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1 .O INTRODUCTION 

1.1 PROJECT SCOPE 

The following Sampling and Analysis Strategy (SAS) provides the rationale behind the investigation of eleven 

waste management sites and the collection and analysis of groundwater samples at the Naval Surface 

Warfare Center, Dahlgren Division, White Oak Detachment (NSWC White Oak), located in Silver Spring, 

Maryland. The report has been completed under Contract Task Order No. 0273 (CT0 273) as plait of the 

Comprehensive Long-Term Environmental Action Navy (CLEAN) Contract N62472-90-D1298. The CLEAN 

Contract is part of the Navy’s Installation Restoration Program (IRP) which is designed to identify 

contamination of Navy and Marine Corps facilities resulting from past operations and to institute corrective 

measures as needed. CT0 273 is being administered by the Naval Facilities Engineering Command, 

Northern Division (NAVFAC), through Engineering Field Activity - Chesapeake (EFACHES). 

1.2 FACILITY BACKGROUND 

NSWC White Oak is a Navy owned and operated laboratory for Naval Surface Warfare research, located 

approximately 5 miles north of Washington, D.C., off New Hampshire Avenue in Silver Spring, Maryland (see 

Figure l-l). The facility is located in both Prince Georges and Montgomery Counties. NSWC White Oak is 

bordered by the Adelphi Laboratory Center and the United States Naval Reserve (USNR) Training Center 

along with a mixture of residential, park and industrial, commercial properties. NSWC White Oak covers 

approximately 710 acres. The Navy has conducted research activities at this facility since 1944. 

NSWC White Oak was listed on the Base Realignment and Closure (BRAC) list in the fall of 1995. The 

facility is now scheduled for closure, with the transfer of the research activities to other Naval facilities. 

Negotiations are currently underway to transfer of NSWC White Oak property to the General Services 

Administration (GSA) and the U.S. Army Adelphi Research Laboratory. 

1.3 PURPOSE 

The further characterization of the IRP sites, Solid Waste Management Units (SWMUs), and grounldwater is 

necessitated by the closure of the base and transfer of the property. 
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The objectives of this SAS are to provide supplemental characterization of the IRP sites and SWMUs, 

characterize base groundwater conditions, and develop a database of background information for use in 

future projects. These objectives will be met through the collection of and analysis of present and 

historical environmental data. 

1.4 WASTE MANAGEMENT SITES 

The first task of this SAS is to identify the proposed field efforts to be used to assess the five IRP and six 

SWMU sites. These eleven sites require expedited evaluation during the transfer of the base from the Navy 

to GSA. Based upon the information provided in previous investigations, the BRAC Cleanup Team (BCT) 

has determined that field sampling is required to characterize each site. This SAS represents a level of effort 

equivalent to a Site Inspection (SI) in the Comprehensive Environmental Response Compensation and 

Liability Act (CERCLA) process. The results of the field investigation component of the SAS will be used in 

the evaluation of risk for each site, resulting in either a no further action or further evaluation 

recommendation. 

The eleven sites have been used for the management and/or disposal of wastes or waste containing 

materials. Due to the planned reuse/development of these sites following transfer of the base from the 

Navy to the GSA, they will be investigated to characterize the potential risks, if any, to future tenants. 

1.4.1 IRP Sites 

The IRP sites were identified during the Navy’s Initial Assessment Study (IAS) of past hazardous waste 

disposal methods at the base. The IAS involved a records search, on-site survey, and site ranking. 

During the completion of the IAS, 14 sites were identified at which hazardous waste was previously 

managed. Of these 14 sites, 7 were identified with sufficient evidence to indicate the presence of 

contamination, and that the contamination posed a potential threat to human health or to the environment. 

These 7 sites were investigated to further characterize the potential threats identified. These sites include: 

Site 2 -Apple Orchard Landfill 

Site 3 - Pistol Range Landfill 

Site 4 - Chemical Burial Area 

Site 7 - Ordnance Burn Area 

Site 8 - Abandoned Chemical Disposal Pit 

- -, ,., Site 9 - Industrial Wastewater Disposal “300 Area” 

Site 11 - Industrial Wastewater Disposal “100 Area” 
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The seven sites which were not investigated were removed from the IRP and no further action was 

undertaken to characterize potential site contamination. Of these sites, two were remediated prior to the 

completion of the IAS and have been determined to require no further action. The remaining five sites are 

being investigated as part of CT0 273. These sites include: 

Site 1lSWMU 3 - Parking Lot Landfill 

Site 5/SWMU 32 - Open Burn Areas 

Site G/SWMU 6 - Sludge Cornposting Area 

Site 12/SWMU 21 - Industrial Wastewater Area “200” 

Site 1YSWMU 7 - Oil Sludge Disposal Area 

The five IRP sites identified above have also been identified as SWMUs under the Resource Conservation 

and Recovery Act (RCRA). The SWMU designation number has also been provided above. 

1.4.2 SWMUs 

In addition, five other SWMUs and one Environmental Baseline Study (EBS) Area of Concern (AOC) have 

been included in the scope of the field investigation. These sites include: 

Site 28/SWMU 88 - Building T-14 Scrapyard 

Site 29/SWMU 74 - Building 76 Plastics Laboratory Waste Area 

Site 31/SWMU 72 - Building 25, Outside Drum Storage Area 

Site 32/AOC 0 - NPDES Outfall #0009 

Site 33/SWMU 39 - Building 25, Plating Shop Sump 

EBS AOC 100 - Indoor Underground Pistol Range 

Potential contamination at these sites may have also resulted from past waste management activities. 

1.5 GROUNDWATER SAMPLING 

NSWC White Oak currently maintains 88 groundwater monitoring wells and piezometers at 7 IRP sites 

and two background locations. These monitoring wells have been used previously to characterize site 

groundwater contamination at the IRP sites and evaluate potential risks to human health to local 

receptors. Future environmental studies planned at the base will include the further characterization of 

groundwater contamination and potential mitigation of the contamination identified, if any. Current data is 
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necessary to accurately evaluate risks associated with exposure to groundwater. As the majority of the 

site groundwater monitoring wells have not be sampled and analyzed since 1991, updated groundwater 

quality data is needed prior to further calculation of site risks. Therefore, the groundwater sampling scope 

will include the sampling and analysis of all groundwater monitoring wells at the base, select wells on the 

adjacent U.S. Army property and at monitoring wells to be installed. 
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2.0 SAMPLING STRATEGY 

The following section provides the.Lationale for the sampling methods and locations selected to further 

characterize potential contamination at five IRP Sites, five SWMUs, and EBS AOC located at NSWC 

White Oak. 

2.1 SITE IlSWMU 3 - PARKING LOT LANDFILL 

2.1.1 Backwound 

The Parking Lot Landfill was used as an open disposal site and landfill between 1948 and 1953 (Figure 2-l). 

The site is located east of Building IOlA and is adjacent to the Apple Orchard Landfill (IRP Site 2). Waste 

supposedly disposed within this landfill includes waste lubricating oil, battery acid, plating wastes and metal 

scrap. It has been reported that approximately 60 automobile batteries were disposed in the site over its 

operating life. The site is now used as a parking lot and is paved with asphalt. 

2.1.2 Sampling Approach 

The objectives of the investigation at Site 1 include the delineation of the limits of disposal and preliminary 

assessment of the presence or absence of contaminant migration from the landfill to the surrounding 

environment. A geophysical survey will be conducted at the site to assess the areal extent of the landfill. 

The geophysical survey will be conducted across the area bounded by the crane storage buildilng to the 

north, the tree line to the south and east, and the roadway to the west. It is believed that the variance in 

conductivity between waste materials and natural soils will enable the mapping of the site wastes through 

the completion of the geophysical survey. 

Wastes have been observed on the slopes beyond the edge of the parking lot, adjacent to the streams 

between Site 1 and the Apple Orchard Landfill and the stream to the south. To evaluate the limit of waste 

at the site and the potential contaminant migration therefrom, a field investigation will be conducted at Site 

1. The field investigation will attempt to determine if waste identified along the landfill perimeter is surficial 

debris or makes up the landfill mass, and if unacceptable levels of contamination are .present therein. The 

acceptable levels of contamination will be determined by the Navy and BRAC Closure Team (BCT). To 

do so, four surface soil samples (Ol-SS-01 through 01-SS-04) will be collected from the hillside between 

the edge of the parking lot and stream between Site 1 and the Apple Orchard Landfill, and two surface soil 

samples (Ol-SS-05 and 01-SS-06) will be collected along the hillside along the southern perimeter of the 

landfill. Trowels or hand augers will be used to collect the samples. The samples will be analyzed for 
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for U.S. EPA Target Compound List/Target Analyte List (TALITCL) constituents, which include volatile 

organic compounds (VOC), semivolatile organic compounds (SVOC), pesticides, polychlorinated 

biphenyls (PCB), metals, and cyanide. In addition samples will be analyzed for explosives by EPA 

SW 846 method 8330. 

To assess the impact of the landfill wastes on site groundwater, five groundwater samples will be 

collected. Temporary well points will be used to collect the samples at the locations identified on 

Figure 2-1. Temporary well points will be used in leiu of direct push techniques due to past difficulties with 

direct push sampling at NSWC White Oak. The proposed groundwater sampling locations have been 

placed beyond the assumed limit of waste, in order to determine the impact of the landfill wastes on 

groundwater downgradient of the site. The exact location of the temporary well points will be selected in 

the field based upon visual analyses. Where the landfill wastes encroach upon adjacent sutface water 

bodies at the proposed well point locations, the well point will be located within the landfill mass in 

proximity to the surface water body. The groundwater samples will be analyzed for TCLiTAL constituents 

and explosives. Low concentration analysis will be performed for VOCs, SVOCs, pesticides, and PCBs. 

Metals analyses will include total fractions only. Low flow sampling methods will be used to collect the 

groundwater samples. 

2.2 SITE SlSWMU 32 - OPEN BURN AREAS 

2.2.1 Background 

The Open Burn Area was identified in the IAS (IRP Site 5) and the RCRA Facility Assessment (RFA) 

(SWMU 32), but has not previously been included in any field investigations. This site reportedly consisted of 

three adjacent open burn areas. However no information is available on the exact boundaries of the areas. 

The first site was a bermed area used from the late 1940s until 1970 for disposal of paper, cardboard, wood, 

and other bulky ignitable material along with small quantities of hazardous wastes. In 1969-1970, #materials 

were ignited using pyrotechnic devices. It has also been reported that this site may have been used as a fire 

training area and that explosives may have been tested here as well. A second bermed area, located east of 

the first bermed area, was reportedly used for research operations. A third bermed area is located1 north of 

the second. The proposed investigation encompasses all three bermed areas (Figure 2-2). 

2.2.2 Sampling Approach 

To evaluate the potential presence or absence of contaminants at the site, surface and subsurface soil 

sampling has been proposed. Five soil borings have been proposed at the site for the continuous 

collection of soil samples from the ground surface to the groundwater table, or a depth of 25 feet, 
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‘il whichever is less. It is believed that the depth to groundwater in this area is approximately 25 feet. Three 

soil samples will be collected from each boring. A surface soil sample will be collected at a depth of 

O-6 inches. A subsurface sample will be collected between the surface and bottom of the boring based on 

head space readings or visual signs of contamination. Head space readings will be measured using a 

photoionization detector (PID). In addition, a sample will be collected at the groundwater interface, or at 

the bottom of each boring, if groundwater is not encountered. The samples will be analyzed for explosive 

compounds (via method 8330) and TCL/TAL constituents. 

A phased approach will be used in the investigation of Site 5. Due to the nature of the waste burned at the 

site and the period of time since waste burning activities were conducted, the field investigation will focus 

on the identification of sources of contamination within the subsurface soil only. The soil sample analytical 

results will be compared to background and USEPA Region III Risk-Based Concentrations (RBCs). RBCs 

for soil screening levels for the transfer of contaminants from soil to groundwater will be used for 

comparison because these values are more conservative than the RBCs for soil ingestion. If analytical 

results are above the background or RBC values, further characterization of groundwater conditions will 

be performed. 

_,I 

No groundwater sampling/characterization is proposed at the soil boring locations at this time. To address 

potential source areas and to aid in characterization of Site 5, groundwater monitoring wells will be placed 

in the vicinity of Site 5 (refer to Section 3.2.1). Three groundwater monitoring well locations have been 

selected downgradient of Site 5 and Site 13 to address the potential impact of these sites on regional 

groundwater. 

2.3 SITE G/SWMU 6 - SLUDGE COMPOSTING AREA 

2.3.1 Background 

This site was used between 1946 and 1982 for the managing of sludge from the sludge drying beds and 

lmhoff tanks at the Former Wastewater Treatment Plant Site (SWMU 47). The site was an area of bare 

ground, approximately one acre in extent. The site managed sewage treatment sludge which may have 

contained hazardous wastes from plating and laboratory operations, pesticide spraying, and explosive 

wastes. Upon application, the sludge was mixed with leaves, sawdust, other organic material and soil. The 

unit has been inactive since 1982, when the Former Wastewater Treatment Plant ceased operations. 

Figure 2-3 identifies the approximate location of the site. 

, 
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2.3.2 Sampling Approach 

In order to assess the depth and areal extent of the remaining sewage sludge, a geophysical survey will 

be performed. A high resolution terrain conductivity survey has been proposed to map the limits of the 

existing waste. As sewage sludge characteristically contains elevated concentrations of salts and other 

highly conductive constituents, the presence of residual sewage sludge contamination at the site would be 

represented by an elevated terrain conductivity. The presence of sewage sludge would be represented by 

anomalous terrain conductivity measurements. 

Following completion of the survey, direct push sampling will be utilized to confirm the geophysical survey 

and collect samples for chemical analysis. If the results of the geophysical survey are inconclusive, the 

area of the direct push sampling shall be expanded and used as the primary means to delineate the limit 

of waste. 

Where sludge is detected, a total of nine samples will be collected. Three samples will be collected at the 

surface (O-6”) three samples will be collected within the sludge layer, and three soil samples will be 

collected beneath the sludge layer. The samples collected will be analyzed for TCL VOCs, TCL SVOCs, 

TCL pesticides/PCBs, TAL metals including cyanide and molybdenum (to address all 40 CFR 503 metals), 

and explosive compounds (via method 8330). 

If the sludge layer cannot be discerned, nine soil samples will be collected at randomly selected locations 

within the suspect disposal area. Three soil samples will be collected at the surface (O-6”) and six soil 

samples at a depth ranging from 2 to 4 feet. The samples collected will be analyzed for TCL VOCs, TCL 

SVOCs, TCL pesticides/PCBs, TAL metals including cyanide, and molybdenum, and explosive 

compounds (via method 8330). 

2.4 SITE 12lSWMU 21 - BUILDING 201 - INDUSTRIAL WASTEWATER AREA “200” 
SITE 12lSWMU 22 - BUILDING 204 - INDUSTRIAL WASTEWATER AREA “200” 

2.4.1 Background 

,.“, .-.l 

This site consists of two leaching wells used for the disposal of acid waste generated in Buildings’ 201 and 

204. Photographic wastes may have also been disposed at this site. One well is located north of Building 

201 (Figure 2-4). The exact location of the well has not been identified, however a review of archived 

drawings has provided the relative location of the well. The second well was located in the vicinity of Building 

204. The units were used from 1945 until the late 1970s and deactivated between 1982 and 1984. ‘The wells 

reportedly managed battery acid which may have been contaminated with lead, antimony, and cadmium, 
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although other wastes may have been managed at these sites. The wells discharged directly to the 

subsurface soil. 

2.4.2 Sampling Approach 

Terrain conductivity will be used to verify the suspected location of the leaching wells. If identified, a soil 

boring will be placed at the each suspect location to access soil beneath each well. One soil sample will 

be collected at a depth of 10 feet and one at 12 feet. The depths represent the suspected bottom of the 

well, and the other two feet below the bottom of the well. The soil sample will be analyzed for TCL/TAL 

constituents. Two additional soil borings will be placed in the downgradient direction from each well 

(presumed to be northeast) for the collection of two soil samples. The soil borings will be placecl within 10 

feet of the leaching well boring. The samples will be collected at a depth of 12 feet and analyzed for 

TCL/TAL constituents. 

If the former location of the wells cannot be identified using the terrain conductivity survey, three soil 

borings will be placed in proximity to each suspected location (within 10 feet). A soil sample will be 

collected from each boring at a depth from 10 to 12 feet and analyzed for TCL/TAL. 

Following the soil sampling activities, groundwater samples (collected via temporary well points) will be 

collected at two locations downgradient of each well site. More numerous well points may be installed in 

the evaluation of the groundwater flow direction, however only two samples will be collected and analyzed 

to characterize groundwater quality. The groundwater samples will be analyzed for TCL/T.AL. Low 

concentration analysis will be performed for VOCs, SVOCs, pesticides, and PCBs. 

2.5 SITE 13/SWMU 7 - OIL SLUDGE DISPOSAL AREA 

2.5.1 Background 

This site was used from 1970 to 1978 for disposal of sludge from fuel oil tanks. The site is located near 

the northeastern corner of the Base, between Dahlgren Road and the northern boundary patrol road and 

occupies approximately 0.7 acres (Figure 2-2). It is reported that anywhere from 6,000 to 10,000 gallons 

of oily sludge from oil storage tanks containing No. 6 fuel oil was spread over the surface of this Gte. 
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2.5.2 Sampling Approach 

A phased approach will be used in the investigation of Site 13. Due to the nature of the waste disposed 

and the period of time since wastes have been disposed, the field investigation will focus on the 

identification of sources of contamination within the subsurface soil. 

Due to the potential presence of VOC, SVOC, and metals contaminants in the soil at the site, three soil 

borings will be advanced at the locations identified on Figure 2-2. Two soil samples will be collected at 

each boring location, one surface and one subsurface. The samples will be analyzed for TCLITAL 

constituents, The soil samples will be collected at a depth of zero to six inches (surface) and a depth of 

two feet (subsurface). 

If significant subsurface soil contamination is identified at the site, further characterization of groundwater 

conditions will be performed. However no groundwater sampling/characterization is proposed at the soil 

boring locations at this time. To address potential source areas and to aid in characterization of Site 13, 

groundwater monitoring wells will be placed in the vicinity of Site 13 (refer to Section 3.2.1). Three 

groundwater monitoring well locations have been selected downgradient of Site 5 and Site 13 to address 

the potential impact of these sites on regional groundwater. 

2.6 SITE 281SWMU 88 - BUILDING T-14 SCRAPYARD 

2.6.1 Backqround 

The Building T-14 Scrapyard is a fenced area used for the management of materials awaiting disposal or 

reuse. The site which measures 150 feet by 300 feet, was used to store transformers directly on hard- 

packed gravel between 1967 and 1975. Other areas of the site are covered with concrete. Figure 2-5 

identifies the location of the site. 

2.6.2 Sampling Approach 

A phased approach will be used in the investigation of Site 28. Due to the nature of the storage activities 

and the length of time since the use of the site for transformer storage, the field investigation will focus on 

the identification of sources of contamination within the surface and subsurface soil. If significant surface 

or subsurface soil contamination is identified at the site, further characterization of groundwater conditions 

will be performed. However no groundwater sampling/characterization is proposed at this time. 
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.,_ il,“h As the exact location used for the storage of the transformers has not been identified, nine soil sampling 

locations (Figure 2-5) have been selected to aid in the characterization of subsurface conditions within the 

gravel portion of the storage yard. At each sampling location, a discrete surface soil sample will be 

collected beneath the gravel layer at a depth between zero and two feet, and a discrete subsurface soil 

sample will be collected at a depth between two and four feet. The samples collected will analyzed for 

TCL VOCs, TCL SVOCs, TAL metals, and TCL pesticides/PCBs. The samples will be collected from 

. stained and unpaved areas where observed. 

2.7 SITE 29/SWMU 74 - BUILDING 76, PLASTICS LABORATORY WASTE AREA 

2.7.1 Backwound 

This site consists of a concrete pad measuring ten feet by ten feet, and was used for staging wastes 

generated within the Plastics Laboratory until disposal off-site. Wastes managed included epoxies and resin 

waste generated within the Plastics Laboratory. The pad was surrounded by a concrete berm. IFigure 2-6 

identifies the location of the site. 

2.7.2 Sampling Approach 

The RFA (1990) stated that improper storage practices were observed during an inspection conducted by 

the Navy and the USEPA in 1989. Therefore, Site 29 is being investigated to determine if the environment 

has been impacted by a release of hazardous materials. Two boring locations will be drilled at the 

locations shown on Figure 2-6. These locations may be changed in the field during visual observations to 

allow for the collection of samples at locations of stressed vegetation or potentially contaminai:ed areas, 

locations of observed cracks in the concrete or other potential pathways for contamination migration. 

Three soil samples will be collected from each boring, one surface sample, one shallow subsurface 

sample and one sample at the groundwater interface (estimated to be 15 feet deep). 

The soil samples will be analyzed for TCL VOCs and TCL SVOCs, as well as the identification of 

Tentatively Identified Compound (TICS) for the VOCs and SVOCs. TICS will be evaluated to (determine 

the presence of volatiles associated with plastic wastes that are not identified on the TCL. 
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2.8 SITE SVSWMU 72 - BUILDING 25, OUTSIDE DRUM STORAGE AREA 

2.8.4 Background 

This site is located on the east side of Taylor Road near Building 25 (Figure 2-6). The site consists of a four 

foot by fifteen foot asphalt pad which was used to store a maximum of two 55gallon drums of waste solvents 

and lubrication oils from a shop located within Building 25. The solvents contained trichloroethylene, 

methylene chloride, 2-butoxyethanol, xylene, toluene, ethylbenzene, and other unspecified hydrocarbons. 

The drums were stored for a one or two day period prior to transport off-site for disposal. Portions of the pad 

are stained with paint. Metal objects are also embedded within the asphalt. 

2.8.2 Sampling Approach 

During a site visit with the Navy, the USEPA, the Maryland Department of the Environment (MIDE), and 

Navy contractors in September 1996, stressed vegetation was observed near Site 31. Thereforle, Site 31 

is being investigated to determine if the environment has been impacted by a release of hazardous 

materials. Two boring locations (31-SB-01 and 31-SB-02) will be drilled at the locations shown on 

Figure 2-6. These locations may be changed in the field during visual observations to allow for the 

collection of samples at locations of stressed vegetation or potentially contaminated areas, locations of 

observed cracks in the asphalt or other potential pathways for contamination migration. Three soil 

samples will be collected from each boring, one surface sample, one shallow subsurface sample, and one 

sample at the groundwater interface or at the bottom of each boring if groundwater is not encount:ered. 

The soil samples will be analyzed for TCL VOCs and TCL SVOCs as well as the identification of TICS for 

the VOCs and SVOCs. TICS will be evaluated to determine the presence of other volatiles (i.e., 

2-butoxyethanol and other unspecified hydrocarbons) which are not included on the TCL. The soil 

samples will also be analyzed for TPH and TAL metals. TPH will be analyzed to determine the presence 

of the lubrication oils. Metals may have been present in the soluble form with the spent solvents; 

therefore, metal analyses are recommended. 

2.9 SITE 32/AOC-0 - NPDES OUTFALL #0009 

2.9.1 Background 

.” h 

This site is located behind building 112, adjacent to Outfall #002. The outfall received wastewater generated 

from various buildings within Area 100. The outfall was permitted to discharge 2,600 gallons per day (gpd). 

Sources associated with the outfall include Building 100 car wash wastewater (300 gpd), and steam 
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condensate and backwash from water treatment equipment in Building 101, the Boiler Plant (2,300 gpd). 

Due to the nature of the research activities conducted at the base, the wastewater may have contained 

explosive materials. The outfall was eliminated prior to applying for a modified NPDES permit, but was never 

formally closed under RCRA. The RFA (1990) stated that the unit was deactivated on an unknown date. 

2.9.2 Sampling Approach 

To evaluate the potential presence of contamination at the outfall location, two surface water and two 

sediment samples will be collected as identified on Figure 2-l. The collection of the surface 

water/sediment pairs, in conjunction with the planned field investigation at Site 1, Parking Lot Landfill, 

should provide adequate information for the characterization of conditions in the area adjacent to the 

outfall and within the receiving drainageway. 

The surface water samples will be analyzed for TCL/TAL constituents and explosives. Low concentration 

analysis will be performed for VOCs, SVOCs, pesticides, and PCBs for surface water. The sediment 

samples will be analyzed for TCL/TAL constituents, explosives, total organic carbon (TOC), and grain- 

size. The TOC and grain-size analyses will aid in future sample comparison and the evaluation of 

contaminant bioavailability. 

If the location of the outfall pipe can be identified, a sediment sample will be collected from the pipe, if 

present. 

2.10 SITE 331SWMU 39 - BUILDING 25 PLATING SHOP SUMP 

2.10.1 Background 

Site 33/SWMU 39 is a former sump located on the east side of Building 25 Plating Shop, as shown on 

Figure 2-6, in the northwest portion of the facility. The sump is a closed underground concrete tank 

measuring approximately 5 feet by 7 feet by 8 feet deep, with terracotta inlet and outlet pipes. The sump is 

covered by a metal lid and contained a weir. It received wastewater containing chromium, cadmium, 

copper, lead, nickel, and cyanide from the Plating Shop via the floor drains and discharged to the Sanitary 

Sewer System (SWMU 46). The sump began operation in the late 1940s and was deactivated in 1984, 

when operations in the Plating Shop ceased. 
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,..,__ 2.10.2 Sampling Approach 

There have been no known releases from the sump and no evidence of releases could be determined 

during the VSI. Integrity testing was never conducted on the sump. Therefore, Site 33 is being 

investigated to determine if the environment has been impacted by a release of hazardous materials from 

the sump. Three borings locations (33-SB-01 through 33-SB-03) will be drilled at the locations shown on 

Figure 2-6. These locations may be changed in the field during visual observations to allow for the 

collection of samples at locations of stressed vegetation or potentially contaminated areas. Three soil 

samples will be collected from each boring, one surface sample, one shallow subsurface sample and one 

sample at the groundwater interface. 

The soil samples will be analyzed for TAL metals and cyanide. Metals were known to be present in the 

wastewater collected from the Plating Shop. 

A sediment sample will be also be collected from within the sump. The sample will be analyzed for TAL 

metals and cyanide. 

2.11 EBS AOC 100 - INDOOR UNDERGROUND PISTOL RANGE 

2.11.1 Background 

AOC 100 was identified during the Environmental Baseline Survey (EBS) conducted in 1996. Prior to the 

EBS, the area was not identified as a concern. AOC 100 is the location of a former indoor underground 

pistol range which is currently being taken out of service. The range is located north of Building 25 on the 

southern side of Building 71 parallel to Maury Road (Figure 2-6). The range is now divided into two 

sections, separated by a concrete wall near the target end of the range. No impact berm/materials are 

present within the range. 

2.11.2 Sampling Approach 

Wipe samples will be collected to assess the presence or absence of contamination. A sample will be 

collected from each wall (3), the ceiling (l), and the floor (1) at the target end (5 total), and wipe samples 

will be collected from each wall (2) the ceiling (I), and the floor (1) at the fire line end of the range (4 

total). 

/- I. The wipe samples will be analyzed for TAL lead. _a 
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3.0 GROUNDWATER SAMPLING PLAN 

3.4 GROUNDWATER SAMPLING 

Eighty-eight groundwater monitoring wells and piezometers have been placed at NSWC White Oak during 

the past site investigation activities. These monitoring wells were placed in association with the evaluation 

of the seven IRP sites and have been sampled on several occasions, beginning with the Confirmation 

Study in 1988. The data collected has been used to calculate site risks and evaluate potential 

contaminant mitigation plans. 

Due to the developing nature of risk assessments, current data is necessary to accurately evaluate risks 

associated with exposure to groundwater. As the majority of the site groundwater monitoring wells have 

not be sampled and analyzed since 1993, updated groundwater quality data is needed prior Ito further 

calculation of site risks. Groundwater data, reflecting the current site conditions, will be collected through 

the implementation of CT0 273. 

Groundwater samples will be collected at the 88 existing groundwater monitoring wells and pie.zometers 

and at wells proposed for installation. The wells will be sampled in groups, in accordance with the IRP site 

associated with each. The previous groundwater data will be evaluated prior to the initiation of the 

sampling activities. At each of the seven IRP sites, the least contaminated wells will be samlpled first, 

followed by the more highly contaminated wells, in order to minimize the potential for cross-contamination. 

Each of the groundwater samples collected will be analyzed for TCLITAL constituents. In addition field 

measurements will collected for pH, temperature and specific conductance. 

For this investigation, the groundwater monitoring wells will be sampled on either one or two occasions, as 

determined on a well by well basis by EFACHES and B&R Environmental personnel upon receipt of the 

original groundwater data. The results of the first sampling round will allow EFACHES and B&R 

Environmental to identify the potential contaminants of concern for the IRP sites and evaluate the need for 

additional sampling. The second sampling event will be focus on these potential contaminants of 

concerns for the individual wells selected. 
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3.2 MONITORING WELL INSTALLATION 

Six new groundwater monitoring wells are planned for installation at NSWC White Oak in association with 

the groundwater characterization activities. The location of the new groundwater monitoring wells have 

been identified on Figure 3-l. Rationale for the locations selected are identified further below. 

3.2.1 Site 3 - Pistol Range Landfill 
Site 5 - Open Burn Area 
Site 13/SWMU 7 - Oil Sludge Disposal Area 

During the previous investigations conducted at Site 3, groundwater contamination was identified 

downgradient of the site. However, due to the numerous waste management activities which were 

conducted in proximity to Site 3, and the uncertainties identified with groundwater flow in this area, the 

source of the groundwater contamination has not been positively identified. In addition upgradient 

groundwater conditions have not been characterized at Site 3, and therefore the impact of the landfilled 

wastes on the underlying groundwater cannot be properly quantified. 

Other potential source areas for groundwater contamination in proximity to Site 3 include Site 4, Site 5 and 

Site 13. To address these potential source areas, and characterize upgradient groundwater conditions at 

Site 3, three groundwater monitoring wells have been proposed for installation in proximity to the landfill 

site. These wells will be located upgradient of Site 3 (presumed) between Site 3 and Sites 5 and 13. 

These wells will aid in identifying the impact of the waste management practices at Sites 5 and 13 on the 

local groundwater quality and will provide additional information on the groundwater flow characteristics in 

the area north of Dahlgren Road. 

The proposed locations of these groundwater monitoring wells are identified on Figure 3-l. Details on the 

monitoring well construction are provided in Section 4 of this plan. 

3.2.2 Site 4 - Chemical Disposal Area 

During the previous site investigations, 18 groundwater monitoring wells and piezometers have been 

installed adjacent to Site 4. Through these investigations, significant groundwater contamination (namely 

vinyl chloride and trichloroethene [TCE]) has been identified at the site. During the most recent 

investigation (1991), significant TCE contamination was identified in groundwater monitoring wells 4GW50 

and 4GW79, along the southeastern perimeter of the groundwater monitoring well network, as well as 

groundwater monitoring wells 4GW8lS 4GW82, 4GW52, 4GWl1, and 4GWllA. In addition, 
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.- ^ groundwater monitoring wells 4GW13, 4GW15, 4GW48, 4GW52, and 4GW81S contained significant 

concentrations of 1,2-dichloroethene, 1,1,2,2-tetrachloroethane, toluene, 1 ,l ,l -trichloroethane, chloroform, 

and tetrachloroethene. TCE contamination was also identified in monitoring wells 7GW41 and 7GW43 

located at Site 7, presumed to be downgradient of Site 4. 

To aid in the delineation of the groundwater plume at Site 4, one additional groundwater monitoring well is 

proposed southeast of wells 4GW50 and 4GW79. This well will aid in the delineation of the contaminant 

plume and will serve as upgradient monitoring point for Site 7. The proposed location of this groundwater 

monitoring well is identified on Figure 3-l. Details on the monitoring well construction are provided in 

Section 4 of this plan. 

3.2.3 Site 7 - Ordnance Burn Area 

Site 7 was used for the destruction of waste ordnance compounds from 1948 until 1968. Tine site is 

located north of Dahlgren Road, approximately 300 yards southeast of Site 4. The site consists of a swale 

250 feet long and 20 feet wide. 

During previous investigations at the site, significant concentrations of several nitroaromatic compounds 

were detected in groundwater monitoring well 7GW8 located within the swale at the site. Monitoring well 

7GW41 also showed significant contamination of nitroaromatics as well as metals and VCCs. No 

nitroaromatic contamination was detected in the presumed downgradient wells at the site. Therefore to 

further characterize groundwater quality and flow conditions north/northeast of the site, and additional 

groundwater monitoring well has been proposed. This well will be placed between the existing source 

well, 7GW8, and a drainage channel located northeast of the site. This well will be used to determine if 

groundwater contamination may in fact be migrating toward this drainage channel. 

The proposed location of this groundwater monitoring well is identified on Figure 3-l. Details on the 

monitoring well construction are provided in Section 4 of this plan. 

3.2.4 Site IZWMU 21 - Industrial Wastewater Disposal Area “200” 

The location of the final groundwater monitoring well associated with CT0 273 has been tentatively 

selected at Site 12. Due to the nature of the operations conducted, disposal of industrial wastewater 

through leaching wells, and the results of the investigations conducted previously at similar operations at 

White Oak (i.e., Site 9, Site ll), this site has been selected. The groundwater monitoring well may be 
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placed downgradient of the leaching well at either Building 201 or 204, or groundwater monitoring wells 

may be needed at both locations. 

However during the proposed field investigation activities and site screening process, groundwater 

samples will be collected at temporary sampling locations. Dependent upon the results of this sampling 

and analysis effort, a need may be identified to relocate this permanent groundwater monitoring well at 

another IRP site or SWMU. Therefore the selection of the final groundwater monitoring well site will be 

made at a later date, contingent upon the results of the site screening process. 
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4.0 FIELD OPERATIONS 

This Plan discusses the sampling operations and procedures for the proposed sampling events to be 

performed at NSWC White Oak. Details of the sampling events, including sample locations;, sample 

analytes and rationale are provided above. 

4.1 FIELD OPERATIONS SUMMARY 

The purpose of this field investigation is to characterize nine IRP Sites/SWMUs, and acquire groundwater 

chemistry data at existing and proposed groundwater monitoring wells installed at the base. For this 

investigation, the groundwater monitoring wells will be sampled on either one or two occasions, as 

determined on a well by well basis by EFACHES and B&R Environmental personnel upon receipt of the 

original groundwater data. 

4.2 MOBILIZATION I DEMOBILIZATION 

i .-, 

Following approval of the Work Plan, B&R Environmental will begin mobilization activities. All field team 

members will review the Sampling and Analysis Plan, the Health and Safety Plan and the Quality 

Assurance Project Plan.prior to mobilization to the site. In addition, a field team orientation meeting will be 

held to familiarize personnel with the scope of the field activities. 

The Field Operations Leader (FOL) will coordinate the mobilization activities for this project. The 

equipment required for the field activities will be mobilized from B&R Environmental’s Pittsburgh office to 

the site by the FOL and the field crew. The FOL and crew will demobilize from the site upon completion of 

the field operations and transport all field equipment back to the Pittsburgh office. 

All site restoration activities will be performed by B&R Environmental and its subcontractors. Site 

restoration may include, but is not limited to, regrading areas where drilling activities. 

4.3 MONITORING WELL CONSTRUCTION AND TESTING 

4.3.1 Monitoring Well Construction 

Six groundwater monitoring wells will be installed during the completion of the field investigation activities. 

., ‘-. 
Monitoring wells will be constructed of 2-inch I.D., polyvinyl chloride (PVC), flush-joint riser pipe and 

factory-slotted well screen. Each section of casing and screen is National Sanitation Foundation (NSF) 
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approved. Unless otherwise specified, state and EFACHES well installation requirements will be followed 

for all well installation activities. Figure 4-l illustrates typical well construction details for overburden 

aquifer monitoring wells. 

After the borings are drilled to the desired depth, the well is installed through the augers. The monitoring 

well borings will be drilled using 4 l/4-inch I.D. augers. The top of the screened interval will be positioned 

approximately 2 feet above the stabilized water level. A ten foot screen length will be used with a screen 

slot size of 0.010 inch. A silica sand pack will be installed into the boring annulus around the well screen. 

Because the soils at the site vary from silts and clays to gravels, the sand pack will be well-sorted, silica 

sand with a grain size appropriate for the formation, as determined by the field geologist. The sand pack 

will be installed from 6” below the bottom of the well screen to approximately 2 feet above the top of the 

well screen. The sand pack is installed by pouring sand into the space between the riser pipe and hollow- 

stem augers. The hollow-stem augers act as a tremie pipe and are withdrawn from the boring as the sand 

is emplaced. The sand is always kept within the augers during withdrawal to ensure an adequate sand 

pack. A weighted, stainless-steel or plastic tape measure is used during rhonitoring well installation to 

ensure that no bridging occurs and to maintain no more than 1 foot of sand above the bottom of the 

augers. In some of the shallower monitoring wells, it may be necessary to bring the sand pack up to only 

1 foot above the top of the screen to allow enough space for a sufficient bentonite and grout seal above 

the sand pack. A 100 percent sodium bentonite pellet seal no less than 2 feet thick is installed above the 

sand pack and allowed to hydrate, as per the manufacturer’s directions. 

B&R Environmental SOP GH-2.8 , provided in Appendix A, provides guidance for different types of well 

constructions, such as confining layer monitoring wells, bedrock monitoring wells, and drive points. 

A 6-inch-diameter, protective steel casing equipped with a locking steel cap will be installed at the ground 

surface. The protective casings will be grouted a minimum of 3 feet into the ground and stick up 

approximately 2 feet. A drain hole will be drilled into the protective casing approximately 0.5 feet above 

the ground surface. A concrete apron measuring 3 feet by 3 feet by 6 inches will be constructed around 

the casing of each well. For stick-up casings in traffic areas, four marker posts (4-inch nominal diameter, 

5foot-long steel pipe filled with cement) will be embedded 2 feet into the ground within the concrete apron 

around the well. The marker posts will be positioned at each corner of the concrete pad. Each well is 

locked, and all locks supplied for the wells will be keyed alike. After installation, the top of the riser pipe, 

the top of the protective casing, and the ground surface elevation at the well location will be surveyed to 

within O.Ol-foot vertical accuracy and O.l-foot horizontal accuracy. 
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A monitoring well construction diagram will be completed for each well installed. A sample of all 

monitoring well construction forms is provided in Appendix B. 

The monitoring wells will be developed no sooner than 24 hours after well completion to remove fine 

material from the sand pack around the screened interval of the well. Wells will be developed by bailing 

and surging or by pumping, as determined by the field geologist. Temperature, pH, turbidity and specific 

conductivity water quality parameters will be measured after each well casing volume is purged. Wells will 

be developed until these readings become stabilized, based on the following criteria: temperature +I .0X, 

pH 50.1 unit, and specific conductivity +5 percent. Well development sheets will be maintained during well 

development. An example of a well development sheet is provided in Appendix B. 

4.3.2 AquiferlSluq Tests 

Slug tests will be performed to determine the hydraulic characteristics in the immediate vicinity of the well 

screen/open borehole for the newly installed wells. Although they typically require data logging equipment 

for rapidly recharging aquifers, they do not require pumping and are, therefore, applicable in low-yield 

aquifers or at locations where contaminated water disposal is prohibitively expensive. B&R Environmental 

SOP GH-2.4 (attached in Appendix A) procedures are followed for conducting slug tests. 

Prior to performing the slug test, the static water level is recorded as well as the well construction details. 

This information is recorded on a Hydraulic Conductivity Testing Data Sheet (provided in Appendix B). 

Both rising-head and falling-head tests are performed by either inserting a solid slug into the well to raise 

the water level and measuring the rate of decline in water level (recovery) or by removing a slug of water 

and measuring the rate of rise in the water level to equilibrium, respectively. The changes in water level 

are induced as quickly as possible, as the analysis assumes an instantaneous change in head. Falling- 

head tests are not performed where the water level is within the screened interval. In addition, as slug 

tests are very sensitive to borehole skin effects, the well must be developed properly to obtain accurate 

data. 

Slug test data are collected using an electronic data logger with pressure transducer and/or electronic 

water level indicator. To facilitate data graphing, the loggers are programmed to record measurements on 

a logarithmic time scale. It is ideal to record water level data to at least 90 percent recovery in the well 

before terminating the test. Time (t) versus head ratio (h/h,) is plotted on hydraulic conductivity sheets in 

the field and should approximate a straight line. The test is rerun if data scatter is excessive or if the 

straight-line approximation is not obtained. 
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-. Slug test data are analyzed using one or more of the following three methods: 

. Hvorslev (1951) Method - Rapid, straight-line method for partially penetrating well screens. 

. Bouwer and Rice (1976) Method - Rigorous, straight-line method for complex well geometries. 

. Cooper et al. (1967) Method - Type-curve method for low-permeability aquifers. 

The above methods are analyzed simply by hand. However, the Bouwer and Rice method and the 

Cooper et al. method may also be analyzed using the AQTESOLV Computer Program developed by 

Geraghty & Miller, Inc. (1994). 

4.4 SOIL BORINGS 

Soil borings will be drilled to characterize subsurface lithology and soil contamination in accordance with 

SOP GH-1.3, provided in Appendix A. Six of the soil borings will be converted to groundwater monitoring 

wells. 

_i x, 

The hollow-stem auger drilling method is the preferred method for drilling the soil borings, and t,he use of 

fluids is prohibited during soil boring activities. Other drilling methods such as rotosonic, direct push, solid 

stem augers, etc., may be considered on a site-specific basis, as determined during the completion of the 

field investigation activities. If other drilling methods need to be used, these will be coordinated with the 

MDE for evaluation of their use for the proposed field work. Soil samples will be collected with split-spoon 

samplers at Z-foot intervals from the ground surface to the top of the water table or the predetermined 

bottom of the boring, as referenced in specification ASTM 2686-84. Split-spoon samplers will have a 

minimum inside diameter (I.D.) of 2 inches and be at least 2 feet long to fulfill sample volume requirements 

for chemical analysis. The split-spoon sampler is driven to the required depth by means of a drill rig- 

mounted hammer weighing 140 pounds falling 30 inches. 

A lithologic description of each split-spoon sample and a complete log of each boring will be maintained by 

the B&R Environmental geologist in accordance with SOP GH-1.5, provided in Appendix A. At a 

minimum, the boring log contains the following information: 

; .-. 

. Boring or Well Identification 

. Name of Drilling Contractor 

. Sample Numbers and Types 

. Sample Depths 

. Standard Penetration Test Data 
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. Sample Recovery/Sample Interval 

. Soil Density or Cohesiveness 

. Soil Color 

. Unified Soil Classification System (USCS) Material Description 

l Location of Boring 

. Drilling and well construction problems/deviations from FSP and IRP Handbook 

. Relative moisture content 

In addition, depths of changes in lithology, sample moisture observations, depth to water, vapor readings, 

drilling methods, and total depth of each borehole will be included on each log, as well as any other 

pertinent observations. An example of the boring log form is attached in Appendix B. The driller shall 

prepare a separate written boring log for each boring drilled. The driller’s boring log will be submitted to 

the field geologist at the conclusion of the daily field activities. 

All samples obtained from the boreholes will be monitored with a flame ionization detector (FID) or a photo 

ionization detector (PID), as specified in the HASP. Each split-spoon sampler will be screened with the 

FID or PID immediately upon opening. These readings are recorded on the boring logs. Additionally, 

some samples will be field screened for head-space analysis. Head-space analysis involves obtaining a 

small amount of soil from the split-spoon sampler and placing it into a sealed container. The container is 

warmed for 15 minutes and then the FID or PID is used to detect possible volatile vapors in the sample. 

In addition to analytical samples, lithologic samples will be collected at all sampling intervals. The 

lithologic samples will be placed in an 8-ounce jar (provided by the drilling subcontractor) and labeled with 

the following sampling data: 

. Job name and number 

. Well/Boring number and sample number 

. Date 

. Depth of sample 

. Blow counts. 

All lithologic samples will be discarded at the end of the field activities, unless requested by EFACHES. 

After the boring is drilled to the desired depth, the soil boring to be abandoned will be grouted to the 

ground surface with a cement-bentonite grout. A standard batch of grout consisting of approximately 
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,-,r.-‘-. 94 pounds cement, not more than 4 pounds of bentonite powder, and not more than 6.5 gallons of potable 

water will be used. The grout will be placed within the boring using a tremie pipe. 

Daily Activity Records are maintained by the FOL during the drilling program. Daily Activity Records 

contain the daily and cumulative drilling footages and pay items of the project. At the end of each day, the 

FOL and the drilling subcontractor representative sign the completed Daily Activities Record. The Daily 

Activity Records will be submitted to the Project Manager at the completion of the project. An example of 

a Daily Activity Record is provided in Appendix B. 

4.5 DIRECT-PUSH TECHNOLOGY 

Direct-push Technology (DPT) drilling equipment (e.g., Geoprobe@ and Hydropunch@) may be used 

during the completion of planned field investigation. The DPT investigation services will be subcontracted 

and supervised by B&R Environmental persognel. 

, -x. 

DPT equipment is mounted in cargo vans or in the bed of a pickup truck. It includes a hydraulic-powered 

probe for driving and removing steel sample rods, and many DPT rigs are equipped with an additional air 

percussion option for penetrating dense material and an electric hammer for drilling through asphalt and 

concrete. A wide variety of sample rods are utilized by the DPT system for soil, soil-gas, and groundwater 

sampling. Groundwater samples are typically obtained using peristaltic pumps, vacuum-lift pumps, or 

miniature bailers. Some DPT subcontractors also provide field gas chromatographs (GCS) equipped with 

FID, PID, and electron capture devices (ECD) for real-time analysis of environmental samples. All sample 

locations will be filled as per COMAR 26.04.04.11. 

Advantages of DPT include the ability to obtain a vertical profile of contaminant concentrations, almost 

complete elimination of drill cuttings production, sampling in tight-access locations, reduced overhead 

clearance requirements, and real-time laboratory analyses. Disadvantages of DPT include a Imaximum 

penetration depth of approximately 15 to 40 feet in dense soils, the inability of vehicles to access sites with 

physical barriers (narrow corridors, equipment/machinery), the reduced capability of obtaining accurate 

water level measurements, and the inability to install permanent groundwater monitoring wells. 

GEOPHYSICAL INVESTIGATIONS 

The following subsections describe the basic procedures and requirements for various geophysical 

investigations at NSWC White Oak. 
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4.6.1 Geophvsical Reference Grid 

A geophysical reference grid will be established at the site to methodically collect and report data. The 

grid will be staked at a constant interval in units of feet using a transit, electronic distance measure (EDM), 

or tape measure. Stakes will consist of pin flags or other semi-permanent markers labeled with the grid 

coordinates in units of feet. 

The reference grid will be tied into an existing site grid system, if present, and to any permanent site 

features such as buildings or fence corners. This will facilitate resumption of subsequent subsurface 

investigations. Pin flags or other semi-permanent markers will also be left in place at the completion of the 

survey to also allow reuse of the grid for future investigations, if necessary. Notes taken during the 

establishment of the reference grid will be maintained in a field book and copies will be submitted to the 

onsite representative, if requested. 

4.6.2 Hiqh-Resolution Geonics EM31 Terrain Conductivitv Survey 

A Geonics EM31 Terrain Conductivity meter (EM31) and digital data logger will be used to characterize 

shallow subsurface materials less than 15 feet deep at Site 1, Site 6, and Site 12. The EM31 is a one- 

man-operated, frequency domain electromagnetic (FDEM) device that uses principle of electromagnetic 

(EM) induction to measure the apparent conductivity and magnetic susceptibility of surface and 

subsurface materials and their pore fluids. The instrument is equipped with very low frequency (VLF) 

radio transmitter and receiver coil. These coils are separated by a distance of 12 feet and are located at 

the ends of a ridged, non-metallic pole. 

Quadrature and in-phase component data are simultaneously collected with a digital data logger. 

Quadrature component data, commonly referred to as terrain conductivity or bulk conductivity data, are a 

measure of the apparent electrical conductivity of the subsurface materials and their pore fluids. A map of 

quadrature component data will assist in delineating areas of fill materials, contaminated soils, shallow 

contaminated groundwater, changes in soil types, changes in soil moisture content relative to undisturbed 

soils, and the presence of most buried ferrous and nonferrous metals. Quadrature component data are 

presented in units of conductivity, millimhos/meter (mmhos/m) or milliSiemens per meter (mS/m). 

The EM-31 device also records the in-phase component of the EM field. The in-phase component data are 

a measure of the presence of highly conductive material and are often referred to as the metal detection 

component. Buried metal within 15 feet of surface, such as steel drums or metallic pipes, can be mapped 

in this mode. In-phase data are presented in units of parts per thousand (ppt). 
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Data are collected by holding the instrument at waist height and parallel to ground surface and orienting 

the coils vertically. Data is collected along parallel survey lines with station spacings of 2 to 3 feet. Digital 

data recorded in the digital data logger is downloaded daily to a laptop computer with the manufacturer’s 

software DAT31. 

4.6.3 High-Resolution Geonics EM38 Terrain Conductivitv Survey 

A Geonics EM38 Terrain Conductivity meter (EM38) and digital data logger will also be used to 

characterize shallow subsurface materials less than five feet deep at Site 6. The EM38 is a one-man- 

operated, FDEM device that uses the principle of EM induction to measure the apparent conductivity and 

magnetic susceptibility of surface and subsurface materials and their pore fluids. The instrument is 

equipped with a fixed frequency VLF radio transmitter and receiver coil. These coils are separated by a 

distance of approximately 3.3 feet and are located at the ends of the device’s ridged, non-metallic: frame. 

,,- I-. 

Quadrature and in-phase data are collected separately by a digital data logger. The quadrature data are 

used to map subtle soil moisture content changes often associated with disturbed soils or fill materials, 

shallow soil stratigraphic changes, the presence of shallow metallic objects, and metallic pipes/utilities. 

The in-phase data are often used to further identify and confirm the presence of buried metallic objects, 

pipes, and utilities. 

Data is collected by orienting the instrument parallel to the survey line at ground surface and orienting the 

coils vertically. Data is collected along parallel survey lines with station spacings of 1 to 2 feet. Digital 

data recorded by the data logger is downloaded daily to a laptop computer with the manufacturer’s 

software, DAT38. 

4.6.4 EM Data Reduction and Presentation 

,r ‘W, 

The downloaded data is initially processed on site using the equipment manufacturer’s software to ensure 

the project objectives are achieved and the data coverage is sufficient. Digital data is edited and viewed in 

profile format to assist the onsite geophysicist in making preliminary data interpretations prior to 

demobilization. In the office, the raw data are converted into an ASCII “xyz” file format and then imported 

into the software OASIS, where they are digitally filtered, if necessary. The data are then imported into 

GEOSOFT software, where a cubic, akima or linear spline is applied to the data, and they are gridded 

using the BIGRID algorithm. The data are then color contoured, assigned an equal area, linear or log- 

linear color zone, and reviewed in map view format. An AutoCADD DXF map of the site, if available at the 
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time of the survey, is be imported and overlain onto the color contour data. Observed anomalous 

responses are annotated on each map, and a discussion of the interpretation of each anomaly is provided 

in the text of the report. 

4.7 SURVEYING 

All monitoring wells, soil borings, surface water and sediment sample locations will be surveyed at the 

completion of the field investigation activities. Existing survey monuments within NSWC White Oak will be 

used as reference points. Horizontal locations will be surveyed to the Maryland State Plane coordinates. 

Monitoring well and soil boring horizontal locations will be surveyed to the nearest 0.10 foot. 

Vertical elevations will be referenced to 1927 North American Datum. For each monitoring well, the 

reference point on the inner casing, the top of the protective casing, and the ground surface elevation will 

be surveyed to the nearest 0.01 foot. 

4.8 INVESTIGATION DERIVED WASTE (IDW) 

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

personal protective equipment (PPE), drill rig decontamination fluids, sampling equipment 

decontamination fluids, purge water, and soil cuttings. Based on the activities and types of contaminants 

present, none of the residues are expected to represent a significant risk to human health or the 

environment if properly managed. Proposed management of each residue is provided below. Additional 

requirements for waste handling and sources of contaminated materials are found in SOP SA-7.1, 

provided in Appendix A. 

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

Drill Ric Decontamination Fluids - Drill rig decontamination fluids are containerized in U.S. Department of 

Transportation (DOT) approved (Specification 17-C/H), 55-gallon drums. The drums are staged on 

wooden pallets in an area established by B&R Environmental personnel and NSWC White Oak. All drums 

will be bolted and labeled with drum contents, well/boring number, and date. One composite sample from 

each site will be collected and analyzed to determine whether the material is hazardous. Based on the 

results of the analyses, a determination is made whether offsite disposal and/or treatment is required. 

B&R Environmental arranges for proper removal and disposal of the drummed wastes. 
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-a,.* Samplinq Equipment Decontamination Fluids - Equipment decontamination fluids will be containerized and 

handled in the same manner as the drill rig decontamination fluids. 

Development and Puree Fluids - All development and purge fluids will be collected and stored onsite using 

a 210 and 2,1 OO-gallon plastic holding tank, respectively. These tanks will be situated in a semi-permanent 

location near a potential discharge location (i.e., manhole) to WSSC. Purge and development fluids will be 

collected onsite using a 210-gallon, portable holding tank attached to a truck. The fluids will then be 

transported to the main 2,100-gallon holding tank daily and transferred using a submersible pump. The 

main fluid storage tank will be sealed and labeled with contents, date and origin(s) of waste. An IDW 

sample will be collected from the tank at the completion of each sampling round and analyzed for a 

TAL/TCL constituents. B&R Environmental will use the results of the analysis to determine if the IDW 

fluids can be discharged to WSSC or if they must be treated or disposed of off site. NSWC White Oak will 

take possession of the container and its contents upon completion of each sampling round. 

Soil Cuttinss - Soil cuttings are containerized and handled in the same manner as the drill rig 

decontamination fluids. 

Investigation derived media (IDM) describes the groundwater, surface water, soils, and sediments that are 

collected during field activities to support the RI/FS. Specifically, IDM may include development and purge 

water from monitoring wells, drill cuttings, and extra soils removed during sample collections. TOI evaluate 

whether the IDM must be managed as hazardous waste, the preliminary inquiry is whether the IDM is a 

solid waste, as defined in Maryland’s Environmental Article, 5 7-201(t) and Code of Maryland Regulations 

(COMAR) 26.13.02.02. Basically, uncontaminated IDM need not be considered a solid waste, as long as 

that IDM: 1) will not be abandoned in an environmentally unsound manner; and 2) is not inheremly waste- 

like. Investigatory derived media with contamination should be viewed as inherently waste-like or until the 

media is no longer contaminated, or is treated or recycled. 

Because the IDM originates from a site with known contamination, there must be some initial evalluation as 

to whether the IDM is contaminated or inherently waste-like. As guidance, IDM must be handled as a 

solid waste when: 

,,- ‘d., 

1. It is visually or grossly contaminated. 

2. It has activated any field monitoring device indicating the presence of volatile organic coNmpounds 

(VOC) or metals. 

3. On previous monitoring/sampling activity, it has exhibited levels of contamination above accepted 

environmental quality standards. 
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4. Based on historical information, the responsible party or the regulatory agency believes it warrants 

caution or additional testing. 

A hazardous waste determination will be performed. If the waste is a hazardous waste, then it will be 

disposed of through an appropriate hazardous waste disposal facility. If the waste is not a hazardous 

waste, then that IDM will be disposed of through any permitted or authorized waste management facility 

willing to accept the waste, or recycled or reused in a manner permissible under the law. 

Naturally occurring media which does not exhibit any of the characteristics or concerns described above 

need not be managed as a waste, particularly if the material will be returned to a suitable location on the 

facility. Unless otherwise specified, the handling or disposition of this material must be performed in such 

a manner, so that potential impacts to the environment are avoided. All pertinent sediment and erosion 

control regulations will be complied with. Also, seeding and the judicious discharge of non-contaminated 

water to ensure infiltration will be considered the minimum steps necessary to ensure non-degradation of 

the environment. 
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5.0 SAMPLING PLAN 

5.1 SAMPLE COLLECTION 

5.1 .I Groundwater Sampling 

The objective of this section is to provide guidance for the proper sampling equipment and techniques for 

groundwater sample collection. All groundwater sampling shall be conducted in accordance with B&R 

Environmental’s Standard Operating Procedure (SOP) SA-1 .I (Appendix A). In addition, an inspection will 

be conducted to determine if the wells are properly locked, and for evidence of damage/vandalism. 

5.1.1.1 Water-Level Measurements and Groundwater Monitoring Well Evaluations 

Water-level measurements and total well depth soundings will be obtained at each of the monitoring well 

locations at NSWC White Oak. All water-level measurements will be taken within a 24 hour period of 

consistent weather conditions. All water-level measurements will be taken using an electronic water-level 

meter. Water-level elevations will be recorded to within 0.01 foot accuracy from a marked reference point 

on the well riser pipe. Water-levels will be recorded on a B&R Environmental water-level form. A blank 
, -.. 

water-level form is appended for reference purposes (Appendix B). 

An evaluation of the groundwater monitoring well’s condition will be performed prior to the initiation of well 

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

surface casing or a damaged concrete surface pad. Water-levels and monitoring well evaluations will be 

performed following procedures outlined in B&R Environmental SOP GH-1.2 (Appendix A). 

A PID or FID will be used to monitor the presence of organic vapors in the well annulus. The orga;nic vapor 

monitor will be calibrated daily following procedures outlined in the manufacturers operations manual. 

Organic vapor monitor calibration records will be recorded daily onto B&R Environmental equipment 

calibrations sheets as per B&R Environmental SOP SA-6.3 (Appendix B and A). 

5.1.1.2 Monitoring Well Development and Purging 

Each of the groundwater monitoring wells will be developed and purged following procedures outlined in 

B&R Environmental SOP SA-1.1 (Appendix A). Each monitoring well will be developed during the first 

scheduled sampling round using a stainless steel submersible pump. The purpose of the well 

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

screen. Each monitoring well will be developed (pumped) for a minimum of one hour to help remove 
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sediment around the well screen and within the sand filter (SOP SA-1.1). Water-level elevation data will 

be collected periodically during the well development process to ensure that the well is not pumped dry. 

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

useful in determining a wells potential yield and for estimating the aquifers hydraulic properties. 

Groundwater monitoring well purging will be performed prior to each sampling event. The water-level 

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

These measurements will be used to calculate the volume of water each groundwater monitoring well 

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

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

volume = IIr2hC 

or 

volume = (0.652)(h) for a 2-inch monitoring well 

Where: II = 3.14 (dimensionless) 

r = The radius of the well (feet) 

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

C = 7.48 gallons per cubic foot 

volume = gallons 

A minimum of three well volumes will be purged from each groundwater monitoring well using a low flow 

bladder pump prior to sampling. Refer to Section 53.1 for monitoring well purging methodology. 

5.1.1.3 Groundwater Sampling 

Groundwater samples will be collected using Teflon and stainless steel bladder pumps. All samples will 

be transferred directly from the bladder pump to the sample container. Volatile organic samples will 

always be collected first making sure that zero head space is present in the sample container once filled. 

Semi-volatile organic sample containers are to be filled next. Unfiltered groundwater samples will be 

collected and analyzed for total metals and all other parameters. Bottle and sample preservation 

requirements are presented in the QAPP. 

One duplicate sample will be collected per ten samples collected. One trip blank per shipment of VOC, 

and one equipment rinsate blank will be collected daily. The equipment rinsate blank will collected daily 
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,,- ‘.h_ from the low flow purge pump as it will not be dedicated to a specific groundwater monitoring well. The 

purpose of the equipment rinsate blank is to examine the effectiveness of the decontamination 

procedures; the purpose of the field blank is to examine the cleanliness of the sample bottles and water 

used for decontamination; and the duplicate sample is to examine the variability of the samples. The 

purpose of the trip blank is to examine the potential for cross contamination of volatile organics during 

sample shipping. 

Sampling chain-of-custody requirements are addressed in SOP SA-6.1. All pertinent field data will be 

recorded using a B&R Environmental sample log sheet and the field log book. An example of a B&R 

Environmental sample log sheet is included in Appendix B. 

5.1.1.4 Field Measurements 

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

the well casing, groundwater temperature, pH, turbidity, and specific conductance. The following 

instruments are anticipated to be used during the field activities: 

,,.- b\ 
. Flame or photo ionization detector 

. Temperature probe 

. Specific conductance meter 

. Turbidity meter 

. Electronic water-level meter 

Field instruments are calibrated according to the manufacturer’s procedures and in accordance with the 

following: 

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

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

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

. Thermometers are calibrated monthly at the B&R Environmental equipment warehouse in 

Pittsburgh, PA. 

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

turbidities. 
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. Duplicate measurements of pH, specific conductance, temperature and turbidity are taken at a 

frequency of 1 in 10 samples and used to estimate the precision of the field analytical 

measurements. 

. Flame and photo ionization detectors are calibrated daily as per B&R Environmental SOP ME-12 

and ME-15 

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

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

each days use. 

All instrument calibration is recorded on an Equipment Calibration Log Sheet provided in Appendix B. 

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

defective parts are identified during the maintenance check and it is determined that the damage could 

have an impact on the instruments performance, the instrument is removed form service until the 

defective parts can be repaired or the instrument replaced. 

5.1 .I .5 Decontamination 

Teflon and stainless steel bladder pumps will be used at this site for well purging and sample collection. 

The equipment will decontaminated using the same techniques identified for the sampling collection 

equipment. 

5.12 Surface Water Sampling 

Surface water samples are grab samples collected from surface water drainages, discharge ponds, and 

low, wet areas. They are collected in accordance with SOP SA-1.2, contained in Appendix A. 

Prior to sampling, the temperature, pH, dissolved oxygen and conductivity of the water will be measured 

and recorded on the surface water sample logsheet, provided in Appendix B. To collect the sample, the 

sample bottle will be submerged below the water surface and allowed to fill. After the sample bottle has 

been filled, preservatives will be added if required, and the sample bottle is capped. 

If there is an insufficient depth of water to use the direct fill method of sample collection, a stainless-steel 

beaker will be used to fill the sample bottles. Sample beakers are decontaminated between samples, as 

described in B&R Environmental SOP SA-7.1 (Appendix A). 
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Sample handling and chain-of-custody requirements are addressed in SOP SA-6.1. Ail pertinent field data 

will be recorded using a surface water sample logsheet and recorded in the field logbook. 

5.1.3 Surface Soil Sampling 

Surface soil samples will be collected from the ground surface to a depth approximately 6 inches, in 

accordance with SOP SA-1.3, provided in Appendix A. A stainless-steel trowel or hand auger will1 be used 

to collect the surface soil sample. All samples obtained will be monitored with an organic vapor monitor 

and then collected for lithologic and/or chemical analysis. Upon sample retrieval, the samples to be 

analyzed for volatile constituents will be taken first and immediately sealed. Samplers will be 

decontaminated between samples as described in B&R Environmental SOP SA-7.1 (Appendix A).. 

Surface soil sample data will be recorded on Multiple Sample Log Sheets (included in Appendix B) and the 

field logbook. 

5.1.4 Subsurface Soil Sampling 

Subsurface soil samples from soil borings will be collected in accordance with SOP SA-1.3, provided in 
.* . . 

Appendix A. Samples obtained from soil borings will be monitored with an organic vapor monitor. 

Subsurface soil sample data will then recorded on Single and/or Multiple Sample Log Sheets (included in 

Appendix B) and the field logbook. 

5.1.5 Sediment Sampling 

Sediment samples will be collected from stream/drainage bottoms in accordance with SOP SA-1.2, 

provided in Appendix A. A stainless-steel trowel or hand auger will be used to collect the sediment 

sample. If overlying water is present, a device that minimizes loss of fines will be used. Upon sample 

retrieval, a sufficient volume will be obtained for volatile organics analysis, if required, and sealed with zero 

head space in the sample container. The remaining material will be homogenized and distributed to the 

remaining sample containers. Sample equipment will decontaminated between samples as described in 

B&R Environmental SOP SA-7.1 (Appendix A). 

Sediment sample data will then be recorded on a Single Sample Log Sheet (included in Appenclix B) and 

the field logbook. 
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5.1.6 Head-Space Soil Sampling 

Head-space soil analysis will performed for split-spoon samples collected at Site 5. Upon split-spoon 

sample retrieval, a small quantity of the soil will be removed from the sampler and immediately placed in a 

container. The container will be allowed to warm to approximately 70°F for 15 minutes, After 15 minutes, 

the tip of the FID will be pushed into or through the container or its lid, and a direct reading will be 

obtained. All head-space readings are recorded on the appropriate boring log and/or sample form. 

5.2 SAMPLE HANDLING 

Sample handling includes the selection of sample containers, preservatives, allowable holding times, 

sample identification, bottle preservation, packaging, and shipping. The Quality Assurance Project Plan 

(QAPP) discusses sample containers, volume requirements, preservatives, and allowable holding times. 

Sample packaging and shipping are addressed in SOP SA-6.1, provided in Appendix A. Table 5-1 

identifies the sample container, preservation and holding time requirements. 

5.2.1 Field Sample Documentation 

Sample documentation consists of the completion of chain-of-custody (COC) reports and matrix-specific 

sample logsheets. Field documentation procedures are discussed in SOP SA-6.3, provided in 

Appendix A. 

A master Site Logbook serves as the overall record of field activities. It will be maintained by the FOL. 

Information such as weather conditions, identity and arrival and departure times of personnel, 

management issues, etc. will be recorded daily. Field notebooks will also be maintained for each field 

activity. 

The FOL is responsible for the maintenance and security of all field records. All field records (COCs, 

sample logsheets, logbooks, and notebooks) will be docketed and incorporated in the project central file at 

the completion of the project. 
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TABLE 5-I 

SAMPLE CONTAINERS, PRESERVATION METHODS, AND HOLDING TIMES 
NSWC WHITE OAK, MARYLAND 

? 
0 

[s 
2 

Method Parameter Container Material 1 Container Volume(‘) 1 Preservation(‘) Holding Time(3) 
1 

Aqueous Samples 
’ CLP OLM03.1 IOLCO2.0 TCL Volatile Organics Glass vial, Teflon-lined Two 40 mL 4°C; HCI to pH ~2; zero 14 days 

septa headspace 

CLP OLM03.1/OLC02.0 TCL Semivolatile Grganics Amber glass bottle with 2.5 L 4°C Extract 7 days; Analyze 40 
Teflon-lined cap days 

CLP OLM03.1/0LC02.0 TCL Organochlorine Amber glass bottle with 2.5 L 4°C Extract 7 days; Analyze 40 
Pesticides/PCBs Teflon-lined cap days 

SW-846 8330 Explosives Amber glass bottle with 2.5 L 4°C Extract 7 days; Analyze 40 
Teflon-lined cap days 

CLP ILM04.0 TAL Metals Polyethylene bottle, plastic 1 L HN03 to pli ~2 6 months; Mercury -28 

cap days 

CLP ILM04.0 Cyanide Polyethylene bottle, plastic 1 L 4°C; NaOH to pH >I2 14 days 

cap 
Solid Samples 
CLP OLM03.1 TCL Volatile Organics Wide-mouth glass jar with 120 mL (4 oz.) 4°C; zero to minimal 14 days 

u-l 
4 

Teflon-lined lid headspace 

CLP OLM03.1 TCL Semivolatile Organics Wide-mouth amber glass 240 mL (8 oz.) 4°C Extract 14 days; Analyze 
jar with Teflon-lined lid 40 days 

CLP OLM03.1 TCL Organochlorine Wide-mouth amber glass 240 mL (8 oz.) 4°C Extract .14 days; Analyze 
Pesticides/PCBs jar with Teflon-lined lid 40 days 

SW-846 8330 Explosives Wide-mouth amber glass 240 mL (8 oz.) 4°C Extract 14 days; Analyze 
40 days 

CLP ILM04.0 TAL Metals Wide-mouth glass jar with 240 mL (8 oz.) 4°C 6 month: Mercury - 28 
Teflon-lined lid days 

CLP ILM04.0 Cyanide Wide-mouth glass jar with 240 mL (8 oz.) 4°C 14 days 
Teflon-lined lid 

SW-846 1311 Toxicity Characteristic Wide-mouth amber glass 32 oz. 4°C See footnote(4) 
Leaching Procedure jar with Teflon-lined lid 
(TCLP) (for metals analysis 

only) 

1 Container volume may vary based on laboratory. 
2 HCI = Hydrochloric acid; HN03 = Nitric acid; NaOH = Sodium hydroxide. 

3 Measured from time of sample collection. 
4 TCLP holding times: 

Metals: 180 days to TCLP extraction; 180 days from TCLP extraction to analysis. 
Mercury: 28 days to TCLP extraction; 28 days from TCLP extraction to analysis. 



Field Task Modification Records (FTMRs) are specific forms initiated when a change or deviation from 

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

changes follows: 

. The FOL notifies the Project Manager of the need for the change. 

. If necessary, the Project Manager discusses the change with the pertinent individuals [e.g., the Navy 

Remedial Project Manager (RPM), B&R Environmental Quality Assurance Manager (QAM)]. Verbal 

approval or denial of the proposed change is given at this time. 

. The FOL then documents the change on an FTMR and forwards the form to the Project Manager at 

the earliest convenient time (e.g., end of the workweek). An example of a FTMR is provided in 

Appendix B. 

. The Project Manager signs the form and distributes copies to the Navy RPM, B&R Environmental 

QAM, FOL, and project file. 

. A copy of the completed FTMR is attached to the field copy of the affected document. 

5.2.2 Sample Nomenclature 

A sample numbering system for samples collected for the sampling program is described in SOP CT-04 in 

Appendix A. This coding system provides a tracking record to allow retrieval of information about a 

particular sample and to uniquely identify each sample. 

Each sample is identified by a unique code that indicates the site number, sample type, sample location, 

and sample depth indicator and sampling round. The sample nomenclature system is devised to satisfy 

the following objectives: 

. Sorting of data by matrix. 

. Sorting of data by depth. 

. Maintenance of consistency (field, laboratory, and data base sample numbers) 

. Accommodation of all project-specific requirements on a global basis. 

. Accommodation of laboratory sample-number length constraints (10). 
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5.2.3 Documentation, Sample Packaging and Shipping 

Samples will be packaged and shipped, in accordance with B&R Environmental SOP SA-6.1, provided in 

Appendix A. The FOL will be responsible for completion of the following forms for sample packaging and 

shipping: 

. Sample labels 

. Chain-of-custody forms 

. Appropriate labels applied to shipping coolers 

. Chain-of-custody labels 

. Federal Express air bills 

5.3 SAMPLE CUSTODY 

,, c 

Custody of samples will be maintained and documented at all times. Chain of custody begins with the 

collection of the samples in the field and ends with the disposal or storage of the samples at the 

laboratory. B&R Environmental SOP SA-6.1, contained in Appendix A, further details the chain-of-custody 

procedures. An example of the chain-of-custody record is included in Appendix B. 

5.4 QUALITY CONTROL (QC) SAMPLES 

In addition to periodic calibration of field equipment and appropriate documentation, quality control 

samples will be collected or generated during environmental sampling activities. Quality control samples 

include field duplicates, field blanks, equipment rinsate blanks, and trip blanks. Each type of field quality 

control sample is discussed in detail in the Master QAPP. 

Unless otherwise provided for, 10 percent duplication, one field blank per decontamination waste source, 

one trip blank per cooler containing VOC samples, and one rinsate blank obtained per 20 samples 

collected by each type of sampling device will be observed as QA/QC measures. 
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6.0 PROJECT SCHEDULE 

A schedule for the completion of the planned field activities has been provided in Table 6-l. The schedule 

identifies the target start and completion dates for the major tasks of the project including plain review, 

subcontract procurement, sample collection, and sample analysis. A schedule for the subsequent risk 

screening activities and collection of additional groundwater data will be developed at a later date. 
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TABLE 6-l 
PROJECT SCHEDULE - CT0 273 

NSWC WHITE OAK, SILVER SPRING, MARYLAND 

Task Duration 
Start 
Date 

End 
Date 

Field Investigation 
Subcontractor procurement 

IRP Site/SWMU Inspection 
Mobilization 
Sampling 

Background Sampling 

Groundwater Monitoring Well Construction 
Well Installation 
Groundwater Sampling 

68 8118197 10125197 
10 8/I 8197 912197 

5 9/l 5197 9/I 9197 
10 9122197 1 o/2/97 
5 1 O/6/97 1 O/l l/97 

5 IO/l l/97 10/16/97 
5 1 o/20/97 IO/25197 

Data AnalysisNalidation 89 9122197 12/20/97 

Report Preparation 39 12122197 1130198 
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APPENDIX A 

CT-04 

GH-1.2 

GH-1.3 

GH-1.5 

GH-2.4 

GH-2.8 

SA-1.1 

SA-1.2 

SA-1.3 

SA-6.1 

SA-6.3 

SA-7.1 

ME-12 

ME-15 

STANDARD OPERATING PROCEDURES 

Sample Nomenclature 

Evaluation of Existing Monitoring Wells and Water Level Measurement 

Soil and Rock Drilling Methods 

Borehole and Sample Logging 

In-situ Hydraulic Conductivity Testing 

Groundwater Monitoring Point Installation 

Groundwater Sample Acquisition and Onsite Water Quality Testing 

Surface Water and Sediment Sampling 

Soil Sampling 

Non-Radiological Sample Handling 

Field Documentation 

Decontamination of Field Equipment and Waste Handling 

Photovac 2020 Photoionization Air Monitor 

Photovac Micro-FID Handheld Flame Ionization Detector 



.I.\ 
BROWN 81 ROOT ENVIRONMENTAL 

STANDARD 1~~1 
OPERATING 

PROCEDURES 

Subject 
SAMPLE NOMENCLATURE 

Risk Assessment Department 

Approved 
; 

D. Senovich ’ 
iv 

TABLE OF CONTENTS 

SECTION PAGE 

1.0 PURPOSE.........;..................................................2 

2.0 SCOPE . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ...2 

3.0 GLOSSARY..........................................~................ 2 

4.0 RESPONSIBILITIES . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ...2 

5.0 PROCEDURES . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ...3 

5.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 
5.2 Sample Number Field Requirements . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 
5.3 Example Sample Field Designations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4 
5.4 Example Sample Numbers . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . , . . . . . . . . . . . . 6 

019611/P Brown & Root Environments 



SAMPLE NOMENCLATURE 

Number 

Revision 

CT44 

0 

Page 

2 of 6 

Effective Date 

03/01/96 

1.0 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: 

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

2.0 SCOPE 

The methods described in this procedure shall be used consistently for all projects requiring electronic 
data handling managed by personnel located in the Northeast Region of Brown & Root Environmental 
(Pittsburgh, Wayne, Holt, and Wilmington) and for any large contracts managed by the Northeast Region 
(e.g., NORTHDIV CLEAN, SOUTHDIV CLEAN, ARCS I, ARCS Ill, etc.}. Smaller projects (as determined 
by Project Manager) are outside the scope of this SOP. 

3.0 GLOSSARY 

None. 

4.0 RESPONSIBILITIES 

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

Project Manaqer - It shall be the responsibility of the Project Manager to determine the applicability of 
this Standard Operating Procedure based on: (1) program-specific requirements, and (2) project size and 
objectives. It shall be the responsibility of the Project Manager (or designee) to ensure that the sample 
nomenclature is thoroughly specified in 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. 
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5.0 PROCEDURES 

5.1 Introduction 

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

EEEA.AEEENN 

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

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

Site Type Location Depth Round 

5.2 Sample Number Field Requirements 

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

0 Site Identifier 
l Sample Type 
0 Sample Location 
0 Sample Depth Indicator 
0 Sampling Round 

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

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

The sample location must be a three-character field (alpha, numeric, or a mixture). 
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The depth field must be provided for all samples, regardless if it is strictly applicable (as discussed ln 
Section 5.3). 

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

5.3 ExamPIe Sample Field Desiqnations 

Examples of each of the fields are as follows: 

Site Number - Examples of site numbers/designations 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: 

AS - 
BS - 
CP - 
cs - 
DS - 
DU - 
FP - 
ID - 
LT - 
MW - 
OF - 
RW - 
SB - 
SD - 
SC - 
SG - 
SP - 
ss - 
su - 
SW - 
TP - 
Tw - 
WC - 
WI - 
WP - 
ws - 

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

m: The biota sample designation may be contingent upon the type of biota sampled (e.g., 
BL - Lobster; BF - Finfish; BC - Clam; BO - Oyster). Numerous other examples can be cited but will be 
site-specific. 
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This field will also be used to designate field Quality Control Samples, as follows: 

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

Field quality control samples should be numbered sequentially (e.g., RB-001; FB-010, etc.:). 

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

Location - Examples of the location field are as follows: 

A01 - 
001 - 

Grid node Al 
Monitoring Well 1 

It is important that consistency be maintained with respect to the use of the characters “0” and 0. Data 
base subroutines will not sort correctly if a mixture are used (e.g, A01 and A02). 

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

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

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

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

Samplino Round - The sampling round field is straightforward. It can range from 01 to 99. 
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Example Sample Numbers 

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

1 Field/Data Base ID 1 Lab ID I Description I 

lol-SB-AOI-01 
I 

101SBAOlOl 
I 

The first sample (e.g., 0 to 2 feet) from soil boring A01 
(grid) at Site 101. I 

101 -SB-AO1-02 
I 

lOlSBA0102 
The second sample from boring A01 (could be the next 
depth interval or a duplicate of 101 -SB-AO1-01). I 

125MW-OO1-01-01 125MWOOlOl 
I 

A groundwater sample from monitoring well MWOOl (first 
sampling round) 

125MW-OO1-02-01 125MW00102 
A duplicate groundwater sample from monitoring well 
MWOOl (first sampling round) 

130-MW-003~U1-01 130MW003Ul 
An unfiltered groundwater sample from monitoring well 
MW003 (first sampling round) 

t 1 

I 130-MW-O03-F1-01 
I 

130MW003Fl 
A filtered groundwater sample from monitoring well 
MW003 (first sampling round) 

137-RB-OO1-00-01 137RBOO 100 The first rinsate blank collected at site 137. 
I I 1 

137-TB-OO4-00-02 137TBOO400 
The fourth trip blank collected during the second 
sampling event at Site 137. 

155sw-003-01-01 1555w00301 
A surface water sample collected from the surface of a 
pond at Site 155. 

155SW-OO3-02-01 155SWOO302 
A surface water sample collected from the bottom of the 
water column in a pond at Site 155. 
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1.0 PURPOSE 

The purpose of this procedure is to provide reference information regarding the proper methods for 
evaluating existing monitoring wells, and determining water level measurements. 

2.0 SCOPE 

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

3.0 GLOSSARY 

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

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

4.0 RESPONSIBILITIES 

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

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

5.0 PROCEDURES 

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

a Proper characterization of site hydrogeology. 

l Proper design of the groundwater monitoring program, including adequate numbers of wells 
installed at appropriate locations and depths. 

e Satisfactory methods of groundwater sampling and analysis to meet the data quality 
-objectives (DQOs). 

0 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 

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 conditions, and will promote an understanding of the original 
purpose of the monitoring wells. 

The next step of the evaluation should involve a review of all available information concerning borehole 
drilling and well construction. This will allow interpretation of groundwater Row 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: 

The well identification number, permit number and location by referenced coolrdinates, the 
distance from prominent site features, or the location of the well on a map. 

The installation dates, drilling methods, well development methods, and contractors. 

The depth to bedrock -- where rock cores were not taken, auger refusal, drive casing 
refusal or penetration test results (blow counts for split-barrel sampling) may be used to 
estimate bedrock interface. 

The soil profile and stratigraphy. 

The borehole depth and diameter. 

The elevation of the top of the protective casing, the top of the well riser, and the ground 
surface. 

The total depth of the well. 

The type of well materials, screen type, slot size, and length, and the elevation/depths of 
the screen, interval, and/or monitored interval. 

The elevation/depths of the tops and bottom of the filter pack and well seals and the type 
and size. 

Field Inspection 

During the onsite inspection of existing monitoring wells, features to be noted include: 

l The condition of the protective casing, cap and lock. 

0 The condition of the cement seal surrounding the protective casing. 

0 The presence of depressions or standing water around the casing. 

0 The presence of any electrical cable and its connections. 

If the protective casing, cap and lock have been damaged or the cement collar appears deteriorated, or 
if there are any depressions around the well casing capable of holding water, surface water may have 

019611/P Brown 8 Root Environmenti 



Subject Number Page 

EVALUATION OF EXISTING GH-1.2 4 of 9 

MONITORING WELLS AND WATER Revision Effective Date 

LEVEL MEASUREMENT 0 03/01/96 

infiltrated into the well. This may invalidate previous sampling results since the time when leakage started 
is unknown. 

The routine physical inspection must be followed by a more detailed investigation to identify other 
potential routes of contamination or sampling equipment malfunction. Any of these occurrences may 
invalidate previously-collected water quality data. If the monitoring well is to be used in the future, 
considerations shown in the steps described above should be rectified to rehabilitate the well. After 
disconnecting any wires, cables or electrical sources, remove the lock and open the cap. Check for the 
presence of organic vapors with a photoionization detector (PID) or flame-ionization detector (FID) and 
combustible gas meter to determine the appropriate worker safety level. The following information 
should be noted: 

l Cap function. 

0 Physical characteristics and composition of the inner casing or riser, including inner 
diameter and annular space. 

0 Presence of grout between the riser and outer protective casing and the existence of drain 
holes in the protective casing. 

0 Presence of a riser cap, method of attachment to casing, and venting of the riser. 

0 Presence of dedicated sampling equipment; if possible, remove such equipment and 
inspect size, materials of construction and condition. 

The final step of the field inspection is to confirm previous hydraulic or physical property data and to 
obtain data not previously available. This includes the determination of static water levels, total well 
depth and well obstruction. This may be accomplished using a weighted tape measure which can also 
be used to check for sediment (the weight will advance slowly if sediment is present, and the presence 
of sediment on the weight upon removal sholjld be noted). If sediment is present, the well be should 
be redeveloped before sampling. 

Lastly, as a final step, the location, condition and expected water quality of the wells should be reviewed 
in light of their usefulness for the intended purpose of the investigation. 

5.3 Water Level (Hydraulic Head) Measurements 

5.3.1 General 

Groundwater level measurements can be made in monitoring wells, priiate or public water wells, 
piezometers, open boreholes, or test pits (after stabilization). Groundwater measurements should 
generally not be made in boreholes with drilling rods or auger flights present. If groundwater sampling 
activities are to occur, groundwater level measurements shall take place prior to well evacuation or 
sampling. 

All groundwater level measurements shall be made to the nearest 0.01 foot, and recorded in the site 
geologist/hydrogeologist’s field notebook or on the Groundwater Level Measurement Sheet 
(Attachment A), along with the date and time of the reading. The total depth of the well shall be 
measured and recorded, if not already known. Weather changes that occur over the period of time 
during which water levels are being taken, such as precipitation and barometric pressure changes, 
should be noted. 
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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. The reference point 
shall be noted in the field notebook. To be useful, the reference point should be tied in with an 
established USGS benchmark or other propetiy surveyed elevation datum. An arbitrary datum could be 
used for an isolated group of wells, if necessary. 

Cascading water within a borehole or steel well casings can cause false readings with some types of 
sounding devices (chalked line, electrical). Oil layers may also cause problems in determining the true 
water level in a well. Special devices (interface probes) are available for measuring the thickness of oil 
layers and true depth to groundwater, if required. 

Water level readings shall be taken 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 weather changes, and at least 
during the same day. 

5.3.2 Water Level Measuring Techniques 

There are several methods for determining standing or changing water levels in boreholes and monitoring 
wells. Certain methods have particular advantages and disadvantages depending upon well conditions. 
A general description of these methods is presented, along with a listing of various advantages and 
disadvantages of each technique. An effective technique shall be selected for the particular site 
conditions by the site geologist/hydrogeologist. 

In most instances, preparation of accurate potentiometric surface maps require that static water level 
measurements be obtained to a precision of 0.01 feet. To obtain such measurements in individual 
accessible wells, chalked tape or electrical water level indicator methods have been found best, and thus 
are the most often utilized. Other, less precise methods; such as the popper or bell sound, or bailer line 
methods, may be appropriate for developing preliminary estimates of hydraulic conditions. When a large 
number of (or continuous) readings are required, time-consuming individual readings are not usually 
feasible. In such cases, it is best to use the float recorder or pressure transducer methods. When 
conditions in the well limit readings (i.e., turbulence in the water surface or limited access through small 
diameter tubing), less precise, but appropriate methods such as the air line or capillary tubing methods 
can be used (see subsequent SOP section for discussion of these devices). 

5.3.3 Methods 

Water levels can be measured by several different techniques, but the same steps shall be followed in 
each case. The proper sequence is as follows: 

1. Check operation of recording equipment above ground. Prior to opening ,the well, don 
personal protective equipment, as required. 

2. Record all information specified below in the geologist/hydrogeologist’s field notebook or 
on the Groundwater Level Measurement Sheet (Attachment A): 

0 Well number. 
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0 Water level (to the nearest 0.01 foot; 0.3 cm). Water levels shall be taken from the 
surveyed reference mark on the top edge of the inner well casing. 

0 Time and day of the measurement. 

Water level measuring devices with permanently marked intervals shall be used when possible. If water 
level measuring devices marked by metal or plastic bands clamped at intervals along the measuring line 
are used, the spacing and accuracy of these bands shall be checked frequently as they may loosen and 
slide up or down the line, resulting in inaccurate reference points. 

53.4 Water Level Measuring Devices 

Chalked Steel Tape 

The water level is measured by chalking a weighted steel tape and lowering it a known distance (to any 
convenient whole foot mark) into the well or borehole. The water level is determined by subtracting the 
wetted chalked mark from the total length lowered into the hole. 

The tape shall be withdrawn quickly from the well because water has a tendency to rise up the chalk due 
to capillary action. A water finding paste may be used in place of chalk. The paste is spread on the tape 
the same way as the chalk, and turns red upon contacting water. 

Disadvantages to this method include the following: depths are limited by the inconvenience of using 
heavier weights to properly tension longer tape lengths; ineffective if borehole/well wall is wet or inflow 
is occurring above the static water level; chalking the tape is time-consuming; difficult to use during 
periods of precipitation. 

Electric Water Level Indicators 

These devices consist of a spool of small-diameter cable and a weighted probe attached to the end. 
When the probe comes in contact with the water, an electrical circuit is closed and a meter, light, and/or 
buzzer attached to the spool will signal the contact. 

There are a number of commercial electric sounders available, none of which is entirely reliable under 
all conditions likely to occur in a contaminated monitoring well. In conditions where there is oil on the 
water, groundwater with high specific conductance, water cascading into the well, steel well casing, or 
a turbulent water surface in the well, measuring with an electric sounder may be difficult. 

For accurate readings, the probe shall be lowered slowly into the well. The electric tape is marked at 
the measuring point where contact with the water surface was indicated. The distance from the mark 
to the nearest tape band is measured using an engineer’s folding ruler or steel tape, and added to the 
band reading to obtain the depth to water. If the band is not a permanent marking band, spacing shall 
be checked periodically as described in Section 53.6. 

Popper or Bell Sounder 

A bell- or cup-shaped weight that is hollow on the bottom is attached to a measuring tape and lowered 
into the well. A “plopping” or “popping” sound is made when the weight strikes the surface of the water. 
An accurate reading can be determined by lifting and lowering the weight in short strokes, and reading 
the tape when the weight strikes the water. This method is not sufficiently accurate to obtain water levels 
to 0.01 feet, and thus is more appropriate for obtaining only approximate water levels quickly. 
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Float Recorder 

A float or an electromechanically actuated water-seeking probe may be used to detect vertical changes 
of the water surface in the hole. A paper-covered recording chart drum is rotated by the up and down 
motion of the float via a pulley and reduction gear mechanism, while a clock drive moves a recording 
pen horizontally across the chart. To ensure continuous records, the recorder shall be inspected, 
maintained, and adjusted periodically. This type of device is useful for continuously measuring periodic 
water level fluctuations, such as tidal fluctuations or influences of pumping wells. 

Air Line 

An air line is especially useful in pumped wells where water turbulence may preclude the use of other 
devices. A smalldiameter weighted tube of known length is installed from the surface to a depth below 
the lowest water level expected. Compressed air (from a compressor, bottled air, or air pump) is used 
to purge the water from the tube, until air begins to escape the lower end of the tube, and is seen (or 
heard) to be bubbling up through the water in the well. The pressure needed to purge the water from 
the air line multiplied by 2.307 (feet of water for 1 psi) equals the length in feet of submerged air line. 
The depth to water below the center of the pressure gauge can be calculated by subtracting the length 
of air line below the water surface from the total length of the air line. 

The disadvantages to this method include the need for an air supply and lower level of accuracy (unless 
a very accurate air pressure gauge is used, this method cannot be used to obtain water level readings 
to the nearest 0.01 ft). 

Capillary Tubing 

In small diameter piezometer tubing, water levels are determined by using a capillary tube. Colored or 
clear water is placed in a small V-shaped loop in one end of the tube (the rest of the tube contains air). 
The other end of the capillary tube is lowered down the piezometer tubing until the water in the loop 
moves, indicating that the water level has been reached. The point is then measured from the bottom 
of the capillary tube or recorded if the capillary tube is calibrated. This is the best method for very small 
diameter tubing monitoring systems such as Barcad and other multilevel systems. Unless the capillary 
tube is calibrated, two people may be required to measure the length of capillary tubing used to reach 
the groundwater. Since the piezometer tubing and capillary tubing usually are somewhat coiled when 
installed, it is difficult to accurately measure absolute water level elevations using this method. However, 
the method is useful in accurately measuring differences or changes in water levels (i.e., during pumping 
tests). 

Pressure Transducer 

Pressure transducers can be lowered into a well or borehole to measure the pressure of water and 
therefore the water elevation above the transducer. The transducer is wired into a recorder at the surface 
to record changes in water level with time. The recorder digitizes the information and can provide a 
printout or transfer the information to a computer for evaluation (using a well drawdown/recovery model). 
The pressure transducer should be initially calibrated with another water level measurement technique 
to ensure accuracy. Thjs technique is very useful for hydraulic conductivity testing in highly permeable 
material where repeated, accurate water level measurements are required in a very short period of time. 
A sensitive transducer element is required to measure water levels to 0.01 foot accuracy. 
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I Borehole Geophysics 

Approximate water levels can be determined during geophysical logging of the borehole (although this 
is not the primary purpose for geophysical logging and such logging is not cost effective if used only for 
this purpose). Several logging techniques will indicate water level. Commonly-used logs which will 
indicate saturated/unsaturated conditions include the spontaneous potential (SP) log and the neutron 
log. 

53.5 Data Recording 

Water level measurements, time, data, and weather conditions shall be recorded in the 
geologist/hydrogeologist’s field notebook or on the Groundwater Level Measurement Sheet. All water 
level measurements shall be measured from a known reference point. The reference point is generally 
a marked point on the upper edge of the inner well casing that has been surveyed for an elevation. The 
exact reference point shall be marked with permanent ink on the casing since the top of the casing may 
not be entirely level. It is important to note changes in weather conditions because changes in the 
barometric pressure may affect the water level within the well. 

5.3.6 Specific Quality Control Procedures for Water Level Measuring Devices 

All groundwater level measurement devices must be cleaned before and after each use to prevent cross 
contamination of wells. Manufacturer’s instructions for cleaning the device shall be strictly followed. 
Some devices used to measure groundwater levels may need to be calibrated. These devices shall be 
calibrated to 0.01 foot accuracy and any adjustments/corrections shall be recorded in the field 
logbook/notebook. After the corrections/adjustments are made to the measuring device and entered 
in the field logbook/notebook, the corrected readings shall be entered onto the Groundwater Level 
Measurement Sheet (Attachment A). Elevations will be entered on the sheet when they become 
available. 
5.4 Health and Safety Considerations 

Groundwater contaminated by volatile organic compounds may release toxic vapors into the air space 
inside the well pipe. The release of this air when the well is initially opened is a health/safety hazard 
which must be considered. Initial monitoring of the well headspace and breathing zone concentrations 
using a PID (e.g., HNu) or FID (e.g., OVA) and combustible gas meters shall be performed to determine 
required levels of protection. 

6.0 RECORDS 

A record of all field procedures, tests and observations must be recorded in the site logbook or 
designated field notebook. Entries in the log/notebook should include the individuals participating in the 
field effort, and the date and time. The use of annotated sketches may help to supplement the 
evaluation. 
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1.0 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 benefiis, 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 and related civil engineering purposes. 

3.0 GLOSSARY 

Rock Coring - A method in which a continuous solid cylindrical sample of rock or compact rock-like soil 
is obtained by the use of a double tube core barrel that is equipped with an appropriate diamond- 
studded drill bit which is advanced with a hydraulic rotary drilling machine. 

Wire-Line Coring - As an alternative to conventional coring, this technique is valuable in deep hole drilling, 
since this method eliminates trips in and out of the hole with the coring equipment. With this technique, 
the core barrel becomes an integral part of the drill rod string. The drill rod serves as both a coring 
device and casing. 

4.0 RESPONSIBILITIES 

Proiect Manaqer - 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 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. 

Proiect Geoloqist - 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 GHI-1 S). Often 
this position for inspecting the drilling operations may be filled by other geotechnical personnel, such as 
soils and foundation engineers, civil engineers, etc. 

Determination of the exact location for borings is the responsibility of the site geologist. The final 
location for drilling must be properly documented on the boring log. The general area in which the 
borings are to be located will be shown on a site map included in the Work Plan and/or Sampling and 
Analysis Plan. 
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Drillinq Subcontractor - Operates under the supervision of the FOL. Responsible for obtaining all dnljing 
permits and clearances, and supplying all services (including labor), equipment and material required to 
perform the drilling, testing, and well installation program, as well as maintenance and quality control of 
such required equipment except as stated in signed and approved subcontracts. 

The driller must report any major technical or analytical problems encountered in the field to the FOL 
within 24 hours of determination, and must provide advance written notification of any changes in field 
procedures, describing and justifying such changes. No such changes shall be made unless requested 
and authorized in writing by the FOL (with the concurrence of the Project Manager). 

The drilling subcontractor is responsible for following decontamination procedures specified in the project 
plan documents. Upon completion of the work, the driller is responsible for demobilizing all equipment, 
cleaning up any materials deposited on site during drilling operations, and properly backfilling any open 
borings. 

5.0 PROCEDURES 

5.1 General 

The purpose of drilling boreholes is: 

0 To determine the type, thickness, and certain physical and chemical properties of the soil, 
water and rock strata which underlie the site. 

0 To install monitoring wells or piezometers. 

All drilling and sampling equipment will be cleaned between samples and borings using appropriate 
decontamination procedures as outlined in SOP SA-7.1. Unless otherwise specified, lt 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 rig 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 rig geologist 
should still confirm that the stratigraphy at the redrilled location conforms essentially with that 
encountered at the original location. If significant differences are seen, each hole should be logged 
separately. 

5.2 Drilling Methods 

The selected drilling methods described below apply to drilling in subsurface materials, including, but not 
limited to, sand, gravel, clay, silt, cobbles, boulders, 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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5.2.1 Continuous-Flight Hollow-Stem Auger Drilling 

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: 

0 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. 

0 No drilling fluids are required. 

l A well can be installed inside the auger stem and backfilled as the augers are ,withdrawn. 

Disadvantages and limitations of this method of drilling include: 

Augering can only be done in unconsolidated materials. 

The inside diameter of hollow stem augers used for well installation should be at least 
4 inches greater than the well casing. Use of such large-diameter hollow-stem augers is 
more expensive than the use of smalldiameter augers in boreholes not used for well 
installation. Furthermore, the density of unconsolidated materials and depths bfecome 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 installlation. If the 
condition of “running” or “flowing” sands is persistent at a site, an alternativle method of 
drilling is recommended, 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 is the 
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 
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However, the use of any method will also depend on efficiency and cost-effectiveness. ln 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: D1587-83 and D1586-84. The guidelines established in SOP SA-1.3 shall 
also be followed. The hollow-stem auger may be advanced by any power-operated drilling machine 
having sufficient torque and ram range to rotate and force the auger to the desired depth. The machine 
must, however, be equipped with the accessory equipment needed to perform required sampling, or rock 
coring. 

The hollow-stem auger may be used without the plug when boring for geotechnical examination or for 
well installation. However, when drilling below the water table, specially designed plugs which allow 
passage of formation water but not solid material shall be used (see Reference 1 of this guideline). This 
drilling configuration method also prevents blow back and plugging of the auger when the plug is 
removed for sampling. 

Alternately, it may be necessary to keep the hollow stem full of water, at least to the level of the water 
table, to prevent blowback and plugging of the auger. If water is added to the hole, it must be sampled 
and analyzed to determine if it is free from contaminants prior to use. In addition, the amount of water 
introduced, the amount recovered upon attainment of depth, and the amount of water extracted during 
well development must be carefully logged in order to ensure that a representative sample of the 
formation water can be obtained. Well development should occur as soon after well completion as 
practicable (see SOP GH-2.8 for well development procedures). If gravelly or hard material is 
encountered which prevents advancing the auger to the desired depth, augerlng should be halted and 
either driven casing or hydraulic rotary methods should be attempted. If the depth to the bedrock/soil 
interface and bedrock lithology must be determined, then a 5-foot confirmatory core run should be 
conducted (see Section 5.2.9). 

At the option of the Field Operations Leader (in communication with the Project Manager), when resistant 
materials prevent the advancement of the auger, a new boring can be attempted. The original boring 
must be properly backfilled and the new boring 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. 

5.2.2 Continuous-Flight Solid-Stem Auger Drilling 

This drilling method is similar to hollow-stem augering. Practical application of this method is severely 
restricted compared to use of hollow-stem augers. Split-barrel (split-spoon) sampling cannot be 
performed without pulling the augers out, which may allow the hole to collapse. The continuous-flight 
solid-stem auger drilling method is therefore very time consuming and is not cost effective. Also, augers 
would have to be withdrawn before installing a monitoring well, which again, may allow the hole to 
collapse. Furthermore, geologic logging by examining the soils brought to the surface is unreliable, and 
depth to water may be difficult to determine while drilling. 

There would be very few situations where use of a solid-stem auger would be preferable to other drilling 
methods. The only practical applications of this method would be to drill boreholes for well installation 
where no lithologic information is desired and the soils are such that the borehole can be expected to 
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remain open after the augers are withdrawn. Alternatively, this technique can be used to find depth to 
bedrock in an area when no other information is required from drilling. 

5.2.3 Rotary Drilling 

Direct rotary drilling includes air-rotary and fluid-rotary drilling. For air or fluid-rotary drillinsg, the rotary 
drill may be advanced to the desired depth by any power-operated drilling machine having sufficient 
torque 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. 

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: 

0 The drilling rate is high (even in rock). 
0 The cost per foot of drilling is relatively low. 
0 Air-rotary rigs are common in most areas. 
0 No drilling fluid is required (except when water is injected to keep down dust). 
0 The borehole diameter is large, to allow room for proper well installation proce!dures. 

Disadvantages to using this method include: 

0 Formations must be logged from the cuttings that are blown to the surface and thus the 
depths of materials logged are approximate. 

l Air blown into the formation during drilling may “bind” the formation and impede well 
development and natural groundwater flow. 

0 In-situ samples cannot be taken, unless the hole is cased. 

a Casing must generally be used in unconsolidated materials. 

0 Air-rotary drill rigs are large and heavy. 

A variation of the typical air-rotary drill bit is a down hole hammer which hammers the drill1 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 bii and remove cuttings. There are a variety of 
fluids that can be used with this drilling method, including bentonite slurry and synthetic slurries. If a 
drilling fluid other than water/cuttings is used, it must be a natural clay (i.e., bentonite) and a 
“background” sample of the fluid should be taken for analysis of possible organic or inorganic 
contaminants. 
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Advantages to the fluid-rotary drilling method include: 

0 The ability to drill in many types of formations. 

l Relatively quick and inexpensive. 

l 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. 

0 In some borings temporary casing may not be needed as the drilling fluids may keep the 
borehole open. - 

0 Drill rigs are readily available in most areas. 

Disadvantages to this method include: 

Formation logging is not as accurate as with hollow-stem auger method if split-barrel (split- 
spoon) samples are not taken (i.e., the depths of materials logged from cuttings delivered to 
the surface are approximate). 

Drilling fluids reduce permeability of the formation adjacent to the boring to some degree, 
and require more extensive well development than “dry” techniques (augering, air-rotary). 

No information on depth to water is obtainable while drilling. 

Fluids are needed for drilling, and there is some question about the effects of the drilling 
fluids on subsequent water samples obtained. For this reason as well, extensive well 
development may be required. 

In very porous materials (i.e., rubble fill, boulders, coarse gravel) drilling fluids may be 
continuously lost into the formation. This requires either constant replenishment of the drilling 
fluid, or the use of casing through this formation. 

Drill rigs are large and heavy, and must be supported with supplied water. 

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 D1586-64. 

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. 
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5.2.4 Rotosonic Drilling 

The Rotosonic drilling method employs a high frequency vibrational and low speed rotational motion 
coupled with down pressure to advance the cutting edge of a drill string. This produces a uniform 
borehole while providing a continuous, undisturbed core sample of both unconsolidated and most 
bedrock formations. Rotosonic drilling advances a 4-inch diameter to 12-inch diameter core barrel for 
sampling and can advance up to a 12-inch diameter outer casing for the construcito of standard and 
telescoped mofiitoring wells. During drilling, the core barrel is advanced ahead of the outer barrel in 
increments as determined by the site geologist and depending upon type of material, degree of 
subsurface contamination and sampling objectives. 

The outer casing can be advanced at the same time as the inner drill string and core barrel, Ior advanced 
down over the inner drill rods and core barrel, or after the core barrel has moved ahead to collect the 
undisturbed sample and has been pulled out of the borehole. The outer casing can be advanced dry 
in most cases, or can be advanced with water or air depending upon the formations being drilled, the 
depth and diameter of the hole, or requirements of the project. 

Advantages of this method include: 

0 Sampling and well installation are faster as compared to other drilling methods. 

0 Continuous sampling, with larger sample volume as compared to split-spoon sampling. 

0 The ability to drill through difficult formations such as cobbles or boulders, hard till and 
bedrock. 

0 Reduction of IDW by an average of 70 to 80 percent. 

0 Well installations are quick and controlled by elimination of potential bridging of annular 
materials during well installation, due to the ability to vibrate the outer casing during removal. 

Disadvantages include: 

l The cost for Rotosonic drilling as compared to other methods are generally higher. However, 
the net result can be a significant savings considering reduced IDW and shortened project 
duration. 

0 Rotosonic drill rigs are large and need ample room to drill, however, Rotosonic units can be 
placed on the ground or placed on an ATV. 

0 There are a limited number of Rotosonic drilling contractors at the present time. 

5.2.5 Reverse Circulation Rotary Drilling 

The common reverse-circulation rig is a water or mud-rotary rig with a large-diameter drill pipe which 
circulates the drilling water down the annulus and up the inside of the drill pipe (reverse flow direction 
from direct mud-rotary). This type of rig is used for the construction of large-capacity production water 
wells and is not suited for small, water quality sampling wells because of the use of drilling muds and 
the largediameter hole which is created. A few special reverse-circulation rotary rigs are made with 
double-wall drill pipe. The drilling water or air is circulated down the annulus between the drill pipes and 
up inside the inner pipe. 
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Advantages of the latter method include: 

0 The formation water is not contaminated by the drilling water. 

l Formation samples can be obtained, from known depths. 

0 When drilling with air, immediate information is available regarding the water-bearing 
properties of formations penetrated. 

0 Collapsing of the hole in unconsolidated formations is not as great a problem as when drilling 
with the normal air-rotary rig. 

Disadvantages include: 

l Double-wall, reverse-circulation drill rigs are very rare and expensive to operate. 

l Placing cement grout around the outside of the well casing above a well screen often is 
difficult, especially when the screen and casing are placed down through the inner drill pipe 
before the drill pipe is pulled out. 

5.2.6 Drill-through Casing Driver 

The driven-casing method consists of alternately driving casing (fiied with a sharp, hardened casing 
shoe) into the ground using a hammer lifted and dropped by the drill rig (or an air-hammer) and cleaning 
out the casing using a rotary chopping bit and air or water to flush out the materials. The casing is 
driven down in stages (usually 5 feet per stage); a continuous record is kept of the blows per foot in 
driving the casing (see SOP GH-1.5). The casing is normally advanced by a 300-pound hammer falling 
freely through a height of 30 inches. Simultaneous washing and driving of the casing is not 
recommended. If this procedure is used, the elevations within which wash water is used and in which 
the casing is driven must be clearly recorded. 

The driven casing method is used in unconsolidated formations only. When the boring is to be used for 
later well installation, the driven casing used should be at least 4 inches larger in diameter than the well 
casing to be installed. Advantages to this method of drilling include: 

l Split-barrel (split-spoon) sampling can be conducted while drilling. 

l Well installation is easily accomplished. 

l Drill rigs used are relatively small and mobile. 

l The use of casing minimizes flow into the hole from upper water-bearing layers; therefore, 
multiple aquifers can be penetrated and sampled for rough field determinations of some water 
quality parameters. 

Some of the disadvantages include: 

0 This method can only be used in unconsolidated formations. 

0 The method is slower than other methods (average drilling progress is 30 to 50 feet per day). 
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0 Maximum depth of the borehole varies with the size of the drill rig and casing diameter used, 
and the nature of the formations drilled. 

0 The cost per hour or per foot of drilling may be substantially higher than other drilling 
methods. 

0 It is difficult and time consuming to pull back the casing if it has been driven very deep 
(deeper than 50 feet in many formations). 

5.2.7 Cable Tool Drilling 

A cable tool rig uses a heavy, solid-steel, chisel-type drill bii (“tool”) suspended on a steel cable, which 
when raised and dropped, chisels or pounds a hole through the soils and rock. Drilling progress may 
be expedited by the use of “slip-jars” which serve as a cable-activated down hole percussion device to 
hammer the bit ahead. 

When drilling through the unsaturated zone, some water must be added to the hole. The cuttings are 
suspended in the water and then bailed out periodically. Below the water table, after sufficient ground 
water enters the borehole to replace the water removed by bailing, no further water needs t:o be added. 

When soft caving formations are encountered, it is usually necessary to drive casing as the hole is 
advanced to prevent collapse of the hole. Often the drilling can be only a few feet below the bottom of 
the casing.. Because the drill bit is lowered through the casing, the hole created by the bit is smaller than 
the casing. Therefore, the casing (with a sharp, hardened casing shoe on the bottom) must be driven 
into the hole (see Section 5.2.5 of this guideline). 

Advantages of the cable-tool method include the following: 

0 Information regarding water-bearing zones is readily available during the drilling. Even 
relative permeabilities and rough water quality data from different zones penetrated can be 
obtained by skilled operators. 

0 The cable-tool rig can operate satisfactorily in all formations, but is best suited for caving, 
boulder, cable or coarse gravel type formations (e.g., glacial till) or formations with large 
cavities above the water table (such as limestones). 

0 When casing is used, the casing seals formation water out of the hole, preventing down hole 
contamination and allowing sampling of deeper aquifers for field-measurable water quality 
parameters. 

l Split-barrel (split-spoon) or thin-wall (Shelby) tube samples can be collected through the 
casing. 

Disadvantages include: 

0 Drilling is slow compared with rotary rigs. 

0 The necessity of driving the casing in unconsolidated formations requires that the casing be 
pulled back if exposure of selected water-bearing zones is desired. This process complicates 
the well completion process and often increases costs. There is also a chalnce that the 
casing may become stuck in the hole. 
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0 The relatively large diameters required (minimum of 4-inch casing) plus the COSt Of Steel 
casing result in higher costs compared to rotary drilling methods where casing is not required 
(e.g., such use of a hollow-stem auger). 

0 Cable-tool rigs have largely been replaced by rotary rigs. In some parts of the U.S., 
availability may be difficult. 

5.2.8 Jet Drilling (Washing) 

Jet drilling, which should be used only for piezometer or vadose zone sampler installation, consists of 
pumping water or drilling mud-down through a small diameter (l/2- to 2-inch) standard pipe (steel or 
PVC). The pipe may be fitted with a chisel bit or a special jetting screen. Formation materials dislodged 
by the bit and jetting action of the water are brought to the surface through the annulus around the pipe. 
As the pipe is jetted deeper, additional lengths of pipe may be added at the surface. 

Jet percussion is a variation of the jetting method, in which the casing is driven with a driie weight. 
Normally, this method is used to place 2-inchdiameter casing in shallow, unconsolidated sand 
formations, but this method has also been used to install 3- to 4-inchdiameter casings to a depth of 
200 feet. 

Jetting is acceptable in very soft formations, usually for shallow sampling, and when introduction of 
drilling water to the formation is acceptable. Such conditions would occur during rough stratigraphic 
investigation or installation of piezometers for water level measurement. Advantages of this method 
include: 

0 Jetting is fast and inexpensive. 

a Because of the small amount of equipment required, jetting can be accomplished in locations 
where access by a normal drilling rig would be very difficult. For example, it would be 
possible to jet down a well point in the center of a lagoon at a fraction of the cost of using 
a drill rig. 

0 Jetting numerous well points just into a shallow water table is an inexpensive method for 
determining the water table contours, hence flow direction. 

Disadvantages include the following: 

0 A large amount of foreign water or drilling mud is introduced above and into the formation 
to be sampled. 

0 Jetting is usually done in very soft formations which are subject to caving. Because of this 
caving, it iS often not possible to place a grout seal above the screen to assure that water 
in the well is only from the screened interval. 

0 The diameter of the casing is usually limited to 2 inches; therefore, samples must be obtained 
by methods applicable to small diameter casings. 

l Jetting is only possible in very soft formations that do not contain boulders or coarse gravel, 
and the depth limitation is shallow (about 30 feet without jet percussion equipment). 

0 Large quantities of water are often needed. 
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5.29 Drilling with a Hand Auger 

This method is applicable wherever the formation, total depth of sampling, and the site and groundwater 
conditions are such as to allow hand auger drilling. Hand augering can also be considered at locations 
where drill rig access is not possible. All hand auger borings will be performed according to 
ASTM D1452-60. 

Samples should be taken continuously unless otherwise specified by the project plan documents. Any 
required sampling is performed by rotation, pressing, or driving in accordance with the standard or 
approved method governing use of the particular sampling tool. Typical equipment used for sampling 
and advancing shallow “hand auger” holes are lwan samplers (which are rotated) or post hole diggers 
(which are operated like tongs). These techniques are slow but effective where larger pieces of 
equipment do not have access, and where very shallow holes are desired (less than 15 feet). Surficial 
soils must be composed of relatively soft and non-cemented formations to allow penetration by the 
auger. 

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 perforrned 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, Ilatching 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. 
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Advantages of core drilling include: 

l Undisturbed rock cores can be recovered for examination and/or testing. 

0 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. 

0 Formation logging is extremely accurate. 

0 Drill rigs are relatively small and mobile. 

Disadvantages include: 

0 Water or air is needed for drilling. 

0 Coring is slower than rotary drilling (and more expensive). 

0 Depth to water cannot accurately be determined if water is used for drilling. 

0 The size of the borehole is limited. 

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. 

52.11 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 and/or support equipment and its suitability for the site terrain will often be 
an additional deciding factor in planning the drilling program. The types of vehicles available are 
extensive, and depend upon the particular drilling subcontractor’s fleet. Most large drilling 
subcontractors will have a wide variety of vehicle and drill types suited for most drilling assignments in 
their particular region, while smaller drilling subcontractors will usually have a fleet of much more limited 
diversity. The weight, size, and means of locomotion (tires, tracks, etc.) of the drill rig must be selected 
to be compatible with the site terrain to assure adequate mobility between borehole locations. Such 
considerations also apply to necessary support vehicles used to transport water and/or drilling materials 
to the drill rigs at the borehole locations. When the drill rigs or support vehicles do not have adequate 
mobility to easily traverse the site, provisions must be made for assisting equipment, such as bulldozers, 
winches, timber planking, etc., to maintain adequate progress during the drilling program. 

Some of the typical vehicles which are usually available for drill rigs and support equipment are: 

0 Totally portable drilling/sampling equipment, where all necessary components (tripods, 
samplers, hammers, catheads. etc.) may be hand carried to the borehole site. 
Drilling/sampling methods used with such equipment include: 

Hand augers and lightweight motorized augers. 
Retractable plug samplers-driven by hand (hammer). 
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Motorized cathead - a lightweight aluminum tripod with a small gas-engine 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 cal:head (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 and/or a cathead, a pump, and a tripod or small 
drilling derrick. On some rigs, the drill and/or a cathead are driven by a 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 soft-ground sites, the drilling equipment is sometimes mounted on 
and off the road vehicle having low pressure. very wide diameter tires and capable of floating: 
these vehicles are called “swamp buggy” rigs. 

Marine drilling equipment is mounted on various floating equipment for drilling borings in 
lakes, estuaries and other bodies of water. The floating equipment varies, and is often 
manufactured or customized by the drilling subcontractor to suit specific drilling 
requirements. Typically, the range of flotation vehicles include: 

Barrel-float rigs - a drill rig mounted on a timber platform buoyed by empty 55gallon 
drums or similar flotation units. 

Barge-mounted drill rigs. 

Jack-up platforms - drilling equipment mounted on a floating platform having retractable 
legs to support the unit on the sea or lake bed when the platform is jacked up out of 
the water. 

Drill ships - for deep ocean drilling. 

In addition to the mobility for the drilling equipment, similar consideration must be given for equipment 
to support the drilling operations. Such vehicles or floating equipment are needed to transport drill water, 
drilling supplies and equipment, samples, drilling personnel, etc. to and/or from various boring locations. 

. 

5.212 Equipment Sizes 

In planning subsurface exploration programs, care must be taken in specifying the various drilling 
components, so that they will fii properly in the boring or well. 
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For drilling open boreholes using rotary drilling equipment, tri-cone drill biis are employed with air, water 
or drilling mud to remove cuttings and cool the bit. Tri-cone bits are slightly smaller than the holes they 
drill (i.e., 5-7/8-inch or 7-7/8-inch bits will nominally drill 6-inch and 8-inch holes, respectively). 

For obtaining split-barrel samples of a formation, samplers are commoniy manufactured in sizes ranging 
from 2 inches to 3-l/2 inches in outside diameter. However, the most commonly used size is the 
2-inch O.D., l-3/8-inch I.D. split-barrel sampler. When this sampler is used and driven by a 140-pound 
(k 2-pound) hammer dropping 30 inches (k 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. 

5.2.13 Estimated Drilling Progress 

To estimate the anticipated rates of drilling progress for a site, the following must be considered: 

I 0 The speed of the drilling method employed. 

l Applicable site conditions (e.g., terrain, mobility between borings, difficult drilling conditions 
in bouldery soils, rubble fill or broken rock, etc.). 

Based on recent experience in drilling average soil conditions (no boulders) and taking samples at 5- 
foot intervals, for moderate depth (30 feet to 50 feet) boreholes (not including installation or development 
of wells), the following daily rates of total drilling progress may be anticipated for the following drilling 
methods: 

Drilling Method 
Average Daily Progress 

(linear feet) 

Hollow-stem augers 

Solid-stem augers 

I 

75’ 

Mud-Rotary Drilling 

Rotosonic Drilling 

Reverse-Circulation Rotary 

50’ I 
J 

100’ (cuttings samples) 

1 OO’-160’ (continuous core) 

100’ (cuttings samples) * r 1 I 

Skid-Rig with driven casing 30’ 

Rotary with driien casing 50’ L ’ 

0 Project-imposed restrictions (e.g., drilling while wearing personal protective equipment, 
decontamination of drilling equipment, etc.). 

, 
Cable Tool 30’ 

Hand Auger Varies 

Continuous Rock Coring 50’ 
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Prevention of Cross-Contamination 

A telescoping or multiple casing technique minimizes the potential for the migration of contaminated 
groundwater to lower strata below a confining layer. The telescoping technique consists of drilling to 
a confining layer utilizing a spun casing method with a diamond cutting or augering shoe (a method 
similar to the rock coring method described in Section 52.10, except that larger casing is used) or by 
using a driven-casing method (see Section 5.2.6 of this guideline) and installing a specified diameter steel 
well casing. TRe operation consists of three separate steps. Initially, a drilling casing (usually of 8-inch 
diameter) is installed followed by installation of the well casing (ginchdiameter is common for 2-inch 
wells). This well casing is driven into the confining layer to ensure a tight seal at the bottom of the hole. 
The well casing is sealed at the bottom with a bentonite-cement slurry. The remaining depth of the 
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. 

Clean sand is placed in the annulus around and to a point of about 2 feet above the sclreen 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 resultiing from the 
advancement of the casing. Loss of wash water during cleaning should be recorded. 

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, 
downwarddirected 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 
panicles 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 vadve or spring 
sample retainer in the split-spoon bit, to prevent the sample from falling out as the sampler is withdrawn 
from the hole. The use of jet-type chopping bits is discouraged except where large boulders and 
cobbles or hard-cemented soils are encountered. If water markedly softens the soils above the water 
table, clean out should be performed dry with an auger. 

For undisturbed samples below the water table, or where wash water must be minimized, clean out is 
usually accomplished with an appropriate diameter clean out auger. This auger has cuttling blades at 
the bottom to carry loose material up into the auger, and up-turned water jets just above the cutting 
blades to carry the removed soil to the surface. In this manner, there is a minimum of disturbance at 
the top of the material to be sampled. If any gravel material washes down into the casing and cannot 
be removed by the clean out auger, a split-barrel sample can be taken to remove it bailers and 
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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: 

l 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. 

0 If the cuttings remaining in the borehole contain coarse gravel and/or other large particles, 
these may block the bit of the sampler and prevent any materials from the underlying 
formation from entering the sampler when the sampler is advanced. 

0 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. 

0 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 rig 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 
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 
borehoie must be recleaned prior to attempting sampling. 

5.5 Materials of Construction 

The effects of monitoring well construction materials on specific chemical analytical parameters are 
described and/or referenced in SOP GH-2.8. However, there are several materials used during drilling, 
particularly drilling fluids and lubricants, which must be used with care to avoid compromising the 
representativeness of soil and ground water samples. 

The use of synthetic or organic polymer slurries is not permitted at any location where soil samples for 
chemical analysis are to be collected. These slurry materials could be used for installation of long-term 
monitoring wells, but the early time data in time series collection of ground water data may then be 
suspect. If synthetic or organic polymer muds are proposed for use at a given site, a complete written 
justification including methods and procedures for their use must be provi&d 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. 
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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. 

5.6 Subsurface Soil Samples 

Subsurface soil samples are used to characterize subsurface stratigraphy. This characterization can 
indicate the potential for migration of chemical contaminants in the subsurface. in addition, definition 
of the actual migration of contaminants can be obtained through chemical analysis of the soil samples. 
Where the remedial activities may include in-situ treatment or excavation and removal of the 
contaminated soil, the depth and areal extent of contamination must be known as accurately as possible. 

Engineering and physical properties of soil may also be of interest should site construction activities be 
planned. Soil types, grain size distribution, shear strength, compressibility, permeability, plasticity, unit 
weight, and moisture content are some of the physical characteristics that may be determined for soil 
samples. 

Penetration tests are also described in this procedure. The tests can be used to estimate various 
physical and engineering parameters such as relative density, unconfined compressive strength, and 
consolidation characteristics of soils. 

Surface protocols for various soil sampling techniques are discussed in SOP SA-1.3. Continuous-core 
soil sampling and rock coring are discussed below. The procedures described here are representative 
of a larger number of possible drilling and sampling techniques. The choice of techniques is based on 
a large number of variables such as cost, local geology, etc. The final choice of methods must be made 
with the assistance of drilling subcontractors familiar with the local geologic conditions,, Alternative 
techniques must be based upon the underlying principles of quality assurance implicit in the following 
procedures. 

The CME continuous sample tube system provides a method of sampling soil continuously during hollow- 
stem augering. The 5-foot sample barrel fiis within the lead auger of a hollow-auger c:olumn. The 
sampling system can be used with a wide range of I.D. hollow-stem augers (from II-l/4-inch to 
8-l/4-inch I.D.). This method has been used to sample many different materials such as glacial drift, 
hard clays and shales, mine tailings, etc. This method is particularly used when SPT samples are not 
required and a large volume of material is needed. Also, this method is useful when a visual description 
of the subsurface lithology is required. Rotosonic drilling methods also provide a continuous soil sample. 

5.7 Rock Samplinq (Coring) (ASTM D2113-83) 

Rock coring enables a detailed assessment of borehoie conditions to be made, showing1 precisely all 
lithologic changes and characteristics. Because coring is an expensive drilling method, it is commonly 
used for shallow studies of 500 feet or less, or for specific intervals in the drill hole that require detailed 
logging and/or analyzing. Rock coring can, however, proceed for thousands of feet Icontinuously, 
depending on the size of the drill rig, and yields better quality data than air-rotary drilling, (although at a 
substantially reduced drilling rate. Rate of drilling varies widely, depending on the characteristics of 
iithologies encountered, drilling methods, depth of drilling, and condition of drilling equipment. Average 
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output in a lo-hour day ranges from 40 to over 200 feet. Down hole geophysical logging or television 
camera monitoring is sometimes used to complement the data generated by coring. 

Borehole diameter can be drilled to various sizes, depending on the information needed. Standard sizes 
of core barrels (showing core diameter) and casing are shown in Figure 1. 

Core drilling is used when formations are too hard to be sampled by soil sampling methods and a 
continuous solid sample is desired. Usually, soil samples are used for overburden, and coring begins 
in sound bedrock. Casing is set into bedrock before coring begins to prevent loose material from 
entering the borehole. to prevent loss of drilling fluid, and to prevent cross-contamination of aquifers, 

Drilling through bedrock is initiated by using a diamond-tipped core bit threaded to a drill rod (outer core 
barrel) with a rate of drilling determined by the downward pressure, rotation speed of drill rods, drilling 
fluid pressure in the borehole, and the characteristics of the rock (mineralogy, cementation, weathering). 

5.7.1 Diamond Core Drilling 

A penetration of typically less than 6 inches per 50 blows using a 140-lb. hammer dropping 30 inches 
with a 2-inch split-barrel sampler shall be considered an indication that soil sampling methods may not 
be applicable and that coring may be necessary to obtain samples. 

When formations are encountered that are too hard to be sampled by soil sampling methods, the 
following diamond core drilling procedure may be used: 

0 Firmly seat a casing into the bedrock or the hard material to prevent loose materials from 
entering the hole and to prevent the loss of drilling fluid return. Level the surface of the rock 
or hard material when necessary by the use of a fishtail or other bits. If the drill hole can be 
retained open without the casing and if cross-contamination of aquifers in the unconsolidated 
materials is unlikely, leveling may be omitted. 

l Begin the core drilling using a double-tube swivel-core barrel of the desired size. After drilling 
no more than 10 feet (3 m), remove the core barrel from the hole and take out the core. If 
the core blocks the flow of the drilling fluid during drilling, remove the core barrel 
immediately. In soft materials, a large starting size may be specified for the coring tools; 
where local experience indicates satisfactory core recovery or where hard, sound materials 
are anticipated, a smaller size or the single-tube type may be specified and longer runs may 
be drilled. NX/NW size coring equipment is the most commonly used size. 

l When soft materials are encountered that produce less than 50 percent recovery, stop the 
core drilling. if soil samples are desired, secure such samples in accordance with the 
procedures described in ASTM Method D 1586 (Split-barrel Sampling) or in Method D 1587 
(Thin-Walled Tube Sampling); sample soils per SOP SA-1.3. Resume diamond core drilling 
when refusal materials are again encountered. 

l Since rock structures and the occurrence of seams, fissures, cavities, and broken areas are 
among the most important items to be detected and described, take special care to obtain 
and record these features. If such broken zones or cavities prevent further advance of the 
boring, one of the following three steps shall be taken: (1) cement the hole: (2) ream and 
case: or (3) case and advance with the next smaller size core barrel, as conditions warrant. 
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FIGURE 1 

STANDARD SIZES OF CORE BARRELS AND CASING 

Coring Bit Size 
Nominal* Set Size* 

O.D. I I.D. O.D. I 

RWT - 1 5/32 314 1.160 EWT 1 l/2 29/32 1.470 0.735 --i 0.905 

EX, EXL, EWG, EWM 1 l/2 13/16 1.470 

AWT 1 718 1 9/32 1.875 

AX, AXL, AWG, AWM 1 7/8 1 3/16 1.875 

BWT 2 3/8 1 3/4 2.345 

BX, BXL, BWG, BWM 2 318 1 5/8 2.345 11.655 

NWT 3 2 5116 2.965 2.313 

NX, NXL, NWG, NWM 3 2 l/8 2.965 2.155 

HWT 3 29/32 3 3116 3.889 

HWG 3 29/32 3 3.889 

2 3/4 x 3 718 3 7/8 2 3/4 3.840 

4 x 5 l/2 5 l/2 4 5.435 

6 x 7 314 7 3/4 6 7.655 

AX Wire line 1 / 1 718 1 1.875 ‘I .ooo -- 
BX Wire line j / 2 3/8 1 2.345 ‘I .437 7116 

NX Wire line j / -- 3 1 15/16 2.965 ‘1.937 ] 

l All dimensions are in inches: to convert to millimeters, multiply by 254. 
1 -- / Wire line dimensions and designations may vary according to manufacturer. 
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FIGURE 1 
STANDARD SIZES OF CORE BARRELS AND CASING 
PAGE TWO 

I 
Casing 

bit 
O.D., 

Inches 

Casing 
Coupling 

Approximate Core 
Diameter Size Designations 

Drill rod 
O.D., 

Inches 

Core 
barrel 

bit 
O.D., 

Inches* 

Casing; 
Casing 

coupling; 
Casing 

bits; Core 
barrel bits 

Casing 
O.D., 

Inches O.D., I.D., 
Inches Inches 

Normal, Thinwall, 
Inches Inches 

Rod; rod 
couplings 

I 

-- I 0.735 
c 

1.485 1.160 1.094 1.188 1.437 

1.812 1 so0 1.875 1.470 1.812 1.313 

1.625 AxI A 2.250 2.345 1.875 1.185 1.281 

1.655 1.750 

2.155 2.313 

2.250 1.906 

2.875 2.375 2.965 2.345 1.906 -G-t+- 2.875 

3.500 3.500 3.000 3.615 2.965 2.375 

3.890 3.500 3.000 ! 3.187 HX 1 HW 4.500 4.500 3.938 4.625 

1.485 1.160 1.094 1.437 

1.812 1.875 1.470 1.375 

2.345 1.875 1.750 2.250 

2.965 2.345 2.125 2.875 

3.500 3.615 2.965 2.625 2.155 2.313 

3.000 3.187 

--_ - 

-- --_ 

-I ___ 

--- --- 

1 .ooo --- 

1.437 --- 

1.937 --- 

4.625 

5.650 

3.890 

--- 

3.500 

-- 

6.625 6.796 --- 

7.625 7.800 

8.810 

--- 

_-- 

--- 

--- 

--- --- 8.625 

--- 

--- 

--- 

--- 1.875 1.750 

2.345 2.250 

2.965 2.813 

_-_ 

--- 

--- 

-- 

* All dimensions are in inches; to convert to millimeters, multiply by 254. 
Wire 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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l In soft, seamy, or otherwise unsound rock, where core recovery may be difficult, M-design 
core barrels may be used. In hard, sound rock where a high percentage of core recovery 
is anticipated, the single-tube core barrel may be employed. 

5.7.2 Rock Sample Preparation and Documentation 

Once the rock coring has been completed and the core recovered, the rock core shall Ibe carefully 
removed from the barrel, placed in a core tray (previously labeled “top” and “bottom” to avoid confusion), 
classified, and measured for percentage of recovery as well as the rock quality designation (RQD). Each 
core shall be described, classified, and logged using a uniform system as presented in SOP GH-1.5. If 
moisture content will be determined or if it is desirable to prevent drying (e.g., to prevent shrinkage of 
clay formations) or oxidation of the core, the core shall be wrapped in plastic sleeves immediately after 
logging. Each plastic sleeve shall be labeled with indelible ink. The boring number, run number, and 
the footage represented in each sleeve shall be included, as well as designating the top and bottom of 
the core run. 

After sampling, rock cores shall be placed in the sequence of recovery in well-constructed wooden boxes 
provided by the drilling contractor. Rock cores from two different borings shall not be placed in the 
same core box unless accepted by the Project Geologist. The core boxes shall be constructed to 
accommodate at least 20 linear feet of core in rows of approximately 5 feet each and shall be 
constructed with hinged tops secured with screws, and a latch (usually a hook and eye) to k:eep the top 
securely fastened down. Wood partitions shall be placed at the end of each core run and between rows. 

The depth from the surface of the boring to the top and bottom of the drill run and run number shall be 
marked on the wooden partitions with indelible ink. A wooden partition (wooden block) shall be placed 
at the end of each run with the depth of the bottom of the run written on the block. These blocks will 
seme to separate successive core runs and indicate depth intervals for each run. The order of placing 
cores shall be the same in all core boxes. Rock core shall be placed in the box so that, when the box 
is open, with the inside of the lid facing the observer, the top of the cored interval contained within the 
box is in the upper left corner of the box, and the bottom of the cored interval is in the lower right corner 
of the box. The top and bottom of each core obtained and its true depth shall be clearly and 
permanently marked on each box. The width of each row must be compatible with the core diameter 
to prevent lateral movement of the core in the box. Similarly, an empty space in a row shall be filled with 
an appropriate filler material or spacers to prevent longitudinal movement of the core in the box. 
The inside and outside of the core-box lid shall be marked by indelible ink to show all pertinent data on 
the box’s contents. At a minimum, the following information shall be included: 

0 Project name. 
0 Project number. 
0 Boring number. 
0 Run numbers. 
l Footage (depths). 
0 Recovery. 
0 RQD (%). 
0 Box number and total number of boxes for that boring (Example: Box 5 of 7). 

For easy retrieval when core boxes are stacked, the sides and ends of the box shall also be labeled and 
include project number. boring number, top and bottom depths of core and box number. 
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Prior to final closing of the core box, a photograph of the recovered core and the labeling on the inside 
cover shall be taken. If moisture content is not critical, the core shall be wetted and wiped clean for the 
photograph. (This will help to show true colors and bedding features in the cores). 
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AlTACHMENT A 

DRILLING EQUIPMENT SIZES 

(Ref. 7) 
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AITACHMENT A 
DRILLING EQUIPMENT SIZES 
PAGE TWO 

Designation or 
Drilling Component Hole Size 

(I%!& 
I.D. Coupling I.D. 

(Inches) 
(Inches) (Inches) 

Flush Coupled Casing RX 1 7/16 1 3/16 1 3116 

(Ref. 7) EX 1 13/16 1 518 1 l/2 

Ax 2 l/4 2 1 29/32 

BX 2 7/8 2 9/16 2 3/8 

NX 3 l/2 3 3/16 3 

Flush Joint Casing (Ref. 7) 

(Ref. 7) 

** Because of the fragile nature of the core and the difficulty to identify rock details, use of 
small-diameter core (1 3/8”) is not recommended. 
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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 geologist/engineer can do a good job of classification by careful, thoughtiul 
observation and by being consistent throughout the classification procedure. 

3.0 

None. 

GLOSSARY 

4.0 RESPONSIBILITIES 

Site Geoloqist. 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 and/or 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 geologist/engineer. To 
maintain a consistent flow of information, it is imperative that the field geologist/engineer 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: 

0 Rock hammer 
0 Knife 
l Camera 
l Dilute hydrochloric acid (HCI) 
0 Ruler (marked in tenths and hundredths of feet) 
0 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. 

5.21 USCS Classification 

Soils are to be classified according to the Unified Soil Classification System (USCS). This method of 
classification is detailed in Figure 1 (Continued). 
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FIGURE 1 

BORING LOG (EXAMPLE) 

PROJECT NAME: 
PROJECT NUMBER: 
DRILLING COMPANY: 
--.a. . ..- -,A. 

BORINGLOG 

BORING NUMBER: 
DATE: 
GEOLOGIST: 
l%Dll I ED* 

Page - of - 

c 

a 
II 
1 

I I/ I I I I I I I I I I I 
-.“-ec,- --twmk- 

Drilling Area 
Remarks: 

Converted to Well: YeS No Well I.D. #: 

Background (ppm):-[ 
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This method of classification identifies soil types on the basis of grain size and cohesiveness. 

Fine-grained 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. 

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 “(l/4 inch@-1 /2 inchcP)” 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. 

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 “blue-gray.” 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 and,/or 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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Medium dense 11 to 30 

Dense 31 to 50 

Very dense Over 50 

Standard penetration resistance is the number of blows required to drive a spllt-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 l&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. 
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FIGURE 2 

CONSISTENCY FOR COHESIVE SOILS 

Standard 
Unconfined 

Consistency 
Penetration 

Compressive 

Resistance 
Strength Field Identification 

(Blows per Foot) 
(Tons/Sq. Foot by 
pocket penetration) 

dery sot? 0 to 2 Less than 0.25 Easily penetrated several inches by fist 

soft 2 to 4 0.25 to 0.50 
Easily penetrated several inches by 
thumb 

Medium stiff 
4 to 8 0.50 to 1.0 

Can be penetrated several inches by 
thumb with moderate effort 

stiff 

Very stiff 

Hard 

8to 15 1.0 to 2.0 

15 to 30 2.0 to 4.0 

Over 30 More than 4.0 

Readily indented by thumb but 
penetrated only with great effort 

Readily indented by thumbnail 

indented with difficulty by thumbnail 
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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: 

Terms of Identifying Proportion of the Component 
Defining Range of 

Percentages by Weight 

IT race I 0 - 10 percent I 

Some 11 - 30 percent 

Adjective form of the soil type (e.g., “sandy”) 31 - 50 percent 
i 3 

Examples: 

0 Silty fine sand: 50 to 69 percent fine sand, 31 to 50 percent silt. 

0 Medium to coarse sand, some silt: 70 to 80 percent medium to coarse sand, 11 to 
30 percent silt. 

0 Fine sandy silt, trace clay: 50 to 68 percent silt, 31 to 49 percent fine sand, 1 to 10 percent 
clay. 

0 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 soil and rock is depending on grain size and composition. The classification to be used 
for stratification description is shown in Figure 3. 

5.2.7 Texture/Fabric/Bedding 

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). 
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FIGURE 3 

BEDDING THICKNESS CLASSIFICATION 

Classification 

1 mm-3mm 

< 1 mm 

l/32” - l/8 Thinly Laminated 

<l/32” Micro Laminated 

(Weir, 1973 and Ingram, 1954) 
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5.2.8 Summary of Soil Classification 

In summary, soils shall be classified in a similar manner by each geologist/engineer at a project site. 
The hierarchy of classification is as follows: 

0 Density and/or consistency 
0 Color 
0 Plasticity (Optional) 
0 Soil types 
0 Moisture content 
l Stratification 
l Texture, fabric, bedding 
0 Other distinguishing features 

5.3 Classification of Rocks 

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. 

Siltstone - Made up of granular materials less than l/16 to l/256 mm in diameter. 
Fractures irregularly. Medium thick to thick bedded. 

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: 

0 Rock type 
0 Color 
0 Bedding thickness 
0 Hardness 
l Fracturing 
0 Weathering 
0 Other characteristics 
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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 typestherefore, 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 elastic sedimentary rocks. Figure 4 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. 

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. 

53.3 Bedding Thickness 

The bedding thickness designations applied to soil classification (see Figure 3) will also be used for rock 
classification. 

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: 

0 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). 

0 Medium soft - Slight erosion of core, slightly gouged by screwdriver, or breaks with crumbly 
edges from single hammer blow. 

0 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. 
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FIGURE 4 

GRAIN SIZE CLASSIFICATION FOR ROCKS 

Particle Name I Grain Size Diameter ’ I 

1 Cobbles I >64mm I 

Pebbles 

Granules 

4-64mm 

2-4mm 

1 Very Coarse Sand I 1-2mm I 
I Coarse Sand I 0.5 - 1 mm I 

I Medium Sand I 0.25 - 0.5 mm I 

Fine Sand 

Very Fine Sand 

0.125 - 0.25 mm 

0.0625 - 0.125 mm 

I 0.0039 - 0.0625 mm I 

After Wentworth, 1922 

01961 l/P Brown & Root Environmer 



Subject Number Page 
GH-1.5 14 of 21 

BQREHOLE AND SAMPLE LOGGING Revision Effective Date 

0 03/01/96 

5.3.5 Fracturing 

The degree of fracturing or brokenness of a rock is described by measuring the fractures or joint 
spacing. After eliminating drilling breaks, the average spacing is calculated and the fracturing is 
described by the following terms: 

l Very broken (V. BR.) - Less than 2-inch spacing between fractures 
0 Broken (BR.) - 2-inch to l-foot spacing between fractures 
0 Blocky (BL) - l- to 3-foot spacing between fractures 
l Massive (M.) - 3 to lo-foot spacing between fractures 

The structural integrity of the rock can be approximated by calculating the Rock Quality Designation 
(RQD) of cores recovered. The RQD is determined by adding the total lengths of all pieces exceeding 
4 inches and dividing by the total length of the coring run, to obtain a percentage. 

Method of Calculating RQD 
(After Deere, 1954) 

RQD% = r/lx100 

r = Total length of all pieces of the lithologic unit being measured, which are 
greater than 4 inches length, and have resulted from natural breaks. Natural 
breaks include slickensides, joints, compaction slicks, bedding plane partings 
(not caused by drilling), friable zones, etc. 

I = 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: 

0 Fresh - Rock shows little or no weathering effect. Fractures or joints have little or no 
staining and rock has a bright appearance. 

e 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. 

0 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. 

0 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: 

0 Description of contact between two rock units. These can be sharp or gradational. 
0 Stratification (parallel, cross stratified). 
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0 Description of any filled cavities or vugs. 
0 Cementation (calcareous, siliceous, hematitic). 
0 Description of any joints or open fractures. 
l Observation of the presence of fossils. 
l 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 drilliing program 
and to indicate various areas requiring special consideration and sampling. 

5.3.8 Additional Terms Used in the Description of Rock 

The following terms are used to further identify rocks: 

Seam - Thin (12 inches or less), probably continuous layer. 

Some - Indicates significant (15 to 40 percent) amounts of the accessory mlaterial. For 
example, rock composed of seams of sandstone (70 percent) and shale (30 pelrcent) would 
be “sandstone -- some shale seams.” 

Few - Indicates 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.” 

Inter-layered - 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: 

l Basalt - A fine-grained extrusive rock composed primarily of calcic plagioclase and 
pyroxene. 

l Rhyolite - A fine-grained volcanic rock containing abundant quartz and orthoclase. The fine- 
grained equivalent of a granite. 

l Granite - A coarse-grained plutonic rock consisting essentially of alkali feldspar and quartz. 

l Diorite - A coarse-grained plutonic rock consisting essentially of sodic plagioclase and 
hornblende. 

l Gabbro - A coarse-grained plutonic rock consisting of calcic plagioclase and dinopyroxene. 
Loosely used for any coarse-grained dark igneous rock. 
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The following are some basic names that are applied to metamorphic rocks: 

l Slate - A very fine-grained foliated rock possessing a well developed slaty cleavage. 
Contains predominantly chlorite, mica, quartz, and sericite. 

l Phyllite - A fine-grained foliated rock that splits into thin flaky sheets with a silky sheen on 
cleavage surface. 

l Schist - A medium to coarse-grained foliated rock with subparallel arrangement of the 
micaceous minerals which dominate its composition. 

l Gneiss - A coarse-grained foliated rock with bands rich in granular and platy minerals. 

l Quartzite - A fine- to coarse-grained nonfoliated rock breaking across grains, consisting 
essentially of quartz sand with silica cement. 

5.4 Abbreviations 

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: 

c - Coarse Lt - Light YI - Yellow 

Med - Medium BR - Broken Or - Orange 

F - Fine BL - Blocky ss - Sandstone 

v - Very M - Massive Sh - Shale 

ISI - 
I 

Slight IBr - Brown ILS - Limestone I 

occ - 
Tr - 

Occasional 81 - 

Trace 

Black Fgr - Fine-grained 

5.5 Borinq Loss and Documentation 

This section describes in more detail the procedures to be used in completing boring logs in the field. 
Information obtained from the preceding sections shall be used to complete the logs. A sample boring 
log has been provided as Figure 5. 

The field geologist/engineer shall use this example as a guide in completing each boring log. Each 
boring log shall be fully described by the geologist/engineer as the borinq is beino drilled. Every sheet 
contains space for 25 feet of log. Information regarding classification details is provided either on the 
back of the boring log or on a separate sheet, for field use. 
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PROJECT NAME: 
PROJECT NUMBER: 
DRILLING COMPANY: 
DRILLING RIG: 

FIGURE 5 
COMPLETED BORING LOG (EXAMPLE) 

GIOG Page 1_ of I, 

b&B- SITE BORING NUMBER: 5 ,0/MW I 
9594 DATE: 310I9G 
SOILTEST co. GEOLOGIST: 53 cBrJT\ 

CUE- 55 DRILLER: R. Row 

l- MATERIAL DESCRIPTION nmo-m 
u 

z, E S 
r C Remarks 
md - c&r -uumc*(on s -1 

-wmrmahg,m*rmdcDmUnsu. 
-ln@&vncdtar~~h6~-~bmhW. tmwemdlnghr)unsyif-lwPonu~. 0 I-2oz Drilling1 Area 

Remarks: CME- qq &2l6 , 4’/4” so WSA - 9” 00 * 
l-%Og Background (ppm): [?I 
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5.5.1 

l 

Soil Classification 

Identify site name, boring number, job number, etc. Elevations and water level data t0 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 llthology 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 covered in Section 52.3. 

Determine sample recovery/sample 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 construction 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. 

Enter color of the material in the appropriate column. 

Describe material using the USCS. Limit this column for sample description only. The 
predominate 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: 11 - 30 percent 
And/Or: 31 - 50 percent 

Also indicate under Material Classification if the material is fill or natural soils. Indicate 
roots, organic material, etc. 

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 ML/CL or SM/SP. 

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. 
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Angularity - describe angularity of coarse grained particles using the terms 
angular, subangular, subrounded, or rounded. Refer to ASTM D 2!488 or Earth 
Manual for criteria for these terms. 

Particle shape - flat, elongated, or flat and elongated. 

Maximum particle size or dimension. 

Water level observations. 

Reaction with HCI - none, weak, or strong. 

l Additional comments: 

Indicate presence of mica, caving of hole, when water was encountered, 
difficulty in drilling, loss or gain of water. 

Indicate odor and Photoionization Detector (PID) or Flame Ionization Detector 
(FID) reading if applicable. 

Indicate 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). 

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. 

Indicate 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. 

5.5.2 Rock Classification 

l Indicate depth at which coring began by drawing a line at the appropriate depth. Indicate 
core run depths by drawing coring run lines (as shown) under the first and fourth columns 
on the log sheet. Indicate RQD, core run number, RQD percent, and core recovery under 
the appropriate columns. 

l Indicate lithology change by drawing a line at the appropriate depth as explained in 
Section 5.5.1. 

0 Rock hardness is entered under designated column using terms as described on the back 
of the log or as explained earlier in this section. 

019611/P Brown & Root Environmen 



Subject Number Page 

GH-1.5 20 of 21 

BOREHOLE AND SAMPLE LOGGING Revision Effective Date 

0 03/01/96 

l 

l 

5.5.3 

Enter color as determined while the core sample is wet; if the sample is cored by air, the 
core shall be scraped clean prior to describing color. 

Enter rock type based on sedimentary, igneous or metamorphic. For sedimentary rocks 
use terms as described in Section 5.3. Again, be consistent in classification. Use modifiers 
and additional terms as needed. For igneous and metamorphic rock types use terms as 
described in Sections 5.3.8. 

Enter brokenness of rock or degree of fracturing under the appropriate column using 
symbols VBR, BR, BL, or M as explained in Section 5.3.5 and as noted on the back of the 
Boring Log. 

The following information shall be entered under the remarks column. Items shall include 
but are not limited to the following: 

Indicate depths of joints, fractures and breaks and also approximate to 
horizontal angle (such as high, low), i.e., 70” angle from horizontal, high angle. 

Indicate calcareous zones, description of any cavities or vugs. 

Indicate any loss or gain of drill water. 

Indicate drop of drill tools or change in color of drill water. 

Remarks at the bottom of Boring Log shall include: 

Type and size of core obtained. 

Depth casing was set. 

Type of rig used. 

As a final check the boring log shall include the following: 

- Vertical lines shall be drawn as explained for soil classification to indicate 
consistency of bedrock material. 

If 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. 

Classification of Soil and Rock from Drill Cuttings 

The previous sections describe procedures for classifying soil and rock samples when cores are 
obtained. However, some drilling methods (air/mud 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: 

0 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’ 
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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. 

0 Note any change in color of drilling fluid or cuttings, to estimate changes in lithology. 

0 Note drop or chattering of drilling tools or a change in the rate of drilling, to determine 
fracture locations or lithologic changes. 

l Observe loss or gain of drilling fluids or air (if air rotary methods are used), to identify 
potential fracture zones. 

0 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 air/mud 
rotary methods. ’ 

5.6 Review 

Upon completion of the borings logs, copies shall be made and reviewed. Items to be reviewed include: 

0 Checking for consistency of all logs. 
l Checking for conformance to the guideline. 
0 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 shalt be retained in the project files. 
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1.0 PURPOSE 

This guideline is intended to describe procedures for performing in-situ hydraulic conductivity testing 
(slug testing) in boreholes and monitoring wells, and provide a short description of commonly used 
evaluation techniques for the data generated. Slug tests are used to provide data regarding the hydraulic 
properties of the formation tested. A variation of the slug test, called a constant-head test, is also briefly 
described. 

2.0 SCOPE 

Slug tests are short-term tests designed to provide approximate hydraulic conductivity values for the 
portion of a formation immediately surrounding the screened/open interval of a well or boring. These 
tests are less accurate than pumping tests, as a much more localized area is involved. Therefore, a 
number of slug tests are performed and averaged to determine a representative hydraulic conductivity 
value for the formation tested. Performance of slug tests may be preferable to pumping tests in 
situations where handling of large volumes of contaminated water is a concern or when time/budget 
constraints preclude the more expensive and time-consuming setup and performance of a pumping test. 

Constant-head tests also are used to determine hydraulic conductivity values and are similar to slug tests 
with regard to the quality of data obtained and time/cost considerations. A disadvantage of constant- 
head tests is that a significant volume of water may be added to the formation, potentially affecting short- 
term water quality. 

3.0 GLOSSARY 

Hydraulic Conductivitv (K) - A quantitative measure of the ability of porous material to transmit water. 
Volume of water that will flow through a unit cross-sectional area of porous material per unit time under 
a head gradient. Hydraulic conductivity is dependent upon properties of the medium and fluid. Common 
units of expression include centimeters per second (cm/set), feet per day @/day), and gallons per day 
per footZ (gpd/fF). 

Transmissivitv (T) - A quantitative measure of the ability of an aquifer to transmit water. The product of 
the hydraulic conductivity times the saturated thickness. 

Sluq Test - A rising head or falling head test used to measure hydraulic conductivity. A slug test consists 
of instantaneously changing the water level within a well and measuring the rate of recovery of the water 
level to equilibrium conditions. Slug tests are performed by either withdrawing a slug of water (rising 
head test) or adding a slug of water (falling head test), then measuring recovery over time. A solid slug 
of known volume can be used to displace a volume of water, thereby simulating the addition or removal 
of water. 

4.0 RESPONSIBILITIES 

Proiect Hvdrooeolooist - The project hydrogeologist, in conjunction with the Project Manager, shall 
evaluate the type(s) and extent of hydraulic testing required for a given project during the planning 
process, and design the field program accordingly. The project hydrogeologist also shall ensure that 
field personnel have the necessary training and guidance to property perform the tests, and shall oversee 
data reduction activities, including selecting the appropriate evaluation techniques and checking 
calculations for accuracy. 
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Field Geoloaist - The field geologist is responsible for performing the planned field tests as specified in 
the project planning documents, (or approved modifications thereto). The field geologist also generally 
assists in the data evaluation process. The field geologist shall be knowledgeable in the testing 
methodologies used and is responsible for obtaining the necessary support equipment required to 
perform the field tests. All applicable data regarding testing procedures, equipment used, well 
construction, and geologic/hydrogeologic conditions shall be recorded by the field geologist. The field 
geologist shall be familiar enough with testing procedures/requirements to be able to recommend 
changes in methodology, should unanticipated field conditions be encountered. 

5.0 PROCEDURES 

5.1 In-situ Hydraulic Conductivity Testing in Wells 

Slug tests are commonly performed in compieted wells. Prior to testing, the well shall be thoroughly 
developed and allowed to stabilize, in order to obtain accurate results. Once the water level within the 
well has stabilized, it shall be quickly raised or lowered and the rate of recovery measured. 

One of the basic assumptions of slug testing is that the initial change in water level is instantaneous: 
therefore, an effort shall be made to minimize the time involved in raising or lowering the water level 
initially. Various methods can be used to induce instantaneous (or nearly instantaneous) changes in 
water level within the well. A rise in water levels can be induced by pouring water into the well. A solid 
slug of known volume, quickly lowered below the water level within the well, will displace an equivalent 
volume of water and raise the water level within the well. The slug can be left in place until the water 
level restabilizes at the static water level, then suddenly removed to create a drop in water level within 
the well. An advantage of using a solid cylinder of known volume (slug) to change the water level is that 
no water is removed or added to the monitoring well. This eliminates the need to dispose of 
contaminated water and/or add water to the system, which might raise doubts regarding the 
representativeness of future groundwater samples. A bailer or pump can be used to withdraw water from 
the well. If a pump is used, pumping shall not continue for more than several seconds so that a cone 
of depression is not created which would adversely impact testing results. The pump hose shall also be 
removed from the well during the recovery period, as data analysis techniques involve volume of 
recovery versus time, and leaving the hose within the well would distort the calculated testing results by 
altering the apparent volume of recovery. Falling head slug tests should only be performed in wells with 
fully submerged screens, while rising head slug tests can be performed in wells with either partially or 
fully submerged screens/open intervals. 

Other methods that can be used to change water levels within a well include creating a vacuum or a high 
pressure environment within the well. The vacuum method will raise water levels within the well, while 
the pressure method will depress the water level in the well. These methods are particula.riy useful in 
highly permeable formations where other methods are ineffective in creating measurable changes in 
water levels. Both of these methods are limited to wells which have completely submerged screens. 

Rate of recovery measurements shall be obtained from time zero (maximum change in water level) until 
water level recovery exceeds 90 percent of the initial change in water level. In low [permeability 
formations, the test may be cut-off short of 90 percent recovery due to time constraints. Time intervals 
between water level readings will vary according to the rate of recovery of the well. For a moderately 
fast recovering well, water level readings at 0, 0.1, 0.2, 0.3, 0.4, 0.5, 0.75, 1.0, 1.25, 1.5, :!.O, 2.5, 3.0, 
4.0, . . . minutes may be required. With practice, readings at down to 0.05-minute (3 seconds) time 
intervals can be obtained with reasonable accuracy, using a pressure transducer and hand held readout. 
For wells which recover very fast, a pressure transducer and data logger may be required to obtain 
representative data. Time intervals between measurements can be extended for slow recovering wells. 
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A typical schedule for measurements for a slow recovering well would be 0, 0.25. 0.5, 0.75, 1.0, 1.5, 2.0 
3.0, 4.0, 6.0, 8.0, 10.0, 15.0, 20.0, 30.0. . . . minutes from the beginning the test. Measurements shall be 
taken from the top of the well casing. 

Water level measurements can be obtained using an electric water level indicator, popper, or pressure 
transducer. Steel tape coated with chalk or water sensitive paste although very accurate, is a Slower 
method of obtaining water levels and is generally not recommended for use due to the frequency at 
which water level measurements need to be obtained during the performance of a slug test. 

The following data shall be recorded when performing slug tests in wells or borings: 

0 Well/boring ID number 
l Total depth of well/boring 
l Screened/open interval depth and length 
0 Gravel pack interval depth and length 
0 Well and boring radii 
0 Well stickup above ground surface 
0 Gravel pack radius 
0 Static water level 
0 Aquifer thickness 
a Depth to confining layer 
0 Time/recovery data 
0 Gravel pack porosity 

A variation of the slug test, called a constant-head test, is a test in which water is added to the well at 
a measured rate sufficient to maintain the water level in the well at a constant height above the static 
water level. Once a stable elevated water level has been achieved, discharge (pumping) rate 
measurements are recorded in place of time/recovery data for approximately 10 to 20 minutes. The 
hydraulic conductivity is then calculated from this information. The constant-head test is generally not 
recommended for monitoring wells as large volumes of water may be introduced into the screened 
formation, potentially impacting later sampling events. 

5.2 In-situ Hydraulic Conductivity Testing in Borings 

Slug tests can be performed in borings while the boring is being advanced. This permits testing of 
formations at different depths throughout the drilling process. Boreholes to be tested shall be drilled 
using casing, so that discrete depths may be investigated. Various tests and testing methods are 
described below. The most appropriate test and testing method to be used in a situation varies with 
drilling, geologic, and general site conditions and shall be selected after a careful evaluation of the above 
factors. 

Rising head or falling head slug tests can be performed in saturated and unsaturated formations during 
drilling. There are two ways that the tests can be performed. One way entails setting the casing flush 
with the bottom of the boring when the desired testing depth has been reached. The hole is then 
cleaned out to remove loose materials, the drill bit and rods are carefully withdrawn from the boring, and 
a few feet of sand (of higher permeability than the surrounding formation) is added to the bottom of the 
boring. After the water level in the boring has stabilized (for saturated formations), the static water level 
is measured and recorded. The water level is then raised (falling head test) or lowered (rising head test) 
and the change in water level is measured at time intervals determined by the field hydrogeologist. Only 
falling head tests can be performed for depth intervals within the unsaturated (vadose) zone. As 
described for wells, time intervals for water level measurements will vary according to the formation’s 
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hydraulic conductivity. The faster the rate of recovery expected, the shorter the time intewals between 
measurements shall be. A predetermined pattern of time intervals must be used during each test. The 
rate of change of water level will be used to calculate hydraulic conductivity. The test is to be conducted 
until the water level again stabilizes, or for a minimum of 20 minutes. In low permeability formations, it 
is not always practical to run the test until the water level stabilizes, as it may take a long time to do so. 
The top of the casing shall be used as the reference point for all water level measurements. 

The second method for conducting a slug test during drilling consists of placing a temporary well with 
a short screen into the cleaned-out boring, pulling the drilling casing back to expose the screen, allowing 
the formation to collapse around the screen (or placing a sand/gravel pack around the screen), and 
performing the appropriate hydraulic conductivity test in the well, as described for the first method. 
Again, the test shall be conducted until the water level stabilizes or for a minimum of 20 minutes. This 
method allows for testing a larger section of the formation and results in more reliable hydraulic 
conductivity estimates. 

Constant-head tests may also be performed in borings. As described for monitoring wells, once a stable 
elevated level has been achieved, the discharge rate into the boring is measured for a period of time, 
usually 10 to 20 minutes, and the hydraulic conductivii is calculated from this. This method is the most 
accurate method depicted in this section, and shall be given preference over others if the materials are 
available to perform the test and the addition of water to the boring does not adversely imlpact project 
objectives. Once the test is over, additional information can be gathered by measuring the rate of the 
drop in water level in the boring (for saturated formations). A limitation of the constant-head test is that 
foreign water is introduced into the formation which must be removed from the well area by natural or 
artificial means, before a representative groundwater sample can be obtained. 

Detailed descriptions regarding the performance of borehole hydraulic conductivii tests and subsequent 
data analysis techniques are provided in Ground Water Manual (1981). 

5.3 Data Analysis 

There are a number of data analysis methods available to reduce and evaluate slug testing data. The 
determination of which method is most appropriate shall be made based on the testing conditions 
(including physical setup of the well/boring tested, hydrogeologic conditions, and testing methodology) 
and the limitations of each test analysis method. Well construction details, aquifer type (confined or 
unconfined), and screened/open interval (fully or partially penetrating the aquifer) shall be taken into 
account in selecting an analysis method. Cooper, et al. (1967), and Papadapulos, et al. (1973) have 
developed test interpretation procedures for fully penetrating wells in confined aquifers. Hvorslev (1951) 
developed a relatively simple analytical procedure for point piezometers in an infinite isotropic medium. 
In Cedergren (1967), Hvorslev presents a number of analytical procedures which cover a wide variety 
of hydrogeologic conditions, testing procedures, and well/boring/piezometer configurations. Bouwer 
and Rice (1976) developed an analytical technique applicable to both unconfined and confined 
conditions, which factors in partial/full penetration and discusses well screen gravel pack considerations. 
The Ground Water Manual (1981) presents a number of testing and test analysis procedures for wells 
and borings open above or below the water table, and for both falling head and constant-head tests. 
The methods described above do not represent a complete listing of test analysis methods available, but 
are some of the more commonly used and accepted methods. Other methods can be used, at the 
discretion of the project hydrogeologist and in concurrence with the Project Manager and1 client. 

One consideration to be noted during data analysis is the determination of the screened/open interval 
of a tested well. If a well with a fully submerged screen is installed in a relatively low permeability 
formation, and a gravel pack which is significantly more permeable is installed around the screen, the 
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length of the gravel pack (ii longer than the screened interval) may be used as the screened/open length, 
rather than the screen length itself. In situations where the formation permeability is judged to be 
comparable to the gravel pack permeability (within about an order of magnitude) this adjustment is not 
required. 

All data analysis applications and calculations shall be reviewed by technical personnel thoroughly 
familiar with testing and test analysis procedures. Upon approval of the calculations and results, the 
calculation sheets shall be initialed and dated by the reviewer. Distribution copies shall be supplied to 
appropriate project personnel and the original copy stored in the project central file. 

6.0 REFERENCES _ 

Cedergren, H. R., 1967. Seepage, Drainage, and Flow Nets. John Wiley and Sons Inc., New York, 
pp. 78-76. 

Cooper, H. H., Jr., J. D. Bredehoeft, and I. S. Papadopulos, 1867. Response of a Finite-Diameter Well 
to an Instantaneous Change of Water. Water Resources Research, V. 3, No. 1, pp. 263-269. 

Hvorslev, M. J., 1951. Time Lag and Soil Permeability in Ground Water Obsenmtions. U.S. Army Corps 
of Engineers, Waterways Experiment Station, Washington, DC., Bull. No. 36. 

Papadopulos, 1. S., J. D. Bredehoeft, and H. H. Cooper, 1973. On the Analysis of Slug Test Data. Water 
Resources Research, V. 9. No. 4, pp. 1087-1089. 

Bouwer, H. and R. C. Rice, 1976. “A Slug Test for Determining Hydraulic Conductivity of Unconfined 
Aquifers with Completely or Partially Penetrating Wells.” Water Resources Research, 12:423-28. 

United States Department of the Interior, 1981. Ground Water Manual. U.S. Government Printing Office, 
Denver, Colorado. 

7.0 RECORDS 

Field data shall be recorded on the data sheet included as Attachment A (or equivalent).’ Any notes 
regarding testing procedures, problems encountered, and general observations not included on the data 
sheet shall be noted in the bound site logbook or field notebook. The boring log and well construction 
diagrams for each well/boring tested shall be used as references during testing and data analysis 
activities. Original data sheets shall be placed in the project file, along with the logbook/notebook. 

’ If an automated data recorder is used, the data may be displayed using the printer output from the unit. Such 
printouts should be annoted to include the relevant data form, or attached to the form shown as Attachment A. 
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AlTACHMENT A 
EXAMPLE HYDRAULIC CONDUCTIVIW TESTING DATA SHEET 

HYDRAULIC CONDUCTIVITY TESTING DATA SHEET 

.................................................................................. ........................ 
BROJECT NO.: : ............................................... #oLoQsT: ................................................................................... 

yHu DIAMETER: - ~ClH/DEl’lW .......................................... TEST N(1: ............................... . ............ 

STAnc WATER m (DmptJl/Elovatlon ): .............................................................. DATE: ............................ ..... 

lESl TYPE (Rls?n~/rdlhg/Caretant Had): ................................................ CHEcI<Ex): ....................................... 

UE’7HOO OF INDUCING WATER LfLVBm CHANCE: .................................................................. PACE ..... OF .......... 

REfTf3pKx PT. FOR WL . (Top of Co8Ing. Tmnaduc~, etc.): ............................................... 

‘4 APS. ETC.: 
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1.0 PURPOSE 

This procedure provides general guidance and information pertaining to proper monitoring well design, 
installation, and development. 

2.0 SCOPE 

This procedure is applicable to the construction of permanent monitoring wells. The methods described 
herein may be modified by project-specific requirements for monitoring well construction. In addition, 
many regulatory agencies have specific reguiations pertaining to monitoring well construction and 
permitting. These requirements must be determined during the project planning phases of the 
investigation, and any required permits must be obtained before field work begins. Innovative monitoring 
well installation techniques, which typically are not used, will be discussed only generally in this 
procedure. 

3.0 GLOSSARY 

Monitorinq Well - A well which is properly screened (if screening is necessary, e.g., open borehole), 
cased, and sealed which is capable of providing a groundwater level and groundwater sample 
representative of the zone being monitored. 

Piezometer - A pipe or tube inserted into the water bearing zone, typically open to water flow at the 
bottom and to the atmosphere at the top, and used to measure water level elevations. Piezometers may 
range in size from l/2-inchdiameter 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 l-1/4 or 2 inches in diameter) with a 
solid, conical, hardened point at one end, which is attached to a riser pipe and driven into the ground 
with a sledge hammer, drop weight, or mechanical vibrator. Well points may be used for groundwater 
injection and recovery, as piezometers (i.e., to measure water levels) or to provide groundwater samples 
for 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. 

Rio Geoloqist -The rig geologist supervises and documents well installation and construction performed 
by the driller, and insures that well construction is adequate to provide representative groundwater data 
from the monitored interval. Geotechnical engineers, field technicians, or other suitable trained personnel 
may also serve in this capacity. 
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5.0 PROCEDURES 

5.1 Equipment/Items Needed 

Below is a list of items that may be needed when installing a monitoring well: 

0 Health and safety equipment as required by the Site Safety Officer. 

0 Well drilling and installation equipment with associated materials (typically supplied by the 
driller). 

0 Hydrogeologic equipment (weighted engineer’s tape, water level indicator, retractable 
engineers rule, electronic calculator, clipboard, mirror and flashlight - flor observing 
downhole activities, paint and ink marker for marking monitoring wells, sample jars, well 
installation forms, and a field notebook). 

0 Drive point installations tools (sledge hammer, drop hammer, or mechanical vibrator: tripod, 
pipe wrenches, drive points, riser pipe, and end caps). 

5.2 Well Design 

The objectives for each monitoring well and its intended use must be clearly defined before the 
monitoring system is designed. Within the monitoring system, different monitoring wellls may serve 
different purposes and, therefore, require different types of construction. During all phases of the well 
design, attention must be given to clearly documenting the basis for design decisions, the details of well 
construction, and the materials to be used. The objectives for installing the monitoring wells may 
include: 

. 
0 Determining groundwater flow directions and velocities. 
0 Sampling or monitoring for trace contaminants. 
0 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 Row and potential well locations can be determined through the 
review of geologic data and the site terrain. In addition, data from production wells or other monitoring 
wells in the area may be used to determine the groundwater flow direction. If these methods cannot be 
used, piezometers, which are relatively inexpensive to install, may have to be installed in a preliminary 
investigative phase to determine groundwater flow direction. 

5.2.1 Well Depth, Diameter, and Monitored Interval 

The well depth, diameter, and monitored interval must be tailored to the specific monitoring needs of 
each investigation. Specification of these items generally depends on the purpose of the monitoring 
system and the characteristics of the hydrogeologic system being monitored. Wells of different depth, 
diameter, and monitored interval can be employed in the same groundwater monitoring system. For 
instance, varying the monitored interval in several wells, at the same location (cluster wells) can help to 
determine the vertical gradient and the levels at which contaminants are present. Conversely, a fully 
penetrating well is usually not used to quantify or vertically locate a contaminant /plume, since 
groundwater samples collected in wells that are screened over the full thickness of the water-bearing 
zone will be representative of average conditions across the entire monitored interval. However, fully 
penetrating wells can be used to establish the existence of contamination in the water-bearing zone. The 
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well diameter desired depends upon the hydraulic characteristics of the water-bearing zone, sampling 
requirements, drilling method and cost. 

The decision concerning the monitored interval and well depth is based on the following (and possibly 
other) information: 

0 The vertical location of the contaminant source in relation to the water-bearing zone. 

0 The depth, thickness and uniformity of the water-bearing zone. 

0 The anticipated depth, thickness, and characteristics (e.g., density relative to water) of the 
contaminant plume. 

0 Fluctuation in groundwater levels (due to pumping, tidal infiuences, or natural 
recharge/discharge events). 

l The presence and location of contaminants encountered during drilling. 

0 Whether the purpose of the installation is for determining existence or non-existence of 
contamination or if a particular stratigraphic zone is being investigated. 

l The analysis of borehole geophysical logs. 

In most situations where groundwater flow lines are horizontal, depending on the purpose of the well and 
the site conditions, monitored intervals are 20 feet or less. Shorter screen lengths (1 to 2 feet) are 
usually required where flow lines are not horizontal, (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: 

l Adequate water volume for sampling 
0 Drilling methodology. 
0 Type of sampling device to be used. 
l costs. 

Standard monitoring well diameters are 2, 4, 6, or 8 inches. However, drive points are typically l-l /4 or 
2 inches in diameter. For monitoring programs which require screened monitoring wells, either a 2-inch 
or 4-inchdiameter well is preferred. Typically, well diameters greater than 4 inches are used in 
monitoring programs in which open-hole monitoring wells are required. In the smaller diameter wells, 
the volume of stagnant water in the well is minimized, and well construction costs are reduced, however, 
the type of sampling devices that can be used are limited. In specifying well diameter, sampling 
requirements must be considered (up to a total of 4 gallons of water may be required for a single sample 
to account for full organic and inorganic analyses, and split samples). The volume of water in the 
monitoring well available for sampling is dependent on the well diameter as follows: 
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However, if a specific well recharges quickly after purging, then well diameter may not be an important 
factor regarding sample volume requirements. 

Pumping tests for determining aquifer characteristics may require larger diameter wells: hlowever, in 
small-diameter wells in-situ permeability tests can be performed during drilling or after well installation 
is completed. 

5.2.2 Riser Pipe and Screen Materials 

Well materials are specified by diameter, type of material, and thickness of pipe. Well screens require 
an additional specification of slot size. Thickness of pipe is referred to as “schedule” for polyvinyl 
chloride (PVC) casing and is usually Schedule 40 (thinner wall) or 80 (thicker wall). Steel pipe thickness 
is often referred to as “Strength” and Standard Strength is usually adequate for monitoring well purposes. 
With larger diameter pipe, the wall thickness must be greater to maintain adequate strength. The 
required thickness is also dependent on the method of installation; risers for drive points reqluire greater 
strength than wells installed inside drilled borings. 

The selection of well screen and riser materials depends on the method of drilling, the type of subsurface 
materials the well penetrates, the type of contamination expected, and natural water quality and depth. 
Cost and the level of accuracy required are also important. The materials generally available are Teflon, 
stainless steel, PVC galvanized steel, and carbon steel. Each has advantages and limitations (see 
Attachment A of this guideline for an extensive presentation on this topic). The two most commonly used 
materials are PVC and stainless steel for wells in which screens are installed. Properties of these two 
materials are compared in Attachment B. Stainless steel is preferred where trace metals or organic 
sampling is required; however, costs are high. Teflon materials are extremely expensive, but are 
relatively inert and provide the least opportunity for water contamination due to well materials. PVC has 
many advantages, including low cost, excellent availability, light weight, and ease of manipulation; 
however, there are also some questions about organic chemical sorption and leaching that are currently 
being researched (see Barcelona et al., 1983). Concern about the use of PVC can be minimized if PVC 
wells are used strictly for geohydrologic measurements and not for chemical sampling. The crushing 
strength of PVC may limit the depth of installation, but Schedule 80 materials normally used for wells 
greater than 50 feet deep may overcome some of the problems associated with depth. However, the 
smaller inside diameter of Schedule 80 pipe may be an important factor when considering the size of 
bailers or pumps required for sampling or testing. Due to this problem, the minimum well pipe size 
recommended 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 by 
some to be less of a problem than the problem associated with PVC material. Galvanized steel is not 
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recommended where samples may be collected for metal analyses, as zinc and cadmium levels in 
groundwater samples may become elevated from leaching of the zinc coating. 

Threaded, flush-joint casing is most often preferred for monitoring well applications. PVC, Teflon, and 
steel can all be obtained with threaded joints at slightly more costs. Welded-joint steel casing is also 
acceptable. Glued PVC may release organic contaminants into the well, and therefore, should not be 
used if the well is to be sampled for organic constituents. 

When the water-bearing 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 screened interval is artificially packed with a fine sand. The 
slot size controls the quantity of water entering the well and prevents entry of natural materials or sand 
pack. The screen shall pass no more than 10 percent of the pack material, or in-situ aquifer material. 
The rig geologist shall specify the combination of screen slot size and sand pack which will be 
compatible with the water-bearing zone, to maximize groundwater inflow and minimize head losses and 
movement of fines into the wells. For example, as a standard procedure. a Morie No. 1 or 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 O.OlO-inch slot 
screen. 

5.2.3 Annular Materials 

Materials placed in the annular space between the borehole and riser pipe and screen include a sand 
pack when necessary, a bentonite seal, and cement-bentonite grout. The sand pack is usually a fine- 
to medium-grained poorly graded, silica sand and should relate to the grain size of the aquifer sediments. 
The quantity of sand placed in the annular space is dependent upon the length of the screened interval, 
but should always extend at least 1 foot above the top of the screen. At least 1 to 3 feet of bentonite 
pellets or equivalent shall be placed above the sand pack. Cement-bentonite grout (or equivalent) is then 
placed to extent from the top of the bentonite pellets to the ground surface. 

On occasion, and with the concurrence of the involved regulatory agencies, monitoring wells may be 
packed naturally (i.e., no artificial sand pack installed), and the natural formation material is allowed to 
collapse around the well screen after the well is installed. This method has been used where the 
formation material itself is a relatively uniform grain size, or when artificial sand packing is not possible 
due to borehole collapse. 

Bentonite expands by absorbing water and provides a seal between the screened interval and the 
overlying portion of the annular space and formation. Cement-bentonite grout is placed on top of the 
bentonite pellets extending to the surface. The grout effectively seals the well and eliminates the 
possibility for surface infiltration reaching the screened interval. Grouting also replaces material removed 
during drilling and prevents hole collapse and subsidence around the well. A tremie pipe should be used 
to introduce grout from the bottom of the hole upward, to prevent bridging, and to provide a better seal. 
However, in shallow boreholes that don’t collapse, it may be more practical to pour the grout from the 
surface without a tremie pipe. 

Grout is a general term which has several different connotations. For all practical purposes within the 
monitoring well installation industry, grout refers to the solidified material which is installed and occupies 
the annular space above the bentonite pellet seal. Grout, most of the time, is made up of two 
assemblages of material, (e.g., cement-bentonite). A cement-bentonite grout normally is a mixture of 
cement, bentonite, and water at a ratio of one 90-pound bag of Portland Type I cement, plus 
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3 to 5 pounds of granular or flake-type bentonite, and 6 gallons of water. A neat cemeht consists of one 
ninety-pound bag of Portland Type I cement and 6 gallons of water. 

In certain cases, the borehole may be drilled to a depth greater than the anticipated we’ll installation 
depth. For these cases, the well shall be backfilled to the desired depth with bentonite pellets or 
equivalent. A short (l- to e-foot) section of capped riser pipe sump is sometimes installed immediately 
below the screen, as a silt reservoir, when significant postdevelopment silting is anticipated. This will 
ensure that the entire screen surface remains unobstructed. 

5.2.4 a Protective Casing 

When the well is completed and grouted to the surface, a protective steel casing is often placed over the 
top of the well. This casing generally has a hinged cap and can be locked to prevent vandalism. A vent 
hole shall be provided in the cap to allow venting of gases and maintain atmospheric pressure as water 
levels rise or fall in the well. The protective casing has a larger diameter than the well and is set into the 
wet cement grout over the well upon completion. In addition, one hole is drilled just above the cement 
collar through the protective casing which acts as a weep hole for the flow of water which may enter the 
annulus during well development, purging, or sampling. 

A protective casing which is level with the ground surface is used in roadway or parking lot applications 
where the top of a monitoring well must be below the pavement. The top of the riser pipe is placed 4 to 
5 inches below the pavement, and a locking protective casing is cemented in place to 3 inches below 
the pavement. A large diameter protective sleeve is set into the wet cement around the well with the top 
set level with the pavement. A manhole-type lid placed over the protective sleeve. The cement should 
be slightly mounded to direct pooled water away from the well head. 

5.3 Monitorinq Well Installation 

Pertinent data regarding monitoring well installation shall be recorded on log sheets as clepicted and 
discussed in SOP SA-6.3. Attachments to this referenced SOP illustrate terms and physical construction 
of various types of monitoring wells. 

5.3.1 Monitoring Wells in Unconsolidated Sediments 

After the borehole is drilled to the desired depth, well installation can begin. The procedure for well 
installation will partially be dictated by the stability of the formation in which the well is being placed. If 
the borehole 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 poured into the annulus between the riser pipe and temporary casing, as the 
casing is withdrawn. Sand should always be kept within the temporary casing during withdr(awal in order 
to ensure an adequate sand pack. However, if too much sand is within the temporary casing (greater 
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than I foot above the bottom of the casing) bridging between the temporary Casing and riser Pipe may 
occur. 

After the sand pack is installed to the desired depth (at least 1 foot above the top of the screen), then 
the bentonite pellet seal (or equivalent), can be installed in the same manner as the sand pack. At least 
1 to 3 feet of bentonite pellets should be installed above the sand pack. 

The cement-bentonite grout is then mixed and either poured or tremied into the annulus as the temporary 
casing or augers are withdrawn. Finally, the protective casing can be installed as detailed in 
Section 5.2.4. 

In stable formations where borehole collapse does not occur, the well can be installed as discussed 
above, and the use of a temporary casing is not needed. However, centralizers may have to be installed, 
one above and one below the screen, to assure enough annular space for sand pack placement. 

5.3.2 Confining Layer Monitoring Wells 

When drilling and installing a well in a confined aquifer, proper well installation techniques must be 
applied to avoid cross contamination between the unconfined and confined aquifer. Under most 
conditions, this can be accomplished by installing double-cased wells. This is accomplished by drilling 
a large-diameter boring through the upper aquifer, 1 to 3 feet into the underlying confining layer, and 
setting and pressure grouting or tremie grouting the outer casing into the confining layer. The grout 
material must fill the space between the native material and the outer casing. A smaller diameter boring 
is then continued through the confining layer for installation of the monitoring well as detailed for 
overburden monitoring wells (with the exception of not using a temporary casing during installation). 
Sufficient time (determined by the rig geologist), must be allowed for setting of the grout prior to drilling 
through the confined layer. 

5.3.3 Bedrock Monitoring Wells 

When installing bedrock monitoring wells, a large diameter boring is drilled through the overburden and 
approximately 5 feet into the bedrock. A casing (typically steel) is installed and either pressure grouted 
or tremie grouted in place. After the grout has cured, a smaller diameter boring is continued through 
the bedrock to the desired depth. If the boring does not collapse, the well can be left open, and a 
screen is not necessary. If the boring collapses, then a screen is required and can be installed as 
detailed for overburden monitoring wells. However, if a screen is to be used, then the casing which is 
installed through the overburden and into the bedrock does not require grouting and can be installed 
temporary until final well installation is completed. 

5.3.4 Drive Points 

Drive points can be installed with either a sledge hammer, drop hammer, or a mechanical vibrator. The 
screen is threaded and tightened onto the riser pipe with pipe wrenches. The drive point js simply 
pounded into the subsurface to the desired depth. If a heavy drop hammer is used, then a tripod and “. 
pUb2y setup is required to lift the hammer. Drive points typically cannot be driven to depths exceeding 
10 feet. 

5.3.5 Innovative Monitoring Well Installation Techniques 

Certain innovative sampling devices have proven advantageous. These devices are essentially screened 
samplers installed in a borehole with only one or two small-diameter tubes extending to the surface. 
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Manufacturers of these types of samplers claim that four samplers can be installed in a 3-inchdiameter 
borehole. This reduces drilling costs, decreases the volume of stagnant water. and provides a sampling 
system that minimizes cross-contamination from sampling equipment. These samplers also perform well 
when the water table is within 25 feet of the surface (the typical range of suction pulmps). Two 
manufacturers of these samplers are Timco Manufacturing Company, Inc., of Prairie du Sac, Wisconsin, 
and BARCAD Systems, Inc., of Concord, Massachusetts. Each manufacturer offers various construction 
materials. 

Two additional types of multilevel sampling systems have been developed. Both employ individual 
screened openings through a smalldiameter casing. One of these systems (marketed by Westbay 
Instruments Ltd. of Vancouver, British Columbia, Canada) uses a screened port and a sampling probe 
to obtain samples and head measurements or perform permeability tests. This system allows sampling 
ports at intervals as close as 5 feet, if desired, in boreholes from 3 to 4.8 inches in diameter. 

The second system, developed at the University of Waterloo at Waterloo, Ontario, Canada, requires field 
assembly of the individual sampling ports and tubes that actuate a simple piston pump alnd force the 
samples to the surface. Where the depth to ground water is less than 25 feet, the piston pumps are not 
required. The assembly is made of easily obtained materials; however, the cost of labor ‘to assemble 
these monitoring systems may not be cost-effective. 

5.4 Well Development Methods 

The purpose of well development is to stabilize and increase the permeability of the gravel pack around 
the well screen, and to restore the permeability of the formation which may have been reduced by drilling 
operations. Wells are typically developed until all fine material and drilling water is removed from the 
well. Sequential measurements of pH, conductivity and temperature taken during development may yield 
information (stabilized values) that sufficient development is reached. The selection of the well 
development method shall be made by the rig geologist and is based on the drilling methods, well 
construction and installation details, and the characteristics of the formation that the well is screened in. 
The primary methods of well development are summarized below. A more detailed discus:sion may be 
found in Driscoll (1986). 

5.41 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 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. 

5.4.2 Surging with a Surge Plunger 

A surge plunger (also called a surge block) is approximately the same diameter as the well casing and 
is used to agitate the water, causing it to move in and out of the screens. This movement of water pulls 
fine materials into the well, where they may be removed by any of several methods, and prevents 
bridging of sand particles in the gravel pack. There are two basic types of surge plungers; solid and 
valved surge plungers. In formations with low yields, a valved surge plunger may be preferred, as solid 
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plungers tend to force water out of the well at a greater rate than it will Row back in. Valved plungers 
are designed to produce a greater inflow than outflow of water during surging. 

5.4.3 Compressed Air 

Compressed air can be used to develop a well by either of two methods: backwashing or surging. 
Backwashing is done by forcing water out through the screens, using increasing air pressure inside a 
sealed well, then releasing the pressurized air to allow the water to flow back into the well. Care should 
be taken when using this method so that the water level does not drop below the top of the screen, thus 
reducing well yield. Surging, or the “open well” method, consists of alternately releasing large volumes 
of air suddenly into an open well below the water level to produce a strong surge by virtue of the 
resistance of water head, friction, and inertia. Pumping of the well is subsequently done using the air 
lift method. 

5.4.4 High Velocity Jetting 

In the high velocity jetting method, water is forced at high velocities from a plunger-type device and 
through the well screen to loosen fine particles from the sand pack and surrounding formation. The 
jetting tool is slowly rotated and raised and lowered along the length of the well screen to develop the 
entire screened area. Jetting using a hose lowered into the well may also be effective. The fines washed 
into the screen during this process can then be bailed or pumped from the well. 
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Scalf, M. R., J. F. McNabb, W. J. Dunlap, R. L. Cosby, and J. Fryberger, 1981. Manual of Groundwater 
Samplinq Procedures. R. S. Kerr Environmental Research Laboratory, Office of Research and 
Development, U.S. EPA, Ada, Oklahoma. 

Barcelona, M. J., P. P. Gibb and R. A. Miller, 1983. A Guide to the selection of Materials for Monitorinq 
Well Construction and Groundwater Sampling ISWS Contract Report 327, Illinois State Water Survey, 
Champaign, Illinois. 

U.S. EPA, 1980. Procedures Manual for Groundwater Monitorinq of Solid Waste Disposal Facilities. 
Publication SW61 1, Office of Solid Waste, U.S. EPA, Washington, D.C. 

Driscoll, Fletcher G., 1986. Groundwater and Wells. Johnson Division, St. Paul, Minnesota, 1989. 

7.0 RECORDS 

A criiical part of monitoring well installation is recording of 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-8.3) shall be completed thus ensuring the uniform 
recording of data for each installation and rapid identification of missing information. Well depth, length, 
materials of construction, length and openings of screen, length and type of riser, and depth and type 
of all backfill materials shall be recorded. Additional information shall include location, installation date, 
problems encountered, water levels before and after well installation, cross-reference to the geologic 
boring log, and methods used during the installation and development process. Documentation is very 
important to prevent problems involving questionable sample validity. Somewhat different information 
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will need to be recorded.depending on whether the well is completed in overburden, in a confined layer, 
in bedrock with a cased well, or as an open hole in bedrock. 

The quantities of sand, bentonite, and grout placed in the well are also important. The geologist shall 
calculate the annular space volume and have a general idea of the quantity of material needed to fill the 
annular space. Volumes of backfill significantly higher than the calculated volume may indicate a 
problem such as a large cavity, while a smaller backfill volume may indicate a cave-in. Any problems 
with rig operation or down-time shall be recorded and may affect the driller’s final fee. 

019611/P Ehown & Root Environment 



Subject Number Page 

GH-2.8 12 of 13 
GROUNDWATER MONITORING Revision Effective Date 
POINT INSTALLATION 1 03/01/96 

AlTACHMENT A 

RELATlVE COMPATIBILITY OF RIGID WELL CASING MATERIAL (PERCENT) 

Type of Casing Material 

;;;s;;z-Deteriorating pvc , Galvanized Carbon Lo-carbon Stainless ’ 
Steel steel Steel 

Starnless Teffon* 
Steel 304 Steel 316 

Buffered Weak Acid 100 56 51 59 97 100 100 

Weak Acid 98 59 43 47 96 100 100 

Mineral Acid/ 
High Solids Content 100 48 57 60 80 82 100 

Aqueous/Organic 
Mixtures 64 69 73 73 98 100 100 

Percent Overall Rating 91 58 56 59 93 96 100 

Preliminary Rankinq of Riqid Materials: 

1 Teflon” 
2 Stainless Steel 316 
3. Stainless Steel 304 
4 PVC 1 

5 Lo-Carbon Steel 
6 Galvanized Steel 
7 Carbon Steel 

* Trademark of DuPont 

RELATIVE COMPATIBILITY OF SEMI-RIGID OR ELASTOMERIC MATERIALS (PERCENT) 

Potentially- 
Type of Casing Material 

Deteriorating 
Substance 

PVC Pp PE PE 
Flexible Conv. Linear 

PMM Viton’* Silicone Neoprene Teflon@* 

Buffered Weak Acid 97 97 100 97 90 92 87 85 100 

Weak Acid 92 90 94 96 78 78 75 75 100 

Mineral Acid/ 
High Solids Content 100 100 100 100 95 100 78 82 100 

Aqueous/Organic 
Mixtures 62 71 40 60 49 78 49 44 100 

Percent Overall 
Rating 88 90 84 88 78 87 72 72 100 

Preliminary Ranking of Semi-Rioid or Elastomeric Materials: 

1 Teflon@ 
2 Polypropylene (PP) 

PVC Flexible/PE Linear 3. 
4 Viton@ 

5 PE Conventional 
6 Plexiglas/Lucite (PMM) 
7 Silicone/Neoprene 

* Trademark of DuPont 

Source: Barcelona et al., 1983 
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A?-TACHMENT 8, 

COMPARISON OF STAINLESS STEEL AND PVC FOR MONITORING WELL CONSTIRUCTION 

Non-corrosive -- may deteriorate in 
f ketones, aromaltics, alkyl 
some chlorinated 

* See also Attachment A. 
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1.0 PURPOSE 

The purpose of this procedure is to provide general reference information regarding the sampling of 
groundwater wells. 

2.0 SCOPE 

This procedure provides information on proper sampling equipment, onsite water quality testing, and 
techniques for groundwater sampling. Review of the information contained herein will facilitate planning 
of the field sampling effort by describing standard sampling techniques. The techniques described shall 
be followed whenever applicable, noting that site-specific conditions or project-specific plans may require 
modifications to methodology. 

3.0 GLOSSARY 

Conductance - The conductance of a conductor 1 centimeter long and 1 square centimeter in cross- 
sectional area. For groundwater measurements, a volume of water contained in a 1 cm x 1 cm sample 
container (the water acts as the conductor). Conductivity and specific conductance are used 
synonymously. 

Electrolvtic Cell - An electrochemical cell in which electrical energy is supplied from an external source. 
This cell functions in much the same way as a galvanic cell, only the current flows in the opposite 
direction due to the external source of applied voltage. Electrolytic cells are used in dissolved oxygen 
measurement. 

Galvanic Cell - A electrochemical cell in which chemical energy is spontaneously converted to electrical 
energy. The electrical energy produced is supplied to an external circuit. Galvanic cells are used in 
dissolved oxygen measurement. 

Ohm - Standard unit of electrical resistance (R). Used in specific conductance measurement. A siemen 
(or umho) is the standard unit of electrical conductance, the inverse of the ohm. 

Oxidation-Reduction Potential (ORP) - A measure of the activity ratio of oxidizing and reducing species 
as determined by the electromotive force developed by a noble metal electrode, immersed in water, as 
referenced against a standard hydrogen electrode. 

pH - The negative logarithm (base 10) of the hydrogen ion activity. The hydrogen ion activii 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 Paper - Indicator paper that turns different colors depending on the pH of the solution to which it is 
exposed. Comparison with color standards supplied by the manufacturer will then give an indication of 
the solution’s pH. 

Resistance - A measure of the solution’s ability to oppose the passage of electrical current. For metals 
and solutions, resistance is defined by Ohm’s Law, E = IR, where E is the potential difference, 1 is the 
current, and R is the resistance. Used in measurement of specific conductance. 

. 
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4.0 RESPONSIBILITIES 

Project Hvdrooeoloaist - 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. 

, 

Project Geolooist - is primarily responsible for the proper acquisition of the groundwater samples. 
He/she is also responsible for the actual analyses of onsite water quality samples, as well as instrument 
calibration, care, and maintenance. When appropriate, such responsibilities may be performed by other 
qualified personnel (e.g., field technicians). 

5.0 PROCEDURES 

5.1 General 

To be useful and accurate, a groundwater sample must be representative of the particular zone of the 
water being sampled. The physical, chemical, and bacteriological integrity of the samlple must be 
maintained from the time of sampling to the time of analysis in order to keep any changes in water 
quality parameters to a minimum. 

Methods for withdrawing samples from completed wells include the use of pumps, compressed air, 
bailers, and various types of samplers. The primary considerations in obtaining a representative sample 
of the groundwater are to avoid collection of stagnant (standing) water in the well and to avoid physical 
or chemical alteration of the water due to sampling techniques. In a non-pumping well, there will be little 
or no vertical mixing of water in the well pipe or casing, and stratification will occur. The well water in 
the screened section will mix with the groundwater due to normal flow patterns, but the welA water above 
the screened section will remain isolated and become stagnant. To safeguard against collecting non- 
representative stagnant water in a sample, the following approach shall be followed prior to sample 
acquisition: 

1. All monitoring wells shall be purged prior to obtaining a sample. Evacuation of three to five 
volumes is recommended prior to sampling. In a high-yielding groundwater formation and 
where there is no stagnant water in the well above the screened bection, extensive evacuation 
prior to sample withdrawal is not as criiical. 

2. For wells that can be purged dry, the well shall be evacuated and allowed to recover prior 
to sample acquisition. If the recovery rate is fairiy 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: 

0 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 alnalysis. 
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l The intake line of the sampling pump (or the submersible pump itself) shall be placed 
near the bottom of the screened section, and approximately one casing volume of 
water shall be pumped from the well at a low purge rate, equal to the well’s recovery 
rate (low flow sampling). 

Stratification of contaminants may exist in the aquifer. Concentration gradients as a result of mixing and 
dispersion processes, layers of variable permeability, and the presence of separate-phase product (i.e, 
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 Samplinq, 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 ground water wells (reference SOPS SA-6.1 
and SA-7.1): 

Sample packaqinq and shippinq eouipment - Coolers for sample shipping and cooling, 
chemical preservatives, appropriate sampling containers and filler, ice, labels and chain-of- 
custody documents. 

Field tools and instrumentation - Thermometer, pH paper/meter, camera and film (if 
appropriate), appropriate keys (for locked wells), engineer’s rule, water level indicator, specific 
conductivity meter, and turbidity meter (as applicable). 

Pumps 

Shallow-well pumps: Centrifugal, pitcher, suction, or peristaltic pumps with droplines, 
air-lift apparatus (compressor and tubing) where applicable. 

Deep-well pumps: Submersible pump and electrical power-generating unit, or air-lift 
apparatus where applicable. 

Other samplinq equipment - Bailers and inert line with tripod-pulley assembly (if necessary). 
Bailers or submersible centrifugal pumps shall be used to obtain samples for volatile organics 
from shallow and deep groundwater wells. 

Pails - Plastic, graduated. 

Decontamination solutions - Deionized water, laboratory detergents, 10% nitric acid solution 
(as required), and analytical-grade solvents (e.g., methanol, acetone, hexane), as required. 

Ideally, sample withdrawal equipment shall be completely inert, economical, easily cleaned, cleaned prior 
to use, reusable, able to operate at remote sites in the absence of power sources, and capable of 
delivering variable rates for well flushing and sample collection. 
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5.3 Calculations of Well Volume 

To insure that the proper volume of water has been removed from the well prior to sampling it is first 
necessary to know the volume of standing water in the well pipe. This volume can be easily calculated 
by the following method. Calculations shall be entered in the site logbook or field notebook or on a 
sample log sheet form (see SOP SA-6.3): 

0 

5.4 

5.4.1 

Obtain all available information on well construction (location, casing, screens, etc.). 

Determine well or casing diameter. 

Measure and record static water level (depth below ground level or top of casing reference 
point). 

Determine depth of well by sounding using a clean, decontaminated. weighted tape measure. 

Calculate number of linear feet of static water (total depth or length of well pipe minus the 
depth to static water level). 

Calculate one static well volume in gallons V = (0.163)(T)(r2) 

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). 
= 

b.163 = 
Inside radius of well casing in inches. 
A constant conversion factor which compensates for the 
conversion of the casing radius from inches to feet, the 
conversion of cubic feet to gallons, and pi. 

Per evacuation volumes discussed above, determine the minimum amount to be evacuated 
before sampling. 

Evacuation of Static Water (Purging) 

General 

The amount of purging a well shall receive prior to sample collection will depend on the intent of the 
monitoring program and the hydrogeologic conditions. Programs to determine overall quality of water 
resources may require long pumping periods to obtain a sample that is representative of a large volume 
of that aquifer. The pumped volume may be specified prior to sampling so that the sample can be a 
composite of a known volume of the aquifer. Alternately the well can be pumped until the parameters 
such as temperature, electrical conductance, pH, and turbidity (as applicable), have stabilized. Onsite 
measurements of these parameters shall be recorded in the site logbook, field notebook, or on 
standardized data sheets. 
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5.4.2 Evacuation Devices 

The following discussion is limited to those devices commonly used at hazardous W&e 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: 

0 Few limitations on size and materials used for bailers. 
0 No external power source needed. 
0 Bailers are inexpensive, and can be dedicated and hung in a well to reduce the chances of 

cross-contamination. 
0 There is minimal outgassing of volatile organics while the sample is in the bailer. 
0 Bailers are relatively easy to decontaminate. 

Limitations on the use of bailers include the following: 

0 It is time consuming to remove stagnant water using a bailer. 
0 Transfer of sample may cause aeration. 
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, peristaltic, 
and pitcher pumps. Centrifugal and diaphragm pumps can be used for well evacuation at a fast pumping 
rate and for sampling at a low pumping rate. The peristaltic pump is a low volume pump that uses 
rollers to squeeze a flexible tubing, thereby creating suction. This tubing can be dedicated to a well to 
prevent cross contamination, The pitcher pump is a common farm hand-pump. 

These pumps are all portable, inexpensive and readily available. However, because they are based on 
suction, their use is restricted to areas with water levels within 20 to 25 feet of the ground surface. A 
significant limitation is that the vacuum created by these pumps can cause significant loss of dissolved 
gases and volatile organics. 

Air-L& 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. 

019611/P Brown & Root Environment1 



Subject Number Page 

SA-1.1 7 of 27 
GROUNDWATER SAMPLE 
ACQUISITION AND ONSITE WATER Revision Effective Dato 

QUALITY TESTING 3 03/01/96 

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-inchdiameter wells and larger. These pumps can lift water from considerable 
depths (several hundred feet). 

Limitations of this class of pumps include: 

0 They may have low delivery rates. 
l Many models of these pumps are expensive. 
0 Compressed gas or electric power is needed. 
l Sediment in water may cause clogging of the valves or eroding the impellers with some of 

these pumps. 
0 Decontamination of internal components can be difficult and time-consuming. 

5.5 Onsite Water Quality Testinq 

This section describes the procedures and equipment required to measure the following parameters of 
an aqueous sample in the field: 

0 PH 
0 Specific Conductance 
l Temperature 
0 Dissolved Oxygen (DO) Concentration 
0 Oxidation Reduction Potential 
0 Certain Dissolved Constituents Using Specific Ion Elements 
0 Turbidity 

This section is applicable for use in an onsite groundwater quality monitoring program to be conducted 
at a hazardous or nonhazardous site. The procedures and equipment described are applicable to 
groundwater samples and are not, in general, subject to solution interferences from color, turbidity, and 
colloidal material or suspended matter. 

This section provides general information for measuring the parameters listed above with instruments and 
techniques in common use. Since instruments from different manufacturers may vary, review of the 
manufacturer’s literature pertaining to the use of a specific instrument is required before use. 

5.5.1 Measurement of pH 

5.5.1.1 General 

Measurement of pH is one of the most important and frequently used tests in water chemistry. 
Practically every phase of water supply and wastewater treatment such as acid-base neutraliization, 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. 
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Two methods are given for pH measurement: the pH meter and pH indicator paper. The indicator paper 
is used when only a rough estimate of the pH is required, and the pH meter when a more accurate 
measurement is needed. The response of a 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 Eouioment Operation 

Use of pH papers for pH measurement relies on a chemical reaction caused by the acidity or basicity 
of the solution created by the addition of the water sample reacting with the indicator compound on the 
paper. Various types of pH papers are available, including litmus (for general acidity or basiclty 
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: 

l Stand-alone 150 portable pH meter, or combination meter (e.g., Horiba U-lo), or combination 
meter equipped with an in-line sample chamber. 

0 Combination electrode with polymer body to fit the above meter (alternately a pH electrode 
and a reference electrode can be used if the pH meter is equipped with suitable electrode 
inputs). 

0 Buffer solutions. as specified by the manufacturer. 

l pH indicator paper, to cover the pH range 2 through 12. 

0 Manufacturer’s operation manual. 

5.5.1.4 Measurement Techniques for Field Determination of pH 

pH Meter 

The following procedure is used for measuring pH with a pH meter (meter standardization is according 

to manufacturer’s instructions): 

0 Inspect the instrument and batteries prior to initiation of the field effort. 

0 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. 
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Immerse the tip of the electrodes in water overnight. If this is not possible due to field 
conditions, immerse the electrode tip in water for at least an hour before use. The electrode 
tip may be immersed in a rubber or plastic sack containing buffer solution for field transport 
or storage. This is not applicable for all electrodes as some must be stored dry. 

If applicable, make sure all electrolyte solutions within the electrode(s) are at: their proper 
levels and that no air bubbles are present within the electrode(s). 

Calibrate on a daily use basis following manufacturer’s instructions. Record calibration data 
on an equipment calibration log sheet. 

Immerse the electrode(s) in the unknown solution, slowly stirring the probe until the pH 
stabilizes. Stabilization may take several seconds to minutes. If the pH contiinues 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 solution. pH shall be recorded to the nearesit 0.1 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 l:!), 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 Iunknown the 
investigation shall start with wide-range paper and proceed with successively narrower range paper until 
the sample pH is adequately determined. 

5.5.2 Measurement of Specific Conductance 

5.5.2.1 General 

Conductance provides a measure of dissolved ionic 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. 
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It is important to obtain a specific conductance measurement soon after taking a sample, since 
temperature changes, precipitation reactions, and absorption of carbon dioxide from the air all affect the 
specific conductance. 

5.5.2.2 Principles of Eouipment Operation 

An aqueous system containing ions will conduct an electric current. In a direct-current field, the positive 
ions migrate toward the negative electrode, while the negatively charged ions migrate toward the positive 
electrode. Most inorganic acids, bases and salts (such as hydrochloric acid, sodium carbonate, or 
sodium chloride, respectively) are relatively good conductors. Conversely, organic compounds such as 
sucrose or benzene, which do not disassociate in aqueous solution, conduct a current very poorly, if at 
all. 

A conductance cell and a Wheatstone Bridge (for the measurement of potential difference) may be used 
for measurement of electrical resistance. The ratio of current applied to voltage across the cell may also 
be used as a measure of conductance. The core element of the apparatus is the conductivity cell 
containing the solution of interest. Depending on ionic strength of the aqueous solution to be tested, 
a potential difference is 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 Equipment 

The following equipment is needed for taking specific conductance (SC) measurements: 

0 Stand alone portable conductivity meter, or combination meter (e.g., Horiba U-10) or 
combination meter equipped with an in-line sample chamber. 

0 Calibration solution, as specified by the manufacturer. 
l Manufacturer’s operation manual. 

A variety of conductivity meters are available which may also be used to monitor salinity and 
temperatures. Probe types and cable lengths vary, so equipment must be obtained to meet the specific 
requirement of the sampling program. 

5.5.2.4 Measurement Techniques for Specific Conductance 

The steps involved in taking specific conductance measurements are listed below (standardization is 
according to manufacturer’s instructions): 

0 Check batteries and calibrate instrument before going into the field. 

0 Calibrate on a daily use basis, 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. Attachment 
B provides guidance in this regard. 

0 Rinse the cell with one or more portions of the sample to be tested or with deionized water. 
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0 Immerse the electrode in the sample and measure the conductiviiy. Adjust the temperature 
setting to the sample temperature (if applicable). 

0 Read and record the results in a field logbook or sample log sheet. 

l 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 or dial-type thiermometers. 
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: 

0 Immerse the thermometer in the sample until temperature equilibrium is obtained (l- 
3 minutes). To avoid the possibility of cross-contamination, the thermometer shall not be 
inserted into samples which will undergo subsequent chemical analysis. 

0 Record values in a field logbook or sample log sheet. 

If a temperature meter or probe is used, the instrument shall be calibrated according to manufacturer’s 
recommendations. 

5.5.4 Measurement of Dissolved Oxygen Concentration 

5.5.4.1 General 

Dissolved oxygen (DO) levels in natural water and wastewater depend on the physical, chemical and 
biochemical activities in the water body. Conversely, the growth of many aquatic organisms as well as 
the rate of corrosivity, are dependent on the dissolved oxygen concentration. Thus, analysis for 
dissolved oxygen is a key test in water pollution and waste treatment process control. If at all possible, 
DO measurements shall be taken in-situ, since concentration may show a large change in a short time 
if the sample is not adequately preserved. 
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The monitoring method discussed herein is limited to the use of dissolved oxygen meters only. Chemical 
methods of analysis (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 Operation 

Dissolved oxygen probes are normally electrochemical cells that have two solid metal electrodes of 
different nobility immersed in an electrolyte. The electrolyte is retained by an oxygen-permeable 
membrane. The metal of highest nobility (the cathode) is positioned at the membrane. When a suitable 
potential exists between the two metals, reduction of oxygen to hydroxide ion (OH) occurs at the 
cathode surface. An electrical current is developed that is directly proportional to the rate of arrival of 
oxygen molecules at the cathode. 

Since the current produced in the probe is directly proportional to the rate of arrival of oxygen at the 
cathode, it is important that a fresh supply of sample always be in contact with the membrane. 
Otherwise, the oxygen in the aqueous layer along the membrane is quickly depleted and false low 
readings are obtained. It is therefore necessary to stir the sample (or the probe) constantly to maintain 
fresh solution near the membrane interface. Stirring, however, shall not be so vigorous that additional 
oxygen is introduced through the air-water interface at the sample surface. To avoid this possibility, 
some probes are equipped with stirrers to agitate the solution near the probe, while leaving the surface 
of the solution undisturbed. 

Dissolved oxygen probes are relatively unaffected by interferences. Interferences that can occur are 
reactions with oxidizing gases (such as chlorine) or with gases such as hydrogen sulfide, which are not 
easily depolarized from the indicating electrode. If a gaseous interference is suspected, it shall be noted 
in the field log book and checked if possible. Temperature variations can also cause interference 
because probes exhibit temperature sensitivity. Automatic temperature compensation is normally 
provided by the manufacturer. 

5.5.4.3 Equipment 

The following equipment is needed to measure dissolved oxygen concentration: 

l Stand alone portable dissolved oxygen meter, or combination meter (e.g., Horiba U-lo), or 
combination meter equipped with an in-line sample chamber. 

l Sufficient cable to allow the probe to contact the sample. 
0 Manufacturer’s operation manual. 

554.4 Measurement Techniques for Dissolved Oxyoen 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: 

e The equipment shall be calibrated and have its batteries checked in the warehouse before 
going to the field. 
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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 recomlmendations 
or in a freshly air-saturated water sample of known temperature. Dissolved oxygen values 
for-air-saturated water can be determined by consulting a table listing oxygen solubilities as 
a function of temperature and salinity (see Attachment C). 

Record all pertinent information on an equipment calibration sheet. 

Rinse the probe with deionized water. 

Immerse the probe in the sample. Be sure to provide for sufficient flow past the membrane 
by stirring the sample. Probes without stirrers placed in wells can be moved up and down. 

Record the 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. 

Note that in-situ placement of the probe is preferable, since sample handling is not involved. This 
however, may not always be practical. Be sure to record whether the liquid was analyzed in-situ, or if 
a sample was taken. 

Special care shall be taken during sample collection to avoid turbulence which can lead 1:o 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 cleveloped at 
that electrode depending on the ions present in the solution. If a reference electrode is placed in the 
same solution, an ORP electrode pair is established. This electrode pair allows the potential difference 
between the two electrodes to be measured and is dependent on the concentration of the ions in 
solution. By this measurement, the ability to oxidize or reduce species in solution may be determined. 
Supplemental measurements, such as dissolved oxygen, may be correlated with ORP 1:o provide a 
knowledge of the quality of the solution, water, or wastewater. 
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5.5.5.3 Equioment 

The following equipment is needed for measuring the oxidation-reduction potential of a solution: 

l Portable pH meter or equivalent, with a millivolt scale. 
0 Platinum electrode to fii above pH meter. 
l Reference electrode such as a calomel, silver-silver chloride, or equivalent. 
l Reference solution as specified by the manufacturer. 
l Manufacturer’s operation manual. 

555.4 Measurement Techniques for Oxidation-Reduction Potential 

The following procedure is used for measuring oxidation-reduction potential: 

l The equipment shall be calibrated and have its batteries checked before going to the field. 

l Check that the platinum probe is clean and that the platinum bond or tip is unoxidized. If 
dirty, polish with emery paper or, if necessary, clean the electrode using aqua regia, nitric 
acid, or chromic acid, in accordance with manufacturer’s instructions. 

0 Thoroughly rinse the electrode with deionized water. 

l Verify the sensitivity of the electrodes by noting the change in millivolt reading when the pH 
of the test solution is altered. The ORP will increase when the pH of the test solution 
decreases and the ORP will decrease if the test solution pH is increased. Place the sample 
in a clean container and agitate the sample. Insert the electrodes and note the ORP drops 
sharply when the caustic is added (i.e., pH is raised) thus indicating the electrodes are 
sensitive and operating 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. If the ORP does not respond as above when the caustic is added, the 
electrodes shall be cleaned and the above procedure repeated. 

0 After the assembly has been checked for sensitivity, wash the electrodes with three changes 
of water or by means of a flowing stream of deionized water from a wash bottle. Place the 
sample in a clean container and insert the electrodes. Set temperature compensator 
throughout the measurement period. Read the millivolt potential of the solution, allowing 
sufficient time for the system to stabilize and reach temperature equilibrium. Measure 
successive portions of the sample until readings on two successive portions differ by no more 
than 10 mV. A system that is very slow to stabilize property will not yield a meaningful ORP. 
Record all results in a field logbook or sample logsheet, including ORP (to nearest 10 mv), 
sample temperature and pH at the time of measurement. 

5.5.6 Measurement of Turbidity 

5.5.6.1 General 

Turbidity in water is Caused by suspended matter, such as clay, silt, finely divided organic and inorganic 
matter, soluble colored organic compounds, and microscopic organisms, including plankton. Turbidity 
is an expression of the optical property that causes light to be scattered and absorbed rather than 
transmitted in a straight line through the sample. 
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It is important to obtain a turbidity reading immediately after taking a sample, since irreversible changes 
in turbidity may occur if the sample is stored too long. 

5.5.6.2 Principles of Equipment Operation 

Turbidity is measured by the Nephelometric Method. This method is based on a comparison of the 
intensity of light scattered by the sample under defined conditions with the intensity of light scattered by 
a standard reference suspension under the same conditions. The higher the scattered light intensity, the 
higher the turbidity. 

Formazin polymer is used as the reference turbidity standard suspension because of its ease of 
preparation combined with a higher reproducibility of its light-scattering properties than clay or turbid 
natural water. The turbidity of a specified concentration of formazin suspension is defined as 40 
nephelometric units. This same suspension has an approximate turbidity of 40 Jackson units when 
measured on the candle 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 Equipment 

The following equipment is needed for turbidity measurement: 

l Stand alone portable turbidity meter, or combination meter (e.g., Horiba U-lo), or 
combination meter equipped with an in-line sample chamber. 

l Calibration solution, as specified by the manufacturer. 

l Manufacturer’s operation manual. 

5.5.6.4 Measurements Techniques for Specific Conductance 

The steps involved in taking turbidity measurements are listed below (standardization is according to 
manufacturer’s instructions): 

l Check batteries and calibrate instrument before going into the field, 

l Check the expiration date (etc.) of the solutions used for field calibration. 

l Calibrate on a daily use basis, according to the manufacturer’s instructions and record all 
pertinent information on an equipment calibration log sheet. 

0 Rinse the cell with one or more portions of the sample to be tested or with deionized water. 

l Immerse the probe in the sample and measure the turbidity. The reading must be taken 
immediately as suspended solids will settle over time resulting in a lower, inaccurate turbidity 
reading. 
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0 Read and record the results in a fieid logbook or sample log ,sheet. Include a physical 
description of the sample, including color, qualitative estimate of turbidity, etc. 

l Rinse the electrode with deionized water. 

5.6 Samplinq 

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: 

l Background and objectives of sampling. 

Brief description of area and waste characterization. 

0 Identification of sampling locations, with map or sketch, and applicable well construction data 
(well size, depth, screened interval, reference elevation). 

l Intended number, sequence volumes, and types of samples. If the relative degrees of 
contamination between wells is unknown or insignificant, a sampling sequence which 
facilitates sampling logistics may be followed. Where some wells are known or strongly 
suspected of being highly contaminated, these shall be sampled last to reduce the risk of 
cross-contamination between wells as a result of the sampling procedures. 

0 

0 

Sample preservation requirements. 

Work schedule. 

List of team members. 

0 List of observers and contacts. 

Other information, such as the necessity for a warrant or permission of entry, requirement for 
split samples, access problems, location of keys, etc. 

5.6.2 Sampling Methods 

The collection of a groundwater sample consists of the following steps: 

1. The site 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. 

2. When proper respiratory protection has been donned, sound the well for total depth and 
water level (using clean equipment) and record these data on a groundwarer sampling log 
sheet (see SOP SA-6.3); then calculate the fluid volume in the well pipe (as previously 
described in this SOP). 

3. Calculate well volume to be removed as stated in Section 5.3. 
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4. 

5. 

6. 

7: 

8. 

9. 

10. 

11. 

12. 

13. 

14. 

15. 

5.7 

5.7.1 

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 and stopwatch are most 
commonly used: other techniques include use of pipe trajectory methods, weir boxes or flow 
meters. 

Observe the peristaltic pump intake for degassing “bubbles.” If bubbles are abundant and 
the intake is fully submerged, this pump is not suitable for collecting samples for volatile 
organics. Never collect volatile organics samples using a vacuum pump. 

Purge a minimum of three to five casing volumes before sampling. In low-permeability strata 
(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 the sampling level before filling. 

(For pump and packer assembly only). Lower the assembly into the well so that the packer 
is positioned just above the screen or open section. Inflate the packer. Purge a volume 
equal to at least twice the screened interval (or unscreened open section volurne below the 
packer) before sampling. Packers shall always be tested in a casing section above ground 
to determine proper inflation pressures for good sealing. 

In the event that recovery time of the well is very slow (e.g., 24 hours or greater), sample 
collection can be delayed until the following day. If the well has been purged early in the 
morning, sufficient water may be standing in the well by the day’s end to permit sample 
collection. If the well is incapable of producing a sufficient volume of sample at any time, 
take the largest quantity available and record this occurrence in the site logbook. 

Fill sample containers (preserve and label as described in SOP SA-6.1). 

Replace the well cap and lock as appropriate. Make sure the well is readily identifiable as 
the source of the samples. 

Process sample containers as described in SOP SA-6.1. 

Decontaminate equipment as described in SOP SA-7.1. 

Low Flow Purqing and Samplinq 

Scope & Application 

Low flow purging and sampling techniques are sometimes required for groundwater sampling activities. 
The purpose of low flow purging and sampling is to collect groundwater samples that contain 
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“representative” amounts of mobile organic and inorganic constituents in the vicinity of the selected open 
well interval, at near natural flow conditions. The minimum stress procedure emphasizes negligible water 
level drawdown and low pumping rates in order to collect samples with minimal alterations in water 
chemistry. This procedure is designed primarily to be used in wells with a casing diameter of 2 inches 
or more and a saturated screen, or open interval, length of ten feet or less. Samples obtained are 
suitable for analyses of common types of groundwater contaminants (volatile and semi-volatile organic 
compounds, pesticides, PCBs, metals and other inorganic ions [cyanide, chloride, sulfate, etc.]). This 
procedure is not designed to collect non-aqueous phase liquids samples from wells containing light or 
dense non-aqueous phase liquids (LNAPLs or DNAPLs), using the low Row pumps. 

The procedure is flexible for various well construction types and groundwater yields. The goal of the 
procedure is to obtain a turbidity level of less than 5 NTU and to achieve a water level drawdown of less 
than 0.3 feet during purging and sampling. 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 Row purging and sampling: 

Adjustable rate, submersible pump (e.g., centrifugal or bladder pump constructed of stainless steel 
or Teflon). Peristaltic pumps may be used only for inorganic sample collection. 

Disposable clear plastic bottom filling bailers may be used to check for and obtain samples of 
LNAPLs or DNAPLs. 

Tubing - Teflon, Teflon lined polyethylene, polyethylene, PVC, tygon steel tubing can be used to 
collect samples for analysis, depending on the analyses to be performed and regulatory 
requirements. 

Water level measuring device, 0.01 foot accuracy, (electronic devices are preferred for tracking 
water level drawdown during all pumping operations). 

Flow measurement supplies. 

Interface probe, if needed. 

Power source (generator, nitrogen tank, etc.). If a gasoline generator is used, it must be located 
downwind and at a safe distance from the well so that the exhaust fumes do not contaminate the 
samples. 

Indicator parameter monitoring instruments - pH, turbidity, specific conductance, and temperature. 
Use of a flow-through cell is recommended. Optional Indicators - eH and dissolved oxygen, flow- 
through cell is required. Standards to perform field calibration of instruments. 

Decontamination supplies. 

Logbook(s), and other forms (e.g., well purging forms). 

Sample Bottles. 
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0 Sample preservation supplies (as required by the analytical methods). 

0 Sample tags or labels. 

0 Well construction data, location map, field data from last sampling event. 

0 Field Sampling Plan. 

l PID or FID instrument for measuring VOCs (volatile organic compounds). 

5.7.3 Purging and Sampling Procedure 

Use a submersible pump to purge and sample monitoring wells which have a 2.0 inch or greater well 
casing diameter. 

Measure and record the water level immediately prior to placing the pump in the well. 

Lower pump, safety cable, tubing and electrical lines slowly into the well so that the puimp intake is 
located at the center of the saturated screen length of the well. If possible keep the pump intake at least 
two feet above the bottom of the well, to minimize mobilization of sediment that may be present in the 
bottom of the well. Collection of turbid free water samples may be difficult if there is three feet or less 
of standing water in the well. 

When starting the pump, slowly increase the pump speed until a discharge occurs. Check water level. 
Adjust pump speed to maintain little or no water level drawdown. The target drawdown shlould be less 
than 0.3 feet and it should stabilize. If the target of less than 0.3 feet cannot be achieved or maintained, 
the sampling is acceptable if remaining criteria in the procedure are met. Subsequent sampling rounds 
will probably have intake settings and extraction rates that are comparable to those used in the initial 
sampling rounds. 

Monitor water level and pumping rate every three to five minutes (or as appropriate) during purging. 
Record pumping rate adjustments and depths to water. Pumping rates should, as needed, be reduced 
to the minimum capabilities of the pump (e.g., 0.1-0.2 l/min) to ensure stabilization of indicator 
parameters. Adjustments are best made in the first fiieen minutes of pumping in order to help minimize 
purging time. During initial pump start-up, drawdown may exceed the 0.3 feet target and *then recover 
as pump flow adjustments are made (minimum purge volume calculations should utilize stabilized 
drawdown values, not the initial drawdown). If the recharge rate of the well is less thian minimum 
capability of the pump do not allow the water level to fall to the intake level (ll the static water level is 
above the screen, avoid lowering the water level into the screen). Shut off the pump if either of the 
above is about to occur and allow the water level to recover. Repeat the process until field indicator 
parameters stabilize and the minimum purge volume is removed. The minimum purge volume with 
negligible drawdown (0.3 feet or less) is two saturated screen length volumes. In situations where the 
drawdown is greater than 0.3 feet and has stabilized, the minimum purge volume is two times the 
saturated screen volume plus the stabilized drawdown volume. After the minimum purge volume is 
attained (and field parameters have stabilized) begin sampling. For low yields wells, commence sampling 
as soon as the well has recovered sufficiently to collect the appropriate volume for all anticipated 
samples. 

During well purging, monitor field indicator parameters (turbidity, temperature, specific conductance, pH, 
etc.) every three to five minutes (or as appropriate). Purging is complete and sampling may begin when 
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all field indicator parameters have stabilized (variations in values are within ten percent of each other, pH 
+ /- 0.2 units, for three consecutive readings taken at three to fiie minute intervals). If the parameters 
have stabilized, but turbidity remains above 5 NTU goal, decrease pump flow rate, and continue 
measurement of parameters every three to five minutes. If pumping rate cannot be decreased any 
further and stabilized turbidity values remain above 5 NTU goal record this information. Measurements 
of field parameters should be obtained (as per Section 5.5) and recorded. 

VOC samples are preferably collected first and directly into pre-preserved sample containers. Fill all 
sample containers by allowing the pump discharge to fow 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-8.1. 
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AlTACHMENT A 

PURGING EQUIPMENT SELECTION 

Diameter Casing Bailer 
Peristaltic 

Pump 

P-Inch 

~ 

4-Inch 
I 

Water level x 
< 25 feet I I 

X X 

Vacuum 
Pump 

X 

X 

Diaphragm 

Air-lift “Trash” 
Pump 

X X 

+ X 

‘X X 

~ 

X 

X X 

X I 

X 

~ 

X 

X 
i 

Water Level 
z 25 feet X 

64nch Water level 
< 25 feet X 

I 
X 

t 

Water Level 
> 25 feet X X X 

B-Inch Water level 
< 25 feet X X X X 

Water Level 
> 25 feet X X X 

Submersible Submersible 
Diaphragm Electric 

Pump Pump 

-+I-- 
X I 

X 
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Maximum 
Outside Construction 

Model Principle of Lift 
Manufacturer 

Materials Delivery Rates . 1982 

Name/Number Operation Diameter/ (w/Lines and Range 
Length 

Comments 

Tubing) (fi) 
or Volumes (J$Es) 

(Inches) 

BarCad Systems, 
Dedicated; gas PE, brass, nylon, O-150 1 liter for each Requires compressed gas; custom sizes 

Inc. 
BarCad Sampler drive (positive 1.5116 aluminum oxide 

with std. 10-15 feet of $220-350 and materials available; acts as 
displacement) tubing submergence piezometer. 

Master flex 7570 Portable; (not submersible) 670 mL/min AC/DC; variable speed control available; 
Eile-Parmer Inst. Portable peristaltic < 1 .O/NA Tygons, silicone O-30 with 7015- $500-600 other models may have different flow 

Sampling Pump (suction) Vito@ 20 pump head rates. 

<1.5or PP, PE, PVC, SS, 
O-500 mL/min 

EC0 Pump Corp. SAMPLifier Portable; venturi 
o-100 iipending On $400-700 available; must be primed. 

AC, DC, or gasolinedriven motors 
< 2.O/NA Teflon@, Tefzelc 

Portable; grab 
Geltek Corp. Bailer 219-4 (positive 1.66138 Teflons No limit 1,075 mL $120-135 Other sizes available. 

displacement) 

Dedicated; gas Approximately 

~~Ewineeriw. GEO-MONITOR drive (positive 1.5/16 
PE, PP, PVC, Probably 1 liter for each 

$185 
Acts as piezometer; requires compressed 

displacement) Vitonc O-150 10 feet of gas. 
submergence 

Industrial and 
Environmental 

Portable; SS, Teflon@, 
Requires compressed gas: other models 

Aquarius bladder (positive 1.75143 
O-2,800 $1,500- 

Analysts, Inc. Vito@ 
o-250 

displacement) 
mL/min 3,000 

available; AC, DC, manual operation 

PI 
possible. 

Portable; grab 850 mL 
IEA Syringe Sampler (positive 1.75143 SS, Teflon@ No limit sample volum S, 1OO , Requires vacuum and/or pressure from 

displacement) 
hand pump. 

e 

Instrument Model 2600 ’ ~~~dt$~positive 
PC, silicone, 

Specialties Co. I.75150 Teflon@, PP, PE, O-150 07,500 Requires compressed gas (40 psi 
Well Sampler $990 

(ISCO) displacement) Detrine, acetal 
mL/min minimum). 

Keck Geophysical S,,b,,,,z,rs,ble 
SP-81 Portable; helical 

rotor (positive 
SS, Teflon@, PP, o-4,500 

‘nstruments, Inc. 1’75/25 EPDM, Vito@ 
O-160 

mL/min 
$3,500 DC operated. 

Sampling Pump displacement) 

-eonard Mold GeoFilter Small Portable: SS, Teflon”, PC, 
Requires compressed gas (55 psi 

md Die Works, Diameter Well bladder (positive 1.75138 O-400 o-3,500 $1,400- 

Pump (X0500) displacement) 
Neoprene@ mL/min 

minimum); pneumatic or AC/DC control 
nc. 

1,500 module. 

Portable; grab , 
3ii Ftecoveiy ’ 

, Other materials and models available; for 
Surface Sampler ’ (positive 

I A-- --.. :--.-a__ I 

Systems, Inc. 
1.75112 ’ acrylic, Detrinc ’ No limit V&“~(“‘a’u’Y $125-160 measuring thickness of “floating” 

displacement) contaminants. 

3.E.D. Well Wizards Dedicated; 
tnvironmental Monitoring bladder (positive 1.66136 PVC O-230 0-2000 $300-400 

Requires compressed gas; piezometric 

systems, Inc. System (P-100) displacement) 
mL/min level indicator; other materials available. 
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PURGING EQUIPMENT SELECTION 
PAGE 3 

Maximum 

Manufacturer 
Model Principle of 

Name/Number Operation 

Outside 
Diameter/ 

Length 
(Inches) 

Randolph Austin Model 500 
co. 

Portable; peristaltic 
Vari-Flow Pump (suction) 

< 0.5/NA 

Robert Bennett 
Portable; piston 

CO. Model 180 (positive 1.8122 
displacement) 

Slope Indicator 
Model 514124 Portable; gas drive 

Co. (SINCO) 
Pneumatic (positive 1.9/18 
Water Sampler displacement) 

Solinst Canada 5W Water 
Portable; grab 

Ltd. Sampler 
(positive 1.9127 
displacement) 

rlMCo Mfg’ co’9 Std Bailer 
Portable; grab 
(positive 

nc. displacement) 

Portable; gas drive 
rlMC0 &,&~~” LiA (positive 

displacement) 

1.66/Gust 
om 

1.66130 

Sampling 
role Devices Co. Pump 

Portable; bladder 
(positive 
displacement) 

1.38148 

T 

Construction Materials 
(w/Lines and Tubing) 

(Not submersible) 
Rubber, Tygon@, or 
Neoprenea 

SS, Teflon@, Delrin@ 
PP, Vito@, acrylic, PE 

PVC, nylon 

PVC, brass, nylon, 
Neoprene@ 

PVC, PP 

PVC, Tygons, Teflon@ 

SS, silicone, Delrine, 
Tygons 

Comments 

$1,200- flow rate dependent on motor and 
See comments 

1,300 tubing selected; AC operated; other 
models available. 

$2,600- Requires compressed gas; water 
O-500 O-l ,800 mL/min 2,700 level indicator and flow meter; 

custom models available. 

Requires compressed gas; SS 

o-1,100 
250 mL/ available; piezometer model 
flushing cycle $250-350 

available; dedicated model 
available. 

O-330 
I 

500 mL 
Requires compressed gas; custom 
models available. 

izes, n 

O-125 
I 

O-4,000 mL/min 
Compressed gas required; DC 
control module; custom built. 

>onstruction Material Abbreviations: Other Abbreviations: 

PE Polyethylene Not applicable 

EC 
Polypropylene it Alternating current 
Polyvinyl chloride DC Direct current 

E 
Stainless steel 
Polycarbonate 

EPDM Ethylene-propylene diene (synthetic rubber) 

IOTE: Other manufacturers market pumping devices which could be used for groundwater sampling, though not expressly designed for this purpose. The list is not 
meant to be all-inclusive and listing does not constitute endorsement for use. Information in the table is from sales literature and/or personal communication. 
No skimmer, scavenger-type, or high-capacity pumps are included. 

source: Barcelona et al., 1983. 
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GROUNDWATER SAMPLE 
ACQUISITION AND ONSITE WATER 
QUALITY TESTING 

ATTACHMENT B 

SPECIFIC CONDUCTANCE OF 1 MOLAR KCI 
AT VARIOUS TEMPERATURES’ 

Temperature (“C) 
I 

Specific Conductance 
(umhos/cm) I 

I 17 I 1,199 I 

I 18 I 1,225 I 

I 20 I 1,278 I 
I 21 I 1,305 I 

22 

I 23 I 
I 24 I 1,368 I 

I 26 I 1,441 

27 1,468 

28 1,496 

29 1,524 

30 1,552 

1 Data derived from the International Critical 
Tables l-3-8. 
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ATTACHMENT C 

VARIATION OF DISSOLVED OXYGEN CONCENTRATION IN WATER 
AS A FUNCTION OF TEMPERATURE AND SALINIIY 

Temperature 
(“C) 

0 

0 

14.6 

Dissolved Oxygen (mg/L) 

Chloride Concentration in Water Difference/ 
100 mg 

5,000 10,000 15,000 20,000 Chloride 

13.8 13.0 12.1 11.3 0.017 

1 14.2 13.4 12.6 11.8 11.0 0.016 

2 13.8 13.1 12.3 11.5 10.8 0.015 

3 13.5 12.7 12.0 11.2 10.5 0.015 

4 13.1 12.4 11.7 11.0 10.3 0.014 

5 12.8 12.1 11.4 10.7 10.0 0.014 

6 12.5 11.8 11.1 10.5 9.8 0.014 

7 12.2 11.5 10.9 10.2 9.6 0.013 
I 

8 11.9 11.2 10.6 10.0 9.4 0.013 

9 11.6 11.0 10.4 9.8 9.2 0.012 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

11.3 

11.1 

10.8 

10.6 

10.4 

10.2 

10.0 

9.7 

9.5 

9.4 

9.2 

9.0 

8.8 

8.7 

8.5 

8.4 

10.7 

10.5 

10.3 

10.1 

9.9 

9.7 

9.5 

9.3 

9.1 

8.9 

8.7 

8.6 

8.4 

8.3 

8.1 

8.0 

10.1 

9.9 

9.7 

9.5 

9.3 

9.1 

9.0 

8.8 

8.6 

8.5 

8.3 

8.1 

8.0 

7.9 

7.7 

7.6 

1 

9.6 9.0 0.012 

9.4 8.8 0.011 

9.2 8.6 0.011 

9.0 8.5 0.011 

8.8 8.3 0.010 

8.6 8.1 0.010 

8.5 8.0 0.010 

8.3 7.8 0.010 

8.2 7.7 0.009 

8.0 7.6 0.009 

7.9 7.4 0.009 

7.7 7.3 0.009 

7.6 7.1 0.008 

7.4 7.0 0.008 

7.3 6.9 0.008 

7.2 6.7 0.008 
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Dissolved Oxygen (mg/L) 

Temperature 
PC) 

26 

0 

8.2 

Chloride Concentration in Water 

5,000 10,000 15,000 

7.8 7.4 7.0 

20,000 

6.6 

27 I 8.1 I 7.7 I 7.3 1 6.9 1 6.5 1 0.008 I 
1.008 

1.008 

3.008 

t I 

49 5.7 

50 5.6 

Note: In a chloride solution, conductivity can be roughly related to chloride concentration 
(and therefore, used to correct measured D.O. concentration) using Attachlment B. 
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1.0 PURPOSE 

This procedure describes methods and equipment commonly used for collecting environmental samples 
of surface water and aquatic sediment for either onsite examination and chemical testing, or for 
subsequent laboratory analysis. 

2.0 SCOPE 

The information presented in this guideline is generally applicable to all environmental sampling of 
surface waters (Section 5.3) and aquatic sediments (Section 5.5), except where the anaiyte(s) may 
interact with the sampling equipment. The collection of concentrated sludges or hazardous waste 
samples from disposal or process lagoons often requires methods, precautions and equipment different 
from those described herein. 

3.0 GLOSSARY 

Environmental Sample - a sample containing (or suspected to contain) low-level concentrations of 
contaminants, which does not require special handling or transport considerations as detailed in SOP 
SA-6.1. 

Hazardous Waste Sample - a sample containing (or suspected to contain) higher concentrations of 
contaminants thus requiring special handling and/or transport considerations per SOP SA-6.1. 

4.0 RESPONSIBILITIES 

Project Manaqer - The Project Manager has the overall responsibility for seeing that all surface water and 
sediment sampling activities are properly conducted by appropriately trained personnel. 

Field Operations Leader - The Field Operations Leader (FOL) is responsible for the in-field supervision 
of the conduct of onsite water quality analyses, ensuring the completion and accuracy of all field 
documentation, and making sure that custody of all samples obtained is maintained according to proper 
procedures. 

5.0 PROCEDURES 

5.1 Introduction 

Collecting a representative sample from surface water or sediments is difficult because of water 
movement, stratification or patchiness. To collect representative samples, one must standardize 
sampling bias related to site selection. sampling frequency, sample collection, sampling devices, and 
sample handling, preservation, and identification. 

Representativeness is a qualitative description of the degree to which an individual sample accurately 
reffects population characteristics or parameter variations at a sampling point. It is therefore an important 
characteristic not only of assessment and quantification of environmental threats posed by the site, but 
also for providing information for engineering design and construction. Proper sample location selection 
and proper sample collection methods are important to ensure that a truly representative sample has 
been taken. Regardless of quality control applied during laboratory analyses and subsequent scrutiny 
of analytical data packages, reported data are not better than the confidence that can be placed in the 
representativeness of the samples. 
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Defining the Sampling Proqram 

Many factors must be considered in developing a sampling program for surface water or sediments 
including study objectives, accessibility, site topography, physical characteristics of the water body (such 
as flow and mixing), point and diffuse sources of contamination, and personnel and equipment available 
to conduct the study. For waterborne constituents, dispersion depends on the vertical and lateral mixing 
within the body of water. For sediments, dispersion depends on bottom current or flow characteristics, 
sediment characteristics (density, size) and geochemical properties (which affect adsorption/desorption). 
The hydrogeoiogist developing the sampling plan must therefore know not only the mixing characteristics 
of streams and lakes, but also must understand the role of fluviai-sediment transport, deposition, and 
chemical sorption. 

5.2.1 Sampling Program Objectives 

The objective of surface water sampling is to determine the surface water quality entering, leaving or 
remaining within the site. The scope of the sampling program must consider the sources and potential 
pathways for transport of contamination to or within a surface water body. Sources may include point 
sources (leaky tanks, outfalls, etc.) or nonpoint sources (e.g., spills). The major pathways for surface 
water contamination (not including airborne deposition) are overland runoff, leachate influx to the 
waterbody, direct waste disposal (solid or liquid) into the water body; and groundwater flow influx from 
upgradient. The relative importance of these pathways, and therefore the design of the sampling 
program, is controlled by the physiographic and hydrologic features of the site, the drainage basin(s) 
which encompass the site, and the history of site activities. 

Physiographic and hydrologic features to be considered include slopes and runoff direction, areas of 
temporary flooding or pooling, tidal effects, artificial surface runoff controls such as berms or drainage 
ditches (and when they were constructed relative to site operation), and locations of springs, seeps, 
marshes, etc. In addition, the obvious considerations such as the location of man-made discharge points 
to the nearest stream (intermittent or flowing), pond, lake, estuary, etc., shall be considered. 

A more subtle consideration in designing the sampling program is the potential for dispersion of 
dissolved or sediment-associated contaminants away from the source. The dispersion could lead to a 
more homogeneous distribution of contamination at low or possibly nondetectable concentrations. Such 
dispersion does not, however, always readily occur. For example, obtaining a representative sample of 
contamination from a main stream immediately below an outfall or a tributary is difficult because the 
inflow frequently follows a stream bank with little lateral mixing for some distance. Sampling alternatives 
to overcome this situation are: (1) move the site far enough downstream to allow for adequate mixing, 
or (2) collect integrated samples in a cross section. Also, nonhomogeneous distribution is a particular 
problem with regard to sediment-associated contaminants, which, may accumulate ini low-energy 
environments (coves, river bends, deep spots, or even behind boulders) near or distant from the source 
while higher-energy areas (main stream channels) near the source may show no contaminant 
accumulation. 

The distribution of particuiates within a sample itself is an important consideration. Many organic 
compounds are only slightly water soluble and tend to adsorb onto particulate matter. Nitrogen, 
phosphorus, and the heavy metals may also be transported by particulates. Samples must be collected 
with a representative amount of suspended material: transfer from the sampling device shall include 
transferring a proportionate amount of the suspended material. 
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5.2.2 Location of Sampling Stations 

Accessibility is the primary factor affecting sampling costs. The desirability and utility of a sample for 
analysis and consideration of site conditions must be balanced against the costs of collection as 
controlled by accessibility. Bridges or piers are the first choice for locating a sampling station on a 
stream because bridges provide ready access and also permit the sampling technician to sample any 
point across the stream. A boat or pontoon (with an associated increase in cost) may be needed to 
sample locations on lakes and reservoirs, as well as those on larger rivers. Frequently, however, a boat 
will take longer to cross a water body and will hinder manipulation of the sampling equipment. Wading 
for samples is not recommended unless it is known that contaminant levels are low so that skin contact 
will not produce adverse health effects. This provides a built in margin of safety in the event that wading 
boots or other protective equipment should fail to function properly. If it is necessary to wade into the 
water body to obtain a sample, the sampler shall be careful to minimize disturbance of bottom sediments 
and must enter the water body downstream of the sampling location. If necessary, the sampling 
technician shall wait for the sediments to settle before taking a sample. 

Sampling in marshes or tidal areas may require the use of an ail-terrain vehicle (ATV). The same 
precautions mentioned above with regard to sediment disturbance apply. 

Under ideal and uniform contaminant dispersion conditions in a flowing stream, the same concentrations 
of each would occur at all points along the cross section. This situation is most likely downstream of 
areas of high turbulence. Careful site selection is needed in order to ensure, as neatly as possible, that 
samples are taken where uniform flow or deposition and good mixing conditions exist. 

The availability of streamfiow and sediment discharge records can be an important consideration in 
choosing sampling sites in streams. Streamfiow data in association with contaminant concentration data 
are essential for estimating the total contaminant loads carried by the stream. If a gaging station is not 
conveniently located on a selected stream, the project hydrogeoiogist shall explore the possibility of 
obtaining streamflow data by direct or indirect methods. 

5.2.3 Frequency of Sampling 

The sampling frequency and the objectives of the sampling event will be defined by the project plan 
documents. For single-event site or area characterization sampling, both bottom material and overlying 
water samples shall be collected at the specified sampling stations. If valid data are available on the 
distribution of the contaminant between the solid and aqueous phases, it may be appropriate to sample 
only one phase, although this is not often recommended. If samples are collected primarily for 
monitoring purposes (i.e., consisting of repetitive, continuing measurements to define variations and 
trends at a given location), water samples shall be collected at a pre-established and constant interval 
as specified in the project plans (often monthly or quarterly, and during droughts and floods). Samples 
of bottom material shall be collected from fresh deposits at least yearly, and preferably seasonally, during 
both spring and fall. 

The variability in available water-quality data shall be evaluated before determining the number and 
collection frequency of samples required to maintain an effective monitoring program. 

‘,,, 
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5.3 Surface Water Sample Collection 

5.3.1 Streams, Rivers, Outfalls and Drainage Features (Ditches, Culverts) 

Methods for sampling streams, rivers, outfalis and drainage features at a single point vat-y from the 
simplest of hand-sampling procedures to the more sophisticated multi-point sampling techiniques known 
as the equal-width-increment (EWI) method or the equal-discharge-increment (EDI) methods (see below). 

Samples from different depths or cross-sectional locations in the watercourse taken during the same 
sampling episode, shall be cornposited. However, samples collected along the length of the watercourse 
or at different times may refl-ect differing inputs or dilutions and therefore shall not be composited. 
Generally, the number and type of samples to be taken depend on the river’s width, depth, discharge 
and on the suspended sediment the stream or river transports. The greater the number of individual 
points that are sampled, the more likely that the composite sample will truly represent the overall 
characteristics of the water. 

in small streams less than about 20 feet wide, a sampling site can generally be found whlere the water 
is well mixed. in such cases, a single grab sample taken at middepth in the center of the channel is 
adequate to represent the entire cross section. 

For larger streams, at least one vertical composite shall be taken with one sample each from just below 
the surface, at middepth, and just above the bottom. The measurement of DO, pH, temperature, 
conductivity, etc., shall be made on each aiiquot of the vertical composite and on the composite itself. 
For rivers, several vertical composites shall be collected, as directed in the project plan documents. 

5.3.2 Lakes, Ponds and Reservoirs 

Lakes, ponds, and reservoirs have a much greater tendency to stratify than rivers and streams. The 
relative lack of mixing requires that more samples be obtained. 

The number of water sampling sites on a lake, pond, or impoundment will vary with the size and shape 
of the basin. in ponds and small lakes, a single vertical composite at the deepest point may be sufficient. 
Similarly, the measurement of DO, pH, temperature, etc., is to be conducted on each aliquot of the 
vertical composite and on the composite itself. in naturally-formed ponds, the deepest point may have 
to be determined empirically; in impoundments, the deepest point is usually near the darn. 

In lakes and larger reservoirs, several vertical composites shall be composited to form a single sample. 
These verticals are often taken along a transect or grid. in some cases, it may be of interest to form 
separate composites of epilimnetic and hypoiimnetic zones. In a stratified lake, the epiEimnion is the 
thermocline which is exposed to the atmosphere. The hypolimnion is the lower, “confined” layer which 
is only mixed with the epilimnion and vented to the atmosphere during seasonal “overturn” (when density 
stratification disappears). These two zones may thus have very different concentrations of contaminants 
if input is only to one zone, if the contaminants are volatile (and therefore vented from the epilimnion but 
not the hypolimnion), or if the epilimnion only is involved in short-term flushing (i.e., inflow from or 
outfiow to shallow streams). Normally, however, a composite consists of several verticals with samples 
collected at various depths. 

In lakes with irregular shape and with bays and coves that are protected from the wind, separate 
composite samples may be needed to adequately represent water quality since it is likely l:hat only poor 
mixing will occur. Similarly, additional sample’s are recommended where discharges, tributaries, land use 
characteristics, and other such factors are suspected of influencing water quality. 
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Many lake measurements are now made in-situ using sensors and automatic readout or recording 
devices. Single and multi-parameter instruments are available for measuring temperature, depth, pH, 
oxidation-reduction potential (ORP), specific conductance, dissolved oxygen, some cations and anions, 
and light penetration. 

5.3.3 Estuaries 

Estuarine areas are by definition, zones where inland freshwaters (both surface and ground) mix with 
oceanic saline waters. Estuaries are generally categorized into three types dependent upon freshwater 
inflow and mixing properties. Knowledge of the estuary type is necessary to determine sampling 
locations. 

0 

Each type of estuarine area is described below: 

Mixed Estuary - characterized by the absence of a vertical halocline (gradual or no marked 
increase in salinity in the water column) and a gradual increase in salinity seaward. Typically 
this type of estuary is shallow and is found in major freshwater sheetflow areas. Being well 
mixed, the sampling locations are not critical in this type of estuary. 

0 Salt Wedqe Estuary - characterized by a sharp vertical increase in salinity and stratified 
freshwater flow along the surface. In these estuaries, the vertical mixing forces cannot 
override the density differential between fresh and saline waters. In effect, a salt wedge 
tapering inland moves horizontally, back and forth, with the tidal phase. If contamination is 
being introduced into the estuary from upstream, water sampling from the salt wedge may 
miss it entirely. 

0 Oceanic Estuary - characterized by salinities approaching full-strength oceanic waters. 
Seasonally, freshwater inflow is small with the preponderance of the fresh-saline water mixing 
occurring near, or at, the shore line. 

Sampling in estuarine areas is normally based upon the tidal phases, with samples collected on 
successive slack tides (i.e., when the tide turns). Estuarine sampling programs shall include vertical 
salinity measurements at l- to 5foot increme.nts, coupled with vertical dissolved oxygen and temperature 
profiles. 

5.3.4 Surface Water Sampling Equipment 

The selection of sampling equipment depends on the site conditions and sample type to be acquired. 
The most frequently used samplers are: 

l Open tube. 
l Dip sampler. 
0 Weighted bottle. 
l Hand pump. 
0 Kemmerer. 
0 Depth-Integrating Sampler. 

The dip sampler and the weighted bottle sampler are used most often, and detailed discussions for these 
devices only (and the Kemmerer sampler) are addressed subsequently in this section. 

019611/P Brown & Root Environment: 



Subject Number Page 
SA-1.2 7 of 11 

SURFACE WATER AND Revision Effective Data 
SEDIMENT SAMPUNG 3 03,/01/96 

The criteria for selecting a sampler include: 

0 Disposability and/or easy decontamination. 
0 Inexpensive cost (ii the item is to be disposed). 
l Ease of operation. 
l Nonreactive/noncontaminating properties - Teflon-coated, glass, stainless-steel or PVC 

sample chambers are preferred (in that order). 

As specified in the project plan document plan documents, each sample (grab or each aliquot collected 
for cornpositing) shall be measured for: 

0 Specific conductance. 
0 Temperature. 
0 PH. 
l Dissolved oxygen (optional). 

Sample measurements shall be conducted as soon as the sample is acquired. Measurement techniques 
described in SOP SA-1 .l shall be followed. All pertinent data and results shall be recorcied in a field 
notebook or on sample logsheets (see SOP SA-6.3). These analyses will provide information on water 
mixing/stratification and potential contamination. 

Dip Samoling 

Water is often sampled by filling a container either attached to a pole or held directly, from just beneath 
the surface of the water (a dip or grab sample). Constituents measured in grab samples are only 
indicative of conditions near the surface of the water and may not be a true representation of the total 
concentration that is distributed throughout the water column and in the cross section. Therefore, 
whenever possible, it is recommended to augment dip samples with samples that represent both 
dissolved and suspended constituents and both vertical and horizontal distributions. 

Weiohted Bottle Sampling 

A grab sample can also be taken using a weighted holder that allows a bottle to be lowered to any 
desired depth, opened for filling, closed, and returned to the surface. This allows discrete sampling with 
depth. Several of these samples can be combined to provide a vertical composite. Alternatively, an 
open bottle can be lowered to the bottom and raised to the surface at a uniform rate so that the bottle 
collects sample throughout the total depth and is just filled on reaching the surface. The resulting 
sample using either method will roughly approach what is known as a depth-integrated sample. 

A closed weighted bottle sampler consists of a stopped glass or plastic bottle, a weight and/or holding 
device, and lines to open the stopper and lower or raise the bottle. The procedure for sampling with this 
device is: 

l Gently lower the sampler to the desired depth so as not to remove the stopper prematurely 
(watch for bubbles). 

0 Pull out the stopper with a sharp jerk of the sampling line. 

l Allow the bottle to fill completely, as evidenced by the absence of air bubbles. 
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0 Raise the sampler and cap the bottle. 

0 Decontaminate the outside of the bottle. This bottle can be used as the sample container as 
long as the bottle is an approved container type. 

Kemmerer 

If samples are desired at a specific depth, and the parameters to be measured do not require a Teflon 
coated sampler, a standard Kemmerer sampler may be used. The Kemmerer sampler is a brass, 
stainless-steel or acrylic cylinder, with rubber stoppers that leave the ends open while being lowered in 
a vertical position (thus allowing free passage of water through the cylinder). A “messenger” is sent 
down the line when the sampler is at the designated depth, to cause the stoppers to close the cylinder, 
which is then raised. Water is removed through a valve to fill sample bottles. 

5.3.5 Surface Water Sampling Techniques 

Most samples taken during site investigations are grab samples. Typically, surface water sampling 
involves immersing the sample container in the body of water; however, the following suggestions are 
made to help ensure that the samples obtained are representative of site conditions: 

The most representative samples are obtained from mid-channel at a 0.6 foot stream depth 
in a well-mixed stream. 

Even though the containers used to obtain the samples are previously laboratory cleaned, 
it is suggested that the sample container be rinsed at least once with the water to be sampled 
before the sample is taken. This is not applicable when sample containers are provided “pre- 
preserved.” 

For sampling running water, it is suggested that the farthest downstream sample be obtained 
first, and that subsequent samples be taken as one works upstream. In general, work from 
zones suspected of low contamination to zones of high contamination. 

To sample a pond or other standing body of water, the surface area may be divided into 
grids. A series of samples taken from each grid node is combined into one sample, or 
several grid nodes are selected at random. 

Care should be taken to avoid excessive agitation of the water, as loss of volatile constituents 
could result. 

When obtaining samples in 40 mL septum vials for volatile organics analysis. it is important 
to exclude any air space in the top of the bottle and to be sure that the Teflon liner of the 
septum faces in after the vial is filled and capped. The vial can be turned upside down to 
check for air bubbles. 

Do not sample at the surface, unless sampling specifically for a known constituent which is 
immiscible and on top of the water. instead, the sample container should be inverted, 
lowered to the approximate depth, and held at about a 45degree angle with the mouth of 
the bottle facing upstream. When sample containers are provided “pre-preserved,” use a 
dedicated, clean, un-preserved bottle for sampling and transfer to an appropriately-preserved 
container. 
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5.4 Onsite Water Qualitv Testing 

Onsite water quality testing shall be conducted as described in SOP SA-1 .l . 

5.5 Sediment Sampling 

5.5.1 General 

Sediment samples are usually collected at the same verticals at which water samples were collected. 
If only one sediment sample is to be collected, the sampling location shall be approximately at the center 
of the water body. 

Generally, the coarser grained sediments are deposited near the headwaters of the reservoir. Bed 
sediments near the center of a water body will be composed of fine-grained materials; which may, 
because of their lower porosity and greater surface area available for adsorption, contain greater 
concentrations of contaminants. The shape, flow pattern, bathometry (i.e., depth distribution), and water 
circulation patterns must all be considered when selecting sediment sampling sites. in streams, areas 
likely to have sediment accumulation (e.g., bends, behind islands or boulders, quiet shallow areas or very 
deep, low-velocity areas) shall be sampled while areas likely to show net erosion (i.e., high-velocity, 
turbulent areas) and suspension of fine solid materials, shall be avoided. 

Chemical constituents associated with bottom. material may reflect an integration of chemical and 
biological processes. Bottom samples reflect the historical input to streams, lakes, and estuaries with 
respect to time, application of chemicals, and land use. Bottom sediments (especially fine-grained 
material) may act as a sink or reservoir for adsorbed heavy metals and organic contaminants (even if 
water column concentrations are below detection limits). Therefore, it is important to minimize the loss 
of lowdensity “fines” during any sampling process. 

Ail relevant information pertaining to sediment sampling shall be documented as applicably described 
in SOP SA-6.3. 

55.2 Sampling Equipment and Techniques 

A bottom-material sample may consist of a single scoop or core, or may be a composite of several 
individual samples in the cross section. Sediment samples may be obtained using onshore or offshore 
techniques. 

When boats are used for sampling, life preservers must be provided and two individuals must undertake 
the sampling. An additional person shall remain onshore in visual contact at all times. 

The following samplers may be used to collect bottom materials: 

0 Scoop sampler. 
a Dredge samplers. 

Each type of sampler is discussed subsequently. 
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SCOOP Sampler 

A scoop sampler consists of a pole to which a jar or scoop is attached. The pole may be made of 
bamboo, wood or aluminum and be either telescoping or of fixed length. The scoop or jar at the end 
of the pole is usually attached using a clamp. 

If the water body can be sampled from the shore or if it can be waded, the easiest and best way to 
collect a sediment sample is to use a scoop sampler. This reduces the potential for cross-contamination. 
This method is accomplished by reaching over or wading into the water body and, while facing upstream 
(into the current), scooping the sampler along the bottom in the upstream direction. It is very difficult 
not to disturb fine-grained materials of the sediment-water interface when using this method. 

Dredqes 

Dredges are generally used to sample sediments which.cannot easily be obtained using coring devices 
(i.e., coarse-grained or partially-cemented materials) or when large quantities of sample are required. 
Dredges generally consist of a clam shell arrangement of two buckets. The buckets may either close 
upon impact or be activated by use of a “messenger”. Most dredges are heavy (up to several hundred 
pounds) and require use of a winch and crane assembly for sample retrieval. There are three major 
types of dredges: Peterson, Eckman and Ponar dredges. 

The Peterson dredge is used when the bottom is rocky, in very deep water, or when the flow velocity 
is high. The Peterson dredge shall be lowered very slowly as it approaches bottom, because it can force 
out and miss lighter materials if allowed to drop freely. 

The Eckman dredge has only limited usefulness. It performs well where bottom material is unusually soft, 
as when covered with organic sludge or light mud. It is unsuitable, however, for sandy, rocky, and hard 
bottoms and is too light for use in streams with high flow velocities. 

The Ponar dredge is a Peterson dredge modified by the addition of side plates and a screen on the top 
of the sample compartment. The screen over the sample compartment permits water to pass through 
the sampler as it descends thus reducing the “shock wave” and permitting direct access to the secured 
sample without opening the closed jaws. The Ponar dredge is easily operated by one person in the 
same fashion as the Peterson dredge. The Ponar dredge is one of the most effective samplers for 
general use on all types of substrates. 
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1.0 PURPOSE 

This procedure discusses the methods used to collect surface, near surface, and subsurface soil 
samples. Additionally, it describes the method for sampling of test pits and trenches to determine 
subsurface soil and rock conditions, and recover small-volume or bulk samples. 

2.0 SCOPE 

This procedure is applicable to the collection of surface, near surface and subsurface soils for laboratory 
testing, which are exposed through hand digging, hand augering, drilling,or machine excavating at 
hazardous substance sites. 

3.0 GLOSSARY 

Composite Sample - A composite sample exists as a combination of more than one sample at various 
locations and/or depths and times, which is homogenized and treated as one sample. This type of 
sample is usually collected when determination of an average waste concentration for a specific area is 
required. Composite samples are m to be collected for volatile organics analysis. 

Grab Sample - One sample collected at one location and at one specific time. 

Non-Volatile Sample - A non-volatile sample includes all other chemical parameters (e.g., semivolatiles, 
pesticides/PCBs, metals, etc.) and those engineering parameters that do not require undisturbed soil for 
their analysis. 

Hand Auqer - A sampling device used to extract soil from the ground in a relatively undisturbed form. 

Thin-Walled Tube Sampler - A thin-walled metal tube (also called a Shelby tube) used to recover relatively 
undisturbed soil samples. These tubes are available in various sizes, ranging from 2 to 5 inches outside 
diameter (OD) and from 18 to 54 inches in length. 

Split-Barrel Sampler - A steel tube, split in half lengthwise, with the halves held together by threaded 
collars at either end of the tube. Also called a split-spoon sampler, this devise can be driven into 
resistant materials using a drive weight mounted in the drilling string. A standard split-barrel sampler is 
typically available in two common lengths providing either 20-inch or 26-inch longitudinal clearance for 
obtaining 18-inch or 24-inch-long samples, respectively. These split-barrel samplers commonly range 
in size from Z-inch OD to 3-l/2 inch OD. The larger sizes are commonly used when a larger volume of 
sample material is required. 

Test Pit and Trench - Open, shallow excavations, typically rectangular (if a test pit) or longitudinal (ii a 
trench), excavated to determine the shallow subsurface conditions for engineering, geological, and soil 
chemistry exploration and/or sampling purposes. These pits are excavated manually or by machine 
(e.g., backhoe, clamshell, trencher excavator, or bulldozer). 

4.0 RESPONSIBILITIES 

Project Manager - The Project Manager is responsible for determining sampling objectives, as well as, 
the field procedures used in the collection of soil samples. Additionally, in consultation with other project 
personnel (geologist, hydrogeologist, etc.), the Project Manager establishes the need for test pits or 
trenches, and determines their approximate locations and dimensions. 
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Site Safetv Officer (SSO) - The SSO (or a qualified designee) is responsible for air quality monitoring 
during sampling, boring and excavation activities, to ensure that workers and offsfte (downwind) 
individuals are not exposed to hazardous levels of airborne contaminants. The SSO/designee may also 
be required to advise the FOL on other safety-related matters regarding boring, excavation and sampling, 
such as mitigative measures to address potential hazards from unstable trench walls, puncturing of 
drums or other hazardous objects, etc. 

Field Operations Leader (FOL) - The FOL is responsible for finalizing the location of surface, near surface, 
and subsurface (hand and machine borings, test pits/trenches) soil samples. He/she iis ultimately 
responsible for the sampling and backfilling of boreholes, test pits and trenches, and for adherence to 
OSHA regulations during these operations. 

Project Geoloaist/Sampler - The project geologist/sampler is responsible for the proper acquisition of 
soil samples and the completion of all required paperwork (i.e., sample log sheets, field notebook, 
boring logs, test pit logs, container labels, custody seals, and chain-of-custodies). 

5.0 PROCEDURES 

5.1 Overview 

Soil sampling is an important adjunct to groundwater monitoring. Sampling of the soil horiizons above 
the groundwater table can detect contaminants before they have migrated into the water table, and can 
establish the amount of contamination sorbed on aquifer solids that have the potential of contributing 
to groundwater contamination. 

Soil types can vary considerably on a hazardous waste site. These variations, along with vegetation, can 
effect the rate of contaminant migration through the soil. It is important, therefore, that a detailed record 
be maintained during the sampling operations, particularly noting the location, depth, and such 
characteristics as grain size, color, and odor. Subsurface conditions are often stable on a daily basis 
and may demonstrate only slight seasonal variation especially with respect to temperature, available 
oxygen and light penetration. Changes in any of these conditions can radically alter the rate of chemical 
reactions or the associated microbiological community, thus further altering specific site conditions. As 
a result, samples must be kept at their atdepth temperature or lower, protected from direct light, sealed 
tightly in approved glass containers and be analyzed as soon as possible. 

The physical properties of the soil, its grain size, cohesiveness, associated moisture, and such factors 
as depth to bedrock and water table, will limit the depth from which samples can be collected and the 
method required to collect them. Often this information on soil properties can be obtained from 
published soil surveys available through the U.S. Geological Surveys and other governmlent or farm 
agencies. It is the intent of this procedure to present the most commonly employed soil sampling 
methods used at hazardous waste sites. 

5.2 Soil Sample Collection 

5.2.1 Procedure for Collecting Volatile Soil Samples 

Volatile samples are only collected as grab samples and maintained and handled in as near an 
undisturbed state as possible. The sample is transferred directly into an approved glass container with 
a teflon lined cap. The sample must be packed down as much as possible to reduce air space within 
the sample container to an absolute minimum. Also, a properly filled volatile organics sampile container 
will have no head space. 
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5.2.2 Procedure for Collecting Non-Volatile Soil Samples 
\ 

Non-volatile soil samples may be collected as either grab or composite samples. The non-volatile soil 
sample is thoroughly mixed in a stainless steel or disposable, inert plastic tray, using a stainless steel 
trowel or other approved tool, then transferred into the appropriate sample container(s). Head space 
is permitted in a non-volatile soil sample container to allow for sample expansion. 

5.2.3 Procedure for Collecting Undisturbed Soil Samples (ASTM 01567-83) 

When it is necessary to acquire undisturbed samples of soil for purposes of engineering parameter 
analysis (e.g., permeability), a thin-walled, seamless tube sampler (Shelby tube) will be employed. The 
following method will be used: 

1. 

2. 

3. 

4. 

5. 

6. 

Remove all surface debris (e.g., vegetation, roots, twigs, etc.) from the specific sampling location 
and drill and clean out the borehole to the sampling depth, being careful to minimize the chance 
for disturbance of the material to be sampled. In saturated material, withdraw the drill bit slowly 
to prevent loosening of the soil around the borehole and to maintain the water level in the hole at 
or above groundwater level. 

The use of bottom discharge bits or jetting through an open-tube sampler to clean out the borehole 
shall not be allowed. Use of any side-discharge bits is permitted. 

A stationary piston-type sampler may be required to limit sample disturbance and aid in retaining 
the sample. Either the hydraulically operated or control rod activated-type of stationary piston 
sampler may be used. Prior to inserting the tube sampler into the borehole, check to ensure that 
the sampler head contains a check valve. The check valve is necessary to keep water in the rods 
from pushing the sample out the tube sampler during sample withdrawal and to maintain a suction 
within the tube to help retain the sample. 

To minimize chemical reaction between the sample and the sampling tube, brass tubes may be 
required, especially if the tube is stored for an extended time prior to testing. While steel tubes 
coated with shellac are less expensive than brass, they’re more reactive, and shall only be used 
when the sample will be tested within a few days after sampling or if chemical reaction is not 
anticipated. With the sampling tube resting on the bottom of the hole and the water level in the 
boring at groundwater level or above, push the tube into the soil by a continuous and rapid motion, 
without impacting or twisting. In no case shall the tube be pushed farther than the length provided 
for the soil sample. Allow about 3 inches in the tube for cuttings and sludge. 

Upon removal of the sampling tube from the hole, measure the length of sample in the tube and 
also the length penetrated. Remove disturbed material in the upper end of the tube and measure 
the length of sample again. After removing at least an inch of soil from the lower end and after 
inserting an impervious disk, seal both ends of the tube with at least a l/2-inch thickness of wax 
applied in a way that will prevent the wax from entering the sample. Clean filler must be placed 
in voids at either end of the tube prior to sealing with wax. Place plastic caps on the ends of the 
sample tube, tape the caps in place, and dip the ends in wax. 

Affix label(s) to the tube as required and record sample number, depth, penetration, and recovery 
length on the label. Mark the “up” direction on the side of the tube with indelible ink, and mark 
the end of the sample. Complete Chain-of-Custody and other required forms (see SOP SA-6.3). 
Do not allow tubes to freeze, and store the samples vertically with the same orientation they had 
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in the ground, (i.e., top of sample is up) in a cool place out of the su? at all times. Ship samples 
protected with suitable resilient packing material to reduce shock, vibration, and disturbance. 

Thin-walled undisturbed tube samplers are restricted in their usage by the consistency of 1:he soil to be 
sampled. Often, very loose and/or wet samples cannot be retrieved by the samplers, and soils with a 
consistency in excess of very stiff cannot be penetrated by the sampler. Devices such as Denison or 
Pitcher core samplers can be used to obtain undisturbed samples of stiff soils. Using these devices 
normally increases sampling costs, and therefore their use shall be weighed against the need for 
acquiring an undisturbed sample. 

5.3 Surface Soil Sampling 

The simplest, most direct method of collecting surface soil samples (most commonly collect’ed to a depth 
of 6 inches) for subsequent analysis is by use of a stainless steel trowel. 

In general, the following equipment is necessary for obtaining surface soil samples: 

Stainless steel trowel. 

Real-time air monitoring instrument (e.g., PID, FID, etc.). 

Latex gloves. 

Required Personal Protective Equipment (PPE). 

Required paperwork. 

Required decontamination equipment. 

Required sample container(s). 

Wooden stakes or pin Rags. 

Sealable polyethylene bags (i.e., Ziploc baggies). 

Heavy duty cooler. 

Ice (if required) double-bagged in sealable polyeth$ene bags. 

Chain-of-custody records and custody seals. 

When acquiring surface soil samples, the following procedure shall be used: 

1. Carefully remove vegetation, roots, twigs, litter, etc., to expose an adequate soil surface area to 
accommodate sample volume requirements. 

2. Using a decontaminated stainless steel trowel, follow the procedure cited in Section 5.2.1 for 
collecting a volatile soil sample. 
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3. Thoroughly mix (in-situ) a sufficient amount of soil to fill the remaining sample Containers and 
transfer the sample into those containers utilizing the same stainless steel trowel employed above. 
Cap and securely tighten all sample containers. 

4. Affix a sample label to each container. Be sure to fill out each label carefully and clearly, 
addressing all the categories described in SOP SA-6.3. 

5. Proceed with the handling and processing of each sample container as described in SOP SA-6.2. 

5.4 Near-Surface Soil Sampling 

Collection of samples from near the surface (depth of 6-18 inches) can be accomplished with tools such 
as shovels and stainless steel trowels. 

The following equipment is necessary to collect near surface soil samples: 

0 Clean shovel. 

l Plus the equipment listed under Section 5.3 of this procedure. 

To obtain near-surface soil samples, the following protocol shall be observed: 

1. With a clean shovel, make a series of vertical cuts to the depth required in the soil to form a square 
approximately 1 foot by 1 foot. 

2. Lever out the formed plug and scrape the bottom of the freshly dug hole with a decontaminated 
stainless steel trowel to remove any loose soil. 

3. Follow steps 2 through 10 listed under Section 5.3 of this procedure. 

5.5 Subsurface Soil Sampling With a Hand Auqer 

A hand augering system generally consists of a variety of all stainless steel bucket bits (i.e., cylinders 
6-l /2” long, and 2-3/4”, 3-l /4”, and 4” in diameter), a series of extension rods (available in 2’, 3’, 4’ and 
5’ lengths), and a cross handle. A larger diameter bucket bit is commonly used to bore a hole to the 
desired sampling depth and then withdrawn. In turn, the larger diameter bit is replaced with a smaller 
diameter bit, lowered down the hole, and slowly turned into the soil at the completion depth 
(approximately 6”). The apparatus is then withdrawn and the soil sample collected. 

The hand auger can be used in a wide variety of soil conditions. It can be used to sample soil both from 
the surface. or to depths in excess of 12 feet. However, the presence of rock layers and the collapse 
of the borehole normally contribute to its limiting factors. 

To accomplish soil sampling using a hand augering system, the following equipment is required: 

0 Complete hand auger assembly (variety of bucket bit sizes). 

l Stainless steel mixing bowls. 

0 Plus the equipment listed under Section 5.3 of this procedure. 
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To obtain soil samples using a hand auger, the following procedure shall be followed: 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

a. 

9. 

10. 

11. 

5.6 

Attach a properly decontaminated bucket bii to a clean extension rod and further atta.ch the cross 
handle to the extension rod. 

Clear the area to be sampled of any surface debris (vegetation, twigs, rocks, litter, etc.). 

Begin augering (periodically removing accumulated soils from the bucket bit) and add additional 
rod extensions as necessary. Also, note (in a field notebook or on standardized data sheets) any 
changes in the color, texture or odor of the soil. 

After reaching the desired depth, slowly and carefully withdraw the apparatus from the borehole. 

Remove the soiled bucket bit from the rod extension and replace it with anotlher properly 
decontaminated bucket bit. The bucket bit used for sampling is commonly smaller in diameter than 
the bucket bit employed to initiate the borehole. 

Carefully lower the apparatus down the borehole. Care must be taken to avoid :scraping the 
borehole sides. 

Slowly turn the apparatus until the bucket bit is advanced approximately 6 inches. 

Discard the top of the core (approximately l”), which represents any loose material collected by 
the bucket bit before penetrating the sample material. 

Fill volatile sample container(s), using a properly decontaminated stainless steel trowel., with sample 
material directly from the bucket bit. Refer to Section 5.2.1 of this procedure. 

Utilizing the above trowel, remove the remaining sample material from the bucket bit and place into 
a properly decontaminated stainless steel mixing bowl and thoroughly homogenize the sample 
material prior to filling the remaining sample containers. Refer to Section 5.2.2 of this procedure. 

Follow steps 4 through 10 listed under Section 5.3 of this procedure. 

Subsurface Soil Samplinq Wiih a Split-Barrel Sampler (ASTM D1586-84) 

Split-barrel (split-spoon) samplers consist of a heavy carbon steel or stainless steel sampling tube that 
can be split into two equal halves to reveal the soil sample (see Attachment A). A drive head is attached 
to the upper end of the tube and serves as a point of attachment for the drill rod. A removable tapered 
nosepiece/drive shoe attaches to the lower end of the tube and facilitates cutting. A basket-like sample 
retainer can be fitted to the lower end of the split tube to hold loose, dry soil samples in thle tube when 
the sampler is removed from the drill hole. This split-barrel sampler is made to be attached to a drill rod 
and forced into the ground by means of a 140-lb. or larger casing driver. 

Split-barrel samplers are used to collect soil samples from a wide variety of soil types and from depths 
greater than those attainable with other soil sampling equipment. 
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The following. equipment is used for obtaining split-barrel samples: 

0 Drilling equipment (provided by subcontractor). 

0 Split-barrel samplers (O.D. 2 inches, I.D. l-3/8 inches, either 20 inches or 26 inches long); 
Larger O.D. samplers are available if a larger volume of sample is needed. 

l Drive weight assembly, 140-lb. weight, driving head and guide permitting free fall of 
30 inches. 

0 Stainless steel mixing bowls. 

0 Plus equipment listed under Section 5.3 of this procedure. 

The following steps shall be followed to obtain split-barrel samples: 

1. 

2. 

3. 

4. 

5.7 

Remove the drive head and nosepiece, and open the sampler to reveal the soil sample. 
Immediately scan the sample core with a real-time air monitoring instrument (e.g.. OVA, HNU, etc.). 
Carefully separate the soil core, with a decontaminated stainless steel knife or trowel, at about 
6-inch intervals while scanning the center of the core for elevated readings. Also scan stained soil, 
soil lenses, and anomalies (ii present), and record readings. 

Collect the volatile sample from the center of the core where elevated readings occurred. If no 
elevated readings where encountered the sample material should still be collected from the core’s 
center (this area represents the least disturbed area with minimal atmospheric contact). Refer to 
Section 52.1 of this procedure. 

Using the same trowel, remove remaining sample material from the split-barrel sampler (except for 
the small portion of disturbed soil usually found at the top of the core sample) and place the soil 
into a decontaminated stainless steel mixing bowl. Thoroughly homogenize the sample material 
prior to filling the remaining sample containers. Refer to Section 5.2.2 of this procedure. 

Follow steps 4 through 10 listed under Section 5.3.3 of this procedure. 

Excavation and Samplinq of Test Pits and Trenches 

6.7.1 Applicability 

This subsection presents routine test pit or trench excavation techniques and specialized techniques that 
are applicable under certain conditions. 

During the excavation of trenches or pits at hazardous waste sites, several health and safety concerns 
arise which control the method of excavation. All excavations that are deeper than 4 feet must be 
stabilized (before entry into the excavation) by bracing the pit sides using wooden or steel support 
structures. Personnel entering the excavation may be exposed to toxic or explosive gases and oxygen- 
deficient environments. In these cases, substantial air monitoring is required before entry, and 
appropriate respiratory gear and protective clothing is mandatory. There must be at least two persons 
present at the immediate site before entry by one of the investigators. The reader shall refer to OSHA 
regulations 29 CFR 1926, 29 CFR 1910.120, and 29 CFR 1910.134. 

019611/P Brown & Root Environmental 



Subject Number Page 

SA-1.3 9 of 20 

Revision Effective Da@ 
SOIL SAMPLING 3 03/01/96 

Excavations are generally not practical where a depth of more than about 15 feet is desired, and they 
are usually limited to a few feet below the water table. In some cases, a pumping system may be 
required to control water levels within the pit, providing that pumped water can’ be adequat:ely stored or 
disposed. If data on soils at depths greater than 15 feet are required, the data are usually obtained 
through test borings instead of test pits. 

In addition, hazardous wastes may be brought to the surface by excavation equipment. This material. 
whether removed from the site or returned to the subsurface, must be properly handled according to any 
and all applicable federal, state, and local regulations. 

5.7.2 Test Pit and Trench Excavation 

These procedures describe the methods for excavating and logging test pits and trenches excavated to 
determine subsurface soil and rock conditions. Test pit operations shall be logged and documented as 
described in SOP SA-6.3. 

Test pits and trenches may be excavated by hand or by power equipment to permit detailed description 
of the nature and contamination of the in-situ materials. The size of the excavation will depend primarily 
on the following: 

0 The purpose and extent of the exploration. 
0 The space required for efficient excavation. 
0 The chemicals of concern. 
0 The economics and efficiency of available equipment. 

Test pits normally have a cross section that is 4 to 10 feet square; test trenches are usually 3 to 6 feet 
wide and may be extended for any length required to reveal conditions along a specific line. The 
following table, which is based on equipment efficiencies, gives a rough guide for design consideration: 

Equipment 
Typical Widths, in 

Feet 

Trenching machine 2 

Backhoe 2-6 

Track dozer 10 

Track loader 10 

Excavator 10 

Scraper I 20 I 

The lateral limits of excavation of trenches and the position of test pits shall be carefully marked on area 
base maps. If precise positioning is required to indicate the location of highly hazardous waste materials, 
nearby utilities, or dangerous conditions, the !imits of the excavation shall be surveyed. Also, lf precise 
determination of the depth of buried materials is needed for design or environmental assessment 
purposes, the elevation of the ground surface at the, test pit or trench location shall also be determined 
by survey. If the test pit/trench will not be surveyed immediately, it shall be backfilled and its position 
identified with stakes placed in the ground at the margin of the excavation for later surveying. 

The construction of test pits and trenches shall be planned and designed in advance as much as 
possible. However, field conditions may necessitate revisions to the initial plans. The final depth and 
construction method shall be determined by the field geologist. The actual layout of each test pit, 
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temporary staging area and spoils pile will be predicated based on site conditions and wind direction at 
the time the test pit is made. Prior to excavation, the area can be surveyed by magnetometer or metal 
detector to identify the presence of underground utilities or drums. 

If the depth exceeds 4 feet and people will be entering the pit or trench, Occupational Safety and Health 
Administration (OSHA) requirements must be met (e.g., walls must be braced with wooden or steel 
braces, ladders must be in the hole at all times, and a temporary guardrail must be placed along the 
surface of the hole before entry. It is advisable to stay out of test pits as much as possible; if possible, 
the required data or samples shall be gathered without entering the pit. Samples of leachate, 
groundwater, or sidewall soils can be taken with telescoping poles, etc. 

Dewatering may be required to assure the stability of the side walls, to prevent the bottom of the pit from 
heaving, and to keep the excavation dry. This is an important consideration for excavations in 
cohesionless material below the groundwater table. Liquids removed as a result of dewatering 
operations must be handled as potentially contaminated materials. Procedures for the collection and 
disposal of such materials should be discussed in the site-specific project plans. 

5.7.3 Sampling in Test Pits and Trenches 

5.7.3.1 General 

Test pits and trenches are usually logged as they are excavated. Records of each test pit/trench will 
be made as described in SOP SA-6.3. These records include plan and profile sketches of the test 
pit/trench showing materials encountered, their depth and distribution in the pit/trench, and sample 
locations. These records also include safety and sample screening information. 

Entry of test pits by personnel is extremely dangerous and shall be avoided unless absolutely necessary. 
Pits more than 4 feet deep must be shored prior to entry, the “buddy” system must be used, and all 
applicable Health and Safety and OSHA requirements must be followed. 

The final depth and type of samples obtained from each test pit will be determined at the time the test 
pit is excavated. Sufficient samples are usually obtained and analyzed to quantify contaminant 
distribution as a function of depth for each test pit. Additional samples of each waste phase and any 
fluids encountered in each test pit may also be collected. 

In some cases, samples of soil may be extracted from the test pit for reasons other than waste sampling 
and chemical analysis, for instance, to obtain geotechnical information. Such information would include 
soil types, stratigraphy, strength, etc., and could therefore entail the collection of disturbed (grab or bulk) 
or relatively undisturbed (hand-carved or pushed/driven) samples, which can be tested for geotechnical 
properties. The purposes of such explorations are very similar to those of shallow exploratory or test 
borings, but often test pits offer a faster, more cost-effective method of sampling than installing borings. 

5.7.3.2 Samplinq Equipment 

The following equipment is needed for obtaining samples for chemical or geotechnical analysis from test 
pits and trenches: 

0 Backhoe or other excavating machinery. 

0 Shovels, picks and hand augers, stainless steel trowels. 

I 

019611/P Brown & Root Environment: 



.I, r., 

., -._ 

Subject Number Page 

SA-1.3 11 of 20 

Revision Effective Dato 
SOIL SAMPLING 3 03,/01/96 

0 Sample container - bucket with locking lid for large samples: appropriate bottleware for 
chemical or geotechnical analysis samples. 

0 Polyethylene bags for enclosing sample containers: buckets. 

l Remote sampler consisting of lo-foot sections of steel conduit (1 -inch-diameter), hose clamps 
and right angle adapter for conduit (see Attachment B). 

5.7.3.3 Samplinq Methods 

The methods discussed in this section refer to test pit sampling from grade level. If test pit entry is 
required, see Section 5.7.3.4. 

0 Excavate trench or pit in several depth increments. After each increment, the operator will 
wait while the sampler inspects the test pit from grade level to decide lf conditions are 
appropriate for sampling. (Monitoring of volatiles by the SSO will also be used to evaluate 
the need for sampling.) Practical depth increments range from 2 to 4 feet. 

The backhoe operator, who will have the best view of the test pit, will immediately cease digging if: 

0 Any fluid phase or groundwater seepage is encountered in the test pit. 

0 Any drums, other potential waste containers, obstructions or utility lines are encountered. 

0 Distinct changes of material are encountered. 

This action is necessary to permit proper sampling of the test pit and to prevent a breach of safety 
protocol. Depending upon the conditions encountered, it may be required to excavate more slowly and 
carefully with the backhoe. 

For obtaining test pit samples from grade level, the following procedure shall be followed: 

Remove loose material to the greatest extent possible with backhoe. 

Secure walls of pit if necessary. (There is seldom any need to enter a pit or 1:rench which 
would justify the expense of shoring the walls. All observations and samples c:an generally 
be taken from the ground surface.) 

Samples of the test pit material are to be obtained either directly from the bac:khoe bucket 
or from the material once it has been deposited on the ground. The sampler or Field 
Operations Leader directs the backhoe operator to remove material from the selected depth 
or location within the test pit/trench. The bucket is brought to the surface and moved away 
from the pit. The sampler and/or SSO then approaches the bucket and monitors its contents 
with a photoionization (HNU) or flame ionization (OVA) meter. The sample is collected from 
the center of the bucket or pile and placed in sample containers using a decontaminated 
stainless steel trowel or spatula. 

If a composite sample is desired, several depths or locations within the piit/trench are 
selected and a bucket is filled from each area. It is preferable to send individual sample 
bottles filled from each bucket to the laboratory for compositing under the more controlled 
laboratory conditions. However, if compositing in the field is required, each sample container 
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0 

5.7.3.4 

shall be filled from materials that have been transferred ,into a mixing bucket and 
homogenized. Note that homogenization/compositing is not applicable for samples to be 
subjected to volatile organic analysis. 

Using the remote sampler shown in Attachment 8, samples can be taken at the desired depth 
from the side wall or bottom of the pit. The face of the pit/trench shall first be scraped (using 
a long-handled shovel or hoe) to remove the smeared zone that has contacted the backhoe 
bucket. The sample shall then be collected directly into the sample jar, by scraping with the 
jar edge, eliminating the need to utilize samplers and minimizing the likelihood of cross- 
contamination. The sample jar is then capped, removed from the assembly, and packaged 
for shipment. 

Complete documentation as described in SOP SA-6.3. 

In-Pit Sampling 

Samples can also be obtained by personnel entering the test pit/trench. This is necessary when soil 
conditions preclude obtaining suitable samples from the backhoe bucket (e.g., excessive mixing of soils 
or wastes within the test pit/trench) or when samples from relatively small discrete zones within the test 
pit are required. This approach may also be necessary to sample any seepage occurring at discrete 
levels or zones in the test pit that are not accessible with remote samplers. 

In general, personnel shall sample and log pits and trenches from the ground surface, except as provided 
for by the following criteria: 

0 The project will benefit significantly from the improved quality of the logging and sampling 
data obtained if personnel enter a pit or trench rather than conduct such operations from the 
ground surface. 

0 There is no practical alternative means of obtaining such data. 

0 The Site Safety Officer determines that such action can be accomplished without breaching 
site safety protocol. This determination will be based on actual monitoring of the pit/trench 
after it is dug (including, at a minimum, measurements of volatile organics, explosive gases 
and available oxygen). 

0 An experienced geotechnical professional determines that the pit/trench is stable or is made 
stable (by grading the sidewalls or using shoring) prior to entrance of any personnel. OSHA 
requirements (Reference 1) must be strictly implemented. 

If these conditions are satisfied, one person will enter the pit/trench. On potentially hazardous waste 
sites, this individual will be dressed in safety gear as required by the conditions in the pit, usually Level B. 
He/she will be affixed to a safety rope and continuously monitored while in the pit. 

A second individual will be fully dressed in protective clothing including a self-contained breathing device 
and on standby during all pit entry operations. The individual entering the pit will remain therein for as 
brief a period as practical, commensurate with performance of his/her work. After removing the smeared 
zone, samples shall be obtained with a decontaminated trowel or spoon. As an added precaution, it is 
advisable to keep the backhoe bucket in the test pit when personnel are working below grade. Such 
personnel can either stand in or near the bucket while performing sample operations. In the event of a 
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cave-in they can either be lifted clear in the bucket, or at least climb up on the backhoe arm to reach 
safety. 

5.7.3.5 Geotechnical Samplinq 

In addition to the equipment described in Section 5.7.3.2, the following equipment is needed for 
geotechnical sampling: 

l Soil sampling equipment, similar to that used in shallow drilled boring (i.e.,. open tube 
samplers), which can be pushed or driven into the floor of the test pit. 

0 Suitable driving (i.e., a sledge hammer) or pushing (i.e., the backhoe bucket} equipment 
which is used to advance the sampler into the soil. 

0 Knives, spatulas, and other suitable devices for trimming hand-carved samples. 

l Suitable containers (bags, jars, tubes, boxes, etc.), labels, wax, etc. for holdinlg and safely 
transporting collected soil samples. 

0 Geotechnical equipment (pocket penetrometer, torvane, etc.) for field testing collected soil 
samples for classification and strength properties. 

Disturbed grab or bulk geotechnical soil samples may be collected for most soils in the same manner 
as comparable soil samples for chemical analysis. These collected samples may be stored in jars or 
plastic-lined sacks (larger samples), which will preserve their moisture content. Smaller samples of this 
type are usually tested for their index properties to aid in soil identification and classification., while larger 
bulk samples are usually required to perform compaction tests. 

Relatively undisturbed samples are usually extracted in cohesive soils using open tube samplers, and 
such samples are then tested in a geotechnical laboratory for their strength, permeability and/or 
compressibility. The techniques for extracting and preserving such samples are similar to those used 
in performing Shelby tube sampling in borings, except that the sampler is advanced by hand or backhoe, 
rather than by a drill rig. Also, the sampler may be extracted from the test pit by excavation around the 
sampler when it is difficult to pull it out of the ground. If this excavation requires entry of the test pit, the 
requirements described in Section 5.7.3.4 of this procedure must be followed. The open tube sampler 
shall be pushed or driven vertically into the floor or steps excavated in the test pit at the desired sampling 
elevations. Extracting tube samples horizontally from the walls of the test pit is not appropriiate, because 
the sample will not have the correct orientation. 

A sledge hammer or the backhoe may be used to drive or push the sampler or tube into the ground. 
Place a piece of wood over the top of the sampler or sampling tube to prevent damage during 
driving/pushing of the sample. Pushing the sampler with a constant thrust is always preferable to driving 
it with repeated blows, thus minimizing disturbance to the sample. If the sample cannot be extracted 
by rotating it at least two revolutions (to shear off the sample at the bottom), hand-excavate to remove 
the soil from around the sides of the sampler. If hand-excavation requires entry of the test pit, the 
requirements in Section 5.7.3.4 of this procedure must be followed. Prepare, label, pack and transport 
the sample in the required manner, as described in SOP SA-6.3. 
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5.7.4 Backfilling of Trenches and Test Pits 

Before backfilling, the onsite crew shall photograph all significant features exposed by the test pit and 
trench and shall include in the photograph a scale to show dimensions. Photographs of test pits shall 
be marked to include site number, test pit number, depth, description of feature, and date of photograph. 
In addition, a geologic description of each photograph shall be entered in the site logbook. All 
photographs shall be indexed and maintained as part of the project file for future reference. 

After inspection, backfill material shall be returned to the pit under the direction of the FOL 

If a low permeability layer is penetrated (resulting in groundwater flow from an upper contaminated flow 
zone into a lower uncontaminated flow zone), backfill material must represent original conditions or be 
impermeable. Backfill could consist of a soil-bentonite mix prepared in a proportion specified by the FOL 
(representing a permeability equal to or less than original conditions). Backfill can be covered by “clean” 
soil and graded to the original land contour. Revegetation of the disturbed area may also be required. 

5.8 Records 

Either a single Sample Log Sheet (see Attachment C-l) or a multiple Sample Log Sheet (see 
Attachment C-2) must be completed by the site geologist/sampler. All soil sampling locations must be 
documented by tying in the location of two or more nearby permanent landmarks (building, telephone 
pole, fence, etc.) and shall be located on a single Sample Log Sheet, site map or field notebook. 
Surveying may also be necessary, depending on the project requirements. Composite samples must 
be recorded on the single Sample Log Sheet. Grab samples can be recorded on either the Single or 
Multiple Sample Log Sheets. However, if the Multiple Sample Log Sheet is used, a detailed map showing 
all soil sampling locations must be provided with the log sheet and must be referenced in the remarks 
section of the Multiple Sample Log Sheet. 

Test pit logs shall contain a sketch of pit conditions (see Attachment D, Test Pit Log Form). In addition, 
at least one photograph with a scale for comparison shall be taken of each pit. Included in the 
photograph shall be a card showing the test pit number. Boreholes, test pits and trenches shall be 
logged by the field geologist in accordance with SOP GH-1.5. Other data to be recorded in the field 
logbook include the following: 

0 

0 

0 

0 

0 

0 

0 

0 

l 

0 

0 

0 

Name and location of job. 
Date of boring and excavation. 
Approximate surface elevation. 
Total depth of boring and excavation. 
Dimensions of pit. 
Method of sample acquisition. 
Type and size of samples. 
Soil and rock descriptions. 
Photographs. 
Groundwater levels. 
Organic gas or methane levels. 
Other pertinent information, such as waste material encountered. 
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AlTACHMENT C-l 
SINGLE SAMPLE LOG SHEET (SOIL) 

Project Site Name: 

Project No.: 

Cl Surface Soil 
0 Subsurface Soil 
c3 Sediment 
Cl Other 
Cl QA Sample Type: 

SINGLE SAMPLE LOG SHEET 

Sample IO No.: 

Sample Location: 

Sampled By: 

C.O.C. No.: 

Page of -- 

Sample Method: 

Depth Sampled: 

Sample Time Color/Description 

Sample Date and Time: 
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AlTACHMENT D 
TEST PIT LOG 

TEST PIT LOG 

PROJECT: 

PROJECT NO 
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_ TEST PIT NO. : 

DATE: 

MATfRlAl DE SCRIPTION 
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1.0 PURPOSE 

The purpose of this Standard Operating Procedure (SOP) is to provide information on sample 
preservation, packaging, and shipping procedures to be used in handling environmental samples 
submitted for chemical constituent, biological, or geotechnical analysis. Sample chain-of-custody 
procedures and other aspects of field documentation are addressed in SOP SA-6.3. Sample identification 
is addressed in SOP CT-04. 

2.0 SCOPE 

This procedure: 

0 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. 

0 Provides instruction for sample packaging and shipping in accordance with current 
U.S. Department of Transportation (DOT) regulations. 

3.0 GLOSSARY 

Hazardous Material - A substance or material which has been determined by the Secretary of 
Transportation to be capable of posing an unreasonable risk to health, safety, and property when 
transported in commerce, and which has been so designated. Under 49 CFR, the term includes 
hazardous substances, hazardous wastes, marine pollutants, and elevated temperature materials, as well 
as materials designated as hazardous under the provisions of § 172.101 and 5 172.102 and materials that 
meet the defining criteria for hazard classes and divisions in Part 173. 

Hazardous Waste - Any substance listed in 40 CFR. Subpart D (y261.30 et seq.), or otherwise 
characterized as ignitable, corrosive, reactive, or toxic (as defined by Toxicity Characteristic Leaching 
Procedure, TCLP, analysis) as specified under 40 CFR, Subpart C (q61.20 et seq.), that would be 
subject to manifest requirements specified in 40 CFR 262. Such substances are defined and regulated 
by EPA. 

Marking - A descriptive name, identification number, instructions, cautions, weight, specification or UN 
marks, or combination thereof required on outer packaging of hazardous materials. 

n.o.i - Not otherwise indicated (may be used interchangeably with n.o.s.). 

n.o.s. - Not otherwise specified. 

ORM - Other regulated material (see DOT 49 CFR 173.144). 

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. 
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Common Preservatives: 

0 Hydrochloric Acid - HCI 
0 Sulfuric Acid - H,SO, 
0 Nitric Acid - HNO, 
0 Sodium Hydroxide - NaOH 

Other Preservatives 

l Zinc Acetate 
0 Sodium Thiosulfate - Na,S,O, 

Normaiitv (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. Thus, a 
one-molar solution of HCI, containing 1 gram-atom of H, is “one normal,” whereas a one-molar solution 
of H,SO,, containing 2 gram-atoms of H, is “two normal.” 

Reportable Quantity (RQ) - For the purposes of this SOP, means the quantity specified in column 3 of 
the Appendix to DOT 49 CFR fl72.101 for any material identified in column 1 of the appendix. A spill 
greater than the amount specified must be reported to the National Response Center. 

Sample - A sample is physical evidence collected from a facility or the environment, which is 
representative of conditions at the location and time of collection. 

4.6 RESPONSIBILITIES 

Field Operations Leader - Directly responsible forthe bottling, preservation, labeling, packaging, shipping, 
and custody of samples up to and including release to the shipper. 

Field Samplers - Responsible for initiating the Chain-of-Custody Record (per SOP SA-6.3) implementing 
the packaging and shipping requirements, and maintaining custody of samples until they are relinquished 
to another custodian or to the common carrier. 

5.0 PROCEDURES 

Sample identification, labeling, documentation, and chain-of-custody are addressed by SC)P SA6.3. 

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 organlic chemicals 
may dissolve various types of plastic containers. Attachments A and B show proper contailners (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 durilng 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 bottle orders. 
Therefore, it is critical to use the correct container to maintain the integrity of the sample prior to analysis. 
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Once opened, the container must be used at once for storage of a particular sample. Unused but 
opened containers are to be considered contaminated and must be discarded; because of the potential 
for introduction of contamination, they cannot be reclosed and saved for later use. 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 changes that inevitably take place after the sample is collected. Preservation techniques are 
usually limited to pH control, chemical addition(s), and refrigeration/ freezing (certain biological samples 
only). 

5.2.1 Overview 

The preservation techniques to be used for various analytes are listed in Attachments A and B. Reagents 
required for sample preservation will either be added to the sample containers by the laboratory prior 
to their shipment to the field or be added in the field (in a clean environment). Only high purii reagents 
shall be used for preservation. In general, aqueous samples of low-concentration organics (or soil 
samples of low- or medium-concentration organics) are cooled to 4%. Medium-concentration aqueous 
samples and high-hazard organics samples are typically not preserved. Low-concentration aqueous 
samples for metals are acidified with HNO,, whereas medium-concentration and high-hazard aqueous 
metal samples are not preserved. Low- or medium-concentration soil samples for metals are cooled to 
4°C whereas high-hazard samples are not preserved. 

The following subsections describe the procedures for preparing and adding chemical preservatives. 
Attachments A and B indicate the specific analytes which require these preservatives. 

5.2.2 Preparation and Addition of Reagents 

Addition of the following acids or bases may be specified for sample preservation; these reagents shall 
be analytical reagent (AR) grade or purer and shall be diluted to the required concentration with 
deionized water before field sampling commences. To avoid uncontrolled reactions, be sure toAdd/Jcid 
to water (not vice versa). A dilutions guide is provided below. 

Acid/Base Dilution 
Estimated 

Concentration Amount Required 
for Preservation 

Hydrochloric Acid (HCI) 
1 part concentrated HCI: 1 part 
doubledistilled, deionized water 6N 5-10 mL 

Sulfuric Acid (H,SO,) 
1 part concentrated H2S04: 1 part 
double-distilled, deionized water 

18N 2-5mL 

Nitric Acid (HNO,) Undiluted concentrated HNO, 16N 2-5mL 

Sodium Hydroxide 
400 grams solid NaOH dissolved in 

(NaOH) 
870 mL double-distilled, deionized 10N 2 mL 
water; yields 1 liter of solution 

4 
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The amounts required for preservation shown in the above table assumes proper preparation of the 
preservative and addition of the preservative to one liter of aqueous sample (assuming that the sample 
is initially at pH 7, is poorly buffered, and does not contain particulate matter; as these conditions vary, 
more preservative may be required). Consequently, the final sample pH must be checked using narrow- 
range pH paper, as described in the generalized procedure detailed below: 

0 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 (O-14) pH paper. Never dip the piH paper into 
the sample; always apply a drop of sample to the pH paper using a clean stirring rod or 
pipette. 

0 Add about one-half of the estimated preservative required to the original sample bottle. Cap 
and invert gently several times to mix. Check pH (as described above) using medium 
range pH paper (pH O-6 or pH 7.5-14, as applicable). 

0 Cap sample bottle and seal securely. 

a Additional considerations are discussed below: 

0 To test if ascorbic acid must be used to remove oxidizing agents present ini 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 1:he 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, generalfy, above. 

a 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 
doubledistilled, deionized water to make 1 liter of solution. 

The sample pH is then raised to 9 using the NaOH preservative. 

0 To test of sodium thiosulfate must be added to remove residual chlorine from a sample, test 
the sample for residual chlorine using a field test kit especially made for this purpose. 

If residual chlorine is present, add 0.08 grams of sodium thiosulfate per liter of sample to 
remove the residual chlorine. 

Continue with proper acidification of the sample as described, generally, above. 

For biological samples, 10% buffered formalin or isopropanol may also be required for preservation. 
Questions regarding preservation requirements should be resolved through communication with the 
laboratory before sampling begins. 
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5.3 Field Filtration 

At times, field-filtration may be required to provide for the analysis of dissolved chemical constituents. 
Field-filtration must be performed prior to the preservation of samples as described above. General 
procedures for field filtration are described below: 

a 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 silicon tubing, and a peristaltic pump with pressure or vacuum pumping squeeze 
action (since the sample is filtered by mechanical peristalsis, the sample travels only 
through the tubing). 

0 To perform filtration, thread the silicon tubing through the peristaltic pump head. Attach the 
filter canister to the discharge end of the silicon tubing (note flow direction arrow); attach 
the aqueous sample container to the intake end of the silicon tubing. Turn the peristaltic 
pump on and perform filtration. 

l Continue by preserving the filtrate (contained in the filter canister), as applicable and 
generally described above. 

5.4 Sample Packaqing and Shippinq 

Samples collected for shipment from a site shall be classified as either environmental or hazardous 
material samples. Samples from drums containing materials other than Investigative Derived Waste (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: 

0 Determine appropriate procedures for transportation of samples (if there is any doubt, a 
sample shall be considered hazardous and shipped accordingly.) 

l Protect the health and safety of transport and laboratory personnel receiving the samples 
(special precautions are used by the shipper and at laboratories when hazardous materials 
are received.) 

Detailed procedures for packaging environmental and hazardous material samples are outlined in the 
remainder of this section. 

5.4.1 Environmental Samples 

Environmental samples are packaged as follows: 

0 Place sample container, properly identified and with lid securely fastened in a plastic bag 
(e.g. Ziploc baggie), and seal the bag. 

0 Place sample in a cooler constructed of sturdy material which has been lined with a large, 
plastic (e.g. “garbage” bag). 

l Pack with enough noncombustible, absorbent, cushioning materials such as vermiculite 
(shoulders of bottles must be iced if required) to minimize the possibility of the container 
breaking. 

I 
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0 If cooling is required (see Attachments A and B), double-bag ice in Ziploc baggies and 
place around container shoulders, and on top of absorbent packing material (minimum of 
8 pounds of ice for a medium-size cooler). 

l Seal (i.e., tape or tie top in knot) large liner bag. 

0 The original (top, signed copy) and extra carbonless copies 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 first cooler. The COC form should then state how many coolers are included with 
that shipment. 

0 Close and seal outside of cooler as described in SOP SA-6.3. Signed custody seals must 
be used. 

Coolers must be marked as containing “Environmental Samples.” The appropriate side of the container 
must be marked “This End Up” and arrows placed appropriately. No DOT marking or labeling is 
required; there are no DOT restrictions on mode of transportation. 

5.4.2 Determination of Shipping Classification for.Hazardous Material Samples; 

Samples not determined to be environmental samples, or samples known or expected to contain 
hazardous materials, must be considered hazardous material samples and transported according to the 
requirements listed below. 

5.4.2.1 Known Substances 

If the substance in the sample is known or can be identified, package, mark, label, and ship according 
to the specific instructions for that material (if it is listed) in the DOT Hazardous Materials Table, 
49 CFR 172.101. (DOT Guide for shippers can be found in Attachment D of this document.) 

To determine the proper shipping name, use the following steps to help locate the shipping name on the 
Hazardous Materials Table, DOT 49 CFR 172.101. 

1. Look first for the chemical or technical name of the material, for example, ethyl alcohol. 
Note that many chemicals have more than one technical name, for example, 
perchloroethylene (not listed in 172.101) is listed as tetrachloroethylene (listed 172.101). 
It may be useful to consult a chemist for all possible technical names a material can have. 
If your material is not listed by its technical name, then . . . 

2. Look for the chemical family name.’ For example, pentyl alcohol is not listed but the 
chemical family name is: alcohol, n.o.s. (not otherwise specified). If the chemical family 
name is not listed, then . . . 

3. Look for a generic name based on end use. For example, Paint, n.o.s or Fireworks, n.o.s. 
If a generic name based on end use is not listed, then . . . 

4. Look for a generic family name based on end use, for example, drugs, n.o.s. or cosmetics, 
n.o.s. Finally, if your material is not listed by a generic family name but yo~u suspect or 
know the material is hazardous because it meets the definition of one or more hazardous 
classes, then . . . 
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5. You will have to use the general hazard class for a proper shipping name. For example, 
Flammable Liquid, n.o.s, or Oxidizer, n.o:s. 

5.4.2.2 Unknown Substances 

For samples of hazardous substances of unknown content, select the appropriate transportation category 
according to the DOT hazardous materials classification of a material having more than one hazard. This 
procedure is outlined in DOT Regulation 49 CFR 173.2a. (This can be found in Attachment C of this 
SOP.) 

The correct shipping classification for an unknown sample is selected through a process of elimination, 
as outlined in DOT Regulation 49 CFR 172.101(~)(11). By using the provisions in this paragraph, the 
proper shipping name and description will be determined. A step-by-step guide is provided by the 
Department of Transportation (DOT) and can be found in Attachment D of this SOP. 

5.4.3 Packaging and Shipping of Samples Classified as Flammable Liquid (or Solid) 

5.4.3.1 Packaqinq 

Applying the word “fiammable” to a sample does not imply that it is in fact flammable. The word 
prescribes the class of packaging according to DOT regulations. 

1. Containerize sample as required (see Attachments A and B). To prevent leakage, fill 
container no more than 90 percent full. Seal lid with teflon tape or wire. 

2. Complete sample label and attach securely to sample container. 

3. Seal container and place in 2-mil-thick (or thicker) polyethylene bag (e.g., Ziploc baggie), 
one sample per bag. Position sample identification label so that it can be read through 
bag. Seal bag. 

4. For soil jars. place sealed bag inside metal can (available from laboratory or laboratory 
supplier) and cushion it with enough noncombustible, absorbent material (for example, 
vermiculite or diatomaceous earth) between the bottom and sides of the can and bag to 
prevent breakage and absorb leakage. Pack one bag per can. Use clips, tape, or other 
positive means to hold can lid securely, tightly and permanently. Mark can as indicated in 
Paragraph 1 of Section 5.3.4.2, below. Single l-gallon bottles do not need to be placed in 
metal cans. 

5. Place one or more metal cans (or a single l-gallon bottle) into a strong outside container, 
such as a metal picnic cooler or a DOT-approved fiberboard box. Surround cans (or bottle) 
with noncombustible, absorbent cushioning materials for stability during transport. The 
absorbent material should be able to absorb the entire contents of the container. Mark 
container as indicated in Paragraph 2 below. 

5.4.3.2 Markinq/Labeling 

1. Use abbreviations only where specified. Place the following information, either hand-printed 
or in label form, on the metal can (or l-gallon bottle): 

0 Laboratory name and address. 

01961 l/P Brown & Root Environmental 
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0 Proper shipping name from the hazardous materials table (DOT Regula- 
tion CFR 49 172.101). Example: “Flammable Liquid, nos. UN1993” or “Flammable 
Solid, n.o.s. UN1325.” This will include packing group (see Section 5.3.4.2, No. 2.) 

Not otherwise specified (n.o.s) is not used if the flammable liquid (or solid) is Iidentified. If 
identified, the name of the specific material is listed before the category (for example, 
Acetone, flammable Liquid), followed by its appropriate UN number found in the DOT 
Hazardous Materials table (49 CFR 172.101). 

2. Determine packing group. The packing group is part of the proper shipping name and 
must be included on the shipping papers in the description section. 

I. Most Hazardous 
II. Medium Hazard 
III. Least Hazardous 

The packing group will be listed in the hazardous materials table, column 5. 

3. Place all information on outside shipping container as on can (or bottle), specifically: 

l Proper shipping name 
0 UN or NA number 
l Proper label(s) 
0 Addressee and sender 

Place the following labels on the outside shipping container: “Cargo Aircraft Only” and DOT 
label such as: “Flammable Liquid” (or “Flammable Solid”). “Dangerous When Wet” label 
shall be used if the Flammable Solid has not been exposed to a wet environment. 
“Laboratory Samples” and “THIS SIDE UP” or “THIS END UP” shall also be miarked on the 
top of the outside container, and upward-pointing arrows shall be placed on ;all four sides 
of the container. 

5.4.3.3 

1. 

Shipoino Papers 

Use abbreviations only where specified. Complete the carrier-provided bill of lading and 
sign certification statement. Provide the following information in the order listed (one form 
may be used for more than one exterior container): 

0 Proper shipping name. (Example: “Flammable Liquid, n.o.s. UN1993” or “Flammable 
Solid, n.o.s. UN1325 Packing Group I, II, Ill”). 

0 “Limited Quantity” (or “Ltd. Qty.“). (See No. 3, below.) 

l “Cargo Aircraft Only.” 

0 Net weight (wt) or net volume (vol), just before or just after “Flammable Liquid, nos.” 
or “flammable Solid, n.o.s.,” by item, if more than one metal can is inside an exterior 
container. 

0 “Laboratory Samples” (ii applicable). 
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2. Include Chain-of-Custody Record, properly executed in outside container; use custody 
seals. 

3. “Limited Quantity” means the maximum amount of a hazardous material for which there is 
a specific labeling or packaging exception (DOT CFR 49 171.8). This may mean that 
packages are exempted from labeling requirements. To determine if your sample meets 
the Limited Quantity Exception, refer to DOT Regulation CFR 49 Subpart C 173.50 through 
173.156. First, determine the proper classification and shipping name for the material; then 
refer to the exception requirements for that particular class of material beginning with 
173.50. 

Example: “flammable Liquid n.o.s. UN1993 Packing Group 1.” The outer package can 
weigh no more than 66 pounds gross weight. The inner package or container can weigh 
no more than 0.1 gallon net capacity for each container. 

To determine whether the material can be shipped as a “Limited Quantity,” you must check 
the specific requirement for that class of material. 

5.4.3.4 

1. 

Transportation 

The majority of unknown hazardous substance samples will be classified as flammable 
liquids. The samples will be transported by rented or common carrier truck, railroad, or 
express overnight package services. Do not transport samples on any passenger-carrying 
air transport system, even If the system has cargo-only aircraft. DOT regulations permit 
regular airline cargo-only aircraft, but difficulties with most suggest avoiding them. Instead, 
ship by airline carriers that carry only car o. If unsure of what mode of transportation to 
use, consult the FOL or Project 9 Manager. 

2. For transport by government-owned vehicle, including aircraft, DOT regulations do not 
apply. However, procedures described above, with the exception of execution of the bill 
of lading with certification, shall still be followed. 

3. Use the hazardous materials shipping check list (Attachment E) as a guidance to ensure 
that all sample-handling requirements are satisfied. 

4. In some cases, various materials may react if they break during shipment. To determine 
if you are shipping such materials, refer to the DOT compatibility chart in Attachment F. 

5.5 Shipment of Lithium Batteries 

Monitoring well data are analyzed using either the Hermit SE 1000 or the Hermit SE 2000 environmental 
data logger. These instruments are powered by lithium batteries. The Department of Transportation has 
determined that lithium batteries are a hazardous material and are to be shipped using the following 
information: 

’ Note: If you are unsure as how to ship the sample (hazardous or environmental sample), 
contact the FOL or Project Manager so that a decision can be made as to the proper 
shipping practices. The DOT penalties for improper shipment of a hazardous material are 
stringent and may include a prison term for intentional violations. 
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l Product Designation 
Hermit SE 1000 
Hermit SE 2000 

l DOT Proper Shipping Name 
Lithium batteries, contained in equipment, UN3091 

l Classification or Division 
Class 9 

Shipment of equipment containing lithium batteries must be accompanied by shipping papers completed 
as indicated in Attachment G. The instrument will be shipped by Federal Express as a Hazardous 
Material. Place the instrument in the same container in which it was received. This container or case 
is a DOT-approved shipping container. For Federal Express procedures to ship hazardous materials, 
call 1-800-238-5355, extension 922-1666. In most cases, the return shipping papers and DOT labels will 
be shipped to you from the company warehouse or the vendor. An example of the types of labels used 
for shipment and the wording are shown in Attachment G. These labels will be attached to the outside 
container with the following wording: 

l Lithium Batteries Contained in Equipment 
UN-3091 
Shipped Under CA-9206009 

6.0 REFERENCES 

American Public Health Association, 1981. Standard Methods for the Examination of Water and 
Wastewater, 15th Edition. APHA, Washington, DC. 

U.S. Department of Transportation, 1993. Hazardous Materials Regulations, 49 CFR 171 -I 77. 

U.S. EPA, 1984. “Guidelines Establishing Test Procedures for the Analysis of Pollutants under Clean 
Water Act.” Federal Register, Volume 49 (209), October 26, 1984, p. 43234. 

U.S. EPA, 1979. Methods for Chemical Analvsis of Water and Wastes. EPA-600/4-79-020, U.S. EPA- 
EMSL, Cincinnati, Ohio. 
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ATTACHMENT A 

GENERAL SAMPLE CONTAINER AND PRESERVATION REQUIREMENTS 

Sample Type and Concentration ContaineY Sample Size PreservatioG Holding Time[21 

WATER 

I 
voc Low Borosilicate glass 

I 
2x4OmL cool to 4-C 

HCI to s 2 I 
14 days(s) 

oesticide/PCBs) 

I 7 days to extractron; 
40 days after 
extraction 

None 
7 days to extraction; 
40 days after 
extraction 

I Metals Low HNO, to pH s2 
I 

6 months (Hg-28 

days) I 

lnorganics 

id 

None 

NaOH to 
pH>12 

None 

None 

6 months 

14 days 

14 days 

14 days Organic/ 
Inorganic 

Cyanide 

High Hazard 

Medium Wade-mouth glass 16 oz. 

Wide-mouth glass 8 oz. 

-a.. 
SOIL 

Wade-mouth glass with 
teflon liner I 

2 x 4 oz. cool to 4% 
I 

14 days 
I 

Wide-mouth glass 8 oz. 

1 I 
Extractables (Medium 1 I I14 days to extraction: 

14 days to extraction; 
~ cool to 4% 

I 
40 days after 
extraotion I 

I SVOCs and 
pesticides/PCBs) 

Wide-mouth glass 

I 
8 oz. 

I 
cool to 4% 

I 
40 days after 
extraction I 

Wade-mouth glass lnorganics Low/Medium 

Organic/ 
inorganic 

High Hazard I Wade-mouth glass 
I 

8 oz. 
I 

None I NA 
I I I 

17 days until 

Wde-mouth glass I None extraction: 
40 days after 
extraction 

Dioxin/Furan All 4 oz. 

TCLP 

_ _- 

All Wide-mouth glass 8 oz. None 
7 days until 
preparation; analysis 
as per fraction 

AIR 

Charcoal tube - 7 cm 
long, 6 mm OD, 4 mm ID 

100 L air cool to 4% 5 days 
recommended 

(1) 

(21 
All glass containers should have Teflon cap liners or septa. 
See Attachment E. Preservation and maximum holding time allowances per 40 CFR 186. 
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AlTACHMENT B 

ADDITIONAL REQUIRED CONTAINERS, PRESERVATION TECHNIQUES, 
AND HOLDING TlMES 

Parameter Number/Name 

INORGANIC TESTS: 

Container(‘) 
Maximum IHolding 

Timei4) 
/ 

Acidity I P, G 1 cool, 4% 14 days 

Alkalinity P, G 1 cool, 4oc [ 14days 1 

[ Ammonia - Nitrogen I P, G 1 Cool, 4%; H,SO, to pH 2 1 28 days _I 
Biochemical Oxygen Demand (BOO) 

Bromide 

Chemical Oxygen Demand (COD) 

Chloride 

Chlorine, Total Residual 

Color 

Cyanide, Total and Amenable to 
Chlorination 

P, G 

P. G 

P, G 

P, G 

P, G 
P, G 

P, G 

cool, 49c 48 hours 

None required 28 days 

Cool, 4%; H$O, to pH 2 28 days 

None required 28 days 

None required Analyze immediately 

cool, 4% 48 hours 

Cool, 4% NaOH to pH 12; 
0.6 g ascorbic acidm 

14 days’@ 

Ruoride I P None required 128days 

Hardness 

Total Kjeldahl and Organic Nitrogen 

Nitrate - Nitrogen 

Nitrate-Nitrite - Nitrogen 

Nitrite - Nitrogen 

Oil & Grease 

Total Organic Carbon (TOC) 

P, G 

f’, G 

P. G 
P, G 
P. G 

G 

P, G 

HNO, to pH 2; 
H$O, to pH 2 

6 months 

Cool, 4% H,SO, to pH 2 26 days 

None required 48 hours 

Cool. 4°C; H,SO, to pH 2 28 days 

cool. 4% 48 hours 

Cool, 4%; H,SO, to pH 2 28 days 

Cool, 4°C; HCI or H,SO, to 
oH 2 

28 days 

I Orthophosphate I P, G 
I 

Filter immediately; 
cool. 4°C I 48 hours 

Oxvoen. Dissolved-Probe 

Oxvaen. Dissolved-Wrnkler 

Phenols 

Phosphorus, Total 

Residue, Total 

Residue, Filterable (TDS) 

Residue, Nonfilterable FSS) 

Residue, Settleable 

Residue, Volatile (Ash Content) 

Silica 

Specific Conductance 

Sulfate 

1 G Bottle &too f None reouired 1 Analvze immediatelv I 

1 G Bottle 81 too I FIX on site and store in dark I 8 hours 

G 

P. G 
P, G 

P, G 
P, G 
P, G 
P, G 

P 

P, G 
P, G 

Cool, 4°C; H,SO, to pH 2 

Cool, 4°C: H,SO, to pH 2 

cool, 4°C 

cool, 4% 

cool, 4-c 

cool, 4% 

cool. 4°C 

cool. 4% 

cool, 4% 

Cool, 4% 

28 days 

28 days 

7 days 

7 days 

7 days 

48 hours 

7 days 

28 days 

28 days 

28 days 
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AlTACHMENT B 
ADDITIONAL REQUIRED CONTAINERS, PRESERVATION TECHNIQUES, 
AND HOLDING TIMES 
PAGE TWO 

Parameter Number/Name 

INORGANIC TESTS (Cont’d): 

Sulfide 

Sulfite 

Turbidity 

METALS:” 
Chromium VI (Hexachrome) 

Mercury (Hg) 

Metals, except Chromium VI and 
Mercury 

ORGANIC TESTS:‘” 

Purgeable Halocarbons 

Container(‘) Presewation(2)(3) 
Maximum Holding 

Timet4) 

Cool, 4’C; add zinc acetate 
P. G plus sodium hydroxide to 7 days 

pH9 

f’, G None required Analyze immediately 

P, G cool, 4oc 48 hours 

P, G cool, 4oc 24 hours 

P, G HNO, to pH 2 28 days 

P, G HNOs to pH 2 6 months 

I G, Teflon-lined 
seotum I 

cool 4~c. , 
* , 0.008% ~4~20~~ 14 days 

,  - . J  - - - . -  . - - . . . .  

I 
. .-. -.-.. . 

purneab’a Arnmatic Hydrocarbons 

Arrhjain and Acrylonitrile 

Phenol# 

Benzidines”“, (12) 

G, Teflon-lined Cool, 4*C; 0.008% Na$,4” 
septum HCltopH2@ 

,4 days 

G, Teflon-lined Cool, 4OC; 0.608% N S 0 (5) 
septum aismz 3 adjust pH to 4-5 

,4 days 

G, Teflon-lined cool, 4oc; o.m8% N4s,03m 7 days until extractioni 
r=P 40 days after extraction 

G, Teflon-lined 
cap Cool, 4°C; 0.608% Na&036’ 7 days until extractionu3) 

Phthalate esters”” 

I 

G, Tefz;-lined coo,, 4oC 7 days until extraction: 
40 days after extraction 

Nitrosamines!“‘~ (“I 

PCBs”” 

G. Teflon-lined Cool, 4OC; store in dark; 
0.008% Na&O,” cap 

G, Tefii;-lined cool, 40C 

7 days until extraction; 
40 days after extraction 

7 days until extraction; 
46 days after extraction 

Nitroaromatics & Isophorone’“) 

Polynuclear Aromatic Hydrocarbons 
(p~s)lll’.“41 

Haloether@ 

G, Teflon-lined Cool, 4OC; 0.908% 

N@,4’? 
7 days until extraction: 

cap store in dark 40 days after extraction 

G, Teflon-lined Cool. 4*C; 0.968% 7 days until extraction: 
MP N+,O,? store in dark 40 days after extraction 

G, Teflon-lined 

cap 
cool, 4oc; 0.m8% N4s,03i% 7 days until extractioni 

40 days after extraction 

Dioxin/Furan (TCDD/TCDF)nl’ G, Teflon-lined 

=P 
Cool, 4OC; 0.008% Na&O,” ;;yss~;e;;t~r~~inn 
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A-ITACHMENT B 
ADDITIONAL REQUIRED CONTAINERS, PRESERVATION TECHNIQUES, 
AND HOLDING TIMES 
PAGE THREE 

Parameter Number/Name Container(‘) Preservation(2)(3) 

RADIOLOGICAL TESTS: 
l-5 Alpha, beta and radium I P, G HNO, to pH 2 6 months 

1 

(1) Polyethylene (P): generally 500 ml or Glass (G): generally 1L. 
(2) Sample preservation should be performed immediately upon sample collection. For composite chemical samples 

each aliquot should be preserved at the time of collection. When use of an automated sampler makes it impossible 
to preserve each aliquot, then chemical samples may be preserved by maintaining at 4°C until 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 Department of Transportation Hazardous Materials Regulations (49 CFR Part 172). 

(4) Samples should be analyred 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 GC/MS for specific compounds. 
(9) Sample receiving no pH adjustment must be analyzed within 7 days of sampling. 
(10) The pH adjustment is not required if acrolein will not be measured. Samples for acrolein receiving no pH 

adjustment must be analyzed within 3 days of sampling. 
(11) When the extractable analytes of concern fall within a single chemical category, the specified preservative and 

maximum holding times should be observed for optimum safeguard of sample integrity. When the analytes of 
concern fall within two or more chemical categories, the sample may be preserved by cooling to 4*C, reducing 
residual chlorine with 0.008% sodium thiosulfate, storing in the dark, and adjusting the pH to 6-9: samples preserved 
in this manner may be held for 7 days before extraction and for 40 days after extraction. Exceptions to this optional 
preservation and holding time procedure are noted in footnote 5 (re: the requirement for thiosulfate reduction of 
residual chlorine) and footnotes 12. 13 (re: the analysis of benzidine). 

(12) lf 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% Na&O, and adjust pH to 7-10 with NaOH within 24 hours of 
sampling. 

(15) The pH adjustment may be performed upon receipt at the laboratory and may be omitted if the samples are 
extracted within 72 hours of collection. For the analysis of aldrin, add 0.008% Na.$,O,. 
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ATTACHMENT C 

DOT HAZARDOUS MATERIAL CLASSIFICATION 
(49 CFR 173.2a) 

1. Radioactive material (except a limited quantity) 

2. Division 2.3, Poisonous Gases 

3. Division 2.1, Flammable Gas 

4. Division 2.2, Nonflammable gas 

5. Division 6.1, Poisonous Liquids, Packing Group 1 (poison by inhalation only) 

6. Division 4.2, Pyrophoric Material 

7. Division 4.1, Self-Reactive Material 

8. Class 3, Flammable Liquids* 

9. Class 8, Corrosive Material 

10. Division 4.1, Flammable Solid* 

11. Division 4.2, Spontaneously Combustible Materials* 

12. Division 4.3, Dangerous When Wet Materials* 

13. Division 5.1, Oxidizers* 

14. Division 6.1, Poisonous Liquids or Solids (other than Packing Group l)* 

15. Combustible liquid 

16. Class 9, Miscellaneous Hazardous Materials 

* If a material has or meets the criteria for more than one hazard class, use the precedence of hazardous 
table on the following page for Classes 3 and 8 and Divisions 4.1, 4.2, 4.3, 5.1, and 6.1. The following table 
ranks those materials that meet the definition of Classes 3 and 8 and Divisions 4.1, 4.2, 4.3, 5.1, and 6.1. 
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PRECEDENCEOFHAZARDTABLE 

(Hazard Class and Packing Group) 

6.1 
6.1 6.1 

8 8 8 8 8 8 I 
II III 

I I II II Ill Ill 
(Oral) (Liquid) (Solid) (Liquid) (Solid) (Liquid) (Solid) 

3 3 3 3 (d 3 Id 3 Id 

3 3 3 8 id 3 Id 3 Id 

I 13PdI Id 6.1 6.1 3’4 8 Id 8 
I I I I 

6.1 4.1 4.1 Id R lc’ 14.1 I Id I 4.1 I 

6.1 6.1 4.3 8 8 8 8 1 4.3 1 4.3 1 
I - I I 

5.1 5.1 5.1 5.1 5.1 5.1 5.1 5.1 5.1 

5.1 5.1 5.1 8 8 8 
1 1 

6.1 6.1 5.1 8 8 8 8 1 5.1 1 5.1 

I 5.1 I 5.1 I 5.1 I 

8 6.1 

8 6.1 

6.1 

6.1 

8 

8 

Id There are at present no established criteria for determining Packing Groups for liquids in Division 5.1. At present, the degree of hazard is to be assessed 
by analogy with listed substances, allocating the substances to Packing Group I, Great; Group II, Medium; or Group Ill, Minor Danger. 

iW Substances of Division 4.1 other than self-reactive substances. 
Id Denotes an impossible combination. 
ffl For pesticides only, where a material has the hazards of Class 3, Packing Group Ill, and Division 6.1, Packing Group Ill, the primary hazard is Division 6.1, 

Packing Group Ill. 
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AlTACHMENT D 

GUIDE FOR HAZARDOUS MATERIALS SHIPPERS 

USE OF GUIDE - This guide is presented as an aid to shippers of hazardous materials. It does not contain or 
refer to all of the DOT requirements for shipping hazardous materials. For specific details, refer to all of the 
DOT requirements for shipping hazardous materials, as provided in the Code of Federal Regulations (CFR), 
Tile 49, Transportation, Parts 100-199. 

The following is offered as a step-by-step procedure to aid in compliance with the applicable DOT regulations. 

STEP 1 - DETERMINE THE PROPER SHIPPING NAME. The shipper must determine the proper shipping 
name of the materials as listed in the Hazardous Materials Table, 49 CFR 172.101, Column (2). 

STEP 2 - DETERMINE THE HAZARD CLASS OR CLASSES. 
a. Refer to the Table, 49 CFR 172.101, Column (3) and locate the hazard class of the material. 
b. If more than one class is shown for the proper shipping name, determine the proper class by 

definition. 
c. If the materials have more than one hazard, classify the material based on the order of hazards in 

49 CFR 173.2. 

STEP 3 - SELECT THE PROPER IDENTlFlCATlON NUMBERS. 
a. Refer to the Table, 49 CFR 172.101, Column (3a), and select the Identification Number (ID) that 

corresponds to the proper shipping name and hazard class. 
b. Enter the ID number(s) on the shipping papers and display them, as required, on packagings, 

placards and/or orange panels. 

STEP 4 - DETERMINE THE MODE(S) OF TRANSPORT TO ULTIMATE DESTINATION. 
a. As a shipper, you must assure yourself that the shipment complies with various modal 

requirements. 
b. The modal requirements may affect the following: (1) Packaging; (2) Quantity per Package: 

(3) Marking; (4) Labeling; (5) Shipping Papers; and (6) Certification. 

STEP 5 - SELECT THE PROPER LABEL(S) AND APPLY AS REQUIRED. 
a. Refer to the Table, 49 CFR 172.101, Column (4) for required labels. 
b. For details on labeling refer to (1) Additional Labels, 49 CFR 172.402; (2) Placement of labels, 

49 CFR 172.406; (3) Packagings (MixedorConsolidated),49 CFR 172.404(a) and (h); (4) Packages 
Containing Samples, 49 CFR 172.402(h); (5) Radioactive Materials, 49 CFR 172.403; and 
(6) Authorized Label Modifications, 49 CFR 172.405. 

STEP 6 - DETERMINE AND SELECT THE PROPER PACKAGES. 
a. Refer to the Table, 49 CFR 172.101, Column (5a) for exceptions and Column (5b) for specification 

packagings. Consider the following when selecting an authorized package: Quantity per Package; 
Cushioning Material, if required; Proper Closure and Reinforcement; Proper Pressure: Outage; etc., 
as required. 

b. If packaged by a prior shipper, make sure the packaging is correct and in proper condition for 
transportation. 
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ATTACHMENT D (Continued) 
GUIDE FOR HAZARDOUS MATERIALS SHIPPERS 

STEP 7 - MARK THE PACKAGING (INCLUDING OVERPACKS). 
a. Apply the required markings (49 CFR 172.300); Proper shipping name and ID number, when 

required (49 CFR 172.301); Name and address of Consignee or Consignor (49 CFR 1172.306). 
b. For details and other required markings, see 49 CFR 172.300 through 172.338. 

STEP 8 - PREPARE THE SHIPPING PAPERS. 
a. The basic requirements for preparing shipping papers include Proper Shipping Nalme; Hazard 

Class: ID Number; Total Quantity; Shipper’s Certification: and Emergency Response Telephone 
Number. 

b. Make all entries on the shipping papers using the information required and in proper sequence 
(49 CFR 172.202). 

STEP 9 - CERTIFICATION. 
a. Each shipper must certify by printing (manually or mechanically) on the shipping papers that the 

materials being offered for shipment are properly classified, described, packaged, marked and 
labeled, and in proper condition for transportation according to the applicable DOT Regulations 
(49 CFR 172.202). 

STEP 10 - LOADING, BLOCKING, AND BRACING. When hazardous materials are loaded into the transport 
vehicle or freight container, each package must be loaded, blocked, and braced in accordance with the 
requirements for mode of transport. 

a. If the shipper loads the freight container or transport vehicle, the shipper is respon’sible for the 
proper loading, blocking, and bracing of the materials. 

b. If the carrier does the loading, the carrier is responsible. 

STEP 11 - DETERMINE THE PROPER PLACARD(S). Each person who offers hazardous materials for 
transportation must determine that the placarding requirements have been met. 

a. For Highway, unless the vehicle is already correctly placarded, the shipper must provide the 
required placard(s) and required ID number(s) (49 CFR 172.506). 

b. For Rail, if loaded by the shipper, the shipper must placard the rail c8r if placards are required 
(49 CFR 172.508). 

c. For Air and Water shipments, the shipper has the responsibility to apply the proper placards. 
. 

STEP 12 - HAZARDOUS WASTE/HAZARDOUS SUBSTANCE. 
a. If the material is classed as a hazardous waste or hazardous substance, most of the above steps 

will be applicable. 
b. Pertinent Environmental Protection Agency regulations are found in the Code of Federal 

Regulations, Title 40, Part 262. 

As a final check and before offering the shipment for transportation, visually inspect your shipment. The 
shipper should ensure that emergency response information is on the vehicle for transportation of 
hazardous materials. 

NOTE: This material may be reproduced without special permission from this office. 

Revised March 1995. 
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A-ITACHMENT E 

HAZARDOUS MATERIALS SHIPPING CHECK LIST 

PACKAGING 

1. Check DOT 173.24 for appropriate type of package for hazardous substance. 

2. Check for container integrity, especially the closure. 

3. Check for sufficient absorbent material in package. 

4. Check for sample tags and log sheets for each sample and for chain-of-custody record. 

SHIPPING PAPERS 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

Check that entries contain only approved DOT abbreviations. 

Check that entries are in English. 

Check that hazardous material entries are specially marked to differentiate them from any 
nonhazardous materials being sent using same shipping paper. 

Be careful that all hazardous classes are shown for multiclass materials. 

Check total amounts by weight, quantity, or other measures used. 

Check that any limited-quantity exemptions are so designated on the shipping paper. 

Check that certification is signed by shipper. 

Make certain drier signs for shipment. 

RCRA MANIFEST 

1. Check that approved state/federal manifests are prepared. 

2. Check that transporter has the following: valid EPA identification number, valid driver’s license, 
valid vehicle registration, insurance protection, and proper DOT labels for materials being shipped. 

3. Check that destination address is correct. 

4. Check that driver knows where shipment is going. 

5. Check that the driver is aware of emergency procedures for spills and accidents. 

6. Make certain driver signs for shipment. 

7. Make certain one copy of executed manifest and shipping document is retained by shipper. 
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1.0 PURPOSE 

The purpose of this Standard Operating Procedure (SOP) is to identify and designate tlhe field data 
record forms, logs and reports generally initiated and maintained for documenting Brown 81 Root 
Environmental field activiiies. 

2.0 SCOPE 

Documents presented within this procedure (or equivalents) shall be used for all Brown & Root 
Environmental field activiiies, as applicable. Other or additional documents may be required by specific 
client contracts. 

3.0 

None 

GLOSSARY 

4.0 RESPONSIBILITIES 

Project Manaoer - The Project Manager is responsible for obtaining hardbound, controlleddistribution 
logbooks (from the appropriate source), as needed. In addition, the Project Manager is responsible for 
placing all forms used in site activities (i.e., records, field reports, and upon the completion of field work, 
the site logbook) in the project’s central file. 

Field Operations Leader (FOL) - The Field Operations Leader is responsible for ensuring that the site 
logbook, notebooks, and all appropriate forms and field reports illustrated in this guideline (and any 
additional forms required by the contract) are correctly used, accurately filled out, and completed in the 
required time-frame. 

5.0 PROCEDURES 

5.1 Site Logbook 

5.1.1 General 

The site logbook is a hard-bound, paginated controlled-distribution record book in which alit major onsite 
activities are documented. At a minimum, the following activities/events shall be recorded (daily) in the 
site logbook: 

l All field personnel present 
0 Arrival/departure of site visitors 
l Arrival/departure of equipment 1 

0 Start or completion of borehole/trench/monitoring well installation or sampling activities 
0 Daily onsite activities performed each day 
0 Sample pickup information 
0 Health and Safety issues (level of protection observed, etc.) 
0 Weather conditions 

A site logbook shall be maintained for each project. The site logbook shall be initiated at t’he start of the 
first onsite activii (e.g., site visit or initial reconnaissance survey). Entries are to be made for every day 
that onsite activities take place which involve Brown & Root Environmental or subcontracl:or personnel. 
Upon completion of the fieldwork, the site logbook must become part of the project’s central file. 

019611/P I3rown & Root Environmen 
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The following information must be recorded on the cover of each site logbook: 

0 Project name 
0 Brown & Root Environmental project number 
0 Sequential book number 
l Start date 
l 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 site notebook in which the measurements 
are recorded (see Attachment A). 

All logbook, notebook, and log sheet entries shall be made in indelible ink (black pen is preferred). No 
erasures are permitted. If an incorrect entry is made, the data shall be crossed out with a single strike 
mark, and initialed and dated. At the completion of entries by any individual, the logbook pages used 
must be signed and dated. The site logbook must also be signed by the Field Operations Leader at the 
end of each day. 

5.1.2 Photographs 

When movies, slides, or photographs are taken of a site or any monitoring location, they must be 
numbered sequentially to correspond to logbook entries. The name of the photographer, date, time, site 
location, site description, and weather conditions must be entered in the logbook as the photographs 
are taken. A series entry may be used for rapid-sequence photographs. The photographer is not 
required to record the aperture settings and shutter speeds for photographs taken within the normal 
automatic exposure range. However, special lenses, films, filters, and other image-enhancement 
techniques must be noted in the logbook. If possible, such techniques shall be avoided, since they can 
adversely affect the admissibility of photographs as evidence. Chain-of-custody procedures depend upon 
the subject matter, type of film, and the processing it requires. Film used for aerial photography, 
confidential information, or criminal investigation require chain-of-custody procedures. Adequate logbook 
notation and receipts must be compiled to account for routine film processing. Once processed, the 
slides of photographic prints shall be consecutively numbered and labeled according to the logbook 
descriptions. The site photographs and associated negatives must be docketed into the project’s central 
file. 

Site Notebooks 

Key field team personnel may maintain a separate dedicated notebook to document the pertinent field 
activiiies conducted directly under their supervision. For example, on large projects with multiple 
investigative sites and varying operating conditions, the Health and Safety Officer may elect to maintain 
a separate site notebook. Where several drill rigs are in operation simultaneously, each site geologist 
assigned to oversee a rig must maintain a site notebook. 

019611/P Brown & Root Environment 
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5.3 Sample Forms 

A summary of the forms illustrated in this procedure is shown as the listing of Attachments lin the Table 
of Contents for this SOP. Forms may be altered or revised for project-specific needs contingent upon 
client approval. Care must be taken to ensure that all essential information can be documented. 
Guidelines for completing these forms can be found in the related sampling SOP. 

5.3.1 Sample Collection, Labeling, Shipment and Request for Analysis 

5.3.1 .l Sample LOCI Sheet 

Sample Log Sheets are used to record specified types of data while sampling. Attachments B-l to B-4 
are examples of Sample Log Sheets. The data recorded on these sheets are useful in describing the 
waste source and sample as well as pointing out any problems encountered during sampling. A log 
sheet must be completed for each sample obtained, including field quality control (QC) samples. 

5.3.1.2 Sample Label 

A typical sample label is illustrated in Attachment B-5. Adhesive labels must be completed and applied 
to every sample container. Sample labels can usually be obtained from the appropriate Program source 
or are supplied from the laboratory subcontractor. 

5.3.1.3 Chain-of-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 part of the completed COC form is retained by the fielcl crew while 
the other two or three portions are sent to the laboratory. The original (top, signed copy) and extra 
carbonless copies 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 first cooler. The COC form should then state how many coolers are included 
with that shipment. An example of a Chain-of-Custody Record form is provided as Attachment B-6. A 
supply of these forms are purchased and stocked by the field department of the various Brown & Root 
Environmental offices. Alternately, COC forms supplied by the laboratory may be used. Once the 
samples are received at the laboratory, the sample cooler and contents are checked and any problems 
are noted on the enclosed COC form (any discrepancies between the sample labels and CCC form and 
any other problems that are noted are resolved through communication between the laboratory point-of- 
contact and the Brown & Root Environmental Project Manager). The COC form is signed and one of 
the remaining two parts are retained by the laboratory while the last part becomes part of the samples’ 
corresponding analytical data package. Internal laboratory chain-of-custody procedures are documented 
in the Laboratory Quality Assurance Plan (LQAP). 

5.3.1.4 Chain-of-Custody Seal 

Attachment B-7 is an example of a custody seal. The Custody seal is also an adhesive-backed label. 
It is part of a chain-of-custody process and is used to prevent tampering with samples after they have 
been collected in the field and sealed in coolers for transit to the laboratory. The COC seals are signed 
and dated by the samplers and affixed across the opening edges of each cooler containing 
environmental samples. COC seals may be available from the laboratory; these seals may also be 
purchased from a supplier. 
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5.3.2 Geohydrological and Geotechnical Forms 

5.3.2.1 Groundwater Level Measurement Sheet 

A groundwater level measurement sheet, shown in Attachment C-l must be filled out for each round of 
water level measurements made at a site. 

5.3.2.2 Data Sheet for Pumoino Test 

During the performance of a pumping test (or an in-situ hydraulic conductivity test), a large amount of 
data must be recorded, often within a short time period. The pumping test data sheet (Attachment C-2) 
facilitates this task by standardizing the data collection format, and allowing the time interval for collection 
to be laid out in advance. 

5.3.2.3 Packer Test Report Form 

A packer test report form shown in Attachment C-3 must be completed for each well upon which a 
packer test is conducted following well installation. 

5.3.2.4 Summarv Loa of Borinq 

During the progress of each boring, a log of the materials encountered, operation and driving of casing, 
and location of samples must be kept. The Summary Log of Boring (Attachment C-4) is used for this 
purpose and must be completed for each soil boring performed. In addition, if volatile organics are 
monitored on cores, samples or cuttings from the borehole (using HNU or OVA detectors), these results 
must be entered on the boring log (under the “Remarks” column) at the appropriate depth. The 
“Remarks” column can also be used to subsequently enter the laboratory sample number and the 
concentration of a few key analytical results. This feature allows direct comparison of contaminant 
concentrations with soil characteristics. 

5.3.2.5 Monitorina Well Construction Details Form 

A Monitoring Well Construction Details Form must be completed for every monitoring well pietometer 
or temporary well point installed. This form contains specific information on length and type of well riser . 
pipe and screen, backfill, filter pack, annular seal and grout characteristics, and surface seal 
characteristics. This information is important in evaluating the performance of the monitoring well, 
particularly in areas where water levels show temporal variation, or where there are multiple (immiscible) 
phases of contaminants. Depending on the type of monitoring well (in overburden or bedrock), different 
forms are used (see Attachments C-5 through C-9). Similar forms are used for flush-mount well 
completions. The Monitoring Well Construction Details Form is not a controlled document. 

5.3.2.6 Test Pit Loq 

When a test pit or trench is constructed for investigative or sampling purposes, a Test Pit Log 
(Attachment C-10) must be filled out by the responsible field geologist or sampling technician. 

53.3 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 sensitivii of 
the measurement, and determine if correction should be applied to the readings. Some items of 
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equipment require frequent calibration, others infrequent. Some are calibiated by the manufacturer, 
others by the user. 

Each instrument requiring calibration has its own Equipment Calibration Log (Attachment D) which 
documents that the manufacturer’s instructions were followed for calibration of the equipment, including 
frequency and type of standard or calibration device. An Equipment Calibration Log must be maintained 
for each electronic measuring device used in the field; entries must be made for each day the equipment 
is used. 

5.4 Field Reports 

The primary means of recording onsite activities is the site logbook. Other field notebooks may also be 
maintained. These logbooks and notebooks (and supporting forms) contain detailed information required 
for data interpretation or documentation, but are not easily useful for tracking and reporting of progress. 
Furthermore, the field logbook/notebooks remain onsite for extended periods of time and iare thus not 
accessible for timely review by project management. 

5.4.1 Weekly Status Reports 

To facilitate timely review by project management, Xeroxed copies of logbook/notebook entries may be 
made for internal use. To provide timely oversight of onsite contractors, Daily Activities Reports are 
completed and submitted as described below. 

It should be noted that in addition to the summaries described herein, other summary repo’rts may also 
be contractually required. 

5.4.2 Daily Activities Report 

5.4.2.1 Description 

The Daily Activities Report (DAR) documents the activities and progress for each day’s field work. This, 
report must be filled out on a daily basis whenever there are drilling, test pitting, well construction, or 
other related activities occurring which involve subcontractor personnel. These sheets summarize the 
work performed and form the basis of payment to subcontractors (Attachment E is an example of a Daily 
Activities Report). 

5.4.2.2 Responsibilities 

It is the responsibility of the rig geologist to complete the DAR and obtain the driller’s signature 
acknowledging that the times and quantities of material entered are correct. 

5.4.2.3 Submittal and Approval 

At the end of the shift, the rig geologist must submit the Daily Activities Report to the Field Operations 
Leader (FOL) for review and filing. The Daily Activities Report is not a formal report and thus requires 
no further approval. The DAR reports are retained by the FOL for use in preparing the site logbook and 
in preparing weekly status reports for submission to the Project Manager. 
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All-ACHMENT A 
TYPICAL SITE LOGBOOK ENTRY 

START TIME: DATE: 

SITE LEADER: 
PERSONNEL: - 

BROWN & ROOT ENV. DRILLER EPA 

WEATHER: Clear, 68OF, 2-5 mph wind from SE 

ACTIVITIES: 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

Steam jenney and fire hoses were set up. 

Drilling activities at well resumes. Rig geologist was Sf?f? 
Geologist’s Notebook, No. rpage 29-30, for details of drilling activii. Samplex;23-21- 
S4 collected; see sample logbook, page 42. Drilling activiiies 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-Sl , 123~22S2, 
and 123~22-S~llected; see sample logbook, pages 43, 44, and 45. 

Well was developed. Seven 55-gallon drums were filled in the flushing1 stage. The 
well was then pumped using the pitcher pump for 1 hour. At the end of the hour, water 
pumped from well was “sand free.” 

EPA remedial project manger arrives on site at 14:25 hours. 

Large dump truck arrives at 14:45 and is steam-cleaned. Backhoe and dump truck set up 
over test pit 

Test pit dug with cuttings placed in dump truck. Rig geologist was 
. See Geologist’s Notebook, No. 1, page 32, for details of test pit 

activities. Test pit subsequently filled. No samples taken for chemical analysis. Due to 
shallow groundwater table, filling in of test pit 
mound was developed and the area roped off. 

resulted in a very soft and wet area. A 

Express carrier picked up samples (see Sample Logbook, pages 42 through 45) at 
17:50 hours. Site activities terminated at 1822 hours. All personnel off site, gate locked. 

Field Operations Leader 

01961 l/P Brown & Root Environmenti 
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ATTACHMENT B-1 
EXAMPLE GROUNDWATER SAMPLE LOG SHEET 

TBD: To Bs Detsrmhd 
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Al-l-ACHMENT B-2 
EXAMPLE SURFACE WATER SAMPUNG LOG SHEET 

SURFACE WATER 
SAMPLING LOG SHEET 

Project Site Name: Sample ID NO.: 

Sample Location: 

0 CIA Sample Type: 

TBD: To Be Determined 

01961 l/P Brown & Root Environmen 
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AlTACHMENT B-3 
EXAMPLE SOIL/SEDIMENT SINGLE SAMPLE LOG SHEET 

SOIL/SEDIMENT 
SINGLE SAMPLE LOG SHEET 

Project Site Name: Sample ID No.: 

Sample Location: 

0 Surface Soil 
Cl Subsurface Soil 
q Sediment 

U QA Sample Type: 

01961 l/P Brown & Root Environmental 
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ATTACHMENT B-4 
CONTAINER SAMPLE LOG SHEET FORM 

Brown & Root Environmental Page - of _ 

Project Site Name: 

Brown & Root Env. Source No. 

cl Container Data 

By: 

Project Site No. 

Source Location: 

Case X: 

.::. : .,:. ,:,:’ ,. . ., .,. :::ilCbnta’fns~S~itifc~i.i~: .: . . .I. ;: y .:, :I,: : .j .’ .: : 

0 Drum 
Cl Bung Top 
Cl Lever Lock 
0 Bolted Ring 
0 Other 

Cl Bag/Sack 
0 Tank 
q Other 

Other: 

Disposition of Sample Sample Description 

q Container Sampled 
0 Container opened but not 

sampled. Reason: 

Cl Container not opened. 
Reason: 

Monitor Reading: 

Sample Method: 

Sample Date & Time: 

Sampled by: 

Signature(s) 

Analvsis: 

: :. 
: 3 :::: ‘, : .., ::. ::.:>:.. .:.:, ,: ., 

.::::.i. . . . ::: : ..:.::::::.:::::::::::::~:~ ~:::.::,.:.:.::..~p~~~~~~~~~~~:~~:~~~ g:,:$$.j,-i ;: .[i ji : j:, { /(.;, j /j ,: i “1.’ .j:,: :::.: ; ,: ,: ,,,.:.... ._..... . . . . ; 

Color: 

Condition: 

Markings: 

Vol. of Contents: 

layer 1 layer 2 Layer 3 
Phase q SOI. q Liq. q ISOI. q Liq. q SOI. q tiq. 
Color 
Viscosity IJL q IM q IH [7L KIM OH GIL q M q IH 
% of Total 

Volume 
Other 

Tvpe of Sample _ . 
Cl Grab 

q Low Concentration Cl Composite 
0 High Concentration 113 Grab-composite 

Sample Identification Organic Inorganic 

Date ShiDDed 
I 8 

I I I * I I 

Time Shipped. I I 
Lab 

Volume 

019611/P Ekown & Root Environmentj 
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ATTACHMENT B-5 

SAMPLE LABEL 

Brown LL Root Environmental PROJECT: 

STATION LOCATION: 

DATE: / / TIME: hrs. 

MEDIA: WATER 0 SOIL II SEDIMENT cl q 
CONCENTRATION: LOW 0 MEDIUM Cl HIGH 0 

TYPE: GRAB 0 COMPOSITE •I 

ANALYSIS PRESERVATION 

VOA 0 BNAs Cl 
PCBs Cl PESTICIDES 0 

; Cool to 4°C 0 

METALS: TOTAL 0 DISSOLVED cl i HNo, to pH ’ 2 0 

CYANIDE Cl 
i NaOH to pH > 12 cl 

0 / 0 

Sampled by: 

Remarks: 

01961 l/P Brown & Root Environments 
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ATTACHMENT B-7 

CHAIN-OF-CUSTODY SEAL 

CUSTODY SEAL 
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ATTACHMENT C-1 
EXAMPLE GROUNDWATER LEVEL MEASUREMENT SHEET 

GROUNDWATER LEVEL 
MEASUREMENT SHEET Page of m- 

PROJECT NAME: LOCATION: 
PROJECT NUMBER: MEASURING DEVICE: 
PERSONNEL: ADJUSTMENT FACTOR: 
DATE: REMARKS: 
WEATHER CONDITIONS: 

019611/P E3rown & Root Environment 
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ATTACHMENT C-2 
EXAMPLE PUMPING TEST DATA SHEET 

PUMPING TEST DATA SHEET 
Page - of - 

PROJECT NAME: PUMPING WELL NUMBER: 
PROJECT NUMBER: MEASURED WELL NUMBER: 
PUMPING TEST: [ ] STEP DRAW DOWNTEST [ ] 
TEST NUMBER: MONITORING POINT: 
METHOD OF MEASUREMENT: DEPTH CORRECTION (ft) 
DATE(s): PUMP SETTING (Ft. below monitonng point): 
STATIC Hz0 LEVEL (ft) (SO) DISTANCE FROM PUMPING WELL (ft) (r): 
PUMPING TEST PERFORMED BY: 
REMARKS: 

FLOW METER 
RATE WshlI REMARKS 

SIGNATURE(s): 

01961 l/P Brown 8 Root fhvironmentz 



ATTACHMENT C-3 

PACKER TEST REPORT FORM 

PROJECT: 
BORING NO.: 

TEST INTERVAL: 

t!sJuIu vie (PM 
mN 

CASING DEPTH: _ 

BY: 

b rkw. b flar. ‘kw aa,. 

ii% & ,&“J 

PROJECT NO.: TEST NO: 
CONTRACTOR: STATIC WATER LEVY 

CHECKED: PACKER PRESSURE 

Cakultted Rewlts WI couJweAnoll M.9.W 

J+,’ w. !!A e*“p* 
PO 1 II (puj W (HI 01 HIJ CP K OvYrJ - CP QM 

-.- 

- 

I 

CP D (l/U. Lb)‘“1 Ur) (70.315 5) 

7 48CallfM, = IFI3 
1 p6 = 2 31 It head 
Remark,- 
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All-ACHMENT C-4 
EXAMPLE BORING LOG 

BORING LOG Page- of- 

PROJECT NAME: BORING NUMBER: 
PROJECT NUMBER: DATE : 
DRILLING COMPANY: GEOLOGIST: 
WATER LEVEL DATA: 

‘When rock conng enter tack broksness. 

CONVERTED TO WELL : _ Yes _ NO; 
REMARKS: 

WELL l.D.#: 

Signalure(s): 

01961 l/P Brown & Root Environmenta 



CEGEND 

SOIL TERMS 

COARSE-GRAINED SOILS 

Mom Thm HaH of Mawid in LARGER Than NC. 200 SW* Size 

UNlFlLD SOIL CUSSIFICATION IUSCSl 

I 

FINE-GAAINED SOILS 

Mao Then tid of Marid i SMALLER Than No. 200 Smvr SW 

f 
3 

B 

i? 
b 
b 

I CONSISTENCY OF COHESIVE SOILS 1 

-0 
5 

!2 
9. 
Fc: 

ROCK HARDNESS iFROM CORE SAMPLES1 ROCK BROKEMSS 
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ATTACHMENT C-5 
EXAMPLE OVERBURDEN MONITORING WELL SHEET 

OVERBURDEN 

,ROJECT NO. 
P 
P 
E 
F 

= 

GROUND 

STICK _ UP TOP OF SURFACE CASING: 
STICK -UP RISER PIPE : 

TYPE OF SURFACE SEAL: 

I.D. OF SURFACE CASING: 
NPE OF SURFACE CASING 

RISER PIPE I.D. 
TYPE OF RISER PIPE: 

BOREHOLE DIAMETER: 

TYPE OF BACKFILL: 

ELEVATION I DEPTH TOP OF SEAL: 

TYPE OF SEAL: 

DEPTH TOP OF SAND PACK: 

ELEVATION / DEPTH TOP OF SCREEN: 

TYPE OF SCREEN: 

SLOT SIZE x LENGTH: 

I.D. OF SCREEN: 

TYPE OF SAND PACK: 

ELEVATION / DEPTH BOTTOM OF SCREEN: / 

ELEVATION / DEPTH BOTTOM OF SAND PACK: / 
TYPE OF BACKFILL BELOW OBSERVATION 

BORING NO.: 

019611/P Brown & Root Environment1 
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ATTACHMENT C-5A 
EXAMPLE OVERBURDEN MONITORING WELL SHEET (FLUSHMOUNT) 

. - ~. 
BORING NO.: 

MONITORING WELL SHEET __-- -. - - -. 

?ROJECT 
PROJECT NO. 
ELEVATION 
FIELD GEOLOGIST 

DRILLER 
LOCATION DRILLING 
BORING METHOD 
DATE DEVELOPMENT 

METHOO 

ELEVATION TOP OF RISER: - 

.TYPE OF SURFACE SEAL: 

-TYPE OF PROTECT)M CASING: 

I.D. OF PROTECTIVE CASING: 

-0lAUETER OF IIOLE: 

-P(PE OF RISER PIPE: 

RISER PIPE I.D.: 

-TIPE OF BACKFILL/SEAL: 

DEPTH/ELEVATION TOP OF SAND: -/ 

~DEPTH/ELEVATiON TOP OF SCREEN: 

l-fPE OF SCREEN: 

SLOT SIZE x LENGTH: 

“TYPE OF SAND PACK: 

OIAMETER DF HOLE IN BEDROCK: 

-DEPTU/ELEVATION BOTTOU OF SCREEN: 

DEPTH/ELEVATION BOTTOM OF SAND: 

-DEPTH/ELEVATION BOTTOM OF HOLE: 
UAXRIAL BELOW SAND: 

,Brown & Root Environmen 
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ATTACHMENT C-6 ’ 
EXAMPLE CONFINING LAYER MONITORING WELL SHEET 

BORING NO.: 

CONFINING LAYER 
MONITORlNG WELL SHEET 

‘ROJECT LOCATION 
DRILLER 

‘ROJECT NO. BORING 
DRILLING 

DATE 
METHOD 

FLEVATlON 
:IELD GEOLOGIST 

DEVELOPMENT 
METHOD 

- 

- 

- 

- 
- 

- 

- ELEVATION OF TOP OF SURFACE CASING : 
- ELEVATION OFTOP OF RISER PIPE: 
- ELEVATION TOP OF PERM. CASING: 
, TYPE OF SUHFACE SEAL: 

/ I.D. OF SURFACE CASING: 
TYPE OF SURFACE CASING: 

- RISER PIPE I.D. 
TYPE OF RISER PIPE. 

- BOREHOLE DIAMETER: 

- PERM. CASING I.D. 
7YPE OF CASING &BACKFILL: 

I- ELEVATION I DEPTH TOP CONFINING LAYER: 
- ELEVATION I DEPTH BOTTOM OF CASING: 
/ ELEVATION I DEPTH BOT. CONFINING LAYER: 

- BOREHOLE DIA. BELOW CASING: 
- TYPE OF BACKFILL: 

- ELEVATION I DEPTH TOP OF SEAL: 
TYPE OF SEAL: 

- DEPTH TOP OF SAND PACK: 

- ELEVATION/DEPTH TOP OF SCREEN: 
TYPE OF SCREEN: 

TYPE OF SAND PACK: 

- ELEVATION I DEPTH BOTTOM OF SCREEN: 

- ELEVATION I DEPTH BOTTOM OF SAND PACK: 
TYPE OF BACKFILL BELOW OBSERVATION 
WELL: 

019611/P Brown & Root Environmenta 
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ATTACHMENT C-7 
EXAMPLE BEDROCK MONITORING WELL SHEET - OPEN HOLE WELL 

BORING NO.: _ 

BEDROCK 
MONITORING WELL SHEET 

OPEN HOLE WELL 

PROJECT 
PROJECT NO. 
ELEVATION 
FIELD GEOLOGIST 

DRILLER 
LOCATION DRILLING 
BORlNG METHOD 
OATE OEVELOPMENT 

METHOD 

GROUND 

EL - 

T.O. R. 

I 

- ELEVATION OF TOP OF CASING: 

- STICK UP OF CASING ABOVE GROUND 
SURFACE: 

- TYPE OF SURFACE SEAL: 

I.D. OF CASING: 
. TYPE OF CASING: 

TEMP. I PERM.: 

. DIAMETER OF HOLE: 

- TYPE OF CASING SEAL: 

- DEPTH TO TOP OF ROCK: 

- DEPTH TO BOTTOM CASING: 

- OIAMETER OF HOLE IN BEDROCK: 

DESCRIBE IF CORE/ REAMED WITH BIT: 

3 d 

DESCRIBE JOINTS IN BEDROCK AND DEPTH: 

ELEVATION I DEPTH OF HOLE: -- 

019611/P Brown & Root Environmen 
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ATTACHMENT C-8 
EXAMPLE BEDROCK MONITORING WELL SHEET - WELL INSTALLED IN BEDROCK 

BORING NO.: 

BEDROCK 
MONITORING WELL SHEET 

WELL INSTALLED IN BEDROCK 

F ‘ROJECT 
F ‘ROJECT NO. 
E iLEVATION 
F JELO GEOLOGIST 

GROUND 

ELEVATION 

I- 

DRILLER 
LOCATION DRILLING 
BORING METHOD 
DATE DEVELOPMENT 

METHOD 

’ U‘ ELEVATION OF TOP OF SURFACE CASING: 

STICK UP OF CASING ABOVE GROUND 
SURFACE: 

ELEVATION TOP OF RISER: 
TYPE OF SURFACE SEAL: 

I.D. OF SURFACE CASING: 

DIAMETER OF HOLE: 

wi--i- RISER PIPE I.D.: 
NPE OF RISER PIPE: 

TYPE OF BACKFILL: 

ELEVATION I DEPTH TOP OF SEAL: 
+ ELEVATION/DEPTH TOP OF BEDROCK: 

TYPE OF SEAL: 

ELEVATION I DEPTH TOP OF SAND: / 

’ ELEVATION/DEPTH TOP OF SCREEN: / 

TYPE OF SCREEN: 

III SLOT SIZE x LENGTH : 
= 

iri I.D. SCREEN: 

TYPE OF SAND PACK: 

DIAMETER, OF HOLE IN BEDROCK: 

I CORE / REAM: 

I 

ELEVATION/DEPTH BO77OM SCREEN: / 

ELEVATION / DEPTH BOTTOM OF HOLE: / 

L 
L 

019611/P Brown & Root Environment 
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AlTACHMENT C-8A 
EXAMPLE BEDROCK MONITORING WELL SHEET 
WELL INSTALLED IN BEDROCK (FLUSHMOUNT) 

BORING NO.: 

BEDROCK 

MONjTORlNG WELL SHEET 
WELL INSTALLED IN BEDROCK 

ROJECT: LOCATION: DRILLER: 

‘ROJECT NO.: BORING: DRILLING 
METHOD: 

LEVATI ON: DATE: DEMLOPMENT 

IELD GEOLOGIST 
. - 

- Ground 
Elevation 

lush mow... 
utiocc caring 
4th lock - 

Top of Rock 

bepth/tlewtton 
static water LSvd 
(APProx.1 

2’ PVC Trap 
Below Screen 

MElHDO: 

ELEVATION TOP OF RISER: 

TYPE OF SURFACE SEAL 

TYPE OF PROTECTlK CASING: 

1.0. OF PROl’ECTlM CASNC: 

DIAMETER OF HOLE: 

TYPE OF RISER PIPE: 

RISER PIPE I.D.: 

,P(PE OF BACKFILL/SEAL: 

,DEPTH/ELEVAllON TOP OF BEDROCK: -- 

‘OEPM/ELEVATlON TOP OF SAND: -/ 

.DEPM/ELEVATlON TOP Of SCREEN: 

TYPE OF SCREEN: 

!%OT SIZE x LENCTH: 

-- 

-WE OF SAND PACK: 

-DIAMETER OF HOLE IN BEDROCK: 

-DEPTH/ELEVATION BOlTOH OF SCREEN. 

DEPlH/ELEVATlON BOTTOM OF SAND: 

-DEPlH/ELEVATION BOTTOM OF HOLE: 

BACKFILL MATERIAL BELOW SAND: 

-- 

-- 

-/ 

019!31/P Brown 8 Root Environmer 
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AlTACHMENT C-9 
EXAMPLE TEST PIT LOG 

PROJECT: 

PROJECT NO 

LOCATION: 

F&EL0 GEOLOGIST: 

_ TEST PIT NO. : 

D&fE : 

MA-AL 0ESCRlPTlCX-J 

REMARKS 
(Soil Density I Consmcncy. Color) 

USCS 

1 

. 

REMARKS 

- .- 

PHOTO LOG 
TEST PIT 

01961 l/P Brown & Root Environmenti 



Brown a Root Envfr- EQUIPMENT CALIBRATION LOG 

INSTRUMENT NAME I MODEL : JOB NAME : _ 

MANUFACTURER : JOB NUMBER : 

CALIBRATION INITIAL STANDARDS PROCEDURE ADJUSTMENTS FINAL SIONATURE COMMENTS ---- -._ --. - ---~ 
DATE SETTINQS USE0 MADE SEl-TiNOS 
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AlTACHMENT E 
EXAMPLE DAILY ACTIVITIES RECORD 

ARRIVAL TIME 
DEPARTURE TIME 

COMMENTS: 

APPROVED 3Y: 

HNUS FIELD REPRESENTATIVE DRILLER OR REPRESENTATIVE - 

019611/P 
Brown & Root Environments 
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ATTACHMEiT F 
FIELD TRIP SUMMARY REPORT 

PAGE 1 OF 2 

SUNDAY 

Date: - 

Weather: 

Personnel: 

Onsite: 

Site Activities: 

MONDAY 

Date: 

Weather: 

Personnel: 

Onsite: 

Site Activiiies: 

TUESDAY 

Date: 

Weather: 

Site Activities: 

Personnel: 

Onsite: 

WEDNESDAY 

Date: Personnel: 

Weather: Onsite: 
. 

Site Activities: 

01961 l/P Brown & Root Environmer 
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A-ITACHMENT F 
PAGE 2 OF 2 
FIELD TRIP SUMMARY REPORT 

THURSDAY 

Date: 

Weather: 

Personnel: 

Onsite: 

Site Activities: 

FRIDAY 

Date: 

Weather: 

Personnel: 

Onsite: 

Site Activities: 

SATURDAY 

Date: 

Weather: 

Personnel: 

Onsite: 

Site Activities: 

019611/P Brown & Root Environmenti 
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1.0 PURPOSE 

The purpose of this procedure is to provide guidelines regarding the appropriate procedures to be 
followed when decontaminating drilling equipment, monitoring well materials, chemical sampling 
equipment and field analytical equipment. 

2.0 SCOPE 

This procedure addresses drilling equipment and monitoring well materials decontamination, as well as 
chemical sampling and field analytical equipment decontamination. This procedure also provides general 
reference information on the control of contaminated materials. 

3.0 

None. 

GLOSSARY 

4.0 RESPONSIBILITIES 

Project Manaqer - Responsible for ensuring that all field activities are conducted in accordance with 
approved project plan(s) requirements. 

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). 

5.0 PROCEDURES 

To ensure that analytical chemical results reffect actual contaminant concentrations present at sampling 
locations, the various drilling equipment and chemical sampling and analytical equipment used to acquire 
the environment sample must be properly decontaminated. Decontamination minimizes the potential for 
cross-contamination between sampling locations, and the transfer of contamination offsite. 

5.1 Drillinq Equipment 

Prior to the initiation of a drilling program, all drilling equipment involved in field sampling activiiies shall 
be decontaminated by steam cleaning at a predetermined area. The steam cleaning procedure shall be 
performed using a high-pressure spray of heated potable water producing a pressurized stream of steam. 
This steam shall be sprayed directly onto all surfaces of the various equipment which might contact 
environmental samples. The decontamination procedure shall be performed until all equipment is free 
of all visible potential contamination (dirt, grease, oil, noticeable odors, etc.) In addition, this 
decontamination procedure shall be performed at the completion of each sampling and/or drilling 
location, including soil borings, installation of monitoring wells, test pits, etc. Such equipment shall 
include drilling rigs, backhoes, downhole tools, augers, well casings, and screens. Where the drilling rig 
is set to perform multiple borings at a single area of concern, the steam-cleaning of the drilling rig itself 
may be waived with proper approval. Downhole equipment, however, must always be steam-cleaned 
between borings. Where PVC well casings are to -be installed, decontamination is not required lf the 
manufacturer provides these casings in factory-sealed, protective, plastic sleeves (so long as the 
protective packaging is not compromised until immediately before use. 

The steam cleaning area shall be designed to contain decontamination wastes and waste waters and can 
be a lined excavated pit or a bermed concrete or asphalt pad. For the latter, a floor drain must be 

Brown 8 Root Environment 
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provided which is connected to a holding facility. A shallow above-ground tank may b’e used or a 
pumping system with discharge to a waste tank may be installed. 

In certain cases such an elaborate decontamination pad is not possible. In such cases, a plastic lined 
gravel bed pad with a collection system may serve as an adequate decontamination area. Alternately, 
a lined sloped pad with a collection pump installed at the lower end may be permissible. The location 
of the steam cleaning area shall be onsite in order to minimize potential impacts at certain sites. 

Guidance to be used when decontaminating drilling equipment shall include: 

0 As a general rule, any part of the drilling rig which extends over the borehlole, shall be 
steam cleaned. 

0 All drilling rods, augers, and any other equipment which will be introduced to the hole shall 
be steam cleaned. 

0 The drilling rig, all rods and augers, and any other potentially contaminated eqluipment shall 
be decontaminated between each well location to prevent cross contamination of potential 
hazardous substances. 

Prior to leaving at the end of each work day and/or at the completion of the drilling program, drilling rigs 
and transport vehicles used onsite for personnel or equipment transfer shall be steam cleaned, as 
practicable. A drilling rig left at the drilling location does not need to be steam cleaned until it is finished 
drilling at that location. 

5.2 Sampiing Equipment 

5.2.1 Bailers and Bailing Line 

The potential for cross-contamination between sampling points through the use of a common bailer or 
its attached line is high unless strict procedures for decontamifiation are followed. For this reason, it is 
preferable to dedicate an individual bailer and its line to each sample point, although this does not 
eliminate the need for decontamination of dedicated bailers. For non-dedicated sampling equipment, 
the following conditions and/or decontamination procedures must be followed. 

Before the initial sampling and after each successive sampling point, the bailer must be decontaminated. 
The following steps are to be performed when sampling for organic contaminants. Note: contract- 
specific requirements may permit alternative procedures. 

l Potable water rinse 
0 Alconox or Liquinox detergent wash 
0 Scrubbing of the line and bailer with a scrub brush (may be required if the sample point is 

heavily contaminated with heavy or extremely viscous compounds) 
0 Potable water rinse 
l Rinse with 10 percent nitric acid solution* 
0 Deionized water rinse 

Due to the leaching ability of nitric acid on stainless steel, this step is to be omitted if a stainless 
steel sampling device is being used and metals analysis is required with detection limits less than 
approximately 50 ppb. 
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0 Acetone or methanol rinse (in some EPA Regions, isopropanol is Used instead) 
0 Hexane rinse** 
0 Copious distilled/Deionized water rinse 
0 Air dry 

If sampling for volatile organic compounds (VOCs) only, the nitric acid, acetone, methanol, and hexane 
rinses may be omitted. Only reagent grade or purer solvents are to be used for decontamination. When 
isopropanol is used, the bailer must be thorouqhly dry before using to acquire the next sample. 

In general, specially purchased pre-cleaned disposable sampling equipment is not decontaminated (nor 
is an equipment rinsate blank collected) so long as the supplier has provided certification of cleanliness. 
If decontamination is performed on several bailers at once (i.e., in batches), bailers not immediately used 
may be completely wrapped in aluminum foil (shiny-side toward equipment) and stored for future use. 
When batch decontamination is performed, one equipment rinsate is generally collected from one of the 
bailers belonging to the batch before it is used for sampling. 

It is recommended that clean, dedicated braided nylon or polypropylene line be employed with each 
bailer use. 

52.2 Sampling Pumps 

Most sampling pumps are low volume (less than 2 gpm) pumps. These include peristaltic, diaphragm, 
air-lift, pitcher and bladder pumps, to name a few. If these pumps are used for sampling from more than 
one sampling point, they must be decontaminated prior to initial use and after each use. 

The procedures to be used for decontamination of sampling pumps compare to those used for a bailer 
except that the 10 percent nitric acid solution is omitted. Each of the liquid factions is to be pumped 
through the system. The amount of pumping is dependent upon the size of the pump and the length 
of the intake and discharge hoses. Certain types of pumps are unacceptable for sampling purposes. 
For peristaltic pumps, the tubing is replaced rather than cleaned. 

An additional problem is introduced when the pump relies on absorption of water via an inlet or outlet 
hose. For organic sampling, this hose should be Teflon. Other types of hoses leach organics (especially 
phthalate esters) into the water being sampled or adsorb organics from the sampled water. For all other 
sampling, the hose should be Viton, polyethylene, or polyvinyl chloride (listed in order of preference). 
Whenever possible, dedicated hoses should be used. It is preferable that these types of pumps not be 
used for sampling, only for purging. 

5.2.3 Filtering Equipment 

On occasion, the sampling plan may require acquisition of filtered groundwater samples. Field-filtering 
is addressed in SOP SA-6.1 and should be conducted as soon after sample acquisition as possible. To 
this end, three basic filtration systems are most commonly used: the in-line disposable Teflon filter, the 
inert gas over-pressure filtration system, and the vacuum filtration system. 

For the in-line filter, decontamination is not required since the filter cartridge is disposable, however, the 
cartridge must be disposed of in an approved receptacle and the intake and discharge lines must still 
be decontaminated or replaced before each use. 

** If sampling for pesticides, PCBs, or fuels. 

019611/P Brown & Root Environment 



/,,. ,n._ 

, <5.X_ 

Subject Number Page 

DECONTAMINATION OF WASTE SA-7.1 5 of 9 
EQUIPMENT AND WASTE HANDUNG Revision Effective Date, 

0 03,/01/96 

For the over-pressure and the vacuum filtration systems. the portions of the apparatus which come in 
contact with the sample must be decontaminated as outlined in the paragraphs describing the 
decontamination of bailers. (Note: Varieties of both of these systems come equipped from the 
manufacturer with Teflon-lined surfaces for those that would come into contact with the saimple. These 
filtration systems are preferred when decontamination procedures must be employed.) 

5.2.4 Other Sampling Equipment 

Field tools such as trowels and mixing bowls are to be decontaminated in the same manner as described 
above. 

Field Analytical Equipment 

5.3.1 Water Level Indicators 

Water level indicators that come into contact with groundwater must be decontaminated using the 
following steps: 

0 Rinse with potable water 
0 Rinse with deionized water 
0 Acetone or methanol rinse (unless otherwise directed by manufacturer) 
0 Rinse with deionized water 

Water level indicators that do not come in contact with the groundwater but may encounter incidental 
contact during installation or retrieval need only undergo the first and last steps stated above. 

5.3.2 Probes 

Probes (e.g., pH or specific-ion electrodes, &ophysical probes, or thermometers) which1 would come 
in direct contact with the sample, will be decontaminated using the procedures specified above unless 
manufacturer’s instructions indicate otherwise (e.g., dissolved oxygen probes). Probes that contact a 
volume of groundwater not used for laboratory analyses can be rinsed with deionized water. For probes 
which make no direct contact, (e.g., OVA equipment) the probe is self-cleaning when exposure to 
uncontaminated air is allowed and the housing can be wiped clean with paper-towels or cloth wetted with 
alcohol. 

5.4 Waste Handling 

For the purposes of these procedures, contaminated materials are defined as any byproducts of field 
activities that are suspected or known to be contaminated with hazardous substances. These byproducts 
include such materials as decontamination solutions, disposable equipment, drilling muds, well- 
development fluids, and spill-contaminated materials and Personal Protection Equipment (PPE). 

The procedures for obtaining permits for investigations of sites containing hazardous substances are not 
clearly defined at present. In the absence of a clear directive to the contrary by the EPA and the states, 
it must be assumed that hazardous wastes generated during field activities will require compliance with 
Federal agency requirements for generation, storage, transportation, or disposal. In addition, there may 
be state regulations that govern the disposal action. This procedure exclusively describes the technical 
methods used to control contaminated materials. 

019611/P Brown & Root Environmel 



Subject Number Page 
DECONTAMINATION OF WASTE SA-7.1 6 of 9 
EQUIPMENT AND WASTE HANDLING Revision Effective Date 

0 03/01/96 

The plan documents for site activities must include a description of control procedures for contaminated 
materials. This planning strategy must assess the type of contamination, estimate the amounts that 
would be produced, describe containment equipment and procedures, and delineate storage or disposal 
methods. As a general policy, it is wise to select investigation methods that minimize the generation Of 
contaminated spoils. Handling and disposing of potentially hazardous materials can be dangerous and 
expensive. Until sample analysis is complete, it is assumed that all produced materials are suspected 
of contamination from hazardous chemicals and require containment. 

5.5 Sources of Contaminated Materials and Containment Methods 

5.5.1 Decontamination Solutions 

All waste decontamination solutions and rinses must be 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 %-gallon drums (or equivalent containers) that can 
be sealed until ultimate disposal at an approved facility. Larger equipment such as backhoes and 
tractors must be decontaminated in an area provided with an impermeable liner and a liquid collection 
system. A decontamination area for large equipment could consist of a berrned concrete pad with a 
floor drain leading to a buried holding tank. 

5.5.2 Disposable Equipment 

Disposable equipment that could become contaminated during use typically includes PPE, rubber gloves, 
boots, broken sample containers, and cleaning-wipes. These items are small and can easily be 
contained in 55-gallon drums with lids. These containers should be closed at the end of each work day 
and upon project completion to provide secure containment until disposed. 

5.5.3 Drilling Muds and Well-Development Fluids 

Drilling muds and welldevelopment fluids are materials that may be used in groundwater monitoring well 
installations. Their proper use could result in the surface accumulation of contaminated liquids and muds 
that require containment. The volumes of drilling muds and well-development fluids used depend on well 
diameter and depth, groundwater characteristics, and geologic formations. There are no simple 
mathematical formulas available for accurately predicting these volumes. It is best to rely on the 
experience of reputable well drillers familiar with local conditions and the well installation techniques 
selected. These individuals should be able to estimate the sizes (or number) of containment structures 
required. Since guesswork is involved, it is recommended that an slight excess of the estimated amount 
of containers required will be available. 

Drilling muds are mixed and stored in what is commonly referred to as a mud pit. This mud pit consists 
of a suction section from which drilling mud is withdrawn and pumped through hoses, down the drill pipe 
to the bit, and back up the hole to the settling section of the mud pit. In the settling section, the mud’s 
velocity is reduced by a screen and several flow-restriction devices, thereby allowing the well ctAting.s 
to settle out of the mud/fluid. 

The mud pit may be either portable above-ground tanks commonly made of steel (which is preferred) 
or stationary in-ground pits as depicted in Attachment A. The above-ground tanks have a major 
advantage over the in-ground pits because the above-ground tanks isolate the natural soils from the 
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contaminated fluids within the drilling system. These tanks are also portable and can Usually be Cleaned 
easily. 

As the well is drilled, the cuttings that accumulate in the settling section must be removed. This is best 
done by shoveling them into drums or other similar containers. When the drilling is complete, the 
contents of the above-ground tank are likewise shoveled or pumped into drums, and the tarnk is cleaned 
and made available for its next use. 

If in-ground pits are used, they should not extend into the natural water table. They should also be lined 
with a bentonite-cement mixture followed by a layer of ffexible impermeable material su’ch as plastic 
sheeting. Of course, to maintain its impermeable seal, the lining material used would have to be 
nonreactive with the wastes. An advantage of the in-ground pits is that well cuttings do not necessarily 
have to be removed periodically during drilling because the pit can be made deep enough to contain 
them. Depending on site conditions, the in-ground pit may have to be totally excavated anld refilled with 
uncontaminated natural soils when the drilling operation is complete. 

When the above-ground tank or the in-ground pit is used, a reserve tank or pit should be Located at the 
site as a backup system for leaks. spills, and overflows. In either case, surface drainage should be such 
that any excess fluid could be controlled within the immediate area of the drill site. 

The containment. procedure for welldevelopment fiuids is similar to that for drilling muds. The volume 
and weight of contaminated fluid will be determined by the method used for development. When a new 
well is pumped or bailed to produce clear water, substantially less volume and weight of fluid result than 
when backwashing or high-velocity jetting is used. 

5.5.4 Spill-Contaminated Materials 

A spill is always possible when containers of liquids are opened or moved. Contaminated sorbents and 
soils resulting from spills must be contained. Small quantities of spill-contaminated materials are usually 
best contained in drums, while larger quantities can be placed in lined pits or in other impermeable 
structures. In some cases, onsite containment may not be feasible and immediate transport to an 
approved disposal site will be required. 

5.6 Disposal of Contaminated Materials 

Actual disposal techniques for contaminated materials are the same as those for any hazardous 
substance, that is, incineration, landfilling, treatment, and so on. The problem centers around the 
assignment of responsibility for disposal. The responsibility must be determined and agreed upon by 
all involved parties before the field work starts. If the site owner or manager was involved in activities 
that precipitated the investigation, it seems reasonable to encourage his acceptance of the disposal 
obligation. In instances where a responsible party cannot be identified, this responsibility may fall on the 
public agency or private organization investigating the site. 

Another consideration in selecting disposal methods for contaminated materials is whether the disposal 
can be incorporated into subsequent site cleanup activities. For example, if construction of a suitable 
onsite disposal structure is expected, contaminated-materials generated during the investigation should 
be stored at the site for disposal with other site materials. In this case, the initial containment structures 
should be evaluated for use as long-term storage structures. Also, other site conditions such as drainage 
control, securii, and soil type must be considered so that proper storage is provided. If onsite storage 
is expected, then the containment structures should be specifically designed for that purpose. 
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6.0 REFERENCES 

Brown & Root Environmental: Standard Operating Procedure No. 4.33, Control of Contaminated 
Material. 
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AlTACHMENT A 

TWO TYPES OF MUD PITS USED IN WELL DRILLING 
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1.0 PURPOSE 

To establish procedures for the use, maintenance, and calibration of the Photovac 2020 Photoionization 
Air Monitor. 

2.0 SCOPE 

Applies to each usage of the Photovac 2020 Photoionization Air Monitor by Brown & Root Environmental 
personnel. 

3.0 GLOSSARY 

Electron volt (eV) - A unit of energy equal to the energy acquired by an electron when It passes through 
a potential difference of 1 volt in a vacuum. It is equal to 1.602192~0.000007 x 1 O.lg Volts. 

lntrinsicallv Safe (I.S.) - Based on wiring, configuration, design, operation, gasketing, construction, this 
instrument may be employed within locations in which flammable gases and/or vapors may exist. 

Ionization Potential (I.P.) - The energy required to remove an electron from a moleculle yielding a 
positively charged ion and a negatively charged free electron. The instrument measures this energy level. 

Photoionization Detector (PID) - Photoionlzation detector employed as general reference to air monitors 
of this type. PlDs detection method employs ultraviolet (UV) radiation as an energy source. As air and 
contaminant are drawn through the ionization chamber the UV light source causes the contaminant with 
ionization potentials equal to or less than the UV source to break into positive and negaltively charge 
ions. The created ions are subjected to an electrostatic field. The voltage difference is measured in 
proportion to the calibration reference and the concentration of the contaminant. 

Ultraviolet Radiation (UV) - Ultraviolet radiation is the energy source employed by the instrument to ionize 
collected sample gas streams. The UV lamp source is required to be equal to or greater than the 
ionization potential of the substance drawn through the instrument in order to create sepiarate ionized 
species. 

4.0 RESPONSIBILITIES 

Health and Safety Manaqer (HSM) - The HSM shall ensure that the user has been approp’riately trained 
and certified in the usage of the Photovac 2020 instrument. 

Equipment Manaaer - The Equipment Manager shall ensure all air monitoring instrumentation slated for 
field activities has been operationally checked out, fully charged, and calibrated prior to issuing any 
instrument for field service. Maintenance deficiencies identified by the Equipment Manager will require 
those instruments to be pulled from service until repairs can be facilitated. 

Field Operations Leader (FOL)/Field Team Leader (FTL) - The FOL/FTL shall ensure all field team 
members employing the monltoring instruments as part of their assigned duties are adequately trained 
in the operation and limitations of this instrument.’ The FOL/FTL shall ensure that the air monitoring 
instruments are employed as directed by site guidance documents (i.e., Work Plan, Health and Safety 
Plan, etc.). Additionally, the FOL/FTL shall ensure that the appropriate documentation and 
recordkeeping requirements are fulfilled including Documentation of Calibration and Direct Reading 
Instrument Response Data Sheets for air monitoring activities. 
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Health and Safetv Officer (HSO) - The HSO is responsible for determining air monitoring requirements 
for the site activities, and providing direction for air monitoring during specific site activities. This 
identification of types of air monitoring and direction for use are indicated within the Site-Specific Health 
and Safety Plan (HASP). 

Site Safetv Officer (SSO) - The SSO shall ensure the instruments identified are employed in the manner 
directed by the HSO, and that any action levels specified are observed for the application of engineering 
controls, personal protective equipment (PPE) use, and administrative controls. Additionally, he/she shall 
ensure the instruments are properly maintained and calibrated prior to use in the field. The SSO, during 
specific air monitoring applications including STEL and TWA mode measurements, will be responsible 
for the operation and application of this specialty air monitoring device. 

5.0 PROCEDURES 

5.1 Principle of Operation 

The Photovac portable photoionizer detects the concentration of many organic (and a few inorganic). 
The basis for detection of this instrument is the ionization of components of captured gaseous streams. 
The incoming gas molecules are subjected to ultraviolet (UV) radiation, which is energetic enough to 
ionize many gaseous compounds. Molecules are transformed into charged-ion pairs, creating a current 
between two electrodes. Each molecule has a characteristic ionization potential, which is the energy 
required to remove an electron from the molecule, yielding a positively-charged ion and the free electron. 
The instrument measures this energy level. 

This instrument measures the concentration of airborne photoionizable gases and vapors and 
automatically displays and records these concentrations. It does not distinguish between individual 
substances. Readings displayed represent the total concentration of all photoionizable chemicals resent 
in the sample. This instrument is factory set to display concentration in units of ppm or mg/m c: . 

The 2020 instrument is easy to operate. The meter display updates itself once per second. 
Concentrations are directly displayed on the readout. 

2020 also performs short-term exposure limit (STEL), time-weighted average (TWA) and PEAK 
calculations. You can view any of these results, but only one mode may be viewed at a time. 

2020 has 6 keys for alphanumeric entry and for accessing multiple functions. The keys are used to set 
up and calibrate 2020. They allow you to manipulate the concentration data in various ways. 

All information entered with the keys and stored in 2020’s memory is retained when the instrument is 
switched off. The clock and calendar continue to operate and do not need to be set each time 2020 is 
turned on. 

5.1.1 Displays 

The 2020 has a meter display for reporting detected concentration, and a display used to display status 
information and guide you through configuration options. All functions of the 2020 will be controlled or 
reported using one of these displays. 
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5.1.1.1 Meter Display 

The meter display is a 4digit display. It will always be used for reporting detected concentration. When 
the detector and pump are off, the meter display will be blank. 

In order to accommodate the range of concentrations 2020 can detect, the meter reatding will be 
reported using one of 2 resolutions. A resolution of 0.1 will be used for concentrations below 100 ppm, 
and a resolution of 1 will be used for concentrations above 100 ppm. 

5.1.1.2 Status Display 

The status display is a 2 line by 16 character display. The top line is used to display status information 
and prompts you for information. The bottom line is used for soft key names. Up to 3 names can be 
displayed for the 3 soft keys. If a name does not appear for a soft key, then the soft key has no 
associated function. 

5.1.2 Keys 

5.1.2.1 Fixed Kevs 

The three round keys below the soft keys each have a fixed function. The first key is the ON/OFF key, 
the middle key is the EXIT key, and the last key is the ENTER key. 

The ON/OFF key is used to both turn power on to the 2020 as well as turn the power off. To turn on 
2020, press the ON/OFF key. To turn the power off, press the ON/OFF key and hold it down for 2 
seconds, and then release it. This is done to prevent accidental power off. 

The EXIT key provides a way of returning to the default display. In the functional map, the soft keys 
allow you to advance and the EXIT key provides a way to go back. If you are at the initial entry of the 
menu, EXIT will return you to the default display. 

The ENTER key has a context sensitive function. When you are operating or navigating through the 
function map, the ENTER key is used to exit the functions and return you to the default display. When 
entering data such as a name, number, date, or time, ENTER is used to confirm the entry. 

5.1.2.2 Soft Kevs 

The three soft keys on 2020 are located directly below the status display. Each key has varying functions 
for configuring 2020, editing the data logger, and controlling the display. Since only three soft keys are 
available, each function is broken down into a path. 

5.1.2.3 Enterinq Text Wiih the Soft Keys 

For all information that you must enter, the left, center, and right soft keys correspond to ,the up, down, 
and right arrow. 

The up and down arrows are used to change the character highlighted by the cursor. The right arrow 
is used to advance the cursor to the next character on the right. When the cursor is adva.nced past the 
right most character, it wraps around to the first character again. To accept the changes, press the 
ENTER key. To ignore the change, press EXIT. 
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Formatting characters, such as the colon (:) in the time, the decimal (.) in a concentration, and the slash 
(/) in the date are skipped when advancing the cursor. 

All inputs are an 8 character input, which is displayed on the right side of the top line of the status 
display. The prompt, describing the input, occupies the left half of the top line. The soft keys are defined 
on the bottom line of the status display. 

5.2 Default Display 

The meter display shows the detected concentration. The resolution of the display changes with the 
magnitude of the reading. A reading of 0 to 99.9 will be displayed with a resolution of 0.1 ppm or 
mg/m3. A reading greater than 99.9 will be shown with a resolution of 1 ppm or mg/m3. The meter will 
display concentrations up to 2000 ppm or 2(XX) mg/m3. 

The status display is used to display the instrument status, date, time, units, and active soft keys. 

The default display provides the following information: instrument status, current detected concentration, 
time, date, and measurement units. The status display toggles between showing time and units and then 
the date. 

When the display mode is MAX, the date and time correspond to the date and time the MAX 
concentration was recorded. In TWA mode, the time represents the number of hours and minutes during 
which the TWA has been accumulating. For PEAK and STEL monitoring, the date and time correspond 
to the current date and time. 

5.3 Monitoring 

5.3.1 Instrument Status 

The instrument status is shown on the left of the first line of the status display and on the Table and 
Graph outputs. Each status has a priority assigned to it. If more than one status is in effect, then the 
status with the highest priority is displayed until the condition is corrected or until the option is turned 
Off. 

5.3.2 Alarms 

While operating the instrument, any one of three alarm conditions can occur. To accurately identify the 
source of the alarm, each type of alarm has been given a unique status. 

In addition to the status, 2020 also has an audible alarm and a visual alarm LED. To conserve power, 
the 2020 alternates between these two alarm indicators, rather than operating both concurrently. 
Different alarms are identified by the frequency at which the 2020 alternates as follows: PEAK alarm-5 
times per second; STEL alarm-2.5 times per second; and TWA alarm-l.25 times per second. 

The left soft key is used for acknowledging alarms, and is named “Ack.” If no alarm exists, then the “A&” 
key is not shown. To clear the alarm, press the “A&” key. Once acknowledged, the alarm indicators 
are cleared. The alarm status will remain until the alarm condition clears. 

2020 updates the peak concentration once every second. Following every update, the peak 
concentration is compared to the peak alarm level, and if exceeded, an alarm is triggered. 
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If 15 minute average exceeds the selected STEL, a STEL alarm is generated. 

The TWA alarm is generated when the current average of concentration, since the TWA was last cleared, 
has exceeded the TWA exposure limit. 

During calibration, all alarms are disabled. Once the calibration is complete the alarms are re-enabled. 

5.4 STEL, TWA, MAX, and PEAK Operation 

The 2020’s meter display can be configured to show one of four values: STEL, TWA, PEAK, and MAX. 

5.4.1 Short-term Exposure Limit (STEL) Mode 

The Short-term Exposure Limit (STEL) mode displays the concentration as a 15 minute moving average. 
2020 maintains 15 samples, each representing a one-minute averaging interval. 

Once every minute, the oldest of the 15 samples is replaced with a new one minute average. This 
moving average provides a 15-minute average of the last 15 minutes with a one-minute update rate. 
Since the average is calculated using 15 one-minute averages, the meter display will only update once 
every minute. 

STEL is set to zero each time the instrument is turned on. Since STEL is a l5-minute moving average, 
there is no need to clear or reset the STEL. 

STEL calculations are always being performed by 2020. You can display the results of the calculations 
by selecting STEL as the Display mode. 

5.4.2 Time-weighted Average (TWA) Mode 

The TWA accumulator sums concentrations every second until 8 hours of data have been combined. 
If this value exceeds the TWA alarm setting, a TWA alarm is generated. The TWA is not caliculated using 
a moving average. Once 8 hours of data have been summed, the accumulation stops. In order to reset 
the TWA accumulator, press the “Clf’ key. 

This sum will only be complete after 8 hours, so the meter displays the current sum divided by 8 hours. 
While you are in TWA mode, the time on the status display will show the number of minutes and hours 
of data that TWA has accumulated. When this reaches 8 hours 2020 stops accumulating data and the 
TWA is complete.. 

TWA calculations are always being performed by 2020. You can display the results of the calculations 
by selecting TWA as the Display mode. 

5.4.3 MAX Mode’ 

The MAX mode displays the maximum signal, with the date and time that it was recorded. 2020 
continues to log data according to the selected averaging interval, but oniy the maximum detected 
concentration is displayed on the meter display. 

The right soft key is used to clear the meter when displaying MAX. The “Clr” key only affects the reading 
that the meter is displaying. For example, if you display the MAX reading, and you press “Clr,” only the 
MAX value is cleared. The TWA is still accumulating in the background. 

01961 l/P 13rown & Root Environmenl 



Subject Number Page 

PHOTOVAC 2020 PHOTOIONIZATION ME-12 8of21 

AIR MONITOR Revision Effective Date 

0 05/01/98 

5.4.4 PEAK Mode 

The PEAK mode displays the current detected concentration. The reading is updated once a second. 
In the background, the 2020 data logger is sampling the concentration and measuring minimum, 
maximum, and average concentrations for the selected averaging interval. At the end of every interval, 
one entry is placed in the data logger until the data logger is full. Typical application concerning the use 
of this instrument is operated in this mode. Operation within the other specialized modes are the 
responsibility of the SSO. 

5.5 Set Functions 

Set functions are used to setup 2020. There are three functions which can be set on the 2020: 
Calibration, Pump and Clock. 

5.5.1 Pump 

The Pump function is used to control the pump. After selecting Set Pump, 2020 responds by displaying 
the new pump status. 

The detector is also turned off when you turn the pump off. This prevents the detector from being 
damaged when there is no sample Rowing through the detector. 

When the pump and the detector are off, the meter display will be blank. Turn the pump and detector 
off when concentration measurements are not necessary, and 2020 will only be used for reviewing data 
or generating reports. By operating the instrument with the pump and detector off when you do not 
need them, you will conserve the lives of the battery and ultraviolet (Uv) lamp. 

1. Press the ENTER key. The top line of the status display changes to “Select?“. The bottom line 
displays 3 soft key names: “Set,” “Log,” and “Disp.” 

2. Press the soft key below “Set.” 

3. The names of the soft keys change to reflect the Set options. The display now shows 3 devices 
which can be set: “Clock,” “Pump,” and “Cal.” Press the “Pump” key. 

4. The 2020 turns the pump off. If the pump was off, pressing “Pump“ will turn the pump on. 

5. A message will be displayed to show you the status of the pump. 2020 reverts back to the 
previous menu after a few seconds. 

6. To return to the default display, press the ENTER key. 

5.5.2 Clock 

The Clock function is used to set both the current date and time. 

1. Press the ENTER key. 

2. Press the “Set” key. 

3. When the names of the soft keys change, press the “Clock” key. 
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The up and down arrows are used to change the character underlined by the curslor. The right 
arrow is used to advance the cursor to the next character on the right. When ‘the cursor is 
advanced past the right-most character, it wraps around to the first character again. 

Formatting characters, such as the colon (:) in the time and the slash (/) in the date are skipped 
when advancing the cursor. 

4. 

5. 

6. 

Use the “arrow keys” to enter the correct time. The time is formatted as Hour:Minute:Second. 

Press the ENTER key to confirm the time and move to the date option. 

When setting the date, the 2020 prompts you for the current date formatted as Year/Month/Day. 
Use the “arrow keys” to enter the correct date. 

7. Press the ENTER key to confirm the date and return to the Set options. You can wait for the 
display to timeout or press ENTER to return to the default display. 

5.5.3 Calibration (Cal) 

Cal allows you to setup and calibrate 2020. You have three options under the Cal function: “Zero,” 
Span,” and “Mem.” 

A calibration memory consists of a name, a response factor, and PEAK, TWA, and STEL alarm levels. 

The “Zero” and “Span” keys are covered in detail in the manufacturer’s operations m,anual for the 
instrument. 

To edit the calibration memory, select “Mem” and then “Chng.” The 2020 prompts you with1 two new soft 
keys: “User” and “Lib.” 

5.5.4 Library (Lib) 

Library selections simplify Cal Memory programming, and provide standard response factors for 
approximately 70 applications. “Lib” allows you to select an entry from a preprogrammed library. The 
name, response factor, and three alarm levels are all set from the library. To select a library entry to 
program the selected Cal Memory: 

1. 

2. 

Select “Set,” “Cal,” “Mem,” “Chng,” and “Lib.” 

Use the “Next” and “Prev” keys to scroll through the list. See the manufacturer’s manual Appendix 
8.7 for a list of the library entries. 

5.6 Preparing for Field Operation of the Photovac 2020 

Turning 2020 On 

1. Turn 2020 on by pressing the ON/OFF key. 
I 

2. 2020 will display the software version number. Wait for the 2020 to proceed to the default display. 

3. Allow 10 minutes for the instrument to warm up and stabilize. 
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4. 

5. 

6. 

7. 

8. 

9. 

10. 

Press the Enter Key. The default display will provide 3 soft key selection “Set,” “Log,” and 
“Display.” 

Press “Set.“ From this option 3 other soft key selections will be offered: “Pump,” “Clock,” and 
“Cal.” 

Press “Cal.” This will begin the calibration sequence. The first selection is to Zero the instrument. 

Press Enter, zeroing will begin. (Note: When employing zero gas attach and activate zero gas 
supply at ttiis time.) 

The next selection offered will be Span. Press Enter at which time the concentration will be 
requested. The isobutylene calibration gas employed under general service will be marked on the 
side of the container. Use the soft keys to toggle into position and to log the concentration. Once 
the concentration is logged press “Enter.” The direction or status display will indicate spanning. 
At this time hook up the span gas with a regulator to the Photovac 2020, and open it to supply 
enough flow to elevate the flow rate indicator to the green indicator line (l/8” from the rest 
position). 

Once spanning is complete, the alarms which have been disabled during calibration will activate 
indicating that calibration is complete. 

Document this calibration procedure using a Document of Calibration form as illustrated in 
Figure 5-1. 

This instrument is ready for general purpose application. 

Calibration is to be performed daily or prior to each use in accordance with Section 5.6 of this SOP. 

5.7 Maintenance and Calibration Schedule 

Function 

Routine Calibration 

Factory Inspection and Calibration 

Wipe Down the Outer Casing of the Unit 

Clean UV Light Source 

Sample Inlet Filter 

Frequency 

Prior to each use 

Once a year, or when malfunctioning 

After each use 

Every 24 hours of operation 

Change on a weekly basis or as required by level of 
use 

Battery charging After each use 

Clean ionization chamber Monthly 
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5.7.1 Cleaning the UV Light Source Window 

1. Turn the FUNCTION switch to the OFF position. Use 2020 multi-tool and remove lamp housing 
cover. 

2. 

3. 

Tilt the lamp housing with one hand over the opening, slide the lamp out of the housing. 

The lamp window may now be cleaned with any of the following compounds using lens paper: 

a. 11.7 eV Lamp - Dry Aluminum Oxide Powder (3.0 micron powder) 
b. HPLC Grade Methanol - All other lamps 

I 

4. Following cleaning, reassemble by first sliding the lamp back into the lamp housing. Replace 
o-ring as necessary, reinstall lamp housing cover, tighten using 2020 multi-tool. (Do not over 
tighten). 

5. Recalibrate as per Section 5.6. 

5.7.2 Cleaning the Ionization Chamber 

1. Turn the FUNCTION switch to the OFF position and remove the lamp housing cover and lamp as 
per Section 5.7.1. 

2. 

3. 

‘Using a gentle jet of compressed air, gently blow out any dust or dirt. 

Following cleaning, reassemble by first. sliding the lamp back into the lamp housing. Replace 
o-ring as necessary, reinstall lamp housing cover, tighten using 2020 multi-tool. (Do not over 
tighten). 

4. Recalibrate as per Section 5.6. 

5.8 Instrument Advantages 

The Photovac 2020 is easy to use in comparison to many other types of monitoring instrumentation. Its 
detection limit range is in the low parts-per-million range. Response time rapidly reaches 60 percent 
scale of the indicated concentration (less than 3 seconds for benzene). This instrument’s automated 
performance covers multiple monitoring functions simultaneously, incorporating data logging capabilities. 

5.9 Limitations of the Photovac 2020 Photoionization Monitor 

0 Since the 2020 is a nonspecific total gas/vapor detector, it cannot be used to identify unknown 
chemicals; it can only quantitate them in relationship to a calibration standard (relative response 
ratio). 

0 For appropriate application of the 2020, ionization potentials of suspected contaminants must be 
known. 

0 Because the types of compounds that the 2020 can potentially detect are only a fraction of the 
chemicals possibly present at a hazardous waste site or incident, a background or zero reading 
on this instrument does not necessarily signify the absence of air contaminants. 

019611/P Brown & Root Environment 



Subject Number f Page 

PHOTOVAC 2020 PHOTOIONIZATION ME-12 13 of 21 

AIR MONITOR Revision Effective Date 

0 OEi/Ol /!36 

0 The 2020 instrument can monitor only certain vapors and gases in air. Many nonvolatile liquids, 
toxic solids, particulates, and other toxic gases and vapors cannot be detected. 

0 PID’s are generally not specific. Their response to different compounds is relative to the 
calibration gas used. This is referred to as relative response ratio. Instrument readings may be 
higher or lower than the true concentration. This can be an especially serious problem when 
monitoring for total contaminant concentrations if several different compounds are being detected 
at once. 

0 The 2020 is a small, portable instrument which cannot be expected to yield results as accurately 
as laboratory instruments. 

5.9.1 Variables Affecting Monitoring Data 

Monitoring hazardous waste site environment can pose a significant challenge in assessing airborne 
concentrations and the potential threats to site personnel. Several variables may influence both 
dispersion and the instrument’s ability to detect actual concentrations. Some of the variables which may 
impact these conditions are as follows: 

0 Temperature - changes in temperature or pressure will influence volatization, and effect airborne 
concentrations. Additionally, an increase or decrease in temperature ranges may have an adverse 
effect on the instrument’s ability to detect airborne concentrations. 

0 Humidity - excessive levels of humidity may interfere with the accuracy of monitoring results. 

0 Rainfall - through increased barometric pressure and water may influence dispersion pathways 
effecting airborne emissions. 

0 Electromagnetic interference - high voltage sources, generators, other electrical ecluipment may 
interfere with the operation and accuracy of direct-reading monitoring instruments. 

6.0 TROUBLESHOOTING 

6.1 Fault Messaaes 

When the “Fault” status is displayed, 2020’s operation is comprised. 

Fault 1: Signal from zero gas is too high. 

Cause: If another fault occurred while 2020. was setting its zero point, then this fault is displayed: 

Action: Ensure no faults are occurring and calibrate 2020 again. 

Cause: Contamination of sample line, sample line, sample probe or fittings before the detector. 

Action: Clean or replace the sample line, sample probe or the inlet filter. 

Cause: Span gas and zero air are mixed up. 

Action: Ensure clean air is used to zero 2020. If you are using gas b,ags, mark the 
calibration and zero gas bags clearly. 
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Cause: Ambient air is contaminated. 

Action: If you are unsure about the quality of ambient air, use a supply of commercial 
zero grade air to zero 2020. 

Fault 2: Signal from span gas is too small. 

Cause: Operator may have confused the span gas and zero air. 

Action: Ensure clean air is used to zero 2020. If you are using gas bags, mark the 
calibration and zero gas bags clearly. 

Action: Ensure the span gas is of a reliable concentration. 

Cause: UV lamp window is dirty. 

Note: Do nor remove the detector lamp in a hazardous location. 

Action: Clean the UV lamp window. 

Cause: UV lamp is failing. 

Note: Do not remove or replace the detector lamp in a hazardous location. 

Action: Install a new UV lamp. 

Cause: Incompatible application. 

Action: The concentration and sample gas are incompatible for use with 2020. 

Fault 3: UV lamp fault. UV lamp has not started. 

Cause: UV lamp has not started immediately. 

Action: This fault may be seen momentarily when 2020 is first turned on. Allow 30 to 
60 seconds for the UV lamp to start and the fault to clear. 

Cause: UV lamp serial number label is blocking the photocell. 

Note: Do not remove or replace the detector lamp in a hazardous location. 

Action: If you have a UV lamp with a white serial number label, it is possible that the 
label is blocking the photocell. Rotate the lamp approximately 90 degree and 
then try to start 2020 again. If the fault persists, replace the lamp. 

Cause: UV lamp not installed. 

Note: Do nor remove or replace the detector lamp in a hazardous location. 

Action: Install a UV lamp. 
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Cause: UV lamp has failed. 

Note: Do nor remove or replace the detector lamp in a hazardous location. 

Action: Install a new UV lamp. 

Cause: Electronic problem. 

Action: If a new UV lamp still generates this fault, then contact the Photovac Service 
Department. 

Fault 4: Pump current too low or too high. 

Cause: If the pump sounds labored, then the pump is operating beyond normal operating 
parameters. 

Action: Check for an obstruction in the sample line. Make sure sample line, sample 
probe or inlet filter are not plugged. 

Note: Do nor replace the inlet filter in a hazardous location. 

Action: Replace the inlet filter. 

Action: Ensure the sample outlet, located on the underside of 2020, is not obstructed. 

Cause: UV lamp is too wide, causing flow to be restricted. 

Note: Do nor remove or replace the detector lamp in a hazardous location. 

Action: If you have a UV lamp with a white serial number label, it is possible that the 
lamp is too wide for the lampholder. Contact the Equipment Manager. 

Cause: 2020 has been exposed to a solvent that can pass through the inlet filter alnd liquid has 
been aspirated. 

Action: Contact the Equipment Manager. 

Cause: The pump has failed. 

Action: Contact the Equipment Manager. 

6.2 Specific Problems 

Problem: Very low or no instrument response detected, yet compounds are known to be present. 

Cause: 2020 has not been calibrated properly. 

Action: Ensure the calibration gas is of a reliable concentration and then calibrate the 
instrument as outlined in Section 3.2 or 3.3 of the User’s Manual. 
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After the instrument has been calibrated, sample the bag of calibration gas. 
A reading equivalent to the calibration gas should be displayed. If not, contact 
the Equipment Manager. 

Note: Do nor remove or recharge the battery pack in a hazardous location. 

Action: Disconnect the battery charger before calibrating 2020. 

Cause: Calibration Memories have not been programmed correctly. 

Action: Program all the calibration memories you require for your application. You 
must use the correct calibration gas and concentration for each Cal Memory. 

Cause: Response factor has been set to zero. 

Action: Enter the correct response factor. Refer to Appendix 8.6 for a list of response 
factors. If the compound is not listed in Appendix 8.6 or you are measuring 
gas mixtures, then enter a value of 1 .O. See User’s Manual. 

Cause: You are not using the correct Cal Memory. 

Action: Select the correct Cal Memory for your application. 

Note: It does nor matter which Cal Memory is selected or which response factor is entered. 
2020’s response is nor specific to any one compound. The reading dispiayed represents 
the total concentration of all ionizable compounds in the sample. 

Cause: Detector is leaking. A decrease in sensitivity may be due to a leak in the detector. 

Note: Do nor remove or replace the detection /amp in a hazardous location. 

Action: Ensure the UV lamp has been installed correctly. 

Action: Ensure the lamp cover has been tightened down. Do not over-tighten the 
cover. 

Action: Ensure the o-ring seal on the lamp cover is positioned correctly. 

Cause: UV lamp is too long, causing flow to be restricted. 

Note: Do nor remove or replace the detector lamp in a hazardous location. 

Action: If you have a UV lamp with a white serial number label, it is possible that the 
lamp is too long for the lampholder. Replace the lamp and contact the 
Equipment Manager. 

Cause: UV lamp is too wide, causing flow to be restricted. 

Note: Do nor remove or replace the detector lamp in a hazardous location. 

. 
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Action: If you have a UV lamp with a white serial number label, it is possible that the 
lamp is too wide for the lampholder. Contact the Equipment Manager. 

Cause: Sampling environment is extremely humid. 

Action: Water vapor is not ionized by the PID, but it does scatter and absorb the light 
and results in a lower reading. 

The 2020 detector has been designed to operate under high humidity 
conditions. Under extreme conditions you may notice decreased response 
due to humidity. 

Cause: UV lamp is failing. 

Note: Do nor remove or replace the detector lamp in a hazardous location. 

Cause: High concentration of non-ionizable compounds. 

Action: Chemical compounds, such as methane, with IPs greater than the 10.6 eV 
scatter and absorb the UV light. Sensitivity may be decreased significantly. 

Application with high backgrounds of such materials, may be incompatible 
with 2020. Contact the Photovac Applications Group for more information. 

Problem: Erroneously high readings. 

Cause: Sampling environment is extremely humid. 

Action: Water vapor may contain mineral salts which carry a charge. The water vapor 
becomes an electrolytic solution which becomes ionized when1 it enters the 
detector. 

Atmospheric water in areas around the sea or stagnant water may produce a 
response in the absence of contaminants. The same effect may be seen when 
conducting ground water investigations in areas where the water is hard 
because it contains a significant concentration of minerals. 

Cause: 2020 has not been calibrated properly. 

Action: Ensure the calibration gas is of a reliable concentration and then calibrate the 
instrument as outlined in Section 5.6. 

After the instrument has been calibrated, sample the bag of calibration gas. 
A reading equivalent to the calibration gas should be displayed. If not contact 
the Equipment Manager. 

Cause: Cal Memories have not been programmed correctly. 

Action: Program all the Cal Memories you require for your application. ‘You must use 
the correct calibration gas and concentration for each Cal Memory. See 
Section 3.4, of the User’s Manual. 
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Cause: You are not using the correct Cal Memory. 

Action: Select the correct Cal Memory for your application. See Section 3.2.2 or 
3.3.2, of the User’s Manual. 

Note: It does nor matter which Cal Memory is selected or which response factor is entered. 
2020’s response is nor specific to any one compound. The reading displayed represents 
the total concentration of a// ionizable compounds in the sample. 

Cause: Detector has been short circuited by foreign matter in the detector ceil. 

Note: Do nor service 2020 in a hazardous location. 

Action: Do not touch the wire grid inside the detector cell. Use a gentle jet of 
compressed air to remove any dust in the detector cell. 

Warning: Do not insert any object, other than the UV lamp, into the lampholder. 

Cause: There is an undetermined problem. 

Action: Contact the Equipment Manager. 

Problem: Date and time settings are not retained. 

Cause: The battery pack has been removed before 2020 was turned off. 

Note: Do nor remove or recharge the battery pack in a hazardous location. 

Action: Replace the battery pack and reset the time and date. Ensure 2020 has been 
turned off before removing the battery pack. 

Cause: 2020 has not been used for 3 months or more and the internal battery (not the external 
battery pack) has discharged. 

Note: Do not remove or recharge the battery pack in a hazardous location. 

Action: Connect 2020 to the AC adapter and turn 2020 on. Turn the pump off. While 
2020 is running the internal battery is charging. Leave the instrument running 
for approximately 24 hours. 

Problem: Instrument status shows “Over.” 

Cause: High concentrations of gases and vapors will cause a rapid change in signal level. The 
detector and associated electronics may become temporarily saturated. 

Action: Wait a few seconds for the status to return to normal. PlDs are designed to 
detect relatively low concentrations of gases and vapors. Exposure to very 
high concentrations may result in a very high or maximum response. 

Cause: The detector has become saturated 
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Action: Move 2020 to a location where it can sample clean air. Sample clean air until 
the reading stabilizes around 0. 

Cause: Detector has been short circuited by foreign matter in the detector cell. 

Note: Do nor service 2020 in a hazardous location. 

Action: Do not touch the wire grid inside the detector cell. Use a gentle jet of 
compressed air to remove any dust or dirt in the detector cell. 

Warning: Do not insert any object, other than the UV lamp, into the lampholder. 

Cause: There is an undetermined problem. 

Action: Contact the Equipment Manager. 

Problem: Display is blank. 

Cause: Battery pack is critically low. 

Note: Do not remove or recharge the battery pack in a hazardous location. 

Action: Replace the battery pack or connect 2020 to the AC adapter. 

Cause: The battery pack is not connected to the instrument correctly. 

Action: Ensure the battery pack connector is securely attached to the connector on 
2020. 

Cause: There is an undetermined problem. 

Action: Reset 2020. You must leave the instrument on while you disconnect the 
battery pack. This will reset the instrument. Reconnect the battery pack and 
close the battery hatch. Turn on 2020, set the time and date and program all 
the calibration memories that you are using. 

Action: Contact the Equipment Manager. 

Problem: Sample flow rate is less than 300 ml/min. 

Cause: Inlet filter is plugged. 

Note: Do nor replace the inlet filter in a hazardous iocation. 

Action: Replace inlet filter. 

Cause: Inlet filter has not been installed properly. 

Action: Ensure that the inlet filter has been installed correctly. 

Cause: UV lamp is too long, causing flow to be restricted. 

019611/P E3rown & Root Environmenl 



Subject Number Page 

PHOTOVAC 2020 PHOTOIONIZATION ME-12 20 of 21 

AIR MONITOR Revision Effective Date 

0 05/01/96 

Note: Do nor remove or replace the detector lamp in a hazardous location. 

Action: If you have a UV lamp with a white serial number label, it is possible that the 
lamp is too long for the lampholder. Replace the lamp and contact the 
Equipment Manager. 

Cause: UV lamp is too wide, causing flow to be restricted. 

Action: If you have a UV lamp with a white serial number label, it is possible that the 
lamp is too wide for the lampholder. Contact the Equipment Manager. 

Cause: 2020 has been exposed to a solvent that can pass through the inlet filter and liquid has 
been aspirated. 

Action: Contact the Equipment Manager. 

Cause: Sample outlet is obstructed. 

Action: Ensure the sample outlet is? not obstructed in any way. 

Cause: Pump has been damaged. 

Action: Contact the Equipment Manager. 

Problem: Liquid has been aspirated. 

Cause: 2020 has been exposed to a solvent that can pass through the inlet filter. 

Action: Contact the Equipment Manager. 

Problem: Corrosive gases and vapors have been sampled. 

Cause: 2020 has been exposed to corrosive gases and vapors. 

Action: Corrosive gases and vapors can affect the electrodes within the detector as 
well as the lamp window. Prolonged exposure to corrosive materials may 
result in permanent fogging or etching of the window. If 2020 is exposed to 
corrosive material, contact the Equipment Manager. 

7.0 SHIPPING 

The Photovac may be shipped as cargo or carried on as luggage providing there is no calibration gas 
cylinder accompanying the kit. When shipping or transporting the calibration gas, a Hazardous Airbill 
including the information as stipulated in Figure 7-l will be entered. 

8.0 REFERENCES 

Photovac 2020 Photoionization Monitor User’s Manual, 1995. 
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1.0 PURPOSE 

To establish procedures for the use, calibration, maintenance, troubleshooting, and shipment of the 
Photovac MicroFID handheld flame ionization detector. 

2.0 SCOPE 

Applies to all Brown & Root Environmental personnel who operate the MicroFlD instrument during the 
performance of their work. 

3.0 GLOSSARY 

None. 

4.0 RESPONSIBILITIES 

Health and Safetv Manaaer (HSM) - The HSM shall ensure that the user has been appropriately trained and 
certified in the usage of the Photovac 2020 instrument. 

Equipment Manaqer - The Equipment Manager shall ensure that all air monitoring instrumentation slated for 
field activities has been operationally checked out, fully charged, and calibrated prior to issuance for field 
service. Maintenance deficiencies identified by the Equipment Manager will require those instruments to be 
pulled from service until repairs can be facilitated. 

Field Operations Leader (FOL) /Field Team Leader (FTL) - The FOL/FTL shall ensure all field team members 
using monitoring instruments as part of their assigned duties are adequately trained in their proper operation 
and limitations. The FOL/FTL shall ensure that the air monitoring instruments are employed as directed by 
site guidance documents (i.e., Work Plan, Health and Safety Plan, etc.). Additionally, the FOL/FTL shall 
ensure that the appropriate documentation and recordkeeping requirements are fulfilled including 
Documentation of Calibration and Direct Reading Instrument Response Data Sheets for air monitoring 
activities. 

Health and Safety Officer (HSO) - The HSO is responsible for determining air monitoring requirements for 
the site activities, and providing direction for air monitoring during specific site activities. This identification 
of types of air monitoring and direction for use are indicated within the Site-Specific Health and Safety Plan 
(HASP). 

Site Safety Officer (SSO) - The SSO shall ensure the instruments identified are employed in the manner 
directed by the HSO and action levels employed as contingencies marks for the application of engineering 
controls, personal protective equipment (PPE) use, and administrative controls are employed as directed. 
Additionally, he/she shall ensure the instruments are properly maintained and calibrated prior to use in the 
field. The SSO during specific air monitoring applications including STEL and TWA mode measurements 
will be responsible for operation and application of this specialty air monitoring employment duty. 

5.0 PROCEDURES 

5.1 Principles of Operation 

The MicroFID is a flame ionization detector used for the measurement of combustible organic compounds 
in air at parts per million levels. Permanent air gases (argon, carbon dioxide, nitrogen, oxygen, water vapor, 
etc.) are not ionized by the flame. 
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When the MicroFlD is turned on, the display prompts you to turn on the hydrogen. The internal pump draws 
air in through MicroFID’s inlet. This sample air provides the oxygen necessary for combustion in the 
hydrogen-fueled flame. When the proper ratio of hydrogen to air is present in the combustion chamber, the 
flame is automatically started with a glow plug. A thermocouple is used to monitor the status of the flame. 
When the sample passes through the flame the combustible organic compounds in the sample will be 
ionized. After the compounds have been ionized, they are subjected to a continuous electric field between 
the repeller electrode at the jet and the collector electrode. The ions in the electric field generate a current 
which is proportional to the concentration of the ionized molecules in the ionization chamber. An 
electrometer circuit converts the current to a voltage that is then fed to the microprocessor which interprets 
the current in units of ppm. After the sample passes through the flame and has become ionized, it is vented 
from the detector through a flame arrestor. The flame arrestor prevents the flame from igniting any 
flammable gases present in the working atmosphere. 

MicroFlD is strictly an organic compound detector. It does not respond to inorganic: compounds. 
MicroFID’s sensitivii is highly dependent on chemical structure and bonding characteristics. The 
combustion efficiency of a compound determines its sensitivity. Simple saturated hydrocarbons (methane, 
ethane. etc.) posses high combustion efficiencies and are among the compounds that produce the highest 
MicroFlD response. Organic fuels (acetylene, refined petroleum products), burn easily and are also 
extremely well detected. 

The presence of substituted functional groups (amino, hydroxyl, halogens) on a simple hydrocarbon reduces 
its combustion efficiency and the MicroFID’s sensitivity to the compound. For example, methanol and 
chloromethane are detectable with MicroFlD, but not at the same sensitivity as methane. The number of 
carbon atoms can also affect the instrument’s sensitivii due to substitution. For example, Mi,croFID is more 
sensitive to n-butanol than it is to methanol. For additional information regarding response factors of the 
MicroFID, consult Appendix 8.5 of the User’s Manual. 

Beginning Operation 

You can operate MicroFlD without the flame to print or review logged data. In this way YOLI can conserve 
the hydrogen fuel. 

If you choose to start the flame, MicroFlD will attempt to ignite the flame once you have turned on the flow 
of hydrogen gas. If the MicroFlD has not been used for a while, it is possible that the gas supply lines are 
filled with air. If the flame cannot be started, MicroFlD will begin a 30 second purge cycle. During the purge 
cycle it will flush the gas supply lines with hydrogen. After the purge cycle, it will attempt to light the flame 
again. If it fails again, another purge cycle will be performed and MicroFlD will try a third time to ignite the 
flame. The following steps summarize proper start-up procedures. 

1. Turn the instrument on by pressing the front,of the On/Off switch. When the instrument is powered 
up, the version number and creation date of the instrument software are displayed. Press ENTER. 

2. You will be prompted to start the flame. If you do not want to start the flame, use the ARROW keys 
to select “No Flame Needed” and press ENTER. To start the flame, use the ARROW keys to select 
Start Flame and press ENTER. 

3. If you selected “Start Flame,” MicroFlD will prompt you to turn on the hydrogen. Turn the shut-off 
valve counterclockwise to start the flow of hydrogen and press ENTER. 
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4. The pump will start and MicroFlD will then ignite the flame. You will hear a small pop when the flame 
has been ignited. Once the flame has been started the message “Detector flame has been started 
OK” will be displayed followed by the default display. 

The default display provides the following information: instrument status, current detected concentration, 
event name (if the datalogger is on), time, and date. If an event name is longer than three characters, the 
bottom line of the display will scroll through the information. 

The instrument status appears at the left of the upper line of the display and on the Print and Graph outputs. 
Each status has a priority assigned to it. If more than one status is in effect, then the status with the highest 
priority is displayed until the condition is corrected or until the option is turned off. 

5.2 Calibration 

The calibration (CAL) key is used to calibrate MicroFID. Before beginning calibration, ensure that you have 
a reliable source of both zero air and calibration gas. To document calibration efforts, field personnel will 
record information on Figure 1-l. A brief description of the functions under the CAL key are as follows: 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

When you press the CAL key you will first be prompted to select a Cal Memory. Each Cal Memory 
stores a unique zero point, sensitivity setting, response factor and alarm level. 

You will then be prompted to enter a response factor. Refer to Appendix 8.5 of the User’s Manual 
for a list of response factors. If the compound is not in that reference, or ii you are measuring gas 
mixtures, enter a value of 1.00. The concentration detected by MicroFlD wili be multiplied by the 
response factor before it is displayed and logged. 

Next select Low Range or High Range operation- Use Low Range if you are sampling concentrations 
between 0.5 and 2000 ppm (methane equivalents). Use High Range if you are sampling 
concentrations between 10 and 50,000 ppm (methane equivalents). 

You will now be prompted to connect a supply of zero air. You can use ambient air or, for best 
results, use a clean sampling bag filled with zero grade air. In most cases, ambient air will be used 
provided calibration is performed in an area in which airborne concentrations of contaminants are not 
present. If using ambient air, press c ENTER > to being zeroing. 

If you are using a charcoal filter to clean ambient air, connect the filter by loading the Teflon ferrules 
into the nut (the ferrules and the nut are supplied with the filter). Connect the nut to MicroFID’s inlet. 
Do not tighten the nut. Remove the charcoal filter from its plastic bag and insert it into the nut. 
Finger tighten the nut onto the inlet. If the filter is not secure, ensure you have inserted the tube far 
enough into the nut. Do not over-tighten the fiiing. Press <ENTER> and the MicroFlD will set its 
zero point. NOTE: The charcoal filter does not filter methane or ethane. If these compounds are 
present, use a gas bag with a supply of commercial zero air. 

If you are using a gas bag with zero air, connect the gas bag to the inlet. Open the bag and press 
<ENTER>. MicroFlD will set its zero point. 

After MicroFlD has set its zero point, you can then enter the concentration of the calibration gas (span 
gas), and then connect the gas bag adapter to the inlet. Open the bag and press <ENTER>. 
MicroFlD sets its sensitivity. Note: You must have a supply of calibration gas ready before 
calibrating MicroFID. When calibrating MicroFID, ensure the instrument is level. If MicroFID is tilted 
from side to side, gravity will affect the flame height and cause erroneous readings. 
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8. When MicroFID’s display reverts to normal, it is calibrated and ready to use. Remove the span gas 
bag from the inlet. 

9. Press the ALARM key and enter the alarm level for the selected CAL memory. 

5.3 Routine Maintenance 

5.3.1 Battery Charging 

A fully charged battery will power the MicroFlD for approximately 15 hours. If the instrument is to be used 
for more than 15 hours, carry a spare battery pack. Battery life is reduced if the instrument is turned off and 
then on again repeatedly. 

When the instrument status displays “LoBat,” the battery pack requires changing. When the “LoBat” status 
is displayed, you have a few minutes of operation left. MicroFlD will turn itself off before the battery pack 
becomes critically low. 

To remove the battery pack: 

1. Stop the flow of hydrogen gas by turning the hydrogen shut-off valve fully clockwise. Turn the 
instrument off by pressing the On/Off switch twice. 

2. 

3. 

Use the MicroFlD multi-tool to loosen the two captive screws in the bottom of the battery pack. 

A retainer at the rear of the instrument helps secure the battery pack to the instrument. Free the 
battery pack from the instrument. 

4. Connect the charged battery pack to the retainer at the rear of the instrument. 

5. Retighten the two captive screws and the bottom of the battery pack. 

To charge the battery pack: 

1. 

2. 

3. 

Ensure the correct plug is installed on the line cord of the battery charger. 

Plug the charger into the jack located on the front of the battery pack. 

Plug the charger into an AC outlet, The LED, on the battery pack indicates the charge state. Red 
indicates the battery is being charged. Green indicates the battery is fully charged and ready for use. 
It is normal for a fully charged battery to indicate it is charging (red light) when first plugged in. The 
LED will turn green as the battery charges. 

4. When the battery pack is charged remove the charger, first from the wall outlet then from the battery 
pack. 

Charging a fully discharged battery pack will take approximately 8 hours. Leaving the charger connected 
to a charged battery pack will not harm the battery or the charger in any way. If a battery pack is to be left 
indefinitely, leave it connected to the charger so that it will be fully charged and ready for operation. 
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5.3.2 Emptying the Hydrogen Cylinder 

When you transport the MicroFID, you should empty the internal hydrogen cylinder and then refill it when 
you arrive at your destination. 

To empty the cylinder: 

1. Turn the MicroFlD off and open the hydrogen shut-off valve. 

2. Remove the battery pack as described above. 

3. Locate the purge outlet. It is located on the underside of the instrument. 

4. Use the MicroFlD multi-tool to turn the screws counterclockwise. Loosen the screw but do not 
remove it. 

5. Leave the instrument so that the purge outlet is facing up. If the purge outlet is’ facing down, 
hydrogen will vent into MicroFlD’s case. 

6. If the cylinder is full, it will take approximately 15 minutes to empty. 

7. Watch the Contents gauge. When the cylinder is empty, close the purge outlet. Use the MicroFlD 
multi-tool to turn the screw clockwise. 

8. Replace the battery pack as discussed above. 

5.3.3 Replacing the Sample Inlet Filter 

MicroFlD is equipped with a combined dust and water filter to reduce detector contamination. As the filter 
collects dust, MicroFID’s inlet Row rate and sensitivity decrease. The filter will not allow water to pass 
through, but the filter will not stop all solvents. 

Replace the filter on a weekly basis, or more frequently if MicroFlD is used in a dusty or wet environment. 
You must replace the filter if MicroFlD has been exposed to liquid water. The pump will sound labored when 
the filter requires replacement. 

1. Turn off the instrument and unscrew the filter housing from the detector housing. Be careful not to 
lose the o-ring seal. 

2. Remove the Teflon/Polypropylene filter and install the new filter. Place the filter in th’e filter housing 
with the Teflon side facing down into the filter housing and the mesh side facing the MicroFID. 
Handle the filter disk only by the edges. The mesh may be damaged or contaminated by excessive 
handling. Use forceps if possible. 

3. Replace the filter housing. 

4. Calibrate the CAL Memories that you are using before continuing operation, 
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5.4 Troubleshooting 

This section provides guidance for troubleshooting the MicroFID. If problems are not corrected through 
these troubleshooting methods, contact the Photovac Service Department. 

54.1 MicroFlD Fault Messages 

When the “Check” status is displayed, MicroFID’s operation is compromised. Press the <TUTOR > key for 
a two-line description of the fault. One exception is the flame out fault. When a flame out fault occurs, the 
instrument status changes to “NoFlm.” 

Fault: Detector flame has gone out. 

Cause: The hydrogen gas has run out. 

Action: Ensure the shut-off valve is open. Check the hydrogen contents gauge on the side of 
the instrument and refill the hydrogen cylinder if necessary. Ensure the cylinder purge outlet has 
been closed. 

Cause: Oxygen supply is deficient. 

Action: Ensure there is an adequate supply of oxygen. If you are sampling very high 
concentrations it is possible you are sampling above the flame out concentration. The flame out 
concentration for methane is approximately 52,000 ppm (5.2 percent methane in air). 

A minimum of 17 percent oxygen is required to start the hydrogen flame. The oxygen is supplied 
from the sample as it is drawn in by the pump. A minimum of 10 percent oxygen is required to 
maintain the hydrogen flame. 

Flame out also may.occur when sampling enclosed or confined spaces where vapors and gases 
cannot escape. Watch for indications of increased flame height such as erratic readings or 
sudden high concentrations followed by a flame out fault. 

If you will be using the MicroFlD in a highly contaminated area where it is possible that the oxygen 
content is below 10 percent, watch for indication of reduced flame height such as lowered 
detection limits or a flame out fault. 

Cause: High concentrations of flammable gases (gases within their flammable range) are present. High 
concentrations of flammable gases can act as an additional fuel source. When this happens, the 
flame height may increase beyond the confines of the combustion chamber. The hydrogen supply 
will then be cut-off and the flame will go out. 

Action: Move to a location where there is an adequate supply of air and restart the flame. See 
the information above. Watch for indications of increased flame height such as erratic readings 
or sudden height concentrations followed by a fiame out fault. 
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Cause: 

Cause: 

Cause: 

Fault: 

Cause: 

Cause: 

Cause: 

Cause: 

Fault: 

Cause: 

Exhaust port is blocked. 

Action: At low temperatures, water vapor, a by-product of the hydrogen flame, may condense 
at the exhaust port. At sub-zero temperatures the water will freeze and obstruct the exhaust port. 
If the exhaust port becomes obstructed, pump operation will be inhibited. Flame out may also 
result. Operate the MicroFlD within the operating temperature range 41 to 105 degrees 
Fahrenheit. In the event that the flame arrestor becomes clogged, contact the Photovac Service 
Department. 

Sample line is blocked. 

Action: Ensure the sample line is not obstructed in any way. If you are using the long sample 
probe, ensure flow is maintained through the entire length of tubing. 

Inlet filter is plugged. 

Action: Replace the inlet filter. 

Signal form zero gas is too high. 

Contamination of sample line or fiiings before the detector. 

.Action: Clean or replace the sample line of the inlet filter. 

Span gas is used instead of zero gas. 

Action: Ensure clean gas is used to zero the MicroFID. Mark the calibration and zero gas bags 
clearly. 

Ambient air is contaminated. 

Action: If you are unsure about the quality of the ambient air, use a charcoal filtelr or a supply of 
commercial zero grade air. 

Hydrogen supply is contaminated. 

Action: Hydrogen may react with the carbon element of the steel tank to produce methane. This 
will only occur if the cylinder is in poor condition and if the hydrogen has a high moisture content. 
Replace the hydrogen tank. Empty and refill the MicroFlD internal cyiinder with fresh hydrogen. 

Signal form the span gas is too small 

Span gas and zero air are switched. 

Action: Ensure calibration is used to calibrate MicroFID. Mark the calibration ancl zero gas bags 
clearly. Ensure the span gas is of a reliable concentration. 
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Fault: Detector field voltage is low. 

Cause: Internal fault in electronics. 

Action: Contact the Photovac Service Department. 

Problem: No instrument response detected, yet compounds are known to be present. 

Cause: MicroFlD has not been calibrated properly. 

Action: Ensure calibration gas is of a reliable concentration and then calibrate the instrument. 
After the instrument has been calibrated, sample the bag of calibration gas. A reading equivalent 
to the calibration gas should be displayed. If not, contact the Photovac Service Department. 

Action: When calibrating the MicroFID, ensure the instrument is level. If the MicroFlD is tilted side 
to side, gravity will affect the flame height and cause erroneous readings. If the sampling location 
is difficult to reach without tilting the instrument, use the long sample probe. 

Cause: Background contamination from the hydrogen. 

Action: It is possible that the hydrogen has become contaminated and is contributing a high 
background signal. If the hydrogen supply tank is more than 6 months old it should be replaced 
with a new cylinder. When ordering hydrogen, specify ultra-high purity (99.999 percent pure). 
Empty the MicroFlD hydrogen cylinder and then refill with hydrogen from the new cylinder. 

Problem: Date and time settings are not retained. 

Cause: MicroFlD has not been used for 3 months or more and the internal battery (not the external battery 
pack) has been discharged. 

Action: Turn MicroFlD on and allow it to run until a “LoBat” status appears. This will take 
approximately 15 hours. Remove the battery pack and recharge it overnight. Repeat this 
procedure for 3 or 4 days. While MicroFlD is running the internal battery is charging. 

Problem: Cannot bill the internal hydrogen cylinder to 1800 psig. 

Cause: 6upply tank has less than 1800 psig of pressure. You can only fill the internal cylinder to a 
pressure of less than or equal to the tank pressure. 

Action: Fill the internal cylinder to the pressure of the tank or replace the tank with a full one. 

Cause: The hydrogen purge outlet is open. 

Action: Close the outlet and fill the cylinder. 

Cause: There is a problem with the refill adapter. 

Action: Contact the Photovac Service Department 
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Problem: Instrument status shows “Over.” 

Cause: Rapid change in signal level. The detector electronics have been momentarily saturated. 

Action: Wait a few seconds for the status to return to “Ready.” 

Cause: The detector has become saturated. 

Action: Move the MicroFlD to a location where it can sample clean air. Sample zero air until the 
reading stabilizes around “0.” If you were using Low Range, switch to High Range. Calibrate the 
CAL Memory you were using when the “Over” status appeared. 

Problem: Display contrast bars are on or display is blank. 

Cause: Battery pack is critically low. 

Action: Recharge the battery pack or connect the MicroFlD to the battery charger. 

Cause: The battery pack is not connected to the instrument property. 

Action: Ensure the battery pack has been aligned correctly. Ensure the battery pack is secured 
by the retainer at the rear of the instrument. 

Problem: Sample flow rate varies from 600 ml/min. +/-lo percent. 

Cause: Inlet filter has not been installed. 

Action: Install an inlet filter. 

Cause: Inlet filter has not been tightened onto the detector cap. 

Action: Finger-tighten the filter cap. 

Cause: Inlet filter is plugged. 

Action: Replace the inlet filter. 

Cause: Pump has been damaged. 

Action: Contact the Photovac Service Department 

Cause: Exhaust port is blocked. 

Action: At low temperatures, water vapor (a by-product of the hydrogen flame) may condense 
at the exhaust port. At sub-zero temperatures the water will freeze and obstruct the exhaust port. 
If the exhaust port becomes obstructed, pump operation will be inhibited. flame out may also 
result. Operate the MicroFlD within the operating temperature range 41 to 105 degrees 
Fahrenheit. In the event that the flame arrestor becomes clogged, contact the Photovac Service 
Department. 
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Problem: Flame will not ignite. 

Cause: The hydrogen gas has run out. 

Action: Ensure the shut-off valve is open. Check the hydrogen contents gauge on the side of 
the instrument and refill the hydrogen cylinder if necessary. Ensure the hydrogen purge outlet is 
closed. 

Cause: Oxygen supply is deficient. 

Action: Ensure there is an adequate supply of oxygen. Do not attempt to ignite the flame in a 
location where there is greater than 10,000 ppm methane or the equivalent concentration of a 
flammable gas. Move to a location where there are lower concentrations, start the flame and then 
begin sampling higher concentrations. If the flame goes out while you are sampling very high 
concentrations, it is possible you are sampling above the flame out concentration. The flame out 
concentration of methane is approximately 52,000 ppm (5.2 percent methane in air). A minimum 
of 17 percent oxygen is required to start the hydrogen flame. Oxygen is supplied from the sample 
as it is drawn in by the pump: A minimum or 10 percent oxygen is required to maintain the 
hydrogen flame. 

Cause: Exhaust port is blocked. 

Action: At low temperatures, water vapor (a by-product of the hydrogen flame) may condense 
at the exhaust port. At sub-zero temperatures the water will freeze and obstruct the exhaust port. 
If the exhaust port becomes obstructed, pump operation will be inhibited. Flame out may also 
result. Operate the MicroFlD within the operating temperature range 41 to 105 degrees 
Fahrenheit. In the event that the flame arrestor becomes clogged, contact the Photovac Service 
Department. 

Cause: Hydrogen supply lines are full of air. 

Action: If MicroFlD has not been operated for some time, it is possible that the hydrogen supply 
lines contain air. Fill the hydrogen cylinder and then open the hydrogen shut-off valve. Allow the 
hydrogen to purge the system for about 5 minutes and then turn MicroFlD on and start the flame. 

Cause: Hydrogen lines are blocked. 

Action: Contact the Photovac Service Department. 

Problem: Liquid has been aspirated. 

Cause: MicroFlD has been exposed to a solvent that can pass through the Teflon/Polypropylene filter. 

Action: Contact the Photovac Service Department. 

5.5 Transportinq MicroFlD 

When you transport MicroFID, you should empty the internal hydrogen cylinder and then refill it when you 
arrive at your destination. If you are traveling by passenger aircraft, you must empty the hydrogen cylinder. 
You cannot transport MicroFlD by passenger aircraft with hydrogen in the cylinder. 
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The MicroFlD can be shipped to sites. However, if shipment is to be performed while the cylinder still 
contains hydrogen, a hazardous materials airbill must be filled out. Examples of various completed forms 
are provided as Figures 6-1 and 6-2. 

6.0 SHIPPING 

The Photovac may be shipped as cargo or carried on as luggage providing there is no hydrogen fuel source 
or calibration gas cylinder accompanying the kit. If shipping or transporting the hydrogen fuel source, a 
Hazardous Airbill (such as the example in Figure 6-l) must be completed. When shipping or transporting 
the calibration gas, a separate Hazardous Airbill such as the one illustrated in Figure 6-2 muslt be prepared. 

7.0 REFERENCES 

MicroFlD Handheld Flame Ionization Detector User’s Manual, 1995. 
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APPENDIX B 

FIELD FORMS 

Boring Log 

Overburden Monitoring Well Sheet (Stick-up protective casing) 

Overburden Monitoring Well Sheet (Flush Mount) 

Confining Layer Monitoring Well Sheet 

Bedrock Monitoring Well Sheet (Stick-up protective casing) 

Bedrock Monitoring Well Sheet (Flush Mount) 

Well Development Form 

Groundwater Level Measurement Sheet 

Groundwater Sample Log Sheet 

Equipment Calibration Log 

Chain of Custody Record 

Hydraulic Conductivity Testing Data Sheet 

Daily Activities Record 

Surface Water Sampling Log 

Single Sample Log 

Multiple Sample Log 

Low Flow Purge Sheet 

Field Task Modification Request Form 
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1 .O PROJECT DESCRIPTION 

1.1 INTRODUCTION 

This Quality Assurance Project Plan (QAPP) has been prepared by Brown & Root Environmental (B&R 

Environmental) on behalf of the United States Navy Northern Division Naval Facilities Engineering 

Command and the Naval Surface Warfare Center (NSWC) White Oak, Silver Spring, Maryland, under the 

Comprehensive Long-Term Environmental Action Navy (CLEAN) Contract Number N62472-90-D-1298, 

Contract Task Order (CTO) 273. This QAPP and other associated documents, including the Sampling 

and Analysis Strategy (SAS) and Health and Safety Plan (HASP), constitute the project planning 

documents for the site investigations to be performed at the NSWC White Oak. 

S” 

This Quality Assurance Project Plan presents the organization, objectives, planned activities, and specific 

Quality Assurance/Quality Control (QAIQC) procedures associated with the Sampling and Analysis 

Strategy (and addenda) for the site investigation. Specific protocols for sampling, sample handling and 

storage, chain-of-custody, and laboratory and field analyses are described. All QA/QC procedures are 

structured in accordance with applicable technical standards, the Naval Facilities Engineering Service 

Center (NFESC) guidance document “Navy Installation Restoration Laboratory Quality Assurance Guide 

(February 1996) and United States Environmental Protection Agency (U.S. EPA) Region III and Maryland 

Department of the Environment (MDE) requirements, regulations, guidance, and technical standards. 

1.2 FACILITY DESCRIPTION 

A description of the NSWC White Oak, including its location, size and borders, site condition, and natural 

and manmade features, is provided in Section 1.2 of the SAS. 

1.3 PROJECT OBJECTIVES 

This section discusses the overall project objectives and the anticipated target parameters ancl intended 

data uses for both field and laboratory analytical data. 

1.3.1 Overall Project Objectives 

The objective of the work will be to perform further investigation and characterization of Installation 

Restoration Project (IRP) sites and Solid Waste Management Units (SWMUs), install additional groundwater 

monitoring wells, further characterize base groundwater conditions, and develop a statistical background for 
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use in future base remediation work. The further characterization of the IRP sites, SWMUs, groundwater and 

background conditions is necessitated by the closure of the base and transfer of the property. 

1.3.2 Project TarRet Parameters and Intended Data Uses 

This section discusses the field and laboratory analytical information to be generated during the course of 

the investigation. Field parameters and intended data uses are discussed in Section 1.4.2.1. Laboratory 

parameters and intended data uses are discussed in Section 1.4.2.2. 

1.3.2.1 Field Parameters 

Field parameters will include those associated with the completion of soil borings, installation and 

development of monitoring wells, and groundwater sampling and analysis. Field measurements will 

include only those completed using simple field instrumentation. 

Field measurements of total volatile organics will be completed using a Photoionization Detector (PID) or 

Flame Ionization Detector (FID). These measurements will be used to determine appropriate subsurface 

sample horizons to be submitted for laboratory analysis. 

Field parameters including pH, specific conductance, turbidity, and temperature will be completed for all 

aqueous phase samples. These measurements will be used to support monitoring well development and 

purging of stagnant water from well casings. Specific conductance and pH will also be used as general 

indicators of water quality. 

1.3.2.2 Laboratory Parameters 

The analytical methods to be used for analysis of the NSWC White Oak samples have been selected 

based on existing information regarding the use of the facility. The suite of analyses for the NSWC White 

Oak investigation includes Contract Laboratory Program (CLP) Target Compound List (TCL) volatiles, 

semivolatiles, pesticides/PCBs; CLP low-concentration TCL volatiles, semivolatiles, and pesticides/PCBs; 

CLP Target Analyte List (TAL) metals and cyanide; Toxicity Characteristic Leaching Procedure (TCLP) 

metals; and explosives. These parameters will be used to support decision making via risk screening. 

Tables l-l through l-5 provide a summary of all target laboratory analytes and associated Contract 

Required Quantitation Limits (TCL organics), Contract Required Detection Limits (TAL inorganics), and 

typical Practical Quantitation Limits (explosives and TCLP metals). Analytical methods are further 

discussed in Section 7.0 of this QAPP. 
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TABLE l-l 

ANALYTICAL DETECTION LIMITS - TCL LOW-CONCENTRATION ORGANICS 
NSWC WHITE OAK, MARYLAND 

PAGE 1 OF 4 

Parameter 

Volatile Oroanic Comoounds 
Acetone 

Bromodichloromethane 

Benzene 

Bromoform 

Bromochloromethane 

CRQL(l) 

5 

Aqueous Samples(L~ 

1 

us/L 

1 
1 
1 

Bromomethane 1 
2-Butanone 5 
Carbon disulfide 1 
Carbon tetrachloride 1 
Chlorobenzene 1 

1 Chloroethane I 1 I 
Chloroform 1 
Chloromethane 1 I 
Dibromochloromethane 1 
1,2-Dibromo-3-chloropropane 1 
1.2-Dibromoethane 1 
1,2-Dichlorobenzene 1 
1,3-Dichlorobenzene 1 
1.4-Dichlorobenzene 1 
1,l -Dichloroethane 1 
1,2-Dichloroethane 1 
1 .I -Dichloroethene 1 
cis-1,2-Dichloroethene 1 
trans-1,2-Dichloroethene 1 
1.2-Dichloroorooane 1 
cis-1,3-Dichloropropene 1 
trans-1,3-Dichloropropene 1 
Ethvlbenzene 1 
2-Hexanone 5 
4-Methvl-2-oentanone 5 

1 Methvlene chloride I 2 I 
Styrene 1 
1.1.2.2-Tetrachloroethane 1 
1 ,l ,1 -Trichloroethane 1 
1 ,1,2-Trichloroethane 1 
Trichloroethene 1 

IXylenes (total) 

Tetrachloroethene 
Toluene . 
Vinvl chloride 

1 

1 I 

1 
1 
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TABLE l-l 

ANALYTICAL DETECTION LIMITS - TCL LOW-CONCENTRATION ORGANlCS 
NSWC WHITE OAK, MARYLAND 

PAGE 2 OF 4 
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TABLE l-l 

ANALYTICAL DETECTION LIMITS - TCL LOW-CONCENTRATION ORGANICS 
NSWC WHITE OAK, MARYLAND 

PAGE 3 OF 4 

Parameter 

Semivolatile Organic Compounds 
Hexachlorobenzene 
Hexachlorobutadiene 5 

Hexachlorocyclopentadiene 5 

Hexachloroethane 5 

Indeno(l.2.3-cd)ovrene 5 

lsophorone 5 

2-Methylnaphthalene 5 

2-Methylphenol 5 

4-Methylphenol 5 

Naphthalene 5 

2-Nitroaniline 20 

3-Nitroaniline 20 

4-Nitroaniline 20 

Nitrobenzene 5 

2-Nitrophenol 

4-Nitrophenol 
N-nitroso-di-n-propylamine 

5 

20 

5 

I N-nitrosodiphenyiamine I 5 I 
2,2’-Oxybis( 1 -chloropropane) 5 

Pentachlorophenol 20 

Phenanthrene 5 
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TABLE 1-I 

ANALYTICAL DETECTION LIMITS - TCL LOW-CONCENTRATION ORGANICS 
NSWC WHITE OAK, MARYLAND 

PAGE 4 OF 4 

Toxaphene 1.0 
Aroclor-1016 0.20 
Aroclor-1221 0.40 
Aroclor-1232 0.20 
Aroclor-I 242 0.20 
Aroclor-1248 0.20 
Aroclor-1254 0.20 
Aroclor-1260 0.20 

CRQL Contract Required Quantitation Limit; as specified in OLCO2.0. 
Aqueous (groundwater, surface water) samples. 
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TABLE 1-2 

ANALYTICAL DETECTION LIMITS - TCL ORGANICS 
NSWC WHITE OAK, MARYLAND 

PAGE 1 OF 4 

2-Butanone 

Parameter 

Carbon disulfide 

Volatile Organic Compounds 
Acetone 
Benzene 
Bromodichloromethane 
Bromoform 
Bromomethane 

Aqueous Samples( 

10 

PM- 

10 

IO 
10 
10 
10 
10 

Solid Samples 

10 

I.Iglkg 

10 

10 
10 
10 
10 
10 

Carbon tetrachloride 10 10 
Chlorobenzene 10 10 
Chloroethane 10 10 
Chloroform 10 10 
Chloromethane 10 10 
Dibromochloromethane 10 IO 
1,l -Dichloroethane 10 10 
1,2-Dichloroethane 10 10 
1,l -Dichloroethene 10 10 
1,2-Dichloroethene (total) 10 10 
1,2-Dichloropropane 10 10 
cis-1,3-Dichloroorooene 10 10 
trans-1,3-Dichloropropene 10 10 
Ethvlbenzene 10 10 , 
2-Hexanone 
4-Methyl-2-pentanone 
Methylene chloride 
Styrene 
1,1,2,2-Tetrachloroethane 
1 (1 ,l-Trichloroethane 
1 1.2-Trichloroethane 1 

10 10 
10 10 
10 IO 
10 10 
10 10 
10 10 
10 10 

Trichloroethene 10 IO 
Tetrachloroethene 10 10 
Toluene 10 10 
Vinyl chloride IO 10 
Xylenes (total) 10 10 
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TABLE 1-2 

ANALYTICAL DETECTION LIMITS - TCL ORGANICS 
NSWC WHITE OAK, MARYLAND 

PAGE 2 OF 4 

Parameter CRQLf ’ ) 

Aqueous Sample&) Solid Samples(3) 

Semivolatile Organic Compounds Id- P9M 
Acenaphthene 10 330 

Acenaphthylene 10 330 . - 
Anthracene IO 330 

Benzo(a)anthracene IO 330 

Benzo(a)pyrene 10 330 

Benzo(b)fluoranthene IO 330 

Benzo(g,h,i)perylene 10 330 

Benzo(k)fluoranthene 10 330 

Bis(2-chloroethoxy)methane IO 330 

Bis(2-chloroethyl)ether 10 330 

Bis(2-ethylhexyl)phthalate 10 330 

4-Bromophenyl-phenylether 10 330 

Butylbenzylphthalate IO 330 

Carbazole 10 330 

4-Chloro-3-methylphenol 10 330 
4-Chloroaniline 10 330 

2-Chloronaphthalene 10 330 

2-Chlorophenol 10 330 

4-Chlorophenyl-phenylether 10 330 

Chrysene 10 330 
Dibenz(a,h)anthracene 10 330 

Dibenzofuran 10 330 

3,3’-Dichlorobenzidine 10 330 

Diethylphthalate IO 330 

Di-n-butylphthalate 10 330 
Di-n-octylphthalate 10 330 

4,6-Dinitro-2-methylphenol 25 830 

2,4-Dinitrophenol 25 830 

2,4-Dinitrotoluene 10 330 
1,2-Dichlorobenzene IO 330 

1,3-Dichlorobenzene 10 330 

1,4-Dichlorobenzene 10 330 

2,4-Dichlorophenol 10 330 
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TABLE l-2 

ANALYTICAL DETECTION LIMITS - TCL ORGANICS 
NSWC WHITE OAK, MARYLAND 

PAGE 3 OF 4 

Parameter 

Semivolatile Organic Compounds 

Dimethylphthalate 

2,4-Dimethylphenol 

2,6-Dinitrotoluene 

Fluoranthene 

Fluorene 
Hexachlorobenzene 

Hexachlorobutadiene 

Hexachlorocyclopentadiene 

Hexachloroethane 

Indeno( 1,2,3-cd)pyrene 

lsophorone 

2-Methylnaphthalene 

2-Methylphenol 

4-Methylphenol 

Naphthalene 

2-Nitroaniline 

3-Nitroaniline 

4-Nitroaniline 

Nitrobenzene 

2-Nitrophenol 

4-Nitrophenol 

N-nitroso-di-n-propylamine 

N-nitrosodiphenylamine 

2,2’-Oxybis(l-chloropropane) 

Pentachlorophenol 

Phenanthrene 

Phenol 

Pyrene 

1,2,4-Trichlorobenzene 

2,4,5Trichlorophenol 

2,4,6-Trichlorophenol 

CRQLi’) 

Aqueous Sample&) Solid Samplest5) 

I& m/kg 
10 330 

10 330 

10 330 

10 330 

10 330 

10 330 

10 330 

10 330 

IO 330 

10 330 

10 330 

10 330 

10 330 

10 330 

10 330 

25 830 

25 830 

25 830 

IO 330 

10 330 

25 830 

10 330 

10 330 

IO 330 

25 830 

10 330 

10 330 

10 330 

10 330 

25 830 

10 330 
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TABLE 1-2 

ANALYTICAL DETECTION LIMITS - TCL ORGANICS 
NSWC WHITE OAK, MARYLAND 

PAGE 4 OF 4 

Parameter CRQL(‘) 

Aqueous Samples(l) Solid Samples(j) 

Pesticides/PCBs PM- clglkg 
Aldrin 0.050 1.7 

alpha-BHC 0.050 1.7 

alpha-Chlordane 0.050 1.7 
beta-BHC 0.050 1.7 

4,4’-DDE 0.10 3.3 

4,4’-DDD 0.10 , 3.3 

4,4’-DDT 0.10 3.3 
delta-BHC 0.050 1.7 

Dieldrin 0.10 3.3 

Endosulfan I 0.050 1.7 

Endosulfan II 0.10 3.3 

Endosulfan sulfate 0.10 3.3 

Endrin 0.10 3.3 

Endrin aldehyde 0.10 3.3 

Endrin ketone 0.10 3.3 

gamma-BHC (Lindane) 0.050 1.7 
gamma-Chlordane 0.050 1.7 

Heptachlor 0.050 1.7 

Heptachlor epoxide 0.050 1.7 

Methoxychlor 0.50 17 

Toxaphene 5.0 170 

Aroclor-1016 1.0 33 

Aroclor-122 1 2.0 67 

Aroclor-1232 1.0 33 

Aroclor-1242 1.0 33 

Aroclor-1248 1.0 33 

Aroclor-1254 1.0 33 

Aroclor-1260 1.0 33 

1 CRQL Contract Required Quantitation Limit; as specified in OLM03.1. 
2 Aqueous (groundwater, surface water) samples. 
3 Solid (soil, sediment) samples. 
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TABLE 1-3 

ANALYTICAL DETECTION LIMITS - TAL INORGANICS 
NSWC WHITE OAK, MARYLAND 

Parameter 

Target Analyte List Metals 

CRDLt’) 

Aqueous Sample#1 Solid Samples(5) 

M/L mg/kg 
Aluminum 200 40 
Antimony 60 12 

Arsenic 10 2 

Barium 200 40 

Beryllium 5 1 

Cadmium 5 1 

Calcium 5000 1000 

Chromium 10 2 

Cobalt 50 10 

Copper 25 5 
Cyanide 10 10 

Iron 100 20 

Lead 3 0.6 

Magnesium 5000 1000 

Manganese 15 3 

Mercury 0.2 0.1 

Nickel 40 8 

Potassium 5000 1000 

Selenium 5 1 

Silver 10 2 

Sodium 5000 1000 

Thallium 10 2 

Vanadium 50 10 
Zinc 20 4 

1 CRDL Contract Required Detection Limit; as specified in ILM04.0. 
2 Aqueous (groundwater, surface water) samples. 
3 Solid (soil, sediment) samples. 
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TABLE I-4 

ANALYTICAL DETECTION LIMITS - EXPLOSIVES 
NSWC WHITE OAK, MARYLAND 

PQL(‘) 

Parameter Aqueous Samples(213) Solid Samples(4) 

Low-level High-level 

Explosives I-ML Ia- Wkg 
HMX -- 13.0 2200 

RDX 0.84 14.0 1000 

1,3,5-TNB 0.26 7.3 250 

1,3-DNB 0.11 4.0 250 

Tetryl -- 4.0 650 

NB -- 6.4 260 

2,4,6-TNT 0.11 6.9 250 

2,6-DNT 0.31 9.4 260 

2,4-DNT 0.020 5.7 250 

2-NT -- 12.0 250 

4-NT -- 8.5 250 

3-NT -- 7.9 250 

1 PQL Practical Quantitation Limit; based on SW-846 Method 8330; actual PQL may vary based 
on the laboratory. 

2 Use of low-level versus high-level method is sample-specific based on the screening 
procedure described in Method 8330. Most groundwater samples fall into the low-level 
method. 

3 Aqueous (groundwater, surface water) samples. 
4 Solid (soil, sediment) samples, 
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TABLE I-5 

ANALYTICAL DETECTION LIMITS - TCLP METALS 
NSWC WHITE OAK, MARYLAND 

Arsenic 

Barium 

Parameter 

TCLP Metals 

PQL(1) 

TCLP Leachate 

mg/L 

10 

200 

Cadmium 5 

Chromium 10 

I Lead 

Mercury 

Selenium 
Silver 

0.2 

5 
10 

1 PQLTypical Practical Quantitation Limit; actual PQL may vary based on the 
laboratory. 
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1.4 SAMPLE NETWORK DESIGN AND RATIONALE 

The sample network design and rationale is discussed in detail in Sections 2.0 and 3.0 of the SAS. 

Figures displaying the location of all proposed sampling locations are provided therein. 

1.5 PROJECT SCHEDULE 

The project schedule is provided in Section 6.0 of the project SAS. 

119608/P (QAPP) 1-14 CT0 0273 



2.0 PROJECT ORGANIZATION 

The management of all quality assurance aspects of the project are the ultimate responsibility of <the Navy. 

Each contractor assigned to individual tasks has the responsibility to fulfill the objectives of each task and 

ensure the quality of the data generated by the task. At the direction of the Navy, B&R Environmental has 

overall responsibility for the IR Program investigations to be performed at NSWC White Oak. The project 

organization chart for the Navy/B&R Environmental team is provided in Figure 2-l. 
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FIGURE 2-1 
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3.0 QUALITY ASSURANCE OBJECTIVES FOR MEASUREMENT DATA 

The overall Quality Assurance (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. Intended data uses are described in Section 1.3.2 of this QAPP. 

Specific procedures for sampling, chain-of-custody, laboratory instrument calibration, laboratory analysis, 

reporting of data, internal quality control, audits, preventive maintenance of field and laboratory equipment, 

and corrective action are described in other sections of this QAPP. 

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

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

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

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

(precision, accuracy, and completeness) are provided in Section 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 Objectives 

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

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

percent difference (RPD) is less than or equal to 50 percent. Field duplicate results for aqueous matrix 

samples are considered to be precise if the 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. 

3.1.3 Laboratory Precision Objectives 

Laboratory precision Quality Control 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 
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calculated RPD values and Precision Control Limits specified in the analytical method or by the 

laboratory’s QA/QC Program. 

Five distinct types of analyses will be completed for environmental samples collected during the 

investigations at the NSWC White Oak, as follows: 

. TCL organic analysis via OLM03.1 

. TCL low-concentration organic analysis via OCLO2.0. 

. TAL inorganic analysis via ILM04.0. 

. Explosives analysis via SW-846 Method 8330. 

. TCLP metals analysis via SW-846 Methods 1311 (leaching procedure) followed by SW-846 Method 

6010 (analysis procedure). 

Precision for TCL organic analysis will be measured via the RPDs for matrix spike/matrix spike duplicate 

(MS/MSD) samples. Although the CLP Statement of Work (SOW) for low-concentration TCL organic 

analysis does not require a specific QC sample to monitor precision, the calibration requirements of the 

method, by requiring 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.) Precision for TAL 

inorganic analysis will be measured via RPDs for laboratory duplicates. Precision for explosives analysis 

will be measured via the RPD results for matrix spike/matrix spike duplicate samples. Precision for TCLP 

metals analysis will be measured via RPDs for laboratory duplicates. Table 3-l presents precision control 

limits for MS/MSD RPDs for TCL organics. Table 3-2 presents precision control limits for laboratory 

duplicate RPDs for TAL inorganics. 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 

explosives and TCLP metals analyses. 

3.2 ACCURACY 

3.2.1 Definition 

Accuracy is the degree of agreement between are observed value and an accepted reference value. The 

equation for determining accuracy is provided in Section 12.1. 
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TABLE 3-1 

PRECISION CONTROL LIMITS (RPDS)(‘) 
MATRIX SPIKE/MATRIX SPIKE DUPLICATE SAMPLES 

ORGANIC ANALYSIS VIA OLM03.1t2) 
NSWC WHITE OAK, MARYLAND 

Chemical 

VOLATILE ORGANICS 

Aqueous Samples Solid Samples 

I, I -Dichloroethene 
Trichloroethene 
Benzene 
Toluene 
Chlorobenzene 
SEMIVOLATILE ORGANICS 

I4 22 
I4 24 
II 21 
I3 21 
I3 21 1 

Phenol 42 35 
2-Chlorophenol 40 50 
1,4-Dichlorobenzene 28 27 
N-Nitroso-di-n-propylamine 38 38 
1,2,4-Trichlorobenzene 28 23 
4-Chloro-3-methylphenol 42 33 
Acenaphthene 31 19 
4-Nitrophenol 50 50 
2,4-Dinitrotoluene 38 47 
Pentachlorophenol 50 47 
Pyrene 31 36 
nCETlrrlrtr?E 
rc3 I 1uuc3 

gamma-BHC (Lindane) I5 50 
Heptachlor 20 31 
Aldrin 22 43 
Dieldrin 18 38 
Endrin 21 45 
4,4’-DDT 27 50 

1 RPD - Relative Percent Difference as described in Section 12.0. 
2 U.S. EPA CLP, 1994. Statement of Work for Orcanics Analysis, Multi-Media, Multi-Concentration. 

OLM03.1. 
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TABLE 3-2 

PRECISION CONTROL LIMITS (RPDS)(‘) 
LABORATORY DUPLICATE SAMPLES 
INORGANIC ANALYSIS VIA ILM04.0t2) 

NSWC WHITE OAK, MARYLAND 

Chemical 

INORGANICS 

Aqueous Samples(jj Solid Samplest4) 
I 

Aluminum 20 
Antimony 20 
Arsenic 20 
Barium 20 
Beryllium 20 
Cadmium 20 
Calcium 20 
Chromium 20 
Cobalt 20 
Copper 20 
Iron 20 
Lead 20 
Magnesium 20 
Manganese 20 
Mercury 20 
Nickel 20 
Potassium 20 
Selenium 20 
Silver 20 
Sodium 20 
Thallium 20 
Tin 20 
Vanadium 20 
Zinc 20 
Cyanide 20 

35 
35 
35 
35 
35 
35 
35 
35 
35 
35 
35 
35 
35 
35 
35 
35 
35 
35 
35 
35 
35 
35 
35 
35 
35 

1 RPD - Relative Percent Difference as described in Section 12.0. 
2 U.S. EPA CLP, 1995. Statement of Work for Inorqanics Analysis, Multi-Media, Multi- 

Concentration, ILM04.0. 
3 For aqueous sample results less than 5X CRDL, a control limit of _+CRDL is used. 
4 For solid sample results less than 5X CRDL, a control limit of +2X CRDL is used. 
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3.2.2 Field Accuracy Obiectives 

,, ,- - 

Accuracy in the field is assessed through the use of rinsate and trip blanks and is ensured through the 

adherence to all sample handling, preservation and holding times. Accuracy and precision reqluirements 

for field measurements (total volatile organics, pH, specific conductivity, temperature, and turbidity) are 

ensured through calibration as discussed in Section 6.0. 

3.2.3 Laboratory 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 analysis). Laboratory control 

samples measure the accuracy of laboratory operations, while surrogate and matrix spike analyses 

measure the accuracy of laboratory operations as affected by matrix. Laboratory control sample and/or 

matrix spike analyses are performed with a frequency of one per twenty associated samples of like matrix. 

Surrogate spike analysis is performed for all chromatographic organic analyses. Laboratory accuracy is 

assessed via comparison of calculated %R values with Accuracy Control Limits specified in the analytical 

method or by the laboratory’s QA/QC Program. 

Five distinct types of analyses will be completed for environmental samples collected during the 

investigations at the NSWC White Oak, as follows: 

. TCL organic analysis via OLM03.1 

. TCL low-concentration organic analysis via OLCO2.0. 

. TAL inorganic analysis via ILM04.0. 

. Explosives analysis via SW-846 Method 8330. 

. TCLP metals analysis via SW-846 Methods 1311 (leaching procedure) followed by SW-846 Method 

6010 (analysis procedure). 

Accuracy for TCL organic analysis will be measured via the percent recoveries for surrogate slpikes and 

matrix spike/matrix spike duplicates. Accuracy for low-concentration TCL volatile and semivolatile 
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analysis will be measured via percent recoveries for surrogate spikes and laboratory control samples. 

Accuracy for Target Analyte List Inorganic analysis will be measured via percent recoveries for matrix 

spikes and laboratory control samples. Accuracy for explosives analysis will be measured via percent 

recoveries for surrogate spikes and matrix spike/matrix spike duplicates. Accuracy for TCLP metals 

analysis will be measured via percent recoveries for matrix spikes and laboratory control samples. Tables 

3-3 and 3-4 present control limits for matrix and surrogate spike recoveries, respectively, for TCL 

organics. Tables 3-5 and 3-6 present control limits for laboratory control sample and surrogate spike 

recoveries, respectively, for low-concentration TCL organics. Tables 3-7 and 3-8 present control limits for 

matrix spike and laboratory control samples, respectively, for TAL inorganics. 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 explosives and TCLP metals analyses. 

3.3 COMPLETENESS 

Definition 

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

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

One hundred percent of the laboratory data for the NSWC White Oak investigations will be validated in 

accordance with the U.S. EPA Contract Laboratory Program National Functional Guidelines for Organic 

Data Review (February 1994) and Inorganic Data Review (February 1994) as modified for use within 

U.S. EPA Region III. Data rejected as a result of the validation process will be treated as incomplete data. 

119608/P (QAPP) 3-6 CT0 0273 



TABLE 3-3 

ACCURACY CONTROL LIMITS (%R)(‘) 
MATRIX SPIKE/MATRIX SPIKE DUPLICATE SAMPLES 

ORGANIC ANALYSIS VIA OLM03.1(2) 
NSWC WHITE OAK, MARYLAND 

Chemical 

VOLATILE ORGANICS 

Aqueous Samples Solid Samples 

1,l -Dichloroethene 
Trichloroethene 
Benzene 
Toluene 

61-145 59-172 
71-120 62-I 37 
76-127 66-142 
76-125 59-l 39 

1 Chlorobenzene 
SEMIVOLATILE ORGANICS 

75-l 30 60-I 33 

Phenol 
2-Chlorophenol 
1,4-Dichlorobenzene 
N-Nitroso-di-n-propylamine 
1,2,4-Trichlorobenzene 
4-Chloro-3-methylphenol 
Acenaphthene 
4-Nitrophenol 
2,4-Dinitrotoluene 
Pentachlorophenol 
Pyrene 
PESTICIDES 

12-110 
27-l 23 
36-97 

41-I 16 
39-98 
23-97 

46-l 18 
1 O-80 
24-96 
9-l 03 

26-l 27 

26-90 
25-l 02 
28-104 
41-126 
38-l 07 
26-l 03 
31-137 
II-114 
28-89 
17-l 09 
35-l 42 

gamma-BHC (Lindane) 56-I 23 46-l 27 
Heptachlor 40-I 31 35-l 30 
Aldrin 40-l 20 34-132 
Dieldrin 52-126 31-134 
Endrin 56-121 42-139 
4,4’-DDT 38-l 27 23-l 34 

1 %R - Percent Recovery as described in Section 12.0. 
2 U.S. EPA CLP, 1994. Statement of Work for Oroanics Analysis, Multi-Media, Multi-Concentration, 

OLM03.1. 

-“. 
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TABLE 3-4 

ACCURACY CONTROL LIMITS (“/R)(l) 
SURROGATE SPIKES 

ORGANIC ANALYSIS VIA OLM03.1(2) 
NSWC WHITE OAK, MARYLAND 

Chemical 

VOLATILE ORGANICS 

Aqueous Samples Solid Samples 

Toluened8 88-l 10 84-138 
Bromofluorobenzene 86-l 15 59-l 13 
1,2-Dichloroethane-d4 76-l 14 70-121 
SEMIVOLATILE ORGANICS 

Nitrobenzene-d5 
2-Fluorobiphenyl 
Terphenyl-d14 
Phenol-d5 
2-Fluorophenol 
2,4,6-Tribromophenol 
2-Chlorophenol-d4 
1,2-Dichlorobenzene-d4 
~reb*lAl~F~,~~~~ 

35-l 14 23-l 20 
43-l 16 30-l 15 
33-141 18-137 
10-l 10 24-l 13 
21-110 25-121 
lo-123 19-122 

33-l 1 o(3) 20-I 30(3) 
16-llO(3) 20-I 30(3) 

Tetrachloro-m-xylene 
Decachlorobiphenvl I 

30-l 50 
I 

30-l 50 
30-I 50 30-l 50 I 

1 %R - Percent Recovery as described in Section 12.0. 
2 U.S. EPA CLP, 1994. Statement of Work for Orqanics Analysis, Multi-Media, Multi-Concentration, 

OLM03.1. 
3 Advisory limits only. 
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TABLE 3-5 

ACCURACY CONTROL LIMITS (%R)(‘) 
LABORATORY CONTROL SAMPLES 

LOW-CONCENTRATION ORGANIC ANALYSIS VIA OLCO2.0(2) 
NSWC WHITE OAK, MARYLAND 

Chemical 
VOLATILE ORGANICS 

Aqueous Samples 

Vinyl chloride 
1,2-Dichloroethane 
Carbon tetrachloride 
1,2-Dichloropropane 
Trichloroethene 
1 ,I ,2-Trichloroethane 
Benzene 
cis-1,3-Dichloropropene 
Bromoform 
Tetrachloroethene 
1,2-Dibromoethane 
1,4-Dichlorobenzene 
SEMIVOLATILE ORGANICS 

60-l 40 
60-I 40 
60-I 40 
60-I 40 
60-I 40 
60-I 40 
60-I 40 
60-I 40 
60-l 40 
60-l 40 
60-l 40 
60-l 40 

Phenol 
2-Chlorophenol 
4-Chloroaniline 
2,4,6-Trichlorophenol 
bis(2-Chloroethyl)ether 
N-Nitroso-di-n-propylamine 
Hexachloroethane 
lsophorone 
1,2,4-Trichlorobenzene 
Naphthalene 
2,4-Dinitrotoluene 
Diethylphthalate 
N-Nitrosodiphenylamine 
Hexachlorobenzene 
Benzo(a)pyrene 
PESTICIDES 

44-l 20 
58-l 10 
35-98 

65-l 10 
64-l 10 
34-l 02 
32-77 

49-l 10 
44-96 
56-160 
61-140 
76-l 04 
35-120 
30-95 
55-92 

gamma-BHC (Lindane) 56-l 23 
Heptachlor epoxide 74-l 50 
Dieldrin 33-l 50 
4,4’-DDE 50-l 50 
Endrin 56-121 
Endosulfan sulfate 50-l 00 
gamma-Chlordane 33-l 30 

1 %R - Percent Recovery as described in Section 12.0. 
2 U.S. EPA CLP, 1992. Super-fund Analytical Methods for Low Concentration Water for Oroanics 

Analysis, 1 O/92, OLCO2.0. 

119608/P (QAPP) 3-9 CT0 0273 



TABLE 3-6 

ACCURACY CONTROL LIMITS (%R)(‘) 
SURROGATE SPIKES 

LOW-CONCENTRATION ORGANIC ANALYSIS VIA OLC02.0(2) 
NSWC WHITE OAK, MARYLAND 

Chemical 

VOLATILE ORGANICS 

Aqueous Samples 

Bromoflourobenzene 
SEMIVOLATILE ORGANICS 

80-120 1 

Nitrobenzene-d5 40-I 12 
2-Fluorobiphenyl 42-l 10 
Terphenyl-d14 24-l 40 
Phenol-d5 17-113 
2-Fluorophenol 16-108 
2,4,6-Tribromophenol 
PESTlClDESlPCBS 

18-126 

Tetrachloro-m-xylene 60-l 50 
Decachlorobiohenvl 60-I 50 

1 %R - Percent Recovery as described in Section 12.0. 
2 U.S. EPA CLP, 1992. Superfund Analytical Methods for Low Concentration Water for Oroanics 

Analysis. 1 O/92, OLCO2.0. 
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TABLE 3-7 

ACCURACY CONTROL LIMITS (%R)(‘) 
MATRIX SPIKE SAMPLES 

INORGANIC ANALYSIS VIA ILM04.0(2) 
NSWC WHITE OAK, MARYLAND 

Chemical 

INORGANICS 

Aqueous Samples Solid Samples 
I 

. 

Aluminum 75-125 
Antimony 75-l 25 
Arsenic 75-l 25 
Barium 75-l 25 
Beryllium 75-l 25 
Cadmium 75-l 25 
Calcium NSd3) 
Chromium 75-125 
Cobalt 75-l 25 
Copper 75-125 
Iron 75-l 25 
Lead 75-l 25 
Magnesium Nd3) 
Manganese 75-l 25 
Mercury 75-125 
Nickel 75-125 
Potassium Nd3) 
Selenium 75-125 
Silver 75-125 
Sodium NSt3) 
Thallium 75-l 25 
Tin 75-l 25 
Vanadium 75-l 25 
Zinc 75-l 25 
Cyanide 75-l 25 

- NS(3) 
75-l 25 
75-l 25 
75-125 
75-l 25 
75-125 
Nd3) 

75-l 25 
75-l 25 
75-125 
75-125 
75-125 
Nd3) 

75-l 25 
75-l 25 
75-l 25 
Nd3) 

75-125 
75-125 
Nd3) 

75-l 25 
75-l 25 
75-125 
75-l 25 
75-125 

1 %R - Percent Recovery as described in Section 12.0. 
2 U.S. EPA CLP, 1995. Statement of work for Inorganics Analysis, Multi-Media, Multi- 

Concentration, ILM04.0. 
3 No spike required. 
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TABLE 3-8 

ACCURACY CONTROL LIMITS (%R)(‘) 
LABORATORY CONTROL SAMPLES 

INORGANIC ANALYSIS VIA ILM04.0(*) 
NSWC WHITE OAK, MARYLAND 

Chemical 

INORGANICS 

Aqueous Samples Solid Samples 

Aluminum 
Antimony 
Arsenic 
Barium 
Beryllium 
Cadmium 
Calcium 
Chromium 
Cobalt 
Copper 
Iron 
Lead 
Magnesium 
Manganese 
Mercury 
Nickel 
Potassium 
Selenium 
Silver 
Sodium 
Thallium 
Tin 
vanadium 
Zinc 
Cyanide 

TBDt3) 80-120 
8O-12O(4) TBD 

80-l 20 TBD 
80-l 20 TBD 
80-l 20 TBD 
80-l 20 TBD 
80-I 20 TBD 
80-I 20 TBD 
80-120 TBD 
80-I 20 TBD 
80-l 20 TBD 
80-l 20 TBD 
80-l 20 TBD 
80-I 20 TBD 
NA@) TBD 

80-l 20 TBD 
80-I 20 TBD 
80-l 20 TBD 

80-120(4) TBD 
80-I 20 TBD 
80-120 TBD 
80-I 20 TBD 
80-120 TBD 
80-120 TBD 

NA TBD 

1 %R - Percent Recovery as described in Section 12.0. 
2 U.S. EPA CLP, 1995. Statement of Work for Inorganic Analysis, Multi-Media, Multi-Concentration, 

ILM04.0. 
3 TBD - To Be Determined at time of analysis based on EPA LCS lot number. 
4 Advisory limits only. 
5 NA - Not Applicable. 
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3.3.2 Field Completeness Obiectives 

Field completeness is a measure of the amount of valid field measurements obtained from all1 the field 

measurements taken in the project. Field completeness for this project is expected to be at least 95 

percent. 

3.3.3 Laboratory Completeness Obiectives 

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

the laboratory measurements taken in the project. Laboratory completeness for this project is expected to 

be at least 95 percent. If critical data points are lost, resampling and/or reanalysis may be required. 

3.4 REPRESENTATIVENESS 

3.4.1 Definition 

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

,,.* -c 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 and will be satisfied by 

ensuring that the SAS is followed and that proper sampling techniques are used. 

3.4.3 Measures to Ensure Representativeness of Laboratory Data 

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

sample holding times, and analyzing and assessing duplicate samples. The sampling network for the 

NSWC White Oak investigations was designed to provide data representative of facility conditions. During 

development of this network, consideration was given to past waste disposal practices, existing analytical 

data, physical setting and processes, and constraints inherent to the CERCLA program. The rationale of 

the sampling network is discussed in detail in Section 2.0 of the SAS. 
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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 

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

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

3.5.2 Measures to Ensure Comparability of Field Data 

Comparability is dependent upon the proper design of the sampling program and will be satisfied by 

ensuring that the SAS 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 9.1.1. 

3.5.3 Measures to Ensure Comparability of Laboratory 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, 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, duplicate field measurements will be completed for 

temperature, pH, specific conductance, and turbidity. 

External QC measures (i.e., field quality control samples) consist of field duplicates, ambient condition 

blanks, trip blanks, and equipment rinsate blanks. Information gained from these analyses further 

characterizes the level of data quality obtained to support project goals. Each of these types of field 

quality control samples undergo the same preservation, analysis, and reporting procedures as the related 

environmental samples. Each type of field quality control sample is discussed below. 
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,,’ ” 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. (Where 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 

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 Iof 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 pertain to samples for VOC analysis only. Trip blanks are used to assess the potential for 

contamination of VOCs resulting from 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. 

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 precleaned, cledicated, 

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. Matrix spikes provide information about the effect of the 
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sample matrix on the digestion and measurement methodology. All matrix spikes for organic analyses are 

performed in duplicate and are hereinafter referred to as MS/MSD samples. 

MS/MSD samples are investigative samples. Soil MS/MSD samples require no extra volume for VOCs or 

extractable organics. However, aqueous MS/MSD samples must be collected at triple the volume for 

VOCs and extractable organics. One MSlMSD sample will be collected/designated 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 will be equivalent to the level of QC effort specified under 

the CLP program for the TCL and TAl parameters to be tested. The level of QC effort for testing of TCL 

organics (volatiles, semivolatiles, and pesticideslPCBs) will conform to the applicable SOW for organics 

(OLM03.1) or low-concentration organics (OLCO2.0). The level of QC effort for testing of inorganics 

(metals and cyanide) will conform to the Statement of Work for inorganics (ILM04.0). The level of QC 

effort for testing of explosives will conform to SW-846 Method 8330. The level of QC effort for the 

leaching and analysis of TCLP metals will conform to SW-846 methods 1311 and 6010, respectively. 
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4.0 SAMPLING PROCEDURES 

Field sampling procedures for the NSWC White Oak investigation are discussed in detail in Sections 4.0 

and 5.0 of the SAS. In addition, the SAS addresses the following sampling procedures and field 

investigation tasks: 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. ,., 

. 

. 

Monitoring well construction and installation - Section 4.3.1 

Aquifer testing - Section 4.3.2 

Subsurface exploration - Section 4.4 and 4.5 

Geophysical investigations - Section 4.6 

Land surveying - Section 4.7 

Waste handling - Section 4.8 

Groundwater-level measurement - Section 5.1.1.1 

Field measurements - Section 5.1.1.4 

Decontamination procedures - Section 5.1.1.5 

Recordkeeping - Section 5.2.1 

Sample containers, preservatives, and volume requirements - Section 5.2.3 

Sample packaging and shipping procedures - Section 5.2.3 

Field quality control sample collection/preparation procedures - Section 5.4 

Standard Operating Procedures regarding sampling, recordkeeping, and field investigation tasks are 

included in appendices to the SAS. 
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5.0 CUSTODY PROCEDURES 

Custody is one of several factors which 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: fielld 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 Icollection, 

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. 

FIELD CUSTODY PROCEDURES 

The FOL (or designee) is responsible for the care and custody of the samples collected until1 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. In accordance with NFESC guidelines, samples for chemical 

constituent analysis must be sent (for next-day receipt) to the laboratory within 24-hours of collection. 
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Full details regarding sample chain-of-custody (including use of custody seals and sample shipment 

protocols) are contained in B&R Environmental SOP SA-6.1, which is provided in an appendix to the 

attendant SAS. B&R Environmental SOP SA-6.3, also provided in an appendix to the SAS, discusses 

maintenance of site logbooks, site notebooks, and other field records. Additionally, each of the various 

sampling SOPS incorporated into the SAS contains a section that addresses relevant sample 

documentation (i.e., completion of sample logsheets, etc.). All sample records are eventually docketed 

into the B&R Environmental 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. The pH of chemically preserved samples ischecked using Hydrion paper and recorded. All 

problems or discrepancies noted during this process are to be promptly reported to the B&R 

Environmental Task Order Manager. Inter-laboratory chain-of-custody procedures and specific 

procedures for sample handling, storage, dispersement for analysis, and remnant disposal will be followed 

as specified the subcontract laboratory’s SOPS and/or QA Plan. 

5.3 FINAL EVIDENCE FILES 

The B&R Environmental central file will be the repository for all documents which constitute evidence 

relevant to sampling and analysis activities as described in this QAPP. B&R Environmental 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 B&R Environmental facility manager. The control file will include 

at a minimum: 

. field logbooks 

. field data and data deliverables 

. photographs 

. drawings 

. soil boring logs 
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. laboratory data deliverables 

. data validation reports 

. data assessment reports 

. progress reports, QA reports, interim project reports, etc. 

. all custody documentation (chain-of-custody forms, 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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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 5.1 of the attendant SAS 

6.2 LABORATORY INSTRUMENT CALIBRATION 

Calibration procedures for a specific laboratory instrument will consist of initial calibration (generally 3 to 5 

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

EPA-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 GUMS Volatile Organic Compound Analyses 

.- “, 

For volatile organic compounds, the GUMS system will be tuned and calibrated in accordance with the 

appropriate CLP SOW (low-concentration water - OLC02.0; multi-media/multi-concentration - OLM03.1). 

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 analyses may continue. 

Initial calibration is required before any samples are analyzed and must include a blank and a minimum of 
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five different concentrations as specified in the method. A BFB 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. 

6.2.2 GClMS Semivolatile Organic Compound Analyses 

For semivolatile organic compounds, the GUMS system will be tuned and calibrated in accordance with 

the appropriate CLP SOW (low-concentration water - OLC02.0; multi-media/multi-concentration - 

OLM03.1). 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 

analyses may continue. Initial calibration is required before any samples are analyzed and must include a 

blank plus five different concentrations 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 PesticidelPCB Analyses 

For pesticide/PCB analyses, the GC system will be calibrated in accordance with the appropriate CLP 

SOW (low-concentration water - OLCO2.0; multi-media; multi-concentration - OLM03.1). Initial calibration 

is required before any samples are analyzed. An 18-point initial calibration sequence is analyzed using 

dual column injection. The calibration sequence consists of an instrument blank to show system 

cleanliness, a resolution check to prove analyte separation, a performance evaluation mixture (PEM) to 

show endrin and 4,4’-DDT degradation, a single point of each Aroclor, and a three-point calibration of the 

individual pesticides to prove linearity. A second instrument blank and PEM sample are then analyzed. 

If all initial calibration criteria are met, samples may be analyzed for a period of 12 hours after the injection 

of the second instrument blank. At the end of the 12-hour period, a third instrument blank followed by 

continuing calibration standard mixtures must be ana,lyzed. If continuing calibration criteria are met, 

sample analysis may continue for an additional 12 hours. At this point, an instrument blank followed by a 

PEM is analyzed. The 12-hour clock continues, alternating between the continuing calibration standard 

mixtures and the PEM, until failure to meet method-specified criteria requires a new initial calibration. 

6.2.4 High Performance Liquid Chromatography (HPLC) Explosives Analysis 

High Performance Liquid Chromatography (HPLC) systems used for explosives analysis will be calibrated 

as specified in SW-846 Method 8330. A five-point initial calibration is required before any samples are 

analyzed. A mid-point continuing calibration is required, at a minimum, at the beginning of the day, at the 
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,, ,. midpoint of the run, and after the last sample of the day (assuming a sample group of ten samples or 

less). 

6.2.5 Metals Analvses 

6.2.5.1 Inductively Coupled Argon Plasma (ICP) Analyses 

,I. , _ 

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

accordance with the U.S. EPA CLP protocols outlined in ILM04.0. Initial calibration is required each day 

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

standard must be within the demonstrated linear range of the instrument. The linear range is verified 

quarterly. Following initial calibration, an initial calibration verification sample (obtained from a different 

source than the solutions used for calibration), an initial calibration blank, and an interference check 

sample are analyzed. A continuing calibration verification sample and a continuing calibration blank are 

run every 2 hours or every 10 samples, whichever occurs first. A continuing calibration v’erification 

sample, a continuing calibration blank, and an interference check sample are also run after analysis of the 

last sample. The initial calibration verification standard, continuing calibration verification standard, and 

interference check sample each contain analytes of interest at different concentrations. In addition, a 

standard prepared at a concentration of two times the quantitation limit is analyzed at the beginning and 

end of each sample analysis run or a minimum of twice per 8-hour period. Linearity spanning the range of 

analysis is verified using this combination of standards. All calibration standards contain acids at the 

same concentrations as the sample digestates. 

Calibration of ICP systems for the analysis of TCLP metals will be performed as specified in SW-846 

Method 6010. 

6.2.5.2 Atomic Absorption Analyses 

, ,.-rr_ 

Graphite furnace and cold vapor atomic absorption (GFAA and CVAA) analyses will be callibrated in 

accordance with the EPA CLP protocols outlined in ILM04.0. Initial calibration is required each day before 

any samples are analyzed and consists of a calibration blank and at least three calibration standards (at 

least four standards for mercury) covering the range of concentrations of interest. The correlation 

coefficient of the regression of concentration versus response should be 0.995 or greater. Immediately 

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

the solutions used for calibration) and an initial calibration blank are analyzed. A continuing calibration 

verification sample and a continuing calibration blank are run every two hours or every ten samples, 
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whichever occurs first. A continuing calibration verification sample and a continuing calibration blank are 

also run after analysis of the last sample. 

6.2.6 Cyanide 

Calibration for cyanide analyses will be performed as specified in the CLP SOW ILM04.0. Initial 

calibration is required each day before any samples are analyzed and consists of a calibration blank and 

at least three calibration standards covering the range of concentrations of interest. The correlation 

coefficient of the regression of concentration versus response should be 0.995 or greater. Immediately 

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

the solutions used for calibration) and an initial calibration blank are analyzed. The initial calibration 

verification must be distilled as are the associated field samples. A continuing calibration verification 

sample and a continuing calibration blank are run every two hours or every ten samples, whichever occurs 

first. A continuing calibration verification sample and a continuing calibration blank are also run after 

analysis of the last sample. 
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,“X 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 Section 2.0 of the SAS. 

Chemical/physical parameters to be measured using field instrumentation include volatile organics as 

methane equivalents (breathing zone air and soil vapors), temperature, specific conductance, pH, and 

turbidity (groundwater samples). Measurement of field parameters and calibration of field instrurnents are 

discussed in Section 5.1 of the SAS. 

All groundwater, surface water, soil, and sediment samples collected for fixed-laboratory analysis during 

the NSWC White Oak investigation will be analyzed by a NFESC-approved laboratory. Table 7-l provides 

a summary of the laboratory analytical methods for the NSWC White Oak investigation. 

A complete list of the target compounds/analytes, Contract Required Quantitation and Detection Limits, 

and estimated Practical Quantitation Limits is provided in Section 1.3.2.2 of this QAPP. Data generated 

through use of CLP protocols will be reported to the Contract Required Quantitation Limit (CRQL) for 

organics analysis and the Contract Required Detection Limit (CRDL) for inorganics analysis. Analytes 

which are positively identified and which can be quantitated at concentrations below the CRQLKRDL will 

be reported as specified in the appropriate CLP SOW. All environmental data generated through use of 

non-CLP methods (explosives and TCLP metals) will be reported to the analyte’s PQL. 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 1.3.2.2 are estimated since these values may vary based on the laboratory. 

All solid sample results will be reported on a dry-weight basis. Quantitation and detection limits will also 

be adjusted, as necessary, based on dilutions and sample volume. 
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TABLE 7-I 

SUMMARY OF ORGANIC AND INORGANIC ANALYTICAL PROCEDURES 
SOLID AND AQUEOUS MATRICES 

NSWC WHITE OAK, MARYLAND 

Analytical Parameter Analytical Method 

TCL Volatile Organics OLM03.1(‘) 

TCL Low-Concentration Volatile Organics OLCO2.0(2) 

TCL Semivolatile Organics OLM03.1 

TCL Low-Concentration Semivolatile Organics OLC02.0 

TCL PesticideslPCBs OLM03.1 

TCL Low-ConcentrationPesticides/PCBs OLCO2.0 

TAL Metals and Cyanide ILM04.0(3) 

Explosives SW-846c4) 8330 

TCLP Metals SW-846 1311 followed by SW-846 6010 

1 U.S. EPA CLP, 1994. Statement of Work for Orqanics Analvsis. Multi-Media, Multi-Concentration, 
OLM03.1. 

2 U.S. EPA CLP, 1992. Super-fund Analvtical Methods for Low Concentration Water for Oroanics 
Analysis, 1 O/92, OLC02.0. 

3 U.S. EPA CLP, 1995. Statement of Work for Inoroanics Analvsis, Multi-Media, Multi- 
Concentration, ILM04.0. 

4 U.S. EPA, 1986. Test Methods for Evaluating Solid Wastes, Physical/Chemical Methods. 
SW-846, 3rd ed. 
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!/’ -‘.. 8.0 INTERNAL QUALITY CONTROL CHECKS 

Field-related Quality Control checks were discussed in Section 3.0 of this Quality Assurance Project Plan 

and in Section 5.4 of the attendant SAS. This section provides additional information regarding internal 

quality control checks for the field and the laboratory. 

8.1 FIELD QUALITY CONTROL CHECKS 

Quality Control procedures for pH, specific conductance, temperature, and turbidity will include calibrating 

the instruments as described in B&R Environmental SOP SA-1.1 provided in Appendix A of the SAS. 

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 Quality Control program that ensures the reliability and validity of 

the analyses performed at the laboratory. Internal quality control procedures for CLP analyses (volatile 

and semivolatile organics, pesticides/PCBs, metals, and cyanide) will comply with the SOWS for multi- 

media/multi-concentration organics (OLM03.1), low-concentration organics (OLC02.0), and inorganics 

(ILM04.0). Internal quality control procedures for non-CLP analyses (explosives and TCLP metals) will 

comply with the applicable analytical method requirements. 

Several internal laboratory Quality Control checks are briefly discussed in the remainder of this section. 

,,’ - 

Laboratory method blanks are prepared and analyzed in accordance with the analytical1 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 ialiquot of 

analyte-free water (or purified sodium sulfate for soil/sediment 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 indicatsd 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. 
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Instrument blank analysis is performed during pesticide/PCB analysis to demonstrate that 

pesticides/PCBs are not detected at greater than half the CRQL (or not greater than the CRQL for low- 

concentration analyses) and that the surrogate retention times are within the retention time windows. If 

analytes are detected at greater than half the CRQL (greater than the CRQL for low-concentration 

analyses) or the surrogate retention times are outside the retention time windows, all data collection must 

be stopped and corrective action must be taken. An acceptable instrument blank must be run before 

additional data is collected. One instrument blank every 12 hours is the minimum requirement. 

Matrix spike analysis for organic fraction analyses is performed in duplicate as a measure of laboratory 

precision. For inorganic analyses, one matrix spike and one laboratory duplicate analysis is 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 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 matrix spike 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), which are 

similar in nature to the compounds of concern, and which 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 (LCS) serve to monitor the overall performance of each step during the 

analysis, including the sample preparation. Laboratory control sample analysis will be performed in 

accordance with the analytical methods for low-concentration TCL organics, TCL metals, TCLP metals, 

and explosives. Aqueous LCS results must fall within the control limits specified in the CLP SOW, where 

applicable, or established by the laboratory. Solid LCS results must fall within the control limits 

established by the supplier of the LCS standard. Aqueous and solid LCSs shall be analyzed utilizing the 

same sample preparations, analytical methods, and QA/QC procedures as employed for the samples. 
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,I,” *” Internal standard performance criteria ensure that GUMS 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 (+40% for low- 

concentration volatile analyses). The retention time of the internal standards in samples and blalnks must 

not vary by more than *30 seconds from the retention time of the associated 12-hour calibration standard 

(+20 seconds for low-concentration volatile and semivolatile analyses). 

Additional internal laboratory Quality Control checks include mass tuning for GUMS analysis, endrin/DDT 

degradation checks for pesticide/PCB analysis, and second-column confirmation for GC/EC analysis. 

,i --. 
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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 

NSWC White Oak investigation. All data generated during the course of the investigation will be 

maintained in hardcopy form by B&R Environmental in the Naval Facilities Engineering Command 

Northern Division central files located in Pittsburgh, Pennsylvania. 

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 l’ocated in 

Pittsburgh. Upon completion of the contract, all files will be relinquished to the United States 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 requirfed 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 generated as a result of real time measurement of organic vapor concentrati’ons via a 

PID or FID (for health and safety monitoring and to support selection of soil samples for shipment to the 

analytical laboratory) and through on-site water quality testing for general indicator parameters including 

pH, specific conductance, turbidity, and temperature. 

Field measurements of organic vapor concentrations (parts per million on a volume/volume basis relative 

to methane or benzene) will be recorded in the site logbook and incorporated into the Site Screening 

Report. General water quality indicator parameters will also be recorded in the site logboolk and on 

sample logsheets immediately after the measurements are taken and later encoded in the NSWC White 

Oak data base for presentation in the Site Screening 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 the Site Screening Report. Field data will be entered in the electronic data base :manually, 

and the entries will be verified by an independent reviewer to make sure that no “transcription” errors 

occurred. General groundwater quality data and field screening data will be recorded and reported in the 

, -.._ following units: 
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. Hydronium ion concentration (standard pH units) 

. Temperature (degrees Celsius) 

. Specific Conductance (micromhos) 

. Turbidity (Nephelometric turbidity units) 

Standard pH units as specified above is the negative logarithm (base 10) of the hydronium ion 

concentration in moles/liter. 

9.1.2 Laboratory Data Reduction 

Data reduction for laboratory analytical data generated via the U.S. EPA Contract Laboratory Program 

analytical protocol, quality assurance requirements, and reporting procedures (TCL volatile organic& 

semivolatile organics, organochlorine pesticides/PCBs, TAL metals, and cyanide) will be completed in 

accordance with the most current Statements of Work for Organic and Inorganic Analysis as identified in 

previous sections of this Quality Assurance Project Plan. Laboratory data reduction of analytical results 

generated via non-CLP methods (explosives and TCLP metals) 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 solid and aqueous 

matrices for the classes of chemicals under consideration are as follows: 

GroundwaterKSurface water samples: 

. TCL volatiles, semivolatiles, and pesticides/PCBs - ug/L 

. TAL metals and cyanide - ug/L 

. Explosives - ug/L 

Soil/Sediment samples: 

l TCL volatiles, semivolatiles, and pesticides/PCBs - ug/kg 

. TAL metals and cyanide - mg/kg 

l explosives - uglkg 

. TCLP metals - mg/L 
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,f . Field Quality Control sample results will be included in the data base for the NSWC White Oak 

investigation. Specifically, the analytical results for trip blanks, rinsate blanks, and ambient condition 

blanks will be provided. The results for field Quality Control 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 lo-times rules specified in the National Functional Guidelines for Organic and Inorganic Data 

Review. The results for laboratory Quality Control samples such as method blanks will not be presented 

in the Site Screening Report data base. In addition, only the original (unspiked) sample results ‘for Matrix 

Spike/Matrix Spike Duplicate samples will be provided in the data base. 

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 in 

accordance with current U.S. EPA 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 

/,” i’ 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 compliance with 

the Standard Operating Procedures discussed in Section 6.0 of this Quality Assurance Project Plan. As 

described in Section 9.1 .l, 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 B&R Environmental Chemistry Department located in B&R Environmental’s Pittsburgh 

office. Final review and approval of validation deliverables will be completed by the Departments Data 

Validation Coordinator. 

I -_ 

All CLP laboratory analytical data will be subjected to validation in accordance with the National Functional 

Guidelines for Organic and Inorganic Data Review as modified for use in U.S. EPA Region III. 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, akhough all 

required elements of the validation process will be considered. The analytical results for non-CLP 
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parameters will be validated versus the applicable analytical methods. Validation of these data will 

conform to the National Functional Guidelines to the greatest 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 .l. The Site Screening Report will include a 

comprehensive data base including all field measurements (specifically organic vapor concentrations, pH, 

specific conductance, temperature, and turbidity). Field Measurements will be transferred from the site 

logbook or sample logsheets to the electronic data base manually and will be reviewed for accuracy by an 

independent reviewer. Transcription of field measurements to the electronic data base 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 the Northern Division central files upon completion of the field effort. Entry of these 

results in the data base 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 Site Screening 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 Laboratory Data Reporting 

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

data (to the extent practicable). All pertinent quality control 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 Quality Control sample results (trip blanks, duplicates, rinsate blanks, ambient 

condition blanks) will be included in the Site Screening Report as an appendix. The data base 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 data. base 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 Site 

Screening Report text in tabular and graphic fashion. 
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Data will be handled electronically pursuant to the electronic deliverable requirements specified in B&R 

Environmental’s Basic Ordering Agreement with analytical laboratories. This agreement reqluires the 

analytical laboratories to provide data in both hardcopy and electronic form (DBF files). The original 

electronic diskettes and the original hardcopy analytical data are maintained in the Northern Division 

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 data base and will be subjecte.d to independent review for accuracy. During this review 

process, the electronic data base printout will also be contrasted with the hard copy data (Form Is) to 

ensure that the hard copy data and electronic data are consistent. 

119608/P (QAPP) 9-5 CT0 0273 



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 for the laboratory will be performed regularly, in accordance with the 

requirements of the Contract Laboratory Program, by a U.S. Navy Contractor, and in accordance 

with the Laboratory Quality Assurance Plan. 

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 the 

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 Task Order Manager. 

A formal audit of the field sampling procedures may be conducted by the B&R Environmental 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. 

The Task Order Manager will maintain contact with the FOL and Data Validation Coorclinator to 

ensure that management of the acquired data proceeds in an organized and expeditious manner. 

Similarly, the Task Order Manager will interface with the Risk Assessment and Modeling 

Coordinators, as applicable. 
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II .O PREVENTIVE MAINTENANCE PROCEDURES 

Measuring equipment used in environmental monitoring or analysis for the NSWC White Oak investigation 

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 

B&R Environmental has established a program for the maintenance of field equipment to elisure the 

availability of equipment in good working order when and where it is needed. This program consists of the 

following elements: 

. The B&R Environmental 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. 
I  .  .  

. The equipment manager conducts routine checks on the status of equipment and is responsible for 

the stocking of 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 equ,ipment is 

tested, cleaned, charged, and calibrated in accordance with the manufacturer’s instructions and 

B&R Environmental 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 reso!ved. 

,_,* -*. Preventive maintenance of field equipment is further described in Section 6.1 of the attendant SAS. 
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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 Major Instruments 

Table 11-i 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 and metals 

instruments are of sufficient grade to minimize fouling of the instrument. The routine use of septa, 

chromatographic columns, ferrules, AA furnace tubes, and other supporting supplies from reputable 

manufacturers will assist in averting unnecessary periods of instrument downtime. 

11.2.2 RefriqeratorslOvens 

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 
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TABLE II-I 

TYPICAL PREVENTIVE MAINTENANCE FOR KEY ANALYTICAL INSTRUMENTS 
NSWC WHITE OAK, MARYLAND 

Instrument Preventive Maintenance Maintenance 
Frequlency 

GUMS Volatiles: Bake oven, replace septum, check carrier gas. As required. 

Semivolatiles: Replace the septum, clean injection port, replace 
liner, bake oven, check carrier gas, clean the source. 

As required. 

GC 

HPLC 

ICP 

GFAA 
CVAA 

Lachat 
Analyzer 

Replace solvent washes and clean syringe. Daily. 
Replace solvent washes and clean syringe. Daily. 

Clip column, clean injection port, replace liner, and bake oven. As required. 
Filter and degas solvent. Check solvent till level. Store column in As required. 
solvent when not in use. 
Change sample introduction tubing, clean nebulizer, clean spray As required. 
chamber, clean torch, manual profile, and automatic profile optics. 
Clean contact cylinders, replace/clean tube, check lamp alignment. As required. 
Change sample introduction tubing, change drying cell, re-zero As required. 
detector. 
Change pump tubing and bulb. As required. 
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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. 

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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12.0 SPECIFIC ROUTINE PROCEDURES USED TO ASSESS 
DATA PRECISION, ACCURACY, AND COMPLETENESS 

Compliance with the Quality Control objectives outlined in Section 3.0 will be monitored via two separate 

mechanisms. Precision and accuracy will be assessed through data validation in accordance with the 

National Functional Guidelines (to the extent practicable for non-CLP analyses). Compliance with the 

completeness objectives for field and laboratory data/measurement will be calculated by hand (field 

measurements) and electronically via a database subroutine (laboratory data). Information necessary to 

complete the precision and accuracy calculations will be provided in electronic and hardcopy form by the 

subcontract laboratory. Equations to be used for the precision, accuracy, and completeness assessment 

are outlined in the remainder of this section. 

12.1 ACCURACY ASSESSMENT 

(/ 

To assure the accuracy of the analytical procedures, a minimum of 1 of every 20 samples is spik.ed with a 

known amount of the analyte or analytes to be evaluated. The spiked sample is then analyzed. The 

increase in concentration of the analyte observed in the spiked sample, because of the addition of a 

known quantity of the analyte, compared to the reported value of the same analyte in the unspiked sample 

determines the %R. Control charts are plotted for each commonly analyzed compound ancl kept on 

matrix-specific and analyte-specific bases, The %R for a spiked sample is calculated according to the 

following formula: 

o/ R = Amount in Spiked Sample - Amount in Sample 
0 x 100% 

Known Amount Added 

12.2 PRECISION ASSESSMENT 

Duplicate samples (for inorganic analyses) and matrix spike duplicate samples (for organic analyses) are 

prepared and analyzed at a minimum frequency of 1 per every 20 environmental samples. Duplicate 

samples are prepared by dividing an environmental sample into equal aliquots. 

,, -. 

Matrix spike duplicate samples are prepared by dividing an environmental sample into equal aliquots and 

then spiking each of the aliquots with a known amount of analyte. The duplicate samples are then 

included in the analytical sample set. The splitting of the sample allows the analyst to determine the 

precision of the preparation and analytical techniques associated with the duplicate samples. The RPD 
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between the sample (or spike) and duplicate (or duplicate spike) is calculated and plotted. The RPD is 

calculated according to the following formula: 

RPD = 
Amount in Sample - Amount in Duplicate 

x 100% 
0.5 (Amount in Sample + Amount in Duplicate) 

12.3 COMPLETENESS ASSESSMENT 

Completeness is the ratio of the number of valid sample results to the total number of samples analyzed 

with a specific matrix and/or analysis. Following the completion of the analytical testing, the percent 

completeness will be calculated by the following equation: 

Completeness = 
(number of valid measurements) x ,oo o/ 

0 
(number of measurements planned) 

The results of the data validation process and the completeness assessment will be summarized in the 

Site Screening Report. 

119608/P (QAPP) 12-2 CT0 0273 



13.0 CORRECTIVE ACTION 

Under the B&R Environmental QAJQC program, it is required that any and all personnel noting clonditions 

adverse to quality report these conditions immediately to the Task Order Manager and QAM. These 

parties, in turn, are charged with performing root-cause analyses and implementing appropriate c.orrective 

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 quality of product 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 U.S. EPA Region III and MDE) 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 NSWC White Oak personnel, Approval for major 

modifications (e.g., elimination of a sampling point) must be obtained via an FTMR. 

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: 
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FIGURE 13-I 

BROWN & ROOT ENVIRONMENTAL 
FIELD TASK MODIFICATION REQUEST FORM 

Client Identification Project Number TMR Number 

To Location Date 

Description: 

Reason for Change: 

Recommended Disposition: 

Field Operations Leader (Signature, if applicable) 

Disposition: 

Date 

Task Order Manager (Signature, if required) Date 

Distribution: 
Program Manager 
Quality Assurance Officer 
Task Order Manager 
Field Operations Leader 

Others as required 
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. 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; 

. deficiencies are detected by laboratory QA staff audits or from performance evaluation, sample test 

results. 

Corrective actions are typically documented for out-of-control situations on a corrective action form. Using 

a corrective action form, any employee may notify the QAlQC Officer of a problem. The QAlQC Officer 

generally initiates the corrective action by relating the problem to the appropriate Laboratory Manager 

and/or Internal Coordinator, who then investigates or assigns responsibility for investigating the problem 

and its cause. Once determined, an appropriate corrective action is approved by the QNQC Officer. Its 

implementation is verified and documented on the corrective action form and is further documented 

through audits. 

_r -.. 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 additional/refresher training are possible corrective 

actions relevant to data evaluation activities. The Task Order Manager will be responsible for approving 

the implementation of corrective action. 
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2 i., 14.0 QUALITY ASSURANCE REPORTS TO MANAGEMENT 

i., 

Quality Assurance reports to management will be provided in three primary formats during the course of 

the NSWC White Oak investigation. Data validation letter reports will be prepared on a Sample Delivery 

Group-specific basis and will summarize Quality Assurance issues for the subcontract laboratory data. In 

addition, written weekly reports summarizing accomplishments and Quality Control/Quality Assurance 

issues during the field investigation will be provided by the Field Operations Leader. Finally, monthly 

progress reports are provided by the Task Order Manager. 

14.1 CONTENTS OF PROJECT QUALITY ASSURANCE REPORTS 

The contents of the specific Quality Assurance reports are as follows. The data validation reports address 

all major and minor laboratory noncompliances as well as noted sample matrix effects. In the event that 

major problems occur with the analytical laboratory (e.g., holding time exceedances or calibration 

noncompliances, etc.) the Data Validation Coordinator will notify the Task Order 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 Field Operations Leader will provide the Task Order Manager with weekly reports regarding 

accomplishments, deviations from the Field Sampling Plan, upcoming activities, and a Quality Assurance 

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 Quality Assurance/Quality Control problems. The Ta:sk Order 

Manager provides a monthly progress report to the Navy which addresses the project budget, schedule, 

accomplishments, planned activities, required revisions of the QAPP, and Quality Assuranc.e/Quality 

Control issues and intended corrective actions. 

14.2 INDIVIDUALS RECEIVING/REVIEWING QUALITY ASSURANCE REPORTS 

Data validation Quality Assurance Reports are provided to the Task Order 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, Quality Assurance Manager, Task Order Manager, and Laboratory Services 

Coordinator are provided with copies of the QA report. Weekly field progress reports are provided to the 
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Task Order Manager. Monthly progress reports are provided to the Navy CLEAN Program Manager and 

the Navy CLEAN Contracting Officers Technical Representative. 
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1 .O PURPOSE 

The purpose of this plan is to assign responsibilities, establish personnel protection standards and mandatory 

safety practices and procedures, and provide for contingencies that may arise while operations are being 

conducted at the site during the further site investigations. 

D-l CT0 0273 



2.0 APPLICABILITY 

The provisions of the plan are mandatory for all on-site employees engaged in hazardous material 

management activities including, but not limited to, initial site reconnaissance, geophysical surveys, soil 

borings, collection of soil samples, collection of sediment samples, leaching well sampling, installation of test 

trenches and demobilization. This plan has been developed under U.S. Environmental Protection Agency 

(EPA) guidelines and complies with all regulations including OSHA 29 CFR 1910, and specifically 1910.120, 

and applicable 1926 OSHA Construction Industry standards, and State and local regulations as applicable. 

This plan is based on available information regarding possible contaminants and physical hazards that may 

exist at the site. If more information concerning the nature and/or concentrations of contaminants becomes 

available, this HASP will be modified accordingly. It will be the B&R Environmental Project Manager’s 

responsibility to communicate any such information to the Project Site Safety Officer (SSO) who will, in turn, 

determine the need for modifying the HASP. 

2.1 AUTHORITY 

The Northern Division of the Naval Facilities Engineering Command issued Contract Task Order (CTO) 

0273, under the Comprehensive Long-term Environmental Action Navy (CLEAN) Contract No. N62472-90-D- 

1298 to Brown & Root Environmental (B&R Environmental). 

This Health and Safety Plan (HASP) for the NSWCWODET, Silver Spring, Maryland facility has been 

prepared by B&R Environmental under Contract N62472-90-D-1298, Contract Task Order 0273. 
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PERSONNEL ASSIGNMENTS 

Site Name: Naval Surface Warfare Center. Dahloren Division. White Oak Detachment 

Client Contact: Bob Ridaway 

Address: Silver Sorino. Maryland Phone Number: (301-394-2307) 

Purpose of Fieldwork: To perform field activities, as described in Section 3.1 of this Health and Safety Plan. 

Proposed Dates of Work: Novembe r- Decembe r 1996 

Proiect Team: 

B&R Environmental Personnel: 

Scott Nesbit 

Dave Yost 

TBA 

TBA 

Rav Willouahbv / Phil Blackwell 

Discipline/Tasks Assigned: 

Project Manager 

Geoloaist 

Samoling Task Leader 0-1 YGeol@d 

Project Site Safetv Officer CSSO) 

EOD Specialist 

Non-B&R Environmental Personnel: 

Plan Preoaration: 

Prepared by: Bonni J. Smathers 

Reviewed and Approved by: 

B&R Environmental 
Navy CLEAN 
Health and Safety Manager: Matthew M. Soltis. CIH. CSP 

Reviewed: 

B&R Environmental 
Project Manager: Scott Nesbit 

Follow Up Report: 

Responsible Person: TBA 
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3.0 SITE DESCRIPTION 

3.1 GENERAL INFORMATION 

This HASP has been developed to address the potential hazards recognized in performing the further site 

investigation activities at the Naval Surface Warfare Center, Dahlgren Division, White Oak Detachment 

(NSWCWODET) located in Silver Spring, Maryland. These activities will include investigative efforts at four 

Installation Restoration Program sites, investigation efforts at five Solid Waste Management units, 

groundwater sampling, and background characterization. 

The specific activities include site reconnaissance, geophysical surveys, groundwater and surface water 

sampling, sediment sampling, soil borings (using multiple drilling methods including drill rigs with hollow-stem 

augers and hand-operated augering), and soil sampling. These activities will be performed to determine the 

presence or absence of site contamination. This information will also be used to determine potential 

remediation scenarios for these sites. 

3.2 SITE HISTORY AND FACILITY DESCRIPTION 

The site history and a detailed description of the facility and of the investigation activities are provided in the 

Sampling and Analysis Strategy. Copies of these documents will be maintained on-site, and be made 

available to all site personnel. 

3.3 HAZARD EVALUATION 

This hazard evaluation has been developed based on the planned field investigation activities (as described 

in Section 3.1). In addition to the chemical substances (presented in Table 3-l) which may be 

D-4 CT0 0273 



TABLE 3-1 
CHEMICAL, PHYSICAL, AND TOXICOLOGICAL DATA 

Substance 
#enzene 

,2-Dichloroethylene 

,1,2- Trichloroethane 

CA9 No. 
71-43-2 

540-59-O 

79-00-5 

Air Monitoring/! 
‘ID: I.P 9.24 eV, 
100% response 
vith PID and 10 2 
?V lamp. 

‘ID: 150% relative 
esponse ratio with 
-ID. 

‘ID: I.P. 9.65 eV. 
righ response with 
YDand102eV 
amp. 

-ID: 50% 
‘esponse with FID 

‘ID: I.P. 11.0 eV. 
.elative response 
atio unknown. 

-ID: 85% 
‘esponse with FID 

mpling lnformatlon 
Air sample using 
charcoal tube; carbon 
disulfide desorption; 
Sampling and 
analytical protocol in 
accordance with 
OSHA 07 or NIOSH 
Method f/1500. 

Air sample using 
charcoal tube; and 
carbon disultide 
desorption; Sampling 
and analytical 
protocol in 
accordance with 
OSHA Method #07; 
and NIOSH Method 
#1003. 

Air sample using 
charcoal sorbent tube 
and carbon disultide 
desorption with gas 
chromatography- 
flame ionization 
detector; Sampling 
and analytical 
protocol in 
accordance with 
OSHA Method #07, or 
NIOSH Method WOO3 
Halogenated 
Hydrocarbons. 

ixposure Limita 
ISHA: 1 ppm 
VCGIH: 10 ppm 
IIOSH: 0.1 ppm 
DLH: 500 ppm 

ISHA; NIOSH; 
KGIH: 200 
)pm 

DLH. 1000 ppm 

XHA; NIOSH; 
XGIH: 10 ppm 
skin) 

DLH: 100 ppm 

Warning Property Rattng 
lnadeauate - Odor threshold 34-199 porn. 
The use of air-purifying respirators with 
organic vapor cartridge up to IO ppm Is 
acceptable despite the inadequate 
warning properties, providing cartridges 
are changed at the beginning of each 
shift. 

Recommended gloves: Butyllneoprene 
blend - a6.00 hrs; Silver shield as a liner 
.>a.00 hrs; 
Viton - >a.00 hrs 

Adeauate- odor threshold 0.065-17 porn. 
Use organic vapor/acid gas cartridges for 
exceedances above the TWA up to 1,000 
ppm. >I,000 ppm should use pressure- 
demand supplied air respirator above 
exposure limits. 

Recommended glove: nitrile - 0.12 hrs; 
viton - 0.95 hrs 

No information was found concerning 
odor threshold limits. The use of air- 
purifying respirator with organic vapor 
cartridge for cl00 ppm for escape 
purposes is permitted. 
Exceedances above 100 ppm will require 
the use of airline or SCBA combination 
units. 

Recommended glove: Butyl 
rubbersolvent dipped, unsupported - 
>5.76 hrs; PV alcohol - B6.00 hrs; Teflon 
- 224.00 hrs; Viton - ~24.00 hrs 

Physical Properties 
Bollina Pt: 176°F; 60°C 
Meltlng Pt: 42°F; 5.5”C 
Soiubllity: 0.07% 
Flash Pt: 12°F; -11°C 
LEULFL: 1.3% 
UEL/UFL: 7.9% 
Vapor Density: 2.77 
Vapor Pressure: 75 mmHg 
spdflc omfity:o.aa 
Incompatlbllltles: Strong oxidizers, 
Auorides. perchlorates, and acids 
Appearance and Odor: 
Colorless to a light yellow liquid with an 
aromatic odor - 
Bolllnn Pb 117°F: 47°C 
Melting Pb 7°F; -13.a°C 
Solubllity: 0.4% 
Flash Pt: 36°F; 2.2”C 
LEULFL: 5.6% 
UEL/UFL: 12.6% 
Vapor Den&y: 2.0 
Vapor Pressure: 160-260 mmHg 
Speclftc Gravlty: 1.27 Q 90°F; 32°C 
Incompattbllitles: Strong oxidizers, 
alkalis, potassium hydroxide, and copper. 
When heated to decomposition 
temperatures will emit toxic fumes of 
phosgene. 
Appearance and Odor: Colorless liquid 
w&r an acrid odor. 
Bollino Pt: 237°F: 114°C 
MelUng Pt: -31°F:35”C 
Solublllty: 0.6% 
Flash pt: Not available 
LEULFL: 6% 
UEUUFL: 15.5% 
Vapor Density: Not available 
Vapor Pressure: 19 mmHg Q 66°F; 20°C 
Speclflc Gravity: 1.44 
Incompatlbllities: Acids, acid fumes, 
oxidizers, caustics, and chemically active 
metals such as aluminum, magnesium, 
sodium, potassium, etc. 
Appearance and Odor: 
Colorless liquid with a sweet chloroform- 
like odor. 

- 
Health Hazard lnfonnatton 

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 include 
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 CNS 
depression with potential to cause 
sleepiness, hallucinations, distorted 
perceptions, and stupor (narcosis). 
Systemically, symptoms may result 
in nausea, vomiting, weakness, 
tremors, and cramps. May also 
irritate the eyes, skin, and mucous 
membranes. Chronic exposures 
may result in dermatitis, liver, 
kidney, and lung damage. 

Overexposure to this substance ma) 
cause irritation to the eyes, skin, am 
mucous membranes of the 
respiratory and gastrointestinal tract 
CNS effects may include sleepiness 
incoordination, depression similar to 
a narcotic. Chronic exposure may 
cause liver, kidney and lung 
damage. This substance has 
demonstrated carcinogenic potential 
in laboratory animals. 
Repeated or prolonged exposure 
may cause dermatitis. 



CHEMICAL, PHYSICAL, AND TOXICOLOGICAL DATA 
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Substance 
:hloroform 

.2-Dichloroelhane 
,ee also Ethylene 
lichloride 

CAS No. 
67-66-3 

107-06-2 

Air MonitorIngIS 
‘ID: I.P. 11.42 
!V, relative 
esponse ratio 
Inknown. 

:ID: 100% 
esponse with FID. 

‘ID: I.P. 11.05 
W, 140% relative 
esponse ratio. 

‘ID: 60% 
esponse with FID. 

npllng lnformatfon 
iir sample using 
:harcoal sorbent lube 
md carbon disulfide 
iesorption with gas 
:hromatography 
lame ionization 
fetector; Sample and 
inalytical protocol in 
accordance with 
UIOSH Method 
Y1003. 

4ir sample using 
:harr&l sorbent tube 
snd carbon disulfide 
jesorption with gas 
:hromatography- 
lame ionization 
letector; Sample and 
analytical protocol in 
accordance with 
NIOSH Method #lOO: 

Exposure Limits 
3SHA: 50 ppm 
iceiling) 

NIOSH: 
STEL 2 ppm 

4CGIH: IO ppm 

IDLH: 500 ppm 

OSHA: 50 ppm, 
100 ppm 
(Ceiling) 

ACGIH: 10 ppm 

NIOSH: 1 ppm 

IDLH: 50 ppm 

Wamlng Property Rating 
nadequate - Odor threshold 133 - 276 
)pm. tihloroform has poor warning 
lroperties but will adhere to organic 
rapor cartridges. Supplied air respirators 
are recommended. 

qecommended glove: Polyvinyl Alcohol 
r8.00 hrs; Viton 9.50 hrs; Teflon r3.60 
lrs 

Inadequate -This compound has poor 
Maming properties (odor threshold 26 
ppm) OSHA allows the use of organic 
vapor cartridges in certain 
circumstances. 

Recommended glove: Polyvinyl alcohol 
>8.00 hrs; Won 6.90 hrs; Teflon ~24.00 
hrs: Silver Shield >6.00 hrs 

Physlcal Propertles 
3olllng pt: 143°F: 62°C 
Heltlng pt: -81°F; -62°C 
Solubllity: 0.5% 
Flash pt: Not available 
LELfLFL: Not available 
UEUUFL: Not available 
Vapor Denslty: Not available 
Vapor Pressure: 160 mmHg Q 66°F; 20” 
C 
Specific Gravity: 1.48 
IncompaUblllties: Strong caustics, 
chemically active metals such as 
aluminum or magnesium powder, sodium 
and potassium, strong oxidizers 
Appearance and Odor: 
Colorless liquid with a sweet pleasant 
odor. 
Boiling pt: 182°F; 83°C 
Melting pt: -31°F; -35°C 
Solublllty: 0.9% 
Flash pt: 56°F: 13°C 
LEL/LFL: 6.2% 
UEUUFL: 16% 
Vapor Dens@ Not available 
Vapor Pressure: 64 mmHg Q 68°F; 20°C 
Speclftc Gravity: 1.24 
Incompatlbllltles: Strong oxidizers and 
caustics, chemically active metals such as 
aluminum or magnesium powder, sodium 
and potassium. 
Appearance and Odor: 
Colortess liquid with a pleasant, 
chloroform-like odor. 

- - 
Health Hazard lnformatloli 

3verexposure to this substance may 
zause dizziness, mental dullness, 
nausea, headache, fatigue, 
anaesthesia, and irritation of the skir 
and eyes. Chronic overexposure 
may result In damage to the liver, 
kidneys, heart, eyes and skin. 

Exposure to this substance may 
cause CNS depression, nausea, 
vomiting, denatitis, and irrttalion of 
the eyes. Chronic overexposure 
may result in damage to the kidney* 
liver, eyes (cornea opacity), skin ant 
CNS. 
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Substance 
1,2,2- 
etrachlorcethane 

oluene 

CAS No. 
79-34-5 

108-86-3 

elative response 
atio unknown. 

:ID: 100% 
esponse with FID 

‘ID: I.P 8.82 eV, 
iigh response with 
JID and 10.2 eV 
amp. 

‘ID: 110% 
esoonse with FID 

npllng InformatIon 
\ir sample using 
:harcoal tube; carbon 
lisulftde desorption. 
XIFID detection. 
sampling and 
malytical protocol in 
rcoordance with 
3SHA Method 807, OI 
rllOSH Method 
Y1003. 

Air sample using 
:harwal tube; carbon 
disulfide desorption. 
Sampling and 
analytical protocol 
shall proceed in 
accordance with 
DSHA Method #07. o 
NIOSH Method 
#1500. 

ixposure Llmlb 
ISHA: 5 ppm 
skin) 

\CGIH; NIOSH: 
ppm (skin) 

DLH: 100 ppm 

ISHA: 200 pprr 
fO0 ppm 
Ceiling) 

KGIH: 50 ppm 
skin) 

‘JIOSH: 100 
)pm 150 ppm 
;TEL 

DLH: 500 ppm 

- 

i 

1 

Wamlng Property Rating 
Odor threshold for this substance is 7 3 _ _ _ _ 
ppm. This level in comparison to the TLV 
is considered poor. Air purifying 
elements (organic vapor/acid gas) are 
recommended for escape purposes only. 
Combination units (APRIairline ’ 
respirator) are recommended for working 
in concentrations in excess of the TLV. 

Recommended glove: Butyt rubber 4.6 
hrs; solvent dipped, unsupported. 
PV alcohol >8.00 hrs; Tetlon 215.20 hrs; 
Viton >8.00 hrs 

Adequate - Odor threshold 1.6 oom is 
considered good. Can use air-purifying 
respirator with organic vapor cartridge up 
to 1,000 ppm. 

Recommended gloves: Teflon H5.00 
hrs; Viton >16.00 hrs; silver shield >6.00 
hrs; supported nitrile (Useable time limit 
0.5 hr. complete submersion for the nitrile 
selection): PV alcohol >25.00 hrs 

Physlcal Properties 
3olllng Pt: 296°F; 147°C 
Belting Pt: -33 to -47°F; -36 to 43.8”C 
Polubillty: 0.3% 
Rash Pb Not available 
-EL&FL: Not available 
JEUUFL: Not available 
Vapor Density: Not available 
vapor Pressure: 9 mmHg Q 86°F: 30°C 
Speclffc Gravity: 1.59 @ 77°F; 25°C 
lncompatlbllltles: Strong oxidizers, 
alkalis, fuming sulfuric acid, and 
:hemically active metals. When heated to 
jecompositton temperatures will emit toxic 
Ames of chlorine. 
hppearance and Odor: 
Colortess to pale yellow liquid with a 
pungent chloroform like odor. 
Bolllna Ptz 232°F: 111°C 
Melting Pb -139°F; -95°C 
Solublllty: 0.05% (61”F:16”C) 
Flash Pt: 40°F; 4°C 
LEL/LFL: 1.2% 
UEUUFL: 7.1% 
Vapor Denslly: 3.14 
Vapor Pressure: 20 mmHg @ 65°F; 18°C 
Speclflc Gravity: 0.87 
Incompstlbllltles: Strong oxidizers 
Appearance and odor: Colorless liquid 
with a sweet pungent aromatic odor. 

- 
Health Hazard InformatIon 

3verexposure may result in CNS 
effects in&ding depression, 
sleepiness, hallucinations, distorted 
perceptions, tremors(Rngers), and 
stupor (narcosis). Systemically, 
5ymptoms may result in nausea, 
vomiting, abdominal pains, and 
sramps. May also irritate the eyes, 
skin, and muwus membranes. 
Chronic exposures may result in 
dermatitis, enlarged tender liver, 
iaundice. hepatitis, kidney, and lung 
damage. 

Overexposure to this substance may 
result in mild to moderate irrttation al 
atl points of contact, and CNS 
changes Including euphoria, 
wnfusion. nervousness, and ‘* 
possibly paresthesia character&f 
by an abnormal burning sensab;on. 
pricking, or numbness. 
At 200-500 ppm exposure has 
resulted in headaches, nausea, eye 
irritation, loss of appetite, bad taste, 
impair coordination, fatigue, and 
weariness. ChronIcally, toluene 
overexposure may result in 
dermatitis, liver, and kidney damage 
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Substance 
‘richloroethytene 

linyi chloride 

CAS No. 
79-01-6 

Alr Monftodngl~ 
‘ID: I.P. 9.45 eV. 
iigh response with 
‘ID and 10.2 eV 
amp. 

:ID: 70% 
qesponse with 
:ID. 

DID: I.P. 9.99 eV, 
iigh response with 
aID and 10.2 eV 
amp. 

-ID: 40% 
esponse with FID. 

mpllng Information 
Air sample using 
charcoal tube; carbon 
disulfide desorption; 
Sampling and 
analytical protocol 
shall proceed in 
accordance with 
OSHA Method #07, or 
NIOSH Method #lo22 
or #1003. 

Air sample using 
charcoal or Anasorb 
CMS sorbent tube; 
carbon disultide 
desorption; gas 
chromatography- 
flame ionization 
detection; Sampling 
and analytical 
protocol shall proceed 
in accordance with 
NIOSH Method 
#1007, or OSHA 
Method #75. 

ixposure Limlta 
ISHA: 50 ppm; 
!OO ppm 
Ceiling) 

KZGIH: 50 ppm; 
00 ppm STEL 

(IOSH: 25 ppm 

DLH: 1000 
‘pm 

XHA: 1 .O ppm; 
j.0 ppm (Ceiling) 

1CGIH: 5 ppm 

UIOSH. Lowest 
‘easible 
:oncentration 

Wamlng Property Ratfng 
Inadequate - Odor threshold 82 ppm. 
4PRs with organic vapor/acid gas 
cartridges may be used for escape 
purposes, 
Exceedances over the exposure limits 
require the use of positive pressure- 
demand supplied air respirator. 

Recommended gloves: PV Alcohol 
unsupported ~16.00 hrs; Silver shield 
>6.00 hrs; Teflon r24.00 hrs; or Won 
~24.00 hrs; Nitrile (Useable time limit 0.5 
hr, complete submersion forthe nitrile 
selection) 

Inadequate - Odor threshold 1 O-20 ppm. 
Gas Mask with a vinyl chloride Type N 
canister may be employed for 
concentrations up to 25 ppm. Canisters 
employed must have a minimum service 
life of 4-hrs. Exceedances over 25 ppm, 
must use a positive pressure demand, 
open-circuit, self-contained breathing 
apparatus, pressure demand type, with 
full facepiece. Refer to 29 CFR 
1910.1017(g) for specific requirements 
based on atmospheric concentrations of 
vinyl chloride. 

Recommended gloves: Silver shield 
>6.00 hrs; Nitrile 5.70 hrs; or Viton 4.4 

Physikal Propertles 
Bolllng pt: 188°F; 86.7”C 
Melting pt: -99°F; -73°C 
Solublllty: 0.1% Q 77°F; 25°C 
Flash pt: 9O’F; 32°C 
LEL/LFL: 8% Q 77°F; 25°C 
UEUUFL: 10.5 Q 77°F; 25°C 
Vapor Denslty: 4.53 
Vapor Pressure: 100 mmHg Q 90°F; 32” 
C 
Specific Gravlty: 1.46 
Incompatibllltles: Strong caustics and 
alkalis, chemically active metals ( barium, 
lithium, sodium, magnesium, titanium, and 
beryllium) 
Appearance and Odor: 
Colortess liquid with a chloroform type 
odor, Combustible liquid, however, burns 
with difficulty. 
Roillna pt: 7°F: -13.9X 
Meltin;; pt: -256°F; -160°C 
Solubillty: 0.1% Q 77°F; 25°C 
Flash Pt: 18°F; -8°C 
LELfLFL: 3.8% 
UEUUFL: 33% 
Vapor Density: 2.21 
Vapor Pressure: 3.3 atm 
Speclflc Gravlty: N.A. 
Incompatfbllltles: Oxidizers, copper, 
aluminum, peroxides, Iron, steel, 
Appearance and Odor: 
Colortess gas or liquid (below 7°F) with a 
pleasant odor at high concentrations. 

Hbalth Hazard InformatIon 
:entral nervous system effects 
icluding euphoria, analgesia, 
mesthesia, paresthesia. headaches 
reman. vertigo, and somnolence. 
Iamage to the liver, kidneys, heart, 
ungs, and skin have also been 
eported. Contact may result in 
rrttation to the eyes, skin, and 
nucous membranes. Ingestion may 
esult In GI disturbances induding 
rausea. and vomiting 
WOSH lists this substance a 
mtential human carcinogen. 

4 severe skin, eye, and muwus 
nembrane irrttant(Llquid: frostbite). 
Narcotic effect causing weakness, 
abdominal pains, GI bleeding, and 
pallor skin or cyanosis. Chronic 
exposure has been linked to the 
rormation of malignant tumors 
originating from blood lymphatic 
vessels in the liver (associated 
enlargement of the liver), and 
kidneys (angiosarwma and 
nephroblastoma). Listed as a 
carcinogen by NTP, IARC and 
ACGIH. 
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Substance 
:admium 

:hromium Compounds 

CAS 
744043-g 

744047-3 
(Element) 

Alr MonItorIngIS 
rarticulate Fon - 
Jnable to be easily 
letected by PID or 
TD. 

dot detectable by 
‘ID. 
Jot detectable by 
:ID. 

npllng Information 
\ir sample using a 
nixed cellulose-ester 
ilter I acid desorption 
md analysis by 
atomic absorption- 
lame. Sampling and 
malytical protocol 
ihall proceed in 
tccordance with 
JIOSH Method #7309 
x #7048. 

Air sample using 
nixed cellulose -ester 
ilter; acid desorption 
md analysis by 
atomic absorption. 
Sampling and 
malytical protocol 
;hall proceed in 
accordance with 
rllOSH Method 
Y7024. 

Exposure Llmlts 
XHA: 
2 rig/m’’ (0.002 
nglm’) 

KGIH: 
3.01 mglm’ (total 
particulate); 
3.002 mglm’ 
[respirable 
particulate) 

IDLH: 9 mglm3 
[as cd) 

OSHA 8 NIOSH: 
(Chromium II, Ill) 
0.5 mglm’ 
(Chromium VI) 
0.1 mgims 
(Ceiling) 

ACGIH: 
0.5 mg/m) 
(Chromium II, Ill 
compounds), 
0.05 mglm’ 
(Chromium VI 
compounds) 

IDLH: 30 mglm’ 
(Chromium VI 
compounds) 

Warning Property Ratfng 
‘he use of an air purifying, full face-piece 
sspirator with a high efficiency 
tarticulate air filter for concentrations up 
) 0.25 mglm? 

tecommended Gloves: This is in 
Iarticulate form. Therefore any glove 
uitable to prevent skin contact. 

-he use of a air purifying, full face-piece 
espirator with a high efficiency 
Iarticulate filter for concentrations up to 
I.1 mglm? 

Recommended Gloves: This is in 
rarticulate form. Therefore any glove 
uitable to prevent skin contact. 

Physlcal Properttes 
Etolllng Pt: 1412°F; 767°C 
Melting Pf: 610°F; 321°C 
Solublllty: Insoluble 
Flash PL Not applicable (Airborne dust 
may bum or explode when exposed to 
heat, flame, or incompatible chemicals) 
LEULFL: Not applicable 
UEUUFL: Not applicable 
Vapor Denslty: Not available 
Vapor Pressure: 1 mmHg Q 741°F; 394” 
C 
Speclflc Gravity: 8.85 @ 90°F; 32°C 
Incompatlbllttles: Strong oxidizers, 
elemental sulfur, selenium, tellurium, zinc, 
nitric acid, and hydrazoic acid 
Appearance and Odor: 
Metal: Silver-white, blue-tinged lustrous, 
odortess solid. 
Fume: vellow-brown. finelv divided 
particulate dispersed in air. 
Bolllna PL 4788°F: 2642°C 
Melt& pt: 3452°F; 1900°C 
Solublllty: Insoluble 
Flash Pt: Not applicable (Airborne dust 
may bum or explode when exposed to 
heat, flame, or incompatible chemicals) 
LEL/LFL: Not applicable 
UEUUFL: Not applicable 
Vapor Denslty: Not available 
Vapor Pressure: 0 mmHg 
Spaclflc Gravity: 7.14 
Incompatlblllties: Strong oxidizers, 
peroxides, and alkalis 
Appearance and Odor: 
Appearance and odor vary depending 
upon the specific compound. 

41 

Health Hazerd Information 
Dverexposure to this substance mav 
result in irritation to the respiratory * 
tract, dyspnea. tightness in the 
chest, coughing, possibty pulmonary 
edema. Overexposure to fumes 
causes symptoms characteristic of 
Ihe 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 fARC 
and NTP. 

Health hazards are characterized 
normally through chronic expoture 
manifesting as histologic fibro$bf 
the lungs and ulceration of thenasa 
septum and skin. IARC, NTP and 
ACGIH list various chromium 
compounds as possessing 
carcinogenic properties. 
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Substance 
:opper 

.ead 

CAS No. 
7440-50-0 

w 
13 17-35-O 

(CUO) 

7439-92-1 

Air Monitoring/d 
iubstance is not 
olatile. Unable to 
e detected by PI0 
r FID. 

‘articulate form _ 
Jnable to be 
letected by either 
‘ID or FID. 

npllng Information 
4ir sample using a 
nixed cellulose ester 
‘ilter; inductively 
mupled 
slasmalatomic 
smission 
spectroscopy. 
Sampling and 
analytical protocol 
shall proceed in 
accordance with 
NIOSH Method 
117300. 

Air sample using a 
mixed cellulose ester 
filter; or HNOl or 
H202 desorption; or 
Atomic absorption 
detection. Sampling 
and analytical 
protocol shall procee 
in accordance with 
NIOSH Method #709 
or #7300. 

ixposure Llmlts 
JIOSH; OSHA: 
1.10 mglm’ 

ICGIH: 0.2 
nglm’ 

)SHA: 
.05 mglm) 

CGIH: 
1.15 mglmJ 

IIOSH: 
1.10 mg/ma 

3LH: 100 
nglm’ as lead 

Wamlng Property Rattng 
*he use of an air-purifying full-far& .--_ 
espirator with a high efficiency 
Iarticulate air filter. 

Recommended gloves: This is in the 
tarticulate form. Therefore any glove 
ruitable to prevent skin contact (Nitrile 
tas been the one most widely used for 
he other substances). 

The use of a air purifying. full-fanp .L - -  

.espirator with high efficiency particulate 
sir filter for up to 2.5 mglm’. 

Recommended gloves: This is in the 
sarticulate form. Therefore any glove 
;uitable to prevent skin contact (Nitrile 
las been the one most widely used for 
!he other substances). 

Physlcal PropartIes 
Bolllng pt: 4215°F; 2324°C 
Melting Pb 1981°F; 1093°C 
Solubllity: Insoluble 
Flash pt: Not applicable (Airborne dust 
may bum or explode when exposed to 
heat, flame, or incompatible chemicals) 
LEL/LFL: Not applicable 
UELIUFL: Not applicable 
Vapor Density: Not available 
Vapor Pressure: 1 mmHg Q 2962°F; 
1829°C 
Speclflc Gravity: 9.94 
Incompatlbllltles: Oxidizers, alkalis, 
sodium azide. acetylene, bromates. 
chlorates, iodates. and acids. 
Appearance and Odor: 
Metal: Reddish, lustrous malleable, 
odorless solid. 
Fume: Finely divided black particulate 
dispersed in air. 
Bolllng Pt: 3184°F; 1740°C 
Melting Pb 821’F; 327°C 
Solublllty: Insoluble 
Flash Pt: Not applleable (Airborne dust 
may bum or explode when exposed to 
heat, flame, or incompatible chemicals) 
LEULFL: Not applicable 
UEUUFL: Not applicable 
Vapor Denslty: Not available 
Vapor Pressure: 0 mmHg 
Speclffc Grevlty: 11.34 
Incompatlbllltles: Strong oxidizers, 
peroxides, sodium acetylide, zirconium, 
and acids 
Appearance and Odor: 
Metal: A heavy ductile, soft gray solid. 

Health Hazard lnformatlon 
ritation to the nose, throat, and 
espiratory tract Metallic taste 
)iscoloration of skin (potential 
lermatitis) and hair. Chronic 
uposure may result In dermatitis 
rnd damage to the liver and kidneys 
Iverexposure to fumes causes 
,ymptoms characteristic of the flu 
headaches, chills, muscle aches, 
nausea. vomiting, diarrhea). 
ngestion may cause burning in the 
nouth, throat, and stomach. 
netallic taste with colicky abdominal 
tain. Individuals with Wilson’s 
lisease are at greater risk of chronic 
fxposure as a result of the bodies 
endency to absorb and retain 
mopper. 

3verexposure to this substance via 
ngestion or inhalation may result in 
netallic taste in the mouth, dry 
!hroat. thirst, Gastrointestinal 
disorders (burning stomach pain, 
nausea, vomiting, possible diarrhea 
sometimes bloody or black, 
accompanied by severe bouts of 
colic), CNS effects (muscular 
weakness, pain, cramps, 
headaches, insomnia, depression, 
partial paralysis possibly coma and 
death. Extended exposure may 
result in damage to the kidneys, 
gingival lead line, brain, and anemii 
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accordance with 
NIOSH Method 

Recommended APR Cartridge: 
Suitable for Metallic mercury with HEPA 
filter. Preferably, with an end-of-service 

Recommended gloves: Rubber gloves 

ltles: Acetylene, ammonia, 
de, azfdes. calcium, sodium 
m, rubidium, and copper coughing, chest pain, dyspnea, 

rance and odor: Silvery-white bronchial pneumonitis. and 
bile liquid, odorless excessive salivation. 

This substance is metal fume fever. This condition is 
Solublllty: Insoluble characterized by metallic taste, 

Recommended APR Cartridge: Flash Pb Not available (Airborne dust dryness of the throat, coughing with 
Suitable for dust and fume. Organic may bum or explode when exposed to generalized aching and Ru-like . . 
vapor add gases with HEPA filter. heat, flame, or incompatible chemicals) symptoms. Effects through ftnfgestion 

in accordance with LELAFL: Not available may include coughing. difficulty in 
NIOSH Method Recommended gloves: UELAfFL: Not available breathing, and sweating. A human 

This is in the particulate form. Therefore skin irritant. Irritation to the eyes ma) 
result from mechanical action. 

(Nitrile has been the one most widely Speclflc Gravity: 7.14 
used for the other substances). Incompatlbllltles: Strong acids, halogens, 

ACGIH: catalytic metals, combustibles, oxidizers, 
IO mg/m3 nitryl fluoride 

Appearance and odor: Bluish-white, 
lustrous metal, odorless 

rroclor-1260 11096-62-5 Substance is not Air sample using a OSHA; ACGIH: Inadequate - However due to the low Bolllng Pt: distillation range 669- 734°F; This substance is irritating to the 
Polychlorinated volatile particulate filter, 0.5 mg/m3 (skin) volatility it is assumed unless agitated 365-390°C eyes and skin Chronic effects of 
Liphenyl, PCB) It should 53469-21-9 (VP=O.OOOOS Florisil sorbent tube this substance does not present a volatile Meltlug Pt: -2 to 50°F; -19 to 10°C overexposure may include potential 
le noted that this (42%) mmHg), I.P. is with glass fiber filter. NIOSH: vapor or gas respiratory threat For dusty Sofublllty: Insoluble to cause liver damage, chloracne, 
ubstance is unknown however hexane desorption; 0.001 mg/m’ conditions where this material may cling Flash pt: Not applicable and reproductive effects. 
spresentatiire of the 11097-69-1 is anticipated to be gas chromatography- to particulates, use a HEPA filter. LEULFL: Not applicable Recognized as possessing 
x)re wmmon isomers (54%) elevated, electron capture IDLH: 5 mg/ms UELAJFL: Not applicable carcinogenic properties by NIOSH. 
rroclor - 1242, 1254, therefore, PID is detector. Sampling APRs are approved for escape only Nonflammable liquid, however, exposure and NTP. 
rhich may be 

I I 

not anticipated to and analytical 

gIE$j;;;;zr~ 1 / ;;;;i~;y~~;~d~ 

to ffre results in black soot containing 
nwuntered. detect this exposure limits. Concentrations greater PCBs. dibenzofurans. (L chlorinated 

substance. than the exposure kmits requrre PAPR or dibenzo-pdioxins 
Vapor Density: Not available 

Substance is non (PCBs). Vapor Pressure: 0 00006 - 0.001 mmHg 
combustible and Recommended glove: Butyf rubber ‘24 Specific Gravity: 1.566 @ 60°F; 15 5°C 
as a result will not hrs; Neoprene rubber a24.00 hrs; Silver Incompatlbllltles: Strong oxidizers 
be detected by shield or Viton (for pure product). Appearance and Odor: 
FID. Colorless to pale yellow, viswus liquid or 

solid (Aroclor 54 below 50°F) with a mild, 
hydrocarbon odor 
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Substance 
3is(2-ethylhexyl) 
lhthalate 

IDX 
jynonym: 
Iyclo-1.3.5-trimethylene- 
!,4.6-trinitramine; 
:yclonite; 
rrimethylenetrinitramine; 
r,; RDX 

:vclotetramethvlene 
eiranitramine dctagen. 
HMX) 

CAS No. 
117-01-7 

121-624 

2691-41-O 

Air Monltoringl! 
lo information 
xrnd 
‘his is a 
ombustible liquid 
ierefore the FID 
hould detect it 
owever the 
slative response 
stio is unknown. 

lo information 
)und. 

lo information 
,und. 

npiing lnfonatfon 
‘articulate filter; 
arbon disulfide 
iesorption; GClFiD 
letection. Sampling 
rnd analytical 
rrotocoi shall proceed 
n accordance with 
4IOSH Method 
15020. 

\ir”sampling using 
1articulate filter; 
fravimetric detection. 
sampling and 
malytical procedures 
shall be in 
mcordance with 
liOSH Method #0500 
Nuisance Dust, 
rotai). 

Jir sample using 
)articulate filter; 
fravimetric detection. 
sampling and 
rnalytical procedures 
rhall be in 
accordance with 
llOSH Method #0500 
Nuisance Dust, 
Total). 

xposure Limits 
IIOSH; ACGIH: 
mglm’, STEL 

0 mglmJ 

ISHA: 6 mg/m’ 

ILH: 5000 
iglm’ 

)SHAINiOSHI 
CGIH: 1.5 
?g/rnl (skin); 
;TEL 3 mglm3 
skin) 

)SHA/NiOSH: 
5 mglm’ total 
lust; 5 mglm’ 
espirable 
raction. 

\CGIH: 16 
nglm) for total 
lust. 

Warning Property Rating 
Irritating. tingling sensation. 

Recommended APR Catiridge: 
Organic vapor acid gases with HEPA 
filter. 

Recommended gloves: 
Nitrile >6.00 hrs has been the one most 
widely used for the other substances and 
is acceptable for this substance. Other 
options include butyl rubber ~6.00 hrs or 
neoprene >6.00 hrs 

Sensitive to friction, as stable as TNT, 
explosive when heated to 260°C; 126.6”F 

Respiratory Protection: Can use air- 
purifying respirator with an organic vapor 
cartridge for concentrations up to 75 
mg/m5. Airborne concentrations above 
this level use an airline respirator or 
SCRA. 

Recommended Gloves: Impermeable 
gloves suitable to prevent skin contact. 
Nittile gloves have been selected for 
most other applications. 

Respiratory Protection: Can use air- 
purifying respirator with an organic vapor 
cartridge for concentrations up to 75 
mg/m? Airborne concentrations above 
this level use an airline respirator or 
SCBA. 

Recommended Gloves: Impermeable 
gloves suitable to prevent skin contact. 
Nitrite gloves have been selected for 
most other applications. 

Physlcal Properties 
Boiiina Pt: 660°F: 386°C 
Matting Pt: freezes 69°F; -14°C 
Solubliity: insoluble 
Flash Pb 419°F; 215*C 
LELAFL: 0.3% @ 473°F; 245°C 
UELfiJFL: Not available 
Vapor Density: Not available 
Vapor Pressure: go.01 mm 
spednc Gravity: 0.99 
Incompatibilities: Nitrates, strong 
oxidizers, acids, and Caustics. 
Appearance and odor: Colorless, oily 

Health Hazard Information 
1 This substance is a mild skin, eye, 
mucous membrane irritant, andmild 
gastric disturbance. 

In test animals liver damage and 
teratogenic effects have been noted. 

liquid, odorless I 
Bollins Pb Not available 1 Routes of exposure: inhalation, 
Nleitlng Pt: Pure 399°F; 204.l”C Military 
grade -10% HMX 
-374°F; -190°C 
Freezing Pb Not available 
Solublilty: Insoluble In water; soluble hot 
aniline, phenol, and nitric acid 
Specific Gravity: 1.2 
Vapor Pressure: Not available 
Flash Pt: Heat (explosion in 5 seconds) 
500°F; 260°C 
LEL: Not available 
UEL: Not available 
Incompatibles: Strong oxidizers, 
combustible materials, mercury fulminate, 
and heat 
Appearance and odor: Colorless to white 
crystalline powder, odorless 

Boiling Pb Not available 
MeltIns Pt: 530°F; 276.7”C 
Free&g Pb Not available 
Soiubility: Not available 
Speclffc Gravity: Not available 
Vapor Pressure: Not available 
Flash Pt: Not available 
LEL: Not available 
UEL: Not available 

ingestion, skin and eye contact. 
Sign and symptoms of overexposun 
may include headaches, dizziness, 
nausea, hyperactivity, convulsions, 
seizures, fatigue, irritability. These 
effects may be experienced quickly 
or several hours later. Topically 
irritating to skin and eyes. 

Routes of exposure: Inhalation, 
ingestion, and skin and eye contact 

Signs and symptoms of 

I overexposure will be similar to those 
specified for RDX. 

Incompatibles: Not available 

Appearance: White powder 
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Substance 
,3,5-Trinitrobenzene 
TNt3) 
Lynonyms: 
‘nnitrobenzene (dry) 

,4,6-Trinilrotoluene 
TNT) 
lynonyms: 
‘nnitrotoluene (dry) 

CAS 
99-354 

116-96-7 

Air MonitorfnglS 
No information 
found 

PID: ionization 
Potential - 
10.59 eV,.relative 
response ratio is 
unknown. 

FID: Relative 
response ratio is 
unknown it is 
estimated that the 
response will be 
slightly less than 
benzene (I 50%) or 
toluene (110%). 

mplfng Information 
4ir sample using a 
Tenax GC tube; 
Acetone desorption; 
GUTEA detection. 
Sample and analytical 
protocol in 
accordance with 
OSHA Method #44. 

Air sample using a 
Tenax GC tube; 
Acetone desorption; 
GC/TEA detection. 
Sample and analytical 
protocol in 
accordance with 
OSHA Method #44. 

ixfsosure Limits 
lone established 

ISHA: 
.5 mglm’ (skin) 

rCGiH: 
1.5 mglm’ (skin) 

IIOSH: 
1.5 mglm’ (skin) 

Warning Property Rating 
iighly flammable, insensitive to friction. 
ight green-yellow crystals very stable. 
Jse air-purifying respirator with 
nmbination organic vapor/HEPA filters. 

?ecommended Glove;: Nitrile 

iaoid heatina to 466°F; 240°C will cause 
letonation. Pale yellow crystals, subject 
o detonation by exposure to shock or 
emperatures exceeding 466°F; 240°C. 

4ir-purifying respirators recommended for 
sscape purposes only. 

Recommended Gloves: Any glove 
Nhich is impermeable to contact. 

Physlcal Properties 
Boiling Pt: Not available 
Melting Pt: 600°F; 350°C 
Freezing Pt: Not available 
Saiubiiity: 3% 
Density: 1.76 
Specific Gravity: Not available 
Vapor Pressure: Not available 
Flash PL Not available 
LEL: Not available 
UEL: Not available 
Incompatfbles: Reducing materials 
Appearance and Odor: Green-yellow 
crystals 

1 Health Haxard lnforruatlon 
1 ‘Routes of exuosure: Inhalation 
and absorption’. The following 
symptoms may be experienced 
resulting from exposure: Central 
nervous system depression, oxygen 
deprivation of the blood. 

‘Chronic effects: Poisoning, 
anemia, cyanosis, fatigue, liver and 
kidney damage. 

i iound. 
Routes of Exposure: inhalation, 
absomtion. inaestion. and skin (L evf 

*-based on general nitro 
compounds, no other information 
c 

Boiling Pt: 466°F; 240°C 
Melting Pb 176°F; 6OC 
Detonation Pb 464°F; 240°C 
Solubllity: 0.01% at 75°F 25°C 
Specific Gravity: 1.65 
Vapor Density: 7.6 
Vapor Pressure: 0.057 mmHg @ 176°F; 
61°C 

contact. The ioitowing symptoms . 
may be experienced: Sneezing, 
coughing. sore throat, musclepain, 
peripheral nerve sensitization, and 
irritation of the skin and muwus 
membranes. 

3 
Chronic exposure may cause-liver 
damage, jaundice, cyanosis, kidney 
damage, anemia, cataract, 
ieukocytosis. 

Flash Pt: Explodes 642°F; 450°C 
LEL: Not available 
UEL: Not available 
Incompatibles: Strong oxidizers, 
ammonia, combustible materials, and 
heat. 
Appearance and Odor: Colorless lo light I 
yellow solid or crushed flakes. I 



encountered in the conduct of planned site activities, physical hazard potentials are also addressed in 

Section 3.4 of this HASP. A task-specific hazard assessment summary is provided in Table 3-2. 

Evaluation of the chemical hazard potentials identified will be predominantly accomplished through the use of 

real-time direct reading monitoring instrumentation and adherence to action level responses (specified in 

Section 4.0 of this HASP). To some extent, these evaluation means will be supplemented by personnel 

attention to substance warning properties such as appearance, characteristic odor, and recognition of 

symptoms as specified in Table 3-1. 

Evaluation of physical hazards will be predominantly accomplished through direct observations by the SSO 

and other field team personnel. 

Based on limited available information, the following have been identified as potential hazards of concern for 

the sites to be investigated: 

Contaminant(s): 

Volatile Organic Compounds 

Semivolatile Organic Compounds 

Metals 

PCBs 

Unexploded Ordnance (UXO) 

The exposure limits, recognition qualities, acute and chronic effects, and first aid treatments are also 

presented in Table 3-l. 

Upon arrival at the base, the B&R Environmental TUSSO will meet with personnel from the Base Fire 

Protection Department, Base Security, Emergency Services, Public Works, Occupational Safety & Health (if 

applicable), Explosive Safety, and Environmental Department to notify coordinators of the activities to be 

undertaken and where. All personnel will be required to follow base emergency procedures when needed. 

Emergency medical services will be obtained from off-site services as needed. 
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TASK 

;eophysical surveys 

;ampling activities (surface 
jater, sediment, 
Iroundwater, and soil 
#ampling) 

soil borings 

TABLE 3-2 

TASK SPECIFIC HAZARD SUMMARY 

- 
ASSOCIATED HAZARDS 

l Uneven or unstable terrain 
*Fall from elevated surfaces 
. Natural hazards 
. Exposure to site contaminants 
l Contact with UXO 

l Exposure to site contaminants 
l Water hazards 
l Natural hazards 
l Heat/cold stress 
l nciement weather 
l Strain/muscle pulls 
l Uneven/unstable terrain 
l Contact with UXO 

l Exposure to site contaminants 
l Exposure to pinch and 

compression points 
l Potential to be struck by or 

entangled in heavy machinery 
l Contact with energized 

sources 
* Noise in excess of 85 dBA 
l Natural hazards 
l nciement weather 
* Contact with UXO 
l Heat/cold stress 
l Cuts from sharp objects 

APPLICABLE CONTROLS 

1. Strict adherence to standard 
work practices. 

2. Proper use of appropriate PPE. 
3. Performance of air monitoring. 

1. Performance of air monitoring. 
2. Proper use of appropriate PPE. 
3. Decontamination activities. 
4. Strict adherence to standard 

work practices. 
5. Follow UXO guidelines and 

monitoring with Magnietometer. 

1. Performance of air monitoring. 
2. Proper use of appropriate PPE. 
3. Decontamination activities. 
4. Strict adherence to standard 

work practices. 
5. Follow UXO guidelines and 

monitoring with 
Magnetometer. 

6. Use of hearing protection. 
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3.4 PHYSICAL HAZARDS 

Physical hazards which could be involved in the execution of this scope of work include, but are not limited to 

the following items: 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

Uneven or unstable terrain (slip/trip hazards) 

Strain/muscle pulls from manual lifting 

Fall from elevated surfaces 

Exposure to pinch/compression points 

The potential for a worker to be struck by or entangled in heavy machinery 

Contact with energized sources 

Noise in excess of 85 dBA 

Water hazards 

Natural hazards (e.g., snakes, ticks, mosquitoes, poisonous plants, etc.) 

Inclement weather 

Cold stress 

Contact with UXO 

Control efforts for these potential hazards will encompass and possibly combine use of proper equipment 

maintenance, guarding, and operation. Additionally, adherence to proper standard work practices and 

standard operating procedures (located in Sampling and Analysis Strategy) will aid in the elimination of these 

hazards. Each of the above-mentioned items is further detailed below. 

No confined space entry is planned during this field investigation. 

3.4.1 Uneven/Unstable Terrain 

Planned activities described in the scope of work of this Sampling and Analysis Strategy will bring field 

personnel into areas where this potential hazard exists (e.g., river and pond banks, marshy areas, loose and 

shifting ground cover of disposal areas, landfills). As it has been determined that this hazard may exist in 

various locations, it will be the Task Leader’s responsibility (in accordance with SOP and Safe Work 

Practices) to inspect, document, and put in place control measures to prevent placing equipment or 

personnel at risk. 
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3.4.2 StainliVluscle Pulls 

Strain/muscle pulls may result from improper lifting techniques during mobilization, sampling, or 

demobilization. Proper lifting techniques or help should be used in activities involving manual material 

handling, such as placement, positioning, packing, or unpacking of heavy equipment. This information will be 

covered as part of the Site-Specific Training. 

3.4.3 Elevated Workina Surfaces 

Due to variations in elevation (e.g. steep drop-offs, cliffs, mounded debris) employees should be aware of the 

hazards associated with such features. A steep embankment borders Sites 2 and 3. In view of the hazards 

associated with a vertical drop, employees should execute extreme caution when working at these sites. 

Geophysical work and any sampling shall be restricted to no closer than 5 ft. from the edge of the drop-off. 

3.4.4 PinchlComoression Points 

Pinch and compression points of sampling equipment may result in injury. All equipment must be maintained 

in proper working order, with machine guarding devices in place. Any equipment found to be lacking in these 

areas shall be removed from service. Additionally, all personnel shall be properly trained in the use and 

function of all equipment used within the investigating activity. All equipment associated with this operation 

will be initially and periodically inspected by the SSO in an effort to avert hazards of this type. All equipment 

on which maintenance has been performed will be reinspected by the SSO prior to its return to service. 

3.4.5 Struck bv or Entangled in Heavy Machinery 

The performance of soil borings will be accomplished through drilling operations which will require the use of 

a drill rig and backhoe. The most predominant physical hazard associated with this type of work is 

entanglement of safety equipment or clothing into the rotating augers. To address this hazard, a thorough 

inspection of all equipment will be performed to remove potential snag points and to ensure emergency stop 

devices operate properly and all members of the field team know the location and operation of these devices. 

Persons working in close proximity of the drill rig will be required to secure all loose clothing or protective 

equipment to avoid possible entanglement. The use of a long-handled shovel or the equivalent will be used 

to remove drill cuttings away from the hole and from rotating tools. In addition, pins that protrude from augers 

shall not be allowed. 
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All mechanized equipment brought on-site to complete this scope of work will be inspected initially prior to the 

commencement of on-site activities and then periodically thereafter. These inspections will be performed by 

the SSO and will include that the following are ensured: 

. All safety guards are in place 

. All safety-restraints (i.e. seatbelts) are in place and functioning properly as required by Federal 

regulations 

. All mobile equipment is equipped with a backup alarm and emergency stop device 

. All operators are qualified to do so. All drivers will be required to have their Commercial Drivers 

License 

. Traffic Control Measure Routes and regulations will be established and adherence required. 

. All maintenance performed on the equipment will employ manufacturers recommended parts, 

and be inspected prior to returning to services by the SSO. 

In addition to the requirements established by this HASP all heavy equipment and/or the movement of may 

also be bound to meet local or site-specific regulations. Control measures for these hazards are presented in 

Section 9.0 “Standard Work Practices”. 

3.4.6 Contact with Eneraized Sources 

One of the hazards associated with the execution of this scope of work is the potential for encountering 

energized sources (i.e. pressurized lines, water lines, telephone lines, buried utility lines), primarily while 

engaged in drilling activities. Due to the obvious ramifications associated with this hazard, extreme caution 

and strict adherence to procedures to detect, identify, and take evasive action shall be followed during the 

completion of the scope of work. Efforts will be made through local contacts, as built drawings (where 

available) along with geophysical surveys to identify potential locations. Positive readings will require the 

relocation of a soil boring point. To further avoid hazards of this type, no drilling mast, boom, or any other 

such projecting items shall be permitted within a 20-foot radius of any energized source. Also, any areas 

targeted for subsurface activities shall first be investigated to determine the presence of underground utilities. 

Any such utilities identified shall be physically marked and avoided. 
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3.4.7 Noise in Excess of 85 dBA 

Noise exposures exceeding the OSHA Permissible Exposure Limit could be encountered during certain 

phases of site operations. Personnel who are repeatedly overexposed could experience a permanent 

reduction in their hearing ability. Appropriate hearing protectors will be worn when in close proximity to 

drilling operations, as determined by the SSO. It shall also be the responsibility of the SSO ‘to ensure the 

application, use, and maintenance of occupational noise protective measures shall be determined and 

proceed in accordance with OSHA 29 CFR 1910.95. 

3.4.8 Water Hazards 

As proposed in the scope of work, activities will take place near the waters edge. To avoid potential hazards 

associated with working near water (e.g. falling in, or sinking in the mud) the field team will use extreme 

caution when working within 4 feet of the waters edge, or when working in marsh/wetland areas. However, 

surface water bodies at the site consist only of shallow low flowing streams. Due to the obvious hazards 

associated with near waters edge during inclement weather, all field activities may be temporarily suspended 

or terminated at the discretion and direction of the Task Leader or SSO. 

3.4.9 Natural Hazards (ticks. snakes. and other indigenous creatures) 

Given that planned work activities will likely be conducted in colder (i.e., less than 50” F) weather, natural 

hazards such as poisonous plants, bites from poisonous or disease carrying animals or insects (e.g., snakes, 

ticks, mosquitoes) will be a minimal hazard. Nonetheless, these natural hazards may be present depending 

on frost and freezing occurences to date in the area. In an effort to offset the impact of these hazards if 

present, field personnel will have access to commercially available snake bite kits and insect repellents. 

Nesting areas in and about sampling points shall be avoided and another point selected within the same 

vicinity. Lastly, within recent years a marked increase in Lyme Disease has been reported. For this 

operation, this is a significant point as ticks (which are the primary vectors of this disease) have been 

encountered during previous visits to this site. In an effort to control this hazard, close attention will be given 

during operations and decontamination with regard to personal hygiene to detect and remove ticks once they 

adhere to the body. A discussion on Lyme Disease (including issues of recognition, evaluation and control) 

has been included as Attachment D-III of this Health and Safety Plan. It should be noted the primary 

constituents associated with insect repellent agents may jeopardize sample integrity. Therefore, care must 

be taken not to contaminate samples collected in these site operations. 
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x4.10 jnclement Weather 

As all work will be conducted outdoors, inclement weather may be encountered. As conditions may vary, it 

will be at the discretion and direction of the Task Leader and the SSO representative to temporarily suspend 

or terminate activities as conditions dictate. All activities will be terminated in the advent of electrical storms. 

Activities in areas with possible UXO will also cease in the event of thunderstorms and personnel within these 

areas will be required to leave the area immediately. The NSWC Explosive Safety Officer (ESO) will be 

notified in advance of any work+in areas which may contain UXO. Arrangements will be made with the White 

Oak lightning detection system for notification when lighting is detected in the vicinity of the facility. 

3.4.1-l Cold Stress 

Work is anticipated to be conducted in colder (i.e., less than 50” F) temperatures. The cold stress Threshold 

Limit Values (TLVs) are intended to protect workers from the most severe effects of cold stress (hypothermia) 

and cold injury and to describe exposures to cold working conditions under which it is believed that nearly all 

workers can be repeatedly exposed without adverse health effects. The TLV objective is to prevent the deep 

body temperature from falling below 36°C (966°F) and to prevent cold injury to body extremities (deep body 

temperature is the core temperature of the body determined by conventional methods for rectal temperature 

measurements). For a single, occasional exposure to a cold environment, a drop in core temperature to no 

lower than 35°C (95°F) is permitted. In addition to provisions for total body protection, the TLV objective is to 

protect all parts of the body with emphasis on hands, feet, and head from cold injury. For more information 

concerning cold stress effects and control measures see Attachment D-l. 

3.4.12 Contact with UXO 

Contact with UXO is a potential problem at the sites under investigation. Therefore, all of these sites will first 

be surficially cleared by a UXO expert (B&R Environmental EOD personnel) prior to initiation of activity. In 

addition, the NSWC ES0 will be notified in advance of any work in areas which may potentially contain UXO. 

Particular care must be given to areas of heavy vegetation owing to the fact that the ground surface may be 

obscured. If suspected explosive contamination or UXO is discovered at any time during operations at a site 

where it was not previously suspected or which has been cleared, operations will be stopped immediately in 

the affected area, all personnel will be excavated to a safe distance, the location will be marked, and the 

following phone call will be initiated: 
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. NSWC, Fire Department X41 333 (301-394-l 333). 

NSWC emergency protocols will assure that appropriate contacts are notified. 

The following are hazards associated with encountering UXO: 

l Fire l Jet 

l Blast l Over-pressure 

l Heat l Ejection 

l Fragmentation l Propulsion 

These are all produced in varying combinations as a result of the intended or unintended functioning of a high 

or low explosive. The most effective protection from all hazards of explosives is a safe separation distance. 

The risk of exposure to these hazards by personnel conducting UXO operations must be kept to the absolute 

minimum necessary to perform the operation. All other personnel must be at or beyond the safe separation 

distance. This distance will be adjusted by the B&R ENVIRONMENTAL UXO specialist as the situation 

dictates. 

3.5 UNEXPLODED ORDNANCE (UXO) 

Due to the potential of encountering UXO during planned field activities, arrangements have been made to 

provide UXO support to all sites. These UXO operations are addressed in detail in a Standard Operating 

Procedure (SOP) of the HASP (Attachment D-V). A copy of that SOP will be presented to all !site personnel 

prior to the initiation of site activities, and all personnel will be required to review and sign a site-controlled 

copy of that document as part of their site-specific health and safety training. A summation of UXO 

procedures, controls, and restrictions is as follows: 

a) NSWC ES0 will be notified in advance of any work in areas where UXO may be present. 

b) Explosive Ordnance Disposal (EOD)qualified personnel and necessary equipment will be 

available for all field activities. 

c) All geophysical survey locations where UXO is a potential hazard will be screened by B&R 

Environmental UXO Specialists for UXO prior to the initiation of survey activities. A 

magnetometer will be used to conduct the screening. 
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If UXO is discovered at any time during site’activities, operations will be stopped immediately, the location will 

be marked, all personnel will evacuate the area, and the following contacts will be made: 

. NSWC Fire Department, X41 333 (301-394-l 333) 

. NSWC ES0 

During all UXO-related hazardous operations, a qualified UXO Specialist (who is a Master-rated EOD 

technician) will be mobilized to perform these services. 

For more information concerning UXO, see Attachment D-V. 
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4.0 AIR MONITORING 

This section presents requirements for the use of real-time air monitoring instruments during site activities 

involving potential for exposure to site contaminants. It establishes the types of instruments to be used, the 

frequency of which they are to be used, techniques for their use, action levels for upgrading/downgrading 

levels of protection, and methods for instrument maintenance and calibration. 

4.1 INSTRUMENTS AND USE 

4.1 .I HNu-PI101 Photoionization Detector 

A HNu PI-101 photoionization detector (PID) with a 11.7 eV lamp will be used to monitor potential source 

areas and to screen the breathing zones of employees during soil boring, sampling, excavation of test pits, or 

any intrusive activities. The PID has been selected because it is capable of detecting organic gases and 

vapors and some inorganic gases and vapors. Detection is based on the contaminants ionization potential in 
1” 

8’ comparison to the lamp energy, which has to be equal to or greater than the ionization potential of the 

contaminant. When calibrated with isobutylene, the PID has a one- to-one correspondence with benzene. 

Prior to the commencement of any field activities, the background levels of the site must be determined and 

noted. Daily background readings must be taken away from areas of potential contamination to obtain 

accurate results. These readings, any influencing conditions (i.e., weather, temperature, humidity) and 

location will also be documented in the Health and Safety Logbook as a matter of reference. 

Any positive instrument responses observed above background levels will be considered to indicate 

contaminant release. As such the following actions will be taken: 

. Monitor work areas continuously, concentrating on worker breathing zones (BZ) areas (head and 

face regions) when positive source results are reported. If readings are observed at these areas 

to be at background levels, continue monitoring and work efforts. 

_,. . . 

. If sustained or repeated intermittent readings in the workers BZ are above background, workers 

are to retreat to an unaffected area and remain until further determinations regarding the 

contaminant are made or until further direction from the FOL. 
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. If background levels are regained, work may resume, with continuous monitoring via instrument 

usage. 

. If background levels are not regained, the SSO shall determine what controls are necessary to 

permit work activities to resume (i.e. upgrading respiratory protection, additional air sampling 

such as wlorimetric tube sampling to identify the contaminant). 

4.1.2 c VA-M I 

The use of an Organic Vapor Analyzer (OVA) (Flame Ionization Detector) may also be utilized to screen 

potential source emissions and the breathing zones of employees during the execution of the scope of work 

or during any intrusive activities which may release airborne emissions. The OVA has been selected because 

it may detect the presence of long chain hydrocarbons more efficiently than a photoionization detector (PID). 

The relative response for BTEX compounds range from lOO-150%. Both instruments are suitable for use, 

and are offered here as alternative devices, based on the field technicians’ knowledge and level of comfort 

using these instruments. 

Positive readings indicated by the OVA will result in actions as discussed above for the HNu-PI101 

Photoionization Detector. These devices are used as primary screening tools to detect contaminants which 

are readily released into the environment and that may pose an increased threat to site workers. 

NOTE: A summary of air monitoring types is given in Table 4-l. It should be realized that many of the 

contaminants of wncern are not detectable using these types of screening instruments, therefore primary 

emphasis will be given to visual observation as these contaminants may present themselves as particulates 

or bound to particulates. 

4.2 ADDITIONAL MONITORING REQUIREMENTS 

In addition to the above mentioned air monitoring devices the use of a combustible gas indicator (CGI), 

oxygen survey meter will be required. The types of monitoring instruments specified by the hazard and the 

action levels to upgrade personnel protection are shown in Table 4-2. All monitoring equipment shall be 

maintained following procedures outlined in the B&R Environmental Standard Operating Manual for 

Monitoring Equipment. 

D-24 CT0 0273 



TABLE 4-l 

AIR MONITORING TYPE AND FREQUENCY 

Soil borings 
potential source areas. 

LEU02 meter - continuously 

Visual Observation - for clusty 
conditions since contaminants 
may be present in particulate 
form or bound to particulates 

Subsurface soil 
Surface soil 
Sediment 
Groundwater 

exposure. However, all 
sites may contain the 
following atmospheric 

hot spots and respective airborne 
concentrations. Any such hot 
spots detected, will observe 
continuous monitoring 
requirements, as specified below. 

Flammable/Explosive PlDlOVA - during the initial 
opening of the well casing or area 
of surface water, then periodically 
if conditions so dictate 

LEUOz meter - wntinuou:sly 
Magnetometer = per SOP 
direction 

Visual Observation - for dusty 
conditions since contaminants 
may be present in particuliate 
form or bound to particulates 

TABLE 4-2 

ACTION LEVELS FOR NSWCWODET 

INSTRUMENT ACTION LEVEL RESULTANT ACTION 

HNu PHOTOIONIZATION Anv sustained readinns Retreat to an unaffected area and allow the 
DETECTOR 

OVA Detector 

above established - work area to ventilate. Work may not resume 
background levels in until further determinations as to the identity of 
workers’ breathing zones. the contaminant are made. 

Any sustained reading Same actions as for the HNu Photoionization 
greater than background detector. 
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4.3 MONITORING SCHEDULE 

4.3.1 Air Monitorina Reauiremente - HNu and OVA 

Air monitoring with the HNu PI-101 and OVA will be initiated at potential sources of vapor emissions. The 

following potential sources are anticipated. 

. All intrusive activities (i.e. soil boring, test pit excavations, drill cuttings, sampling, etc.) 

. Decontamination procedures 

. Any time chemical odors are perceived 

. All potential sources of exposure 

4.3.2 Air Monitorina Frequency 

All site readings (including indications of no positive readings) must be recorded on the direct reading 

instrument response sheet provided in Table 4-3. Site readings may instead be recorded in the Health and 

Safety Logbook provided that the same information is recorded as that specified in Table 4-3. 

The following schedule used in conjunction with Table 3-1, will be followed, but not limited to, for air 

monitoring activities as specified for each activity: 

NOTE: The use of air purifying respirators are not suitable for protection against inhalation of vapors 

associated with several of the site contaminants. As a result, the presence of any concentrations in the 

workers breathing zone will require workers to retreat to an unaffected area. Continued work in areas in 

which PID readings exceed background levels will require a qualitative and semi-quantitative determination 

as to the chemical(s) of concern. This may be accomplished through the use of calorimetric tubes. Based 

on the results of this air monitoring the presence of these contaminants and the need for respiratory 

protection may be confirmed or dismissed. 

4.4 VISUAL OBSERVATION 

Based on the hazard assessment, the potential exists for contaminants to be present in the form of a 

particulate. Any observations of airborne dusts or particulates should be noted and attempts shall be made 

to minimize generation of dust emissions. Controlling particulate generation and dispersal is accomplished 

through work practices such as wetting down areas of potential dust generation. Any visible dust 
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TABLE 4-3 

DIRECT-READING INSTRUMENT RESPONSE SHEET 

SITE NAME PROJECT 

NUMBER . 
PAGE OF 



concentrations which cannot be controlled (particularly at Sites 2, 3 and 11) will require discontinuation of site 

activities. 

4.5 INSTRUMENT MAINTENANCE AND CALIBRATION 

Air monitoring instruments will be maintained and pre-field calibrated by the equipment supplier. Wtth regard 

to HNu usage, field calibration will be performed daily prior to the initiation of work. An additional calibration 

will be performed at the end of the day to determine any significant instrument drift. All calibration efforts will 

be documented in the Equipment Calibration Log or the Site Health and Safety Logbook. Information 

provided must include the following: Calibration information shall include the following: 

. Dates calibration was performed 

. Individual calibrating the instrument 

. Instrument name, model, and serial number 

. Any relevant readings (before and after) calibration 

. Identification of the calibration standard (lot no., source concentration, supplier) 

. Any relevant comments or remarks 

Field maintenance will consist of daily cleaning of the instruments using a damp towel or rag to wipe off the 

instruments outer casing and overnight battery recharging. 

4.8 RECORDKEEPING 

All instrument readings above and including background levels must be recorded on Table 4-3, or in the field 

Health and Safety Logbook. This shall indicate the date, instrument operators name, instrument used (type, 

model number, I.D. No.), location of the reading (eg. borehole, breathing zone, etc.), reading(s) observed, 

workers potentially affected, and actions taken to reduce exposures. In addition, results of any calorimetric 

analysis must be recorded in the log book. The absence of instrument responses (excursions above 

background levels) must also be recorded, at least on a daily basis. Lastly, information concerning 

influencing factors (i.e. weather, activities, interferences) which may have had an impact on the results shall 

also be recorded. 
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4.7 INSTRUMENT USE 

The PID, OVA, and the LEUOz meters will be used primarily as screening tools during, sampling activities 

which might release emissions of toxic contaminants. Their selection is based on chemicals readily released 

into the environment. 
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5.0 PERSONAL PROTECTIVE EQUIPMENT (PPE) 

This section presents requirements for the use of personal protective equipment for each of the activities 

being conducted as defined in Section 3.0 of this HASP. This section includes anticipated levels of protection 

for each of the activities, the criteria used for selecting various levels of protection, and criteria for modifying 

levels of protection based on monitoring instrument readings and personal observations. 

5.1 ANTICIPATED LEVELS OF PROTECTION 

Most work associated with this project is anticipated to be performed in a modified Level D Protection, as 

defined in Appendix B of OSHA Standard 29 CFR 1910.120 - “Hazardous Waste Operations and Emergency 

Response.” Many sampling activities will require the use of chemical resistant coveralls, gloves, and boot 

covers as presented in the task breakdown which follows. Where activities overlap, the more protective 

requirements will be applied. It is not anticipated that an upgrade to level C respiratory protection will be 

required during any field activities to be undertaken at this site. However, prior to initiation of work with 

exclusion zones or Level A, B or C PPE, clearance will be received from NSWC Environmental and Public 

Affairs Offices. 

5.1 .l Minimum Requirements (All Tasks) 

Minimum requirements include steel-toe and steel shank work boots, chemical resistant boot covers, with 

standard field dress consisting of long pants and long-sleeved shirts. Hard hats and safety glasses will be 

worn when overhead or eye hazards exist based on the task or if working in and around machinery. Tyvek 

coveralls may be worn to provide protection against contact with natural hazards such as ticks and poisonous 

plant-life. It will be at the discretion of the TL or the SSO based on tasks, site conditions, and other 

influencing factors for the use of optional equipment. This is of course providing action levels or the 

requirements of this plan are not compromised when additional elements of personal protection are required. 

5.1.2 a Mobiliz tion/Demobilization 

As mobilization/demobilization, media sampling, and geophysical survey activities present limited potentials 

for contacting the suspected hazardous materials associated with some tasks, the minimum requirements will 
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be adhered to for these tasks. Disposable boot covers will be worn when on-site as much of the 

contaminants may exist on the surface. 

5.1.3 Soil BoringS 

Minimum requirements include steel-toe, steel shank work boots, chemical resistant boot covers, Tyvek 

coveralls, and nitrile or butyl rubber outer gloves over inner latex or nitrile (chemical resistant) gloves. In 

addition, hard hat and safety glasses will be worn when working in close proximity to machinery, equipment, 

or when the potential for eye or overhead hazards exist. If the potential for saturation of work cloths exists, 

the use of PVC or PE-coated Tyvek can substituted in place of Tyvek. Additional personal protective items 

may include hearing protection during the operation of mechanized equipment as specified in section 3.4.7. 

5.1.4 Surface and Subsurface Soil Samplinq 

Hard hats, when necessary, safety glasses, steel-toe, steel shank work boots, disposable boot covers, Tyvek 

coveralls with taped ankle and wrist seams, nitrile or latex inner gloves (layered as necessary), and nitrile or 

butyl rubber outer gloves. Since soil within the borings has the potential to be saturated with water, the use 

of PVC, or PE-coated Tyvek coveralls are required whenever there is a potential for saturation of work 

clothes. 

5.1.5 Sediment and Water Samplinq 

Hard hats, when necessary, safety glasses, steel-toe, steel shank work boots, disposable boot (covers, Tyvek 

coveralls with taped ankle and wrist seams, nitrile or latex inner gloves (layered as necessary), and nitrile or 

butyl rubber outer gloves. Since sampling surface water and sediment has the potential to saturate work 

cloth the use of PVC, or PE-coated Tyvek coveralls are to be worn whenever this potential exists. In 

addition, the field team shall employ lifelines, safety harnesses, and U.S. Coast Guard approved personal 

flotation devices when working within four feet of the waters edge or on boats. 

5.1.6 Pecontamination Activities 

The PPE requirements for decontamination activities will include the minimum requirements for all tasks (See 

Section 51.1) and the use of PE-coated Tyvek or PVC. with nitrile outer and inner gloves when the potential 

for saturation of work clothing exists, and splash shield as necessary or as directed by the FOL or SSO. This 

will be the required level of protection when performing large scale decontamination activities such as 
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cleaning augers and drill flights. The general rule of thumb for respiratory protection will be to require the 

same level as, or one below, that of the field personnel who were using the equipment. 

5.2 PPE SELECTION CRITERIA 

Based on the site activities, the volatility, and concentrations of contaminants, that are anticipated to be 

encountered (based on previous sample results), and dispersion of potential vapors via natural ventilation 

(i.e. wind currents), vapor concentrations in worker breathing zones are not anticipated to be at levels which 

would warrant respiratory protection for most tasks. However, there is always the potential for vapor 

concentrations to be present and the potential also exists for dust emissions containing site contaminants to 

be generated. Dust emissions can be inhaled or ingested and result in exposure. If dust emissions are 

observed and cannot be controlled (i.e. via area wetting techniques), site activities must desist until a 

determination as to the need for respiratory protection is made. Initiation of this action will be determined by 

either the TL or SSO. 

Nitrile or butyl rubber gloves were selected to provide protection against the potential site contaminants that 

could be encountered and to help reduce the amount of contaminants ingested as a result of incidental hand 

to mouth contact. Additionally, many of the site contaminants (PCBs, carbon tetrachloride, 1,1,2- 

trichloroethane, and 1,1,2,2-tetrachloroethane) are capable of being absorbed through the skin which may 

result in the potential for a significant contribution to the overall exposure. Nitrile or butyl rubber gloves in 

conjunction with latex inner gloves have been determined to provide an adequate barrier to the skin based on 

the low concentrations anticipated to be directly contacted. Hard hats, safety glasses, and work boots were 

selected to provide protection against some of the physical hazards associated with the proposed operations 

and disposable boot wvers were selected to help minimize the spread of contamination. Tyvek coveralls 

were selected to minimize the potential for contamination of street clothes, and to protect against contact with 

natural hazards (i.e. ticks, poisonous plant-life, etc.). PVC of PE coated Tyvek coveralls were selected for 

use in the event that sampling activities have the potential to result in the saturation of work clothes. 

5.3 PPE MODIFICATION CRITERIA 

This section presents criteria for upgrading and downgrading chemical protective clothing and/or respiratory 

protection. Where uncertainties arise, the more protective requirement will apply. 
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Tyvek coveralls and boot wvers must be worn anytime there is a reasonable potential for contamination of 

street clothes. Polyvinyl chloride (PVC) or PEcoated Tyvek coveralls must be worn anytime there is a 

reasonable potential for saturation of work clothes. Nitrile or butyl rubber gloves must be worn anytime there 

is a reasonable potential for contact with site contaminants. The use of PVC or PE-coated Tyvek should 

particularly considered when performing intrusive activities at Sites 2 and 1 I, as these sites have been 

indicated as areas in which skin absorbent contaminants (PCBs, carbon tetrachloride, 1 ,I ,2-tricloroethane, 

and 1 ,I ,2,2-tetrachloroethane) are predominately present. 

5.3.2 ReSDiEhW Protection Modification Criteria 

Site activities are to be discontinued in the event that visible dust concentrations or air monitori:ng equipment 

indicates the presence of volatile contaminants within the workers breathing zone (see Table 4-2). 

Therefore, the use of respiratory protection may only be utilized after further determinations as to the identity 

of the chemical contaminant. Respiratory protection will only be used following identification of the chemicals 

of concern and notification of the Health Sciences Department. 

In the event that respiratory protection is required the following criteria shall imposed. Respirators belong to, 

and are only to be used and maintained by, the individual to whom they have been issued. All personnel 

working on-site must be trained, fit-tested, and declared medically fit to wear respiratory equipment prior to 

participating in field activities. Respirators shall be cleaned, sanitized, and properly stored after each day’s 

usage by the user. The SSO will periodically inspect all respiratory equipment to ensure that use, application, 

storage, and maintenance are in accordance with 29 CFR 1910.134. 

5.4 PPE INSPECTION 

As part of donning, all personnel will be responsible for performing inspections on their items of PPE. These 

activities will include glove leak tests and close visual inspection of all coverall seams. Proper PPE 

inspection techniques will be required as part of initial site-specific safety training. 
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5.5 PPE TRAINING 

Site-specific training will include information concerning use, proper fit, donning, doffing, and the limitations of 

the protective garments. In addition, as part of physical hazards, the temperature extremes as associated 

with PPE will be discussed. 
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TABLE 5-l 

PROTECTWE EQUIPMENT FOR ONSITE ACTIVITIES 

Type of respiratory protection is dependent 

Hearing protection (as directed) 
inner latex or nitrile and outer nitrile or butyl 

’ Use of Level C (respiratory protection) requires qualitative and semiquantitative identification of site 
contaminants. In addition, clearance must be obtained from the Health Science Department and from 
NSWC Environmental and Public Affairs Offices. 

2 B&R Environmental UXO Specialists are not required to wear hard hats or steel-toed boots, unless 
determined necessary by the SSO. 
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6.0 DECONTAMINATION 

Decontamination is the procedure to be employed to remove and/or neutralize site contaminants 

encountered through the execution of the scope of work. This procedure will be employed for the purpose of 

preventing cross contamination, protecting on-site personnel, and protecting the individuals outside this 

operation from the spread of contamination. 

6.1 

1. 

2. 

3. 

4. 

5. 

6. 

STANDARD PROCEDURES 

As part of each site’s mobilization activity the SSO and TL will establish a personnel decontamination 

station suitable to handle the activities, type and the amount of anticipated contamination, and the level 

of protection to be used. This area will be located adjacent to the exclusion zone or work area, and will 

consist of the stations described in section 6.2. 

Upon leaving the contamination area (exclusion zone), all personnel shall proceed through the 

appropriate contamination reduction sequence. 

All protective gear should be left on-site during any lunch break following decontamination procedures. 

Also as part of mobilization, a central decontamination area for heavy equipment will be established. 

The equipment upon completing the task at hand will require that at least the wheels and tires to be 

cleaned prior to moving to the decontamination area. This area should be accessible to resources and 

emergency services. 

All equipment will be inspected by the TL or SSO and approved prior to leaving the decontamination 

area within the contamination reduction corridor. 

All discarded materials (i.e. drill cuttings, decontamination fluids) will be drummed, labeled, and staged 

to await sample analyses. 
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6.2 PERSONNEL DECONTAMINATION REQUIREMENTS 

The decontamination of personnel and their protective clothing shall be performed in sequential stages. 

These stages shall include: 

. Removing contamination from protective clothing and equipment with a detergentMater solution 

and soft bristle scrub brushes. 

. Removal of protective clothing (disposable items shall be discarded into a container 

conspicuously marked “Potentially Contaminated Clothing”). 

. Workers washing hands and face with potable water and soap whenever they remove PPE and 

leave the exclusion zone. 

The maximum decontamination layout is described in the Table 6-l. Within this format the bolded sections 

represent the minimum requirements for all tasks conducted in an established exclusion zone. Should the 

task or scope require use of the material identified as optional, those sections will become man’datory (at the 

discretion of the on-site safety representative). 

6.3 MINIMAL DECONTAMINATION 

Less extensive procedures for decontamination can be established when Level D protection is utilized, when 

the type and degree of contamination are known, or when the potential for transfer is judged to be minimal by 

the SSO. These procedures generally may involve one or two washdowns only, and/or progressive removal 

(and disposal, as appropriate) of items of PPE. 

6.4 EQUIPMENT DECONTAMINATION 

The drill rig and all drilling tools and hand augers will be steam cleaned between boreholes. All downhole 

tools, samplers, and other downhole equipment will be steam cleaned between boreholes. ‘Under muddy 

conditions, the back end of the drill rig and wheels will also be steam cleaned, as needed, between 

boreholes. A decontamination pad at will be used for steam cleaning and decontamination operations. 
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Table 6-1 
Maximum/Minimum Measures for Decontamination 

cloths or in different plastic- 
e probability of cross contami- 

‘tation 2: over and Glove Scrub outer boot covers and gloves with detergent and water. 

tation 3: oot Cover and Glove Rinse off from Station 2 using as much water as necessary. 
Rinse 

tation 4: ash splash suit, gloves, and safety boots. Scrub with long-handled scrub brush and 
ash. As applicable as 

are worn (i.e. Tyvek) skip to station 6. 

tation 5: uit and Safety Boot 
P 

inse off decon solution using water. Rinse Repeat as many times as necessary 
inse 

tation 6: IT ape Removal P emove tape around boots and gloves and deposit them in the plastic-lined container. 

tation 7: oot Cover Removal 

t 

emove boot covers and deposit them in the plastic-lined container for 
econtamination and reuse. 

tation 8: lo uter Glove Removal k emove outer gloves and deposit them in a plastic-lined container for disposal. 

tation 9: Cartridge or Mask If worker leaves exclusion zone to change cartridges (or mask), this is the last step in the 
Change decontamination procedure. Worker’s cartridges exchanged, new outer gloves and boot 
(Level C usage). As covers donned, and joints taped. Worker returns to duty. 
applicable not all 
operations will require 
respiratory protection. 

tation 10: plash Suit Removal With the helper’s assistance, remove splash suit. Deposit it in the plastic-lined container. 

tation 11: 

P 

espirator Removal 
if worn)’ P 

emove face piece. Deposit it in a plastic-lined container. Avoid touching face with fingers 

tation 12: c nner Glove Removal iii emove inner gloves and deposit them in the plastic-lined container. 

tation 13: /Field Wash b ash hands and face with potable water. 

tation 14: Heat stress If heat stress monitoring procedures are engaged, they should be performed at the very 
evaluation/Break beginning of the break periods. Break areas should consist of a shaded area with the abilit) 

:o provide drinking fluids to personnel, if necessary. 
lieat stress monitoring 
will be conducted on a 
as needed basis. 

F 

(1) Respirators (if worn) will be cleaned and sanitized at a latter time following the conclusion of personnel decontamination, and are 
therefore not considered a part of this sequence. 
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6.5 DECONTAMINATION OF SAMPLING TOOLS 

All sampling equipment will be cleaned between sample acquisitions in accordance with the requirements 

established in the sampling plan. In addition, all sampling equipment that will be leaving the site will require a 

thorough decontamination, and approval by the TL or SSO to verify it has been properly decontaminated. 

prior to leaving the site. This can be accomplished either by steam cleaning or by a detergent wash and 

potable water rinse until tools are visibly clean. 

6.6 EMERGENCY DECONTAMINATION PROCEDURES 

Any person who becomes ill or is injured in the exclusion zone must be decontaminated to the maximum 

extent possible. If the injury or illness is minor, full decontamination should be completed and first aid 

administered prior to transport to a medical facility. If the victim’s condition is serious, a partial 

decontamination should be performed if it does not place the injured person at greater risk. (i.e., complete 

disrobing of the victim and redressing in clean coveralls or wrapping in a blanket). First aid should be 

administered.while awaiting an ambulance or paramedics. In the event of a catastrophic incident (explosion 

or large release) personnel should evacuate to a safe location without performing any decontamination 

efforts, unless it can be determined that doing so would further jeopardize the welfare of the individual. 

6.7 PROTECTION REQUIRED BY DECONTAMINATION PERSONNEL 

Personnel assisting with decontamination procedures will wear the same level of protection as those they are 

decontaminating or one level below, depending on the stage of decontamination with which they are 

assisting. Assistants who are stationed at the first stages of decontamination will be in the :same level of 

protection as those being assisted. At stages where the outer garments are already removed and 

containerized, the decontamination assistants will wear the lower level of protection. 

6.8 CLOSURE OF THE PERSONNEL DECONTAMINATION STATION 

All disposable PPE, clothing, and plastic sheeting used during the operation will be washed via regular 

decontamination procedures and contained on-site in a B&R Environmental dumpster to await disposal by 

B&R Environmental. No materials are to be placed in any NSWCWODET dumpsters. Decontamination- 

generated wastes will also be contained on-site for ultimate disposal by B&R Environmentsal. Reusable 

rubber clothing will be dried and prepared for future use. (If gross contamination has occurred, discard the 

item.) Cloth items will be bagged and removed from the site for final cleaning. All wash tubs, pail containers, 
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etc., will be thoroughly washed, rinsed, and dried prior to removal from the site. The SSO will be responsible 

forinspecting and clearing equipment to proceed to the next location and to leave the site. 

6.9 DECONTAMINATION EVALUATION 

The decontamination process effectiveness will be judged in the following manner. 

. Visual observation - Discoloration, stains, visible dirt, and alterations of the fabric due to chemical 

contact will be the primary method used to determine effectiveness. 

The following methods may be used if gross contamination is encountered: 

. Monitoring Instrumentation - Instruments used to detect site contaminants may be employed to 

scan garments and equipment for the presence of site contaminants after decontamination 

procedures have been employed. 

. Decontamination Solution Analyses - An analyses of the solution (final rinse) and the presence of 

contaminants may suggest additional cleaning is required. This information may be useful in the 

ultimate disposal of the fluids generated. 

. Sample Analyses - sample analyses may indicate the level of contamination and therefore the 

potential for contamination. Once again this information may be useful in the ultimate disposal. 

It is suggested that a combination of methods be used to detenine the effectiveness of the decontamination 

of the process used. 
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7.0 TRAINING REQUIREMENTS 

This section describes the minimum requirements for initial, refresher, and site-specific training. 

7.1 INTRODUCTORY AND REFRESHER TRAINING 

The site-specific training form, to be signed by all onsite workers, is provided in Figure 7-l. 

7.1.1 Reauirements for B&R ENVIRONMENTAL Personnel 

All B&R Environmental personnel must complete 40 hours of introductory hazardous waste site training prior 

to performing work at NSWCWODET. Additionally, B&R ENVIRONMENTAL personnel who have had 

introductory training more than 12 months prior to site work must have completed 8 hours of refresher 

training within the past 12 months before being cleared for site work. 

All B&R Environmental personnel functioning in the supervisory capacity will have had Management and 

Supervisory training as required by 29 CFR 1910.120 (e)(4). No field personnel will function independently 

from a supervisor, unless they also satisfy this requirement. 

Documentation of B&R Environmental introductory, supervisory, and refresher training will be maintained at 

the project. Copies of certificates or other official documentation will be used to fulfill this requirement. 

7.1.2 Requirements for Subcontractors 

All B&R Environmental subcontractor personnel must have completed introductory hazardous waste site 

training or equivalent work experience as defined in OSHA Standard 29 CFR 1910.120(e) and 8 hours of 

refresher training meeting the requirements of 29 CFR 1910.120(e)(8) prior to performin’g fielld work at the 

sites. All subcontractor personnel serving in the supervisory capacity will have had Management and 

Supervisory training as required by 29 CFR 1910.120 (e) (4). B&R Environmental subcontractors must 

certify that each employee has had such training by sending B&R Environmental a letter, on company 

letterhead, containing the information in the example letter provided as Figure 7-2. Accompanying that letter 

(or submitted separately prior to the initiation of any on-site activities), copies of training cetiiificates will be 

provided for all subcontractor personnel. Figures 7-2 and 8-2 can be combined into one letter. 
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FIGURE 7-1 

SITE-SPECIFIC TRAINING DOCUMENTATION 

My signature below indicates that I am aware of the potential hazardous nature of performing sampling 
activities at NSWCWODET, and that I have received site-specific training which included the elements 
presented below: 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

Names of personnel and alternates responsible for site safety and health 
Safety, health and other hazards present on site 
Use of personal protective equipment 
Work practices to minimize risks from hazards 
Safe use of engineering controls and equipment 
Medical surveillance requirements 
Signs and symptoms of overexposure 
The contents of the health and safety plan 
Emergency response procedures (evacuation and assembly points) 
Review contents of relevant Material Safety Data Sheets 

I further state that I have been given the opportunity to ask questions and that all of my questions have been 
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FIGURE 7-2 

OSHA TRAINING CERTIFICATION 

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. Scott Nesbit 
Project Manager 
B&R Environmental Environmental Corp. 
661 Andersen Drive 
Pittsburgh, Pennsylvania 15220 

Subject: H r W 5 

Dear Mr. Nesbit: 

The employees listed below have had introductory hazardous waste site training or equivalent 
work experience as required by 29 CFR 1910.120(e). In addition, those employees listed below 
who have received their introductory training more than 12 months ago have also received 8 
hours of refresher training in accordance with 29 CFR 1910.120 (e)(8) within the past 12 months. 

LIST FULL NAMES OF EMPLOYEES AND THEIR SOCIAL SECURITY NUMBERS HERE 

Should you have any questions, please contact me at (555) 555-5555. 

Sincerely, 

(Name of Company Officer) 

NOTE: Copies of training certificates must also be attached with this letter, or othenrulise provided 
prior to the initiation of any on-site activities. 
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7.1.3 Subcontractor ExceMions 

Subcontractors such as surveying teams who will not perform any activities in the exclusion zone during 

sampling tasks or where there is no potential for exposure, will be excluded from the requirements stipulated 

in Section 7.1.2. 

7.2 SITE-SPECIFIC TRAINING 

B&R Environmental will provide site-specific training to all B&R Environmental employees and subcontractor 

personnel who will perform work on this project. Site-specific training will include: 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

Names of personnel and alternates responsible for site safety and health 

Safety, health and other hazards present on site 

Use of personal protective equipment 

Work practices to minimize risks from hazards 

Safe use of engineering controls and equipment 

Medical surveillance requirements 

Signs and symptoms of overexposure 

The contents of the health and safety plan and addendum 

Emergency response procedures (evacuation and assembly points) 

Review the contents of relevant Material Safety Data Sheets 

7.2.1 SiteSuecific Trainina Documentation 

B&R Environmental and subcontractor personnel will be required to sign a statement indicating receipt of 

site-specific training and understanding of site hazards and control measures. Figure 7-l will be used to 

document site-specific training. 

7.3 OTHER TRAINING 

At least one member of the field team will possess current certification in first aid and cardiopulmonary 

resuscitation. 
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8.0 MEDICAL SURVEILLANCE 

8.1 REQUIREMENTS FOR B&R ENVIRONMENTAL PERSONNEL 

All B&R Environmental personnel participating in project field activities will have had a physical examination 

meeting the requirements of B&R Environmental’ medical surveillance program and will be medically qualified 

to perform hazardous waste site work using respiratory protection. The B&R Environmental medical 

surveillance program meets the requirements specified in 29 CFR 1910.120(f). 

Documentation for medical clearances will be maintained on-site and made available as necessary. 

8.2 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” (Figure 8-l) can 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 

(9 of OSHA 29 CFR 1910.120 can substitute Figure 8-l with a letter, on company letterhead, containing all 

the information in the example letter presented as Figure 8-2. Figures 7-I and 8-2 can be combined into one 

letter. 

8.3 REQUIREMENTS FOR ALL FIELD PERSONNEL 

Each field team member (including subcontractors) shall be required to complete and subrnit a copy of 

Attachment D-II (Medical Data Sheet). This shall be provided to the SSO prior to particiipating in site 

activities. 
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FIGURE 8-l 

SUBCONTRACTOR MEDICAL APPROVAL FORM 

For employees of 
Company Name 

Participant Name: Date of Exam: 

Pad 

The above-named individual has: 

1. Undergone a physical examination in accordance with OSHA Standard 29 CFR 1910.120, 
paragraph (9 and found to be medically - 

qualified to perform work at the NSWCWODET, work site 
not qualified to perform work at the NSWCWODET, work site 

and, 

2. Undergone a physical examination as per OSHA 29 CFR 1910.134(b)( IO) 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 1910.120 and appendices. 
A description of the employee’s duties as they relate to the employee’s exposures. 

; ; A list of known/suspected contaminants and their concentrations (if known). 
A descnption of any personal protective equipment used or to be used. 

( 1 Information from previous medical examinations of the employee which is not readily available to 
the examining physician. 

B Part 

1, , have examined 
Physician’s Name (print) 

and have determined the following information: 
Participant’s Name (print) 
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^ -*, 
FIGURE 8-I 
SUBCONTRACTOR MEDICAL APPROVAL FORM 
PAGE TWO 

1. Results of the medical examination and tests (excluding finding or diagnoses unrelated to occupational 
exposure): 

2. Any detected medical conditions which would place the employee at increased risk. of material 
impairment of the employee’s health: 

- 

3. Recommended limitations upon the employee’s assigned work: 

I have informed this participant of the results of this medical examination and any medical conditions which 
require further examination or treatment. 

Based on the information provided to me, and in view of the activities and hazard potentials involved at the 
NSWCWODET. Silver Spring. Marvland work site, this participant 

1; 
may 
may not 

perform his/her assigned task. 
Physician’s Signature 

Address 

Phone.Number 

NOTE: Copies of test results are maintained and available at: 

Address 
- 
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FIGURE 8-2 

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. Scott Nesbit 
Project Manager 
B&R Environmental Environmental Corp. 
661 Andersen Drive 
Pittsburgh, Pennsylvania 15220 

Subject: Medical Surveillance - NSWC. White Oak. Maryland 

Dear Mr. Nesbit, 

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 (9 of Title 29 of the Code of 
Federal Regulations (CFR), Part 1910.120 entitled “Hazardous Waste Operations and Emergency 
Response: Final Rule.” I further state that the persons listed below have had physical examinations 
under this program within the past I2 months and that they have been cleared, by a licensed 
physician, to perform hazardous waste site work and to wear positive and negative pressure 
respiratory protection. I also state that, to my knowledge, no person listed below has any medical 
restriction that would preclude him/her from working at NSWC, White Oak, Maryland. 

LIST FULL NAMES OF EMPLOYEES AND THEIR SOCIAL SECURITY NUMBERS HERE 

Should you have any questions, please contact me at (555) 555-5555. 

Sincerely, 

(Name of Company Officer) 
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9.0 STANDARD WORK PRACTICES 

The following Standard Work Practices are to be applied in addition to the Health and Safety SOPS (see Part 

c: Vol. 2): 

* Eating, drinking, chewing gum or tobacco, taking medication, and smoking are prohibited in the exclusion 

or decontamination zones, or any location where there is a possibility for contact with site contaminants. 

l Upon leaving the exclusion zone, hands and face must be thoroughly washed with soap and potable 

water. Any protective outer clothing is to be decontaminated and removed as specified in this HASP, 

and left at a designated area prior to entering the clean area. 

l Contact with potentially-contaminated substances must be avoided. Contact with the ground or with 

contaminated equipment must also be avoided. 

l No facial hair, which interferes with a satisfactory fit of the mask-to-face seal, is permitted on personnel 

required to wear respiratory protective equipment. 

l All personnel must satisfy all training requirements (40-hr, 8-hr refresher, site specific training, 

emergency response training as applicable) prior to commencing site activities. 

l All personnel must have a working knowledge of this HASP, including being aware of the action levels for 

upgrading/downgrading levels of protective equipment, and emergency procedures. 

l All personnel must satisfy medical monitoring procedures 

l All personnel must complete a medical data sheet, to be maintained on-site (see Attachment D-II). 

o All personnel working in sight restriction areas of heavy vegetation or where the topogralphy does not 

permit line-of-sight contact must utilize the buddy system. 

e When lifting or moving equipment or material, use proper lifting techniques. 
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l All work areas must be kept free of ground clutter. 

l No flames or open fires will be permitted on-site. No matches or lighters (sparking devices) are permitted 

on-site. Hot permits must be obtained from the base fire department. 

l Site personnel must immediately notify B&R Environmental Health Sciences of all incidents for OSHA 

recordkeeping purposes. 

l If personnel note any warning properties of chemicals (irritation, odors, symptoms, etc.) or even remotely 

suspect the occurrence of exposure, they must immediately notify the SSO for further direction. 

l Site personnel are not to undertake any activity which would be considered a confined-space entry 

without first being trained in the proper procedures by the SSO and obtaining a Confined Space/Limited 

Egress Permit from the B&R Environmental Health and Safety Manager or his designee. 

l A full-size copy of the OSHA poster included as Attachment D-IV of this HASP shall be conspicuously 

posted on-site. 

l Any new information must be promptly conveyed to the Project SSO and the Task Leader. 

l All compressed gas cylinders used (empty or full) must be stored, secured, and used properly to protect 

from damage. 

l Material Safety Data Sheets for all chemical substances brought on-site will be collected and maintained 

at the Command Post (the site trailer). These documents will be reviewed with the users of the 

substances prior to any usage or handling. 

DRILLING OPERATIONS 

l No drilling or any other operation which will bring a drill mast or any other projecting device within 20 feet 

in any direction of overhead power lines will be permitted. Prior to any subsurface investigations by the 

TL shall ensure, the locations of all underground utilities will be identified and marked prior to initiating 

any subsurface activity. 

. Hand signals with the driller will be established prior to the commencement of drilling activities. 
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e All drill rigs and other machinery with exposed moving parts must be equipped with am operational 

emergency stop device. All personnel working in a close proximity must be aware of the location of this 

emergency stop device and its operation. This device will be tested initially (and then periodically) to 

insure its operational status. The driller and the helper shall not simultaneously handle moving augers or 

flights unless there is a standby person able to activate the emergency stop device. 

o The driller must never leave the controls while tools are rotating unless all personnel are clear of the 

rotating equipment. 

e A long handled shovel or the equivalent shall be used to clear away drill cuttings from the hole and 

rotating equipment. Hands or feet shall not be used for this purpose. 

e A remote sampling device must be used to sample drill cuttings near rotating tools. The driller shall shut 

down operations if the sampler must go near the tools to obtain samples. 

e All personnel working in the vicinity of the drill rig while its operating shall secure all loose clothing. 

e Only manufacturer-approved equipment may be used in conjunction with site equipment (i.e. pins for 

auger flights etc.). Pins or other protruding items from rotating equipment shall not be permitted. 

e No person shall climb a drill mast while equipment is rotating. 

e No person shall climb a drill mast without use of ANSI approved fall protection (i.e. belts, lanyards and a 

fall protection slide rail) or portable ladders which meet OSHA’s requirements. 

Excavation/Trenching Operations 

e All excavation and trenching operations must comply with 28 CFR 1926 Subpart P. 

* No one, under any circumstances, will enter an excavation or trench until it has been deemed safe to do 

so by a competent person in accordance with 29 CFR 1926 Subpart P and 29 CFR 1910.146. 

0 Personnel must stand away from the reach of the backhoe, tires, and outriggers of excavating equipment 

and a minimum of 2 feet from the edge of any excavation or trench. 
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. To prevent cave-in, excavations and trenches must be sloped at a ratio of 1X1 at the sides where 

personnel will stand or where equipment will be positioned. A lesser slope may be considered 

acceptable by OSHA 29 CFR Subpart P depending on the type of soil and other conditions. 

l No open pits will be left unattended, under any circumstances, unless adequate precautions are taken to 

prevent access. 

l The backhoe operator will not undermine the excavation. 

l A competent person will frequently inspect the excavation/trench for slide or cave-in potential as required 

by 29 CFR 1926 Subpart P. 

HEAVY EQUIPMENT MAINTENANCE AND OPERATION 

l Heavy equipment must be operated in accordance with 29 CFR 1926 Subpart 0. 

l Heavy equipment will not be operated in a manner that could cause the equipment to roll over or slide 

into an excavation. 

l Dump vehicles will be level before the bed is raised. Dump beds will be smooth to prevent loads from 

sticking at the front (top) of the bed. No one will stand on either side of the dump vehicle while the bed is 

being raised or lowered as it is always a possibility that the vehicle will roll on its side. 

l A safety tire rack, cage, or equivalent protection must be used when inflating, mounting, or dismounting 

tires on split rims, or rims equipped with locking rings or other similar device. 

l All cab glass will be kept clean and will not impair the safe operation of the equipment. 

l All equipment will be operated at least 20 feet from overhead power lines and other electrical equipment 

unless otherwise permitted by 29 CFR 1926550(a)( 15). 

l Equipment which has an obstructed view to the rear must be equipped with an audible reverse (backup) 

alarm. 
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a Haulage vehicles with cabs will be equipped with a cab shield or canopy to protect the (operator from 

falling and shifting loads. 

a All equipment must be equipped with seat belts except those which do not have roll-over protective 

structures. When seat belts are provided, they must be used. 

l All equipment will be inspected at the beginning of each shift in accordance with 29 CFR 

1926.601(b)(14). 

l Equipment operators will wear hearing protection unless the owner of the equipment can demonstrate 

that noise exposures will not exceed the OSHA Permissible Exposure Limit. 

UXO AREAS 

. No souvenir hunting. 

l Do not pick up or disturb unidentified items 

. Report all UXO or unidentified objects. 

. Do not excavate or sample any areas until they have been checked for the presence of UXO. 

l Do not go outside the boundaries of the access routes or work sites. 

. Do not enter uncleared areas of the site. 

. Do not carry any fire or spark producing devices into the site. 

l Allow the screening EOD technician to lead when surveying potential UXO areas. 

_., ., 
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10.0 EMERGENCY RESPONSE 

In the event of an emergency, all site personnel will be evacuated to a predetermined location away from the 

work place. Emergency Response Planning will follow in accordance with 29 CFR 1910.38(a). The 

Contractor shall coordinate site activities with Base Fire Protection and Emergency Services in order to avoid 

potential emergencies. The Contractor shall utilize Base Fire Protection and Emergency Services as a first 

response to any emergency situation. Emergency Medical Services will be ‘provided off-base by White Oak 

Rescue Squad, and will be escorted on-base by the Base Fire Department. For Police services, the 

Contractor shall call Base Security first. If outside Police are required, Base Security will call off-base Police 

and escort them on-base. 

10.1 PRE-PLANNING 

Upon initial arrival at the base, the B&R Environmental TUSSO will meet with the Base Fire Protection 

Department and Emergency Services and Base Security Personnel to notify coordinators of the activities to 

be undertaken and where. All site personnel will be required to follow base emergency procedures and will 
; 

rely on base services to handle emergency situations if encountered. Medical service will be provided off-site w 

by the White Oak Rescue Squad. 

Another task in Emergency Pre-Planning efforts will be to designate appropriate emergency escape routes 

and safe places of refuge for the site activity areas, These designations may change on a daily basis due to 

factors such as wind direction, the type and extent of emergency situation warranting the need for 

evacuation, among others. The TL will identify any changes in escape routes and refuge points in the 

morning briefing. 

10.2 EMERGENCY ESCAPE PROCEDURES AND ASSIGNMENTS 

Upon notification of a site emergency requiring evacuation, all site personnel will proceed to predetermined 

locations based on emergency location and wind directions. Extent of decontamination procedures will be 

dependent upon extent of the emergency requiring evacuation. If personnel cannot reach those locations 

without endangering life or health, an alternate meeting place will be selected. Personnel will be trained to 

remain at the refuge until directed to resume work, or leave the site. 
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10.3 PROCEDURE TO ACCOUNT FOR SITE PERSONNEL 

The site work force will be small enough that accounting for personnel will not be a problem. Accounting for 

personnel will be the Task Leader’s responsibility. This will be accomplished by taking a roll call using the 

site logbook. 

10.4 RESCUE AND MEDICAL DUTIES 

Site personnel will not be authorized to participate in emergency rescue operations. During UXO survey 

activities the attendant or buddy will remain informed of the areas cleared in order to facilitate the rescue of 

UXO members. 

10.5 ACTlVATlON OF EMERGENCY RESPONSE PROCEDURES 

Should any emergency occur which requires the support of outside services, the TUSSO will contact: 

NSWC Fire Department X41 33 (301-294-l 333). 

Emergency numbers and directions to the nearest hospital are provided in Table 10-l. 

A hand-held radio will be available on-site to provide for timely communication between the Field Team 

Leader and Range Contro!. All radio communication devices will be Hazards of Electromagnetic Radiation to 

Ordnance (HERO) approved prior to use. 

Examples requiring outside services are as follows: 

l Any field crew member involved in an accident or experiencing signs and symptoms of exposure. 

l A condition discovered which suggests the activity is more hazardous than anticipated 

. Emergency services in nearby areas which directly impact operations. 

Persons who observe an emergency situation must notify Base Contacts, Base Services, and Office 

Contacts once the situation is assessed as being out of local control. 
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TABLE 10-l 

EMERGENCY INFORMATION 
(TO BE POSTED ON THE SITE) 

Police 

Fire 

Emergency 

Ambulance 

Hospital 

Poison Control 

Base Contact 

Sheriff 

Base Fire Department 

Base Fire Department 

Rescue Squad 

Holy Cross Hospital 
Emergency Room 

Hospital Information 

Contact Base Fire Department 

Environmental Office Contact: 
Bob Ridgway 

911 

394-l 333 

394-l 333 

911 

(301) 905-1225 

(301) 905-0100 

394-l 333 

394-2307 

B&R ENVIRONMENTAL Project Scott Nesbit (412) 921-7134 
Manager 

B&R ENVIRONMENTAL Health & Don Westerhoff (412)921-8457 
Safety Officer 

CLEAN Health and Safety Manager Matthew M. Soltis (412)921-8912 

Maps depicting directions from the site to the hospital shall be obtained and attached to this Health and 
Safety plan prior to the commencement of site activities. 

. 

Directions to Holy Cross Hospital: 

Exit base, make left on New Hampshire Rd. Continue 3 miles to 1495, take East to Exit 31, Georgia Ave. 
Make right at first light (Forrest Glen Rd). Hospital is four blocks up on right side. 
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Additional emergency response information is contained in Section 10.0 of the Standard Operating 

Procedure of the DVSAP (SOP No. C8M-0800-043-93). This will be reviewed with all site personnel as part 

of the site-specific training, and a copy will be maintained on-site. 

10.6 INCIDENT FOLLOW-UP 

On receiving a report of an incident (or near-incident), the FOUSSO shall immediately investigate and make 

the appropriate recommendations to prevent recurrence. The CLEAN HSM shall immediately be notified by 

telephone. At his discretion he may wish to participate in the investigation. Details of the incident shall be 

documented on an Incident Report within 24 hours of its occurrence and distributed to the Project Manager 

and CLEAN HSM. Contractor shall fill out a White Oak Incident Report within 24 hours of occurrence, and 

submit it to the Base Environmental Office. 

D-54 CT0 0273 



11.0 CONFINED SPACE 

No Confined-Space Operations are planned to be involved as part of the field activities. Therefore, 

specific procedures for such efforts are not applicable and are not addressed in this section. Should any 

confined-space situations arise, the site health and safety officer should be notified immediately before 

any action is taken. 
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12.0 SPILL CONTAINMENT AND CONTROL 

Every member of the site team will be responsible to observe and report liquid chemical releases or 

conditions that could lead to releases. No release or spill of contaminated liquids is antic:ipated in the 

implementation of the DVSAP. Therefore, specific procedures for such efforts for spill containment and 

control are not applicable and are not addressed in this section. Should any spill containment or control 

situations arise, the site health and safety officer should be notified immediately before any action is taken. 

, -__ 

D-56 CT0 0273 



13.0 SITE CONTROL 

This section outlines the means by which B&R Environmental 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: 

exclusion zones, contamination reduction zones, and support zones. 

13.1 EXCLUSION ZONE 

Exclusion zones will be those areas of the site with known or suspected contamination. In many cases, 

however, significant amounts of surface contamination will not be encountered in the proposed work areas of 

this site unless contaminants are brought to the surface by soil boring or some other intrusive activities. 

Once such activities have been completed and surface contamination has been removed, the potential for 

exposure is again diminished and the area can be reclassified as part of the contamination reduction zone. 

Therefore, the exclusion zones for this project will be limited to those areas of the site where active work is 

being performed and/or anywhere there is believed to be the potential for inhalation or ingestion exposure to 

site contaminants. 

The zone structure for this operation will encompass the size necessary to conduct operations; this is 

regarded as an area of 50 feet around the point of operation. This may be altered in specific instances based 

on available room, site topography, or restraining circumstances. Additional circumstances may affect zone 

structure and operation. In addition, due to the potential for UXO, support parameters of a zone may be 

increased or decreased at the direction of EOD, based on the perceived hazards. 

Once the work in exclusion zones is completed the area must be restored to its former condition prior to 

turning over access to base personnel. Once efforts are employed to clean and restore the area of all debris 

and work materials, cuttings, etc., the TL or SSO will be responsible for clearing the area to be released to 

the general base personnel and will document this approval. 

13.2 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. The personnel and equipment decontamination area 
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established for this project will be located in the CRZ. This area will serve both as a focal poinl: in supporting 

exclusion zone activities and as the access and control point to the exclusion zone. Closure of this zone will 

require the same procedures as employed for the exclusion zone, as these zones are opened and closed as 

the operation moves about the base. 

13.3 SUPPORT ZONE 

The support zone for this project will include a staging area where site vehicles will be parked, equipment will 

be unloaded, and food and drink containers will be kept. In all cases, support zones will be established at 

areas of the site where exposure to site contaminants is not expected during normal working conditions or 

foreseeable emergencies. 

13.4 SITE PREPARATION 

In an effort to minimize as many foreseeable hazards as possible, site preparation in addition to UXO 

clearance will be performed by the TL and the SSO prior to the initiation of on-site activities in any new area. 

Physical hazards and potential chemical hazards which cannot be removed, identified, or barricaded to 

prevent possible exposure will be identified as per the safety briefing prior to the commencement of activities 

in that area. As part of this preparation procedure, the TL and the SSO will identify evacuation routes, 

assembly points, means of communication for that site, and emergency routes for medical assistance. 

Staging areas for each site for investigation derived wastes will be constructed prior to the commencement of 

activities within that area. All resource equipment will be placed in preparation for support of all exclusion 

zone activities. The locations of staging areas will be approved by the NSWC Environmental Office. 

13.5 SITE MAP 

Once the areas of contamination, access routes, topography, and dispersion routes are determined, a site 

map illustrating the particulars of each site and the location of these planned activities will be glenerated, and 

will be adjusted as site conditions change. These maps will be posted in the trailer/office to illlustrate up-to- 

date collection of contaminants and adjustment of zones and access points and be used for safety briefings 

to inform personnel of zone demarcations and restrictions. 
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13.6 BUDDY SYSTEM 

Personnel engaged in on-site activities will practice the “buddy system” to ensure the safety of all personnel 

involved in this operation. 

13.7 MATERIAL SAFETY DATA SHEET REQUIREMENTS 

B&R Environmental personnel will provide material safety data sheets (MSDSs) for all chemicals brought on 

site. The contents of these documents will be reviewed by the SSO with the users of the chemrcal 

substances prior to actual use or application of the substances on-site. The MSDSs will then be maintained 

in a central, temporary office and will be available for anyone to review upon request. The SSO will develop 

and maintain an inventory of all such chemical substances brought on-site, and will perform other functions 

necessary to comply with the OSHA Hazard Communication Standard (1910-1200). 

13.8 COMMUNICATION 

As personnel will not always be working near one another during field activities, a supported means of 

communication may be necessary. For this purpose, two-way radio communication will be used. All means 

of communication will have NSWCWODET and UXO approval prior to use. Radio communications for 

emergency services while engaged in emergency response activities on base will be curtailed, in areas 

identified by the base, due to the susceptibility of UXO to the hazards associated with electromagnetic 

radiation to ordnance. 

For external communication, the locations of telephones will be identified prior to initiation of work at each 

site. External communication will be used primarily for the purpose of resource and emergency 

communications. 

13.9 SITE/ZONE SECURITY 

Initial lines of security for operations at each site will be established by the TL and SSO. Zone security will be 

maintained by all site personnel involved in this operation. Zone identification, demarcation, and zone/access 

control points are to be monitored by site personnel, and a list of personnel cleared to enter the area of 

investigation will constitute a secondary safeguard. Lastly, the TL and the SSO will be able to temporarily 

terminate all operations should this security be compromised. Only those persons who have met the 

requirements of this plan and are approved for site clearance may enter an exclusion zone. 
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,” . ._ 
14.0 DOCUMENTATION AND EQUIPMENT 

This section summarizes documentation and equipment required for the support of this HASP. Its purpose is 

a final checklist to help ensure that all the necessary resources are available to carry out the requirements of 

this HASP. 

14.1 

14.2 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

DOCUMENTATION 

Health and Safety Logbook 

HASP (Signed Copy) 

OSHA Poster 11 x 14 

MSDSs (if applicable) 

Medical Data Sheets 

Employee Training Certificates 

Medical Surveillance Documentation 

Incident Reports 

Respirator Fit Test Records 

Site-specific training records 

HEALTH AND SAFETY EQUIPMENT 

First Aid Kit (Physician-Approved) 

ANSI-approved Eye Wash 

Class ABC Fire Extinguishers 

Nitrile Gloves 

Inner Gloves 

Tyvek 

Chemical Resistant Tyvek - Saranex, hooded with welded seams 

Barricade Tape 

Boot Covers 

Duct Tape 

Decon Kit (Alwnox tube, brush, sorbants, step stool) 

Particle Monitor 
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Portable Micro-R (Micro-rem) Meter 

Portable Count-Rate Meter with GM-Pancake Detector 

Hard Hats, Safely Glasses 

Splash Shield 

Steel Toe/Shank Boots 

Photoionization Detector (PID) 

Magnetometer 

Air Purifying Respirator with cartridges 
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ATTACHMENT D-l 

COLD STRESS 



COLD STRESS 

Cold Stress 

The cold stress TLVs are intended to protect workers from the severest effects of cold stress (hypothermia) 

and cold injury and to describe exposures to cold working conditions under which it is believed that nearly all 

workers can be repeatedly exposed without adverse health effects. The TLV objective is to prevent the deep 

body temperature from falling below 36% (96.8”F) and to prevent cold injury to body extremities (deep body 

temperature is the core temperature of the body determined by conventional methods for rectal temperature 

measurements). For a single, occasional exposure to a cold environment, a drop in core temperature to no 

lower that 35°C (95°F) should be permitted. In addition to provisions for total body protection, the TLV 

objective is to protect all parts of the body with emphasis on hands, feet, and head from cold injury. 

Introduction 

Fatal exposures to cold among workers have almost always resulted from accidental exposures involving 

failure to escape from low environmental air temperatures or from immersion in low temperature water. The 

single most important aspect of life-threatening hypothermia is the fail in the deep core temperature of the 

body. The clinical presentations of victims of hypothermia are shown in Table 1. Workers should be 

protected from exposure to cold so that the deep core temperature does not fall below 36°C (96.8”F); lower 

body temperatures will very likely result in reduced mental alertness, reduction in rational decision making, or 

loss of consciousness with the threat of fatal consequences. 

Pain in the extremities may be the first early warning of danger to cold stress. During exposure to cold, 

maximum severe shivering depends when the body temperature has fallen to 35% (95°F). This must be 

taken as a sign of danger to the workers and exposure to cold should be immediately termilnated for any 

workers when severe shivering becomes evident. Useful physical or mental work is limited when severe 

shivering occurs. 

Since prolonged exposure to cold air, or to immersion in cold water, at temperatures well above freezing can 

lead to dangerous hypothenia, whole body protection must be provided. 

1. Adequate insulating dry clothing to maintain core temperatures above 36°C (96.8”F) must be provided 

to workers if work is performed in air temperatures below 4% (40°F). Wind chill cooling rate and the 

cooling power of air are critical factors. wtnd chill cooling rate is defined as heat loss, from a body 
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expressed in watts per meter squared which is a function of the air temperature and wind velocity upon 

the exposed body.] The higher the wind speed and the lower the temperature in the work area, the 

greater the insulation value of the protective clothing required. An equivalent chill temperature chart 

relating the actual dry bulb air temperature and the wind velocity is presented in Table 2. The 

equivalent chill temperature should be used when estimating the combined cooling effect of wind and 

low air temperatures on exposed skin or when determining clothing insulation requirements to maintain 

the deep body core temperature. 

2. Unless there are unusual or extenuating circumstances, cold injury to other than hands, feet, and head 

is not likely to occur without the development of the initial signs of hypothermia. Older workers or 

workers with circulatory problems require special precautionary protection against cold injury. The use 

of extra insulating clothing and/or a reduction in the duration of the exposure period are among the 

special precautions which should be considered. The precautionary actions to be taken will depend 

upon the physical condition of the worker and should be determined with the advice of a physician with 

knowledge of the cold stress factors and the medical condition of the worker. 

R-l 2-94-l 0 D-l-2 . CT0 0273 



,/ -. TABLE 1 

PROGRESSIVE CLINICAL PRESENTATIONS OF HYPOTHERMIA* 

Core Temperature 

37 98.6 

36 96.8 

34 93.2 

33 91.4 

32 86.0 

31 87.8 

30 30 86.0 86.0 

29 29 84.2 84.2 

28 82.4 

27 80.6 

26 26 78.8 78.8 

69.8 

Clinical Sians 

“Normal” rectal temperature 

“Normal” oral temperature 

Metabolic rate increases in an attempt to compensate for heat 

loss 

Maximum shivering 

Victim conscious and responsive, with normal blood pressure 

Severe hypothemia below this temperature 

Consciousness clouded; blood pressure becomes difficult to 

obtain; pupils dilated but react to light; shivering ceases 

Progressive loss of consciousness; muscular rigidity increases; 

pulse and blood pressure difficult to obtain; respiratoiry rate 

decreases 

Ventricular fibrillation possible with myocardial irritability 

Voluntary motion ceases; pupils nonreactive to light; deep 

tendon and superficial reflexes absent 

Victim seldom conscious 

Ventricular fibrillation may occur spontaneously 

Pulmonary edema 

Maximum risk of ventricular fibrillation 
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1 o;Teryeratur;F 1 

Cli i al i n 

nc so s 

68.0 ) Cardiac standstill 

18 

17 

64.4 

62.6 

Lowest accidental hypothermia victim to recover 

Isoelectric electroencephalogram 

I 
48.2 

I 
Lowest artificially cooled hypothermia patient to recover 

* Presentations approximately related to core temperature. Reprinted from the January 1982 issue of 

American Family Physician, published by the American Academy of Family Physician. 
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Evaluation and Control 

For exposed skin, continuous exposure should not be permitted when the air speed and temperature results 

in an equivalent chill temperature of -32”C(-25.6”F). Superficial or deep local tissue freezing will occur only at 

temperatures below -1°C (30.2OF) regardless of wind speed. 

At air temperatures of 2°C (35.6”F) or less, it is imperative that workers who become immersed in water or 

whose clothing becomes wet be immediately provided a change of clothing and be treated for hypothermia. 

TLVs recommended for properly clothed workers for periods of work at temperatures below freezing are 

shown in Table 3. 

Special protection of the hands is required to maintain manual dexterity for the prevention of accidents: 

1. If fine work is to be performed with bare hands for more than lo-20 minutes in an environment below 

16°C (60.8”F), special provisions should be established for keeping the workers’ hands warn-r. For this 

purpose, warm air jets, radiant heaters (fuel burner or electric radiator), or contact warm plates may be 

utilized. Metal handles of tools and control bars should be covered by thermal insulating material at 

temperatures below -1°C (30.2”F). 

2. If the air temperature falls below 16°C (60.8”F) for sedentary, 4°C (39.2”F) for light, -7°C (19.4”F) for 

moderate work and fine manual dexterity is not required, then gloves should be used by the workers. 

To prevent contact frostbite, the workers should wear anti-contact gloves. 

1. When cold surfaces below -7°C (19.4”F) are within reach, a warning should be given to each worker by 

the supervisor to prevent inadvertent contact by bare skin. 

2. If the air temperature is -17.5% (0°F) or less, the hands should be protected by mittens. Machine 

controls and tools for use in cold conditions should be designed so that they can be handled without 

removing the mittens. 
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Provisions for additional total body protection are required if work is performed in an environment at or below 

4°C (39.2”F). The workers should wear cold protective clothing appropriate for the level of cold and physical 

activity: 

1. If the air velocity at the job site is increased by wind, draft, or artificial ventilating equipment, the cooling 

effect of the wind should be reduced by shielding the work area or by wearing an easily removable 

windbreak garment. 

2. If only light work is involved and if the clothing on the worker may become wet on the job site, the outer 

layer of the clothing in use may be of a type impermeable to water. With more severe work under such 

conditions, the outer layer should be water repellent, and the outerwear should be changed as it 

becomes wetted. The outer garments should include provisions for easy ventilation in order to prevent 

wetting of inner layers of sweat. If work is done at normal temperatures or in a hot environment before 

entering the cold area, the employee should make sure that clothing is not wet as a consequence of 

sweating. If clothing is wet, the employee should change into dry clothes before entering the cold area. 

The workers should change socks and any removable felt insoles at regular daily intervals or use 

vapor barrier boots. The optimal frequency of change should be determined empirically and will vary 

individually and according to the type of shoe worn and how much the individual’s feet sweat. 
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TA,-E 2 

COOLING POWER OF WIND ON EXPOSED FLESH EXPRESSED AS EQUIVALENT TEMPERATURE 

(under calm conditions) 

Xetimated Wind Speed 

(in mph) 

Actual Temperature Reading ("P) 

50 40 30 20 10 0 -10 -20 -30 -40 -50 -60 

Calm 50 

5 46 37 27 16 
b 

40 26 10 -6 -21 

Equivalent Temperature ("P) Equivalent Temperature ("P) 

Y 
(Wind speeds greater than LITTLE DANQBR INCRRASINQ DANOXR GREAT DANQXR 

40 mph have little In c hr with dry skin. Danger from freezing of Flesh may freeze within 30 seconds. 

additional effect) Maximum danger of exposed flesh within one 

false sense of security minute. 

iI 
II I 

'!'renchfnot and immersion foot may occur at any point on this chart. 
I 

l Developed by'U.S. Army Research Institute of Environmental Medicine, Natick MA. 



TABLE 3 

THRESHOLD LIMIT VALUES WORK/WARM-UP SCHEDULE FOR FOUR-HOUR SHIFT’ 

NOTES: 

7. Schedule applies to moderate to heavy work activity with warm-up breaks of ten (10) minutes in a warm location. For Light- 
to-Moderate Work (limited phyical movement): apply the schedule one step lower. For example, at -35°C (-30°F) with no 
noticeable wind (Step 4). a worker at a job with little physical movement should have a maximum work period of 40 minutes 
with 4 breaks in a 4-hour period (Step 5). 

2. The following is suggested as a guide for estimating wind velocity if accurate information is not available: 5 mph: light flag 
moves; 10 mph: light flag fully extended; 15 mph: raises newspaper sheet; 20 mph: blowing and drifting snow. 

3. If only the wind chill cooling rate is available, a rough rule of thumb for applying it rather than the temperature and wind 
velocity factors given above would be: 1) special warm-up breaks should be initiated at a wind chill cooling rate of about 
1750 W/M’; 2) all non-emergency work should have ceased at or before a wind chill of 2250 W/m’. In general, the warm-up 
schedule provided above slightly under-compensates for the wind at the warmer temperatures, assuming acclimatization 
and clothing appropriate for winter work. On the other hand, the chart slightly over-compensates for the actual temperatures 
in the colder ranges, since windy conditions rarely prevail at extremely low temperatures. 

4. TLVs apply only for workers in dry clothing. 

NOTE: External temperatures in excess of those stated above shall be regarded as inclement weather. Work continuation, 
termination, or alteration of the work schedule will be at the discretion of the FTL and on site health and safety representative. The 
heat and cold stress related sections of this are applicable to the season when work will be completed. 

t Adapted from Occupational Health & Safety Division, Saskatchewan Department of Labor. 

3. If exposed areas of the body cannot be protected sufficiently to prevent sensation of excessive cold 

or frostbite, protective items should be supplied in auxiliary heated versions. 
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4. If the available clothing does not give adequate protection to prevent hypothermia or frostbite, work 

should be modified or suspended until adequate clothing is made available or until weather 

conditions improve. 

5. Workers handling evaporative liquid (gasoline, alcohol, or cleaning fluids) at air tempelratures below 

4% (39.2”F) should take special precautions to avoid soaking of clothing or gloves with the liquids 

because of the added danger of cold injury due to evaporative cooling. Special note should be taken 

of the particularly acute effects of splashes of “cryogenic fluids” or those liquids with a boiling point 

that is just above ambient temperature. 

Work - Warmina Reaimen 

If work is performed continuously in the cold at an equivalent chill temperature (ECT) or below -7°C 

(19.4”F), heated warming shelters (tents, cabins, rest rooms, etc.) should be made available nearby. The 

workers should be encouraged to use these shelters at regular intervals, the frequency depending on the 

severity of the environmental exposure. The onset of heavy shivering, frostnip, the feeling of excessive 

fatigue, drowsiness, irritability, or euphoria are indications for immediate return to the shelter. When 

entering the heated shelter, the outer layer of clothing should be removed and the remainder of the 

clothing loosened to permit sweat evaporation or a change of dry work clothing provided. ‘A (change of dry 

work clothing should be provided as necessary to prevent workers from returning to work with wet 

clothing. Dehydration, or the loss of body fluids, occurs insidiously in the cold environment and may 

increase the susceptibility of the worker to cold injury due to a significant change in blood flow to the 

extremities. Warm sweet drinks and soups should be provided at the work site to provide caloric intake 

and fluid volume. The intake of coffee should be limited because of the diuretic and circulato:ry effects. 

For work practices at or below -12% (10.4”F) ECT, the following should apply: 

1. The worker should be under constant protective observation (buddy system or supervision). 

2. The work rate should not be so high as to cause heavy sweating that will result in wet clothing; if 

heavy work must be done, rest periods should be taken in heated shelters and opportunity for 

changing into dry clothing should be provided. 

.i ,\ 
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3. 

4. 

5. 

6. 

New employees should not be required to work fulltime in the cold during the first days of 

employment until they become accustomed to the working conditions and required protective 

clothing. 

The weight and bulkiness of clothing should be included in estimating the required work performance 

and weights to be lifted by the worker. 

The work should be arranged in such a way that sitting still or standing still for long periods is 

minimized. Unprotected metal chair seats should not be used. The worker should be protected 

from drafts to the greatest extent possible. 

The workers should be instructed in safety and health procedures. The training program should 

include as a minimum instruction in: 

a. Proper rewarming procedures and appropriate first aid treatment. 

b. Proper clothing practices, 

C. Proper eating and drinking habits. 

d. Recognition of impending frostbite. 

e. Recognition of signs and symptoms of impending hypothermia or excessive cooling of the 

body even when shivering does not occur. 

f. Safe work practices. 

Special design requirements for refrigerator rooms include: 

1. In refrigerator rooms, the air velocity should be minimized as much as possible and should not 

exceed 1 meter/set (200 fpm) at the job site. This can be achieved by properly designed air 

distribution systems. 

2. Special wind protective clothing should be provided based upon existing air velocities to which 

workers are exposed. 

Special caution should be exercised when working with toxic substances and when workers are exposed 

to vibration. Cold exposure may require reduced exposure limits. 
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Eye protection for workers employed out-of-doors in a snow and/or ice-covered terrain shoulcl be supplied. 

Special safety goggles to protect against ultraviolet light and glare (which can produce temporary 

conjunctivitis and/or temperature loss of vision) and blowing ice crystals should be required when there is 

an expanse of snow coverage causing a potential eye exposure hazard. 

Workplace monitoring is required as follows: 

I. 

2. 

3. 

4. 

5. 

Suitable thermometry should be arranged at any workplace where the environmental temperature is 

below 16°C (60.8”F) so that overall compliance with the requirements of the TLV can be maintained. 

Whenever the air temperature at a workplace falls below -1°C (30.2”F), the dry bulb1 temperature 

should be measured and recorded at least every 4 hours. 

In indoor workplaces, the wind speed should also be recorded at least every 4 hours whenever the 

rate of air movement exceeds 2 meters per second (5 mph). 

In outdoor work situations, the wind speed should be measured and recorded together with the air 

temperature whenever the air temperature is below -1°C (30.2”F) 

The equivalent chill temperature should be obtained from Table 2 in all cases where air movement 

measurements are required; it should be recorded with the other data whenever the elquivalent chill 

temperature is below -7°C (19.4”F). 

Employees should be excluded from work in cold at -1°C (30.2”F) or below rF they are suffering from 

diseases or taking medication which interferes with normal body temperature regulation or reduces 

tolerance to work in cold environments. Workers who are routinely exposed to temperatures below -24°C 

(-11.2”F) with wind speeds less than five miles per hour, or air temperatures below -18°C (0°F) with wind 

speeds above five miles per hour, should be medically certified as suitable for such exposures. 

Trauma sustained in freezing or subzero conditions requires special attention because an injured worker 

is predisposed to cold injury. Special provisions should be made to prevent hypothermia and freezing of 

damaged tissues in addition to providing for first aid treatment. 
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Note: This information has been adopted from the 1992-1993 **Threshold Limit Values for Chemical 

Substances and Physical Agents and Biological Indices” by the American Conference of Governmental 

Industrial Hygienists (ACGIH). 
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HEAT STRESS 

Heat Stress 

The SSO shall visually monitor personnel to note for signs of heat stress. Field personnel will also be 

instructed to observe for symptoms of heat stress and methods on how to control it. One or more of the 

following control measures can be used to help control heat stress: 

. Provide adequate liquids to replace lost body fluids. Personnel must replace water and salt lost 

from sweating. Personnel must be encouraged to drink more than the amount required to satisfy 

thirst. Thirst satisfaction is not an accurate indicator of adequate salt and fluid replacement. 

. Replacement fluids can be commercial mixes such as Gatorade@. 

. Establish a work regime that will provide adequate rest periods for cooling down. This may 

require additional shifts of workers. 

. Cooling devices such as vortex tubes or cooling vests can be worn beneath protective garments. 

. Breaks are to be taken in a cool rest area (77°F is best). 

. Personnel shall remove impermeable protective garments during rest periods. 

. Personnel shall not be assigned other tasks during rest periods. 

. Personnel shall be informed of the importance of adequate rest, acclimation, and proper diet in 

the prevention of heat stress. 

The heat stress of personnel onsite may be monitored utilizing biological monitoring. 

One of the following biological monitoring procedures may be utilized by the SSO to monitor heat stress 

concerns. 

. Heart rate (HR) shall be measured by the pulse for 30 seconds as early as possible in the resting 

period. The HR at the beginnina of the rest Deriod should not exceed 110 beats/minute. If the 
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HR is higher, the next work period should be shortened by 10 minutes (or 33 percent), while the 

length of rest period stays the same. If the pulse rate is 100 beats/minute at the beginning of the 

next rest period, the following work cycle should be shortened by 33 percent. The length of the 

initial work period will be determined by using the table below. 

PERMISSIBLE HEAT EXPOSURE THRESHOLD LIMIT VALUES 

Work Load 

Work-Rest Reoimen l&ht 

Continuous 8O.O”F 

75% Work - 25% Rest, Each Hour 87.O”F 

50% Work - 50% Rest, Each Hour 88.5”F 

25% Work - 75% Rest, Each Hour 9O.O”F 

Heavy Moderate 

8O.O”F 77.O”F 

82.4”F 78.6”F 

850°F 82.2”F 

88.O”F 86.O”F 

. Body temperature shall be measured orally with a clinical thermometer as early as possible in 

the resting period. Oral temperature at the beainnina of the rest Deriod should not exceed 99°F. 

If it does, the next work period should be shortened by 10 minutes (or 33 percent), while the 

length of the rest period stays the same. However, if the oral temperature exceeds 99.7”F at the 

beginning of the next rest period, the following work cycle shall be further shortened by 33 

percent. OT should be measured at the end of the rest period to make sure that it has droDDed 

below 99°F. At no time shall work begin with the oral temperature above 99°F. 

NOTE: External temperatures in excess of those stated above shall be regarded as inclement weather. Work 

continuation, termination, or alteration of the work schedule will be at the discretion of the FTL and on site 

health and safety representative. The heat and cold stress related sections of this are applicable to the 

season when work will be completed. A Standard Operating Procedure for heat stress control is also 

included in this Appendix. 
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HEAT RELATED EMERGENCIES SIGNS, SYMPTOMS, AND EMERGENCY CARE 

Because some physically demanding field work is expected to take place during summer months, heat stress 

and exhaustion are potential problems. Therefore a “Heat Related Emergency” pamphlet is attached to this 

safety plan. 

Heat Rash 

Also known as prickly heat, this condition affects the skin. It occurs in situations where the skin remains wet 

most of the time. The sweat ducts become plugged and a skin rash soon appears. 

Signs and Symptoms 

1. Skin rash will appear on affected areas of the body. 

2. Tingling or prickling sensation will be felt on the affected areas. 

Emergency Care 

1. Shower after working in the heat 

2. Dry the skin thoroughly 

3. Change underwear as needed 

4. Stay in cool place after work hours. 

5. Avoid repeated exposure to heated environment until condition improves, when possible. 

Heat Cramps 

Heat cramps are muscle pains, usually in the lower extremities, the abdomen, or both, that occur after 

profuse sweating with accompanying salt depletion. Heat cramps most often afflict people in good physical 

condition, who overwork in conditions of high temperature and humidity. Untreated, heat cramps may 

progress to heat exhaustion. 

Treatment for heat cramps is aimed at eliminating the exposure and restoring the loss of salt and water. 
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Signs and Symptoms 

1. 

2. 

3. 

4. 

5 

6. 

7. 

Cramps in the extremities and abdomen that begin suddenly during vigorous activity. Heat cramps can 

be mild with only slight abdominal cramping and tingling in the extremities,, but more commonly present 

intense and incapacitating pain in the abdomen and extremities. 

Respiration rate will increase, decreasing after the pain subsides. 

Pulse rate will increase 

Skin will be pale and moist. 

Body temperature will be normal 

Generalized weakness will be noted as the pain subsides. 

Loss of consciousness and airway maintenance are seldom problems with this condition. 

Emergency Care 

1. 

2. 

3. 

4. 

5. 

Move the worker to a cool environment. Have him lie down if he feels faint. 

If the person is nauseated, avoid giving him anything orally until the nausea subsides. 

If the person is not nauseated he may be given one or two glasses of an electrolyte solution. Have the 

person drink slowly. The use of salt tablets is not recommended because they may cause nausea. 

Avoid massaging the cramping muscles. This rarely helps and may actually aggravate the pain. 

As the salt and water level is replenished, the worker’s pain will subside. He may wish to return to 

work; however, this is NOT recommended for a period of 12 hours. Further exertion may lead to heat 

exhaustion or heat stroke. 
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Heat Exhaustion 

Heat exhaustion is a more severe response to salt and water loss, as well as an initial disturbance in the 

body’s heat-regulations system. Like heat cramps, heat exhaustion tends to occur in people working in hot 

environments. Heat exhaustion may progress to heat stroke. Treatment for heat exhaustion is similar in 

principle to that for heat cramps. 

Signs and Symptoms 

1. Heat exhaustion may be accompanied present by a headache, fatigue, dizziness, or nausea with 

occasional abdominal cramping. More severe cases of heat exhaustion may resultilng partial or 

complete temporary loss of respiration nd circulation due to cerebral ischemia. 

2. Sweating will be profuse. 

3. Pulse rate will be rapid and weak. 

4. Respiration rate will be rapid and shallow. 

5. The skin will be pale and clammy 

6. The body temperature will be normal or decreased. 

7. The person could be irritable and restless. 

Emergency Care 

1. Monitor the person’s airway and level of consciousness. If this is a true medical emergency, prompt 

intervention by Emergency Medical Services is recommended. 

2. Move the person to a cool environment. Take off as much of his clothing as possible and place him in 

a supine position with his legs elevated. 

3. Sponge the person with cool water. If you fan the person, avoid chilling. When the body shivers, this 

energy is released in the form of heat and actually can increase the body temperature. 
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Heat Stroke 

Heat stroke is caused by a severe disturbance in the body’s heat-regulating system and is a profound 

emergency: The mortality rate ranges from 25 to 50 percent. It is most wmmon in men over 40, especially 

alcoholics. It can also occur to people of any age having too much exposure to the sun or prolonged 

confinement in a hot atmosphere. Heat stroke comes on suddenly. As the sweating mechanism fails, the 

body temperature begins to rise precipitously, reaching 106°F (41°C) or higher within 10 to 15 minutes. If the 

situation is not corrected rapidly, the body ceils - especially have very vulnerable cells to the brain-are 

literally cooked, and the central nervous system is irreversibly damaged. The treatment for heat stroke is 

aimed at maintaining vital functions and causing as rapid a decrease of body temperature as possible. 

Signs and Symptoms 

1. The person’s pulse will be strong and bounding. 

2. The skin will be hot, dry, and flushed. 

3. The worker may experience headache, dizziness, and dryness of mouth 

4. Seizures and coma can occur. 

5. Loss of consciousness and airway maintenance problems can occur. 

Emergency Care 

1. 

2. 

3. 

4. 

Establish an open airway. 

Move the person to a cool environment. Take off as much clothing as possible, and place him in a 

semireclining position with the head elevated. 

Use any means to cool the worker. Improvise with whatever is available. A bathtub filled with cold 

water and ice cubes is effective. Remember, speed is essential; delay may result in permanent brain 

damage. Vigorous efforts to cool the worker must continue until the body temperature is below 102” F 

(38.9%). 

This is a true medical emergency-prompt intervention by Emergency Medical Services is 

recommended. 
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These are only guidelines for heat related emergencies. Actual training in emergency medical (care or basic 

first aid is recommended. 

Cold Stress 

The cold stress TLVs are intended to protect workers from the most severe effects of cold stress 

(hypothermia) and cold injury and to describe exposures to cold working conditions under which it is believed 

that nearly all workers can be repeatedly exposed without adverse health effects. The TLV objective is to 

prevent the deep body temperature from falling below 36°C (96.8”F) and to prevent cold injury to body 

extremities. For a single, occasional exposure to a cold environment, a drop in core temperature to no lower 

than 35°C (95°F) is permitted. In addition to provisions for total body protection, the TLV oibjective is to 

protect all parts of the body with emphasis on hands, feet, and head from cold injury. 

For more information concerning cold stress effects and control measures see Attachment 2. 

Heat Stress 

As this scope of work will require the use of various types of personal protective equipment (PPE) as a 

means of protection from both chemical and physical hazards, the potential for heat related disorders during 

the proposed field dates is significant. To combat this problem the FOL and the SSO shall initiate heat stress 

monitoring, and effect the appropriate control efforts, in accordance with Halliburton NUS Standard Operating 

Procedures HS-09 “Heat Stress Control”, (a copy of which is attached to this HASP as Appendix 3) and the 

ACGIH recommended control measures, (also included in Attachment 3). 
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ATTACHMENT D-II 

MEDICAL DATA SHEET 



MEDICAL DATA SHEET 

This brief Medical Data Sheet will be completed by all onsite personnel and will be kept in the 
command post during the conduct of site operations. This data sheet will accompany any 
personnel when medical assistance is needed or if transport to hospital facilities is requiired. 

Project 

Name Home Telephone _ 

Address 

Age Height Weight - 

Name of Next Kin 

Drug or other Allergies 

Particular Sensitivities 

Do You Wear Contacts? 

Provide a Checklist of Previous Illnesses or Exposure to Hazardous Chemicals _ 

What medications are you presently using? 

Do you have any medical restrictions? 

Name, Address, and Phone Number of personal physician: 

I am the individual described above. I have read and understand this HASP. 

Signature Date 



ATTACHMENT D-III 

TICK CONTROL 



LYME DISEASE 

Lyme disease has become a worldwide problem since its identification in 1976. This disease is 

characteristically recognized as being transmitted by ticks, which may be encountered by field personnel 

while working at this site. As a result, this discussion has been included with this Health and S(afety Plan to 

provide for adequate recognition, evaluation, and control efforts to minimize the occurrence and effects of this 

potential hazard. 

The discovery of Lyme disease is credited to Dr. Allen Steere of Yale University Medical School, and is 

named after the community where it was reportedly first encountered, Lyme, Connecticut. This disease can 

be transmitted to Man through the bite of ticks that are infected with a corkscrew-shaped microbe 

(spirochete). The spread of this disease has been so rapid that in 1984 it surpassed Roc:ky Mountain 

Spotted Fever as the most common tick-borne disease in the United States. In this country, most of the 

incidents of this disease have been recorded in the Northeast, and the tick species most commonly attributed 

with its spread is the deer tick. 

Recoanition 

This potential hazard exists primarily in the spring and summer, as these are the seasons that tick 

populations and activity flourish. In fact, 90 percent of the reported cases occur from early .June through 

September. Also, this wncem exists primarily in heavily vegetated areas. Therefore, recognition of these 

factors can aid in the awareness and control of this threat. 

To aid in the recognition and identification of these insects, an example illustration of the tick species 

common to the region where this site is located has been included with this discussion. This species (the 

American Dog tick) is wmmon in the eastern half of the United States, typically in areas covered with grass 

or underbrush. These insects attach themselves to animals (including humans) that pass through the area 

and rub against them. After finding a host, the tick inserts its mouthparts and sucks blood until it is fully 

engorged. This requires from 3 to 12 days, after which the tick drops off, This tick has also been identified 

as a transmitter of Rocky Mountain Spotted Fever and the organisms of tularemia and possibly relapsing 

fever. The wounds left by tick bites can be painful and can also have a paralyzing effect commonly referred 

to as tick paralysis. 
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The earliest symptom of the onset of this disease is usually the occurrence of an unusual red skin rash. This 

is commonly the first indication, since many persons who have contracted the disease were, in fact, unaware 

that they had been bitten. This rash can appear at the site of the bite anywhere from several days to a few 

weeks after the bite. It typically starts as a small red spot, and then expands as the spirochetes expand from 

the bite location, The size of the rash can vary, but it most commonly is 2 or 3 inches in diameter. This rash 

will fade (with or without treatment) after a few weeks. Body sites where rashes frequently occur include the 

thigh areas, groin, and armpits. It is not uncommon for a rash to develop in more than one place. Close 

inspection is necessary to detect this symptom, however, as the rashes are easy to miss because they very 

often are faint. 

Other early symptoms include profound fatigue, a stiff neck, and flu-like symptoms such as headache, chills, 

fever, and muscle aches. Recognition of the onset of any of these symptoms is important since tick bites do 

not always produce a rash. 

If left untreated, the disease will progress to its second stage within weeks or months after the infection. In 

this stage, the heart and nervous system are affected. A common second-stage symptom is paralysis on 

one or both sides of the face. Others include severe headache, encephalitis, or meningitis. The third and 

final stage, which can occur up to a year or more after the bite, involves the development of chronic 

inflammatory arthritis. 

Evaluation 

Evaluation of this hazard potential principally involves field personnel performing careful close self-inspection, 

especially of their head, for the presence of ticks each time they leave the site. Personnel should be aware 

that when a tick attaches itself to its host, it inserts its entire head under the surface of the skin. 

Control 

There are several steps to be taken to control this threat. First, field personnel must be aware of the climate 

and area conditions which are commonly associated with tick infestation. Second, when working in or 

walking through potentially infested areas, personnel must ensure that they have no exposed body parts (i.e., 

they must at least wear long-sleeved shirts and long pants, particularly when protective coveralls are not 

worn). In heavily vegetated areas where infestation is likely, Tyvek coveralls will be required to minimize this 

hazard potential. Also, several commercial products have been demonstrated as being effective in repelling 

ticks. Examples of these include Permanone, Off!, and Cutter. These repellents will be used only at the 
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direction and discretion of the site Safety Officer, and only in accordance with the manufacturer’s 

recommendations. In most instances, however, such repellents are typically applied to the outside surfaces 

of clothing (and not directly onto the skin); they should also be applied to shoe tops, socks, pants cuffs, and 

other areas most susceptible to ticks. Care should be taken to prevent the contamination by the repellents of 

any samples for chemical analysis. 

Tick Removal 

In the event that a tick is discovered to be attached to a member of the field team, timely removal of the 

insect is critical to reducing the potential for contracting the disease. According to available information and 

research, at least a few hours elapse from the time of the bite until the tick transmits the microbe (spirochetes 

are not present in the mouth parts of the tick). However, because a tick bite is frequently unnoticed, the tick 

may not be discovered in time. Therefore, early removal is very important. The preferred method is to pull 

the tick out with tweezers or small forceps. In this method, the tick should be grasped as close to the mouth 

as possible and then pulled steadily upward. Care must be exercised so as not to pull in a jerking motion, as 

this can result in the head of the tick becoming detached. After the tick has been removed, the bite is 

disinfected with rubbing alcohol or povidone iodine (Betadine). The tick must not be handled, as the 

microbes can enter the body through any break in intact skin. The bite should be checked occasionally for at 

least a 2-week period to see if a rash forms. If it does, medical attention must be sought promptly. 

In order to provide for proper and timely response to tick bites, the Health and Safety Officer will ensure that 

the site First Aid Kit is equipped with medical forceps and rubbing alcohol, in addition to the standard kit 

contents. Also, an adequate supply of commercial insect (tick) repellent will be maintained on-site, and all 

personnel will be trained in its proper application and will be required to use it, at the direction of 
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Tick Picture 

An unengorged female American dog 
tick, Dermacentor variabilis 



=-.. 

ATTACHMENT D-IV 

OSHAPOSTER 
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The Occupational Safety and Health Act of 1970 
provides job safety and health protection for workers by 
promoting safe and healthful working conditions 
throughout the Nation. Requirements of the Act include 
the following: 

All ampluyw must furnish ICI empioyws employment and a pIatr of 
empluymanf frm from recognized hazards thal are causing or are likely lo 
cause death o( se&us harm lo employees. Employers must comply with 
oc~~@.Ional saftty and health sfandards issued under the Acl. 

Employees musf comply with ail occupational safety and health standards. 
rules. regubtions and orders issued under the Act that apply to their own 
actlons and mducl on the job. 

The Ou~patlonal Salety and Health Administration (OSHA) 01 the U.S. 
Oepartmenl of Labor has the primary responsibility for adminislering the 
Act OSHA Issues octupalional safety and health standards, and its 
~oq~pNart@~Safety and Health Otlicers conduct jobsite inspections lo help 
ensure compliance with the Act. 

The Ad mcfulru that a repres.%talive 01 the employer and a representative 
authorhd by the employees be given an opportunity lo accompany the 
OSHA inspedor for the purpose ol aiding the inspection. 

whirs ~&II Is no authorlred employee representative. the OSHA 
&NT@- ONcar must consult with a reasonable number of employees 
cocmmfng s&y and health conditions in the workplace. 

EmpI- of thalr representatives have thz righl lo file a cornpbinl with 
the mar& OS&4 office requesting an lnsp&tlon il they bclitvd unsafe or 
unhealthful conditions exisl in their workplace. OSHA will withhold. on 
request name6 of employees complaining. 

The Act provides that employees~may noI be discharged or 
dls4minated againsl in any way for filing salety and health complainls or 
for otherwise cxtrclsing their rights under [he Ac[. 

Employees tie believe they bve been disuiminaled apainsl may Me a 
compialnt with lheir nearesl OSHA office wilhin 30 days ol the alleged 
dlscrlmlnallon. 

cilatlon will specily a lime period within which Ihe alleged violaticn musl 
be corrected 

The OSHA citation must be prominently displayed at or near the place 
01 alleged violalion for three days. or unlil it is corrected. whichever is 
laler, lo warn employees 01 dangers that may exisl there. 

The Act provides for mandatory penalties againsl employ-en ol up to 
S1.000 for each serious violalion and lor optional penalties of up to 
fl,D00 for etch nonserious violalion. Penallies 01 up lo $1,000 per day 
may be proposed lor lailure lo correct violations within Ihe proposed lime 
period. Also, any employer who willlully or repealedly violates the Acl may 
be assessed penalties of up lo $10.000 lor each such violation. 

Criminal penalties are also provided for in the Act. Any willlul violalion 
resulting In dealh of an employee. upon conviction. is punishabte by a line 
of not more IM $10,000, or by impris%ment lor not more than Six 
m&?;p;;* 3; h.: “, SOikt. C$iiticiitXl iif dll i%q.IiC+i Ziiei a iiisi Cotiviciiorc 

doubles these maximum penalties. 

Whlie providing penalties for violations. Ihe Acl als0 encourages efforls by 
tabor and management. belore an OSHA inspeclion. lo reduce workplace 
hoards voluntarily and lo develop and improve safety and health programs 
in all workplaces and industries. OSHA’s Volunlary Protection Progra-5 
recognize outstanding eflorts of lhis nalure. 

such voluntary aclion should inilially locus on Ihe idenlifiwtion and 
elimination of hazards that could cause death. injury. of illness to 
employees and supervisors. There are many public and private 
organizations that can provide inlorrnalion and iassistancc In this tttorl. il 
requested. Also. your local OSHA oilice can provide cwitibie help and 
adka on solving safety and health problems 01 can refer you lo olher 
sources lor help such as training. 

free consultattve assistance. without citation or penally, is available lo 
employers. on requesl. through OSHA supporletl programs in most Slate 
departmenls 01 labor of heallh 

II upocr lnspa%n OSHA belleyes an employer has violaled the Act, a 
citation alkging such violalions will be issued to the employer. Each 

More information 
AwlUoclal information and Atlanta. Georgia Telephone numbers lor these 

Washington. D.C. 

wpies of the Act. specilic Boston, Ma=chuselts 4 
&%A safety and he&h 

otfices. and addilional area 
1985 

Chiago, llllnois ofIke lcxalions. are ltsted in 
OSHA 2203 

ZAUlddX~OUlt3f Dallas. Texas 
applicable regutatlons may be Denver, Colorado 

the leiephone directory under 

obtained kom your employer 
the Uniled Stales Department 

o( from lhe nearest OSHA 
KXSS City, Missouri ol Labor in the United States 
New Yak New York 

f&glottal OMca in Ihe Philadelphia, Pennsylvania 
Government iisling. William E. flrock. Secrelayf 01 Labor 

lollowlng locallons: San Francisco. Calilornia 
SeatlIe, Washington 

U.S. Department of Lab 
Occupa(lonal Safety and Heallh Adminisrralton 



ATTACHMENT D-V 

SAFETY CONSIDERATIONS FOR UXO OPERATIONS 
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(2) If aauattnrdrochawwracubctr;rzuparua. itckal.abcp8i~ 
tfoncd b the dirccttoc wUch offcrc CL but -tam topurctd iatW 
wa3nf ot who uclaeatbl lqasloa. l 

I 

k. bnckdcraaraptnudlaadtiucmedwatllprmmoahomLaP. Ihwy 

not be pouLba0 wtmu, ar Lt:uy k sy rlqged to WTm. 
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(1) Plan for, prov%de, and krrov the - tobecrluaL1Ithe- 
of an occi.deas. 

(3 ) movida a derlgarr~ed tmbtgcny vehLa& h aa8 ama Ln aua of am 
accident or Other mergenay. 



. , 

( 3. ,q- --. 

116) Do n9t coedact uplortw qmathaa du*~,8ud,dnot. 
or ancu stun. 

(21 Do aot depress plungera, tura maw, OIT rutate spiwll~, lows, 
rm=tlnv ring& or other sr+mrrul 21ttLaga OIL r&e uxo. such l cr:lot My unr 
l ctuafs, or tunesion tae ux8. 
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(6) W? UXO chalf net be dctaaated inso +bC grew& T&k UXO ah&U. bo 
couarer-charged on :he DOSZOIPCutfC1-11~. 
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(2) Pot non-frrgmantfng uplorivc utufaL0, cvwu8tien airmec M 
be a lriR&mm of SZSO fnt. 

a 



f. opubamttagofuplcciwc~ ~cpwducr-~- 
pocltlca of cxpuclv8r c&f1 mat k vlbb8d uitbct prior: 4lF-l of the 
contzclubg off luu. 

a. XL mo must bo tran8portcd off-rim fot dupe& - prt--+c 03 
49 cm 100-199, m 9-1300-206, and stata ud aocal lav8 c&al w ~~oUoud- 

b. wh0ntr80rp0rt;tag a poisiblc axma Iuzcr pmsi+im the we h+h 
moot neutral ortcnratton peorlblc. - 

c- Do nottranrpoaa WP auait%oa, Pius it Lp iaasaodtirmte, mad 
ot wt sane. 

es f f 1c1 unf lred rocket matez mast k tr8a#portcd, it s&l% ba psi- 
tieaed in the dlrecsioa ubleh of fetr the but axpmurm to per8wmel ia the 
wont ef an aecldcnt ignition. 
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T&a ptrruwe of ubteaau, c-iutioa uad rrdu daoioo 
should bm 8 point of fat8rUt On hiti Sita ViSft# l d 
$lt@liSbU’y 866666’66SS6. 
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