Site- 
Specific 
Training 

Date 

8-Hour 
Refresher 
Training 
(Date) 

Training 40-H0ur 
(Date) 

8-Hour 
Supervisory 

Training 
(Date) 
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8.3.2 Medical Surveillance Requirements for Subcontractors 

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" (See 

Figure 8-3) with a letter, on company letterhead, containing the information in the example letter presented 

in Figure 8-4 of this HASP. 

8.3.3 Medical Data Sheet 

Each field team member (including subcontractors) and visitors entering the Exclusion Zone(s) shall be 

required to complete and submit a copy of Medical Data Sheet found in the TtNUS Health and Safety 

Guidance Manual. This shall be provided to the SSO, prior to participating in site activities. The purpose 

of this document is to provide site personnel and emergency responders with additional information that 

may be necessary in order to administer medical attention. 

8.4 SUBCONTRACTOR EXCEPTIONS 

Subcontractors who will not enter the Exclusion Zone during intrusive operations, and whose activities 

involve no potential for exposure to site contaminants, will not be required to meet the requirements for 

traininglmedical surveillance other than those stated for site-specific training (See Section 8.2). 
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FIGURE 8-3 

SUBCONTRACTOR MEDICAL APPROVAL FORM 

For employees of 
Company Name 

Participant Name: Date of Exam: 

Part A 

The above-named individual has: 

1. Undergone a physical examination in accordance with OSHA Standard 29 CFR 1910.120, 
paragraph (f) and found to be medically: 

( ) qualified to perform work at the NSB-NLON work site 
( ) not qualified to perform work at the NSB-NLON work site 

and, 

2. Undergone a physical examination as per OSHA 29 CFR 1910.134(b)(10) and found to be 
medically: 

( ) qualified to wear respiratory protection 
( ) not qualified to wear respiratory protection 

My evaluation has been based on the following information, as provided to me by the employer 

( ) A copy of OSHA Standard 29 CFR 1910.1 20 and appendices. 
( ) A description of the employee's duties as they relate to the employee's exposures. 
( ) A list of known/suspected contaminants and their concentrations (if known). 
( ) A description of any personal protective equipment used or to be used. 
( ) Information from previous medical examinations of the employee which is not readily available to 

the examining physician. 

Part B 

1, , have examined 
Physician's Name (print) Participant's Name (print) 

and have determined the following information: 
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FIGURE 8-3 
SUBCONTRACTOR MEDICAL APPROVAL FORM 
PAGE TWO 

Results of the medical examination and tests (excluding finding or diagnoses unrelated to 
occupational exposure): 

Any detected medical conditions that would place the employee at increased risk of material 
impairment of the employee's health: 

Recommended limitations upon 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. 

Based on the information provided to me, and in view of the activities and hazard potentials involved at the 
NSB-NLON work site, this participant 

( ) may 
( ) may not 

perform histher assigned task. 

Physician's Signature 

Address 

Phone Number 

NOTE: Copies of test results are maintained and available at: 

Address 
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FIGURE 8-4 

MEDICAL SURVEILLANCE LETTER 

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. Corey Rich, P.E. 
Tetra Tech NUS, Inc. 
Project Manager 
661 Andersen Drive 
Pittsburgh, Pennsylvania 15220 

Subject: HAZWOPER Medical Surveillance for NSB-NLON, Groton, Connecticut 

Dear Mr. Rich: 

As an officer of XYZ Corporation, I hereby state that the persons listed below participate in a medical 
surveillance program meeting the requirements contained in paragraph (f) of Title 29 of the Code of 
Federal Regulations (CFR) Part 191 0.1 20, entitled "Hazardous Waste Operations and Emergency 
Response. I further state that the persons listed below have had physical examinations under this 
program within the past 12 months and that they have been cleared, by a licensed physician, to perform 
hazardous waste site work and to wear positive- and negative-pressure respiratory protection. I also state 
that, to my knowledge, no person listed below has any medical restriction that would preclude himther 
from working at the NSB-NLON facility. 

LIST OF FULL NAMES OF EMPLOYEES AND THEIR SOCIAL SECURITY NUMBERS HERE. 

Should you have any questions, please contact me at (555) 555-5555 

Sincerely, 

(Name and Title of Company Officer) 
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9.0 SITE CONTROL 

This section outlines the means by which TtNUS will delineate work zones and use these work zones in 

conjunction with decontamination procedures to prevent the spread of contaminants into previously 

unaffected areas of the site. It is anticipated that a three-zone approach will be used during work at this 

site, including an Exclusion Zone, a Contamination Reduction Zone, and a Support Zone. It is also 

anticipated that this control measure will be used to control access to site work areas. Use of such 

controls will restrict the general public, minimize potentials for the spread of contaminants and to protect 

individuals who are not cleared to enter the work areas. 

9.1 EXCLUSION ZONE 

The Exclusion Zone will be considered those areas of the site of known or suspected contamination. It is 

not anticipated that significant amounts of surface contamination are in the proposed work areas of this 

site. It is anticipated that this will remain so until/unless contaminants are brought to the surface by 

intrusive activities such as drilling. Furthermore, once such 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 if the site where active work is being performed plus an established safety 

zone depending on the task, as follows: 

Soil boring - The boundary perimeter will be established by determining the height of the drill rig mast, 

plus five feet. For example, if the rig mast is 35 feet the Exclusion Zone would be a 40-foot boundary 

surrounding the point of operation. 

Decontamination (heavy equipment - steamlpressure washers) - 35 feet surrounding the point of 

operation. Equipment decontamination will take place at a centralized location. 

9.1.1 Exclusion Zone Clearance 

A pre-startup site visit will be conducted by members of the field team in an effort to identify proposed 

subsurface investigation locations, conduct utility clearances, and provide up-front notices concerning 

scheduled activities within the facility "No subsurface activities will proceed without utilitv clearance, and 

these activities must follow the TtNUS SOP for "Utilitv Locating and Excavation Clearance". In the event 

that a utility is struck during a subsurface investigative activity, the emergency numbers provided in Table 

2-1 will be notified. When base personnel are working within the proximity of this investigation, they will be 

moved or their operation temporarily discontinued to remove them from potential hazards associated with 

this operation. 
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9.2 CONTAMINATION REDUCTION ZONE 

The Contamination Reduction Zone (CRZ) will be a buffer area between the Exclusion Zone and any area 

of the site where contamination is not suspected. This area will also serve as a focal point in supporting 

Exclusion Zone activities. This area will be delineated using barrier tape, cones, and postings to inform 

and direct facility personnel. Decontamination will be conducted at a central location. Equipment 

potentially contaminated will be bagged and taken to that location for decontamination. 

9.3 SUPPORT ZONE 

The Support Zone for this project will include a staging area where site vehicles will be parked, equipment 

will be unloaded, and where food and drink containers will be maintained. 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. 

9.4 SAFE WORK PERMITS 

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 9-1. Partially completed Permits for the work to be performed are included in 

Attachment IV. The daily meetings conducted at the site will further support these work permits. This 

effort will ensure site-specific considerations and changing conditions are incorporated into the planning 

effort. Permits will require the signature of the FOL and SSO. Use of these permits will provide 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. 
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FIGURE 9-1 
SAFE WORK PERMIT 

Permit No. Date: Time: From to - 

I. Work limited to the following (description, area, equipment used): 

II. Primary Hazards: Potential hazards associated with this task include 

Ill. Field Crew: 
IV. On-site Inspection conducted Yes 0 No Initials of Inspector TtNUS 

Equipment Inspection required Yes No Initials of Inspector TtNUS 
V. Protective equipment required Respiratory equipment required 

Level D Ed Level B Yes Specify on the reverse 
Level C Level A 0 No Ed 

ModificationslExceptions: 

VI. Chemicals of Concern Hazard Monitoring Action Level(s) Response Measures 

Primary Route(s) of ExposurelHazard: 

(Note to FOL andlor SHSO: Each item in Sections VII, VIII, and IX must be checked Yes, No, or NA) 

VII. Additional Safety EquipmenffProcedures 
Hard-hat ......................................... [7 Yes [7 No Hearing Protection (PlugsIMuffs) ........... Yes 0 No 
Safety Glasses ............................... Yes [7 No Safety belttharness ................................ Yes [7 No 
Chemicallsplash goggles ................ Yes No RadiolCellular Phone ............................. [7 Yes [7 No 
Splash Shield .................................. [7 Yes [7 No Barricades .............................................. 0 Yes [7 No 
Splash suitslcoveralls ..................... Yes No Gloves (Type - ) ................. Yes No 
Impermeable apron ......................... [7 Yes No Worklrest regimen .................................. Yes [7 No 
Steel toe Work shoes or boots ........ UYes No Chemical Resistant Boot Covers ........... [7 Yes [7 No 
High Visibility vest ........................... OYes No Tape upluse insect repellent ................. Yes No 
First Aid Kit ...................................... D y e s  [7 No Fire Extinguisher ................................... Yes No 
Safety ShowerlEyewash ................. a y e s  No Other ..................................................... Yes No 
Modifications/Exceptions: 

VIII. Site Preparation Yes No NA 
Utility Locating and Excavation Clearance completed ................................................... [7 
Vehicle and Foot Traffic Routes Established/Traffic Control BarricadesISigns in Place ..... [7 [7 [7 
Physical Hazards Identified and Isolated (Splash and containment barriers) ..................... [7 [7 
Emergency Equipment Staged (Spill control, fire extinguishers, first aid kits, etc). ............ [7 

IX. Additional Permits required (Hot work, confined space entry, excavation etc.). ................. Yes No 
If yes, SHSO to complete or contact Health Sciences, Pittsburgh Office (412)921-7090 

X. Special instructions, precautions: 

Permit Issued by: Permit Accepted by: 

CTO 0038 



Revision 0 
February 2006 

9.5 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 (DOD, OSHA, DEP, etc.) 

Engineering Field Activity Northeast Navy Personnel 

Other authorized visitors 

It is not anticipated that this operation will result in a large number of site visitors. However, as some 

visitors can reasonably be expected, the following requirements will be enforced: 

Site visitors will be routed to the FOL, who will sign them in to the field logbook. Information to be 

recorded in the logbook will include the individual's name (proper identification required), who they 

represent, and purpose for the visit. 

Site visitors will be required to produce the necessary information supporting clearance onto the site. 

This includes information attesting to applicable training (40-hours of. HAZWOPER training required 

for Engineering Field Activity Northeast Navy personnel) and medical surveillance, as stipulated in 

Section 8 of this document. In addition, to enter the site's 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 document. 

NOTE: Site visitors will be escorted while at the site. 

Following this, the site visitor will be permitted to enter the site and applicable operational areas. Visitors 

are required to observe the protective equipment and site restrictions in effect at the area of their visit. 

Visitors not meeting the requirements as stipulated in this plan for site clearance will not be permitted to 

enter the site operational zones during planned activities. Any incidence of unauthorized site visitation will 

cause onsite activities to be terminated until that visitor can be removed. Removal of unauthorized visitors 

will be accomplished with support from the NSB-NLON Contact, if necessary. 

9.6 SITE SECURITY 

Site security will be accomplished using TtNUS field personnel. TtNUS will retain complete control over 

active operational areas. As this activity takes place at Navy facilities open to public access and within a 

public parking area, the first line of security will take place using trafficlparking restrictions, Exclusion Zone 

9-4 CTO 0038 



Revision 0 
February 2006 

barriers, and any existing barriers at the sites to restrict the general public. The second line of security will 

take place at the work site referring interested parties to the FOL or designee. The FOL will serve as a 

focal point for non-project interested parties, and serve as the final line of security and the primary 

enforcement contact. 

9.7 SITE MAP 

Once the areas of contamination, access routes, topography, and dispersion routes are determined, a site 

map will be generated and adjusted as site conditions change. When possible, these maps will be posted 

to illustrate up-to-date collection of contaminants and adjustment of zones and access points. 

9.8 BUDDY SYSTEM 

Personnel engaged in on-site activities will practice the "buddy system" to ensure the safety of personnel 

involved in this operation. 

9.9 MATERIAL SAFETY DATA SHEET (MSDS) REQUIREMENTS 

TtNUS and subcontractor personnel will provide MSDSs for chemicals brought on site. The contents of 

these documents will be reviewed by the SSO with the user(s) of the chemical substances prior to any 

actual use or application of the substances on site. A chemical inventory of chemicals used on site will be 

developed using the Health and Safety Guidance Manual. The MSDSs will then be maintained in a 

central location (i.e., temporary office) and will be available for anyone to review upon request. 

9.1 0 COMMUNICATION 

As personnel will be working in proximity to one another during field activities, a supported means of 

communication between field crew's members will not be necessary. External communication will be 

accomplished by using the telephones at predetermined and approved locations. External communication 

will primarily be used for the purpose of resource and emergency resource communications. Prior to the 

commencement of activities, the FOL will determine and arrange for telephone communications. 
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10.0 SPILL CONTAINMENT PROGRAM 

10.1 SCOPE AND APPLICATION 

It is not anticipated that bulk hazardous materials (over 55-gallons) will be handled at any given time, or 

that any cylinders or containers will be unearthed, as part of this scope of work. It is also not anticipated 

that such spillage would constitute a danger to human health or the environment. However, as the job 

progresses, the potential may exist for accumulating Investigative Derived Wastes (IDW) such as 

decontamination fluids, soil cuttings, and purge and well development waters, in a central staging area. 

Once these fluids and other materials have been characterized, they can be removed from this area and 

properly disposed. 

10.2 POTENTIAL SPILL AREAS 

Potential spill areas will be periodically monitored in an ongoing attempt to prevent and control further 

potential contamination of the environment. Currently, limited areas are vulnerable to this hazard 

including: 

Resource deployment 

Waste transfer 

Central staging 

It is anticipated that IDW generated as a result of this scope of work will be containerized, labeled, and 

staged to await further analyses. The results of these analyses will determine the method of disposal. 

10.3 LEAK AND SPILL DETECTION 

To establish an early detection of potential spills or leaks, a periodic walk-around by the personnel staging 

or disposing of drums or in the resource deployment area will be conducted during working hours to 

visually determine that storage vessels are not leaking. If a leak is detected, the contents will be 

transferred, using a hand pump, into a new vessel. The leak will be collected and contained using 

absorbents such as Oil-Dry, vermiculite, or sand, which are stored at the vulnerable areas in a 

conspicuously marked drum. This used material, too, will be containerized for disposal pending analysis. 

Inspections will be documented in the project logbook. 

It is not anticipated that any cylinders or containers will be unearthed during site activities. Should a 

cylinder or container be uncovered, however, work will immediately be stopped and personnel will retreat 

to a safe area until directed by the FOL or SSO. 
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PERSONNEL TRAINING AND SPILL PREVENTION 

Personnel will be instructed in the procedures for incipient spill prevention, containment, and collection of 

hazardous materials in the site-specific training. The FOL and the SSO will serve as the Spill Response 

Coordinators for this operation, should the need arise. 

10.5 SPILL PREVENTION AND CONTAINMENT EQUIPMENT 

The following represents the minimum equipment that may be maintained (depending on anticipated 

need) at the staging areas for the purpose of supporting this Spill Preventionlcontainment Program. 

Sand, clean fill, vermiculite, or other non combustible absorbent (Oil-dry) 

Drums (55-gallon U.S. DOT 17-E or 17-H) 

Shovels, rakes, and brooms 

10.6 SPILL CONTROL PLAN 

This section describes the procedures the TtNUS field crewmembers will employ upon the detection of a 

spill or leak. 

1. Notify the SSO or FOL immediately upon detection of a leak or spill. Activate emergency alerting 

procedures for that area to remove non-essential personnel. 

2. Employ the personal protective equipment stored at the staging area. Take immediate actions to stop 

the leak or spill by plugging or patching the container or raising the leak to the highest point in the 

vessel. Spread the absorbent material in the area of the spill, covering it completely. 

3. Transfer the material to a new vessel; collect and containerize the absorbent material. Label the new 

container appropriately. Await analyses for treatment and disposal options. 

4. Re-containerize spills, including top cover impacted by the spill. Await test results for treatment or 

disposal options. 

It is not anticipated that a spill will occur that the field crew cannot handle. Should this occur, notification 

of the appropriate Emergency Response agencies will be carried out by the FOL or SSO in accordance 

with the procedures discussed in Section 2.0 of this HASP. 
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I I .O CONFINED-SPACE ENTRY 

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 a space that 

Is large enough and so configured that an employee can bodily enter and perform assigned work, and 

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), and 

Is not designed for continuous employee occupancy. 

A Permit-Required Confined Space is a confined space that has one or more of the following 

characteristics: 

Contains or has a potential to contain a hazardous atmosphere. 

Contains a material that has the potential to engulf an entrant. 

Has an internal configuration such that an entrant could be trapped or asphyxiated by inwardly 

converging walls or by a floor which slopes downward and tapers to a smaller cross-section. 

Contains any other recognized, serious, safety or health hazard. 

For further information on confined space, consult the Health and Safety Guidance Manual or call the 

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 addressed. 
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12.0 MATERIALS AND DOCUMENTATION 

The TtNUS FOL shall ensure the following materialsldocuments are taken to the project site and used 

when required. 

A complete copy of this HASP 

Health and Safety Guidance Manual 

Incident Reports 

Medical Data Sheets 

Material Safety Data Sheets for chemicals brought on-site, including decon solution, fuels, sample 

preservations, calibration gases, etc. 

A full size OSHA Job Safety and Health Poster 

TrainingIMedical Surveillance Documentation Form (blank) 

Emergency Reference Form (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 where 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 on-site, including 

decontamination solutions, sample preservations, fuel, etc.. This list should be posted in a central area. 

Material Safety Data Sheets (MSDS) (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 employed on-site. It is acceptable to have these documents within a central folder and the 

chemical inventory as the table of contents. 

The OSHA Job Safety & Health Protection Poster (posted) - this poster, as directed by 29 CFR 1903.2 

(a)(l), should be conspicuously posted in places where notices to employees are normally posted. Each 

FOL shall ensure that this poster is not defaces, altered, or covered by other material. 
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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 

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 SheetslCards (maintained) - Medical Data Sheets will be filled out by on-site personnel 

and filed in a central location. The Medical Data Sheet will accompany any 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 

be carried on their person. 

Hearing Conservation Standard (29 CFR 1910.95) (posted) - this standard will be posted anytime 

hearing protection or other noise abatement procedures are employed. 

Personnel Monitoring (maintained) - 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 (maintained) - Where chemical inventories have been separated because of 

quantities and incompatibilities, these areas will be conspicuously marked using DOT placards and 

acceptable (Hazard Communication 29 CFR 191 0.1 2OO(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, providing the objection is accomplished. 
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13.0 GLOSSARY 

ACG l H 

bgs 

CERCLA 

CFR 

CLEAN 

CNS 

CTO 

CRZ 

DEP 

DoD 

eV 

FOL 

HASP 

HAZWOPER 

HSM 

IDLH 

IDW 

MSDS 

N/A 

NlOSH 

NTP 

OSHA 

PEL 

PID 

PPE 

PM 

SOPS 

SSO 

TBD 

TLV 

TWA 

WP 

American Conference of Governmental Industrial Hygienists 

Below Ground Surface 

Comprehensive Environmental Response, Compensation, and Liability Act 

Code of Federal Regulations 

Comprehensive Long-term Environmental Action - Navy 

Central Nervous System 

Contract Task Order 

Contamination Reduction Zone 

Department of Environmental Protection (Connecticut) 

United States Department of Defense 

electron Volts 

Field Operations Leader 

Health and Safety Plan 

Hazardous Waste Operations and Emergency Response 

Health and Safety Manager 

Immediate Dangerous to Life or Health 

Investigative-Derived Wastes 

Material Safety Data Sheets 

Not Available 

National Institute for Occupational Safety and Health 

National Toxicity Program 

Occupational Safety and Health Administration (US. Department of Labor) 

Permissible Exposure Limit 

Photoionization Detector 

Personal Protective Equipment 

Project Manager 

Standard Operating Procedures 

Site Safety Officer 

To be determined 

Threshold Limit Value 

Time-Weighted Average 

Work Plan 
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TETRA TECH NUS, INC. 

IN JURYIILLNESS PROCEDURE 
WORKER'S COMPENSATION PROGRAM 

WHAT YOU SHOULD DO IF YOU ARE INJURED OR DEVELOP AN ILLNESS 
AS A RESULT OF YOUR EMPLOYMENT: 

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. 

. If incident involves a chemical exposure on a project work site, follow instructions in the 
Health & Safety Plan. 

Immediately report any injury or illness to your supervisor or office manager. In addition, 
you must contact your Human Resources representative, Marilyn Diethorn at (412) 921-8475, 
and the Corporate Health and Safety Manager, Matt Soltis at (412) 921-8912 within 24 hours. 
You will be required to complete an Injury/Illness Report (attached). You may also be 
required to participate in a more detailed investigation from the Health Sciences Department. 

If further medical treatment is needed, The Hartford Network Referral Unit will furnish a list 
of network providers customized to the location of the injured employee. These providers are 
to be used for treatment of Worker's Compensation injuries subject to the laws of the state in 
which you work. Please call Marilyn Diethorn at (412) 921-8475 for the number of the 
Referral Unit. 

ADDITIONAL QUESTIONS REGARDING WORKER'S COMPENSATION: 

Contact your local human resources representative, corporate health and safety coordinator, or 
Corporate Administration in Pasadena, California, at (626) 35 1-4664. 

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 (Tetra Tech or Company) pay premiums on behalf of their employees. The type 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 of worker'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. All 



TETRA TECH NUS, INC. 
INJURY/ILLNESS PROCEDURE 

WORKER'S COMPENSATION PROGRAM 

employees must follow the above injury/illness reporting procedures. Consultants, independent 
contractors, and employees of subcontractors 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 subject 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. Please 
note that if you are working out-of-state and away from your home office, you are still eligible for 
worker's compensation benefits. 



TETRA TECH, INC. 

ACCIDENT AND ILLNESS INVESTIGATION REPORT 

To: Prepared by: 
Subsidiary Hcalth and Safety Rcprcscntat~vc 

Position: 
cc: 

Workcrs Cornpcnsation Administrator 
Office: 

Project name: Telephone number: 

Project number: Fax number: 

Information Regarding Injured or I11 Employee 

Name: Office: 

Home address: Gender: M F No. of dependents: 

Marital status: 

Home telephone number: Date of birth: 

Occupation (regular job title): Social security number: I1 

Street address: II 

Department: 

City, state, and zip code: I 

Date of Accident: 

Time Employee Began Work: 

County: I1 

Time of Accident: a.m. p.m. 

Check if time cannot be determined 

Was place of accident or exposure on employer's premises? Yes No 

Information About the Incident 
I 

Location of 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" 

11 

This form contains infonnation relating to employee health and must be used in a manner that protects the contident~ali ty 
o f  the employee to the extent possible while the inforn~ation is being used for occupational safety and health purposes. 

Form AR- I Page 1 of 4 



TETRA TECH, INC. 

ACCIDENT AND ILLNESS INVESTIGATION REPORT (Continued) 

Information About the Incident (Continued) 
What was the injury or illness? Describe the part(s) of the body affected and how it was affected. 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 No Date of death: 

Was employee performing regular job duties? Yes No 
Was safety equipment provided? Yes No Was safety equipment used? Yes No 
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: 

Medical Treatment Required? Yes No First aid only 

Name of physician or health care professional: 

If treatment was provided away from the work site, provide the information below. 

Facility name: 

Street address: 

City: State: Zip code: 

Telephone number: 

Was the employee treated in an emergency room? Yes No 

Was the employee hospitalized over night as an in-patient? Yes No 

This fonn 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 infonnation 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. 

Printcd Namc of Injured Employcc Telephone Number 

Signature of lnjurcd E~nploycc Date 

This fonn contains infonnation relating to employee health and must bc used in a manner that protects the contidentiality 
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) 

To Be Completed by the Subsidiary Health and Safety Representative 

Classification of Incident: 

Injury C] Illness 

Result of Incident: 

First aid only 

Days away from work 

Remained at work but incident resulted in job transfer or work restriction 

Incident involved days away and job transfer or work restriction 

Medical treatment only 

No. of days away from work 

Date employee left work 

Date employee returned to work 

No. of days placed on restriction or job transfer: - 
OSHA Recordable Case Number 

To Be Completed by Human Resources 
Social security number: 

Date of hire: Hire date for current job: 

Wage information: $ per Hour Day [7 Week Month 

Position at time of hire: 

Current position: Shift hours: 

State in which employee was hired: 

Status: Full-time Part-time Hours per week: Days per week: 

Temporary job end date: 

To Be Completed during Report to Workers Compensation Carrier 

Date reported: Reported by: 

Confirmation number: 

Name of contact: 

Field office of claims adjuster: 

This fonn contains information relating to cmployee 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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1 .O PURPOSE 

Utilities such as electric service lines, natural or propane gas lines, water and sewage lines, 
telecommunications, and steam lines are very often in the immediate vicinity of work locations. Contact 
with underground or overhead utilities can have serious consequences including employee injurylfatality, 
property and equipment damage, substantial financial impacts, and loss of utility service to users. 

The purpose of this procedure is to provide minimum requirements and technical guidelines regarding the 
appropriate procedures to be followed when performing subsurface and overhead utility locating services. 
It is the policy of Tetra Tech NUS, Inc. (TtNUS) to provide a safe and healthful work environment for the 
protection of our employees. The purpose of this Standard Operating Procedure (SOP) is to aid in 
achieving the objectives of this policy, to present the acceptable procedures pertaining to utility locating 
and excavation clearance activities, and to present requirements and restrictions relevant to these types of 
activities. This SOP must be reviewed by any employee potentially involved with underground or 
overhead utility locating and avoidance activities. 

2.0 SCOPE 

This procedure applies to all TtNUS field activities where there may be potential contact with underground 
or overhead utilities. This procedure provides a description of the principles of operation, instrumentation, 
applicability, and implementability of typical methods used to determine the presence and avoidance of 
contact with utility services. This procedure is intended to assist with work planning and scheduling, 
resource planning, field implementation, and subcontractor procurement. Utility locating and excavation 
clearance requires site-specific information prior to the initiation of any such activities on a specific project. 
This SOP is not intended to provide a detailed description of methodology and instrument operation. 
Specialized expertise during both planning and execution of several of the methods presented may also 
be required. 

3.0 GLOSSARY 

Electromaanetic Induction IEMI) Survey - A geophysical exploration method whereby electromagnetic 
fields are induced in the ground and the resultant secondary electromagnetic fields are detected as a 
measure of ground conductivity. 

Maanetometer - A device used for precise and sensitive measurements of magnetic fields. 

Maanetic Survey - A geophysical survey method that depends on detection of magnetic anomalies 
caused by the presence of buried ferromagnetic objects. 

Metal Detection - A geophysical survey method that is based on electromagnetic coupling caused by 
underground conductive objects. 

Vertical Gradiometer - A magnetometer equipped with two sensors that are vertically separated by a fixed 
distance. It is best suited to map near surface features and is less susceptible to deep geologic features. 

Ground Penetratina Radar - Ground Penetrating Radar (GPR) involves specialized radar equipment 
whereby a signal is sent into the ground via a transmitter. Some portion of the signal will be reflected from 
the subsurface material, which is then recorded with a receiver and electronically converted into a graphic 
picture. 



Number I HS-1.0 
Page 1 3of15 

LlTlLlTY LOCATING AND Revision Effective Date 
EXCAVATION CLEARANCE 2 12/03 

4.0 RESPONSIBILITIES 

Proiect Manaaer (PMITTask Order Manaaer (TOM) - Responsible for ensuring that all field activities are 
conducted in accordance with this procedure. 

Site Manaaer (SMIIField Operations Leader (FOL) - Responsible for the onsite verification that all field 
activities are performed in compliance with approved SOPS or as otherwise directed by the approved 
project plan(s). 

Site Health & Safetv Officer lSHSO) - Responsible to provide technical assistance and verify full 
compliance with this SOP. The SHSO is also responsible for reporting any deficiencies to the Corporate 
Health and Safety Manager (HSM) and to the P M O M .  

Health & Safetv Manaaer (HSM) - Responsible for preparing, implementing, and modifying corporate health 
and safety policy and this SOP. 

Site Personnel - Responsible for performing their work activities in accordance with this SOP and the TtNUS 
Health and Safety Policy. 

5.0 PROCEDURES 

This procedure addresses the requirements and technical procedures that must be performed to minimize 
the potential for contact with underground and overhead utility services. These procedures are addressed 
individually from a buried and overhead standpoint. 

5.1 Buried Utilities 

Buried utilities present a heightened concern because their location is not typically obvious by visual 
observation, and it is common that their presence andlor location is unknown or incorrectly known on 
client properties. This procedure must be followed prior to beginning any subsurface probing or 
excavation that might potentially be in the vicinlty of underground utility services. In addition, the Utility 
Clearance Form (Attachment 3) must be completed for every location or cluster of locations where 
intrusive activities will occur. 

Where the positive identification and de-energizing of underground utilities cannot be obtained and 
confirmed using the following steps, the PMKOM is responsible for arranging for the procurement of a 
qualified, experienced, utility locating subcontractor who will accomplish the utility location and 
demarcation duties specified herein. 

1. A comprehensive review must be made of any available property maps, blue lines, or as-builts 
prior to site activities. Interviews with local personnel familiar with the area should be performed 
to provide additional information concerning the location of potential underground utilities. 
Information regarding utility locations shall be added to project maps upon completion of this 
exercise. 

2., A visual site inspection must be performed to compare the site plan information to actual field 
conditions. Any findings must be documented and the site planlmaps revised. The area(s) of 
proposed excavation or other subsurface activities must be marked at the site in white paint or pin 
flags to identify those locations of the proposed intrusive activities. The site inspection should 
focus on locating surface indications of potential underground utilities. Items of interest include 
the presence of nearby area lights, telephone service, drainage grates, fire hydrants, electrical 
service vaultslpanels, asphalt/concrete scares and patches, and topographical depressions. Note 
the location of any emergency shut off switches. Any additional information regarding utility 
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locations shall be added to project maps upon completion of this exercise and returned to the 
PM/TOM. 

If the planned work is to be conducted on private property (e.g., military installations, 
manufacturing facilities, etc.) the FOL must identify and contact appropriate facility personnel 
(e.g., public works or facility engineering) before any intrusive work begins to inquire about (and 
comply with) property owner requirements. It is important to note that private property owners 
may require several days to several weeks advance notice prior to locating utilities. 

If the work location is on public property, the state agency that performs utility clearances must be 
notified (see Attachment 1). State "one-call" services must be notified prior to commencing 
fieldwork per their requirements. Most one-call services require, by law, 48- to 72-hour advance 
notice prior to beginning any excavation. Such services typically assign a "ticket" number to the 
particular site. This ticket number must be recorded for future reference and is valid for a specific 
period of time, but may be extended by contacting the service again. The utility service will notify 
utility representatives who then mark their respective lines within the specified time frame. It 
should be noted that most military installations own their own utilities but may lease service and 
maintenance from area providers. Given this situation, "one call" systems may still be required to 
provide location services on military installations. 

Utilities must be identified and their locations plainly marked using pin flags, spray paint, or other 
accepted means. The location of all utilities must be noted on a field sketch for future inclusion on 
project maps. Utility locations are to be identified using the following industry-standard color code 
scheme, unless the property owner or utility locator service uses a different color code: 

white excavation/subsurface investigation location 
red electrical 

yellow gas, oil, steam 
orange telephone, communications 

blue water, irrigation, slurry 
green sewer, drain 

Where utility locations are not confirmed with a high degree of confidence through drawings, 
schematics, location services, etc., the work area must be thoroughly investigated prior to 
beginning the excavation. In these situations, utilities must be identified using safe and effective 
methods such as passive and intrusive surveys, or the use of non-conductive hand tools. Also, in 
situations where such hand tools are used, they should always be used in conjunction with 
suitable detection equipment, such as the items described in Section 6.0 of this SOP. Each 
method has advantages and disadvantages including complexity, applicability, and price. It also 
should be noted that in some states, initial excavation is required by hand to a specified depth. 

At each location where trenching or excavating will occur using a backhoe or other heavy 
equipment, and where utility identifications and locations cannot be confirmed prior to 
groundbreaking, the soil must be probed using a device such as a tile probe which is made of 
non-conductive material such as fiberglass. If these efforts are not successful in clearing the 
excavation area of suspect utilities, hand shoveling must be performed for the perimeter of the 
intended excavation. 

All utilities uncovered or undermined during excavation must be structurally supported to prevent 
potential damage. Unless necessary as an emergency corrective measure, TtNUS shall not 
make any repairs or modifications to existing utility lines without prior permission of the utility 
owner, property owner, and Corporate HSM. All repairs require that the line be 
locked-outltagged-out prior to work. 
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If it is necessary to work within the minimum clearance distance of an overhead power line, the overhead 
line must be de-energized and grounded, or re-routed by the utility company or a registered electrician. If 
protective measures such as guarding, isolating, or insulating are provided, these precautions must be 
adequate to prevent employees from contacting such lines directly with any part of their body or indirectly 
though conductive materials, tools, or equipment. 

Effective Date 
1 2/03 

The following table provides the required minimum clearances for working in proximity to overhead power 
lines. 

Nominal Voltage Minimum Clearance 
0 -50 kV 10 feet, or one mast length; whichever is greater 

50+ kV 10 feet plus 4 inches for every 10 kV over 50 kV or 1.5 
mast lengths; whichever is greater I 6.0 UNDERGROUND LOCATING TECHNIQUES 

A variety of supplemental utility locating approaches are available and can be applied when additional 
assurance is needed. The selection of the appropriate method(s) to employ is site-specific and should be 
tailored to the anticipated conditions, site and project constraints, and personnel capabilities. 

1 Geophysical Methods 

Geophysical methods include electromagnetic induction, magnetics, and ground penetrating radar. 
Additional details concerning the design and implementation of electromagnetic induction, magnetics, and 
ground penetrating radar surveys can be found in one or more of the TtNUS SOPS included in the 
References (Section 8.0). 

I Electromagnetic Induction 

Electromagnetic Induction (EMI) line locators operate either by locating a background signal or by locating 
a signal introduced into the utility line using a transmitter. A utility line acts like a radio antenna, producing 
electrons, which can be picked up with a radiofrequency receiver. Electrical current carrying conductors 
have a 60HZ signal associated with them. This signal occurs in all power lines regardless of voltage. 
Utilities in close proximity to power lines or used as grounds may also have a 60HZ signal, which can be 
picked up with an EM receiver. A typical example of this type of geophysical equipment is an EM-61. 

EM1 locators specifically designed for utility locating use a special signal that is either indirectly induced 
onto a utility line by placing the transmitter above the line or directly induced using an induction clamp. 
The clamp induces a signal on the specific utility and is the preferred method of tracing since there is little 
chance of the resulting signals being interfered with. A good example of this type of equipment is the 
Schonstedto MAC-51 B locator. The MAC-51 B performs inductively traced surveys, simple magnetic 
locating, and traced nonmetallic surveys. 

I When access can be gained inside a conduit to be traced, a flexible insulated trace wire can be used. 
This is very useful for non-metallic conduits but is limited by the availability of gaining access inside the 

01 961 1/P Tetra Tech NUS, Inc. 
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Magnetic locators operate by detecting the relative amounts of buried ferrous metal. They are incapable 
of locating or identifying nonferrous utility lines but can be very useful for locating underground storage 
tanks (UST's), steel utility lines, and buried electrical lines. A typical example of this type of equipment is 
the SchonstedKB GA-52Cx locator. The GA-52Cx is capable of locating 4-inch steel pipe up to 8 feet 
deep. 
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Non-ferrous lines are often located by using a typical plumbing tool (snake) fed through the line. A signal 
is then introduced to the snake that is then traced. 

Page 
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Ground Penetrating Radar 

Ground Penetrating Radar (GPR) involves specialized radar equipment whereby a signal is sent into the 
ground via a transmitter. Some portion of the signal will be reflected from the subsurface material, which 
is then recorded with a receiver and electronically converted into a graphic picture. In general, an object 
which is harder than the surrounding soil will reflect a stronger signal. Utilities, tunnels, UST's, and 
footings will reflect a stronger signal than the surrounding soil. Although this surface detection method 
may determine the location of a utility, this method does not specifically identify utilities (i.e., water vs. gas, 
electrical vs. telephone); hence, verification may be necessary using other methods. This method is 
somewhat limited when used in areas with clay soil types or with a high water table. 

Passive Detection Survevs 

Acoustic Surveys 

Acoustic location methods are generally most applicable to waterlines or gas lines. A highly sensitive 
Acoustic Receiver listens for background sounds of water flowing (at joints, leaks, etc.) or to sounds 
introduced into the water main using a transducer. Acoustics may also be applicable to determine the 
location of plastic gas lines. 

Thermal Imaging 

Thermal (i.e., infrared) imaging is a passive method for detecting the heat emitted by an object. 
Electronics in the infrared camera convert subtle heat differentials into a visual image on the viewfinder or 
a monitor. The operator does not look for an exact temperature; rather they look for heat anomalies 
(either elevated or suppressed temperatures) characteristic of a potential utility line. 

The thermal fingerprint of underground utilities results from differences in temperature between the 
atmosphere and the fluid present in a pipe or the heat generated by electrical resistance. In addition, 
infrared scanners may be capable of detecting differences in the compaction, temperature and moisture 
content of underground utility trenches. High-performance thermal imagery can detect temperature 
differences to hundredths of a degree. 

6.3 Intrusive Detection Surveys 

Vacuum Excavation 

Vacuum excavation is used to physically expose utility services. The process involves removing the 
surface material over approximately a 1 ' x 1 ' area at the site location. The air-vacuum process proceeds 
with the simultaneous action of compressed air-jets to loosen soil and vacuum extraction of the resulting 

I I 
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debris. This process ensures the integrity of the utility line during the excavation process, as no hammers, 
blades, or heavy mechanical equipment comes into contact with the utility line, eliminating the risk of 
damage to utilities. The process continues until the utility is uncovered. Vacuum excavation can be used 
at the proposed site location to excavate below the "utility windowu which is usually 8 feet. 

Number 
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Hand Excavation 

Page 
70f 15 

When the identification and location of underground utilities cannot be positively confirmed through 
document reviews andlor other methods, borings and excavations may be cleared via the use of non- 
conductive hand tools. This should always be done in conjunction with the use of detection equipment. 
This would be required for all locations where there is a potential to impact buried utilities. The minimum 
hand-excavation depth that must be reached is to be determined considering the geographical location of 
the work site. This approach recognizes that the placement of buried utilities is influenced by frost line 
depths that vary by geographical region. Attachment 2 presents frost line depths for the regions of the 
contiguous United States. At a minimum, hand excavation depths must be at least to the frost line depth 
(see Attachment 2) plus two (2) feet, but never less than 4 feet below ground surface (bgs). For hand 
excavation, the hole created must be reamed large enough to be at least the diameter of the drill rig auger 
or bit prior to drilling. For soil gas surveys, the survey probe shall be placed as close as possible to the 
cleared hand excavation. It is important to note that a post-hole digger must not be used in this type of 
hand excavation activity. 

Tile Probe Surveys 

For some soil types, site conditions, and excavation requirements, non-conductive tile probes may be 
used. A tile probe is a "7-handled rod of varying lengths that can be pushed into the soil to determine if 
any obstructions exist at that location. Tile probes constructed of fiberglass or other nonconductive 
material are readily-available from numerous vendors. Tile probes must be performed to the same depth 
requirements as previously specified. As with other types of hand excavating activities, the use of a non- 
conductive tile probe, should always be in conjunction with suitable utility locating detection equipment. 

7.0 INTRUSIVE ACTIVITIES SUMMARY 

The following list summarizes the activities that must be performed prior to beginning subsurface 
activities: 

1. Map and mark all subsurface locations and excavation boundaries using white paint or markers 
specified by the client or property owner. 

2. Notify the property owner andlor client that the locations are marked. At this point, drawings of 
locations or excavation boundaries shall be provided to the property owner andlor client so they 
may initiate (if applicable) utility clearance. 

Note: Drawings with confirmed locations should be provided to the property owner and/or client 
as soon as possible to reduce potential time delays. 

3. Notify "One Call" service. If possible, arrange for an appointment to show the One Call 
representative the surface locations or excavation boundaries in person. This will provide a better 
location designation to the utilities they represent. You should have additional drawings should 
you need to provide plot plans to the One Call service. 

4. Implement supplemental utility detection techniques as necessary and appropriate to conform 
utility locations or the absence thereof. 

-I 
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5. Complete Attachment 3, Utility Clearance Form. This form should be completed for each 
excavation location. In situations where multiple subsurface locations exist within the close 
proximity of one another, one form may be used for multiple locations provided those locations 
are noted on the Utility Clearance Form. Upon completion, the Utility Clearance Form and 
revisedlannotated utility location map becomes part of the project file. 
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OSHA Letter of Interpretation, Mr. Joseph Caldwell, Attachment 4 
OSHA 29 CFR 1926(b)(2) 
OSHA 29 CFR 1926(b)(3) 
TtNUS Utility Locating and Clearance Policy 
TtNUS SOP GH-3.1; Resistivity and Electromagnetic Induction 
TtNUS SOP GH-3.2; Magnetic and Metal Detection Surveys 
TtNUS SOP GH-3.4; Ground-penetrating Radar Surveys 
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ATTACHMENT 1 
LISTING OF UNDERGROUND UTILITY CLEARANCE RESOURCES 

American Publk Works AssoclaUon 
2345 Grand Boulevar& Suite 600, Kansas C i i ,  HO 84908-2625 
Phone (816) 4725100 Fax (818) 472-1610 
Web www.apwa.net 0 E-mail apwa@apwa.net 

ONE-CALL SYSTEMS INTERNATIONAL 

Alabama 
Atabarna One-Call 
1-800-292-8525 

Alaska 
Locate Call Center of M a ,  Inc 
1BW47B3121 

I\rlrana 
ArizOna Blue Stake 
1-800-782-5348 

Arkansas 
Arkansas One Call Syslem, Inc. 
1-800-482-8998 

Callfornla 
Underground Servica Alert North 
1800-227-2600 
Underground Service Alert of Soulhern 

Catifomla 
1800-227-2800 

Colorado 
Utility NotWcsUon Center of Cabredo 
1-800-922-1 987 

Connecticut 
Call Before You Olg 
1-800-922-4456 

Florida 
Sunshine State One-Call of Fbrida, Ino. 
1-800-432-4770 

Georda 
Underground Protection Cenkr, Inc 
1-800-282-741 1 

Hawall 
Underground Senice Alelt North 
1-800-227-2800 

ldsho 
Dlg tine Inc. 
1-800-342-1 585 
Kootsnal County One-Call 
1-800-428-4950 
Shoshone - Benewah One-Call 
14009383285 

JULIE, Inc 
1-800-892-0123 
m r  (Chicago Utility Alert Network) 
312-744-7090 

Indiana 
Indiana Underground M t  Pmlection 

Servlce 
1-800-382-5544 

CONDENSED DIRECTORY 

msas 
Kansas On&!J SyaIem, Inc 
1.800.344-7233 

Kentuoky 
Kentucky Underground Protection Inc. 
1-800-752-6007 

LouUana 
LouislanaOneCall System, Inc 
1-80&2n-3020 

Maine 
[Hg Safe System, Inc 
i-ea~344-rn3 

Maryland 
Miss Utlitly 
l-BOO-267-7777 
Mtas Utlllly of Delmarva 
1-800-282-8566 

Maastchueettu 
Dig safe System, hc 
1-888-344-7233 

Mlchlgan 
Miss  Dlg System, Inc. 
1 -8OO-482-7I71 

MHinnesota 
Gcpher State One Call 
IgDD-252-1168 

~as lss lpp l  
Mississlppl One-CaU System. Inc 
1-800-227-6477 

Nlksourl 
MI$souri OneCall System. Inc 
1-80034474W 

Montana 
Utilities Underground Prolsctbn Canter 
1-800-424-5665 
Monlena One Call Center 
1-W-551-8344 

Nebraska 
Diggers HoUine of Nebraska 
1-800-331-5666 

Nevada 
Underground Service Alert  no,^ 
1-BOO-227-2600 

New Hampshire 
Dig Safe System. Inc 
1-888-344-7233 

New Jersey 
N e w  Jersey One Call 
1400-272-1 DO0 

New M c o  
New Mexim One Call System, lnc. 
1-800-321-2537 
La6 C~ms- Dona Ana Blue Stakes 
1-888-5260400 

NewYwW 
D i i  safely New Yo* 
1-800-862-7862 
W Y o r k  Ci Long Island One Call 

Center 
1-800-272-4480 

North CalOllrn 
The NMUl Camha One-Call Center, 

Ino. 
1-800-632449 

Nor& Dakota 
No& Dako!a OneCall 
180W930555 

Oil 8 Gas Produmm Underground 
Protect'n Svc 

1-800-925-0988 

Oklahoma 
Can O M  
1-800-522-6543 

olegon 
Oregon Utllky Notifrcat&n CenbrIOne 

Call Concepb 
1-800-332-2344 

Pennsylvania 
Pennsylvania One Call System. Inc. 
1-600-242-1776 

Mode Island 
Dlg Safe System, Inc. 
1-886-344-7233 

Swth Carolina 
Palmetto Utility Protection Seruica Inc. 
1 -88&72 1-7877 

South Dakota 
South Dakota One Call 
1800-781-7474 

Tenrmesee 
Tennessae One-Call System. Inc 
1-8W).351-1 Ill 



Subject Number Page 
HS-1 .O 10 of 15 - - 

UTILITY LOCATING AND Revision Effective Date 
EXCAVATION CLEARANCE 2 1 2/03 

ATTACHMENT 1 (Continued) 

Texas 
Texas One Call Syslem 
1-600.245-4545 
Texas Excavation Safety System. Inc. 
1-800-344-8377 
Lone Star NotiflcaUon Center 
1600869-8344 

Utah 
Blue Stakes of Utah 
1-800-682-41 1 1 

Virginia 
Miss Utility of Virginia 
1600-552-7001 
Miss Utility (Northern Virginia) 
1-800-257-7777 

Washington 
UtiI'lties Underground Location Center 
1-800-424-5555 
Northwest Utllily NoUficatlon Center 
1-8004534W 
Inland Empire Utlllly Ccordinatlng 

Coundl 
509468-8000 

West Vlrginia 
Miss Utility of West Vlrghla. lnc. 
1800.2454848 

Wisconsin 
Diggers Hotline, Inc. 
1-800-242-861 1 

wominll 
Wyoming OneCall System, Inc. 
lg00-348-1(MO 
Call Before You Dig of Wyoming 
1-800-848-2476 

Mstrlct of Columbla 
MISS utliny 
1-800.257-7777 

Alberta 
Abecta One-Call Corporation 
1-800-242-3447 

Brltlsh Cotumbla 
BC One Call 
1-800-474-6888 

Ontarlo 
Ontario One-Call System 
1-800-400-2255 

Quebec 
InbExeavation 
lSDO-663-9228 
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UTILITY CLEARANCE FORM 

Client: Project Name: 

Project No.: Completed By: 

Location Name: Work Date: 

Excavation Methodloverhead Equipment: 

1. Underground Utilities Circle One 

HS-1.0 

Revision 
2 

a) Review of existing maps? yes no NIA 

12 of 15 

Effective Date 
1 2/03 

b) Interview local personnel? yes no NIA 

c) Site visit and inspection? yes no NIA 

d) Excavation areas marked in the field? yes no NIA 

e) Utilities located in the field? yes no NIA 

f 1 Located utilities markedladded to site maps? yes no NIA 

g) Client contact notified yes no NIA 
Name Telephone: Date: 

g) State One-Call agency called? yes no NIA 
Caller: 
Ticket Number: Date: 

h) Geophysical survey performed? yes no NIA 
Survey performed by: 
Method: Date: 

i) Hand excavation performed (with concurrent use of utility yes no NIA 
detection device)? 
Completed by: 
Total depth: feet Date: 

j) Trenchlexcavation probed? yes no NIA 
Probing completed by: 
Depthlfrequency: Date: 

2. Overhead Utilities Present Absent 

a) Determination of nominal voltage yes no NIA 
b) Marked on site maps yes no NIA 
c) Necessary to lockout/insulate/re-route yes no NIA 
d) Document procedures used to lockoutlinsulatelre-route yes no NIA 
e) Minimum acceptable clearance (SOP Section 5.2): 

3. Notes: 

Approval: 

Site ManagerIField Operations Leader Date 
c: PMIProject File 

Program File 

I I 
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ATTACHMENT 4 
OSHA LETTER OF INTERPRETATION 

Mr. Joseph Caldwell 
Consultant 
Governmental Liaison 
Pipeline Safety Regulations 
21 1 Wilson Boulevard 
Suite 700 
Arlington, Virginia 22201 

Re: Use of hydro-vacuum or non-conductive hand tools to locate underground utilities. 

Dear Mr. Caldwell: 

In a letter dated July 7,2003, we responded to your inquiry of September 18,2002, regding the 
use of hydro-vacuum equipment to locate underground utilities by excavation. After our letter to 
you was posted on the OSHA website, we received numerous inquiries that make it apparent that 
aspects of our July 7 letter are being misunderstood. In addition, a number of industry 
stakeholders, including the National Utility Contractors Association (NUCA), have provided new 
information regarding equipment that is available for this work. . 

To clarify these issues, we are withdrawing our July 7 letter and issuing this replacement 
response to your inquiry. 

Question: Section 1926.651 contains several requirements that relate to the safe9 ofemployees 
engaged in excavation work Specifically, paragraphs (W) and (b)(3) relccte in part to the 
sqfety of the means used to locate underground utility installations that, if darnaged during an 
uncovering operation, could pose serious hazards to employees. 

Under these provisions, what constitutes an acceptable method of uncovering underground 
Lltility lines, and further, would the me of hydro-vacuum excavation be acceprable under rhe 
staniiard? 

Answer 

Backmound 

Two sections of 29 CFR 1926 Subpart P (Excavations), 1926.651(Specifjc excavation 
requirements), govern methods for uncovering underground utility installations. Specifically, 
paragraph (b)(2) states: 

When utility companies or owners cannot respond to  a request to locate underground utility 
installations within 7-4 hours * * * o r  cannot establish the exact location of these installations, the 
employer may proceed, provided the employer does so with caution, and provided detection 
equipment or ~ e r  tlcceotable means to locate utility installations are used. (emphasis added). 

Paragraph @)(3) provides: 
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When excavation operations approach the estimated location of underground installations, the 
exact location of the installations shall be determined by safe and acceptable means. (emphasis 
added). 

Therefore, "acceptable means" must be used where the location of the underground utilities have 
not been identified by the utility companies and detection equipment is not used. 

Subpart P does not contain a definition of either "other acceptable means" or "safe and 
acceptable means." The preambles to both the proposed rule and the final rule discussed the 
rationale behind the wording at issue. For example, the preamble to the proposed rule, 52 Fed. 
Reg. 12301 (April 15, 1987), noted that a 1972 version of this standard contained language that 
specified "wf111 probing or hand digging" as the means to uncover utilities. The preamble then 
noted that an amendment to the 1972 standard later deleted that language "to allow other, equally 
Gective means of locating such installations." The preamble continued that in the 1987 
proposed rule, OSHA again proposed using language in section (b)(3) that would provide another 
example of an acceptable method of uncovering utilities that could be used where tke utilities 
have not been marked a d  defection eauimnent is not being used - ''probing with hand-hdd 
took." This method was rejected in the final version of 29 CFR 1926. As OSHA explained in 
the preamble to the final rule, 54 Fed. Reg. 45916 (October 31,1989): 

OSHA received two comments * * * and input from ACCSH [OSHA's Advisory Committee on 
Conmction Safety and Health] * * * on this provision. All commenters recommended dropping 
'such as p~obing with hand-held tools' from the proposed provision, because this could create a 
h a d  to employees by damaging the installation or its insulation. 

In other words, the commentqs objected to the use of hand tools being used unless detection 
equipment was used in conjunction with them OSHA then concluded its discussion relative to 
this provision by agreeing with the commentators and ultimately not including any examples of 
"acceptable means" in the final provision. 

Non-conductive hand tools are mrmitted 

This raises the question of whether the standard permits the use of hand tools alone -- without 
also using detection equipment. NUCA and other industry stakeholders have recently informed 
us that non-conductive hand tools that are appropriate to be used to locate underground utilities 
are now commonly available. 

Such tools, such as a "shooter" (which has a non-conductive handle and a snub nose) and non- 
conductive or insulated probes were not discussed in the rulemaking. Since they were not 
considered at that time, they were not part of the class of equipment that was thought to be unsafe 
for this purpose. Therefore, we conclude that the use of these types of hand tools, when used with 
appropriate caution, is an "acceptable means" for Iocating underground utilities. 
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Hvdro-vacuum excavation 

It is our understanding that some hydro-vacuum excavation equipment can be adjusted to use a 
minimum mount of water and suction pressure. When appropriately adjusted so that the 
equipment will not damage underground utilities (especially utilities that are particularly 
vulnerable to damage, such as electrical lines), use of such equipment would be considered a 
"acceptable means" of locating underground utilities. However, if the equipment cannot be 
sufficiently adjusted, then this method would not be acceptable under the standard. 

Other technoloPies 

We are not suggesting that these are the only devices that would be "acceptable means" under the 
standard. Industry stakeholders have informed us that there are other types of special excavation 
equipment designed for safely locating utilities as welI. 

We apologize for any conhsion our July 7 letter may have caused. If yon have further concerns 
or questions, please feel free to contact us again by fax at: U.S. Department of Labor, OSHA, 
Directorate of Construction, Office of Consuuction Standards and Com~liance Assistance. fax # 
202-693-1689. You can also contact us by mail at the above office, ~ & m  N3468,200 

' 

Constitution Avenue, N.W.. Washington, D.C. 20210, although there will be a delay in our 
receiving correspondence by mail. 

Sincerely, 

Russeli B. Swanson, Director 
Directorate of Construction 

NOTE: OSHA requirements are set by statute, standards and regulations. Our interpretation 
letters explain these requirements and how they apply to particular circumstances, but they 
cannot create additional employer obligations. This letter constitutes OSHA=s interpretation 
of the requirements discussed. Mote that our enforcement guidance may be affected by 
changes to OSHA rules. Also, from time to time we update our guidance in response to new 
information. To keep apprised of such developments, you can consult OSHA's website at 
ht tp : l~ .oshagov .  
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EQUIPMENT INSPECTION 

COMPANY: UNIT NO. 
FREQUENCY: Inspect daily, document prior to use and as repairs are needed. 

Inspection Date: / I  Time: Equipment Type: 
(e.g., bulldozer) 

I 1  

Tires or tracks 

Hoses and belts 

Cab, mirrors, safety glass 
- Turn signals, lights, brake lights, etc. (fronthear) for equipment 

approved for highway use? 
- Is the equipment equipped with audible back-up alarms and 

back-up lights? 

Horn and gauges 

Brake condition (dynamic, park, etc.) 

Fire extinguisher (TypeIRating - ) 

Fluid Levels: 

Engine oil 
Transmission fluid 
Brake fluid 
Cooling system fluid 
Windshield wipers 
Hydraulic oil 

Oil leakllube 

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) 

Safetv Guards: 

Good 

a 
a 
a 
a 

a 

a 
a 
a 

a 
a 
a 
a 
a 
a 
a 
a 
a 
a 

a 
a 
a 

~ e e d  Repair 

a 
a 
a 
a 

a 

a 
a 
n 

Yes 

Around rotating apparatus (belts, pulleys, sprockets, spindles, drums, flywheels, chains) all points of 
operations protected from accidental contact? @ U 

Hot pipes and surfaces exposed to accidental contact? 
a a 

All emergency shut offs have been identified and communicated to the field crew? 
a a 

Have emergency shutoffs been field tested? 
CI a 

Results? 
a 11 

Are any structural members bent, rusted, or otherwise show signs of damage? 
1 i7 



- Are fueling cans used with this equipment approved type safety cans? 

- Have the attachments designed for use (as per manufacturer's recommendation) with this 
equipment been inspected and are considered suitable for use? 

Portable Power Tools: 

Tools and Equipment in Safe Condition? 

Saw blades, grinding wheels free from recognizable defects (grinding wheels have been sounded)? 

Portable electric tools properly grounded? 
- - 

Damage to electrical power cords? 

Blade guards in place? 

Components adjusted as per manufacturers recommendation? 

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 heavv 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 himlher 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? 
Yes No 
a n 

- If so, has an 8-hour noise dosimetry test been performed? @ CI 

- Results of noise dosimetry: 

- Defects and repairs needed: 

- General Safety Condition: 

- Operator or mechanic signature: 

Approved for Use: 11 Yes 11 No 

Site Safety Officer Signature 
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SAFE WORK PERMIT FOR 
MOBILIZATION AND DEMOBILIZATION ACTIVITIES 

NSBINLON 
GROTON, CONNECTICUT 

Permit No. Date: Time: From to - 

I. Work l imited t o  t he  fol lowing (description, area, equipment used): Mobilization and demobilization 
activities 

II. Primary Hazards: Potential hazards associated with this task include Liftina, pinches and com~ressions, s l i~s,  trip and 
falls, movina machinew, vehicular and foot traffic, ambient temperature extremes, insectlanimal bites and stinas, 
poisonous plants, and inclement weather. 

Ill. Field Crew: 
IV. On-site Inspection conducted Yes IXI No Initials of Inspector TtNUS 

Equipment Inspection required IXI Yes No Initials of Inspector TtNUS 

V. Protective equipment required Respiratory equipment required 
Level D [XI Level B C] Yes [7 Specify on the reverse 
Level C Level A No El 

ModificationslExceptions: 

VI. Chemicals of Concern Hazard Monitoring Action Level(s) Response Measures 
None anticipated aiven the 
nature of activities and limited 
contact wl media. 

Primary Route@) of ExposurelHazard: None 

(Note to  FOL andlor SHSO: Each item in Sections VII, VIII, and IX must be checked Yes, No, or NA) 

VII. Additional Safety Equipment/Procedures 
............................................ Hard-hat [7 Yes No 

Safety Glasses ................................. [XI Yes [7 No 
Chemicallsplash goggles ................... [7 Yes No 

.................................... Splash Shield [7 Yes [XI No 
Splash suitslcoveralls ........................ [7 Yes [XI No 
Impermeable apron ........................... 17 Yes [7 No 
Steel toe Work shoes or boots .......... NYes [7 No 
High Visibility vest ............................. a y e s  [7 No 

........................................ First Aid Kit [XIYes [7 NO 
Safety ShowerIEyewash .................... OYes [7 NO 
Modifications/Exceptions: 

Hearing Protection (PlugsIMuffs) .............. [7 Yes IXI No 
Safety belffhamess ................................... [7 Yes No 
RadiolCellular Phone ................................ Yes [XI No 
Barricades ................................................ Yes IXI No 
Gloves'(Type - Cotton) ............................ [XI Yes No 
WorWrest regimen ..................................... Yes [7 No 
Chemical Resistant Boot Covers .............. [7 Yes No 
Tape upluse insect repellent .................... Yes No 
Fire Extinguisher ...................................... Yes (7 No 
Other ..................................................... [7 Yes [7 No 

VIII. Site Preparation Yes No NA 
Utility Locating and Excavation Clearance completed ......................................................... 0 [7 
Vehicle and Foot Traffic Routes Establishedrrraffic Control BarricadeslSigns in Place ...... [7 [7 [7 
Physical Hazards Identified and Isolated (Splash and containment barriers) ...................... n o 0  
Emergency Equipment Staged (Spill control, fire extinguishers, first aid kits, etc). ............. [7 

IX. Additional Permits required (Hot work, confined space entry, excavation etc.). ................. Yes No 
I f  yes, SHSO to complete or contact Health Sciences, Pittsburgh Office (412)921-7090 

X. Special instructions, precautions: 

Permit Issued by: Permit Accepted by: 

MobIDemob Permit CTO 0038 



SAFE WORK PERMIT FOR 
SOIL BORING 

NSBINLON 
GROTON, CONNECTICUT 

Permit No. Date: Time: From to - 

I. Work limited to the following (description, area, equipment used): Soil borinas usinq rotosonic and hollow-stem 
auqer techniques. Installation, development, and purainq of monitorinq wells are included in this task. 

II. Primary Hazards: Potential hazards associated with this task include Chemical contamination, transfer contamination, 
heavv eauipment, noise, enerqized systems, liftinq, ambient temperature extremes, insectlanimal bites, stinas, and 
inclement weather. 

Ill. Field Crew: 
IV. On-site Inspection conducted [XI Yes No Initials of Inspector TtNUS 

Equipment Inspection required [XI Yes No Initials of Inspector TtNUS 

V. Protective equipment required Respiratory equipment required 
Level D [XI Level B Yes [7 Specify on the reverse 
Level C Level A No [XI 

ModificationslExceptions Minimum requirement include sleeved shirt and lonq pants, safety qlasses, safetv footwear, 
and nitrile  loves. 

VI. Chemicals of Concern Hazard Monitoring Action Level(s) Response Measures 
VOCs and Metals PID with 11.7 eV Any sustained readinq above Suspend site activities 

lor hiqher!lamp to detect 1 PPM in worker report to an unaffected area 
presence of VOCs breathina zone* 

*See special instructions 

Primary Route(s) of ExposurelHazard: Inhalation 

(Note to FOL andlor SHSO: Each item in Sections VII, VIII, and IX must be checked Yes, No, or NA) 

VII. Additional Safety EquipmentlProcedures 
............ .............................................. Hard-hat [XI Yes No Hearing Protection (PlugslMuffs) [XI Yes No 

................................. Safety Glasses ...................................... Yes No Safety beltlhamess [7 Yes [XI No 
............................. ..................... Chemicallsplash goggles C] Yes [XI No RadiolCellular Phone Yes [XI No 

.............................................. ...................................... Splash Shield Yes [XI No Barricades [XI Yes [7 No 
............................ .......................... Splash suits/coveralls Yes No Gloves (Type - Nitrile) Yes [7 No 

.................................. ............................. Impermeable apron [7 Yes [7 No Worklrest regimen Yes No 
............ ............ Steel toe Work shoes or boots [XIYes No Chemical Resistant Boot Covers Yes No 

............................... ................. High Visibility vest OYes No Tape upluse insect repellent [7 Yes [7 No 
.......................................... .................................... First Aid Kit Y e s  No Fire Extinguisher [7 Yes No 

...................... Safety ShowerlEyewash m e  [7 No Other ...................................................... [7 Yes No 
ModificationslExceptions: Minimum requirement include sleeved shirt and lonq pants, safetv qlasses, safetv footwear, 
and nitrile qloves. 

VIII. Site Preparation Yes No NA 
Utility Locating and Excavation Clearance completed ..................................................... [7 
Vehicle and Foot Traffic Routes Establishedrrraffic Control BarricadesISigns in Place ...... [7 

...................... Physical Hazards Identified and Isolated (Splash and containment barriers) 0 0 0  
Emergency Equipment Staged (Spill control, fire extinguishers, first aid kits, etc). ............. 

IX. Additional Permits required (Hot work, confined space entry, excavation etc.). ................. Yes [7 No 
I f  yes, SHSO to complete or contact Health Sciences, Pittsburgh Office (412)921-7090 

X. Special instructions. precautions: *Work mav resume if airborne readinqs in worker breathinq zone returns to 
backqround. 

Permit Issued by: Permit Accepted by: 

Soil Boring CTO 0038 



SAFE WORK PERMIT FOR 
MULTl MEDIA SAMPLING 

NSBINLON 
GROTON, CONNECTICUT 

Permit No. Date: Time: From to - 

I. Work limited to the following (description, area, equipment used): Multi media samplinq includinq qroundwater, 
soil and IDW. 

II. Primary Hazards: Potential hazards associated with this task include Chemical contamination, transfer contamination, 
liftinq. ~inchlcom~ression, slips, trips and falls ambient temperature extremes. insectlanimal bites, stinqs, ~oisonous 
plants, inclement weather. 

Ill. Field Crew: 
IV. On-site Inspection conducted Yes No Initials of Inspector TtNUS 

Equipment Inspection required Yes No Initials of Inspector TtNUS 

V. Protective equipment required Respiratory equipment required 
Level D [XI Level B Yes [7 Specify on the reverse 
Level C [7 Level A No [XI 

ModificationsIExceptions: Minimum requirement include sleeved shirt and lonq pants, safety footwear, safetv qlasses 
and nitrile qloves. Hard hats and hearing protection will be worn when workinq near operatinq equipment and or when 
required bv the facilitv. 

VI. Chemicals of Concern Hazard Monitoring Action Level(s) Response Measures 
VOCs and Metals, PID with 11.7 eV Anv sustained readinq above Suspend site activities 

lor hiaher)lam~ or FID 1 PPM in worker report to an unaffected area 
breathinq zone* 
*See special instructions 

Primary Route@) of ExposurelHazard: Inhalation 

(Note to FOL andlor SHSO: Each item in Sections VII, VI11, and IX must be checked Yes, No, or NA) 

VII. Additional Safety EquipmenffProcedures 
.............................................. ............ Hard-hat Yes No Hearing Protection (PlugslMuffs) 17 Yes No 

................................. Safety Glasses ...................................... Yes No Safety beltlhamess Yes [XI No 
..................... ............................. Chemicallsplash goggles Yes IXI No RadioICellular Phone [7 Yes [XI No 

.............................................. ...................................... Splash Shield Yes No Barricades [7 Yes No 
............................. .......................... Splash suitslcoveralls 0 Yes No Gloves (Type -Nitrile) IXI Yes No 

............................. Impermeable apron Yes 17 No Worklrest regimen .................................. Yes [XI No 
............ ............ Steel toe Work shoes or boots [XIYes No Chemical Resistant Boot Covers [7 Yes No 

............................... ................. High Visibility vest [XIYes No Tape upluse insect repellent [7 Yes No 
First Aid Kit .......................................... Y e s  No Fire Extinguisher .................................... Yes No 

...................... Safety ShowerlEyewash OYes No Other ...................................................... Yes No 
ModificationslExceptions: Tyvek coverall if there is a potential for soilinq clothinq. Follow Compressed Gas Cvlinder 
Safetv Procedure in Attachment V of HASP. 

VIII. Site Preparation Yes No NA 
Utility Locating and Excavation Clearance completed ......................................................... 0 0 0  
Vehicle and Foot Traffic Routes Establishedrrraffic Control BarricadeslSigns in Place ...... [7 
Physical Hazards Identified and Isolated (Splash and containment barriers) ...................... n u 0  
Emergency Equipment Staged (Spill control, fire extinguishers, first aid kits, etc). ............. [7 

IX. Additional Permits required (Hot work, confined space entry, excavation etc.). ................. Yes No 
If yes, SHSO to complete or contact Health Sciences, Pittsburgh Office (412)921-7090 

X. Special instructions, precautions: *Work mav resume if airborne readinqs in worker breathinq zone returns to 

Permit Issued by: Permit Accepted by: 

Multi-Media Sampling CTO 0038 



SURVEYING PERMIT 
NSBJNLON 

GROTON, CONNECTICUT 

Permit No. Date: Time: From to 

I. Work limited to the following (description, area, equipment used): Geoara~hical suwevs 

II. Primary Hazards: Potential hazards associated with this task: contact with site contaminants; elevated noise; sib, 
t r i ~  and fall; inclement weather 

Ill. Field Crew: 
IV. On-site Inspection conducted Yes No Initials of Inspector TtNUS 

Equipment Inspection required Yes No Initials of Inspector TtNUS 

V. Protective equipment required Respiratory equipment required 
Level D IXI Level B Yes [7 Specify on the reverse 
Level C 0  Level A 0  No la 

Modifications/Exceptions: 

VI. Chemicals of Concern Hazard Monitoring Action Level(s) Response Measures 
NONE ANTICIPATED 

Primary Route(s) of ExposureIHazard: Contact and incidental inaestion as a result of hand to mouth activities. 

(Note to FOL andlor SSO: Each item in Sections VII, VIII, and IX must be checked Yes, No, or NA) 

VII. Additional Safety Equipment/Procedures 
Hard-Hat ........................................... IXI Yes No 
Safety Glasses ................................. [XI Yes No 
ChemicalISplash Goggles ................. Yes [XI No 
Splash Shield .................................... IXI Yes No 
Splash Suits/Coveralls ...................... Yes No 
Impermeable apron ........................... Yes C] No 
Steel Toe Work Shoes or Boots ........ [ql Yes No 
High Visibility Vest ............................ Yes IXI No 
First Aid Kit ........................................ Yes No 
Safety ShowerIEyewash ................... Yes [7 No 
ModificationsIExceptions: 

Hearing Protection (PlugsIMuffs) ...... Yes No 
Safety BeltlHarness .......................... Yes [XI No 
RadioICellular Phone ........................ Yes No 
Barricades ....................................... Yes No 
Gloves (Type - Nitrile) ...................... Yes No 
Workhest Regimen ........................... Yes No 
Chemical Resistant Boot Covers ...... IXI Yes C] No 
Tapellnsect Repellent ...................... Yes No 
Fire Extinguisher ............................... Yes No 
Other ........................................... Yes No 

VIII. Site Preparation Yes No NA 
Utility Locating and Excavation Clearance completed ................................................... [7 [7 
Vehicle and Foot Traffic Routes Establishedflraffic Control BarricadesISigns in Place ..... [7 [7 
Physical Hazards Identified and Isolated (Splash and containment barriers) ..................... 

............. Emergency Equipment Staged (Spill control, fire extinguishers, first aid kits, etc). 0 0 0  

IX. Additional Permits required (Hot work, confined space entry, excavation etc.) ................... Yes [XI No 
If yes, SSO to complete or contact Health Sciences, Pittsburgh Office (4 12)921-7090 

X. Special instructions, precautions: Review and follow the instructions on the MSDS for the decontamination 
fluids. Follow auidance in Table 5-1 for PPE for different decontamination tasks. 

Permit Issued by: Permit Accepted by: 

CTO 0038 



SAFE WORK PERMIT FOR 
DECONTAMINATION 

NSB, NLON 
GROTON, CONNECTICUT 

Permit No. Date: Time: From to - 

I. Work limited to the following (description, area, equipment used): Decontamination of sam~linq equipment. 
Brushes and sprav bottles will be used to decon small sam~linq equipment. 

II. Primary Hazards: Potential hazards associated with this task include Chemical contamination, decontamination 
fluids, noise. flvinq proiectiles. slips. trips and falls, vehicular and foot traffic, and ambient temperature extremes. 

Ill. Field Crew: 
IV. On-site Inspection conducted 0  Yes No Initials of Inspector TtNUS 

Equipment Inspection required Yes 0  No Initials of inspector TtNUS 

V. Protective equipment required Respiratory equipment required 
Level D [XI Level B Yes Specify on the reverse 
Level C Level A 0  No €a 

ModificationslExceptions: Minimum requirement include sleeved shirt and long pants, safety qlasses, safety footwear, 
and nitrile qloves. 

VI. Chemicals of Concern Hazard Monitoring Action Level@) Response Measures 
Decontamination Fluids PID with 11.7 eV See MSDS None 

lamp source or FID Re-wash until no readinqs 

Primary Route@) of ExposurelHazard: Inhalation 

(Note to FOL andlor SHSO: Each item in Sections VII, VIII, and IX must be checked Yes, No, or NA) 

VII. Additional Safety EquipmentlProcedures 
............................................ ............ Hard-hat Yes 0  No Hearing Protection (PlugsIMuffs) Yes No 

................................. Safety Glasses ...................................... Yes No Safety belffhamess Yes [XI No 
..................... ............................. Chemicallsplash goggles Yes No RadioICellular Phone Yes [XI No 

...................................... .............................................. Splash Shield [XI Yes No Barricades Yes [7 No 
.......................... ........................... Splash suitslcoveralls Yes No Gloves (Type - Nitrile ) IXI Yes No 

............................. Impermeable apron Yes No Worklrest regimen .................................. Yes No 
............ Steel toe Work shoes or boots ............ [XIYes No Chemical Resistant Boot Covers Yes No 

High Visibility vest ............................... UYes No Tape upluse insect repellent ................. Yes No 
.......................................... First Aid Kit Y e s  No Fire Extinguisher .................................... Yes No 

...................... Safety ShowerIEyewash OYes 0  No Other .................................................. Yes No 
ModificationslExceptions: Hard hat to hold splash shield. PVC rain suits or PE or PVC coated Tvvek for protection 
aqainst splashes and oversprav. Chemical resistant boot covers if excessive liquids are qenerated or to protected 
footwear. 

VIII. Site Preparation Yes No NA 
......................................................... Utility Locating and Excavation Clearance completed 0 0 0  

Vehicle and Foot Traffic Routes Establishedrrraffic Control BarricadesISigns in Place ...... 
Physical Hazards Identified and Isolated (Splash and containment barriers) ...................... 

............. Emergency Equipment Staged (Spill control, fire extinguishers, first aid kits, etc). 0 0 0  

IX. Additional Permits required (Hot work, confined space entry, excavation etc.). ................. Yes No 
If yes, SHSO to complete or contact Health Sciences, Pittsburgh Office (412)921-7090 

X. Special instructions, precautions: Other chemical hazards include decontamination fluids such as isopropvl 
alcohol, etc. To minimize the potential for exposure, site personnel will use PPE and prevent contact with 
decontamination solutions and potentiallv contaminated equipment. Refer to the manufacturer's MSDS reqardinq 
PPE, handling. storaqe, and first-aid measures related to decontamination fluids. 

Permit Issued by: Permit Accepted by: 

Decon Permit CTO 0038 



SAFE WORK PERMIT FOR 
IDW MANAGEMENT AND MOVING DRUMS 

NSBINLON 
GROTON, CONNECTICUT 

Permit No. Date: Time: From to - 

I. Work limited to the following (description, area, equipment used): IDW manaqement and movina drums 

11. Primary Hazards: Potential hazards associated with this task include Chemical contamination, liftinq, 
pinchlcompression, slips, trips and falls, vehicular and foot traffic, eve and foot hazards, ambient temperature 
extremes, insectlanimal bites, stinqs, and inclement weather 

Ill. Field Crew: 
IV. On-site Inspection conducted Yes No Initials of Inspector TtNUS 

Equipment Inspection required Yes No Initials of Inspector TtNUS 

V. Protective equipment required Respiratory equipment required 
Level D [XI Level B Yes Specify on the reverse 
Level C 0 Level A [7 No la 

ModificationslExceptions: 
VI. Chemicals of Concern Hazard Monitoring Action Level(s) Response Measures 

VOCs and Metals PID with 1 1.7 eV Anv sustained readinq above Suspend site activities 
lor hiqher)lamp to detect 1 ppm in worker report to an unaffected area 
presence of VOCs breathincl zone* 

*See special instructions 

Primary Route(s) of ExposurelHazard: Inhalation 
(Note to FOL andlor SHSO: Each item in Sections VII, VIII, and IX must be checked Yes, No, or NA) 

VII. Additional Safety Equipment/Procedures 
Hard-hat ..................................... Yes No Hearing Protection (PlugslMuffs) .......... Yes No 
Safety Glasses .......................... IXI Yes No Safety beltlhamess ............................... Yes [XI No 
Chemicallsplash goggles ............ Yes No RadioICellular Phone ........................... Yes IXI No 
Splash Shield .: ........................... [rJ Yes No Barricades ............................................ [7 Yes IXI No 
Splash suitslcoveralls ................. Yes No Gloves (Type - Leather Cotton) ........... IXj Yes [rJ No 
Impermeable apron .................... Yes No Worklrest regimen ................................ [rJ Yes No 
Steel toe Work shoes or boots ... a y e s  No Chemical Resistant Boot Covers .......... Yes No 
High Visibility vest ...................... OYes No Tape upluse insect repellent ............... Yes No 
First Aid Kit ................................. OYes No Fire Extinguisher ................................. Yes No 
Safety ShowerlEyewash ............. OYes No Other ................................................... [7 Yes No 
ModificationslExceptions: Tvvek coverall if there is a potential for soilina clothinq 

VIII. Site Preparation Yes No NA 
......................................................... Utility Locating and Excavation Clearance completed [7 [7 

Vehicle and Foot Traffic Routes Establishedrrraftic Control BarricadesISigns in Place ...... [7 
...................... Physical Hazards Identified and Isolated (Splash and containment barriers) 0 0 0  

Emergency Equipment Staged (Spill control, fire extinguishers, first aid kits, etc). ............. [7 [7 
IX. Additional Permits required (Hot work, confined space entry, excavation etc.). ................. [7 Yes 17 No 

I f  yes, SHSO to complete or contact Health Sciences, Pittsburgh Office (412)921-7090 
X. Special instructions, precautions: Use proper liftinq techniques when movinq drums. Utilize appropriate hand carts 

and use machinerv for liftinq pumoses. 
* Work mav resume if airborne readinqs in worker breath in^ zone returns to backqround. 

Permit Issued by: Permit Accepted by: 

lDW Permit CTO 0038 
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COMPRESSED GAS CYLINDERS 

This document describes the procedure for safe use and transportation of compressed 
gas cylinders. Tetra Tech NUS personnel may be required to use compressed gases 
(both flammable and non-flammable) when working on site. Compressed gas cylinders 
have inherent potential dangers for site personnel. These may include: 
1. Gas cylinders may rupture violently when mishandled. 
2. A damaged cylinder head with a rapid leak or release of pressure could cause 

the cylinder to shoot like a rocket injuring personnel. 
3. Cylinders contents may be either: 

Flammable (can ignite or explode if handled improperly). 
Nonflammable may involve a cryogenic hazard or an inert gas which can 
displace oxygen creating an oxygen deficient atmosphere. 

This document will contain guidelines for the: 

Safe Handling and Use of Compressed Gas Cylinders 
Storage Procedures for Compressed Gas Cylinders 
Transportation Procedures for Compressed Gas Cylinders 

BASIC SAFETY PROCEDURES 

1. Prior to purchase, transportation, or use inspect the cylinders condition, 
including: 

Check the cylinder head for deformities. 
Determine the condition of the cylinder sidewalls; look for rust, pitting, 
deformities (e.g. dents) or any condition that may cause the cylinder to 
fail. 
Look for damage that occurred during transportation. 
Proper labeling of cylinder contents. 
If cylinder head is threaded ensure that a proper cylinder valve cover is in 
place. 

If cylinder irregularities are found secure the area, allow no one to approach the 
cylinder. Have the vendor retrieve the cylinder. UNDER NO CIRCUMSTANCE 
MOVE OR TRANSPORT A DAMAGED CYLINDER. If the vendor will not 
respond to the site call the Health Sciences Group in Pittsburgh for further 
instructions. 

Wear appropriate personal protective equipment when working with cylinders: 
If flammable gases are involved, post the area restricting smoking or other 
open flames from at least a 20' area. 
Locate cylinder storage areas in an area away from vehicle traffic or 
equipment movement. 
Steel toe shoes when moving the cylinder 
Gloves for hand protection 
Safety Glasses to protect eyes from flying debris or a pressurized gas 
release. 



Storage Procedures: 
Always store cylinders in an upright position 
Secure all cylinders to a fixed support with chains, or other substantial 
restraining device. 
When cylinder is not in use keep the valve protective cap securely in place. 
Store cylinders away from heat and electrical sources. 
Store in a well-ventilated area designated for cylinders only. Cylinders will 
not be stored with any other site equipment. 
Empty cylinders will be marked "Empty" or "MT". 
Keep cylinder valves closed when not in use with cap in place. This includes 
empty cylinders. 

MARKINGS AND LABELING 

1. Cylinders must be properly labeled, including the gas identity and appropriate 
hazard. 

2. Material Safety Data Sheet (MSDS) must be obtained for all gases brought on 
site. Personnel will be familiar with the hazards of that particular gas. 

TRANSPORTATION OF COMPRESSED GAS CYLINDERS 

The Tetra Tech NUS policy for transporting compressed gas cylinders is to first rely on 
having a vendor deliver the cylinders to the work site. This avoids having personnel 
transporting cylinders in private vehicles thus eliminating the possibility of accidents and 
injuries. But if vendor delivery is not possible, the transportation of compressed gas 
cylinders will be permitted under the following circumstances: 

1. If the material meets the following requirements of 49 CFR 173.6 (a) (2) 

"1 73.6 Materials of Trade exceptions. 
When transported by motor vehicle in conformance with this section, a material of trade 
(see 171.8 of this subchapter) is not subject to any other requirements of this subchapter 
beside those set forth or referenced in this section. 
(2) A Division 2.1* or 2.2** material in a cylinder with a gross weight not over 100kg. (220 
pounds), or a permanently mounted tank manufactured to ASME standards of not more 
than 70 gallon water capacity for a non-liquefied Division 2.2 material with no subsidiary 
hazard." 
* 2.1 Flammable Gas 
**2.2 Non Flammable Gas 

Material of this type and quantity is exempted from DOT shipping papers and placarding 
requirements. This material is being transported in consumer quantity and is exempted 
from these requirements. This does not mean that you can just pick up a cylinder 
and go. As stated above, if possible have the material delivered to the site. If that is not 
possible then transportation is permitted under the following conditions: 

Cylinders do not exceed 661bs for flammable gases 
Non-flammable gas cylinders do not exceed 220 pounds. 
Cylinders must be secured in the vehicle with chains or tie down devices that 
do not allow the cylinder to move or break free. 
Cylinders must be adequately cushioned to prevent banging against other 
objects or equipment. 



Cylinders must be labeled with the appropriate hazard (i.e.: Flammable Gas 
label for Hydrogen). The supplier will provide labels. 
Personnel are responsible for obtaining the appropriate MSDS for the product 
from the supplier: 
- The MSDS must remain in the vehicle while the cylinder is being 

transported. 
- The MSDS must also be maintained in the site Hazard Communications 

Folder. 
Cylinders transported must have their valve caps tightly secured and in place. 

SUMMARY 

The use of compressed gas cylinders requires site personnel to adhere to all safety 
procedures. When possible compressed gas cylinders should be delivered to the site. 
Following the safety procedures will assure that accidents and injuries do not occur 
when working with compressed gas. Any questions or problems should be referred to 
the Health Sciences Group at 412-921-8438. 
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1.0 INTRODUCTION 

1 .I PURPOSE 

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 (EFANE) and the Naval Submarine Base 

New London (NSB-NLON), Groton, Connecticut, under the Comprehensive Long-Term Environmental 

Action Navy (CLEAN) Contract Number N62472-03-D-0057, Contract Task Order (CTO) 038. This QAPP, 

along with the Health and Safety Plan (HASP), are provided as attachments to the Work Plan (WP) and 

constitute the planning documents for this project. 

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

Assurance/Quality Control (QAIQC) procedures to be followed during the completion of the remedial 

action (RA) for groundwater at Site 3 - Area A Downstream Watercourses/Overbank Disposal Area 

(OBDA) and Site 7 - Torpedo Shops at NSB-NLON in Groton, Connecticut. The RA for groundwater at 

Sites 3 and 7, as selected in the Interim Record of Decision for Sites 3, 7, 14, 15, 18, and 20 

Groundwater (Navy, 2004), was Institutional Controls and Monitoring. This QAPP provides information to 

supplement the existing information provided in Volume I1 - Groundwater Monitoring Plan of the 

Operations and Maintenance Manual for the Installation Restoration Program Sites (TtNUS, 2006) and 

the Remedial Design for Land Use Controls at Sites 3 and 7 (Navy, 2005). 

1.2 FACILITY LOCATION AND DESCRIPTION 

A description of NSB-NLON, including its location, size and borders, site conditions, natural and 

manmade features, and zones of investigation, is provided in Sections 1.3 and 1.4 of the WP. 

1.3 OBJECTIVES 

The objectives of the field work covered by this QAPP are as follows: 

Install and survey the new monitoring wells required for the monitoring program. 

Redevelop the existing monitoring wells included in the monitoring program. 

Install dedicated sampling equipment in all of the wells in the monitoring program. 

Collect one round of water levels and groundwater samples from the wells in the monitoring 

program. 

Survey the boundaries of Sites 3 and 7 for land use control purposes. 
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1.4 ANALYTICAL PARAMETERS 

Samples will be subjected to field and laboratory parameter measurement as necessary based on the 

sample location under investigation. 

1 A 1  Field Parameters 

Chemical/physical parameters to be measured using field instrumentation include temperature, specific 

conductance, pH, turbidity, dissolved oxygen, salinity, and oxidation-reduction potential. Measurement of 

field parameters and calibration of field instruments are discussed in Section 2 of the WP.  

1.4.2 Laboratory Parameters 

Groundwater samples will be analyzed for volatile organic compounds (VOC), semivolatile organic 

compounds (SVOC), and polynuclear aromatic hydrocarbons (PAH). The analytical program for 

environmental samples collected at each anticipated location is provided in Tables 2-2 and 2-3 of the WP. 

Measurement of the laboratory parameters are defined in Section 7 and Table 1-1 of this QAPP. 

1.5 SCHEDULE 

Field activities associated with the RA for Sites 3 and 7 groundwater are scheduled to begin in March 

2006 and are anticipated to continue for approximately 30 days. 
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TABLE 1-1 

SUMMARY OF ORGANIC ANALYTICAL PROCEDURES 
GROUNDWATER SAMPLES 

NSB-NLON, GROTON, CONNECTICUT 

1 USEPA CLP, 2001. Superfund Analytical Methods for Low Concentration Water for Organics 
Analysis, OLC02.1. 

Analytical Parameter 

TCL Volatile Organics - Low Concentration 

TCL Semivolatile Organics (minus PAHs) 

TCL PAHs 

2 USEPA, June 1997. Test Methods for Evaluatina Solid Wastes, Phvsical/Chemical Methods. SW- 
846, 3rd ed., up to and including Update Ill. 

Analytical Method 

0 ~ ~ 0 2 . 1 " '  

SW-846 8270C 

SW-846 831 0 '2' 
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2.0 FIELD TASKS 

The field tasks for the RA for Sites 3 and 7 groundwater are discussed in Section 2.0 of the WP. 
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3.0 QUALITY ASSURANCE OBJECTIVES FOR MEASUREMENT DATA 

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

of-custody, laboratory analysis, and reporting that will provide results, which are legally defensible in a 

court of law. Specific procedures for sampling, chain-of-custody, laboratory instrument calibration, 

laboratory analysis, data reporting, internal quality control, audits, preventive maintenance of field and 

laboratory equipment, and corrective action are described in other sections of this QAPP. 

The precision, accuracy, representativeness, comparability, and completeness (PARCC) parameters 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 12.0. 

3.1 PRECISION 

3.1 .I 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 provided in Section 12.2. 

3.1.2 Field Precision Obiectives 

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

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

percent difference (RPD) is less than or equal to 30 percent. Field precision is assessed through the 

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

like matrix. 

3.1.3 Laboratory Precision Obiectives 

Laboratory precision QC samples are analyzed at a frequency of 5 percent (i.e., one 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 QAIQC 

program. 
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With the exception of low-concentration organic analyses target compound list (TCL) volatiles, precision 

for organic analyses (TCL semivolatiles and PAHs via SW-846 methods) will be measured via the RPDs 

for matrix spikelmatrix spike duplicate (MSIMSD) samples. Although the Contract Laboratory Program 

Statement of Work (CLP SOW) for low-concentration TCL volatile analysis does not require a specific QC 

sample to monitor precision, the calibration requirements of the method (i.e., specific limits of precision for 

the calibration standards) do ensure that a sufficient level of precision is achieved. (Calibration is further 

discussed in Section 6.0.) Internal laboratory control limits for precision, which are typically set at three 

times the standard deviation of a series of RPDs, will be used for evaluation of precision for all non-CLP 

methodology. 

3.2 ACCURACY 

3.2.1 Definition 

Accuracy is the degree of agreement between an observed value and an accepted reference value. The 

equation for determining accuracy is provided in Section 12.1. 

3.2.2 Field Accuracv Obiectives 

Accuracy in the field is assessed through the use of rinsate and trip blanks and it is ensured through the 

adherence to all sample handling, preservation, and holding time requirements. Accuracy and precision 

requirements for field measurements are ensured through calibration as discussed in Section 6.0. 

3.2.3 Laboratorv Accuracy Obiectives 

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). Percent recoveries are derived from 

the analysis of known amounts of compounds spiked into deionized water [i.e., laboratory control sample 

(LCS) analysis], or into actual samples (i.e., surrogate or matrix spike (MS) analysis). LCS analyses 

measure the accuracy of laboratory operations. Surrogate and MS analyses measure the accuracy of 

laboratory operations as affected by matrix. LCS and/or MS analyses are performed with a frequency of 

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

chromatographic organic analyses. Laboratory accuracy is assessed via comparison of calculated %Rs 

with accuracy control limits specified in the analytical method or by the laboratory's QNQC program. 

Accuracy for organic analysis will be measured via the %Rs for surrogate spikes, matrix spikelmatrix 

spike duplicate (MSIMSDs), and/or LCSs. Table 3-1 presents the accuracy control limits for LCS and 

surrogate spikes for TCL low concentration organics (via CLP SOW OLC02.1). Accuracy for the 

remaining parameters (semivolatiles and PAHs) via SW-846 methods; will typically be measured via %Rs 
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for MSs and/or LCSs. Internal laboratory control limits for accuracy, which are typically set at three times 

the standard deviation of a series of %R values, will be used for evaluation of accuracy for all non-CLP 

methods. 

3.3 COMPLETENESS 

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 equation 

for completeness is presented in Section 12.3. 

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 matrix spike recovery). 

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

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

resampling and/or reanalysis may be required. 

As further discussed in Section 9.2, 100 percent of the laboratory data for the NSB-NLON RA will be 

validated in accordance with the United States Environmental Protection Agency (USEPA) Contract 

Laboratory Program National Functional Guidelines for Organic Data Review (October 1999) and Region 

I EPA New England Data Validation Functional Guidelines to Evaluating Environmental Analyses 

(December 1996). Data rejected as a result of the validation process will be treated as unusable data. 

3.4 REPRESENTATIVENESS 

3.4.1 Definition 

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. 

3.4.2 Measures to  Ensure Representativeness of Field Data 

Representativeness is dependent upon the proper design of the sampling program. It will be satisfied by 

ensuring that the sampling procedures are followed and that proper sampling techniques are used. 
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3.4.3 Measures to Ensure Representativeness of Laboratorv Data 

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

sample holding times, and analyzing and assessing duplicate samples. 

3.5 COMPARABILITY 

3.5.1 Definition 

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

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

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

measure). Additionally, consideration is given to seasonal conditions and other environmental variations 

that could influence data results. 

3.5.2 Measures to Ensure Comparabilitv of Field Data 

Comparability is dependent upon the proper design of the sampling program and will be satisfied by 

ensuring that the WP is followed and that proper sampling techniques are used. It is also dependent on 

recording field measurements using the correct units. Field measurement units are further discussed in 

Section 9.1 .l. 

3.5.3 Measures to Ensure Comparabilitv of Laboratorv Data 

Planned 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. Laboratory measurement units are further discussed 

in Section 9.1.2. 

3.6 LEVEL OF QUALITY CONTROL EFFORT 

Trip blank, rinsate blank, ambient condition blank, source water blank, method blank, field and laboratory 

duplicate, laboratory control, and matrix spike samples will be analyzed to assess the quality of the data 

resulting from the field sampling and analytical programs. In addition, field duplicate measurements will 

be completed for all field parameters. 

External QC measures (i.e., field quality control samples) consist of field duplicates, ambient condition 

blanks, trip blanks, source water blanks, and equipment rinsate blanks. Information gained from these 
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analyses further characterizes the level of data quality obtained to support project goals. Each of these 

types of field quality control samples undergoes the same preservation, analysis, and reporting 

procedures as the related environmental samples. Each type of field quality control sample is discussed 

below. 

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

water), or a single sample homogenized and split into two portions. [When volatile organic compounds 

(VOCs) are to be analyzed, the VOC sample aliquots are containerized first to avoid loss of constituents, 

then the remaining sample matrix is homogenized.] Field duplicates are collected and analyzed for all 

chemical constituents to measure the precision of the sampling and analysis methods employed. The 

level of the QC effort will be one field duplicate for every 10 or fewer investigative samples. 

Trip blanks and ambient condition blanks, consisting of distilled water, will be submitted to the laboratory 

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

blanks are not collected using the same sampling equipment as the field samples, but are collected while 

at the field sampling site by placing distilled water directly into the same type of container, preserved and 

stored in the same manner, as the field samples. Ambient blank samples are analyzed to check for 

background contamination at the facility (e.g., vapors, dust, or exhaust fumes that are part of normal 

operations at the site) which may cause sample contamination. The exposure of the ambient blank to 

ambient conditions should be similar to the ambient exposure of the field samples. Ambient blanks will be 

collected based on conditions at the time of sampling at the discretion of the Field Operations Leader 

(FOL), with a minimum of one ambient blank being collected during the investigation. 

Trip blanks only pertain to samples collected for VOC analysis. Trip blanks are used to assess the 

potential for contamination of samples to be analyzed for VOCs by contaminant migration into sample 

containers during sample shipment and storage. Trip blanks are prepared by the laboratory prior to the 

sampling event, shipped to the site with the sample containers, and kept with the investigative samples 

throughout the sampling event. They are then packaged for shipment with other VOC samples and sent 

for analysis. There should be one trip blank included in each sample shipping container that contains 

samples for VOC analysis. At no time after trip blank preparation are their sample containers opened 

before they reach the laboratory. 

Source water blanks consist of the potable water used for decontamination of sampling equipment. 

These blanks are used to determine if the potable water may be contributing to sample contamination. 

Source water blanks will be collected at a rate of one blank per each potable water source. 
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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. At least one equipment blank will be collected per day, per matrix. If pre-cleaned, dedicated, 

or disposable sampling equipment is used, one rinsate blank per type of equipment used 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. MSs provide information about the effect of the sample 

matrix on the digestion and measurement methodology. All MSs for organic analyses are performed in 

duplicate and, as previously defined, are referred to as MSIMSD samples. 

MSIMSD samples are investigative samples. Aqueous MSIMSD samples must be collected at triple the 

volume for VOCs and extractable organics. One MSIMSD sample will be collectedldesignated for every 

20 or fewer investigative samples per sample matrix (i.e., groundwater, soil, surface water, sediment). 

The level of QC effort provided by the laboratory for the TCL parameters to be tested will be equivalent to 

the level of QC effort specified under the USEPA CLP. The level of QC effort for testing of TCL organics 

(volatiles and semivolatiles), and polynuclear aromatic hydrocarbons (PAHs) will conform to the 

applicable SW-846 test methods or CLP SOW for low-concentration organics (OLC02.1). The level of QC 

effort for testing the remaining parameters will conform to the appropriate analytical methods, as specified 

in Tables 7-1 and 7-2 of this QAPP. 

CTO 0038 



REVISION 0 
FEBRUARY 2006 

This page intentionally left blank. 

CTO 0038 



REVISION 0 
FEBRUARY 2006 

TABLE 3-1 

ACCURACY CONTROL LIMITS (%R)'" 
LABORATORY CONTROL SAMPLE AND SURROGATE SPIKE 

LOW-CONCENTRATION VOLATILE 
ORGANIC ANALYSIS VIA 0 ~ ~ 0 2 . 1 ' ~ '  

NSB-NLON, GROTON, CONNECTICUT 
PAGE1 OF1 

I Chemical Aqueous Samples I 
LABORATORY CONTROL SAMPLE 

TCL Volatiles 
Vinyl chloride 
1,2-Dichloroethane 
Carbon tetrachloride 
1,2-Dichloropropane 

I Benzene I 60-1 40 I 

60-1 40 
60-1 40 
60-1 40 
60-1 40 

Trichloroethene I 60-1 40 
1 ,I ,2-Trichloroethane 60-1 40 

cis-l,3-Dichloropropene I 60-1 40 
Bromoform 
Tetrachloroethene 
1,2-Dibromoethane 
1,4-Dichlorobenzene 

I TCL Volatiles I 

60-1 40 
60-1 40 
60- 1 40 
60-1 40 

Chemical 

I Bromoflourobenzene I 80-1 20 I 

Aqueous Samples 

1 %R - Percent Recovery as described in Section 12.0. 
2 USEPA CLP, 1996. Superfund Analvtical Methods for Low Concentration Water for Oraanics 

Analvsis, 2/96, OLC02.1. 

SURROGATE SPIKE 
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4.0 SAMPLING PROCEDURES 

Field sampling procedures and related field investigation tasks for the RA for Sites 3 and 7 groudwater are 

discussed in detail in the following sections of the WPIQAPP. 

Mobilization and demobilization - Section 2.5.1 of WP 

Investigation methodologies and techniques - Section 2.5.5 and Table 2-3 of WP 

Groundwater monitoring well sampling - Section 2.5.5 of WP 

Decontamination - Section 2.5.7 of WP 

Investigation derived waste - Section 2.5.8 of WP 

Surveying - Section 2.5.9 of WP 

Sample handling procedures - Sections 2.5.5 of WP 

Sample identification system nomenclature - Section 2.5.5.3 of WP 

Sample packaging and shipping - Section 2.5.5.4 of WP 

Sample Custody - Sections 2.5.5.5 of WP and 5.0 of QAPP 

Field Measurements, Calibration, and Maintenance - Section 2.5.6 of WP 

Recordkeeping - Section 2.5.10 of WP 

Standard Operating Procedures (SOPS) regarding sampling, recordkeeping, and field investigation tasks 

are included in Appendix D of the WP. 
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5.0 CUSTODY PROCEDURES 

Custody is one of several factors that is 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 originals of laboratory 

reports and purge files, are maintained under document control in a secure area. A sample or evidence 

file is under custody if: 

the item is in the actual physical possession of an authorized person, or; 

the item is in view of the person after being in his or her possession, or; 

the item was placed in a secure area to prevent tampering; or 

the item is in a designated and identified secure area with access restricted to authorized personnel . 

only. 

The chain-of-custody (COC) report is a multi-part, standardized form used to summarize and document 

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

preservation, and requested analyses. Furthermore, through the sequential signatures of various sample 

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

sample custody and tracking. Custody procedures apply to all environmental and associated field quality 

control samples obtained as part of the data collection system. 

5.1 FIELD CUSTODY PROCEDURES 

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

relinquished to the analyzing laboratory or entrusted to a commercial overnight courier. COC reports are 

completed for each sample shipment. The reports are filled out in a legible manner, using waterproof ink, 

and are signed (and dated) by the sampler. Pertinent notes, such as whether the sample was field 

filtered, or whether the sample is suspected to be high in contaminant concentration, are also indicated on 

the COC report. Information similar to that contained in the COC report is also provided on the sample 

label, which is securely attached to the sample bottle. COC report forms and sample labels will be 

supplied by the laboratory subcontractor. Samples for chemical constituent analysis must be sent (for 

next-day receipt) to the laboratory within 24-hours of collection. 

Full details regarding sample COCs (including use of custody seals and sample shipment protocols) are 

contained in TtNUS SOP SA-6.1, which is provided in Appendix D of the WP. TtNUS SOP SA-6.3, also 

provided in Appendix D of the WP, discusses maintenance of site logbooks, site notebooks, and other 
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field records. Additionally, each of the various sampling SOPs incorporated into the QAPP contains a 

section that addresses relevant sample documentation (i.e., completion of sample logsheets, etc.). All 

sample records are eventually docketed into the TtNUS project central file. 

5.2 LABORATORY CUSTODY PROCEDURES 

When samples are received by the laboratory subcontractor, the laboratory's sample custodian examines 

each cooler's custody seals to verify that they are intact and that the integrity of the environmental 

samples has been maintained. The sample custodian then signs the COC report. The custodian then 

opens the cooler and measures its internal temperature. The temperature reading is noted on the 

accompanying COC report. The sample custodian then examines the contents of the cooler. Sample 

container breakages or discrepancies between the COC report and sample label documentation are 

recorded. With the exception of samples for volatile analysis, the pH of chemically preserved samples is 

checked using Hydrion paper and recorded. All problems or discrepancies noted during this process are 

to be promptly reported to the TtNUS Project Manager. Inter-laboratory COC procedures and specific 

procedures for sample handling, storage, dispersement for analysis, and remnant disposal will be followed 

as specified by the subcontract laboratory's SOPs and/or QA Plan. 

5.3 FINAL EVIDENCE FILES 

The TtNUS central file will be the repository for all documents that constitute evidence relevant to 

sampling and analysis activities as described in this QAPP. TtNUS is the custodian of the evidence file 

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

photographs, subcontractor reports and data reviews in a secure, limited access location and under 

custody of the TtNUS facility manager. The control file will include at a minimum: 

field logbooks 

field data and data deliverables 

photographs 

drawings 

laboratory data deliverables 

data validation reports 

data assessment reports 

progress reports, QA reports, interim project reports, etc. 

all custody documentation (COCs, airbills, etc.) 

Upon completion of the contract, all pertinent files will be relinquished to the custody of the United States 

Navy. 
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6.0 CALIBRATION PROCEDURES AND FREQUENCY 

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 to field instruments as it does to fixed laboratory instruments. Field instrument calibration 

is discussed in Section 6.1. Laboratory instrument calibration is discussed in Section 6.2. 

6.1 FIELD INSTRUMENT CALIBRATION 

Field instrument calibration is discussed in Section 2.5.6 of the WP 

6.2 LABORATORY INSTRUMENT CALIBRATION 

Calibration procedures for a specific laboratory instrument will consist of initial calibration (generally 3 to 5 

points) and continuing calibration verification. 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 commercially 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 an 

USEPA-supplied known or previous NIST-traceable standard. 

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

applicable CLP SOW or analytical method. Brief descriptions of calibration procedures for major 

instrument types follow. 

6.2.1 GCIMS Volatile Orqanic Compound Analvses 

For VOCs, the gas chromatographlmass spectrometer (GCIMS) system will be tuned and calibrated in 

accordance with CLP SOW low-concentration water - OLC02.1. A bromofluorobenzene (BFB) instrument 

performance check (tuning check) must be run prior to the initial and each continuing calibration and must 

meet all method-specified criteria before analysis may continue. Initial calibration is required before any 

samples are analyzed and must include a blank and a minimum of five different concentrations as 

specified in the method. A BFB tuning check and a continuing calibration check, including the mid-range 
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standard and a blank, must be performed at the beginning of each 12-hour shift during which analyses 

are performed. 

6.2.2 GCIMS Semivolatile Orqanic Compound Analvses 

For semivolatile organic compounds, the GCIMS system will be tuned and calibrated in accordance with 

SW-846 8270C. A decafluorotriphenyl phosphine (DFTPP) instrument performance check (tuning check) 

must be run prior to the initial and each continuing calibration and must meet all method-specified criteria 

before analysis may continue. Initial calibration is required before any samples are analyzed and must 

include a blank plus five different concentration levels as specified in the method. A DFTPP tuning check 

and a continuing calibration check, including the mid-range standard and a blank, must be performed at 

the beginning of each 12-hour shift during which analyses are performed. 

6.2.3 HPLC Polvnuclear Aromatic Hvdrocarbon Analvses 

For polynuclear aromatic hydrocarbons, the high performance liquid chromatography (HPLC) system will 

be tuned and calibrated in accordance with SW-846 8310. Analyses begin with an initial calibration curve 

that establishes the instrument responses as functions of analyte concentration. The initial calibration 

curves incorporate a calibration blank and a series of calibration standards for the target analytes and any 

applicable internal standards or surrogate compounds. On a routine basis, a continuing calibration is 

performed in which the validity of the calibration curve is checked with a known chemical standard. This 

continuing calibration standard contains the target analytes of interest and applicable internal standards 

and surrogate compounds. The internal standards compensate for variations in analytical response that 

may occur in individual chromatographic analyses. The surrogate compounds provide a means to assess 

the efficiency of analyte extraction and analysis for each sample. 
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7.0 ANALYTICAL AND MEASUREMENT PROCEDURES 

Samples will be subjected to field and laboratory parameter measurement as necessary based on the 

sample location under investigation. The analytical program for environmental samples collected at each 

anticipated location is provided in Tables 2-2 and 2-3 of the WP. 

Chemical/physical parameters to be measured using field instrumentation include temperature, specific 

conductance, pH, turbidity, dissolved oxygen, salinity, and oxidation reduction potential. Measurement of 

field parameters and calibration of field instruments are discussed in Section 2.5.6 of the WP. 

All groundwater samples collected for fixed-laboratory analysis during NSB-NLON RA will be analyzed by 

a Naval Facilities Engineering Service Center (NFESC) approved laboratory. All groundwater samples 

will be analyzed for low-concentration TCL organics analysis in accordance with the Superfund Analytical 

Methods for Low Concentration Water for Organics Analysis (OLC02.1). Non-CLP methods will be used 

for quantitation of the remaining parameters. 

A complete list of the target compounds/analytes, Contract Required Quantitation Limits (CRQLs) and 

estimated PQLs is provided in Tables 7-1 and 7-1. Data generated through use of CLP protocols will be 

reported to the CRQL for organic analyses. Analytes that are positively identified and that can be 

quantitated at concentrations below the CRQL will be reported as specified in the appropriate CLP SOW. 

All environmental data generated through use of non-CLP methods will be reported to the analyte's 

practical quantitation limit (PQL) as per the analytical method and these may vary from laboratory to 

laboratory. An analyte's PQL is an expression of the method detection limit with consideration given to 

required adjustments to ensure that the precision and accuracy requirements of the method are 

attainable. The PQLs provided in the tables in Section 2 are estimated since these values may vary 

based on the laboratory. 
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TABLE 7-1 

ANALYTICAL DETECTION LIMITS - TCL LOW-CONCENTRATION ORGANICS 
GROUNDWATER SAMPLES 

NSB-NLON, GROTON, CONNECTICUT 

Groundwater Samples 

(cIs/L) 

PAGE 1 OF 3 
Parameter CRQL "' 

VOLATILE ORGANIC COMPOUNDS 

Acetone 
Benzene 
Bromochloromethane 
Bromodichlorornethane 
Bromoforrn 
Brornomethane 
2-Butanone 
Carbon disulfide 
Carbon tetrachloride 
Chlorobenzene 
Chloroethane 
Chloroform 
Chloromethane 
Dibrornochlorornethane 

5 
1 
1 

1 
1 
1 

5 
1 
1 
1 
1 
1 

1 
1 

trans-1,3-Dichloropropene 
Ethylbenzene 
2-Hexanone 

1 
1 
5 

4-Methyl-2-pentanone 5 

Styrene 
1,1,2,2-Tetrachloroethane 
1 , l  ,l -Trichloroethane 
1,1,2-Trichloroethane 
Trichloroethene 

Methvlene chloride I 2 
1 
1 
1 

1 

1 

Tetrachloroethene 
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TABLE 7-1 

ANALYTICAL DETECTION LIMITS - TCL LOW-CONCENTRATION ORGANICS 
GROUNDWATER SAMPLES 

NSB-NLON, GROTON, CONNECTICUT 
PAGE 2 OF 3 

Groundwater Samples 
Parameter 

Chrysene 

Dibenz(a.h)anthracene 

1 Dibenzofuran 
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TABLE 7-1 

ANALYTICAL DETECTION LIMITS - TCL LOW-CONCENTRATION ORGANICS 
GROUNDWATER SAMPLES 

NSB-NLON, GROTON, CONNECTICUT 
PAGE 3 OF 3 

Parameter 

1 Fluoranthene I (2) 

CRQL"' 
Groundwater Samples 

(PSW 
Dimethylphthalate 
2,4-Dimethylphenol 

5 

5 

1 Hexachlorobutadiene I 5 

fiuorene 
Hexachlorobenzene 

(2) 

1 

Hexachloroethane 
Indeno(l,2,3-cd)pyrene 
lso~horone 

5 

(2) 

5 

2-Methylphenol 
4-Methylphenol 
Naphthalene 

5 

5 

(2) 

3-Nitroaniline 
4-Nitroaniline 
Nitrobenzene 

1 CRQL Contract Required Quantitation Limit; as 
specified in the CLP SOW OLC02.1. 

2 Due to low detection limit requirements, these PAH 
compounds will be analyzed using SW-846 831 0. See 
Table 7-3. 

20 
20 
5 

Fhenanthrene 
Phenol 
Pvrene 
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TABLE 7-2 

ANALYTICAL DETECTION LIMITS - POLYCYCLIC AROMATIC HYDROCARBONS (PAHs) 
NSB-NLON, GROTON, CONNECTICUT 

Parameter 

1 Fluoranthene I 0.1 I 

PQL 'I' 

Groundwater 
Samples 

(unlL) 
Acenaphthene 
Acenaphthylene 
Anthracene 

1 Fluorene I 1 .O I 

1 .O 
1 .O 

2.0 

1 Phenanthrene I 1 .O 1 

Indeno(l,2,3-cd)pyrene 
2-Methylnaphthalene 
Naphthalene 

1 Pvrene I 0.1 1 

0.1 
2.0 
2.0 

1 PQL Typical Practical Quantitation Limit; actual PQL may vary based 
on the laboratory. 
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8.0 INTERNAL QUALITY CONTROL CHECKS 

Field-related QC checks were discussed in Section 3.0 of this QAPP. This section provides additional 

information regarding internal quality control checks for the field and the laboratory. 

8.1 FIELD QUALITY CONTROL CHECKS 

QC procedures for field measurements will include calibrating the instruments as discussed in Section 

2.5.6 of the WP. Assessment of field sampling precision and bias will be made by collection of field 

duplicates and rinsate blanks for laboratory analysis as discussed in Section 3.6 of this QAPP. 

8.2 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. Internal quality control procedures for CLP analyses (volatile) will comply 

with the SOWs for low-concentration water organics (OLC02.1). Internal quality control procedures for 

non-CLP analyses will comply with the applicable analytical method requirements. 

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 (or purified sodium sulfate for soiVsediment samples) that is subjected to the same 

preparation and analysis procedures as the environmental samples undergoing analysis. With the 

exception of recognized volatile and semivolatile common laboratory contaminants (i.e., methylene 

chloride, acetone, 2-butanone, and phthalate esters) detected through use of the organic SOW, method 

blanks must not contain levels of target analytes above the reported detection limits (above 2.5X the 

CRQL for methylene chloride and above 5X the CRQL for acetone, 2-butanone, and phthalate esters). If 

method blank contamination is found to exist above allowable limits, corrective actions indicated in the 

CLP SOWs or laboratory SOPS must be followed. Under no circumstances are laboratory method blank 

contaminant values subtracted from environmental sample analysis results. 

Matrix spike analysis for organic fraction analyses is performed in duplicate as a measure of laboratory 

precision. For inorganic analyses, one matrix spike analysis and one laboratory duplicate analysis are 

performed for every 20 environmental sample analyses of like matrix. With the exception of VOC MSD 

analyses, laboratory duplicates are prepared by thoroughly mixing and splitting a sample aliquot into two 
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portions and analyzing each portion following the same analytical procedures that are used for the 

environmental sample analyses. For VOC MSD analyses, a second sample aliquot is used for analysis in 

order to avoid VOC constituent loss through the homogenization process. The field crew provides extra 

volumes of sample matrices designated for laboratory quality control analyses, as required. As discussed 

in Section 3.0 of this QAPP, control limits for MS and laboratory duplicate analyses are specified in the 

SOWS for CLP analyses and are established by the laboratory for non-CLP analyses. 

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. As 

discussed in Section 3.0, surrogate recoveries are evaluated against control limits specified in the CLP 

SOW, where applicable, or laboratory-derived control limits. 

Laboratory control samples serve to monitor the overall performance of each step during the analysis, 

including the sample preparation. Laboratory control sample analysis will be performed for low- 

concentration TCL volatiles and as required by the applicable analytical methods for non-CLP methods. 

Aqueous LCS results must fall within the control limits specified in the CLP SOW, where applicable, or 

established by the laboratory. LCSs shall be analyzed utilizing the same sample preparations, analytical 

methods, and QNQC procedures as employed for the samples. 

Internal standard performance criteria ensure that volatile and semivolatile GCIMS analysis sensitivity 

and response are stable during every analytical run. Internal standard area counts for samples and 

blanks must not vary by more than a factor of two (- 50% to + 100%) from the associated 12-hour 

calibration standard (f40% for low-concentration volatile analysis). The retention time of the internal 

standards in samples and blanks must not vary by more than +30 seconds from the retention time of the 

associated 12-hour calibration standard (f20 seconds for low-concentration volatile analysis). 
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9.0 DATA REDUCTION, VALIDATION, AND REPORTING 

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

for Sites 3 and 7 groundwater. All data generated during the course of the investigation will be 

maintained in hardcopy format by TtNUS in the EFANE designated central files located in the TtNUS 

Pittsburgh, Pennsylvania office. 

In addition to the central files, photocopies of all hardcopy data (as well as electronic data) will be 

maintained in the Chemistry/Toxicology/Risk Assessment Department database records files located in 

the TtNUS Pittsburgh, Pennsylvania office. Upon completion of the contract, all files will be relinquished 

to the Navy. 

9.1 DATA REDUCTION 

Data reduction will be completed for both field measurements and laboratory-generated analytical data. 

Field data reduction will be relatively limited versus the degree of laboratory data reduction required for 

the project. Reduction of both field data and laboratory data are discussed in the remainder of this 

section. 

9.1.1 Field Data Reduction 

Field data will be collected through on-site water quality testing for general indicator parameters including 

pH, specific conductance, turbidity, dissolved oxygen, temperature, oxidation reduction potential, and 

salinity. 

The remaining field parameters will be recorded in the site logbook and on sample logsheets immediately 

after the measurements are taken and later encoded in the NSB-NLON database for presentation in the 

RA Report. If an error is made in the logbook, the error will be legibly crossed out (single-line strikeout), 

initialed and dated by the field member, and corrected in a space adjacent to the original (erroneous) 

entry. No calculations will be necessary to reduce these data for inclusion in RA Report. Field data will 

be entered in the electronic database manually, and the entries will be verified by an independent 

reviewer to make sure that no "transcription" errors occurred. Field measurements will be recorded and 

reported in the following units: 

Hydronium ion concentration - standard pH units 

Temperature - degrees Celsius 

Specific Conductance - millimhos 
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Turbidity - Nephelometric turbidity units 

Dissolved oxygen - milligrams per liter (mg/L) 

Oxidation Reduction Potential - millivolts (mV) 

Salinity - % 

Standard pH units as specified above, is the negative logarithm (base 10) of the hydronium ion 

concentration in moleslliter. 

9.1.2 Laboratory Data Reduction 

Data reduction for laboratory analytical data generated via the USEPA CLP analytical protocol, quality 

assurance requirements, and reporting procedures (TCL volatile) will be .completed in accordance with 

the most current SOWS for Low Concentration Organic as identified in previous sections of this QAPP. 

Laboratory data reduction of analytical results generated via non-CLP methods will be completed in 

accordance with the applicable analytical methods. 

Laboratory analytical data will be reported using standard concentration units to ensure comparability with 

regulatory standards/guidelines and previous analytical results. Reporting units for aqueous matrices for 

the classes of chemicals under consideration are as follows: 

Groundwater samples: 

TCL volatile, TCL semivolatile minus PAHs, and PAHs - micrograms per liter (pg1L) 

Field QC sample results will be included in the database for the NSB-NLON Groundwater Monitoring 

Program. 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 Data Review. The results for laboratory QC samples such as method blanks will 

not be presented in the RA Report database. In addition, only the original (unspiked) sample results for 

MSIMSD samples will be provided in the database. 

9.2 DATA VALIDATION 

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

of field data will be limited to real time "reality" checks whereas laboratory analytical data will be validated 
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in accordance with current USEPA guidance. Validation of field measurements is discussed in Section 

9.2.1. Validation of laboratory analytical data is discussed in Section 9.2.2. 

9.2.1 Field Measurement Data Validation 

Field measurements will not be subjected to a formal data validation process. However, field technicians 

will ensure that the equipment used for field measurement is performing accurately via calibration as 

discussed in Section 2.5.6 of the WP. As described in Section 9.1.1, all field data entered into the 

electronic database will be independently reviewed for transcription errors. 

9.2.2 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. 

All CLP laboratory analytical data will be subjected to validation in accordance with the National 

Functional Guidelines for Organic and Inorganic Data Review. Data validation will be completed to 

ensure that the data are of evidentiary quality. Particular emphasis will be placed on holding time 

compliance, equipment calibration, spike recoveries, and blank results, although all required elements of 

the validation process will be considered. The analytical results for semivolatile and PAH fractions 

generated using SW-846 methodology will be validated against method-specific requirements and the 

National Functional Guidelines to the extent practicable. 

9.3 DATA REPORTING 

9.3.1 Field Measurement Data Reporting 

Field data will be reported in the units discussed in Section 9.1.1. The RA Report will include a 

comprehensive database including all field measurements (pH, specific conductance, temperature, 

turbidity, dissolved oxygen, salinity, and oxidation reduction potential). Field measurements will be 

transferred from the site logbook or sample logsheets to the electronic database manually and will be 

reviewed for accuracy by an independent reviewer. Transcription of field measurements to the electronic 

database will be completed shortly after completion of the field investigation and prior to receipt of 

laboratory analytical data. 

All records regarding field measurements (i.e., field logbooks, sampling logbooks, and sample logsheets) 

will be placed in TtNUS's EFANE central files upon completion of the field effort. Entry of these results in 
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the database will require removal of these results from the files. Outcards will be used to document the 

removal of any such documentation from the files (date, person, subject matter). Field measurement data 

will be reported in an appendix of the RA Report at a minimum and may also be reported in summary 

fashion if they are indicative of the presence of contamination (e.g., high specific conductance readings). 

9.3.2 Laboratorv Data Reportinq 

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 blanks, 

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 RA 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 detection limits will be reported for nondetected 

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

Section 9.1.2. The analytical data may also be reported in summary fashion within the body of the RA 

Report text in tabular and graphic fashion. 

Data will be handled electronically 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 EFANE central files as received. 

Validation will be completed using the hard copy data. Upon completion of validation of a Sample 

Delivery Group and review by the Data Validation Coordinator, 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 contrasted with the hard copy data (Form Is) to 

ensure that the hard copy data and electronic data are consistent. 
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10.0 PERFORMANCE AND SYSTEM AUDITS 

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: 

The FOL will supervise and check daily that the field measurements are made accurately, 

equipment is thoroughly decontaminated, samples are collected and handled properly, and 

fieldwork is documented accurately and neatly. 

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

requirements of the CLP (external), by a Navy Contractor (internal), and in accordance with the 

Laboratory Quality Assurance Plan (internal). 

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

the laboratory. The data 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 not the results are in conformance with QC criteria. On the basis of these factors, the 

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

the Data Validation Coordinator prior to submittal to the Project Manager. 

A formal audit of the field sampling procedures may be conducted by the TtNUS Quality Assurance 

Manager (QAM) or designee in addition to the auditing that is an inherent part of the daily project 

activities. The purpose of this audit is to ensure that sample collection, handling, and shipping 

protocols, as well as 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 2.5 of the WP, 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 Project Manager 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. Similarly, the 

Project Manager will interface with the Risk Assessment and Modeling Coordinators, as applicable. 
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11.0 PREVENTIVE MAINTENANCE PROCEDURES 

Measuring equipment used in environmental monitoring or analysis for the NSB-NLON RA shall be 

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

instruments shall be calibrated in accordance with the procedures, and at the frequency, discussed in 

Section 6.0 (Calibration Procedures and Frequency). Preventive maintenance for field and laboratory 

equipment is discussed in the remainder of this section. 

11.1 FIELD EQUIPMENT PREVENTIVE MAINTENANCE 

TtNUS has established a program for the maintenance of field equipment to ensure the availability of 

equipment in good working order when and where it is needed. This program consists of the following 

elements: 

The TtNUS equipment manager keeps an inventory of the equipment in terms of items (model and 

serial number), quantity, and condition. Each item of equipment is signed out when in use, and its 

operating condition and cleanliness checked upon return. 

The equipment manager conducts routine checks on the status of equipment and is responsible for 

stocking spare parts and equipment readiness. The equipment manager also maintains the 

equipment manual library. 

The FOL is responsible for working with the equipment manager to make sure that the equipment is 

tested, cleaned, charged, and calibrated in accordance with the manufacturer's instructions and 

TtNUS SOPS before being taken to the job site and during field activities. 

During calibration, an appropriate maintenance check is performed on each piece of equipment. 

Any problems encountered while operating the instrument will be recorded in the field log book 

including a description of the symptoms and corrective actions taken. 

If problem equipment is detected or should require service, the equipment should be logged, 

tagged, and segregated from equipment in proper working order. Use of the instrument will not be 

resumed until the problem is resolved. 
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11.2 LABORATORY INSTRUMENT PREVENTIVE MAINTENANCE 

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

when needed. Dependent on manufacturer's recommendations, maintenance intervals are established 

for each instrument. 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 equipment they are using at all times. 

11.2.1 Maior Instruments 

Table 11-1 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 supporting supplies and reagents is also a 

form of preventive maintenance. For example, gases used in the various gas chromatographs should be 

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

columns, ferrules, and other supporting supplies from reputable manufacturers will assist in averting 

unnecessary periods of instrument downtime. 

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 k2"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. The logs will contain the following information at a minimum: 

Date 

Temperature 

Initials of person performing the check 

Maintenance of the logs is typically the responsibility of the sample custodian. 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. 
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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 11-1 

TYPICAL PREVENTIVE MAINTENANCE FOR KEY ANALYTICAL INSTRUMENTS 
NSB-NLON, GROTON, CONNECTICUT 

Maintenance 
Frequency 

As required. 

Instrument 

GCIMS 

Semivolatiles: Replace the septum, clean injection port, 
replace liner, bake oven, check carrier gas, clean the source. 
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Preventive Maintenance 

Volatiles: Bake oven, replace septum, check carrier gas. 

As required. 

HPLC 
Replace solvent washes and clean syringe. 
Change frit in mixer. Change column pre-filter, change 
pump seals. 

Rinse water pump with methanol, filter water, sonicate water 
intake filter frit. 

Daily. 
As needed (when 
pressure builds up). 
Approximately 
weekly. 
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12.0 SPECIFIC ROUTINE PROCEDURES USED TO ASSESS 
DATA PRECISION, ACCURACY, AND COMPLETENESS 

The purpose of this section is to indicate the methods by which it will be ensured that the data collected 

for this investigation coincides with the project objectives as specified in Section 1.3 of this QAPP. The 

data assessment will be conducted to evaluate analytical data quality via compliance with the QC 

objectives addressed in Section 3.0 of this QAPP. Additionally, the data will be reviewed for indications of 

interferences to results caused by sample matrices, cross contamination during sampling, cross 

contamination 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 andlor field QC blank contaminants, 

holding time exceedences, samples exhibiting field duplicatelreplicate imprecision as well as affected 

chemicals, rejected 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 RA Report. 

Compliance with the completeness objectives for field and laboratory measurementsldata will be 

calculated by hand (field measurements) and electronically via a database subroutine (laboratory data). 

Sections 12.1, 12.2, and 12.3 present equations to be used for computing precision, accuracy, and 

completeness values, respectively. Section 12.4 presents additional data quality considerations that will 

be evaluated after completion of data validation. 

12.1 ACCURACY ASSESSMENT 

As described in Section 8.2, to assure the accuracy of the analytical procedures, a minimum of one 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 percent recovery. 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: 

Amount in Spiked Sample - Amount in Unspiked Sample 
%R = X 100% 

Known Amount Added 
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Section 8.2 also describes the use of surrogate spikes and LCSs as measures of accuracy. The %R for a 

surrogate spike or LCS is calculated by using the following formula: 

Experimental Concentration 
%R = X 100% 

Known Amount Added 

12.2 PRECISION ASSESSMENT 

As described in Section 8.2, duplicate samples (for inorganic analyses) and MSD samples (for organic 

analyses) are prepared and analyzed at a minimum frequency of one per every 20 environmental 

samples. As addressed in Section 3.6, field duplicate samples will also be collected at a minimum 

frequency of one per 10 environmental samples. The RPD between the sample (or spike) and duplicate 

(or duplicate spike) is calculated by using the following formula: 

Amount in Sample 1 -Amount in Sample 2 
RPD = X 100% 

0.5 (Amount in Sample 1 + Amount in Sample 2) 

12.3 COMPLETENESS ASSESSMENT 

As addressed in Section 3.3, completeness 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: 

(number of valid measurements) 
Completeness = X 100% 

(number of measurements planned) 

12.4 DATA ASSESSMENT 

The field and laboratory data collected during the NSB-NLON RA will be used to meet the objectives 

presented in Section 1.1 of the QAPP. The QC results associated with each analytical parameter for 

each matrix will be compared with the objectives presented in Sections 3.1 though 3.5 of this QAPP. 

Only data deemed usable during data validation will be considered 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 Groundwater RA 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 QAPP? 

Were samples obtained from all sampling locations for all analyses specified in the QAPP? 

Were all field measurements conducted using the methodologies and SOPs specified in the QAPP? 

Were all laboratory analyses performed using the methodologies specified in the QAPP? 

Were all field and laboratory data validated as specified in the QAPP? 

0 Do any analytical results exhibit elevated quantitation 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 the project? 
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13.0 CORRECTIVE ACTION 

Under the TtNUS QNQC program, it is required that any and all personnel noting conditions adverse to 

quality report these conditions immediately to the Project Manager and QAM. 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 QAM to document all findings and corrective actions 

taken and to monitor the effectiveness of the corrective measures performed. 

13.1 FIELD CORRECTIVE ACTION 

Field nonconformances 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 with USEPA Region I and Connecticut Department of Environmental 

Protection (CTDEP)] 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 13-1. Copies of all FTMRs will be maintained with the onsite project planning 

documents and will be placed in the final evidence file. 

Minor modifications to field activities such as a slight offset of a boring location will be initiated at the 

discretion of the FOL, subject to onsite approval by NSB-NLON personnel. Approval for major 

modifications (e.g., elimination of a sampling point) must be obtained via an FTMR. 
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FIGURE 13-1 

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: 

Date 

Project Manager (Signature, if required) Date 

Distribution: 
Program Manager 
Quality Assurance Officer 
Project Manager 
Field Operations Leader 

Others as required 
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13.2 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 personnel that corrective action 

may be necessary: 

QC data are outside established warning or control limits; 

Method blank analyses yield concentrations of target analytes above acceptable levels; 

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; and 

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 QNQC Officer of a problem. The QNQC 

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 QNQC 

Officer. Its implementation is verified and documented on the corrective action form and is further 

documented through audits. 

13.3 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 additionallrefresher training are possible 

corrective actions relevant to data evaluation activities. The Project Manager will be responsible for 

approving the implementation of corrective action. 
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14.0 QUALITY ASSURANCE REPORTS TO MANAGEMENT 

QA reports to management will be provided in three primary formats during the course of the NSB-NLON 

RI. Data validation letter reports will be prepared on a Sample Delivery Group-specific basis and will 

summarize QA issues for the subcontract laboratory data. In addition, daily verbal reports summarizing 

accomplishments and QNQC issues during the field investigation will be provided by the FOL. Finally, 

monthly progress reports are provided by the Project Manager. In addition, a summary of data validation 

qualifiers and a completeness assessment for all project samples will be included in the RA Report. 

14.1 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 non-compliances 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 non- 

compliances, etc.) the Data Validation Coordinator will notify the Project Manager, the Technical 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 Project Manager 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 QNQC problems. The Project Manager provides a monthly progress report to the Navy which 

addresses the project budget, schedule, accomplishments, planned activities, required revisions of the 

QAPP, and QNQC issues and intended corrective actions. 

14.2 INDIVIDUALS RECEIVINGIREVIEWING QUALITY ASSURANCE REPORTS 

Data validation QA Reports are provided to the Project Manager for inclusion in the project files. In the 

event that major problems are observed for a given laboratory, the Program Manager, Deputy Program 

Manager, QA Manager, Project Manager, and Laboratory Services Coordinator are provided with copies 

of the QA report. Weekly field progress reports are provided to the Project Manager. Monthly progress 

reports are provided to the Navy CLEAN Program Manager and the Navy CLEAN Contracting Officers 

Technical Representative. 
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APPENDIX C 

FIELD FORMS 

MONITORING WELL DEVELOPMENT RECORD 

MONITORING WELL MATERIALS CERTIFICATE OF 

CONFORMANCE 

BEDROCK MONITORING WELL SHEET 

OVERBURDEN MONITORING WELL SHEET FLUSH-MOUNT 

OVERBURDEN MONITORING WELL SHEET STICK-UP 

BORING LOG 

DAILY ACTIVITIES RECORD 

EQUIPMENT CALIBRATION LOG 

GROUNDWATER LEVEL MEASUREMENT SHEET 

GROUNDWATER SAMPLE LOG SHEET 



[s] Tetra Tech NUS n c  MONITORING 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 
Sediment 
Thickness 

(Ft.) 

Cumulative 
Water 

Volume 
(Gal.) 

Water Level 
Readings 

(Ft. below TOC) 

Temperature 
(Degrees C) 

pH Specific 
Conductance 
(Units ) 

Turbidity 
(NTU) 

Remarks (odor, color, etc.) 



MONITORING WELL MATERIALS 
CERTIFICATE OF CONFORMANCE 

Well Designation: Site Geologist: 

Site Name: Drilling Company: 
Date Installed: Driller: 
Project Name: Project Number: 

Material BrandlDescription SourcelSupplier Sample I 
I Collected ? 

I I 

Well Casing 
I I I 

End Cap 

Drilling Fluid 

Drilling Fluid Additives 

Backfill Material 

Annular Filter Pack 

Bentonite Seal 

Annular Grout 

Surface Cement 

Protective Casing 

Paint 

Rod Lubricant 
I I I 

Compressor Oil 
I I I I 

To the best of my knowledge, I certify that the above described materials were used during installation of this monitoring well 

Signature of Site Geologist: 



BEDROCK 
MONITORING WELL SHEET 

WELL INSTALLED IN BEDROCK 
Tetra Tech NUS, hc. 

WUL NO.: 

'ROJECT LOCATION 
'ROJECT NO. BORING 
)ATE BEGUN DATE COMPLETED 
-1ELD GEOLOGIST 
;ROUND ELEVATION DATUM 

DRILLER 

DRILUNG 
METHOD 

DEVELOPMENT 
METHOD 

ELEVATION TOP OF RISER: 

TYPE OF SURFACE SEAL: 

TYPE OF PROTECTIVE CASING: 

I.D. OF PROTECTIVE CASING: 

- DIAMETER OF HOLE: 

-- TYPE OF RISER PIPE: 

RISER PIPE I.D.: 

- TYPE OF BACKFILL/SEAL: 

ELEVATION/DEPTH TOP OF SCREEN: L 
TYPE OF SCREEN: 

SLOT SIZE x LENGTH: 

TYPE OF SAND PACK: 

DIAMETER OF HOLE I N  BEDROCK: 
COREBEAM: 

ELEVATION / DEPTH BOlTOM OF SCREEN: A 
ELEVATION / DEPTH BOlTOM OF SAND: A 
ELEVATION/DEPTH BOlTOM OF HOLE: A 
BACKFILL MATERIAL BELOW SAND: 



OVERBWEN 
MONITORING WELL SHEET 

Tetra Tech NUS, hc. 
FLUSH - MOUNT 

WELL NO.: 

I.D. OF PROTECTIVE CASING: 

'-- DIAMETER OF HOLE: 

- TYPE OF RISER PIPE: 

'ROJECT LOCATION 
'ROJECT NO. BORING 
)ATE BEGUN DATE COMPLETED 
-1ELD GEOLOGIST 
;ROUND ELEVATION DATUM 

RISER PIPE I.D.: 

-TYPE OF BACKFILL/SEAL: 

DRILLER 

DRILUNG 
METHOD 

DEVELOPMENT 
METHOD 

ELEVATION TOP OF RISER: 

TYPE OF SURFACE SEAL: 

R U S H  MOUN 
TYPE OF PROTECTIVE CASING: 

SURFACE CA 

y 
/ 

ELEVATION/DEPTH TOP OF SCREEN: L 
TYPE OF SCREEN: 

c.: - ;i:fg SLOT SIZE x LENGTH: e; - 2;. 

- TYPE OF SAND PACK: 

DIAMETER OF HOLE I N  BEDROCK: 

- ELEVATION / DEPTH BOTTOM OF SCREEN: A 
ELEVATION / DEPTH BOTTOM OF SAND: A 

- ELEVATION/DEPTH BOl lOM OF HOLE: A 
BACKFILL MATERIAL BELOW SAND: 

I 

- ELEVATION/DEPTH TOP OF SEAL: A 
- TYPE OF SEAL: 

- ELEVATION/DEPM TOP OF SAND: 



OVERBURDEN 
MONITORING WELL SHEET 

Tetra Tech NUS, hc. 
STICK-UP 

WELL NO.: 

'ROJECT 
'ROJECT NO. 
)ATE BEGUN 
'IELD GEOLOGIST 
;ROUND ELEVATION 

LOCATION 
BORING 
DATE COMPLETED 

DATUM u 
DRILLER 

DRILLING 
METHOD 

DEVELOPMENT 
MEMOD 

- ELEVATIONDEIGHT OF TOP OF SURFACE CASING: / 

- ELEVATION/HEIGHT OF TOP OF RISER PIPE: / 

- TYPE OF SURFACE SEAL: 

- I.D. OF SURFACE CASING: 
W E  OF SURFACE CASING: 

- RISER PIPE I.D.: 
TYPE OF RISER PIPE: 

- BOREHOLE DIAMETER: 

- ELEVATION/DEPM TOP OF SEAL: A 
- TYPE OF SEAL: 

- DEPTH TOP OF SAND PACK: 

- ELEVATION/DEPTH TOP OF SCREEN: A 
- TYPE OF SCREEN: 

SLOT SIZE x LENGTH: 

I.D. OF SCREEN: 

- TYPE OF SAND PACK: 

- ELEVATION/DEPTH BOTTOM OF SCREEN: A 
- ELEVATION/DEPM BOTTOM OF SAND PACK: 

BACKFILL MATERIAL BELOW SAND: 
A 

- ELEVATION/DEPM OF HOLE: A 



1-1 Tetra ~ e c h  NUS. Inc. 
BORING LOG 

Page - of - 

PROJECT NAME: 
PROJECT NUMBER: 
DRILLING COMPANY: 
DRILLING RIG: 

El When rock coring, enter 

BORING No.: 
DATE: - - 

GEOLOGIST: 

brokeness. 

'̂ Include monitor reading in 6 foot intervals @ borehole. Increase readina freauencv if  elevated re~onse read. Drillina Area - - .  . " - -  

Remarks: Background (ppm): l I  

Converted to Well: Yes No Well I.D. #: 



Tetra Tech NUS, Inc. DAILY ACTIVITIES RECORD 

PROJECT NAME: PROJECT NUMBER: 

CLIENT: LOCATION: 

I DATE: ARRIVAL TIME: 

I Tt NUS PERSONNEL: DEPARTURE TIME: 

COMMENTS: 

I CONTRACTOR: 

ITEM 

APPROVED BY: 

Tt NUS REPRESENTATIVE 

QUANTITY 
ESTIMATE 

DRILLER 

DATE: 

QUANTITY 
TODAY 

DRILLER: 

PREVIOUS 
TOTAL 

QUANTITY 

CUMULATIVE 
QUANTITY 
TO DATE 



I R l T e t r a  Tech NUS. ~nc .  EQUIPMENT CALIBRATION LOG 

PROJECT NAME : INSTRUMENT NAMEIMODEL: 

SITE NAME: MANUFACTURER: 

PROJECT No.: SERIAL NUMBER: 

- - -- 

Date Instrument Person Instrument Settlngs Instrument Readlngs Cahbratlon Remarks 
of I D. Performlng Pre- Post- Pre- Post- Standard and 

Cahbratlon Number Callbration callbratton cahbrat~on callbratlon callbratton (Lot No ) Comments 
-,,-,,,,,.,,,,-,,,,Tl?n , , ,  ,,,, , ,,,., , , , . .  . . , . . .  , , , . . . , . . , , . , . . , ,  , . 
u-- 



Page of 

etra Tech NUS. Inc GROUNDWATER LEVEL MEASUREMENT SHEET 

Personnel: 

eather Conditions: Measuring Device: 

Comments 

'All measurements to the nearest 0 01 foot 



lRl Tetra Tech NUS. Inc. GROUNDWATER SAMPLE LOG SHEET 

Project Site Name: Sample ID No.: 
Project No.: Sample Location: 

Sampled By: 
[I Domestic Well Data C.O.C. No.: 
[I Monitoring Well Data Type of Sample: 

I Other Well Type: [I Low Concentration 
1 QA Sample Type: 1 High Concentration 

IPURGE DATA: 

SAMPLING DATA: 

I I I 
OBSERVATIONS I NOTES: 

Date: 

Time: 
Method: 

Color 

(Visual) 

Signature(s): Circle if Applicable: 

pH 
(S.U.) 

MSIMSD Duplicate ID No.: 

S.C. 

(mSicm) 

Temp. 

(OC) 

Turbidity 

O \ ] W  

DO 

(mg/l) 

Salinity 

(%I 

Other 



APPENDIX D 

TtNUS AND USEPA REGION I STANDARD OPERATING PROCEDURES 

CT-04 - SAMPLE NOMENCLATURE 

GH-1.2 - EVALUATION OF EXISTING MONITORING WELLS AND 

WATER LEVEL MEASUREMENT 

GH-1.3 - SOIL AND ROCK DRILLING METHODS 

GH-1.5 - BOREHOLE AND SAMPLE LOGGING 

GH-2.8 - GROUNDWATER MONITORING WELL INSTALLATION 

HS-1.0 - UTILITY LOCATION AND EXCAVATION CLEARANCE 

SA-1-1 - GROUNDWATER SAMPLE ACQUISITION AND ONSITE 

WATER QUALITY TESTING 

SA-6.1 - NON-RADIOLOGICAL SAMPLE HANDLING 

SA-6.3 - FIELD DOCUMENTATION 

SA-7.1 - DOCUMENTATION OF FIELD EQUIPMENT 

GW 0001 - REGION I LOW STRESS (LOW FLOW) PURGING AND 

SAMPLING PROCEDURE FOR THE COLLECTION OF 

GROUNDWATER SAMPLES FROM MONITORING WELLS 
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CT-04 

Effective Date 1 09/03 

1 .O PURPOSE 

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

Sorting of data by matrix. 
Sorting of data by depth. 
Maintenance of consistency (field, laboratory, and data base sample numbers). 
Accommodation of all project-specific requirements. 
Accommodation of laboratory sample number length constraints (maximum of 20 characters). 

2.0 SCOPE 

The methods described in this procedure shall be used consistently for all projects requiring electronic data. 

3.0 GLOSSARY 

None. 

4.0 RESPONSIBILITIES 

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

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

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

5.0 PROCEDURES 

5.1 Introduction 

The sample identification (ID) system can consist of as few as 8 but not more than 20 distinct alpha- 
numeric characters. The sample ID will be provided to the laboratory on the sample labels and chain-of- 
custody forms. The basic sample ID provided to the lab has three segments and shall be as follows where 
"A" indicates "alpha," and "N" indicates "numeric": 

I She Identifier , 1 Sample Type I Sample Location 

01 961 1IP Tetra Tech NUS, Inc. 
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Additional segments may be added as needed. For example: 

Number 
CT-04 

Revision 

1 

(1) Soil and Sediment Sample ID 

Page 
3 of 6 

Effective Date 

09/03 

I Site Identifier I Sample Type I Sample Location 1 Sample Depth I 
Aor N 

3- or CCharacters 

(2) Aqueous (groundwater or surface water) Sample ID 

AorN AAA AorN 
NN I -A I 3- or &Characters I 2- or 3-Characters I 3- to &Characters I 2-Characters 

AAA 
2- or 3-Characters 

I I I I 

Site Identifier I Sample type I Sample Location I Round Number I Filtered Sample only 

(3) Biota Sample ID 

Aor N 
3- to &Characters 

I Aor N I AAA I AorN 1 AA I NNN I 

NNNN 
4-Characters 

I Site ldentifier I I Sample Location I Sample Group 
Number I 

5.2 Sample Identification Field Requirements 

The various fields in the sample ID will include but are not limited to the following: 

Site ldentifier 
Sample Type 
Sample Location 
Sample Depth 
Sampling Round Number 
Filtered 
Species ldentifier 
Sample Group Number 

The site identifier must be a three- or four-character field (numeric characters, alpha characters, or a 
mixture of alpha and numeric characters may be used). A site number is necessary since many 
facilitieslsites have multiple individual sites, SWMUs, operable units, etc. Several examples are presented 
in Section 5.3 of this SOP. 

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

The sample location must be at least a three-character field but may have up to six-characters (alpha, 
numeric, or a mixture). The six-characters may be useful in identifying a monitoring well to be sampled or 
describing a grid location. 

The sample depth field is used to note the depth below ground surface (bgs) at which a soil or sediment 
sample is collected. The first two numbers of the four-number code specify the top intervai, and the third 
and fourth specify the bottom interval in feet bgs of the sample. If the sample depth is equal to or greater 
than 100, then only the top interval would be represented and the sampling depth would be truncated to 

01961 1/P Tetra Tech NUS, Inc. 
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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 particular 
aqueous sample 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 wells and surface water 
locations. 

Aqueous samples that are field filtered (dissolved analysis) will be identified 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 codes are provided in 
Section 5.3 of this SOP. 

The three digit sample group number will be used to track the number of biota sample groups (a particular 
group size may be determined by sample technique, media type, the number of individual caught, weight 
issues, time, etc.) by species and location. The first sample group of a particular species collected from a 
given location will be assigned the sample group number 001 and the second sample group of the same 
species collected from the same location will be assigned the sample group number 002. 

5.3 Example Sample Field Desiqnations 

Examples of each of the fields are as follows: 

Site Identifier - Examples of site numberddesignations are as follows: 

A01 - Area of Concern Number 1 
125 - Solid Waste Management Unit Number 125 
000 - Base or Facility Wide Sample (e.g., upgradient well) 
BBG - Base Background 

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

Sample Type - Examples of sample types are as follows: 

AH - 
AS - 
BM - 
BSB - 
BSF - 
CP - 
CS - 
DS - 
DU - 
FP - 
IDW - 
LT - 
MW - 
OF - 
RW - 
SB - 
SD - 
SC - 

Ash Sample 
Air Sample 
Building Material Sample 
Biota Sample Full Body 
Biota Sample Fillet 
Composite Sample 
Chip Sample 
Drum Sample 
Dust Sample 
Free Product 
Investigation Derived Waste Sample 
Leachate Sample 
Monitoring Well Groundwater Sample 
Outfall Sample 
Residential Well Sample 
Soil Boring Sample 
Sediment Sample 
Scrape Sample 

019611/P Tetra Tech NUS, Inc. 



Soil Gas Sample 
Sludge Sample 
Seep Sample 
Surface Soil Sample 
Storm Sewer Water Sample 
Surface Water Sample 
Test Pit Sample 
Temporary Well Sample 
Well Construction Material Sample 
Wipe Sample 
WasteISolid Sample 
Wastewater Sample 

Page 
5 of 6 

Subject 

SAMPLE NOMENCLATURE Revision 

Sam~le Location - Examples of the location field are as follows: 

Number 
CT-04 

Effective Date 

001 - Monitoring Well 1 
N32E92 - Grid location 32 North and 92 East 
DO96 - Investigation derived waste drum number 96 

Species Identifier - Examples of species identifier are as follows: 

BC - Blue Crab 
GB - Blue Gill 
CO - Corn 
SB - Soybean 

5.4 Examples of Sample Nomenclature 

The first round monitoring well groundwater sample collected from existing monitoring well 001 at SWMU 
16 for a filtered sample would be designated as 01 6MW00101 -F. 

The second round monitoring well groundwater sample collected from existing monitoring well C20P2 at 
Site 23 for an unfiltered sample would be designated as 023MWC20P202. 

The second surface water sample collected from point 01 at SWMU 130 for an unfiltered sample would be 
designated as 130SW00102. 

A surface soil sample collected from grid location 32 North and 92 East at Site 32 at the 0- to 2-foot 
interval would be designated as 032SSN32E920002. 

A subsurface soil sample from soil boring 03 at SWMU 32 at an interval of 4 to 5 feet bgs would be 
designated as 032SB0030405. 

A sediment sample collected at SWMU 19 from 0 to 6 inches at location 14 would be designated as 
019SD0140001. The sample data sheet would reflect the precise depth at which this sample was 
collected. 

During biota sampling for full body analysis the first time a minnow trap was checked at grid location A25 
of SWMU 1415 three small blue gills were captured, collected and designated with the sample ID of 
1415BSBA25BG001. The second time blue gill were collected at the same location (grid location A25 at 
SWMU 141 5) the sample ID designation given was 141 5BSBA25BG002. 

Note: No dash (-) or spacing is used between the segments with the exception of the filtered segment. 
The "F" used for a filtered aqueous sample is preceded by a dash "-F". 
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5.5 Field Quality Assurance/Qualitv Control (QAIQC) Sample Nomenclature) 

Field QNQC will be designated using a different coding system. The QC code will consist of a three- to 
four-segment alpha-numeric code that identifies the sample QC type, the date the sample was collected, 
and the number of this type of QC sample collected on that date. 

M I NNNNNN I NN I -F 

QC Type Date Sequence Number Filtered 
(per day) (aqueous only, if needed) 

The QC types are identified as: 

TB = Trip Blank 
RB = Rinsate Blank (Equipment Blank) 
FD = Field Duplicate 
AB = Ambient Conditions Blank 
WB = Source Water Blank 

The sampling time recorded on the Chain-of-Custody Form, labels, and tags for duplicate samples will be 
0000 so that the samples are "blind" to the laboratory. Notes detailing the sample number, time, date, and 
type will be recorded on the routine sample log sheets and will document the location of the duplicate 
sample (sample log sheets are not provided to the laboratory). Documentation for all other QC types (TB, 
RB, AB, and WB) will be recorded on the QC Sample Log sheet (see SOP on Field Documentation). 

5.6 Examples of Field QAIQC Sample Nomenclature 

The first duplicate of the day for a filtered ground water sample collected on June 3, 2000 would be 
designated as FD06030001 -F. 

The third duplicate of the day taken of a subsurface soil sample collected on November 17,2003 would be 
designated as FD11170303. 

The first trip blank associated with samples collected on October 12, 2000 would be designated as 
TB10120001. 

The only rinsate blank collected on November 17,2001 would be designated as RBI 11701 01. 

6.0 DEVIATIONS 

Any deviation from this SOP must be addressed in detail in the site specific planning documents. 
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1.0 PURPOSE 

The purpose of this procedure is to provide reference information regarding the proper methods for 
evaluating the physical condition and project utility of existing monitoring wells and determining water 
levels. 

2.0 SCOPE 

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

3.0 GLOSSARY 

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

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

4.0 RESPONSIBILITIES 

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

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

5.0 PROCEDURES 

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

Proper characterization of site hydrogeology. 

Proper design of the groundwater monitoring program, including adequate numbers of wells installed 
at appropriate locations and depths. 

Satisfactory methods of groundwater sampling and analysis to meet the project data quality objectives 
(DQOs). 

The assurance that specific monitoring well samples are representative of water quality conditions in 
the monitored interval. 

To insure that these conditions are met, adequate descriptions of subsurface geology, well construction 
methods and well testing results must be available. The following steps will help to insure that the 
required data are available to permit an evaluation of the utility of existing monitoring wells for collecting 
additional samples. 
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5.1 Preliminary Evaluation 
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A necessary first step in evaluating existing monitoring well data is the study and review of the original 
work plan for monitoring well installation (if available). This helps to familiarize the site 
geologist/hydrogeologist with site-specific condition, and will promote an understanding of the original 
purpose of the monitoring wells. 

Number 
GH-1.2 

The next step of the evaluation should involve a review of all available information concerning borehole 
drilling and well construction. This will allow interpretation of groundwater flow conditions and area 
geology, and will help to establish consistency between hydraulic properties of the well and physical 
features of the well or formation. The physical features which should be identified and detailed, if 
available, include: 

Revision 
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The well identification number, permit number and location by referenced coordinates, the distance 
from prominent site features, or the location of the well on a map. 

Effective Date 
09/03 

The installation dates, drilling methods, well development methods, past sampling dates, and drilling 
contractors. 

The depth to bedrock -- where rock cores were not taken, auger refusal, drive casing refusal or 
penetration test results (blow counts for split-barrel sampling) may be used to estimate bedrock 
interface. 

The soil profile and stratigraphy. 

The borehole depth and diameter. 

The elevation of the top of the protective casing, the top of the well riser, and the ground surface. 

The total depth of the well. 

The type of well materials, screen type, slot size, and length, and the elevationldepths of the screen, 
interval, andlor monitored interval. 

The elevationldepths of the tops and bottom of the filter pack and well seals and the type and size. 

5.2 Field Inspection 

During the onsite inspection of existing monitoring wells, features to be noted include: 

The condition of the protective casing, cap and lock. 
The condition of the cement seal surrounding the protective casing. 
The presence of depressions or standing water around the casing. 
The presence of and condition of dedicated sampling equipment. 
The presence of a survey mark on the inner well casing. 

If the protective casing, cap and lock have been damaged or the cement collar appears deteriorated, or if 
there are any depressions around the well casing capable of holding water, surface water may have 
infiltrated into the well. This may invalidate previous sampling results unless the time when leakage 
started can be precisely determined. 

The routine physical inspection must be followed by a more detailed investigation to identify other potential 
routes of contamination or sampling equipment malfunction. Any of these occurrences may invalidate 
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previously-collected water quality data. If the monitoring well is to be used in the future, considerations 
shown in the steps described above should be rectified to rehabilitate the well. 

EVALUATION OF EXISTING 
MONITORING WELLS AND WATER 
LEVEL MEASUREMENT 

After disconnecting any wires, cables or electrical sources, remove the lock and open the cap. Check for 
the presence of organic vapors with a photoionization detector (PID) or flame-ionization detector (FID) to 
determine the appropriate worker safety level. The following information should be noted: 

Cap function. 

GH-1.2 
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Physical characteristics and composition of the inner casing or riser, including inner diameter and 
annular space. 
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Presence of grout between the riser and outer protective casing and the existence of drain holes in 
the protective casing. 

Presence of a riser cap, method of attachment to casing, and venting of the riser. 

Presence W dedicated sampling equipment; if possible, remove such equipment and inspect size, 
materials of construction and condition. 

The final step of the field inspection is to confirm previous hydraulic or physical property data and to obtain 
data not previously available. This includes the determination of static water levels, total well depth and well 
obstruction. This may be accomplished using a weighted tape measure which can also be used to check for 
sediment (the weight will advance slowly if sediment is present, and the presence of sediment on the weight 
upon removal should be noted). If sediment is present andlor the well has not been sampled in 12 or more 
months, it should be redeveloped before sampling. 

Lastly,' as a final step, the location, condition and expected water quality of the wells should be reviewed in 
light of their usefulness for the intended purpose of the investigation. 

See Attachment A, Monitoring Well Inspection Sheet. 

5.3 Water Level (Hvdraulic Head) Measurements 

5.3.1 General 

Groundwater level measurements can be made in monitoring wells, private or public water wells, 
piezometers, open boreholes, or test pits (after stabilization). Groundwater measurements should 
generally not be made in boreholes with drilling rods or auger flights present. If groundwater sampling 
activities are to occur, groundwater level measurements shall take place prior to well purging or sampling. 

All groundwater level measurements shall be made to the nearest 0.01 foot, and recorded in the site 
geologistlhydrogeologist's field notebook or on the Groundwater Level Measurement Sheet 
(Attachment B), along with the date and time of the reading. The total depth of the well shall be measured 
and recorded, if not already known. Weather changes that occur over the period of time during which 
water levels are being taken, such as precipitation and barometric pressure changes, should be noted. 

In measuring groundwater levels, there shall be a clearly-established reference point of known elevation, 
which is normally identified by a mark on the upper edge of the inner well casing. To be useful, the 
reference point should be tied in with an established USGS benchmark or other properly surveyed 
elevation datum. An arbitrary datum couM be used for an isolated group of wells, if necessary. 

01961 1/P Tetra Tech NUS, Inc. 



Cascading water within a borehole or steel well casings can cause false readings with some types of 
sounding devices (chalked line, electrical). Oil layers may also cause problems in determining the true 
water level in a well. Special devices (interface probes) are available for measuring the thickness of oil 
layers and true depth to groundwater, if required. 

Subject 
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Water level readings shall be taken regularly, as required by the site geologist/hydrogeologist. Monitoring 
wells or open-cased boreholes that are subject to tidal fluctuations should be read in conjunction with a 
tidal chart (or preferably in conjunction with readings of a tide staff or tide level recorder installed in the 
adjacent water body); the frequency of such readings shall be established by the site hydrogeologist. All 
water level measurements at a site used to develop a groundwater contour map shall be made in the 
shortest practical time to minimize affects due to weather changes. 

5.3.2 Water Level Measuring Techniques 

Number 
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There are several methods for determining standing or changing water levels in boreholes and monitoring 
wells. Certain methods have particular advantages and disadvantages depending upon well conditions. A 
general description of these methods is presented, along with a listing of various advantages and 
disadvantages of each technique. An effective technique shall be selected for the particular site 
conditions by the site geologist/hydrogeologist. 
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In most instances, preparation of accurate potentiornetric surface maps require that static water level 
measurements be obtained to a precision of 0.01 feet. To obtain such measurements in individual 
accessible wells, electrical water level indicator methods have been found to be best, and thus should be 
utilized. Other, less precise methods, such as the popper or bell sound, or bailer line methods, should be 
avoided. When a large number of (or continuous) readings are required, time-consuming individual 
readings are not usually feasible. In such cases, it is best to use a pressure transducer. 

5.3.3 Methods 

Water levels can be measured by several different techniques, but the same steps shall be followed in 
each case. The proper sequence is as follows: 

1 .  Check operation of recording equipment above ground. Prior to opening the well, don personal 
protective equipment, as required. Never remove an air-tight lock (such as a J-plug) with your 
face over the well. Pressure changes within the well may explosively force the cap off once 
loosened. 

2. Record all information specified below in the geologist/hydrogeologist's field notebook or on the 
Groundwater Level Measurement Sheet (Attachment B): 

Well number. 
Water level (to the nearest 0.01 foot). Water levels shall be taken from the surveyed 
reference mark on the top edge of the inner well casing. If the J-plug was on the well very 
tightly, it may take several minutes for the water level to stabilize. 
Time and day of the measurement. 
Thickness of free product if present. 

Water level measuring devices with permanently marked intervals shall be used. The devices shall be 
free of. kinks or folds which will affect the ability of the equipment to hang straight in the well pipe. 
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Electric Water Level Indicators 

These are the most commonly used devices and consist of a spool of small-diameter cable and a 
weighted probe attached to the end. When the probe comes in contact with the water, an electrical circuit 
is closed and a meter, light, andlor buzzer attached to the spool will signal the contact. 

Number 
GH-1.2 

Revision 
2 

There are a number of commercial electric sounders available, none of which is entirely reliable under all 
conditions likely to occur in a contaminated monitoring well. In conditions where there is oil on the water, 
groundwater with high specific conductance, water cascading into the well, steel well casing, or a turbulent 
water surface in the well, measuring with an electric sounder may be difficult. 
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For accurate readings, the probe shall be lowered slowly into the well adjacent to the survey mark on the 
inner well casing. The electric tape is read (to the nearest 0.01 ft.) at the measuring point and recorded 
where contact with the water surface was indicated. 

per or Bell Sounder 7 
method is not sufficiently 

obtaining only approximate w 

Pressure Transducer / 

cer is wired into a recorder at the surface 
to record changes in water level with ti 

el measurements 
A sensitive transducer ele measure water le 

ging techniques will indicate water level. Commonly-used logs which will 
conditions include the spontaneous potential (SP) log and the neutron log. 

5.3.5 Data Recording 

Water level measurements, ' time, data, and weather conditions shall be recorded in the 
geologist/hydrogeologist's field notebook or on the Groundwater Level Measurement Sheet. All water 
level measurements shall be measured from a known reference point. The reference point is generally a 
marked point on the upper edge of the inner well casing that has been surveyed for an elevation. The 
exact reference point shall be marked with permanent ink on the casing since the top of the casing may 
not be entirely level. It is important to note changes in weather conditions because changes in the 
barometric pressure may affect the water level within the well. 
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5.3.6 Specific Quality Control Procedures for Water Level Measuring Devices 

All groundwater level measurement devices must be cleaned before and after each use to prevent cross 
contamination of wells. Manufacturer's instructions for cleaning the device shall be strictly followed. 
Some devices used to measure groundwater levels may need to be calibrated. These devices shall be 
calibrated to 0.01 foot accuracy and any adjustments/corrections shall be recorded in the field 
logbook/notebook. After the corrections/adjustments are made to the measuring device and entered in 
the field logbookhotebook, the corrected readings shall be entered onto the Groundwater Level 
Measurement Sheet (Attachment B). Elevations will be entered on the sheet when they become available. 

5.4 Equipment Decontamination 

Equipment used for water level measurements provide a mechanism for potentially cross contaminating 
wells. Therefore, all portions of a device which project down the well casing must be decontaminated prior 
to advancing to the next well. Decontamination procedures vary based on the project objectives but must 
be defined prior to conducting any field activities including the collection of water level data. Consult the 
project planning documents and SA-7.1 Decontamination of Field Equipment. 

5.5 Health and Safety Considerations 

Groundwater contaminated by volatile organic compounds may release toxic vapors into the air space 
inside the we1 pipe. The release of this air when the well is initially opened is a healthlsafety hazard which 
must be considered. Initial monitoring of the well headspace and breathing zone concentrations using a 
PID or FID shall be performed to determine required levels of protection. Under certain conditions, air- 
tight well caps may explosively fly off the well when the pressure is relieved. Never stand directly over a 
well when uncapping it. 

6.0 RECORDS 

A record of all field procedures, tests and observations must be recorded in the site logbook or designated 
field notebook. Entries in the loglnotebook should include the individuals participating in the field effort, 
and the date and time. The use of annotated sketches may help to supplement the evaluation. 
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Monitoring Well Inspection Sheet 

Project Name: 

Location: 

Tidally Influenced: Y I N  

Number 
GH-1.2 

Revision 
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Date: 

Tlme: 

Personnel: 
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I Well Construction Details craken fro 
I 

Field Measurements 

Total Depth ' Ground Elev. ToptBlm Screen ' kkH 
Check List 

Riser Pipe Material: 

Riser Notched for Surveyors: 

Well ID Tag In-place: 

Well security: 

Photo taken: 

Condition of Well: 

PIotective Case: 

Riser: 

weu Pad: 

Other: 

PresencelEvIdenee of: 

Standing Water Around Well: 

Existing Sampling Equipment: 

Sediment bulld-up in Well Btm: 

Comments: 

'= Measurements are lrom fhe top 01 Ihe inner case lo the nearest 0.01' 
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ATTACHMENT B 
GROUNDWATER LEVEL MESUREMENT SHEET 

Number 
GH-1.2 

Revision 
2 

Project Name: Project No.: 

LocnUon: Personnel: 

Weather Condltlons: Measuring D+e: 

Tldally Influenced: yes - NO- Remarks: 
. .  . . . . . . . . .  . . . .  

. . .  . . . . . . . . . . . . .  . . . .  
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1 .O PURPOSE 

The purpose of this 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 necessary 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. 

Wlre-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 consultation 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 andlor Sampling and Analysis Plan. 
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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. 

SOIL AND ROCK 
DRILLING METHODS 

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 docurnerits. 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. 

GH-1.3 

Revision 
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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. 

- 
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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 attempt" 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 Drillina Methods 

The selected drilling methods described below apply to drilling in subsurface materials, including, but not 
limited to, sand, gravel, clay, silt, cobbles, boulders, rock 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 for the site. The full 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. 
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DRILLING METHODS 

Subject 
SOIL AND ROCK 

5.2.1 Continuous-Flight Hollow-Stem Auger Drilling 

Number 
GH-1.3 

I 

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: 
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Samples can be obtained without pulling the augers out of the hole. However, this is a poor method 
for obtaining grab samples from thin, 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. 

Effective Date 

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 largediameter 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 "flowing" sands is persistent at a site, an alternative method of drilling is recomrnerided, 
in particular for wells or boreholes deeper than 25 feet. 

Hollow-stem auger drilling is the preferred 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 (HSA) is: 

- Cable tool 
- Casing drive (air) 
- 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 hollow-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 ASTM Standards: D3587-83 and D1586-84. The guidelines established in SOP SA-1.3 shall 
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SOIL AND ROCK 
DRILLING METHODS 

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. 

Number 
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Revision 
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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. 
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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 gravelty or hard material is 
encountered which prevents advancing 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 bedrocWsoil 
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 started 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. 

Continuous-Flight SolidStem Auger Drilling / 

where use of a solid-s e preferable to other drilling 
of this method woul eholes for well installation 
and the soils are such to 

to 

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 machine must, however, be 
equipped with any accessory equipment needed to perform .required sampling, or coring. Prior to 
sampling, any settled drill cuttings in the borehole must be removed. 

Subject 
SOIL AND ROCK 
DRILLING METHODS 

Air-rotary drilling is a method of drilling where the drill rig simultaneously turns 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. 
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Disadvantages to using this method include: 
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Formations must be logged from the cuttings that are blown to the surface and thus the depths of 
materials logged are approximate. 

a 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 used 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 waterlcuttings is used, it must be a natural clay (i.e., bentonite) and a "background" sample of 
the fluid should be taken for analysis 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 (i.e., 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. 

Subject 
SOIL AND ROCK 
DRILLING METHODS 

Drill rigs are readily available in most areas. 

Disadvantages to this method include: 
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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). 
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Drilling fluids reduce permeability of the formation adjacent to the boring to some degree, and require 
more e ~ t e n s i v ~  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. 

r Drill rigs are large and heavy, and must be supported with supplied water. 

Groundwater 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: D2113-83, D1587-83, and D1586-84. 

Soil samples shall be taken as specified by project plan documents, or more frequently, 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 boring started a short distance away at a location 
determined by the project geologist. 

otosonic Drilling 

low speed rotational motion 

ampling objectives. 
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can be advanced at the same time as the inner drill string and core barrel, or advan 
barrel, or after the core barrel has moved 

has been pulled out of the borehole. The outer casing can be 
with water or air depending upon the formations being 

of the project. 

Subject 
SOIL AND ROCK 
DRILLING METHODS 

method include: 

Sampling a well installation are faster as compared to other drilling methods. 4 
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Continuous sa with larger sample volume as compared to split-spoon 
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The ability to drill difficult formations such as cobbles or boulders, till and bedrock. 
. . 

Reduction of IDW by a rage of 70 to 80 percent. 

Well installations are quic controlled by elimination of p I bridging of annular materials 
during well installation, due ability to vibrate the outer cas 

Disadvantages include: 

The cost for Rotosonic-drilling as are generally higher. However, the net 
result can be a significant savings nd shortened project duration. 

Rotosonic drill rigs are large and need am rill, however, Rotosonic units can be placed on 
the ground or placed on an ATV. 

There are a limited number of Rotosonic drill ctors at the present time. 

5.2.5 Reverse Circulation Rotary Dn ng 7 
The common revers eter drill pipe which 
circulates the drilling w verse flow direction 
from direct mud-rotary). This typ rge-capacity production water 
wells and is not suited for lling muds and the 
largediameter hole which is made with double- 
wall drill pipe. The drilling ir is circulated down the annulus betw rill pipes and up inside 
the inner .pipe. 

Advantages of the latter* include: \ 
The formation is not contaminated by the drilling water. 

les can be obtained, from known depths. 

th air, immediate information is available regarding the water-bearing 

psing of the hole in unconsolidated formations is not as great a problem as when dr~lling with the 
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include: ,/ 
/ 
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, reverse-circulation drdl rigs are rare and expenswe to operate. , 
grout around the outside of the well casing above a well screen often is,diffcult, 
the screen and casing are placed down through the inner drill pipe before the drill 

/ 
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5.2.6 rill-through Casing Driver 

alternately driving casing (fitted with a sharp, hardened casing 
lifted and dropped by the drill rig (or an air-hammer) and cleaning 
bit and air or water to flush out the materials. The casing is driven 
e); a continuous record is kept of the blows per foot in driving the 
g is normally advanced by a 300-pound hammer falling freely 
eous washing and driving of the =sing is not recommended. If 
thin which wash water is used and in which the casing is driven 

The driven casing method is nconsolidated formations only. When the boring is to be used for 
later well installation, the driv used should be at least $'inches larger in diameter than the well 
casing to be installed. Advan is method of drilling inc!tide: 

/' 

Split-barrel (split-spoon) sampling conducted while drilling. 

Well installation is easily accomplished. \ .;" 
Drill rigs used are relatively small and mobile. \ 
The use of casing minimizes flow water-bearing layers; therefore, multiple 
aquifers can be penetrated and determinations of some water quality 
parameters. 

Some of the disadvantages include: 

This method can only be used i dnconsolidated formations. Y' 
The method is slower methods (average drilling progress 50 feet per day). 

Maximum varies with the size of the drill rig and used, and the 
nature of the 

The cost per hou $r per foot of drilling may be substantially higher than other drillin methods. k 1 
time consuming to pull back the casing if it has been driven very 

5.2.7 / Cable Tool Drilling 

tool rig uses a heavy, solid-steel, chisel-type drill bit ("tool") suspended on a steel cable, 
ised and dropped, chisels or pounds a hole through the soils and rock. Drilling progress 
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by the use of "slip-jars" which serve as a cable-activated down hole percussion 
er the bit ahead. 

- - 
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ne, some water must be a 
he water and then bailed out periodically. Below the 

replace the water removed by bailing, no furthe 
s are encountered, it is usually necess as the hole is 

Often the drilling can be only a e bottom of the 
is lowered through the casing, the hole cre 
(with a sharp, hardened casing shoe on t must be driven into the 

hole (see Section 5. 
I 
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Advantages of the include the following: 

Information regarding zones is readily the drilling. Even relative 
permeabilities and data from can be obtained by skilled 
operators. 

The cable-tool rig can operate but is best suited for caving, boulder, 
cobble or coarse gravel type with large cavities above the 
water table (such as limestones). 

When casing is used, the casing out of the hole, preventing down hole 
contamination and allowing for field-measurable water quality 
parameters. 

Split-barrel (split-spoon) or thin-wall be collected through the casing. 

Disadvantages include: 

Drilling is slow compared w i t h y r y  rigs. 

The necessity of dri asing in unconsolidated formations 
back if exposure o water-bearing zones is desired. the well 
completion process increases costs. There is also a 
stuck in the hole. 

iameters required (minimum of Cinch casing) plus the cost 
pared to rotary drilling methods where casing is not 

have largely been replaced by rotary rigs. In some parts of the U S ,  

5.2.8 /Jet Drilling (Washing) 

which should be used only for piezometer or vadose zone sampler installation, consists 
or drilling mud down through a small diameter (112- to 2-inch) standard pipe (steel or 
may be fitted with a chisel bit or a special jetting screen. Formation materials dislodged 

deeper, additional lengths of pipe may be added at the surface. 
action of the water are brought to the surface through the annulus around the pipe. 
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is a variation of the jetting method, in which the casing is driven with a drive wei 
method is used to place 2-inch-diameter casing in shallow, unconsolidat 
this method has also been used to install 3- to 4-inch-diameter casings to a 

Subject 
SOIL AND ROCK 
DRILLING METHODS 

able in very soft formations, usually for shallow sampling, and when introdu on of drilling 
ation is acceptable. Such conditions would occur during rough stratigra . c investigation 
piezometers for water level measurement. Advantages of this method //elude: P 

mount of equipment required, jetting can be acco hished in locations where 
lling rig would be very difficult. For example, it wo d be possible to jet down a 
of a lagoon at a fraction of the cost of using a dr' rig. P 
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Jetting numerous just into a shallow water table is an i xpensive method for determining 
the water table flow direction. 4 
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Disadvantages include the f o l l o k :  / 
A large amount of foreign uced above and into the formation to be 
sampled. 

Jetting is usually done in very soft are subject to caving. Because of this caving, it 
is often not possible to place a screen to assure that water in the well is only 
from the screened interval. 

The diameter of the casing is 

Jetting is only possible in very contain boulders or coarse gravel, and the 
depth limitation is shallow equipment).. 

Large quantities of water are 
\ 

5.2.9 Drilling with a H? Auger 

the formation, total depth of and the site and groundwater 
drilling. Hand auge Iso be considered at locations 
All hand auger b performed according to 

otherwise specified b 
is performed by rotation, pressing, or driving in acc 

use of the particular sampling tool. Typical 
holes are lwan samplers (which are 
techniques are slow but effective wh 

shallow holes are desired (less than 15 feet). Surficial s 
formations to allow penetration by the auger. 
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5.2.10 Rock Drilling and Coring 

When soil borings cannot be continued using augers or rotary methods due to the hardness of the soil or 
when rock or large boulders are encountered, drilling and sampling can be performed using a diamond bit 
corer in accordance with ASTM D2113. 

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 
limits 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 through 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 
causing 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 andlor 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: 

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. 

I 1 
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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. 

;ubject 
SOIL AND ROCK 
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 carrying the drill rig andlor 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 support vehicles used to transport water andlor 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. 
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Some of the typical vehicles which are usually available for drill rigs and support equipment are: 
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Totally portable drillinglsampling equipment, where all necessary components (tripods, samplers, 
hammers, catheads, etc.) may be hand carried to the borehole site. Drillinglsampling 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 gasengine cathead mounted on 

one leg, used to install smalldiameter 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, dragged, 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 andlor a cathead, a pump, and a tripod or small drilling derrick. On 
some rigs, the drill andlor a cathead are driven by a power take~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 sott-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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other bodies of water. The floati 
the drilling subcontractor to suit s 

- Barrel-float g mounted on a timber platfor ty 55-gallon drums or 
similar flotat~on unl 

- Barge-mounted drill rigs. 
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- Jack-up platfo aving retractable legs to 
ked up out of the water. 

- Drill ships - for 

for the drilling equipment, similar consideration must 
ions. Such vehicles or floating equipment are need 
ment, samples, drilling personnel, etc. to andlor from 
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5.2.12 Equipment Sizes 

In planning subsurface exploration programs, care must be taken in specifying the various drilling 
components, so that they will fit properly in the boring or well. 
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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. Tn-cone bits are slightly smaller than the holes they 
drill (i.e., 5-718-inch or 7-718-inch bits will nominally drill 6-inch and &inch holes, respectively). 

For obtaining split-barrel samples of a formation, samplers are commonly manufactured in sizes ranging 
from 2 inches to 3-112 inches in outside diameter. However, the most commonly used size is the 
2-inch O.D., 1-318-inch I.D. 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 drilling 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. 

1 5.2.13 Estimated Drilling Progress I 
To estimate the anticipated rates of drilling progress for a site, the following must be considered: I 

The speed of the drilling method employed. 

Applicable site conditions (e.g., terrain, mobility between borings, difficult drilling conditions in 
bouldery soils, rubble fill or broken rock, etc.). 

Project-imposed restrictions (e.g., drilling while wearing personal protective equipment, 
decontamination of drilling equipment, etc.). 

L I 
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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: 
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Drilling Method 
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Average Daily Progress 
(linear feet) 

Hollow-stem augers 
Solid-stem augers 

75' 

50' 

Mud-Rotary Drilling 
Rotosonic Drilling 

. 100' (cuttings samples) 
100'-160' (continuous core) 

Reverse-Circulation Rotary 

Skid-Rig with driven casing 

100' (cuttings samples) 

30' 

Rotary with driven casing 

Cable Tool 

5.3 Prevention of CrossContamination 

50' 

30' 
Hand Auger 
Continuous Rock Coring 

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 w~th a diamond cutbng or augering shoe (a method s~m~lar 
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 guidelme) and installing a specified diameter steel well 
casing. The operation consists of three separate steps. Initially, a drilling casing (usually of &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 bentonitecement slurry. The remaining depth of the boring 
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. 

- 
Varies 

50' 

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. 

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. 

01 961 11P Tetra Tech NUS, Inc. 



Subject I Number I page 

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. 

SOIL AND ROCK 
DRILLING METHODS 

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 upturned 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 remove 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: 

GH-1.3 

Revision 

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. 

- 
17 of 26 

Effective Date 

If the cuttings remaining in the borehole contain coarse gravel andlor 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 reference 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 andlor 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 slunies 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. 

For many drilling operations, potable water is an adequate lubricant for drill stem and drilling tool 
connections. However, there 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. 

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. 

of soil may also be of interest should site construction acJ&ied 
ribution, shear strength, compressibility, perme$iJ&y@ast~city, unit 
me of the physical characteristics t h a t p y  6e determined for soil - ~-#=----  

&-r,&: - 
Penetration tests are also describ e. The tests can be used to estimate various physical 
and engineering parameters such-as P fined compressive strength, and consolidation 

-<4- 
characteristics of ,R++s-@'. soils. --- 
S ~ C &  for various soil sampling techniques are discusse 
s ampling and rock coring are discussed below. The procedures describ 
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and sampling techniques. The choice of 
cost, local geology, etc. The final choice 

of drilling subcontractors familiar with the local geologic conditions. 
based upon the underlying principles of quality assurance implicit 

,,/ 
"4' 

- 
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provides a method of sampling soil 
fits within the lead auger of a 

range of I.D. hollow-stern 
sample many different 

samples are not required 

Rock Sampling ( c o r i n g m ~ ~ ~  D2113-83) 

Number 
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Rock coring enables a ditions to be made, showing precisely all 
lithologic changes and expensive drilling method, it is commonly 
used for shallow studies of 500 feet or I ervals in the drill hole that require detailed 
logging and/or analyzing. ousands of feet continuously, 
depending on the size air-rotary drilling, although at a 
substantially reduced drilling ra the characteristics of 
lithologies encountered, drilling equipment. Average 
output in a 10-hour day ra I logging or television 
camera monitoring is someti 
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Borehole diameter can ed to various sizes, depending on the info eeded. Standard sizes 
of core barrels (show iameter) and casing are shown in Figure 1. 

when formations are too hard to be sampled by soil sam ethods and a 
ple is desired. Usually, soil samples are used for overburden, a 
ing is set into bedrock before coring begins to prevent loose mat 

prevent loss of drilling fluid, and to prevent cross-contamination of aquifers. 

Drilli through bedrock is initiated by using a diamond-tipped core bit threaded to a drill rod 
ba el) with a rate of drilling determined by the downward pressure, rotation speed of drill P fl ~d pressure in the borehole, and the characteristics of the rock (mineralogy, cementation, weathering). 
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STANDARD SIZES OF CORE BARRELS AND CASING 
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Coring Bit Size 

R W  

RM 

EX, EXL, EWG, EWM 

Nominal* 
O.D. I I.D. 

AWT 
AX, AXL, AWG, AWM 
B W  

Set Size* 
O.D. I I.D. 

1 5132 

1 112 

1 112 

BX, BXL, BWG, BWM 
N W  

1 718 

1 718 

2 318 

NX, NXL, NWG, NWM 
HWT 

314 

29/32 

13116 

I 2 318 1 518 

3 2 5/16 

HWG 
2 314 x 3 718 

* All dimensions are in inches; to convert to millimeters, multiply by 25.4. 

- [ I  Wire line dimensions and designations may vary according to manufacturer. 

1 9/32 

1 3/16 

1 314 

I 2.345 1.655 

2.965 2.313 
3 

3 29132 

AX Wire line I / 

BX Wire line I I 

NXWire line I / 
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1.160 

1.470 

1.470 

3 29/32 

3 718 

0.735 

0.905 

0.845 

1.875 

1.875 

2.345 

2 118 

3 3/16 

1 718 

2 318 

3 

1.281 
1.185 

1.750 

3 

2 314 

2.965 

3.889 

1 

1 7/16 

1 15/16 

2.155 

3.187 

3.889 

3.840 

3.000 

2.690 

1.875 

2.345 

2.965 

1 .OOO 

1.437 

1.937 



Subject 
SOIL AND ROCK 
DRILLING METHODS 

FIGURE 1 
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PAGE TWO 

Size Designations I 1 Casing 

Casing; 
Casing 

coupling; 
Casing 

bits; Core 
barrel bits 

RX 

O.D., 
lnches 

Approximate Core 

Core 
Casing barrel Drill rod 
bit O.D., bit O.D., O.D., 
Inches Inches* Inches 

* All dimensions are in inches; to convert to millimeters, multiply by 25.4. 

I / W~re line dimensions and designations may vary according to manufacturer 

NOMINAL DIMENSIONS FOR DRILL CASINGS AND ACCESSORIES. 
(DIAMOND CORE DRILL MANUFACTURERS ASSOCIATION). 288- 

D-2889 
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Diamond Core Drilling 

/' 
than 6 inches per 50 blows using a 140-lb. hammer dropping 

sampler shall be considered an indication that soil sampling 
may be necessary to obtain samples. 
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encountered that are too hard to be sampled by soil sampling 
procedure may be used: 

Number 
GH-1.3 

Revision 
1 

bedrock or the hard material to prevent loose als from entering the 
of drilling fluid retum. Level the surface or hard material when 

or other bits. If the drill hole can be pen without the casing 
in the unconsolidated mate ly, leveling may be 

omitted. 

the desired size. After drilling no 
and take out the core. If the core 

ore barrel immediately. In soft 
materials, a large 001s; where local experience indicates 
satisfactory core ipate'd, a smaller size or the single- 
tube type may size coring equipment is the most 
commonly used size. 

When soft materials are encou 
drilling. If soil samples are d 
described in ASTM Method D 15 
Sampling); sample soils per SOP 
again encountered. 

Since rock structures and the d broken areas are among 
the most important items to obtain and record these 
features. If such broken boring, one of the following 
three steps shall be taken: case and advance with the 
next smaller size core barr 

In soft, seamy, or se unsound rock, where core recovery Mdesign core 
barrels may be use ard, sound rock where a high 
the single-tube c ay be employed. 

5.7.2 ple Preparation and Documentation 

ring has been completed and the core recovered, the rock core 
barrel, placed in a core tray (previously labeled "top" and "bottom" to 
sured for percentage of recovery as well as the rock quality 

described, classified, and logged using a uniform system as 
ent will be determined or if it is desirable to prevent drying 

ation of the core, the core shall be wrapped in 
c sleeve shall be labeled with indelible ink. The 

represented in each sleeve shall be included, as well as 
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ck cores shall be placed in the sequence of recovery in well 
rilling contractor. Rock cores from two different borings shall 
ccepted by the Project Geologist. The core boxes shall be construc 
feet of core in rows of approximately 5 feet each and shall be con 

ith screws, and a latch (usually a hook and eye) to keep the to 
shall be placed at the end of each core run and between rows. 

Subject 
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and run number shall be 
marked on the block) shall be placed at 

. These blocks will serve to 
er of placing cores shall 
n the box is open, with 

the box is in the 
I is in the lower right corner of the box. 

anently marked on 
ent lateral movement 

of the core in the box. Similarly, an opriate filler material 
or spacers to prevent longitudinal move ore in the box. 

The inside and outside of the core-box by indelible ink to show all pertinent data on the 
box's contents. At a minimum, the fo 

Number 
GH-1.3 

Revision 
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Project name. 
Project number. 
Boring number. 
Run numbers. 
Footage (depths). 
Recovery. 
RQD (%). 

for that boring (Example: Box 
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when core boxes are stacked, the sides and ends of the box Iso be labeled and 
boring number, top and bottom depths of core and box n 
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* Add twice the casing wall thickness to casing O.D. to obtain the approximate O.D. of the external 
pipe couplings. 
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" Because of the fragile nature of the core and the difficulty to identify rock details, use of small- + 

diameter core ( I  318) is not recommended. 

ATTACHMENT A 
DRILLING EQUIPMENT SIZES 
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Dr~lling Component 

Flush Coupled Caslng 
(Ref. 7) 

Flush Joint Casing (Ref. 7) 

Diamond Core Barrels 
(Ref. 7) 
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Designation or 
Hole S~ze 
(Inches) 

RX 

EX 
AX 

BX 

NX 

HX 

RW 

EW 

AW 

BW 
NW 

HW 

PW 

SW 

UW 

ZW 

EWM 

AWM 

BWM 

NWM 

HWG 

2 314 x 3 718 

4 x 5 112 

6 x 7 314 

AQ (wireline) 

BQ (wireline) 

NQ (wireline) 

HQ (wreline) 

0 D. 
(Inches) 

1 7116 

1 13116 

2 114 

2 718 

3 112 

4 112 

1 7/16 

1 13/16 

2 114 

2 718 

3 112 

4 112 

5 112 

6 518 

7 518 

8 518 

1 112 

1 718 

2 318 

3 

3 718 

3 718 

5 112 

7 314 

1 57164 

2 23164 

2 63164 

3 25132 

I D. 
(Inches) 

1 3116 

1 518 

2 

2 9116 

3 3/16 

4 118 

1 3/16 

1 112 

1 29132 

2 318 

3 

4 

5 

6 

7 

8 

718** 

1 118** 

1 518" 

2 118 

3 

2 11/16 

3 15116 

5 15/16 

1 1/16** 

1 7116" 

1 718 

2 112 

Couphng I D. 
(Inches) 

1 3/16 

1 112 

1 29/32 

2 318 

3 

3 15116 
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BOREHOLE AND SAMPLE LOGGING Revision Effective Date 
1 06199 

1.0 PURPOSE 

The purpose of this document is to establish standard procedures and technical guidance on borehole 
and sample logging. 

2.0 SCOPE 

These procedures provide descriptions of the standard techniques for borehole and sample logging. 
These techniques shall be used for each boring logged to provide consistent descriptions of subsurface 
lithology. While experience is the only method to develop confidence and accuracy in the description of 
soil and rock, the field geologisffengineer can do a good job of classification by careful, thoughtful 
observation and by being consistent throughout the classification procedure. 

3.0 GLOSSARY 

None. 

4.0 RESPONSIBILITIES 

Site Geologist.. Responsible for supervising all boring activities and assuring that each borehole is 
completely logged. If more than one rig is being used on site, the Site Geologist must make sure that 
each field geologist is properly trained in logging procedures. A brief review or training session may be 
necessary prior to the start up of the field program andlor upon completion of the first boring. 

5.0 PROCEDURES 

The classification of soil and rocks is one of the most important jobs of the field geologistlengineer. To 
maintain a consistent flow of information, it is imperative that the field geologisffengineer understand and 
accurately use the field classification system described in this SOP. This identification is based on visual 
examination and manual tests. 

5.1 Materials Needed 

When logging soil and rock samples, the geologist or engineer may be equipped with the following: 

Rock hammer 
Knife 
Camera 
Dilute hydrochloric acid (HCI) 
Ruler (marked in tenths and hundredths of feet) 
Hand Lens 

5.2 Classification of Soils 

All data shall be written directly on the boring log (Figure 1) or in a field notebook if more space is needed. 
Details on filling out the boring log are discussed in Section 5.5. 
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FIGURE 1 

BORING LOG (EXAMPLE) 

BORING I OG Page - of - 

PROJECT NAME: BORING NUMBER: ' 
PROJECT NUMBER: DATE: 
DRILLING COMPANY: GEOLOGIST: 
DRILLING RIG: DRILLER: 

- .  . 
Remarks: Background (ppm): -1 

Converted to Well: Yes No Well 1.D. #: 
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5.2.1 USCS Classification 

Subject 

BOREHOLE AND SAMPLE LOGGING 

Soils are to be classified according to the Unified Soil Classification System (USCS). This method of 
classification is detailed in Figure 1 (Continued). 
This method of classification identifies soil types on the basis of grain size and cohesiveness. 

Finegrained soils, or fines, are smaller than the No. 200 sieve and are of two types: silt (M) and clay (C). 
Some classification systems define size ranges for these soil particles, but for field classification 
purposes, they are identified by their respective behaviors. Organic material (0) is a common component 
of soil but has no size range; it is recognized by its composition. The careful study of the USCS will aid in 
developing the competence and consistency necessary for the classification of soils. 

Number 
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Revision 
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Coarse-grained soils shall be divided into rock fragments, sand, or gravel. The terms sand and gravel not 
only refer to the size of the soil particles but also to their depositional history. To insure accuracy in 
description, the term rock fragments shall be used to indicate angular granular materials resulting from the 
breakup of rock. The sharp edges typically observed indicate little or no transport from their source area, 
and therefore the term provides additional information in reconstructing the depositional environment of 
the soils encountered. When the term "rock fragments" is used it shall be followed by a size designation 
such as "(114 inch@-112 inch@)" or "coarse-sand size" either immediately after the entry or in the remarks 
column. The USCS classification would not be affected by this variation in terms. 
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5.2.2 Color 

Soil colors shall be described utilizing a single color descriptor preceded, when necessary, by a modifier 
to denote variations in shade or color mixtures. A soil could therefore be referred to as "gray" or "light 
gray" or "bluegray." Since color can be utilized in correlating units between sampling locations, it is 
important for color descriptions to be consistent from one boring to another. 

Colors must be described while the sample is still moist. Soil samples shall be broken or split vertically to 
describe colors. Samplers tend to smear the sample surface creating color variations between the 
sample interior and exterior. 

The term "mottled" shall be used to indicate soils irregularly marked with spots of different colors. Mottling 
in soils usually indicates poor aeration and lack of good drainage. 

Soil Color Charts shall not be used unless specified by the project manager. 

5.2.3 Relative Density and Consistency 

To classify the relative density andlor consistency of a soil, the geologist is to first identify the soil type. 
Granular soils contain predominantly sands and gravels. They are noncohesive (particles do not adhere 
well when compressed). Finer-grained soils (silts and clays) are cohesive (particles will adhere together 
when compressed). 

The density of noncohesive, granular soils is classified according to standard penetration resistances 
obtained from split-barrel sampling performed according to the methods detailed in Standard Operating 
Procedures GH-1.3 and SA-1.3. Those designations are: 
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Subject 

BOREHOLE AND SAMPLE LOGGING 

Very loose I 0 to 4 

Loose 5to 10 

I Designation 

Medium dense I 11 to30 
Dense 31 to50 

Number 
GH-1.5 

1 

Standard Penetration 
Resistance 

(Blows per Foot) 

1 Very dense I Over 50 

Page 
7 of 20 

Effective Date 

06/99 

Standard penetration resistance is the number of blows required to drive a split-barrel sampler with a 2- 
inch outside diameter 12 inches into the material using a 140-pound hammer falling freely through 
30 inches. The sampler is driven through an 18-inch sample interval, and the number of blows is 
recorded for each 6-inch increment. The density designation of granular soils is obtained by adding the 
number of blows required to penetrate the last 12 inches of each sample interval. It is important to note 
that if gravel or rock fragments are broken by the sampler or if rock fragments are lodged in the tip, the 
resulting blow count will be erroneously high, reflecting a higher density than actually exists. This shall be 
noted on the log and referenced to the sample number. Granular soils are given the USCS classifications 
GW, GP, GM, SW, SP, SM, GC, or SC (see Figure 1). 

The consistency of cohesive soils is determined by performing field tests and identifying the consistency 
as shown in Figure 2. 

Cohesive soils are given the USCS classifications ML, MH, CL, CH, OL, or OH (see Figure 1). 

The consistency of cohesive soils is determined either by blow counts, a pocket penetrometer (values 
listed in the table as Unconfined Compressive Strength), or by hand by determining the resistance to 
penetration by the thumb. The pocket penetrometer and thumb determination methods are conducted on 
a selected sample of the soil, preferably the lowest 0.5 foot of the sample in the split-barrel sampler. The 
sample shall be broken in half and the thumb or penetrometer pushed into the end of the sample to 
determine the consistency. Do not determine consistency by attempting to penetrate a rock fragment. If 
the sample is decomposed rock, it is classified as a soft decomposed rock rather than a hard soil. 
Consistency shall not be determined solely by blow counts. One of the other methods shall be used in 
conjunction with it. The designations used to describe the consistency of cohesive soils are shown in 
Figure 2. 

5.2.4 Weight Percentages 

In nature, soils are comprised of particles of varying size and shape, and are combinations of the various 
grain types. The following terms are useful in the description of soil: 

I Terms of Identifying Proportion of the 
Component 

Trace 

Defining Range of 
Percentages by Weight 

0 - 10 percent I 
1 some I I I - 30 ~ercent I 
[Adjective form of the soil type (e.g.. "sandy") 1 31 - 50 percent 1 
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Consistency 

FIGURE 2 

CONSISTENCY FOR COHESIVE SOILS 

Standard 
Penetration 
Resistance 
(Blows per 

Foot) 

Unconfined 
Compressive 

Strength 
(TonslSq. Foot by 

pocket 
penetration) 

Field Identification 

- - ~ - -  - 

Very stiff 1 15 to 30 1 2.0 to 4.0 1 Readily indented by thumbnail 1 

Very soft 
Soft 

Medium stiff 

Stiff 

Hard 1 Over 30 1 More than 4.0 ] Indented with difficulty by thumbnail I 

0 to 2 
2 to 4 

4 to 8 

8 to 15 
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BOREHOLE AND SAMPLE LOGGING 

Less than 0.25 
0.25 to 0.50 

0.50 to 1 .O 

1.0 to 2.0 

Nuinber 
GH-1.5 

1 

Easily penetrated several inches by fist 
Easily penetrated several inches by 
thumb 

Can be penetrated several inches by 
thumb with moderate effort 

Readily indented by thumb but 
penetrated only with great effort 
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Examples: 

Silty fine sand: 50 to 69 percent fine sand, 31 to 50 percent silt. 
Medium to coarse sand, some silt: 70 to 80 percent medium to coarse sand, 11 to 30 percent silt 
Fine sandy silt, trace clay: 50 to 68 percent silt, 31 to 49 percent fine sand, 1 to 10 percent clay. 
Clayey silt, some coarse sand: 70 to 89 percent clayey silt, 11 to 30 percent coarse sand. 

5.2.5 Moisture 

Moisture content is estimated in the field according to four categories: dry, moist; wet, and saturated. In 
dry soil, there appears to be little or no water. Saturated samples obviously have all the water they can 
hold. Moist and wet classifications are somewhat subjective and often are determined by the individual's 
judgment. A suggested parameter for this would be calling a soil wet if rolling it in the hand or on a porous 
surface liberates water, i.e., dirties or muddies the surface. Whatever method is adopted for describing 
moisture, it is important that the method used by an individual remains consistent throughout an entire 
drilling job. 

Laboratory tests for water content shall be performed if the natural water content is important. 

5.2.6 Stratification 

Stratification can only be determined after the sample barrel is opened. The stratification or bedding 
thickness for sail and rock is depending on grain size and composition. The classification to be used for 
stratification description is shown in Figure 3. 

The texture/fabric/bedding of the soil shall be described. Texture is described as the relative angularity of 
the particles: rounded, subrounded, subangular, and angular. Fabric shall be noted as to whether the 
particles are flat or bulky and whether there is a particular relation between particles (i.e., all the flat 
particles are parallel or there is some cementation). The bedding or structure shall also be noted (e.g., 
stratified, lensed, nonstratified, heterogeneous varved). . 

5.2.8 Summary of Soil Classification 

In summary, soils shall be classified in a similar manner by each geologistlengineer at a project site. The 
hierarchy of classification is as follows: 

Density and/or consistency 
Color 
Plasticity (Optional) 
Soil types 
Moisture content 
Stratification 
Texture, fabric, bedding 
Other distinguishing features 
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Subject Number 

BOREHOLE AND SAMPLE LOGGING 

FIGURE 3 

BEDDING THICKNESS CLASSIFICATION 

Thickness 
(metric) 

I > 1.0 meter 
1 30 cm - 1 meter 
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Thickness Classification 
(Approximate 

English Equivalent) 
> 3.3' Massive 

1 .O' - 3.3' I Thick Bedded 

4" - 1.0' Medium Bedded 

I 1" -4" I Thin Bedded 

I c m - 3 c m  215" - 1" I Very Thin Bedded 

3 m m - I  cm Laminated 

1 mm-3mm 1/32" - 118" I Thinly Laminated 

Micro Laminated 

(Weir, 1973 and Ingram, 1954) 
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5.3 Classification of Rocks 

Subject 

BOREHOLE AND SAMPLE LOGGING 

Rocks are grouped into three main divisions: sedimentary, igneous and metamorphic. Sedimentary rocks 
are by far the predominant type exposed at the earth's surface. The following basic names are applied to 
the types of rocks found in sedimentary sequences: 

Sandstone - Made up predominantly of granular materials ranging between 1/16 to 2 mm in diameter. 

Number 
GH-1.5 

1 

Siltstone - Made up of granular materials less than 1116 to 11256 mm in diameter. Fractures 
irregularly. Medium thick to thick bedded. 
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Claystone - Very fine-grained rock made up of clay and silt-size materials. Fractures irregularly. Very 
smooth to touch. Generally has irregularly spaced pitting on surface of drilled cores. 

Shale - A fissile very fine-grained rock. Fractures along bedding planes. 

Limestone - Rock made up predominantly of calcite (CaCO,). Effervesces strongly upon the 
application of dilute hydrochloric acid. 

Coal - Rock consisting mainly of organic remains. 

Others - Numerous other sedimentary rock types are present in lesser amounts in the stratigraphic 
record. The local abundance of any of these rock types is dependent upon the depositional history of 
the area. Conglomerate, halite, gypsum, dolomite, anhydrite, lignite, etc. are some of the rock types 
found in lesser amounts. 

In classifying a sedimentary rock the following hierarchy shall be noted: 

Rocktype 
Color 
Bedding thickness 
Hardness 
Fracturing 
Weathering 
Other characteristics 

5.3.1 Rock Type 

As described above, there are numerous types of sedimentary rocks. In most cases, a rock will be a 
combination of several grain types, therefore, a modifier such as a sandy siltstone, or a silty sandstone 
can be used. The modifier indicates that a significant portion of the rock type is composed of the modifier. 
Other modifiers can include carbonaceous, calcareous, siliceous, etc. 

Grain size is the basis for the classification of clastic sedimentary rocks. Figure4 is the Udden- 
Wentworth classification that will be assigned to sedimentary rocks. The individual boundaries are slightly 
different than the USCS subdivision for soil classification. For field determination of grain sizes, a scale 
can be used for the coarse grained rocks. For example, the division between siltstone and claystone may 
not be measurable in the field. The boundary shall be determined by use of a hand lens. If the grains 
cannot be seen with the naked eye but are distinguishable with a hand lens, the rock is a siltstone. If the 
grains are not distinguishable with a hand lens, the rock is a claystone. 
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I FIGURE 4 

Subject 

BOREHOLE AND SAMPLE LOGGING 

GRAIN SIZE CLASSIFICATION FOR ROCKS 

Number 
GH-1.5 

Revision 
1 

Granules I 2 - 4 m m  

Very Coarse Sand 1 - 2 m m  I 
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Particle Name 
Cobbles 

Pebbles 

Coarse Sand 0.5 - I mm 
Medium Sand 0.25 - 0.5 mm 
Fine Sand 0.125 - 0.25 mm 

Vefy Fine Sand 0.0625 - 0.125 mm 
Silt 

Grain Sue Diameter 
I 

> 64 mm 

4-64mm 

After Wentworth, 1922 
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5.3.2 Color 

The color of a rock can be determined in a similar manner as for soil samples. Rock core samples shall 
be classified while wet, when possible, and air cored samples shall be scraped clean of cuttings prior to 
color classifications. 

Rock color charts shall not be used unless specified by the Project Manager. 

5.3.4 Hardness 

The hardness of a rock is a function of the compaction, cementation, and mineralogical composition of the 
rock. A relative scale for sedimentary rock hardness is as follows: 

Soft -Weathered, considerable erosion of core, easily gouged by screwdriver, scratched by fingernail. 
Soft rock crushes or deforms under pressure of a pressed hammer. This term is always used for the 
hardness of the saprolite (decomposed rock which occupies the zone between the lowest soil horizon 
and firm bedrock). 

Medium soft - Slight erosion of core, slightly gouged by screwdriver, or breaks with crumbly edges 
from single hammer blow. 

Medium hard - No core erosion, easily scratched by screwdriver, or breaks with sharp edges from 
single hammer blow. 

Hard - Requires several hammer blows to break and has sharp conchoidal breaks. Cannot be 
scratched with screwdriver. 

Note the difference in usage here of the works "scratch" and "gouge." A scratch shall be considered a 
slight depression in the rock (do not mistake the scraping off of rock flour from drilling with a scratch in the 
rock itself), while a gouge is much deeper. 

v ring 
- - - = \  ///------ 

The degree of fracturing or ~~O-R~SSQ~ a rock is described by mea_siing-tRe fractures or joint spacing. 
After eliminating drilling breaks, the average>pachg+cclculated and the fracturing is described by the 
following terms: __- -- ---\ 

pH--- 

/' 

,--F 

Very broken (V. BR.) -J>eswthan 2-inch spacing between fractures 
cK to 1-foot spacing between fractures 

to 3-foot spacing between fractures 
.) - 3 to 1 0-foot spacing between fractures 
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Method of Calculating RQ 
(After Deere, 1964) 

Total length of the coring run. 

5.3.6 Weathering 

The degree of weathering is a significant parameter that is important in determining weathering profiles 
and is also useful in engineering designs. The following terms can be applied to distinguish the degree of 
weathering: 

Fresh - Rock shows little or no weathering effect. Fractures or joints have little or no staining and rock 
has a bright appearance. 

Slight - Rock has some staining which may penetrate several centimeters into the rock. Clay filling of 
joints may occur. Feldspar grains may show some alteration. 

Moderate - Most of the rock, with exception of quartz grains, is stained. Rock is weakened due to 
weathering and can be easily broken with hammer. 

Severe - All rock including quartz grains is stained. Some of the rock is weathered to the extent of 
becoming a soil. Rock is very weak. 

5.3.7 Other Characteristics 

The following items shall be included in the rock description: 

Description of contact between hrvo rock units. These can be sharp or gradational. 
Stratification (parallel, cross stratified). 
Description of any filled cavities or vugs. 
Cementation (calcareous, siliceous, hematitic). 
Description of any joints or open fractures. 
Observation of the presence of fossils. 
Notation of joints with depth, approximate angle to horizontal, any mineral filling or coating, and 
degree of weathering. 

All information shown on the boring logs shall be neat to the point where it can be reproduced on a copy 
machine for report presentation. The data shall be kept current to provide control of the drilling program 
and to indicate various areas requiring special consideration and sampling. 
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5.3.8 Additional Terms Used in the Description of Rock 

Subject 

BOREHOLE AND SAMPLE LOGGING 

The following terms are used to further identify rocks: 

Seam - Thin (12 inches or less), probably continuous layer. 

Number 
GH-1.5 

Revision 

1 

Some - Indicates significant (15 to 40 percent) amounts of the accessory material. For example, rock 
composed of seams of sandstone (70 percent) and shale (30 percent) would be "sandstone -- some - 
shale seams." 

Page 
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Few - lndicates insignificant (0 to 15 percent) amounts of the accessory material. For example, rock 
composed of seam of sandstone (90 percent) and shale (10 percent) would be "sandstone -- few - 
shale seams." 

Interbedded - Used to indicate thin or very thin alternating seams of material occurring in 
approximately equal amounts. For example, rock composed of thin alternating seams of sandstone 
(50 percent) and shale (50 percent) would be "interbedded sandstone and shale." 

Interlayered - Used to indicate thick alternating seams of material occurring in approximately equal 
amounts. 

The preceding sections describe the classification of sedimentary rocks. The following are some basic 
names that are applied to igneous rocks: 

Basalt - A fine-grained extrusive rock compoied primarily of calcic plagioclase and pyroxene. 

Rhyolite - A fine-grained volcanic rock containing abundant quartz and orthoclase. The fine-grained 
equivalent of a granite. 

Granite - A coarse-grained plutonic rock consisting essentially of alkali feldspar and quartz. 

Diorite - A coarse-grained plutonic rock consisting essentially of sodic plagioclase and hornblende. 

Gabbro - A coarse-grained plutonic rock consisting of calcic plagioclase and clinopyroxene. Loosely 
used for any coarse-grained dark igneous rock. 

The following are some basic names that are applied to metamorphic rocks: 

Slate - A very fine-grained foliated rock possessing a well developed slaty cleavage. Contains 
predominantly chlorite, mica, quartz, and sericite. 

Phyllite - A fine-grained foliated rock that splits into thin flaky sheets with a silky sheen on cleavage 
surface. 

Schist - A medium to coarse-grained foliated rock with subparallel arrangement of the micaceous 
minerals which dominate its composition. 

Gneiss - A coarse-grained foliated rock with bands rich in granular and platy minerals. 

Quartzite - A fine- to coarse-grained nonfoliated rock breaking across grains, consisting essentially of 
quartz sand with silica cement. 
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5.4 Abbreviations 

Subject 

BOREHOLE AND SAMPLE LOGGING 

Abbreviations may be used in the description of a rock or soil. However, they shall be kept at a minimum. 
Following are some of the abbreviations that may be used: 

I C - Coarse T L ~  - Light 1 YI - ~ 6 1 1 0 ~  I 

Number 
GH-1.5 

1 

I Med - Medium t BR - Broken I Or - Orange 
F - Fine BL - Blocky SS - Sandstone 
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I V - Very t M - Massive I Sh - Shale 

SI - Slight Br - Brown LS - Limestone 
1 Occ - Occasional I BI - Black 1 Fgr - Fine-grained I 
I Tr - Trace 1 1 I 

5.5 Boring Logs and Documentation 

This section describes in more detail the procedures to be used in completing boring logs in the field. 
lnformation obtained from the preceding sections shall be-used-io completethe logs. A sample boring log 
has been provided as Figure 5. 

The field geologisffengineer shall use this example as a guide in completing each boring log. Each boring 
log shall be fully described by the geologisffengineer as the boring is being drilled. Every sheet contains 
space for 25 feet of log. lnformation regarding classification details is provided either on the back of the 
boring log or on a separate sheet, for field use. 

5.5.1 Soil Classification 

Identify site name, boring number, job number, etc. Elevations and water level data to be entered 
when surveyed data is available. 

Enter sample number (from SPT) under appropriate column. Enter depth sample was taken from 
(1 block = 1 foot). Fractional footages, i.e., change of lithology at 13.7 feet, shall be lined off at the 
proportional location between the 13- and 14-foot marks. Enter blow counts (Standard Penetration 
Resistance) diagonally (as shown). Standard penetration resistance is coveredin Section 5.2.3. 

Determine sample rewverylsample length as shown. Measure the total length of sample recovered 
from the split-spoon sampler, including material in the drive shoe. Do not include cuttings or wash 
material that may be in the upper portion of the sample tube. 

Indicate any change in lithology by drawing a line at the appropriate depth. For example, if clayey silt 
was encountered from 0 to 5.5 feet and shale from 5.5 to 6.0 feet, a line shall be drawn at this 
increment. This information is helpful in the constrliction of cross-sections. As an alternative, 
symbols may be used to identify each change in lithology. 

The density of granular soils is obtained by adding the number of blows for the last two increments. 
Refer to Density of Granular Soils Chart on back of log sheet. For consistency of cohesive soils refer 
also to the back of log sheet - Consistency of Cohesive Soils. Enter this information under the 
appropriate column. Refer to Section 5.2.3. 
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FIGURE 5 
COMPLETED BORING LOG (EXAMPLE) 

EKmwimG Page 1 of _L 

Remarks 0 - 
t 
8 

p a - - w m x  10 
\I AT. c( ATL . 
-- 
5001-OrOb me 
j u ~ b L Y S t 5  - 
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I Enter color of the material in the appropriate column. 

Subject 

BOREHOLE AND SAMPLE LOGGING 

Describe material using the USCS. Limit this column for sample description only. The predominant 
material is described last. If the primary soil is silt but has fines (clay) - use clayey silt. Limit soil 
descriptors to the following: 

- Trace: 0 - 10 percent 
- Some: I 1  - 30 percent 
- And/or: 31 - 50 percent 

Number 
GH-1.5 

R,,i,i,, 
1 

Also indicate under Material Classification if the material is fill or natural soils. lndicate roots, organic 
material, etc. 
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Enter USCS symbol - use chart on back of boring log as a guide. If the soils fall into one of two basic 
groups, a borderline symbol may be used with the two symbols separated by a slash. For example 
MUCL or SMISP. 

The following information shall be entered under the "Remarks" column and shall include, but is not 
limited by, the following: 

- Moisture - estimate moisture content using the 'following terms - dry, moist, wet and saturated. 
These terms are determined by the individual. Whatever method is used to determine moisture, 
be consistent throughout the log. 

- Angularity - describe angularity of coarse grained particles using the terms angular, subangular, 
subrounded, or rounded. Refer to ASTM D 2488 or Earth Manual for criteria for these terms. 

I - Particle shape - flat, elongated, or flat and elongated. 

- Maximum particle size or dimension. 

I - Water level observations. 

- Reaction with HCI - none, weak, or strong. 

Additional comments: 

- lndicate presence of mica, caving of hole, when water was encountered, difficulty in drilling, loss 
or gain of water. 

- lndicate odor and Photoionization Detector (PID) or Flame Ionization Detector (FID) reading if 
applicable. 

- lndicate any change in lithology by drawing a line through. the lithology change column and 
indicate the depth: This will help when cross-sections are subsequently constructed. 

- At the bottom of the page indicate type of rig, drilling method, hammer size and drop, and any 
other useful information (i.e., borehole size, casing set, changes in drilling method). 
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- Vertical lines shall be drawn (as shown in Figure 5) in columns 6 to 8 from the bottom of each 
sample to the top of the next sample to indicate consistency of material from sample to sample, if 
the material is consistent. Horizontal lines shall be drawn if there is a change in lithology, then 
vertical lines drawn to that point. 

- lndicate screened interval of well, as needed, in the lithology column. Show top and bottom of 
screen. Other details of well construction are provided on the well construction forms. 

Rock Classification 

began by drawing a line at Indicate core run 
lines (as shown) under the 

run number, RQD percent, and core recovery 

by drawing a line at the appropriate 

entered under designated column using described on the back of the log 
in this section. 

Enter color as while the core sample is wet; if t is cored by air, the core shall be 

Enter rock type based For sedimentary rocks use terms as 
described in Section Use modifiers and additional terms 
as needed. For use terms as described in Sections 5.3.8. 

Enter brokenness of rock or under the appropriate column using symbols VBR, 
BR, BL, or M as explained in as noted on the back of the Boring Log. 

The following information shall be the remarks column. Items shall include but are not 
limited to the following: 

- Indicate depths of joints, also approximate to horizontal angle (such as 
high, low), i.e., 70" angle 

- lndicate calcareous 
- lndicate any loss or 
- lndicate drop of drill 

Remarks at the bottodof Boring Log shall include: 
I \ 

As a final c ck the boring log shall include the following: f 
lines shall be drawn as explained for soil classification to indicate 

- A f  applicable, indicate screened interval in the lithology column. Show top and bottom of screen. 
Other details of well construction are provided on the well construction forms. 
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5.5.3 Classification of Soil and Rock from Drill Cuttings 

Subject 

BOREHOLE AND SAMPLE LOGGING 

The previous sections describe procedures for classifying soil and rock samples when cores are obtained. 
However, some drilling methods (airlmud rotary) may require classification and borehole logging based on 
identifying drill cuttings removed from the borehole. Such cuttings provide only general information on 
subsurface lithology. Some procedures that shall be followed when logging cuttings are: 

Obtain cutting samples at approximately 5-foot intervals, sieve the cuttings (if mud rotary drilling) to 
obtain a cleaner sample, place the sample into a small sample bottle or "zip lock" bag for future 
reference, and label the jar or bag (i.e. hole number, depth, date,'etc.). Cuttings shall be closely 
examined to determine general lithology. 

Number 
GH-1.5 

1 

Note any change in color of drilling fluid or cuttings, to estimate changes in lithology. 

Page 
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Note drop or chattering of drilling tools or a change in the rate of drilling, to determine fracture 
locations or lithologic changes. 

Observe loss or gain of drilling fluids or air (if air rotary methods are used), to identify potential 
fracture zones. 

Record this and any other useful information onto the boring log as provided in Figure 1 

This logging provides a general description of subsurface lithology and adequate information can be 
obtained through careful observation of the drilling process. It is recommended that split-barrel and rock 
core sampling methods be used at selected boring locations during the field investigation to provide 
detailed information to supplement the less detailed data generated through borings drilled using airlmud 
rotary methods. 

5.6 Review 

Upon completion of the borings logs, copies shall be made and reviewed. Items to be reviewed include: 

Checking for consistency of all logs. 
Checking for conformance to the guideline. 
Checking to see that all information is entered in their respective columns and spaces. 

6.0 REFERENCES 

Unified Soil Classification System (USCS). 

ASTM D2488,1985. 

Earth Manual, U.S. Department of the Interior, 1974. 

7.0 RECORDS 

Originals of the boring logs shall be retained in the project files. 
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1 .O PURPOSE 

Subject 
GROUNDWATER MONITORING 
WELL INSTALLATION 

This procedure provides general guidance and information pertaining to proper monitoring well design, 
installation, and development. 

2.0 SCOPE 

Number 
GH-2.8 

Revision 
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This procedure is applicable to the construction of monitoring wells. The methods described herein may 
be modified by project-specific requirements for monitoring well construction. In addition, many regulatory 
agencies have specific regulations pertaining to monitoring well construction and permitting. These 
requirements must be determined during the project planning phases of the investigation, and any 
required permits must be obtained before field work begins. Innovative monitoring well installation 
techniques, which typically are not used, will be discussed only generally in this procedure. 
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3.0 GLOSSARY 

Monitorinq Well - A well which is screened, cased, and sealed which is capable of providing a 
groundwater level and groundwater sample representative of the zone being monitored. Some monitoring 
wells may be constructed as open boreholes. 

Piezometer - A pipe or tube inserted into the water bearing zone, typically open to water flow at the bottom 
and to the atmosphere at the top, and used to measure water level elevations. Piezometers may range in 
size from 112-inch-diameter plastic tubes to well points or monitoring wells. 

Potentiometric Surface - The surface representative of the level to which water will rise in a well cased to 
the screened aquifer. 

Well Point (Drive Point) - A screened or perforated tube (Typically 1-114 or 2 inches in diameter) with a 
solid, conical, hardened point at one end, which is attached to a riser pipe and driven into the ground with 
a sledge hammer, drop weight, or mechanical vibrator. Well points may be used for groundwater injection 
and recovery, as piezometers (i.e., to measure water levels) or to provide groundwater samples for water 
quality data. 

4.0 RESPONSIBILITIES 

Driller - The driller provides adequate and operable equipment, sufficient quantities of materials, and an 
experienced and efficient labor force capable of performing all phases of proper monitoring well 
installation and construction. The driller may also be responsible for obtaining, in advance, any required 
permits for monitoring well installation and construction. 

Field Geologist - The field geologist supervises and documents well installation and construction 
performed by the driller, and insures that well construction is adequate to provide representative 
groundwater data from the monitored interval. Geotechnical engineers, field technicians, or other suitable 
trained personnel may also serve in this capacity. 
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5.0 PROCEDURES 

5.1 Eauipmentlltems Needed 

Subject 
GROUNDWATER MONITORING 
WELL INSTALLATION 

Below is a list of items that may be needed when installing a monitoring well or piezometer: 

Health and safety equipment (hard hats, safety glasses, etc.) as required by the Site Safety Officer 

Number 
GH-2.8 

Revision 
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Well drilling and installation equipment with associated materials (typically supplied by the driller). 

Page 
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Hydrogeologic equipment (weighted engineer's tape, water level indicator, retractable engineers rule, 
electronic calculator, clipboard, mirror and flashlight - for observing downhole activities, paint and ink 
marker for marking monitoring wells, sample jars, well installation forms, and a field notebook). 

Drive point installation tools (sledge hammer, drop hammer, or mechanical vibrator; tripod, pipe 
wrenches, drive points, riser pipe, and end caps). 

Well Desiqn 

The objectives and intended use for each monitoring well must be clearly defined before the monitoring 
system is designed. Within the monitoring system, different monitoring wells may serve different 
purposes and, therefore, require different types of construction. During all phases of the well design, 
attention must be given to clearly documenting the basis for design decisions, the details of well 
construction, and the materials used. The objectives for installing the monitoring wells may include: 

Determining groundwater flow directions and velocities. 
Sampling or monitoring for trace contaminants. 
Determining aquifer characteristics (e.g., hydraulic conductivity). 

Siting of monitoring wells shall be performed after a preliminary estimation of the groundwater flow 
direction. In most cases, groundwater flow directions and potential well locations can be determined by an 
experienced hydrogeologist through the review of geologic data and the site terrain. In addition, data from 
production wells or other monitoring wells in the area may be used to determine the groundwater flow 
direction. If these methods cannot be used, piezometers, which are relatively inexpensive to install, may 
have to be installed in a preliminary investigative phase to determine groundwater flow direction. 

5.2.1 Well Depth, Diameter, and Monitored Interval 

The well depth, diameter, and monitored interval must be tailored to the specific monitoring needs of each 
investigation. Specification of these items generally depends on the purpose of the monitoring system 
and the characteristics of the hydrogeologic system being monitored. Wells of different depth, diameter, 
and monitored interval can be employed in the same groundwater monitoring system. For instance, 
varying the monitored interval in several wells, at the same location (cluster wells) can help to determine 
the vertical gradient and the depths at which contaminants are present. Conversely, a fully penetrating 
well is usually not used to quantify or vertically locate a contaminant plume, since groundwater samples 
collected in wells that are screened over the full thickness of the water-bearing zone will be representative 
of average conditions across the entire monitored interval. However, fully penetrating wells can be used 
to establish the existence of contamination in the water-bearing zone. The well diameter desired depends 
upon the hydraulic characteristics of the water-bearing zone, sampling requirements, drilling method and 
cost. 

01961 11P Tetra Tech NUS. Inc. 



Subject I Number 
GROUNDWATER MONITORING GH-2.8 

Page 1 40112 

The decision concerning the monitored interval and well depth is based on the following (and possibly 
other) information: 

WELL INSTALLATION 

The vertical location of the contaminant source in relation to the water-bearing zone. 

The depth, thickness and uniformity of the water-bearing zone. 

Revision 

3 

The anticipated depth, thickness, and characteristics (e.g., density relative to water) of the 
contaminant plume. 

Effective Date 
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Fluctuation in groundwater levels (due to pumping, tidal influences, or natural rechargeldischarge 
events). 

The presence and location of contaminants encountered during drilling. 

Whether the purpose of the installation is for determining existence or non-existence of contamination 
or if a particular stratigraphic zone is being investigated. 

The analysis of borehole geophysical logs. 

In most situations where groundwater flow lines are horizontal, depending on the purpose of the well and 
the site conditions, monitored intervals are 20 feet or less. Shorter screen lengths (5 feet or less) are 
usually required where flow lines are not horizontal, (i.e., if the wells are to be used for accurate 
measurement of the potentiometric head at a specific point). 

Many factors influence the diameter of a monitoring well. The diameter of the monitoring well depends on 
the application. In determining well diameter, the following needs must be considered: 

Adequate water volume for sampling. 
Drilling methodology. 
Type of sampling device to be used. 
Costs. 

Standard monitoring well diameters are 2, 4, 6, or 8 inches. Drive points are typically 1-114 or 2 inches in 
diameter. For monitoring programs which require screened monitoring wells, either a Pinch or 4-inch- 
diameter well is preferred. Typically, well diameters greater than 4 inches are used in monitoring 
programs in which open-hole bedrock monitoring wells are used. With smaller diameter wells, the volume 
of stagnant water in the well is minimized, and well construction costs are reduced; however, the sampling 
devices that can be used are limited. 

In specifying well diameter, sampling requirements must be considered (up to a total of 4 gallons of water 
may be required for a single sample to account for full organic and inorganic analyses, and split samples), 
particularly if the monitored formation is known to be a low-yielding formation. The unit volume of water 
contained within a monitoring well is dependent on the well diameter as follows: 

-- 

I Casing h i d e l  Standing Water Length to Obtain I 

If a well recharges quickly after purging, then well diameter may not be an important factor regarding 
sample volume requirements. 

Diameter (Inch) 
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Pumping tests for determining aquifer characteristics may require larger diameter wells (for installation of 
high capacity pumps); however, in small-diameter wells in-situ permeability tests can be performed during 
drilling or after well installation is completed. 

5.2.2 Riser Pipe and Screen Materials 
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Subject 
GROUNDWATER MONITORING 
WELL INSTALLATION 

Well materials are specified by diameter, type of material, and thickness of pipe. Well screens require an 
additional specification of slot size. Thickness of pipe is referred to as "Schedule" for polyvinyl chloride 
(PVC) casing and is usually Schedule 40 (thinner wall) or 80 (thicker wall). Steel pipe thickness is often 
referred to as "Strength". Standard Strength is usually adequate for monitoring well purposes. With larger 
diameter pipe, the wall thickness must be greater to maintain adequate strength. The required thickness 
is also dependent on the method of installation; risers for drive points require greater strength than wells 
installed inside drilled borings. 
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The selection of well screen and riser materials depends on the method of drilling, the type of subsurface 
materials the well penetrates, the type of contamination expected, and natural water quality and depth. 
Cost and the level of accuracy required are also important. The materials generally available are Teflon, 
stainless steel, PVC galvanized steel, and carbon steel. Each has advantages and limitations (see 
Attachment A of this guideline for an extensive presentation on this topic). The two most commonly used 
materials are PVC and stainless steel. Properties of these two materials are compared in Attachment B. 
Stainless steel is a good choice where trace metals or organic sampling is required; however, costs are 
high. Teflon materials are extremely expensive, but are relatively inert and provide the least opportunity 
for water contamination due to well materials. PVC has many advantages, including low cost, excellent 
availability, light weight, ease of manipulation, and widespread acceptance. The crushing strength of PVC 
may limit the depth of installation, but the use of Schedule 80 materials may overcome some of the 
problems associated with depth. However, the smaller inside diameter of Schedule 80 pipe may be an 
important factor when considering the size of bailers or pumps required for sampling or testing. Due to 
this problem, the minimum well pipe size recommended for Schedule 80 wells is 4-inch I.D. 

Screens and risers may have to be decontaminated before use because oil-based preservatives and oil 
used during thread cutting and screen manufacturing may contaminate samples. Metal pipe may corrode 
and release metal ions or chemically react with organic constituents, but this is considered a minor issue. 
Galvanized steel is not recommended where samples may be collected for metals analyses, as zinc and 
cadmium levels in groundwater samples may become elevated from leaching of the zinc coating. 

Threaded, flush-joint casing is most often preferred for monitoring well applications. PVC, Teflon, and 
steel can all be obtained with threaded joints. Welded-joint steel casing is also acceptable. Glued PVC 
may release organic contaminants into the well, and therefore, should not be used if the well is to be 
sampled for organic const/tuents. 

When the water-bearing zone is in consolidated bedrock, such as limestone or fractured granite, a well 
screen is often not necessary (the well is simply an open hole in bedrock). Unconsolidated materials, 
such as sands, clay, and silts require a screen. A screen slot size of 0.010 or 0.020 inch is generally used 
when a screen is necessary, and the annular borehole space around the screened interval is artificially 
packed with an appropriately sized sand, selected based on formation grain size. The slot size controls 
the quantity of water entering the well and prevents entry of natural materials or sand pack. The screen 
shall pass no more than 10 percent of the pack material, or in-situ aquifer material. The site geologist 
shall specify the combination of screen slot size and sand pack which will be compatible with the water- 
bearing zone, to maximize groundwater inflow and minimize head losses and movement of fines into the 
wells. For example, as a standard procedure, a Morie No. 1 or No. 10 to No. 20 U.S. Standard Sieve size 
filter pack is typically appropriate for a 0.020-inch slot screen; however, a No. 20 to No. 40 U.S. Standard 
Sieve size filter pack is typically appropriate for a 0.01 0-inch slot screen. 
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5.2.3 Annular Materials 

Subject 
GROUNDWATER MONITORING 
WELL INSTALLATION 

Materials placed in the annular space between the borehale and riser pipe and screen include a sand 
pack when necessary, a bentonite seal, and cement-bentonite grout. The sand pack is usually a medium- 
to coarse-grained poorly graded, silica sand and should relate to the grain size of the aquifer sediments. 
The quantity of sand placed in the annular space is dependent upon the length of the screened interval, 
but should always extend at least 1 foot above the top of the screen. At least 1 to 3 feet of bentonite 
pellets or equivalent shall be placed above the sand pack. Cement-bentonite grout (or equivalent) is then 
placed to extent from the top of the bentonite pellets to the ground surface. 

On occasion, and with the concurrence of the involved regulatory agencies, monitoring wells may be 
packed naturally (i.e., no artificial sand pack installed). In this case, the natural formation material is 
allowed to collapse around the well screen after the well is installed. This method has been used where 
the formation material itself is a relatively uniform grain size, or when artificial sand packing is not possible 
due to borehole collapse. 

- -- 
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Bentonite expands by absorbing water and provides a seal between the screened interval and the 
overlying portion of the annular space and formation. Cement-bentonite grout is placed on top of the 
bentonite pellets, extending to the surface. The grout effectively seals the remaining borehole annulus 
and eliminates the possibility for surface infiltration reaching the screened interval. Grouting also replaces 
material removed during drilling and prevents hole collapse and subsidence around the well. A tremie 
pipe should be used to introduce grout from the bottom upward, to prevent bridging, and to provide a 
better seal. In shallow boreholes that don't collapse, it may be more practical to pour the grout from the 
surface without a tremie pipe. 
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Grout is a general term which has several different connotations. For all practical purposes within the 
monitoring well installation industry, grout refers to the solidified material which is installed and occupies 
the annular space above the bentonite pellet seal. Grout, most of the time, is made up of one or two 
assemblages of material, (e.g., cement andlor bentonite). A cement-bentonite grout, which is the most 
common type of grout used in monitoring well completions, normally is a mixture of cement, bentonite, 
and water at a ratio of one 90-pound bag of Portland Type I cement, plus 3 to 5 pounds of granular or 
flake-type bentonite, and 6-7 gallons of water. A neat cement consists of one ninety-pound bag of 
Portland Type I cement and 6-7 gallons of water. A bentonite slurry (bentonite and water mixed to a thick 
but pumpable mixture) is sometimes used instead of grout for deep well installations where placement of 
bentonite pellets is difficult. Bentonite chips are also occasionally used for annular backfill in place of 
grout. 

In certain cases, the borehole may be drilled to a depth greater than the anticipated well installation depth. 
For these cases, the well shall be backfilled to the desired depth with bentonite pellets/chips or sand. A 
short (I- to 2-foot) section of capped riser pipe sump is sometimes installed immediately below the 
screen, as a silt reservoir, when significant post-development silting is anticipated. This will ensure that 
the entire screen surface remains unobstructed. 

5.2.4 Protective Casing 

When the well is completed and grouted to the surface, a protective steel casing is typically placed over 
the top of the well. This casing generally has a hinged cap and can be locked to prevent vandalism. The 
protective casing has a larger diameter than the well and is set into the wet cement grout over the well 
upon completion. In addition, one hole is drilled just above the cement collar through the protective casing 
which acts as a weep hole for the flow of water which may enter the annulus during well development, 
purging, or sampling. 
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A protective casing which is level with the 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 top of the riser pipe 
is placed 4 to 5 inches below the pavement, and a locking protective casing is cemented in place to 
3 inches below the pavement. A large diameter, manhole-type protective collar is set into the wet cement 
around the well with the top set level with or slightly above the pavement. An appropriately-sized id is 
placed over the protective sleeve. The cement should be slightly mounded to direct pooled water away 
from the well head. 

Subject 
GROUNDWATER MONITORING 
WELL INSTALLATION 

Monitoring Well Installation 

Pertinent data regarding monitoring well installation shall be recorded on log sheets as depicted and 
discussed in SOP SA-6.3. Attachments to this referenced SOP illustrate terms and physical construction 
of various types of monitoring wells. 

Number 
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5.3.1 Monitoring Wells in Unconsolidated Sediments 
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After the borehole is drilled to the desired depth, well installation can begin. The procedure for well 
installation will partially be dictated by the stability of the formation in which the well is being placed. If the 
borehole collapses immediately after the drilling tools are withdrawn, then a temporary casing must be 
installed and well installation will proceed through the center of the temporary casing, and continue as the 
temporary casing is withdrawn from the borehole. In the case of hollow-stem auger drilling, the augers will 
act to stabilize the borehole during well installation. 

Before the screen and riser pipe are lowered into the borehole, all pipe and screen sections should be 
measured with an engineer's rule to ensure proper placement. When measuring sections, the threads on 
one end of the pipe or screen must be excluded while measuring, since the pipe and screen sections are 
screwed flush together. 

After the screen and riser pipe are lowered through the temporary casing, the sand pack can be installed. 
A weighted tape measure must be used during the installation procedure to carefully monitor installation 
progress. The sand is slowly poured into the annulus between the riser pipe and temporary casing, as the 
casing is withdrawn. Sand shoufd always be kept within the temporary casing during withdrawal in order 
to ensure an adequate sand pack. However, if too much sand is within the temporary casing (greater than 
1 foot above the bottom of the casing) bridging between the temporary casing and riser pipe may occur. 
Centralizers may be used at the geologist's discretion, one above and one below the screen, to assure 
enough annular space for sand pack placement. 

After the sand pack is installed to the desired depth (at least 1 foot above the top of the screen), then the 
bentonite pellet seal (or equivalent), can be installed in the same manner as the sand pack. At least 
1 to 3 feet of bentonite pellets should be installed above the sand pack. Pellets should be added slowly 
and their fall monitored closely to ensure that bridging does not occur. 

The cement-bentonite grout is then mixed and tremied into the annulus as the temporary casing or augers 
are withdrawn. Finally, the protective casing can be installed as detailed in Section 5.2.4. 

5.3.2 Confining Layer Monitoring Wells 

When drilling and installing a well in a confined aquifer, proper well installation techniques must be applied 
to avoid cross contamination between aquifers. Under most conditions, this can be accomplished by 
installing doublecased wells. This is accomplished by drilling a large-diameter boring through the upper 
aquifer, 1 to 5 feet into the underlying confining layer, and setting and pressure grouting or tremie grouting 
a large-diameter casing into the confining layer. The grout material must fill the space between the native 
material and the outer casing. A smaller diameter boring is then continued through the confining layer for 
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installation of the monitoring well as detailed for overburden monitoring wells. Sufficient time (determined 
by the field geologist), must be allowed for setting of the grout prior to drilling through the confined layer. 

Subject 
GROUNDWATER MONITORING 
WELL INSTALLATION 

5.3.3 Bedrock Monitoring Wells 

When installing 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 grouted in place. After the grout has cured, a smaller diameter boring is continued into bedrock to 
the desired depth. If the boring does not collapse, the well can be left open, and a screen is not 
necessary. If the boring collapses, then a screen is required and can be installed as detailed for 
overburden monitoring wells. If a screen is to be used, then the casing which is installed through the 
overburden and into the bedrock does not require grouting and can be removed when the final well 
installation is com~leted. 
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Drive Points 

ed with either a sledge hammer, drop ical vibrator. The 
and tightened onto the riser pipe with ive point is simply 

to the desired depth. If a heavy 
pulley setup is req the hammer. Drive points t not be manually driven to depths 
exceeding 10 feet. 
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Direct push sampling/monitoring point thods, using a direct push rig or drilling rig, are 
described in SOP SA-2.5. 

5.3.5 Innovative Monitorin ell Installation p"/ 
s have proven advantageous. re essentially screened 

with only small-diameter tubes surface. This reduces 
me of stagnant water, and pro system that minimizes 

equipment. Four man lers include Timco 
ompany, Inc., of Prairie du Sac, Wisconsin. BARCAD System 

ts Ltd: of Vancouver, British Columbia, Canada 
terloo, Ontario, Canada.. Each manufacturer offers various construct 

5.4 Well Development Methods 

The purpose of well development is to stabilize and increase the permeability of the gravel pack around 
the well screen, and to restore the permeability of the formation which may have been reduced by drilling 
operations. Wells are typically developed until all fine material and drilling water is removed from the well. 
Sequential measurements of pH, conductivity, turbidity, and temperature taken during development may 
yield information (stabilized values) regarding whether sufficient development has been performed. The 
selection of the well development method shall be made by the field geologist and is based on the drilling 
methods, well construction and installation details, and the characteristics of the formation that the well is 
screened in. The primary methods of well development are summarized below. A more detailed 
discussion may be found in Driscoll (1 986). 

5.4.1 Overpumping and Backwashing 

Wells may be developed by alternatively drawing the water level down at a high rate (by pumping or 
bailing) and then reversing the flow direction (backwashing) so that water is passing from the well into the 
formation. This back and forth movement of water through the well screen and gravel pack serves to 
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remove fines from the formation immediately adjacent to the well, while preventing bridging (wedging) of 
sand grains. Backwashing can be accomplished by several methods, including pouring water into the well 
and then bailing, starting and stopping a pump intermittently to change water levels, or forcing water into 
the well under pressure through a water-tight fitting ("rawhiding"). Care should be taken when 
backwashing not to apply too much pressure, which could damage or destroy the well screen. 

Subject 
GROUNDWATER MONITORING 
WELL INSTAUATION 

5.4.2 Surging with a Surge Plunger 

A surge plunger (also called a surge block) is approximately the same diameter as the well casing and is 
aggressively moved up and down within the well to agitate the water, causing it to move in and out of the 
screens. This movement of water pulls fine materials into the well, where they may be removed by any of 
several methods, and prevents bridging of sand particles in the gravel pack. There are two basic types of 
surge plungers; solid and valved surge plungers. In formations with low yields, a valved surge plunger 
may be preferred, as solid plungers tend to force water out of the well at a greater rate than it will flow 
back in. Valved plungers are designed to produce a greater inflow than outflow of water during surging. 
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5.4.3 Compressed Air 
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Compressed air can be used to develop a well by either of two methods: backwashing or surging. 
Backwashing is done by forcing water out through the screens, using increasing air pressure inside a 
sealed well, then releasing the pressurized air to allow the water to flow back into the well. Care should be 
taken when using this method so that the water level does not drop below the top of the screen, thus 
introducing air into the formation and reducing well yield. Surging, or the "open well" method, consists of 
alternately releasing large volumes of air suddenly into an open well below the water level to produce a 
strong surge by virtue of the resistance of water head, friction, and inertia. Pumping of the well is 
subsequently done using the air lift method. 

5.4.4 High Velocity Jetting 

In the high veloclty jetting method, water is forced at high velocities from a plunger-type device and 
through the well screen to loosen fine particles from the sand pack and surrounding formation. The jetting 
tool is slowly rotated and raised and lowered along the length of the well screen to develop the entire 
screened area. Jetting using a hose lowered into the well may also be effective. The fines washed into 
the screen during this process can then be bailed or pumped from the well. 

6.0 RECORDS 

A critical part of monitoring well installation is recording of all significant details and events in the site 
logbook or field notebook. The geologist must record the exact depths of significant hydrogeological 
features, screen placement, gravel pack placement, and bentonite placement. 

A Monitoring Well Sheet (see Attachments to SOP SA-6.3) shall be completed, ensuring the uniform 
recording of data for each installation and rapid identification of missing information. Well depth, length, 
materials of construction, length and openings of screen, length and type of riser, and depth and type of all 
backfill materials shall be recorded. Additional information shall include location, installation date, 
problems encountered, water levels before and after well installation, cross-reference to the geologic 
boring log, and methods used during the installation and development process. Documentation is very 
important to prevent problems involving questionable sample validity. Somewhat different information will 
need to be recorded, depending on whether the well is completed in overburden (single- or double-cased), 
as a cased well in bedrock, or as an open hole in bedrock. 

The quantities of sand, bentonite, and grout placed in the welt are also important. The geologist shall 
calculate the annular space volume and have an idea of the quantity of material needed to fill the annular 
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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 backfill volume may indicate a cave-in or bridging of the backfill materials. 
Any problems with rig operation or down-time shall be recorded and may affect the driller's final fee. 
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ATTACHMENT A 
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Preliminarv Rankinq of Riaid Materials: 

1 ~ e f  lonQ 
2 Stainless Steel 31 6 
3. Stainless Steel 304 
4 PVC 1 

* Trademark of DuPont 
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Lo-Carbon Steel 
Galvanized Steel 
Carbon Steel 

RELATIVE COMPATIBILITY OF SEMI-RIGID OR ELASTOMERIC MATERIALS (PERCENT) 

Preliminarv Rankina of Semi-Riqid or Elastomeric Materials: 

Potentially- 
Deteriorating 

Mixtures 
Percent Overall 
Rating 

1 ~ e f  lonQ 
2 Polypropylene (PP) 
3. PVC FIexiblelPE Linear 
4  ito on" 

Type of Casing Material 

* Trademark of DuPont 

88 

Source: Barcelona et al., 1983 

5 PE Conventional 
6 Plexiglas/Lucite (PRAM) 
7 Silicone/Neoprene 

90 
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Strength I Use in deep wells to prevent I Use when shear and compressive 
compression and closing of strength are not critical. I 

COMPARISON OF STAINLESS STEEL AND PVC FOR MONITORING WELL CONSTRUCTION 
Characteristic 

Cost 
Weight 

Corrosivity 
water. 

Stainless Steel PVC 

screenlriser. 
Relatively heavier. 
Relatively expensive. 
Deteriorates more rapidly in corrosive 

Light-weight; floats in water. 
Relatively inexpensive. 
Non-corrosive -- may deteriorate in 

Ease of Use 

Interaction with May sorb organic or inorganic 
Contaminants* I substances when oxidized. 

Difficult to adjust size or length in the 
field. 

Preparation for 
Use 

presence of ketones, aromatics, alkyl 
sulfides, or some chlorinated 
hydrocarbons. 
Easv to handle and work with in the 

Should be steam cleaned if organics 
will be subsequently sampled. 

field: 
Never use glue fittings -- pipes should 
be threaded or pressure fitted. Should 
be steam cleaned when used for 
monitoring wells. 
May sorb or release organic 
substances. 

See also Attachment A. 
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1 .O PURPOSE 

Utilities such as electric service lines, natural or propane gas lines, water and sewage lines, 
telecommunications, and steam lines are very often in the immediate vicinity of work locations. Contact 
with underground or overhead utilities can have serious consequences including employee injurylfatality, 
property and equipment damage, substantial financial impacts, and loss of utility service to users. 

The purpose of this procedure is to provide minimum requirements and technical guidelines regarding the 
appropriate procedures to be followed when performing subsurface and overhead utility locating services. 
It is the policy of Tetra Tech NUS, Inc. (TtNUS) to provide a safe and healthful work environment for the 
protection of our employees. The purpose of this Standard Operating Procedure (SOP) is to aid in 
achieving the objectives of this policy, to present the acceptable procedures pertaining to utility locating 
and excavation clearance activities, and to present requirements and restrictions relevant to these types of 
activities. This SOP must be reviewed by any employee potentially involved with underground or 
overhead utility locating and avoidance activities. 

2.0 SCOPE 

This procedure applies to all TtNUS field activities where there may be potential contact with underground 
or overhead utilities. This procedure provides a description of the principles of operation, instrumentation, 
applicability, and implementability of typical methods used to determine the presence and avoidance of 
contact with utility services. This procedure is intended to assist with work planning and scheduling, 
resource planning, field implementation, and subcontractor procurement. Utility locating and excavation 
clearance requires site-specific information prior to the initiation of any such activities on a specific project. 
This SOP is not intended to provide a detailed description of methodology and instrument operation. 
Specialized expertise during both planning and execution of several of the methods presented may also 
be required. 

3.0 GLOSSARY 

Electromaanetic Induction (EMU Survey - A geophysical exploration method whereby electromagnetic 
fields are induced in the ground and the resultant secondary electromagnetic fields are detected as a 
measure of ground conductivity. 

Maanetometer - A device used for precise and sensitive measurements of magnetic fields. 

I 
Maqnetic Survey - A geophysical survey method that depends on detection of magnetic anomalies 
caused by the presence of buried ferromagnetic objects. 

Metal Detection - A geophysical survey method that is based on electromagnetic coupling caused by 
underground conductive objects. 

Vertical Gradiometer -A  magnetometer equipped with two sensors that are vertically separated by a fixed 
distance. It is best suited to map near surface features and is less susceptible to deep geologic features. 

Ground Penetratinq Radar - Ground Penetrating Radar (GPR) involves specialized radar equipment 
whereby a signal is sent into the ground via a transmitter. Some portion of the signal will be reflected from 
the subsurface material, which is then recorded with a receiver and electronically converted into a graphic 
picture. 
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Proiect Manaqer (PM)Kask Order Manaaer (TOM) - Responsible for ensuring that all field activities are 
conducted in accordance with this procedure. 

Site Manaqer (SMYField Operations Leader (FOL) - Responsible for the onsite verification that all field 
activities are performed in compliance with approved SOPS or as otherwise directed by the approved 
project plan(s). 
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Site Health & Safetv Officer (SHSO) - Responsible to provide technical assistance and verify full 
compliance with this SOP. The SHSO is also responsible for reporting any deficiencies to the Corporate 
Health and Safety Manager (HSM) and to the PMTTOM. 
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Health & Safetv Manaaer (HSM) - Responsible for preparing, implementing, and modifying corporate health 
and safety policy and this SOP. 

Site Personnel - Responsible for performing their work activities in accordance with this SOP and the TtNUS 
Health and Safety Policy. 

5.0 PROCEDURES 

This procedure addresses the requirements and technical procedures that must be performed to minimize 
the potential for contact with underground and overhead utility services. These procedures are addressed 
individually from a buried and overhead standpoint. 

Buried Utilities 

Buried utilities present a heightened concern because their location is not typically.obvious by visual 
observation, and it is common that their presence andlor location is unknown or incorrectly known on 
client properties. This procedure must be followed prior to beginning any subsurface probing or 
excavation that might potentially be in the vicinity of underground utility services. In addition, the Utility 
Clearance Form (Attachment 3) must be completed for every location or cluster of locations where 
intrusive activities will occur. 

Where the positive identification and de-energizing of underground utilities cannot be obtained and 
confirmed using the following steps, the PMKOM is responsible for arranging for the procurement of a 
qualified, experienced, utility locating subcontractor who will accomplish the utility location and 
demarcation duties specified herein. 

1. A comprehensive review must be made of any available property maps, blue lines, or as-builts 
prior to site activities. Interviews with local personnel familiar with the area should be performed 
to provide additional information concerning the location of potential underground utilities. 
Information regarding utility locations shaH be added to project maps upon completion of this 

. exercise. 

A visual site inspection must be performed to compare the site plan information to actual field 
conditions. Any findings must be documented and the site planlmaps revised. The area(s) of 
proposed excavation or other subsurface activities must be marked at the site in white paint or pin 
flags to identify those locations of the proposed intrusive activities. The site inspection should 
focus on locating surface indications of potential underground utilities. Items of interest include 
the presence of nearby area lights, telephone service, drainage grates, fire hydrants, electrical 
service vaults/panels, asphalt/concrete scares and patches, and topographical depressions. Note 
the location of any emergency shut off switches. Any additional information regarding utility 
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locations shall be added to project maps upon completion of this exercise and returned to the 
PMKOM. 

If the planned work is to be conducted on private property (e-g., military installations, 
manufacturing facilities, etc.) the FOL must identify and contact appropriate facility personnel 
(e.g., public works or facility engineering) before any intrusive work begins to inquire about (and 
comply with) property owner requirements. It is important to note that private property owners 
may require several days to several weeks advance notice prior to locating utilities. 

If the work location is on public property, the state agency that performs utility clearances must be 
notified (see Attachment 1). State "one-call" services must be notified prior to commencing 
fieldwork per their requirements. Most one-call services require, by law, 48- to 72-hour advance 
notice prior to beginning any excavation. Such services typically assign a "ticket" number to the 
particular site. This ticket number must be recorded for future reference and is valid for a specific 
period of time, but may be extended by contacting the service again. The utility service will notify 
utility representatives who then mark their respective lines within the specified time frame. It 
should be noted that most military installations own their own utilities but may lease service and 
maintenance from area providers. Given this situation, "one call" systems may still be required to 
provide location services on military installations. 

Utilities must be identified and their locations plainly marked using pin flags, spray paint, or other 
accepted means. The location of all utilities must be noted on a field sketch for future inclusion on 
project maps. Utility locations are to be identified using the following industry-standard color code 
scheme, unless the property owner or utility locator service uses a different color code: 

white excavation/subsurface investigation location 
red electrical 

yellow gas, oil, steam 
orange telephone, communications 

blue water, irrigation, slurry 
green sewer, drain 

Where utility locations are not confirmed with a high degree of confidence through drawings, 
schematics, location services, etc., the work area must be thoroughly investigated prior to 
beginning the excavation. In these situations, utilities must be identified using safe and effective 
methods such as passive and intrusive surveys, or the use of non-conductive hand tools. Also, in 
situations where such hand tools are used, they should always be used in conjunction with 
suitable detection equipment, such as the items described in Section 6.0 of this SOP. Each 
method has advantages and disadvantages including complexity, applicability, and price. It also 
should be noted that in some states, initial excavation is required by hand to a specified depth. 

At each location where trenching or excavating will occur using a backhoe or other heavy 
equipment, and where utility identifications and locations cannot be confirmed prior to 
groundbreaking, the soil must be probed using a device such as a tile probe which is made of 
non-conductive material such as fiberglass. If these efforts are not successful in clearing the 
excavation area of suspect utilities, hand shoveling must be performed for the perimeter of the 
intended excavation. 

All utilities uncovered or undermined during excavation must be structurally supported to prevent 
potential damage. Unless necessary as an emergency corrective measure, TtNUS shall not 
make any repairs or modifications to existing utility lines without prior permission of the utility 
owner, property owner, and Corporate HSM. All repairs require that the line be 
locked-outltagged-out prior to work. 
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5.2 Overhead Power Lines 

If it is necessary to work within the minimum clearance distance of an overhead power line, the overhead 
line must be de-energized and grounded, or re-routed by the utility company or a registered electrician. If 
protective measures such as guarding, isolating, or insulating are provided, these precautions must be 
adequate to prevent employees from contacting such lines directly with any part of their body or indirectly 
though conductive materials, tools, or equipment. 

The following table provides the required minimum clearances for working in proximity to overhead power 
lines. 

Nominal Voltaae Minimum Clearance 
0 -50 kV 10 feet, or one mast length; whichever is greater 

50+ kV 10 feet plus 4 inches for every 10 kV over 50 kV or 1.5 
mast lengths; whichever is greater 

6.0 UNDERGROUND LOCATING TECHNIQUES 

A variety of supplemental utility locating approaches are available and can be applied when additional 
assurance is needed. The selection of the appropriate method(s) to employ is site-specific and should be 
tailored to the anticipated conditions, site and project constraints, and personnel capabilities. 

Geophysical Methods 

Geophysical methods include electromagnetic induction, magnetics, and ground penetrating radar. 
Additional details concerning the design and implementation of electromagnetic induction, magnetics, and 
ground penetrating radar surveys can be found in one or more of the TtNUS SOPS included in the 
References (Section 8.0). 

Electromagnetic Induction 

Electromagnetic lnduction (EMI) line locators operate either by locating a background signal or by locating 
a signal introduced into the utility line using a transmitter. A utility line acts like a radio antenna, producing 

, 

electrons, which can be picked up with a radiofrequency receiver. Electrical current carrying conductors 
have a 60HZ signal associated with them. This signal occurs in all power lines regardless of voltage. 
Utilities in close proximity to power lines or used as grounds may also have a 60HZ signal, which can be 
picked up with an EM receiver. A typical example of this type of geophysical equipment is an EM-61. 

EM1 locators specifically designed for utility locating use a special signal that is either indirectly induced 
onto a utility line by placing the transmitter above the line or directly induced using an induction clamp. 
The clamp induces a signal on the specific utility and is the preferred method of tracing since there is little 
chance of the resulting signals being interfered with. A good example of this type of equipment is the 
SchonstedKB MAC-5lB locator. The MAC-51B performs inductively traced surveys, simple magnetic 
locating, and traced nonmetallic surveys. 

When access can be gained inside a conduit to be traced, a flexible insulated trace wire can be used. 
This is very useful for non-metallic conduits but is limited by the availability of gaining access inside the 
pipe. 
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I Magnetics 

Magnetic locators operate by detecting the relative amounts of buried ferrous metal. They are incapable 
of locating or identifying nonferrous utility lines but can be very useful for locating underground storage 
tanks (UST's), steel utility lines, and buried electrical lines. A typical example of this type of equipment is 
the Schonsted@ GA-52Cx locator. The GA-52Cx is capable of locating 4-inch steel pipe up to 8 feet 
deep. 

Non-ferrous lines are often located by using a typical plumbing tool (snake) fed through the line. A signal 
is then introduced to the snake that is then traced. 

I Ground Penetrating Radar 

Ground Penetrating Radar (GPR) involves specialized radar equipment whereby a signal is sent into the 
ground via a transmitter. Some portion of the signal will be reflected from the subsurface material, which 
is then recorded with a receiver and electronically converted into a graphic picture. In general, an object 
which is harder than the surrounding soil will reflect a stronger signal. Utilities, tunnels, UST's, and 
footings will reflect a stronger signal than the surrounding soil. Although this surface detection method 
may determine the location of a utility, this method does not specifically identify utilities (i.e., water vs. gas, 
electrical vs. telephone); hence, verification may be necessary using other methods. This method is 
somewhat limited when used in areas with clay soil types or with a high water table. 

I 6-2 

Passive Detection Survevs 

I Acoustic Surveys 

Acoustic location methods are generally most applicable to waterlines or gas lines. A highly sensitive 
Acoustic Receiver listens for background sounds of water flowing (at joints, leaks, etc.) or to sounds 
introduced into the water main using a transducer. Acoustics may also be applicable to determine the 
location of plastic gas lines. 

I Thermal Imaging 

Thermal (i.e., infrared) imaging is a passive method for detecting the heat emitted by an object. 
Electronics in the infrared camera convert subtle heat differentials into a visual image on the viewfinder or 
a monitor. The operator does not look for an exact temperature; rather they look for heat anomalies 
(either elevated or suppressed temperatures) characteristic of a potential utility line. 

The thermal fingerprint of underground utilities results from differences in temperature between the 
atmosphere and the fluid present in a pipe or the heat generated by electrical resistance. In addition, 
infrared scanners may be capable of detecting differences in the compaction, temperature and moisture 
content of underground utility trenches. High-performance thermal imagery can detect temperature 
differences to hundredths of a degree. 

1 6m3 

intrusive Detection Survevs 

I Vacuum Excavation 

Vacuum excavation is used to physically expose utility services. The process involves removing the 
surface material over approximately a 1 '  x 1' area at the site location. The air-vacuum process proceeds 
with the simultaneous action of compressed air-jets to loosen soil and vacuum extraction of the resulting 

I 
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When the identification and location of underground utilities cannot be positively confirmed through 
document reviews andlor other methods, borings and excavations may be cleared via the use of non- 
conductive hand tools. This should always be done in conjunction with the use of detection equipment. 
This would be required for all locations where there is a potential to impact buried utilities. The minimum 
hand-excavation depth that must be reached is to be determined considering the geographical location of 
the work site. This approach recognizes that the placement of buried utilities is influenced by frost line 
depths that vary by geographical region. Attachment 2 presents frost line depths for the regions of the 
contiguous United States. At a minimum, hand excavation depths must be at least to the frost line depth 
(see Attachment 2) plus two (2) feet, but never less than 4 feet below ground surface (bgs). For hand 
excavation, the hole created must be reamed large enough to be at least the diameter of the drill rig auger 
or bit prior to drilling. For soil gas surveys, the survey probe shall be placed as close as possible to the 
cleared hand excavation. It is important to note that a post-hole digger must not be used in this type of 
hand excavation activity. 

Tile Probe Surveys 

For some soil types, site conditions, and excavation requirements, non-conductive tile probes may be 
used. A tile probe is a "7-handled rod of varying lengths that can be pushed into the soil to determine if 
any obstructions exist at that location. Tile probes constructed of fiberglass or other nonconductive 
material are readily-available from numerous vendors. Tile probes must be performed to the same depth 
requirements as previously specified. As with other types of hand excavating activities, the use of a non- 
conductive tile probe, should always be in conjunction with suitable utility locating detection equipment. 

7.0 INTRUSIVE ACTIVITIES SUMMARY 

The following list summarizes the activities that must be performed prior to beginning subsurface 
activities: 

1. Map and mark all subsurface locations and excavation boundaries using white paint or markers 
specified by the client or property owner. 

2. Notify the property owner andlor client that the locations are marked. At this point, drawings of 
locations or excavation boundaries shall be provided to the property owner andlor client so they 
may initiate (if applicable) utility clearance. 

Note: Drawings with confirmed locations should be provided to the property owner andlor client 
as soon as possible to reduce potential time delays. 

3. Notify "One Call" service. If possible, arrange for an appointment to show the One Call 
representative the surface locations or excavation boundaries in person. This will provide a better 
location designation to the utilities they represent. You should have additional drawings should 
you need to provide plot plans to the One Call service. 

4. Implement supplemental utility detection techniques as necessary and appropriate to conform 
utility locations or the absence thereof. 

01961 1IP Tetra Tech NUS, Inc. 
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5. Complete Attachment 3, Utility Clearance Form. This form should be completed for each 
excavation location. In situations where multiple subsurface locations exist within the close 
proximity of one another, one form may be used for multiple locations provided those locations 
are noted on the Utility Clearance Form. Upon completion, the Utility Clearance Form and 
revisedlannotated utility location map becomes part of the project file. 
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OSHA Letter of Interpretation, Mr. Joseph Caldwell, Attachment 4 
'OSHA 29 CFR 1926(b)(2) 
OSHA 29 CFR 1926(b)(3) 
TtNUS Utility Locating and Clearance Policy 
TtNUS SOP GH-3.1; Resistivity and Electromagnetic Induction 
TtNUS SOP GH-3.2; Magnetic and Metal Detection Surveys 
TtNUS SOP GH-3.4; Ground-penetrating Radar Surveys 
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AlTACHMENT 1 
LISTING OF UNDERGROUND UTILITY CLEARANCE RESOURCES 

- American Public Works AssoclaUon 
2345 &and Boulevard, S ~ i t e  600, kan8at3 City, W 8108-2625 
Phone (816) 4726100 a Fax (816) 472-1610 
Web www.apwa.net E-mail apwa@apwa.net 

ONE-CALL SYSTEMS INTERNATIONAL 
CONDENSED DIRECTORY 

Alabama 
Alebema One-Can 
1-800-292-8525 

Alaska 
Locate Call Center ofAlaska, Inc 
18004783121 

Arlzona 
Arizona Blue Stake 
1800782-5348 

Arkamas 
Mansas One Call Syslem, Inc. 
1-805482-8998 

Callfornla 
Underground Service Alert Norlh 
1-800-227-2800 
Underground Service Alert of Southern 

Calibrnla 
1-800-227-2600 

Colorado 
Utility NotiRcsUon Center of Cobredo 
1-800-922-1987 

Connecticut 
Call Before You Dig 
1-800-922-4455 

Delaware 
MISS ~ i t y  oi hlmarva 
1-800-282-8555 

Florida 
Sunshine State One-Call of Florida. Inc. 
1-800-432-4770 

Georgla 
Underground Protection Center, inc. 
1-800-282-741 1 

HawaR 
Underground Service Alert Norlh 
1-800-227-2600 

ldaho 
Dig Line Ine 
1-800-342-1 585 
Kootenal County Onecall 
1-800-428-4950 
Shoshone - Benewah One-Call 
1-800-398-3255 

11Snois 
JUDE Inc 
1-800-892-0123 
Digger (Chicago Utiliv Alert Network) 
312-744-70D0 

Indiana 
Indiana Undergrourrd Plant Pmledion 

Service 
1800-382-5544 

lowa 
lowa Ons-Cell 
1-800-292-8989 

Kansas 
Kansas OneCdl Sydm, Inc. 
1-800-344-7233 

Kentucky 
Kentucky Underground Protectlon Inc. 
1800-752-6007 

Louisiana 
Louislana One Call System, Inc 
1-800272-3020 

Mane 
Dig Sefe System, Inc. 
1 4 8 S 3 4 d m 3  

Massachusetts 
Dig Safe Sgatem, (nc 
1-886-344-7233 

Michigan 
Mhs Dig System, Inc. 
I-sOWBZ-7171 

Minnesota 
Gwher Stale One Call 
1400-252-1 168 

Mlssourl 
Missouri One-CaU System Inc. 
1-800-344-7483 

Montana 
UtiWis Underground P W b  Center 
1-800.424-5555 
Montana One Call Cents 
1-800551-8344 

Nebraska 
Dlggen Holllne of Nebraska 
1-800-331-5666 

Nevada 
Underground S e ~ i c e  Alert  NO,^ 
7-800-227-2600 

New Hamwte 
Dig Safe SpIem, Inc 
1-888-344-7233 

New Jersey 
New Jersey One Cell 
1-W272-1 Do0 

New lllerlu, 
New Mexico One Cali System. Inc 
1800321-2537 
La6 CRlces- Dona Ana Blue Stakes 
1-888-5280400 

New Yo* 
Dig Safely New York 
1-800-862-7962 
New York City- Long Island One Can 

Center 
T-800-272-4480 

North Carolina 
me NorUl Camma One-Call Center. 

lnc. 
1-800632-4949 

No& Dakota 
Norlh Dakota OneCall 
1800-795-0555 

Ohio 
Ohio Ulilities Protedlon Service 
1-800-362-2764 
Oil 8 Gas Producers Underground 

Pmtect'n Svc 
1-800-925-(r888 

Oklahoma 
Cau Okk 
1-800-522-6543 

?&?Utllity Notilkation CenlerlOne 
Call Concepts 

1-800-332-2344 

Pennsylvania 
Pennsylvania One Call System. Inc. 
1-800-242-1776 

RRde Island 
Dlg Safe System. Inc. 
1-088-344-7233 

South Carolina 
Pabnelto Utili Protection Setvice Inc. 
1-888-721-7877 

South Dakota 
South Dakota One Cali 
1800-78l-7474 

Tennessee 
Tennessee One-Call System. Inc 
l.8M).3Wllll 



ATTACHMENT 1 (Continued) 

Texas 
Texas One Call System 
1-800-245-4545 
Texas Excavation Safety System, Inc. 
1-800-344-8377 
Lone Star NolifkaUon Centar 
1-800-669-8344 

Utah 
Blue Stakes of Utah 
1-800-68241 I 1 

Vermont 
Dig Safe System, Inc. 
1-888-344-7233 

Virglnla 
Miss Utilily of Virginie 
1-800-552-7001 
Miss Utility (Northern Vuglnia) 
1-800-257-7777 

Washington 
Utilities Underground LocaUon Center 
1-800-424-5555 
Northwest UMity Nolifkatin Center 
1-800-553-4344 
Inland EmpLe Utility Coordinating 

Cwndl 
500-456-8000 

West Virginia 
Miss Utility of West Vlrglnia, Inc. 
1-800-245-4848 

Wlsconsln 
Diggem Hotline. Inc. 
1-800-242-851 1 

WLodno 
Wyoming OneCafl System, Inc 
1800-340-1030 
Call Before You Dig of Wyoming 
1-800-849-2476 

Dfstrlct of Columbia 
Mlss UlllHy 
1-800-267-7777 

Alberta 
Alberta One-Call Corporation 
1-800-242-3447 

Britlsh Columbla 
BC One Call 
1-800-474-6886 

Onlllrlo 
Ontario OneEall System 
1-800-400-2255 

Quebec 
Info-Excavation 
1-800-663-9228 
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ATTACHMENT 2 

FROST LINE PENETRATION DEPTHS BY GEOGRAPHIC LOCATION 

Ll 
Courtesy U.S .  Department Of Commerce 
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ATTACHMENT 3 
UTILITY CLEARANCE FORM 

Client: Project Name: 

Project No.: Completed By: 

Location Name: Work Date: 

Excavation Methodloverhead Equipment: 

1. Underground Utilities Circle One 

a) Review of existing maps? yes no NIA 

b) Interview local personnel? yes no NIA 

c) Site visit and inspection? yes no NIA 

d) Excavation areas marked in the field? yes no NIA 

e) Utilities located in the field? yes no NIA 

f) Located utilities markedladded to site maps? yes no NIA 

g) Client contact notified yes no NIA 
Name Telephone: Date: 

g) State One-Call agency called? yes no N/A 
Caller: 
Ticket Number: Date: 

h) Geophysical survey performed? yes no NIA 
Survey performed by: 
Method: Date: 

i) Hand excavation performed (with concurrent use of utility yes no NIA 
detection device)? 
Completed by: 
Total depth: feet Date: 

j) Trenchlexcavation probed? yes no NIA 
Probing completed by: 
Depthlfrequency: Date: 

2. Overhead Utilities Present Absent 

a) Determination of nominal voltage yes no NIA 
b) Marked on site maps yes no NIA 
c) Necessary to lockout/insulate/re-route yes no NIA 
d) Document procedures used to lockout/insulate/re-route yes no NIA 
e) Minimum acceptable clearance (SOP Section 5.2): 

3. Notes: 

Approval: 

Site ManagerIField Operations Leader Date 
c: PMIProject File 

Program File 
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OSHA LETTER OF INTERPRETATION 

Mr. Joseph Caldwell 
Consultant 
Governmental Liaison 
Pipeline Safety Regulations 
21 1 Wilson Boulevard 
Suite 700 
Arlington, Virginia 22201 

Re: Use of hydro-vacuum or non-conductive hand tools to locate underground utilities. 

Dear Mr. Caldwell: 

In a letter dated July 7,2003, we responded to your inquiry of September 18,2002, regarding the 
use of hydro-vacuum equipment to locate underground utilities by excavation. After our letter to 
you was posted on the OSHA website, we received numerous inquiries that make it apparent that 
aspects of our July 7 letter are being misunderstood. In addition. a number of industry 
stakeholders, inchding the National Utility Contractors Association WCA),  have provided new 
information regarding equipment that is available for this work. 

To clarify these issues, we are withdrawing our July 7 letter and issuing this replacement 
response to your inquiry. 

Question: Section 1926.651 contains several requirements that relate to the safeiy of employees 
engaged in excavation work. Specifically, paragraphs (bX2) and (b)(3) relate in part to the 
safety of the means used to locale underground utility installations that, ifdamaged during an 
uncovering operation, could pose serioccr hazards to eniployees. 

Under these provisions, what constitutes an acceptable method of uncovering underground 
utility lines, and further, would the use of hydro-vacuum excavation be accep~able ~iruier the 
standard? 

Answer 

Two sections of 29 CFR 1926 Subpart P (Excavations), 1926.65l(Specific excavation 
requirements), govern methods for uncovering underground utility installations. Specifically, 
paragraph (bX2) states: 

When utility companies or owners cannot respond to a request to locate uderground u~ility 
installations within 24 hours * * * or cannot esrabiish the exact location of these installations, the 
employer may proceed, provided rhe employer does so with caution, and provided detection 
equipment or other acceotable means to locate utility installations are used. (emphasis added). 

Paragraph @)(3) provides: 
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When excavation operations approach the estimated location of underground installations, the 
exact location of the installations shall be determined by safe and acce~table means. (emphasis 
added). 

Therefore, "acceptable means" must be used where the location of the underground utilities have 
not been identified by the utility companies and detection equipment is not used. 

Subpart P does not contain a definition of either "other acceptable means" or "safe'and 
acceptable means." The preambles to both the proposed rule and the fmal rule discussed the 
rationale behind the wording at issue. For example, the preamble to the proposed rule, 52 Fed. 
Reg. 12301 (April 15, 1987), noted that a 1972 version of this standard contained language that 
specified "careful probing or hand digging" as the means to uncover utilities. The preamble then 
noted that an amendment to the 1972 standard later deleted that language "to allow other, equally 
efiective means of locating such installations." The preamble continued that in the 1987 
proposed rule, OSHA again proposed using language in section (b)(3) that would provide another 
example of an acceptable method of uncovering utilities that could be used where the utilities 
have not been marked a d  detection esui~menl is not being used - "probing with band-held 
tools." This method was rejected in the final version of 29 CFR 1926. As OSHA explained in 
the preamble to the final rule, 54 Fed. Reg. 45916 (October 31,1989): 

OSHA received two comments * * * and input from A W H  [OSHA's Advisory Committee on 
C o n ~ c t i o n  Safety and Health] * * * on this provision. An commenters recommended dropping 
'such as probing with hand-held tools' from the proposed provision, because this could create a 
hazard to employees by damaging the installation or its insulation. 

In other words, the commenters objected to the use of hand tools being used unless detection 
equipment was used in conjunction with them. OSHA then concluded its discussion relative to 
this provision by agreeing with the commentators and ultimately not including any examples of 
"acceptable means" in the final provision. 

Nonconductive hand tools are permitted 

This raises the question of whether the standard permits tbe use of hand tools alone -- without 
also using detection equipment. NUCA and other industry stakeholders have recently informed 
us that non-conductive hand tools that are appropriate to be used to bcate underground utilities 
are now commonly available. 

Such tools, such as a "shooter" (which has a non-conductive handle and a snub nose) and non- 
conductive or insulated probes were not discussed in the rulemaking. Since they were not 
considered at that time, they were not part of the class of equipment that was thought to be unsafe 
for this purpose. Therefore, we conclude that the use of these types of hand took, when used with 
appropriate caution, is an "acceptable means" for locating underground utilities. 
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Hydro-vacuum excavation 

It is our understanding that some hydro-vacuum excavation equipment can be adjusted to use a 
minimum amount of water and suction pressure. When appropriately adjusted so that the 
equipment will not damage underground utilities (especially utilities that are particularly 
vulnerable to damage, such as electrical lines). use of such equipment would be considered a 
"acceptable means" of locating underground ulilities. However, if the equipment cannot be 
sufficiently adjusted, then this method would not be acceptable under the standard. 

Other technologies 

We are not suggesting that these are the only devices that would be "acceptable means" under the 
standard. Industry stakeholders have informed us that there are other types of special excavation 
equipment designed for safely locating utilities as well. 

We apologize for any confusion our July 7 letter may have caused. If you have further concerns 
or questions, please feel free to contact us again by fax at: U.S. Department of Labor, OSHA, 
Directo~ate of Construction, Office of Construction Standards and Compliance Assistance, fax # 
202693-1689. You can also contact us by mail at the above office, R O ~  N3468,200 
Constitution Avenue, N.W., Washington, D.C. 20210, although there will be a delay in our 
receiving correspondence by mail. 

Sincerely, 

Russell B. Swanson, Director 
Directorate of Construction 

NOTE: OSHA requirements are set by statute, standards and regulations. Our interpretation 
letters explain these requirements and how they apply to particular circumstances, but they 
cannot create additional employer obligations. This letter constitutes OSHA=s interpretation 
of the requirements discussed. Note that our enforcement guidance may be affected by 
changes to OSHA rules. Also, from time to time we update our guidance in response to new 
information. To keep apprised of such developments, you can consult OSHA's website at 
http:l/w.osha.gov. 
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The purpose of this procedure is to provide general reference information regarding the sampling of 
groundwater wells. 
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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 techniques. The techniques described shall be 
followed whenever applicable, noting that site-specific conditions or project-specific plans may require 
modifications to methodology. 

3.0 GLOSSARY 

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, mobility, valence, 
and relative concentrations, and on temperature of measure. Conductivity is highly dependent on 
temperature and should be reported at a particular temperature, i.e., 20.2 mS1cm at 14°C. 

Dissolved Oxvaen (DO) - DO levels in natural and wastewater depend on the physical, chemical, and 
biochemical activities in the water sample. 

Oxidation-Reduction Potential (ORP) - A measure of the activity ratio of oxidizing and reducing species as 
determined by the electromotive force developed by a noble metal electrode, immersed in water, as 
referenced against a standard hydrogen electrode. 

- 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 
practical purposes, pH is a measure of the hydrogen ion concentration. 

pH Paoer - Indicator paper that turns different colors depending on the pH of the solution to which it is 
exposed. Comparison with color standards supplied by the manufacturer will then give an indication of the 
solution's pH. 

Salinity - The measurement of dissolved salts in a given mass of solution. Note: most field meters 
determined salinity automatically from conductivity qnd temperature. The displayed value will be displayed 
in either parts per thousand (ppt) or % (e.g., 35 ppt will equal 3.5%). 

Turbidity - Turbidity in water is caused by suspended matter, such as clay, silt, fine organic and inorganic 
matter. Turbidity is an expression of the optical property that causes light to be scattered and absorbed 
rather than transmitted in a straight line through the sample. 

4.0 RESPONSIBILITIES 

Proiect Hvdroaeoloqist - Responsible for selecting and detailing the specific groundwater sampling 
techniques, onsite water quality testing (type, frequency, and location), and equipment to be used, and 
providing detailed input in this regard to the project plan documents. The project hydrogeologist is also 
responsible for properly briefing and overseeing the performance of the site sampling personnel. 
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To be useful and accurate, a groundwater sample must be representative of the particular zone of the 
water being sampled. The physical, chemical, and bacteriological integrity of the sample must be 
maintained from the time of sampling to the time of analysis in order to keep any changes in water quality 
parameters to a minimum. 

Revision 
5 

Methods for withdrawing samples from completed wells include the use of pumps, compressed air, 
bailers, and various types of samplers. The primary considerations in obtaining a representative sample 
of the groundwater are to avoid collection of stagnant (standing) water in the well and to avoid physical or 
chemical alteration of the water due to sampling techniques. In a non-pumping well, there will be little or 
no vertical mixing of water in the well pipe or casing, and stratification will occur. The well water in the 
screened section will mix with the groundwater due to normal flow patterns, but the well water above the 
screened section will remain isolated and become stagnant. To safeguard against collecting non- 
representative stagnant water in a sample, the following approach shall be followed prior to sample 
acquisition: 

Effective Date 
09/03 

1. All monitoring wells shall be purged prior to obtaining a sample. Evacuation of three to five 
volumes is recommended prior to sampling. In a high-yielding groundwater formation and where 
there is no stagnant water in the well above the screened section, extensive evacuation prior to 
sample withdrawal is not as critical. 

2. For wells that can be purged dry, the well shall be evacuated and allowed to recover to 75% full 
capacity prior to sample acquisition. If the recovery rate is fairly rapid, evacuation of more than 
one volume of water is required. 

3. For high-yielding monitoring wells which cannot be evacuated to dryness, there is no absolute 
safeguard against contaminating the sample with stagnant water. One of the following techniques 
shall be used to minimize this possibility: 

A submersible pump or the intake line of a surface pump or bailer shall be placed just below 
the water surface when removing the stagnant water and lowered as the water level drops. 
Three to five volumes of water shall be removed to provide reasonable assurance that all 
stagnant water has been evacuated. Once this is accomplished, a bailer or other approved 
device may be used to collect the sample for analysis. 

The intake line of the sampling pump (or the submersible pump itself) unless otherwise 
directed shall be placed near the center of the screened section, and approximately one 
casing volume of water shall be pumped from the well at a low purge rate, equal to the well's 
recovery rate (low flow sampling). 

Stratification of contaminants may exist in the aquifer. Concentration gradients as a result of mixing and 
dispersion processes, layers of variable permeability, and the presence of separate-phase product (i.e., 
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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. 

5.2 Sampling. Monitorinq. and Evacuation Equipment 

Sample containers shall conform with the guidelines expressed in SOP SA-6.1. 

The following equipment shall be on hand when sampling groundwater wells (reference SOPS SA-6.1 and 
SA-7.1): 

Sample packasinq and shippins 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 salinity or individual meters (as applicable), pH 
paper, camera and film (if appropriate), appropriate keys (for locked wells), water level indicator. 

Pumps 

- Shallow-well pumps: Centrifugal, bladder, suction, or peristaltic pumps with droplines, air-lift 
apparatus (compressor and tubing) where applicable. 

- Deep-well pumps: Submersible pump and electrical power-generating unit, or bladder pumps 
where applicable. 

Other samplinq equipment - Bailers and inert line with tripod-pulley assembly (if necessary). 

Pails - Plastic, graduated. 

Decontamination solutions - Deionized water, potable water, laboratory detergents, 10% nitric acid 
solution (as required), and analytical-grade solvent (e.g., pesticide-grade isopropanol), as required. 

Ideally, sample withdrawal equipment shall be completely inert, economical, easily cleaned, cleaned prior 
to use, reusable, able to operate at remote sites in the absence of power sources, and capable of 
delivering variable.rates for well purging and sample collection. 

5.3 Calculations of Well Volume 

To insure that the proper volume of water has been removed from the well prior to sampling it is first 
necessary to know the volume of standing water in the well pipe. This volume can be easily calculated by 
the following method. Calculations shall be entered in the site logbook or field notebook or on a sample 
log sheet fonn (see SOP SA-6.3): 

Obtain all available information on well construction (location, casing, screens, etc.). 

Determine well or inner casing diameter. 

Measure and record static water level (depth below ground level or top of casing reference point). 

Determine depth of well by sounding using a clean, decontaminated, weighted tape measure. 
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Calculate number of linear feet of static water (total depth or length of well pipe minus the depth to 
static water level). 

Calculate one static well volume in gallons v = (0.163 IT Ir2) 1 

where: V - - Static volume of well in gallons. 
T= Thickness of water table in the well measured in feet (i.e., linear 

feet of static water). 
r - - Inside radius of well casing in inches. 
0.1 63 - - A constant conversion factor which compensates for the 

conversion of the casing radius from inches to feet, the 
conversion of cubic feet to gallons, and pi. 

Per evacuation volumes discussed above, determine the minimum amount to be evacuated before 
sampling. 

5.4 Evacuation of Static Water (Purnina 

5.4.1 General 

The amount of purging a well shall receive prior to sample collection will depend on the intent of the 
monitoring program and the hydrogeologic conditions. Programs to determine overall quality of water 
resources may require long pumping periods to obtain a sample that is representative of a large volume of 
that aquifer. The pumped volume may be specified prior to sampling so that the sample can be a 
composite of a known volume of the aquifer. Alternately the well can be pumped until the parameters 
such as temperature, specific conductance, pH, and turbidity (as applicable), have stabilized. Onsite 
measurements of these parameters shall be recorded in the site logbook, field notebook, or on 
standardized data sheets. 

5.4.2 Evacuation Devices 

The following -discussion is limited to those devices commonly used at hazardous waste sites. 
Attachment A provides guidance on the proper evacuation device to use for given sampling situations. 
Note that all of these techniques involve equipment which is portable and readily available. 

Bailers 

Bailers are the simplest evacuation devices used and have many advantages. They generally consist of a 
length of pipe with a sealed bottom (bucket-type bailer) or, as is more useful and favored, with a ball 
check-valve at the bottom. An inert line is used to lower the bailer and retrieve the sample. 

Advantages of bailers include: 

Few limitations on size and materials used for bailers. 
No external power source needed. 
Bailers are inexpensive, and can be dedicated and hung in a well to reduce the chances of cross- 
contamination. 
Bailers are relatively easy to decontaminate. 

Limitations on the use of bailers include the following: 
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0 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 can be used for well evacuation at a fast pumping 
rate and for sampling at a low pumping rate. The peristaltic pump is a low volume pump that uses rollers 
to squeeze a flexible tubing, thereby creating suction. This tubing can be dedicated to a well to prevent 
cross contamination. 

These pumps are all portable, inexpensive and readily available. However, because they are based on 
suction, their use is restricted to areas with water levels within 20 to 25 feet of the ground surface. A 
significant limitation is that the vacuum created by these pumps can cause significant loss of dissolved 
gases and-volatile organics. 

Air-Lift Samplers 

This group of pump samplers uses gas pressure either in the annulus of the well or in a venturi to force 
the water up a sampling tube. These pumps are also relatively inexpensive. Air (or gas)-lift samplers are 
more suitable for well development than for sampling because the samples may be aerated, leading to pH 
changes and subsequent trace metal precipitation, or loss of volatile organics. 

Submersible Pumps 

Submersible pumps take in water and push the sample up a sample tube to the surface. The power 
sources for these samplers may be compressed gas or electricity. The operation principles vary and the 
displacement of the sample can be by an inflatable bladder, sliding piston, gas bubble, or impeller. Pumps 
are available for 2-inch-diameter wells and larger. These pumps can lift water from considerable depths 
(several hundred feet). 

Limitations of this class of pumps include: 

They may have low delivery rates. 
Many models of these pumps are expensive. 
Compressed gas or electric power is needed. 
Sediment in water may cause clogging of the valves or eroding the impellers with some of these 
pumps. 
Decontamination of internal components can be difficult and time-consuming. 

5.5 Onsite Water Quality Testing 

This section describes the procedures and equipment required to measure the following parameters of an 
aqueous sample in the field: 

pH 
Specific Conductance 
Temperature 
Dissolved Oxygen (DO) 
Oxidation-Reduction Potential (ORP) 
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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 important and frequently used tests in water chemistry. Practically 
every phase of water supply and wastewater treatment such as acid-base neutralization, water softening, 
and corrosion control is pH dependent. Likewise, the pH of leachate can be correlated with other 
chemical analyses to determine the probable source of contamination. It is therefore important that 
reasonably accurate pH measurements be taken. 

Two methods are given for pH measurement: the pH meter and pH indicator paper. The indicator paper 
is used when only a rough estimate of the pH is required, and the pH meter when a more accurate 
measurement is needed. The response of a pH meter can be affected to a slight degree by high levels of 
colloidal or suspended solids, but the effect is usually small and generally of little significance. 
Consequently, specific methods to overcome this interference are not described. The response of pH 
paper is unaffected by solution interferences from color, turbidity, colloidal or suspended materials unless 
extremely high levels capable of coating or masking the paper are encountered. In such cases, use of a 
pH meter is recommended. 

5.5.1.2 Principles of Equipment Operation 

Use of pH papers for pH measurement relies on a chemical reaction caused by the acidity or alkalinity of 
the solution created by the addition of the water sample reacting with the indicator compound on the 
paper. Various types of pH papers are available, including litmus (for general acidity or alkalinity 
determination) and specific pH range hydrion paper. 

Use of a pH meter relies on the same principle as other ion-specific electrodes. Measurement relies on 
establishment of a potential difference across a glass or other type of membrane in response to (in this 
instance, hydrogen) ion concentration across that membrane. The membrane is conductive to ionic 
species and, in combination with a standard or reference electrode, a potential difference proportional to 
the ion concentration is generated and measured. 

5.5.1.3 Equipment 

The following equipment is needed for taking pH measurements: 

Stand-alone portable pH meter, or combination meter (e.g., Horiba U-lo), or combination meters 
equipped with an in-line sample chamber (e.g., YSI 600 series and Horiba U-22). 
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reference electrode can be used if the pH meter is equipped with suitable electrode inputs). 

Buffer solutions, as specified by the manufacturer. 

pH indicator paper, to cover the pH range 2 through 12. 

Manufacturer's operation manual. 

5.5.1.4 Measurement Techniques for Field Determination of WH 

pH Meter 

The following procedure is used for measuring pH with a pH meter (meter standardization is according to 
manufacturer's instructions): 
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Inspect the instrument and batteries prior to initiation of the field effort. 
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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. 

If applicable, make sure all electrolyte solutions within the electrode@) are at their proper levels and 
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 
continues to drift, the sample temperature may not be stable, a physical reaction (e.g., degassing) 
may be taking place in the sample, or the meter or electrode may be malfunctioning. This must be 
clearly noted in the logbook. 

Read and record the pH of the sample. pH shall be recorded to the nearest 0.01 pH unit. Also record 
the sample temperature. 

Rinse the electrode(s) with deionized water. 

Store the electrode(s) in an appropriate manner when not in use. 

Any visual observation of conditions which may interfere with pH measurement, such as oily materials, or 
turbidity, shall be noted. 

pH Paper 

Use of pH paper is very simple and requires no sample preparation, standardization, etc. pH paper is 
available in several ranges, including wide-range (indicating approximately pH 1 to l2), mid-range 
(approximately pH 0 to 6, 6 to 9, 8 to 14) and narrow-range (many available, with ranges as narrow as 
1.5 pH units). The appropriate range of pH paper shall be selected. If the pH is unknown the investigation 
shall start with wide-range paper and proceed with successively narrower range paper until the sample pH 
is adequately determined. 

01 961 1/P Tetra Tech NUS. Inc. 



Subject 
GROUNDWATER SAMPLE 
ACQUISITION AND ONSITE 
WATER QUALITY TESTING 

5.5.2 Measurement of Specific Conductance 

Number 
SA-1-1 

Revision 
5 

5.5.2.1 General 

Page 
9 of 25 

Effective Date 
09/03 

Conductance provides a measure of dissolved ionic species in water and can be used to identify the 
direction and extent of migration of contaminants in groundwater or surface water. It can also be used as 
a measure of subsurface biodegradation or to indicate alternate sources of groundwater contamination. 

Conductivity is a numerical expression of the ability of a water sample to carry an electric current. This 
value depends on the total concentration of the ionized substances dissolved in the water and the 
temperature at which the measurement is made. The mobility of each of the various dissolved ions, their 
valences, and their actual and relative concentrations affect conductivity. 

It is important to obtain a specific conductance measurement soon after taking a sample, since 
temperature changes, precipitation reactions, and absorption of carbon dioxide from the air all affect the 
specific conductance. Most conductivity meters in use today display specific conductance (SC); units of 
millisiemens per centimeter, which is the conductivity normalized to temperature @ 25°C. This format 
(SC) is the required units recorded on the groundwater sample log field form (Attachment B). 

5.5.2.2 Princioles of Eauipment Operation 

An aqueous system containing ions will conduct an electric current. In a direct-current field, the positive 
ions migrate toward the negative electrode, while the negatively charged ions migrate toward the positive 
electrode. Most inorganic acids, bases and salts (such as hydrochloric acid, sodium carbonate, or sodium 
chloride, respectively) are relatively good conductors. Conversely, organic compounds such as sucrose or 
benzene, which do not dissociate in aqueous solution,conduct a current very poorly, if at all. 

A conductance cell and a Wheatstone Bridge (for the measurement of potential difference) may be used 
for measurement of electrical resistance. The ratio of current applied to voltage across the cell may also 
be used as a measure of conductance. The core element of the apparatus is the conductivity cell 
containing the solution of interest. Depending on ionic strength of the aqueous solution to be tested, a 
potential difference is developed across the cell which can be converted directly or indirectly (depending 
on instrument type) to a measurement of specific conductance. 

5.5.2.3 Eauioment 

The following equipment is needed for taking specific conductance (SC) measurements: 

Stand alone portable conductivity meter, or combination meter (e.g., Horiba U-lo), or combination 
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. 

A variety of conductivity meters are available which may also be used to monitor salinity and temperature. 
Probe types and cable lengths vary, so equipment must be obtained to meet the specific requirement of 
the sampling program. 

5.5.2.4 Measurement Techniques for Specific Conductance 

The steps involved in taking specific conductance measurements are listed below (standardization is 
according to manufacturer's instructions): 
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Calibrate on a daily use basis (or as recommended by manufacturer), according to the manufacturer's 
instructions and record all pertinent information on an equipment calibration log sheet. Potassium 
chloride solutions with a SC closest to the values expected in the field shall be used for calibration. 
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Rinse the cell with one or more portions of the sample to be tested or with deionized water. 
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lmmerse the electrode in the sample and measure the conductivity. 
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Read and record the results in a field logbook or sample log sheet. 

Rinse the electrode with deionized water. 

If the specific conductance measurements become erratic, recalibrate the instrument and see the 
manufacturer's instructions for details. 

5.5.3 Measurement of Temperature 

5.5.3.1 General 

In combination with other parameters, temperature can be a useful indicator of the likelihood of, biological 
action in a water sample. It can also be used to trace the flow direction of contaminated groundwater. 
Temperature measurements shall be taken in-situ, or as quickly as possible in the field. Collected water 
samples may rapidly equilibrate with the temperature of their surroundings. 

5.5.3.2 Equipment 

Temperature measurements may be taken with alcohol-toluene, mercury filled, dial-type thermometers or 
combination meters equipped with an in-line sample chamber (e.g., YSI 600 series and Horiba U-22).. In 
addition, various meters such as specific conductance or dissolved oxygen meters, which have 
temperature measurement capabilities, may also be used. Using such instrumentation along with suitable 
probes and cables, in-situ measurements of temperature at great depths can be performed. 

5.5.3.3 Measurement Techniques for Water Temperature 

if a thermometer is used to determine the temperature for a water sample: 

lmmerse the thermometer in the sample until temperature equilibrium is obtained (1-3 minutes). To 
avoid the possibility of cross-contamination, the thermometer shall not be inserted into samples which 
will undergo subsequent chemical analysis. 

Record values in a field logbook or sample log sheet. 

If a temperature meter or probe is used, the instrument shall be calibrated according to manufacturer's 
recommendations. 
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5.5.4.1 General 

Dissolved oxygen (DO) levels in natural water and wastewater depend on the physical, chemical and 
biochemical activities in the water body. Conversely, the growth of many aquatic organisms as well as the 
rate of corrosivity, are dependent on the dissolved oxygen concentration. Thus, analysis for dissolved 
oxygen is a key test in water pollution and waste treatment process control. If at all possible, DO 
measurements shall be taken in-situ, since concentration may show a large change in a short time if the 
sample is not adequately preserved. 

The monitoring method discussed herein is limited to the use of dissolved oxygen meters only. Chemical 
methods of analysis (i.e., Winkler methods) are available, but require more equipment and greater sample 
manipulation. Furthermore, DO meters, using a membrane electrode, are suitable for highly polluted 
waters, because the probe is completely submersible, and is not susceptible to interference caused by 
color, turbidity, colloidal material or suspended matter. 

5.5.4.2 Principles of Equipment O~eration 

Dissolved oxygen probes are normally electrochemical cells that have two solid metal electrodes of 
different nobilrty immersed in an electrolyte. The electrolyte is retained by an oxygen-permeable 
membrane. The metal of highest nobility (the cathode) is positioned at the membrane. When a suitable 
potential exists between the two metals, reduction of oxygen to hydroxide ion (OH-) occurs at the cathode 
surface. An electrical current is developed that is directly proportional to the rate of arrival of oxygen 
molecules at the cathode. 

Since the current produced in the probe is directly proportional to the rate of arrival of oxygen at the 
cathode, it is important that a fresh supply of sample always be in contact with the membrane. Otherwise, 
the oxygen in the aqueous layer along the membrane is quickly depleted and false low readings are 
obtained. . It is therefore necessary to stir the sample (or the probe) constantly to maintain fresh solution 
near the membrane interface. Stirring, however, shall not be so vigorous that additional oxygen is 
introduced through the air-water interface at the sample surface. To avoid this possibility, some probes 
are equipped with stirrers to agitate the solution near the probe, while leaving the surface of the solution 
undisturbed. 

Dissolved oxygen probes are relatively unaffected by interferences. Interferences that can occur are 
reactions with oxidizing gases (such as chlorine) or with gases such as hydrogen sulfide, which are not 
easily depolarized from the indicating electrode. If a gaseous interference is suspected, it shall be noted 
in the field log book and checked if possible. Temperature variations can also cause interference 
because probes exhibit temperature sensitivity. Automatic temperature compensation is normally 
provided by the manufacturer. 

5.5.4.3 Equipment 

The following equipment is needed to measure dissolved oxygen concentration: 

Stand alone portable dissolved oxygen meter, or combination meter (e.g., Horiba U-lo), or 
combination meters equipped with an in-line sample chamber (e.g., YSI 600 series and Horiba U-22). 
Sufficient cable to allow the'probe to contact the sample. 
Manufacturer's operation manual. 
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5.5.4.4 Measurement Techniques for Dissolved Oxyaen Determination 

Probes differ as to specifics of use. Follow the manufacturer's instructions to obtain an accurate reading. 
The following general steps shall be'used to measure the dissolved oxygen concentration: 
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The equipment shall be calibrated and have its batteries checked before going to the field. 

The probe shall be conditioned in a water sample for as long a period as practical before use in the 
field. Long periods of dry storage followed by short periods of use in the field may result in inaccurate 
readings. 

The instrument shall be calibrated in the field according to manufacturer's recommendations or in a 
freshly air-saturated water sample of known temperature. 

Record all pertinent information on an equipment calibration sheet. 

Rinse the probe with deionized water. 

Immerse the probe in the sample. Be sure to provide for sufficient flow past the membrane by stirring 
the sample. Probes without stirrers placed in wells can be moved up and down. 

Record the dissolved oxygen content and temperature of the sample in a field logbook or sample log 
sheet. 

Rinse the probe with deionized water. 

Recalibrate the probe when the membrane is replaced, or as needed. Follow the manufacturer's 
instructions. 
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Note that in-situ placement of the probe is preferable, since sample handling is not involved. This 
however, may not always be practical. 

Special care shall be taken during sample collection to avoid turbulence which can lead to increased 
oxygen solubilization and positive test interferences. 

5.5.5 Measurement of Oxidation-Reduction Potential 

5.5.5.1 General 

The oxidation-reduction potential (ORP) provides a measure of the tendency of organic or inorganic 
compounds to exist in an oxidized state. The ORP parameter therefore provides evidence of the 
likelihood of anaerobic degradation of biodegradable organics or the ratio of activities of oxidized to 
reduced species in the sample. 

5.5.5.2 Principles of Equipment Operation 

When an inert metal electrode, such as platinum, is immersed in a solution, a potential is developed at 
that electrode depending on the ions present in the solution. If a reference electrode is placed in the same 
solution, an ORP electrode pair is established. This electrode pair allows the potential difference between 
the two electrodes to be measured and is dependent on the concentration of the ions in solution. By this 
measurement, the ability to oxidize or reduce species in solution may be determined. Supplemental 
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measurements, such as dissolved oxygen, may be correlated with ORP to provide a knowledge of the 
quality of the solution, water, or wastewater. 

The following equipment is needed for measuring the oxidation-reduction potential of a solution: 

Combination meters with an in-line sample chamber (e.g., YSI 600 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 measuring oxidation-reduction potential: 

The equipment shall be 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 the probe does not respond properly to the recommended reference solution, then verify the 
sensitivity of the electrodes by noting the change in millivolt reading when the pH of a test solution is 
altered. The ORP will increase when the pH of a test solution decreases, and the ORP will decrease 
if the test solution pH is increased. Place the sample in a clean container and agitate the sample. 
Insert the electrodes and note the ORP drops sharply when the caustic is added (i.e., pH is raised) 
thus indicating the electrodes are sensitive and operating properly. If the ORP increases sharply 
when the caustic is added, the polarity is reversed and must be corrected in accordance with the 
manufacturer's instructions or the probe should be replaced. 

Record all pertinent information on an equipment calibration log sheet. 

5.5.6 Measurement of Turbidity 

5.5.6.1 General 

Turbidity is an expression of the optical property that causes light to be scattered and absorbed rather 
than transmitted in a straight line through the sample. Turbidity in water is caused by suspended matter, 
such as clay, silt, finely divided organic and inorganic matter, soluble colored organic compounds, and 
microscopic organisms, including plankton. 

It is important to obtain a turbidity reading immediately after taking a sample, since irreversible changes in 
turbidity may occur if the sample is stored too long. 

5.5.6.2 Principles of EfWi~ment Operation 

Turbidity is measured by the Nephelometric Method. This method is based on a comparison of the 
intensity of light scattered by the sample under defined conditions with the intensity of light scattered by a 
standard reference suspension under the same conditions. The higher the scattered light intensity, the 
higher the turbidity. 

Formazin polymer is used as the reference turbidity standard suspension because of its ease of 
preparation combined with a higher reproducibility of its light-scattering properties than clay or turbid 
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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 candle turbidmeter. Therefore, nephelometric turbidity units (NTU) based on the 
formazin preparation will approximate units derived from the candle turbidimeter but will not be identical to 
them. 

5.5.6.3 Equiwment 

The following equipment is needed for turbidity measurement: 

Light meter (e.g., LaMotte 2020) which calibrates easily using test cells with standards of 0.0 NTUs, 
and 10 NTUs, or combination meter (e.g., Horiba U-lo), or combination meter 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. 

5.5.6.4 Measurement Techniques for Turbidity 

The steps involved in taking turbidity measurements utilizing an electrode (e) or light meter (I) are listed 
below (standardization is according to manufacturer's instructions): 

Check batteries and calibrate instrument before going into the field. 

Check the expiration date (etc.) of the solutions used for field calibration. 

Calibrate on a daily use basis, according to the manufacturer's instructions and record all pertinent 
information on an equipment calibration log sheet. 

Rinse the electrode with one or more portions of the sample to be tested or with deionized water 
(applies to "e"). 

Fill the light meters glass test cell with -5 ml of sample, screw on cap, wipe off glass, place test cell in 
light meter and close the lid (applies to "I"). 

Immerse the electrode in the sample and measure the turbidity (applies to "e"). 

The reading must be taken immediately as suspended solids will settle over time resulting in a lower, 
inaccurate turbidity reading. 

Read and record the results in a field logbook or sample log sheet. Include a physical description of 
the sample, including color, qualitative estimate of turbidity, etc. 

Rinse the electrode or test cell with deionized water. 

5.5.7 Measurement of Salinity 

5.5.7.1 General 

Salinity is a unitless property of industrial and natural waters. It is the measurement of dissolved salts in a 
given mass of solution. Note: Most field meters determined salinity automatically from conductivity and 
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temperature. The displayed value will be displayed in either parts per thousand (ppt) or % (e.g., 35 ppt will 
equal 3.5%). 

5.5.7.2 Principles of Equipment O~eration 

Salinity is determined automatically from the meter's conductivity and temperature readings according to 
algorithms (found in Standard methods for the Examination of Water and Wastewater). Depending on the 
meter, the results are displayed in either ppt or %. The salinity measurements are carried out in reference 
to the conductivity of standard seawater (corrected to S = 35). 

The following equipment is needed for Salinity measurements: 

Multi-parameter water quality meter capable of measuring conductive, temperature and converting 
them to salinity (e.g., Horiba U-10 or YSI 600 series). 
Calibration Solution, as specified by the manufacturer. 
Manufacturer's operation manual. 

5.5.7.4 Measurement Techni~ues for Salinity 

The steps involved in faking Salinity measurements are listed below (standardization is according to 
manufacturer's instructions): 

Check batteries and calibrate before going into the field. 

Check the expiration date (etc.) of the solutions used for field calibration. 

Calibrate on a daily use basis, according to the manufacturer's instructions and record all pertinent 
information on an equipment calibration log sheet. 

Rinse the cell with the sample to be tested. 

Immerse the multi-probe in the sample and measure the salinity. Read and record the results in a 
field logbook or sample log sheet. 

Rinse the probes with deionized water. 

5.6 Sampling 

5.6.1 Sampling Plan 

The sampling approach consisting of the following, shall be developed as part of the project plan 
documents which are approved prior to beginning work in the field: 

Background and objectives of sampling. 

Brief description of area and waste characterization. 

Identification of sampling locations, with map or sketch, and applicable well construction data (well 
size, depth, screened interval, reference elevation). 
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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. Where some wells are known or strongly suspected of being highly contaminated, 
these shall be sampled last to reduce the risk of cross-contamination between wells as a result of the 
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sampling procedures. 

Sample preservation requirements. 

Work schedule. 

List of team members. 

List of observers and contacts. 
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samples, access problems, location of keys, etc. 
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5.6.2 Sampling Methods 
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The collection of a groundwater sample consists of the following steps: 

The site Health & Safety Officer (or designee) will first open the well cap and use volatile organic 
detection equipment (PID or FID) on the escaping gases at the well head to determine the need 
for respiratory protection. 

When proper respiratory protection has been donned, sound the well for total depth and water 
level (using clean equipment) and record these data on a groundwater sampling log sheet (see 
Attachment B); then calculate the fluid volume in the well pipe (as previously described in this 
SOP). 

Calculate well volume to be removed as stated in Section 5.3. 

Select the appropriate purging equipment (see Attachment A). If an electric submersible pump 
with packer is chosen, go to Step 10. 

Lower the purging equipment or intake into the well to a short distance below the water level and 
begin water removal. Collect the purged water and dispose of it in an acceptable manner (as 
applicable). Lower the purging device, as required, to maintain submergence. 

Measure the rate of discharge frequently. A graduated bucket or cylinder and stopwatch are most 
commonly used. 

Observe the peristaltic pump intake for degassing "bubbles." If bubbles are abundant and the 
intake is fully submerged, this pump is not suitable for collecting samples for volatile organics. 

Purge a minimum of three to five casing volumes before sampling. In low-permeability strata 
(i.e., if the well is pumped to dryness), one volume will suffice. Purged water shall be collected in 
a designated container and disposed in an acceptable manner. 

If sampling using a pump, lower the pump intake to midscreen (or the middle of the open section 
in uncased wells) and collect the sample. If sampling with a bailer, lower the bailer to just below 
the water surface. 
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(For pump and packer assembly only). Lower the assembly into the well so that the packer is 
positioned just above the screen or open section. Inflate the packer. Purge a volume equal to at 
least twice the screened interval (or unscreened open section volume below the packer) before 
sampling. Packers shall always be tested in a casing section above ground to determine proper 
inflation pressures for good sealing. 

GROUNDWATER SAMPLE 
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In the event that recovery time of the well is very slow (e.g., 24 hours or greater), sample 
collection can be delayed until the following day. If the well has been purged early in the morning,' 
sufficient water may be standing in the well by the day's end to permit sample collection. If the 
well is incapable of producing a sufficient volume of sample at any time, take the largest quantity 
available and record this occurrence in the site logbook. 

Fill sample containers (preserve and label as described in SOP SA-6.1). 
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Replace the well cap and lock as appropriate. Make sure the well is readily identifiable as the 
source of the samples. 
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Process sample containers as described in SOP SA-6.1. 

Decontaminate equipment as described in SOP SA-7.1. 

Low Flow Purginq and Sampling 

Scope & Application 

Low flow purging and sampling techniques are sometimes required for groundwater sampling activities. 
The purpose of low flow purging and sampling is to collect groundwater samples that contain 
"representative" amounts of mobile organic and inorganic constituents in the vicinity of the selected open 
well interval, at or near natural flow conditions. The minimum stress procedure emphasizes negligible 
water level drawdown and low pumping rates in order to collect samples with minimal alterations in water 
chemistry. This procedure is designed primarily to be used in wells with a casing diameter of 1 inch or 
more and a saturated screen, or open interval, length of ten feet or less. Samples obtained are suitable 
for analyses of common types of groundwater contaminants (volatile and semi-volatile organic 
compounds, pesticides, PCBs, metals and other inorganic ions [cyanide, chloride, sulfate, etc.]). This 
procedure is not designed to collect non-aqueous phase liquids samples from wells containing light or 
dense non-aqueous phase liquids (LNAPLs or DNAPLs), using the low flow pumps. 

The procedure is flexible for various well construction types and groundwater yields. The goal of the 
procedure is to obtain a turbidity level of less than 10 NTU and to achieve a water level drawdown of less 
than 0.3 feet during purging and sampling. If these goals cannot be achieved, sample collection can take 
place provided the remaining criteria in this procedure are met. 

5.7.2 Equipment 

The following equipment is required (as applicable) for low flow purging and sampling: 

Adjustable rate, submersible pump (e.g., centrifugal or bladder pump constructed of stainless steel or 
Teflon). 

Disposable clear plastic bottom filling bailers may be used to check for and obtain samples of LNAPLs 
or DNAPLs. 
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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 recommended. Optional Indicators - ORP, salinity, and dissolved oxygen, 
flow-through cell is required. Standards to perform field calibration of instruments. 

Decontamination supplies. 

Logbook@), and other forms (see Attachments B and C). 

Sample Bottles. 

Sample preservation supplies (as required by the analytical methods). 

Sample tags and/or labels. 

Well construction data, location map, field data from last sampling event (if available). 

Field Sampling Plan. 

PID or FID instrument for measuring VOCs (volatile organic compounds). 

5.7.3 Purging and Sampling Procedure 

Open monitoring well, measure head space gases using PIDFID. 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. 

Measure 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 
screen length of the well. If possible keep the pump intake at least two feet above the bottom of the well, 
to minimize mobilization of sediment that may be present in the bottom of the well. Collection of turbidity- 
free water samples may be difficult if there is three feet or less of standing water in the well. 

Start with the initial pump rate set at approximately 0.1 liters/minute. Use a graduated cylinder and 
stopwatch to measure the pumping rate. Adjust pumping rates as necessary to prevent drawdown from 
exceeding 0.3 feet during purging. If no drawdown is noted, the pump rate may be increased (to a rnax of 
0.4 literslminute) to expedite the purging and sampling event. The pump rate will be reduced if turbidity is 
greater than 10 NTUs after all other field parameters have stabilized. If groundwater is drawn down below 
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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. 
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Measure the well water level using the water 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. If the cell needs to be cleaned during purging operations, continue pumping (allow the pump to 
discharge into a container) and disconnect the cell. Rinse the cell with distilledldeionized water. After 
cleaning is completed, reconnect the flow-through cell and continue purging. Document the cell cleaning 

1 on the Low-Flow Purge Data Form. 
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Measure the flow rate using. a graduated cylinder. Remeasure the flow rate any time the pump rate is 
adjusted. 
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During purging, check for the presence of bubbles in the flow-through cell. The presence of bubbles is an 
indication that connections are not tight. If bubbles are observed, check for loose connections. 

After stabilization is achieved, sampling can begin when a minimum of two saturated screen volumes 
have been removed and three consecutive readings, taken at 5 to 10 minute intervals, are within the 
following limits: 

pH *0.2 standard units 
0 specific conductance *lo% 

Temperature *lo% 
Turbidity less than 10 NTUs 
Dissolved oxygen *lo% 

If the above conditions 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 stabilization parameters from the 
Low-Flow Purge Data Form onto the Groundwater Sample Log Form. 

VOC samples are preferably collected first, directly into pre-preserved sample containers. Fill all sample 
containers by allowing the pump discharge to flow gently down the inside of the container with minimal 
turbulence. 

If the water column in the pump tubing collapses (water does not completely fill the tubing) before exiting 
the tubing, use one of the following procedures to collect VOC samples: (1) Collect the non-VOCs 
samples first, then increase the flow rate incrementally until the water column completely fills the tubing, 
collect the sample and record the new flow rate; (2) reduce the diameter of the existing tubing until the 
water column fills the tubing either by adding a connector (Teflon or stainless steel), or clamp which 
should reduce the flow rate by constricting the end of the tubing; (3) insert a narrow diameter Teflon tube 
into the pump's tubing so that the end of the tubing is in the water column and the other end of the tubing 
protrudes beyond the pump's tubing, collect sample from the narrow diameter tubing. 

Prepare samples for shipping as per SOP SA-6.1. 
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ATTACHMENT A 

PURGING EQUIPMENT SELECTION 

Diameter Casing Bailer 

~ 2 5  feet 

>25 feet 

Peristaltic Vacuum Diaphragm 
"Trash" 
Pump 

Submersible Submersible Submersible 
Diaphragm Electric Pump Electric Pump 

w/Packer 

I I I I 1 I I I I 

4-Inch 1 Water level 1 X I x l x l x l  x x I x I x I 
Q5 feet 

Water Level X X X X x 
>25 feet 

Water level X X X X 
~ 2 5  feet 

Water Level X x X 
>25 feet 

Water level X x x x 
I 4 5  feet 

Water Level x X x 
>25 feet 
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ATTACHMENT A 
PURGING EQUIPMENT SELECTION 

Comments 

Requires compressed gas; Custom SkeS and 
materials available; acts as piezometer. 

ACIDC; variable speed control available: 
other models may have dierent flow rates. 

AC, DC, or gasolinedriven motors availabk 
must be primed. 

Other sizes available. 

Acts as pierometer; requires compressed 
gas. 

Requires compressed gas; other models 
available: AC, DC, manual operation 
possible. 
Requires vacuum and/or pressure from hand 
Pump. 

Requires compressed gas (40 psi minimum). 

DC operated. 

Requires wmpressed gas (55psi minlmurn); 
pneumatic or ACmC control module. 

Other materials and models available: for 
measuring thickness of "Roating" 
contaminants 
Requires compressed gas; piezmetric level 
indicator; other materials available. 

1982 
Price 

(Dollars) 

$220-350 

$500-600 

$400-700 

$120-135 

$185 

$1,500- 
3,000 

$1,100 

$990 

$3,500 

$1,400- 
1,500 

$125-160 

$300-400 

Lift 
Range 

(fi) 

0-150 
with std. 
tublng 
0-30 

0-100 

No limit 

Probably 
0-150 

0-250 

No limit 

0-150 

0-160 

WOO 

No limit 

0-230 

Construction 
Materials (wkines 

and Tubing) 

PE, brass, nylon, 
aluminum oxide 

(notsubmersible) 
TygorF, silicone 
Viton@ 
PP, PE, PVC, SS, 
Teflon@, TelzeF 

Teflon@ 

PE, PP, PVC, 
VitoW 

SS, TefloW, Vita* 

SS. Teflon@ 

PC, silicone, 
Teflon@, PP, PE, 
Detrl*, acetal 
SS, Teflo*, PP, 
EPDM, VitorP 

SS, TeflorP, PC. 
Neoprene@ 

acrylic, DetrirP 

PVC 

DelivetyRates 
or Volumes 

1 liter for each 
10-15 feet of 
submergence 
670 mUmin 
with 7015- 
20 pump head 
0-500 mumin 
depending on 
l iff 
1,075 mL 

Approximately 
I liter for each 
10 feet of 
submergence 
0-2,800 mumin 

850 mL 
sample volume 

0-7,500 mUmln 

04,500 mUmin 

0-3,500 mUmin 

Approximately 
250 mL 

0-2,000 mumin 
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Manufacturer 

BarCad Systems, 
Inc. 

Cole-Parmer Inst. 
Co. 

ECO Pump Corp. 

Geltek Corp. 

GeoEnglneering, 
Inc. 

industrial and 
Environmental 
Analysts, Inc. (IEA) 
I EA 

Instrument 
Specialties Co. 
(ISCO) 
Keck Geophysical 
instruments, Inc. 

Leonard Mold and 
Die Works, Inc. 

Oil Recovery 
Systems, Inc. 

Q.E.D. 
Environmental 
Systems, Inc. 

Principle of 
Operation 

Dedicated; gas 
drive (positive 
displacement) 
Portable; 
peristaltic 
(suction) 
Portable; venturi 

Portable; grab 
(positive 
displacement) 
Dedicated; gas 
drive (positive 
displacement) 

Portable; bladder 
(positive 
displacement) 
Portable; grab 
(positive 
displacement) 
Portable; bladder 
(posltlve 
displacement) 
Portable; helical 
rotor (positive 
displacement) 
Portable; bladder 
(positive 
displacement) 
Portable; grab 
(positive 
displacement) 
Dedicated; 
bladder (positive 
displacement) 

Model 
NameINumber 

BarCad Sampler 

Master Flex 7570 
Portable Sampllng 
Pump 
SAMPLlfler 

Bailer 2 19-4 

GEO-MONITOR 

Aquarlus 

Syringe Sampler 

Model 2600 
Well Sampler 

SP-81 
Submersible 
Sampling Pump 
GeoFllter. Small 
Diameter Well 
Pump (#0500) 
Surface Sampler 

Well Wizard@ 
Monitoring System 
(P-100) 

' Maxlmurn 
Outslde 

DlameterlL 
ength 

(Inches) 
1.5116 

<I.OINA 

<I .5 or 
<2.O/NA 

1.66138 

1.5116 

1-75/43 

1.75143 

1.75150 

1.75125 

1.75138 

1.75Il2 

1,66136 
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Construction Material Abbreviations: Other Abbreviations: 

PE Polyethylene 
PP Polypropylene 
PVC Polyvinyl chloride 
SS Stainless steel 
PC Polycarbonate 
EPDM Ethylene-propylene diene (synthetic rubber) 

Comments 

Flow rate dependent on motor and 
tubing selected; AC operated; other 
models available. 
Requires compressed gas; water level 
mdicator and flow meter; custom 
models avallable. 
Requires compressed gas; SS 
available; piezometer model available; 
dedicated model available. 
Requires campressed gas: custom 
models available. 

Other sires, materials, models 
available; optional bottomemptying 
device available; no solvents used. 
Requires compressed gas; other 
sizes, materials, models available; no 
solvents used. 
Compressed gas required; DC  control^ 
module; custom built. 

NA Not applicable 
AC Alternating current 
DC Direct current 

1982 
Price 

(Dollars) 

$1,200- 
1,300 

$2.600- 
2,700 

$250-350 

$1,300- 
1.800 

$20-60 

$100-200 

$800- 
1,000 

NOTE: Other manufacturers market pumping devices which could be used for groundwater sampling, though not expressiy designed for this purpose. The list is.not meant to be 
all-inclusive and listing does not constitute endorsement for use. - Information in the table is from sales literature andlor personal communication. No skimmer, 
scavenger-type, or high-capacity pumps are included. 

Delivery Rates or 
Volumes 

See comments 

0-1,800 mumin 

250 mWlushing 
cycle 

500 mL 

250 mUft of 
bailer 

350 mmushing 
cycle 

04,000 mumin 

Source: Barcelona et al., 1983. 

L i  Range 
(it) 

030 

0-500 

0-1,100 

0-330 

No h i t  

0-150 

0-1 25 

Construction Materials 
(wlLines and Tubing) 

(Not submersible) 
Rubber, TygonQ, or 
Neoprene 
SS, TeflotP, Delrino PP, 
Vitop, acrylic, PE 

PVC, nylon 

PVC, brass, nylon, 
Neoprene 

PVC, PP 

PVC, TygoP.TeRon@ 

SS, silicone, DelrirP, 
T Y W ~  

Maximum 
Outside 

DlameterIL 
ength 

(Inches) 
<0.5/NA 

1.8122 

1.9118 

1.9127 

1.661Custo 
rn 

1.66130 

I .38/48 

Manufacturer 

Randolph Austin 
Co. 

Robert Bennett 
Co. 

Slope Indicator 
Co. (SINCO) 

Solinst Canada 
Ltd. 

TlMCO Mfg. Co., 
Inc. 

TlMCO 

Tole Devlces Co. 

Model 
NamdNumber 

Model 500 
Van-Flow Pump 

Model Id0 

Model 514124 
Pneumatic 
Water Sampler 
5W Water 
Sampler 

Std. Bailer 

Air or Gas L i  
Sampler 

Sampling Pump 

Principle of 
Operation 

Portable; peristaltic 
(suction) 

Portable; piston 
(positive 
displacement) 
Portable: gas drive 
(positive 
displacement) 
Portable; grab 
(positive 
displacement) 
Portable; grab 
(posltlve 
displacement) 
Portable: gas drive 
(positive 
displacement) 
Portable: bladder 
(positive 
displacement) 
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1 .O PURPOSE 

Subject 
NON-RADIOLOGICAL SAMPLE 
HANDLING 

The purpose of this Standard Operating Procedure (SOP) is to provide information on sample 
preservation, packaging, and shipping procedures to be used in handling environmental samples 
submitted for chemical constituent, biological, or geotechnical analysis. Sample chain-of-custody 
procedures and other aspects of field documentation are addressed in SOP SA-6.3. Sample identification 
is addressed in SOP CT-04. 

2.0 SCOPE 

Number 
SA-6.1 

Revision 
3 

This procedure describes the appropriate containers to be used for samples depending on the analyses to 
be performed, and the steps necessary to preserve the samples when shipped off site for chemical 
analysis. 

Page 
20f 11 

Effective Date 
02/04 

3.0 GLOSSARY 

Hazardous Material - A substance or material which has been determined by the Secretary of 
Transportation to be capable of posing an unreasonable risk to health, safety, and property when 
transported in commerce, and which has been so designated. Under 49 CFR, the term includes 
hazardous substances, hazardous wastes, marine pollutants, and elevated temperature materials, as well 
as materials designated as hazardous under the provisions of §172.101 and $172.102 and materials that 
meet the defining criteria for hazard classes and divisions in Part 173. With slight modifications, IATA has 
adopted DOT "hazardous materials" as IATA "Dangerous Goods." 

Hazardous Waste - Any substance listed in 40CFR, SubpartD (y261.30et seq.), or otherwise 
characterized as ignitable, corrosive, reactive, or toxic (as defined by Toxicity Characteristic Leaching 
Procedure, TCLP, analysis) as specified under 40 CFR, Subpart C (961.20 et seq.), that would be 
subject to manifest requirements specified in 40 CFR 262. Such substances are defined and regulated by 
EPA. 

Marking - A descriptive name, identification number, instructions, cautions, weight, specification or UN 
marks, or combination thereof required on outer packaging of hazardous materials. 

n.0.i - Not otherwise indicated (may be used interchangeably with n.0.s.). - 
n.o.s. - Not otherwise specified. 

Packaqing - A receptacle and any other components or materials necessary for compliance with the 
minimum packaging requirements of 49 CFR 174, including containers (other than freight containers or 
overpacks), portable tanks, cargo tanks, tank cars, and multi-unit tank-car tanks to perform a containment 
function in conformance with the minimum packaging requirements of 49 CFR 173.24(a) & (b). 

Placard - Color-coded, pictorial sign which depicts the hazard class symbol and name and which is placed 
on the side of a vehicle transporting certain hazardous materials. 

Common ~reservatives: 

Hydrochloric Acid - HCI 
.* Sulfuric Acid - H2SO4 

Nitric Acid - HNOB 
Sodium Hydroxide - NaOH 
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Other Preservatives 

Zinc Acetate 
Sodium Thiosulfate - Na2S203 

Normalitv (N) - Concentration of a solution expressed as equivalent per liter, an equivalent being the 
amount of a substance containing 1 gram-atom of replaceable hydrogen or its equivalent. 

Reuortable Quantity (RQ) - For the purposes of this SOP, means the quantity specified in column 3 of the 
Appendix to DOT 49 CFR §172.101 for any material identified in column 1 of the appendix. A spill greater 
than the amount specified must be reported to the National Response Center. 

Sam~le - A sample is physical evidence collected from a facility or the environment, which is 
representative of conditions at the location and time of collection. 

4.0 RESPONSIBILITIES 

Field Ooerations Leader - Directly responsible for the bottling, preservation, labeling, packaging, shipping, 
and custody of samples up to and including release to the shipper. 

Field Samplers - Responsible for initiating the Chain-of-Custody Record (per SOP SA-6.3), implementing 
the packaging and shipping requirements, and maintaining custody of samples until they are relinquished 
to another custodian or to the shipper. 

5.0 PROCEDURES 

Sample identification, labeling, documentation, and chain-of-custody are addressed by SOP SA-6.3. 

5.1 Sample Containers 

Different types of chemicals react differently with sample containers made of various materials. For 
example, trace metals adsorb more strongly to glass than to plastic, whereas many organic chemicals 
may dissolve various types of plastic containers. Attachments A and B show proper containers (as well as 
other information) per 40 CFR 136. In general, the sample container shall allow approximately 
5-10 percent air space ("ullage") to allow for expansion/vaporization if the sample warms during transport. 
However, for collection of volatile organic compounds, head space shall be omitted. The analytical 
laboratory will generally provide certified-clean containers for samples to be analyzed for chemical 
constituents. Shelby tubes or other sample containers are generally provided by the driller for samples 
requiring geotechnical analysis. Sufficient lead time shall be allowed for a delivery of sample container 
orders. Therefore, it is critical to use the correct container to maintain the integrity of the sample prior to 
analysis. 

Once opened, the container must be used at once for storage of a paiticular sample. Unused but opened 
containers are to be considered contaminated and must be discarded. Because of the potential for 
introduction of contamination, they cannot be reclosed and saved for later use. Likewise, any unused 
containers which appear contaminated upon receipt, or which are found to have loose caps or a missing 
Teflon liner (if required for the container), shall be discarded. 

5.2 Sample Preservation 

Many water and soil samples are unstable and therefore require preservation to prevent changes in either 
the concentration or the physical condition of the constituent(s) requiring analysis. Although complete and 
irreversible preservation of samples is not possible, preservation does retard the chemical and biological 
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changes that inevitably take place after the sample is collected. Preservation techniques are usually 
limited to pH control, chemical addition(s), and refrigeration1 freezing (certain biological samples only). 

Subject 
NON-RADIOLOGICAL SAMPLE 
HANDLING 

5.2.1 Overview 

The preservation techniques to be used for various analytes are listed in Attachments A and B. Reagents 
required for sample preservation will either be added to the sample containers by the laboratory prior to 
their shipment to the field or be added in the field (in a clean environment). Only high purity reagents shall 
be used for preservation. In general, aqueous samples of low-concentration organics (or soil samples of 
low- or medium-concentration organics) are cooled to 4°C. Medium-concentration aqueous samples, 
high-hazard organic samples, and some gas samples are typically not preserved. Low-concentration 
aqueous samples for metals are acidified with HN03, whereas medium-concentration and high-hazard 
aqueous metal samples are not preserved. Low- or medium-concentration soil samples for metals are 
cooled to 4"C, whereas high-hazard samples are not cooled. 

Number 
SA-6.1 

Revision 
3 

The following subsections describe the procedures for preparing and adding chemical preservatives. 
Attachments A and B indicate the specific analytes which require these preservatives. 

Page 
40f 11 

Effective Date 
02/04 

The FOL is responsible for ensuring that an accurate Chemical lnventory is created and maintained for all 
hazardous chemicals brought to the work site (see Section 5 of the TtNUS Health and Safety Guidance 
Manual). Furthermore, the FOL must ensure that a corresponding  ater rial Safety Data Sheet (MSDS) is 
collected for every substance entered on the site Chemical Inventory, and that all persons usinglhandlingl 
disposing of these substances review the appropriate MSDS for substances they will work with. The 
Chemical Inventory and the MSDSs must be maintained at each work site in a location and manner where 
they are readily-accessible to all personnel. 

5.2.2 Preparation and Addition of Reagents 

Addition of the following acids or bases may be specified for sample preservation; these reagents shall be 
analytical reagent (AR) grade or purer and shall be diluted to the required concentration with deionized 
water before field sampling commences. To avoid uncontrolled reactions, be sure to Add Acid to water 
(not vice versa). A dilutions guide is provided below. 

Dilution 

Nitric Acid (HN03) I Undiluted concentrated HN03 

Hydrochloric ~ c i d  (HCI) 

Sulfuric Acid (H2SO4) 

Sodium Hydroxide 400 grams solid NaOH dissolved in 
(NaOH) 870 mL double-distilled, deionized 

1 part concentrated HCI: 1 part 
double-distilled, deionized water 

1 part concentrated H2SO4: 1 part 
double-distilled, deionized water 

I water; yields 1 liter of solution 

Concentration Estimated 
Amount 

Required for 
Preservation 

The amounts required for preservation shown in the above table assumes proper preparation of the 
preservative and addition of the preservative to one liter of aqueous sample. This assumes that the 
sample is initially at pH 7, is poorly buffered, and does not contain particulate matter; as these conditions 
vary, more preservative may be required. Consequently, the final sample pH must be checked using 
narrow-range pH paper, as described in the generalized procedure detailed below: 
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Pour off 5-10 mL of sample into a dedicated, clean container. Use some of this sample to check the 
initial sample pH using wide range (0-14) pH paper. Never dip the pH paper into the sample; always 
apply a drop of sample to the pH paper using a clean stirring rod or pipette. 

Add about one-half of the estimated preservative required to the original sample bottle. Cap and 
invert gently several times to mix. Check pH (as described above) using medium range pH paper (pH 
0-6 or pH 7.5-1 4, as applicable). 

Cap sample bottle and seal securely. 

~ddi iona l  considerations are discussed below: 

To test if ascorbic acid must be used to remove oxidizing agents present in the sample before it can 
be properly preserved, place a drop of sample on KI-starch paper. A blue color indicates the need for 
ascorbic acid addition. 

If required, add a few crystals of ascorbic acid to the sample and retest with the KI-starch paper. 
Repeat until a drop of sample produces no color on the KI-starch paper. Then add an additional 
0.6 grams of ascorbic acid per each liter of sample volume. 

Continue with proper base preservation of the sample as described above. 

Samples for sulfide analysis must be treated by the addition of 4 drops (0.2 mL) of 2N zinc acetate 
solution per 100 ml of sample. 

The 2N zinc acetate solution is made by dissolving 220 grams of zinc acetate in 870 mL of double- 
distilled, deionized water to make 1 liter of s~lution. 

The sample pH is then raised to 9 using the NaOH preservative. 

Sodium thiosulfate must be added to remove residual chlorine from a sample. To test the sample for 
residual chlorine use a field test kit specially made for this purpose. 

If residual chlorine is present, add 0.08 grams of sodium thiosulfate per liter of sample to remove the 
residual chlorine. 

Continue with proper acidification of the sample as described above. 

For biological samples, 10% buffered forrnalin or isopropanol may also be required for preservation. 
Questions regarding preservation requirements should be resolved through communication with the 
laboratory before sampling begins. 

5.3 Field Filtration 

At times, field-filtration may be required to provide for the analysis of dissolved chemical constituents. 
Field-filtration must be performed prior to the preservation of samples as described above. General 
procedures for field filtration are described below: 

The sample shall be filtered through a non-metallic, 0.45-micron membrane filter, immediately after 
collection. The filtration system shall consist of dedicated filter canister, dedicated tubing, and a 
peristaltic pump with pressure or vacuum pumping squeeze action (since the sample is filtered by 
mechanical peristalsis, the sample travels only through the tubing). 
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To perform filtration, thread the tubing through the peristaltic pump head. Attach the filter canister to 
the discharge end of the silicon tubing (note flow direction arrow); attach the aqueous sample 
container to the intake end of the silicon tubing. Turn the peristaltic pump on and perform filtration. 
Run approximately 100 ml of sample through the filter and discard prior to sample collection. 

Continue by preserving the filtrate (contained in the filter canister), as applicable and generally 
described above. 
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Subject 
NON-RADIOLOGICAL SAMPLE 
HANDLING 

5.4 Sample Packaqinq and Shipping 

Number 
SA-6.1 

Revision 
3 

Only employees who have successfully completed the TtNUS "Shipping Hazardous Materials" training 
course are authorized to package and ship hazardous substances. These trained individuals are 
responsible for performing shipping duties in accordance with this training. 

samples collected for shipment from a site shall be classified as either environmental or hazardous 
material sam~les. Samples from drums containing materials other than Investigative Derived Waste 
(IDW) and samples obtained from waste piles or bulk storage tanks are generally shipped as hazardous 
materials. A distinction must be made between the two types of samples in order to: 

Determine appropriate procedures for transportation of samples (if there is any doubt, a sample shall 
be considered hazardous and shipped accordingly.) 

Protect the health and safety of transport and laboratory personnel receiving the samples (special 
precautions are used by the shipper and at laboratories when hazardous materials are received.) 

Detailed procedures for packaging environmental samples are outlined in the remainder of this section. 

5.4.1 Environmental Samples 

Environmental samples are packaged as follows: 

Place properly identified sample container, with lid securely fastened, in a plastic bag (e.g. Ziploc 
baggie), and seal the bag. 

Place sample in a cooler constructed of sturdy material which has been lined with a large, plastic bag 
(e.g. "garbage" bag). Drain plugs on coolers must be taped shut. 

Pack with enough cushioning materials such as bubble wrap (shoulders of bottles must be iced if 
required) to minimize the possibility of the container breaking. 

If cooling is required (see Attachments A and B), place ice around sample container shoulders, and on 
top of packing material (minimum of 8 pounds of ice for a medium-size cooler). 

Seal (i:e., tape or tie top in knot) large liner bag. 

The original (top, signed copy) of the COC form shall be placed inside a large Ziploc-type bag and 
taped inside the lid of the shipping cooler. If multiple coolers are sent but are included on one COC 
form, the COC form should be sent with the cooler containing the vials for VOC analysis. The COC 
form should then state how many coolers are included with that shipment. 

Close and seal outside of cooler as described in SOP SA-6.3. Signed custody seals must be used. 
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Coolers must be marked as containing "Environmental Samples." The appropriate side of the container 
must be marked "This End Up" and arrows placed appropriately. No DOT marking or labeling is required; 
there are no DOT restrictions on mode of transportation. 

NON-RADIOLOGICAL SAMPLE 
HANDLING 
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Wastewater, 15th Edition. APHA, Washington, D.C. 

SA-6.1 

Revision 

International Air Transport Association (latest issue). Danqerous Goods Requlations, Montreal, Quebec, 
Canada. 

70f 11 

Effective Date 

U.S. Department of Transportation (latest issue). Hazardous Materials Regulations, 49 CFR 171-177. 

U.S. EPA, 1984. "Guidelines Establishing Test Procedures for the Analysis of Pollutants under Clean . 

Water Act." Federal Register, Volume 49 (209), October 26, 1984, p. 43234. 

I US. EPA. 1979. Methods for Chemical Analvsis of Water and Wastes. EPA-60014-79-020, U.S. EPA- 
EMSL, Cincinnati, Ohio. 

01961 1/P Tetra Tech NUS, Inc. 



Subject Number Page 
NON-RADIOLOGICAL SAMPLE SA-6.1 8of 1 1  
HANDLING Revision Effective Date 

3 02/04 

ATTACHMENT A 

GENERAL SAMPLE CONTAINER AND PRESERVATION REQUIREMENTS 

I Sample Type and Concentration ~ontaine+'] Sample Size  resewa at ion'" Holding ~ime'" 

WATER 
Organics VOC Low Borosilicate glass 2x40mL 
(GC&GClMS) 

Extractables (Low Amber glass 2x2 L or 4x1 L 
SVOCs and 
pesticidelPCBs) 

Extractables (Medium Amber glass W L o r 4 x 1  L 
SVOCs and 
pesticidePCBs) 

Inorganics Metals Low Highdensity polyethylene 1 L 

Medium Widemouth glass 16 oz. 

Cvanide Low Hiah-densitv polvethvlene 1 L 

Cool to 4°C 
HCI to 1 2 

Cool to 4°C 

None 

HNO3 to pH 12 

None 

NaOH to pHs12 

7 days to extraction; 
40 days after extraction 1 
40 days after extraction 

6 months (Hg-28 days) 1 

- - .  - - 
Cyanide Medium Widemouth glass 1602. None 14 days 

Organic1 High Hazard Wide-mouth glass 8 02. None 14 days 

1 Inorganic I I I I I I 
SOIL 
3rganics VOC EnCore Sampler (3) 5 g Samplers Cool to 4°C 48 hours to lab 
(GC&GCRVIS) preservation 

Extractables (Low Widemouth glass 8 02. Cool to 4°C 14 days to extraction; 
SVOCs and 40 days after extraction 
pesticideslPCBs) 

Extractables (Medium Wide-mouth glass 8 oz. Cool to 4°C 14 days to extraction; 
SVOCs and 40 days after extraction 
pesticideslPCBs) 

Inorganics LowlMedium Wide-mouth glass 8 oz. Cool to 4°C 6 months 
(Hg - 28 days) 
Cyanide (14 days) 

Organicllnorga High Hazard Widemouth glass 8 oz. None N A 
nic 

DioxinIFuran All Wide-mouth glass 4 02. None 35 days until 
extraction; 
40 days after extraction 

TCLP All Widemouth glass 8 02. None 7 days until 
preparation; analysis 
as per fraction 

AIR 
Volatile LowlMedium Charcoal tube -- 7 cm long, 100 L air Cool to 4°C 5 days recommended 
Organics 6 mm OD, 4 mm ID 

1 All glass containers should have Teflon cap liners or septa 
2 See Attachment E. Preservation and maximum hdding time allowances per 40 CFR 136. 
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ADDITIONAL REQUIRED CONTAINERS, PRESERVATION TECHNIQUES, 
AND HOLDING TIMES 

Parameter NumberIName container"' 1 
~ i m e ( ~ )  

INORGANIC TESTS: 
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Purgeable Halocarbons 

ATTACHMENT B 
ADDITIONAL REQUIRED CONTAINERS, PRESERVATION TECHNIQUES, 
AND HOLDING TIMES 
PAGE TWO 

Purgeable Aromatic Hydrocarbons 

Number 
SA-6.1 

Revision 

Parameter NumberIName 

Acrolein and Acrylonitrile 

Phenolst1 ') 

~enzidines~' '" 

Phthalate 

~itrosamines'")~~'~~ 

PCBS'' lJ 

Nitroaromatics & Isophoronetl 

Page 
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Effective Date 

Polynuclear Aromatic Hydrocarbons 
(PAH~) ( '~ )~ '~ )  

container'" 

G, Teflon-lined 
septum 

G, Teflon-lined 
septum 

G, Teflon-lined 
septum 

G, Teflon-lined 
cap 

G, Teflon-lined 
cap 

G, Teflon-lined 
cap 

G, Teflon-lined 
cap 

G, Teflon-lined 
cap 

G, Teflon-lined 
cap 

G, Teflon-lined 
cap 

G, Teflon-lined 
cap 

G, Teflon-lined 

~ i m e ' ~ )  
INORGANIC TESTS (Cont'd): 
Sulfide 

Sulfite 

Turbidity 

Cool. 4°C; 0.008% NagSpq") 

P, G 

P, G 
P, G 

14 days 

I 

METALS?' 

Cool, 4°C; 0.008% ~ a 2 S 2 0 p ~  
HCI to pH 2 

I 

Cool. 4°C; add zinc acetate 
plus sodium hydroxide to pH 9 

None required 

Cool, 4°C 

Chromium VI (Hexachrome) 

Mercury (Hg) 

Metals, except Chromium VI and Mercury 

14 days 

Cod. 4°C; 0.008% ~a2~203(') 
adjust pH to 4-5 (I0) . . 

Cod, 4°C; 0.0087'0 Na&Qtb) 

Cooli 4°C; 0.008% Na2S203'" 

7 days 

Analyze immediately 

48 hours 

14 days 

7 days until extraction; 
40 days after extraction 

7 days until extra~tion'''~ 

I 

Cool. 4°C 

ORGANIC TESTS:"' 

P, G 
P. G 
P, G 

Cool, 4OC 

I 

cool, 4°C; 0.008% N@S~@'); 
store in dark 

Cool, 4°C; 0.008% ~a&203"); 
store in dark 

Cool, 4°C; 0.008% Na2S2abJ 

7 days until extraction; 
40 davs after extraction 

Cool. 4°C; store in dark: 
0.008% ~ a 2 ~ 2 0 3 ' ~ )  

Cool. 4°C; 0.008% Na2S2&tb) 

Cool, 4°C 

HNQ to pH 2 

HNQ to pH 2 

7 days until extraction; 
40 days after extraction 

1 
i 7 days until extraction; 
I 40 days after extraction 

I 7 days until extraction; 
40 days after extraction 

7 days until extraction; 
40 days after extraction 

7 days until extraction; 
40 days after extraction 

7 days until extraction; 
40 days after extraction 

24 hours 

28 days 

6 months 
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AND HOLDING TIMES 
PAGE THREE 

(1) Polyethylene (P): generally 500 ml or Glass (G): generally 1L. 
(2) Sample presenmtion should be performed immediately upon sample collection. For composite chemical samples each 

aliquot should be preserved at the time of collection. When use of an automated sampler makes it impossible to preserve 
each aliquot, then chemical samples may be preserved by maintaining at 4°C until cornpositing and sample splitting is 
completed. 

(3) When any sample is to be shipped by common carrier or sent through the United States Mail, it must comply with the 
Deparh-nent of Transportation Hazardous Materials Regulations (49 CFR Part 172). 

(4) Samples should be analyzed as soon as possible after collection. The times listed are the maximum times that samples 
may be held before analysis and still be considered valid. Samples may be held for longer periods only if the permittee, or 
monitoring laboratory, has data on file to show that the specific types of samples under study are stable for the longer 
periods, and has received a variance from the Regional Administrator. 

(5) Should only be used in the presence of residual chlorine. 
(6) Maximum holding time is 24 hours when sulfide is present. Optionally, all samples may be tested with lead acetate paper 

before pH adjustments are made to determine if sulfide is present. If sulfide is present, it can be removed by the addition 
of cadmium nitrate powder until a negative spot test is obtained. The sample is filtered and then NaOH is added to pH 12. 

(7) Samples should be filtered immediately on site before adding preservative for dissolved metals. 
(8) Guidance applies to samples to be analyzed by GC, LC, or GUMS for specific compounds. 
(9) Sample receiving no pH adjustment must be analyzed within 7 days of sampling. 
(10) The pH adjustment is not required if acrolein will not be rneasured. Samples for acmlein receiving no pH adjustment must 

be analyzed within 3 days of sampling. 
(1 1) When the extractable analytes of concem fall within a single chemical category, the specified preservative and maximum 

holding times should be observed for optimum safeguard of sample integrity. When the analytes of concem fall within two 
or more chemical categories, the sample may be preserved by cooling to 4"C, reducing residual chlorine with 0.008% 
sodium thiosulfate, storing in the dark, and adjusting the pH to 6-9; samples preserved in this manner may be held for 
7 days before extraction and for 40 days after extraction. Exceptions to this optional preservation and holding time 
procedure are noted in footnote 5 (re: the requirement for thiosulfate reduction of residual chlorine) and footnotes 12, 13 
(re: the analysis of benzidine). 

(12) If 1,2diphenylthydrazine is likely to be present, adjust the pH of the sample to 4.0?0.2 to prevent rearrangement to 
benzidine. 

(13) Extracts may be stored up to 7 days before analysis if storage is conducted under an inert (oxidant-free) atmosphere. 
(14) For the analysis of diphenylnitrosamine, add 0.008% 1\1a&O3 and adjust pH to 7-10 with NaOH within 24 hours of 

sampling. 
(15) The pH adjustment may be performed upon receipt at the labor&ory and may be omitted if the samples are extracted 

within 72 hours of collection. For the analysis of aldrin, add 0.008% NapS203. 
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1 .O PURPOSE 

Subject 

FIELD DOCUMENTATION 

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 activities. 

2.0 SCOPE 

Number 
SA-6.3 

Revision 
2 

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. 

Page 
2 of 12 

Effective Date 
09/03 

3.0 GLOSSARY 

None 

4.0 RESPONSIBILITIES 

Project Manaqer lPM) - The Project Manager is responsible for obtaining hardbound, controlled- 
distribution logbooks (from the appropriate source), as needed. In addition, the Project Manager is 
responsible for placing all field documentation used in site activities (i.e., records, field reports, sample 
data sheets, field notebooks, and the site logbook) in the project's central file upon the completion of field 
work. 

Field Operations Leader (FOL) - The Field Operations Leader is responsible for ensuring that the site 
logbook, notebooks, and all appropriate and current forms' and field reports illustrated in this guideline 
(and any additional forms required by the contract) are correctly used, accurately filled out, and completed 
in the required time-frame. 

5.0 PROCEDURES 

I 5.1 ' Site Logbook 

5.1.1 General 

The site logbook is a hard-bound, paginated, controlled-distribution record book in which all major onsite 
I activities are documented. At a minimum, the following activitieslevents shall be recorded or referenced 
1 (daily) in the site logbook: 

All field personnel present 
ArrivaVdeparture of site visitors 
Time and date of H&S training 
ArrivaVdeparture of equipment 
Time and date of equipment calibration 
Start and/or completion of borehole, trench, monitoring well installation, etc. 
Daily onsite activities performed each day 
Sample pickup information 
Health and Safety issues (level of protection observed, etc.) 
Weather conditions 

A site logbook shall be maintained for each project. The site logbook shall be initiated at the start of the 
first onsite activity (e.g., site visit or initial reconnaissance survey). Entries are to be made for every day 
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Subject 

FIELD DOCUMENTATION 
I Number 

SA-6.3 

I Revision 

2 
Effective Date 1 09103 

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 recorded on the cover of each site logbook: 

Project name 
Tetra Tech NUS project number 
Sequential book number 
Start date 
End date 

Information recorded daily in the site logbook need not be duplicated in other field notebooks (see Section 
5.2), but must summarize the contents of these other notebooks and refer to specific page locations in 
these notebooks for detailed information (where applicable). An example of a typical site logbook entry is 
shown in Attachment A. 

If measurements are made at any location, the measurements and equipment used must either be 
recorded in the site logbook or reference must be made to the field notebook in which the measurements 
are recorded (see Attachment A). 

All logbook, notebook, and log sheet entries shall be made in indelible ink (black pen is preferred). No 
erasures are permitted. If an incorrect entry is made, the entry shall be crossed out with a single strike 
mark, and initialed and dated. At the completion of entries by any individual, the logbook pages used must 
be signed and dated. The site logbook must also be signed by the Field Operations Leader at the end of 
each day. 

5.1.2 Photographs 

When movies, slides, or photographs are taken of a site or any monitoring location, they must be 
numbered sequentially to correspond to logbooklnotebook entries. The name of the photographer, date, 
time, site location, site description, and weather conditions must be entered in the logbook/notebook as 
the photographs are taken. A series entry may be used for rapid-sequence photographs. The 
photographer is not required to record the aperture settings and shutter speeds for photographs taken 
within the normal automatic exposure range. However, special lenses, films, filters, and other image- 
enhancement techniques must be noted in the logbook/notebook. If possible, such techniques shall be 
avoided, since they can adversely affect the accuracy of photographs. Chain-of-custody procedures 
depend upon the subject matter, type of camera (digital .or film), and the processing it requires. Film used 
for aerial photography, confidential information, or criminal investigation require chain-of-custody 
procedures. 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 
andlor digitally saved images to compact disks must be docketed into the project's central file. 

5.2 Field Notebooks 

Key field team personnel may maintain a separate dedicated field notebook to document the pertinent 
field activities conducted directly under their supervision. For example, on large projects with multiple 
investigative sites and varying operating conditions, the Health and Safety Officer may elect to maintain a 
separate field notebook. Where several drill rigs are in operation simultaneously, each site geologist 
assigned to oversee a rig must maintain a field notebook. 
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FIELD DOCUMENTATION 

5.3 Field Forms 

Number 
SA-6.3 

Revision 
2 

All Tetra Tech NUS field forms (see list in Section 6.0 of this SOP) can be found on the company's 
intranet site (http://intranet.ttnus.com) under Field Log Sheets. Forms may be altered or revised for 
project-specific needs contingent upon client approval. Care must be taken to ensure that all essential 
information can be documented. Guidelines for completing these forms can be found in the related 
sampling SOP. 

Page 
40f 12 

Effective Date 

09/03 

5.3.1 Sample Collection, Labeling, Shipment, Request for Analysis, and Field Test Results 

5.3.1.1 Sam~le Loa Sheet 

Sample Log Sheets are used to record specified types of data while sampling. The data recorded on 
these sheets are useful in describing the sample as well as pointing out any problems, difficulties, or 
irregularities encountered during sampling. A log sheet must be completed for each sample obtained, 
including field quality control (QC) samples. 

5.3.1.2 Sample Label 

A typical sample label is illustrated in Attachment B. Adhesive labels must be completed and applied to 
every sample container. Sample labels can usually be obtained from the appropriate Program source 
electronically generated in-house, or are supplied from the laboratory subcontractor. 

5.3.1.3 Chain-of-Custodv Record Form 

The Chain-of-Custody (COC) Record is a multi-part form that is initiated as samples are acquired and 
accompanies a sample (or group of samples) as they are transferred from person to person. This form 
must be used for any samples collected for chemical or geotechnical analysis whether the analyses are 
performed on site or off site. One carbonless copy of the completed COC form is retained by the field 
crew, one copy is sent to the Project Manager (or designee), while the original is sent to the laboratory. 
The original (top, signed copy) of the COC form shall be placed inside a large Ziploc-type bag and taped 
inside the lid of the shipping cooler. If multiple coolers are sent but are included on one COC form, the 
COC form should be sent with the cooler containing vials for VOC analysis or the cooler with the air bill 
attached. The air bill should then state how many coolers are included with that shipment. An example of 
a Chain-of-Custody Record form is provided as Attachment C. Once the samples are received at the 
laboratory, the sample cooler and contents are checked and any problems are noted on the enclosed 
COC form (any discrepancies between the sample labels and COC form and any other problems that are 
noted are resolved through communication between the laboratory point-of-contact and the Tetra Tech 
NUS Project Manager). The COC form is signed and copied. The laboratory will retain the copy while the 
original becomes part of the samples' corresponding analytical data package. 

5.3.1.4 Chain-of-Custodv Seal 

Attachment D is an example of a custody seal. The Custody seal is an adhesive-backed label. It is part of 
a chain-of-custody process and is used to prevent tampering with samples after they have been collected 
in the field and seated in coolers for transport to the laboratory. The COC seals are signed and dated by 
the sampler(s) and affixed across the lid and body of each cooler (front and back) containing 
environmental samples (see SOP SA-6.1). COC seals may be available from the laboratory; these seats 
may also be purchased from a supplier. 
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5.3.1.5 Geochemical Parameters LOCI Sheets 

Number 
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I Field Analytical Log Sheets are used to record geochemical and/or natural attenuation field test results. 
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I 5.3.2 Hydrogeological and Geotechnical Forms 

5.3.2.1 Groundwater Level Measurement Sheet 

A Groundwater Level Measurement Sheet must be filled out for each round of water level measurements 
made at a site. 

I 5.3.2.2 Data Sheet for Pum~inq Test 

During the performance of a pumping test (or an in-situ hydraulic conductivity test), a large amount of data 
must be recorded, often within a short time period. The Pumping Test Data Sheet facilitates this task by 
standardizing the data collection format for the pumping well and observation wells, and allowing the time 
interval for collection to be laid out in advance. 

I 5.3.2.3 Packer Test Report Form 

I A Packer Test Report Form must be completed for each well upon which a packer test is conducted. 

1 5.3.2.4 Borinq Loq 

During the progress of each boring, a log of the materials encountered, operation and driving of casing, 
and location of samples must be kept. The Summary Log of Boring, or Boring Log is used for this 
purpose and must be completed for each soil boring performed. In addition, if volatile organics are 
monitored on cores, samples, cuttings from the borehole, or breathing zone, (using a PID or FID), these 
readings must be entered on the boring log at the appropriate depth. The "Remarks" column can be used 
to subsequently enter the laboratory sample number, the concentration of key analytical results, or other 
pertinent information. This feature allows direct comparison of contaminant concentrations with soil 
characteristics. 

5.3.2.5 Monitorinq Well Construction Details Form 

A Monitoring Well Construction Details Form must be completed for every monitoring well, piezometer, or 
temporary well point installed. This form contains specific information on length and type of well riser pipe 
and screen, backfill, filter pack, annular seal and grout characteristics, and surface seal characteristics. 
This information is important in evaluating the performance of the monitoring well, particularly in areas 
where water levels show temporal variation, or where there are multiple (immiscible) phases of 
contaminants. Depending on the type of monitoring well (in overburden or bedrock, stick-up or flush 
mount), different forms are used. 

5.3.2.6 Test Pit Loq 

When a test pit or trench is constructed for investigative or sampling purposes, a Test Pit Log must be 
filled out by the responsible field geologist or sampling technician. 
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5.3.2.7 Miscellaneous Monitorina Well Forms 

Effective Date 
09/03 

Monitoring Well Materials Certificate of Conformance should be used as the project directs to document 
all materials utilized during each monitoring well installation. 

The Monitoring Well Development Record should be used as the project directs to 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 colleted, such as 
Rinsate Blank, Source Blank, etc. 

Field Task Modification Request (FTMR) will be prepared for all deviations from the project planning 
documents. The FOL is responsible for initiating the FTMRs. Copies of all FTMRs will be maintained with 
the onsite planning documents and originals will be placed in the final evidence file. 

The Field Project Daily Activities Check List and Field Project Pre-Mobilization Checklist should be used 
during both the planning and field effort to assure that all necessary tasks are planned for and completed. 
These two forms are not a requirement but a useful tool for most field work. 

5.3.3 Equipment Calibration and Maintenance Form 

The calibration or standardization of monitoring, measuring or test equipment is necessary to assure the 
proper operation and response of the equipment, to document the accuracy, precision or sensitivity of the 
measurement, and determine if correction should be applied to the readings. Some items of equipment 
require frequent calibration, others infrequent. Some are calibrated by the manufacturer, others by the 
user. 

Each instrument requiring calibration has its own Equipment Calibration Log which documents that the 
manufacturer's instructions were followed for calibration of the equipment, including frequency and type of 
standard or calibration device. An Equipment Calibration Log must be maintained for each electronic 
measuring device used in the field; entries must be made for each day the equipment is used or in 
accordance with the manufacturer's recommendations. 

5.4 Field Reports 

The primary means of recording onsite activities is the site logbook. Other field notebooks may also be 
maintained. These logbooks and notebooks (and supporting forms) contain detailed information required 
for data interpretation or documentation, but are not easily useful for tracking and reporting of progress. 
Furthermore, the field logbooWnotebooks remain onsite for extended periods of time and are thus not 
accessible for timely review by project management. 

5.4.1 Daily Activities Report 

To provide timely oversight of onsite contractors, Daily Activities Reports are completed and submitted as 
described below. 
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5.4.1.1 Description 

Subject 

FIELD DOCUMENTATION 

The Daily Activities Report (DAR) documents the activities and progress for each day's field work. This 
report must be filled out on a daily basis whenever there are drilling, test pitting, well construction, or other 
related activities occurring which involve subcontractor personnel. These sheets summarize the work 
performed and form the basis of payment to subcontractors. The DAR form can be found on the TtNUS 
intranet site. 

It is the responsibility of the rig geologist to complete the DAR and obtain the driller's signature 
acknowledging that the times and quantities of material entered are correct. 

Number 
SA-6.3 

Revision 
2 

5.4.1.3 Submittal and A ~ ~ r o v a l  

Page 
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09/03 

At the end of the shift, the rig geologist must submit the Daily Activities Report to the Field Operations 
Leader (FOL) for review and filing. The Daily Activities Report is not a formal rep00 and thus requires no 
further approval. The DAR reports are retained by the FOL for use in preparing the site logbook and in 
preparing weekly status reports for submission to the Project Manager. 

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 should be noted that in addition to summaries described herein, other summary reports may also be 
contractually required. 

All Tetra Tech NUS field forms can be found on the company's intranet site at http://intranet.ttnus.com 
under Field Log Sheets. 

6.0 LISTING OF TETRA TECH NUS FIELD FORMS FOUND ON THE TTNUS INTRANET 
SITE. HTTP://INTRANET.TTNUS.COM CLICK ON FIELD LOG SHEETS 

Groundwater Sample Log Sheet 
Surface Water Sample Log Sheet 
SoiVSediment Sample Log Sheet 
Container Sample and Inspection Sheet 
Geochemical Parameters (Natural Attenuation) 
Groundwater Level Measurement Sheet 
Pumping Test Data Sheet . 
Packer Test Report Form 
Boring Log 
Monitoring Well Construction Bedrock Flush Mount 
Monitoring Well Construction Bedrock Open Hole 
Monitoring Well Construction Bedrock Stick Up 
Monitoring Well Construction Confining Layer 
Monitoring Well Construction Overburden Flush Mount 
Monitoring Well Construction Overburden Stick Up 
Test Pit Log 
Monitoring Well Materials Certificate of Conformance 
Monitoring Well Development 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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ATTACHMENT A 
TYPICAL SITE LOGBOOK ENTRY 

START TIME: DATE: 

SITE LEADER: 
PERSONNEL: 

TtNUS DRILLER SITE VISITORS 

WEATHER: Clear, 68"F, 2-5 mph wind from SE 

ACTIVITIES: 

Steam jenney and fire hoses were set up. 

Drilling activities at well - resumes. Rig geologist was . See Geologist's 
Notebook, No. 1, page 29-30, for details of drilling activity. Sample No. 123-21-S4 collected; 
see sample logbook, page 42. Drilling activities completed at 11 :50 and a 4-inch stainless 
steel well installed. See Geologist's Notebook, No. 1, page 31, and well construction details 
for well . 

Drilling rig No. 2 steam-cleaned at decontamination pit. Then set up at location of 
well . 

Well drilled. Rig geologist was . See Geologist's Notebook, 
No. 2, page - for details of drilling activities. Sample numbers 123-22-S1, 123-22-S2, 
and 123-22-S3 collected; see sample logbook, pages 43,44, and 45. 

Well was developed. Seven 55-gallon drums were filled in the flushing stage. The well 
was then pumped using the pitcher pump for 1 hour. At the end of the hour, water pumped 
from well was "sand free." 

EPA remedial project manger arrives on site at 14:25 hours. 

Large dump truck arrives at 14:45 and is steam-cleaned. Backhoe and dump truck set up 
over test pit 

Test pit dug with cuttings placed in dump truck. Rig geologist was 
. See Geologist's Notebook, No. 1, page 32, for details of test pit 

activities. Test pit subsequently filled. No samples taken for chemical analysis. Due to 
shallow groundwater table, filling in of test p i t  resulted in a very soft and wet area. A 
mound was developed and the area roped off. 

Express carrier picked up samples (see Sample Logbook, pages42 through 45) at 
17:50 hours. Site activities terminated at 18:22 hours. All personnel off site, gate locked. 

Field Operations Leader 
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ATTACHMENT B 

Tetra Tech NUS, lnc. Prnimt* Tetra Tech NUS, Inc. Project: 
661 Andersen Drive 
pittsburgh, 15220 Site: 
(41 2)921-7090 Location: 

I 

311kL 

Location: jtJ 
Pittsburgh, 15220 
(41 2)921-709O 

Sample No: ( ~atr ix :  
I 

Date: Time: Preserve: 

Analysis: 

Sampled by: Laboratory: 
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1 .O PURPOSE 

Decontamination is the process of removing andlor neutralizing site contaminants that have contacted 
and/or accumulated on equipment. The objective/purpose of this SOP is intended to protect site 
personnel, general public, and the sample integrity through the prevention of cross contamination onto 
unaffected persons or areas. It is further intended through this procedure to provide guidelines regarding 
the appropriate procedures to be followed when decontaminating drilling equipment, monitoring well 
materials, chemical sampling equipment and field analytical equipment. 
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Subject DECONTAMINATION OF FIELD 
EQUIPMENT 

2.0 SCOPE 
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This procedure applies to all equipment including drilling equipment, heavy equipment, monitoring well 
materials, as well as chemical sampling and field analytical equipment decontamination that may be used 
to provide access/acquire environmental samples. Where technologically and economically feasible, 
single use sealed disposable equipment will be employed .to minimize the potential for cross 
contamination. This procedure also provides general reference information on the control of 
contaminated materials. 

3.0 GLOSSARY 

Acid - For decontamination of equipment when sampling for trace levels of inorganics, a 10% solution of - 
nitric acid in deionized water should be used. Due to the leaching ability of nitric acid, it should not be 
used on stainless steel. 

AlconoxRiauinox - A brand of phosphate-free laboratory-grade detergent. 

Decontamination Solution - Is a solution selectedhdentified within the ~ e a l t h  and Safety Plan or Project- 
Specific Quality Assurance Plan. The solution is selected and employed as directed by the project 
chemisthealth and safety professional. 

Deionized Water (Dl) - Deionized water is tap water that has been treated by passing through a standard 
deionizing resin column. This water may also pass through additional filtering media to attain various 
levels of analyte-free status. The Dl water should meet CAP and NCCLS specifications for reagent grade, 
Type I water. 

Potable Water - Tap water used from any municipal water treatment system. Use of an untreated potable 
water supply is not an acceptable substitute for tap water. 

Pressure Washinq - Employs high pressure pumps and nozzle configuration to create a high pressure 
spray of potable water. High pressure spray is employed to remove solids. 

Solvent - The solvent of choice is pesticide-grade Isopropanol. Use of other solvents (methanol, acetone, 
pesticide-grade hexane, or petroleum ether) may be required for particular projects or for a particular 
purpose (e.g. for the removal of concentrated waste) and must be justified in the project planning 
documents. As an example, it may be necessary to use hexane when analyzing for trace levels of 
pesticides, PCBs, or fuels. In addition, because many of these solvents are not miscible in water, the 
equipment should be air dried prior to use. Solvents should not be used on PVC equipment or well 
construction materials. 

Steam Pressure Washinq - This method employs a high pressure spray of heated potable water. This 
method through the application of heat provides for the removal of various organic/inorganic compounds. 
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1 4-0 

RESPONSIBILITIES 

Proiect Manaqer - Responsible for ensuring that all field activities are conducted in accordance with 
approved project plan(s) requirements. 
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Subject DECONTAMINATION OF FIELD 
EQUIPMENT 

Field Operations Leader (FOL) - Responsible for the onsite verification that all field activities are 
performed in compliance with approved Standards Operating Procedures or as otherwise dictated by the 
approved project plan(s). 
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Site Health and Safety Officer (SHSO) - The SHSO exercises shared responsibility with the FOL 
concerning decontamination effectiveness. All equipment arriving on-site (as part of the equipment 
inspection), leaving the site, moving between locations are required to go through a decontamination 
evaluation. This is accomplished through visual examination and/or instrument screening to determine 
the effectiveness of the decontamination process. Failure to meet these objectives are sufficient to 
restrict equipment from entering the sitelexiting the sitel or moving to a new location on the site until the 
objectives are successfully completed. 

I 5.0 

PROCEDURES 

The process of decontamination is accomplished through the removal of contaminants, neutralization of 
contaminants, or the isolation of contaminants. In order to accomplish this activity a level of preparation is 
required. This includes site preparation, equipment selection, and evaluation of the process. Site 
contaminant types, concentrations, media types, are primary drivers in the selection of the types of 
decontamination as well as where it will be conducted. For purposes of this SOP discussion will be 
provided concerning general environmental investigation procedures. 

I The decontamination processes are typically employed at: 

Temporary Decontamination Pads/Facilities 
Sample Locations 
Centralized Decontamination Pad/Facilities 
Combination of some or all of the above 

The following discussion represents recommended site preparation in support of the decontamination 
process. 

1 =.I 

Decontamination DesiqnlConstructions Considerations 

I 5.1.1 Temporary Decontamination Pads 

Temporary decontamination pads are constructed at satellite locations in support of temporary work sites. 
These structures are generally constructed to support the decontamination of heavy equipment such as 
drill rigs and earth moving equipment but can be employed for smaller articles. 

The purpose of the decontamination pad is to contain wash waters and potentially contaminated soils 
generated during decontamination procedures. Therefore, construction of these pads should take into 
account the following considerations 
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0 Site Location -The site selected should be within a reasonable distance from the work site but should 
avoid: 

Subject DECONTAMINATION OF FIELD 
EQUIPMENT 

- PedestrianNehicle thoroughfares 
- Areas where control/custody cannot be maintained 
- Areas where a potential releases may be compounded through access to storm water transport 

systems, streams or other potentially sensitive areas. 
- Areas potentially contaminated. 

0 Pad - The pad should be constructed to provide the following characteristics 
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Size -The size of the pad should be sufficient to accept the equipment to be decontaminated as 
well as permitting free movement around the equipment by the personnel conducting the 
decontamination. 
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Slope - An adequate slope will be constructed to permit the collection of the water and potentially 
contaminated soils within a trough or sump constructed at one end. The collection point for wash 
waters should be of adequate distance that the decontamination workers do not have to walk 
through the wash waters while completing their tasks. 

Sidewalls - The sidewalls should be a minimum of 6-inches in height to provide adequate 
containment for wash waters and soils. If splash represents a potential problem, splash guards 
should be constructed to control overspray. Sidewalls maybe constructed of wood, inflatables, 
sand bags, etc. to permit containment. 

Liner - Depending on the types of equipment and the decontamination method the liner should be 
of sufficient thickness to provide a puncture resistant barrier between the decontamination 
operation and the unprotected environment. Care should be taken to examine the surface area 
prior to placing the liner to remove sharp articles (sticks, stones, debris) that could puncture the 
liner. Liners are intended to form an impermeable barrier. The thickness may vary from a 
minimum recommended thickness of 10 mil to 30 mil. Achieving the desired thickness maybe 
achieved through layering lighter constructed materials. It should be noted that various materials 
(rubber, polyethylene sheeting) become slippery when wet. To minimize this potential hazard 
associated with a sloped liner a light coating of sand maybe applied to provide traction as 
necessary. 

Washldrying Racks - Auger flights, drillldrive rods require racks positioned off of the ground to 
permit these articles to be washed, drained, and dried while secured from falling during this 
process. A minimum ground clearance of 2-feet is recommended. 

Maintenance - The work area should be periodically cleared of standing water, soils, and debris. 
This action will aid in eliminating slip, trip, and fall hazards. In addition, these articles will reduce 
potential backsplash and cross contamination. Hoses should be gathered when not in use to 
eliminate potential tripping hazards. 

Decontamination Activities at Drill RigsJDPT Units 

During subsurface sampling activities including drilling and direct push activities decontamination of drive 
rods, Macro Core Samplers, split spoons, etc. are typically conducted at an area adjacent to the operation. 
Decontamination is generally accomplished using a soaplwater wash and rinse utilizing buckets and 
brushes. This area requires sufficient preparation to accomplish the decontamination 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 uselre-use. 

5.1.3 Decontamination Activities at Remote Sample Locations 
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EQUIPMENT 

When sampling at remote locations sampling devices such as trowels, pumpsltubing should be evacuated 
of potentially contaminated media to the extent possible. This equipment should be wrapped in plastic for 
transport to the temporarylcentralized decontamination location for final cleaning and disposition. 
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5.2 Equipment Decontamination Procedures 

The following represents procedures to be employed for the decontamination of equipment that may have 
contacted andlor accumulated contamination through site investigation activities. 

5.2.1 Monitoring Well Sampling Equipment 

I 5.2.1.1 Groundwater samplinq purn~s - This includes pumps inserted into the monitorinq well such 
as Bladder Dumps. Whale pumps. Redi-Flo, reusable bailers, etc. 

1) Evacuate to the extent possible, any purge water within the pump. 

2) Scrub using soap and water andlor steam clean the outside of the pump and tubing, where 
applicable. 

3) lnsert the pump and tubing into a clean container of soapy water. Pump a sufficient amount of 
soapy water through the pump to flush any residual purge water. Once flushed, circulate soapy 
water through the pump to ensure the internal components are thoroughly flushed. 

4) Remove the pump and tubing from the container, rinse external components using tap water. 
Insert the pump and tubing into a clean container of tap water. Pump a sufficient amount of tap 

~ water through the pump to evacuate all of the soapy water (until clear). 

5) Rinse equipment with pesticide grade isopropanol 

6) Repeat item $4 using dkionized water through the hose to flush out the tap water and solvent 
residue as applicable . 

7)  Drain residual deionized water to the extent possible, allow components to air dry. ~ 
8) Wrap pump in aluminum foil or a clear clean plastic bag for storage. 

5.2.1.2 Electronic Water Level Indicators/SoundersfTapes 

During water level measurements, rinsing with the extracted tape and probe with deionized water and 
wiping the surface of the extracted tape is acceptable. However, periodic full decontamination should be 
conducted as indicated below. 

- The solvent should be employed when samples contain oil, grease, PAHs, PCBs, and other hard to 
remove materials. If these are not of primary concern, the solvent step may be omitted. In addition, do 
not rinse PE, PVC, and associated tubing with solvents. 
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1) Wash with soap and water 
2) Rinse with tap water 
3) Rinse with deionized water 

Subject DECONTAMINATION OF FIELD 
EQUIPMENT 

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 

- 
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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. 
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CoolerstShipping 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 outer housing should be 
removed and not used. Notify the laboratory that the risk of shipping samples will not be attempted 
and request a replacement unit. 

Cleanliness - As per protocol only volatile organic samples are accompanied by a trip blank. If a 
cooler's cleanliness is in question (visibly dirtylstained) or associated with noticeable odors it should 
be decontaminated prior to use. 

1) Wash with soap and water 
2) Rinse with tap water 
3) D v  

If these measures fail to clean the cooler to an acceptable level, remove the. unit fram use as a shipping 
container and notify the laboratory to provide a replacement unit. 

5.2.2 Down-Hole Drilling Equipment 

This includes any portion of the drill rig that is over the borehole including auger flights, drill stems, rods, 
and associated tooling that would extend over the borehole. This procedure is to be employed prior to 
initiating the drillinglsampling activity, then between locations. 

1) Remove all soils to the extent possible using shovels, scrapers, etc. to remove loose soils. 
2) Through a combination of scrubbing using soap and water and/or steam cleaning remove visible 

dirt/soils. 
3) Rinse with tap water. 
4) Rinse equipment with pesticide grade isopropanol 
5) To the extent possible allow components to air dry. 
6) Wrap or cover equipment in clear plastic until it is time to be used. 

5.2.3 SoiVSediment Sampling Equipment 

This consists of soil sampling equipment including but not limited to hand augers, stainless steel 
trowels/spoons, bowls, dredges, scoops, split spoons, Macro Core samplers, etc. 
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1) Remove all soils to the extent possible. 

2) Through a combination of scrubbing using soap and water andlor steam cleaning remove visible 
dirtlsoils. 

3) Rinse with tap water. 

4) Rinse equipment with pesticide grade isopropanol 

5) Rinse with deionized water 

6) To the extent possible allow components to air dry. 

7)  If the device is to be used immediately, screen with a PIDIFID to insure all solvents (if they were 
used) and trace contaminants have been adequately removed. 

8) Once these devices have been dried wrap in aluminum foil for storage until it is time to be used. 

5.3 Contact WasteIMaterials 

During the course of field investigations disposablelsingle use equipment becomes contaminated. These 
items include tubing, trowels, PPE (gloves, overboots, splash suits, etc.) broken sample containers. 

With the exception of the broken glass, single use articles should be cleaned (washed and rinsed) of 
visible materials and disposed of as normal refuse. The exception to this rule is that extremely soiled 
materials that cannot be cleaned should be containerized for disposal in accordance with applicable 
federal state and local regulations. 

5.3.1 Decontamination Solutions 

All waste decontamination solutions and rinses must be assumed to contain the hazardous chemicals 
associated with the site unless there are analytical or other data to the contrary. The waste solution 
volumes could vary from a few gallons to several hundred gallons in cases where large equipment 
required cleaning. 

Containerized waste rinse solutions are best stored in 55-gallon drums (or equivalent containers) that can 
be sealed until ultimate disposal at an approved facility. These containers must be appropriately labeled. 

5.4 Decontamination Evaluation 

Determining the effectiveness of the decontamination process will be accomplished in the following 
manner 

0 Visual Evaluation - A visual evaluation will be conducted to insure the removal of particulate matter. 
This will be done to insure that the washinglrinsing process is working as intended. 

0 Instrument Screening - A PID and/or an FID should be used to evaluate the presence of the 
contaminants or solvents used in the cleaning process. The air intake of the instrument should be 
passed over the article to be evaluated. A positive detection requires a repeat the decontamination 
process. It should be noted that the instrument scan is only viable if the contaminants are detectable 
within the instruments capabilities. 
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Rinsate Blanks - It is recommended that Rinsate samples be collected to 

- Evaluate the decontamination procedure representing different equipment applications (pumps 
versus drilling equipment) and different decontamination applications. 

- Single use disposable equipment - The number 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 articleIBatch number of disposable articles 

It is recommended that an initial rinsate sample be collected early in the project to ensure that the 
decontamination process is functioning properly and in an effort to avoid using a contaminated batch of 
single use articles. It is recommended that a follow up sample be collected during the execution of the 
project to insure those conditions do not change. Lastly, rinsate samples collection may be driven by 
types of andlor contaminant levels. Hard to remove contaminants, oildgreases, some PAHsIPCBs, etc. 
may also support the collection of additional rinsates due to the obvious challenges to the decontamination 
process. This is a field consideration to be determined by the FOL. 
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U.S. ENVIRONMENTAL PROTECTION AGENCY 
REGION I 

LOW STRESS (low flow) PURGING AND SAMPLING PROCEDURE: 
FOR TEX COLLECTION OF GROUND WATER SAMPLES 

PROM MONITORING WELLS 

I. SCOPE & APPLICATION 

This standard operating procedure (SOP) provides a general framework 
for collecting ground water samples that are indicative of mobile 
organic and inorganic loads at ambient flow conditions (both the 
di~solved fraction and the fraction associated with mobile 
particulates). The SOP emphasizes the need to minimize stress by low 
water-level drawdowns, and low pumping rates (usually less than 1 
liter/min) in order to collect samples with minimal alterations to 
water chemistry. This SOP is aimed primarily at sampling monitoring 
wells that can accept a submersible pump and have a screen; or open 
interval length of 10 feet or less (this is the most common 

.-. - situation). However, this procedure is flexible and can be used in a 
variety of well construction and ground-water yield situations. 
Samples thus obtained are suitable for analyses of ground water 
contaminants (volatile and semi-volatile organic analytes, 
pesticides, PCBs, metals and other inorganics), or other naturally 
occurring analytes. 

This procedure does not address the collection of samples from wells 
containing light or.dense non-aqueous phase liquids (LNAPLs and 

. - DNAPLs). For this the reader may wish to check: Cohen, R.M. and J.W. 
Mercer, 1993, DNAPL Site Evaluation; C.K. Smoley (CRC Press), Boca 
Raton, Florida and U.S. Environmental Protection Agency, 1992, RCRA 
Ground-Water Monitoring: Draft Technical Guidance; Washington, DC - 
(EPA/530-R-93-001). 

a 

The screen, dr open interval .of the monitoring well should be 
optimally located (both laterally and vertically) to intercept 
existing contaminant plume(s) or along flowpaths of potential 
contaminant releases. It is presumed that the analytes of interest 
move (or potentially move) primarily through the more .permeable zones 
within the screen, or open interval. : -.. 

8 - .  , - 
. . 

Use of trademark names does not imply endorsement by U.S.EPA 
- - . . . but is intended only to assist in identification of a specific . 

I type of device. 
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Proper well construction and development cannot be overemphasized, 
since the use of installation techniques that are appropriate to the 
hydrogeologic setting often prevents nproblem'welln situations from 
occurring. It is also recommended that as part of development or 
redevelopment the well should be tested to determine the appropriate 
pumping rate to obtain stabilization of field indicator parameters 
with minimal drawdown in shortest amount of time. With this 
information field crews can then conduct purging and sampling in a 
more expeditious manner. 

The mid-point of the saturated screen length (which should not exceed 
10 feet) is used by convention as the location of the pump intake. 
However, significant chemical or permeability contrast (s 1 within the 
screen may require additional field work to determine the optimum 
vertical location (s) for the intake, and appropriate pumping rate (s) 
for purging and sampling more localized target zone(s). Primary flow 
zones (high (er) permealability and/or high (er) chemical 
concentrations) should be identified in wells with screen lengths 
longer than 10 feet, or in wells with open boreholes in bedrock. 
.Targeting these zones' for water.sampling will help insure that the 
low stress procedure will not underestimate contaminant 
concentrations. The Sampling and Analysis Plan must provide clear 
instructions on how the pump intake depth(s) will be selected, and 
reason (s) for the depth (s) selected. 

Stabilization of indicator field parameters -is used to indicate that 
conditions are suitable for sampling to begin. Achievement of 
turbidity levels of less than 5 NTU and stable drawdowns of less than 
0.3 feet, while desirable, are not mandatory. Sample collection may 
still take place provided the remaining criteria in this procedure . 

are met. If after 4 hours of purging indicator field parameters have 
not stabilized, one of 3 optional courses of action may be taken: a) 
continue purging until stabilization is achieved, b) discontinue 
purging, do not collect any samples, and record in log book that 
stabilization.could not be achieved (documentation must describe 
attempts to achieve stabilization) c) discontinue purging, collect 
samples and provide full explanation of attempts to achieve 
stabilization (note: there is a risk that the analytical data 
obtained, especially metals and strongly hydrophobic organic 

- .  - analytes, -.may not meet the sampling objectives) . . .. 
Changes to this SOP should be proposed and discussed when the site 

. . - . . Sampling and Analysis Plan is submitted for approval. - Subsequent - 

requests for modifications of an approved plan must include adequate 
technical justification for proposed changes. All changes and 
modifications must be approved before implementation in field. .' : 
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11. EQUIPMENT 

A. Extraction device 

Adjustable rate, submersible pumps are preferred (for example, 
centrifugal or bladder pump constructed of stainless steel or 
Teflon) . 
Adjustable rate, peristaltic pumps (suction) may be used with 
caution. Note that EPA guidance states: "Suction pumps are not 
recommended because they may cause degassing, pH modification, and 
loss of volatile compoundsn (EPA/540/p-87/001, 1987, page 8.5-11). 

The use of inertial pumps is discouraged. These devices frequently 
cause greater disturbance during purging and sampling and are less 
easily controlled than the pumps listed above. This can lead to 
sampling results that are adversely affected by purging and sampling 
operations, and a higher degree of data variability. 

B. Tubing 
.- 

Teflon or Teflon lined polyethylene tubing are preferred when 
sampling is to include VOCs, SVOCs, pesticides, PCBs and inorganics. 

PVC, polypropylene or polyethylene tubing may be used when collecting 
samples for inorganics analyses. However, these materials should be 
used with caution when sampling for organics. If these ma.terials are 
used, the equipment blank (which includes the tubing) data must show 
that these materials do not add contaminants to the sample. 

Sfainless steel tubing may be used when sampling for VOCs, SVOCs, 
- pesticides, and PCBs. However, it should be used with caution when 

sampling for _metals. .. 
4 

--The. use of 1/4 inch or 3 /8  inch (inner diameter) tubing is preferred. 
This will help ensure the tubing remains liquid filled when operating 
at very low pumping rates. 

Pharmaceutical grade (Pharmed) tubing should be used for the section 
- ,around the rotor - - -. head of a peristaltic pump, to minimize gaseous 

diffusion. 

- - - -  . . -C.. -: - Water level measuring device (s) , capable of measuring to 0.01 .- 

foot -accuracy (electronic "tapen, pressure transducer). Recording 
pressure transducers, mounted above the pump, are especially helpful 
in tracking water levels during pumping operations, but their use 
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must include check measurements with a water level "tape" at the 
start and end of each record. 

D. Flow measurement supplies (e.g., graduated cylinder and stop 
watch). 

E. Interface probe, if needed. 

F. Power source (generator, nitrogen tank, etc.). If a gasoline 
generator is used, it must be located downwind and at least 30 feet 
from the well so that the exhaust fumes do not contaminate the 
samples. 

G .  Indicator field parameter monitoring instruments - pH, Eh, 
dissolved oxygen (DO), turbidity, specific 'conductance, and 
temperature. Use of a flow-through-cell is required when measuring 
all listed parameters, except turbidity. Standards to perform field 
calibration of instruments. Analytical methods are listed in 40 CFR 
136, 40 CFR. 141, and SW-846. For Eh measurements, follow . 

manufacturer' s instructions. . . 

H. Decontamination suppl-ies (for example, n~n~phosphate detergent, 
.distilled/deionized water, isopropyl alcohol, etc.) . 
I. Logbook (s) , and other f o m s  (for example, well purging f oms) . 
J. Sample Bottles. 

K. Sample preservation supplies (as required by the analytical 
methods . 
L. Sample tags or labels. 

M. Well construction data, location map, field data erom last 
sampling event. 

N. Well keys. 

0. Site specific Sample and Analysis Plan/Quality Assurance Project 
- Plan. .-. 

P. PID or FID instrument (if appropriate) to detect VOCs for health 
. . - -and safety purposes, and provide- qualitative field evaluations. ... - 



SITE 

SOP # :  GW 0001 
Region I Low Stress 

(Low Flow) SOP 
Revision Number: 2 
Date: July 30, 1996 
Page 5 of 13 

ACTIVITIES 

Check well for security damage or evidence of tampering, record 
pertinent observations. 

Lay out sheet of clean polyethylene for monitoring and sampling 
equipment. 

Remove well cap and immediately measure VOCs at the rim of the well 
with a PID or FID instrument and record the reading in the field 
logbook. 

If the well casing does not have a reference point (usually a V-cut 
or indelible mark in the well casing), make one. Describe its 
location and record the date of the mark in the logbook. 

A synoptic water level measurement round should be performed (in the 
shortest possible time)'before any purging and sampling activities 

. begin. It is recommended that water level depth (to 0.01 it.) and 
. - total well depth (to 0.1 it. be measured the day before, in order to 

allow for re-settlement of- any particulates in the water column.. If 
- . measurement of total: well depth is not made the day before, it should 

not be measured until after sampling of the well is complete. All 
measurements must be taken from the established referenced point. 
Care should be taken to minimize water column disturbance. 

Check newly constructed wells for the presence of LNAPLs or DNAPLs 
before the initial sampling round. If none are encountered, 
subsequent check measurements with an interface probe are usually not . 
needed unless analytical data or field head space information signal 
a worsening situation. .Note: procedures for collectibn of WAPL and 
DNAPL samples are not addressed in this SOP. 

IV.PURGINO AND SAMPLING PROCEDURE 

Sampling wells in order of increasing chemical concentrations (known 
or anticipated) is preferred. 

1. Install Pump -.. 

Lower pump, safety cable, tubing- and electrical lines slowly (to 
- minimize disturbance) into the well to the midpoint of the. zone to be 

sampled. The Sampling and Analysis Plan should specify the sampling 
depth, or provide criteria for selection of intake depth for each 
well (see Section I). If possible keep the pump intake at least two 
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feet above the bottom of the well, to minimize mobilization of 
particulates present in the bottom of the well. Collection of turbid 
free water samples may be especially difficult if there is two feet 
or less of standing water in the well. 

2. Measure Water Level 

Before starting pump, measure water level. If recording pressure 
transducer is used-initialize starting condition. 

3. Purge Well 

3a. Initial Low Stress Sampling Event 

Start the pump at its lowest speed setting and slowly increase the 
speed until discharge occurs. Check water level. Adjust pump speed 
until there is little or no water level drawdown (less than 0.3 
feet). If the minimal drawdown that can be achieved exceeds 0.3 feet 
but remains stable, continue purging until indicator field parameters 
stabilize. 

Monitor and.record water.leve1 and pumping rate every three to five 
minutes (or as appropriate) during purging. Record any pumping rate 
adjustments (both time and flow rate) . Pumping rates should, as 
needed, be reduced to the minimum capabilities of the pump (for 
example, 0.1 - 0.4 l/min) to ensure stabilization of indicator 
parameters. Adjustments are best made in the first fifteen minutes 
of pumping in order to help minimize purging time. During pump 
start-up, drawdown may exceed the 0.3 feet target and then nrecover" 
as pump flow adjustments are made. Purge volume calculations should 
utilize stabilized drawdown value, not the initial drawdown. Do not 
allow the water level to fall to the intake level (if the static 
water level is above the well screen,. avoid lowering the water level 
-into the screen) . The final purge volume must be greater than the 
stabilized drawdown volume plus the extraction tubing volume. 

Wells with low recharge rates may require the use of special pumps 
capable of attaining very low pumping rates (bladder, peristaltid , 
and/or the use of dedicated equipment.. If 'the recharge rate of the 
well is lower than extraction rate capabilities of currently 
manufactured pumps and the well is essentially dewatered during 
purging, then the well should be sampled as soon as the water level 

- has recovered sufficiently to collect the appropriate volume needed -7 

for all anticipated samples (ideally the intake should not be moved 
during this recovery period). Samples may then be collected even 
though the indicator field parameters have not stabilized. . 



SOP # :  GW 0001 
Xegion i Low Stress 

(Low Flow) SOP 
Revision Number: 2 
Date: July 30, 1996 
Page 7 of 13 

3b. Subsequent Low Stress Sampling Events 

After synoptic water level measurement round, check intake depth and 
drawdown information from previous sampling event(s1 for each well. 
Duplicate, to the extent practicable, the intake depth and extraction 
rate (use final pump dial setting information) from previous 
event(s). Perform purging operations as above. 

4. Monitor Indicator Field Parameters 

During well purging, monitor indicator field parameters (turbidity, 
temperature, specific conductance, pH, Eh, DO) every three to five 
minutes (or less frequently, if appropriate). Note: during the early 
phase of purging emphasis should be put on minimizing and stabilizing 
pumping stress, and recording those adjustments. Purging is 
considered complete and sampling may begin when all the above 
indicator field parameters have stabilized. Stabilization is 
considered to be achieved when three consecutive readings, taken at 
three (3) to five ( 5 )  minute intervals, are within the following 

- limits: 
- 

turbidity (10% for values greater than 1 NTU),  
Do (10%) , 
specific conductance (3%), 
temperature (3%), 
pH (* 0.1 unit), 
ORP/Eh (*  10 millivolts). 

All measur;ments, except turbidity, must be obtained using a flow- , 

through-cell. Transparent flow-through-cells are preferred, because 
they allow field personnel to watch for particulate build-up within 

- - . the cell. This build-up may affect indicator field parameter values 
measured within the cell and may also cause an underestimation of 
.turbidity values measured after the cell. If the cell' needs to be 
cleaned during purging operations, continue pumping and disconnect 
cell for cleaning, then reconnect after cleaning and continue 
monitoring activities. 

The flow-through-cell must be designed in a way that prevents air 
bubble entrapment in the cell. When the pump is turned off or , 
-cycling on/off (when using a bladder pump) , water in the cell must 
not drain out. Monitoring probes must be submerged in water at all 

- '-times. - If two flow-through-cells are used in series, the one - -  
containing the dissolved oxygen probe should come first (this 
parameter is most susceptible to error if air leaks into the system). 
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5. Collect Water Samples - 
Water samples for laboratory analyses must be collected before water 
has passed through the flow-through-cell (use a by-pass assembly or 
disconnect cell to obtain sample). 

VOC samples should be collected first and directly into pre-preserved 
sample containers. Fill all sample containers by allowing the pump 
discharge to flow gently down the inside of the container with 
minimal turbulence. 

During purging and sampling, the tubing should remain filled with 
water so as to minimize possible changes in water chemistry.upon 
contact with the atmosphere. It is recommended that 1/4 inch or 3/8 
inch (inside diameter) tubing be used to.help insure that the sample 
tubing remains water filled. If the pump tubing is not completely. 
filled to the sampling point, use one of the following procedures to 
collect samples: (1) add clamp, connector (Teflon or, stainless 
steel) or valve to constrict sampling end of tubing; ( 2 )  insert small 
diameter Teflon tubing into water filled portion of pump tubing - 

-allowing the end to protrude beyond the end of the pump tubing, 
.. collect sample from small diameter tubing; ( 3 )  collect non-VOC 
samples .first, then increase .flow rate slightly until the water 
-completely fills the tubing, collect sample and record new drawdown, 
flow rate and new indicator field parameter values. 

Add preservative, as required by analytical methods, to samples 
immediately after they are collected if the sample containers are not - 
pre-preserved. Check analytical methods (e.g. EPA SW-846, water 
supply, etc.) for additional information on preservation. Check pH 
for all samples requiring pH adjustment to assure proper pH value. 
For VOC samples, this will require that a test sample be collected 
during purging to determine the amount of preservative that needs to 
be added to the sample containers prior to sampling. a 

If determination of filtered metal concentrations is a sampling 
obj.ective, collect filtered water samples using the same low flow 
'procedures. The use of an in-line filter is required, and the filter 
. size (0.45 um is commonly used) should be based on the sampling . 

objective. Pre-rinse the filter w-ith approximately 25 - 50 ml of 
ground water prior to sample collection. Preserve filtered water . . - -  -- 

- 
sample~immediately. Note: filtered water samples are not a n  . 

acceptable substitute for uneiltered samples when' the monitoring 
-objective is to obtain chemical concentrations of total mobile 
contaminants in ground water for human health risk calculations. 
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Label each sample as collected. Samples requiring cooling (volatile 
organics, cyanide, etc.) will be placed into a cooler with ice or 
refrigerant for delivery to the laboratory. Metal samples after 
acidification to a pH less than 2 do not need to be cooled. 

6. Post Sampling Activities 

XE recording pressure transducer is used, remeasure water level with 
tape. 

After collection of the samples, the pump tubing may either be 
dedicated to the well for resampling (by hanging the tubing inside 
the well), decontaminated, or properly discarded. 

Before securing the well, measure and record the well depth (to 0.1 
ft.), if not measured the day before purging began. Note: 
measurement of total well depth is optional after the initial low 
stress sampling event. However, it is recommended if the well has a 
"silting" problem or if confirmation of well identity is needed. . 

- 
Secure the well. 

Decontaminate sampling equipment prior to use in the first well and 
following sampling of each subsequent well. Pumps will not be 
removed between purging and sampling operations. The pump and tubing - 
(including support cable and electrical wires which are in contact 
with the well) will be decontaminated by one of the procedures listed 
below. 

procedure 1 -, 

The decontaminating solutions can be pumped from either buckets or 
short PVC caaing sections through the pump or the pump can be 
disassembled and flushed with the decontaminating solutions. It is 
recommended that detergent and isopropyl alcohol be used sparingly 
in the decontamination process and water flushing steps be extended 
to ensure that any sediment trapped in the pump is removed. The . 
pump exterior and electrical wires must be rinsed with the 
decontaminating solutions, as well. The procedure is as follows: - - _ - -  - -  * - ^ - .- 

Flush the equipment/pump with potable water. 
- 

Flush with non-phosphate detergent solution. If the solution is 



SOP # :  GW 0001 
Region I Low Stress 

(Low Flow) SOP . 
Revision Number: 2 
Date: July 30, 1936 
Page 10 of 13 

recycled, the solution must be changed periodically. 

Flush with potable or distilled/deionized water to remove all of 
the detergent solution. If the water is recycled, the water must 
be changed periodically. 

Flush with isopropyl alcohol (pesticide grade). If equipment 
blank data from the previous sampling event show that the level of 
contaminants is insignificant, then this step may be skipped. 

Flush with distilled/deionized water. The final water rinse must 
not be recycled. 

procedure 2 

Steam clean the outside of the submersible pump. 

Pump hot potable water from the steam cleaner through the inside of 
the pump. This can be accomplished by placing the pump inside a 
three or four inch diameter PVC pipe with end cap. Hot water frorr 
the steam cleaner jet will be directed inside the PVC pipe and the 
pump exterior will be cleaned. The hot water from the steam 
cleaner will then be pumped from the PVC pipe through the pump and 
collected into another container. Note: additives or solutions 
should not be added to the steam cleaner. 

Pump n~n-~hosihate detergent solution through the inside of the 
. pump. If the solution is recycled, the solution must be changed 

periodically. 

Pump potable water through the inside of the pump to remove all of - the detergent solution. -If the solution is recycled, the solution 
must be changed periodically. 

Pump distiilad/deionized water through the pump. The final water 
rinse must -not be recycled. 

. VI-FIELD QUALITY CONTROL . - 
- - -  . , 

Quality control samples are required to verify that the sample 
- - collection-and handling process has not compromised the' quality of 

. . 
- - -the ground water samples.--All field quality control samples must be - 

prepared the same as regular investigation samples with regard to 
sample volume, containers, and preservation. The following quality 
control~samples shall be collected for each batch of samples.(a bat i 
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may not exceed 20 samples). Trip blanks are required for the VOC 
samples at a frequency of one set per VOC sample cooler. 

Field duplicate. 

Matrix spike. 

Matrix spike duplicate. 

Equipment blank. 

. Trip blank (VOCs) . 
Temperature blank (one per sample cooler). 

Equipment blank shall include the pump and the pump's tubing. If 
.cubing is dedicated to the well, the equipment blank will only 
include the pump in subsequent sampling rounds. 

- .  
Collect samples in order from wells with lowest contaminant 
concentration to highest concentration. Collect equipment blanks 
after sampling from.contaminated wells and not after background 
wells. 

Field duplicates are collected to determine precision of sampling 
procedure. For this procedure, collect duplicate for each analyte 
group in consecutive order (VOC original, VOC duplicate, SVOC 
original, SVOC duplicate, etc.). 

If split samples are to be collected, collect split for each analyte 
group in consecutive order (VOC original, VOC split, etc.). Split 
sample should be as identical as possible to original sample. 

All monitoring instrumentation shall be operated in accordance with 
EPA analytical methods and manufacturer's operating instructions. 
EPA analytical methods are listed in 40 CFR 136, 40 CFR 141, and SW- 
846 with exception of Eh, for which the manufacturer's instructions 
are to be followed. Instruments shall be calibrated at the beginning 
of each day. If a measurement falls outside the calibration range, 
the instrument should be re-calibrated so--that all measurements fall , 
within the calibration range. At the end of each day, check 
calibration to verify that instruments remained in calibration. 
Temperature measuring equipment, thermometers and thermistors, need 
not be calibrated to the above frequency. They should be checked for 
accuracy prior to field use according to EPA Methods and the. 
manufacturer's instructions. 
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VII.FIELD LOGBOOK 

A field log shall be kept to document all ground water field 
monitoring activities (see attached example matrix), and record all 
of the following: 

Well identification. 

Well depth, and measurement technique. 

Static water level depth, date, time and measurement technique. 

Presence and thickness of immiscible liquid (NAPL) layers and 
detection method. 

Pumping rate, drawdown, indicator parameters values, and clock 
time, at the appropriate time intervals; calculated or measured 
total volume pumped. 

Well sampling sequence and time of each sample collection. 
" - - . _ -  

Types of sample bottles used and sample identification numbers. 

Preservatives used. . 
. - - . - - . - -  . 

Parameters requested for analysis. 

. Field observations during sampling event. 
\ 

Name of sample collector (s) . 
Weather conditions. 

QA/QC dataL for field instruments. 
--. 

Any problenb encountered should be highlighted. 

Description of all sampling equipment used, including trade names, 
model number, diameters, material composition, etc. . . 

VIII. DATA REPORT 

Data reports are to include laboratory analytical results, QA/QC 
information, and whatever field logbook information is needed to 
allow for a full evaluation of data useability. 



.' 
Page of EXAMPLE (~inimum Requirementel - - 

We1 1 PURGING- FIELD WATER QUALI?;Y MEASUREMENTS FORM 

1,ocation (~ite/Facility ~ a m e )  
Wel,l Number Date 
~a'ield Personnel 
sampling Organization 

Depth to 
(below MP) 
Pump Intake 
Puqging Dev 

/ of screen 
top bottom 

at (ft. below MP) 
ce; (pump type) 

rdentify MP 

be low 

DO Turb- 
idity ::r l,I%me Purged 

Temp. 

OC 

Spec. 
Cond . 

Comments 

ml/min I' liters 

1. Pump dial setting (for example: hertz, cycles/min, etc). 
2 .  pSiemena per cm(earne as pmh&/cm)at 2 5 0 ~ :  
1 .  Oxidation reductjon potential (stand in for Eh). 
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