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FINAL DRAFT 

FIELD SAMPLING PLAN 

RIIFS 

LEHR ENVIRONMENTAL RESTORATION 

DAVIS, CALIFORNIA 

1.0 INTRODUCTION 

This Final Draft Field Sampling Plan (FSP) has been prepared to  conduct a Remedial 

Investigation (RI) at the former Laboratory for Energy-Related Health Research facility 

(LEHR site) located at the University of California, Davis (Figures A1 and A2). fhis FSP, 
combined with the Quality Assurance Project Plan (OAPjP) presented in Appendix B of this 
document. represents the Sampling and Analysis Ptan (SAP) for the RL This FSP has been 

developed in accordance wi th the following documents: 

a Draft Remedial Investigation/Feasibility Study (RIIFS) Work Plan, LEHR 
Environmental Restoration; Davis, California: prepared by Dames & Moore; 
and 

a Preparation of a U.S. EPA Region 9 Sampling and Analysis Plan for Private 
and State-Lead Superfund Projects: Document Control No. 9QA-06-89, 
USEPA Region 9 (April 1990). 

'The RI to  be conducted at the LEHR site is presented in the RIIFS Work Plan, and 

was developed in accordance wi th the Comprehensive Environmental Response, 

Compensation, and Liability Act of 1980 (CERCLA), as amended by the Superfund 

Amendments and Reauthorization Act of 1986 (SARA). For the purposes of the RI, the 

LEHR site has been divided into ten investigation areas as follows: 

a The U.S. Department of Energy (DOE) burial areas and trenches in the 
southwest corner of LEHR and the disposal unit known as the "DOE Disposal 
Box"; 

a The radium-226 treatment system, a septic treatment system; 
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The strontium-90 treatment (Imhoffl system, which also treated septage; 

The seven domestic septic tanks and associated leach systems; 

The western dog pen area, including the area currently occupied by the 
Cellular Biology Laboratory, and the north chemical dispensing area; 

The UC Davis trenches between Landfill Unit Nos. 1 and 2, and along the 
south side of the dog pens; 

The UC Davis Landfill Unit (Nos. 1, 2, and 3); 

Groundwater: 

Surface water; and 

Air. 

The RI of these investigation areas has been divided into a number of tasks 

addressing soil, water, and sir. These investigations are described in detail in the RIIFS 

Work Plan, and summarized in appropriate sections of this document. 

1.1 PURPOSE AND OBJECTIVES 

The purpose of this FSP is to document the sample locations, numbers, and 

analytical procedures and field methods that will be used during the RI. Specific objectives 

of sampling and analysis during the RI include: 

Provide data for use in assessing the nature and extent of LEHR site impacts 
noted during previous investigations; 

Provide data for use in developing the Risk Assessment and Feasibility Study 
(FS) portions of this investigation; 

Provide information to  support the Environmental Assessment (EA) required 
by the National Environmental Policy Act (NEPA) and California 
Environmental Quality Act (CEQA) for remediation; 

Monitor seasonal variations of impacts at the LEHR site; and 
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Provide additional data during construction of monitoring systems to  guide in 
the final design and selection of appropriate materials. For example, 
information obtained during the drilling of soil borings will be used to  finalize 
the design of monitoring wells (screen length and filter pack). 

This FSP is part of the overall quality assurance program for the LEHR site and has 

been developed to be consistent with the QAPjP. A final draft copy of the QAPjP is 

submitted concurrently with this document as Appendix B to this RIIFS Work Plan. A 

Health and Safety Plan (HSP) is also submitted concurrently with this document as 

Appendix C to this RIIFS Work Plan. 

1.2 APPROACH AND FORMAT 

Currently, there are no regulatory enforcement actions driving the RI for the LEHR 

site, although the LEHR site has been included on the National Priority List (NPL). The 

RIIFS is being conducted as part of the overall environmental restoration program 

sponsored by the DOE. To comply wi th this program, the RIIFS was developed using the 

EPA guidance document "Guidance for Conducting Remedial Investigations and Feasibility 

Studies Under CERCLA" (EPA, 1988). As such, to obtain sufficient quality and quantities 

of data for the RI, the work will be performed under QAMS-005, NQA-1, and DOE 

5700.6C Quality Assurance specifications. 

This FSP is intended to  be a document for use by personnel conducting field 

investigations for the RI. The format of the FSP was developed based on the EPA 

Region 9 guidance document (EPA, April 1990). Chapter 2, Background, summarizes the 

LEHR site history, hydrogeologic characteristics, and environmental conditions in 

groundwater, soil, surface water, and sediment. Maps outlining each of the areas of 

investigation, known sources of LEHR site constituents, and other relevant information are 

discussed in Chapter 3. The rationale for sample locations, numbers of samples, and 

analytical parameters are. presented in Chapter 4. The proposed analytical methods and 

methodology for sample collection are discussed in Chapters 5 and 6, respectively. 

References for this document are presented in Chapter 7. Standard operating procedures 

(SOP) that will be employed during the RI are presented in Attachment 1, and Field 

Documentation Forms are presented in Attachment 2. 
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2.0 BACKGROUND 

Presented below is a brief description 6f the LEHR site background. A detailed 

discussion of the LEHR site background and previous investigations conducted at the LEHR 

site are presented in Chapters 2 and 3, respectively, of the RIIFS Work Plan. 

The LEHR site encompasses approximately 15 acre's and consists of one- and two- 

story laboratory and office buildings, and animal-handling facilities. 'The LEHR site is 

located in a rural area in the southeast portion of the UC Davis campus, and is bounded on 

the west, north and east by UC Davis research facilities. The southern boundary of the 

LEHR site is the northern levee of the South Fork of Putah Creek (Putah Creek). Private 

land is adjacent to and surrounds UC Davis property on all sides. Most of the private land 

is used for agricultural purposes. 

2.1 LEHR SITE HISTORY 

UC Davis conducted radiological studies on laboratory animals for the DOE 

beginning in the 1950s until the mid 1980s. The initial studies, conducted for the U.S. 

Atomic Energy Commission (AEC, now DOE), involved the irradiation of beagles at the UC 

Davis main campus. Eventually, irradiation experiments were discontinued at the LEHR 

site which was then used to  house the breeding colony that supplied beagles for future 

studies at LEHR. 

Full-scale experimental use of radioactive materials, including strontium-90 and 

radium-226, began at LEHR in 1960. In the initial stages of operation at the LEHR site, 

waste was handled through a central handling facility on the main campus. However, due 

to safety concerns, waste handling for LEHR-generated waste was returned to the LEHR 

site in the early 1960s. 

Portions of the LEHR site had previously been used as the UC Davis campus landfill. 

A t  the LEHR site, the landfill consisted of two separate disposal units. Disposal in the 

oldest unit, Lancfill Unit No. 1, began in the 1940s and ceased in the late 1950s to  early 

1960s. This area is now covered by the Cobalt-60 field. The next oldest disposal area, 

Landfill Unit No. 2, received wastes from 1956 to 1967. Landfill Unit No. 1 is partially 
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covered with the easternmost of two  sets of dog pens used for animal research at the 

LEHR site. A third landfill disposal unit located approximately 600 feet east of LEHR, 

Landfill Unit No. 3, was used from 1963 to 1967. The combined total acreage for the 

three disposal areas is estimated at approximately six acres (Dames & Moore, 1990). 

In the early 1970s. an outdoor Cobalt-60 Field was constructed at the LEHR site to 

study the effects of chronic exposure to penetrating gamma ray irradiation on bone 

marrow cells of beagles. Outdoor research was terminated in 1985 and indoor irradiation 

was terminated in 1988; the cobalt-60 source was removed in January 1993. 

In 1975, a program in basic aerosol science was initiated at the LEHR site to  link 

, the evaluation of airborne materials and the laboratory study of these materials utilizing 
c, $11 'a and animal models. The DOE (1 988) reported that research activities in this 

program focused on the potential health effects of release to the atmosphere of 

combustion products from fossil fuel power plants with emphasis on coal flyash. 

In 1983, construction of the Toxic Pollutant Health Research Laboratory (TPHRL) 

was completed at LEHR. This facility was designed for the study of highly toxic and 

carcinogenic agents, including both radioactive and chemical materials. Research at the 

TPHRL included studies of the behavior of plutonium-241 and americium-241 in beagles 

and monkeys; radioactive and toxic gas-particle mechanistic aerosol studies; monodisperse 

aerosol inhalation deposition; intratracheal applications of carcinogen-coated particles; and 

an organic vapor uptake utilizing beagles (DOE, 1988). 

2.2 PHYSICAL SETTING 

The LEHR site is located in the southern portion of the Sacramento Valley, which 

extends from the Red Bluff area in the north to the Sacramento-San Joaquin Delta region 

in the south. The LEHR site sits in a flat-lying or gently sloping area of former farmland. 

The LEHR site and the surrounding area are located on the geomorphic unit termed "low 

alluvial plains and fans" (DWR, 19781, specifically the Putah Plain. This surface represents 

distal ~or t ions of alluvial fan deposits associated with Putah Creek. Sediments that form 

these alluvial fan deposits consist primarily of silts and clays with coarse-grained 
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sediments found locally. The age of these deposits range from late Pleistocene t o  Recent. 

The thickness of the alluvial fan deposits is at least 1 8 0  feet (DWR, 1978). 

Putah Creek is the principal surface water feature of the region. It meanders along 

the southern border of the UC Davis property, and the levee on its north bank forms the 

southern border of the LEHR site. Putah Creek flows eastward from Lake Berryessa, and 

ultimately empties into the Yolo Bypass approximately 8 miles .east of the UC Davis 

campus. 

The stratigraphy and hydrogeology in the vicinity of the LEHR site was assessed 

during the Phase II Investigation (Dames & Moore, 1993). Beneath the LEHR site, 

sediments approximately 8 0  feet below ground surface (bgs) are predominantly fine- 

grained (silt or clay). Below 8 0  feet bgs coarse sand and gravel are encountered. A t  

approximately 125 to  1 4 0  feet bgs, a silty clay unit is present. No investigations have yet 

been conducted at  the LEHR site to  assess the thickness of the underlying clay unit. 

Groundwater is encountered beneath the LEHR site at depths ranging from 

approximately 4 5  to  7 0  feet bgs. The uppermost aquifer has been divided into t w o  units 

based upon stratigraphy. These units are identified as the "first hydrostratigraphic unitw 

(HSU) and the "second HSU." Based on drillers logs of wells in the vicinity, additional 

hydrostratigraphic units not evaluated under the Phase II investigation are present at 

greater depths. 

The first HSU extends from the water table to  approximately 8 0  feet bgs and 

consists of relatively fine-grained sediments varying from very fine-grained sandy silt or 

silty sand t o  sandy clay. The second HSU extends from approximately 8 0  t o  135 feet bgs 

and consists of coarse sand and cobble gravel. Based upon review of agricultural well 

logs, this unit appears t o  be relatively extensive in this area. The base of the second HSU 

is defined by the underlying clay unit. The first and second HSUs are not separated by an 

identified aquitard, and are considered to  be in hydraulic communication. 

Groundwater in both units typically f lows to  the northeast. Regional water levels 

decline from May t o  September and rise from September to  May. 
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2.3 CHEMICAL IMPACTS 

Groundwater quality has been assessed by previous investigations and by a 

quarterly sampling program that began in November 1990. The quarterly sampling 

program currently includes 13 monitoring wells screened within the first HSU and 

5 monitoring wells screened within the second HSU. Several metals, volatile organic 

compounds (VOCs), pesticides, nitrate, and tritium have been reported at levels above 

drinking water standards. The metals and nitrate have been reported above drinking water 

standards in wells both upgradient and downgradient of LEHR. Pesticides have only been 

reported in three wells along the upgradient border of the LEHR site. VOCs are typically 

above drinking water standards in several wells downgradient of the UC Davis landfill units 

and trenches. Tritium is consistently reported above drinking water standards in one well 

located downgrau~ent of UC Davis trenches. 

LEHR site soil samples had frequent detections of gross alpha, gross beta, and 

tritium activity with the highest concentrations reported from samples collected from the 

southwest area of the LEHR site. The highest reported detections of nitrate were reported 

for soil samples collected from the radium-226 area, and nitrate and chlordane were 

reported at elevated levels in samples collected from the dog pen areas. Hexavalent 

chromium was reported at levels higher than the maximum levels reported for samples 

collected off-site for both the radium-226 and strontium-90 areas. The highest levels of 

strontium-90 were reported for samples collected from the radium-226 area. Limited 

VOCs, predominantly methylene chloride, have been detected in soil samples collected 

from the LEHR site. 

Some organic chemicals, metals, nitrate, and pesticides have been reported for 

surface water samples collected both upstream and downstream of LEHR. Some of these 

compounds have been reported above state drinking water levels. Tritium, carbon-1 4 and 

strontium-90 have been detected sporadically in surface water samples at levels below the 

drinking water standards. 
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3.0 MAPS 

This chapter contains and explains the maps and figures that are referenced in this 

FSP. The purpose of these figures is to  illustrate: 

The location of the LEHR site and LEHR site boundaries; 

LEHR site physical 4eatures and structures; 

Potential source areas for target constituents; 

Directions of surface and groundwater flow; and 

Known and proposed sampling and investigation locations for the RIIFS 

program. 

A full description of the LEHR site, a review of the history of LEHR site operations, and a . 
summary of previous work are presented in Chapters 2 and 3 of the RIIFS Work Plan. 

LEHR SITE LOCATION 

Figures A1 through A4  present the LEHR site location and LEHR site structures for 

the LEHR site and the surrounding area. Figure A1 shows Davis, California which is 

located 15 miles west of Sacramento, and 50  miles east of the San Francisco Bay area. 

Figure A2  presents the general LEHR site vicinity. The LEHR site is located south of the 

City of Davis and Interstate Route 8 0  and north of Putah Creek. Figure A3  shows 

locations of the structures and buildings currently present on the LEHR site. Figure A4 

presents the LEHR site boundaries and the general locations of the preliminary sail. operable 
unit$ (Otff wees that will be investigated during the RIIFS program. 

3.2 SOIL LOCATIONS 

A soil investigation will be conducted for beckground:ij'f,watj'bn,~'~~ri;d~~~v$p(~~f~n~~y 
. . .  .. . . . . . . . . . . . . . . . . . . . . . ..... ... .............. :.::: ,.. ...... ..... / ................... . . .  .................... during the RIIFS program. The, fi~e~~oili:0usl~~;6::::mgd~i;jjUp sf;;6r'i;hf 

. . . . . . . . . . . . . , . , . , . . . . . . . . . , . . . . . . . , . . . . , . . . . .. ....... ..;: :. . ,... 

individual investigation areas. Figures A5 through A1 8 present a detail of each individual 

investigation area along with proposed locations for soil borings, surface soil sample 

locations, soil vapor survey points, and exploration trenches. The individual investigation 

areas include: 
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Background soil boring locations (Figure A5); 

DOE Disposal Trench Areas - OU-1 (Figure A6); 

DOE Disposal Box - OU-1 (Figure A7); 

UC Davis Disposal Trenches - OU- I  (Figure A8); 

The Radium-226 Treatment Tank and Leach System - OU-2 (Figure A9); 

The Strontium-90 Treatment Tank and Leach System - OU-2 (Figure A10); 

The Western Dog Pen Area and North Chemical Dispensing Area - iJ&l-3 
(Figure A1 1 1; 
Domestic Septic Tanks - OU-4 (Figure A1 2); 

Three UC Davis Landfill Units - OU-5 (Figures A1 3 A1 4, and A1 5); 

A detailed description of each area is presented in Chapter 5 of the RIIFS Work Plan. 

Figures A1 6 and ,.' I present schematic diagrams of sampling locations in the disposal 

trenches and domestic septic tank areas. Figure A1 8 is a map presenting the broposed 

locations for double-ring infiltrometer tests. 

3.3 WATER AND AIR MONITORING LOCATIONS 

Figures A1 9 through A24 present water and air monitoring locations for the RIIFS. 

Figure A1 9 presents the locations of the 17 existing groundwater monitoring wells that are 

screened in the first HSU. Figure A20 presents the locations of the five (5) existing 

groundwater monitoring wells screened in the second HSU. Groundwater elevation 

contours are included on both Figures A1 9 and A20 to  indicate the general groundwater 

horizontal gradient in each HSU. Figure A21 presents the proposed locations for ten 

monitoring wells that will be installed as part of the RIIFS program. Figure A22 presents 

the proposed locations for the CPT and ~ydropunch~" '  investigation. Three surface water 

and two storm water monitoring locations are presented in Figures A23 and A24, 

respectively. Air monitoring locations are presented in Figure A25. 
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4.0 RATIONALE AND APPROACH 

This chapter presents the rationale and technical approach for the sampling and 

analysis activities associated with the RIIFS. The project objectives are to obtain data of 

adequate quantity and quality to accomplish three basic tasks: ( 1  to conduct a remedial 

investigation which develops a refined LEHR site model identifying the lateral and vertical 

extent of LEHR site constituents and transport processes of those constituents; (2) to 

assess sources, transport pathways, potential receptors and the actual and potential risks 

to the public and the environment; and (3) to complete a feasibility study to assess the 

effectiveness and implementability of potential remedial actions. To complete these 

objectives, it is anticipated that a variety of investigative, exploration and sampling 

methods, including literature review, geophysical and soil gas surveys, backhoe 

excavation, soil borings, monitoring well installation, wipe sampling, soil sampling, 

groundwater sampling, surface water, and storm water sampling will be conducted. 

Rationale for collecting soil chemical, physical, and radiologic data from specific 
OUs and areas of investigation are presented in Section 4.1. Section 4.2 presents the 

water monitoring program which includes rationale and technical approach for collecting 

groundwater, surface water, and storm water samples for analysis of chemical and 

radiologic parameters. Additional investigations of groundwater chemical and physical 

characteristics necessary for hydrogeochemical characterization and modeling parameters 

are discussed in Section 4.3. Rationale for air quality investigation and monitoring 

activities are described in Section 4.4. 

Chapter 5 presents the anticipated sampling techniques of soil, water, and air 

samples that will be collected for each area of investigation. The scope of the RI has been 

staged so as to sequentially build on existing data to the point where the quality and 

quantity is sufficient to meet the objectives for the project as noted above. 

4.1 SOIL INVESTIGATION 

The following sections present the rationale for investigativt methods at each of 

the areas of invest~gation that make up the soil OUs. A more detailed description is 

presented in Chapter 5 of the RIIFS Work Plan. 
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4.1.1 Backaround Study 

A background study will be conducted to refine regional background concentrations 

of metals, organic, and radiologic constituents of concern previously reported in soils at 

the LEHR site. Preliminary background concentrations were established during the Phase II 

Investigation based upon soil samples collected from UCD-17 and UCD-18. These levels 

were used to evaluate possible impacts on-site. The background levels established during 

this RI will provide the basis to develop remedial objectives. Background levels will be 

developed for two  depth intervals: 1) surface to 10  feet bgs; and 2) 10  feet bgs to 40 feet 

bgs. Different background levels for each depth interval may be important in evaluating 

risk to human and environmental receptors and in evaluating feasible remedial alternatives. 

The background study will consist of four specific activities including: 

Literature review; 

Vadose zone soil sampling; 

. Analysis of selected soil samples; 
Geodetic surveying; and 

Statistical development of background levels. 

Details on each of these investigative activities are presented Section 5.1 of the RIIFS 

Work Plan. 

rial Trenches. and DOE D' 4.1.2 DOE Bu ~ s ~ o s a l  Box (OW-11 

An investigation will be performed to  characterize the DOE disposal trenches and 

the disposal container known as the "DOE Disposal Box". This area makes up part of 

preliminary soil OU-1. The DOE disposal trenches are located in the southwest corner of 

the LEHR site. The trenches are reported to be approximately 120 feet long, and are 

oriented roughly in a northlsouth direction. The DOE Disposal Box is reportedly a steel 

dumpster-like container located east of the western set of dog pens. These disposal areas 

reportedly received wastes generated during research conducted at the LEHR site. 

Reportedly, the DOE Disposal Box received wastes witl higher levels of radioactivity. 
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To date, no samples have been collected from the area directly adjacent to  the DOE 

disposal trenches. It is anticipated that the data collected during the Phase II Investigation 

will be used as lateral control for constituents of concern that may be identified in the DOE 

disposal trenches. 

Accurate location of the DOE trenches and the DOE Disposal Box is required to  

optimize discrete sample locations. 'Therefore, the initial activities conducted for this task 

will be focused on locating these structures. Because of the unknowns, and the 

associated human and environmental health and safety concerns, the sample-collection 
tasks will be phased starting with the least invasive methods. Information from activities 
conducted early in the investigation will be evaluated and used to  guide subsequent more 
invasive activities. 

Evaluation of the DOE burial trenches and the DOE Disposal Box will consist of the 
following activities: 

Personnel interviews and literature review; 
Geophysical surveys; 
Gas and radiologic surveys; 

Backhoe exploration; 

First-stage soil borings; 

Second-stage soil borings (if necessary); 
Chemical testing; 

Physical testing; and 

Geodetic Surveying. 

Each of these activities is described in Section 5.2 of the RIIFS Work Plan. 

4.1.3 YC Davis Oisoosal Trenches (OU-:l') 

An investigation will be performed to  characterize the UC Davis disposal trenches 

-and pits, collectively known as the UC Davis trenches. The UC Davis trenches are located 

along the soutnern boundary of the LEHR site and between UC Davis Landfill Units 1 and 

2, and are included in preliminary soil: OU-1. The 19 known trenches and 49 known pits 

are reported to  have been used to  dispose of campus generated low-level radioactive 
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waste, organic chemicals, and laboratory wastes. The trenches and pits are reported to  be 

between 6 and 10  feet deep. The general area of the known trenches and pits is known: 

however, specifics as t o  the exact number, location, and depth of the trenches has yet t o  

be assessed. To date, limited data have been generated that characterize the contents of 

the UC Davis trenches. Some samples were collected during the Phase II Investigation and 

analyzed for radiologics. These samples had reported activity of carbon-14 and tritium. 

Accurate locations of these trenches is required t o  identify specific sampling 

locations. Therefore, the initial activities conducted for this task will be focused on 

accurately locating the trenches and pits. Because of the unknowns, and the associated 

human and environmental health and safety concerns, the investigative tasks will be 

phased starting with the least invasive methods. Information from activities conducted 

early in the investigation %,:' de evaluated and used to guide subsequent more invasive 

exploration and sampling activities. 

Evaluation of the UC Davis trenches will consist of the following activities: 

Personnel interviews and literature review; 

Geophysical surveys; 

Gas and radiologic surveys; 

Backhoe exploration; 

First-stage soil borings; 

Second-stage soil borings (if necessary); 

Chemical testing; 

Physical testing; and 

Geodetic surveying. 

Each of these activities is described in detail in Section 5.3 of the RI/FS Work Plan. 

4.1.4 Radium-226 Treatment Tank and Leach Svstem fOU-a 

The radium-226 treatment system is included in preliminary soil OW2 and 

reportedly received radioactive waste from facilities in Animal Hospital-2 (AH-2). The 

radium-226 treatment tanks are located underground between the lmhoff Building and 
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AH-2. The associated distribution box, dry wells, and seepage trench, collectively 

identified as the leach systems, are reportedly located in the parking area west of the 
lmhoff Building. In 1992, liquids and sludge remaining in the treatment tanks were 

removed, solidified, and shipped t o  the Hanford facility in the State of Washington 

(Chemical Waste Management, 1992). 
-- 

The radium-226 leach system is comprised of three dry wells and a seepage trench; 

the dry wells are each approximately 30 inches in diameter and 40  feet deep, while the 

seepage trench is approximately 91 feet long, 3 feet wide, and 1 4  feet deep. A 

description of these systems is presented in Section 3.1 of the RI/FS Work Plan. 

Analytical data obtained during the Phase II lnvestigation and LEHR site historical 

data were used to  develop the scope of sampling presented in the RI/FS.;Nork Plan. Data 
w 

collected during the Phase II lnvestigation from this area focused on the general area near 

the dry wells. No samples were collected from immediately adjacent to  the dry wells or 

seepage trench. 'The 1992 liquid and sludge removal project focused only on the contents 

of the treatment tanks. Analysis of the data collected during the Phase II lnvestigation 

indicates that levels of suspected LEHR site constituents are relatively consistent 

throughout the area. However, it is suspected that the data may be biased low because 

sample locations may have been away from suspected sources and that lateral migration 

of constituents in soil has been minimal. It is anticipated that the Phase II data will be 

used to  supplement data generated during this RI and provide additional lateral control for 

LEHR site constituents that may be identified in the seepage systems. 

To ensure that soil samples are collected adjacent to  and below the tanks, and from 

within the leach system areas, the tanks and leach systems must be located. Because the 

tanks were positively located during the liquid and sludge removal project, only the leach 

systems associated wi th the radium-226 treatment system remain t o  be located. 

Following location of the leach systems, soil samples will be collected for chemical 

and physical analysis following procedures outlined in SOP 10  (Soil Sampling). 

Additionally, wipo samples from within the structures will be collected for radiologic 

screening purposes. Chemical analysis results will be used to  evaluate the nature and 

extent of potential LEHR site constituents in these systems and physical analysis results 
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will be used to evaluate physical properties of the soils for use in fate-and-transport 

modeling and risk assessment. Assessment of the radium-226 treatment system will be 

accomplished through the implementation of specific activities including: 

Literature review; 

Geophysical survey; 

Backhoe exploration; 

Soil borings; 

Wipe sampling; 

Chemical testing; 

Physical testing; and 

Geodetic setting. 

Each of these activities are described in detail in Section 5.4 of the ~ l l ~ ~ h o r k  Plan. 

4.1.5 arontium-90 Treatment (Imhoff) Svstem (OU-at 

The strontium-90 treatment system, also known as the lmhoff system, is 

comprised of the lmhoff treatment tanks and two  leach fields of differing ages. This 
investigation area is included in preliminary soil OU-2. The system received radioactive 

waste, predominantly strontium-90, from facilities in Animal Hospital-1 (AH-1). until 1987. 

A description of the lmhoff system is presented in Section 3.1 of the RIIFS Work Plan. 

The lmhoff tanks are located underground beneath the lmhoff Building. The most recently 

used leach field is reportedly located east of the lmhoff Building. The original leach field is 

reportedly located under the eastern portion of the lmhoff building. Reportedly, the 

original leachfield was abandoned when the lmhoff Building was constructed. 

Data collected during the Phase II Investigation focused on the most recent 

strontium-90 leach field area. No samples were collected from the original leach field or 

from below the lmhoff tanks. In 1992, liquids and sludge remaining in the lmhoff system 

were removed, solidified, and shipped to the Hanford facility in the State of Washington 

(Chen cal Waste Management, 1992). The liquid and sludge removal project focused on 

the contents within the lmhoff system and did not evaluate the soil beneath the tanks. 

The lmhoff building is scheduled for demolition as part of the ongoing facility 
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Decontamination and Decommissioning operations. It is anticipated this characterization 

wil l  be conducted after the lmhoff Building has been demolished, after which the lmhoff 

tanks and the original leach system should be accessible. 

The analytical data obtained during the Phase II lnvestigation and LEHR site 

historical data were used to  develop the scope of sampling presented in the RIIFS Work 

Plan. Analysis of data collected during the Phase II Investigation indicates that levels of 

suspected LEHR site constituents are relatively consistent in the area of the leach field. 

However, as in the radium-226 system, it is suspected that the data are biased low 

because sample locations may have been away from suspected sources, such as the older 

leach field and the treatment tank, and that lateral migration of constituents in soil has 

been minimal. It is anticipated that the Phase II data will be used t o  supplement data 

generated during this RI and provide additional lateral and vertical control for LEHR sits 

constituents that may be identified in the leach field area. 

To ensure that samples are collected adjacent t o  and below the tanks, and from 

within the leach field areas, the tanks and leach fields must be located. After the leach 

fields have been located, soil and wipe samples will be collected for chemical and physical 

analysis. Results of chemical and physical analyses will be used t o  evaluate the nature 

and extent of LEHR site constituents in the areas, refine the conceptual LEHR site model, 

and provide parameters for fate-and-transport modeling, risk assessment, and feasibility. 

Assessment of the strontium-90 treatment system wil l  be accomplished through the 

implementation of specific activities including: 

Literature review; 

Geophysical survey; 

Backhoe exploration; 

Soil borings; 

Wipe sampling; 

Chemical testing; 

Physical testing; and 

Geodetic Surveying. 

Each of these activities is discussed in detail in Section 5.5 of the RIIFS Work Plan. 
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4.1.6 Western Doa Pen and North Chemical Dis~ensina Areas (OW-31 

Beagles used in the research conducted at the LEHR site were housed in outdoor 

dog pens. Excreta from these dogs was picked up on a daily basis and urine was allowed 

to  evaporate or infiltrate into the soils. The north chemical dispensing area was used t o  
.............................. 

store and dispense a variety of chemicals used in operations at the LEHR site. Thes'e~j$eas ............................ 

ma.,k. .%kl imihaiy :..O. "'3* 
. . . . .  . . . . .  

During the Phase II Investigation, soil samples were collected from the dog pens 

and from the north chemical dispensing area. The samples were collected from the 

surface and approximately 1 2  t o  18 inches below ground surface t o  evaluate potential 

impacts t o  shallow soils. Results of the chemical and radiologic analyses indicate minimal 

impacts t o  the soils, primarily from chlordane dnd nitrate. Additional characterization of 

the dog pens during this RI focusses on vertical delineation of areas previously identified as 

having slightly elevated levels,gf these constituents, and an assessment of an area that 

contained dog pens until 19TS"when 6 4  dog pens were removed t o  allow for construction 

of the Cellular Biology laboratory. 

The focus of investigation in the north chemical dispensing area is t o  collect 

samples from beneath the chemical storage area. Samples collected from the north 

chemical dispensing area during the Phase I1 Investigation also had reported detections of 

nitrate, chlordane and some radiologics. Based on review of aerial photographs during the 

preparation of this RIIFS Work Plan, it was determined that the Phase II sample locations 

may not have been located in the area of the majority of the chemical storage containers. 

'Therefore, additional samples are proposed to  be collected from the area of the chemical 

storage containers. The western dog pen area and the north chemical dispensing area wil l  

be further characterized through the implementation of the following specific activities: 

Literature review; 

Soil borings; 

Chemical testing; 

Physical testing; and 

Geodetic surveying. 
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Each of these activities is described in detail in Section 5.6 of the RIIFS Work Plan. 

4.1.7 Domestic S e ~ t i c  Tanks 10U-4) 

During the initial operations at the LEHR site, the offices were serviced by domestic 

septic systems. Reportedly, there are seven domestic septic tanks and associated leach 

fields at the LEHR site. Together these areas comprise soil OW-4. 'The tanks of the LEHR 

site were reportedly abandoned and filled with clean sand when the LEHR site was hooked 

up to  the main UC Davis wastewater treatment plant. Three of the septic tanks at LEHR 

were located during the Phase II Investigation. The location of one tank at the LEHR site 

was also tentatively confirmed. Locations of the remaining tanks at the LEHR site have 

not been determined. 

. 
Relatively non-invasive exploration techniques including a review of literature and 

geophysical methods, will be used in initial attempts to locate the tanks. If a tank cannot 
be positively located using these methods, more invasive exploration methods including 

exploration trenching and drilling may be implemented. Assessment of the seven domestic 

septic systems will consist of the following activities: 

Personal interviews and literature review; 

Geophysical surveys; 

Backhoe exploration; 

Wipe sampling; 

Soil borings; 

Chemical testing; 

Physical testing; and 

Geodetic surveying. 

A more detailed discussion of the activities that will occur in this area is presented in 

Section 5.7 of the RIIFS Work Plan. 
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4.1.8 UC Davis Landfill Units (OU-51 

An investigation will be performed to characterize the three UC Davis landfill units 

associated with the LEHR site. Together, these units make up soil OU-5, 'The landfill units 

reportedly received UC Davis campus wastes from the 1940s through the early 1970s. 

Although the landfills reportedly received primarily municipal wastes, the potential exists 

that they may have received laboratory wastes related to  DOE and UC Davis activities. 

The UC Davis landfill units were reportedly excavated in parallel trenches 

approximately 10  to 12  feet below grade then backfilled with refuse. Approximately 3 to  

4 feet of cover material was reportedly placed over the refuse material when an individual 

trench within the landfill unit was filled. None of the three landfill units has an engineered 

landfill cover or cap. 

To date, no data have been generated that characterize the contents of the UC 

Davis landfill units. Because .of- the unknowns, and the associated human and 

environmental health and safety concerns, the investigation tasks will be phased starting 

with the least invasive methods. Information from activities conducted early in the task 

will be evaluated and used to guide subsequent more invasive sampling activities. 

Evaluation of the UC Davis landfill units will consist of the following activities: 

Personnel interviews and literature review; 
Geophysical Surveys; 

Landfill Gas Survey; 

ge soil Borings; 

-stage soil borings (if necessary]; 
Chemical Testing; 

Physical Testing; and 

. Geodetic Surveying. 

Each of these activities is described in detail in Section 5.8 of the RIIFS Work Plan. 
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4.2 WATER MONITORING 

* 
Water monitoring at the LEHR site will consist of field parameter measurements, 

sample collection, and laboratory analysis of groundwater, surface water, and stormwater 

runoff. The purpose of this water monitoring program is to evaluate the extent of LEHR 

site constituents in groundwater beneath the LEHR site and surrounding area, in Putah 

Creek, and in storm water runoff generating on the LEHR site. Data from previous 

investigations conducted at the LEHR site have indicated impacts to  groundwater primarily 

from nitrate, volatile organic compounds, and tritium. A more detailed discussion of the 

water monitoring program is presented in Chapter 6 of the RIJFS Work Plan. 

4.2.1 Groundwater 

The purpose of the groundwater monitoring program is to  evaluate the vertical and 

lateral extent of LEHR site constituents and to evaluate variations in concentrations of 

these constituents during the annual hydrogeologic cycle. The vertical and lateral extent 

of LEHR site constituents in groundwater will be evaluated by monitoring the upper t w o  

hydrostratigraphic units (HSUsl that occur beneath the LEHR site. Currently, 13 wells are 

used to  monitor the first HSU and 5 wells are used to  monitor the second HSU. During 

the RIJFS, 4 new first HSU wells, and 12 feue~, new second HSU wells, are proposed t o  

be installed and included in the groundwater monitoring program. 

The lateral extent of LEHR site constituents will be evaluated by collecting field 

measurements and samples from mon~toring wells upgradient and downgradient of 

potential source areas. Statistically supportable background values will be developed gfter 
completion of a regional groundwater quality assessment and after additional analysis of 
groundwater collected from existing upgradient monitoring well$ UCD-13 and UCD-1%. 

Variation in concentrations of LEHR site constituents during the annual hydrologic 

cycle will be evaluated by conducting groundwater monitoring on a quarterly schedule. 

The quarterly monitoring program presented in the RIIFS Work Plan and FSP .,.. is . modified . , . 

from the Water Monitoring Plan. These modifications are pending concurrence frgm the 
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regulatory agencies and are presented here for completeness. 

-- 

4.2.2 Surface Water 

Surface water monitoring will be conducted to  evaluate the extent of LEHR site 

constituents of concern in Putah Creek. The purpose of monitoring will be to  identify 

potential impacts from the LEHR site and surrounding areas on Putah Creek, and to  identify 

potential impacts from Putah Creek to the groundwater system. 

Surface water monitoring will be conducted at three Io,?!.~ns along Putah Creek. 

To identify potential impacts from the LEHR site, Putah Creek will .be sampled at locations 

upstream and downstream of thz LEHR site. Because there is no flow in the Creek during 

dry months and most of the Gater in the Creek during these periods is due to  discharge f 

.from the UC Davis wastewater treatment plant, the wastewater treatment plant outfall 

tributary will also be sampled each quarter. Each of the three surface water monitoring 

locations will be sampled quarterly in conjunction with groundwater monitoring. 

4.2.3 Storm Water 

Storm water monitoring will be conducted to  evaluate the presence of LEHR site 

constituents in storm water runoff from the LEHR site. Monitoring will be conducted two  

times each year. The first sampling event will occur early in the rainy season (November 

through April) in order to  sample runoff that may carry material that accumulated on the 

ground surface during the summer months. The second sampling event will occur during 

the middle to  late portion of the rainy season. 

Storm water runoff monitoring will consist of collecting field measurements and 

samples from two  separate runoff collection points. The exact monitoring locations will be 

based on observed storm water flow ,3th; however, basic locations will include the l ift 

station located in the southwest corner of the LEHR site, and a storm drain located along 

the western side of the western dog pen area. The lift station samples and measurement 1 



RllFS WORK PLAN Appendix A Chapter No.: 4.0 
LEHR ENVIRONMENTAL RESTORATION Revision: 0 

Effective Date: 09/28/94 
Page 4.13 of 4.18 

will monitor the storm water that runs off the southwest corner of the LEHR site, and 

pumped across Old Davis Road and subsequently discharged to Putah Creek. 'The storm 

drain samples will monitor water that runs off the southern portion of the LEHR site and 

the dog pen area. Because the storm drain is part of the combined system that collects 

storm water runoff and sanitary sewage from the LEHR site, the storm drain sample will be 

collected upstream from the first input of sanitary sewage. Storm water runoff samples 

will be analyzed for the entire suite of water monitoring parameters. 

4.3 HYDROLOGIC INVESTIGATION (OU-6) 

The RI/FS will include a hydrogeologic investigation that will be conducted to 

further understand the sediments and groundwater that underlay the LEHR site and 

surreunding area. The objectives of this hydrologic investigation will be to collect . 
additional stratigraphic and groundwater analytical data to evaluate the vertical and lateral 

extent of LEHR site constituents in groundwater, and to collecting aquifer permeability 

data to develop a better quantitative understanding of the hydrogeologic system. In 
generai, the hydrologic program will utilize a phased approach in which data from one 
phase will be collected and evaluated prior to beginning the next phase, Phases of. this 

program will include performing cone penetrometer tests (CPT), collecting in situ 

water samples using a Hydropunch", installation of new groundwater monitoring wells, 

and collecting data to evaluate saturated zone modelling parameters. Chapter 6 of the 

RIIFS Work Plan presents a more detailed discussion of the hydrologic investigation. 

The CPT and discrete depth in situ groundwater sampling (Hydropunch") will be 

conducted to aid in evaluating the lateral and vertical extent of impacts to the first and 

second HSUs. The rationale behind the CPT and Hydropunchm program is to  collect 

stratigraphic and groundwater chemical data quickly and over a larger area than is possible 

from installing and sampling groundwater monitoring wells. The results from the 

CPT/Hydropunchm program will be used to  design a groundwater monitoring network. 

During the RIIFS program, CPT/Hydropunchm samples will be collected f~#:mi$g4 
lacation3 to evaluate impacts to the first and second HSUs downgradient of the LEHR site. 
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Approximately five locations will be placed downgradient of UCD Landfill Unit No. 3, seven 

locations identified in the area of the Nishi irrigation well located northeast of the LEHR 

site, and twelve locations will be located north of monitoring wells UCD-19 and UCD-12 

(Figure A22). The focus of this CPT/Hydropunchm program will be on the second HSU 

because it has been identified as the most likely migration pathway from disposal areas at 

the LEHR site. 

4.3.2 Monitorina Well Installation 

Sixteen Ten new monitoring wells will be installed to provide long-term data to 

evaluate potential LEHR site impacts to groundwater. Four new wells will be screened in 

the first HSU, and twelve sk wells will be screened in the second HSU. The rationale for 
- each proposed well is described below. . 

New first HSU wells will include UCD-25, UCD-28, UCD-33, and UCD-34 (Figure 

A21  ). Well UCD-25 will be amplacement well for UCD-1, in the northwest corner of the i 
LEHR site. Well UCD-28 will be used to evaluate lateral extent of LEHR site constituents 

and assess interaction with Putah Creek. Well UCD-33 will be used to evaluate lateral 

extent of impacts in the first HSU. Well UCD-34 is located upgradient of Old UC Davis 

landfill unit No. 3. 

New second HSU wells will include UCD-26, UCD-27, UCD-29, UCD-30, UCD-31, 

UCD-32, UCD-35 and wells UCD-36 through UCD-40 (Figure A21 1. UCD-26 will be used 

to evaluate impacts in the second HSU in the area adjacent to first HSU well UCD-12. 

UCD-27 will be installed on the south side of Putah Creek to  assess water quality and 

groundwater flow direction in that area. Well UCD-29 will be used to  evaluate lateral and 

vertical extent of LEHR site impacts and interaction with Putah Creek. UCD-30 will be 

used to evaluate extent of impacts to the second HSU downgradient of landfill unit No. 3. 

UCD-35 will be installed to  assess impacts to the second HSU 
.......................................... 

downgradient of the radium-226 and str. ntium-90 treatment systems. The ...................................................... fin@€!'oc$b'o'h$ 
of wells UCD-31 through UCD-33, and weHs UCD-36 through UCDJIO are'anti'cifiatrstj .... to 
be north and east of the LEHR Site, and will be located based"im the CPT/h+dro'iit&ch te$blts. 
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In additilon to  the sixteen new monitoring- wells, one:.:'piezomete#iI~jt@:be.i~:instalte&in . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . .  

. . . . . .  thefi~st~;.HS~.:,::,:,f h/s piezomete~,,,,w.iil ,be located; ... . . . . . . . . . . .  b~~ween..su~facei.w~~~~.s~mpfe': i l . foca~on . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ..................... 

STPO on Putah Creek, and monitoring well UCD-18. The purpose of this piezometei is to 

4.3.3 Saturated Zone Modellina Parameters 

Saturated zone modelling parameters will be evaluated by conducting slug tests on 

the 16 new monitoring wells and possibly by conducting a pump test. Slug tests will be 

conducted on each of the 16 monitoring wells installed during the RI. Rising and falling 

head tests will be conducted to  evaluate hydraulic conductivity in the immediate area 

around the new monitoring wells. Graphical procedures, based on groundwater f low 

equations will then be used to  estimate hydraulic conductivity. 

In addition to  the aquifer slug tests, an aquifer pump test in the second HSU may 

also be conducted t o  more accurately estimate the hydraulic conductivity, transmissivity, 

and aquifer yield. However, due to  concerns about the anticipated logistical difficulty and 
cost of disposal of potentially contaminated water, and the potential t o  accelerate 

migration or temporarily alter the general groundwater f low direction, a pump test a t  the 

LEHR site may be difficult t o  implement. 

Several options are available to  obtain more detailed aquifer data and will be 

evaluated for technical and financial feasibility. These options include: 1 )  performing a 

pump test on an upgradient monitoring well screened in the second HSU; 2) performing a 

pump test on a nearby agricultural well (of known integrity and under UC Davis' control) 

screened in the second HSU; and 3) performing a pump test on an existing agricultural well 

near the LEHR site. These options have been discussed in detail in Chapter 6 of the RIIFS 

Work Plan. 

4.4 AIR QUALITY INVESTIGATION 

The air quality investigation will be conducted in order to  assess the baseline air 

quality on and near the LEHR site. Five sample-collection stations arranged on the 

perimeter of the LEHR site, are intended to  detect the presence of airborne chemical or 
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radiologic constituents (Figure A25). The air monitoring station locations have been 

selected based on the prevailing wind directions and locations of potential sources. Three 

sample-collection stations are located near the LEHR site and are intended to  detect 

background concentrations. 

Radiologic and chemical parameters will be analyzed in order to account for 

constituents in the vapor phase as well as suspended dust in the solid phase. 

This information will be used to assess risks and exposures in background as well as from 

the LEHR site. Samples will be analyzed monthly during the RI. 

In addition to  the analytical sampling, a temporary meteorological station may be 

installed at the LEHR site to  obtain on-site meteorological data. Additional details on the 

air monitoring program are discussed in Chapter 7. 
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5.0 SAMPLE ANALYSIS 

The purpose of this chapter is to identify analytical methods, sample handling 

procedures, preservation methods, and sample holding times so that samples are delivered 

to the laboratory in the proper condition and are analyzed by the appropriate methods. 

Laboratory quality assurance and quality control procedures for the methods listed below 

are described in the QAPjP (Appendix B) along with analyte-specific Data Quality 

Objectives. 

5.1 SUMMARY OF ANALYSES 

Proposed analytes, analytical methods, container types, sample handling 

procedures, detection limits, and holding times for soil, water, and air monitoring are 

presented in Tables A-5.1, A-5.2, and A-5.3 respectively. Sampling locations, depths, and 

frequencies are described in Chapters 5, 6, and 7 of the RIIFS Work Plan. Analytical 

methods listed in these tables were selected based on data requirements for the RIIFS and 

Risk Assessment. 

Information presented in Tables A-5.1, A-5.2, and A-5.3 will be used to  request 

laboratory analyses for soil, water, and air.samp1e.s. As samples are collected in the field, 

they will be handled and placed into containers as specified in these Tables. A list of the 

appropriate analytes for each sample will be included on a completed Sample Chain-of- 

Custody (COC) form (see SOP 5.0). A blank copy of the COC is included in Attachment 2 

to  this Appendix. In addition, the COC will include the sample identification, location, date 

and time of sampling, number and type of containers, and a list of analyses to  be 

performed. Sample documentation will be completed in the field, and the COC will 

accompany the samples through transportation and analysis. 



RllFS WORK PLAN 
LEHR ENVIRONMENTAL RESTORATION 

Appendix A Chapter No.: 5.0 
Revision: 0 

Effective Date: 09/28/94 
Page 5.2 of 5.42 

TABLE A-5.1 SAMPLE ANALYSES - SOIL 

'Table A-5 . la  is attached for reference. 
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TABLE A-5.1 SAMPLE ANALYSES - SOIL (CONTINUED) 

Thorium - Isotopic 2 % inch diameter 
Stainless Steel Ring or 

I I .  500 ml Glass Jar I I I 

Extracted water is tested. 
' Laboratory Standard Operating Procedure. 
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TABLE A-5.1 SAMPLE ANALYSES - SOIL (CONTINUED) 

500 ml Glass Jar 

Extracted water is tested. 
' Laboratory Standard Operating Procedure. 
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TABLE A-5.1 SAMPLE ANALYSES - SOIL (CONTINUEDI 

SAMPLE DETECTION LIMIT HOLDING 
ANALYTE METHOD CONTAINER HANDLING MD A TIME -- - P 

Gamma Spectral Analysis 901.1 2 H inch diameter None 
TH-234 Stainless Steel Ring or 130 pCilg 180 days 

PB-214 500  ml  Glass Jar 10  pCilg 

BI-2 14 10 pCilg 

PB-2 10 250 pCilg 
U-235 5 pCilg 
U-238 1 pCilg 
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TABLE A-5.1 SAMPLE ANALYSES - SOIL (CONTINUED) 

* Values calculated using formula in CLP SOW ILM02.1 (Section G, Page 0-81 and applied to water CRDL values identified on Page C-1. 

ANALYTE 

Hexavalent Chromium 

Total Chromium 

Antimony 

Arsenic 

Barium 

METHOD 

7196 

CLP SOW 
ILM 02.1 

CLP SOW 
ILM 02.1 

CLP SOW 
ILM 02.1 

CLP SOW 
ILM 02.1 

Metals Analyses: 

CONTAINER 

2 W inch diameter 
Statnless Steel Ring or 

500  ml  Glass Jar 

2 W ~ n c h  diameter 
Stainless Steel R~ng or 

500  ml  Glass Jar 

2 W inch diameter 
Stainless Steel Ring or 

500 ml  Glass Jar 

2 W inch diameter 
Stainless Steel Ring or 

500  ml  Glass Jar 

2 H inch diameter 
Stainless Steel Ring or 

500  ml  Glass Jar 

2 H inch diameter. 

SAMPLE 
HANDLING 

4 OC 

4 OC 

4 OC 

4 OC 

4OC 

DETECTION LIMIT 

CRDLd 

0.5 mglKg 

2 mglKg 

12 mglKg 

2 ~ Q K Q  

4 0  mgKg  

HOLDING 
TIME 

24 hours 

180 days 

180 days 

1 8 0  days 

1 8 0  days 
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TABLE A-5.1 SAMPLE ANALYSES - SOIL (CONTINUED) 

Stainless Steel Ring or 
5 0 0  m l  Glass Jar 

Molybdenum CLP SOW 2 H inch diameter 4OC 
ILM 02.1 Stainless Steel Ring or 

500  m l  Glass Jar 

' Values calculated using formula in CLP SOW ILM02.1 (Section G, Page 0-8) and applied to water CRDL values identified on Page C-1. 

WORKPLAN.FSP 5.7 
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TABLE A-5.1 SAMPLE ANALYSES - SOIL (CONTINUED) 

I I I 500 ml Glass Jar I I I 

Values calculated using formula in CLP SOW ILMOZ. 1 (Section G, Page D-81 and applied to water CRDL values identified on Page C-1. 

WORKPLAN.FSP 5.8 
-- 
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TABLE A-5.1 SAMPLE ANALYSES - SOIL (CONTINUED) 

Total Organic Carbon 2 H inch diameter 
Stainless Steel Ring or 

500  m l  Glass Jar 

Ammonia (as N) 350.1 2 % inch diameter 4OC 1.5 mgMg 28 days 
Stainless Steel Ring or 

5 0 0  m l  Glass Jar 

Reporting Limit based on advisory method detection limit. 

WORKPLAN.FSP 
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TABLE A-5.1 SAMPLE ANALYSES - SOIL (CONTINUED) 

Stainless Steel Ring or 
500 ml Glass Jar 
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TABLE A-5.1 SAMPLE ANALYSES - SOIL (CONTINUED) 

General Physical Tests: 

ANALYTE 

Hydrometer 

Grain Size 

Permeability 

Moisture Release 

Moisture Content Sealed ring or plastic 

METHOD 

0-422 

C-136 

D-2434 

D-3 152 and 
D-2325 

CONTAINER 

Ring or plastic bag 

Ring or plastic bag 

Sealed ring 

Sealed 6' ring 

SAMPLE 
HANDLING 

NIA 

NIA 

NIA 

NIA 

DETECTION LIMIT 

Reporting Limit 

NIA 

NIA 

NIA 

NIA 

HOLDING 
TIME 

None 

None 

None 

None 
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TABLE A-5.1 SAMPLE ANALYSES - SOIL (CONTINUED) 

' Field laboratory analyses of VOCs will be conducted for a limited analyte list: chloroform; 1.1 dichloroethane; 1.1 dichloroethene; 1.2 dichloroethane; 
trichloroethene; and methylene chloride. 

1 Gross Gamma I SOP 33 I TED u TED TED I NIA 
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TABLE A-5.1 a SOIL SAMPLE ANALYSES (continued) 
TARGET COMPOUND LIST (TCL) AND CONTRACT REQUIRED QUANTITATION LIMITS (CRQLI FOR ORGANIC ANALYSES 

a Quantitation limits listed for soillsediment are based on wet weight. The quantitation limits calculated by the laboratory for soillsediment, calculated on 
a dry weight basis as required by the contract, will be higher. 

1 2. 

13. 

14. 

15. 

16. 

1 7. 

1,2 Dichloroethane 

2-Butanone 

1,1,1 -Trichloroethane 

Carbon Tetrachloride 

Bromodichloromethane 

1.2-Dichloropropane 

107-06-2 

78-93-3 

7 1-55-6 

56-23-5 

75-27-4 

78-87-5 

10 

10 

10 

10 

10 

10 
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TABLE A-5.1 a SOIL SAMPLE ANALYSES (continued) 
TARGET COMPOUND LIST (TCL) AND CONTRACT REQUIRED QUANTITATION LIMITS (CRQL) FOR ORGANIC ANALYSES 

Ouantitation limits listed for soillsediment are based on wet weight. The quantitation limits.calculated by the laboratory for soillsediment, calculated on 
a dry weight basis as required by the contract, will be higher. 

29. 

30. 

31. 

32. 

33. 

1,1,2,2-Tetrachloroethane 

Chlorobenzene 

Ethyl Benzene 

Styrene . 
Xylenes (Totall 

79-34-5 

108-90-7 

100-41-4 

100-42-5 

1330-20-7 

10 

10 

10 

10 

10 
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TABLE A-5.1 a SOIL SAMPLE ANALYSES (continued) 
TARGET COMPOUND LIST (TCL) AND CONTRACT REQUIRED QUANTITATION LIMITS (CRQL) FOR ORGANIC ANALYSES 

Quantitation limits iisted for soillsediment are based on wet  weight. The quantitation limits calculated by the laboratory for soillsediment, calculated on 
a dry weight basis as required by the contract, will be higher. 

45. 

46. 

47. 

48. 

49. 

50. 

Nitrobenzene 

lsophorone 

2-Nitrophenol 

2.4-Dimethylphenol 

bisl2-Chloroethoxy methane 

2,4-Dichlorophenol 

98-95-3 

78-59- 1 

88-75-5 

105-67-9 

11 1-91-1 

120-83-2 

330 '  

3 30  

330 

3 3 0  

3 30  

330 
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TABLE A-5.1 a SOIL SAMPLE ANALYSES (continued) 
TARGET COMPOUND LIST (TCL) AND CONTRACT REQUIRED QUANTITATION LIMITS (CRQL) FOR ORGANIC ANALYSES 

0 Quantitation limits listed for soillsediment are based on wet  weight. The quantitation limits calculated by the laboratory for soillsediment, calculated on 
a dry weight basis as required by the contract, will be higher. 

62. 

63. 

64. 

65. 

66. 

67. 

Dimethylphthalate 

Acenaphthylene 

2.6-Dinitrotoluene 

3-Nitroaniline 

Acenaphthene 

2.4-Dinitrophenol 

131-1 1-3 

208-96-8 

606-20-2 

99-09-2 

. 83-32-9 

5 1-28-5 

330 

330 

330 

800 

330 

800 
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TABLE A-5.1 a SOIL SAMPLE ANALYSES (continued) 
TARGET COMPOUND LIST (TCL) AND CONTRACT REQUIRED QUANTITATION LIMITS (CRQL) FOR ORGANIC ANALYSES 

0 Quantitation limits listed for soillsediment are based on wet weight. The quantitation limits calculated by the laboratory for soillsediment, calculated on 
a dry weight basis as required by the contract, will be higher. 

79. 

80. 

81. 

82. 

83. 

84. 

Pentachlorophenol 

Phenanthrene 

Anthracene 

Carbazole 

Di-n-butylphthalate 

Fluoranthene 

87-86.5 - 
85-01 ; 

1 20-1 2-7 

86-74-8 

84-74-2 

206-44-0 

800' 

330 

3 30 

3 30 

330 

3 30 
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B 

TABLE A-5, l a  SOIL SAMPLE ANALYSES (continued) 
TARGET COMPOUND LIST (TCL) AND CONTRACT REQUIRED QUANTITATION LIMITS (CRQLI FOR ORGANIC ANALYSES 

a Quantitation limits listed for soillsediment are based on wet weight. The quantitation limits calculated by the laboratory for soillsediment, calculated on 
a dry weight basis as required by the contract, will be higher. 
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TABLE A-5.1 a SOIL SAMPLE ANALYSES (continued) 
TARGET COMPOUND LIST (TCLI AND CONTRACT REQUIRED QUANTITATION LIMITS (CRQL) FOR ORGANIC ANALYSES 

a Ouantitation limits listed for soillsediment are based on wet  weight. The quantitation limits calculated by the laboratory for soillsediment, calculated on 
a dry weight basis as required by the contract, will be higher. 

1 10. 

1 1 1 . 
1 12. 

1 13. 

1 14. 

4,4'-ODD 

Endosulf an sulfate 

4,4'-DOT 

Methoxychlor 

Endrin ketone 

72-54-8 

103 1 -07-8 

50-29-3 

72-43-5 

53494-i 2-5 

3.3 

3.3 

3.3 

17.0 

3.3 
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TABLE A-5.1 a SOIL SAMPLE ANALYSES (continued) 
TARGET COMPOUND LIST (TCL) AND CONTRACT REQUIRED QUANTITATION LIMITS (CRQL) FOR ORGANIC ANALYSES 

a Ouantitation limits listed for soillsediment are based on wet  weight. The quantitation limits calculated by the laboratory for soillsediment, calculated on 
a dry weight basis as required by the contract, will be higher. 

WORKPLAN.FSP 5.20 
-- - 
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TABLE A-5.2 SAMPLE ANALYSES - WATER 
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TABLE A-5.2  SAMPLE ANALYSES - WATER (CONTINUED) 

' Table A-5.2a is attached for reference. 
CRQLs reported at OLC 02 .0  levels. 

Semivolat~le Organ 2 L~ter. Amber G 

Organochlorine Pesticides CLP SOW 
OLM 0 1  .8(MIb 

2 Liter, Amber G Page C-6  of SOW 
OLC 02.0' 

4 OC 7 days to 
extraction, 
4 0  days to 

analysis 
f 
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TABLE A-5.2 SAMPLE ANALYSES - WATER (CONTINUED) 1 

' Modified procedure specified in laboratory SOP. 
' Minimum Detectable Activity (MDAI may vary from sample to sample, depending on possible matrix interferences such as dissolved solids. 
' Laboratory Standard Operating Procedure. 
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TABLE A-5.2 SAMPLE ANALYSES - WATER (CONTINUED) 
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TABLE A-5.2 SAMPLE ANALYSES - WATER (CONTINUED) 

ANALYTE 

Barium 

Bery Ilium 

Cadmium 

Cobalt 

Copper 

ILC 02.0 

CLP SOW 
ILC 02.0 

CLP SOW 
ILC 02.0 

CLP SOW 
ILC 02.0 

CLP SOW 
ILC 02.0 

CLP SOW 
ILC 02.0 

1 Liter, P 

1 Liter, P 

1 Liter, P 

1 Liter. P 

1 Liter, P 

HN03, pH c 2  

Filter, 40C 
HN03, pH c 2 

Filter, 4OC 
HN03, p H c 2  

Filter, 4OC 
HN03, p H c 2  

Filter, 4OC 
HN03, p H c 2  

Filter, 4OC 
HN03, pH c 2 

20 POL 

1 MIL 

, 1 MI& 

10 mn. 

10  MIA - 

180 days 

180 days 

180 days 

180 days 

180 days 
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TABLE A-5.2 SAMPLE ANALYSES - WATER (CONTINUED) 

ILC 02.0 HN03,  pH < 2 
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TABLE A-5.2 SAMPLE ANALYSES - WATER (CONTINUED) 
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TABLE A-5.2 SAMPLE ANALYSES - WATER (CONTINUED) 
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TABLE A-5.2 SAMPLE ANALYSES - WATER (CONTINUED) 

Biochemical Oxyeen Demand 

' Reporting limit is based on advisory method detection limit. 
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e 

TABLE A-5.2a WATER SAMPLE ANALYSES 
TARGET COMPOUND LIST (TCL) AND CONTRACT REQUIRED OUANTlTATlON LIMITS (CROL) FOR ORGANIC ANALYSES 
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TABLE A-5.2a WATER SAMPLE ANALYSES (continued) 
TARGET COMPOUND LIST (TCL) AND CONTRACT REQUIRED QUANTITATION LIMITS (CRQL) FOR WATER SAMPLE ANALYSES 
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TABLE A-5.2a WATER SAMPLE ANALYSES (continued) 
TARGET COMPOUND LIST (TCL) AND CONTRACT REQUIRED QUANTITATION LIMITS (CRQL) FOR WATER SAMPLE ANALYSES 

73. 

74. 

75. 

76. 

77. 

78. 

79. 

80. 

Acenaphthene 

2.4-Dinitrophenol 

4-Nitrophenol 

Dibenzofuran .. 

2.4-Dinitrotoluene 

Diethylphthalate 

4Chlorophenyl-phenylether 

Fluorene 

83-32-9 

51 -28-5 

100-02-7 

132-64-9 

121-14-2 

84-66-2 

7005-72-3 

86-73-7 

10 

25 

2 5 

10 

10 

10  

10 

10 
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TABLE A-5.2a WATER SAMPLE ANALYSES (continued) 
TARGET COMPOUND LIST (TCL) AND CONTRACT REQUIRED QUANTITATION LIMITS (CRQL) FOR WATER SAMPLE ANALYSES 
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JABLE A-5.2a WATER SAMPLE ANALYSES (continued) 
TARGET COMPOUND LIST (TCL) AND CONTRACT REQUIRED QUANTITAT!ON LIMITS (CRQL) FOR WATER SAMPLE ANALYSES 

I CAS Number 1 CRaL (yglL) 
SedvdatYss (Method CLP SOW OLC 01.8) - continued: 

10 1. 

102. 

103. 

104. 

Benzolalpyrene 

Indeno(l.2.3-cdlpyrene 

Dibenz(a,hlanthracene 

Benzo(g,h,ilperyleneI 

50-32-8 

193-39-5 

53-70-3 

19 1-24-2 

10 

10 

10 

10 
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TABLE A-5.2a WATER SAMPLE ANALYSES (continued) 
TARGET COMPOUND LIST (TCL) AND CONTRACT REQUIRED QUANTITATION LIMITS (CRQL) FOR WATER SAMPLE ANALYSES 
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TABLE A-5.2a WATER SAMPLE ANALYSES (continued) 
TARGET COMPOUND LIST (TCU AND CONTRACT REQUIRED QUANTITATION LIMITS (CRQL) FOR WATER SAMPLE ANALYSES 

Note: Except for methylene chloride, the quantitation limits in this table are set at the concentrations in the sample equivalent to the concentration of 
the lowest calibration standard analyzed lor each analyte. In the case of methylene chloride, the CROL value in this table is based on the lowest 
level of contamination of samples with this common laboratory solvent that can be achieved by reasonable means in a production laboratory. 

125. 

1 26. 

CAS Number 

12672-29-6 

1 1097-69-1 

Aroclor-1248 

Aroclor- 1 254 

CROL (uglLI 

0.20 

0.20 
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TABLE A-5 .3  SAMPLE ANALYSES - AIR 

Store filter in individual glassine 

Cesium- 1 37 

' Standard Mrrhods for the Analysis of Water and Waste Water (1985). 

WORKPLAN.FSP 5 . 3 8  
. 
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TABLE A-5.3 SAMPLE ANALYSES - AIR (CONTINUED) 

Radioloaic Analyses (continuedl: 

ANALYTE 
DETECTION LIMIT 

METHOD SAMPLE HANDLING 

Isotopic Uranium I 7500-UC' 
(-238. 234. 2351 

Store filter in individual glassine I None 
envelope 

Isotopic Thorium 
(-232, 230, 2281 

HASL 3 0 0  and Store filter in individual glassine 
Method A -  1. A-3 envelope 

Aloha soectrometrv 

None 

Radon-222 NIA NIA Requires either a gas NIA 
sample or charcoal 

absorbent 
I 

Standard Methods for the Analysis of Water and Waste Water (1985). 

WORKPLAN.FSP 5.39 
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TABLE A-5.3 SAMPLE ANALYSES - AIR (CONTINUED) 
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TABLE A-5.3 SAMPLE ANALYSES - AIR (CONTINUED) 

Organochlorine Pesticide Analyses: 

ANALYTE 

Chlordane 

I Volatile Organic Compound Analyses: 

METHOD 

TO-4 

ANALYTE 

Chloroform 

Methylene Chloride 

METHOD 

TO-14 

TO- 14 

SAMPLE HANDLING 

1 Liter 
Stainless Steel Canister 

HOLDING 
TIME 

None 

None 

SAMPLE HANDLING 

1 Liter 
Stainless Steel Canister 

1 Liter 
Stainless Steel Can~ster 

DETECTION LIMIT 

0.11 pg/m3 

1.7 pglm3 

DETECTION LIMIT 

TBD 

HOLDING 
' TIME 

None 
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5.2 ANALYTICAL AND LABORATORY QUALITY CONTROL PROCEDURES 

Quality control procedures for sampling and chemical analysis in this FSP will 

comply w i th  the QAPjP (Appendix 6). Equipment calibration procedures and criteria are 

described in Chapter 6 of the QAPjP. Preventative maintenance procedures shall be 

followed t o  minimize downtime for laboratory analytical instruments and field devices. 

General preventative maintenance procedures for field and laboratory equipment are 

described in Chapter 11 of the QAPjP. 
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6.0 FIELD METHODS AND PROCEDLIRES 

This chapter describes the field procedures that will be used during the RIIFS. The 

field procedures themselves are described in Standard Operating Procedures (SOP) that are 

presented in Attachment 1 of this Appendix. Summaries of the soil investigations and 

water sampling activities for one year are presented in Tables A-6.1 and A-6.2. 

The field procedures for geophysical investigation are presented in Section 6.1. 

The soil vapor survey is presented in Section 6.2. The exploratory trench investigation is 

presented in Section 6.3, followed by soil borings in Section 6.4. Soil permeability testing 

is described in Section 6.5. Well installation and abandonment procedures are described in 

Section 6.6, and well development procedures are described in Section 6.7. The 

CPT/Hydropunchm investigation is presented in Section 6.8. Groundwater, surface water, 

and storm water sampling procedures are presented in Section 6.9. Saturated zone 

permeability testing is described in Section 6.10. Air sampling procedures are described in 

Section 6.1 1. 

6.1 GEOPHYSICAL INVESTIGATIONS 

Geophysical methods will be used to identify buried tanks, leach lines, pipes, utility 

lines, and contrasting material types indicative of landfills, trenches, and other buried 

wastes. In addition to locating equipment, geophysical methods will be used to clear the 

anticipated locations of exploratory trenches and soil borings to avoid obstructions and , 

damaging utilities. More than one geophysical method will be utilized for most areas. For 

each area, geophysical methods will be chosen based on the material properties of the 

structure or object in question. The geophysical methods which yields the most definitive 

information during a preliminary field evaluation in each area will be used. The geophysical 

techniques to be considered include: 

Ground Penetrating Radar (GPR); Seismic Refraction; 

Electromagnetics (EM); Utility Line Location; and 

Magnetics; Borehole Geophysical Logging 

Transient Electromagnetics (TEM); (tentative). 
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TABLE A-6.1 SUMMARY OF SOIL INVESTIGATION ACTIVITIES 

Soil Boring. ISempbs Concrete Corlng 
Vapor Probes1 Backhw . 

Areas of Interest Samples Eacavationlsampks Fi ir t  Stage Second Stage S a l  Wnpe Sample* Concrete 
I I 

Background Study N A N A 6/24 I21 N A NA NA N A 
1 I 

DOE Disposal Trenches and 22/44 (21 4-6120-30 (21 5/15 (11 TBD NA I NA N A 
Southwest Chemical Disposing I I 1 I 
Area I I 

1 I 

DOE Disposal Box 5/10 (11 319 (11 319 111 I TBD NA NA N A I 
I 

UC Davis Disposal Trenches 39/78 (31 8/32 (11 19/57 (61 1 TED NA I NA N A 

41 SAMPLES 

I + 17 QAlQC I + 8 QAlQC I + 23 QAlQC I 
NA No samples anticipated. 
Number in  parentheses indicates number of QAlQC sampler collected. 
TBD - To be determined. 
111 Ssmple numbarr are anticipated maximum numb r f sarples to be submitted for chemicd analysis. The octud number of sarples to be submitted for 

andysis will be determined in the field end after e~ Auation of data from previous phases. 
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TABLE A-6.2 PROPOSED WATER MONITORING SCHEDULE FOR ONE MONITORING YEAR 

(1 Annual monitoring will occur during the spring quarterly round. 

Monitoring Pdnt 

Eighteen Existing 
Monitoring Wells 

Sixteen Proposed 
Monitoring Wells 

Surface Water 
Samples 

Storm Water 
Runoff Samples 

Ssmples 

18 

16 

3 

2 

D m -  
cater 

1 

1 

1 

1 

E v n t  
T o t d  

19  

17 

4 

3 

Monitoring E v n t s  pw 
Y 03" 

4 (quarters - spring, 
summer, fall, winter] 

4 (quarters - spring, 
summer, fall, winter) 

4 (quarters - spring, 
summer, fall, winter) 

2 (storm events) 

T o t d  

7 6 

6 8 

16 

6 
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A description of these methods is provided in SOP 9 (Borehole Geophysical 

Logging) and SOP 20 (Shallow Subsurface Geophysical Methods) in Attachment 1 to this 

Appendix. A brief discussion of the anticipated geophysical methods that will be used for 

each of the areas of investigation is presented below. 

6.1.1 Backaround Soils lnvestiaation 

A geophysical survey will be conducted prior to the background soil investigation to 

confirm utility clearance for the six proposed soil boring locations. Figure A5 presents the 

soil boring locations for the background study. Geophysical methods such as utility line 

location and GPR may be used to confirm utility clearance for the proposed soil boring 

locations. 

6.1.2 DOE Burial Areas. Trenches and DOE Dis~osal  Box iOU-?A 

- 
Geophysical methods will%e used in this area in an attempt to assess the perimeter 

I 

of the burial areas and trenches and to locate the DOE Disposal Box, a buried metal 

dumpster approximately 30  feet wide by 10 feet long and 5 feet deep (see Section 4.1.2). 

Figure A6 presents the approximate locations of the DOE Burial Areas, and Trenches and 

Figure A7 for the DOE Disposal Box. Potentially useful geophysical methods include 

magnetics, EM and GPR. 

6.1.3 yC Davis Burial Trenches (OU-11 

Geophysical methods will be used in an attempt to define the perimeter of the burial 

areas and trenches. Figure A8 presents the approximate locations of the UC Davis Burial 

Trenches. 

6.1.4 Radium-226 Treatment Svstem (OU-a 

Geophysical methods will be used to locate buried pipes, a distribution box, and 

three dry wells and the 90-foot-long seepage trench associated with the radium-226 

treatment system, as described in Chapter 4 of the FSP. Two septic tanks have been 

located and their contents have been removed in 1992. Figure A9 presents the 
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approximate locations of the radium-226 seepage system components. Potentially useful 
geophysical methods, which will be evaluated in the field, include EM and GPR. 

. . .  
6.1.5 Strontium-90 Treatment Svstem (OW-21: 

Geophysical methods will be used t o  locate buried pipes and t w o  sets of leach 

lines, one of which may no longer be connected t o  the tank, as described in Chapter 4 of 

the FSP. Figure A10  presents the approximate locations of the Strontium-90 Leach 

System components. Geophysical methods will be used to  locate the active and inactive 

leach lines, and the buried pipe. The lmhoff tanks have been located and their contents 

removed. Potentially useful geophysical methods, which will be evaluated in the field, 

include EM and GPR. 

6.1.6 Western Doa Pens and North Chemical Disoensina Areas fOU-a 

No specific geophysical tasks have been identified for this area other than clearing 

anticipated boring locations. As discussed in Chapter 4 of the FSP, there is no  known 

buried equipment or waste associated w i th  these areas. Figure A1  1 presents the 

anticipated locations of the proposed 19  soil borings in this area. 

6.1.7 Domestic Seotic Svstems (OU-41 

Seven domestic septic systems are distributed throughout the LEHR site, as 

discussed in Chapter 4 of the FSP. Each septic system is composed of a septic tank, 

leach lines, and in some cases a distribution box connecting the tanks w i th  the leach lines. 

Figure A 1  2 presents the approximate locations of each of the seven septic systems t o  be 

i.nvestigated. Details of their construction and/or their location may be obtained prior t o  

initiating the geophysical survey. Geophysical methods will be used t o  locate tanks, buried 

pipes, and leach lines. Potentially useful geophysical methods, which wil l  be evaluated in 

the field, include EM and GPR. 
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6.1.8 UC Davis Landfill Units (OU-51 

Geophysical methods will be used in an attempt to assess the perimeter and depth 

of'the UC Davis Landfill Units. Figures A13, A14, and A1 5 present the approximate 

locations of the UC Davis Landfill Units. Potentially useful geophysical methods include 

magnetics, EM, GPR, TEM and seismic refraction. Geophysical methods will not be 

required to confirm utility clearance for the 16 proposed soil boring locations. 

6.1.9 Reaional Stratiara~hic Evaluation 

Geophysical methods will be used to evaluate the regional stratigraphy in the LEHR 

site vicinity. Specifically, the ucq of TEM is proposed to evaluate the vertical and lateral 

extent of the second and third hSU, and the aquitard separating them. The location of 

TEM transects will be determined following an evaluation of existing lithologic logs from 

nearby agriculture and production wells. 

6.2 SOIL VAPOR SURVEY 

A soil vapor survey will be conducted in several areas for the potential presence of 

volatile constituents, as discussed in Chapter 4 of the FSP. The soil vapor survey will 

attempt to  identify hot spots - areas of soils with higher concentrations of volatile 

constituents compared with background soils - which will be investigated in greater detail 

in subsequent exploratory trench and soil boring investigations. The data obtained from 

the soil vapor survey are key to determining .the final locations of exploratory trenches, and 

soil borings. 

The primary constituents to be measured in the vapor survey are: 

Volatile organic compounds; 

Volatile radionuclides: tritium, and radon; 

Landfill gases including methane, carbon dioxide, and oxygen; and 

Gross gamma and gross beta radiation. 
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Soil vapor samples will be collected using a truck-mounted rig after . driving . s ted 

sampling probes to  the desired sampling depth and purging the probe (see SOP 211. 
Severali types of samples may then be collected for analysis a t  each location: 

e Samples for analysis of VOCs, oxygen, carbon dioxide, and methane will ba 

collected and analyzed in an on-site, mobile laboratory. One duplicate 

sample will be analyzed for every 20 samples; 

Confirmatory samples will be collected into stainless-steel canisters and 

analyzed for VOCs, oxygen, carbon dioxide, and methane* One confirmatory 

sample will be collected and analyzed by an off-site laboratory for every 20 

mobile laboratory samples; and 

Downhole field readings for gross beta and gross gamma will be coflected by 
towering a Geiger-Meuller tube into the vapor probe hole. 

Mobile laboratory samples for VOCs, oxygen, methane, and carbon dioxide, and 

field readings for gross gamma and gross beta will be collected from each vapor probe 

sample location and depth. 

Results of these analyses and measurements will be used as screening level data 

indicative of the presence of these constituents but not quantitative measures of 

concentration or activity. Table A-6.1 summarizes the locations and total number of vapor 

samples collected from each area of the LEHR site. 

6.2.1 Backaround Soils lnvestiaation 

No soil vapor sampling is planned in background soils a t  this time bqcattse no 
volatile wastes are anticipated. 
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6.2.2 POE Burial Areas, Trenches and DOE Disaosal Box (OU-11 

Figure A6  presents the anticipated locations for the 2 2  soil vapor survey points in 

the DOE Burial Areas and Trenches, Figure A7 presents the proposed locations for the 5 

locations for the DOE Disposal Box. Vapor samples will be obtained at t w o  depths, 2 and 

6 feet bgs. The locations and depths of these sampling points is designed t o  obtain soil 

vapor samples within the buried wastes and beyond the perimeter of these trenches and 

the DOE Disposal Box, in undisturbed soil. 

6.2.3 UC Davis Burial Trenches (OU-11 

Figure A8 presents the anticipated locations for the 39 soil vapor survey points in 

the UC Davis Burial Trenches. Samp;es will be obtained at t w o  depths, 3 and 6 feet bgs. 

The locations and depths of these sampling points is designed t o  o'btain soil vapor samples 

within the burial trenches and beyond the perimeter of these buried wastes in undisturbed 

.soil. ,3,: -' (' 

6.2.4 Radium-226 Treatment Svstem ( O U - 3  

No soil vapor sampling is planned in the radium-226 treatment system because no 

volatile wastes are anticipated. 

6.2.5 Strontium-90 Treatment (Imhoff) Svstem (OU-21 

No soil vapor sampling is planned in the strontium-90 treatment (Imhoff) system at  

this time because no volatile wastes are anticipated. 

. . . . . . . . . . . . . , ... . . .. ... 
6.2.6 Western Doa Pens and North Chemical Disaensina Areas C O W  . . . ,.: 

No soil vapor sampling is planned in the western dog pens and north chemical 

dispensing area at this time because no volatile wastes are anticipated. 
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6.2.7 Domestic S e ~ t i c  Systems (OU-41 

No soil vapor sampling is planned in the domestic septic systems because no 

volatile wastes are anticipated. 

6.2.8 UC Davis Landfill Units (OW-51 

Figures A1 3, A1 4, and A1 5 present the anticipated locations for the soil vapor 

survey points in the UC Davis landfill units. Samples will be obtained at three depths, 4, 8 

and 12 feet bgs. 'The locations, sampling depths, and grid spacings of these sampling 

points is designed to obtain soil vapor samples within the landfills and along the perimeter 

of these buried wastes in undisturbed soil. 

6.3 EXPLORATORY TRENCH INVESTIGATION 

Following the soil vapor survey, an exploratory trench investigation will be 

conducted throughout the LEHR site. The objectives of the exploratory trench 

investigation are: ( 1  1 to characterize the contents of landfill and other buried wastes; (2) to 

collect waste samples from buried wastes, underground tanks, pipes, distribution boxes 

and leach lines; (31 to collect wipe samples from buried pipes, and tanks for radiologic 

screening; and (41 to collect soil samples from below and adjacent to the wastes. 

During excavation of each trench, materials will be segregated as soif cover, native 

soil, and waste, and stockpiled on visqueen. Photographs of the trenches wit1 be taken far 

additional documentation of trench contents. 'The materials in the trenches will be 
screened for VOCs and radiologic activity. Because of health and safety concerns, no 
LEHR ,site personnel wil l enter a backhoe excavation if it is  greater than 5 feet . . .. deep,::,gr i f  
the excavation is  considered unsafe based on physical characteristics, VOCt pr tadfdcsgic 
fie1d.monitoring readings, as described in the Health and Safety Plan, Appgndix,C,, $61 ... 

samples from greater than 5 feet deep will be collected from the backhoe buckst* of #ram 

an extended drive sampler, as appropriate. Upon backfilling of each excavati~n, materials 

wit1 be placed back in approximately the same areas and depth from which they were! 
excavated. 
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The exploratory trenches will be logged according to USCS, as described in SOP 11 

(Test Pit Excavation). Organic Vapor Analysis (OVA) and radiologic activity readings will 

be taken continuously with field meters, as described in SOP 11. and these readings, along 

with other criteria will guide selection of waste and soil samples for analysis of LEHR site 

constituents listed on Table A-6.2. 

Soil waste sampling is described in SOP 10 (Soil Sampling), and describes the 

collection of disturbed and undisturbed solid and other waste material. The criteria for 

selecting waste samples in the exploratory trenches include: 

Radionuclide activity or OVA readings which exceed background; 
Discoloration or stained soils; 

Odors; 

Fill or gravel material used in dry wells, seepage trenches, infiltration 

galleries, leach lines, etc. 

The contents of cdHtainers, or other recognizable objects; and 

Sludges, liquids or solids of tanks, distribution boxes, or leach lines. 

In addition to sampling wastes, soil samples will be collected below the base of 

trenches and landfill units. Soil samples will also be collected outside the trench or landfill 

to assess lateral migration of constituents. These samples will be collected as undisturbed 

drive samples, if possible, or from a backhoe bucket. Both disturbed and undisturbed 

samples must be capped and cooled immediately for analysis of volatile samples as 

described in SOP 10. 

After logging the exploratory trench and obtaining OVA and radiologic screening 

measurements, the field geologist will select samples for analysis after consulting with the 

project geologist. Samples selected for analysis for primary p a i 6 m e t 6 i ; ' s ' ~ ~ ~ ~ ~ ~ & i n  

Table. A-6i3 will be chosen based on tocation, depth, material type, '(iit&'fiiiitd!kr&$ning . . . .  . . 
results- Typically in each trench, a t  least one sample from waste miteriai; '0;iiiji'"skhpfe 
fram native soil below waste, and one sample from native soil adjacent to wash wilt be 
selected for analysis based on results fro,.t field VOC and radiologic scfeenin$"'S'arnples 

collected from waste (see above criteria) wit1 typically be cornposited by the labrhto'tinij 
sample for analysis. Additional samples may be selected for analysis t o  characterize sails 

WORKPLAN.FSP 6.10 
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........................................ 

be1owj;:and'adjacent . . . . . . . . . . .  to  waste disposal'trenches.and"'system~::j~~~T~rg~~~.sample . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  d6pt.hs::and . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

locations are discussed below for each investigation area. * 

. . . . . . . . . . . . . . . . . .  . . . . . . . . . . . .  .......................................... ? ... :.:.:,:... ........:. ..:.:.:+ :.:.:.: .:.:. ......................... ........ :.:.: jn-, dddiii'bn;tO:'&mplingl, describe,dli:abo~~;,, severaj.;:mS~e;&$mp!:&$:,nr8a~hianvesttga~[@n 
. . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ? ...................................................................... . ..................................................... be for. of additional pa~amete~s:~flable,i,A;G~3),'ii'iS&:~p~@$iR 0c 

. . . . .  . . .  . -  . . . . . . . . . . . . . . . . . . .  ............................................................................. . . . . . .  
................................................ 

direct1 y'. below: waste may be analyzed for kerosene based on::,fietd$VOC .. . . . . . . .  Jl;i;eenfng.,S@verial ....................................................... 
. .  , . .  . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

samples fiom:..each . . . .  investigation area may be analyzed forfateand-~ransp,@#pa'a&mef@m, ....................................................................................................... 
. . . . . . . . . . . . . . . . . . . . . . . . . . .  

such. alkafinity,, TKN, ammonia,,,, anions, pH ,,. EC,, 'and sulfi&;:: . : ~ ~ h ~ ~ ~ ~ < , ' ~ a ' ~ f i ~ ~ & ~ j I ~ ~ ~  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . .  

selectedfrom waste, the waste-native soil contact, and from. soil adjacent;l"'oj:'b(~~j~w. 
. . . . . . . . . . . . . . . . . . . . . . . . . . . .  

waste. Table A-6.3 presents the list of analytical parameters for the trench soil, liquid, or 

waste samples. 

Whenever possible, a duplicate sample will be collected for QA/QC or archived at 

4OC for additional chemical and physical analysis, as described in Chapter 5 of the RI/FS 

Work Plan. The number of QA/QC samples for each trench is described in the specific 

sampling requirements for each area. The archived samples will be refrigerated 

immediately and inspected for possible additional analysis by the project geologist. 

Duplicate soil samples are collected by filling two  containers wi th the same material or by 

collecting adjacent drive samples, as discussed in SOP 10. QA/QC samples will also 

include the collection of equipment blanks. One equipment blank will be collected during 

trenching activities for each investigation area. Methods for collecting equipment blanks 

are described in SOP 10. Each equipment blank will be analyzed for volatile organic 

compounds (VOCs), metals. hexavalent chromium, nitrate, gross alpha. gross beta, tritium, 
radium-226, strontium-90, carbon-1 4, and gamma emitters. 

The number and locations of the exploratory trenches are summarized in Table 

A-6.1. The proposed locations for these trenches are presented for each area in Figures 

A6  through A1 6. However, these numbers and locations are subject to  change depending 

on the results of the soil vapor survey. After each sample is collected, wooden stakes will 

be used to  mark the sample locations as well as the location of any buried tanks. pipes t o  . 

leach lines encountered. 



RllFS WORK PLAN Appendix A Chapter No.: 6 .0  - 
LEHR ENVIRONMENTAL RESTORATION Revision: 0 

Effective Date: 0 9 / 2 8 / 9 4  
Page 6 . 1 2  of 6 . 4 2  

TABLE A-6.3 SOIL ANALYTICAL PARAMETERS 

Primary Parameters Soil Samples, Splits, and 
Duplicates 

Gross Alpha 
Gross Beta 
Tritium 
Carbon- 1 4 
Radium-226 
Strontium-90 
Thorium (isotopic) - background samples only 
Uranium (isotopic) - background samples only 
Americium-241 - -U-2 only 
Plutonium-241 - -U-2 only 

Parameters 
Equipment Blanks 

Gross Alpha 
Gross Beta 
Tritium 
Carbon-1 4 
Radium-226 
Strontium-90 
Gamma Emitters 
Volatile Organic Compounds 
Nitrate 
Total Chromium 

Gamma Emitters ''exavalent Chromium 
Volatile Organic Compounds 

Semi-volatile Organic Compounds 

Total Organic Carbon 
Total Chromium 
Hexavalent Chromium 
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TABLE A-6.3 SOIL ANALYTICAL PARAMETERS (continued) 

~dditional Parameters 

Kerosene 

Alkalinity 

TKN 

Ammonia 

Anions 

pH 

EC 

Sulfide 

Bacteria 
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Wipe samples will be collected from the interior of buried pipes, leach lines, 

distribution boxes, and tanks. The objective of obtaining wipe samples is to  screen this 
buried equipment for presence of radiologic constituents only. SOP 18 (Wipe Sampling) 

describes the procedure for wipe samples. The number and locations of wipe samples are 
analyzed for radiologic parameters listed in Table A-6.2. 

6.3.1 Backaround Soils lnvestiaation 

No exploratory trench investigation is planned in background soils. 

6.3.2 DOE Burial Areas. Trenches and DOE Dis~osal  Box (OU- I f '  '. 

The proposed locations of the h p  to six exploratory tre; -1 ;s for the DOE Burial 

Areas and Trenches are shown in Figure A6. Trenches will be up to  3 0  feet in length and 
extend to  a maximum depth of 12 td 15 feet. The analysis requirements for each backhoe 

excavation (based on 4 trenches) in the DOE Burial Areas and Trenches include (totals for ( 
4 excavations are presented in parenthesis): 

Two composite waste samples (8 total); 
One soil sample 2 feet below the base of the disposal trench (4 total); 

Two soil samples from the sides of the waste (8 total); and 

In addition, two  QAIQC soil samples (split sample) and one equipment blank 
will be collected for DOE burial and trench area. 

These samples will be analyzed for the primary soil parameters listed in 
Table A-6.3. UP t o  eight of these samples may be analyzed for additionst parsmetera. Up 
to 16 samples may be analyzed for kerosene. 

For the DOE Disposal Box, up to  three trenches are proposed in the location shown 
in Figure A7. Trenches will be excavated to a total depth of 12  to 15 'feet. The analysis 
sampling requirements for each backhoe excavation near the DOE Disposal Box include 

(totals for 3 excavations are presented in parentheses): 

One soil sample 2 feet below the DOE Disposal Box; (3  total); and 

T w o  soil samples to the side of the DOE Disposal Box (6 total). 
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In addition, one QA/QC soil sample (split sample) and one equipment blank will be 

collected for DOE Disposal Box area. Refer to SOP 70 for sampling disturbed soils, refer 
to Table A-6.3 for request analytes. 

6.3.3 UC Davis Burial Trenches (OU-11 

The proposed locations of the eight backhoe trenches are shown in Figure A8. 
Each backhoe trench will be excavated to  approximately 1 to  2 feet below the identified 
waste-native soil interface. Each excavation will be up to  1 2  to 15 feet deep and 15 t o  

30  feet in length. The analysis requirements for each exploratory trench in the UC Davis 
Burial Trenches include: 

One composite waste sample (8 total); 

One soil sample 2 feet below the base of the disposal trench (8  total); 
Two soil samples from the soil to the sides of the waste (1 6 total). 

In addition, one equipment blank and one QAIQC soil or waste sample (split sample) will 

be analyzed for the UC Davis burial trench area. T h e s e ~ a m p l e ~ w i l l  ... 
. . . , . . . . ..... . . . . be:jan.alij;zed;:f.o$ffie . . ............... ................. ... ... ....,.............. . .......... 2 .... > ...... :.. . ... 

primary . . . . . . . . . soil . . . . . . pacameters listed in Table A-6.3. As many . . as . . 12: . . . . . . . . of . . . these'lsample$<ma~~Ibg . . . . . . . . . . . . . . . . . . .. . . . . , . . . . . . . . . . . . ..... ... 2 ..... ... ......... . . ........, . ..... . 

analjrzed . . . . . . . . . for additional parameters. 

6.3.4 Radium-226 Treatment Svstem (OU-a 

The proposed locations of up to eight eke-ietw trenches are shown in Figure A9. 

Three backhoe excavations will be located in the seepage trench area and three to  five 

excavations will be located along the pipeline from the tanks to  the distribution box. 

The sampling.analysis requirements from the exploratory trenches in the radium-226 

treatment system include: 

Seepage Trench Excavations: 

One composite waste sample (3 total); 

One soil sample from below the waste (3  total); and 

Two  soil samples, from adjacent soil on each side to  the waste area (6  

total). 
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Pipeline Excavations: 

One soil sample per excavation located along the pipeline (3 to 5 total) 

In addition, one QAIQC soil sample (split sample), one equipment blank, and e-seW 
ekip ......... i'b 12 wipe samples from the dry wells, distribution box, influent, effluent, and leach 
lines will be collected from the ~ad i~rn-226 treatment system area. +fheMi:@a -fif$&'i:wil! 

............................................................................................ 

be srratyad for the primary soil parameters listed Sn'Tabfe' A-6,3. As many Bs"t9 of these 
samples may be analyzed for additional parameters. 

6.3.5 Strontium-90 Treatment (Imhoffl Svstem tC)U=a]Z 

The proposed locations of the two trenches are shown in Figu.? -1 0. Two 

exploration trenches will be excavated to locate the two leach fields associated with the 

lmhoff treatment system and expose tha piping and distribution boxes. The trenches will 

each be up to 20 feet long and .up to 15 feet deep, and will be oriented perpendicular to 

the leach fields. The trenches will be screened for VOCs and radiologic activity, and will 

be logged and photographed. 'The excavated material from each exploration trench will be 

placed in segregated stockpiles on visqueen. Following completion of trenching, the 

material will be backfilled into the excavations in approximately the same depth and area 

from which they were removed. The sampling and analysis requirements for each backhoe 

excavation in the radium-226 treatment system include (the totals for two excavations are 

presented in parentheses): 

waste samples from within the leach lines or in the gravel trenches (4 ...................... 

total); 

ne soil sample 2 feet below the base of the leach lines (2 total); .......... ......... 
............... 
TiEio soil samples from both sides of the waste (4 total); ............ 

In addition, one QA/OC soil or waste sample (split sample), one equipment blank, and six 

wipe samples from the leach lines, effluent line, influent line and strontium-90 distribution 

box (Figure A10) will be collected from the strontium-90 treatment system area. The .................. 3Qif 

samples will be analyzed for tite primary soil gjarameters listed in Table . . . . . . . . . . . . . . .  A-C.3: One sample 
may be analyzed'fw the'addftionat parametws; 
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produce dense ionization tracks in the biological material that they traverse and damage 

biological tissue. Since fluids in the GI tract provide greater shielding than gases in the 

lung, inhalation is generally of greater concern. 

Beta particles are electrons or positrons emitted in radioactive .decay. Their penetration 

power in material is greater than that of alpha particles and they transfer much less energy 

and cause less biological damage. Their range is generally less than 20 feet in air and 8 
millimeters in tissue. Due to the moderate penetrating ability, both internal and external 

exposures should be considered. 

Gamma and x-rays are electromagnetic radiation and are distinguishable from beta particles 

by their greater penetrating power in material. Other than their origin from the nucleus of 

the atom, they are indistinguishable for radiation protection purposes and can be simply 

referred to as gamma. Gamma radiation from radionuclides external to  a body can 

penetrate the body, transferring the energy and thereby harming internal organs. They 

may also be ingested or inhaled, and irradiate the body from within. Due to the great 

penetrating ability, both internal and external exposures should be considered. 

The majority of radionuclides indicated in Table 6-1 are short-lived radionuclides, 

frequency used in medical research. 

Due to radioactive dacay. less than*@ 
tenth of a percent of radioactive materials remain after the passage 6f ten half-lives. With 

this in mind, only the following relatively long-lived nuclides would remain in any 

significant quantity after approximately 20 years: 
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6.3.3 Radiation Protection Reaulations and Guidelines 

Personal dosimetry, airborne monitoring, bioassay, whole-body counting, 

and other types of radiation monitoring (i.e., use of a hand-held meters with 

response appropriate to the expected radiation hazard) will be used to determine 

radiation dosage and exposure levels. The use of these measures will be governed 

by procedures in the work plan and properly determined by either the Radiological 

Control Technician or the Project Health Physicist. Federal and state guidelines 

define the allowable doses which can be received by members of the public and to 

radiation workers. Table 6-2 summarizes the annual dose limits mandated by the 

Department of Energy. The limits permitted for contractor personnel working at the 

LEHR site are presented in parentheses next to  the annual limit located in Table 6-2. 
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6.3.6 Western Doa Pens and North Chemical Disoensina Area3 
* 

No exploratory trench investigation is planned in these areas. 

6.3.7 Domestic Seotic Svstems (OU-41 

The locations of the seven septic systems are shown in Figure A1 2. Two 

exploratory trenches will be completed in the leach field of each septic system in order to  

locate and uncover the distribution system and leach lines. The sampling requirements 

from the exploratory trench investigation in the domestic septic systems include: 

Waste samples from the leach lines or in the gravel trenches (7 total); 

Soil samples from one side of the leach lines (7 total); and 

One QAfQC soil sample (split sample). 
One equipment blank. 

Wipe samples from the locations shown in Figure A18 (25 total). 

These soil samples will be analyzed for the primary soil parameters listed in Table A-6,3,. 
Up to  eight samples may be analyzed for the additional parameters. 

6.3.8 UC Davis Landfill Units (OU-5) 

No exploratory trench investigation is planned in these areas. 

6.4 SOIL BORINGS 

Following the exploratory trench investigation, the soil boring program will be 

initiated. The objectives of the soil borings are to  assess the lateral and vertical extent of 

LEHR site constituents and to  gather data on the soil chemical, physical, mineralogical and 

microbiological soil properties of the LEHR site in order t o  support vadose zone and 

saturated zone modeling efforts. Soil borings will be conducted in two stages.. first* 
stage borings will be conducted in each investigation area, as described .,below, . . . . Second- ... . . . .. . . 
stage borings may be conducted in selected areas (preliminary soil Operable Units 1 and 5 
only), based on results of first-stage borings. 
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The number and locations of the soil borings given for each area of investigation are 

subject to change based on the results of geophysical, soil Vapor, and trenching 

investigations, and depending on clearance by UC Davis Physical Plant and Underground 

Services Alert personnel. The proposed boring locations are presented in Figures A5 to 
.- A1 8, and the total number of borings and samples are summarized in Table A-6.1. fn 

general, soil samples will be collected by continuous core and by split spoon drive sample 

techniques every 2 112 feet white drilling in wastes, and every 5 feet by drive sample 

while drilling below or adjacent to waste. The general procedure for conducting soil 

borings is given in SOP 6 (Soil Borings). The soil core will be logged according to the 

USCS classification system as described in SOP 7. 

During the logging of the soil core, an organic vapor analyzer (OVA) and survev 

meter will be used to screen vapors and radionuclide activity from the core as descr~tled in 

SOP 7. After screening the core for OVA readings and consulting with the Project 

Geologist, the Field Geolog~st selects the samples for analysis of LEHR site constituents 

listed in Table A-6.3. ~ a m ~ l e s ~ ~ ~ l e c t e d  for analysis for primary parameters Uable A-6.31 I 

will be chosen based on location, depth, and field screening results. Typically, in each 
boring, at least one sample each from the waste, one sample from native soil betaw ar 
adjacent to  waste, and one sample from the bottom of borehole will be selected bawd on 
results of VOC and radiologic field screening. Waste samples will typicalfy be cornposited 

into one sample for analysis. Soil samples wilf be selected from discrete depths t o  

characterize soils adjacent t o  and below waste disposal trenches and systems. Target 

sample depths and locations are discussed below for each investigation area. 

In addition to sampling described above, several more samples in each investi$ati~ft 

area may be selected for analysis for additional parameters (Table A-6,3)i, Samples In or 
diractfy below waste may be analyzed for kerosene based on field9OC screenSng; Several 
samples from each investigation area will be analyzed for fate-and;transport parameteis, 

Such as alkalinity, TKN, ammonia, anions, pH, EC, and sulfide. These samples wil l  be 
selected from waste, the waste-native soil contact, and from sail adfacent'tu or betow 
waste, The totaf number of samples that will be selected for anatysis in each area for 

each parameter is presented in Table A-6.1. 
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OAIQC samples will consist of split samples collected from adjacent rings in the 

core of the drive sampler, as described in SOP 6. One equipment blank will be collected 

for each investigation area. Procedures for collecting equipment blanks are presented in 

SOP 10. Preparation, handling, chain of custody, and shipment procedures are specified in 

SOP 5. 

In addition to sampling for LEHR site constituents and OAIQC, drive samples that 

are collected every 5 feet will be refrigerated at 4OC, and archived for potential additional 

chemical and physical analysis. After each boring is complete and the boring has been 

grouted, a wooden stake will be used to mark the boring location. 

6.4.1 Backaround Soils Investiaatioq 

Figure A5 shows the six locations proposed for the background soil borings. The 
r9tionais fw ,sslecting these locations is p w m t ~ d  in Section 6=t.2 csf the R5FS Work Ran. 

............. 
U&;$q four samples will be collected from each location, two samples from representative 

material in the 0 to 10 feet bgs interval, and two samples from representative materials 

between 10 and 40 ............. 66 feet bgs. Table A-6.3 presents the analytical parameters to be 

requested for these 24 samples, 2 OAIQC split samples, and 1 equipment blank. Up to six 

samples will be analyzed for a bacteriological count. 

SOP 6 describes the soil boring procedure, SOP 7 describes logging of soil borings 

and SOP 5 describes sample shipment. The boring locations will be staked after the soil 

boring are complete. 

Figure A6 shows the five locations for first-stage soil borings in the DOE Burial 

Areas and Trenches. Each Mt-sts$s tkor'ng'wii be sdv&r'jced,ta a tOtai debth of 25 feet 
bgs, FjotSnqs wifl tse drilled using tacronant''tecQpt,&~$.#&~~~t,~ crirn$h~b$y k p f e d .  
b i m t e  soil samples will be collected at 2%-foot inmrvafs within the wa$te, and at $-foot 
intervals below the waste using sptft..spmn ~chrriqwts, dewtibed in SQP $0, Up'to three 
h + e  samples will be analyzed from each boring location. One composite sample from the 

WORKPLAN.FSP 6.19 
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" .......................................................... .,.,:." ................... "A"" .  ......... :.. ........... 
waste, one sample 2 feet below the base of the trench, and ................. ;m , .................................................................................................................. ssrndi)r@@:- 
................................... ................................. 

Figure A7 shows the three locations proposed for soil borings adjacent to the DOE 

Disposal Box. Up ta three samples will be analyzed from eaih of these locations, one 

next to the DOE Disposal Box, one sample from below the level of the Box, and one 

sample from the bottom of the boring. Table A-6.3 presents the analytical parameters to 

be requested for these Z4 36 samples, 2 30A/QC split samples, and 1 equipment blank. 

Up to..ivs.wrndes. . . .  win.: bs malyzed . . far the additional pararne$erg:.. Up 50' f CX , m p f e s  will 
be analwed '.for, kerosene. 

............. '. ................................. ......................... .............................. 
NM€eem& .$Ys~.IK@F;$~ soil borings will be drilled in the UC Davis Burial Trenches 

to obtain composite samples from the wastes and below the base of the trenches. Figure 
................. . . .  " .......... " ' .......................................... >... .... 

A8 shows the locations for soil.borings in this area. a& .................................... ~ ~ ~ ~ i i ~ i ; 1 9  w @ & ~  < ........................................................................... 

EB6m;auii$;if:BSCXib;iid"m isopj$fi'. .:.:.:.:.:.>:.:.>:. 
. . .  . . . . . . . .  ............................. ...... ' ..... x .................................................................. L ....... z ........... ' ................... ............... -_ ..................................... .p:i$alhres Twe samples will be analyzed from each 

boring location: one composite waste sample, one soil sample 2 feet below the base of 

Table A-6.3 presents the analytical parameters to be requested for these &? 38 
samples and ....... 6 3 0A/QC split samples. SOP 6 describes the soil boring procedure, SOP 7 
describes logging of soil borings and SOP 5 describes sample shipment. The boring 

..................................... *: . .  ...*:...-...>..:",.':.ii ... : ,..... >,..,, ".* '..;... 
locations will be staked after the soil boring is complete. P i ~ ~ r t y ~ i $ ~ ~ : ~ p ! ~  .... ; .............. ; ..................................... ;.. .......... s .. w&;,bq ...................................................................... 

6.4.4 Radium-226 Treatment Svsteq 

Figure A 9  shows the !& .............. mime locations for soil borings in this area. ;%wa .................. Few deep- 
r................. :. .. ............................ ............. : .  .............. l,.....' ....... :. ............ .; ... !.. ....... ;.:...;.....; 

soil borings will be drilled # $ ~ ~ , ~ ~ o # ~ ~ t ~ ~ ~ ~ i $ ~ ; . @ ~  ......... ............................................. ........................................................ ... .r: 

and fag ...... sk shallow borings will be advanced to 25 feet bgs. Upgo ........................ four soil samples will i% 
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be analyzed from each boring, including at least one waste sample and samples from 

representative material types below and to the side of the radium-226 treatment system. 
Table A-6.3 presents the analytical parameters to be requested for these ............. 24 36 samples, .... 

3 w / Q C  split samples, and 1 equipment blank. 

additional samples listed in fable A-6.3. 

6.4.5 Strontium-90 Treatment Svstem 

Figure A10 shows the six locations for soil borings in this area. Two deep-soil 

uses re'=:w.n~. iechniques' Pisqete, .drfve..~mpfes, will bq,cotlec,W every ..5, feet, Up' to 
four soil samples will be analyzed from each boring, including at least one waste sample 

and samples from representative material types below the wastes. Table A-6.3 presents 

the analytical parameters to be requested for these 24 samples, 2 m / Q C  split samples, 

. . . . . . . . . . . . . . .  . . . . .  . . . .  Pen Area and North C . . .  6.4.6 Western Doa hemical Dis~ensina Area ................ : i 

The location of the :$g .............. 4-8 soil borings in these areas are presented in Figure A1 1. 

Nhe ........... eg& shallow boring locations in the southern dog pens will be completed to 6 feet 

bgs. One sample at 6 feet bgs will be submitted for analysis for parameters listed on 

Table A-6.3. Two of the soil boring locations in the southern dog pens will be completed px;o ?: ....:. .:.:.. ..................................... :...: to ~:...:.:...:.. 20 26 feet bgs, and three samples ~ 8 r:"":: :,ii&'dsi:zO f@@.m will be collected from each 
.r.. ,:..ir;w.f;:: , ........ ......,..... .#.l ................ Ad>.. .;.........,* <... .... 

location. Six additional soil borings near the Cellular Biology Laboratory will be completed 

to 5 feet bgs. The surface and 2.5 feet bgs sample will be submitted for analysis and the 
................................... ...................... * ....................... .; ........ ................................ ... 

5 feet bgs sample will be archived for possible future analysis. F i B e - f : ~ ~ ~ ; @ $ h l i ~  ..................................................................... .: ......__...... ;wWt ! ................. 

Two borings in the north chemical dispensing area will be advanced to .. 4 ;... 26 feet 

bgs, and samples from 2.5 and 5 feet bgs will be submitted for the analytes listed on 
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Table A-6.3. Table A-6.3 presents the analytical parameters to be requested for these 31 

6.4.7 Domestic S e ~ t i c  Svstems 

Figure A10 shows the approximate locations of the seven septic tanks. Figure A1 7 

shows a schematic diagram of the sampling effort at each of the septic system location. 
. . . . . . . . . . . . . . . . . . .  

A t  each septic system, up t o  three wesoi l  borings will be completed: :twoli'b6Ping~..wilI ................ .....:L. ................................. 
. . . . . . . . .  

extent'ta O..feet bgs, and one boring will extent to .25. feet' bgSci::.:'Each vo6figu;jf~f::i6'~ ................ . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
............... continu&,sly cored using resonant techniques. Discrete dfive ~ a m p ~ ~ ~ ; w i l t . . ~ ~ ~ ~ ~ ~ g C * g d  

.................. . . ............................................................................... . Tk $ . ' g s * ~ , ~ ~ ~ ~ ~ ~ ~ h  
every 5 feet. . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

selected for analysis from each 1 @foot boring; three s a m p ~ e s : w i ~ ~ . b e ~ a ~ ~ y r ~ ~ ~ ~ f o m  ka:& 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

25-t66t:boiing:.:i:. Samples will be selected based oh ciiferia di$c.u:<6ijd:.iA: s ~ = ~ ~ ~  li'fi*4* Table 
. . . . . .  . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

A-6.3 presents the analytical parameters to be requested for these 49 samples, 3 QAIQC 
. . . . . . . . . . .  ................. samples, and 1 equipment blank. As many as,.24 sa*pl;e$wilflbe &'j$&$y$$d 

. . . .  ..................................................... i 
for the: additional parameters listed in Table A-6.3. 

6.4.8 UC Davis Landfill Units 

Figures A 1 3, A 1 4, and A 1 5 show the 1 6 locations for soil borings in the UC Davis 

Landfills. Six borings will be drilled in Landfill Unit N;. 1, six borings will be drilled in 

Landfill Unit No. 2, and four borings will be drilled in Landfill Unit No. 3. Each first-stage 

boring will be advanced to a total depth of 25 feet bgs. Borings will be drilled using 

resonant techniques and will be continuously sampled. Discrete soil samples will be 

collected at 2 Yi-foot intervals within the waste, and at 5-foot intervals below the waste 

using split-spoon techniques described in SOP 10. 

Up':to'l:fobr . . .  Twe samples will be analyzed from each boring location. One composite 

waste sample and up..tothre.e me soil samples 2-bt  collected from below the base of the 

trench will be submitted for analysis. Table A-6.3 presents the analytical parameters to  be 

requested for these 64 St samples, 6 3QAIQC split samples, and 1 equipment blank. 
Fififteseljof these., samples: will'be analyzed for the a d d i t i ' ~ n ~ [ : i i ' i > a ~ a ' m ~ ~ e f s ~ f ~ ~ t ~ : d ~  

. . . .  .......................................................... ........ . . . . .  2 ; 

Tgti19.A-6 • 3 . 
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6.5 SOIL PERMEABILITY 'TESTING 
\ 

In situ permeability testing will be conducted in order to  assess the movement of 

water and constituents to groundwater. Two types of permeability tests will be 

performed. Double-ring infiltrometer tests and downhole permeability tests. SOP 12 

(Permeability Testing - Unsaturated Zone)describes both of these methods. Figure A1 8 

presents the proposed locations of these tests throughout the LEHR site. A total of five 

double-ring infiltrometer tests will be performed in the surface soils, approximately 0 to  5 

feet bgs. A total of 10 down-hole permeability tests will be performed from approximately 

10 to 55 feet bgs. 

6.6 WELL INSTALLATION AND ABANDONMENT 

Groundwater monitoring wells will be installed in soil borings completed by hollow 

stem auger, dual tube percussion, sonic coring, or casing hammer drilling methods. A 

Dames & Moore geologist will oversee each soil boring and well installation procedures. 

Locations of proposed monitoring wells are presented in Figure A21. Soil borings will be 

completed by methods described in SOP 6 (Soil Borings) and logged according t o  

procedures in SOP 7 (Logging of Soil Borings). Groundwater monitoring wells will be 

installed according to procedures outlined in SOP 8 (Installation and Construction - 
Groundwater Monitoring Wells). 

6.6.1 Well B o r i n ~  

Borings for the ietw proposed monitoring wells in the first HSU (UCD-25, UCD-28, 

UCD-33, and UCD-34) will be drilled using a truck-mounted drilling rig equipped with 8- 

and 12-inch hollow-stem augers and continuous core capabilities. Pilot holes for well 

borings will be initially drilled using sonic resonant drilling techniques and will be 

continuously cored. Relatively undisturbed drive samples for chemical, radiological and 

physical analyses will be collected every 5 feet and archived at 4OC. After completion of 

the pilot boring, the well borings will be reamed with the 12-inch augers for monitoring 

well completion. 
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The twelve 4eueo monitoring we l len  the second HSU, UCD-26, UCD-27, UCD-29, 

UCD-30, UCD-31, UCD-32, and UCD-35 through UCD-40 will be drilled using resonant 
drilling and air-rotary methods. A pilot hole will be drilled and a continuous core collected 

from the surface to total depth. Drive samples will be collected at approximately 10-foot 
intervals from the surface to  total depth and selected samples will be submitted for 

chemical, radiologic and physical testing. After completion of the pilot boring, the 
monitoring well boring will be reamed using 12-inch drill casing for monitoring well 

completion. 

Details of the drilling methods are described in SOP 6 (Soil Borings) and SOP 8 
(Installation and Construction - Groundwater Monitoring Wells). 

6.6.2 Soil Loaaina and S a m ~ l e  Collection 

Soil cuttings and cores from each well drilling operation will be logged by the field 

geologist according to  procedures described in SOP 7 (Logging of Soil Borings). The log (, 
will contain a complete and detailed lithologic description of materials using the Unified 
Soil Classification System (USCS). Additiorially, logs will contain information on sample 
collection, consistency of materials, penetration rates, and field screening data. 

During drilling of the sixteen ekven planned groundwater monitoring wells, soil 

drive samples will be collected at 5-foot intervals for each monitoring well and at identified 

lithologic changes. All samples collected will be screened in the field for radiofogic 

compounds and VOCs. Soil sampling procedures are described in SOP 1 0  (Soil Sampling). 
After samples have been collected, they will be screened for radiologic activity and volatile 

organic vapors, labeled with the appropriate information, sealed, and archived at 4OC. 

Radiologic screening is described in SOP 22  (Surface Contamination Survey); organic vapor 

screening is described in SOP 15 (Field Measurements - Air). 

Selected samples will be submitted to the laboratory for chemical, radiologic and/or 

physical testing. Various criteria that wilt be used t a  select samples for msfhis'imtude': 
changes in lithology or moisture content: visual evidence of staining or discdoration; 

above-ba kground readings on field instruments; and the presence of finegrained tx 
qrganic material that may be more likely t o  retain analyticar parameters. Analytical 
parameters for well soil borings are presented in Table A-6.4. 
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TABLE A-6.4 SOlL ANALYTICAL PARAMETERS - MONITORING WELL SOlL BORINGS 

CHEMICAL TESTS 

Nitrate 

Pesticides 

Total Chromium 

Total Organic Carbon (TOC) 

PH 

EC 

PHYSICAL TESTS 

Grain size 

Atterberg Limits 

Permeability 

Porosity 

Moisture Content 

Bulk Density 

TOTAL # OF 
SAMPLES 

20 

20 

20 

20 

20 

20 
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In addition to chemical and physical samples, one equipment blank will be collected during 

drilling and sampling of the well borings. Equipment blanks from well borings will be 

analyzed for nitrate, pesticides, and total chromium and collected according to procedures 

included in SOP 10. 

6.6.3 Monitorina Well Installation 

Groundwater monitoring wells will be installed in accordance with procedures 

described in SOP 8 (Installation and Construction - Groundwater Monitoring Wells), and 

will be consistent with the "Standard Practice for Design and Installation of Groundwater 

Monitoring Wells in Aquifers" (ASTM 0-5092-90). Construction details for the $keen m 
new wells (total depth, screened interval, screen slot size, and filter pack size) will be 

evaluated by the geologist and project manager, based on data collected during each soil 

boring. However, based on data collected during the Phase II Site Characterization, 

general construction specifications for new wells are described below. 

First HSU monitoring wells will be completed to a depth of approximately 70 feet 

bgs with 15-foot screened sections. 15-foot screened sections will maximize the potential 

for collecting samples from each well dur~ng the wide yearly fluctuations in ground water, 

Second-HSU wells will be completed to approximately 120 feet bgs with 25-foot screen 

sections to achieve well completion over approximately 75 percent of the second-HSU 

interval. 

At each well, the ground surface will be graded away from the well head to 

minimize the potential for downward migration of water from precipitation or runoff. After 

completion, the elevation and location of new monitoring wells will be surveyed to the 

nearest 0.01 foot vertically and 0.3 foot horizontally. All surveying will be conducted by a 

California State-Licensed surveyor. 

6.6.4 Well Construction Material3 

New monitoring wells will be constructed of 4-inch-diameter, stainless steel, 

continuous wire-wrap screen and schedule 40 blank PVC. An appropriate filter pack will 

be evaluated based on data collected during the soil boring. A sanitary seal of I 
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cementlbentonite grout will be placed from the top of the secondary seal up to  the ground 

surface. Monitoring wells wil l  be completed wi th an above-grade, locking, steel, protective 

casing or flush-mount, water-tight, locking well boxes. Flush-mount completions wil l  be 

installed in high traffic areas. All PVC casing and stainless steel screen wil l  be steam 

cleaned prior t o  installation. Detailed procedures of monitoring-well construction are 

presented below and in SOP 8 (Installation and Construction - Groundwater Monitoring 

Wells). 

First-HSU monitoring wells will be screened using 15-foot lengths of 4-inch- 

diameter, stainless steel, wire-wrap screen wi th 0.01 0-inch slots wil l  be used. Schedule 

40 blank PVC casing will be used from the top of the screened interval t o  the ground 

surface. Lonestar 1 C sand will be used as the primary filter pack material for these wells. 

The secondary filter pack consist in^ of a 2-foot layer of 3 0  mesh sand wil l  be placed 

above the primary filter pack. Approximately 3 feet of 114-inch-diameter bentonite pellets 

wi l l  be placed on top of the secondary filter pack. A minimum 3- to  5-foot-thick secondary 

filter pack of 3 0  mesh sand will be placed on top of the bentonite seal. The remaining 

annulus will be grouted to  the surface by tremmie methods w i th  a 2- t o  5-percent 

bentonitelcement grout mixture. 

Second-HSU wells wil l  be constructed using 4-inch-diameter, stainless steel, 

continuous wire-wrap screen wi th 0.020-inch-wide openings and wi th  a No. 211 2 sand as 

the primary filter pack. Schedule 40 blank PVC casing will be used from the top of the 

screened interval t o  the ground surface. The secondary filter pack consisting of a 2-foot 

layer of 3 0  mesh sand will be placed above the primary filter pack. A minimum 5-foot- 

thick layer of volclay grout and bentonite slurry will be used instead of bentonite pellets to 

avoid potential bridging problems. A minimum 1-foot thick secondary filter pack of 

30-mesh sand will be placed on top of the volclay grout seal. The remaining annulus wil l  

be pressure grouted to  the surface by tremmie methods w i th  a 2- t o  5-percent bentonite1 

cement grout mixture. 

6.6 . . 5  Piezometer lnstallalioq 

Oneipiezo,mettq,: . . . . . . . . . ... ::.:... . . . . . . . . . . is . proposed . . t o  be. insta lled'.i.n,i . . ~h.e.,;,f . . . irsrj.:,HS.U:i:during . . . . . . . . . . . . . . . . , . . . . . . . . . . .,........ f$:rnegaiijin$a~d . ....... . ..................................................................... 

investigation activities in order to monitor groundwater levers. In general, pistornete~s will 



RllFS WORK PLAN Appendix A Chapter No.: 6.0 
LEHR ENVIRONMENTAL RESTORATION Revision: 0 

Effective Date: 09/28/94 
Page 6.28 of 6.42 

be installed and constructed according to  procedures used for first-HSU rndniton'ng well$ 
(SOP 9). Piezometers will be constructed of 2-inch-diameter PVC casing and &&&en in 8- 
inch-diameter boreholes. Piezometers wilt not be included in the regular quaiteffy 
groundwater monitoring piograrn, but may be sampled periodicarly to provide groundwatst 

quality information. 

6.6.6 Monitorina Well Abandonment 

Monitoring wells that are t o  be abandoned as part of the RI/FS program wilt be 
destroyed according to  Solano County guidelines. 

6.7 WELL DEVELOPMENT 

New monitoring wells will be developed in t w o  stages using a well development rig 

equipped with a surge block, stainless steel bailers and a submersible pump. The first 

.stage of development occurs'Wter placement of the filter pack, but before placement of ( 
the bentonite and grout. This stage of development is done with only the surge block. 

The second stage well development procedures are described in SOP 8 (Installation and 

Construction - Groundwater Monitoring Wells). Development of the monitoring wells will 

be observed by a geologist. The general sequence for monitoring well development 

includes the following steps: 

Surging the well screened interval using the surge block: 

Bailing the well to remove coarse-grained sediments; 

Surging the screened interval a second time; 

Bailing the well to  remove coarse-grained sediments; and 

Pumping the well using a submersible pump, varying the pumping rate and elevation 

of the pump in the well. 

During pumping, pH, electrical conductivity (EC), turbidity, and temperature of the 

groundwater will be measured at regular intervals. Development will continue until 

consecutive measurements of pH, temperature, and conductivity measured within 

10 percent of previous readings and turbidity readings are below 5 NTU. Water produced 

during monitoring-well development will be placed in DOT-approved drums, closed and I 
', 
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placed in a designated storage area. The drums will be labeled to indicate monitoring-well 

number and date. The disposition of each drumdf development water will be.evaluated as 

described in the Waste Management Plan currently being prepared for investigation-derived 

wastes during the RI. 

6.8 CPT/HYDROPUNCH1" INVESTIGATION AND IN SlTU WATER SAMPLING 

In addition to soil boring and monitoring well data, information on the stratigraphy 

of the LEHR site and the extent of LEHR site constituents in groundwater will also be 

provided during a CPT/HydropunchW investigation and with in situ groundwater samples. 

General procedures for the CPT/HydropunchW and in situ groundwater sampling are 

described below. Detailed description of methods are presented in SOP 19 (Cone 

Penetrometer Test and Hydropunch" Sampling), and SOP 1 (Water Sampling). 

The CPT/Hydropunchm investigation will be conducted under the supervision of a 

Dames & Moore geologist and will include 2 4  ewehe locations north and east of the LEHR 

site (Figure A22). A t  each location, the CPT tool will be advanced until it hits refusal. 

Based on previous investigations, refusal depth is anticipated to  be three to 5 feet below 

the top of the second HSU (approximately 80 feet bgs). When completed, the CPT tool 
will be removed from the hole. The geologist will evaluate the CPT log and identify target 

depths to attempt Hydropunch" sampling. 

Hydropunch" sampling will be attempted within the first HSU at 11 feve~ of the 

twelve locations (Figure A22). and within the second HSU at each of the 24 44 locations. 

A t  first HSU sampling locations, the Hydropunch" tool will be pushed t o  the selected 

depth and a sample will be collected. Upon completion, the probe will then be pushed t o  

the selected depth in the second HSU and a second sample will be collected. A t  locations 

for which no first HSU sample will be collected, the Hydropunchm will be advanced directly 

to  the selected depth within the second HSU. If samples are attempted in fine-grained 

material, it may be necessary to  wait for an extended period of time for the Hydropunchm 

to  fill with water. In these cases, the tool will be left in the ground t o  fill and the CPT rig 

will be moved to a new location. When the Hydropunch" has filled, trle tool will be 

retrieved and sample containers will be filled. Because only a limited volume of water will 

be available, analytical requests will be prioritized as follows: 
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Volatile organic compounds; 

Total chromium and hexxvalent chromium; 
nitrate and total nitrogen; 

tritium; 

pH, EC, and TOC; 

Carbon- 1 4; and 

Strontium-90. 

When sampling has been completed, CPT and Hydropunchm holes will be grouted to  

the surface wi th a cementlbentonite mix. 

6.9 WATER SAMPLING 

This section presents field methods to be used in sample collection, field 

measurements, sample packaging, and sample shipment for the water monitoring program. 
Asdi$cussed:in Section; 6.1 of the RI /FS Work Plan text; the quart~~ly:imon~#;&hg pr@m 

. . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  !, 
. . . . .  

pCes&&:: {":::,Table A-6.; 5 is rnodif ied for the in t h e > ~ ~ t e ~ ~ o n f t o ~ ~ R @  ,fl$&$$mese . . . .  . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

modififii=at;bns: are pending .concurrence from the agencig,*f ,fid bi':&.j#&geni&# . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

here::focr:icomp~eteness. . . . . . .  . . . . . . . .  . . Specific water sampling procedures are described in SOP 1 (Water 
Sampling) in ~ t t a c h m e n t  1 of FSP. 

6.9.1 Pre~aration and Mobilization 

The set-up procedures described below are essentially the same for groundwater, 

surface water, and storm water runoff sampling. Surface water and groundwater 

monitoring will take place concurrently, and preparation and mobilization for these tasks 

will be completed at the same time. Because storm water monitoring will take place 

during a rainfall event, most of the preparation will be completed separately and in 

advance, wi th personnel and equipment on standby. Groundwater, surface water, and 

storm water runoff monitoring points are presented in Figures A21, A22, A23, and A24. 
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TABLE A-6.5 MONITORING PARAMETERS GROUNDWATER SAMPLES "' 

(1 UCD-1, UCD-4, UCD-7, UCD-10, UCD-11,' UCD-12, UCD-13, UCD-14, UCD-15, 
UCD-16, UCD-17, UCD-18, UCD-19, UCD-20, UCD-21, UCD-22, UCD-23, UCD-24. 
New wells added during the RIIFS will be monitored for all quarterly and annual 
parameters on a quarterly basis for a minimum of one year. 

Annual 

To be collected one quarter 
per year (spring) 

I 

Semi-volatile Organic 
Compounds 

Pesticides and PCBs 
Antimony, Arsenic, 

Barium, Beryllium, 
Cadmium, Cobalt, Iron, 
Lead, Manganese, 
Mercury, Molybdenum, 
Nickel, Selenium, Silver, 
'Thallium, Vanadium, and 
Zinc 

Alkalinity 
Cations 
Anions 
Chemical Oxygen Demand 
Biochemical Oxygen 

Demand 

Field 

To be collected every 
quarter (spring, summer, 
fall, and winter) 

PH 
Electrical Conductivity 
Temperature 
Turbidity 
EH 
Water Level 

Quarter1 y 

To be collected every 
quarter (spring, summer, 
fall, and winter) 

Volatile Organic 
Compounds 

Tritium, Radium-226, 
Strontium-90, 
Gross Alpha, Gross Beta, 
Gamma Emitters, and 
Carbon- 1 4 
Plutonium-241 
Americium-241 

Total Chromium 
Hexavalent Chromium 
Nitrate 
TKN 
Ammonia 
Total Organic Carbon 
Total Dissolved Solids 
Formaldehyde 
Turbidity 
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6.9.2 Groundwater Monitorinq 

Groundwater monitoring will consist of water level measurements, field 
measurements and the collection of groundwater samples. Prior to beginning sampling 

activities, a water level measurement will be collected from each monitoring well in order 

to construct water level elevation contour maps. Water level measurements will be 

collected on the same day to minimize variations that may occur in elevations due to 

nearby pumping. 

Prior to quarterly groundwater, surface water, and storm water runoff monitoring, 

the Field Operations Lead, who is responsible for collecting and shipping samples, will 

gather and inspect equipment and instruments to see that they are in proper working 

condition. T' ,dse activities will include, where appropriate: 

Notifying the analytical laboratory three weeks in advance of sampling activities of 
the number of samples and types of analyses, and requesting the proper number of 
sample containers, ice chests, and blue ice. Upon receipt, sample containers will be 
inspected and the laboratory will be notified of any missing or broken bottles (Note: 
the appropriate sample containers will be kept at the field office for the storm water 
sampling); 

Notifying PNL and UC Davis staff of sampling schedule; 

Checking the combination HyDac pH1conductivity meter for accuracy by calibrating 
for pH wi th  NlST traceable pH solution buffers, checking the electrical conductivity 
(EC) meter with 10 pmhoslcm. 100 pmhoslcm, 1,000 pmhoslcm NlST traceable EC 
solutions, and checking the temperature meter with a NlST traceable thermometer. 
Check Eh meter according to manufacturer's instructions; 

Checking that the turbidity meter, water-level indicator, electrical generator, oil-less 
air compressor, and bladder pump control box are in proper working condition; 

Assembling a bound field notebook that includes groundwater sample tracking 
forms, field memos, field records of water sampling, and instrument calibration 
forms (see SOP 1 .O; Appendix C); 

Assembling additional forms includin- sample Chain of Custody (COC) and 
pre-addressed airbills for overnight shipment; and . 

Reviewing proper sampling and health and safety protocol. 
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After the proper equipment is gathered and inspected, the Field Operations Lead wil l  meet 

wi th the Task or Project Manager to  review the monitoring program, health and safety 

protocol, sampling procedures, monitoring points (see Table A-6.6). quality control 

procedures, and field documentation. 

Field instruments will be calibrated once prior t o  beginning daily sampling activities, 

and then every four hours (pH meter), or before each well is sampled (turbidity meter). 

Field measurement and calibration procedures are described in SOP 2.0 (Field 

Measurements - Water). Field observations, measurements, and calibration information 

will be recorded in the bound field notebook (see SOP 1.0). 

Groundwater sampling at the LEHR site will be conducted by purging and sampling 

monitoring wells using dedicated sampling systems. The dedic,:r,d systems are 

submersible electric pumps. New wells installed as part of the RIIFS will be fitted w i th  

dedicated electric submersible pumps. If the static water level drops below the level of a 

pump, the well will not be sampled. Purging and sampling procedures are described in 

SOP 1.0 (Water Sampling). Purging of each well will continue until: 

Three to  five casing volumes of water are removed from the well; and 

'The field measurements of pH, electrical conductivity, temperature, turbidity, and 
Eh measurements of the purged water stabilize t o  within 1 0  percent of the previous 
readings. 

Wells that are pumped or bailed dry prior t o  removing three casing volumes of 

water will be allowed to  recover and then pumped or bailed dry a second time. Field 

measurements of temperature, Eh, pH, specific conductivity, and turbidity wil l  then be 

collected as the well fills the second time. "Dry" wells will be confirmed by comparing 

field well depth measurements to  well construction specifications, and documented in the 

bound field note book. 

Groundwater samples will be collected directly from the sampling pumps into 

sample containers supplied by the laboratory. Samples wil l  be collected for parameters 

listed in Table A-6.5. Sample containers will be labelled wi th LEHR site name, well 

identification, date, time, requested analyses, and preservation method. 
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TABLE A-6.6 MONITORING POINTS FOR THE WATER MONITORING PROGRAM 

Groundwater 

wells from RIIFS 
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6.9.3 piezometer Samalinq 

periodically t o  evaluate water quality. Piezometers will be sampled 'according to 'the 
procedures used t o  sample monitoring wells outlined in SOP t. Piezometecs will not 
contain dedicated pump systems, and therefore they wilt be sampled w i t h  either nono 

dedicated or disposable equipment. 

6.9.4 Surface Water Monitorina Procedures 

Surface water monitoring will consist of the collection of field measurements and 

water samples. Monitoring will be conducted at t w o  Putah Creek locations (PCU and PCD) 

and the UC Davis Wastewater Treatment Plant outfall (STPO) according t o  sampling 

procedures described in SOP 1 .O. Surface water monitoring locations are presented in 

Figure A23. Samples will be collected each quarter for analytes listed in Table A-6.7. 

Prior t o  sampling at each location, 3 field measurements of pH, electrical conductivity, 

temperature, turbidity, and Eh will be recorded. Field measurements wil l  be conducted 

according t o  procedures described in SOP 2.0. Grab samples will then be collected using 

clean glass sample bottles and transferred t o  the appropriate laboratory-supplied sample 

containers. Samples wil l  be filtered and preserved as indicated in Table A-6.7. Sample 

containers will be labelled wi th LEHR site name, well identification, date, time, requested 

analyses, and preservation method. 

6.9.5 Storm Water Samolina Procedures 

Storm water runoff samples will be collected from locations LS-1 and SD-1 twice 

per year according t o  procedures described in SOP 1 .O. . Proposed storm water runoff 

monitoring locations are presented in Figure A23. Runoff monitoring points were selected 
so that water is sampled before mixing w i th  sewers connected to existing UC bivis 
operations (location SO-1 1 and sampled just prior t o  discharge t o  the wastewateitreetment 

plant outfall pipe outfall (location LS-1). Exact locations may be modified based on 

observed runoff f low patterns. Samples will be collected from a storm event early in the 

rainy season and in the middle of the rainy season. 
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TABLE A-6.7 MONITORING PARAMETERS - SURFACE WATER "' 

(1)  To be collected at  locations PCD, PCU, and STPO. 

I Field 

To be measured every 
quarter for each surface 
water monitoring point 

PH 
Electrical Conductivity 
Temperature 
Turbidity 
Eh 
Approximately Flow Rate"' 

£2) STPO discharge rates will be obtained from UC Davis; f law measurements . . .  fat, Putah 
Creek wit! be obtained f rom the Solano trrigation District, 

Quarterly 

To be collected every 
quarter (spring, summer, 
fall, and winter) from each 
surface water monitoring 
point 

Volatile Organic 
Compounds 

Pesticides and PCBs 
Tritium, Radium-226, 

Strontium-90, 
' Gross Alpha, Gross Beta, 

Gamma Emitters, and 
Carbon-1 4 
Plutonium-241 
Americium-241 

Total Chromium 
Hexavalent Chromium 
Alkalinity 
Cations 
Anions 
Nitrate 
Total Organic Carbon 
Total Dissolved Solids 
Formaldehyde 
Turbidity 

Annual 

To be collected one quarter 
per year (spring) from each 
surface water monitoring 
point 

Semi-volatile Organic 
Compounds 

Antimony, Arsenic, 
Barium, Beryllium, 
Cadmium, Cobalt, Lead, 
Mercury, Molybdenum, 
Nickel, Selenium, Silver, 
Thallium, Vanadium, and 
Zinc 

Chemical Oxygen Demand 
Biochemical Oxygen 

Demand 
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During each event, the t w o  storm water samples will be collected within as small a 
time interval as possible t o  maximize the comparability of the results. Samples wil l  be 
collected each event for analytes listed in Table A-6.8. A minimum of three field 

measurements for pH, electrical conductivity, temperature, turbidity, and Eh wil l  be 
collected from each storm water runoff location. Procedures for conducting field 

measurements and calibrating field instruments are described in SOP 2.0. 

Samples from location LS-1 will be collected out of the sump while it is actively 
receiving runoff and while the l i f t station pump is running. Grab samples will be collected 
using a disposable bailer and transferred into the proper sample containers. Samples from 
the SD-1 location will be.collected as grab samples out of a clean, disposable container, 
such as a disposable bailer, and transferred into the proper sample containers provided by 
the laboratory. Samples will be filtered and preserved as indicated in Table A-5.2. L'ample 
containers will be labelled wi th LEHR site name, well identification, date, time, requested 

analyses, and preservation method. 

6.9.6 Field Quality Assurance Sam~ l ina  - Water 

Water monitoring field quality control will consist of trip blanks, field blanks, and 
"blind" duplicates. Trip blanks will be supplied by the laboratory and will accompany the 
sample containers to  and from the laboratory. One set of trip blanks wil l  be included wi th  

each daily sample shipment and analyzed for volatile organic compounds. 

During each quarterly monitoring round, "blind" duplicate samples wil l  be collected 

one for every 2 0  groundwater samples and one per quarter for surface water samples by 

simultaneously filling a second, identical set of sample containers, and labelling the 

containers w i th  a fictitious well identification. Duplicate samples wil l  be collected from 

different wells and surface water monitoring points each quarter and documented in the 
bound field notebook. During storm runoff monitoring, one blind duplicate sample will be 

collected for each monitoring event, and one trip blank per daily shipment. Duplicate 
samples will be filtered, preserved, packaged, and shipped in an identical fashion t o  

groundwater and surface water samples. 

A complete table presenting the proposed sample-collection schedule for one 
monitoring year is included in Table A-6.9. This table includes an estimate of the number 

of duplicate and field blank samples that will be collected per sampling event. 
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TABLE A-6.8 MONITORING PARAMETERS - STORM WATER RUNOFF "I 

Electrical Conductivity 

Approximate Flow Rate 
Tritium, Radium-226 

Strontium-90, 
Gross Alpha, Gross Beta, 
Gamma Emitters, and 

Americium-241 
Plutonium-241 

Antimony, arsenic, Barium, 
Beryllium, Cadmium, Cobalt, 
Lead, Mercury, 
Molybdenum, Nickel, 
Selenium, Silver, 
Thallium, Vanadium, and 

Total Chromium 
Hexavalent Chromium 

Total Organic Carbon 
Total Suspended Solids 
Total Dissolved Solids 

After t w o  years of monitoring (four events) several parameters may modified. 
I I I  LS-1 and SD-1 . 
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TABLE A-6.9 PROPOSED WATER MONITORING SCHEDULE FOR ONE MONITORING YEAR 

Monitoring Point 

) Runoff Samples 

Eighteen Existing 
Wells 

Sixteen Proposed 
Monitoring Wells 

Surf ace Water 
Samples 

Storm Water 

(1 ) Annual monltorlng will occur dur~ng the sprlng quarterly round. 

J 
Samples 

18 

16 

3 

2 

DupU- 
cates 

1 

1 

1 

1 

Event 
To td  

19 

17 

4 

3 

Monitoring Events p w  
Year"' T o t d  

4 (quarters - spring, 
summer, fall, winter) 

4 (quarters - spring, 
summer, fall, winter) 

4 (quarters - spring, 
summer, fall, winter) 

2 (storm events) 

7 6 

6 8 

16 

6 
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6.9.7 Water Sample Packaaina and Shiooinq 
* 

Each water sample, duplicate sample, and trip blank container will be packaged and 

shipped according to  procedures described in SOP 5.0. Samples will be packed in ice 

chests containing sealed blue ice and a completed, signed, and dated Chain of Custody 

(COC) form. Special care will be taken to pack sample containers to minimize breakage. 

Ice chests will be secured with a custody seal and will be delivered daily to  Federal 

Express for overnight delivery to  the analytical laboratory. Upon receipt of the sample 

shipment, the laboratory will transmit a copy of the completed COC form by facsimile to 
Dames & Moore, noting any missing or damaged containers. If necessary and appropriate, 

sample water will be taken from undamaged bottles from the same well. If sufficient 

sample water cannot be extracted from remaining bottles, analyses for that sample will be 

halted and the well resampled. Samples will nut be collected or shipped on Fridays to  

avoid potential Saturday delivery and analysis problems. 

Saturated zone permeability testing will be conducted to  evaluate hydrogeologic 

parameters for input into computer models. Hydraulic conductivities of the saturated 

formation within the screened interval of each will be estimated by completing slug tests. 

Slug tests are conducted by raising and lowering a solid PVC "slug" to displace water 

inside a well. As the water level in the well recovers to  static, water level measurements 

are collected at specific time intervals. By analyzing the rate of recovery, the saturated 

hydraulic conductivity can be estimated. Procedures for conducting slug tests are 

described in SOP 13 (Aquifer Testing). 

If warranted, an aquifer pump test may be conducted on a well screened in the 

second HSU. A pump test would provide a more accurate estimate of hydrogeologic 

parameters; however, it will be logistically difficult, due to purge water disposal. A 

discussion of options for potential pump tests is presented in Chapter 6 of the RIIFS Work 

Plan. A description of pump test procedures is presented in SOP 13. 
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6.1 1 BASELINE AIR MONITORING INVESTIGATION 

Baseline air monitoring measures the windspeed and direction adjacent to the LEHR 

site as well as chemical and radiologic constituents identified at-the LEHR site. The 

locations of the five perimeter air monitoring stations are presented in Fig'ure A25. 

Air sampling procedures are described in SOPS 16 and 17. Sampling for radio 

nuclides will be performed weekly, and cornposited into monthly samples. The radio 

nuclide parameters are listed in Table A-6.10. Sampling for non-radionuclides will be 

performed for a single 24 hour period per month. The analytical non radio nuclides are 

also presented in Table A-6.10. The tat imk for sefecting the.& mtmitdng sdytical 
parameters is presented ,@,Section 7.2,t'.3' of the R I B  Work Pfan. 

Additional meteorologic data such as wind speed and wind direction may be 

developed, as described in Section 2.3.5 of the RIIFS Work Plan. The data would be 

recorded with an automated data acquisition system, which retains hourly averaged 

measurements with a sensitivity of 0.5 meters per second. 

6.1 2 BIOTA INVESTIGATION 

The biota inwsti iat ioo at the tWR site will consist of the sampling andanalysis of 
. . . . . . . . . . . . . . . . . . . . . . . . . . ...,., 
y#ge'f#tiun; ; 

. . * The 
goals of yajir;eta@@q &eta sampling are to characterize pertinent aspects of the local 

ecology and evaluate potential effects of chemical migration on terrestrial and aquatic life 

through the food chain. Rationale and for vegetation ed-biem sampling are presented in 

the RIIFS Work Plan text. Methods for sampling vegetation are presented in SOP 32  - 
Vegetation Sampling. If evaluations of chemical analytical data in  soil or vegetation 

indicate the potential for adverse impacts to  terrestrial receptors, then mammals may be 

collected for tissue analysis. Fish in Putah Creek will only be collected and submitted for 

chemical analysis if analytical data in surface water and sediments indicate elevated 

contaminant levels. 
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TABLE A-6.1 0 ANALYTICAL PARAMETERS - AIR MONITORING 

Non-Radiologic Parameters 

Antimony 

Beryllium 

Copper 

Molybdenum 

Selenium 

Chlordane 

Chloroform 

L,,nylene Chloride 
- 

Chromium 

1 Radiological Parameters 

Gross Alpha 

Gross Beta 

Gamma Emitters 

Tritium 

Cobalt-60 

Strontium-90 

Cesium-1 3 7  

Radium-226 

Isotopic Uranium 

(-238, -234, -235)  

Isotopic Thorium 

(-232, -230,  -228)  

Radon-222 
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ATTACHMENT 1 

STANDARD OPERATING PROCEDURES 

INTRODUCTION 

This Attachment describes 32  Standard Operating Procedures (SOP) for field tasks 

t o  be completed during RIIFS-EA activities at the LEHR facility. The SOPs are intended to 

augment the descriptions of sampling, monitoring, and data collection in the text of the 

FSP. These were developed as general descriptions of field methods that will 

be employed at various locations and phases of the field investigation. The purpose of the 

SOPs is to  standardize and document field procedures and the collection of field data. 

Each SOP describes the purpose, equipment needs, proper field documentation 

forms, and methodology for a general field task. Specific Health and Safety procedures 

and information are presented in the site-specific Health and Safety Plan (Appendix C). 

Field personnel will be familiar with the Health and Safety Plan prior to  implementing field 

procedures. Full-size copies of field documentation forms referenced in the SOPs are as 

Attachment 2 to  Appendix A. Many SOPs are subdivided into more specific procedures, 

when necessary. Overall, the SOPs listed below provide general methods and procedures 

which may be changed due t o  variations in field conditions. Changes in procedures will be 

documented by issuing a Revised SOP. Significant changes made t o  SOPs that are not 

documented in a Revised SOP will be controlled and documented using SOP-31.0 (see 

below), and the Interim Change Notice procedure described in the QAPjP. 

Procedures for the following field tasks are described in this Attachment: 

SOP 1 .o 
SOP 2.0 

SOP 3.0 

SOP 4.0 

SOP 5.0 

SOP 6.0 

SOP 7.0 

Water Sampling 

Field Measurements - Water 

Equipment Decontamination 

Soil Water and Waste Disposal 

Sample Shipment 

Soil Borings 

Logging of Soil Borings 

SOP- 1 
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SOP 8.0 

SOP 9.0 
SOP 10.0 

SOP 1 1 .o 
SOP 12.0 

SOP 13.0 

SOP 14.0 

SOP 15.0 

SOP 16.0 

SOP 17.0 

SOP 18.0 

SOP 19.' 

SOP 20.0 

SOP 21 .o 
SOP 22.0 

SOP 23.0 

SOP 24.0 

SOP 25.0 

SOP 26.0 

SOP 27.0 

SOP 28.0 

SOP 29.0 

SOP 30.0 

SOP 31 .O 

SOP 32.0 

SOP 33.0 

Installation and Construction - Groundwater Monitoring Wells 

Borehole Geophysical Logging 

Soil Sampling 

Test Pit Excavation 
Permeability Testing - Unsaturated Zone 

Aquifer Testing 

Field Measurements - Soil 

Field Measurements - Air 

Air Sampling - Ratameters and Mass Flow 

Air Sampling - Radionuclides in Ambient Air 

Analytical Wipe Sample for Organic Chemicals 

Cone Penetrometer Test and Hydropunch Sampling 

Shallow Subsurface Geophysical Methods 

Soil Vapor Survey 

Surface Contamination Survey for Radiological Materials 

Performance Test and Operational Checks for Alpha and Beta - 
Gamma Contamination Survey Instruments 

Performance Checking and Operation of the Alpha Scintillation Smear 

Counting Instruments 

Performance Testing and Operation of the Beta Smear Counting 

Instrumentation 

Radon Working Level Monitoring - Grab Sample Technique 

Performance of the Gamma Radiation Survey 

Use of Bicron FIDLER 

Performance of Personal Contamination Monitoring 

Airborne Radioactivity Monitoring 

Change in Standard Operating Procedure 

Vegetation Sampling 

Down-Hole Radiation Monitoring 
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-STANDARD OPERATING PROCEDURES 
STANDARD OPERATING PROCEDURE 1.0 

WATER SAMPLING 

Purpose and Scope: The purpose of these procedures is t o  describe the general 
methodology for collecting representative groundwater, surface 
water, and storm water runoff samples for chemical analysis. The 
following procedures describe the techniques to be implemented for 
water-level measurements, well purging, sampling withdrawal, and 
sample collection. 

Equipment: Bailer - stainless-steel, teflon, PVC, or disposable polyethylene; 
Bailer reel with twine; 
A tarp or plastic sheet; 
Water level indicator (1 00-foot length); 
pH meter, conductivity meter(EC1, and thermometer; 
Eh meter; 
Turbidity meter; 
Sample .containers (laboratory cleaned and provided); 
Electric generator; 
Electric submersible pump control box; 
Oil-less compressor; 
Bladder pump control box; 
Ice chests; and 
Blue ice. 

Documentation: Field Memorandum; 
Water Sample Tracking Form; 
Field Record of Water Sampling form; 
Sample Chain of Custody; and 
Instrument Calibration Log. 
(All forms are to  be included in a bound field notebook.) 

1.1 SET-UP 

Prior t o  the sampling event, an appropriately trained professional will be responsible 

for reviewing available information and preparing the proper equipment. Preparation and 

set-up for water sampling will include the following: 

Review the sample locations and number of samples t o  be collected wi th  
Project Manager; 
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Confirm analyte list with Project Manager; --.- 
Notify the laboratory 2-3 weeks in advance of sampling of the number of 
samples and types of analyses. Request the proper number and type of 
sample containers. Upon receipt, inspect sample containers, notify 
laboratory of any missing or damaged containers; 

Notify on-site personnel of sampling schedule, and clear access t o  wells 
and/or surface water sampling locations; 

Check and calibrate water level meter, pH, EC, temperature, and turbidity 
meters to  ensure the meters are accurate and are in good working condition 
(see SOP 2.0); 

Asserr?!s all required equipment and check that it is in proper working 
condit~on; and 

As part of preparation and mobilization, a bound field notebook will be 
compiled to  be used during the sampling event. The notebook will include 
blank copies of the necessary documentation forms including: field I 

memoranda, water sample tracking forms, field records of water sampling, 
and instrument calibration forms. The notebook may also include well 
specification information and sample location maps. Upon completion of the 
monitoring event, the notebook will be turned into the Project Manager for 
review and approval. 

: ,  . 
1.2 GROUNDWATER SAMPLING 

L 

Groundwater samples will be collected from monitoring wells installed as part of the 

LEHR Environmental Restoration Program, and from in-situ water encountered during 

drilling of soil borings. Monitoring wells, pietometers, and boreholes will be sampled after 

adequate purging and after field measurements have stabilized. These procedures are 

described below. 

1.2.1 Groundwater Monitorina Wells 

Groundwater samples from monitoring wells will be collected after purging so that 

fresh formation water is sampled. Prior to  purging, the field technician will visually check 

the well for damage and prepare the Field Record of Water Sampling form. All non- 
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dedicated equipment will be decontaminated, assembled, calibrated, and tested prior to 

sampling. Monitoring well construction logs, along with available water level data, will be 

reviewed. 

Field instruments will be calibrated prior to beginning daily sampling activities -- 

according to procedures outlined in SOP 2.0. Instruments will be calibrated periodically 

during continuous use as outlined in the QAPP. Calibration information will be recorded on 

the Instrument Calibration Form and noted on Field Memorandums. All field groundwater 

measurements will be recorded on Field Record of Water Sampling forms. 

The static water level will then be measured with an electric water level indicator. 

Depth-to-water measurements will be recorded to the nearest 0.01 foot on the Field 

Record of Water Sampling form. Each well will then be purged to allow sample collection 

of fresh formation water. Monitoring wells will be purged at rates of two to five gallons 

per minute with dedicated electric submersible pumps. Purged water will be contained in 

55-gallon, DOT-approved drums. If the static water level drops below the level of 

dedicated pumps, no sample will be collected for that well. Purging of each monitoring 

well will continue until the following two conditions are met: 

Three casing volumes are removed from the well or piezometer. To 
calculate the volume of water in-the well, use the equation: 

where: 
CV = one casing volume of water in well (gallons) 
H = height of water column (feet) 
r = radius of well casing (feet) 

The field pH, specific conductivity, temperature, and turbidity measurements 
of the discharged water have stabilized to consecutive readings within 10% 
of previous readings. 

Wells that are pumped or bailed dry prior to removing three casing volumes of 
water will be allowed to recover and then pumped or bailed dry a second time. Field 
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measurements of temperature, pH, specific conductivity, and turbidity will then be 

collected as the well fills again. Samples will be collected when measurements have 

stabilized. 

Samples will be collected as soon as recharge has occurred or at the completion of 

purging. Samples will be collected for volatiles at 100 mllminute, and other parameters at 

rates of 500 to 1,000 mllminute. The dedicated sample pump or a disposable bailer will 

be used to obtain the samples from the well. For sample collection, the bailer will be 

lowered with minimum splash to just below the water surface. Samples will be collected 

in the following order: 

Volatile Organic Coy. .?ounds; 

Semi-volatile Organic Compounds; 

Metals; and 

Other Parameters. 

Volatile organic compounds will be collected in containers with no headspace. 

Sample fractions for metals and other inorganic compounds will be filtered and preserved 

in the field according to  laboratory instruction. Sample preservative requirements are 

presented in Table A-5.2. Samples that require filtering will be filtered using a disposable 

0.45 (micron) filter. If the sample is.turbid,-a pre-filter will be used-to prevent 

clogging. An adequate sample volume will be pumped through the filter and into the 

sample containers. The filter will be disposed of and all filtering information will be 

recorded on the Field Record of Water Sampling form. 

Labels will be affixed to each sample bottle recording sample number, well number, 

date, time, analysis required, preservative used, and collectors initials. In addition, all 

information will be recorded on the Field Record of Water Sampling form and field log 

along with a description of the physical appearance of the sample including color, clarity, 

suspended solids, etc. 

A Chain-of-Custody Form will accompany each sample to establish the required 

documentation necessary to trace sample possession. Information on this form includes 
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project number, name, signature of collector, sample number, date and time of collection, 

sample type (grab or composite), number of containers, analyses required, signature of 

persons involved in the chain of possession, and inclusive dates of possession. A copy of 

the Chain-of-Custody Form will be maintained by the sampling personnel. The Chain-of- 

Custody Form will be maintained as part of the project files once analyses have been 

completed and the signed Chain-of-Custody Form has been returned by the laboratory. 

Sample handling will be conducted as described in SOP 5.0. 

Nondedicated and non-disposable bailers, pumps, meters, reels, water levels 

meters, and teflon tubing will be decontaminated upon completion of sampling (see SOP 

3.0- Equipment Decontamination). Disposable materials will be discarded according to the 

LEHR Waste Management Plan. 

1.2.3 In-situ Groundwater Sarn~ling 

In-situ groundwater samples may be collected during drilling by the dual-tube 

percussion or casing hammer methods. See SOP 6.0 for a discussion of these drilling 

methods. 

This method of sampling is essentially the same as that for monitoring wells, except 

that the groundwater sample is collected directly from the borehole. The water-bearing 

formation should be penetrated to a depth that will allow adequate production of water for 

purging and sampling. A water level reading should be obtained from which to calculate 
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*. 

the purge volume. The diameter of the drill casing should be used t o  calculate the purge 

volume. Purging may be accomplished either by circulating the water from the hole and 

- through the cyclone with compressed air, or lowering a pump or bailer into the hole. Field 

groundwater measurements and sample collection procedures are the same as that 

described above in Section 1.2.1. 

1.3 SURFACE WATER SAMPLING - GRAB SAMPLE 

Surface water samples will be collected by a grab sampling method. Prior t o  

collecting surface water samples, the following procedures will be followed: 

Measure and record ~ s ' ~ :  depth and time of measuremen>; and 

Measure pH, conductivity, turbidity, and temperature (see SOP 2.0). 

Grab samples will be collected directly into the sample containers or into disposable 

containers or a glass bottle and then transfered into the sample containers. Sample 

containers will be filled in the following order (i.e., the order of parameter volatilization 

sensitivity): 

Semi-volatile organic compounds; 

Metals; and 

Other parameters. 

Samples for volatile organic compounds will be collected directly into the sample vials to  

minimize potential volatilization of the sample. Sample bottles will be labeled with the 

required information. Complete information will also be included on the Chain-of-Custody 

and Field Records of Water Sampling Forms. 

1.4 STORM WATER RUNOFF SAMPLING - GRAB SAMPLE 

Storm water samples from storm drain or sewer systems will be collected by a grab 

sampling method. Prior to  collecting a runoff sample, the following procedures will be 

followed: 
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Measureand record water depth with a water level indicator, and record 
condition of drain or sewer, including floating debris or distinct odors 
emanating from water; and 

Measure pH, conductivity, turbidity, and temperature 2 to  3 times (SOP 2.0 
Field Measurements - Water). 

Grab samples will be collected directly into the sample containers or by using a disposable 

container or disposable bailer and then transfered into the sample containers. 
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STANDARD OPERATING PROCEDURES 
STANDARD OPERATING PROCEDURE 2.0 

FIELD MEASUREMENTS - WATER 

Purpose and Scope: These procedures describe the techniques to be implemented when 
field measurements of groundwater, surface water, and storm water 
runoff are collected. The methods described are intended to provide 
uniformity and continuity in operation, calibration, and maintenance 
of both the equipment and measuring techniques by different qualified 
field analysts or technicians. Measurements described below include 
pH, electrical conductivity (EC), turbidity, temperature, Eh, dissolved 
oxygen, and groundwater elevation. Procedures below were derived 
from manufacturer's recommendations and include methods for 
calibration and measurement. 

Equipment: pH Meter (one that can perform a two-point calibration) and 
electrode; 
pH buffer solutions (pH 4.0, 7.0, 10.0) (NIST traceable); 
Electrical Conductivity (ECI Meter; 
EC Reference Standards (NIST traceable); 
Thermometer (NIST traceable); 
Eh Electrode; 
Zoebell's Solution; 
Turbidity Meter; 
Eh Meter; 
Water Level Indicator; 
Distilled or deionized Water; 
Spray water bottle; 
Sample cup or beaker; and 

t 
Extra batteries. 

Documentation: Field Memorandum; 
Field Record of Water Sampling Form; 
Instrument Calibration Form; and 
Water Sample Tracking Form. 

2.1 SET-UP 

Prior to taking any field measurements, the geologist will assemble all necessary 

equipment and check all instruments to  be used to  ensure they are in proper working 
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condition. Each meter will then be calibrated. Calibration data will be recorded on an 

Instrument Calibration Form. 

2.2 WATER LEVEL MEASUREMENT 

Water level measurements will be referenced to a known elevational datum. The 

measuring point at the top of the casing will be permanently marked and surveyed and 

measurements will be consistently taken from the same marked point. Water levels will be 

measured prior to well evacuation with a hydrocarbon interface measuring device, 

electrical sounding device, or equivalent device. A hydrocarbon interface measuring device 

will be used as the primary instrument for measuring and detecting light non-aqueous 

phase liquids (LNAPLs) and dense non-aqueous phase ''at :ds (DNAPLs). Measurements 

will be made following manufacturer's specifications. 

Water levels will be measured by lowering the probe or tape measure into the well 

until contact with the water surface is indicated. The electric tape will be marked at the 
i 

reference measuring point and partly withdrawn. Readings will be verified by repeating the 

procedure until successive measurements differ by less than 0.01 foot, and then recorded. 

Measuring devices will be decontaminated prior to  and after use in each monitoring well. 

If the water level measurement indicates the well is dry, the total well depth 

measurement will be recorded and compared with well construction specifications. If the 

total depth measurement and the well specifications do not match, the dedicated pumps 

will be temporarily removed from the well and placed into a plastic bag. The total depth 

will then be remeasured to ensure that there is no interference from the pump with the 

water level probe. 

2.3 pH MEASUREMENT 

The general procedures for the operation, calibration, and maintenance of a field pH 

meter and its accessories are described below. Manufacturer's specifications and 

recommendations should be followed or referred to when the need arises. 



- 
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Prior to  use, the pH meter should be examined for cleanliness and checked for 

defects and any possible need of repair. The checks should include the battery and 

electrode. 

a Battery check will include measurements t o  determine if it is functional to  
full scale. Batteries will be replaced if found weak. 

a Electrode check will consist of checking that the electrode is properly 
connected to  the meter. The electrode tip should be covered by a rubber 
sleeve or cap that protects the electrolyte from flowing out of the opening or 
from drying. Pull the cap off and save for storage. If bubbles are seen in 
the bulb area of the electrode, shake the electrode downward. This action 
will help eliminate bubbles that may have been generated during storage or 
shipment. - 

a The meter and electrode will be checked daily by trained personnel according 
to  procedures provided by the equipment's manufacturer. 

Procedures for calibrating the meter and for measuring the pH of a water sample 

are listed below: 

a Turn on power; 

Allow meter to stabilize for three to  five minutes. Caution: Do not leave or 
use meter in direct sunlight, cold wind, or rain; 

Calibrate the meter. Calibration schedule should include daily calibration, as 
well as periodic calibration (see QAPP) during continuous use of the meter. 
Instrument calibration consists of the following steps: 

- Select two  buffer solutions obtained from a commercial supplier (pH 
4 and 7 if acidic conditions are expected of sampling water or pH 7 
and 10 if alkaline conditions are expected). 

- Measure temperature of buffers using a clean thermometer. Ensure 
that the thermometer is rinsed with distilled water before and after 
each use. 

- Rinse electrode with distilled water and replace protective cap. 
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- Place pH electrode in pH 7.0 buffer solution and set the temperature 
knob at the mark indicating the solution temperature. 

- Switch the control knob to  the "pH" position. Gently swirl the 
solution and allow reading to stabilize. When reading is stable, enter 
or adjust the meter to  read the appropriate value for the pH 7 buffer 
at that temperature (the exact procedure will vary for different 
meters). 

- Measure the temperature of the second buffer solution and set the 
temperature knob at the mark indicating the solution temperature. 

- Rinse the electrode with distilled water and place in the buffer 
solution, allowing reading to  stabilize. When reading is stable, enter 
or adjust the meter t o  read the appropriate valilr for the second pH 
buffer solution After calibration to  2 buffer solu610ns, rinse the probe 
with distilled water and place it in the pH 7 buffer. If the meter reads 
the appropriate ialue for the pH 7 buffer, it is calibrated. 

• Measure pH of unknown solution as follows: 

- Measure temperature of unknown sample solution. 

- Set the temperature knob at the mark indicating the solution 
temperatures. 

- Place probe into sample and allow meter reading to stabilize. 

- Record data on appropriate form or log. 

2.4 ELECTRICAL CONDUCTIVITY 

This procedure describes the operation, calibration, and maintenance of a 

conductivity meter for conductivity measurements and use in field sampling activity. 

Manufacturer's specifications and recommendations for the instrument used should be 

followed or referred to when needed. 

Prior to  using in the field, the conductivity meter should be examined for cleanliness 

and checked for defects and any possible need of repair. The checks should include 

whether the battery is operable, whether the conductivity meter is zeroed, and whether its 1: 
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probe is conditioned for proper functioning. Scheduled maintenance will include daily 

checks by trained personnel according to procedures provided by the equipment's 

manufacturer. 

Procedures for calibrating an EC meter and taking an EC reading of an unknown 

solution are listed below: 

a Check battery level (see above) before using the meter; 

a Calibrate or standardize the instrument using a standard solution. Select a 
standard solution having a conductivity value near expected value of water 
sample. The standard solution should be of known integrity; 

a Measure temperature of the standard solution; 

a Turn conductivity 'RANGE" selector to lowest position that will 
accommodate the conductivity of the value standard solution on the readout 
meter; 

a Set power switch to "ON" and immerse probe in solution, ensuring that 
probe is immersed t o  a depth to cover the electrodes. When immersing 
probe, dip it up and down in solution to expel any air bubbles inside and 
immediately outside the probe body; and 

a Allow meter to equilibrate, then adjust the 'CALIBRATION" knob until meter 
indicates known value of standard solution on conductivity scale. 

To take a reading of an unknown sample solution: 

a Immerse probe in sample solution, being certain that electrodes are covered, 
that all air has been expelled, and that probe is not in contact with the walls 
or bottom of the' sample container; 

a Turn 'RANGE" selector counterclockwise to obtain the appropriate on-scale 
indication; 

a Note meter indication on conductivity scale; 

• Remove probe from sample solution and rinse it thoroughly in distilled water 
before proceeding to measure next samples or putting away the equipment; 
and 
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Record data on log. 

2.5 'TEMPERATURE 

This operating procedure describes the operation, calibration, and maintenance of a 

thermometer and its accessories for use in the field. Manufacturer's specifications and 

recommendations should be followed or referred to when the need arises. 

Prior to measuring a sample, examine the thermometer for cleanliness, defects, and 

any possible need of repair. The checks should include the battery and probe. 

Procedures: 

Slide switch toward display :o turn the unit on; 

If the 'LOW-BAT" notation is present in the display, replace battery; 

Take temperature as soon as possible after removing from well or stream 
and do not take reading when sample is in direct sunlight; 

Stir liquid continuously while measuring temperature; 

Record measured temperature in field log and other required information on 
the Field Sampling Sheets; and 

Decontaminate probe when finished. 

2.6 TURBIDITY 

The general procedures for the operation, calibration and maintenance of a field 

turbidity meter are discussed below. Manufacturers' specifications and recommendations 

should be followed or referred to, as necessary. 

Prior to  use, check that the meter is clean and that the battery is charged. If the 

battery is low, the low-battery light will light up. Calibrate and operate the meter as 

follows: 
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• Turn meter on by turning scale knob to 920"; 

- I  
• Place vial with 0.10 NTU standard solution into the measuring chamber. 

Place cover on chamber to  eliminate outside light sources; 

• after the digital reading has stabilized, adjust calibration knob to read 0.1 0 
NTU; 

• Remove calibration vial and place sample vial (with sample) in measurement 
chamber. If necessary, clean vial of water droplets or dirt with a clean paper 
towel; and 

• Wait for digital read-out to stabilize and record value on Field Record of 
Water Sampling form. 

2.7 Eh (OXIDATION-REDUCTION POTENTIAL) 

The Eh probe and meter are factory calibrated and checked in the field against 

Zoebell's solution. Zobel Solution has a known value of 231 25 mV at 25OC when 

using an ORP Electrode. The potassium ferric-ferrocyanide Zobell Solution is 

recommended by the United States Geological Survey (U.S.G.S.), as the standard 

reference solution. The check is accomplished by the following procedures: 

1. Place the shorting cap on the pH input jack. Rinse the ORP electrode and a 
temperature sensor with deionized or distilled water and connect them to the 
meter. Pat dry with a laboratory tissue. Follow with a rinse of a small 
amount of reconstituted Zobell Solution. 

2. Pour the Zobell Solution into a sample cup and immerse the ORP electrode 
and temperature sensor in the solution. 

3. Turn on the instrument and allow the sensors t o  equilibrate inthe solution. 

4. Set the function switch to the mV mode. Read the temperature and 
calcualte the correction to 25OC by adding 1.3 mV for each degree below 
25OC, or by subtracting 1.3 mV for each degree above 25OC; or determine 
the correction by use of the table provided in the Zobell Solution instrument 
sheet. A corrected reading within 25 mV of the value indicated assures 
correct electrode functlon. 
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2.8 LUDLUM MODEL 2929 DUAL CHANNEL SEALER 

See SOP 24.0 Performance checking and Operation of the Alpha Scintillation Smear 
bunting Instruments, or SOP 25.0 Performance Testing and Operation of the Beta Smear 
Counting Instrumentation. 
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STANDARD OPERATING PROCEDURES 
STANDARD OPERATING PROCEDLIRE 3.0 

EQUIPMENT DECONTAMINATION 

Purpose and Scope: The purpose of this procedure is to describe the SOP'S for equipment 
decontamination to minimize the potential for cross contamination 
between wells or sampling locations. This procedure describes the 
methodologies to be followed to maximize proper decontamination of 
drilling and sampling equipment. 

Equipment: Steam Cleaner; 
Four 5-gallon buckets; 
Bottle brushes; 
Distilled water; 
Potable water; 
Non-Phosphate Cleaning Solution (Alconofl); and 
4-ml plastic sheeting. 

Documentation: Field Memorandum 

3.1 DECONTAMINATION PROCEDURES 

Decontamination procedures described in this section are applicable to any non- 

dedicated, non-disposable equipment. Disposable equipment will be disposed according to 

procedures described in SOP 4.0. All investigative-derived wastes will be stored in 55- 

gallon, DOT-approved drums, pending characterization for disposal. 

Samolina Eaui~ment 

Prior to use and after each sample is collected, all soil, groundwater and surface 

water sampling equipment will be washed twice in a non-phosphate (Alconofl) solution, 

rinsed with potable water and rinsed again with distilled water. Hard bristle bottle brushes 

may be used in the first two wash buckets to remove mud and debris. Samplers should be 

allowed to drain dry after the final distilled water rise. 

Potable water will be obtained from on-site sources. Distilled water will be supplied 

in 5-gallon containers by Alhambra Water. 
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Drillina and Excavatina Eaui~ment 

B Drilling and excavating equipment, including backhoe buckets, drill bits, casing, 

augers, and tools or other equipment that may have come in contact with potentially 

impacted soils or water, will be steam cleaned between each location. The steam cleaner 

will be capable of generating a working pressure of 2,000 pounds per square inch (psi), a 

discharge rate of 5 gallons per minute (gpm), and an operating temperature of 200°F. 

An on-site area will be designated as the decontamination area. The area will be 

lined and bermed with two layers of 4 mil visqueen to contain rinsate from steam cleaning 

operations. The steam cleaning area will be designed to allow the backhoe and drilling rig 

and support vehicles to drive onto the visqueen. After completion of each boring, drill 

casing or augers, drill bits and drill rods are transported by truck to the steam cleaning 

area. Drill casing from the monitoring well drilling procedures will be cleaned while on the 

support truck. Hollow-stem augers (if used) will be placed on lumber in the 

decontamination area for cleaning. Rinsate collected in the decontamination area will be i 
collected and disposed of according to the Waste Management Plan. 

In addition to the drilling equipment, all monitoring-well casing, stainless steel 

screen, and centralizers will be steam cleaned prior to installation. Cleaned well materials 
will be covered with 4 mil visqueen, and transported to the well site. . 

Submersible Pumps 

If a non-dedicated submersible pump is necessary to properly evacuate a well, it 

will be cleaned using a three step wash. First, the pump intake device is submersed into 

non-phosphate cleaning solution and run until the bucket is empty. Second, the pump is 

submersed into a bucket containing potable water and run until the bucket is empty. The 

second step can be repeated twice to sufficiently rinse the pump. The third step involves 

rinsing the pump with distilled water using the same method as Steps 1 and 2. Tubing 

will be dedicated to each well and will not be decontaininated after each use. 
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Personnel Decontamination 

All personnel will follow the personnel decontamination procedures outlined in the 

project Health and Safety Plan. 
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.STANDARD OPERATING PROCEDURES 
STANDARD OPERATING PROCEDURE 4.0 

SOIL, WATER, AND WASTE DISPOSAL 

Purpose and Scope: This SOP describes the general procedure for proper handling, storage 
and disposal of potentially impacted on-property and off-property soil 
cuttings and purge water generated during drilling and water 
sampling. Activities which would generate soil cuttings include: soil 
borings monitoring well installation; and downhole falling head 
permeability tests. Activities which would generate purge water and 
decontamination water include: water sampling; and all activities 
where decontamination water is generated. 

Equipment: DOT-approved transport containers wi th  covers for soil and water 
(e.g., 55-gallon drums, 20-yard roll-off bins, Baker Tanks, etc.); and 
Appropriate sample containers and sampling equipment. 

Documentation: Field memorandum 

4.1 CONTAINMENT 

Drill cuttings and water generated during drilling may be containerizeded in DOT- 

approved transport containers. Purge water resulting from water sampling will also be 

contained. Containers will be labeled by field personnel t o  identify contents, date, and 

source location (well or boring ID). Labels will be weather-resistant vinyl, and waterproof 

ink markers will be used. Additionally, disposable equipment, including personnel 

protective equipment, wil l be contained pending characteriziation. 

4.2 DISPOSAL 

Disposal o f  any waste from the LEHR facility will be conducted under appropriate 

state and federal regulations and according t o  procedures described in the Waste 

Management Plan. 
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STANDARD OPERATING PROCEDURES 
STANDARD OPERATING PROCEDURE 5.0 

SAMPLE SHIPMENT 

Purpose and Scope: The activities described in this procedure outline general methodology 
t o  be used during the shipment of soil, water and sediment samples 
t o  the analytical laboratory. The objectives of this SOP are as 
follows: 

Ensure quality control in the shipping of soil, water and 
sediment samples; 
To develop uniformity of operation between different field 
personnel; 
To serve as a means that will allow traceability of error(s1 
during shipment; and 
To set forth procedures by which legal chain-of-custody 
documentation is followed. 

Equipment: Cooler suitable for sample shipment and holding ice ; 
Custody seals; 
Shipping tape and packaging materials; 
Absorbent material; 
Labels; 
Zippered storage bags; 
"Blue" type ice; 
Ludlum Model 2929 Dual Channel Sealer; and 
Swipes. 

Documentation: Field Memorandum 
' Sample Tracking Form 

Sample Chain-of-Custody (COC) Form 

5.1 PROCEDURES 

Samples collected in the field will be stored during the day in the field in ice-cooled 

containers. Samples collected during the morning may be temporarily stored in a 

refrigerator (if available)' until shipment in the afternoon. All samples stored in the coolers 

or the refrigerator wil l  be documented on the sample tracking form. When samples are 

being packaged for shipment, the procedures listed below will be followed. 
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1 .  Field personnel will see that each sample in the cooler has been screened for 
loose surface contamination is listed on the sample tracking form and the 
COC. 

2. Each cooler will be numbered. The number of each cooler wil l be noted on 
the sample tracking form and the COC. In addition, the freight identification 
number will also be noted on the sample tracking form and the COC. 

3. Samples will be packed with abundant packaging material t o  minimize the 
potential for damage during shipment. Samples will be packaged wi th either 
"wet" ice or "blue-ice". 

4. The completed COC will be signed and placed in a plastic zippered storage 
bag and taped t o  the inside cover of the cooler. 

5.  Custody seals will be placed on the cooler, then the cooler will be taped shut 
wi th  clear shipping tape. 

6. Samples will typically be shipped to the laboratory daily. Copies of the 
completed COC will be kept in the field office by the field manager. 

7.  Upon receiving the sample shipment, the analytical laboratory will inspect 
the sample containers for damage, compare the shipment t o  the COC, and 
conduct a radiologic survey. 

8. The laboratory will sign and date the COC, noting the appropriate 
information and deficiencies, and immediately fax a copy of  the COC to  
Dames & Moore. 

9. Upon receiving the fax of the COC, Dames & Moore will authorize analysis 
of  the sample shipment or provide appropriate direction to  the laboratory to  
address the deficiencies 

10. Daily contact will be made with the laboratory Project Manager t o  inform 
them of the coming shipment. 
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STANDARD OPERATING PROCEDURES 
STANDARD OPERATING PROCEDURE 6.0 

SOIL BORINGS 

Purpose and Scope: The activities described in this procedure outline general methodology 
to be used in3rilling penetrative soil borings. The resulting borings 
can be used for stratigraphic description, well construction, physical 
and chemical sampling, and down-hole hydrogeologic tests. This 
procedure describes the equipment and forms required, as well as set- 
up procedures to be completed for each boring. In addition, various 
drilling methods that may be used during remedial action, and 
borehole abandonment procedures are detailed. 

Equipment: Drilling rig, drilling tools, and support truck with water tanks; 
Steam cleaner; 
Grout plant and tremmie pipe; 
Portland cement, Types I through V; 
Powdered bentonite; and 
Plastic Sheeting; 

Documentation: Field Memorandum; and 
Soil Boring Log. 

6.1 SET-UP PROCEDURES 

All set-up and soil boring procedures will be~conducted under the supervision of a 

Dames & Moore Geologist, Hydrogeologist, or Engineer. Dames & Moore field personnel 

are responsible for: 

Identifying each borehole location; 

Confirming the drilling location with the project manager and UC Davis 

personnel; 

Review Health and Safety Plan; 

Obtaining proper clearance for potential above- and below-ground hazards; 

and, 

Obtaining proper permitting prior to initiating drilling. 

Prior to drilling, and between each borehole location, all down-hole drilling and 

sampling tools will be steam cleaned. The work area will be well marked with traffic 
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cones and barricade tape. In some cases, special arrangements may need to be arranged 
* 

to penetrate surface paving (concrete). Cuttings generated during drilling will be controlled 

by lining the borehole area with plastic sheeting and by storing in 55-gallon drums or bins. 

Upon completi60f each boring, all by-products will be properly stored and labelled 

(see SOP 4.0 Soil, Water, and Waste Disposal). The location~will be clearly marked or 

staked for surveying. 

6.2 DRILLING METHODS 

This section provides a brief description of five drilling methods that may be used 

during remedial activities on the Site. The method actually used will depend on the use 

and anticipated depth of the boring, and the material anticipated to be encountered. 

The dual tube percussion and air rotary casing hammer methods will be used in 

cases where boreholes penetrate unconsolidated material containing intervals of cobbles or 

boulders. 

Where dual tube percussion methods are specified, ten-foot-long dual flush 

threaded casing sections fitted with O-rings will be used. The outer diameter is 

approximately 10 inches, the inner diameter is approximately 9 inches. Compressed air 

will be used to circulate drill cuttings up the inside of the inner tube. Water level 

measurements and drive samples can be collected from within the inner tube. A boring log 
' based upon continuous or interval sampling and observed cuttings, will be prepared in 

accordance with the lithologic logging procedures outlined in SOP 7.0 Logging of Soil 

Borings. 

Where casing hammer methods are specified, ten-foot flush threaded drive casing 

sections fitted with hollow drill rod will be used. The outer diameter of the drive casing is 

approximately 10 inches. Compressed air will be forced down the drill stem and out the 

drill bit to circulate drill cuttings up the annulus. Drill cuttings will be collected at least 
t 
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every five feet and stored in plastic bags. Water level measurements can be collected with 

the drill rods in place, however drive samples can be collected only after the drill bit and 

rod have been removed from the borehole. Drive samples can usually only be collected at 

breaks in the drive casing (in this case every ten feet). A boring log based upon recovered 

drive samples and observed cuttings, will be prepared in accordance with the lithologic 

logging procedures outlined in SOP 7.0. 

6.2.2 Hollow-stem Auaer Method 

The hollow-stem auger method will be used in cases where shallow penetrative 

work is to be conducted in unconsolidated sediment. 

Where hollow-stem auger drilling methods are specified, hollow-stem augers, with 

lock bolt jointed 5-foot sections, and drill rod, plug, and bit assembly will be used. Auger 

diameter will be selected based upon auger availability, drilling rig capability, anticipated 

boring depth, sampler type, and intended boring use. A boring log based upon continuous 

or interval sampling and observed cuttings, will be prepared in accordance with the 

lithologic logging procedures outlined in SOP 7.0. 

Drilling fluids will be used with hollow-stem augers only in cases where flowing 

sands require maintenance of a positive hydraulic gradient between the inside and outside 

of the augers. In those cases, potable water will be pumped directly to the inside of the 

augers. If the drill rod assembly within the auger should become bound by flowing sands, 

potable water will be pumped to the top of the drill rod assembly and the assembly will be 

raised and lowered through the augers until they become unbound. The source, time, and 

duration of use, and rate of flow of drilling water, as well as justification for water use, 

will be recorded on the boring log. 

6.2.3 Rotarv Drillina Methods 

Rotary drilling methods (non-air) will be used in cases where deep penetrative work 

is to be conducted in unconsolidated sediments or shallow penetrative work is to be 

conducted in soft rock and other deposits containing boulders. 
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Where rotary drilling methods are specified, a drill pipe fitted with a roller, drag bit, 

or drive shoe will be used. The type and diameter of the bit or shoe will be specified 

based upon availability, formation characteristics, drilling rig capability, anticipated boring 

depth, sampler type, and intended boring use (i.e., for monitoring well construction). 

A boring log, based upon continuous or interval sampling and observed cuttings, 

will be prepared in accordance with the lithologic logging procedures outlined below in 

SOP 7.0. 

Where appropriate, temporary surface casing may be installed to prevent migration 

of ground water through the borehole. Sealing of the surface casing will be specified 

based uka., site geology and aquifer characteristics. 

Potable water mixed with bentonite will be the only drilling fluid used in direct 

rotary applications. A portable, steel, two-stage drilling mud pit with steel gate will be i 
used. The mud pit base will be fitted with a rubber, bentonite, or cloth gasket to prevent 

circulation loss at the ground surface. Make-up drilling water will be added directly to the 

mud pit. Settled fines will be periodically removed from the first stage of the pit. The rate 

of necessary drilling water make-up will be recorded on the boring log. 

6.2.4 Enviro-Core@ Method 

The Enviro-Core@ drilling and sampling method will be used for shallow penetrative 

work in unconsolidated sediments where no permanent groundwater well is planned and 
* where minimal cuttings should be generated. Continuous core, discrete soil drive samples, 

: or groundwater samples can be collected with this method. 

The Enviro-Core@ drilling drives two nested sampling rods with a hydraulic hammer, 

or vibrator. or by pushing. The small-diameter inner rods are used to obtain and retrieve 

the soil cores; the larger-diameter outer rods serve as temporary drive casing. 

As the Enviro-Coree rods are advanced, soil is driven into a 1 518-inch-diameter, 3- 
foot-long sample barrel that is attached to the end of the inner rods. Soil samples are 
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collected in 1 112-inch-diameter by 6-inch-long stainless steel sleeves inside the sample 

barrel as both rods are advanced. After being driven 3 feet, the inner rods are removed 

from the borehole with a hydraulic winch. The stainless steel sleeves containing the soil 

samples are removed from the drive sampler, and can then be preserved for chemical 

analysis or used for lithologic identification. After adding new stainless steel sleeves, the 

drive sampler and inner rods are then lowered back into the bo'rehole to  the previous 

depth, an additional %foot section of Enviro-Corea rods (both inner and outer) is attached, 

and the process is repeated until the desired depth is reached. 

The use of outer rods prevents sloughing of the formation while the inner rods are 

withdrawn from the hole. This ensures that the drive sampler will always be sampling soil 

from the desired interval, rather than potentially contaminated soil that has sloughed in 

from higher up in the hole. Sampling equipment will be decontaminated as described in 

SOP 3.0. 

6.2.5 Resonant Sonic Drillina (Sonic Corind 

The resonant sonic drill head is a hydraulically activated unit that imparts high 

frequency sinusoidal wave vibrations into a drill string to effectuate a cutting action at the 

bit face. The resultant cutting action forces a circular continuous core of the formation up 

into the drill string. Due to the high forces developed by the resonant head and the 

external flush nature of the specialized drill s h g ,  excess formation material generated by 

the cutting face of the bit is forced into the borehole wall thus resulting in the generation 

of no cuttings in the drilling process. Through the development of various sizes and types 

of tooling, boreholes of different depths and dimensions can be drilled. The sonic method 

of drilling yields continuous relatively undisturbed cores; uses no air, mud, water, or other 

medium for penetration; drills through most types of formation; can drill at any angle from 

horizontal t o  vertical; and yields no cuttings in the drilling process. 

6.3 BOREHOLE DESTRUCTION 

All soil borings will be permanently sealed to  prevent vertical migration of 

contaminants. Soil borings shall be destroyed by backfilling, from bottom to  the surface, 
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with Holeplug", Enviroplugm, Volclaym, or a cement-bentonite grout slurry. Boreholes that 

extend below the water table will be backfilled by tremmie method. Grout material in 

boreholes that do not penetrate the water table can be poured from the surface. 

Holeplugm and Enviroplug" bentonite do not require mixing but are poured 
into the borehole dry and charged with clean water. 

Volclaym and cement-bentonite grout (herein termed cement grout) require 
mixing with clean, potable water. The mix should not contain more than 5 
percent bentonite. 

Soil borings that penetrate two or more HSU levels will be plugged with cement grout from 

bottom t o   to^. 

After 24 hours, the grouted borehole shall be checked for grout settlement. That 

day, any settlement depression shall be filled with grout and checked 24 hours later. This 1, 
process shall be repeated until firm grout remains at the ground surface. 
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STANDARD OPERATING PROCEDURES 
STANDARD OPERATING PROCEDURE 7.0 

LOGGING OF SOIL BORINGS - USCS 

Purpose and Scope: This procedure describes basic methods for logging soil borings. 
Logging of soil borings assures that data, information, and 
descriptions generated from each borehole are properly collected and 
documented. This procedure describes equipment and forms 
required, the information necessary to complete a boring log, and 
methods for describing drill cuttings and soil samples. 

Equipment: Hand Lens; 
Dilute HCI; 
Soil Knife; 
Water Level Indicator; 
Rock Hammer; 
Measuring Tape; 
Compass; and 
Plastic Bags. 

Documentation: Field Memorandum; and 
Soil Boring Log. 

7.1 BORING LOGS 

The boring log form that will be used to record information during drilling is included 

in Attachment 2. The procedures which will be followed in completing the boring log are 

outlined below. 

On the first page of the log for each boring, the following information a t  the top of 

the boring log will be filled in completely and will include: 

Job Number 

Client's Name 

Job Location 

Boring Number 

Drilling Contractor 

Operator's Name 

Rig Number, if there is more than one at the site 
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Name of Person Conducting the Logging 
. . * 

Elevation and Reference Datum 

Complete and accurate location sketch with dimensions to  landmarks. 

Important features such as road intersections, corners of large 
- - 

buildings, or other man-made structures are best used. A north arrow 

will be included. 

Water levels will be recorded each day prior to drilling start-up and as appropriate. 

The casing depth must be noted for each water level reading. Drilling mud use must be 

noted, if appropriate. Water levels wil l  be referenced to ground surface, unless otherwise 

noted. The field personnel will identify a specific static water level at the conclusion of 

the boring. However, any 21 :stions about the water level having reached equilibrium will 

be noted. When more than one boring is drilled, the elevations of the water levels will be 

tabulated t o  permit a field check of the consistency of readings from boring to  boring. 

1 
The exact drilling and sampling methods used will be indicated, as well as the bit 

type and size, drill rod size, hammer weight and drop, types of samplers, and the rig type. 

Surface conditions will be noted, including vegetation or ground cover and land use, 

general topography (rolling, level, etc.), and physical features (hillside, river bottom, etc.). 

Sheet (Page) Number. The time and date of the commencement and conclusion of the 

boring down time, and the end and start of each shift should also be noted on the log. 

Each succeeding page of the field log should contain at a minimum: 

Job Number 

Client Name 

Boring Number 

Permit Number (where applicable) 

Sheet Number 

Any Water Level Measurements 

Upon completion of each boring, a standard completion note will be placed at the 

bottom of the last page of the boring log. The note will include: 



AlTACHMENT 1 OF APPENDIX A Revision: 0 
LEHR ENVIRONMENTAL RESTORATION Effective Date: 09/28/94 

Standard Operating Procedure No.: 7.0 
Page 3 of 4 

Boring Completed at (De~th)  Feet on (Date) 

Casing Used to a Depth of (De~th)  feet on (Date) 

Ground Water Level Recorded at (De~th)  Feet on (Date) 

Hole Backfilled to Ground Surface on (Date) 

The casing size and depth will be recorded 

All depth numbers will be recorded in decimals. 

7.2 LOGGING PROCEDURES 

The left side of the boring log will be filled out accurately and completely for each 

soil sample and sampling attempt. The following information will be included: 
- 

The sampler type. The abbreviations for sampler types are TW for 
thin-wall, P for piston, ST for Shelby Tube, and SS for standard split 
spoon. These abbreviations, or notations as to other sampler types, 
will be used in the "sampler type" column. 

The inches driven and recovered for each sample attempt. 

The depth of casing for each sample attempt. 

The sample number and depth. The sample depth is always 
measured to the top of the sample. A sample attempt where no 
sample is recovered will not be numbered, but the fact that a 
sampling attempt was made must be noted. 

The blow count for each 6-inch interval will be recorded opposite the 
appropriate interval on the depth scale. 

The sampling attempts will be marked in the "depth in feet" column. 

The right side of the log will contain a detailed description of the soil strata 

encountered and all pertinent information regarding drilling operations and estimated soil 

and ground water properties. 

Soil will be classified according to the Unified Soil Classification 
System (USCS) (Figure SOP7.1). The textural name for the soil will 
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be written in the 'soil graph" column at the appropriate depth 
interval. 

Abrupt soil changes will be marked by a solid horizontal line and the 
appropriate depth in the 'soil graph" column. Gradational soil 
changes will be marked by a dashed line. Diagonal lines should not 
be used. (Field personnel are best qualified to  estimate the depth of 
changes. This task will not be delegated to  office personnel, who 
have not observed the drilling operation.) 

Soil color descriptions will be consistent with the Munsell Soil Color 
Chart. 

Abbreviations will be used on the logs to  save space for editing 
- purposes 

Comments on the field log are extremely important. Some important aspects of the 

drilling operation that will be recorded follow: i 

The organic content of the soil and the depth of topsoil and roots; 

Any sudden change in the speed, sound, or penetration rate of the drill rig; 

I f  sampling is not continuous, drill cuttings will be used to  complete the log; 
and 

Any sample that is suspect of being disturbed, contaminated, or chemically 
or physically altered during the drilling process. 

On jobs lasting more than a few days, field personnel will make specific 

. arrangements for sending boring logs to the Project Manager, or someone designated by 

the Project Manager. Field personnel will retain one copy in the field for reference 

throughout the job. 
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STANDARD OPERATING PROCEDURES 
STANDARD OPERATING PROCEDURE 8.0 

I NSTALLAT~ON, C O N S T R U C T I O N ~ ~ ~ , ~ @ ~ ~ A @ @ ~ ~ ~ ~ ~ ~  
.,.,.. >~Y:.:.x::.:~\.:.:~:.:.:.:.:.x.x.:.x:.~.:.:<.:.;.~:.:.:.;:.:.:<.;<.:.:.x,:,>~. 

GROUNDWATER MONITORING WELLS AND PIEZOMETERS 

Equipment: 

Purpose and Scope: This operating procedure describes the procedures for the 
construction, installation, and development of groundwater 
monitoring wells. These methods assure construction of monitor 
wells that will: provide representative samples of groundwater for 
analysis; permit collection of representative water level data; and 
effectively isolate the separate hydrogeologic strata penetrated during 
drilling. 
Drilling rig, drilling tools, and support truck with water tanks; 
Steam cleaner; 
Grout plant and tremmie pipe; 
Portland cement, Types I through V; 
Powdered bentonite; 
Well casing and screen, cap and bottom plug (screen slot size based 
upon target geologic formation); 
Stainless steel centralizers; 
Bentonite pellets; 
Washed, graded sand (grain size based on formation and screen slot 
size utilized); 
Protective casing and padlock; 
Concrete mix; and 
Plastic sheeting. 

Documentation: Field Memorandum; 
Soil Boring Log; 
Well Construction Form; and 
Well Development Form. 

8.1 PREPARATION AND SET-UP 

All necessary drillinglwell permits and utility clearances shall be obtained prior to 

the start of drilling operations. A Dames & Moore hydrogeologist experienced in design 

and construction of monitoring wells will be present to supervise the well construction. 

Unless otherwise arranged, well construction supplies and equipment will be supplied by 

the drilling subcontractor. Prior to drilling and well construction, all drilling equipment, 

tools, and well materials to be used in well construction will be cleaned thoroughly with a 
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portable steam cleaning system supplied by the drilling subcontractor. Between well 

installations, drilling equipment and tools will be cleaned at the designated contaminant 

reduction zone (see SOP 3.0-Equipment Decontamination). 

8.2 MONITORING WELL DESIGN 

During completion of the soil boring (SOP 6.0-Soil Boring), the Dames & Moore 

geologist will prepare a boring log and keep a time log of significant events during each 

working day. Logs will indicate field classification of soils, sampling depths, first 

encountered and static groundwater levels, progress of drilling, final completion depth, and 

the nature and resolution of any problems encountered (see SOP 7.0-Logging of Soil 

Borings). Based on data gathered from the ' o -hole, the desired purpose of the well, and 

previously collected information from other boreholes and monitoring wells, the Dames & 

Moore geologidt and project manager will determine the well specifications. These 

specifications will be consistent with ASTM 5095-90 and other applicable ASTM 

standards and include: 

Total depth of well; 
Screened interval placement; 
Screen slot-size; 
Location of centralizers; 
Filter pack size; 
Filter pack interval; 
Thickness and placement of bentonite seal.; and 
Grouting method. 

Figure 8.1 presents a schematic diagram for a groundwater monitoring well. 
' 

Monitoring wells installed during remedial activities will be constructed of some 

combination of either stainless steel or Schedule 40 PVC blank and screen. The diameter 

of the screen and casing will be a minimum of 4 inches less than the diameter of the 

borehole. Stainless steel centralizers will be placed at the top of the screen and every 40 

feet along the blank casing. The bottom of each well will consist of a slip cap mounted 

with stainless steel screws to a flush-threaded endcap. Holes of 111 6" diameter will be 

drilled through both caps prior to installation to  prevent water from sitting in the bottom of 



ATTACHMENT 1 OF APPENDIX A Revision: 0 
LEHR ENVIRONMENTAL RESTORATION Effective Date: 09/28/94 

Standard Operating Procedure No.: 8.0 
Page 3 of 7 

the well if the static water level drops below the bottom of the well. A l ock ing~ap  will be 

used to  secure the top of the well. 

8.3 WELL INSTALLATION 

Once the desired depth of the borehole has been determined, the borehole will be 

prepared for installation of the well casing. The well casing/screen assembly will be 

inserted into the borehole. The casinglscreen assembly will be installed as follows: 

The well casing, including the bottom cap and screen, will be suspended in 
the borehole at the desired depth; 

• The primary filter pack, consisting of washed, graded sand that is 
appropriate for the formation and slot size of the screen, will be poured from 
the surface or tremmied to  the bottom of the annulus between the well 
casing and the borehole. 'The filter pack will extend at least 2 feet above the 
top of the screen. The level of filter pack in the annulus will be verified by 
tag-line measurement during emplacement. The volume of sand versus the 
annular volume will be compared to  verify proper placement of the filter 
pack; 

When the primary filter pack is installed t o  the desired depth, the screened 
interval will be surged to  settle the sand around the well screen (preliminary 
development). During surging, the well casing will be secured at the surface 
t o  prevent settling of the casing. Surging will continue until the filter pack 
stops settling. Upon completion, sand will be added t o  bring the filter pack 
up t o  the desired depth; 

A bentonite seal at least three feet thick will be placed immediately above 
the primary filter pack. The level of the top of the bentonite seal will be 
verified by tag-line measurement. If pellets are used, adequate time for 
hydration wi th distilled water of the pellets will be allowed before grouting 
the remaining annulus; 

Boring cuttings will not be used as backfill. The borehole annulus will be 
grouted with a cement-bentonite grout mix which will extend t o  within 
approximately 2 feet of the ground surface. The top 2 feet will be filled with 
a concrete mix used to  make the concrete pad and secure the protective 
casing; and 
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The grout will then be allowed to  settle. If significaq settlement of grout 
occurs, additional grout will be added to  the depth of 
approximately 2 feet below ground surface prior t o  the installation of the 
protective casing and the concrete pad. 

8.4 WELLHEAD COMPLETION 

For wells completed above ground surface, steel security pipe with a hinged, 

lockable cover will be installed in the grout t o  a depth of 1 to 2 feet and equipped wi th  a 

padlock. For flush-mount wells a steel protector and cover with water-tight seal wil l  be 

installed in the grout. The integrity of the well wil l be protected with a lockable sanitary 

sealing well cap with an expandable O-ring which forms an air-tight seal. All locks will be 

keyed alike. 

For wells completed above ground surface, the drilling subcontractor will construct 

a concrete apron (3ft x 3f t  r~ 0.5ft) around each well. Concrete aprons will be crowned 

t o  provide positive runoff away from the well. Concrete pads may be constructed within 3 
days after wells have been installed. If necessary steel guard posts 2-inches in diameter 

and filled w i th  concrete will be installed around the pads. Posts will be five feet long and 

will have a minimum stickup of 2.5 feet above ground surface and 2.5 feet below ground 

surface. For flush mounts, the space around the protective casing will be filled wi th 

concrete and sloped t o  direct surface water away from the well. 

8.5 WELL DEVELOPMENT 

Well development consists of preliminary and final development. Preliminary well 

development will be conducted after installation for the well screen, casing, and primary 

filter pack, but prior to installation of seals and grout. Additional filter pack will be added, 

as needed, after completion of preliminary well development to bring the filter pack up t o  

the desired depth. 

Final well development will begin no earlier than 2 4  hours after the grout has been 

placed. Typically, well development will be performed using one more of these methods: 

surging, jetting, overpumping, or bailing. The method to be used will be selected based on 
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specific hydrogeologic conditions at  the site but will generally consist of a sequence of 

bailing, surging, bailing, and then pumping. Approximately ten casing volumes of water 

will be removed. Water exiting the well will be collected and properly disposed of as 

described in the Waste Management Plan. Well development will continue until the water 

is reasonably sand free and turbidity is reduced. As appropriate, pH, specific conductance, 

turbidity, and temperature will be measured to judge the adequacy of monitoring well 

development. (See SOP 2.0-Field Measurement - Water). Generally, development will 

continue until turbidity values are less than 5 NTU. 

Measurement of development parameters will be recorded on the Well Development 

Form which will include the time of each measurement, approximate volume of water 

removed prior to each measurement, and the time intervals during which development is 

conducted. 

8.6 WELL CONSTRUCTION SUMMARY DIAGRAMS 

Upon completion of well construction and development, the standard Dames & 

Moore well log form (see Attachment II) will be completed. The following information will 

be included: 

Job name and number; 

Job location; 

Well number; 

Permit number (where applicable); 

Land-surface elevation and datum; 

Date of installation; 

Drilling method (i.e., hollow-stem auger, air hammer, air rotary, or mud- 

rotary); 

Drilling contractor; 

Drilling fluids (where applicable); 

Amount of fluids lost during drilling; 

Well construction details, such as: 
- Type of well he., flush-mount or stick-up); 
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- Hole diameter; 

- Well casing diameter, material, and amount; 
- Final well depth; 

Depth and type of filter pack; 
- Depth of bentonite seal; and 
- Depth and type of grout mixture. 

Well development method; 

Date of well development; 

Amount of water removed during development; 

Static depth to water; 

Pumping depth to water; 

Duration of pumping; 

Yield; 

Specific capacity; and 

Well purpose (i.e., monitoring, production, or recovery). 

8.7 EXTRACTION AND RECHARGE WELL CONSTRUCTION AND INSTALLATION 

Recharge wells to be installed during remedial activities will be constructed 

according to the procedures outlined for Monitoring Well Installation and Construction with 

the following exceptions. Boreholes for recharge wells will be at least 16 inches in 

diameter and will be drilled by either casing hammer or tri-tube (similar to dual tube) 

methods. Casing will be between 8 and 10 inches in diameter. Casing material, diameter 

and thickness, screen slot sizes, and filter pack design will be determined based on design 

criteria and on material encountered during soil boring. 
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STANDARD OPERATING PROCEDURES --- 
STANDARD OPERATING PROCEDURE 9.0 

BOREHOLE GEOPHYSICAL LOGGING 

Purpose and Scope: This procedure describes requirements for conducting borehole 
geophysical logging. The activities described in this SOP are intended 
to  assure appropriate and standard logging methods are utilized. 

Equipment: Electrical resistance probe ("single-pointn resistance); 
Standard resistivity probe (both long and short normal); 
Natural gamma ray scintillation detector probe; 
Spontaneous potential probe (SP); 
Caliper tool (three-arm); 
Mechanical winch (if applicable); and 
Geophysical logging unit. 

Documentation: Field Memorandum; and 
Soil Boring Log. 

9.1 SET-UP 

Borehole geophysical logging will be performed by a qualified subcontractor. A 

Dames & Moore geologist or hydrogeologist shall oversee all geophysical logging activities 

and perform the following steps prior t o  logging: 

Obtain and evaluate available logs from wells in close proximity t o  the test 
boring; 

Select appropriate probes or tools required t o  provide meaningful data; and 

Ensure that equipment and/or tool calibrations are performed in accordance 
wi th  manufacturing user manual prior t o  logging. 

The field procedures used for borehole geophysical surveys will be controlled by the 

specific type of survey equipment used to  perform the survey. All geophysical survey 

equipment utilized at the site should be calibrated and operated in  accordance wi th 

manufacturer's guidelines and specifications. Boreholes will be logged while lowering and 

raising the wireline probes to. evaluate instrument response and data reproducibility. 
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9.2 METHODS -- 
Physical properties that may be measured in soil bor ing~ on site include electrical 

resistance, the electrical potential of a fixed surface electrode (or spontaneous potential), 

natural radiation, and temperature. Typical applications include stratigraphic correlation, 

identification of lithology, formation thicknesses, definition of aquifer boundaries, limited 

water quality determination, and identification of borehole temperature gradients. The 

following are brief descriptions of possible methods. 

Electrical resistivity and spontaneous potential (SP) logs are commonly recordecl 

simultaneously. The resistivity tool measures the ability of the soil or rock, and its 

interstitial fluid, to  resist the flow of electrical current and is expressed in units of ohm- 

meters. The SP log is a recording of depth versus the differences in the electrical potential 

in millivolts of a moveable electrode in the borehole. The electrical resistivity and 
( 

spontaneous potential equipment cannot be used in a cased hole or if a conductive fluid 

(generally water) is not in the hole. 

9.2.2 Natural Gamma Rav Loaaina Survev 

The gamma ray log provides a profile of naturally occurring radiation emitted from 

geologic formations and is expressed in counts per second. 'The gamma ray log is most 

useful for lithologic identification and stratigraphic correlation. The gamma ray log may be 

run in boreholes which are cased or uncased, and is not affected by the presence or 

absence of borehole fluid. 

9.2.3 Tem~erature Loaaina Survev 

A temperature log provides a profile of the borehole temperature and can be used to 

locate significant points of fluid entry. This log may be run in both uncased and cased 

boreholes. 
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, . .  STANDARD OPERATING PROCEDURES 
STANDARD OPERATING PROCEDURE 10.0 

SOIL SAMPLING 

Purpose and Scope: Soil samples will be collected for identificationlclassification purposes, 
physical and chemical analysis, and t o  evaluate behavior of 
subsurface materials. This SOP describes the techniques to  be 
implemented for a variety of methods of soil sampling, soil coring, 
surface soil sampling, and sample compositing. In addition, 
equipment and documentation requirements necessary for sampling 
are described. 

Equipment: Stainless steel spatulas; 
Stainless steel spades; 
Stainless steel hand auger buckets and hand auger accessories; 
Power augerldrilling rig; 
Split spoon samplers; 
Continuous core samplers; 
Shelby tubes; 
Teflon sheets; 
Plastic sheeting; 
Stainless steel sampling rings; 
Plastic ring caps; 
Stainless steel measuring cup; 
Silicon-based tape; 
Stainless steel trowel; 
Cleaning and decontamination equipment; 
Sample labels; 
Ice chest 
"Blue" ice; and 
Zipper storage bags. 

Documentation: Field Memorandum; 
Soil Boring Log; 
Field Record of Soil Sampling (Field Record); and 
Sample Chain of Custody (COC). 

10.1 GENERAL PROCEDURES 

Due to  the wide variety of sampling conditions, types of samples, and purpose for 

collecting soil samples, several possible methods may be used to collect the soil sample. 

Specific procedures for various methods are described below. However, there are 
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numerous procedures that will be followed for most soil sampling methods. These 

procedures include: 

+ • Prepare Field Record sheets and record relevant data on Field Memorandum 
prior to sampling; 

• Decontaminate sampling equipment as specified in SOP 3.0, if samples 
destined for chemical analysis are to be collected; 

• Clear surface vegetation, rocks, and other material not designated for 
sampling from the sampling point; 

• Use drilling or penetration methods (SOP 6.0-Soil Borings) if necessary to 
reach the desired sampling depth; 

• Collect sample using appropriate sampling method described in Section 10.3; 

• Lith~logically~~log the sample and boring (SOP 7.0 - Logging of Soil Borings). 
! 

• Fill necessary sample containers; 

• Affix sample container with appropriate labels, being sure to provide required 
information; 

Place the properly labeled sample container in an appropriate carrying 
container at required temperature; . 

• Either discard or decontaminate all items which contact the sample such as 
trowel, split-spoon sampler, and gloves before proceeding to the next 
sampling location; 

• Add information pertaining to the sample to the COC, Field Memorandum, 
and Field Record of Soil Sampling forms; and 

Package and ship samples as described in SOP 5.0 - Sample Shipment. 

1 0.2 SUBSURFACE SOIL SAMPLING 

Several methods may be used to collect subsurface soil samples. Some of the 

Dames & Moore procedures for the more common sampling methods are described below. 
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10.2.1 Set-UD Procedures 

Several drilling methods may be used t o  reach desired depths for soil sampling. 

Generally, samples are collected at regular intervals (approximately every five feet). 

Potential drilling methods and general soil boring procedures are described in SOP 6.0 (Soil 

Borings). In addition to  drilling methods, subsurface depths can be reached by a power 

auger, a hand bucket auger, or a backhoe. 

When the desired depth has been reached, the borehole will be prepared for 

sampling. To prepare for sampling, the borehole should be cleaned out to  the desired 

sampling depth using equipment that will ensure that the material t o  be sampled is not 

disturbed by the operation. When drilling in saturated sands and silts, the bit should be 

withdrawn slowly, t o  prevent loosening of the soil around the hole. When using dual tube 

or casing hammer methods, care will be taken not t o  drive the casing below the desired 

sampling depth before the sample is collected. 

When the desired sampling depth has been reached and the borehole has been 

prepared, there are several subsurface methods that will be used to  collect samples. 

These methods include: 

Penetration Test and Split-Barrel Sampler (split-spoon); 
a Thin Wall Sampler (Dames & Moore Type U Sampler); 
a Continuous Sampling System; 

Collection of Cuttings; and 

Shelby Tube Sampling. 

10.2.2 Penetration Test and S~lit-Barrel Sam~ l i ng  

Penetration test and split-barrel sampling are methods used to collect representative 

disturbed soil samples. Samples collected by these methods will be used for description 

and identification, chemical analysis, and in some cases physical analysis. A split-barrel 

sampler consists of a section of pipe that splits into two  pieces along i ts axis. A driving 

shoe and waste barrel screwed to  the ends hold the split section together during driving. 
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Aids for sample retention may also be incorporated into the-split-barrel sampler. These 

include catchers, spring or gravity traps (in the lower end), and check valves (in the top 

end). The standard sampler has an outside diameter of 2 inches and an inside diameter of 

1-318 inches. 

The penetration test samplers have been used to develop an empirical relationship 

between driving resistance and the relative density of soil. The procedure for determining 

and interpreting penetration resistance or relative density is collectively referred as the 

Standard Penetration Test (SPT); 

After the boring has been advanced to the desired sampling depth, and 
extracted drill cuttings have been suitably removed, a split-barrel sampler 
(outside diameter 2 inches inside diameter 1-318 inches) attached to drill 
rods is lowered to the bottom of the cleaned-out borehole; 

Once the sampler is on the bottom of the borehole, three 6-inch increments 
are marked on the drill rods above a convenient fixed datum; ( 

The sampler is driven by a 140-lb hammer free falling a distance of 30 
inches onto a collar or drive head attached to  the top of the rods. The 

' sampler is driven a total of 18 inches into the undisturbed soil, and the 
number of blows required to advance each 6-inch increment is recorded. 

The standard penetration test should be terminated if one of the following 
occurs: 

o A total of 50 blows has been applied during any one of the three 
6-inch increments; 

o A total of 100 blows has been applied; 

o There is no observed advance of the sampler during the application of 
10 successive blows of the hammer. 

After the total penetration of the sampler has been achieved, the sampler is 
retrieved to  the surface and opened. 

The sample is then logged and removed and the sampler is decontaminated before 

reassembly. If the standard split spoon samples are to be retained for future reference, 

they will be placed in sealable plastic bags and label'ed according to standard procedures. ( 
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Typically, samples are taken at each lithologic change and at intervals not greater than 5 
feet (unless otherwise stipulated by the field engineer or geologist). 

10.2.3 Dames & Moore T v ~ e  - U Sam~ler 

Relatively undisturbed soil samples will be obtained with a Dames & Moore Type-U 

(Figure SOP1 0.1 ) or similar split-barrel (split-spoon) sampler fitted with new 2.5-inch 

diameter, 3-inch long stainless steel rings. Procedures for sampling with the Dames & 
Moore Type-U sampler are similar to procedures described for the standard penetration 

test (see Section 10.2.2. Soil samples will be collected by driving the split-barrel sampler 

18 inches (or until refusal) into undisturbed soil at the bottom of the borehole. The drill rig 

is equipped with a 140-pound hammer to drive the sampler. Hammer blows required to 

drive the sampler in 6-inch increments will be recorded on the Dames & Moore Boring Log. 

Upon retrieval from the borehole, the sampler will be dismantled, and the sample 

rings removed and placed on clean plastic. Sample rings will be separated with a clean 

steel knife, then logged by the on-site geologist (noting any lithologic variations between 

rings) using the Unified Soil Classification System (Figure SOP7.1 I. After logging, the 

exposed ends of the rings will be covered with 2-mil Teflon sheets, plastic end caps, and 

silicone-based tape. Sample labels will be affixed to the end caps and will contain the 

following information: boring number; sample locations; sample number; sample depth; 

date of sampling; time of sampling; sample collector's name; soil type; and name of client 

or facility owner. 

Three rings will be retained from each sample interval (Figure 10.21. These samples 

will be identified by depth collected and the postscripts 'A, B, or C", depending on 

position in the sampler. Sample 'A" will be retained for chemical or physical testing, 

sample "B" will be submitted as a duplicate or archived for possible future use, and the 

'C" sample will be retained for physical testing. 

It is anticipated that up to 2,000 grams of soil will be necessary to complete the 

chemical analyses for'each sample. Therefore, additional soil will be required to augment 

the "A" ring collected from the drive sample. The additional soil will be collected from the 
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base of the preceding core run and placed into glass jars. If the core sample is inadequate, 

a second drive sample will be attempted and the additional sample collected in sample 

rings. 

Appropriately sealed and labeled samples will be placed in ice chests cooled with 

'Blue Ice." Ice chests will be used to ship samples to the analytical laboratory. Samples 

delivered to the laboratory will remain refrigerated until analyzed. 

Thin wall sampling tube methods (with a Dames & Moore - Type U Sampler) will be 

used where undisturbed samples of fine-grained materials are to be obtained for chemical 

analysis, saturated vertical hydraulic conductivity or other geotechnical analysis. Other 

larger diameter samples (3 to 6 inches in diameter) are helpful in sampling gravel deposits 

and retrieving samples of sufficient volume to perform compaction tests. If  a larger 

diameter sampler is used, however, the size should be conspicuously noted on all 

penetration records. 

The thin wall sampling method is conducted by attaching a sampling tube to  the 

nose-end of the Dames & Moore Type - U sampler and pushing the tube in one continuous 

motion, into the material to be sampled. Once the tube is retrieved, slough material will be 

removed from the tube and the actual sample length will be measured. If the sample is to 

be retained for future reference or analysis, it will be trimmed, logged, capped, sealed, and 

labeled. 

The bottom and top of the tube will be indicated on the tube in indelible marker. 

The following information will be noted on the side or top of the tube: ., 

Project Number and Name; 

Sampling Date and Time; 

Boring and Sample Numbers; 

Sample Depth; 

SOP 1 0-6 
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10.2.4 Continuous Core Sam~l inq Svstem Methods 

Continuous core sampling system methods may be specified where continuous soil 

cores are to  be recovered by hollow-stem auger drilling methods. The continuous sampling 

system utilizes a core barrel which recovers a soil core from the interval drilled. The core 

barrel is recovered after each interval is drilled. 

Representative samples of the soil cores can be placed in 8-ounce jars for future 

analysis. The entire length of the soil cores will be placed in plastic-lined core boxes 

should it be necessary to retain them. Care will be taken to mark intervals of core loss 

wi th styrofoam blocks. All soil cores will be logged according to procedures outlined in 

SOP 7.0 (Logging of Soil Borings). 

10.2.5 Cuttinas Collection Methods 

Cuttings collection methods will be used with rotary, dual tube, and casing hammer 

drilling methods. Cuttings will be collected at a minimum of every five feet and at changes 

in lithology. Samples will be collected into plastic bags, labeled, and logged according t o  

procedures outlined in SOP 7.0. 

10.2.6 Shelbv Tube Sam~l ing 

Shelby tube samples will be collected when undisturbed soil samples for physical or 

geotechnical analyses are required. Soil to  be sampled should be have a high clay content, 

or contain predominantly loose silts or sands. Procedures for collecting a Shelby tube 

sample are listed below: 

Clean the bottom of the hole in which the Shelby tube will be inserted to  the 
sampling elevation; 

Attach the Shelby tube sampler assembly to  the lower end of the drill rods 
and secure set screws with allen wrenches; 

Lower the Shelby tube sampler assembly t o  the sampling depth at the 
bottom of the hole with the drilling apparatus; 
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Mark off on the drill rods an interval length equivalent to  the length of the 
Shelby tube; 

Push the Shelby tube into the ground with a continuous motion without 
impact or twisting. This is typically performed using the hydraulic 
mechanism on the drilling rig. Push the tube into the ground until the 
uppermost mark on the drill stem aligns with the initial location of the lower 
mark; 

If soils are so hard that the Shelby tube cannot be pushed, a driving hammer 
may be used to  advance the sampler. If this is the case, record the weight, 
height, and number of blows in the field log; 

When the tube has been advanced to the appropriate depth, twist the tube 
at least two revolutions to  shear off at the bottom. Raise the sample; and 

Disconnect the Shelby tube and sample from the drill rods. 

If the sample i s  to be extracted from the Shelby tube in the lab, remove 

about 114 inch of the soil from each end of the tube, wipe the tube end 

(inside and out) with a clean towel, and seal the ends of the tube with 

paraffin wax. Place a plastic shipping cap over each end of the tube and 

wrap with plastic tape. If the sample is to be extracted from the Shelby 

tube at the site, seal the extracted sample in a glass jar and decontaminate 

the tube before collecting next sample. 

10.3 SURFACE SOIL SAMPLING 

Methods t o  be used for collection of surface soil samples include the scoop or 

trowel, hand bucket auger, and the hand drive sample method. The scoop or trowel 

samplers are used to collect shallow soil samples, up to 6 inches in depth. 

When collecting a surface soil sample, the following steps are required: 

Clear surface vegetation, rocks, leaves, debris, and other material not 
designated for sampling from the sample point. Document the removal of 
this material: 

SOP 1 0-8 
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Decontaminate sampling ewipment (see SOP 3.0); 

Collect samples; 

Lithologically log samples; 

Transfer sample into a container (with the aid of a spatula or trowel). 
Minimize exposure to air for any sample to be analyzed for organics; 

Label sample containers; 

Handle and preserve samples as outlined in the sections on sample handling 
and preservation; 

Discard or decontaminate all items which contact the sample such as trowel, 
auger, and gloves before proceeding to the next sampling location; and 

Add information pertaining to the sample to the Chain-of-Custody record, 
Analysis Request Form, and Field Memorandum. 

In the case of the hand drive-sampler method, samples will be collected in stainless 

steel rings, the ends will be covered with a Teflon sheet, capped, and sealed with a silicon- 

based tape. 

10.4 MICROBIOLOGICAL SOlL SAMPLES 

Soil samples collected for microbiological analysis can be collected by surface 

sampling, split-barrel sampling, or thin wall sampling methods. Samples will be collected 

into sterile vials provided by the laboratory or into decontaminated stainless steel rings. 

All equipment and rings used for microbiological samples will be decontaminated using the 

standard three-bucket wash and rinse, and then rinsed with isopropyl alcohol (see SOP 

3.0). 

10.5 BULK SOlL SAMPLING 

Bulk soil samples for some physical and mineralogical tests will be collected from 

test pits and soil borings. Samples from test pits less than 5 feet deep will be collected 

from the wall of the pit with a stainless steel trowel. In test pits deeper than 5 feet, 



ATTACHMENT 1 OF APPENDIX A Revision: 0 
LEHR ENVIRONMENTAL RESTORATION Effective Date: 09/28/94 

Standard Operating Procedure No.: 10.0 
Page 10 of 12 

samples will be collected out ~f the backhoe bucket. Bulk samples from soil borings will 

be collected from the cuttings produced during drilling or retrieved from the sampler. 

Samples of sand, silt, and clay-size material will be collected into gallon sized 

plastic bags or in sample sleeves. Coarse-grained gravels will be collected into 5-gallon 

buckets. In general, the size of the bulk sample will be at least 10 times greater than the 

weight of the largest clast. Samples will be labeled with the sample number, date, 

location, depth, and test pit or borehole. 

10.6 SOIL SAMPLE COMPOSlTlNG 

Soil sample compositing is used to  combine soil from two or more samples to 

ensure that soil submitted for analysis is representative of the entire mass of soil sampled. 

Individual samples to  be composited will be identified on their labels by their own 

sample identification and by the sample identification for the composite sample. Samples (' 

t o  be composited will also be clearly identified on the COC and on the Field Record of Soil 

Sampling by both identifications. 

In the case of bulk samples, mineralogical samples, or any other soil samples t o  be 

composited for archiving or non-chemical analysis, the procedure is described below. In 

general, compositing consists of the following steps: 

• Taking a sub-sample from each sample to be composited; 
• Combining and homogenizing the sub-samples; and 
• Taking a sub-sample of homogenized soil for analysis. 

If samples are small, they can simply be combined as described below under 

'Combining Sub-samples." Often, however, mixing the samples to be combined would 

make an inconveniently large mass of soil, so a sub-sample must be taken from each. 

Grab samples are disturbed samples obtained by shovel, hand trowel, bucket auger, 

or similar means. A grab sample can be sub-sampled by taking a smaller grab sample i f  it 
i 

SOP 1 0-1 0 
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is reasonably homogeneous or i f  the grab sub-sample. will contain the various types of 

materials in approximately the proportions present the larger sample. Otherwise, it should 

be homogenized and subdivided by quartering as described below. 

Split-spoon and similar samples may be more easily subdivided by splitting the 

sample lengthwise wi th a spatula into halves or smaller functions. Another approach is t o  

cut  a v-shaped channel from the side of the sample and use the material from the channel. 

Carry out these operations on a tray covered with aluminum foil. Plastic sheeting may be 

used. 

All sub-samples should be the same size. A measuring cup is satisfactory for 

determining size. The size of each sub-sample should be chosen in advance on the basis 

of the final sample volume and the amount of material available. Make the size of  the sub- 

sample after quartering or splitting larger than the desired volume, then mix the sub- 

sample thoroughly in the measuring cup with a spatula and discard the excess. 

I 
Combinina Sub-sam~les. Combine the sub-samples on a tray covered wi th 
aluminum foil, or wi th plastic sheeting. Chop cohesive materials into pieces 
considerably smaller than the final sample wi th  a trowel or spatula. Mix the 
composite sample until it appears homogeneous. 

Takina Com~osi te  Sam~le.  I f  the composite sample is too large, subdivide it 
as follows: Pile the soil in a cone. Flatten the cone to  a uniform thickness. 
Draw t w o  lines across the pile, dividing it into quarters. Discard t w o  
opposite quarters re-mix the remaining quarters, and repeat the process until 
the sample is not much larger than the sample container. Fill the container 
and discard the excess. Label the container and complete field notes the 
sampling forms, 

Recordkee~ing is generally the same as for other soil samples. However, be 
sure t o  identify the sample as a composite and t o  identify the number and 
locations of samples that were composited. Record any differences between 
procedures described in this SOP and those used in the field. 
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STANDARD OPERATING PROCEDURES 
STANDARD OPERATING PROCEDURE 1 1.0 

TEST PIT EXCAVATION 

Purpose and Scope: The activities described in this procedure outline general methodology 
t o  be used in excavating and logging test pits. The resulting test pits 
can be used for shallow stratigraphic description and physical and 
chemical sampling. This procedure describes the equipment and 
forms required, as well as set-up procedures to  be completed for each 
test pit. 

Equipment: Backhoe; 
Steam cleaner; 
Soil hand sampling equipment; 
Shovel; and 
Camera. 

Documentation: Field Memorandum; and 
Test Pit Excavation Log. 

1 1.1 SET-UP PROCEDURES 

All set-up procedures and test pit  excavations will be conducted under the 

supervision of a Dames & Moore geologist, hydrogeologist, or engineer. Dames & Moore 

field personnel are responsible for: 

Identifying each test pit location; 

Confirming the test pit location wi th the project manager and UC Davis 

personnel; and 

Obtaining proper clearance for potential above- and below-ground hazards. 

Prior t o  test pit excavation, the backhoe bucket and sampling tools should be 

steam-cleaned. The work area should be well-marked with traffic cones and barricade 

tape. In some cases, special arrangements may need to  be arranged to  penetrate surface 

paving (concrete or asphalt). Each test pit should be backfilled following logging and 

photographing. 
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1 1.2 TEST PIT EXCAVATION PROCEDURES 

This section provides a brief description of test pit excavation procedures. Test pit 

procedures described below adhere to guidelines and requirements of Title 8 CCR, Article 

6, Sections 1541 and 1542. 

Once the test pit location is selected and approved by the project manager, the test 

pit will be excavated using a backhoe. The standard backhoe bucket width is 24 inches, 

but a larger bucket (36-inch) may be used. The width of the excavation, regardless of the 

width of the backhoe bucket, will be such that movement inside the pit is not restrictive to  

the geologist. The initial excavation will be no greater than five feet in depth and will be 

cut with appropriate,; doped sides if the soil being excavated is not stable. Test pits will 

be greater in length than in depth in order to accommodate a relatively easy and safe entry 

and exit route. Specifically, entry and exit will be via a ramp at the end of the test pit 

opposite the backhoe. 

Once the test pit is excavated as described above, the test pit walls will be scraped 

smooth with a shovel or other scraping device. If necessary, engineering controls, such as 

water spray, will be implemented to minimize generation of dust. This provides the best 

possible exposure for logging and photographing the exposed soil profile. Soils will be 

described in a similar fashion to methods outlined in SOP 7.0 for logging soil in boreholes. 

The exposed test pit wall(s) will then be logged by the field geologist using the standard 

Test Pit Logging Form and photographed. 

If detailed logging is required at depths greater than five feet and entry is required 

to perform the logging, the test pit will be appropriately shored. Shoring will be placed as 

specified in Title 8 CCR, Article 6, Section 1541. No confined space entry work will be 

conducted. 

If possible, test pits greater than five feet in depth will not be entered and 

observations for logging purposes will be made from the surface. In no case will a test pit 
greater than five feet in depth be entered without proper shoring. If soil samples from 

greater than five feet are required, samples will be collected from soil in the backhoe 
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bucket taken from the desired depth. -Soil sample collection methods are described in SOP 

10.0. Decontamination of sampling equipment is described in SOP 3.0. 

Test pits will be backfilled using the backhoe and compacted by driving the backhoe 

over the area after backfillind complete. 
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STANDARD OPERATING PROCEDURES 
STANDARD OPERATING PROCEDURE 12.0 

PERMEABILITY TESTING - LINSATLIRATED ZONE 

Purpose and Scope: Permeability testing wil i  be performed to measure vertical 
permeabilities in the unsaturated zone. This SOP describes general- 
procedures for conducting falling head tests at discrete depths in soil 
boreholes and describes a procedure for field measurement of the rate 
of infiltration of water into soils using double-ring and single-ring 
infiltrometers. 

Equipment: Casing hammer or hollow-stem auger drill rig; 
6-inch diameter PVC casing; 
5- or 15-psi pressure transducers; 
Data logger; 
Personal laptop computer; 
Bentonite pellets or chips; 
Water level indicator; 
Computer disks; 
Clean graded sand; 
Two infiltrometer rings: 24-in. and 12 in.; 
Two driving caps of heavy-gauge aluminum or steel having diameters 
slightly larger than that of their respective rings; 
Driving equipment: 12-lb. sledge or backhoe and 2-3 foot length of 
wood; 
Depth gauge: a hook gauge, steel tape or rule, or long nail or spike; 
Shovels: one long-handled shovel and one flat-bottomed spade; 
Tap water supply and appropriate containers; 
Watch with seconds hand; 
Carpenter's or bull's eye level; 
Two thermometers for measuring soil temperatures; 
Splash guards (several pieces of rubber sheet); 
Rule or tape; 
Tamp; 
Rubber mallet; 
Two graduated head tanks for measurement of liquid flow during the 
test. (These may either be graduated cylinders or Mariotte tubes 
having a minimum volume capacity of about 3,000 mL.1; and 
Mariotte tube support stands and tubing. 

Additional Single-Ring Equipment: 
80 Ib. bags of powdered bentonite; 
5-gallon buckets; and 
Serving spoon with at least a 10-inch handle. 
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Documentation: Field memorandum; and 
Double-ring infiltration test data sheet. 

12.1 DOWN HOLE FALLING HEAD TEST 
--. 

Procedures for conducting a down-hole falling head test are described below. Set- 
up methods are presented in 12.1 .l , test procedures are presented in 12.2.2. 

Prior t o  going into the field, all necessary equipment should be checked and tested 

to assure it is in good working conditir,,. This includes: 

Checking and recharging batteries for water level indicator, computer, and 
data logger; and 

Running a test with the computer, data logger, and transducers to ensure (, 

that data is being recorded and that transducers are working properly. 

Once in the field, soil borings will be completed to the desired depth by either casing 

hammer or hollow-stem auger methods (see SOP 6.0 - Soil Borings). When the desired 

depth is reached, the bottom of the drive casing or augers will be pulled 1 t o  2 feet off the 

bottom and the boring will be cleaned of cuttings and caved material so that a clean, 

fresh, undisturbed surface is exposed. Care will be taken to  ensure that either the drive 

casing or lead auger has not disturbed or penetrated this surface. 

\ 

When the borehole has been prepared, a section of 6-inch-diameter PVC blank 

casing will be placed on the bottom of the borehole inside the drive casing or the hollow- 

stem augers. Six inches to one foot of clean, graded sand will be placed inside the PVC 

casing to prevent scouring of the bottom when water is added. A t  least one foot of 

bentonite pellets or chips will then be added to the bottom of the borehole in the annulus 

outside the PVC casing. Sand will be placed inside the casing first to prevent bentonite 
from entering the casing from the bottom. The bentonite will be hydrated with distilled or ' 
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deionized water to form a seal to prevent leakage during the test. When the seal is 

sufficiently hydrated, the drive casing or lead auger will be carefully pushed into the 

bentonite seal. Procedures for conducting the falling head test are as follows: 

Record the borehole number in the field log; 

Measure and record the depth t o  the top of the sand inside the PVC casing 
from top of casing (TOC); 

Insert pressure transducer into the casing approximately 6 to  12 inches 
above the top of the sand. To prevent damage t o  the transducers, 5-psi 
transducers should be placed so that they will read no more than 1 0  feet of 
head during the test; 15-psi transducers should not read more than 3 0  feet 
o f  head during the test; 

Program computer and data logger to  perform a "falling head" test as 
described below. Readings should be collected at a higher frequency at the 
beginning of the test, and less frequently as the test progresses. An 
example for a schedule of readings would be: 6 0  readings at 1 -second 
intervals; 1 2  readings at 5-second intervals; 32 readings at 15-second 
intervals; 2 0  readings at 60-second intervals; 24 readings at 5-minute 
intervals; 6 0  readings at 10-minute intervals. The exact program and 
schedule will depend on the type of data logger and may be modified for the 
conditions encountered in the field; 

Turn on logger and check input values. Values displayed on the computer 
screen should be zero because no water has been placed in the casing; 

Begin "falling headn program and record the time; 

Quickly (instantaneouslyn) but carefully, add clean tap water t o  the inside of 
the casing, being sure not t o  scour the bottom. Add water until 
approximately 1 0  feet of head is read by the transducer. Check values 
displayed for the transducers t o  ensure that the equipment is functioning 
properly; 

Record water levels with data logger until at least 75 percent o f  the water 
column has dissipated. This time may range from less than 3 0  minutes t o  
overnight, depending on site-specific conditions. Usually it is not necessary 
t o  continue measurements for more than a few hours, since longer periods 
indicate extremely low permeabilities; 
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Decontaminate the transducer and water level indicator; and 

Download data onto a floppy disk, making sure data was recorded and 
transferred properly. 

If time permits, additional trials for the location and depth will be run by 

reprogramming the datarogger and repeating the above procedures. Upon 

completion of the falling head tests, the borehole may be either advanced or 

abandoned by procedures described in SOP 6.0 (Soil Borings). 

12.2 DOUBLE-RING INFILTROMETER TEST 

Procedures for conducting a double-ring and single-ring infiltrometer test are 

described below. Preparation and set-up procedures are presented in 1 2.2.1 and 1 2.2.2. 
Test methods and calculations are presented in 12.2.3 and 12.2.4. 

1 2.2.1 Pre~aration and Set-UD for Double-Rina Test 

Prior to  initial use, the test rings should be calibrated by determining the area of the 

small ring and the annular space between the large and small rings. Determine the area 

using a measuring technique that will provide an overall accuracy of 1 %. The area of the 

annular space between the rings is equal to  the internal area of the small ring minus the 

external area of the large ring. 

12.2.1.1 Soil Pre~aration 

The soil strata to be tested will be established from a nearby test pit or shallow soil 

boring. The test area should be at least four by four feet, and be nearly level. The test 

may be conducted in a test pit should the desired test depth be below ground surface. In 

such instances, excavate either with hand tools or with a backhoe to just above the 

desired test depth, and remove soil that was compacted and/or smeared during excavation 

to leave a fresh soil surface. Check this surface with the level and bring down any high 

areas, i f  necessary. Using the hand broom, sweep any loose soil from the test surface. 
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To install tha'arge ring, center the driving cap on the ring and place the wood block 

on the cap. Drive the outer ring into the soil either with blows of a heavy sledge on the 

wood block or wi th steady pressure from the flat portion of a backhoe bucket. Drive the 

outer ring to  a depth that wi l l  (1 1 prevent the test fluid from leaking to  the ground surface 

surrounding the ring, and (2) be deeper than the depth to  which the inner ring will be 

driven; 6 inches is usually adequate. When using the sledge hammer, use blows of 

medium force t o  prevent fracturing of the soil surface. With the driving cap still on the 
ring, check the cap with the level and lightly hammer on the high side of the ring until 

level. 

To install the small ring, center the smaller ring inside the larger ring, and, using the 

same technique just described, drive the ring to  a depth that will prevent leakage of the 

test fluid; usually, 2 t o  4 inches is adequate. If the surface of the soil surrounding the wall 

of the ring(s) is excessively disturbed, reset the rings using a technique that will minimize 

such a disturbance. For minor disturbances adjacent to  the wall of the rings, tamp the 

disturbed soil until the soil is as firm as it was prior to  disturbance. 

To  maintain liquid levels within the inner ring and within the annular space use a 

graduated cylinder or a Mariotte tube. When manually controlling the f low of liquid use a 

depth or point gauge to  visually maintain a constant head. Install the depth gauges or 

Mariotte tubes in such a manner that the reference head will be at least 1 inch and not 

greater than 6 inches. Locate the depth gauges midway between the t w o  rings. Measure 

the ground temperature by inserting the temperature gauge at a depth of about 12 inches 

or at the mid-depth of the test zone. Measure the temperature of the water being used for 

the test. The water temperature should be greater than the soil temperature, t o  prevent 

dissolved gasses in the water from forming gas bubbles in test soil pore space upon 

infiltration. 

Prior to adding water, cover the soil surface within the center ring and between the 

two  rings w i th  the rubber splash guards t o  prevent scouring of the soil when the initial 

liquid supply is poured into the rings. Fill both rings with liquid to  the same depth. Do not 
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record t&-initial' volume of liquid. Remove the splash guards and start flow of fluids from 

the graduated cylinders or Mariotte tubes. Measure and record each addition of water to  

the rings. As soon as the fluid level becomes constant, determine the fluid depth in the 

inner ring and in the annular space to the nearest 1/6 inch using a ruler or tape measure. 

Record these depths. If  the depths between the inner ring and annular space varies more 

than 1 /4 inch, raise the depth gauge or Mariotte tube having the shallowest depth. 

Maintain the liquid level at the selected head in both the inner ring and annular space 

between rings as near as possible throughout the test, t o  prevent flow of fluid from one 

ring to the other. 

12.2.2 Pre~aration and Set-UD for Sinale-Rina Test 

Where coarse-grained soils are encountered at the surface or at depth, the single- 

ring test method may be employed. This method makes use of only the large ring, 

therefore ring calibration consists of determining the area of t h e  large ring. Test surface 

preparation is the same as that for the double-ring test. I n  loose gravels or cobbles with i 
little or no fines, test surface preparation may consist only of excavating to a level test 

surface using the flat-bottomed spade. 

Since it is not possible to  drive the ring into coarse-grained material, a seal between 

the ring and soil is formed using bentonite powder. The seal is made by thoroughly mixing 

roughly equal volumes of bentonite powder and water, and applying the resulting paste 

with the long-handled spoon to where the outside wall of the ring meets the test surface. 

Approximately 5 gallons of paste should be used to adequately seal one 24 inch diameter 

ring onto a test surface. Care should be taken to avoid introducing the bentonite paste to  

the test surface within the ring. Remove such paste prior to  conducting the test. Follow 

the same instructions for adding and controlling the liquid to the single-ring as that 

described for the double-ring in Section 12.2.1.2. 

Maintainina Liauid Level 

During the test, the geologist will determine and record the volume of liquid that is 

added to maintain a constant head. For average soils, the volume of liquid used will be 
I 
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recorded at intervals of 15 minutes for the first hour, 30 minutes for the second hour, and 

60 minutes during the remainder of a period of at least 6 hours, or until after a relatively 

constant rate is obtained. Measurement intervals will vary, based on the permeability. For 

high-permeability materials readings may be more frequent then for low-permeability 

materials. For any test, the volume of  liquid used in any one reading interval s h o u l f i o t  be 

less than approximately 25 mL. 

To minimize evaporation, place the driving cap or some other covering over the ring 

during the intervals between liquid measurements. 

12.2.3 Calculations 

Convert the volume of liquid used during each measured.time interval into an 

incremental infiltration velocity for both the inner ring and annular space using the 

following equation: 

Incremental Infiltration Velocity = Vol.of fluid infil.//Area x time) = cmlsec. 

Record all information on the Single Ring or Double-Ring Infiltration Test Data Sheet. 
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STANDARD OPERATING PROCEDURES 
STANDARD OPERATING PROCEDURE 13.0 

AQUIFER TESTING 

Purpose and Scope: Aquifer tests are used to assess hydraulic properties of water bearing 
stratigraphic intervals. Parameters such as transmissivity, storage 
coefficient, and leakage coefficient (if applicable) will be derived from 
aquifer test data for input into groundwater flow and transport 
models. Both aquifer pump tests and slug tests will be used in 
estimating aquifer parameters. 

Equipment: Described below 

Documentation: Described below 
- 

13.1 SLUG TESTS 

This operating procedure describes methods used in performing single well aquifer 
or slug tests t o  measure aquifer hydraulic conductivity. The test involves changing the 
water level in a well and observing recovery to  static water level. Because slug tests 
stress only a small part of the aquifer, longer-term pumping tests are considered more 
accurate in the estimation of aquifer parameters. 

1 3.1 . I  Eaui~ment and Documentation 

The following equipment and documentation will be used in conducting aquifer slug 
tests: 

Water level indicator; 
Decontamination equipment; 
Calculator; 
Stainless steel or solid PVC slug; 
Data logger; 
Pressure transducer (5 to 1 5  psi); 
Laptop Portable computer; 
Computer disks; and 
Fie.ld Memorandum. 

Prior to  going into the field, all necessary equipment should be checked and tested 
to  assure it is in good working condition. This includes: 
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• Checking batteries for water level indicator, computer, and data logger; and 

• Running a test with the computer, data logger, and transducers to assure 
data is being recorded and that transducers are working properly; 

Once in the field, water levels in all wells to be tested will be measured and recorded. 
Dedicated pumps will then be removed (if necessary). Slug tests will not be performed on 
wells in which pumps were removed until the water level returns to the previously 
measured elevation. 

1 3.1.3 Slua Test Procedures 

Slug tests will be conducted only after the water level has equilibrated to static 
elevations. Procedures for "falling head" and "rising head" tests are as follows: 

• Record the well number in the field log; 

Measure and record the depttl to water from top of casing (TOC). Measure 
andrecord the depth of bottom of well from TOC, if possible; 

Insert pressure transducer into well. The transducer should be at least 1 
foot above the bottom of the well, and at least six feet below the static 
water level. To prevent damage to the transducers, 5 psi transducers should 
be placed so that they read no more than 10 feet of head during the test, 15 
psi transducers should not read more than 30 feet of head during the test; 

Program computer and data logger to  perform a "falling head" test as 
described below. Readings should be collected at a higher frequency at the 
beginning of the test, and less frequently as the test progresses. An 
example for a schedule of readings would be: 60 readings at 1 -second 
intervals; 1 2  readings at 5-second intervals; 32 readings at 15-second 
intervals; 20  readings at 60-second intervals; 12 readings at 5-minute 
intervals; 3 0  readings at 10-minute intervals. The exact program and 
schedule will depend on the type of data logger and may be modified for the 
conditions encountered in the field; 

Turn on logger and check input values. Values displayed on the computer 
screen indicate depth of submergence (feet of head) and should be stable 
and within the range expected from the previous step, if not, wait until well 
stabilizes. Write down initial head value on the Field Memorandum. 

• Begin "falling head" program and record the time; 
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'-- Ins'tantaneously," but smoothly, lower a clean.decontaminated slug into the 
well. Tie off the line t o  the slug when it is completely submerged below the 
initial static water level; 

Record water levels with data logger until at least 9 0  percent of the change 
in water level has dissipated (compare reading to initial value recorded before 
the test). This time may range from 1 minute to less than 1 day due to  site 
specific conditions. Usually it is not necessary t o  continue measurements 
for more than a few hours, since longer periods indicate extremely low 
hydraulic conductivity; 

Reprogram the datalogger t o  perform a 'rising head" test. Reading will be 
collected on a schedule similar t o  that other falling head test. Turn the 
datalogger on and check head values against initial values; 

Begin 'rising head" program and record the time; 

'Instantaneously," but smoothly, remove the cylinder from the water 
column, being sure that the bottom of the slug is above the original static 
water level. Tie the slug off while it is still in the well so that the transducer 
cable is not disturbed by removing the slug; 

Continue collecting water level measurements until at least 9 0  percent of the 
change in water level has dissipated. End test; 

Decontaminate the slug, transducer, and water level indicator; and 

Download data onto a floppy disk, making sure data was recorded and 
transferred proper1 y. 

13.2 STEP DRAWDOWN TEST 

Step drawdown aquifer tests may be conducted on selected wells. In a step 

drawdown test, the well is pumped at successively higher pumping rates and the 

drawdown for each rate, or step, is  recorded. The results of these tests provide 

information t o  help identify well efficiency and the appropriate pumping rate for the 

constant discharge tests (see below). The initial discharge rate of each step drawdown 

test will be based upon the results of the well development (see SOP 8.0). Each step 

drawdown test wil l consist of three 1-1 12-hour steps. Where feasible, the aquifer wi l l  be 

allowed to  fully recover before the next step is commenced. 
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'During the step drawdown tests, drawdown and recovery in the pumping well and 

observation wells will be monitored by using the data logger. Additional information for 

the data logger, equipment, and specific pump test procedures are discussed in the 

Constant Rate Discharge Test section below. 

13.3 CONSTANT RATE DISCHARGE PUMP TESTS 

This operating procedure describes the methods involved in conducting a constant- 

rate discharge pumping test. The activities covered by this procedure are designed to 

ensure quality control in conducting pumping tests to  determine aquifer parameters, and to 

provide quantitative data on aquifer parameters such as saturated hydraulic conductivity, 

specific yield, and storativity. 

13.3.1 Eaui~ment and Documentationr 

The following equipment and documentation will be used in conducting constant I>, 

rate discharge pump tests: 

Water level measuring tape(s); 
Flow meter; 
Steel register flow.meter; . .. 
Portable computer; 
Program diskettes; 
Data diskettes; 
Field log; 
Stopwatches; 
Calculator; 
Stainless-steel submersible pump; 
Teflon or polyethylene flexible piping; 
4,500-watt generator; 
Stainless-steel hose clamps; 
Calibrated 5-gallon bucket; 
Flashlights, etc.; and 

Field Memorandum. 
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Prior to going into the field, all necessaw equipment should be checked and tested 

to  assure it is in good working condition. This includes: 

Checking batteries for water level indicators, computers, and data loggers; 

and 

Running a test with the computer, data logger, and transducers to assure 

data is being recorded and that transducers are working properly; 

Once in the field, an area will be located to conduct the pumping test where the water 

table or potentiometric surface is relatively flat; where the aquifer is believed to be 

relatively homogeneous and isotropic and of constant thickness; and where there are no 

nearby influences on groundwater flow, such as other pumping wells, streams, lakes, or 

no-flow boundaries. Observation well(s) will be chosen that are within 50 to 3,000 feet of 

the pumping well. 

Water levels in all wells to  be included in the test will be measured and recorded. 

Dedicated pumps will then be removed (if necessaw), and the well will be allowed to 

equilibrate for at least 72 hours prior to the pumping test. The pumping well will not be 

pumped for at least two days prior to conducting the pump test. 

Install pressure transducer into the pumping well and observation wells several days 

prior to  the test to obtain data on both natural and artificial regional groundwater level 

fluctuations and to assure all equipment is working properly. Decontamination will be 

conducted on all of the downhole testing equipment and will occur prior to the start of 

each test and upon completion of test (see SOP 3.0 Equipment Decontamination). 

Install a barometer on site to continually record local barometric pressure. If there 

is a NOAA or Weather Service station near the site, data from the official station can be 

obtained as a substitute. 
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1 3.3.3 Procedures 

The distance between the observation well(s) to the pumping well will be measured 

prior to beginning the pump test. A general pumping rate will be estimated based on 

results from a step drawdown test or, if no step drawdown test is performed, based on 

data collected from well development 'and from the distance of observation wells. In 

general, the closer observation well(s) are to the pumping well, the lower the pumping rate 

that will be used. 

The constant rate discharge tests will be conducted for at least 24 hours. If . 
steady-state conditions occur before 24 hours, the test will be terminated at 24 hours. If 

steady-state conditions arenot met within 24 hours, the test will be continued until 

steady-state conditions occur or 72 hours have elapsed, whichever occurs first. 

The pumping well and at least two observation points, if feasible, will be monitored 

during the constant rate test. A multi-channel data logger should be utilized during the (. 

aquifer test so that several observation points can be monitored. Drawdown in the 

pumping well and the nearest observation well will be measured with pressure transducers 

and data logger at the following intervals: 

Ela~sed Time Measurement Interval 

0 - 2 sec. 

2 - 20 sec. 

20 - 1 20 sec. 

2 - 12 min. 

1 2 -  120min. 

120 - 1,440 min. 

1,440 - 4,320 min. 

> 4,320 min. 

0.2 sec. 

1 sec. 

5 sec. 

30 sec. 

2 min. 

10 min. 

100 min. 

500 min. 

The data logger will be checked every 10 minutes for the first hour of each step 

drawdown test and at least once every half hour thereafter. 
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Observation points which cannot be connected t o  the data logger because of  

distance from the equipment will be monitored wi th  the water level meter. Observation 

wells will be checked every 15 minutes until drawdown is detected in the observation 

well. Once drawdown is detected, water levels will be measured at the following 

intervals: 

E la~sed Time 

0 - 5 min. 

5 - 1 0  min. 

10-  20min. 
20 - 40 min. 

40 - 8 0  min. 

80 - 1 2 0  min. 

120  - 180 min. 

> 180  min. 

3 0  sec. 

1 min. 

2 min. 

5 min. 

1 0  min.. 

2 0  min. 

3 0  min. 

60  min. 

At  the completion of the constant rate discharge test, recovery measurements will 

be made according t o  the same schedule as the drawdown measurements. Recovery will 

be measured until the residual drawdown is less than 10 percent of the total drawdown or 

for an equal duration as pumping. 

After 48 hours, the data loggers, pressure transducers, and cables will be removed 

from the observation wells. Dump the data onto data diskettes using the portable 

computer. 

Data will be recorded by the data logger as feet of water above the pressure 

transducer. Reduce these data t o  changes in potentiometric head (in feet), relative t o  the 

initial water level as measured from the top of the casing, and record this with the 

respective changes in time. 
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13.4 DISCHARGE MEASUREMENTS 

Pump discharge during the aquifer testing will be measured with a totalizing flow 

meter. The meter will be sized so that the rate of pumping is no less than 25 percent of 

the meter capacity. A pressure gauge and adjusting gate valve will be installed in the 

discharge line ahead of the flow meter to control the pump discharge rate. The flow meter 

will be checked during each test by measuring and recording the time taken to fill a known 

volume (e.g., a 55-gallon drum) with water. If the flow meter malfunctions, the bucket 

and stopwatch method will be used to measure discharge during the aquifer test. 

The rate of discharge during the test will be controlled to within plus or minus five 

percent of the designated rate. Discharge will be checked, and-adjusted, every ten 

minutes from 30 minutes to 90 minutes of pumping, and every half hour from 90 minutes 

of pumping to the end of the test. Any adjustment or pertinent i,iformation will be 

recorded. 

13.5 ABORTED TEST 

Failure or shutdown of the pump for more than one percent of the elapsed pump 

time will constitute an aborted test. If the test is aborted, pumping will not resume until: 

(1) the water level in the pumped well has recovered to its static level; or (2) three 

successive water-level measurements spaced twenty minutes apart show no change 

greater than 0.01 foot; or, (3) the well has been allowed to recover for a period of time 

equal to or greater than the elapsed pumping time of the aborted test. 

13.6 STORAGE AND DISPOSAL OF PURGED WATER 

Water removed during a pump test will be stored and disposed of as outlined in 

SOP 4.0 (Soil, Water, and Waste Disposal) and the Waste Management Plan. 



AITACHMENT 1 OF APPENDIX A Revision: 0 
LEHR ENVIRONMENTAL RESTORATION Effective Date: 09/28/94 

Standard Operating Procedure No.: 14.0 
Page 1 of 2 

STANDARD OPERATING PROCEDURES 
STANDARD OPERATING PROCEDURE 14.0 

FIELD MEASUREMENTS - SOIL 

Purpose and Scope: The purpose for this procedure is to describe methods for measuring 
the pH of a 1 :1 soil-water paste. These measurements will be used 
as a field estimate of soil pH. 

Equipment: pH meter; 
pH buffer solutions (pH 4, 7, and 10); 
Plastic cup or beaker; 
Distilled or deionized water; 
Graduated eye dropper; 
Spray bottle; and 
Field balance. 

Documentation: Field Memorandum; 
Instrument Calibration Log; 
Soil Boring Log; and 
Test Pi Excavation Log. 

14.1 SET-UP 

Prior to going' into the field, all equipment will be assembled and checked to  ensure 

it is in proper working condition. Measurements of soil pH can be conducted on soil 

samples collected by any of the methods described in SOP 10.0 (Soil Sampling). 

14.2 CALIBRATION AND MEASUREMENT 

The pH meter will be checked and calibrated prior to  taking any measurements 

according t o  procedures outlined in SOP 2.0 (Field Measurements - Water). Upon 

calibration, measurements of soil pH will be taken as follows: 

Weigh or measure 5 g of air-dry soil into a paper cup; 

With graduated dropper, add 5 ml of distilled water to the soil; 

Mix thoroughly for 5 sec, preferably with portable mechanical stirrer (a small 
stirrer motor, 1,550 rpm, mounted on a handle with a short, slightly bent 
plastic or glass rod agitator serves very well); 
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Let stand for 10 min; 

Insert the el.ectrodes into the container, and stir the soil suspension by 
swirling the electrodes slightly; 

Read the pH immediately on the pH meter, and record as soil pH in water, or 
Ph,; and 

Rinse probe and other equipment thoroughly in distilled or deionized water. 
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STANDARD OPERATING PROCEDURES 
STANDARD OPERATING PROCEDURE 15.0 

FIELD MEASUREMENTS - AIR 

Purpose and Scope: The purpose for this procedure is to  describe methods for measuring 
the concentration of volatile organic compound vapors for compliance 
wi th the health and safety plan and to screen soil samples collected 
during test pit excavations, and soil borings. 

Equipment: Photoionization detector (PID); 
Calibration gases; 
Gas cylinder gauge; 
Gas sampling bag; and 
Batteries and recharger. 

Documentation: Field Memorandum; 
Instrument Calibration Log; 
Soil Boring Log; and 
Test Pit Excavation Log. 

1 5.1 CALIBRATION 

Calibration and measurement procedures in this SOP are based on those written for 

a MICROTIP" MP-100 PID. I f  another brand is used, consult the user's manual for 

calibration and measurement methods. 

Prior t o  going into the field, the PID will be checked t o  assure it is in proper working 

condition. The check will include: an inspection for damage or missing pieces; check of 

batteries; check of calibration gasses to  assure sufficient quantity for calibration for 

duration of field activities; and calibration of instrument t o  assure it is working properly. 

When in the field, the instrument will be properly maintained as indicated in the operators 

manual, and will be calibrated periodically as indicated in the QAPP. 

The PID will be calibrated using t w o  gases: a zero gas or clean outdoor air, and a 

span gas (usually 100  ppm isobutylene in air). The PID will be calibrated as follows: 

Turn instrument ON and allow it t o  equilibrate. Check battery; . 
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Switch to  calibration mode (press CALI. Expose the PID to the zero gas 
sampling bag or to clean outdoor air. Press ENTER to zero the instrument; 

Enter the concentration of the span gas (usually 100 ppm), and connect the 
span gas bag to the instrument inlet. Press ENTER to set the sensitivity of 
the instrument; and 

Enter calibration information onto the Calibration Log form. 

15.2 MEASUREMENT 

Field measurements for VOC vapors will be conducted to  monitor the operator 

breathing zone (OBZ) to ensure worker safety. Measurements of the OBZ will be 

conducted according to procedures in the H&S Plan. 

Field measurements of VOCs will also be used as a screening tool for soil samples. 

Measurements of VOCs in soil samples will be conducted on continuous core samples, 
i 

drive samples, drill cuttings (see SOP 6.0 - Soil Borings and SOP 10.0 - Soil Sampling), 

and samples collected from test pits (see SOP 1 1.0 - Test Pit Excavation Procedures). The 

soil sample will be placed into plastic zippered storage bag, the bags will be sealed and the 

soil broken up. After several minutes, a reading will be taken of the air inside the bag and 

recorded on the boring or test pit log. 
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STANDARD OPERATING PROCEDURES 
STANDARD OPERATING PROCEDURE 16.0 

AIR SAMPLING - ROTAMETERS AND MASS FLOW 

Purpose and Scope: This procedure describes the method of calibration for the individual 
rotameters or mass flow meters that are used at air stations for the 
determination of air f low rates through the sampling head and total 
f low through dry gas meters used in the sampling train. This 
procedure is applicable to  the calibration of the rotameter, or mass 
flow meter, dry gas meter and associated sampling train configuration 
described in Figure 16.1. Should a different configuration of the 
sampling train be installed, recalibration is required and shall be 
documented per this procedure. 

Equipment: Rotameter - A variable orifice gravity-dependent floating indicator, 
subject t o  pressure and geo-orientation variables; and 
Mass Flow Meter - A flow-indicating device which is not subject t o  
ariything but specific heat of the flowing gas. 

Documentation: Field Memorandum; 
Calibration Certificates; 
Vacuum Leak Testing; 
Air Monitor Dry Gas Meter; and 
Air Monitor Rotameter. 

16.1 SET-UP 

Prior t o  collecting data, the Environmental Engineer shall ensure that the 

measurement devices which are used at the air sampling stations are (National Institute of 

Standards and Testing (NIST) traceable) calibrated. The Environmental Engineer or his 

qualified representative shall maintain the air sampling rotameters, dry gas meters, and 

ensure that the calibration equipment is calibrated and functional. 

16.2 CALIBRATION AND MEASUREMENT 

Set up the sample head, blank filter, rotameter or mass flow meter, and vacuum 

system in the configuration to be used for the actual sampling. The air sampling stations 

are connected t o  the normal vacuum source or a vacuum test pump. These should be 
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calibrated in this configuration unless a special sampling train is necessary and 

documented on the Calibration Certificate (CAL-AIRR). 

Step 1 Inspect the entire sampling train for damaged or loose fittings which may 
cause air leakage. After replacing or repairing damaged parts and confirming 
all connections are tight, perform the vacuum leak test as follows: 

For ambient air sampling systems, remove the air particulate filter. In its 
place, secure plastic and duct tape across the face of the opened sampling 
head. This will serve as an air-tight seal during the test. Isolate the tritium 
sampling branch, if so equipped. 

For effluent air sampling and monitoring systems, isolate the system to be 
leak tested. Maintain flow through system not being tested; 

Attach the leak-test rig to  the three-way valve located immediately in front 
of the sampling train's air pump (Figure 16.2). Confirm the water level in 
bottle #I is above the black line (approximately 700 mL). Confirm the water 
level is below the green "zeron line of bottle #2. Fully open the metering i 
valve and start the vacuum pump. Carefully close the metering valve until a 
steady vacuum of inches Hg is witnessed on the test rig manometer. Invert 
bottle #l. Water should not transfer from bottle #1 to  bottle #2. Water 
transfer indicates a leak in the test rig which must be corrected before 
continuing. Return bottle #1 to an upright position. Switch the three-way 
valve to bring the sampling train on line with the test rig. When the test rig 
manometer again indicates 5 inches Hg and remains steady, invert bottle #1. 
If water does not transfer to  bottle #2, activate the stopwatch. If water still 
has not transferred to  bottle #2 after one minute, the air sampling train has 
passed the leak test. Should water begin transferring to bottle #2 upon 
inverting bottle #1, wait for the level in bottle #2 to  reach the green "zero" 
line. Activate the stopwatch. If the level in bottle #2 passes the black line 
within one minute (500 cc), the sampling train has failed the leak test. 
Locate and repair the leak source; then repeat the test; 

If the sampler is equipped with a tritium column, isolate the air particulate 
sampling branch, plug the inlet to the column and perform the leak test in a 
manner similar to  that described above. Should water begin to transfer from 
bottle #1, wait for it to pass the first has mark on the clear tubing between 
bottles. Activate the stopwatch. If  the water passes the second hash mark 
within one minute (7 cc), the sampling train has failed the leak test. Locate 
and repair the leak source; then repeat the test; 
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• Upon conclusion of the test, complete the."Certificate of Vacuum Leak 
Testing" and return the system t o  its operating condition; 

Step 2 Check the batter on'the Kurt f low calibrator. Should the display not indicate 
the BATT OK, recharge the unit overnight prior to  field use. 

Step 3 Attach the mass flow meter (Kurz Model 544  or Kurz Model 1544) to  the 
sample head using the appropriate sample head adapter and the least 
amount of connecting tubing necessary. Check t o  ensure the f low is in the 
correct direction (in-atmosphere, out-sample head). 

Step 4 Connect the Kurz f low calibrator to  the matched Kurz mass f low meter using 
the transducer cable (Figure 16.1, Calibration Sampling Train). Power Kurz 
after ensuring that cables are properly attached. Verify that the meter 
balances to zero on the lowest scale. 

Step 5 The sampler flow rate can be adjusted wi th the rotameter valve or, i f  
equipped with a mass flow meter, a f low adjustment screw. Calibrate the 
rotameter (flow meter) at 20  percent, 5 0  percent, and 80 percent full scale. 
Record schematic diagram of actual sampling train used, rotameter model, 
manufacturer and serial number, location, f low meter and rotameter 
readings, date, and calibrator's initials. I f  there is no unique identification 
code on the meter being calibrated, one must be assigned before the 
calibration is valid. 

Step 6 Plot the rotameter (flow meter) f low rate versus the actual f low rate from 
Kurz meter on graph paper. A t  the desired flow rate, i f  the plot indicates by 
inspection that the rotameter requires a correction factor of more than 50 
percent, deviates from previous calibrations by more than 1 0  percent, or is 
nonlinear by more than 10 percent of full scale, the unit must be replaced. 
In the case of the SIERRA sampler units, the mass f low meter should be 
adjusted as appropriate. 

NOTE: The K u n  f low calibrator automatically compensates for pressure and 
temperature t o  read in SLPM (liters per minute a t  20°C, 760 m m  Hg). A 
laboratory thermometer will be used t o  measure the ambient condition during 
the test. ,Barometric pressure (uncompensated) wil l  be taken within t w o  
houm of any test. I f  barometric measurements are not  available a t  the site, 
readings from the official Sacramento area weather service will be 
acceptable under the conditions that: 

• The area weather system is table within the testing time frame (i.e., a storm 
front is not  moving through the local region); and 
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The weather sewice source is representative of and can be elevation 
compensated for the test site. 

'- Step 7 Calculate and record the results per steps 12 through 14. 

Step 8 Calibration of the dry gas meter may be performed at the same time as 
calibration of the associated rotameter. A separate calibration form is 
required for this procedure (CAL-AIRT). To expedite replacement and to be 
available for emergency response, dry gas meters may be calibrated as 
"stand alone." Calibration will be performed monthly. 

Step 9 Leak test the sampling train per step 1. 

Step 10 Set and hold the flow rates for at least three minutes at each of the three 
levels in Step 5 recording the following data for each point: 

Schematic of sample train and location; 
Identification (model, serial number, etc.) of meter; 
Barometric pressure (mm Hg uncompensated) and time; 
Temperature; 
Calibrator reading, stadfinish (slpm); 

i 

Total cubic feet (liters) indicated on dry gas meter using the proving circles 
indictor; and 
Manometer inches of water (mm Hg) at meter outlet. 

Step 1 1 Using the appropriate formulae (Section 16.7), calculate the corrected 
volume (STP, 25OC, 760 mm Hg) of indicated flow and the total volume 
through the calibrator. 

Step 12 Calculate and record the correction factor and the cumulative error factor 
near the operating flow rate. Remove the dry gas meter from service if the 
correction factor is outside the 0.90 - 1.10 range. 

Step 13 Post a calibration sticker including the correction factor with the calibrator's 
initials and next calibration date on the calibrated meter. 

Step 14 The Certification of Calibration and original plot shall be maintained in the 
instrument file under the file heading Air Sampling Rotameter or Air Sampling 
Totalizer, as applicable. Instrument files shall be maintained at the project 
office for each sampling location. 
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16.3 ADMINISTRATIVE CONTROLS 

Air measuring devices used at sampling stations shall be calibrated semi-annually. 

The correlation between the rotameter and totalizer in a given sampling train shall be 

checked quarterly. Sampling systems shall be leak tested on a quarterly basis. 

Instruments that do not meet calibration specifications shall be repaired or replaced 

as soon as possible. Replacement meters upon installation or repair shall be calibrated per 

this procedure. An instrument will not be permanently removed from service until a 

replacement is available for installation. 

The Kurz units should be used in clean areas only. 

Perform a radiological survey on any calibrator unit used in this procedure within 

the plant facility building controlled areas before returning it to storage. 

The Kurz units shall be calibrated on an annual cycle. This calibration shall be 

traceable to  the National Institute of Standards and Technology. 

16.4 MAINTENANCE 

The Kurt flow calibrator shall be recharged following each use. The Kurt mass flow 

sensor shall be inspected and cleaned as necessaw before each use. To clean the sensor, 

use a small camel's hairbrush and water, followed by an alcohol rinse. The sensor shall be 

dry before resuming use. 

1 6.5 AUTHORITY 

WVNS Radiologicals Controls Manual, WVDP-0 10. 

A Guide for Environmental Radiological Surveillance at ERDA Installations, ERDA 

77-24. 
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Draft DOE 5400.6, March 1990 

16.6 REFERENCES 

Air Sampling lnstruments for Evaluation of Atmospheric Contaminants, Fifth 

Edition, ACGIH, 1978. 

Kun  Model 544 and Model 1544 Portable Flow Calibrator Instruction Manual. 

Calibration and Error Limits of Air Sampling lnstruments for Total Volume of 

Air Sampled, U.S. Nuclear Regulatory Commission Regulatory Guide 8.25, 

August, 1 980. 1, 

ANSI N5 1 0-1 980. 

16.7 PRESSURE, VOLUME, AND ERROR COMPENSATION FORMULAE 

For volume correction for temperature and pressure: 

(STP, 25OC and 760 mm Hg) 

v, - - volume measured at conditions P and 7 

7, = temperature of V, in O K  

p, = pressure of V, in  mm Hg 
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To connect to actual volumetric conditions from compensated mass flow readings: 

dr Q act = Q ind x - 
da 

Where: 

ds - - air density at STP (25OC 760 mm Hg) 

d8 - - actual air density in the sample train at the calibration point 

Q act = volumetric flow rate (Ipm) 

Q ind = indicated mass flow rate (slpm) 

Cumulative error, E, should be less than 10 percent of total volume for air sampling 

instruments using the following formula: 

Where: 

Ec - - Percent error of the standard calibration instrument 

Es - - Intrinsic error in reading the meter scale (an acceptable estimate is 

the percent equivalent of one tenth the smallest scale division 

compared to scale reading) 

Et = Percent error in measurement of sampling time (should be less than 1 

percent) 

En - - Other errors, known or estimated in the overall system 
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STANDARD OPERATING PROCEDURES 
STANDARD OPERATING PROCEDURE 17.0 

AIR SAMPLING - RADIONUCLIDES IN AMBIENT AIR 

Purpose and Scope: Collection of representative ambient air samples from various 
locations7s necessary to determine radionuclide concentrations and 
monitor environmental air quality which may be affected by site 
operations. The data obtained from anal'ysis of the air samples is an 
indicator of environmental trends and efficiency. This procedure 
describes the general siting requirement, configuration, and operation 
of air sampler systems utilized to  determine the radionuclide content 
of ambient air. This procedure does not apply directly to  stack 
effluent monitoring. 

Equipment: Glass fiber filters - 47  mm diameter, Gelman Sciences Type AIE; 
Tweezers; 
Plastic bags approximately 4.5" x 3", zippered storage type, for 
transport of air filters; 
Permanent marker, narrow point, black preferred; 
Fully calibrated air sampling system; 
Watchlclock; 
Desiccant column for collection of tritiated water vapor; 
Charcoal cartridge for collection; 
Plastic bags, zippered storage type for transport of charcoal 
cartridges; and 
Two-way radiolwalkieltalkie. 

Documentation: Field Memorandum 

17.1 SET-UP, ORGANIZATION AND DOCUMENTATION 

Prior t o  calibration or collecting measurements, all sampling equipment will be 

checked by the field operations lead to ensure that it is in proper working condition. The 

Task Manager responsible for ensuring that the placement of air sampling systems is 

appropriate to  the needs and requirements of the environmental monitoring program. The 

technician collecting the sample is responsible for following the procedural steps and using 

proper techniques and for accurately recording the appropriate data on the designated 

worksheet or worklog at each sampling station. 
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'The air sampling systems obtain 110V AC electrical power from standard line 

service. Exercise extreme caution when working with the systems to  prevent poss?ble 

electrical shock. Be aware of dangers inherent with electrically energized systems. 

Do not perf6rm maintenance until the system is properly shut down. 

17.2 SAMPLING AND CALIBRATION PROCEDURES 

The following procedures detail the configuration, operation, and sample collection 

procedures for ambient air samples: 

The flow rate through tC., desiccant columns is adjustable to  compensate for 

seasonal changes in relative humidity. To collect an adequate sample and to  prevent 

"breakthrough" (saturation of the desiccant), raise the flow to 500 milliliters per minute or 

higher during the dry winter months (less than 25 percent relative humidity), then reduce 

t o  approximately 250 mL/min during the humid (greater than 75 percent relatively 

humidity) summer months. 

Flow rates may need adjustment weekly. When compensating for humidity levels, 

all ambient tritium samplers should be adjusted to approximately equal rates on the same 

day in order to  maintain consistency. 

17.2.1 General Sam~l ina Train Conficluration 

Typically, air sampling systems consist of a filtration sampling head for collection of 

air particulates, a desiccant column for collection of water vapor (specific locations), a 

charcoal cartridge for collection of radioiodine (specific locations), a rotameter or mass 

flow meter, a dry-gas or mass-flow totalizer, an elapsed time indicator (optional), and an 

air pump capable of sustaining continuous flow through the system at an established rate 

(Figure 17.1). 
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In all air sampling situations, accurate air flow rate, totalizer, and calibration factors 

are required to determine the total volume of air sampled. The accuracy of radionuclide 

analysis depends directly upon the accuracy of the volume sampled. 

1 7.2.2 Continuous O~eration 

The flow rate through air filters and charcoal canisters should be maintained 

between 30 and 60 liters per minute. The nominal target value, with compensation, is 40 

standard liters per minute. Sampling head dimensions will be selected based on 

manufacturer's recommendations for filter-specific linear flow rate. 

17.2.3 General Sam~ le  Retrieval 

Samples will be retrieved by the following steps: 

• Unlock the exterior enclosure containing the sampler and open door. I f  
sampler is not operating, determine cause and correct; 

A. Notify the Environmental Laboratory Manager or Designee 
immediately to report the problem. Notification will be by two-way 
radio if in range, or by telephone if at a remote location; and 

6. Document sampler status and actions taken to correct any problems 
in sampler maintenance log. 

Compare and record the flow rate on the gauge to the flow rate value 
(including correction factor) posted on the calibration sticker; 

Record the flow rate; 

Turn off the air pump power switch; 

Record the,sample period ending date, time, to nearest minute and dry-gas 
meter or totalizer reading in the appropriate. spaces on the Laboratory 
Information Management System (LIMS) Sampling Worksheet; 

Remove the sample collection medium taking care to handle it minimally (see 
Section 17.2.4 for instructions appropriate to  the medium used); 
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Install a new or regenerated collection medium; 

Note: Regenerated medium would be the desiccant used in the tritium 
columns. The moisture is distilled off and desiccant is then completely dried 
in an oven. New desiccant is put into service each quarter. 

Turn on the air pump power switch; 

Inspect the rotameter (or mass flow meter) to ensure that the flow rate is 
within the acceptable range. Adjust as needed to the nominal 40 standard 
liters per minute flow rate; 

Record the sample period starting date, time, and totalizer meter reading on 
the LlMS Sampling worksheet (Attachment 8); 

A. Record the Hccr deter reading on the field data sheet; and 

8. Immediately calculate the time in minutes from the last visit using 
10,080 minutes per week and correcting from any seasonal time 
changes. Compare the calculated time to the recorded time and (, 
determine the difference (calculated minus recorded). Any indicted 
down time must be documented. 

Visually inspect the system for possible air leakage and damaged 
components. Repair or replace faulty components and test the system per 
EM-8; 

Record results of inspection in the sampler maintenance log; and 

Close the sampler door and lock the enclosure. 

17.2.4 S~ecif ic Sam~le Collection Media 

Collect air particulates weekly on 47mm-diameter type A/E glass fiber filters as 

follows: 

Turn off the air sample pump per Section 17.2.3; 

Open the filter head and remove the filter. Filters should be manipulated 
with tweezers by grasping the outer edge. After the filter's exposure period, 
take care to avoid displacing adhered material, thus compromising the 

1, 



ATTACHMENT 1 OF APPENDIX A 
LEHR ENVIRONMENTAL RESTORATION 

Revision: 0 
Effective Date: 09/28/94 

Standard Operating Procedure No.: 17.0 
Page 5 of 11 

sample. During humid conditions, the filters are particularly delicate; be 
careful to avoid tearing the filter. (Extra care must be taken during severe 
weather conditions to prevent loss or damage to the filter due to  rain, wind, 
etc.); 

a Record sampler statistics on the LlMS Sampling Work Sheet and a plastic 
zippered storage bag using a permanent marker. To ease identification, 
place the exposed filter in the bag with the darkened side toward the clear 
side of the bag; 

a Place a new filter in the head. Avoid contacting the filter in any manner 
which may result in deposition of contaminants. Confirm that the woven 
side of the filter is against the head (i.e., "rough" side out); and 

a turn on the air pump to draw the filter against the mesh. The head may now 
be reassembled with little risk of damage to  the filter. 

Note: Wrinkles or tears are unacceptable and must be rectified by replacing 
the damaged filter. 

Retrieve desiccant columns weekly as follows: 

a Record time collected and tritium dry-gas meter readings on the LlMS 
Sampling Work Sheet; 

Remove the lines connected in the service column; 

a Cap the column orifices to prevent air exchange prior to analysis; 

a Observe the color change. As moisture is adsorbed, the desiccant changes 
from deep blue (dry) to light pink (moist). Ideally, between 40% and 50% of 
the desiccant should be light pink; 

a Adjust the flow rate as needed to  maintain this level of moisture trapping; 

Substitute a dedicated column (specific to the sampling system) with fresh 
or regenerated desiccant for the one removed. Ensure that the lid of the 
"freshn column is secure. All connections ad seals must be secure to 
prevent air leakage; and 

Weekly, Environmental Laboratory personnel will provide "fresh" columns for 
tritium sampling. 
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Retrieve charcoal cartridges monthly. Cartridges are located in series behind he air 

particulate head. Collection should occur during the routine collection nearest the calendar 

month end: 

Record ending date and time removed on the plastic zippered storage bag 
and on the cartridge itself; 

Open the cartridge holder and substitute a new cartridge in place of the 
exposed one. Orient according to the flow direction arrow on the side of the 
cartridge; 

Place the exposed cartridge in a plastic bag for transport to the laboratory; 
and 

Environmental laboratory Personnel will provide new charcoal cartridges. 

.17.3 MAINTENANCE 

Maintenance of the sampling system will include initial installation, routine 

maintenance during operation, and identification of abnormal operation. These procedures 

are described below. 

17.3.1 Initial Sam~ler Installation - 

The location selected for installation of ambient air samplers should be within the 

sector (octant) identified by using the Waite methodology given in DOEIEH-0173T, Section 

5.7. The site-specific factors used in the application of the Waite method should be 

documented by the task manager. 

Placement of samplers within the selected sector or area should follow the 

recommendations provided in DOE-EH-0173T to the extent practicable. Structures, roads, 

trees, and other anomalous areas are to be avoided. The following requirements are the 

minimum acceptable for new or replacement siting of ambient air samplers. Whenever 

possible, the ideal conditions should be met: 
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Samplers should be sited at least 50 feet from the edge of dirt roads. This 
does not apply to  low-traffic driveways; * 

Generally, avoid siting locations immediately downwind of or near dusty 
areas, such as plowed fields, industrial yard activities, or heavily traveled 
unimproved 'mads; 

Samplers should be sited away from structures or trees such that a 90- 
degree cone of obstruction-free air exists above the sample, with the apex 
originating at the sampler head 2.0 meters from the ground. Note that 
ideally, a 128-degree cone is recommended (2-to-1 distance-to-height ratio) 
for single structures or trees, and 144 degrees for extended structures or 
rows of trees. Use of a Brunton pocket transit or clinometer should provide 
adequate accuracy to  f 1 degree; 

Clearance from obstacles should be measured when foliage is present. For 
each sampler, a record of the actual vertical angle .and geodetic azimuth of 
obstructions within the "conen and/or closest to  the "cone" should be 
recorded in the Maintenance Log; 

The location chosen should be assessed for security concerns including 
vandalism. Avoid colored sampler housings which contrast with the 
background or provide a silhouette suitable for a firearms target. The 
sampler housing should be painted to blend in with the surroundings. 
Proximity to  public places such as recreation areas or schoolyards should be 
avoided t o  limit opportunity for vandalism. The ideal conditions include a 
site on State or Federal lands in an area not usually accessed by the general 
public, or on private property where the landowner limits access to  the site; 

Line power should be from a separate 30-amp metered service with a local 
disconnect switch. The sampler should be connected to a weatherproof 
receptacle (instead of "hard wiring") so that the entire sampling unit may be 
replaced quickly. Power cords should be sized to exceed the expected 
sampler requirements to  allow replicate samplers to be attached 
occasionally; and 

Protection devices must be installed and functional. Ground fault 
interrupting devices shall be installed at the receptacle, and a line voltage 
two-pole electronic protection device installed to protect the sampler 
electronics. 
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17.3.2 Routine Sam~ler  Maintenance 
* 

Quarterly, an inspection of hoses, connections, and general conditions should be 

conducted per EM-8 to  assure integrity of the system. I f  maintenance requiring sample 

train disassembv or evidence of system deterioration has occurred, the system should also 

be leak tested per EM-8. The inspection and any further testing should be recorded in the 

Maintenance Log. If sampler removal is required, turn off all power switches, including the 

service disconnect prior to unplugging the sampler unit for removal (see Section 17.5 for 

precautions). 

Semi-annually during the routine calibrationlleak check (see EM-8), encroaching 

vegetation growth and other obstructions shall be v t e d  and recorded in the Maintenance 

Log. The obstruction should be measured at least annually per Step 7.2.3 and the records 

used t o  generate work order requests to control the obstructing vegetation as needed t o  

maintain the minimum criteria. 

Preventive maintenance will be conducted periodically and include: 

An inspection of the power line installation and the power cords shall be 
performed and documented, preferably by a qualified electrician. 
Replacement of deteriorated or damaged electrical cords or equipment must 
be performed by a qualified electrician; 

Each continuously operating air sampler vacuum pump assembly (motor and 
pump) shall be replaced with another unit and returned t o  the manufacturer 
for servicing. The unit shall be disassembled and inspected. A t  minimum, 
the pump carbon vanes (and motor brushes if part of the assembly) shall be 
replaced and the unit tested for proper operation. The unit shall be excessed 
if it is not repairable. The specific inspection, repairs, and parts replaced 
shall be recorded in the maintenance log such that any action pertaining t o  a 
specific piece of equipment is traceable. 

Sampling train calibration and leak testing shall occur routinely as directed by EM-8. 
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17.3.3 Reoortina of Abnormal O~eration 

Upon determining a sampler has stopped operating, or indication that a hiatus has 

occurred per step 6.3.9, the Environmental Scientist collecting the sample will take the 

following steps. Immediate reports are to be made by radio for conditions described 

below. 

• Downtime over 10% of the week (1 6.8 hours) or finding an inoperative 
sample for categorized ambient air sampling equipment must be reported 
immediately to the Environmental Lab Manager. 

Actions for downtime over 10% of the week are as follows: 

1. An Event Fact Sheet (Form WV-1098, per WV-987) and an 
Occurrence Report will be filed. 

2. Lab Manager will confirm with Environmental Lab Radiological group 
leader and main plant Shift Supervisor on facility airborne radioactivity 
release events (or lack thereof) for the previous week during 
downtime. 

3. Lab Field Group will investigate and document the cause of the 
sampler failure or hiatus in operation. 

• Downtime under 10% of the week but greater than a standard error of * 15 
minutes (or over 10% for non-categorized equipment) must be reported to 
the Environmental Lab Manager upon return to the lab after routine sample 
collection. 

Actions are as follows: 

1. An Event Fact Sheet will be filed. 

2. Lab Manager will confirm with Environmental Lab Radiological group 
leader and main plant Shift Supervisor on facility airborne radioactivity 
release events (or lack thereof) for the previous week during the 
downtime. 

3. Environmental Lab Field Group will investigate and document cause. 
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Downtime is under 10% of the week and less than the standard error ( f 15 
minutes). There will be no action. 

Note: 

Cateaorized* Samolers Non-Cateaorized Samolers 

AFRSPRD 
AFTCORD 
AFFXVRD 
AFSPRVL 
AFWEVAL 
AFBOEHN 
AFRT240 

AFDNKRK 
AFGRVAL 

- 
'Categorized "Class B" under current DOE 5 0 0 0 . 3 ~  criteria. 

I f  the sampler is operating, but shows abnormality (strange noises, indicator 
fluctuations, etc.), the unit should be replaced or repaired before it fails. 

Replace the unit as soon as possible per Section 1 7.3. 

• Bench test the unit to  determine and document problem. 

• Repair and return unit to service per Section 17.3. 

17 .4  AUTHORITY 

DOE Order 5400.1 General Environmental Protection Proaram (November 
1988) 

DOE Order 5400.5 Radiation Protection of the Public and the Environment 
(February 1 990) 

• DOEIEH-0173T Environmental Renulatorv Guide for Radioloaical Effluent 
Monitorina and Environmental Surveillance (January 199 1) 

• DOE Order 5000.3A Occurrence Re~ort inn and Processina of O~erations 
Information 
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1 7.5 REFERENCES 

Air Sam~linq Instruments for Evaluation of Atmos~here Contaminants, Fifth 
Edition 

ANSI N13.1 - 1969 Guide to Samolinq Airborne Radioactive Materials in 
Nuclear Facilities 

SOP 00-1 1, Trouble Shootinn and Maintenance of Electrical Eaui~ment 

Air Sam~led, NRC Reg. Guide 8.25, August 1980 

Instruction Manual, Constant Flow Air Sampler Model 25 1 -2-SP, Sierra 
lnstruments 

Instruction Manual, Constant Flow Air Sampler, Kurz Userguide, 25 1 
Brushless Motor Constant Flow Air Sampler 

WV-987, gccurrence lnvestiaation and Re~ort ing 

EM-8, Calibration Procedure for Air Flow Rate Rotameters and Air Flow 
Totalizer Gas Meters 
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, . .. STANDARD OPERATING PROCEDURES L- 

STANDARD OPERATING PROCEDURE 18.0 
ANALYTICAL WlPE SAMPLING FOR ORGANIC CHEMICALS 

Purpose and Scope: The activities described in this procedure outline the general 
methodology to be used in collecting wipe samples from surfaces. 
Wipe samples are used to  evaluate surfaces on which contaminated 
material may reside in quantities too small to  sample with 
conventional soil sampling techniques. This procedure describes the 
equipment and forms required, as well as set-up procedures t o  be 
completed prior t o  sample collection. 

Equipment: Cotton gauze swabs; 
High-purity alcohol; 
Sample containers and labels; and 
Personal Protective Equipment (see site-specific Health & Safety 
Plan). 

Documentation: Field Memorandum; 
Field Record - Soil Samples; and 
Sample Chain-of-Custody. 

18.1 SET-UP PROCEDURES 

All sampling procedures will be performed by Dames & Moore field personnel. 
Dames & Moore field personnel are responsible for: 

Reviewing Health and Safety protocol; 
Identifying each sampling location; 
Confirming sample locations and the analyte list with the Project Manager; 
Assembling all required equipment; and 
Assembling and maintaining proper field documentation as listed above. 

18.2 WlPE SAMPLE COLLECTION PROCEDURE 

Wipe samples will be collected from surfaces that may have come into contact with 
and retained potentially contaminated soil or other media. A wipe sample is collected 
when an insufficient volume of the potentially contaminated media exists for standard 
sample collection procedures. To collect a wipe sample: 

Soak a clean cotton gauze pad (typically 2 inches by 2 inches) in high-purity 
alcohol; 



ATTACHMENT 1 OF APPENDIX A Revision: 0 
LEHR ENVIRONMENTAL RESTORATION Effective Date: 09/28/94 

Standard Operating Procedure No.: 18.0 
Page 2 of 2 

Wearing clean rubber gloves; wipe a 100-square-centimeter area of the 
surface using straight back-and-forth strokes. Both sides of the gauze pad 
may be used; 

Place a sample pad in a clean, pre-labeled 4- or 8-ounce jar and seal; and 

• Add information pertaining to the chain-of-custody form, analysis request 
form, field record of soil sample form, and field memorandum. 

Include with the submittal of samples to  the analytical laboratory some clean, 
unused cotton gauze pads for their analysis of "blank" samples and 40 milliliters of the 
alcohol if organic analyses are to be performed. 
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STANDARD OPERATING PROCEDURES 
STANDARD OPERATING PROCEDURE 19.0 

CONE PENETROMETER TEST AND HYDROPUNCH" SAMPLING - IN-SITU WATER 

Purpose and Scope: The purpose of this procedure is to  describe the general methodology - 
for collecting Cone Penetrometer Test (CPT) data and Hydropunch" 
water samples. 

Equipment: CPT rig; 
HydropunchN sampler; and 
Appropriate sample bottles. 

Documentation: Field Memorandum 

Cone penetrometer testing (CPT) and in-situ groundwater sampling techniques 

(Hydropunch") will be conducted in order to  evaluate the lateral and vertical extent of 

impact t o  groundwater. An advantage to the use of the CPT and in-situ groundwater 

sampling techniques in combination is that stratigraphic and groundwater quality data can 

be obtained faster and less expensively than with well installations and generate little or no 

waste. The CPT and in-situ groundwater sampling should enable more accurate placement 

of wells for future detection monitoring andlor remediation of groundwater, if necessary. 

19.1 CONE PENETROMETER TEST (CPT) 

'The CPT consists of a 1.5-inch diameter metal cone which is pushed into the 

ground at a constant rate of loading. The maximum reaction load for the CPT used is 20 

tons. Instrumentation in the cone measures resistance at the tip and side friction along a 

sleeve just above the tip. Continuous plots of sleeve friction and tip resistance are 

obtained from the device and presented as tonslsquare foot. The ratio of sleeve friction to  

tip resistance is also produced on the data printout as percent. Refusal occurs when tip 

resistance exceeds about 400 tonslsquare foot. 

The most common method of obtaining CPT-derived stratigraphic information is by 

the means of established correlations between soil type and the measured cone tip and 

sleeve friction resistance. The resistance to the continuous penetration encountered by 

the cone tip and sleeve is transmitted via electronic cable through hollow push rods and 

into analog and digital recorders at ground surface. The resulting data is utilized to 
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develop a detailed evaluation of subsurface site stratigraphy. In addition, site-specific 

correlation is typically developed through comparison with lithologic boring logs. 

Decontamination of the CPT rods will be provided on the truck-mounted rig which 

has a self-contained rod-washing attachment which directs a hot-water jet from a steam 

cleaner onto the rods. The waste fluids generated will be pumped directly from the sealed 

washer into Department of Transportation (DOT) approved 55-gallon drums. Drums will be 

stored and disposed according to  procedures described in the Waste Management Plan. 

Upon completion of each exploratory hole, a bentonite slurry will be pumped down the 

hole through a 1 -inch PVC pipe placed down the hole. The surface of each hole is finished 

with road surface material or a non-shrinking, high-strength concrete, as appropriate. 

19.2 HYDROPUNCHm IN-SITU GROUNDWATER SAMPLING 

Hydropunchm(HP) in-situ sampling is designed to  provide the capability t o  obtain a 

representative formation water sample without a permanent well installation. The tool 

body consists of a stainless steel outer tube, an inner sample chamber, sample chamber 

Teflon check balls, and a drive point on the bottom, all of which can be dismantled for 

cleaning. The outside diameter of the tool is 1.66 inches and the length is 63.25 inches. 

A t  each HP sample location, a solid (dummy) cone will be advanced to  a few feet 

above the shallow sampling interval, just below the top of the saturated zone. The tool 

will then be replaced with the HP, and subsequently advanced to  the desired shallow 

sample depth and a sample obtained. The HP will then be retracted out of the hole and 

replaced with a clean HP, and pushed to the next desired deeper depth, i f  warranted, and 

a sample obtained. This sampling technique provides depth-discrete chemical samples 

while minimizing the potential for cross contamination of the upper and lower sampling 

intervals. When collecting water samples in silty-clays, it may be necessary to  leave the 

HP in the ground for an extended time (possibly overnight) in order to allow the sampler t o  

fill. 
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A t  each sampling interval, once the target depth is reached wi th  the sampling 

device, an upward pull opens the inlet section of the tool t o  allow groundwater t o  flow 

into the sample chamber. Teflon check balls in the HP seal the sample chamber when the 

inlet is closed, which allows the groundwater sample t o  be brought to  ground surface. 

The sample will then be transferred from the sample chamber through a Teflon tube t o  the 

appropriate sample container. Sample containers will be documented and labeled 

according to  SOP 1 - Water Sampling, and shipped according t o  SOP 5 - Sample Shipment. 
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STANDARD OPERATING PROCEDURES -- 
STANDARD OPERATING PROCEDURE 20.0 

SHALLOW SUBSURFACE GEOPHYSICAL SURVEY METHODS 
MAGNETICS, ELECTROMAGNETICS, GROUND PENETRATING RADAR 

TRANSIENT ELECTROMAGNETICS AND SEISMIC REFRACTION 

Purpose and Scope: The purpose of  this procedure is to  describe the general methodology 
for shallow subsurface investigations using magnetics, 
electromagnetics (EM), ground penetrating radar (GPR) transient 
electromagnetics (TEM) and seismic refraction. The resulting data 
can be used t o  identify underground objects, buried trenches, or 
buried waste and evaluate regional stratography. This SOP describes 
the equipment and necessary documentation, and the set-up 
procedures to  be completed for the areas t o  be surveyed. In addition, 
the general methodology for collecting magnetic, EM, TEM, GPR and 
Seismic Refraction data are reviewed. 

Equipment: Ground Penetrating Radar; 
Electromagnetic Instrument; 
Transient Electromagnetic Instrument; 
Magnetometer; 
Seismograph and geophones; 
Data logger; 
Laptop computer; 
Spray paint; 
Flagging; and 
Nylon rope for grid 

Documentation: Field Memorandum. 

20.1 SET-UP PROCEDURES 

Set-up and execution of the geophysical survey will be conducted under the 

supervision of a Dames & Moore geologist, geophysicist, or engineer. Prior t o  

conducting a survey, the following tasks will be completed: 

• Identify and visit locations t o  be surveyed noting the presence of nearby 
buildings, structures, overhead, or buried powerlines, etc., that may interfere 
wi th data collection; 
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Evaluate the geophysical methodologies bes-ited for the investigation 
objectives and the site conditions; 

Confirm survey locations and methods with project manager; 

Procure necessary equipment or subcontractors needed to collect the desired 
data. If warranted, test equipment to ensure it is in proper working 
condition: and 

Notify the proper on-site personnel of survey schedule. If necessary, mark 
or secure the area a day in advance t o  be sure there are no obstructions 
(e.g., parked cars) to collecting data. 

Prior t o  collecting magnetic, EM, or GPR data, a data collection grid will be set up 

across the area t o  be surveyed. The exact grid spacing will be based on the estimated size 

of objects or subsurface features to be located. 

20.2 GEOPHYSICAL METHODS i 

This section describes the background and general procedures for collecting data 

using magnetic, EM, GPR, TEM and seismic refraction methods. The method used will 

depend on the type of feature to be located, and the nature of the terrain. 

Magnetometer surveys consist of measuring variations in the earths magnetic field. 

This may include measuring its total intensity and/or its vertical gradient. Vertical gradient 

measurements can be used to  accurately locate buried ferrous objects such as tanks, pipes 

and metallic debris. 

Magnetic data is collected by carrying a hand held magnetometer across the survey 

area. Individual readings are collected at evenly spaced points within a grid. Each 

magnetic measurement will be transmitted to  a data logger. Magnetic measurements will 

be retrieved from that data logger and contoured using a personal computer. Contour 

maps will be used t o  identify areas of anomalous magnetization. These identified areas 

will-be marked on the ground surface following identification. l 
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20.2.2 Electromaanetics [EM) 

Electromagnetic methods are used to measure earth conductivity values at specified 

points. The measured EM values, referred to as terrain conductivity, are obtained through 

electromagnetic induction as the instrument is carried 3 feet above the ground surface. 

'The basic EM instrument consists of two coils and an electronics module. The transmitter 

coil is separated from the receiver coil by a specified distance. When energized, the 

transmitter coil induces circular eddy current which loops into the earth. The magnitude of 

each current loop is a function of subsurface conditions. In turn, each of these current 

loops generates a secondary magnetic field proportional to the value of the current flowing 

within the loop. A portion of this secondary magnetic field is intercepted by the receiver 

coil and results in an output voltage which is amplified by the instrument. The magnitude 

of this voltage is linearly related to the terrain (ground) conductivity. EM methods are used 

where shallow, penetration is required to qualitatively map lateral variations only. Depth or 

thickness determinations cannot be made solely by this method. 

EM data is collected by carrying a hand held electromagnetic instrument across the 

survey area. Individual terrain conductivity measurements are collected at evenly spaced 

points over a grid. Each terrain conductivity measurement will be digitally recorded using a 

data logger. The terrain conductivity data will be downloaded from the data logger to a 

personal computer. Contour maps of terrain conductivity will be produced using a 

personal computer. Areas of anomalous conductivity will be identified and marked on the 

ground surface. 

The transient electromagnetic (TEM) method can provide subsurface information 

similar to other electrical methods; however, it provides increased depths of investigation 

with significantly greater resolution. 

A square wave signal is transmitted into a rectangular coil placed on the ground 

surface. When the current in the coil is rapidly terminated, the flow of electrical current .is 

induced at the surface of the earth; this generates a secondary current signal. The 
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resulting secondary field is detected by a second coil and is measured over a period of time 

as the induced current diffuses into the earth and the secondary signal decays. This 

-- provides an indication of the change in resistivity/conductivity with depth. 'The depth of 
penetration is dependent on the area and number of turns of the transmitting coil, the 

current transmitted in the coil, and the repetition rate of the transmitted current. 

TEM can be used to  perform vertical electric soundings (VES) or to measure 

subsurface variations along profiles. For vertical electric soundings, the two coils remain 

stationary, while signals are recorded using different repetition rates. For profiling, a 

variation of this method is used. Both coils are moved from station to station along a 

profile, and a single signal sweep is used at each location. This will provide information 

regarding the vertical distribution of resistivities at each station. 

TEM profiling will be used to further evaluate stratigraphy in the site vicinity. 

Station spacing and location will be determined in the field. 

The Ground Penetrating Radar (GPR) system most frequently used in hazardous 

waste site investigations is an impulse system which radiates short-duration 

electromagnetic pulses into the ground from an antenna near the surface. These pulses 

are reflected from various interfaces within the earth and are picked up by the receiver 

section of the antenna and returned to the control unit for processing and display. These 

reflections occur at different soil horizons, soillrock interfaces, rocklair interfaces (voids), 

manmade objects, or at any interface which creates a contrast in complex dielectric 

properties. Fot example, digging a trench and filling it again can create a difference 

between the dielectric properties of the disturbed earth and those of the undisturbed 

material which can be sensed by the GPR. 

For presentation of data, GPR signals are processed and displayed by a graphic 

recorder. As the antenna is moved along the surface, the graphic display results in a 

picture-like record showing a continuous profile along a traverse. 
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The depth of radar penetration is very site-specific. .Depths of 10 to  30 feet can be 

attained. The depth is reduced if groundwater, increases in electrical conductivity, or if 

there ar sufficiently high concentrations of fine-grained materials (silts or clays) present. 

For example, high concentrations of salts or montmorillonite clay are highly attenuative of 

the radar pulse and penetration may not exceed three feet. 

GPR data is collected by moving an antenna along the ground surface. GPR signals 

are processed and analog records are displayed on a strip recorder in real time. The 

resulting record is a continuous profile along the traverse. Records will be used to identify 

potential trench locations and buried debris. Suspected locations will be marked on the 

ground surface. 

20.2.5 Seismic Refraction 

The seismic refraction method consists of measuring the travel times of 

compressional waves through the subsurface. Seismic wave energy is transmitted into the 

ground where it is refracted along interfaces of contrasting velocities (materials) back to  

the ground surface. By measuring the travel time of seismic waves from a source 

(shotpoint) to  detectors at known distances on the surface, the seismic velocities and 

thicknesses of the respective velocity layers can be determined. This information can be 

used to determine thickness of fill materials, depth to groundwater, and depth to bedrock. 

The seismic refraction survey will be conducted using a 12 or 24 channel signal 

enhancement seismograph and geophones. Source energy will be provided by striking an 

alloy plate with a 1 2 to  16 pound sledge hammer. Signal enhancement capabilities of the 

receiver will allow the seismic response from several hammer blows to be stacked, 

decreasing the effects of interference from random noise. Seismic records will be used t o  

determine the arrival time of compressional waves at each geophone locations. Each 

seismic line will consist of 5 shot points: one at both end geophones, one in the center of 

the geophone spread, and one offset beyond each end geophone. Line lengths and 

geophone spacing will be determined in the field and adjusted appropriately to evaluate the 

refractor of interest. 
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Travel time curves of first compressional wave arrivals will be plotted. Slope 

intercept methods and generalized reciprocal methods will be used to determine the depth 

and velocity of each refractor. 
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STANDARD OPERATING PROCEDURES 
STANDARD OPERATING PROCEDURE 21.0 

SOIL VAPOR SURVEY 

Purpose and Scope: This procedure describes the general methods for conducting a soil 
vapor survey. A soil vapor survey is designed to collect shallow 
subsurface soil vapor samples and on-site analysis for volatile organic 
compounds. 

Equipment: Soil vapor sample probes; 
Sample collecting rig; 
Mobile laboratory; and 
Sample containerslsyringes. 

Documentation: Field Memorandum; and 
Sample tracking form. 

21 .I SET-UP 

Prior to initiating a soil vapor survey, the field operations lead will meet with the 

project manager to review the task objectives, survey locations, and target analytes. Set- 

up procedures for the survey will include: 

Contacting and procuring a soil vapor sampling and analysis subcontractor 
for the specified time. The subcontractor will be provided with the site 
location, approximate number of sampling points, a range of depths at which 
sampling will be attempted, expected subsurface conditions, and target 
analytes; 

The field operations lead will conduct a site walk-through of the areas t o  be 
surveyed. Sampling locations will be identified and marked and proper utility 
clearance obtained through UC Davis; 

If  necessary, 24 hours prior to the beginning of the survey locations will be 
cordoned -off to  prevent access problems for the soil vapor sampling rig; 

The field operations lead will notify the laboratory of the sampling schedule 
for analytes that are not to be analyzed on-site. The laboratory will provide 
the appropriate sample containers and preservatives; 
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The field operations lead will review the Field Sampling Plan and Health & 
Safety Plan, prepare the necessary documentation, and review appropriate 
site information and stratigraphy; and 

Leak tests have been conducted and equipment has been calibrated. 

21.2 PROCEDURES 

The procedures described below for collecting and analyzing soil vapor samples are 

supplied from Tracer Research Corporation. 'Though exact procedures may vary 

depending on the hired subcontractor the general methods will be similar and include: 

The soil vapor investigation will be conducted by a two  man crew and over 
seen by a Dames & Moore geologist. The crew will utilize a field van 
equipped with a gas chromatograph(GC) and accompanying computer 
equipment. Power is supplied by built-in generators; 

Prior to  initiating the survey, sampling equipment will be tested and mobil i 
laboratory instruments will be calibrated; 

Sampling is conducted by driving steel sample probes with a hydraulic press 
or hydraulic hammer (when gravels, buried debris or cemented material are 
encountered). The probes consist of 7 and 14 foot lengths of three-quarter 
inch diameter hollow steel pipe fitted with detachable drive tips; 

• Sample probes are pushed or driven to the desired sampling depth. the 
above ground end of the probe is then fitted with a steel reducer and a 
length of polyethylene tubing leading to a vacuum source; 

Two to  five liters of soil vapor are then evacuated from the system to  purge 
the probe. If a sufficient quantity cannot be removed, the probe is pulled up 
a short distance until the evacuation can be completed; and 

After sufficient evacuation, a glass syringe needle is extended through a 
silicone rubber septa in the evacuation line and a sample is collected. 
Samples for volatile organic compounds are analyzed immediately with the 
mobil laboratory. 
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21.3 QUALITY ASSURANCE 

Quality assurance procedures to be followed in order to minimize any potential 

cross-contamination of soil gas samples are as follows: 

Steel probes are used only once during the day and washed at the end of 
each day with high-pressure soap and hot water spray or stem-cleaned to 
reduce the possibility for cross-contamination. Enough probes are carried on 
the van to avoid the need to  reuse any rods during the day; 

Probe adapters are used to connect the sample probe to the vacuum pump. 
The adaptor is designed to eliminate the possibility of exposing the sample 
stream to any part of the adaptor. Associated tubing connecting the adaptor 
to the vacuum pump is replaced periodically as needed during the job to 
ensure cleanliness and good fit. At  the end of each day, the adaptor is 
cleaned with soap and water and baked in the GC oven; 

Silicone tubing (connecting the adaptor to the vacuum pump) is replaced as 
needed to ensure proper sealing around the syringe needle. This tubing does 
not directly contact soil gas samples; 

Glass syringes are generally used for only one sample per day and are 
washed and baked at night. If they must be used twice, they are purged 
with carrier gas (nitrogen) and baked between probe samplings; 

Interior port septa through which soil gas samples are injected into the 
chromatograph are replaced on a daily basis to prevent possible gas leaks 
from the chromatographic column; 

Analytical instruments in the mobile laboratory are calibrated each day by 
analytical standards from Chem Service, Inc. Calibration checks are also run 
after approximately every five soil gas sampling locations; 

2 cc sub-sampling syringes are checked for contamination prior to sampling 
each day by injecting nitrogen carrier gas into the gas chromatograph; 

Prior to sampling each day, system blanks are run to  check the sampling 
apparatus (probe, adaptor, 10 cc syringe) for contamination by drawing 
ambient air from above ground through the system and comparing the 
analysis to a concurrently sampled air analysis; 
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All sampling and 2 cc sub-sampling syringes are decontaminated each day 
and no equipment is reused before being decontaminated. Microliter size 
sub-sampling syringes are reused only after a nitrogen carrier gas blank is 
run to ensure that it is not contaminated by the previous sample; and 

Soil gas pumping is monitored by a vacuum gauge to  ensure that an 
adequate gas flow from the vadose zone is maintained. A reliable gas 
sample can be obtained if the negative pressure reading on the vacuum 
pump is at least 2 inches Hg less than the maximum pump capacity. 

Detection limits for the compounds of interest will be a function of the injection 

volume as well as the detector sensitivity for individual compounds. Thus, the detection 

limit will vary with the sample size. Generally, the larger the injection size, the greater the 

sensitivi.;. However, peaks for compounds of interest will be kept within the linear range 

of the analytical equipment. If any compound has a high concentration, it will be 

necessary t o  use small injections, and in some cases to dilute the sample to  keep it within 

linear range. This may cause decreased detection limits for other compounds in the 

analyses. 
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STANDARBOPERATING PROCEDURES 
STANDARD OPERATING PROCEDURE 22.0 

SURFACE CONTAMINATION SURVEY FOR RADIOLOGICAL MATERIALS 

Purpose and Scope: This procedure covers the techniques for using swipes, performing 
direct instrument readings and taking smears to  determine removable 
and total radioactive surface contamination for routine evaluations, 
and for performing baseline surveys. This procedure is intended for 
use by Dames & Moore Radiation Protection Technicians. 

Equipment: Survey instruments equivalent t o  Ludlum Model 12 with 43-5 probe; 
Ludlum Model 3 or 31 with 44-9 probe; 
Smears; 
Swipes; 
Personnel Protective Equipment (see site-specific Health and Safety 
Plan); 
Signs t o  post; and 
Glassine envelopes. 

Documentation: Field Memorandum 
Radiological Contamination Survey Form 

22.1 SET-UP 

Set-up for the surface contamination survey will be conducted prior to collecting 

field data or samples. Set-up will be conducted by the Radiation Protection Technician 

(RPT) after review of project requirements with the project or task manager. Set-up will 

consist of a review of survey data, general survey preparations, review of instrument 

requirements and a review of survey precautions. 

22.1.1. Review of Survev Dam 

The RPT will be aware of the radiological conditions present or expected in the 

area, by reviewing the area's current and/or historical survey data, making note of: 

The type of contamination; 

The range of loose surface and fixed contamination; 
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Areas, of higher or lower contamination; 

Areas of higher and lower radiation; 

The wind direction and levels of, or potential for, airborne 

radioactivity; and 

Any other information useful in reducing radiation exposure to  the 

RPT or other workers. 

22.1.2 Survev Pre~arationq 

Preparation for the survey will consist of: 

Pre-stage equipment and material in an uncontaminated, low radiation area 

when practical; and 
( I  

All radiological surveys required for an area should be performed at one time 

to  minimize personnel exposure. 

22.1.3 Instrumentation Reauirements 

Survey instruments will have an unexpired "calibration due date" on the calibration 

label and satisfactorily pass a performance test and operational check as specified in the 

use procedure for the applicable instrument. Instruments equivalent t o  those specified 

below may be used. Dames & Moore's Senior Health Physicists will determine if a given 

instrument is equivalent. 

Ludlum Model 12 with 43-5 Probe 

Ludlum Model 3 or 31 with 44-9 Probe 
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Smear-counting instrumentation will have an unexpired "calibration due date" on 

the calibration label. In addition, performance tests will be conducted as specified in 

Dames & Moore's Radiological Field Instrumentation Performance Test Procedure. 

22.1.4 Survev Precautions 

Latex rubber gloves will be worn (and changed when contaminated or torn) when 

taking smears where loose surface contamination is present or suspected. 

When changing gloves, hands should be checked for contamination. 

A pair of cotton gloves may be worn under surgeon's gloves. 

Leather gloves may be worn when surveying rough or sharp edges. 

Leather gloves may be worn over surgeon's gloves. 

Smears and swipes taken from within a controlled area should be disposed of in the 

same manner as radioactive waste. 

If survey results indicate contamination levels exceeding the limits for the current 

area posting take the following action: 

Promptly post and control the area; and 

Notify the Site Safety Officer (SSO) (see Health & Safety Plan). 

Instruments used in contaminated or potentially contaminated areas should be 

wrapped or bagged ensuring the detectors' active area is not covered. Exercise caution 

when removing the covering to avoid contaminating the instruments. 
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22.2 SURVEY INSTRUCTIONS 

22.2.1 Reauirements for Routine Contamination Survev of Areas . 

The frequency with which routine surface contamination surveys are to  be 

performed will be determined by the SSO, the RPT and the Work Plan. A smear survey 

will be performed as part of each pre- and post-job survey required by project-specific 

documents, such as the contamination control portion of a Health and Safety Plan. 

Direct contamination survey of the localized affected area will be performed as part 

of each pre- and post-job survey. The post-job surveys will be performed over the affected 

area. 

22.2.2 Direct Measurement Techniaue 

Surfaces or items that have the potential for fixed contamination will be surveyed 

for such contamination before any work, movement, or handling of materials. Fixed 

contamination may readily become removable during such activities and must be identified 

so that proper precautions may be taken. Suspected surfaces or items may be identified in 

a guideline or a work permit, or by user personnel. 

Use a Ludlum Model 12 count-rate instrument or its equivalent, equipped with an 

air proportional or scintillation detector for measuring direct alpha activity. 

Use a Ludlum Model 3 or 31 count-rate instrument or its equivalent, equipped with 

a GM pancake detector for direct measurement of betalgamma activity. 

NOTE: A HEADSET OR AUDIBLE INDICATION SHOULD BE USED FOR FASTER 

RESPONSE TIMES .BY 'THE OPERATOR. 

Use a shoulder strap to  carry a non-belted instrument while climbing a ladder, or 

use a length of rope to  hoist the instrument up after ascending and achieving secure 

footing. 
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Sweep the detector over the surface at'a maximum rate of 2 inches per second, 

holding the detector within approximately 1 14 inch of the surface for alpha, and within 

112 inch of the surface for betalgamma surveys. 

CAUTION: CARE SHOULD BE TAKEN TO AVOID CONTAMINATING THE SURVEY 

INSTRUMENT PROBE BY CONTACT WITH A CONTAMINATED SURFACE. 

If an increase in audible or meter response is noted, slow the scanning rate to  

locate the source of the increased count. 

Determine the area of maximum activity and hold the probe stationary for at least 

15  seconds in order t o  take a measurement. 

Record the instrument readings in counts per minute (cpm) on the Radiological 

Contamination Survey Form. 

22.2.3 Smear Techniaue 

CAUTION: SMEAR SURVEYS ARE PERFORMED TO QUANTIFY REMOVABLE 

CONTAMINATION LEVELS. 

Each smear paper will be numbered and correspond t o  a numbered location on a 

diagram or sketch showing the area or item surveyed. 

WARNINGS: 

USE CAUTION IN SURVEYING ROUGH SURFACES TO AVOID PERSONAL INJURY 

OR TEARING OF THE SMEAR PAPER. 

HANDLE SMEAR PAPERS CAREFULLY TO PREVENT PERSONAL CONTAMINATION 

OR THE SPREAD OF CONTAMINATION. 
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Hold a smear paper between the thumb and fingers, with the back of the smear 

against the fingers. Place the face of the smear paper against the surface to  be smeared. 

Apply moderate pressure across the smear paper to  ensure that at least one-half of 

the face of the smear comes in contact with the surface being surveyed. 

Each smear should be taken from an area of approximately 100 square centimeters 

(1 6 square inches). 

Place each smear paper in a "fold-over" or glassine envelope container to prevent 

cross-contamination. 

Smears from out of the way locations on equipment, and from other potential 

sources of contamination, should be obtained to  ensure that a complete assessment of the 

area or item is made. i 

Smear non-uniform objects andlor surfaces such as odd shapes, interior surfaces, 

and small items, ensuring that these surfaces are adequately monitored and that the face 

of the smear paper has come in contact with a representative portion of the object. 

NOTE: WET OR MOIST SMEARS SHOULD BE DRIED WITH A HEAT LAMP BEFORE 

COUN'TING SO THAT ALPHA ACTIVITY WILL NOT BE MASKED. 

Count the smears according to instructions provided in SOP'S 24.0 and 25.0. 

Record the measured contamination on the Radiological Contamination Survey 

Form. Additional preprinted pages with continuing prenumbered spaces for recording 

survey results will be used as needed. 

To reduce or eliminate false positive results when counting alpha smears taken in 

areas where the limit is 2 0  disintegrations per minute (dprn) per 100 cm2 (for Uncontrolled 

Areas), the following steps will be followed when the initial count result is greater than 2 0  

dpm but less than or equal to  60 dpm: 
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Count the sm$ar three additional times; and 

Average the four counts and enter the average as the final result on 

the standard survey form. 

Baseline survey results will be documented on Radiological Contamination Survey 

Forms separate from the results recorded for routine surveys. 

The SSO will file the completed survey forms in a master survey 

binder kept in the Site Health and Safety office 

Survey forms will be filed by area 

22.2.5 Release for Unrestricted-Use Survevs 

Surveys of property to  be released for unrestricted use will be performed in 

accordance with the following: 

Direct Survevs - Perform direct surveys for fixed-plus removable 

contamination in accordance with section 22.2.2 of this procedure; 

Removable Contamination Survevs - Perform smear surveys for removable 

contamination in accordance with section 22.2.3 of this procedure; 

Documentatioq - Complete a Radiological Survey Form for each item 

surveyed. Multiple items may be grouped on a single survey form, space 

permitting; 

o Provide a sketch or written description of the property, noting survey 

locations. Provide the survey results corresponding to  each survey 

location, in its appropriate place on the form. 
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o Syrvey results for removable and fixed-plus removable contamination 

will be recorded in dpm1100 cm2. 

22.2.6 Records 

Surveys will be documented accurately and legibly in black ink. The data wil l  be 

recorded in sufficient detail to  ensure that the meaning and intent of the record is clear. 

Ditto marks and continuation lines are not acceptable for repeated data. In all cases each 

specific number or " < numberw must be recorded independently. 

Any corrections made t o  the recorded entries on the Radiological Contamination 

Survey Form will be made by drawing a si.;g!.; line through the incorrect entry and 

recording the correct entry. The originator of the recorded entry will initial and date the 

entry. When it is not possible for the originator of the error t o  make the correction, the 

SSO may enter a correction followed by hislher initials and the date the correction is 

made. (, 

Record the results on the survey form in the space provided, matching the smear 

results t o  the location marked on the survey diagram or sketch. Smear results will be 

reported in dpmI100 cm2. 

The background level will be recorded on the survey form for all radiological 

instruments. 

Identify on the survey diagram any temporary (e.g., rope, tape) boundaries; 
and 

Identify on the survey diagram any step-off pads. 

In addition t o  radiological survey data, the following information will be provided on 

the survey form: 

Site and site identification number (or other specific identification); 
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Date and time survey initiated (if the survey is continued or completed on a 
shift, note this in the comments section after the date and time initiated); 

Survey description: identify the purpose of the survey (e.g., routine, post 
decon, etc.) and area or item surveyed; 

Type(s) of instrument(s1 used, their serial number(s), the date calibrated, the 
date calibration is due; and 

Signatureis) of individual(s) performing the survey. 

Submit the completed survey form t o  the SSO for review. Unacceptable survey 

forms will be corrected and promptly resubmitted. 

Copies of completed survey forms will be posted at entrances t o  Radiological Areas 

and storage areas, as applicable. 

A copy of the survey will be retained in the Site Health and Safety Office. 



AlTACHMENT 1 OF APPENDIX A Revision: 0 
LEHR ENVIRONMENTAL RESTORATION Effective Date: 09 /28 /94  

Standard Operating Procedure No.: 23 .0  
Page 1 of 4 

STANDARD OPERATING PROCEDLIRES 
STANDARD OPERATING PROCEDURE 23.0 

PERFORMANCE TEST AND OPERATIONAL CHECKS FOR 
ALPHA AND BETA-GAMMA CONTAMINATION SURVEY INSTRUMENTS 

Purpose and Scope: This procedure defines the method for performance testing and 
operational checking of the Ludlum Model 12 and Model 3 or 31 
Survey Instruments, performance and operational criteria, and the 
documentation of test results. Equivalent instruments may be used. 
Dames & Moore's Senior Health Physicists will determine if a given 
instrument is equivalent. This procedure is intended for use by 
Dames & Moore Radiation Protection Technicians. 

Equipment: Ludlum Model 12; and 
Ludlum Model 3 or 31 survey instruments. 

Documentation: Field Memorandum 
Instrument Daily Source Check Log 

23.1 GENERAL 

23.1 .1 Servicina lnstruments with Ex~ired Calibration Dates 

Any instrument with an expired calibration date will be transferred to  a certified 

calibration facility for servicing.. 

23.1.2 Additional Servicina of lnstruments 

The Radiation Protection Technician (RPT) is permitted to replace defective 

batteries, and mylar in the Model 12 and Model 3 or 31 survey instruments, and perform 

routine maintenance and repair on anything but the electronics. 

The RPT may replace damaged cables as long as the same cable type and length is 

used. All other instrument servicing will be referred to  a certified calibration facility. 
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23.2 INSTRUCTIONS -. 

Ludlum Model 12  and Model 3 or 31  Instruments - All Ludlum Model 12  and 

Model 3 or 31 survey instruments (or their equivalents) will be operationally checked and 

performance tested before use, as specified in this procedure. 

Visual Checks - The calibration label of each instrument to  be used or tested will be 

visually checked to  ensure the due date of calibration has not expired. 

A visual inspection will be performed before using the instruments. This will 

include checking the cables, probes, meter faces, switches, and mylar for damage. 

23.2.1 Omrational Checks 

The following operational checks will be conducted in the field for each instrument: , 
\ 

A battery check will be conducted before each intermittent use of an 
instrument. Set the selector switch to  the BATTERY position. 'The meter 
needle will come to rest over the meter scale area marked BAT TEST if the 
batteries are satisfactory; 

On the Ludlum instruments the High.Voltage wilbbe tested by placing the 
range selector switch to  the X1000 scale and the HV test button depressed. 
Check the manufacturers operating instructions for the proper voltage; 

Instrument operation will be verified with a check source at the start of each 
job for which the instrument is used. The following method (or equivalent 
method) may be used t o  complete the operation check: 

A known alpha source, approved for use by Dames & Moore's Senior 
Health Physicists, will be used with the Model 12 alpha instruments, 
and a known gamma or beta source, approved for use by Dames & 
Moore's Senior Health Physicists, will be used with the Model 3 or 31  
betaqamma instruments; 

Instrument operation will be observed by holding the instrument 
probe against the check source; 
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-- A positive deflection of the meter needle of * 20% of source value 
corrected for efficiency indicates instrument operation; 

o Non-operating instruments will be returned to a certified calibration 
facility for repair. 

23.2.2 Performance Tests 

A performance test to verify calibration of survey instruments will be performed 

before each day of instrument use and following the replacement of batteries, mylar or 

cables. 

Checking of the instrument calibration label and batteries will follow the 

requirements outlined below. The serial number of the instrument, due date of calibration, 

dateltime, and RPT name and employee number or social security number will be recorded 

on the Daily Source Check Log specified for each instrument. 

Readings of the Model 12 alpha survey instrument will be obtained for a NlST 

traceable source and instrument range selections. Each instrument range should be 

checked. 

Meter readings will be recorded on the Instrument Daily Source Check Log; 

The serial number and standard calibration value of each source will be 
recorded on the source check logs; 

A percent error will be calculated for each scale reading by the following 
formula: 

Reading - MST Stondnd Value 
= 'X. I 

Readings of the Model 3 or 31 beta-gamma survey instrument will be obtained and 

recorded for the NlST traceable source value. 
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-..we With the selector switch set to the 1 X scale and in the "S" (slow) response 
mode, obtain and record a background reading taken away from the'source; 

With the instrument set on the appropriate range, place the betalgamma 
source on the probe; 

Allow approximately 10-1 5 seconds for the meter response to stabilize 
before taking a reading of the meter; 

Subtract the background reading from the source reading and record the 
result on the Instrument Daily Source Check Log; 

The serial number and standard value of each source will be recorded on the 
source check log; and 

• A percent error will be calculated for each scale reading. by following 
formula: 

Reding 2 NIST Standard Volrc 
lM) = % I 

Instruments with errors outside a * 20% range for any scale tested are not within 
an acceptable tolerance level and will be returned to a certified calibration facility. 

The Daily Source Check Logs will be checked to show whether or not instrument 
performance is within tolerance levels. 

Instruments for which test results differ by more than * 20% will be transferred to  
a certified calibration facility. This finding and the action taken will be noted in the 
Instrumentation Log Book. 
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STANDARD OPERATING PROCEDURES 
STANDARD OPERATING PROCEDURE 24.0 

PERFORMANCE CHECKING AN OPERATION OF 
THE ALPHA SCINTILLATION SMEAR COUNTING INSTRUMENTS 

Purpose and Scope: This procedure provides the requirements for performance testing and 
operation of the Eberline Model SAC-4 and the Ludlum models 1000 
and 2000 with the 43-10, and 2929 alpha scintillation smear 
counting instrumentation. It also covers documentation of test 
results. Equivalent instruments may be used, the procedures will be 
found in the manufacturers operating instructions. Dames & Moore's 
Senior Health Physicists will determine if a given instrument is 
equivalent. This procedure is intended for use by Dames & Moore 
Radiation Protection Technicians. 

24.1 GENERAL 

Servicina of Al~ha-Scintillation Countina Instruments - The servicing of alpha- 
scintillation counting instruments will be referred t o  a certified calibration facility, the 
equipment vendor, or the equipment owner. 

24.2 INSTRUCTIONS 

24.2.1 Backaround Count Rate 

Prior to  use of alpha-scintillation counting instruments on each shift, the average 
background count rate will be determined and a performance test conducted. 

'The calibration label will be visually checked to  ensure the due date of calibration 
has not expired. 

Determine the instrument background count rate by completing the following steps: 

Open the sample drawer and carefully wipe the top of the drawer and 
planchet area using cotton swabs or kimwipes moistened with alcohol; 

Place a clean smear on the sample tray with tweezers. The smear must 
remain flat in the sample tray while closing the drawer; 

Set the control switches of the counter as follows: 
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(1 ) Power ON 
(2) Minutes 10 
(3) Multiplier x 1 
(4) Count Mode TIMED 

Note: Ensure the instrument power is turned on,.* least 10 minutes 
before operation. 

Press the STARTIRESET button. The counting lamp will be illuminated; 

At the completion of the count time, divide the total counts by 10 to 
determine the average background count rate; 

If the average background count rate is less than 1 cpm, record the value on 
the lnstrument Performance Test Log; 

Record the time of the background determination and the employee number 
or social security number in the space provided on the log sheet; and 

If the determination is equal or greater than 1, repeat the steps in the 
background guideline in section 4.1.2. If the second determination remains 
equal or greater than 1, the instrument may not be used. 

Determine the percent error using a NlST calibrated alpha source or similar 
calibrated alpha source, approved for use by Dames & Moore's Senior Health Physicists. 

Ensure the source has a current calibration label and that the source value is 
not less than 1,500 disintegrations per minute (dpm); 

Record the serial number of the source on the Instrument Performance Test 
Log; 

Record the Certified activity of the source on the log sheet; 

Open the sample drawer and carefully place the alpha source, activity side 
up, in the middle of the sample holder; 

Close the sample drawer; 

With the count mode set to one minute, and all other controls set as per 
section 4.1.2, press the STARTIRESET button. The counting lamp will be 
illuminated; 
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When the counting lamp is no longer lit, record the counts per minute (cpm) 
on the log sheet; 

Determine the percent (%) error of the observed counts compared to  the 
source standard value per the following: 

% Error = j c ~ m  1 efficiencv) - Certified Activitv ( d ~ m l  x 100 
Certified Activity (dpm) 

Record the % error on the log sheet; 

The SSO will review and approve of each shift record of performance 
testing. These records will be available in the project files; 

If the % error does not lie within the * 20% range on the chart, do not use - 
the instrument and notify the SSO; and 

Remove the source from the sample holder and return it to the designated 
storage location. 

24.2.2 O~eration of the Al~ha-Scintillation Countina Instrument 

Normal operation of the alpha-scintillation counting instrument will be as specified. 

Verify that the electrical power to  the instrument has been on for 10  
minutes; 

Set the instrument controls as per section 24.2.1 of this procedure; 
however, one-minute counts will be obtained for routine smear counts unless 
a longer count time is directed by the Site Safety Officer (SSO); 

Pull the sample drawer open until fully extended and place the smear t o  be 
evaluated in the center of the sample holder, activity side up; 

Ensure the sample is a flat as possible to prevent contamination of the 
detector window. Carefully close the sample drawer; 

Press the START/RESET button; 

The instrument will count for the preset time. A t  the end of the count time, 
the instrument readout will display gross counts; 
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a Record the counts per minute and other information on the Alpha and Beta- 
Gamma Contamination Survey Form as required by SOP 23.0; and 

a Open the sample drawer and dispose of the smear in the Radioactive Waste 
receptacle. 
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-- STANDARD OPERATING PROCEDURES 
STANDARD OPERATING PROCEDURE 25.0 

PERFORMANCE TESTING AND OPERATION OF 
THE BETA SMEAR COUN'I'ING INSTRUMENTATION 

Purpose and Scope: This procedure provides instructions on performance testing, 
operation, use, and documentation of results when using the Eberline 
BC-4 or the Ludlum 2929. Equivalent instruments may be used, the 
procedures will be found in the manufacturers operating instructions. 
Dames & Moore's Senior Health Physicists will determine if a given 
instrument is equivalent. This procedure is intended for use by 
Dames & Moore Radiation Protection Technicians. 

Equipment: Eberline BC-4; 
Ludlum 2929; and 
Thin substrate NlST Certified SrY-90 beta source. 

Documentation: Field Memorandum; and 
Instrument Performance Test Log. 

25.1 GENERAL 

The BC-4 and the beta-gamma portion of the 2929 has been modified to be 

insensitive to alpha radiation; therefore, the results obtained will be reported in 

dpm/100cm2 beta-gamma equivalent. All servicing will be referred to a certified calibration 

facility, the equipment vendor, or the owner. 

25.2 INSTRUCTIONS 

25.2.1 Conductina Backaround Count Rate and Performance Test 

Prior to first use on each shift, the background count rate of each instrument will 

be determined and a performance test conducted. 

The calibration label will be visually checked to ensure the due date of calibration 

has not expired. If calibration due date has passed, refer the instrument to a certified 

calibration facility, the equipment vendor, or the owner for servicing. 
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- Inspect the instrument for any physical damage that could affect its operations. If 

questionable, notify Site Safety Officer (SSO). 

Ensure that the instrument is connected to a power source 1 10 VACIGO Hz. 

Determine the instrument background count rate by completing the following steps: 

a Open the sample drawer and carefully wipe the top of the drawer and 
planchet area using cotton swabs or kimwipes moistened with alcohol; 

a Place a clean smear on the sample tray with tweezers. The smear must 
remain flat in the sample tray while closing the drawer; 

a Set the control switches of the BC-4 or 2929 counter as follows: 

(1 ) Power ON 
(2) Minutes 10 
(3) Multiplier x 1 
(4) Count Mode TIMED 

Note: Ensure the instrument power is turned on, at least 5 minutes before 
operation. 

a Press the STARTIRESET button. The counting lamp will be 
illuminated; 

a At the completion of the count time, divide the total counts by 10  to 
determine the background count rate, in counts per minute (cprn); 

a If the background count rate is between 25 and 60 cpm, record the value on 
the Instrument Performance Test Log. An acceptable background is 
between 25 and 60 cpm; 

Note: Background levels may vary depending on location; background levels 
outside the range of 25 to 60  cprn may not be an instrument problem. 

a Record the time of the background determination and the employee's initials 
in the space in the log; 

a If the determination is equal to or greater than 60 cpm, or equal to or less 
than 25 cpm, repeat the steps outlined above. If the second determination i 
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remains less than 25 cpm, or greater than 6 0  cpm, do not use the 
instrument and notify the Site Safety Officer (SSO). 

Determine the performance test percent error using a thin substrate NlST Certified 

SrY-90 beta source or another source approved by Dames & Moore's Senior Health 

Physicists. The source should be nominal activity 20,000 disintegrations per minute 

(dpm). 

Ensure that the source has a current calibration label; 

Record the source serial number on the Instrument Performance Test Log; 

Record the activity of the source in dpm according to month of use (if 
required), in the log; 

Open the sample drawer and carefully place the beta (or gamma) source, 
activity side up, in the middle of the sample holder; 

Close the sample drawer; 

With the count mode set to  one minute and all other controls set as 
described above, press the STARTIRESET button. The counting lamp will be 
illuminated; 

When the counting lamp is no longer lit, record the cpm in the log; 

Determine the percent (%) error of the observed counts compared to the 
source standard value per the following: 

% Error = ( cpm 1 efficiencv) - Certified Activitv ( d ~ m )  x 100 
Certified Activity (dpm) 

Record the % error in the 'log; 

The SSO will review and approve each shift record of performance testing at 
the end of each week. The Performance Test Log will be available in the 
project files for review; 

If the % error does' not lie within the * 20% range on the chart, do not use 
the instrument and notify the SSO; and 
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• Remove the source from the sample holder and return it to  the designated 
storage location. 

25.2.2 O~erat ion of the Beta Smear Counting Instrument 

Operation of the beta smear counting instrument whenxounting smears will be as 

follows: 

• Ensure the instrument power is turned on, at least 5 minutes before 
operation; 

• Set the instrument controls as described above; however, one-minute counts 
will be obtained for routine smear counts unless a longer count time is 
directed by the SSO or Radiological Engineering; 

Pull the sample drawer open until fully extended and, using tweezers, place 
the smear to be evaluated in the center of the sample holder, activity side 
up; 

( 

Ensure the sample is as flat as possible to prevent contamination of the 
detector window. Carefully close the sample drawer; 

Press the RESETISTART button; 

The instrument will count for the preset time. A t  the end of the count time, 
the instrument readout will display gross counts; 

• Perform the following to  determine the dpm value for the smear; 

dpm = cDm - (instrument backaround Der shift1 
count time in minutes x efficiency 

this reduces to: 

dpm = CPM (net1 
efficiency 

• Record the dpm smear value and other information on the Contamination 
Survey Form as required by SOP 23.0; 
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Open the sample drawer and, using tweezers, dispose of the smear in the 
Radioactive Waste receptacle; and 

Repeat the above steps for all smears to be counted. 
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STANDARD OPERATING PROCEDURES 
STANDARD OPERATING PROCEDURE 26.0 

RADON WORKING LEVEL MONITORING - GRAB SAMPLE TECHNIQUE 

Purpose and Scope: This procedure covers the Kusnetz grab sample method for 
determining radon working levels. Equivalent instruments may be 
used. Dames & Moore's Senior Health Physicists will determine if a 
given instrument is equivalent. This procedure is intended for use by 
Dames & Moore Radiation Protection Technicians. 

Equipment: Air sampling pump; 
Filters and filter holder assembly; 
Alpha Counting; and 
Timer. 

Documentation: Field Memorandum. 

26.1 GENERAL 

Radon and Radon Dauahter~ - Radon (Z22Rn) is a gas and radon daughters (218Po, 

'14Pb and '14Bi known as RaA, RaB and RaC respectively) are particulates. This method 

involves trapping the daughter products in a filter, allowing a short t ime for decay and 

counting. This gives a "real time" results of radon working levels. A working level is any 

combination of radon and radon daughters that result in the ultimate emission of 1.3 x 10' 

MeV of potential alpha particle energy per liter of air. 

26.2 INSTRUCTIONS 

The following equipment wil l be required: 

Air Sampling Pump 

A pump capable of maintaining a f low rate of 2 t o  25 liters per minute 
through the selected filter is required. The f low rate should not vary 
significantly during the sampling period. A calibrated air f low measurement 
device is also required. 
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Filters and Filter Holder Assembly 

Membrane type filters are recommended with a pore size not to  exceed 0.8 
microns 'and a filter holder assembly suitable for the type of filter being used. 
Adapters for the attachment of the filter holder to the pump are also 
required. 

Alpha Counting System 

A detector and scaler setup, maintained, and performance tested in 
accordance with SOP 24.0. 

Timer 

A stopwatch or timer to  measure the sampling times and counting times is 
required. 

26.2.2 S a m ~ l e  Collection 

Install the filter in the filter holder assembly and attach to  the pump 

Operate the pump for exactly 5 minutes, pulling air through the filter. Record the 

starting time and air flow rate. 

Stop the pump at the end of the 5 minute sampling period and start or reset the 

stopwatchn 

26.2.3 Sam~le  Counting 

Carefully transfer the filter from the filter holder assembly to the detector. Orient 

the collection side of the filter towards the face of the detector. 

Operate the counter over any 10  minute time interval between 40 minutes and 90  

minutes after the sampling start time. Record the total counts for the sample and the time 

(in minutes after sampling) at the midpoint of the 10  minute count interval. 
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26.2.4 Analvsis , ,. 

Calculate working levels (WL) as follows: 

Where: 

C = Sample cpm - Background cpm 

V = Volume of Air Sampled in Liters, = flow rate (liters per minute) x time 

(minutes) 

E = Counter Efficiency (cpm per dpm) 

K, = Kusnetz Factor - From the chart, time in minutes from stopping the pump to 
the midpoint of the count interval 

26.2.5 Kusnetz Factor Charf 

Time - 
70 
72 
74 
76 
78 
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STANDARD OPERATING PROCEDURES 
STANDARD OPERATING PROCEDURE 27.0 

PERFORMANCE OF THE GAMMA RADIATION SURVEY 

Purpose and Scope: This procedure defines the requirements for performing gamma 
radiation surveys and documenting survey results. This procedure is 
intended for use by Dames & Moore Radiation Protection Technicians. 

Equipment: Gamma survey instrument; and 
Watch. 

Documentation: Gamma Survey Instrument Calibration Log; and 
Gamma Radiation Survey Form. 

27.1 GENERAL 

27.1.1 Review of Survev Data 

The Radiation Protection Technician (RPT) will be familiar with the radiological 

conditions present or expected in the area by reviewing the area's current and/or historical 

survey, making note of: 

• The type of radiation; 

• The range of loose surface and fixed contamination; 

Areas of higher or lower contamination; 

• Areas of higher and lower radiation; 

The wind direction and levels of, or potential for, airborne radioactivity; and 

Any other information useful in reducing radiation exposure to the RPT or 
other workers. 

27.1.2 'Survev Pre~arations 

Pre-stage equipment and material in a low radiation level area, when practical. 
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All radiological surveys required for an area should be performed concurrently to 

minimize the surveyor's exposure. 

Use a carrying strap or lanyard to  secure the instrument when climbing; or raise and 

lower the instrument to the appropriate elevation with a length of rope. 

27.1.3 Instrumentation Reauirements 

Select the appropriate type instrument, using the following criteria. (The following 
list is a guideline for selection and is not intended as a requirement that all the 

instrumentation listed be available). 

Gamma survey instruments must be approved by Dames & Moore's Senior 
Health Physicists. They will also determine if an instrument is equivalent. 

The appropriate gamma survey instrument will depend on the expected 
radiation levels that will be encountered. No one instrument will cover all of 
the ranges that could be found on a radium site. This will have to  be 
determined as the project develops. 

Appropriate calibration for the types and energy range of the radiation t o  be 
measured. 

Sufficiently high range to read the highest expected exposure rate. 

The RPT will verify that performance testing of the instruments has been performed 

daily prior t o  use. The RPT will record the results in a calibration log for each instrument. 

Performance tests for instruments will be done in  accordance with the manufacturer's 

recommendations. 

Survey instruments will have an unexpired "calibration due date" on the calibration 

label. A battery check will be conducted before each intermittent use of the instrument. 
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27.2 INSTRUCTIONS I 

27.2.1 Survev of Radiation Areas 

Enter the area with the instrument scale selector set to measure the highest 

expected radiation level. Hold the instrument a t  waist-level and walk slowly through the 

area. Through the use of headset or audible response and observation of instrument 

readings, locate all elevated radiation levels within the area. Adjust the instrument selector 

downscale, as necessary, t o  obtain the radiation level readinglsl. Record instrument 

readings on Gamma Radiation Survey form. The instrument reading will be an average of 

the meter needle fluctuations after instrument response has stabilized or the digital readout 

if present. 

27.2.2 Survev Recordg 

The RPT will document the survey readings accurately and legibly on a standard 

preprinted survey form. Use sufficient detail to  ensure that the meaning and intent o f  the 

record is clear. Survey points will be denoted on work area diagrams or sketches and 

attached t o  the completed survey form. 

Record the radiation survey data as follows: 

• Record the radiation measurement o f  each survey position for each identified 
survey location and any areas wi th  elevated readings; 

• Unless all radiation surveys are performed at the same position (distance 
from the source) and that position is stated on the survey (e.g., "all radiation 
measurements a t  36 inches from ground level"), specify the position after 
each measurement; 

• Note distances of instrument readings taken at distances other than 30 cm 
on the survey form; 

• Identify all posted radiological boundaries in the area surveyed; and 

• Note units for all readings (either w i th  a note at the top, or for each reading. 
Underline or otherwise highlight any units out of the ordinary. 
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In addition to the radiological information, include the following information on the 

survey form: 

. . 
Client identification; 

Site designation and number (or other specific identification); 

Date and time survey initiated; 

Survey description: identify the purpose of the survey (e.g., routine, post 
decon, etc.) and area or item surveyed; 

Type(s) of instrument(s) used, their serial number(s), the date calibrated, the 
date ,<libration is due; and 

Signature(s) of individual(s) performing the survey. 

The RPT will submit completed survey forms to  the Site Safety Officer (SSO) for 

review. Unacceptable survey forms will be corrected by the RPT and promptly 

resubmitted. 

A copy will be retained in the Site Safety Office. 

27.2.3 Control for Radiation Areas 

When a radiation level exceeding 5 mremlh is identified initiate radiation controls as 

follows: 

1. . Post and control the area in accordance with the DOE Radiological Control 
Manual or the site-specific Radiologic Control Manual; and 

2. Notify the SSO. 
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STANDARD OPERATING PROCEDURES 
STANDARD OPERATING PROCEDURE 28.0 

USE OF THE BICRON FIDLER 
(FIELD INSTRUMENT FOR 'THE DETECTION OF LOW ENERGY RADIATION) 

Purpose and Scope: This procedure covers the general use of the Bicron FIDLER (Field 
lnstrument for the Detection of Low Energy Radiation) to identify low- 
energy gamma and x-ray emitting radiation sources and to document 
survey findings. Equivalent instruments may be used. Dames & 
Moore's Senior Health Physicists will determine if a given instrument 
is equivalent. This Procedure is intended for use by Dames & Moore 
Radiation Protection Technicians. 

Equipment: Bicron FIDLER (Field Instrument for the Detection of Low-Energy 
Radiation). 

Documentation: Field Memorandum; and 
lnstrument Calibration Log. 

28.1 GENERAL 

28.1.1 The FIDLER Unit Com~onents 

The FIDLER unit consists of a Bicron Analyst meter, equipped with a scaler option, 

and a Bicron G-5 thin window scintillation probe connected by a signal cable. This 

instrument also includes a Bicron G-5 HV handle and a detector housing. - 

28.1.2 Low-Enerov Radiation Detection 

The use of the FIDLER provides a qualitative indication of the presence or absence 

of gamma and x-ray low-energy radiation sources. Other methods must be used for 

quantitative measurements of sources. 

28.2 INSTRUCTIONS 

28.2.1 lnstrument lnis~ection 

Prior to using the instrument, perform the following checks: 
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Document that the manufacturer's calibration due date has not expired; 

Inspect the instrument for physical damage that could affect its operation; 

Document that the instrument has successfully passed a performance test 
within the last 24 hours by checking the field calibration log; and 

- Perform a battery check and document that the needle reads in the BAT OK 
region. 

28.2.2 Instrument Failure 

If the instrument fails any of the above checks it may not be used. 

28.2.3 lnstrument Controls 

Set the instrument controls as follows: 

Response Mode Slow 

Audio ON 

Scale x l 0 0  

Mode Channel 1 

28.2.4 Bac karound Reading 

Determine a background reading in the area of use by holding the probe still and 

performing a one-minute scaler count. To perform the one-minute scaler count, press the 

count button. The red LED lamp will be illuminated, indicating that the scaler is counting. 
r When the LED lamp goes out, the count is finished. Record the counts per minute (cpm) 

from the scaler display located on the instrument face. The background count should be 

taken at a minimum of 15, feet from the items to be surveyed and any other non- 

background radiation source. When doing a soil surface scan, it is recommended that the 

background be taken in an area where contamination is known not to  exist or over a 

location where the background of the soil is known. 
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Hold the probe at least 12 inches from the item or surface being surveyed if the 

item is much larger than the probe. If the item is the same size or smaller than the probe, 

hold the probe on contact. 

28.2.6 Scanning 

Scan slowly, no faster than two inches per second, to  give the instrument time to 

respond. Scan rates greater than two inches per second drastically reduce the probability 

of detection. The operator should listen closely to the audio output, as it responds faster 

than the instrument reading. 

When surveying, any response above background should be investigated by holding 

the instrument still for one minute to  verify the above-background reading. If an above- 

background reading is confirmed, slow the scanning speed. Attempt to  locate the source 

by moving the probe in different directions and by scanning in the directions yielding the 

highest above-background readings. 

When the highest reading is located, perform a one-minute scaler count, and record 

the results of the count and the location the reading was taken. 

28.2.8 Batterv Check 

Periodically during use, perform a battery check to  ensure the batteries are still 

good. 
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STANDARD OPERATING PROCEDURES 
STANDARD OPERATING PROCEDURE 29.0 

C 

PERFORMANCE OF PERSONNEL CONTAMINATION MONITORING 

Purpose and Scope: This procedure defines the use of instruments for personnel 
contasnation monitoring, criteria for personnel contamination, 
control of contaminated personnel, and documentation of 
contamination occurrences. This procedure is intended for use by 
Dames & Moore Radiation Protection Technicians. 

Equipment: Ludlum Model 12 or equivalent Survey Scope. 
Ludlum Model 3 or 31 Count Rate Meter 

Documentation: Field Memorandum. 

29.1 GENERAL 

29.1 .I Radioloaical Occurrence Res~onse Actions 

If a radiological occurrence involves a combination of conditions, response actions 

will be taken in the following priority: 

Critical injury or illness; 

Skin contamination; 

Noncritical injury or illness; and 

Possible inhalation of radioactive material. 

29.1.2 Emeraencv Medical  car^ 

Emergency medical care of critically injured or ill personnel will take precedence 

over radiological actions. 

29.1.3 Trans~ortina Contaminated Personnel 

Care will be exercised in transporting contaminated personnel to minimize the 

spread of contamination in Uncontrolled Areas. A contractor-owned or leased vehicle will 
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normally be used for transportation. However, a personal vehicle may be used if a critical 
* 

injury is involved. The transporting vehicle will be controlled until released by the Dames 

& Moore Radiation Protection Technician (RPT). 

29.2.1 Monitorina Personnel for Contamination 

Monitoring of personnel for contamination will be performed in the following 

situations, however, other requirements may exist in upper-tier documents (e.g., Work 

Plans or Site-Specific Health and Safety Plans [SSHSPsl) and should also be followed: 

Whenever leaving a Radiologically Controlled Area;, 

Whenever exiting a Contaminated Area; 

During and after work where a potential exists for release of radioactive 
material; 

Whenever passing through a Controlled Area; and 

Following personnel decontamination. 

Personnel monitoring will consist of a whole-body survey except for precautionary 

surveys. 'The whole-body survey will be conducted front and back, over the following 

areas or articles: 

head (pause at mouth and nose); 

neck and shoulders; 

arms (pause at each elbow); 

hands (pause at palms and back of hands); 

respirator (exterior, interior, cartridge, and straps); 

chest and abdomen; 

back, hips, and seat of pants; 

legs (pause at each knee); 

pant cuffs (pause at cuff); 
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shoe-cover bottoms; 
- shoe tops; and 

- shoe bottoms (pause at sole and heel). 

Alpha contamination monitoring will be performed as follows: 

• The Ludlum Model 12 Survey Meter probe type (or equivalent) will be used. 
Dames & Moore's Senior Health Physicists will determine if a given 
instrument is equivalent. 

• The detector will be held within 114 inch of the body or clothing 
surface and moved slowly, (i.e., about 2 inches per second); 

• To the extent practical, clothing wrinkles will be smoothed prior to 
, monitoring; 

• The instrument scale selector control will be set to the range appropriate for 
measuring levels of contamination; 

• Visual or audible instrument response will be used to determine the presence 
of contamination; 

• Clothing will be considered contaminated if the detectable radioactivity is 
greater than background; and 

• Skin will be considered contaminated if any level of radioactivity above 
background is detected. 

Betalgamma contamination monitoring will be performed as follows: 

• The Ludlum Model 3 or 31 Count Rate Meter or equivalent equipped with a 
pancake detector will be used. Equivalent instrumentation release limits will 
be established by Dames & Moore's Senior Health Physicists, taking into 
consideration the minimum detectable activity (MDA) of the instrument; 

• If the background count rate exceeds 150 counts per minute (cpm), 
consideration will be given to moving the monitoring station; 

• The detector will be held within 112 inch of the body or clothing surface and 
moved slowly (i.e., about 2 inches per second); 
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a Visual or audible instrument response will be used t o  determine the presence 
of contamination; 

a Clothing will be considered contaminated if 100 cpm above background are 
indicated; and 

a Skin will be considered contaminated if any level of radioactivity is detected. 

When skin contamination is detected, the contamination will be appropriately 

covered and contained. The RPT will escort the contaminated employee to  the 

decontamination area. Field decontamination may be performed provided adequate 

decontamination equipment is available. 

a For wound contamination or for contam~nation observed around the nose or 
mouth, Dames & Moore's Senior Health Physicists 'will be notified 
immediarely. 

Area controls will be established for personnel contamination occurrences. 

Stop traffic through the area where contamination occurred; 

a Perform contamination surveys to determine the extent of the 
contamination; 

Isolate the affected area by posting and barricading it; 

Identify the travel routes and other personnel that are potentially 
contaminated; and 

a Perform area and personnel contamination monitoring as required. 

Reports required for contamination occurrences will be completed, approved by the 

SSO, and forwarded to  Dames & Moore's Health Physicists as soon as possible. 

29.3 CALIBRATION 

The Ludlum survey scope will be calibrated every six months, or at the manufacturer's 
recommendations, by the manufacturer. The instrument will also be source checked on a 

daily or as-needed basis to  verify proper working condition. 
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STANDARD OPERATING PROCEDURES 
STANDARD OPERATING PROCEDURE 30.0 
AIRBORNE RADIOACTIVITY MONITORING 

Purpose and Scope: This procedure covers airborne radioactivity monitoring by the 
filtration method and includes corrections for radon daughters. 
Equivalent instruments to the ones listed in this procedure may be 
used. Dames & Moore's Senior Health Physicists will determine if a 
given instrument is equivalent. This procedure is intended for use by 
Dames & Moore Radiation Protection Technicians. 

Equipment: Air Sam~l ina P u m ~ :  Such as the Eberline RAS-1 capable of 
maintaining a flow rate of up to  100 liters per minute or greater 
through the selected filter is required. The flow rate should not vary 
;~pificantly during the sampling period. A calibrated air flow 
measurement device is also required. 

Filters and Filter Holder Assembly: Membrane type filters are 
recommended with a pore size not to  exceed 0.8 microns and a filter 
holder assembly suitable for the type of filter being used. Adapters 
for the attachment of the filter holder t o  the pump are also required. 

Countina Svstem: A detector and scaler setup, maintained, operated, 
and performance tested in accordance with Dames & Moore 
Radiological Operating Procedures (D&MROP) 30.2.1 and 30.2.2. 

Documentation: Field Memorandum; and 
Air Sampling Data Record. 

30.1 GENERAL 

30.1.1 Airborne Radioactivitv 

Certain activities performed in the field pose the potential for airborne 

radiological contamination. These include the use of drilling equipment in 

contaminated soil, driving vehicles over contaminated ground, and decontamination. 

It is necessary to  determine the presence and amount of airborne radiological 

contaminants to assess the adequacy of implemented levels of protection to  the 

workers. 
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30.2.1 Sam~ le  Collection 

Install the filter in the filter holder assembly and attach to the 
pump. Place the pump in the appropriate location as 
determined by indoor air flow measurements or, if outdo'ors, 
downwind of the proposed working area and as close to the 
breathing zone as possible; and 

Operate the pump for the time interval required, pulling air 
through the filter. Record the start time, the stop time, and 
the air flow rate on Field Memorandum. 

30.2.2 Sam~ le  Counting 

Store the sample filter for radon daughter decay, 
, approximately 48 t o  7 2  hours. The sample should be stored 

in a separate glassine or smear envelope; 

Carefully transfer the filter from the storage envelope to the 
detector. Orient the collection side of the filter towards the 
face of the detector; and 

Count the sample for 10 minutes. Record the total counts for 
the sample, the counting time and date, and the countrate 
(cpml. 

Calculate the activity as follows: 

Activity = Sam~ le  cDm - Backaround cDm 
v i q . E  . >. 

A,../ A 

Where: 

V - Volume of Air Sampled in Liters - flow rate (liters per minute) sampling time 
(minutes) 1000 mll l  

E = Counter Efficiency, the fraction E = Source count rate in cpm 
source activity in dpm 
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STANDARD OPERATING PROCEDURES 
STANDARD OPERATING PROCEDURE 31.0 

CHANGE IN STANDARD OPERATING PROCEDURES 

Purpose and Scope: The Purpose for this procedure is to  allow project personnel, with 
ap'pTopriate approvals, to  make minor changes to the SOPs based on 
unanticipated or unforeseen changes in the field conditions. The 
change may be requested by any member of the project staff and 
documented using the lnterim Change Notice Form. 

Documentation: Field Memorandum 
lnterim Change Notice 
Record of Telephone Conversation 

lnterim Change Notices (ICN) will be used to  identify significant changes to  the 

SOPS where a revision of that SOP is not appropriate at that time. The interim change 

may be requested by any member of the project staff. The staff requesting the ICN should 

carefully document the series of events leading to  the request for a change in SOPs. The 

request for change is made to  the Field Manager who reviews the need for the change of 

procedure. The Field Manager documents the change using the ICN form and notifies the 

Task Manager. The Task Manager will submit the ICN to ESO for review and approval. 

The lCNs will not be incorporated until approval from ESO has been received. Minor 

changes in procedures will be documented within the Field Memorandum only. 

When documenting the reasons for the change, the Field Manager will include. 

The SOP affected; 

The portion of the SOP being changed; 

The series of events that lead to  the need for the change; 

A description of the new procedure; and 

Specific details on when and where the new procedure will be used. 

All lCNs are numbered and distributed by Dames & Moore QAIQC personnel. 



AlTACHMENT 1 OF APPENDIX A Revision: 0 
LEHR ENVIRONMENTAL RESTORATION Effective Date: 09 /28/94 

Standard Operating Procedure No.: 32.0 
Page 1 of 11 

STANDARD OPERATING PROCEDURES 
STANDARD OPERATING PROCEDURE 32.0 

VEGETATION SAMPLING 

Purpose and Scope: Samples will be collected to characterize contaminant concentrations - 

in vegetation compartments at the LEHR site. Terrestrial foodstuffs 
will be sampled to provide verification that hazardous materials 
traceable to  the site are not present in the environment above 
expected background levels. 'The primary concern in sampling 
vegetation is to assure that site-generated radioactive materials and 
hazardous chemicals have not been introduced into the local food 
chain where they could be further distributed. Documented 
vegetation concentrations will therefore help to  support subsequent 
ecological risk assessment calculations. This SOP describes the 

- techniques to be implemented for vegetation sampling. In addition, 
equipment and documentation requirements necessary for sampling 
are described. 

Equipment: Maps (described above) 
Calculator with random number generator 
2 ten-meter ropes marked in meter units 
Step ladder 
Grass shears, trowel, pruner and pruner with extended handle 
Wooden frame that measures one square meter 
Mechanical balance with a minimum of 5 kilogram capacity 
Necessary weights for mechanical balance 
Measuring tape 
Kneeling pad 
Zippered plastic bags for sample collection 
Sample labels (4" x 2" white, self-adhesive labels) 
UCD Sample Custody Seals 
Waterproof pen 
Stainless steel bowl and spoon 
Coolers, blue ice and thermometers 
Safety equipment (see Section 6.0 of Heath & Safety) 
Cleaning and decontamination equipment (Non-phosphate cleaning 
solution, four 5-gallon buckets, bottle brushes, distilled water, potable 
water and paper towels) 
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Documentation: Field Memorandum; 
Vegetation Sampling Record (Figure 1); 
Environmental Sampling Log (Figure 2); 
Sample Chain of Custody (COC; Figure 3). 

32.1 RESPONSIBILITIES AND QUALIFICATIONS 

Personnel executing the protocols described in this SOP should be instructed in the 

use of the sampling apparatus and proper identification of species likely to  be encountered. 

A t  least one person on each field crew should have a minimum of a Master's degree in 

biology and two years of field experience in conducting vegetation studies. Personnel 

must also have met OSHA training requirements (40 CFR 1 9 10.1 20). Periodic 

performance audits of field personnel will be conducted according to  established 

procedures. 

32.2 GENERAL PROCEDURES 

Reconnaissance surveys will be performed to provide a consistent and 

encompassing view of area habitats and to provide qualitative observation for relative 

comparisons among vegetationlland use types. The principal vegetation components t o  be 

considered in the risk assessment are the native and disturbed vegetation at the site and, 

possibly nearby agricultural fields. Sample sites will be selected after additional site 

information is collected and terrestrial ecological receptors are selected. 

32.3 SAMPLING PREPARATION 

Field sampling will be preceded by completing and incorporating preparatory 

procedures. These procedures include mapping sampling locations, selecting site for 

quality assurance/quality control (QAIQC) samples, preparing sampling labels, acquiring 

and donning appropriate personal protective equipment (PPE) and reviewing and becoming 

knowledgeable of the necessary safety precautions. 
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32.3.1 S a m ~ l e  I ocations 

Prior t o  sample collection, a detailed map or drawing of the sampling locations will 

be prepared. This map will define the location in terms of area landmarks (e.g. trees, 

fences, walkways, etc.), so that consistent layout of the sampling grid will be established 

for current and future sampling. Draw map Block 10 of the Vegetation Sampling Record 

(Figure 1 ). 

32.3.2 Select Sites for Qualitv AssuranceIQualitv Control (QAIQC) Sam~les 

In order t o  provide essential comparison data, it is necessary to  prepare both split 

and duplicate samples for analysis. Sampling !ocations for split samples and duplicate 

samples will be selected from the set of sample locations. This will be accomplished 

through the use of a random number table or generator (see section 5.2.5). The total 

percentage for OAIQC samples will be at least 10% of the total number of samples. If the 

randomly selected sample site is not collectable or has been destroyed, random sites will 

continue to be generated until a collectable site is identified. The duplicate and split 

samples will receive full analysis. 

32.3.3 Pre~aration of Sam~le Labels 

In order t o  save time and assure correct sample identification, sample labels will be 

prepared before going into the field. Unique sampling numbers will include the sample ID 

designation defined in the Environmental Monitoring Plan, Table 3.3. The complete 

number will begin with the project identifier (LEHR), followed by the year and then the 

Environmental Monitoring Plan location designation: i.e., LEHR93-VS-AS-1. A duplicate 

(D) or split IS) sample will end in the appropriate letter (D or S). Do not attach the labels 

to  the sample container (bag) before going into the field. 

Information to  be included on the sample label: 

-Sample ID (as above) 

-UC Davis EH&S 
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-Analysis required (list all analyses requirements for the sample 

-EPA method(s) 

-Date and time sampled 

-Initials of person collecting sample 

Sample labels will be attached to the sample container immediately after collection. 

32.3.4 Personal Protective Eaui~ment (PPEL 

The following items will be worn during sampling activities: disposable leather 

gloves, long pants, long sleeve shirt, sturdy shoes with non-slip soles. Refer to the Health 

and Safety section 6.0 for information on PPE requirements. 

32.3.5 Buddv Svstem 

All sampling which requires the use of ladders to collect samples will employ the 
i 

buddy system. Whenever ladders are used on ground that is not perfectly flat, an 

individual on the ground must hold the ladder. Refer to section 6.2.3 (Health and Safety) 

for ladder safety instructions. 

32.4 DECONTAMINATION OF EQUIPMENT 

Equipment will be decontaminated before use at sampling site. Prior to use and 

after each sample is collected all sampling equipment will be washed twice in a non- 

phosphate (Alconox or equivalent) solution, rinsed with potable water and rinsed again 

with distilled water to prevent cross-contamination. Hard bristle bottle brushes may be 

used in the first two wash buckets to remove debris. Equipment should be allowed to 

drain dry after the final distilled water rinse. 

32.5 SELECTION OF SAMPLING LAYOUT 

The sampling locations defined within the Environmental Monitoring Plan for the 

LEHR site offer different sampling environments. Depending on the vegetation available at 
i 
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each sampling location, it is necessary to  select from two sampling grid-byouts; quadrant 

formation or transect formation. If the sampling location contains an area of mixed 

herbaceous and/or perennial vegetation (grasses, weeds, bushes, etc.) of approximately 10 

meter square or larger, then the square quadrant formation will be applied. Although a 10 

meter square area is ideal, a slightly smaller area may be adapted (eight square meters for 

example), when area boundaries (creek, road, etc.) do not allow the full 10 meters on each 

side. If, however, the location has little or no ground cover type of vegetation, but rather 

a row of trees, plants or bushes, then a transect formation will be applied to  that location. 

32.5.1 Quadrant Formation S a m ~ l e  Collection 

(1 Go to  sampling location desicjnated in the Environmental 

Monitoring Plan. Complete block 5 of the Vegetation 

Sampling Record, to indicate that quadrant formation has been 

selected for this sample site. Determine approximately where 

to position the 10 meter square sample grid. 

Place one of the 10 meter long ropes along one side of the 

grid location. Mark on the prepared map to  show where the 

rope was placed to  begin the grid pattern. Draw in the 

complete grip formation on the map as situated. Use the 

random number generator (see section 32.5.3) to indicate 

where to place the second rope so that it is perpendicular to 

the first, going into the grid. This is the first coordinate of the 

grid location. 

The next number on the random number generator will 

designate the second coordinate to show exactly where the 

sample is t o  be taken within the plotted area. Place the 

square meter frame over the grid location portion, with the 

appropriate mark on the rope defining the bottom left corner 

. of the frame. Mark this sample area on the map with a 

number (1, 2, 3 etc.) to  show the order in which was 
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selected, and write the coordiRates on the Vegetation 

Sampling Record, Block 7. 

Use the grass shears andlor pruners to  cut all vegetation 

within the square frame dimensions. Cut the vegetation to  

approximately 1 cm above ground. Place the sample into the 

plastic bag as it is cut. Leaves collected for analysis should 

be clipped at the petiole and allowed to  drop directly into the 

collecting bag. Do not allow sample to come in contact with 

soil after cutting. Dispose of the leather gloves used in 

collecting the sample to avoid cross-contamination. 

When finished, weigh the amount of sample collected at that 

grid location, using the mechanical balanqe. Record on the 

Vegetation Sampling Record (Figure 11, the grid location and 
\ 

weight of sample collected. If the particular grid location has 

no vegetation, the weight will be zero. 

Continue repeating steps (3) through (5) until at least 1500 

grams of sample have been collected at this location. If this 

location has been randomly selected as a split or duplicate 

sample location, a second 1500 grams will need to  be 

collected. Duplicate samples will be kept separate from the 

original sample and coded as a separate sample. 

When the sample bag contains 1500 grams wet weight, 

attach the prepared label to the sample bag, and include the 

time sample was collected and your initials. Double bag the 

sample and place immediately in a cooler with sufficient dry 

ice to  maintain the sample at 40 degrees F. Check the 

thermometer each time the cooler is opened. If it reads above 

40 degrees, take the samples in for refrigeration or add more 

dry ice. 
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(8) Decon sampling equipment as stated in Section 32.4 after 

each sample is collected. 

32.5.2 Transect Formation S a m ~ l e  Collection 

(1) Go t o  sampling location designated in the Environmental 

Monitoring Plan. Complete Block 5 of the Vegetation 

Sampling Record (Figure 1 ), to  indicate that transect formation 

has been selected for sample site. Determine the approximate 

dimensions of the transect rectangle. For shrubs, side ratios 

of 1 :5 or 1 : 10, plots of 5 0  or 100  square meters are 

sufficient. For trees, plots of 2CG 3r more meters square, 

w i th  side ratios of 1 :5 or 1 : 10  are commonly used. Sparser 

vegetation will require larger sampling areas than denser 

vegetation. Mark the transect dimensions and situation on the 

map for that sampling location. 

When sampling trees or bushes, prepare the transect grid 

format so that each bush or tree has its own square. This wil l 

make sampling much more logical and allow the tree or bush 

t o  be sampled from each direction. 

Now use the random number generator t o  determine which 

tree or bush t o  sample. Samples shall be collected from all 

sides of  the tree or bush, from the lowest branch t o  the 

highest branch that can be safely reached from the ladder 

wi th  the extended pruners. Care should be taken t o  collect 

vegetation from open, unshaded areas where radionuclide 

deposition would not be atypical. 
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CAUTION: Remember not to use the top of a step ladder as a step! The 

buddy system shall be employed whenever sampling requires 

a ladder. Refer to section 6.2.3 (Health and Safety) for ladder 

safety. 
- 

Leaves collected for analysis should be clipped at the petiole 

and allowed to drop directly into the collecting bag. Do not 

allow sample material to fall on the ground after being cut. 

This can cause contamination from the soil, as well as the loss 

of particulate matter from the leaves, which would be 

significant for the analysis. Additionally, disposable leather 

gloves are to  be changed between each sample. 

(5) When finished, weigh the amount of sample collected at that 
. .i grid location, using the mechanical balance. Record the grid 

location and the weight collected on the Vegetation Sampling 

Record (Figure 1 ). 

Continue repeating steps (3) through (5) until at least 1500 

grams wet weight of sample have been collected at this 

location. If this location has been randomly selected as a split 

or duplicate sample location (see 32.3.21, a second 1500 

grams weit weight will need to  be collected. Duplicate 

samples will be kept separate from the original sample taken 

at a location, and coded as a separate sample. 

When 1500 grams of sample have been collected, attach the 

prepared sample label t o  the sample bag, along with the time 

the sample was collected and your initials. Double bag the 

sample and place in a cooler with sufficient dry ice to keep the 

sample cooled to  4 0  degrees F. Check the thermometer each 

time the cooler is opened. If it reads above 4 0  degrees F, 

take the samples in for refrigeration or add additional dry ice. 



ATTACHMENT 1 OF APPENDIX A Revision: 0 
LEHR ENVIRONMENTAL RESTORATION Effective Date: 09/28/94 

Standard Operating Procedure No.: 32.0 
Page 9 of 11 

(8) Decon sampling equipment according to Section 32.4 after 

each sample is collected. 

32.5.3 Sample Selection Usina Random Numbers 

Calculator with Random Number Generator: Follow directions in the instruction 

book for that calculator. Normally a nine-digit number is generated. Decimal points shall 

be disregarded. Digits may be selected from either the right side for the number, or the 

left (i.e. if the lot is less than 100, use the first 2 digits or the last 2 digits). When the 

next sample is to  be selected, clear the calculator and generate a second random number. 

32.6 SAMPLE HANDLING AND STORAGE 

Once samples have been collected, special care must be taken to ensure integrity of 

sample identity and condition. Information is included in Chapter 8 of the Work Plan, with 

additional details as defined above. The vegetation samples must be maintained at 40 

degrees F, which is essential for analysis of tritium. Assure there is sufficient dry ice to 

maintain this temperature. Additional coolers may be necessary to allow room for both 

samples and blue ice. 

When coolers return from the field after collection, check temperature, assure labels 

are complete and correct, and that a Vegetation Sample Record (Figure 1) is available for 

each sample. Complete Vegetation Sampling Log (Figure 2) to provide record of sample 

and analysis. 

32.7 SPLIT SAMPLE PREPARATION 

Carefully put contents of sample bag to  be split into a stainless steel bowl. Assure 

that all of sample goes into bowl without spilling. Then, with a spoon, slowly stir 

ingredients until completely mixed. Then, with gloves physically divide the sample into 

equal portions and place each half into separate sample bags. Weigh bags to  verify that 

they are of equal weight. Adjust sample amount if needed to achieve balanced weight. 

Assure labels are attached to  bags for correct sample identification. Split samples are to 
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be prepared for shipment t o  separate laboratories for comparison analysis. Both randomly 

selected background and site samples should be included in the lot t o  be sent to  the 

comparison laboratory. 

32.8 SAMPLE PACKAGING AND SHIPPING 

Section 12 of the Work Element Quality Assurance Plan provides detailed 

instruction for packaging and shipping of samples. Assure each sample is placed in a 

second plastic bag, t o  protect the label from external moisture and assist in sample 

containment and integrity. Attach UCD custody seal t o  each bag and cover with clear 

tape to prevent tampering with contents prior to  receipt of laboratory. 

Samples will be shipped to  the laboratory for analysis on the same day they were 

collected. If samples are held for any time before shipping, they will be stored at 40 

degrees F in a designated secure area. Care must be taken t o  minimize handling, potential 

for sample contamination, or degradation of sample information on labels or documents. 

All samples will be shipped by certified mail or i ts equivalent in order t o  maintain a 

chain of legal accountability or custody. Overnight or one day service may be necessary in 

order t o  meet holding times. Federal Express or another private carrier may be used if  

timing and custody requirements are met. A Custody Security Seal should be placed on 

the cooler and covered with clear tape after the Chain of Custody has been placed inside 

(see next section). 

32.9 CHAIN OF CUSTODY RECORD 

To establish the integrity of samples, it is necessary t o  demonstrate that the 

samples were maintain under custody from the time they were collected in the field t o  the 

time they were analyzed in the laboratory. If samples are held for any time before 

shipping, they shall be maintained under custody. 
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-- 
A sample is under custody if: 

- It is in your possession 

It is in your view, after being in your possession 

It was in your possession and you locked it up, and 
- It is in a designated secure area 

All samples sent to the lab must be accompanied by a Chain of Custody Record 

(Figure 3). Instructions for completing this document are found in the procedure OPS 

QAPP - 3.03, Chain of Custody. Assure that the Chain of Custody includes all analyses 

required in the Environmental Monitoring Plan, Table 3.4. For analyses to  be preformed on 

QA/QC samples, refer to section 5.1.3 of this procedure. These specifications are 

included on the Chain of Custody. The original Chain of Custody shall be placed in a 

plastic bag inside the cooler with the samples and a copy shall be kept on file. 
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STANDARD OPERATING PROCEDURES 
STANDARD OPERATING PROCEDURE 33.0 

DOWN-HOLE RADIATION MONITORING 

Purpose and Scope: The purpose of this procedure is to  describe the method for 
measuring the radiation in soil surrounding a borehole. These 
measurements can be used to determine the presence of radioactive 
material above natural background, and the approximate spatial limits 
of the contamination. This procedure is intended for use by Dames & 
Moore Radiation Protection Technicians. 

Equipment: Calibrated instrument capable of scaler and count rate modes (for 
example, ESP-21HP-270 or equivalent) 
Protective plastic tubing or wrap 

Documentation: Field Memorandum 
Instrument background and source check data sheet 
Survey Record 

33.1 GENERAL 

The Radiation Protection Technician (RPT) will be familiar wi th the radiological 
conditions expected in the borehole area by reviewing the area's historical information and 
results of surveys conducted on boring equipment. 

Instruments used will be calibrated within six months pr ior to the start of down-hole 
radiation monitoring. 

lnstruments used in potentially contaminated bore holes shall be protected from 
contamination and surveyed for contamination after use. 

On each day of use, a source check and background check will be performed and 
recorded in accordance wi th SOP 23. 

A handling line will be attached to  the detector probe and marked at 10 (20) 
centimeter intervals. 

33.2 OPERATION 

Prior t o  performing down-hole measurements, the probe and cabling will be 
protected from becoming contaminated (PVC pipe lining the hole will serve t o  protect the 
cable and side of the probe from being contaminated). Additionally, the probe will be 
protected from moisture that may accumulate in the bore hole. 
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With the operating instrument in the count rate mode, slowly lower the probe down 
the bore hole. Observe the instrument response and note any large (greater than five 
times background) changes in the count rate. Record the initial results. 

Change the operating mode of the instrument to  count rate and, starting at the 
bottom of the hole, perform a 30-second count and record the results. 

Raise the probe 1 0  (20) centimeters and repeat the count and record the results. 

As the probe is being raised, survey the protective covering on the cable(s) for 
contamination and remove andlor contain any contamination found. 

Repeat the operation until the probe is out of the suspected area or out of the hole. 

a.'wey all materials not previously surveyed that may have come in contact with or 
placed down the hole. 

Review data and resurvey suspect readings if deemed necessary by the Dames 81 
Moore On-Site Manager. 
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This attachment presents full-sized reproducible copies of 20 Field Documentation 
forms that are referenced in Attachment 1 (Standard Operation Procedures). The 
forms are presented in the order that they are referenced and include: 

Field Memorandum 
Water Supply Tracking Form 
Field Record of Water Sampling Form 
Sample Chain of Custody 
lnstrument Calibration Form 
Soil Boring Log 
Well Construction Summary 
Well Development Form 
Field Record of Soil Sampling 
Test Pit Excavation Log 
Double-Ring lnf iltration Test Data Sheet 
Certificate of Calibration for Air Monitor Dry Gas Meter 
Certificate of Calibration for Air Monitor Rotameter 
Certificate of Vacuum Leak Testing . . 

Area or Equipment Drawing Form 
Contamination Survey Form 
lnstrument Daily Source Check Log 
Sealer lnstrument Performance Test Log 
Gamma Survey lnstrument Calibration Log 
Gamma Radiation Survey Form 
Air Sampling Data Record Form 
Interim Change Notice 
Vegetation Sampling Record 
Vegetation Sample Tracking Form 



FIELD MEMORANDUM 

ACTION INFO 

From: Reply R e m i d  By: 
- -. 

fo: File: 

X-Ref: 

0.1.: 



WATER SAMPLE TRACKING FORM 

PROJECT: 

JOB NUMBER: 

Page - of - 
\ 



Well No. Date: 

Depth of Well: Sampling Event: 

.asing TypeIDiameter: Location : 

Sampled by: 

PURGING PRIOR TO SAMPLING 

Purging Method: 

Pump Flow Rate: One Casing Volume (CV), gallons: 

Initial Water Level: Purge Volume (3 CVs), gallons: 

RECORD OF SAMPLING 

Sampling Method: 

Date of Sample: Time: Depth of Sample: 

Sample No. Container Types Analysis 

Temp: 

Spec. 

Cond: 

pH: 

Eh: 



Relinquished by: Date: Time: Rec'd by: Date: Time: 

Rel~nqtnslwd by: Date: Time: Rec'd by: Dare: Time: 

Relinquished by: Dare: Time: - Rec'd by: Date: Time: 

CHAIN OF CUSTODY 
Project t 

Client: 
Dames 81 Moore S i g n a t u r e s  

8801 Fo lsonr  Blvd.. Suite 200 Dames & M o o r e  Date: 
S a c r a m e n t o .  CA 95826 
19 16) 387-8800 Sample r :  
A t t e n t i o n :  

A+& Ilewerted lor 
ALL Sempba Lmled 

Fa Lab Utr O d l  

!! IhlPORTANI?! 
UPON RECEIPT OF THIS FORM: 
I. INSPECT ALL SAMPLES. 
2. NOTF A m  DAMAGED CONTAINERS 
3. SIGN AND DATE THIS FORM. 
4. SEND A FAX OF THIS U)RM TO: 

DA~IES & MOORE 
FAX H(916) 3876802 

5. Do Nor rEr;n lwrrr umn 
AUTH(#IZATI(lN lS RECErVEO 
FROM DAMES & MOORE BY 
TELEPHONE. 

Cooler Radiologic Survey PassiFail Condition of Sample Containers: Tj Good 0 Other. 

- 

CHAIN OF CUSTODY FORM 
RIIFS Work Plan 

LEHR Environmental Restoration 
-----. -- 

-. 
,~.-_Davis, Calilornia 

1080572 
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Parameter: 
Instrument: Serial No.: 
Manufacturer: Date Placed in Service: 
Calibration Procedure: 

Required Calibration Frequency: 

-- -.. - 'Note: Include information on Standard Manufacturer, Lot Number, andlor Serial Number in - - . .  - .  Comments as appropriate. 
- - .  - - . - - 

Reviewed by: 



I I I 
BOFUFlO NUMBER 

DRlLLlNQ METHOD: 

S W l L  DUfillYLr LUU 

LOCAMW CLIENT LOCATION OF BORlNa JOB NUMBEA 



Job Name Well No. 
Job Number Boring No. X-Ref 

T.D. 

I MONITORING WELL CoNsTRucnoN SUMMARY 
Survey Coordinates Elevation Ground Level 

Elevation Top of Casing 
I 

Drllllng Summary 
Total Depth Drilled 
Borehole Diameter 

I Drilling Fluld I 
Total Depth of Well 
Caslng Stid<-up Height 
Surface Completion 

Wall Design 8 Spoclflcatlons 
Basis: Geologic Log - Geophysical Log- 
Casing String(s): CC-Conductor Casing CICasing 

%Screen ST-Sediment Trap 

Conductor CCl 
Casing CC2 
Casing C1 

C2 
Screen S1 

S2 
Sed. Trap ST 
Grout Seal 
-- 

Bentonite Seal 

Filter Pack 

Centralizers 

Construction Time Log 
Start Finish 

Task ( Date Time I Date Time ] 
Drilling 

Pre-Development 

Date Time I Date Time 
W~II ~ . v a ~ o ~ m o n t  1 

I 

InPlal Water Level 
Final Water Level 

Stabalizatlon Test Data 

I TIME ( ) 

Comments: 

1 OWrved by: Cllent: Locat ion: 



Well Number: Job Number: 
D e ~ t h  of Well: TOC bgs - 
Casing DiarneterlType- Client: 
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DESCRIPTION 
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Subsurface: 
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CERTIFICATE OF CALIBRATION FOR 
AIR MONITOR DRY GAS METER 

Location Stationary Sampler I.D. 

Meter Manufacturer Model Serial Number: 

Calibrator mFr Model Serial Number: 

Barometer (Uncompensated) Source Time Source 

Temperature Source Time Source 

Flow Rate 20% 50% 80% 

Time Start - 
Calibrator Flow Rate/Start/Stop - - -  
Total Test Time Minutes/Seconds - - -  
Proving Circle Total Revolutions - - -  
Indicated Volume - Dry Gas Meter - - -  
Manometer Vacuum at Meter - - -  

Time Stop - 
PressureKemperature Correction Factor to  STP - 
Corrected Volume - Dry Gas Meter (STP) - - -  
Total Volume - Calibrator - - -  
Correction Factor - -- 
Error Factor: Calibrator % Scale (Proving Circle) % 

. Test Time % Volume (Corrected) % 

Calculations 

Calibration Sticker Attached Correction Factor Posted 
. . 

Date Calibrator's Signature 

Calculations: 



CERTIFICATE OF CALIBRATION FOR 
AIR MONITOR ROTAMETER 

Location Stationary Sampler I.D. 

Meter Manufacturer Model Serial Number: 

Calibrator mFr Model Serial Number: 

Sampling train Schematic (Actual): 

Rotameter Reading Calibrator Reading Error Factor 

Calibrator 

Meter Scale 

Total Volume % 

Other % 

Correction Factor at Ipm = 
Cumulative Error Factor at Ipm = 

Comments: 

Calibration Sticker Attached Correction Factor Poster 

Date 

Calculations: 

Calibrator's Signature 



CERTIFICATE OF VACUUM LEAK-TESTING 

Location Stationary Sampler I.D. 

Sampling Train Schematic (Actual): 

Temperature Source 

Manometer Reading During Test: 

Air Particular Train (PASSIFAIL) 

Tritium Sampling Train (PASSIFAIL) 

Corrective Action Taken (Describe fully): 

Calibrator's SignatureIDate: 

Note: The maximum acceptable leak rate for the Air Particulate Sampling Train is 500 cclmin. 

The maximum acceptable leak rate for the Tritium Sampling Train is 8 cclmin. 



.- . AREA OR EQi AENT DRAWING 

X-X-X-X = Boundaries of Posted Areas = Direct Frisk Locations = Smear Locations 

Comments: 

Reviewed By: Date: 

SOPIFORMIA READRAW. MG 



CONTAMINATION SURVEY FORM 

Location: Datemime: page of 
Technician: Meter Background: Scaler ModelISerial: 

Meter Modellserial: Scaler Background: Calibration Due: 

Calibration Due: Survey Type: Alpha cr Beta/Gamma ply Signature: 

Note") Net Count Rate = Gross Count Rate - Background Count Rate. 
Note(z) Total Activity = Net Count Rate i Instrument Efficiency. 



INSTRUMENT DAl, JOURCE CHECK LOG 

Instrument Source Acceptance Criteria f 20% 
TY P: Isotope: Upper Limit (DPM: 
Serial #: Activity (DPM): Lower Limit (DPM: - - 

Calibration Due: ID #: 

Note(') Efficiency is determined during the instrument calibration. 
Notea Net Count Rate - Source Count Rate - Background Count Rate. 
Note0 Observed Activity - Net Count Rate + Efficiency. 

SOP/FORMS/DAILY SRC. LOG 



SCALER PERFORMANCE CHECK LOG 

Instrument Source Acceptance Criteria 
TY pe: Isotope: Percent Error s 20% 
Serial #: Activity (DPM): 
Calibration Due: ID #: 

Note(') Efficiency is determined during the instrument calibration. 
Notea Net Count Rate - Source Count Rate - Background Count Rate. 
Notem Observed Activity - Net Count Rate + Efficiency. 



GAMMA CALIL iION CHECK UIC 

Instrument Source Acceptance Criteria 
Type: Isotope: Gamma Reading Within 20% of Initial 
Serial #: Activity (pCi): Reading After Calibration 
Calibration Due: ID #: Initial Reading (pR/hr): 

Notet1) Net Reading = Source Reading - Background Reading. 

SOPIFORMSIGAMMACAL.CHK 



GAMMA SURVEY FORM 

Location: DateJTime: Page of 
Technician: Meter Background: 
Meter ModelISerial: Calibration Due: Signature: 

X-X-X-X = Boundaries of Posted Areas = Gamma Radiation Levels (CtRhr) 

Comments: 

I 

Reviewed By: Date: 



AIR SAMPLING 
DATA RECORD FORM 

DATE: SITE. 

PLACEMENT LOCATION. 

AIR SAMPLER SERIAL #- 

FLOWRATE (I pm): 

PUMP START: PUMP STOP: ELAPSED (MIN:): 

PUMP START: PUMP STOP: ELAPSED (MIN:): 

PUMP START: PUMP STOP: ELAPSED (MIN:): 

TOTAL ELAPSED TIME (MIN): 

VOLUME COLLECTED (I): - - (ml) 

ALPHA SAMPLE COUNTER SN#: BACKGROUND (cpm). 

GROSS ALPHA COUNTS: TIME (min.): 

NET COUNT RATE (cpm): EFFICIENCY (cpm dpm). 

TOTAL ACTIVITY @Ci)' 

CONCENTRATION @Ci/MI): 

TECHNICIAN: 

REVIEWED BY. 

DATE. 

Special Counting c1:- c2:- 



STANDARD OPERATING PROCEDURES 
INTERIM CHANGE NOTICE 

Date: 

SOP Affected: 

Revision Affected: Dated: 

Old procedure to be changed (describe): 

Page number of old procedure: of 

Modified procedure to be implemented (describe) and reason for change: 

List attached documentation (i.e., telecons, jield logs, jield memos, etc.) 

Prepared by: Date: 
(Project Staft) 

Approved by: Date: 
(Field Manager) 

Approved by: Date: 
(Tuk Manager) i 

Coordinator of Quality Assurance 

Retain this until fuRher notice 

This notice will be incorporated 
into the next revision to the 
controlled document referenced 

Other 

File the notice with your copy of the referenced document. The notice must be destroyed when the next 
revision of this planlprocedure is received. 

SOP-FORMS\CHANGE. NTC 



Sample Record Number (from log) 

VEGETATION SAMPLING RECORD 

b. Draw in sampling grid with x and y axis numbered. 
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APPENDIX B 

QUALITY ASSLIRANCE PROJECT PLAN 
RllFS WORK PLAN 

LEHR ENVIRONMENTAL RESTORATION 
DAVIS, CALIFORNIA 

The purpose of this Quality Assurance Project Plan (QAPjP) is to  designate and 

document the specifications and methods that will be employed to establish technical 

accuracy and precision, statistical validity, and documentary compliance of data generated 

during the characterization of soil, groundwater, surface water, and air at the LEHR 

facility. This QAPjP has been included as Appendix B of the RIIFS Work Plan (Work Plan). 

The controlling quality assurance document for this work is the "Dames 81 Moore 

Quality Assurance Program Plan for Battelle Pacific Northwest Laboratories (Revision 2, 

September 1994, referred to  hereafter as the "QA Program Plan"). This QAPjP will 

describe project-specific quality assurance procedures and will reference the QA Program 

Plan when appropriate. Procedure 5 from the QA Program Plan was used in the 

preparation of this QAPjP, and will be employed for any and all revisions. 

1.1 PROJECT DESCRIPTION 

The Work Plan presents a description of the LEHR facility operations, a summary of 

previous investigations, rationale, approach and scope of the proposed characterization, 

and a schedule for completion. A Field Sampling Plan (FSP) - (Appendix A), this QAPjP, 

and a Health and Safety Plan (HSP) - (Appendix C) are included as Appendices to this 

Work Plan. 

The Work Plan identifies investigation units and describes the procedures that wil l  

be used to  characterize the nature and extent of site impacts noted during previous 

investigations. Additionally, the Work Plan describes procedures for the performance of a 

Risk Assessment and Feasibility Study (FS) as required by CERCLA. It is also intended 

that the information developed through this characterization will be used to  support the 
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Environmental Assessment (EA) as required by the National Environmental Policy Act 

(NEPA) for remediation and the appropriate California Environmental Quality Act (CEQA) 

documentation. Specifically, the units t o  be investigated during the RI include: 

The DOE burial areas and trenches in the southwest corner of LEHR and the 
disposal unit known as the "DOE Disposal Box"; 

The radium-226 and strontium-90 treatment tanks and associated leach 
systems; 

The seven domestic septic tanks and associated leach systems; 

The outdoor dog pen areas, including the area currently occupied by the 
Cellular Biology Lab; 

a The UC Davis trenches between landfill units number 1 and 2, and along the 
south sids of the dog pens; 

The UC Davis landfill units (numbers 1, 2, and 3); and 

a Groundwater, surface water, and air. 

The investigation of these units has been divided into a number of tasks addressing 

soil and water. Soil investigation tasks include the following: 

Conducting a background study; 
Locating and sampling of burial areas, trenches, and the DOE Disposal Box; 
Locating and sampling the radium-226 treatment tank and leach system; 
Locating and sampling the strontium-90 treatment tank and leach system; 
Locating and sampling the domestic septic tanks and leach fields; 
Characterizing western set of dog pens and the north chemical dispensing 
area; 
Locating and sampling the UC Davis burial trenches; 
Locating and sampling the UC Davis Landfill Units; and 
Evaluating the collected data. 
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Specific water investigation tasks includa; - 

Quarterly groundwater and surface water monitoring; 
Conducting a CFT/Hydropunchm investigation; 
Installing monitoring wells; 
In situ groundwater sampling; 
Investigating surface water; and 
Evaluating collected data. 

It should be noted that the quarterly groundwater and surface water monitoring 

(Task 1 )  will be conducted as described in the Water Monitoring Plan currently being 

prepared for the LEHR facility as part on the Environmental Monitoring and Surveillance 

Program specified in DOE 5400.1. 'The monitoring task is described in this Work Plan 

(Chapter 6) for completeness. 

1.2 BACKGROUND INFORMATION 

This section provides a brief description of the site history and previous 

investigations conducted at the LEHR facility. A more detailed description of this 

information is provided in Chapters 2 and 3 of the Work Plan. 

The DOE-funded research on laboratory animals at the LEHR facility began in the 

late 1950s. As a result of these studies, a variety of laboratory wastes, including 

radioactive, organic and inorganic materials, were generated and disposed of on-site. The 

LEHR environmental restoration activities were initiated in 1989 when the DOE began to 

investigate previous waste disposal practices and soil and water quality of the LEHR 

facility as part of an environmental surveillance program at the site. 

Full-scale experimental use of radioactive materials began at the LEHR facility in 

1960. Early experimentation included the use of radium-226 and strontium-90. In the 

early 1970s, an outdoor Cobalt-60 Irradiator Field was constructed at the facility to study 

the effects of chronic exposure to  penetrating gamma-ray irradiation on bone marrow cells 

of beagles. The study was terminated in 1985 and all DOE-sponsored research at the 

LEHR facility ended in 1989. 
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Portions of the LEHR faelity were previously used as the UC Davis campus landfill. 

The landfill consisted of two separate disposal units. Disposal in the oldest unit (Inactive 

Disposal Unit No. 1 ) began in the 1940s and ceased in the late 1950s to  early 1960s. 

The area is now covered by the Cobalt-60 Irradiator Field at the LEHR facility. The next 

oldest disposal area (Inactive Disposal Unit No. 2) received wastes from 1956 to  1967. 

This disposal area is partially covered with the easternmost of two sets of dog pens used 

for animal research at the LEHR facility. A third landfill disposal unit, located 

approximately 600 feet east of the LEHR facility (Inactive Disposal Unit No. 3), was used 

from 1963 to 1967. 

Detailed descriptions of known waste-generating and disposal processes are 

described in  the Environmental Survey Preliminary Report, (DOE, 1988). A more detailed 

discussion of waste-generating processes or potential environmenral impacts at the LEHR 

facility area is presented in Chapter 2 of the Phase II Site characterization Report (Dames 

& Moore, 1993). 
(:, 

'The DOE and UC Davis have sponsored 1 4  limited environmental evaluations at the 

LEHR facility and adjacent landfills. Two surveys, the Initial Assessment Survey 

(Rockwell, 19841, and the Environmental Survey Preliminary Report (DOE, 1988), present 

documentation of potential environmental impacts from past operations at the LEHR 

facility. The Phase I lnvestigation (Wahler, 1988 and. 1 989) .was an initial investigation. of 

environmental impacts from past LEHR activities. 

Two studies, the SWAT investigation (Dames & Moore, 1990b), and the Old UC 

Davis Landfill Additional Characterization (Dames & Moore, 1991 a) address impacts from 

the former UC Davis landfill. A Contaminant Pathway Analysis (Dames & Moore, 1 9 9 0 ~ )  

was conducted to  assess health risk exposure from the LEHR facility area. Other 

environmental studies include an Evaluation of Potential Nitrate and Hexavalent Chromium 

Sources (Dames & Moore, 1990d), a Waste Burial Trench lnvestigation (Dames & Moore, 

1991 b), sediment and surface water sampling in Putah Creek (Dames & Moore, 1990e) 

and a CEQA Preliminary Study for Characterization Activities (Dames & Moore, 1991 c). 

The Phase II Site Characterization (Dames & Moore, 1993) provides a summary of the 

previous investigations and presents results of additional soil and groundwater 

investigations at the LEHR facility. 
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1.3 DISCUSSION OF ACTIVITIES 

This section presents information concerning the proposed sampling activities, 

selected analytical parameters, data quality objectives, and sampling locations. 

1.3.1 Soil lnvestiaation 

Chapter 5 of the Work Plan presents a breakdown of the tasks to  be conducted for 

characterization of the soils in the areas of investigation identified at LEHR. Specific 

activities and sample collection techniques that will be performed during the completion of 

each task are also described. Additionally, the rationale for sample locations and the 

number of sampling points are also presented. It is anticipated that a variety of sampling 

techniques, including backhoe exploration, soil borings and wipe sampling techniques, will 

be used. Table 5.1 of the Work Plan presents the anticipated sampling techniques and 

approximate number of samples that will be collected. Details of field sampling activities 

are presented in the FSP (Appendix A). The soil investigation tasks described in Chapter 5 

of the Work Plan are presented below: 

Background study; 
Locate and sample the DOE burial areas, trenches, and the DOE Disposal Box; 
Locate and sample the radium-226 treatment tank and leach system; 
Locate and sample the strontium-90 treatment tank and leach system; 
Locate and sample the domestic septic tanks and leach fields; 
Characterize western set of dog pens and the north chemical dispensing area; 
Locate and sample the UC Davis burial trenches; 
Locate and sample the UC Davis Landfill Cells; and 
Data evaluation. 

Prior t o  initiating investigation activities in the field, a site walk with UC Davis 

Physical Plant personnel will be conducted to assess the work areas associated with each 

area of interest. Information sought will include location of overhead and underground 

utilities, potential access difficulties, type of work area pavements (if any), and potential 

disruptions t o  current site activities/operations. UC Davis Physical Plant personnel will be 

asked to  locate all underground utilities and clear all designated underground work areas at 
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LEHR prior to  investigation. Underground Service Alert (USA) will be notified prior to  

intrusive investigations conducted off of the LEHR site to locate any public utilities. 

Chapter 6 of the Work Plan presents a breakdown of the tasks to be conducted for 

characterization of groundwater and surface water at LEHR. Specific activities and sample 

collection techniques that will be performed during the completion of each task are also 

described. Additionally, the rationale for sampling locations and the number of samples 

are presented. Details of field tasks proposed for the groundwater and surface water 

investigation are presented in the FSP (Appendix A). 

DOE operations at the LEHR facility ceased in 1989; therefore, water monitoring 

activities focus primarily on environmental surveillance activities for non-operational 

facilities as defined in DOE 5400.1. The groundwater and surface water investigation 

tasks described in Chapter 6 of the Work Plan are intended to supplement the Water 

Monitoring Plan (currently in progress) submitted as part of the site-wide environmental 

monitoring program also defined in DOE 5400.1. Quarterly monitoring of groundwater and 

surface water, which constitutes a surveillance activity, has been conducted since 

November 1990 as a portion of the Phase II Site Characterization (Dames & Moore, 1993). 

The objective of groundwater and surface water investigation task is to: 

(1 1 characterize baseline surface water and groundwater conditions at the LEHR facility; 

(2) further identify surface water or groundwater which may have been impacted by LEHR 

facility operations; (3) provide data to  support future site activities including but not limited 

to  an RIIFS, remedial actions, and decontamination and decommissioning of the site; and 

(4) comply with applicable federal, state, and local regulations. 

To meet the objectives for the groundwater and surface water investigation task at 

LEHR, the following activities will be conducted. 

Quarterly monitoring of surface water and the existing groundwater monitoring 
network will continue; 
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CPT/Hydropunchm investigations will be conducted in the areas downgradient of 
LEHR to  optimize monitoring well locations; 

Sixteen new groundwater monitoring wells will be installed t o  evaluate lateral and 
vertical extent of impacts identified during the Phase II Site Characterization; 

Slug tests will be completed on all new monitoring wells installed and an aquifer 
pumping test will be conducted; and 

A surface water study will be conducted t o  evaluate potential upstream sources 
and leakage from Putah Creek to  the first HSU. 

It is anticipated that quarterly monitoring wil l be continued through the RI/FS 

process. Monitoring wil l be conducted under the Water Monitoring Plan currently being 

prepared for the LEHR facility. The procedures used t o  collect the water samples and the 

requested analyses are presented in Chapter 6 of the Work Plan and detailed in the FSP 

(Appendix A). 

1.3.3 Baseline Air Monitorina lnvestiaation 

Chapter 7 of the Work Plan describes the local meteorology, air sampling locations, 

rationale, and samplinglanalysis methodologies t o  be incorporated in the air monitoring 

program. The air monitoring program has been developed to  fulfill a number-of individual 

program objectives, including: 

Assess compliance wi th applicable federal, state, and local regulations and 
DOE Orders; 

Document existing off-site background air concentrations for selected 
potential contaminants of concern; 

Support a quantitative risk assessment by measuring air intake 
concentrations; 

Detect, characterize, and report unplanned releases and evaluate 
effectiveness of  any effluent treatment and control programs; 

Identify potential environmental problems and evaluate the need for remedial 
actions, if necessary; 
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Allow assessment of airborne impacts during subsequent remedial actions 
and post-remedial reductions in releases; and 

Evaluate local meteorological conditions at the site. 

1.3.4 Biota lnvesticration 

Chapter 8 of the Work Plan presents a description of the biotic sampling and 
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The objectives of the vegetation and biota sampling program will be to: (1) 
characterize relevant aspects of the local ecosystem; (2) determine i f  exposure to 

chemicals at the site could pose a hazard to ecological receptors including, threatened and 

endangered (T&E) species and/or critical habitats and populations, and (3) determine the 

spatial and temporal extent of potential ecological effects in selected species that could 

occur on the site. The biota investigation can be used to  determine if site-related chemicals 

are migrating through the food chain or have affected terrestrial or aquatic ecosystems. li 

-Sampling collection points will be selected to represent major 

terrestrial and aquatic habitats at the site. 
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Collection of site-specific analac,al data for vegetation and rz:'&&&l$ , ..... .,...,..... ......, . ,...... .. ,. biota :@'[it .. ,.... ........... 

be necessary for the development of realistic site-specific parameters for the risk 

assessment and to  identify the extent of chemical impacts on the ecosystem. Assessing 

the magnitude of human and environmental exposure t o  contaminants through the food 

chain depends largely on being able to  assess the uptake and bioaccumulation of 

contaminants in the aquatic and terrestrial food chains. For most contaminants, estimating 

exposure to chemicals present in the food chain is accomplished through the use of 

various predictive equations which may overestimate actual exposures. By obtaining site- 

specific measured data for vegetation and biota, the level of uncertainty associated wi th 

these predictive equations can be reduced. 

1.3.5 Environmental and Human Resources Characterization 

Chapter 9 of the Work Plan describes the scope of environmental characterization 

efforts t o  assess the adequacy of the RIIFS for adoption as an EA under NEPA. 'This 

requirement is specified by DOE 5400.4 and subsequent guidance memoranda. 

Additionally, information will be used to  assess compliance wi th CEQA. The majority of 

characterization information needed to  adequately evaluate all remedial alternatives will be 

generated through the characterization efforts described elsewhere in the Work Plan. 

Specifically, Chapters 5, 6, 7, and 8 address the data t o  be adquire; t o  characterize soil, 

water, air, and biota impacts, and support evaluation of migration and release pathways 

and ultimately impact analyses of existing conditions and future remediations. 

The scope of Chapter 9 is limited to  the additional elements of environmental 

characterization which wil l  be conducted to  meet specific requirements of NEPA and CEQA 

compliance, but which may not be explicit requirements of a CERCLA RIIFS. These 

activities will include: 

Baseline characterization of the existing flora and fauna on and adjacent t o  
the site, including threatened or endangered species assessment and their 
critical habitat; 
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Wetland and floodplain characterization; 
-\ 

Characterization of cultural, historical, or archaeological resources; 

Land use; and 

Socioeconomic, infrastructure, and demographic characterization. 

Baseline characterization of the potentially affected environment on and around the 

LEHR facility will be necessary to support the evaluation of impacts that could result from 

the implementation of remedial alternatives evaluated in the FS. 

A summary of the analyses for the RIIFS program is provided in Table 1 .l. A 

rationale for selection of these parameters is provided in Chapters 5, 6, 7, and 8 of the 

Work Plan. 

1.3.7 Data Use 

It is intended that data collected through implementation of this Work Plan will 

satisfy federal, state, and local data quality requirements. These data will be used to  

characterize the nature and extent of contamination, support the risk asiessment, support 

the evaluation of correctivelremedial action, and assist in the development and evaluation 

of remedial alternatives. 

Data Quality Objectives (DQOs) have been specified for each data collection 

-activity, and the work will be conducted and documented in a manner whereby data 

collected are sufficient and of adequate quality for their intended uses (EPA, 1987 & 

1993). DQOs are qualitative and quantitative descriptions of the data required to  support 

decisions made during remedial response activities. The DQOs have been developed and 

are incorporated into the data collection activities presented in the Work Plan. 

A wide variety of measurements will be made during on-going monitoring at the 

site. Five levels of data quality are established below which address all of the various 
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measurements. All of the measurements to be taken, the data quality level associated 

with each type of measurement, and the quantity of samples to be taken for each type of 

measurement are summarized in Table 1.2, Summary of Data Quality Objectives. 

The five levels of data quality established for this monitoring program include: 

Level V - Level V is similar to Level IV with respect to a rigorous documentation 
regimen and data quality requirements. This level applies to non-standard analytical 
methods or method modifications that may be required for specific constituents or 
detection limits. 

Level IV - Level IV is defined as data which will be used for legal proceedings. It is 
essentially Level Ill (see below) data quality with a more rigorous documentation 
regimen. Gathering data to be presented in court or in req-ponse to  a court order are 
examples of tasks which may require Level IV data quality. 

Level 111 - Level Ill is defined as data which will be used for risk assessment and 
assessing the nature and extent of contamination present, and for use in support of 
eogineering judgements. This level can accurately identify and quantify 
contamination present and can be relied upon to  make assessments which may 
affect human health. Data are normally generated in an analytical laboratory 
setting. Contamination assessments (RIIFS) and groundwater monitoring programs 
may employ Level Ill data quality. 

Level II - Level II is defined as data which will be used for.the general evaluation of 
alternatives. This level of data can tentatively identify contaminants and usually 
reports concentrations within a range. Soil gas surveys and monitoring programs 
utilizing field screening methods are typical examples of tasks which may require 
Level II data quality. 

Level I - Level I is defined as data which will be used for site characterization and 
health and safety monitoring. This level of data can provide indications of 
contamination when present, but cannot quantify any contamination detected. 
Field measurements for reference and for health and safety purposes are examples 
of tasks which may require Level I data quality. 
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TABLE 1.1 SUMMARY OF ANALYSES 

Total Organic Carbon 

Nitrate (as Nitrogen) 

Chromium (total) 
Chromium (hexavalent) 

Chemical Oxyqen Demand 
Total Dissolved Solids 

Strontium-90 
Gamma Emitters 

Moisture Content Redox Potential 

Specific Gravity 
Plutonium-241 Atterberg Limits 
Americium-241 Double-ring lnfiltrometer 

Refer to Section 7.0 for list of analytes. 
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TABLE 1.2 SUMMARY OF DATA QUALITY 0B.IECTIVES 

Analyte list provided in Field Sampling Plan (Appendix A). 
Total number may vary i f  new monitoring points are added. 
Number of samples may vary for specific physical tests. 
Field duplicates will be collected and analyzed by the mobile field laboratory. An equal number of 
confirmatory samples will be collected and sent to a second laboratory. 
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1.3.8 Sam~lina Locations 

Sampling locations are identified in specific sections of Chapter 5 (Soil 

Investigation), Chapter 6 (Groundwater and Surface Water Investigation), Chapter 7 

(Baseline Air Monitoring Investigation), and Chapter 8 (Biota Investigation) of the Work 

Plan. 
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2.0 PROJECT ORGANIZATION AND RESPONSIBILITIES 

This section presents quality assurance and technical lead responsibilities during 

implementation of the Work Plan, including: organizational reporting structure, training 

requirements, documentation control, qualification of suppliers/subcontractors, and 

surveillance/audit activities. The organization described below is specific to  Dames & 

Moore and reflects a structure that has been put in place to implement the QA Program 

Plan. 

2.1 QUALITY ASSURANCE RESPONSIBILITIES 

A detailed project organization chart and description of responsibi l i+i~~ is provided in 

Chapter 13 of the RI/FS Work Plan. Organization of the Quality Assurance (QA) staff to  

be used during implementation of the Work Plan is illustrated in Figure 2.1. 'The 

Coordinator of Quality Assurance (CQA) is independent and reports to  the Dames & Moore 

Program Coordinator of Quality Assurance (PCQA) and indirectly to the Project Manager 

and/or Project Coordinator. The PCQA reports directly to the Manager of Quality 

Assurance (MQA) who is appointed by the Dames & Moore Chief Executive Officer (CEO). 

The MQA is responsible for the management and effective functioning of the QA Program 

and organization. Quality assurance responsibilities for each of these individuals is detailed 

in the QA Program Plan. 

The QA staff has responsibility for effective planning, verification, and management 

of QA activities associated with the assigned project. Actual technical judgments are 

made by the project management team (Program Manager, Project Manager, Task Leaders) 

and/or by independent Technical Reviewers assigned to  the project. In the case of a 

significant condition adverse to quality, the cause of the condition must be determined and 

corrective action taken to  preclude recurrence. If a deficiency is identified and not 

corrected, the QA staff has responsibility to  implement Procedure 18 of the QA Program 

Plan (Nonconforrnances and Corrective Action). In addition, the QA staff will evaluate and 

document the performance of the technical staff. The QA staff will maintain records and 

control of project-controlling documents, surveillances, audits, corrective action, and 

quality assurance training of the technical staff. 
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2.1 .I Training 

The CQA has been trained in the overall objectives of Dames & Moore's quality 

assurance program. Quality assurance training of the QA staff, the CQA, and the PCQA 

will be documented according t o  Procedures 1 and 2 of the QA Program Plan. Procedure 

3 of the OA Program Plan wil l be used t o  document QA training sessions held with the 

technical staff. Procedure 4 of the OA Program Plan will be used t o  document training of 

technical staff specific t o  this document. The COA will prepare the course materials for 

each training session. They will be reviewed and modified by the PCOA as appropriate. 

Quality assurance training sessions held wi th the technical staff can be conducted by the 

COA wi th  the consent of the PCOA. 

2.1.2 Docurnentation 

The COA will maintain project files pertaining t o  quality assurance aspects of the 

LEHR Environmental Restoration work. Procedure 19 of the OA Program Plan wil l  be 

implemented for the control and retention of Quality Assurance Records. The types of 

documents are discussed in more detail in  Chapters 8, 9, 10, 13, and 14 of this QAPjP. 

2.1.3 Qualifications of Su~~liers/Subcontractors 

The PCQA will select qualified individuals t o  evaluate suppliers or subcontractors 

whose services affect the quality of the data (analytical laboratories in particular). The 

pre-award evaluation team will document potential subcontractors according t o  Procedure 

12 of the OA Program Plan. Chemical analyses completed during water monitoring wil l be 

conducted under an agreement between an approved laboratory and the investigation 

contractor. 

2.1.4 Surveillances and Audit3 

Surveillances will be conducted by the COA and/or by members of the technical 

staff who  are not responsible for the task being reviewed. Audits wil l be conducted by a 
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Certified Lead Auditor selected by the PCQA. Surveillance and audit procedures are 

described in Chapter 10 of this QAPjP. 

2.2 TECHNICAL LEAD RESPONSIBILITIES 

The investigation contractor has primary responsibility for all phases of investigation 

and reporting. The Technical Lead will conduct technical training sessions, and select 

subcontractors and suppliers as discussed in Sections 2.1.1 to 2.1.3. 

2.2.1 Technical Training 

The Technical LeadIProject Manager, with advice from each Field Operation Lead, is 

responsible for evaluating the qualifications of the technical staff. The Field Operations 

Lead is responsible for staff preparation and any "on-the-job" training necessary for the 

completion of each task. Procedure 4 of the QA Program Plan will be implemented for 

technical training of the project staff. 

2.2.2 Selection of Subcontractors 

The Technical LeadIProject Manager has the final responsibility for selecting 

qualified subcontractors and suppliers. Subcontractors will be selected based on past 

experience on similar projects, past experience with the investigation contractor, size of 

firm, ability t o  complete the job, their health and safety program, their quality assurance 

program plan, and cost of services compared to  other contractors. Laboratory 

subcontractors will be appropriately certified by the State of California Department of 

Health Services. 

2.2.3 Selection of S u ~ ~ l i e r s  

The Technical LeadIProject Manager will be responsible for purchasing all materials 

for the RIIFS Program. Selection of the suppliers and control of purchased materials which 

affect quality will be consistent with Procedure 11 and Procedure 12 of the QA Program 

Plan. 
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* 3.0 QUALITY ASSURANCE OBJECTIVES 

The overall quality assurance objective is t o  sample and analyze water, soil, and air 

from the LEHR site in a manner that establishes technical data generated during the 

investigation are accurate and representative, are able t o  withstand scientific and legal 

scrutiny, and are useful for evaluating waste disposal alternatives. The following sections 

present a glossary of terms, specific QA objectives for measurement data, and expected 

data uses. 

3.1 GLOSSARY OF TERMS 

The following terms are commonly used in discussions of QA objectives. A detailed 

explanation of  the precision, accuracy, representativeness, completeness, and 

comparability (PARCC) parameters is provided .in Section 3.2 

Accuracy: The degree of agreement of a measurement wi th  an accepted reference 
or true value. The difference is usually expressed as a percentage. Accuracy is a 
measure of the bias in a system. 

Audits: A documented evaluation of objective evidence that demonstrates quality 
of sampling and analysis in compliance wi th  stated requirements. 

Blank: A solution which is similar in composition to  the sample solution but does 
not contain the species being measured. A blank is run t o  detect systematic error 
caused by background or contamination of reagents. 

Comparability: A measure of the confidence wi th  which one data set can be 
compared t o  another. 

Completeness: A measure of the amount of valid data obtained from a 
measurement system compared t o  the amount that was expected t o  be obtained 
under correct normal conditions. 

Confidence Level:  he probability that the true value will fall within the range 
given. 

Duplicate: A repeat sample collected under the same conditions used t o  determine 
the overall precision of field sampling and analytical procedures. 
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Equipment Blank: A blank used in the field to determine the cleanliness of sampling 
equipment and containers. 

Lab Blank: A blank subjected to the usual analytical processes to establish 
background data for the compounds of interest during the laboratory process. 

Lab Duplicate: Analyses of two aliquots from the same sample, treated as 
individual samples, used to determine analytical precision. 

Precision: A measure of reproducibility of a method when multiple measurements 
are made on the same sample under the same conditions. (The measured values 
may differ from the true values without affecting the precision.) 

Preventive Maintenance: Maintenance done at prescribed times to minimize down 
time and loss of data. 

Quality Assurance: The total integrated program for assuring the reliability of 
monitoring and measurement data. The quality assurance elements used to do this 
are: description of objectives; sampling procedures; training staff; internal quality 
control checks; audits (performance and system); preventive maintenance; I 

calibration and control of measuring equipment; procedures to  assess precision; and 
quality assurance reports to  management. 

Quality Control: The routine application of a procedure for obtaining a prescribed 
standard of performance in the monitoring and measurements process. 

Reference Sample: A sample of known concentration used as a performance audit; 
however, the concentration is unknown to  the analyst. 

Replicates: See duplicates. 

Representativeness: Expresses the degree to  which data accurately and precisely 
represents a characteristic of a population, parameter variation, or environmental 
condition. 

Spiking: Addition of a known amount of the substance being measured t o  a sample 
in order to determine the original sample concentration by the known addition 
technique or to determine the accuracy of a direct measurement technique. 

Standard Solution: A solution of accurately known strength, used.as a reagent for 
the purposes of calibration. 
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Standardization: The steps necessary to bring an instrument or solution to an 
established or known quality. The preparation and/or adjustment of a standard 
solution and/or an instrument. 

Sunmillance: Program established and directed by the quality assurance staff to  
evaluate if field and laboratory activities are performed in compliance with project- 
controlling documents. A surveillance consists of direct observation of the work 
being performed. 

System Audit: A systematic on-site qualitative review of facilities, equipment, 
training, procedures, record-keeping, validation, and reporting aspects of a total 
quality assurance system, to  arrive at a measure of the capability and ability of the 
system. 

Trip Blank: A blank that travels from the laboratory t o  a sampling site and is 
returned to the laboratory unopened. It is generally used to  measure volatile 
organic compound (VOC) contamination of the samples during transport, handling, 
and storage. 

3.2 SPECIFIC QA OBJECTIVES FOR MEASUREMENT DATA 

The criteria commonly used to specify QA goals are precision, accuracy, 

representativeness, completeness, and comparability (PARCC). Precision is determined by 

analyzing duplicate samples. Accuracy is determined by analyzing spiked samples. The 

equations used to calculate values for precision, accuracy, and completeness are discussed 

in Chapter 12 of this QAPjP. The frequency of duplicates and other QC samples such as 

field or trip blanks is discussed in Section 9.2. 

The QA objectives for this project are described below. A summary of the QA 

objective acceptance criteria is provided in Table 3.1 a: Quality Assurance Objectives For 

Soil Samples, Table 3.1 b: Quality Assurance Objectives For Aqueous Samples, and Table 

3.1 c: Quality Assurance Objectives For Air Samples. These criteria were based on 

documented analytical method performance and expected confidence levels appropriate for 

use of the data. QA objectives for the Biota Investigation will be method specific. If the 

investigation is conducted, they will be established after a laboratory is selected and the 

analytical methods are selected. 
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TABLE 3.1 a QUALITY ASSURANCE OBJECTIVES FOR SOIL SAMPLES 

Refers t o  Laboratory Check Sample (LCS) or QC check sample. 
See discussion regarding completeness for exceptions to 95% (Section 3.2.3). 

CLP SOW ILM 02.1 i 2 5 / i 2 0 %  

, 

Radiological 

Beryllium 

Cadmium 

Chromium (total) 

Chromium6+ 

Cobalt 

Copper 
Iron 

Lead 

Manganese 

Mercury 

Molybdenum 

Nickel 

Selenium 

Silver 

Thallium 

Vanadium 

Zinc 

Tritium 

Strontium 90 
Gamma Spectral Analysis 

Gross Alpha 

Gross Beta 

Carbon-1 4 

Radium-226 

Thorium-Isotopic 

Uranium-Isotopic 

Americium-241 

Plutonium-241 

CLP SOW ILM 02.1 
CLP SOW ILM'02.1 

CLP SOW ILM 02.1 

CLP SOW ILM 02.1 
71 96 

CLP SOW ILM 02.1 
CLP SOW ILM 02.1 
CLP SOW ILM 02.1 
CLP SOW ILM 02.1 
CLP SOW ILM 02.1 
CLP SOW ILM 02.1 
CLP SOW ILM 02.1 
CLP SOW ILM02.1 
CLP SOW ILM 02.1 
CLP SOW ILM 02.1 
CLP SOW ILM 02.1 
CLP SOW ILM 02.1 
CLP SOW ILM 02.1 

906.0 
905.0 
901.1 
9310 
9310 
LSC 

903.1 (MI 
LAS 0108 
LAS 0108 
LAS 0108 
LAS 0108 

*25/*20% 
i 2 5 / i 2 0 %  
i 2 5 / i 2 0 %  
*25/ i20% 
i 2 5 / i 2 0 %  
i 2 5 / i 2 0 %  
i 2 5 1 i 2 0 %  
i 2 5 / i 2 0 %  
*25/i20% 
i 2 5 / i 2 0 %  
i 2 5 1 i 2 0 %  
i 2 5  / i20% 
i 2 5 / i 2 0 %  
*25/ i20% 
i251 i20% 
i 2 5 / i 2 0 %  
i25/&20% 
i 2 5 / i 2 0 %  

*25/i20% 
i 2 5  / i 2 5 %  
i 2 5 / i 2 0 %  
i3O/ i30% 
i 3 0 / i 3 0 %  
*25/ i25% 
i 2 5 / i 2 0 %  
i25/*20% 
i 2 5 / i 2 0 %  
i 2 5 / i 2 0 %  
i 2 5 / i 2 0 %  

95% 
96% 
95% 
95% 
95% 
95% 
95% 
95% 
95% 
95% 
95% 
95% 
95% 
95% 
95% 
95% 
95% 

95% 
95% 
95% 
95% 
95% 
95% 
95% 
95% 
95% 
95% 
95% 

, 

i 
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TABLE 3.1 a 

,QUALITY ASSURANCE OBJECTIVES FOR SOIL SAMPLES (continued) 

itrate (as Nitrogen) *25 /&20% 

otal Kjeldahl Nitrogen i 2 5  / i 2 0 %  

Carbon Dioxide 

arbon Dioxide 

Refers to Laboratory Check Sample (LCS) or QC check sample. 
See discussion regarding completeness for exceptions to 95% (Section 3.2.3). 
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TABLE 3.1 b QUALITY ASSURANCE OBJECTIVES FOR WATER SAMPLES 

CLP SOW ILC 02.0 
CLP SOW ILC 02.0 *25 / *20% 
CLP SOW ILC 02.0 *25 / *20% 
CLP SOW ILC 02.0 *251*20% 

*25 /*20% 
CLP SOW ILC 02.0 *25 / *20% 
CLP SOW ILC 02.0 *25 / *20% 
CLP SOW ILC 02.0 *25 / *20% 
CLP SOW ILC 02.0 *251*20% 
CLP SOW ILC 02.0 *25 / *20% 
CLP SOW ILC 02.0 
CLP SOW ILC 02.0 *251*20% 
CLP SOW ILC 02.0 *25 / *20% 
CLP SOW ILC 02.0 *25 / *20% 
CLP SOW ILC 02.0 *251*20% 
CLP SOW ILC 02.0 *25 / *20% 

* 25 /* 20% 
*30 / *30% 
*30 / *30% 
*251*25% 
*25 / *20% 

Refers to Laboratory Check Sample (LCS) or QC check sample. 
See discussion regarding completeness for exceptions to  95% (Section 3.2.3). 
CRQLQ reported at OLC 02.0 levels. 
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TABLE 3.1 b 
* 

QUALITY ASSURANCE OBJECTIVES FOR WATER SAMPLES (continued) 

*25/*20% 
*25/*20% 
*25/*20% 
*25/*20% 
*25/*20% 
*25/*20% 
*25/*20% 
*25/*20% 
*25/*20% 

Chemical Oxygen Demand *25/*20% 
Total Dissolved Solids *25/*20% 
Total Kjeldahl Nitrogen *25/*20% 

*25/*20% 
*25/*20% 

*25/*20% 
*25/*20% 
*25/*20% 

' Refers to  Laboratory Check Sample (LCS) or QC check sample. 
See discussion regarding completeness for exceptions to  95% (Section 3.2.3). 
CRQLs reported at OLC 02.0 levels. 
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TABLE 3.1 c QUALITY ASSURANCE OBJECTIVES FOR AIR SAMPLES 

CFR 50 Appendix J, *251*20% 

40  CFR 50 Appendix J, *251*20% 

40  CFR 50 Appendix J, 

40  CFR 50 Appendix J, *25/*20% 

*25/*20% 
*25/*20% 
*25/*20% 
*25/*20% 
*25/*20% 
*25/*20% 
*25/*20% 
*25/*20% 

234,235,238 
*25/*20% 

Refers t o  Laboratory Check Sample (LCS) or QC check sample. 
See discussion regarding completeness for exceptions to  95% (Section 3.2.3). 
Standard Methods for the Analysis of Water and Waste Water (1 985). 
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3.2.1 Precision 

Precision will be evaluated for the following parameters: 
- 

Water level - Precision for such,rneasurements is expected to be 
achievable at plus or minus the sensitivity of the measuring 
instrument. Duplicate measures that agree to  k 0.01 foot will be 
acceptable. 

Temperature, pH, conductivity, turbidity, and redox potential - 
Duplicate measurements of these parameters will be required at each 
station for each reading. Duplicate measurements must agree t o  
within plus or minus the sensitivity of the instrument. 

Laboratory analytical measurements - Precision objectives for all 
laboratory analytical measurements will be defined in the laboratory 
Quality Assurance Plan (laboratory QA Plan) which will be attached to 
this document following the laboratory selection process. 

Accuracy will be evaluated for the following parameters: 

Water level - The accuracy of water level measurements is limited by 
the sensitivity of the measuring instrument. The electric tape to  be 
used must have a sensitivity of * 0.01 foot. 

Temperature, pH, conductivity, turbidity, and redox potential - The 
accuracy of these indicator measurements will be limited t o  the 
sensitivity of the measuring device, as follows: 

Temperature k 1°C, 
pH k 1.0 standard unit, 
Conductivity k 2 p h o s ,  
Turbidity k 0.10 NTU, and 
Redox potential k 1 millivolt 

Laboratory analytical measurements - Accuracy objectives for all 
laboratory analytical measurements will be defined in the laboratory 
QA Plan obtained from selected contract laboratories. 
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Completeness will be evaluated for the following parameters: 

Water level - The objective for completeness is 100 percent. 

Temperature, pH, conductivity, turbidity, and redox potential - The 
completeness objective is 100 percent. 

Laboratory analytical measurements - The completeness objective is 
routinely 95 percent. However, for highly contaminated samples or 
matrices which present severe interferences a lower completeness 
objective may be appropriate. Unusual analyses for which approved 
methods do not exist and field conditions which render sampling 
impossible are both examples of situations which necessitate a lower 
completeness objective. The minimum acceptable completeness 
objective is 9 0  percent. 

Re~resentativeness and Com~arability 

Representativeness and comparability will be evaluated for the following 
parameters: 

Water level - Use of Standard Operating Procedures (SOPS) as 
provided in Attachment 1 of Appendix A and appropriate selection of 
sample locations as identified in Chapter 3 of the Work Plan will be 
used to control the representativeness and comparability of water 
level measurements. 

Temperature, pH, conductivity, turbidity, and redox potential - Use of 
SOPs as provided in Attachment 1 of Appendix A and appropriate 
selection of sample locations as identified in Chapter 3 of the Work 
Plan will be used to control the representativeness and comparability 
of the temperature, pH and conductivity, turbidity, and redox potential 
measurements. 

Laboratory analytical measurements - Representativeness is 
established through the appropriate selection of sample locations and 
sampling techniques as defined in Section 1.4.3 and the Work Plan 
SOPs. Field replicate or duplicate sample results will be reviewed in 
order to assess the representativeness of the sampling technique. It 
is expected that results of field replicate analysis will match to  within 
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f 20 percent for groundwater samples and * 20 percent for surface 
water samples. 

Comparability of lab measurements is maintained through the use of 
standard sampling methods, analytical methods, and the consistent 
application of measurement units. 

The Work Plan involves the acquisition of two  types of data: field screening data 

and laboratory data. The quality objectives of screening data is commensurate with 

qualitative assessments, whereas laboratory data is intended to  be quantitative t o  the 

degree defined by the EPA (SW-846 and CLP) and in ASTM. 

The data can then be used reliably for the following purposes: 

Evaluate levels of chemical and radiological constituents; 
Identify types of contaminants; 

Defend data in a court of law; 

Perform a risk assessment; and 
Evaluate remedial alternatives. 
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4.0 SAMPLING PROCEDURES 

Details of the sample types, locations, analytes and detailed procedures of sample 

collection are described in the Work Plan, FSP, and SOPs (Attachment A of the FSP). A 

brief description of these activities follows to identify the location of the applicable 

procedures. 

4.1 SOIL INVESTIGATION 

The soil investigation sampling and analysis activities are generally described in 

Chapter 5 of the Work Plan. SOPs for field activities include: 

6.0 - Soil Borings 
7.0 - Logging of Soil Borings 
9.0 - Borehole Geophysical Logging 

10.0 - Soil Sampling 
11.0 - Test Pit Excavation 
14.0 - Field Measurements - Soil 
20.0 - Shallow Subsurface Geophysical Methods 
21.0 - Soil Vapor Survey 

4.2 GROUNDWATER AND SURFACE WATER INVESTIGATION 

The groundwater and surface water investigation sampling and analysis activities 

are generally described in Chapter 6 of the Work Plan. SOPs for field activities include: 

1.0 - Water Sampling 
2.0 - Field Measurements - Water 
4.0 - Soil Water and Waste Disposal 
8.0 - Installation and Construction - Groundwater Monitoring Wells 

13.0 - Aquifer Testing 
19.0 - Cone Penetrometer Test and Hydropunch Sampling 

4.3 BASELINE AIR MONITORING INVESTIGATION 

The baseline air monitoring investigation sampling and analysis activities are 

generally described in Chapter 7 of the Work Plan. SOPs for field activities include: 
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15.0 - Field Measurements - Air 

16.0 - Air Sampling - Ratameters and Mass Flow 

17.0 - Air Sampling - Radionuclides in Ambient Air 

26.0 - Radon Working Level Monitoring - Grab Sample Technique 

27.0 - Performance of the Gamma Radiation Survey 

30.0 - Airborne Radioactivity Monitoring 

4.4 GENERAL FIELD PROCEDURES 

Before starting work, field personnel will attend a field health and safety meeting. 

The meeting time, place, attendees, and subjects discussed will be documented in the field 

log book. All field personnel will read the Health and Safety Plan (Appendix C) and sign a 

release, acknowledging their understanding of this plan. Before any operations take place, 

the investigation contractor Field Operations Lead will confirm the sampling locations. 
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5.0 SAMPLE CUSTODY 

Samples collected during the field investigation must be traceable at all times to  

legally-responsible parties. The Chain-of-Custody (COC) form (Figure 5.1 ) records 

possession of the samples from the time of collection, until disposal or archival of the 

sample. This section describes the procedures that will be used on this project. These 

procedures are slightly different than those detailed in Procedure 14 of the QA Program 

Plan, but achieve the same goals. 

5.1 FIELD CUSTODY PROCEDURES 

A t  the time of sample collection, the following field activities are documented by 

the site personnel on the field memorandum or COC: 

All procedures and supplies used in sample collection and sample 
preservation; 

Sample quantity, type (soil, water, or air), and sample locations; 

Information on the sample labels, including sample type (soil, water, or air), 
sample identification numbers, time, date, proposed laboratory analyses, and 
name of sampler; and 

Sample identification, sample type (soil, water, or air), date, time, number of 
containers. 

Samples collected by field personnel are the responsibility of each sampler until the 

samples are delivered to  a courier. The investigation contractor field technician signs and 

dates the COC, retaining a copy. Presentation of the sample to  the courier terminates the 

field technician's responsibility for the sample. However, a copy of the air bill or other bill 

of lading will be retained as a part of the chain-of-custody. Procedures for sample handling 

and maintenance of field records are detailed in the SOPS (Attachment 1 of Appendix A to  

the RIIFS Work Plan). 



CHAIN OF CUSTODY 
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Prior t o  presentation to  the courier, the sample shipping carton (cooler, box, etc.) is 

sealed w i th  the signed chain-of-custody forms inside. The authorized laboratory custodian 

receives the samples and follows the procedures listed in Section 5.2. 

5.2 LABORATORY CUSTODY PROCEDURES 

Sample custody must be maintained by the laboratory following signing of the COC 

by the laboratory recipient. The following steps will be taken at all times t o  assure proper 

maintenance and custody of the samples: 

The sample custodian receives the samples, inspects sample containers, and 
cross-references sample labels against the COC; 

- .  

The COC form is signed by the sample custodian wi th  date and time 
received. A photocopy of the COC is made, noting deficiencies in the 
sample shipment (broken or missing containers). A facsimile copy of the 
COC and laboratory log-in sheet are then sent t o  the investigation contractor 
immediately, and analysis of samples is authorized by the Project Manager. 
The original COC is retained in the laboratory case file. 

Samples are locked in a refrigerator or cabinet depending on storage 
requirements. 

When analyses are performed,'.the technicians must obtain the samples from 
the sample custodian and sign an in-house COC form. 

When analyses have been completed and the final report has been approved, 
the samples are disposed of properly, and the photocopied COC form is 
returned to  the investigation contractor wi th analytical data. 
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6.0 CALIBRATION PROCEDURES 

Calibration is the process of establishing a relationship between standard materials 

and the output of a measuring device. Calibration also provides a point of reference to 

which other sample analyses can be correlated. Calibration of field equipment will be 

based on the manufacturer's suggestions with regard to procedure and frequency. 

Documentation of field equipment calibration will be kept in the field memoranda and later 

compiled on separate forms according to Procedure 13 of the QA Program Plan. This 

section presents general information on equipment calibration procedures for field and 

laboratory equipment. 

6.1 FIELD EQUIPMENT 

Equipment calibration procedures for the soil investigation, groundwater and surface 

water monitoring, and baseline air monitoring are provided in the sampling SOPS (Appendix 

A). Specific details include equipment operation, performance checking, inventory 

procedures, out-of-service requirements, corrective action, and maintenance. Standards 

purchased for the field measurement instruments will be traceable t o  NIST standards. 

The calibration operation should be documented in the daily field memoranda kept by field 

staff and retained by the Technical Lead/Project Manager. Calibration information,- 

including equipment name, type, and serial number, date and time of calibration, name of 

person, standards used (lot number), and results of calibration, will be recorded on the 

Field Instrument Calibration Log (Figure 6.1). The project staff will transcribe calibration 

information from the Field lnstrument Calibration Log onto a cumulative instrument 

calibration log form similar to Exhibit A from Procedure 13 of the QA Program Plan. 

6.2 LABORATORY EQUIPMENT 

Each analytical method has a specific set of equipment calibration procedures and 

verification requirements. Calibration procedures will comply with the analytical laboratory 

QA Plan. 
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FIGURE 6.1 FIELD INSTRUMENT CALIBRATION LOG 

Page - of - 

Parameter* 
Instrument- Serial No: 
Manufacturer- Date Placed in Service- 
Calibration Procedure: 

Required Calibration Frequency: 

'Note: Include information on Standard Manufacturer, Lot Number, and/or Serial Number in 
Comments as appropriate. 

Reviewed by: i. 
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7.0 ANALYTICAL METHODS 
-\ 

The analytical methods used for this project are primarily EPA (CLP and SW-846) 
and ASTM methods and are listed in Tables 7.1 (Sample Analyses - Soil), 7.2 (Sample 

Analyses - Water), and 7.3 (Sample Analyses - Air). Specific analytical method procedures 

will be detailed in the laboratory QA Plan obtained from selected contract laboratories. 
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TABLE 7.1 SAMPLE ANALYSES - SOIL 

' Table 7.1 a is attached for reference. 

WORKPLAN.OA 
.- 

Organic Analyses: 

ANALYTE 

Volatile Organic Compounds 

Semivolatile Organic Compounds 

METHGD 

CLP SOW 
OLM 01.8 

CLP SOW 
OLM 01.8 

CONTAINER 

2 % inch diameter 
Stainless Steel Ring 

2% inch diameter 
Stainless Steel Ring 

Organochlorine Pesticides CLP SOW 2 % inch diameter 4OC 
OLM 01.8 Stainless Steel Ring or 

500 m l  Glass Jar 

SAMPLE 
HANDLING 

4OC 

4OC 

Page C-8 of SOW 
OLM 01.8' 

14  days to 
extraction, 
4 0  days to 

analysis 

. DETECTION LlMIT 

CRQL 

Page C-2 of SOW 
OLM 01.8' 

Page C-4 & C-5 of SOW 
OLM 01.8' 

pp 

HOLDING 
TIME 

7 days 

1 4  days to 
extraction, 
4 0  days to 

analysis 
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TABLE 7.1 SAMPLE ANALYSES - SOIL (CONTINUED) 

' Extracted water is tested. 
Laboratory Standard Operating Procedure. 

- 
ANALYTE 

Gross Alpha 

Gross Beta 

Tritium 

Radium-226 

Carbon-14 

Strontium-90 

Thorium - Isotopic 

METHOD 

931 0 

9310  

906.0 

903.1 (MI 

LSC ' 

905.0 

LAS 0 1  08' 

Radiolagic Analyses: 

CMTAINER 

2 H inch diameter 
Stainless Steel Ring or 

500 m l  Glass Jar 

2 H inch diameter 
Stainless Steel Ring or , 

500  m l  Glass Jar 

500  ml  Glass Jar 

2 H inch diameter 
Stainless Steel Ring or 

500  m l  Glass Jar 

2 H inch diameter 
Stainless Steel Ring or 

500  ml  Glass Jar 

2 H inch diameter 
Stainless Steel Ring or 

500  ml  Glass Jar 

2 H inch diameter 
Stainless Steel Ring or 

500  ml  Glass Jar 

SAMPLE 
HANDLING 

None 

None 

None 

None 

None 

None 

None 

DETECTION LIMIT 

MDA 

5 pCi1g 

1 0  pCiIg 

300  pCi/Lb 

1 pCilg 

5 0  pCiIg 

1 pCilg 

1 .O pCiIg 

HOLDING 
TIME 

180  days 

180  days 

1 8 0  days 

180  days 

180 days 

180  days 

180  days 
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TABLE 7.1 SAMPLE ANALYSES - SOIL (CONTINUED) 

Americium-24 1 2 K inch diameter 
Stainless Steel Ring or 

500 ml Glass Jar 

Plutonium-24 1 LAS 01OEc 2% inch diameter None 1 .O pCi/g 180 days 
Stainless Steel Ring or 

500 ml Glass Jar 

Extracted water is tested. 
O Laboratory Standard Operating Procedure. 
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TABLE 7.1 SAMPLE ANALYSES - SOIL (CONTINUED) 

'L 

Radiologic Analyses {continued): 

HOLDING 
TIME 

180  days 

DETECTION LIMIT 

MDA 

130 pCilg 
1 0  pCilg 
10  pCilg 

250 pCi/g 
5 pCilg 
1 pCilg 
1 pCilg 

15  pCilg 
10 pCilg 
6 0  pCilg 

5 pCilg 
50  pCilg 

4 pCilg 
6 pCiIg 

ANALYTE 

Gamma Spectral Analysis 
TH-234 
PB-2 1 4 
81-21 4 
pa-2 i o 
U-235 
U-238 
NA-22 
AC-228 
PB-2 1 2 
81-2 1 2 
TL-208 
K-40 
CO-60 
CS-137 

CONTAINER 

2 K inch diameter 
Stainless Steel Ring or 

500  m l  Glass Jar 

METHOD 

901.1 

SAMPLE 
HANDLING 

None 



QUALITY ASSURANCE PROJECT PLAN Appendix 6, Revision: 0 
RIIFS WORK PLAN Effective Date: 08/31 194 
LEHR ENVIRONMENTAL RESTORATION Chapter No.: 7.0 

Page 7.6 of 7.41 

TABLE 7.1 SAMPLE ANALYSES - SOIL (CONTINUED) 

Values calculated using formula in CLP SOW ILM02.1 (Section G, Page D-8) and applied to water CRDL values identified on Page C-1. 

WORKPLAN.OA 
.- 

7.6 --- 
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TABLE 7.1 SAMPLE ANALYSES - SOIL (CONTINUED) 
1 

2 H inch diameter 

Stainless Steel Ring or 
600 ml Glass Jar 

Values calculated using formula in CLP SOW ILM02.1 (Section G, Page D-8) and applied to water CRDL values identified on Page C-1. 

WORKPLAN.QA 7.7 / 
I 
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TABLE 7.1 SAMPLE ANALYSES - SOIL (CONTINUED] 

* Values calcuiated using formula in CLP SOW iLhA02.1 (Section G, Page D-81 and applied to water CRDL values identified on Page C-1. 
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TABLE 7.1 SAMPLE ANALYSES - SOIL (CONTINUED) 

Reporting Limit based on advisory method detection limit. 

WORKPLAN.QA 

ANALYTE 

Alkalinity 

Nitrate (as Nitrogen) 

Total Kjeldahl Nitrogen 

Water Soluble Anions 

Formaldehyde 

Total Organic Carbon 

Ammonia (as N) 

METHOD 

310.1 

300.0 

351 .I 

300.0 

3500 
Modified NlOSH 

9060(M) 

350.1 

General Clwmical Analyses: 

CoNTAtNER 

2 H inch diameter 
Stainless Steel Ring or 

500 ml Glass Jar 

2 H inch diameter 
Stainless Steel Ring or 

600 ml Glass Jar 

2 H inch diameter 
Stainless Steel Ring or 

600 ml Glass Jar 

2 H inch diameter 
Stainless Steel Ring or 

500 ml Glass Jar 

2 H inch diameter 
Stainless Steel Ring or 

500 ml Glass Jar 

2 H inch diameter 
Stainless Steel Ring or 

500 ml Glass Jar 

2 H inch diameter 
Stainless Steel Ring or 

500 ml Glass Jar 

SAMPLS 
HANDLING 

4 OC 

4OC 

4OC 

4OC 

4OC 

4OC 

4OC 

DETECTION LIMIT 

Reporting Limit 

300 mglKg 

0.2 mglKg 

1 mg/Kge 

0.1 - 1.0 mglKg 

1 mg/Kg 

10  mg/Kge 

1.5 mglKg 

HOLDING 
TIME 

14 days 

48 hours 

7 days 

48 hours 

7 days to 
extraction, 
30 days to 

analysis 

28 days 

28 days 
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TABLE 7.1 SAMPLE ANALYSES - SOIL (CONTINUED) 

General Chemical Analyses {continued): 

SAMPLE DETECTION LIMIT 
ANALYTE METHOD CON'WN@I : HOLDING HANDLING Reporting Limit TIME 

Sulfide 9030A 2 K inch diameter 4OC 50 mg/Kg 7 days 
Stainless Steel Ring or 

500 m l  Glass Jar 

2 K inch diameter 
Stainless Steel Ring or 

500 ml Glass Jar 
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TABLE 7.1 SAMPLE ANALYSES - SOIL (CONTINUED) 
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. . 
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i::. :.:DETECTION SIMIr :. ,  
. . 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
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,:,"ANDMNG ';.; ::: 

. . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . 

... 

HOLDING 
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,.,:..,.; :. .......?........ ..: .:.,.:. :.;.: :.:.:.,.: ,: :: .::. .:.> :.;.:., : 

. . 
. . 

.: . . :  .:. :.......... 

Hydrometer 0-422 Ring or plastic bag 

Grain Size C-136 Ring or plastic bag 

Permeability 0-2434 Sealed ring 

Moisture Release D-3152 and Sealed 6" ring 
D-2325 

Moisture Content DL22 1 6 Sealed ring or plastic 
bag 

Mineralogy XRD Ring or plastic bag 

Specific Gravity 0-854 Ring or plastic bag 

Atterberg Limits D-4318 Ring or plastic bag 

Bulk Density D-4531 Sealed ring 

. . . . .  . . . . .  . . .  
TIME 

None 

None 

None 

None 

None 

None 

None 

None 

None 

;', 
.: .:.. ..:.. 

NIA 

NIA 

NIA 

NIA 

NIA 

NIA 

NIA 

NIA 

NIA 

Reporting Limit . I .  
NIA 

NIA 

NIA 

NIA 

NIA 

NIA 

NIA 

NIA 

NIA 
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TABLE 7.1 SAMPLE ANALYSES - SOIL (CONTINUED) 
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Volatile Organic Compounds TO-1 4 Stainless Steel Canister TBD TBD TBD 

Stainless Steel Canister TBD TBD TBD 

Carbon Dioxide TBD Stainless Steel Canister TBD TBD TBD 

Methane TBD Stainless Steel Canister TBD TBD TBD 

' Field laboratow analyses of VOCs will be conducted for a limited analyte list: chloroform; 1,1 dichloroethane; 1 ,I dichloroethene; 1,2 dichloroethane; 
trichloroethene; and methylene chloride. 

Methano 

Gross Beta 

TBD 

TBD 

TBD 

SOP 33 

d 

TBD 

TBD 

- Gross Gamma TBD SOP 33 

TBD 

TBD 

NIA 

NIA 

TBD TBD N/A 
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TABLE 7.1 a SOIL SAMPLE ANALYSES (continued) 
TARGET COMPOUND LIST (TCL) AND CONTRACT REQUIRED QUANTITATION LIMITS (CRQL) FOR ORGANIC ANALYSES 

Quantitation limits listed for soillsediment are based on wet weight. The quantitation limits calculated by the laboratory for soillsediment, calculated on 
a dry weight basis as required by the contract, will be higher. 
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TABLE 7.1 a SOIL SAMPLE ANALYSES (continued) 
TARGET COMPOUND LIST (TCL) AND CONTRACT REQUIRED QUANTI1 ATlON LIMITS (CRQL) FOR ORGANIC ANALYSES 

0 Quentitation limits listed for soillsediment ere based on wet weight. The quentitation limits calculated by the laboratory for soillsediment, calculated on 
a dry weight basis as required by the contract, will be higher. 
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TABLE 7.1 a SOIL SAMPLE ANALYSES (continued) 
TARGET COMPOUND LIST (TCL) AND CONTRACT REQUIRED QUANTITATION LIMITS (CRQL) FOR ORGANIC ANALYSES 

@ Quantitation limits listed fw soillsediment are based on wet weight. The quantitation limits calculated by the laboratory for soillsediment, calculated on 
a dry weight basis as required by the contract, will be higher. 
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TABLE 7.1 a SOIL SAMPLE ANALYSES (continued) 
TARGET COMPOUND LIST (TCL) AND CONTRACT REQUIRED QUANTITATION LIMITS (CRQL) FOR ORGANIC ANALYSES 

Quantitation limits listed for soil/sedirnent are based on wet weight. The quantitation limits calculated by the laboratory for soil/sediment, calculated on 
a dry weight basis as required by the contract, will be higher. 
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TABLE 7.1 a SOIL SAMPLE ANALYSES (continued) 
TARGET COMPOUND LIST (TCL) AND CONTRACT REQUIRED QUANTITATION LIMITS (CRQL) FOR ORGANIC ANALYSES 

* Quantitation limits listed for soillsediment are based on wet weight. The quantitation limits calculated by the laboratory for soillsediment, calculated on 
a dry weight basis as required by the contract, will be higher. 
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TABLE 7.1 a SOIL SAMPLE ANALYSES (continued) 
TARGET COMPOUND LIST (TCL) AND CONTRACT REQUIRED QUANTITATION LIMITS (CRQL) FOR ORGANIC ANALYSES 

* Quantitation limits listed for soillsediment are based on wet weight. The quantitation limits calculated by the laboratory for soillsediment, calculated on 
a dry weight basis as required by the contract, will be higher. 
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TABLE 7.1 a SOIL SAMPLE ANALYSES (continued) 
TARGET COMPOUND LIST (TCL) AND CONTRACT REQUIRED QUANTITATION LIMITS (CRQL) FOR ORGANIC ANALYSES 

0 Ouantitation limits listed for soillsediment are based on wet weight. The quantitation limits calculated by the laboratory for soillsediment, calculated on 
a dry weight basis as required by the contract, will be higher. 
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TABLE 7.1 a SOIL SAMPLE ANALYSES (continued) 
TARGET COMPOUND LIST (TCL) AND CONTRACT REQUIRED QUANTITATION LIMITS (CRQL) FOR ORGANIC ANALYSES 

0 Quantitation limits listed for soillsediment are based on wet weight. The quantitation limits calculated by the laboratory for soillsediment, calculated on 
a dry weight basis as required by the contract, will be higher. 
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TABLE 7.2 SAMPLE ANALYSES - WATER 

Field Parameters: 

ANALVTE 

PH 

EC 

Temperature 

Turbidity 

Eh 

METHOD 

SOP 

SOP 

SOP 

SOP 

SOP 

CONTAINER 

N A 

N A 

N A 

N A 

N A 

HANDLING 
SAMPLE 

N A 

N A 

N A 

N A 

N A 

DETECTION LlMlT 

N A 

N A 

N A 

N A 

N A 

HOLDING 
TIME 

N A 

N A 

N A 

N A 

N A 
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TABLE 7.2 SAMPLE ANALYSES - WATER (CONTINUED) 

Volatile Organic Compounds CLP SOW 2, 4 0  ml, G 
OLC 02.0 

Semivolatile Organic Compounds CLP SOW 2 Liter, Amber G 
OLM 01.8 

Organochlorine Pesticides CLP SOW 2 Liter, Amber G 
OLM 01 .8(Mlb 

Page C-2 & 3 of SOW 
HCI, pH C 2 OLC 02.0. 

Page C-4 & 5 of SOW 
OLM 01.8' 

Page C-6 of SOW 
OLC 02.0. 

HOLDING 
TIME 

1 4  days 

7 days to 
extraction, 
4 0  days to 

analysis 

7 days to 
extraction, 
4 0  days to 

analysis 

a Table 7.2a is attached for reference. 
' CRQLB reported at OLC 02.0 levele. 
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TABLE 7.2 SAMPLE ANALYSES - WATER (CONTINUED) 

Modified procedure specified in laboratory SOP. 
Minimum Detectable Activity (MDA) may vary from sample to sample, depending on possilbe matrix interferences such as dissolved solids. 
' Laboratory Standard Operating Procedure. 

ANALYTE 

Gross Alpha 

Gross Beta 

Tritium 

Carbon- 1 4 

Strontium-90 

Radium-226 

Americium-241 

Plutonium-24 1 

MEl'HOD 

931 0 

9310 

906.0 
i 

LSC 

905.O(M)' 

903.1 

LAS 0108' 

LAS 01 78' 

Radiolaic Analyses: 

CONTAINER 

1 Liter P,G 

1 Liter P,G 

1 Liter G 

1 Liter P,G 

2 Liter P,G 

1 Liter, G 

1 Liter, G 

1 Liter, G 

SAMPLE 
HANDLING 

Filter 
HN03, pHC2 

Filter 
HN03, pHC2 

None 

None 

Filter 
HN03, pHC2 

Filter 
HN03, p H c 2  

Filter 
HN03, pH c 2 

Filter 
HN03, pH c 2 

DETECTION LIMIT 

MDA* 

2 pCilL 

3 pCiR 

300 pCilL 

20 pCiR 

1 pCilL 

1 pCilL 1 

0.1 pCilL 

1 pCilL 

HOLDING 
TIME 

180 days 

180 days 

180 days 

180 days 

180 days 

1 80  days 

180 days 

180 days 
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TABLE 7.2 SAMPLE ANALYSES - WATER (CONTINUED) 

Radiologic Analybes (continued): 

SAMPLE DETECTION LIMIT 
ANALYTE METHOD CONTAINER HOLDING HANDLING M D A ~  TIME 

Gamma Spectral Analysis 
TH-234 
PB-2 1 4  
81-2 1 4  
PB-2 1 0  
U-235 
U-238 
NA-22 
AC-228 
PB-2 1 2 
81-2 1 2 
TL-208 
K-40 
CO-60 
CS-137 

L 

901.1 4 Liter P,G Filter 
HN03, p H c 2  170  pCilL 

1 0  pCilL 
10  pCilL 

380 pCilL 
5 pCilL 

10  pCilL r 
1 pCilL 

2 0  pCilL 
1 0  pCilL 
7 0  pCilL 

5 pCilL 
55 pCi1L 

4 pCilL 
4 pCilL 

180 days 
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TABLE 7.2 SAMPLE ANALYSES - WATER (CONTINUED) 

M?ta?$ Analyses: 

ANALYT E 

Hexavalent Chromium 

Total Chromium CLP SOW 1 Liter, P Filter, 4OC 10 P ~ L  180 days 
ILC 02.0 HN03, pH<2 

Antimony CLP SOW 1 Liter, P Filter, 4OC 5 ~ e f l  180 days 
ILC 02.0 HN03, pH < 2 

Arsenic CLP SOW 1 Liter, P Filter, 4OC 2 lrgfl 180 days 
ILC 02.0 HN03, pH<2 

Barium CLP SOW 1 Liter, P Filter, 4OC 20 Pgfl 180 days 
ILC 02.0 HN03, pH<2 

Beryllium CLP SOW 1 Liter, P Filter, 4OC 1 ~ e f l  180 days 
ILC 02.0 HN03, pH < 2 

I 

METHOD 

71 98 

CONTAMER 

1 Liter, P 

SAMPLE 
HANDLING 

Filter, 4OC 

DETECTION LIMIT 

CRDL 

20 pg/L 

HOLDING 
TIME 

24 hours 
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TABLE 7.2 SAMPLE ANALYSES - WATER (CONTINUED) 
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TABLE 7.2 SAMPLE ANALYSES - WATER (CONTINUED) 

I 

Metals Analyses tcontinued): 

ANALYTE 

Vanadium 

Zinc 

I 

METHOD 

CLP SOW 
ILC 02.0 

CLP SOW 
ILC 02.0 

SAMPLE 
HANDLING 

Filter, 4OC 
HN03, pH < 2 

Filter, 4OC 
HN03, pH < 2 

,. 

CONTAINER 

1 Liter, P 

1 Liter, P 

DETECTION LIMIT 

CRDL 

10 pg1L 

20 pg1L 

HOLDING 
TIME 

180 days 

180 days 
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TABLE 7.2 SAMPLE ANALYSES - WATER (CONTINUED) 
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TABLE 7.2 SAMPLE ANALYSES - WATER (CONTINUED) 

' Reporting limit is based on advisory method detection limit. 

WORKPLAN.QA 

ANALYTE 

Phosphorous, all forms 

Nitrate (as Nitrogen) 

Total KjeldaM Nitrogen 

Total Dissolved Solids 

Formaldehyde 

Total Organic Carbon 

Ammonia 

Turbidity 

Chemical Oxygen Demand 

Biochemical Oxygen Demand 

General 

METHOD 

365.2 

300.0 

351.2 

160.1 

3500 
Modified NlOSH 

41 5.2 

350.1 

180.1 

410 

405.1 

Chemical Analyses 

CONTAINER 

1 Liter PIG 

1 Liter P,G 

500 ml P,G 

1 Liter P,G 

2, 40 ml G 

1 Liter G 

500 rnl P,G 

500 ml P,G 

125 ml P 

1 Liter P 

(continued): 

SAMPLE 
HANDLING 

Filter, 4OC 
H2S04, pH <2 

Filter, 4OC 

Filter, 4OC 
H2S04,pH < 2 

Filter, 4OC 

4OC 
H2S04, pH < 2 

Filter, 4OC 
H2S04, pH < 2 

Filter, 4OC 
H2S04, pH < 2 

4OC 

4OC 
H2S04, pH < 2 

4OC 

DETECTION LIMIT 

Reporting Limit 

1 mg/L 

0.1 mg/L 1 
I 

0.5 mg/L 

20 mg/L 

1 rng/L 

1 mg/L 

0.05 mglL 

0.1 NTU 

50 mglLe 

5 mg/Le 

HOLDING 
TIME 

28 days 

48 hours 

28 days 

7 days 

30 days 

28 days 

28 days 

48 hours 

28 days 

48 hours 
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TABLE 7,2a WATER SAMPLE ANALYSES 
TARGET COMPOUND LIST (TCL) AND CONTRACT REQUIRED QUANTITATION LIMITS (CRQL) FOR ORGANIC ANALYSES 
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TABLE 7.2a WATER SAMPLE ANALYSES (continued) 
TARGET COMPOUND LIST (TCL) AND CONTRACT REQUIRED QUANTITATION LIMITS (CRQL) FOR WATER SAMPLE ANALYSES 
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TABLE 7.2a WATER SAMPLE ANALYSES (continued) 
TARGET COMPOUND LIST (TCL) AND CONTRACT REQUIRED QUANTITATION LIMITS (CRQL) FOR WATER SAMPLE ANALYSES 
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TABLE 7.2a WATER SAMPLE ANALYSES (continued) 
TARGET COMPOUND LIST (TCL) AND CONTRACT REQUIRED QUANTITATION LIMITS (CRQL) FOR WATER SAMPLE ANALYSES 
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TABLE 7.2a WATER SAMPLE ANALYSES (continued) 
TARGET COMPOUND LIST (TCL) AND CONTRACT REQUIRED QUANTITATION LIMITS (CRQL) FOR WATER SAMPLE ANALYSES 
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TABLE 7.2a WATER SAMPLE ANALYSES (continued) 
TARGET COMPOUND LIST (TCL) AND CONTRACT REQUIRED QUANTITATION LIMITS (CRQL) FOR WATER SAMPLE ANALYSES 

I CAS Number I CRCU WgA) 
Semivdstiks (Methad CCP SOW OLC 01,81- SQ~I~~IIU~& 

101 . 
102. 

103. 

104. 

Benzo(a)pyrene 

Indeno(l,2,3-cdlpyrene 

Dibenz(a,h)anthracene 

Benzo(g,h,i)perylene) 

50-32-8 

193-39-5 

53-70-3 

191 -24-2 

1 0  

1 0  

1 0  

1 0  
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TABLE 7.2a WATER SAMPLE ANALYSES (continued) 
TARGET COMPOUND LIST (TCL) AND CONTRACT REQUIRED QUANTITATION LIMITS (CRQL) FOR WATER SAMPLE ANALYSES 
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TABLE 7.2a WATER SAMPLE ANALYSES (continued) 
TARGET COMPOUND LIST (TCL) AND CONTRACT REQUIRED QUANTITATION LIMITS (CRQL) FOR WATER SAMPLE ANALYSES 

Note: Except for methylene chloride, the quantitation limits in this table are set at the concentrations in the sample equivalent to the concentration of 
the lowest calibration standard analyzed for each analyte. In the case of methylene chloride, the CRQL value in this table is based on the lowest 
level of contamination of samples with this common laboratory sdvent that can be achieved by reasonable means in a production laboratory. 

I CAS Number I CRQL @g/Ll 
PesdcldeslPCBr (Method CLP SOW OLM 01.8 [modified to report CRQLs at OLC 02.0 levels]): 

1 25. 

1 26. 

Aroclor-1248 

Aroclor-1254 

12672-29-6 

1 1097-69-1 

0.20 

0.20 
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TABLE 7.3 SAMPLE ANALYSES - AIR 

' Standard Methods for the Analysis of Water and Waste Water 11 985). 

W~RKPLAN.QA 7.38 - 
/ . 
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TABLE 7.3 SAMPLE ANALYSES - AIR (CONTINUED) 

@ Standard Methods for the Analysis of Water and Waste Water (1 985). 

WORKPLAN.QA 7.39 

Isotopic Thorium Store filter in individual elassine 
(-232, 230, 228) Method A-1 , A-3 

Radon-222 

Alpha spectrometry 

NIA NIA Requires either a eas 
sample or charcoal 

absorbent 

NIA 
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TABLE 7.3 SAMPLE ANALYSES - AIR (CONTINUED) 
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TABLE 7.3 SAMPLE ANALYSES - AIR (CONTINUED) 

Voletile Organic Compound Analyses: 

HOLDING 
TIME 

None 

None 

ANALYTE 

Chloroform 

Methylene Chloride 

SAMPLE HANDLING 

1 Liter 
Stainless Steel Canister 

1 Liter 
Stainless Steel Canister 

METHOD 

TO-1 4 

TO-1 4 

DETECTION LIMIT 

0.11 pglm3 

1.7 pglm3 
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8.0 DATA REDUCTION, VALIDATION, AND REPORTING 

Analytical data will be used to evaluate the presence of chemical and radiologic 

constituents in water samples collected during the RIIFS Program. Validation of field data 

is accomplished by proper sampling and measurement techniques and by using calibrated 

equipment. It is the responsibility of the Technical LeadIProject Manager to  provide 

adequate technical training to the Field Operations Lead and the field staff for the 

collection of valid field data. The Technical LeadIProject Manager will review all field 

memoranda to  verify that proper techniques were employed, and will document this review 

by initialing and dating the original documents before these data are accepted, and are put 

into the project file. 

Data generated from laboratory analyses will be validated as described in Section 

8.2. Calculations will be performed, checked, and documented according to Procedure 8 
and Procedure 10 of the QA Program Plan. This chapter presents information on data 

reduction, validation, reporting, handling, and technical review procedures. 

8.1 DATA REDUCTION 

'This section describes data reduction procedures that will be used in the field, 

office, and laboratory. 

8.1 .I Field 

Data recording will occur for the field measurements at the point of sampling. Data 

measured by field instruments will be recorded in field notebooks and on required forms. 

Units of measure for field analyses are identified on the field record forms located in 

Appendix A. 

8.1.2 Office 

After the field event, the data may be further reduced to  data tables, contour maps 

or trend analysis tables or graphs. Upon receipt of the analytical results from the 

laboratory and after data validation, the data will be further reduced to  data tables. A 
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detailed Data Management Plan is provided in Chapter 11 of the Work Plan. The data 

tables will contain the following information: 

Information identifying the samples represented on the tables (e.g. 
sample location, matrix, depth, etc.); 

The compounds for which the samples were tested; 

'The results for each compound; and 

The data flags as applied by the laboratory and the data validators. 

8.1.3 Laboratorv 

The details of laboratory data reduction are covered in the laboratory QA Plans, 

which will be obtained following selection of the contract laboratories. 

8.2 DATA VALIDATION 

Data validation will be performed on analytical results received from the laboratory 

for groundwater, surface water, and storm water runoff, soil, and air. The purpose of data 

validation will be to identify data that meet the quality required for the RIIFS program and 

Risk Assessment, and to identify data that does not meet data quality objectives or quality 

assurance criteria that are set forth in this document and agreed on by the laboratory. 

Data received from the laboratory will be reviewed with respect to  the PARCC parameters. 

A USEPA Contract Laboratory Program (CLP) equivalent data package will be 

obtained from the laboratory for groundwater, surface water, and storm water runoff, soil, 

and air laboratory results. When received, the investigation contractor will perform a 

detailed validation of 10 percent of the analytical data, based on the U.S. Environmental 
Protection Agency National Functional Guidelines for Laboratory Data Review. This level 

of validation consists of a detailed review of sample data, including verification of data 

calculations for calibration and quality control samples. The remaining 90 percent of the 

data will be reviewed using a subset of the National Functional Guidelines validation 

criteria. This review includes an assessment of holding times, method blank performance, 
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instrument calibration, precision of duplicate measurements, and matrix-specific biases. * 
The SOP to  validate 90  percent of the data is provided in Attachment 1. 

8.3 DATA REPORTING 

This section describes the contents of an analytical data package obtained from the 

laboratory. Any proposed equivalents to CLP forms required below will be closely 

scrutinized. The use of equivalents must be justified by the laboratory and approved in 

advance by the investigation contractor. To be considered equivalent, the proposed forms 

must include all of the information included in the CLP deliverable formats specified in the 

CLP Statements of Work for Organics and lnorganics (see Tables 7.1, 7.2, and 7.3 for 

designated methods). 

8.3.1 Level lV 

All USEPA CLP forms or their equivalent and raw data deliverable requirements will 

apply. The deliverable requirements for Level IV are specified in Document Number 
OLMO 1.0 (including revisions OLMO 1 .1 through OLMO 1.8 (August 1 99 1 )) for organic 

parameters and Document Number ILM02.0 for inorganic parameters. 

8.3.2 Non-Level IV Analvses 

The following data and summary forms will be submitted by the laboratory for 

inorganic non-metals analyses or other analyses not covered above: 

• Narrative, cross reference, chain-of-custody, method summaries and 
references, and chronicle as in organics above; 

• Calibration summaries; 
• Blank results summary; 
• Sample spike recovery (when possible); 
• Duplicate sample results (when possible); 
• Analytical results; 
• QAIOC summary. 
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* An example of an acceptable QA/QC summary is presented below: 

QAIQC SUMMARY 

- 

Matrix: Fraction: 

Related Samples: 

Parameter 

Holding time 

Surrogates 

Spikes 

Duplicate 

Blanks 

Calibration 

LCS 

Passed 
0 

0 

0 

0 

0 

0 

Narrative 

Failed Note 

0 

0 

Narrative Notes: 

Signature: 

Date: 
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8.4 DATA HANDLING 

As stated in Chapter 8 of the QAPjP, the validity. (Section 8.2) of the data will be 

evaluated before raw data or data packages can be further reduced. Original data sheets 

will be photocopied, and the originals retained in the project file. Valid data is then entered 

into the investigation contractor's database, which utilizes personal computers and 

licensed software. After data entry, mathematical manipulations of the data will be 

checked and checks will be documented as described in Procedure 8 of the QA Program 

Plan. Software used in the process of data manipulation and presentation will be validated 

in accordance with Procedure 7 of the QA Program Plan. 

During data screening, data verification, and data review activities of field- and 

laboratory-generated data, unacceptable or suspect data will be evaluated t o  assess the 

cause. The results of this investigation will be documented, distributed to the CQA and 

the Technical LeadIProject Manager, and placed in the permanent project files. If the 

evaluation indicates that the cause was noncompliance with an established procedure or 

requirement, a recommendation for corrective action will be documented in accordance 

with Chapter 13 of the QAPjP and Procedure 18 of the QA Program Plan. If the suspect 

data have been included in the database, the data will be flagged to indicate their suspect 

status. Protocols for flagging the database are discussed in Chapter 11 of the RIIFS Work 

Plan. 

8.5 FINAL REVIEW BY TECHNICAL LEAD 

All validation reports and supporting analytical data packages shall be subjected t o  

a final technical review by a qualified reviewer at the direction of the Technical 

LeadIProject Manager prior to  submittal to the regulatory agencies or inclusion in reports or 

technical memoranda. All chemistry data packages and the QAIQC Summary will be 

reviewed by the Technical Lead who signs the Summary QAIQC Summary. Only then will 

the data be placed in the project file. 
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9.0 INTERNAL QUALITY CONTROL 

'This chapter presents internal quality control information concerning preparation, 

review, and control of project controlling documents; field QC checks for equipment 

calibration, sample blanks, duplicates, replicates, and spikes; laboratory checks; and 

technical review procedures for reports, calculations, drawings, and computer software 

programs. 

9.1 PROJECT CONTROLLING DOCUMENTS 

This section describes the procedures that will be used to prepare, review, and 

control project documents. 

9.1 .1 Preoaration 

The format for the Work Plan contains the elements specified in Exhibits A, 8, and 

D of Procedure 5 of the QA Program Plan. All technical memoranda will be prepared using 

Exhibit F (Procedure 5) as the guide. 

Minor changes to the Work Plan or QAPjP will be documented and distributed 

according to Exhibit G in Procedure 5 of the QA-Program Plan.- Major changes will be. 

issued as official revisions by the Technical LeadIProject Manager, with acknowledgement 

receipts which must be returned to the Technical Lead/Project Manager in a timely manner. 

Controlled copies of the Work Plan and QAPjP will be retained by the Technical 

LeadIProject Manager, Field Operations Lead, the PCQA, and CQA. Receipt of these 

copies will be acknowledged and any modifications t o  the Work Plan or QAPjP will be 

distributed to  these individuals. Controlled copies of the Work Plan and QAPjP must be 

returned to the CQA when an individual terminates involvement with the project, or 

wishes to  transfer a controlled copy to another person. The CQA will document return of 

the copy in the distribution log, the CQA will then check the copy for completeness and 

reissue the copy as appropriate. 
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9.1.2 Review and Control 

The review of the Work Plan has been completed by independent reviewers whose 

comments have been incorporated directly by the Technical LeadIProject Manager. For 

documents other than the Work Plan, Procedure 6 of the QA Program Plan will be 

implemented for other project controlling documents drafted subsequent to the approval of 

the Work Plan. 

9.2 FIELD QC CHECKS 

This section describes procedures that will be used t o  conduct quality control 

checks on field activities including, equipment calibration and collection of sample blanks, 

duplicates, and laboratory spikes. 

9.2.1 Calibration 

( 
Field measurements of temperature, pH, conductivity, turbidity, and redox potential 

will be obtained from groundwater samples. Calibration of the instruments used to  obtain 

these measurements is discussed in Chapter 6 of this QAPjP. 

Calibration records for each-field -instrument.usedon this. project wilt b e  maintained 

and a copy will be kept in the project QA files. 

This section describes the type and collection frequency of sample blanks that will 

be utilized during the sampling program. 

9.2.2.1 T r i ~  blanks 

The primary purpose of this type of blank is to  detect potential additional sources of 

contamination that could potentially influence contaminant values reported in actual 

samples, both quantitatively and qualitatively. Trip blanks serve as a mechanism of 

control for sample bottle preparation, blank water quality and sample handling. They are ( 
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g%nerally submitted to the laboratory for analysis of volatile organic compounds (VOCs). 

The trip blank travels to the site with the empty sample bottles and returns from the site 

with the collected samples in an effort to simulate sample handling conditions. One per 

daily sample shipment will be submitted for analysis. Contaminated trip blanks may 

indicate inadequate bottle cleaning or blank water of questionable quality. The following 

have been identified as potential sources of contamination: 

Laboratory reagent water; 

Sample container; 

Cross-contamination during shipment; 

Ambient air or contact with analytical instrumentation during 
preparation and analysis at the laboratory; and 

Laboratory reagents used in analytical procedures. 

Other issues affectiqg the use and integrity of trip (travel) blanks include the 

following: 

Handling: Trip blanks may be held on site for a maximum of one 
week. They must be shipped back to the lab at the end of the 
seventh calendar day. The temperature of the trip blanks must be 
maintained at 4OC while on site and during shipment. 

Holding Time: 'The holding-time clock for analysis of VOCs begins at 
the time of sample collection of the oldest sample in the shuttle. 

9.2.2.2 Eaui~ment blanks 

The primary purpose of this type of blank is to provide an additional check on 

possible sources of contamination related to field sampling instruments., Laboratory- 

supplied water is passed through cleaning sample equipment and placed in the empty 

sample container for analysis. Equipment blanks should be handled, transported, and 

analyzed in the same manner as the samples acquired that day. Equipment blanks must 

return to the lab with the same set of sample bottles they accompanied into the field. 
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Equipment must be packaged with their associated matrix. One equipment blank will be 

collected for each investigation activity, in each investigation area. For example, three 

equipment blanks would be collected in an investigation area during sampling activities 

that include a backhoe exploration, stage 1 soil boring, and stage 2 soil boring. 'The 

equipment blanks will be tested for volatile organic compounds (VOCs), e e m k d e k  

9.2.3 Duplicates and replicates 

The collection of duplicate or replicate samples provides for evaluation of the 

laboratory's performance by comparing analytical results of two samples of the same 

matrix from the same location. One duplicate or replicate sample will be collected for each 

analytical batch for each sample matrix sampled. If more than 20 samples of a single 

matrix are collected, then a frequency of one duplicate or replicate sample per 20 samples 

should be collected. Table 1.2, Summary of Data Quality Objectives, lists the expected i 
number of duplicate or replicate samples to be collected based on the proposed number of 

samples. The duplicate or replicate samples will be assigned unique identification numbers 

so that they exist as blind samples to the laboratory. 

Duplicates or replicates will.be obtained by collecting a second sample from the 

sampling device for each parameter. Duplicates and replicates will be collected, preserved, 

and handled in a similar fashion to primary samples. 

Where it is appropriate to the method, matrix spike and matrix duplicate samples 

will be collected and analyzed at a rate of one every 20 samples for each matrix. The 

matrix spike and spike duplicate will consist of a field sample spiked in the laboratory with 

a range of compounds according to the method to be employed. Analyses of these 

samples may or may not necessitate the collection of additional sample volume in the field. 

The contracted laboratory will include additional sample containers if they require 

additional sample volume. 
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9.3 LABORATORY CHECKS 

Analytical activities used by the laboratory as QC checks include: 

Sample integrity check; . - 

Method blank; 
Standards; 
Calibration check samples; 
Replicate analysis; and 
Matrix spike samples. 

The laboratory subcontractor selected will conform to their OA Plan with regard to 

sample frequency checks, handling, preparation, and analytical procedures. 

9.4 TECHNICAL REVIEW 

In addition to preparing and implementing work plans, selecting and training staff 

and subcontractors, the Technical LeadiProject Manager will prepare calculations, 

computer programs, and prepare drawings needed for reports to clients. The Technical 

LeadiProject Manager will assign an independent, qualified geologist, engineer, or 

geochemist to  review all geologic analysis, calculations, models, and analytical data for 

completeness, accuracy, and assumptions. The procedures for conducting and- 

documenting these reviews will be described in Sections 9.4.1 to 9.4.4. 

9.4.1 Pre~aration and Review of Re~or ts  

Procedure 20 of the OA Program Plan will be applied to all external reports prior to 

their release. Quarterly Data Transmittals will be reviewed and approved prior to  release. 

A modified version of the Cover Signature Sheet (Figure 9.1 1 provided in the QA Program 

Plan will be used to  document review of the Quarterly Data Transmittals. 

9.4.2 Technical Review of Calculations 

All calculations will be checked by qualified personnel, selected by the Technical 

LeadiProject Manager and documented using Procedure 8 for the QA Program Plan. 
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FIGURE 9.1 COVER SIGNATURE SHEET - QUARTERLY DATA TRANSMITTALS 

LEHR ENVIRONMENTAL RESTORATION 
UNIVERSITY OF CALIFORNIA, DAVIS 

DAMES & MOORE 
8801 Folsom Boulevard, Suite 200 

Sacramento, California 95826 

PREPARED BY: 
(Name) (Signature) (Date) 

APPROVED BY: 

(Peer Review) (Name) (Signature) (Date) 

APPROVED BY: 

(CQA) (Name) (Signature) (Date) 
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9.4.3 Com~u te r  Proaram Certification 

Procedure 7 of the QA Program Plan will be implemented and applied t o  computer 

software programs used in the RIIFS Program. This will include software developed 

internally andlor supplied by qualified vendors. 

9.4.4 Pre~aration of Drawinas 

Procedure 9 of the QA Program Plan will be applied to  drawings obtained from 

external sources or those internally prepared. The Procedure outlines responsibilities and 

methods used t o  provide accountability and covers receipt, distribution, control, checking, 

and approval. 
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10.0 AUDITS AND SURVEILLANCES 

10.1 AUDITS 

'The purpose of an audit is t o  evaluate the effectiveness of a quality assurance 

program for a project and to  verify compliance wi th objectives stated in the project plans. 

One annual audit of LEHR Environmental Restoration activities is conducted by a Certified 

Lead Auditor. Procedure 1 6  of the QA Program Plan will be applied to  the completion of 

this audit. Responses to any external audits will be prepared according to Procedure 17 of 
.. ..,m...+:<<.::-'..('r ................. .. .. <.;<.:... ................ X.!. . . . .  "v...: ,<.,):.:.:.;.S'... . ......................... " ...... .. .:. ............... p:.:<.,.+.+>: .:! ........,..... ........................ :.:< 

the QA Program Plan . :&;sat@&.qt&~i&f'er;: .. ..,..,.,..., , ............... >x ... A,. rn ......A ............. ......,...,. ................................................................................ w@,&:,n@&af" ., ................ ~~$~@;pr:a~,~ogQA;ij%~~. .............,..,. ................................ ; .............. ,..,. ......... 

1 0.2 SURVEILLANCES 

Surveillance programs are conducted by the quality assurance staff to  evaluate 

whether field activities comply wi th  the project controlling documents. Surveillances of 

the investigation contractor's field staff will be performed as described in Procedure 15 of 
:+>y.x.ww<?qpx:>>:w<$ :,>w,x<.x 

the QA Program Plan. A surveillance of each ~#~b~~~&~r$clptq ......... A.A ........... :.:.x.:.:ri .............................. field sample 
collection activity will be performed at least once during the project. 'f:w@&&$Qff&@g& ................................................................................ .x ................ 

The 3Kredt .... ,,;.:.:.: ....,.......,. frequency of surveillances 
conducted for ongoing field activities will be based on importance, duration, and significant 

rl;'<x ,..... ,,....*.. . ..rN........,....) )i.. ..................... .: ...... ..,.,... ...................... .+...>)... ..... .y .............. '..* A'.......... .,.y.: 

changes in project scope or personnel. & ~ ~ $ @ $ @ ~ @ @ ~ g $ $ g & j ~ j ~ ~ ~ b ~ ~ $ ~ $ l ; ~ $ ~ ! $ $ @ $  
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1 1.0 PREVENTIVE MAINTENANCE 

The investigation contractor is responsible for documenting the maintenance of all 

field equipment under the procedures described in Chapter 6 of this QAPjP. Laboratories 

are responsible for all analytical equipment calibr-ation and maintenance as described in 

their laboratory QA Plan. Subcontractors are responsible for maintenance of all equipment 

needed t o  carry out subcontracted duties. 
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1 2.0 ASSESSING DATA PRECISION, ACCURACY AND COMPLETENESS 

This chapter describes the procedures and mathematical formulas that wil l be used 

t o  assess data precision, accuracy, and completeness. 

1 2.1 PRECISION 

"Precisionn is defined as the degree of agreement among individual measurements 

of the same property under similar conditions, and is expressed as relative percent 

difference (RPD). 

The RPD is calculated in percent for duplicate measurements as follows: 

where X, is the first sample result, and X, is the duplicate sample result. 

For radionuclide determinations, replicate measurements must agree within the 95-percent 

confidence level based on the summed error of the analysis, or within 3 0 o f  the weighted 

average, as required by the client-specific protocol. 

The replicate error ratio (RER) for radionuclide determination is calculated as follows: 

RER = DER = Rl - R2 
(01 + ~ 2 )  

Where: 

R - - Result 

0 - - 9 5 %  confidence level 

The precision objectives are noted in Chapter 3 of this QAPjP. The Project Manager 

wil l be responsible for monitoring the precision objectives. Should any of the data fail the 
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precision criteria, corrective action will be taken in accordance with Chapter 13 of this 

QAPjP. 

1 2.1 .1 Water Level 

Each water level measurement will be performed in duplicate to verify precision. If 

duplicate measures fail to agree to within * 0.01 foot, two additional measures will be 

taken until acceptable precision is obtained. 

12.1.2 Tem~erature, DH. Conductivitv, Turbiditv. and Redox Potential 

If duplicate measurements fail to meet precision objectives, additional sets of two 

measurements will be taken until acceptable precision is obtained. 

1 2.1.3 Laboratorv Analvtical Measuremenu 

The mechanisms for internal review of data for conformance to those 

specifications, and corrective actions required in cases of failure to meet precision 

specifications will be provided in the laboratory QA Plan. Independent data validation will 

also be provided as a further check on. laboratory-performance (see. Chapter 8 for more 

information on the data validation procedures). 

12.2 ACCURACY 

"Accuracyn is defined as the degree of agreement between a known value and a 

measured value. 

ACCURACY = 
MEASURED VALUE 100 

KNOWN VALUE 

The accuracy objectives are noted in Chapter 3 of this QAPjP. The Project Manager 

will be responsible for monitoring the accuracy objectives. Should any of the data fail the 
i 
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accuracy criteria, corrective action will be taken in accordance with Chapter 13 of this 

QAPjP. 

12.2.1 Water Level 

The manufacturer's specifications for the tape used will be noted and a 

measurement against a known length taken by the principal investigator responsible for 

field activities. A failure of accuracy wil l result in the return of the tape to  the 

manufacturer and the acquisition of an accurate instrument. 

12.2.2 Tem~erature, DH, Conductivitv. Turbiditv. and Redox Potential 

The principle investigator in charge of field activities wil l check one set of results 

from each instrument against a known value. Accuracy failures wil l result in the 

re-calibration of the instrument when possible, or the return of the instrument to  the 

manufacturer when re-calibration is not possible. Additional measurements wil l be taken 

until acceptable accuracy is achieved. 

12.2.3 Laboratorv Analvtical Measurements 

The mechanisms for internal review of  data for conformance t o  those specifications 

and corrective actions required in cases of failure t o  meet the accuracy specifications wil l 

be provided in the laboratory QA Plan. Independent data validation will also be provided as 

a further check on laboratory performance (see Chapter 8 for more information on the data 

validation procedures). 

12.3 COMPLETENESS 

"Completeness" is a measure of the amount of  valid data obtained compared t o  the 

ideally expected amount of data t o  be obtained. 

COMPLETENESS = 
QU4N777Y OF REUABLE DATA OO 

TOTAL QUANTITY OF DATA 
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The completeness objectives are noted in Chapter 3 of this QAPjP. The Project 

Manager will be responsible for monitoring the completeness objectives. Should any of 

the data fail the completeness criteria, corrective action will be taken in accordance with 

Chapter 13 of this QAPjP. 

12.3.1 Water level 

All wells to be sampled will be measured for this parameter. 

12.3.2 Temperature, pH, Conductivitv. Turbiditv. and Redox Potential 

All applicable samples will be measured for these parameters. 

1 2.3.3 Laboratorv Analvtical Measurements 

The objective for completeness is 95 percent. Certain highly contaminated samples [ 

and certain media historically do not yield normal precision and accuracy, or may require 

established protocols to achieve meaningful results. It is necessary, however, that these 

problem sarnples/analyses be identified and discussed with the laboratory QA Officer while 

they are in the analytical process and that corrective actions taken or deficiencies accepted 
are deliberately arrived at and carefully documented.-- - - 
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13.0 CORRECTIVE ACTION 

Procedure 18 of the QA Program Plan will be implemented for the identification, 

documentation, and correction of nonconformances. Nonconformances wi th regard t o  

analytical or field data, sampling or field techniques, equipment calibration, results of 

surveillances and audits will be reported by the CQA to  the Technical LeadIProject 

Manager. 

If the Work Plan requires modification in the field for any reason, the Field 

Operations Lead will document the change and then attempt t o  contact the Project 

Manager or the Lead Consultant. If these individuals are not available, the LEHR ER 

Project Manager will be informed of the situation and field work wil l continue as directed 

by the LEHR ER Project Manager. 'The Field Operations Lead will document the situation in 

their daily field memoranda. The Field Operations Lead will notify the Project Manager 

immediately upon returning from the field, and the Project Manager wil l then review and 

distribute copies of the memoranda t o  the CQA, if corrective action was taken. 
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14.0 QUALITY ASSURANCE REPORTS TO MANAGEMENT 

Pertinent QAIQC information is periodically reported by the CQA t o  the Technical 

LeadIProject Manager t o  allow assessment of the overall effectiveness of the Quality 

Assurance Program. These reports provide a summary of key QA activities during the 

period. A t  a minimum, these reports will include: 

Results of performance and systems audits; 
Results of surveillances; 

Reports on QA organizational changes; 

Description of significant quality problems and corrective actions taken; and 

Distribution notice of original and revised documents controlled by the 

quality assurance department. 
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ATTACHMENT 1 

STANDARD OPERA'TING PROCEDURE 
DATA VALIDATION 



DATA VALIDATION QUALIFIER DEFINITIONS 

The following definitions provide brief explanations of the data validation qualifiers 
assigned t o  results in the data review process. 

Data Qualifier Ex~lanation 

U The analyte was analyzed for, but was not detected above the reported sample 
quantitation limit. 

J The analyte was positively identified; the associated numerical value is the 
approximate concentration of the analyte in the sample. 

N The analysis indicates the presence of an analyte for which there is presumptive 
evidence t o  make a "tentative identification." 

NJ The analysis indicates the presence of an analyte that has been "tentatively 
identified" and the associated numerical value represents its approximate 
concentration. 

UJ The analyte was not detected above the reported sample quantitation limit. 
However, the reported quantitation limit is approximate and may or may not 
represent the actual limit of  quantitation necessary t o  accurately and precisely 
measure the analyte in the sample. 

R 'The sample results are rejected due t o  serious deficiencies in the ability t o  analyze 
the sample and meet quality control criteria. The presence or absence of the 
analyte cannot be verified. 
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YES NO NIA 

HOLDING TIMES 

................... Have all BNA samples been' extracted within holding times? 

ACTION: If any sample fails this criterion, apply flags to all results in the sample 
according to the following guidelines: 

Condition Positives Non-Detects 
15 Days S Soil Sampling-+Extraction S 28 Days "J" "UJ" 
Soil Sampling-+Extraction > 28 Days "J" "R" 

8 Days S Water Sampling-+Extraction I 14 Days "J" "UJ" 
Water Sampling-+Extraction > 14 Days "J" "R" 

....................... Have all samples been analyzed within holding times? 

ACTION: If any sample fails this criteria for the VOC fraction, apply flags to all 
results in the sample according to the following guidelines: 

Condition Positives Non-Detects 
15 Days S VOC Sampling-+Andysis S 28 Days "J" "UJ" 
VOC Sampling-+Analysis > 28 Days "J" "R" 

If any sample fails this criteria for the BNA fraction, apply flags to all results in the 
sample according to the following guidelines: 

condition Positives Non-Detec~ 
41 Days S BNA Extraction+Analysis S 80 Days "Jw "UJ" 
BNA Extraction-.Analysis > 80 Days "J" "R" 

SYSTEM MONITORING COMPOUNDS (SURROGATES) ' 

................... Are all surrogate recoveries in all samples within QC limits? 

ACTION: If ally surrogate failures are observed in a sample for the VOC fraction, 
apply flags to all results in the sample, according to the following guidelines: 

% R > Upper Limit "J" No Flags 
10 S %R < Lower Limit "J" "UJ" 
%R < 10 "J" "R" 

If any surrogate failures are observed in a sample for either the BaseINeutral or Acid 
fractions, apply flags to all results in the sample, for that fraction, according to the 
following guidelines: 

Condition Positives Non-Detec~ 
1 %Rout & > 10 No Flags No Flags 
2 or more %R out, all > Upper Limit "J" No Flags 
2 or more %R out, all > 10, some < Lower Limit "J" "UJ" 
1 or more %R < 10 "J" "R" 
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Are the following free of contamination: 
MethodBlanks? ................................................ 
Trip Blanks? (If present) .......................................... 
FieldBlanks?(Ifpresent) .......................................... 

ACTION: Use the following steps when qualifying data based on blank 
contamination. 

Identify all individual data points that are associated with a blank contaminant. 

For any data point associated with contarnination from more than one blank, 
select the blank with the highest concentration of the contaminant. The sample 
data point will be compared to this contaminant for flagging purposes. 

YES NO N/A 

OC CHECK SAMPLE (LCS) 

............................... Are all LCS recoveries within QC limit.? 

ACTION: If any LCS compound fails this criterion, apply flags to the failed 
compound in all sample. associated with that LCS, according to the following 
guidelines: 

Condition Positives Non-Detects 
%R > Upper QC Limit "J" No Flags 
30 s %R < Lower QC Limit "J" "UJ" 
%R < 30 "J" "R" 

If failures are widespread and consistent in the direction of the failure, then an overall 
analytical bias can be detennined for this fraction. The final report should note the 
magnitude and direction of the bias. 

MATRIX SPIKE/MATRIX SPIKE DUPLICATE (MSIMSD) 

Are aII MS/MSD recoveries within QC limits? ............................. 
ACTION: MSIMSD data are used in conjunction with LCS data to identify and 
describe interferences. If failures are widespread and consistent in direction of failure, 
then an overall bias can be detennined for this fraction. If LCS recoveries indicate a 
similar bias, then the bias can be determined to be analytical in nature. If LCS 
recoveries are in control, then the bias can be identified as a matrix effect. The final 
report should note the nature, direction and magnitude of the bias. 

Convert the concentration of the selected con tarninant to the actual 
contamination level. Divide the contamination concentration by the blank 
detection limit and multiply by the sample detection limit. 
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YES NO NIA 

Qualify all data points associated with a common laboratory contaminant 
(acetone, 2-butanone, methy lene chloride, or common phthalates) according to 
the following guidelines: 

Condition Flag 
No Positive Sample Result None 
Positive Sample Result < 10X Contamination Level "U" 
Positive Sample Result > 10X contamination Level None 

Qualify all data points associated with any other laboratory contaminant 
according to the following guidelines: 

Condition Flag 
No Positive Sample Result None 
Positive Sample Result < 5X Contamination Level "U" 
Positive Sample Result > 5X Contamination Level None 

GCIMS INSTRUMENT PERFORMANCE CHECKS (TUNES) 

...................... Are all ion abundances within QC limits for each tune? 

ACTION: If any ion abundances do not fall within QC limits, qualify all results in all 
related samples "R". 

Are all RRFs greater than 0.05? ...................................... 
ACTION: If any compound fails this criterion, flag positive results for the failed 
compound "J" and nondetects for the failed compound "R" in all samples associated 
with that IC. 

ACTION: If any compound fails this criteria, apply flags to that compound in all 
samples associated with that IC, according to the following guidelines: 

Condition Positives Non-Detects 
30 < %RSD < 50 "J" No Flags 
50 < %RSD < 80 : "J" "UJ" 
%RSD > 80 "J" "R" 
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YES NO NIA 

CONTINUING CALIBRATIONS (CCs) 

...................................... Are all RRFs greater than 0.05? 

ACTION: If any compound fails this criterion, qualify the failed compound in all 
samples associated with that CC. For the affected data points, flag positive results "J" 
and nondetects "R" 

.......................................... Are all %Ds less than 25? 

ACTION: If any compound fails this criteria, apply flags to that compound in all 
samples associated with that CC, according to the following guidelines: 

Condition Positives Non-Detec~ 
25 < %D < 50 "J" No Flags 
50 < %D < 80 "J" "UJ" 
%D > 80 and the RF from CC > RRF from IC "J" "UJ" 
%D > 80 and the RF from CC < RRF from IC "J" "R" 

INTERNAL STANDARDS (ISs) 

Are all IS retention times within 30 seconds of the retention times for the I!% in the ................................................ aSsociLltedCcs? 

ACTION: If any IS in a sample fails this criterion, qualify all compounds that are 
quantitated with that IS in that sample. For the affected data points, flag all positive 
results "J" and all nondetects "R" . 

Are all IS area counts > 50% and < 200% of the area count for the ISs in the associated 
Ccs? .....*................................*................ 

ACTION: If any IS in a sample fails this criterion, qualify all compounds that are 
quantitated with that IS in that sample, according to the following guidelines: 

Condition Positives Non-Detects 
Sample Count > 200% "J" No flags 
25 % < Sample Count < 50% "J" "UJ" 
Sample Count < 25% "J" "R" 

D DUPLICATE S APPLICABLE) FIEL 

Are all compounds present in either the sample or duplicate also present in the other? . . 
ACTION: Data are not qualified based on field duplicate precision; rather, an overall 
assessment of whether or not the data is representative of field conditions is made. 
This assessment should be discussed in the final report. If several compounds are 
present in either the sample or the duplicate but not in the other, then data may be 
qualitatively questionable. Some guidelines for evaluation: 
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YES NO NIA 

Any sample or duplicate data point that is below the DL is considered to be a 
positive result if the other data point in the pair is a positive result 

Any sample or duplicate data point that is below the DL is considered to be a 
nondetect if the other data point in the pair is a nondetect. 

If several discrepancies are noted, check to see if they are consistent (i.e. 
always present in the sample, but not detected in the duplicate). 

If discrepancies are consistent, compare DLs to see if there may be a large 
dilution factor for whichever sample consistently shows the nondetects. 

Are all RPDs between sample and duplicate acceptable? . . . . . . . . . . . . . . . . . . . . . . 
ACTION: Make an overall assessment of the quantitative precision of the sample- 
duplicate data. All RPDs should be generally within 100%. Calculate RPDs 
according to the following guidelines: 

If both data points for a compound are not detected, or found below the DL, 
no calculation is necessary. 

Any data point that is found, but below the DL, can be considered a positive 
result at the DL for calculation purposes. 

The RPD for two data points is @ifference/Mean)*lOO 
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YES NO N/A 

HOLDING TIMES 

.................. Have all SVOC samples been extracted within holding times? 

ACTION: If any sample fails this criterion for any SVOC fraction, apply flags to all 
results in the sample, for that fraction, according to the folloGing guidelines: 

Condition Positives Non-Detects 
15 Days S Soil Sampling-.Extraction S 28 Days "J" "UJ" 
Soil Sampling-.Extraction > 28 Days "Jn "R" 

8 Days s Water Sampling-.Extraction S 14 Days "J" "UJ" 

Water Sampling-Extraction > 14 Days "J" "R" 

....................... Have all samples been analyzed within holding times? 

ACTION: If any sample fails this criterion for the VOC fraction, apply flags to all 
results in the sample according to the following guidelines: 

Condition Positives Non-Detects 
15 Days s VOC Sampling-Analysis S 28 Days "J" "UJ" 
VOC Sampling-Analysis > 28 Days "J" . "R" 

If any sample fails this criterion for the either the BNA, PesticidePCB, or Herbicide 
fraction, apply flags to' all results in the sample, for that fraction, according to the 
following guidelines: 

Condition Positives Non-Detects 
41 Days S ExtractiowAnalysis S 80 Days "J" "UJ" 
ExtractiowAnalysis > 80 Days "J" "R" 

SYSTEM MONITORING COMPOUNDS (SURROGATES) 

Are all surrogate recoveries in all samples within QC limits? ................... 
ACTION: If any surrogate failures are observed in a sample for either the VOC, 
PesticideIPCB, or Herbicide fraction, apply flags to all results in the sample, for that 
fraction, according to the following guidelines: 

Condition Positives Non-Detects 
%R > Upper Limit "J" No Flags 
10 S %R < Lower Limit "Jn "UJ" 
%R < 10 "J" "R" 

If any surrogate failures are observed in a sample for either the BaseINeutral or Acid 
fractions, apply flags to all results in the sample, for that fraction, according to the 
following guidelines: 
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YES NO NJA 

Condition Positives Non-Detects 
1 %R out & > 10 No Flags No Flags 
2 or more %R out, all > Upper Limit "J" No Flags 
2 or more %R out, all > 10, some < Lower Limit "J" "UJ" 
1 or more %R < 10 

* 
"J" "R" 

OC CHECK SAMPLE U S )  

Are all LCS recoveries within QC limits? ............................... 
ACTION: If any LCS compound fails this criterion, apply flags to the failed 
compound in all samples associated with that LCS, according to the following 
guidelines : 

Condition Positives Non-Detec~ 
%R > Upper QC Limit "J" No Flags 
30 5 %R < Lower QC Limit "J" "UJ" 
%R < 30 "J" "R" 

If failures are widespread and consistent in the direction of the failure, then an overall 
analytical bias can be detennined for this fraction. The final report should note the 
magnitude and direction of the bias. 

SPIKE/MATRU( SPIKE DUPLICATE (MSIMSD) 

Are aLl MS/MSD recoveries within QC limits? ............................ 
ACTION: MSIMSD data are used in conjunction with LCS data to identify and 
describe interferences. If failures are widespreadand 'consistent in direction of failure, 
then an overall bias can be determined for this fraction. If LCS recoveries indicate a 
similar bias, then the bias can be determined to be analytical in nature. If LCS 
recoveries are in control, then the bias can be identified as a matrix effect. The final 
report should note the nature, direction, and magnitude of the bias. 

Are the following fke of contamination: - 
MethodBlanks? ................................................ 
TripBlanks?(Ifpresent) .......................................... 
Field Blanks? (If present) ........................................... 

ACTION: Use the following steps when qualifying data based on blank 
contamination. 

Identify all individual data points that are associated with a blank contaminant. 
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YES NO NIA 

For any data point associated with contamination from more than one blank, 
select the blank with the highest concentration of the contaminant. The sample 
data point will be compared to this contaminant for flagging purposes. 

Convert the concentration of the selected contaminant to the actual 
contamination level. Divide the contamination concentration by the blank 
detection limit and multiply by the sample detection limit. 

Qualify all data points associated with a common laboratory contaminant 
(acetone, 2-butanone, methylene chloride, or common phthalates) according to 
the following guidelines: 

Condition Flag 
No Positive Sample Result None 
Positive Sample Result < 10X Contamination Level "U" 
Positive Sample Result > 10X Contamination Level None 

Qualify all data points associated with any other laboratory contaminant 
according to the following guidelines: 

Condition Flag 
No Positive Sample Result None 
Positive Sample Result < 5X Contamination Level "U" 
Positive Sample Result > 5X Contamination Level None 

INITIAL CALIBRATIONS (ICs) 

Are all %RSDs within QC limits for the quantitation column? . . . . . . . . . . . . . . . . . . 
ACTION: If any compound fails this criterion, apply flags to that compound in all - 

samples associated with that IC, according to the following guidelines: 

Condition Positives Non-Detects 
QC Limit < %RSD < 50 "J " No Flags 
50 < %RSD < 80 "J" "UJ" 
%RSD > 80 "J" "R" 

CONTINUING CALIBRATIONS (CCs) 

Are all %Ds within QC limits for the quantitation and confirmation columns? . . . . . . . . 
ACLION: If any compound fails this criterion, apply flags to that compound 
in all samples associated with that CC, according to the following guidelines: 

Condition Positives Non-Detects 
QC Limit < %D < 50 "J" No Flags 
50 < %D < 80 "J" "UJ" 
%D > 80 and the RF from CC > RRF from IC "J" "UJ" 
%D > 80 and the RF from CC < RRF from IC "J" "R" 
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YES NO Nl* 

FIELD DUPLICATES (IF APPLICABLE) 

Are all compounds present in either the sample or duplicate also present in the other? . . 
ACTION: Data are not qualified based on field duplicate precision; rather, an overall 
assessment of whether or not the data is representative of field conditions is made. 
This assessment should be discussed in the final report. If several compounds are 
present in either the sample or the duplicate but not in the other, then data may be 
qualitatively questionable. Some guidelines for evaluation: 

Any sample or duplicate data point that is below the DL is considered to be a 
positive result if the other data point in the pair is a positive result 

Any sample or duplicate data point that is below the DL is considered to be a 
nondetect if the other data point in the pair is a nondetect. 

If several discrepancies are noted, check to see if they are consistent (i.e. 
always present in the sample, but not detected in the duplicate). 

If discrepancies are consistent, compare DLs to see if there may be a large 
dilution factor for whichever sample consistently shows the nondetects. 

Are all RPDs between sample and duplicate acceptable? . . . . . . . . . . . . . . . . . . . . . . 
ACTION: Make an overall assessment of the quantitative precision of the sample- 
duplicate data. All RPDs should be generally within 100%. Calculate RPDs 
according to the following guidelines: 

If both data points for a compound are not detected, or found below the DL, 
no calculation is necessary. 

Any data point that is found, but below the DL, can be considered a positive 
result at the DL for calculation purposes. 

The RPD for two data points is (Difference/Mean)*lW 
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YES NO N/A 

HOLDING TIMES 

Have all samples been analyzed within holding times: 
28DaysforMercury? ............................................ ....................................... 180 Days for all other metals? 

ACIION: If any sample fails this criteria, apply flags to all sample results according 
to the following guidelines: 

Condition Positives Non-Detects 
29 Days 5 Mercury Analysis 5 56 Days "J" "UJ" 
Mercury Analysis > 56 Days "JW . w ~ w  

181 Days 5 Other Analysis 5 360 Days "J" "UJw 
Other Analysis > 360 Days "J" "RW 

LABORATORY CONTROL SAMPLE (LCS) 

............................... Are all LCS recoveries within QC limits? 

ACIION: If any LCS compound fails this criterion, apply flags to the failed 
compound in all samples associated with that LCS, according to the following 
guidelines : 

Condition Positives No n-Det ec& 
Water %R > 120 "Jw No Flags 
50 S Water %R < 80 "JW "UJW 
Water 96R < 50 "JW "Rw 
Soil %R > Upper QC Limit "J " No Flags 
30 S Soil %R < Lower QC Limit "J" "UJ" 
Soil %R < 30 "Jw. . . . .  ."Rw' 

If failures are widespread and consistent in the direction of the failure, then an overall 
analytical bias can be detennined for this fraction. The final report should note the 
magnitude and direction of the bias. 

TRIX SPIKE/MATR.IX SPIKE DUPLICATE (MSIMSD) 

....................... Are all MSIMSD recoveries within 75-125 QC range? 

ACIION: MS/MSD data are used in conjunction with LCS data to identify and 
describe interferences. If failures are widespread and consistent in direction of failure, 
then an overall bias can be determined for this fraction. If LCS recoveries indicate a 
similar bias, then the bias can be determined to be analytical in nature. If LCS 
recoveries are in control, then the bias can be identified as a matrix effect. The final 
report should note the nature, direction, and magnitude of the bias. 
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YES NO NIA 

Are the following free of contamination: 
PreparationBlanks? ............................................. 
Initial Calibration Blanks? ......................................... ...................................... Continuing Calibration Blanks? 
Field Blanks? (If present) .......................................... 

ACTION: Use the following steps when qualifying data based on blank 
contamination. 

Identify all individual data points that are associated with a blank contaminant. 

For any data point associated with contamination from more than one blank, 
select the blank .with the highest concentration of the contaminant. The sample 
data point will be compared to this contaminant for flagging purposes. 

Convert the concentration of the selected contaminant to the actual 
contamination level. Divide the contamination concentration by the blank 
detection limit and multiply' by the sample detection limit. 

Qualify all data points associated with a laboratory contaminant according to 
the following guidelines: 

Condition Flag 
No Positive Sample Result None 
Positive Sample Result < 5X Contamination Level "U" 
Positive Sample Result > 5X Contamination Level None 

Are all ICV recoveries within QC limits.. 
80-120 for Mercury? ................................................ ......................................... 90-110 for all other metals? 

ACTION: If any compound fails this criterion, flag positive results for the failed 
compound "J" and nondetects for the failed compound "UJ" in all samples associated 
with that ICV. 

Are all CCV recoveries within QC limits 
80-120forMenwy? .............................................. ........................................ 90-110 for all other metals? 

ACTION: If any compound fails this criterion, flag positive results for the failed 
compound "J" and nodetects for the failed compound "UJ" in all samples associated 
with that CCV. 
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YES NO NIA 

Are al l  compounds present in either the sample or  duplicate also present in the other? . . 
ACTION: Data are not qualified based on field duplicate precision; rather, an overalI 
assessment of whether or not the data is representative of field conditions is made. 
This assessment should be discussed in the final report. If several compounds are 
present in either the sample or the duplicate but not in the other, then data may be 
qualitatively questionable. Some guidelines for evaluation: 

• Any sample or duplicate data point that is below the DL is considered to be a 
positive result if the other data point in the pair is a positive result 

• Any sample or duplicate data point that is below the DL is considered to be a 
nondetect if the other data point in the pair is a nondetect. 

a If several discrepancies are noted, check to see if they are consistent (i.e. 
always present in the sample, but not detected in the duplicate). 

a If discrepancies are consistent, compare DLs to see if there may be a large 
dilution factor for whichever sample consistently shows the nondetects. 

Are all RPDs between sample and duplicate acceptable? . . . . . . . . . . . . . . . . . . . . . . 
ACTION: Make an overall assessment of the quantitative precision of the sample- 
duplicate data. All RPDs should be generally within 100%. Calculate RPDs 
according to the following guidelines: 

a If both data points for a compound are not detected, or found below the DL, 
no calculation is necessary. 

a Any data point that is found, but below the DL, can be considered a positive 
result at the DL for calculation purposes. 

a The RPD for two data points is (Difference/Mean)*100 
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YES NO N/A 

HOLDING TIMES 

........... Have all samples been analyzed for all compounds within holding times? 

ACTION: If any sample fails this criteria for a compound, flags that compound in that 
sample according to the following guidelines: 

condition Positives Non-Detects 
HT + 1 s; Analysis 5 2 x HT "J" - "UJ" 

Analysis > 2 x HT "J" "R" 

LABORATORY CONTROL SAMPLE (LCS) 

............................... Are all LCS recoveries within QC limits? 

ACTION: If any compound fails this criterion, flag the failed compound in all 
samples associated with that LCS, according to the following guidelines: 

Condition Positives Non-Detects 
%R > Upper QC Limit "J" No Flags 
30 5 %R < Lower QC Limit "J" "UJ" 
%R < 30 "J" "R" 

If failures are widespread and consistent in the direction of the failure, then an overall 
analytical bias can be determined for this fraction. The frnal report should note the 
magnitude and direction of the bias. 

MATRIX SPIKE/MATFUX SPIKE DUPLICATE (MSJMSD) 

Are all MSIMSD recoveries within QC M t s ?  ............................ 
ACTION: MS/MSD data are used in conjunction with LCS data to identify and 
describe interferences. If LCS recoveries indicate a similar bias, then the bias can be 
determined to be analytical in nature. If LCS recoveries are in control, then the bias 
can be identified as a matrix effect. The final report should note the nature, direction, 
and magnitude of any significant bias observed for a compound. 

BLANKS 

Are the following free of contamination: 
LaboratoryBlauks? ............................................. .......................................... TripBlanks?(Ifpresent) .......................................... FieldBlanks?(Ifpresent) 

ACTION: Use the following steps when qualifying data based on blank 
contamination. 

Identify all individual data points that are associated with a blank contaminant. 
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YES NO Y ' '  

For any data point associated with contamination from more than one blank, 
select the blank with the highest concentration of the contaminant. The sample 
data point will be compared to this contaminant for flagging purposes. 

Convert the concentration of the selected contaminant to the actual 
contamination level. Divide the contamination concentration by the blank 
detection limit and multiply by the sample detection limit. 

Qualify all data points associated with a laboratory contaminant according to 
the following guidelines: 

Condition Flag 
No Positive Sample Result None 
Positive Sample Result < 5X Contamination Level "U" 
Positive Sample Result > 5X Contamination Level None 

CALIBRATIONS 

Are all initial calibrations acceptable: 
96RSDs within QC limits? (If applicable) ................................ 
Correlation coefficients > 0.995? (If applicable) ........................... 
ICV recoveries within QC limits? (If applicable) ........................... 

ACTION: If any compound fails applicable criteria, as specified in the QAPjP and/or 
the method, flag positive results for the failed compound "J" and nondetects for the 
failed compound "UJ" in all samples associated with the failure. 

Are all continuing calibrations acceptable: 
%Ds within QC limits? (If applicable) ................................. 
CCV recoveries within QC limits? (If applicable) ' .......................... 

ACTION: If any compound fails applicable criteria, as specified in the QAPjP andlor 
the method, flag positive results for the failed compound "J" and non-detects for the 
failed compound "UJ" in all samples associated with the failure. 

FIELD DUPLICATES (IF APPLICABLE) 

Are all compounds present in either the sample or duplicate also present in the other? . . 
ACTION: Data are not qualified based on field duplicate precision; rather, an overall 
assessment of whether or not the data is representative of field conditions is made. 
This assessment should be discussed in the final report. If several compounds are 
present in either the sample or the duplicate but not in the other, then data may be 
qualitatively questionable. Some guidelines for evaluation: 

Any sample or duplicate data point that is below the DL is considered to be a 
positive result if the other data point in the pair is a positive result 
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YES NO N/A 

Any sample or duplicate data point that is below the DL is considered to be a 
non-detect if the other data point in the pair is a nondetect. 

If several discrepancies are noted, check to see if they are consistent (i.e. 
always present in the sample, but not detected in the duplicate). 

If discrepancies are consistent, compare DLs to see if there may be a large 
dilution factor for whichever sample consistently shows the non-detects. 

Are all RPDs between sample and duplicate acceptable? . . . . . . . . . . . . . . . . . . . . . . 
ACTION: Make an overall assessment of the quantitative precision of the sample- 
duplicate data. All RPDs should be generally within 100%. Calculate RPDs 
according to the following guidelines: 

If both data points for a compound are not detected, or found below the DL, 
no calculation is necessary. 

Any data point that is found, but below the DL, can be considered a positive 
result at the DL for calculation purposes. 

The RPD for two data points is (Difference/Mean)*100 
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HEALTH AND SAFETY PLAN 

REMEDIAL INVESTIGATION/FEASIBlLlTY STUDY WORK PLAN 
LEHR ENVIRONMENTAL RESTORATION 
UNIVERSITY OF CALIFORNIA, DAVIS 

1.0 SUMMARY 

The Laboratory for Energy-Related Health Research (LEHR) facility, which occupies 

approximately 15 acres, was operated by UC Davis for the Department of Energy (DOE) 

for more than 30 years to conduct research on the long-term biological effects of low-level 

radiation exposure on laboratory animals. More than 1,000 beagles were used in this 

research, which primarily involved the use of bone-seeking radionuclides strontium-90 (Sr- 

90) and radium-226 (Ra-226). External irradiation of dogs using a cobalt-60 gamma 

source was also performed. This was primarily conducted outdoors in an irradiation field 

area. 

Radiological and chemical wastes generated from these studies were disposed of in 

a variety of ways. Effluent from indoor dog cages, after being processed for radiological 

materials, was routed to a leach field. Excrement from dogs housed in metabolic cages 

was discharged to cobble-filled seepage pits. In addition, low-level radioactive waste may 

have been buried in trenches in the southwest corner of the LEHR site and between the 

outdoor dog pen areas. 

Other portions of the LEHR site have previously been used as the UC Davis campus 

landfill. The landfill consists of three separa.te disposal units. Disposal in the oldest unit 

(Inactive Disposal Unit No. 1 ) began in the 1940s and ceased in the late 1950s to early 

1960s. The area is now covered by the Cobalt-60 field. The next oldest disposal area 

(Inactive Disposal Unit No. 2) received wastes from 1956 to 1967. This disposal area is 

partially covered by the two easternmost set of dog pens used for animal research. A 

third landfill disposal unit located approximately 600 feet east of LEHR (Inactive Disposal 

Unit No. 3). was used from 1963 to 1967. The combined total acreage for the three 

disposal areas is estimated at approximately six acres. 
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* 
During the Remedial Investigation, a combination of drilling, excavation, and soil 

and water sampling activities will be performed in the following areas of the site: the DOE 

Disposal Box; the former DOE and UC Davis waste disposal trenches; the former dog pen 

area; the UC Davis Landfill areas; the Radium-226 Treatment Tank and Leach System; the 
Strontium-90 Leach System, and the Domestic Septic Tanks. During investigation 

activities, confined space entry will not be performed. In addition, trenches that are 

deeper than five feet or trenches constructed in Type C soil will not be entered during this 

project; soil samples will be collected from these locations using remote sampling 

techniques. 

Skin contact with soil or water that is potentially contaminated with hazardous 

chemicals and radioactive materials will be minimized by wearing personal protective 

clothing (as described in Section 8.4). Inhalation of vapors and p'articulates during drilling, 

excavation, and soil and water sampling will be minimized by air monitoring and the use of 

engineering controls, and respiratory protection will be used if action levels (see 6.1) are 1, 

exceeded, or if entering areas with unknown potential contamination. Ingestion of 

contaminated materials will be minimized by good personal hygiene during 

decontamination (i.e., thoroughly washing face and hands with soap and water before 

eating or drinking). 

During all invasive site activities, an Organic Vapor Analyzer (OVA), or a 

Photoionization Detector (PI01 with a minimum lamp energy of 11.45 eV, will be used to  

monitor for organic vapors. Monitoring for organic vapors will be performed as outlined in 
Section 7.1 and personal protective clothing will be worn as described in Section 8.4. 

Project personnel working in areas where radiological contamination is known or 

suspected will be protected by a combination of radiation monitoring, engineering controls, 

personal protective equipment, and other controls (i.e., ALARA principles). Radiation 

monitoring will be conducted as outlined in Section 7.4. 
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2.0 APPLICABILITY 

The purpose of this plan, which was developed specifically for operations at the 

LEHR site located in Davis, California, is to assign responsibilities, establish personal 

protection standards and mandatory safety procedures, and provide for contingencies that 

may arise while operations are being conducted at the site. This plan complies with, but 

does not replace: 

1. Federal Health and Safety Regulations as set forth in 29 CFR 1910 and 

1926; 

2. California Health and Safety Regulations as set forth in Title 8, California 

Code of Regulations, and guidance established by the California 

Environmental Protection Agency; 

3. DOE Orders 1324.2A. 5000.38. 5400.1, 5400.5. 5480.1 8, 5480.4. 

5480.6, 5480.7. 5480.8, 5480.9, 5480.10, 5480.1 1, 5480.19, 5483.1 A 
and 5484.1 ; 

4. Nuclear Regulatory Commission (NRC) regulation 10 CFR Pan 20, Standards 

for Protection Against Ionizing Radiation; 

5. NRC Regulatory Guide 8.1 5 and NUREG-0041, Respiratory Protection 

Program; and American National Standards Institute (ANSI) 88.2, 

Respiratory Protection Equipment Use; 

6. NRC Regulatory Guide 8.22, Uranium Bioassay Program; 

7. NRC Regulatory Guide 8.10. Operating Philosophy for Maintaining 

Occupational Radiation Exposures As Low As Is Reasonably Achievable; 
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8. LEHR Radiological Control Committee's ALARA goals; and 

9. LEHR Radiological Control Manual, July 1993, DOE/LEHR 17523. 

Applicable portions of these standards and guidelines are incorporated into this HSP 

by reference, as noted. This plan is to be used by the Investigation Contractor and 

subcontractor personnel as a supplement to such rules, regulations, and guidance. 

Changing and/or unanticipated site conditions, changes in regulatory requirements, 

or changes in site specific guidance documents may require modification of this site health 

and safety plan in order to maintain a safe and healthful work environment. Any proposed 

changes to  this plan shall be reviewed with the Project Health and Safety Manager 

(PHSM), or his designee, and the PNL Radiological Control Manager, prior to  their 

implementation. If this is not feasible, the sitefproject manager may modify the plan and ( 
record all changes in the field log book; under no circumstances will modifications to this 

plan conflict with Federal, state, and local health and safety or radiological control 

regulations. 

The lnvestigation Contractor is providing a copy of this Health and Safety Plan to 

each site subcontractor in order to fulfill its obligation under 8 CCR 5 192(b) to inform 

subcontractors of site hazards. 
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3.0 SITE BACKGROUND AND SElTlNG 

The information found in this chapter is derived from Chapter 2 of the project work 

plan; please reference the work plan for more detailed information. 

The LEHR site is located in the southeast quarter of Section 21, Township 8 North, 

Range 2 East, Mount Diablo Base and Meridian. The site is approximately 1.5 miles south 

of the main UC Davis campus and the town of Davis, and approximately three-quarters of 

a mile south of Interstate 80 on County Road 79 (Old Davis Road) in Solano County, 

California. 

The site encompasses approximately 15 acres and consists of one- and two-story 

laboratory and office buildings, and animal-handling facilities. The land is owned by the 

Regents of the University of California and leased to the Department of Energy (DOE). 

3.1 HISTORY OF OPERATIONS 

UC Davis has conducted radiological studies on laboratory animals for the DOE 

since the 1950s. The initial studies, conducted for the U.S. Atomic Energy Commission 

(AEC, now DOE), involved the irradiation of beagles at the UC Davis main campus. 

Eventually, irradiation experiments were discontinued at this site which was then used to 

house the breeding colony that supplied beagles for future studies at LEHR. 

Full-scale experimental use of radioactive materials, including strontium-90 and 

radium-226, began at LEHR in 1960. In the initial stages of operation at the LEHR site, 

waste was handled through a central handling facility on the main campus. However, due 

to safety concerns, waste handling for LEHR-generated waste was returned to  the LEHR 

site in the early 1960s. 
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Portions of the LEHR site have previously been used as the UC Davis campus 

landfill. The landfill consists of three separate disposal units. Disposal in the oldest unit 

(Inactive Disposal Unit No. 1 ) began in the 1940s and ceased in the late 1950s to  early 

1960s. The area is now covered by the Cobalt-60 field. The next oldest disposal area 

(Inactive Disposal Unit No. 2) received wastes from 1956 to 1967. This disposal area is 

partially covered by the two easternmost set of dog pens used for animal research. A 

third landfill disposal unit located approximately 600 feet east of LEHR (Inactive Disposal 

Unit No. 31, was used from 1963 to 1967. The combined total acreage for the three 

disposal areas is estimated at approximately six acres. 

In the early 1970s, an outdoor Cobalt-60 Field was constructed at the LEHR site to 

study the effects of chronic exposure to penetrating gamma ray irradiation on bone 

marrow cells of beagles. In January 1993, the Cobalt-60 source was removed from the 

LEHR site and transported to General Electric's Hot Cell in Pleasanton, California. i 

In 1975, a program in basic aerosol science was initiated at the LEHR site to link 

the evaluation of airborne materials and the laboratory study of these materials utilizing 

cellular and animal models. The DOE reported that research activities in this program 

focused on the potential health effects associated with combustion products released to 

the atmosphere from fossil fuel power plants. 

In 1983, construction of the Toxic Pollutant Health Research Laboratory (TPHRL) 

was completed at LEHR. This facility was designed for the study of highly toxic and 

carcinogenic agents including both radioactive and chemical materials. Research at the 

TPHRL included studies of the behavior of plutonium-241 and americium-241 in beagles 

and monkeys; radioactive and toxic gas-particle mechanistic aerosol studies; monodisperse 

aerosol inhalation deposition; intratracheal applications of carcinogen-coated particles; and 

an organic vapor uptake utilizing beagles. 
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* 

3.2 PREVIOUS INVESTIGATIONS 

A number of environmental studies have been conducted at the LEHR site since 

1984. The studies have been performed for both UC Davis and DOE. A summary of the 

environmental studies conducted to date is presented below. Additional information on 

results from previous investigations can be found in the reports for each investigation and 

in the work plan for this project. 

3.2.1 Initial Assessment Survey 

Rockwell International conducted an Initial Assessment Survey of the LEHR 

site in October 1984 for DOE. During this survey, a total of 22 soil samples were 

collected and analyzed for the Initial Assessment Survey. Results of these analyses 

indicated radium-226 and strontium-90 activity up to 0.204 pCi/g and 0.07 pCi/g, 

respectively, in the Radium-226 Dry Well area. Strontium-90, radium-226 and 

carbon-1 4 activity were reported at levels of 3.94 pCi/g, 17.3 pCi/g and 1.160 

pCi/g, respectively, in the Southwest Chemical Dispensing area. The highest 

reported measurement of tritium activity was from the sample in the southeast 

corner of the eastern dog pens at 208 pCi/g. An intact vessel of concentrated 

Dieldrin w+i$:uriearthed . . in a? expIoratory.trenctr, Soil samples from the same 
vim ripioc*titd very I& concentrations o* these same pesticides. 

. . 
. . . . . . . . . .  . . .  . . . . . . . . . .  " . . . . . . . . . . . . . . . .  - ,*, . . .  ... 

3.2.2 Phase l l n v e s t i w  

Wahler Associates performed a Phase I investigation for both DOE and UC 

Davis. The Phase I Investigation consisted of 43 soil borings, the installation and 

sampling (two rounds) of nine groundwater monitoring wells (UCD-1 through UCD- 

9). and the excavation of 1 6  backhoe trenches. Sample analysis results reported 
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that groundwater wells UCD-8 and UCD-9 contained several volatile organic 

compounds including chloroform at concentrations up to 41.9 mg/L. Reported - 

concentrations of chromium in groundwater were elevated compared to 

background; however, it is not known if groundwater samples analyzed for metals 

were filtered. Strontium-90 and radium-226 activity were reported in soil samples 

from the Radium-226 Dry Well area at measurements up to 1.6 pCi/g and 

1.23 pCi/g, respectively, and strontium-90 activity was reported in samples from 

soil in the Strontium-90 Leach Field area at measurements up to 0.02 pCi/g. 

Tritium activity was reported in one sample from UCD-1 in the northwest corner of 

the site at 102 pCi/g, and one exploratory trench in the Southwest Disposal Area 

contained measurable activity of radiation up to 2,500 cpm using a hand-held 
survey meter. 

3.2.3 %lid Waste Assessment Tea  

The Solid Waste Water Quality Assessment Test (SWAT) Report was 

prepared for UC Davis to assess the possibility of leakage from the three Old UC 

Davis Landfill disposal units located on and adjacent to the LEHR site and the 

potential impacts to groundwater, surface water, .vadose-zone water and.soil. . 
Analytical results of the SWAT reported that groundwater downgradient of Landfill 

Units 1 and 2 contain several VOCs including chloroform up to 17 mg/L, and 

elevated levels of general water quality parameters. Hexavalent chromium was also 

elevated (up to 0.38 mg/L) in UCD-11. Groundwater samples from UCD-8 and 

UCD-13 have measured tritium and carbon-1 4 activity up to 36,269 pCi/L, and 

2,702 pCi/L, respectively. 

Analytical results for the water and sediment samples collected from Putah 

Creek found hexavalent chromium in water samples ranging from 0.01 to 0.03 

mg/L and in sediment samples from less than 0.1 to 0.3 mg/Kg. Xylenes were 

reported in water samples ranging from 0.28 to 0.58 pg/L. Bromodichloromethane 

and chloroform were reported in water samples up to 0.54 and 2.50 pg/L 
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respectively. Gross alpha activity was reported up to 6.0 pCi/L in water and 1.5 

pCi/g in sediment samples. Gross Beta activity was reported up to 23 pCi/L in 

water and 2.9 pCi/g in sediment. StrontiumZ9O activity was reported up to 4.1 

pCi/L in water and was not reported in sediment samples. No tritium activity was 

reported in water or sediment samples. 

3.2.4 Waste Burial Trench lnvestiaation 

During this investigation, eighteen exploratory trenches were excavated and 

Ground Penetrating Radar (GPR) surveys were conducted in the vicinity of the burial 

trenches. During trenching activities, UC Davis personnel collected and analyzed 

three grab soil samples to better assess impacts from waste burial trenches used by 

UC Davis. Results of soil samples collected from trenches located just north of 

UCD-12 reported measurements of radium-226 and thorium activity at 0.44 pCi/g 

and 0.51 pCi/g, respectively. Chlordane and tritium were reported in soil samples 

analyzed from this same area at 688 pg/kg and 0.61 pCi/g, respectively. 

3.2.5 Qld UC Davis Landfill Additional Characterization 

As part of the Old UC Davis ~andfi1l:Additional Characterization, two CPT 

and Hydropunchm investigations were performed in April 1991 and September 

1991 to  address comments and recommendations by the RWQCB on the SWAT 

report for the Old UC Davis Landfill. 

Results of analysis of Hydropunchm samples reported chloroform, nitrate, 

hexavalent chromium, and tritium at elevated concentrations up to 59.0 mg/L, 68.4 

mg/L, 0.34 mg/L, and 2,220 pCi/L, respectively, downgradient of Landfill Units 1 

and 2 in the first hydrostratigraphic unit (HSU). 
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3.2.6 Phase II Site Crh- 
. . 
lzatlm 

During the Phase II Site ckaracterization of LEHR, 10 groundwater 

monitoring wells were installed, and 10 soil borings (10 to 30 feet deep) and 28 

shallow soil borings (less the two feet deep) were drilled to further characterize the 

site. Over 200 soil samples were collected and analyzed for various chemical and 

radiological parameters. The objective of the investigation was to  further assess 

potential sources and to evaluate the geologic and hydrogeologic relationships at 

the site in order to present a conceptual model to explain interrelationships between 

site sources and environmental impacts. Results of the investigation are presented 

in the Phase II Site Characterization ~ e ~ o r t .  The results indicate that there has 

been impact to  the environment that may be from the source areas identified during 

the investigation. 

The results of samples collected in the southwest area reported the highest 

detections of gross alpha, gross beta and tritium activity. No volatile organic 

compounds (VOCs) were reported. Mercury was reported in all soil samples 

collected from this area at levels greater than the highest levels reported for 

samples collected 'from off-site. 

In the soil samples collected from the radium-226 area, the highest detection 

of nitrate was reported. Reported detections of radium-226 activity were lower 

than the highest reported detection from samples collected off-site. Strontium-90 

activity and hexavalent chromium were reported at levels higher than the maximum 

levels reported from off-site samples. 

In the soil samples from the strontium-90 area, no strontium-90 or tritium 

activity was reported an radium-226 activity was reported at levels less than the 

maximum activity levels reported from off-site samples. Hexavalent chromium was 

reported at levels higher than the maximum levels reported from off-site samples. 
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Nitrate and chlordane were reported at elevated levels in the dog pen areas. 

The highest reported activity of radium-226 or strontium-90 was at or below the 

highest activity levels reported off-site, and in the north chemical dispensing area, 

chlordane, nitrate and mercury were reported at levels higher that the highest 

. reported detection in samples from off-site. 

During the quarterly groundwater monitoring, several metals, VOCs, 

pesticides, nitrate, and tritium have been reported at levels above drinking water 

standards. The metals, and nitrate have been reported above drinking water 

standards in wells both upgradient and downgradient of the LEHR site. Pesticides 

have only been reported in three wells along the upgradient border of the LEHR site. 

VOCs and tritium are typically above drinking water standards in wells 

downgradient of the UC Davis landfill units and trenches. 
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4.0 SUMMARY OF WORK 

The types of activities to be conducted during the Remedial InvestigationIFeasibility 

Study are briefly presented below. Specific details regarding this investigation are 

presented in the LEHR RIIFS Work Plan and Sampling and Analysis Plan. 

4.1 BACKGROUND STUDY 

A background study will be conducted to evaluate regional background 

concentrations of metals, chemicals and radiological constituents of concern found in soils 

at the LEHR site. During this background study, soil borings will be drilled in various 

offsite locations around the LEHR site. During drilling activities, soil samples will be 

collected and shipped to an analytical laboratory for radiological and chemical testing. 

Prior to conducting work in off-site locations, the lnvestigation Contractor will 

contact UC Davis personnel to identify if experimental pesticides or other potential 

contaminants of concern are located in areas where contractor personnel will be 

conducting the drilling program. If experimental pesticides are located in the work area, 

UC Davis will provide the contractor with information concerning the physical and 

chemical properties and health hazards-associated- with-each pesticide; The PHSM will 

then evaluate the information and issue an addendum to this HSP, if conditions warrant 

special considerations, prior to work being conducted in any offsite location. In addition, 

the lnvestigation Contractor will maintain control of all gates used to enter an offsite work 

location to  prevent inadvertent lock-ins or lock-outs. 
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4.2 DOE BURIAL AREAS, TRENCHES, AND THE DISPOSAL BOX 

A surface geophysical survey will be conducted to locate the DOE disposal box and 

the DOE disposal trenches. Once located, a soil gas and radiological survey will be 

conducted to assess general levels of VOCs and radionuclides .in the subsurface. 

Exploration trenches will then be excavated to  a depth of one to two feet below the 

disposal trench-natural soil interface to obtain information on the depth and contents of 

the disposal trenches and the disposal box. While the exploration trenches are open, soil 

samples will be collected from the trench sidewalls for chemical and radiological analysis. 

Soil samples will be collected using remote sampling techniques (i.e., collecting samples 

from the backhoe bucket); site personnel will not enter trenches or excavations that are 

deeper than five feet or that are constructed in Type C soil during this investigation. 

In addition, two stages of soil borings will be drilled in the area of the disposal 

trenches and the disposal box. The first stage borings will be drilled to collect additional 

samples of potential source materials and of the underlying soil to  obtain data on source 

strengths and constituent types. Based on first stage sample analytical results, second 

stage borings will be drilled to further evaluate lateral and vertical extent of identified 

constituents and to obtain data on the physical characteristics of soils beneath the 

sources. Surface soil samples will also be collected in the locations of selected borings. 

4.3 RADIUM-226 TREATMENT TANK AND LEACH SYSTEM 

A surface geophysical survey will be conducted to locate the seepage trench 

associated with the radium-226 treatment system. Several backhoe trenches will then be 

excavated to  confirm the location of the seepage trench. While these trenches are open, 

soil samples will be collected from the trench sidewalls for chemical and radiological 

analysis. Soil samples will be collected using remote sampling techniques (i.e., collecting 

samples from the backhoe bucket); site personnel will not enter trenches or excavations 

that are deeper than five feet or that are constructed in Type C soil during this investigation. 



HEALTH AND SAFETY PLAN Chapter No.: 4.0 
RllFS WORK PLAN Appendix C Revision: 0 
LEHR ENVIRONMENTAL RESTORATION Effective Date: 08 /31  194 

Psqb 4.3 of 4.8 

Soil borings will then be drilled immediately adjacent to the radium-226 treatment 

tank, the three dry wells, and the seepage trench. Soil samples will be collected from the 

borings to evaluate the vertical and lateral extent of chemical and radiological constituents. 
- - 

To evaluate residual radiological constituents that may be present in leach lines, 

distribution boxes, and dry well access areas, wipe samples will be collected from these 

structures. The wipe samples will be collected using cotton swipes soaked in high grade 

alcohol. 

4.4 STRONTIUM-90 LEACH SYSTEM 

A surface geophysical survey will be conducted to locate the two leach fields 

associated with the strontium-90 treatment system. Backhoe trenches will then be 

excavated to confirm the location of the leach fields. While these trenches are open, soil 

samples will be collected from the sidewalls for chemical and radiological analysis. Soil 

samples will be collected using remote sampling techniques (i.e., collecting samples from 

the backhoe bucket); site personnel will not enter trenches or excavations that are deeper 

than five feet or that are constructed in Type C soil during this investigation. 

Soil borings will then be drilled .adjacent to-the leachfields and the strontium-90 

treatment tank. Soil samples will be collected from these borings for chemical and 

radiological analysis. 

Wipe samples will be collected to evaluate' the chemical and radiological 

constituents that may be present in the leach lines and distribution boxes. Wipe samples 

will be collected from the interior surfaces of the structures using cotton wipes soaked in 

high grade alcohol. 
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4.5 DOMESTIC SEPTIC TANKS 

This task involves locating the seven abandoned domestic septic tanks and 

associated leach fields at the LEHR sia. Three of the septic tanks at LEHR were observed 

by partial excavation during the Phase II Site Characterization. The location of one tank 

was also tentatively confirmed. Relatively non-invasive exploration methods, such as 

surface geophysical surveys and hand probing, will be used in initial attempts to locate the 

other five tanks. If a tank cannot be positively located using these methods, then backhoe 

or hand excavation will be used to explore for the septic tanks. 

After the location of a tank is confirmed, a backhoe will be used to remove 

pavement and soil overlying the tank for purposes of evaluating the tank's condition. A 

sample of the contents of the tank will then be collected via remote sampling techniques. 

The septic tanks will not be entered at any time during the RIJFS, thus confined space 

entry techniques are not covered in this HSP. In addition, site personnel will not enter 

trenches or excavations that are deeper than five feet or that are constructed in Type C 

soil during this investigation. 

After the material at the bottom of the tanks has been sampled, the tank will be 

backfilled so that a truck-mounted drill rig can be set up over the tank for additional . 

subsurface sampling. Soil borings will be drilled so that samples can be collected from soil 

beneath the leach field distribution lines. Wipe samples will also be collected from an 

inside surface of the effluent leach lines. 

4.6 WESTERN DOG PEN AND NORTH CHEMICAL DISPENSING AREAS 

In 1975, 64 outdoor dog pens were removed to allow for construction of the 

Cellular Biology Laboratory. Construction of the laboratory building is such that the 

southern half of the building covers the area originally occupied by the former dog pens. 

This area was not assessed during the Phase II Site Characterization. 
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During this investigation, soil samples will be collected from borings drilled in the 

vicinity of the previously existing dog pens and the north chemical dispensing area. Soil 

samples will be collected from depths of five to twenty feet in the existing western dog 

pen area to further assess the extent of contamination. Soil samples will be analyzed for 

chemical and radiological parameters. 

4.7 UC DAVIS BURIAL TRENCHES 

This task will be performed to locate the UC Davis trenches along the southern 

boundary of LEHR and between UC Davis landfill units number one and two. Trenches will 

be located by conducting a surface geophysical survey. A soil gas and radiological survey 

will then be conducted to assess general levels of VOCs and radionuclides in the 

subsurface. 

Based upon the results of the soil gas and radiological survey, backhoe trenches will 

be excavated to a depth of approximately one to two  feet below the disposal trench- 

natural soil interface to obtain information on the contents and depth of the disposal 

trenches. While the exploration trenches are open, soil samples will be collected from the 

trench sidewalls for chemical and radiological analysis. Soil samples will be collected using 

remote sampling techniques (i.e., collecting samples from the backhoe bucket); site 

personnel will not enter trenches or excavations that are deeper than five feet or that are 

constructed in Type C soil during this investigation. 

Two stages of soil borings will then be drilled in the areas of the UC Davis trenches 

to evaluate lateral and vertical extent of identified site constituents and obtain data on the 

physical characteristics of soils beneath the trenches. Soil samples will. be collected during 

drilling activities and analyzed for chemical and radiological parameters. In-situ 

groundwater samples will also be collected from selected borings and analyzed for 

chemical and radiological parameters. 
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4.8 UC DAVIS LANDFILL UNITS 

The UC Davis landfill units will be located using surface geophysical techniques. 

A landfill gas and radiological survey will then be conducted to obtain screening 

information concerning the contents of the landfill units. This information will be used to 

identify "hot spots" and to optimize locations for confirmation soil borings. 

Two stages of soil borings will then be drilled. The first stage soil borings will be 

drilled to collect samples of refuse from within the disposal units, samples of soil directly 

beneath the refuse, and to evaluate for the presence of leachate. Based on first stage 

sample analytical results, the second stage borings will be drilled to evaluate lateral and 

vertical extent of identified constituents of concern and obtain data on the physical 

characteristics of soils beneath the landfills. In-situ groundwater samples will be collected 

and analyzed from selected second stage soil borings. 
i 

If  additional information is required to evaluate the contents of the landfill units, 

backhoe trenching may be conducted. 

4.9 GROUNDWATER AND SURFACE WATER INVESTIGATION 

To further characterize the groundwater and surface water at LEHR, the following 

investigative tasks will be conducted: 

Quarterly monitoring of surface water and the existing groundwater 

monitoring network will continue; 

A* CPTNydropunch investigation will be conducted in the areas to  the east 

of LEHR to  optimize monitoring well locations; 
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New groundwater monitoring wells will be installed to evaluate lateral and 

venical extent of impacts; 

Slug tests will be completed on all new monitoring wells installed, and a 

pumping test will be conducted at or near LEHR; 

A surface water study will be conducted to evaluate potential upstream 

water sources and leakage from Putah Creek to the first hydrostratigraphic 

unit: and 

Stormwater samples will be collected from stormwater collection areas 

during two storm events. 

4.10 VEGETATION SAMPLING 

Reconnaissance surveys will be performed to provide a consistent and 

encompassing view of area habitats and to provide qualitative observations for relative 

comparisons among.vegetation/land use types. After performing the reconnaissance 

surveys, vegetation samples will be collected from agricultural areas, if possible, and from 

adjoining land parcels. Vegetation samples will-mainly consist of grasses, flowers, twigs, 

forbs, shrubs, and various types of vegetation that are indigenous to the area. 

If chemical analytical data in soil or vegetation indicate the potential for adverse 

impacts to terrestrial receptors, mammals may be collected for chemical tissue analyses. 

At  each area of concern, a shon small-mammal trapline or grid will be established 

consisting of Sherman live traps and museum special snap traps. The traQs will be set out 

for a maximum of six days. All mammals caught will be retained, observed and iasted if 

conditions warrant analytical testing. 
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4.1 2 AQUATIC COLLECTION 

The purpose of the aquatic sampling program is to: (1) collect tissue for analysis, 
and (2) characterize fish inhabiting nearby surface water bodies. Putah Creek is expected 

to be the only potentially impacted aquatic system. 

Fish sampling may be used to document fish species occurrence, relative 

abundance and to determine bioaccumulation levels of compounds in muscle tissue and 

surface water sampling locations. The creek sampling locations will be selected based on 

the occurrence of fish. 

Fish may be collected at each sample location using a variety of methods including 

gill netting, seining, minnow trapping, and electroshocking, depending upon creek 

conditions at the time of sampling. The collected fish will be identified, weighed and 

measured, and samples of fish bodies and filets (from edible species) will be analyzed if 
conditions warrant. 
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The Investigation Contractor will have site safety and health oversight and 

coordination responsibilities for contractor personnel; each subcontractor will be held 
accountable for the safe and healthful performance of work by each of their employees, 

subcontractor, or support personnel who may enter the site. 

5.1 PROJECT MANAGER 

The Project Manager (PM) shall direct onsite operations. The PM may delegate all 
or part of these duties to a properly-qualified employee who is designated as the Site 

Manager. At  the site the PM, assisted by the Site Safety Officer (SSO), has primary 

responsibility for: 

1. Seeing that appropriate personal protective equipment and monitoring 
equipment is available and properly utilized by all onsite personnel; 

2. Documenting that site personnel are aware of the provisions of this plan, are 
aware of the provisions of the LEHR Radiological Control Manual, are 

instructed in the work practices necessary to  ensure safety, and are familiar 

with planned procedures for dealing with emergencies; 

3. Documenting that all onsite personnel have completed a minimum of 40 

hours of health and safety training and have appropriate medical clearance 

as required by 8 CFR 51 92 (f), and have been fit tested for the.appropriate 

respirators; 
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4. Documenting that all onsite personnel who will be working in areas that are 

known to contain or are suspected of containing radioactive material or 

contamination are Radiation Worker Level I or II qualified, as stipulated in 

DOE Order N5480.6, the LEHR Rad Con Manual, and Section 13.4 of this 

HSP; 

5. Seeing that site personnel are aware of the potential hazards associated with 

site operations; 

6. Monitoring the safety performance of all site personnel to see that the 

required work practices are employed; 

7. Correcting any work practices or conditions that may result in injury or 

exposure to hazardous chemicals or radioactive materials; 

8. Preparing and submitting to the PNL Project Manager and the PHSM any 

accidentlincident reports for site activities (see Section 12.6.4). and any 

unusual Radiological Occurrence Reports as described in Section 12.7; 

9. Seeing to the completion of the Safety Plan Compliance Agreement forms by 

all site personnel (See Attachment A); 

10. Halting site operations, i f  necessary, in the event of an emergency or to  

correct unsafe work practices; 

11. Reviewing and approving this project Health and Safety Plan; 

1 2. Seeing that.the Investigation Contractor's Injury and Illness Prevention 

Program is effectively implemented during site activities; 
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L- 

13. Seeing that the lnvestigation Contractor's Bloodborne Pathogen Program is 

effectively implemented during site activities; and 

14. Notifying the PNL Project Manager in the event of any loss of radioactive 

material. 

5.2 SITE SAFETY OFFICER 

With the approval of the PHSM, the Site Safety Officer's (SSO) duties may be 

carried out by the PM, the site manager, or other appropriately qualified personnel. The 
sso: 

1. Implements this project Health and Safety Plan and the LEHR Radiological 

Control Manual (LEHR Rad Con Manual) and reports any deviations from the 

anticipated conditions described in these documents to the PM, and, if 

necessary, the PHSM. 

2. Sees that a copy of this HSP and LEHR Rad Con Manual are located onsite - 
at all times. 

3. Sees that monitorivg equipment is used properly by project personnel and is 

performance checked and utilized in accordance to the lnvestigation 

Contractor's Radiological Operating Procedures (located in Appendix A of the 

Work Plan) and the manufacturer's instructions, and that results are properly 

recorded and filed. (See Attachment 1 for Daily Calibration Check Sheet). 

4. Verifies that project personnel have current Fit-For-Duty medical and training 

authorizations. 

5. Maintains training certificates and Fit-For-Duty Medical authorizations at the 

site for possible agency review. 



HEALTH AND SAFETY PLAN 
RIIFS WORK PLAN 
LEHR ENVIRONMENTAL RESTORATION 

Chaptor No.: 6.0 
Appondix C Revision: 0 

Effective Date: 08131 194 
Pago 5.4 of 5.1 1 

6. Assumes any other duties as directed by the PM or PHSM. 

7 .  Coordinates with the PHSM and the Occupational Physician to identify 

personnel for whom specific PPE or exposure monitoring may be required or 
desirable. 

8. Conducts daily safety meetings as outlined in Section 13.9 and completes 

the Site Safety Briefing Report located in Attachment G. 

9. Completes and posts a Hazardous Work Permit prior to the start of field 

operations as described in section 13.10. 

10. Provides ongoing review of the protection level needs as project work is 

performed, and informs the PM of the need to upgradeldowngrade 

protection levels as appropriate. 

1 1. Maintains a daily record of personnel activities, monitoring activities, 

exposure results, radiological exposure results, exposure symptoms; and 

incidents. 

1 2. Sees that decontamination procedures listed in Chapter 10 are followed by 

project personnel. 

13. Halting site operations, if necessary, in the event of an emergency or to 

correct unsafe work practices. 

14. Reviews and approves this project Health and Safety Plan. 

15. ~aintain's a daily log of personal entry and exit. 
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16. Maintains a chemical inventory list and material safety data sheets (MSDSs) 
for all hazardous chemicals brought onsite by contractor and subcontractor 
personnel. 

17. Implements the Investigation Contractor's Injury and Illness Prevention 
Program as described in Chapter 16.0; and 

18. Implements the Investigation Contractor's Bloodborne Pathogens Program 
(See Attachment Q). 

19. Coordinates activities with RCT to minimize overlaplredundancy of duties. 
- 

5.3 RADIOLOGICAL CONTROL TECHNICIAN 

The Radiological Control Technician (RCT) shall be qualified per the Rad Con Tech 

course of study, or shall have equivalent certification k g . ,  NNRPT) as outlined in the 

LEHR Radiation Control Manual. The RCT is responsible for monitoring for radioactive 

contamination during all invasive work activities. In addition, the RCT shall: 

1. Conduct radiation monitoring as outlined in Section 7.4. 

2. See that all radiological equipment is calibrated in accordance with the 
manufacturers' instructions. 

3. Coordinate personal dosimeter monitoring with UC Davis Health and Safety 
personnel. 

4 Complete a Hazardous Work Permit form (located in Attachment H) prior to  
the start of work in each work area where radioactive materials are present 
or presumed to be present. 

5. Record results of all radiological monitoring. 
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6. See that all site personnel are using TLD badges correctly and maintain 

accountability for all assigned devices and records generated from use. 
- 

7 .  Along with the SSO, see that the proper personal protective equipment is 

worn by site personnel, as indicated by instrument readings and site 

conditions. 

8. Conduct radiological monitoring for skin contamination after site personnel 

have undergone decontamination procedures. 

9. Implement engineering controls and ALARA principles as directed by the 

Project Health Physicist. 

10. Document the occurrence of unusual radiological events or occurrences as 

described in Section 12.7. 

11. Maintain all radioactive sources used to conduct performance checks for 

instruments, etc., and notify the PM and the PNL Project Manager or the 

Radiation Control Manager in the event of any loss of radioactive material as 

described in Article 41 1 of the LEHR Rad Cdn Manual. 

12. Maintain all radiological records as described in Section 17.2. 

5.4 PROJECT HEALTH PHYSICIST 

The Project Health Physicist shall: 

1. Direct the activities of the RCT. 

2. Review unusual radiological monitoring results and assist with the 

preparation of unusual occurrence reports. 
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3. Review radiological survey results prior to the initiation of soil handling 

activities. 

4. Implement, in conjunction with the RCT, time, distance, and shielding 

techniques or contamination control procedures at the site if radiological 

monitoring activities indicate results above the action limits/exposure limits. 

5. Evaluate all radiological exposure results above their respective action limits, 

and evaluate the need for increases in 'personal protective equipment 

associated with previous and current exposure results. 

6. Calculate sampling intervals, sampling equipment to be used, and 

measurement protocols for all radiological monitoring equipment. 

7 .  Assist the RCT in preparing Hazardous Work Permits as described in Section 

13.10. 

5.5 PROJECT HEALTH AND SAFETY MANAGER 

The Project Health and Safety Manager (PHSM) shall: 

1. Oversee the activities of the Site Safety Auditor (SSA) in conducting weekly 

audits of the operation to evaluate compliance with this plan. 

2. Provide health and safety support as requested by the SSA, SSO and PM. 

3. Assign appropriately trained personnel to function as SSOs. 

4. Evaluate suggested changes or modifications to  this HSP. 
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5. Maintain the project OSHA Form 200, "Log and Summary of Occupational 

Injuries and Illnesses". 

5.6 SITE SAFETY AUDITOR 

The Site Safety Auditor (SSA) is. , a:. .... Certified .,. .,.... ...... . Industdal:~Hy.g.ie~ist . . . . . ,  . . . . . . . . . . . . . . . . . . . . . . . .  ;;,who .. functions as 
the PHSM's and PHP's health and safety liaison for this project. The SSA shall: 

1. Conduct the opening site safety briefing. 

2. Visit the site on a weekly basis and conduct and document weekly site 

audits during all invasive activities at the LEHR site to evaluate compliance 

with the requirements of this HSP . 

3. Provide oncall health and safety support to the SSO and RCT. 

4. Conduct industrial hygiene and noise monitoring as directed by the PHSM. 

5.7 PROJECT PERSONNEL 

Project personnel involved in onsite investigations and operations are responsible 

for: 

1. Taking all reasonable precautions to  prevent injury to  themselves and to  their 

fellow employees. 

2. Performing only those tasks they believe they can do safely, and 

immediately reporting any accidents and/or unsafe conditions to the SSO or 

PM. 
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\- 

3. Implementing the procedures set forth in this Health and Safety Plan and the 

LEHR Radiological Control Manual, and reporting any deviations from these 

procedures to  the SSO or PM for action. 

4. Notifying the Occupational Physician of any special medical problems (i.e., 

allergies). 

5. Attending all required site safety briefings and adhering to the procedures 

specified in the site safety briefing, this HSP, and the LEHR Rad Con Manual. 

6. Reviewing this project Health and Safety Plan and the LEHR Rad Con Manual 

and signing the acceptance form. 

Personnel responsible for work on this site and for conducting work on this site 

include: 

Project Manager/ Joseph Niland, R.G. 
Project Coordinator Dames & Moore 

Site Safety Officer Gary Dickenson 
Dames & Moore 

Project Site Safety Patricia L. Facino, CIH 91 6-387-7567 (w)  
Auditor Dames & Moore 9 16-858-1 368 (h) 

Project Health Physicist Fred L. W. Duncan, CIH, CHP 303-299-7923 (w)  
Dames & Moore 303-666-821 7 (h) 

Radiological Control TBD 
Technician Dames & Moore 

Project Health and John G. Danby, CIH 
Safety Manager Dames & Moore 
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5.8 SUBCONTRACTOR'S SAFETY REPRESENTATIVE 

Each subcontractor is requested to designate a Subcontractor's Safety 

Representative (SSR), who is the subcontractor supervisor. The SSR is responsible for the 

safe and healthful performance of work by his work force and subcontractors in full 

compliance with this health and safety plan, the LEHR Radiological Control Manual and 

applicable federal, state, and local regulations. During the subcontractor's activities 

onsite, the SSR will perform continuing work area inspections. and conduct safety 

meetings and safety orientations for all new employees. The SSR will attend periodic 

safety meetings with the SSO. The SSR will also investigate accidents and overexposures 

involdinh subcontractor personnel. Each SSR is responsible for: 

1. Seeing that appropriate personal protective equipment and monitoring 

equipment is available and properly utilized by their onsite personnel; 

2. Establishing that their onsite personnel are aware of the provisions of this 

plan, the provisions of the LEHR Rad Con Manual, are instructed in the work 

practices necessary to ensure safety, and are familiar with planned 

procedures for dealing with emergencies; 

3. Establishing that their onsite personnel have completed a minimum of 40 

hours of health and safety training and have appropriate medical clearance 

as required by 8 CCR 51 92 (f), and have been fit tested for the appropriate 

respirators (all certificates are to be available on site); 

4. Establishing that their onsite personnel who will be working in areas that are 

known to have or suspected of containing radioactive material or 

contamination are radiation worker (Level II) qualified as stipulated in DOE 

Order N5480.6, Chapter 6, Pan 3; 
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5. Seeing that their onsite personnel are aware of the potential hazards 

associated with site operations: 

6.  Monitoring the safety performance of their onsite personnel to see that the 

required work practices are employed; 

7 .  Correcting any work practices or conditions that may result in injury or 

exDosure to hazardous substances; 

8 .  Preparing any accidentlincident reports for their activities; 

9. Seeing to the completion of the Safety Plan Compliance Agreement form by 

their onsite personnel (See Attachment A); 

10. Implementing their firm's Injury and Illness Prevention Program, which 

includes having a copy available onsite for agency review; 

1 1. Halting their site operations, if necessary, in the event of an emergency or to 

correct unsafe work practices; and 

12. Reviewiqg and approving this project health and safety plan. 
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6.0 408 HAZARD ANALYSIS 

Previous investigations have indicated the presence of very low levels (mostly 

below drinking water standards) of radiological contamination in groundwater, and similarly 

low levels of strontium-90. radium-226, and cesium-1 37 in the soil. Higher levels of 

tritium (< 4500 pCi/g) have been found in waste disposal trench grab samples and in some 

soil boring samples. 

Chemical hazards that may be present at the site include laboratory reagents and 

chlordane insecticide (0.69 ppm), which was used for flea control. One existing well 

(UCD-12) has shown elevated levels of chloroform (24 ppm). Methylene chloride (0.01 

ppm) has also been found sporadically in groundwater, and hexavalent chromium has been 

found in both soil and groundwater at the LEHR site ranging up to 0.34 ppm. Anht&d .................................... 

v e d .  of c&nbste& . pesticid&..tturt.contah& . 68% heptschfm, 4. E% Carbophenotw"& . ..,.,..v.. 
and 0.38%. Etici~drk was w?r(hed in an expfoiatwy;:,treqk 

' 

Invasive~opeistion&, i-ruding . . .  drilling and, ......... test pit; excavating;, will, be conducted-@ 
andor in the iminediate . . vicinity of landfiits and' burial trenches. these areas have nok:w -.. 

b6en:,:c har=c.fei ;k& :'lg"di;i .i..s;'ie asona.Ie,iiia *.:: mtttatri.brd; ken:; ::.;: inta ontainers;;:af *.': . . . . . . .  ............................................... ...................................................................................................................... . . . . . . . . . . . . . . . . . . . . . . .  
................................................................. . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . .  .......................... 

chamlc& ........,..... magii:,~ia,n~~unter&..,:d~ri'~g:j.~es8. acti~ties..:'i:~~xposures to them ica 1 and ......... :::( .........:.:.....IL ........................ ,........ .............................................. \.. ............ 

radiological contaminants may occur during sampling activities. Potential routes of 

exposure are: dermal contact or absorption of organic compounds; ingestion of 

contaminants, especially if good decontamination and personal hygiene practices are not 

followed; and inhalation of volatile organic solvent compounds from exposed soils as well 

as chemical or radiological contaminants from resuspended dusts. 

Potential physical hazards at this work site include those associated with: 
yr,. . 

e heat stress and cold stress; 

e slip-trip-fall type of accidents: 
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sharp objects such as broken laboratory glassware, needles, and scalpels 

disposed of in burial areas and disposal trenches; 

excessive noise from heavy equipment; 

drilling hazards: 

fire or explosion associated with uncovering of containers of unstable of 
flammabis.chemicals: 

trenching and excavation hazards; 

l insect bites and stings; 

l back injuries due to improper lifting; 

l being caught in or struck by moving equipment; and 

electrocution or explosion hazards associated with drilling or excavation 

activities, such as contact with overhead or underground power lines or 
pipelines. 

6.1 HEAT STRESS AND COLD STRESS RECOGNITION AND CONTROL 

The wearing of Personal Protective Equipment (PPE) can place a hazardous waste 

worker at considerable risk of developing heat stress. This can result in health effects 

ranging from transient heat fatigue to serious illness or death. Heat stress is caused by a 

number of interacting factors, including environmental conditions, clothing, work load, and 

the individual characteristics of the worker. Because heat stress is probably one of the 

most common (and potentially serious) illnesses at hazardous waste sites. the SSO will 
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conduct regular monitoring and see that site personnel observe other preventive heat 

stress measures. 

Heat stress monitoring should commence when personnel are wearing PPE, 

including Tyveka-type coveralls, and the ambient temperature exceeds 70°F. If standard 

work garments (cotton coveralls) are worn, monitoring should commence at 85°F. (NIOSH 

Publication "Occupational Safety and Health Guidance Manual for Hazardous Waste Site 

Activities", October 1985). 

6.1.1 Sians. Svmotoms and First Aid 

mt rash - (prickly heat) may result from continuous exposure to heat or 

humid air. It appears as red papules (elevated skin lesion), usually in areas 

where the clothing is restrictive, and gives rise to  a prickly sensation, 

particularly as sweating increases. It occurs in skin that is persistently 

wetted by unevaporated sweat. The papules may become infected unless 

treated. 

First Aid for Heat Rash - to prevent heat rash: shower after work, dry off 

thoroughly, and put on clean, dry underwear and clothes. Try to stay in a 

cool place after work. If, in spite of this, heat rash develops, a physician 

should be consulted. 

Heat Cramos - are caused by heavy sweating with inadequate electrolyte 

replacement. Signs and symptoms include: 

muscle spasms 

pain. in the hands, feet and abdomen 

First Aid for Heat Cramps - The worker is to leave the work area, and rest in 

a cool, shaded place. Provide one or two glasses of electrolyte replacement 
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drink, and encourage the worker to gently massage the cramped muscle. 
Once the spasms disappear, the worker may return to work. Taking 

adequate breaks and drinking electrolyte replacement drink should prevent 

the cramps from returning. 

Heat exhausfipn - occurs from increased stress on various body organs 

including inadequate blood circulation due to cardiovascular insufficiency or 

dehydration. Signs and symptoms include: 

pale, cool, moist skin 

heavy sweating 
dizziness 
nausea 

fainting 

The key here is that the victim is still sweating, so the cooling system is still 

working; it's just under severe stress. The body core temperature should 

still be near normal. It is important to recognize and treat these symptoms as 

soon as possible, as the transition from heat exhaustion to the very 

hazardous heat stroke can be quite rapid. 

First Aid for Heat Exhaustion - The individual is to leave the work area 

immediately, go through decon and remove all chemical protective clothing. 

The victim is to rest in a cool, shaded place with clothing open to allow air 

circulation; victim is to lay flat except when taking fluids. Provide cooled 

electrolyte replacement drinks. The victim is not to return to work until 

cleared by a physician. Medical assistance should be summoned. 

Heat stroke - is the most serious form of heat stress. Temperature 

regulation fails and the body temperature rises to critical levels. Immediate 
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action must be taken to cool the body before serious injury and death occur. 

Competent medical help must be obtained. Signs and symptoms are: 

• red, hot. usually dry skin 
• lack of or reduced perspiration 

nausea 

dizziness and confusion 

• strong, rapid pulse 

coma 

First Aid for Heat Stroke - THIS IS A MEDICAL EMERGENCY! SUMMON 

MEDICAL ASSISTANCE IMMEDIATELY! Remove the victim from the work 

area, perform a gross decon, and remove all PPE. Have the victim lie down 

in a cool, shady area. Attempt to  bring the victim's temperature down by 
increasing air movement (electric fan) or placing wetted sheets or towels on 

them. Place an ice bag on the victim's head. The victim must not be sent 

home or left unattended without a physician's specific order. 

6.1.2 Heat Stress Prevention 
. - 

The best approach to  avoiding heat-related illnesses is through preventative 

heat stress management. The SSO, with the assistance of the SSA, is responsible 

for implementing this program. 

Rest areas - a relatively cool, shaded area must be provided for breaks when 

ambient temperatures exceed 70°F and workers are wearing chemical 

protective clothing (including uncoated Tyvek), or if temperatures exceed 

85'F and workers are wearing "Level D" coveralls or work clothes. A car or 

van is an oven, not a rest area. The rest area should be located in the 

support zone adjacent to the contamination reduction zone, situated so that 

part of it is in the decon area; this will permit workers to  take breaks without 
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going through full decon. If shade is not available, build some: use a plastic 

"dining canopy", which can be obtained at sporting goods stores. This same 

type of canopy can be set up to shade personnel performing hand auguring 
in hot weather. 

Liauids - encourage employees to drink cool water and electrolyte 

replacement drinks, such as Gatorade, Squench or Quik-kick (drink), 
frequently. Replacement drinks are preferred to plain water. OSHA prohibits 

a "community cup"; use paper cups. Have workers drink 16 ounces of drink 

before beginning work, such as in the morning and after lunch. At each 

break, workers should take 8-1 6 ounces of drink. Don't wait until you are 

thirsty to drink. 

Discourage the use of alcohol during non-working hours, and discourage the 

intake of coffee during work hours, as these make heat stress control more i 
difficult. 

A c c l i m a m  
. . - this is the process by which the body "gets used to" hot 

work environments. This is achieved by slowly increasing workloads. One 

should start at 50 percent capacity on day one, and increase by 10 percent 

per day; on day six, 100 percent will be achieved. Acclimatization will fade 

slightly over a weekend, but it'll start to decrease significantly after three to 

four days. If one does not perform hot work for a week, it is gone. Full 

shift hot work is not required to achieve or retain acclimatization; a minimum 

of 100 minutes of continuous hot work exposure per day is adequate. 

6.1.3 Determination of the Initial WorklRest Cvcla 

Measure the air temperature with a standard thermometer with the bulb 

shielded from radiant heat; this yields T (actual). Estimatt the fraction of sunshine 

by judging what percent time the sun is not shielded by clouds that are thick 
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* 
enough to produce a shadow. 100 percent sunshine - no cloud cover = 1 .O; 50 
percent sunshine - 50 percent cloud cover = 0.5; 0 percent sunshine - full cloud 

Cover = 0.0. 

Plug these variables into the following equation to determine the adjusted 

temperature: 

T°F (adjusted temp.) = T0F (actual temp.) + (1 3 x % sunshine) 

Use the chart below to determine the length of the first work shift. At the first 
break, initiate the heart rate monitoring as described in the next section. 

INITIAL WORKlMONlTORlNG CYCLES 

ADJUSTED TEMPERATURE NORMAL WORK CLOTHES PROTECTIVE CLOTHING 

9 V F  (32.TC) or above After each 45  minutes of work After each 15 minutes of work 
87.5'-90.F (30.8.-32.2.C) After each 6 0  mlnutes of work After each 3 0  minutes of work 
82.5'-87.5.F (28.1.-30.8') A f t r  each 9 0  minutee of work A f t r  each 80 minutes of work 
77.5.-82.5.F (25.3.-28.1.C) After each 120 minutes of work After each 90 minutes of work 
72.5.-77.5.F (22.5.-25.3%) After each 150 minutes of work After each 120 minutes of work 

6.1.4 Heart Rate Monitoring 

Heart rate (HR) should be measured by radial pulse for 30  seconds as early 

as possible in the resting period, preferably immediately after decon has been 

completed. The HR at the beginning of the rest period should not exceed 110 

beatslminute. If the HR is higher, the next work period should be shortened by 33 

percent, while the length of the rest period stays the same. If the pulse rate still 

exceeds 110 beatslminute at the beginning of the next rest period, the following 

work period should be further shortened by 33 percent, while the length of the rest 

period stays the same. Normal rest periods can range from 15 to 60 minutes and 

even longer, depending upon the ambient temperature, protective clothing, and 
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* 
work load. Rest periods will continue until site personnel's pulse rates reach normal 

range. 

6.1.5 Cold Stress 

Exposure to cold working conditions can result in cold stress (hypothermia) 
and/or injury (frostbite) to hands, feet, and head. Hypothermia can result when the 

core body temperature drops below 36°C (96.8"F). Lower body temperature will 
very likely result in dizziness, drowsiness, disorientation, slurred speech, or loss of 

consciousness, with possible fatal consequences. Pain in the extremities may be 

the first warning of danger to cold stress. Shivering develops when the body 

temperature has fallen to 35°C (95°F). 

Hypothermia can be brought on by exposure to cold air, immersion in cold 

water, or a combination of both. Wind chill factor, the cooling power of moving air, i 
is a critical factor in cold stress. 

Adequate insulating clothing must be worn by workers if work is performed 

in temperatures below 4°C (40°F). At temperatures of 2°C (356°F or less), workers 

whose clothing becomes wet should be immediately provided with a change of 

clothing and if necessary, treated for hypothermia. Treatment includes warming 

the victim with skin-to-skin contact, or by providing warm blankets or other 

coverings, and drinking warm liquids. Skin exposure should not be permitted at 

temperatures of -32°C (-25°F) or below. 

If fine work is to be performed with bare hands for more than 10 to 20 

minutes at temperatures below 16°C (60°F), provisions should be made for keeping 

the workers' hands warm. If temperatures fall below 40°F and fine manual 

dexterity is not required, then gloves should be worn. Metal handles of tools 

should be covered with insulating material at air temperatures below -1°C (30";. 
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6.2 CHEMICAL HAZARDS 

Previous investigations conducted at the LEHR site indicate that low levels of 

chlorinated hydrocarbons including chloroform and methylene chloride, pesticides including 

chlordane and chlordane's carrier solvent kerosene, and hexavalent chromium metal are 
the chemical contaminants of concern at the project site. The levels of these 

contaminants found to date do not represent a significant concern; however, the site is not 

fully characterized, so the potential for exposure to elevated levels of these contaminants 

may exist. Overviews of the hazards associated with exposure to the chemicals found 

onsite to date are presented below in terms of: 

PEL - Permissible Exposure Limit 

C - Ceiling 
TLV - Threshold Limit Value 

REL - Recommended Exposure Limit 

CallOSHA Permissible Exposure Limits (PELS), ACGIH Threshold Limit Values 
(TLVs), Time-Weighted Averages (TWAs), and NlOSH Recommended Exposure Limits 

(RELs) are defined as concentrations for an 8-hour work day, 40-hour work week to which 

almost all workers can be repeatedly exposed without suffering adverse health effects. 

A ceiling value (c) is a concentration that should not be exceeded at any time in any 

work day. 

f Chloro orm (Trichloromethane: CHCL3) 

CallOSHA PEL = 2 ppm TLV = 10 ppm REL = Lowest Feasible 

Concentration 

Several organ syste~r~s can be effected by elevated chloroform exposures: central 
nervous system, heart, liver, and kidney. CNS effects (lassitude, digestive 
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disturbances) are noted at exposures exceeding 80 ppm. Long term exposure to 

concentrations somewhat lower may cause heart and kidney damage. Chloroform 

is considered to be a suspected human carcinogen. Chloroform is known to the 

State of California to cause cancer under the criteria of Proposition 65. Its mean 

odor threshold is reported to be above 130 ppm, which means its warning 

properties are inadequate for exposure prevention. Chloroform's ionization potential 

(IP) is 1 1.42 eV, and its vapor pressure is 160 torr. 

Methvlene Chloride (Dichloromthana 

CallOSHA PEL = 100 ppm TLV = 50 ppm C = 1,000 ppm 
REL = Lowest Feasible Concentration 

Methylene chloride is an eye and skin irritant. At  very high levels, slight narcosis 
can occur. Long term exposures above the TLV can cause liver injury. Methylene 

( 

chloride is considered a suspected human carcinogen. Methylene chloride is known 

to the State of California to cause cancer under the criteria of Proposition 65. The 

mean odor threshold is 250 ppm, which means its warning properties are 

inadequate for exposure prevention. Methylene chloride's ionization potential (IP) is 

11.35 eV, and its vapor pressure is 350 ton. 

CallOSHA PEL = 0.5 mg/m3 "Skin" TLVIREL = 0.5 mg/m3 

Chlordane exhibits typical effects of organochlorine pesticides: central nervous 

system effects at elevated levels of exposure. Test groups exposed at ten times . 
the PEL showed none of the classic CNS symptoms of headache, nausea, fatigue, 

and disturbances of vision and respiration. Some aspects of the toxic effects of 

chlordar:. can be attributed to the carrier solvent used in application of the 

pesticide. Some animal tests indicate the potential for liver damage at higher long- 
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term exposures. The literature does not indicate an odor threshold for chlordane 

itself; any predominant odor would likely be from the carrier solvent. Chlordane is 

readily absorbed by the skin, producing systemic effects. Chlordane is known to 

the State of California to cause cancer under the criteria of Proposition 65. There is 
no reported ionization potential for chlordane, and its vapor pressure is 0.00001 

torr. 

Kerosene 

REL = 100 mg/m3 ( -  14 ppm) 

Inhalation produces effects typical of other lower molecular weight hydrocarbons, 

namely dizziness and nausea. Narcosis may occur at high exposure levels due to 
central nervous system depression. 

When ingested, kerosene is moderately toxic (toxic dose low = 3570 mglkg), 

producing distorted perceptions, coughing, nausea or vomiting, and fever. 

Aspiration of vomitus can cause serious pneumonitis. 

Kerosene vapors are moderately explosive .when exposed to  heat or flame. Because 

kerosene is a mixture of varying proportions, a mean odor threshold has not been 

determined. 

CallOSHA PEL = 0.05 mg/m3 TLV = 0.05 mg/m3 REL = 0.001 mg/m3 

Hexavalent chromium compounds are irritating and corrosive compounds 

that can enter the body by ingestion, inhalation, and through the skin. 

Acute exposures to Cr8+ dust or mist may :ause coughing and wheezing, 

nasal irritation, headache, dyspnea, painful breathing, fever, and loss of 
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weight. Hexavalent chromium compounds have shown to increase the risk 

of lung cancer in U.S. chromate workers. Hexavalent chromium is known to 

the State of California to cause cancer under the criteria of Proposition 65. 

6.3 RADIOLOGICAL HEALTH HAZARDS 

Minimizing and reducing any ionizing radiation hazard at the LEHR site will be 

governed by the LEHR Rad Con Manual, and the site ALARA (As Low As Reasonably 

Achievable) policy and goals. The manual emphasizes that a clear understanding of the 

characteristics and effects of ionizing radiation must be attained by all project personnel. 

The following subsections will give explanations of the different types of radiation, their 

effects, and methods for reducing the hazards. In addition, a summary of the 
radionuclides that may be encountered during project activities is presented. 

6.3.1 ~ioloaical  Effects of lonizina Radiation 

The harmful consequences of ionizing radiations to a living organism result 

from the energy absorbed by cells and tissue of the organism. The absorbed 

energy causes ionization and excitation of atoms within the tissue. This leads to a 

chemical decomposition of the molecules present in the living cells. If a sufficient 

amount of chemical decomposition occurs, the living cells will die, thus resulting in 

tissue damage. If  enough tissue is damaged in a short time, physical symptoms 

such as nausea, vomiting, and malaise could occur (short term effects). However, 

a large amount of dose would have to be absorbed before these symptoms 

occurred (over 200 rad). Long term effects of radiation, even at much lower doses, 

may include either somatic effects (e.g., cancer, cataracts, lifespan shortening), and 

genetic effects (changes to chromosomes in sex cells) which could affect future 

generations. 
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TABLE 6-2 - SUMMARY OF ANNUAL FEDERAL DOSE LIMITS 
WITH CONTRACTOR DOSE LIMITS IN PARENTHESES 

- Visitors and Public: Whole Body (internal + external) 0.1 rem (0.1) 
'L 

(a) All doses listed above are committed effective dose equivalents (CEDE). 

Project personnel who will be working in areas in which radiological material or 

contamination is known or suspected to exist must be Radiation Worker I qualified as 

specified in the LEHR Rad Con Manual. Project personnel performing An excavation or 

characterization of this material in the field, or who work in areas of airborne radioactivity, 

soil or equipment contamination, or high radiation fields, must be Radiation Worker II 

qualified. Project personnel working as Radiological Control Technicians must be qualified 

per the DOE Rad Con Tech course of study, or have equivalent certification (e.g., NRRPT) 

as outlined in the LEHR Rad Con Manual. In all cases of training and qualification, site 

personnel will conform to  the LEHR Radiation Control Manual. Questions regarding the 

manual or its provisions will be referred to the LEHR Rad Con ManagerIPNL Project 

Manager. 
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Federal and state guidelines also mandate contamination limits for personnel, 

equipment, and facilities. Personnel will be monitored for radiological contamination 

through the use of hand-held radiological detection equipment. The radiological 

contamination monitoring issues, including, but not limited to, instrument selection, wipe 

sample frequency, exit monitoring, and buffer zone setup will be decided by either the RCT 

or the Project Health Physicist on a project or task-specific basis. Table 6-3 summarizes 

the allowable contamination limits for project personnel. The limits will be adhered to  

unless superseded by the LEHR Rad Con Manual or by task specific procedures. 

Task specific planning will be performed keeping in mind the goals of the ALARA 

Plan and using the principles of time, distance, shielding, and dress to minimize exposure 

to radiation and prevent inhalation or skin contact with radioactive materials. Tasks that 

may result in a deviation from ALARA philosophy or threaten specific ALARA goals must 

receive approval, in writing, from the Project Health Physicist and the Project Manager 

before work commences. The LEHR Radiological Control Manager and PNL Project 

Manager will also be notified so they can take part in the decision making process. 
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TABLE 6-3 - SUMMARY OF CONTAMINATION LIMITS 
ALLOWABLE TOTAL RESIDUAL SURFACE CONTAMINATION 

( d p m I 1 0 0  c m a )  

(radionuclides with decay modes 

I 
Ae used in this table. dpm (disintegrat~ons per minute) means the rate of emlssion by radioactive material 
w determined by correcting the counts per minute measured by an appropriate detector for background, 
efficiency, and geometric factors associated with the instrumentation. 

2 W h r o  surfaco contaninotion by both alphe- m d  bota-gsmma-ernitting nuclides exists, the limits 
o8t.blish.d for tho alpha- m d  bete-gamma-ernltting nuclides should apply indepondently. 

1 Moauranonts of avmgo  contaminotion should not bo avoraged over an aroo of moro thon 1 m'. For 
objocts of l e u  surface are. the everage should be derived for each such subject. 

4 Tho avorago and maximum dose ratw ~ O O c i a t d  with surface contamination resulting from b e t o - g m o  
mitterm should not excood 0.2 mradlh end 1.0 mradlh, respectiliely, at 1 cm. 

5 The me imum contamination level applies to an area of not more than 100 cm2. 

e Limita used are U.S. NAC Regulatory Guide 1.88 limits plus ALARA. 

7 This category of radionuclides includes mixed fission products, including the Sr-90 which is present in 
than, It door not apply to Sr-SO which has been separated from the other fission products or mixturos 
w h r o  the Sr-SO is enriched. 
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8 The values in this table apply to radioactive contmination deposited on, but not incorporated into tha 
interior of ths contminated item. Where contmination by both dpha- and betapmma-wnitting 
nuclides exists, the limits sstablishod for the alpha and betaqmma-wnitting nuclidom epply 

? - independently. 

9 The mount  of removable materiel per 100 cm' of iurface aree should be detenn~ned by sw~ping ths 
area with e dry filter or soft absorbent paper while applying moderate, pressure and then essessing the 
amount of radioactive material on the swipe with an appropriate instrument of known efficiency. For 
obiact with a surface area of Iess than 100 ema, the entire surface should be swiped, and the activity 
per unit area should be based on the actual surface area. Excspt for transuranics, Ra-228, Ac-227, Th- 
228, Th-230. Pa-231, and alpha-wnitters, ~t is not necessary to use swiping techniques to mewure 
rwnovable contmination. 

10 For fixod contmination only, the levels may be averaged over 1 m' provided that the maximum activity 
in any wea of 100 cm' is Iess than thrw times the values In Table 8-3. 

'The information contained in Table 6-3 was taken from the LEHR Radiological 
Control Manual, July 1993. 

Airborne radiological material is an issue of concern with sampling activities. 

Airborne material containing radionuclides could become inhaled during work activities. If j 
deemed necessary by the SSO, RCT or the PHP, airborne dust levels will be monitored 

using appropriate air sampling equipment. In addition, if airborne dust levels are deemed 

to be too high (by the RCT or the PHP), appropriate personnel protective equipment (i-e., 

respirators) and engineering controls will be implemented. Table 6-4 summarizes the 
Derived Air Concentrations (DAC) ~ h i c h  come from DOE Order .5480..11 that are . . 

applicable to this project. DACs are the concentrations in air of radionuclides which would 

result in a dose of 5 rem if inhaled continuously for one year. If airborne levels exceed 

10% of an applicable DAC, appropriate personnel protective equipment (i.e.,respirators) 

and/or engineering controls (i.e., soil wetting) shall be implemented by the SSO and RCT. 
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TABLE 6-4 - DERIVED AIR CONCENTRATIONS (DAC) FOR CONTROLLING RADIATION 
EXPOSURES TO WORKERS AT DOE FACILITIES 

6.3.4 W R  ALARA Plan 
- 

As discussed in the LEHR Rad Con Manual, the development and 

implementation of the ALARA Program Plan will be accomplished through the LEHR 

Radiological Control Committee. This committee is composed of senior health 

physics personnel from each of the contractors operating at the site. This plan will 

offer sitewide goals applicable to  all contractors and implemented through their 

health and safety plans, wark plans, and associated procedures. The committee 

will have visibility of deviations from the ALARA Plan through its members as well 
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as through the Occurrence Reporting System at the site. Currently, the Draft LEHR 

ALARA Policy for Radiation Protection of Workers, the Public and the Environment, 

Revision 0 ,  is being reviewed by the Rad Con Committee and is awaiting 

finalization. When finalized, its provisions will be reflected in a future version of 

this Health and Safety Plan. 

6.4 HAZARD COMMUNICATION PROGRAM 

Materials which are considered hazardous materials under the Cal/OSHA Hazard 

Communication Standard may be used during this project for construction, 

decontamination or equipment calibration qurposes. Copies of the MSDSs for such 

materials are included in Attachment L. The SSO will make copies of these MSDSs 

available to any subcontractors, including drillers and excavators, on this project. Any 

additional material brought onsite that may be considered hazardous under the CalJOSHA 

regulations must first be cleared through the Site Safety Officer, so appropriate provisions I: 

can be made, if necessary, for compliance with the Hazard Communication Standard. A 

copy of the Investigation Contractor's Hazard Communication Program will be maintained 

at the site office. 

The following chemicals will be used onsite .by. site personnet:- 

TSP or Alconox (decontamination) 
lsobutylene (calibration) 
Nitric acid (water sampling) 
Hydrochloric acid (water sampling) 
High Grade Alcohol (wipe sampling) 
Hexane (decontamination) 
Gasoline (generator and equipment fuel) 
Diesel (equipment fuel) 
Buffer solutions for pH meter 
Ponlana cement 
Powdered bentonite 
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-.- 
All subcontractors are required to provide copies to the SSO of the MSDSs for all 

chemicals they bring onsite. A complete list of the hazardous chemicals brought onsite 

will be maintained and updated by the SSO, with assistance from the SSA, whenever 

chemicals are added or deleted from the inventory. 

The SSO is also responsible for providing Hazard Communication training to site 

personnel to inform them of the hazards and health effects associated with the chemicals 

brought onsite by all contractors and subcontractors. Training will also be updated when 

new chemicals are added to the chemical inventory list. Such training will be documented 

in the health and safety field log book. 

At the site, gasoline must be stored in a non-sparking, red container with a flame 

arrestor in the fill spout. The word "gasoline" must be clearly visible on the container. In 

addition, all flammable materials will be stored in a flammable materials storage cabinet or 

other suitable cabinetlcontainer. Each container of hazardous materials must be labeled 

with the chemical name and an appropriate hazard warning. In addition, a 20 Ib. fire 

extinguisher must be located in the immediate vicinity of all flammable liquids stored on 

the site. 

6.5 UNDERGROUND UTILITIES AND ELECTRI,CAL HAZARDS . 

The Investigation Contractor will coordinate with UC Davis Physical Plant personnel 

to locate all underground utilities prior to the commencement of drilling, excavation, or 

other invasive activities. Resources include site plans, utility companies, ITEH Site 

Engineering, and Underground Services Alert (USA). USA must be contacted at least two, 

but not more than fourteen working days prior to drilling or excavating on public property 

(i.e., streets, sidewalks, etc). The deactivation of utilities should be certified by the proper 

utility company personnel, and the certification retained in the permanent log. 
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In areas where limited or no information is available regarding subsurface lines or 

obstructions, geophysical technologies will be employed. Four geophysical methods may 

be used: magnetic; electromagnetic: ground penetrating radar; and, electromagnetic line 

location. 

Drilling operations adjacent to overhead lines shall not be initiated until operations 

are coordinated with the utility officials. Operations adjacent to overhead lines are 

prohibited unless one of the following conditions is satisfied. 

Power has been shut off and positive means taken to prevent lines from 

being energized; or 

Equipment, or any part of the equipment, does not have the capability of 

coming within the following minimum clearance from energized overhead 
1 

lines, or the equipment has been positioned and blocked to assure no part, 

including cables, can come within the following minimum clearances: 

Ground fault interrupters (GFI) shall be used on all extension cords. All extension 

cords shall have a non-current carrying grounding conductor. Cords with damaged 
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insulation shall not be used. Personnel maintaining and repairing electrical or mechanical 

equipment will follow the appropriate lockout and tagout procedures for the equipment 

being worked on. All portable tools shall be grounded or of approved, double insulated 

construction. 

6.6 WORK AREA PROTECTION 

As the project operations may be undertaken in a roadway or parking lot, motor 

vehicles may be a hazard. Guidance on properly coning and flagging the work area is 

located in Attachment K. Consideration should be given to parking a work vehicle within 

the coned area between the work area and on-coming traffic. 

6.7 NOISE HAZARDSIHEARING CONSERVATION PROGRAM 

The primary noise hazard at this site is from the drilling and excavating equipment. 

Previous surveys indicate that such equipment may produce continuous and impact noise 

at or above the action level of 85 dBA. Noise monitoring using a sound level meter will be 

conducted by the SSA to evaluate noise exposures from this equipment. Sound level 

meter readings are to be taken in the areas where personnel are working. Areas where 

readings may exceed 85 dBA will require the-use of hearing protection. The SSA will 

notify of the SSR of noise-impacted personnel. Each employer working on the site is 

required to have a Hearing Conservation Program that meets the requirements of 8 CCR 

5097 in place for employees whose average 8-hour exposure exceeds 85 dBA. Personnel 

will wash their hands with soap and water prior to inserting ear plugs to avoid initiating ear 

infections. 

6.8 HEAVY EOUIPMENT SAFETY 

The following section provides an overview of safe work practices for reference 

only. The heavy equipment operator is expected to have superior knowledge of the safe 

operation of the equipment and its appurtenances, and should perform accordingly. It is 
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assumed that the health hazards described in the above sections may be encountered at 

any given time by personnel participating in specific site activities, so these hazards are 

not addressed here. 

6.8.1 . -era1 Heavv Eaui~ment Safety 

Heavy equipment can represent a substantial hazard to workers. In general, 

requirements for motor vehicles and material handling equipment are provided in the 

Cal/OSHA Construction Safety Orders at 8 CCR, Chapter 4, Subchapter 4. The 

following safe work practices (SWP's) should be followed when heavy equipment is 

in use (front end/backhoe loaders, grading equipment, and so on): 

Use common sense. Do not assume that the equipment operator is 

keeping track of your whereabouts. Never walk directly in back of, or 

to  the side of, heavy equipment without the operators knowledge. I 

Hard hats, steel toe boots, and safety glasses are to be worn at all 

times around heavy equipment. Other protective gear as specified in 

this health and safety plan is also applicable. 

Remain alert at all times. 

Maintain visual contact at all times. 

Establish hand signal communication when verbal communication is 

difficult. Assign one person per work group to  give hand signals to 

equipment operators. 

Be aware of footing at all times. 

Only qualified/licensed people are to  operate heavy equipment. 
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Use chains, hoists, straps, and any other equipment to safely aid in 

moving heavy materials. 

Use proper personal lifting techniques. Use your legs, not your back. 

Never use a piece of equipment unless you are familiar with its 

operation. This applies to heavy as well as light equipment (i.e., chain 

saws). 

Pipe sections and other materials to be utilized during this project are 

extremely heavy. Make sure all precautions have been taken prior to 

moving heavy materials. Let the equipment, not your body, do the 

moving. 

Be sure that no underground or overhead power lines, sewer lines, gas 

lines, or telephone lines, will present a hazard in the work area. 

Keep all non-essential people out of the work area. 

Prohibit loose-fitting 'clothing or loose long hair around moving 

machinery. 

Keep cabs free of all non-essential items and secure all loose items. 

Instruct equipment operators to report to their supervisor(s) any 

abnormalities such as equipment failure, oozing liquids, unusual odors, 

and so on. 

When an equipment operator must negotiate in tight quarters or where 

vision is in question, provia a second person to ensure adequate 

clearance. 
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Implement an ongoing maintenance program for all tools and 

equipment. Inspect all tools and moving equipment regularly to  ensure 

that parts are secured and intact with no evidence of cracks or areas 

of weakness, that the equipment turns smoothly with no evidence of 

wobble, and that it is operating according to manufacturer's 

specifications. Promptly repair or replace any defective items. Keep 

maintenance and repair logs. 

Store tools in clean, secure areas so that they will not be damaged, 

lost or stolen. 

Keep all heavy equipment that is used in the exclusion zone in that 

zone until the job is done. Completely decontaminate such equipment 

within the designated vehicle decontamination pad. 

Vehicles may not have cracked windshields or windows, and all glass 

used in windshields or windows shall be safety glass. 

Blades, buckets, dump bodies, and other hydraulic systems must be 

fully lowered when equipment is not in use. 

Parking brakes shall be engaged when equipment is not in use. 

All vehicles with rollover protective structures (ROPS) will have seat 

belts; operators will be trained in the use of seat belts, and the seat 

belts shall be used at all times during vehicle operation. 

Equipment with an obstructed rear view must have an audible alarm 

that sounds when it is operating in the reverse direction (unless a 

spotter guide5 the vehicle operator). 
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Material handling equipment that lacks a ROPS must not be operated 

on a grade, unless the grade can safely accommodate the equipment 

involved. 

A safety barrier will be used to protect workers whenever a tire is 

inflated, removed, or installed on split rims. 

Heavy equipment will be inspected by the operator prior to the 

beginning of each work shift. 

6.8.2 Drillina Safetv Guidelines 

The drill rig operator has superior knowledge regarding, and is responsible 

for drill rig maintenance and safety. The following information, taken from the 

National Water Well Association's Manual of Safe Operating Procedures, provides 

general guidelines for safe practices onsite. 

Movement of Drill Rigs 

The following safety guidelines relate to offroad movement of drill rigs: 

Before moving a drill rig, first walk the route of travel, inspecting for 

depressions, slumps, gullies, ruts, and similar obstacles. 

Always check the brakes of a drill rig carrier before traveling, 

particularly on rough, uneven, or hilly ground. 

Discharge all passengers before moving a drill rig on rough or hilly 

terrain. 
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Engage the front axle of 4x4 or 6x6 vehicles or carriers when traveling 

off the highway on a hilly terrain. 

Use caution when traveling on a hillside. Conservatively evaluate the 

hillside capability of drill rigs, because the addition of drilling tools may 

raise the center of mass. When possible, travel directly uphill or 

downhill. 

Attempt to cross obstacles such as small logs, small erosion channels 

or ditches squarely, not at an angle. 

When lateral or overhead clearance is close, use the assistance of 
. 

someone on the ground as a guide. 

Underground utilities are as dangerous as overhead lines. Be aware and 

always suspect the existence of underground utilities such as electrical power, gas, 

petroleum, telephone, sewer, and water. Ask for assistance: 

If a sign warning of underground utilities is located on a site boundary. 

Do not assume that underground utilities are located on or near the 

boundary or property line under the sign; call the telephone or utility 

company and have them check it out. The underground utilities may 

be a considerable distance away from the warning sign. 

Always contact the owners of the utility lines or the nearest 

underground utility locating service before drilling. The utility 

personnel should determine the location of underground lines and 

should mark and flag these locations. Determine, with the utility 

personnel, what specific precautions must be taken to  assure safety. 
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Housekeeping On and Around The Drill Rig 

To complete the first requirement for safe field operations, the safety 

supervisor of the drilling crew must understand and fulfill his responsibility for 

maintenance and "housekeeping" on and around the drill rig. Suitable storage 

locations should be provided for all tools, materials, and supplies. The locations 

should allow for the convenient handling of tools, materials or supplies without 

danger that these could fall on or hit a member of the drill crew or a visitor. 

Avoid storing or transporting tools, materials, or supplies within or on the 

mast (derrick) of the drill rig. Pipe, drill rods, bits, casing, augers, and similar 

drilling tools should be stacked in an orderly manner on racks or sills to prevent 

spreading, rolling, or sliding. 

Penetration hammers or other types of driving hammers should be placed at 

a safe location on the ground or secured to prevent movement when not in use. 

Work areas, platforms, walkways, scaffolding, and other access ways should be 

kept free of materials, obstructions, and substances such as ice, excess grease, or 

oil that could cause a surface to become slick or otherwise hazardous. Keep all 

controls, control linkages, and warning and operation lights and lenses free of oil, 

grease, andlor ice. 

Do not store gasoline in any portable container other than a non-sparking, 

red container with a flame arrestor in the fill spout. The word "gasoline" must be 

clearly visible on the container. 
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Use of Hand Tools 

There are many kinds of hand tools that can be used on or around a drill rig. 

The most important rule is "use the tool for its intended purpose." The following 

are a few specific and general suggestions that apply to the safe use of several 

hand tools often used on and around drill rigs. 

When a tool becomes damaged, either repair it before using it again or 
discard it. 

l When using a hammer, any kind of hammer, for any purpose, wear 

safety glasses and require all others around you to do the same. 

l When using a chisel, any kind of chisel, for any purpose, wear safety 
glasses and require all others around you to do the same. 

1 

Keep all tools cleaned and stored in an orderly manner when not in 
use. 

l Replace hook and heel jaws when they become visibly worn. 

l When breaking tool joints on the ground or on a drilling platform, 

position your hands so that your fingers will not be caught between 

the wrench handle and the ground or the platform, should the wrench 

slip or the joint suddenly let go. 
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Use of Augers 

The following general procedures should be used when advancing a boring 

with continuous flight or hollow-stem augers: 

Prepare to start an auger boring with the drill rig level, the clutch or 

hydraulic rotation control disengaged, the transmission in low gear, 

and the engine running at a low RPM. 

The operator and tool handler should establish a system of 

responsibility for the series of various activities required for auger 

drilling, such as connecting and disconnecting auger sections, and 

inserting and removing the auger fork. The operator must be sure that 

the tool handler is well away from the auger column and that the 

auger fork has been removed before starting rotation. 

Only use the manufacturer's recommended method of.securing the 

auger to the power coupling. Do not touch the coupling or the auger 

with your hands, a wrench, or any other tool during rotation. 

Whenever possible, use tool hoists to handle auger sections. 

Never place your hands or fingers under the bottom of an auger 

section when hoisting the auger over the top of the auger section in 

the ground or other hard surfaces such as the drill rig platform. 

Never allow your feet to get under the auger section that is being 

hoisted. 
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l When rotating augers, stay clear of the rotating auger and other 

rotating components of the drill rig. Never reach behind or around a 
rotating auger for any reason. 

l Never use your hands or feet to remove cuttings away from auger. 

l Augers should be cleaned only when the drill rig is in neutral, and the 

augers have stopped rotating. 

Start-up Procedures 

All drill rig personnel and visitorsShould be instructed to "stand clear" of 

the drill rig immediately prior to and during and starting of an engine. Before 

starting a drill rig engine, make sure that all of the gear boxes are in neutral, all 

hoist levers are disengaged, all hydraulic levers are in the correct non-actuating 
positions, and the cathead rope is not on the cathead. . 
Drill Rig Operation (Hollow-stem) 

Safety requires the attention and cooperation of every worker and site 

visitor. The following procedures are related to safety during drilling operations: 

l Do not drive the drill rig from hole to hole with the mast in the raised 

position. Before raising the mast, look up to check for overhead 

obstructions. 

l Before raising the mast, clear all drill rig personnel (with the exception 

of the operator) and visitors from the areas immediately to the rear 

and the sides of the mast. In addition, inform them that the mast is 

being raised. 
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Before the mast of a drill rig is raised and drilling is commenced, the 

drill rig must first be leveled and stabilized with leveling jacks and/or 

solid cribbing. 'The drill rig should be re-leveled if it settles after the 

initial set up. Lower the mast only when leveling jacks are down, and 

do not raise the leveling jack pads until the mast is completely 

lowered. Before starting drilling operations, secure and/or lock the 

mast, if required by the drill manufacturer's recommendations. 

The drill rig operator should operate a drill rig only from the position of 

the controls. The operator should shut down the drill engine before 

leaving the vicinity of the drill. "Horsing around" within the vicinity of 

the drill rig and tool and supply storage areas is strictly prohibited, 

even when the drill rig is shut down. Watch for slippery ground when 

mounting/dismounting the platform. 

Drilling operations should be terminated during an electrical storm. 

Consuming alcoholic beverages, depressants, stimulants, or any other 

chemical substance while on the job is strictly prohibited. 

All unattended boreholes must be adequately covered or otherwise 

protected to prevent drill rig personnel, site visitors or animals from 

stepping or falling into the hole. When the drilling project has been 

completed, all open boreholes should be covered, protected or 

backfilled adequately and according to local or state regulations. 
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6.9 TRENCHING AND EXCAVATION GUIDELINES 

It is anticipated that all samples collected from trenches that are greater than five 

feet in depth will be collected from the backhoe bucket; entry into trenches that are over 5 
feet deep, or those less than five feet deep that are not constructed in Type C soil or that 

display a hazardous atmosphere will be entered. Since work will not be conducted in 
these areas, the hazards associated with trenching and excavation are not discussed in 

this HSP. 
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6.10 CONFINED SPACE ENTRY 

During Remedial Investigation activities, confined space entry will not be performed. 

Site personnel are prohibited from entering confined spaces such as septic tanks and 

trenches that display hazardous atmospheres. Since these activities are not part of the 

scope of work, the hazards associated with confined space entry are not covered in this 

HSP. 

6.1 1 EQUIPMENT INSPECTIONS 

All heavy equipment shall be inspected before each shift to see that it is in a safe 

operating condition. The following parts and equipment should be checked: 
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1, Brakes, including trailer brake connections 

2. Parking and emergency brakes 

3, Tires 
4- Horns 

5. Steering mechanisms 

Coupling devices 
7- Seat belts 

8- Operating controls 
9- Lights, reflectors, windshield wipers, defrosters, fire extinguishers, back-up 

alarms, and other safety devices. 

Qaily equipment inspections are to be recorded on a check sheet or in the 

equipment operator's log book. 

6.12 LlFTlNG SAFETY 

During all hand auguring and lifting episodes, site personnel will observe proper 

lifting techniques. When heavy objects are required to be lifted, personnel will follow the 

following lifting techniques: 

Keep the load as close to the body as possible; 

Lift mainly with your legs, not your back; 

Use two person lifts when lifting objects that weigh over 40 pounds or 
when lifting large bulky objects; 

When using two person lifts, have a spotter call the lift; and 

If you have back problems or a weak back, inform the SSO prior to work 

activities. Individuals with bad backs will not perform lifting activities. 
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6.13 POTENTIAL CONTACT WITH INFECTIOUSILABORATORY WASTE 

When working in an area where there is a potential for infectiousllaboratory waste 

to  be located, care must be taken to  avoid contact with materials such as syringes, 

scalpels, broken glassware, and any other type of infectious/laboratory waste. During the 

collection of soil, water, sludge or wipe samples from areas where infectiousllaboratory 

waste is located, personnel will first observe the area where the sample will be collected 

for suspected waste items. If potentially infectiousllaboratory waste is seen, either 

another sample location will be chosen or care will be taken to move the object away from 

the work area. If the material must be handled, site personnel will wear heavy work 

gloves, as selected by the PHSM, over their chemically protective gloves to  prevent skin 

puncturing. If the skin is punctured, personnel will immediately report the incident to  the 

Occupational Physician and seek medical attention as described in the Investigation 

Contractor's Bloodborne Pathogen Procedure. Information concerning the Bloodborne 

Pathogen Procedure is located in Attachment Q, and information concerning nearby 

medical facilities is located in Chapter 12. A full copy of the Bloodborne Pathogens 

Program is located in the lnvestigation Contractor's Health and Safety Program Manual 

which is maintained by the Project Health and Safety Manager and is available upon 

request. 
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7.0 EXPOSURE MONITORING PLAN 

Heat and cold stress and chemical exposures may be encountered at this site. Heat 

stress-monitoring and prevention is addressed in Section 6.1, and noise monitoring is 

described in Section 6.7. 

7.1 CHEMICAL EXPOSURE MONITORING 

A Foxboro Organic Vapor Analyzer (OVA), or a HNu Photoionization Detector (PID) 
'> ,................. .......... :.: ...... 

oki::egur.valent . . ...... :Gc.:.i. .. .:.; ....... ..:. .... : .......... :. .... with a minimum lamp energy of 11.5 eV, will be used to monitor for 

chlorinated hydrocarbons, which are the primary non-radiological contaminants of concern, 

in areas where previous investigations have detected elevated levels of 'chlorinated 

hydrocarbons, specifically UCD-9. The instrument used will have sufficient ionization 

energy (> 1 1.5 eV) to detect these contaminants. Some representative ionization 
potentials are listed below. 

Chloroform - 1 1.42 eV Methylene chloride - 1 1.35 eV 

These analyzers typically demonstrate approximately 60% or better response to these 

contaminants; for example, an OVA has a 90% response to methylene chlorideand 65% 

to chloroform, while a HNu PID has a 96% response to methylene chloride and a 60% 

response to chloroform. 

The OVAIPID will be used on a regular basis, typically every 5 to 10 minutes during 

drilling, excavation and sampling activities to monitor in the immediate vicinity of the 

borehole, excavation, cuttings adjacent to the borehole and excavation, and in the general 

work area. If readings exceed 1 ppm (above background), monitoring in the operator's 

breathing zone (062) of site personnel working nearest the source of the readings will 

start immediately. If OBZ readings exceed 1 ppm for more than one minute, a Drager 

Chloroform 21A tube will be used to r~ionitor for chloroform. If chloroform is indicated, 

NIOSHIMSHA-approved half-face respirators with combination organic vapor1HEPA 
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* 
cartridges will be donned. If the tube does not indicate the presence of chloroform, OBZ 

monitoring with the OVAIPID will continue as indicated in Table 7-1. If an indication of 

chloroform is exhibited on the Drager Chloroform 21A detector tube after 10 strokes of the 
-- 

pump, the SSA will be notified and personal monitoring will be performed as outlined in 

Section 7.2. 

Personal monitoring will be used to  assess breathing zone concentrations of 

chloroform. If chloroform is found to be present in levels exceeding the Permissible 

Exposure Limit of 2 ppm, then personal monitoring will be performed by the SSA on an as 

needed basis, determined by the PHSM and through the use of Drager Chloroform tubes, 
- to verify that air-purifying respirators can continue to be used to protect site personnel 

from exposure to chloroform vapors. 
w 

If OVAIPID OBZ readings exceed 5 ppm, on average, for more than one minute then 
i, 

half-face respirators with combination organic vapor1HEPA filter cartridges will be donned 

by personnel. OBZ readings above 10 ppm, on average, for more than one minute will 

require the use of full-face respirators with combination organic vapor1HEPA cartridges;<i 

addition, persona.! mt@tm*ng for aromatic and chiorinat& hydrocarbons wiU br initb- 
th%S$A;: If OBZ readings exceed 50 ppm, on average, over one minute, work will stop, 

an attempt will be made to suppress vapor emission by applying a suppressant foam, and 

workers will move upwind while the vapors dissipate. If elevated emissions persist, 

personnel will cover the cuttings with plastic visqueen or clean soil, leave the area in an 

upwind direction, and contact the PHSM for further guidance. - 
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A summary of the monitoring criteria and action requirements is presented below. 

TABLE 7-1 - OVAIPID MONITORING ACTION LEVELS 

ommence monitoring with 
rager Chloroform 2lA tube. 

indication on tube 
the SSA will be dispatched to 
perform personal monitoring for 
chloroform as outlined in Section 

chloroform levels 

chloroform levels boring, excavation and associated 

OBZ = Operator's Breathing Zone) 

above background readings 
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7.2 PERSONAL MONITORING 

7.2.1 Chloroform 

If measurements taken with the Chloroform 21A tube indicate that 

chloroform is present in concentrations greater than 1 ppm, the SSA will be notified 

to conduct industrial hygiene monitoring (integrated sampling) on personnel working 
in the exclusion zone. Sampling will be conducted in accordance with NIOSH 

Analytical Method 1003 (Halogenated hydrocarbons), a copy of which is located in 

Attachment 0. A calibrated personal sampling pump will pull 200 cc/min of air 

over a 100150 charcoal sorbent tube for 4 hours, yielding a sample volume of 48 

liters, which should provide a limit of detection of - 0.14 ppm chloroform. 

Samples will be analyzed by a laboratory accredited by the American Industrial 

Hygiene Association, and results will be made available to affected employees in a 
manner consistent with OSHA requirements. 1. 

7;Z'2: ' , ' .Pram and Hv- 
'6, ' 

I f  breathing zom measurements exceed 10 ppm for more than one minu$% 

the; SSA- , ., ....., will ,-.. -*,,,, 'he' notified ,.,A- to  conduct , , indwtri J hygiene mo$toring (integrated 
siqtpllnj)+p. +rii.tehw&king.in the miusiorr- zone. Sampling will b e , c m  . . , ,,,, .v 

h'~+~dm$qwit&NIUSH ....,.v.. ,.., Anaiyticat ,... ., Mgthadg, , ,, , i SO$. (@mati& . ., . ,. , HyQcxzxh~~~~&md . , , ,.,,-,,,X A,,,.,. 

4 '  
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imhisiild Hygis'ne Assaciation, and results will ba made avaibbfe to affaqtg4 
em$oye& i'b,'it̂ mannir consistern with OSXA tequirem- 
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7.3 EXPLOSIVE ATMOSPHERES 

'The potential exists for explosive atmospheres at the site due to  the possible 

presence of methane gas, which has a low flash point, when drilling or excavating in the 

landfill and septic tank areas. A Combustible Gas IndicatorIO,. (CG11021 meter will be used 

to monitor ambient conditions at all times during drilling or excavation operations. Oxygen 

concentrations should be measured prior to  taking combustible gas readings to determine 

that there is sufficient oxygen (> 10°/61 to operate the Combustible Gas Indicator. 

Decisions will be based on the Lower Explosive Limit (LELI as determined by the 

Combustible Gas Indicator as follows: 

< 10% LEL 

10% - 20% LEL 

> 20% LEL 

Action 

Continue operations 

Continuous Monitoring 

Shutdown Operations and 
evaluate source, ventilate 

For excavation operations. a CGI with a remote sensing head should be used. The 

sensing head should be attached to the excavator arm near the bucket, and the cable run 

back along the arm to  the CGI located in the excavator cab. This will permit the operator 
to be alerted to hazardous situations without requiring personnel to stand at the working 

face to  monitor. 

Fire suppression equipment (Two 20-pound ABC fire extinguishers or fire hoses) is 
to  be present at all times during operation of drilling or excavation equipment in areas 

where fire potential exists. 

7.4 RADIOLOGICAL MONITORING 

Due to the past activities and experiments that have been conducted at the site, 
and the current environmental restoration activities that will be performed during the RIIFS, 
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project personnel may be exposed to radioactive materials during invasive activities at the 
LEHR site. The radionuclides that may pose an internal or external radiation hazard 

depending upon their type, are discussed in Section 6.3. The Radiological Control 
Technician in conjunction with the Project Health Physicist will monitor the 

appropriateness of radiological protection requirements on a project or task-specific basis. 
Requirements have been defined as follows: 

Levels of protection and,types of protective clothing required to minimize 
radioldgical hazards as specified in Chapter 8. 

Radiological training and certification as specified in Chapter 13. 
. 

Radiation detection instrumentation as indicated in- Section 7.4. 

External radiation dosimetry as specified in Section 7.4.1.1. 

Internal radiation dosimetry or bioassay as specified in Section 7.4.4. 

Surficial contamination monitoring of equipment, personnel, field samples, 
drums, etc. as specified in Radiological Operating Procedure 22.0 located in 

Appendix A of the Work Plan. 

External radiation monitoring of work areas, drums, equipment, field 
samples, etc., using hand-held instrumentation as specified in Section 

7.4.1.2. 

Air monitoring to determine the levels of airborne radioactive materials for 
workers and the public as specified in Section 7.4.3. 

Engineering controls to reduce levels of airborne radioactive materials as 

discussed in Section 7.4.3. 
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* 
a Data logging as specified in Section 7.6. 

The various radiological protection aspects are defined by applicable provisions of 
thelEHR Rad Con Manual, which are more restrictive than federal and state radiation 

protection/control regulations. 

All radiological instrumentation and equipment will be source and performance 
checked daily for proper performance and "wear and tear" prior to the initiation of work 

activities. These instruments will also be spot checked during the work activities for 
proper performance. Usage, maintenance, and calibration checks of radiological detection 

equipment may only be performed by experienced radiological technicians or health 
physicists. Radiation detection instrumentation must be calibrated every twelve months. 

Field logs and records of worker dosage, air monitoring, external radiation surveys, 

and equipment calibration/calibration checks will be maintained by the RCT. Dosimetry 
results will be kept for each radiation worker in accordance with Chapter 5, "Radiological 

Support Operations" of the LEHR Rad Con Manual. Accumulated internal/external 

exposures will be reported annually to the worker. This activity will be coordinated 

through the UC Davis Health and Safety Office (HSO). 

The Radiological Control Technician with direction from the Project Health Physicist 

will conduct monitoring for radiological hazards, -as required. The monitoring program will 

consist of four components: 

a Direct Exposure Controls 

a Area Radiation Surveys 

a Ambient Air Monitoring 

a Bioassay Program 

Each component will be discussed in the following sections. 
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7.4.1.1 Personnel Dosimetrv 

All personnel participating in prdwged work activities at the 

site (as determined by the RCT or SSO) will be required to  wear dosimetry 

devices (TLD badges) supplied by a NVLAP-accredited dosimetry service 

through the University of California-Davis at all times while onsite. These 

devices will measure radiation exposure to penetrating radiation. The 
devices shall be worn between the waist and the neck facing forward. If 

the badge is lost or damaged in any way, the RCT or the SSO and the UC 
Davis HSO shall be notified immediately. 

As personnel exit the work site each day, the dosimeters will be 

placed in a controlled location to guard against loss, damage, and i 
inadvertent radiation exposure above background. It will be the 

responsibility of the RCT in conjunction with the SSO to see that all 
personnel are using their TLD badge properly and to  maintain accountability 

of all assigned devices and records generated as a result of use. 

7.4.1.2 Monitorina Durina Soil and Solid Waste Handlina Act iv i t ie~ 

Results of previously collected gamma survey data and 
radiological analyses of the work areas shall be reviewed by the PM, RCT, 

and PHP prior to  initiation of any soil handling activities. 

Soil Sampling (Subsurfacsl 

The Radiological Control Technician will perform radiation 
surveys of soil and soil samples as they are removed from the boreholes. . 
As soil is withdrawn, a :alibrated Ludlum Model 12s pR meter or equivalent 

instrument will be used to  survey soil. If elevated readings occur (> 5 
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mRihour at 30 cm) appropriate time, distance, and shielding techniques 
must be implemented. The area will be posted as a Radiation Area per the 

LEHR Rad Con Manual. The RCT must also be notified at the earliest 
convenient time as to the location and description of the soil conditions. 

The results of each survey shall be recorded on a survey form and identified 
by borehole location and identifier. If readings are below 5 mR/hour but 

greater than background where the workers are exposed, which is likely for 
the majority of sampling, the RCT will perform a surface contamination 

survey using a calibrated GM-type detector as needed. This technique will 

also be applied using a "hardwall" GM tube on a three meter cord for down 

hole radiation screening measurements (indication only). The results of 

these surveys shall also be documented on the survey form designed for 
this purpose. 

Soil Sampling (Surface) 

When surface soil samples are to be collected, a surface scan 
will be performed using a calibrated survey instrument set in the lowest 

range. The Bicron Fibler instrument may be utilized following the 

radiological Standard Operating Procedure (SOP) 22.0 located in Appendix 

A of the Work Plan. Generally, these measurements will be performed as 
part of the survey to define sampling locations. The results of this survey 

shall be documented on the survey form. 

Soil Excavation 

Soil excavation or movement activities involving heavy 
equipment will be periodically monitored for external exposure levels at the 

location of the equipment operator and any ground-based personnel working 

on this activity. Exposure levels in excess of background will require 

evaluation, in excess of 5 mR/hr will require posting by ths RCT before 

work continuation. 
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7.4.2 Area Radiation Survey 

7.4.2.1 Backaround Readin- 
- 

The normal background for gamma radiation in the California 
area is approximately 5 to 15 pR/hour on a gamma survey instrument 
designed to read at that low level. It may be necessary to leave the area in 
order to obtain a background reading. When a reading greater than 20 
pRhour is encountered, the RCT should notify the PHP, LEHR Rad Con 
Manager and PM. 

7.4.2.2 Low-Level Gamma Radiation Survev~ 

A gamma radiation survey of the site may be required. This 

survey will be conducted in accordance with the Investigation Contractor's i 
Standard Operating Procedure 22.0 and 23.0 located in Appendix A of the 
Work Plan. These procedures specify equipment and measurement 
protocols to be used during both the radiation survey as well as during 

sampling activities as determined by the RCT and PHP. 

Following the movement of soil piles, or the addition of 
drummed materials or soils to existing soil piles, an area radiation survey 

will be performed in the vicinity of the pile to  provide a characterization of 
the radiation levels resulting from the material. 

7.4.3 Ambient Air Monitoring 

An air sampling program will be conducted during any material movement 
operations that have the potential for radionuclides to  become airborne at 
concentrations above applicable guidelines and will continue until the operations are 
completed. High volume grab-air samples will be use4 for area monitoring 
downwind of the work area in order to  establish the concentration of airborne 
radioactive particulates and the need for respiratory protection. Concentrations in 
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excess of 10% of the DAC will require the use of respiratory protection and posting 
as an Airborne Contamination Area. 

In all air sampling operations, it will be necessary to correct for background 
radon progeny collected during air sampling. Correction will be directed by the RCT 
or PHP, and may include upwind background sampling, 24 hour sample decay, or 
shorter sample decay with appropriate correction factor application. 

Baseline air monitoring will be audited at the LEHR site as described in 
Chapter 7  of the RIJFS Work Plan. 

Soil Sampling (Subsurface) 

During initial drilling and soil sampling activities, high volume air samples 

will be collected to monitor for the presence of airborne activity. Once a baseline 

has been established, the need for continuous or additional air monitoring for each 

investigation area will be under the discretion of the RCT and PHP. 

Soil Sampling (Surface) 

Air sampling for radioactive materials is not generally required during 

surface soil sampling activities, unless dusty conditions are encountered. Dusty 

conditions can be avoided by thoroughly wetting the soil to be collected. Personnel 

must wear ejte protection if dusty conditions are present. The RCT or PHP will 

determine if respiratory protection is needed based upon air monitoring results. 

7 .44  Bioassav Proaram 

Bioassay monitoring will be performed for employees working at the LEHR 

site. Routine bioassay monitoring of radiation workers is performed to detect 

intakes of radioactive materials that may otherwise go undetected through the 

processes of workplace and personnel contamination monitoring. The data derived 
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from this program can also be used to verify the integrity of radioactive 

containments and the effectiveness of contamination control programs. 

Routine bioassay monitoring will include: 

Baseline measurements, interim monitoring, and exit monitoring. 

Bioassay, which entails analysis for radionuclides in the excreta (urine and 

feces) or in the mucus or sputum (nasallmouth smears). 

All site personnel who perform work with materials that are potentially 

contaminated with radionuclides at the LEHR site will participate in the Investigation 

Contractor's bioassay program. Specific details regarding this program are included 

in Attachment P. ', 

7.5 BACKGROUND READINGS 

All direct-reading instrument readings for non-radiological instruments will be 

evaluated relative to  background readings, not "meter zero". Prior to the start of work at 

each shift, and whenever there is a significant shift in wind direction, instrument readings 

will be obtained upwind of the site work zone in order to  determine the level of 

"background" readings from local vehicle traffic, emissions from nearby operations 

unrelated to  the site, etc. Site readings will be evaluated against these background 

readings (i-e., if an action level is listed as 20 ppm, it is evaluated as 20 ppm above 

background). 
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7.6 DATA LOGGING 

All exposure monitoring data, including background readings, will be logged in the 

field log book. The results of daily instrument calibrations can either be logged on the form 

provided in Attachment I or in the field log book. All organic vapor monitoring instruments 

will be calibrated, and all radiological instruments will be source checked in accordance 

with the manufacturer's instructions, prior to the start of each shift. (Guidance for the 

proper operation of the organic vapor analyzer and' photoionization detector can be found 

in Attachment J). Calibration should also be performed when inconsistent or erratic 

readings are obtained. If an instrument cannot be calibrated to specification, or becomes 

otherwise inoperable, all site work will cease until the instrument is appropriately repaired 

or replaced; the PM, PHSM or HSP Preparer should be contacted for further guidance. 

7.7 ACCESS TO RADIOLOGICAL MONITORING RECORDS 

All personal radiological monitoring results associated with the TLD badges issued 

by UC Davis will be maintained by the UC Davis Environmental Health and Safety (UC 

Davis EH&S) office as required under DOE 1324.2A and DOE 5480.1 1. All records will be- 

retained for a minimum of 30  years past the last date of employment. Upon request, 

personnel will receive a current radiation dose record from the UC Davis -EH&S office. 

Upon termination, employees will receive a report, within 90 days of the last date of 

employment, that summarizes radiation dose for the total period of employment at the 

reporting facility. In addition, the UC Davis EH&S office will make all dosimetry records 

available to the Project Health Physicist for radiation protection program evaluation 

purposes. 

DUST CONTROL 

If site operations generate sustained visible dust, a water mist will be applied to  

reduce dust generation If the mist is not effective in reducing dust generation, personnel 

will don respirators (half-face or full-face as appropriate for analyzer readings) with 
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combination organic vapor-HEPA cartridges (such as MSA's GMC-H cartridges). Foam 

suppressants can also be used to suppress dust and vapor emissions at the site. 

The sand and portland cement which may be used in groundwater monitoring well 

construction may contain free silica (quartz). Airborne exposure to silica dust may occur 

during handling of these materials. Half-face respirators with HEPA cartridges should be 

worn for those sand and cement handling operations where there is a reasonable 

possibility for exposure to sustained airborne dust from the pouring and mixing of dry sand 

or cement. 
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8.0 PERSONAL PROTECTIVE EQUIPMENT 

8.1 INTRODUCTION 

The purpose of personal protective equipment (PPE) is to shield individuals from the 

chemical and radiological hazards that may be encountered during site work. This chapter 

discusses the types of PPE that will be utilized during this investigation. 

8.2 PERSONAL PROTECTIVE EQUIPMENT STANDARDS 

Some pieces of protective equipment such as hardhats. boots. safety glasses. and 

respirators have specific standards for manufacture and only those items meeting these 

standards should be used. However, there are no such standards for much of the 

chemical protective clothing used for field activities, and selections must be based upon 

experience, manufacturer's information, and reports in the literature. The following 

requirements pertain to the more common types of PPE. 

8.2.1 Eve Protection 

If work tasks are performed.that can potentially harm the.eyes, operations 

that may involve splashing, release of projectiles, or release of sufficient vapors or 

dusts as to cause an eye irritation problem, eye protection shall be worn. In 

general, eye protection will be worn at all times while working in the exclusion, 

contamination reduction, and support zones at the LEHR site. When working 

conditions require the use of a full-face respirator, the respirator provides protection 

for the eyes and face. However, if respiratory protection is not required, then 

safety glasses with side shields will be used to provide eye protection. Safety 

goggles or a combination of safety glasses and faceshield is preferable for liquid 

hazards. 
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Common prescription glasses are sometimes called "safety glasses," but 

they are not the industrial quality glasses required by the current standard, ANSI 

287.1. Non-safety prescription eyeglasses are not permitted for use as eye 

protection at the LEHR site. Non-safety prescription eyeglasses may be used only if 

covered with safety goggles or a face shield. Prescription eyeglass inserts may be 

worn under a full-face respirator. If prescription safety glasses are required, the 

cost of the frames and lenses should be reimbursable under the employer's health 

and safety program. The cost of the eye examination is usually borne by the. 

employee or the employee's medical plan. Individuals whose vision is not 

correctable with prescription eyeglasses are handled on a case-by-case basis. 

These individuals should contact the PHSM or SSA for further guidance. 

Contact lenses shall not be worn: ( 1  1 in the exclusion zone or 

contamination reduction zone; (2) in conjunction with respiratory protection; or, (3) 

in areas and operations with potential for contact with eye irritants. Contact lenses 
( 

may be worn for administrative activities in the support zone, providing that the 

activities preclude contact with site contaminants. 

8.2.2 Hearina Protection 

Ear plugs or muffs will be worn by personnel who are required to perform 

tasks around backhoes, tractors, compactors, heavy machinery, compressors, 

impact tools, and similar equipment which produce high noise levels. The 

requirements of the CaliOSHA noise standard must be followed, especially in the 

case of long-term site activities in high noise areas. Ear protection must comply 

with CaliOSHA 8 CCR 5095. Individuals who are required to  wear hearing 

protection will be trained on their proper use, fitting and care. In addition, good 

personal hygiene will be practiced to avoid initiating ear infections and because of 

the increased potential of chemical constituents being introduced into the ear. 
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Foot Protection 

Foot protection, including leather work boots and chemical resistant boots, 

worn during site activities must meet the specifications of ANSI 241 -1 983 and 

CaliOSHA 8 CCR 3385. The material used to make the boots is not subject to any 

standards. For field activities at this site, the boots must have steel toes and 

shanks and be constructed of a chemically protective material. 

8.2.4 Hand Protectioq 

Gloves must resist puncturing and tearing as well as provide the necessary 

chemical resistance. In many instances, particularly when protecting against 

concentrated source materials, gloves may have to be layered. In this case, gloves 

are referred to as "innerw gloves, and "outer" gloves. Heavy leather gloves may be 

worn over chemical protective gloves when doing heavy work which could tear the 

chemical glove. If they become contaminated, leather gloves should be discarded 

because leather is difficult to decontaminate. 

Gloves are a primary means to prevent radiological skin contaminations, 

which occur most often on the extremities. Special attention will be paid to proper 

attire, and dressiundress procedures, as they pertain to gloves, to prevent skin 

contaminations. 

8.2.5 Taoina of Jo inu  

Boots and gloves are generally taped to the protective garment in order to 

reduce the possibility of contaminants flowing into them. Duct tape is used in most 

instances. However, the taped joint is not a chemical barrier. The rule of taping is 

that the ~rotect ive garment is taped over the glove or boot so that contaminants do 

not flow in. However, if a significant amount of "over the head" work will be done, 
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consider taping the glove over the garment sleeve. Glove selection for specific 

tasks will be performed by the SSA or PHSM. Taping is also imponant for 

preventing the entry of ticks into clothing. 

8.2.6 Head Protection 

The hardhat, a basic piece of safety equipment used in many work 

operations, must meet ANSl 289.1-1 969 and CallOSHA 8 CCR 3381 

specifications. Manufacturers have adapted hardhats so that ear protection and 

faceshields may be easily attached. Hardhats are adjustable so that a helmet liner 

can be worn during cold-weather. A chin strap is advantageous when work 

involves bending and ducking. I t  also helps secure the hardhat to the head when 

full-face respirators are worn. 

Faceshields that attach to hardhats provide added protection. A 

combination that leaves no gap between the shield and the brim of the cap is best 

because it prevents overhead splashes from running down inside the faceshield. 

The faceshield must meet ANSl 289.1-1 968 specifications. 

Hardhats are to  be worn at all times while in the exclusion, contamination 

reduction. or suppon zones at the LEHR site, except when indoors. 

8.3 RESPIRATORY PROTECTION 

8.3.1 Medical m d ~ t ~ o n  
. . 

The use of any type of respirator will impose some physiological stress on 

the user. For example: 

Air-purifying respirators make breathing more difficult because the 

filter or canridge impedes the flow of air. 
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The special exhalation valve on an open circuit pressure demand 

respirator requires the wearer to exhale against some resistance. 

The bulk and weight of an SCBA can be a burden. 

If the wearer is using an airline respirator, they might have to drag up 

to  300 feet of hose around. 

All these factors can significantly increase the employee's workload, and 

wearers shall have medical examinations to determine if they are medically able to 

wear respiratory protective equipment without aggravating preexisting medical 

problems. 

8.3.2 -rator Fit Testing 

Fit testing is required by OSHA and ANSI. Each respirator user shall 

undergo a qualitative or quantitative fit test before working at the LEHR site. All 

subcontractors are required to have a current f i t  test before proceeding to the LEHR 

site. The SSO will receive a copy of all f it test records before site personnel are 

allowed in the exclusion zone. 

Fit testing is required for the use of all air-purifying respirators, fit testing is 

not required for the use of positive-pressure air line respirators. The following 

policies shall be observed in the fitting and use of all air-purifying respirators: 

Fit tests will be repeated at least annually. 

Personnel shall be allowed to use only the specific make(s), model(s) 

and size of air purifying respirators for which the person has obtained 

a satisfactory 5t verified through f i t  testing procedures. 



HEALTH AND SAFETY PLAN 
RllFS WORK PLAN 
LEHR ENVIRONMENTAL RESTORATION 

Chapter No.: 8.0 
Appendix C Revision: 0 

Effective Date: 08131 194 
Page 8.8 of 8.1 0 

L- 

a The Site Safety Officer will keep records of the make, model, size, and 

type of respirator each onsite employee has been fit tested with. The 
record must include the date and signature of the person performing 

the test. 

No facial hair or glasses are allowed that will interfere with the 

attainment of a good seal. Limited facial hair, such as regulation- 

military moustaches, that does not interfere with a good facepiece-to- 

face seal may be permissible. However, beards, even a one day 

growth of facial hair, are not permitted for personnel who will work in 

the Exclusion Zone or Contamination Reduction Zone. . 
Contractors will provide their personnel requiring glasses with special 
glasses that mount inside the full face mask. Under no circumstances 

will contact lenses be worn while using any type of respirator. 

If it is found that an employee cannot obtain a good facepiece-to-face 

seal because of facial features or medical factors, respirators shall not 

be used and the employee shall not enter an atmosphere requiring the 

use of respirators. 

After donning an air-purifying respirator, a positive and negative fit 

test must be performed. 

Although equipment selection is important t o  the success of a respiratory 

protection program, the proper use of the equipment is equally important. Proper 

use can be ensured by carefully training employees in the selection, use, and 

maintenance G the provided respiratory equipment. Respiratory protection training 

is a part of the initial and annual refresher training for hazardous waste site workers 
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fequired under CallOSHA standard 8 CCR 51 92 for Hazardous Waste Site 

Operations. 

8.4 SELECTION OF PERSONAL PROTECTIVE EQUIPMENT 

The selection of the types of PPE to be used at the LEHR Site are based upon the 

most current data available concerning the chemical constituents and radioactive materials 

found at the site, their concentrations, their chemical and physical properties and the site 

activities. The general levels of protection assigned to task-specific activities have also 

been selected on best available data. The PPE level may vary with the scheduled activities 

or from activity to activity within a specific project task, based upon the work involved 

and any updated information made available during the project. Based upon the 

information available, the following types of PPE will be used throughout the project. 

Minimum protective equipment for site personnel working within the exclusion and/or 

contamination reduction zones: 

e Hardhat 

e Safety glasses 

Chemical-resistant steel-toed boots 

Canvas gloves 

Boot covers 

Tyveka coveralls 

Wrists and ankles of coveralls are to be taped. 
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Where chemical contact can be reasonably expected such as during sampling of suspected 

chemically contaminated soils, add: 

Nitrile gloves 

Surgical latex or vinyl gloves (inner) 

Dosimetry badges shall be worn in all areas until the presence of radiological contaminants 

has been ruled out. 

If OVA readings in OBZ are greater than 5 ppm, on average, for more than one minute, or 
if the Drager chloroform tube indicates the presence of chloroform, add: 

Half-face respirator with organic vaporIHEPA cartridges 

Polycoated Tyveka in place of Tyveka coveralls 

If OVA readings in OBZ greater than 10  ppm, on average, for more than one minute, or 
personal monitoring indicates chloroform levels above 5 ppm, or measured radionuclides 

are 10% of a DAC or greater, add: 

Full-face respirator with organic vaporIHEPA cartridges 

F&;face respirators with organfr: vaporfacid gas/ HWA cartridges are requbed.,fbj 
the::$xcrrvation ,,..,, , . ,, opecations ... described in Section 6.9.1 ; SLminute escape ry@,8@& 
ar&~at3&iequirid for'ihis, activity. 

If there is potential for liquid contact during sampling activities or if airborne radiological 

contamination in excess of 10% of the DAC is present: 

Use polycoated Tyveka coveralls in place of uncoated Tyvekm 
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8.5 LIMITATIONS OF PROTECTIVE CLOTHING 

The protective equipment ensembles selected for this project are anticipated to 

provide protection against the types and concentrations of hazardous materials that may 

potentially be encountered during field operations. However, no protective garment, glove 

or boot is resistant to all chemicals at any concentration; in fact, chemicals may continue 

to permeate or degrade a garment even after the source of contamination is removed. 

In order to obtain optimum usage from PPE, the following procedures are to be 

followed by all project personnel: 

When using disposable coveralls. don a clean, new garment after each rest 

break where the worker has left the work area, or at the beginning of each 

work shift. 

lnspect all clothing, gloves and boots both prior to and during use for: 

- Imperfect seams 

- Non-uniform coatings 

- Tears 

- Poorly functioning closures 

Inspect respirator both prior to and after use as described in Attachment M 
- Respirator Inspection Procedures. 

lnspect reusable garments, boots and gloves both prior to and during use 

for: 

- Visible signs of chemical permeation such as swelling, discoloration, 

stiffness or brittleness 
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- Cracks or any signs of puncture or abrasion 

Any reusable garments exhibiting any such characteristics will be discarded. 

8.6 DURATION OF WORK TASKS 

The duration of work tasks in which personnel use PPE ensembles that include 

chemical protective clothing (including uncoated Tyvek") will be established by the SSO. 

Variables to  be considered include ambient temperature and other weather conditions. the 

capacity of individual personnel to work in the required level of PPE in heat and cold, and 

the limitations of specific PPE ensembles. The minimum rest breaks are as follows: 

Fifteen minutes midway between shift startup and lunch 

Lunch break (30 to 60 minutes) 

Fifteen minutes midway between lunch and shift end 

Additional rest breaks will be determined through heat or cold stress monitoring as 

described in Section 6.1 . 

Rest breaks are to be taken in the support zone or other clean area after personnel 

have completed the decontamination process, including soap and water wash of hands 

and face. 
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9.0 SITE CONTROL 

9.1 WORK ZONES 

Work zones must be established during all invasive site activities as described 

below. These work zones will also provide for Controlled Areas for radiation protection 

should work areas meet any of the following conditions: 

The estimated gamma ray exposure rate to any individual in a work area 

meets or exceeds 5 mrem in an hour as a result of work activities. 

Airborne concentrations of radionuclides exceed 10% of the DAC identified 

in DOE order 5480.1 1. 

Controlled areas must be conspicuously marked at points of potential access with 

appropriate signs according to applicable posting and labeling requirements set forth in 

10 CFR 20 and the LEHR Rad Con Manual. 

Exclusion Zone/Contaminated Area - a 25 foot (as practical) circle around 

the work area will -be defined before work starts. Barricades and barricade 

tape should be used to delineate the exclusion zone. A short piece of 

barricade tape can be affixed to a secure upright to serve as a wind- 

direction tell-tale. The encircled area will constitute the "Exclusion Zonew. 

This zone is where potentially hazardous contaminants and physical hazards 

to the workers will be contained. Personal protective equipment as 

described in Section 8.4 will be required in this area. Plastic sheeting 

(visqueenl and/or tarps may be used as necessary to control soil spilled to 

the ground during drilling and excavation operations. The size of the 

Exclusion 'Zone may be altered to accommodate site conditions and to 

ensure contaminant containment. 
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Radiological Buffer Zone (RBZ)/Contamination Reduction Zone (CRZ) - a 

corridor leading from the Exclusion Zone to the Support Zone will be 

defined. ' The corridor shall be located upwind from the work area. All entry 

to and exit from the Exclusion Zone will be made through this corridor in 

order to control potential sources of contaminat~on and leave contaminated 

soil anddebris in the work area. All decontamination activities will occur in 

the RBZPCRZ. An equipment decontamination area equipped with an 

equipment decontamination pad will be provided in the RBZICRZ as outlined 

Section 10.6.1. A waste container will be placed at the end of the corridor 

so contaminated disposal equipment can be placed inside and covered. 

Surfacekoil contamination in this area should be controlled using plastic 

sheeting. Site personnel will not be permitted into the RBZICRZ or 

Exclusion Zone unless they are in full compliance with the requirements of 

this Plan. 

Support Zone (SZ) - a Support Zone, the outermost part of the site, must be 

defined for each field activity. Support equipment is located in this 

uncontaminated or clean area. Normal work clothes are appropriate within 

this zone. The location of this zone depends on factors such as 

accessibility, wind direction (upwind of work area), and resources (i.e., 

roads, shelter, utilities). 

9.2 POSTING REQUIREMENTS 

Radiological posting shall be used to  alert personnel to  the presence of radiation and 

radioactive materials and to aid them in minimizing exposures and preventing the spread of 

contamination. The LEHR Rad Con Manual requires the following posting requirements to 

be followed at the LEHR site: 

Radiological postings shall be displayed to present actual or potential 

radiological conditions. 
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Signs shall be maintained in legible condition and updated based upon 

results of the most recent surveys. 

If more than one radiological condition exists in the same area, each 

condition shall be posted. 

In areas of ongoing work activities, the dose rate and contamination level or 

range of each should be included on or in conjunction with each posting as 

applicable. 

Entrance points to areas of ongoing work activities controlled for 

radiological purposes shall state basic entry requirements, such as if 

dosimetry or respiratory protection is required for entrance into the area. 

Plastic barrier tape will be used to designate the boundaries of posted areas 

and shall be placed so that they are clearly visible from all directions and at 

various elevations. These barriers shall have magenta lettering with a 

yellow background and shall be set up so as to not impede the intended use 

of emergency exits or evacuation routes. 

Work areas set up for the purpose of obtaining soil samples may require a 
clear delineation (as determined by the SSO or RCT) with warning signs 

stating "Authorized Personnel Only." All necessary radiological posting and 

labeling shall be in accordance with the LEHR Rad Con Manual. 

The following signs will be posted at the site as required: 

Controlled Area; 

Underground Radioactive Material; 

Caution, Radioactive Material; 

Contamination Area; 
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a Radioactive Buffer Zone; 

a Radiation Area; 

a Caution; and 

a Authorized Personnel Only. 

All radiological signs will be readable from 25 feet, have magenta lettering with a 

yellow background, and be metal backed and enamel painted. Additional information and 

guidance regarding the use of signs at the LEHR site can be found in Pan 3, Article 231- 
238 of the LEHR Radiological Control Manual. 

In addition to  signs that warn of radioactbe material. a sign that describes workers 

responsibilities at the site will be posted at the entrance of all work areas. Information 

regarding sign contents is located in Part 2, Article 123 of the LEHR Rad Con Manual. 

9.2.1 Postina Controlled Areas 

Areas within the site boundary will be clearly posted to alert personnel to  

the presence of radiation and radioactive materials above natural background levels. 

These areas shall be designated Controlled Areas. Persons who enter only the 

Controlled Area without entering Radiation, Contaminatron. Airborne Radioactivity 

or Radiological Buffer Areas are not expected to  receive an exp&ure of more than 

100 mrem pSi ,, i+w ;/ear. 

9.2.2 Postina Radioloaical Buffer Areag 

A Radiological Buffer Area shall be established within the Controlled Area to 

provide a second boundary t o  minimize the spread of contamination. The 

Radiological Buffer Area is intended for use where ongoing work activities may 

create an airborne radioactivity hazard or the spread of contamination. 
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* 
9.2.3 Postina Radtat~on Areag 

. . 

All radiation areas shall be posted to alert personnel of the presence of 

external radiation in accordance with Table 6-3 and Article 231 of the LEHR Rad 

Con Manual. Underground radioactive materials shall also be posted as outlined in 

Article 237 of the LEHR Rad Con Manual. When posting an area along a fence line, 

signs will be placed every 6Q 40 feet as appropriate. 

9.2.4 Postina Non-Radioloaical Hazards 

In addition to posting requirements for radiological hazards, the work area 

will also be posted with "Hearing Protection Required" signs if noise monitoring 

indicates that exposures to noise are above the CallOSHA Action Level of 85 dB. 

"Hard Hat Required" signs will also be posted at the entrance to all work areas 

where overhead hazards are present. 

All other appropriate CALIOSHA and Department of Labor posters will be 

posted in the job trailer before work activities commence. 

All drums and containers of soil, water, and waste material generated by 

contractor personnel will be labeled. All drums and containers will be handled and 

labelled in accordance with EPA, DOT, and other relevant regulations. 

9.3 GENERAL SITE CONTROL REQUIREMENTS 

At  the end of the shift, all boringslsampling holes and excavations must be covered 

or otherwise secured. AII cuttings and decontam~nation fluids are to be handled in 

accordance with relevant regulations and instructions from the PM. 
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* 
The PM or SSO will determine an upwind evacuation area prior to each shift and 

any time the wind changes direction, and all personnel will be notified of its location. A 

horn or other signalling device will be used to signal an evacuation in the event of an 

emergency. Three blasts of the horn will be the signal to immediately stop work and 

proceed to the evacuation area. 

The SSO will see that all site visitors sign the visitors' log and that all site personnel 

who enter the exclusion zonelwork area do so only after presenting evidence (i.e., medical 

clearance form, training certificates, etc.) of both their participation in a medical 

surveillance program, bioassay program, and completion of health and safety training 

programs that fulfill the requirements of this plan. 

The SSO will provide site hazard and emergency action information to all site 

visitors before they enter the site: this can be done by providing a copy of this HSP to the 

visitor. i, 

9.4 CONTROL PROCEDURES FOR PERFORMANCE OF GAMMA SURVEYS 

Sampling operations will typically require the use of standard protective 

clothing and gear, as described in Section 8.2. Dustgenerated during each 

sampling operation will be visually evaluated by the RCT to define the need 

for respiratory protection. 

Personnel performing a surface gamma survey shall wear disposable plastic 

booties over their normal footwear in all areas which prior site surveys 

show levels of surface gamma to be above background. 

A single entrylexit (control) point shall be established for each area such 

that, prior to entry, all work personnel are checked by the SSO or RCT for 

proper protective clothing. Upon exiting, contaminated or sus, acted 

contaminated clothing will be properly labeled, removed, and placed in 
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proper waste receptacles. and all existing personnel will be surveyed for 

any possible contaminated material which may be present. 

Persons found to be contaminated shall be decontaminated per the 

guidance of NCRP Report Number 39 at a permanent station at the site 

specifically designed and equipped for that purpose. The levels and extent 

of the contamination will be documented in accordance with Chapter 5 of 

the LEHR Rad Con Manual. The results of any and all decontamination 

efforts shall also be documented. 

Decontamination efforts will assure that the whole body committed 

effective dose equivalent (CEDE) will not exceed 5 rem in any one year; 

that exposure to the lens of the eye will not exceed 15 rem in any one year; 

that exposure to the skin or any extremity (hands and arms below the 

elbow; feet and legs are below the knee) will not exceed 50 rem; and that 

total exposure for all other organs and/or tissues will not exceed 50 rem. 
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10.0 DECONTAMINATION PROCEDURES 

10.1 CONTAMINATION PREVENTION 

Eating, drinking, smoking, application of cosmetics, and chewing tobacco or 
chewing gum are prohibited in the work area. These activities are 
permitted in the support zone only after monitoring and after the employees 
have removed their protective clothing and respirators and washed their 
hands and face. 

Disposable clothing, gloves, hard hats and respirators will be removed 
before leaving the work area, and an exit survey of all personnel will be 
performed by the Radiological Control Technician; 

Employees will not kneel or sit on the ground or on drums, containers or 
other potentially contaminated areas. 

Monitoring and sampling instruments will be covered with visqueen or a 
plastic bag prior to entering the exclusion zone to the maximum extent 
practical without interfering with the operation of the instrument. This is to 
protect the instrument from contamination to the maximum extent possible. 

Good housekeeping is of primary importance for an effective 
decontamination program and is enforced accordingly. Discarded 
equipment (i.e., gloves, rags, coveralls, etc.) will be disposed of in 
appropriate containers. 

Employees will not remove any contaminated clothing or equipment from 
the site. 

Torn or otherwise damaged protective clothirrg, gloves, rubber boots, safety 
glasses, and hard hats will be replaced immediately. 
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10.2 DECONTAMINATION AREA 

The decontamination area in the RBZICRZ shall be covered with plastic 

sheeting which shall be replaced when torn or heavily soiled, and at the end 
. of each shift. A schematic of a "Minimum Layout of Personnel 

Decontamination Station" is provided in Attachment 0. 

All spent decontamination fluids (wash and rinse waters) will be handled as 
hazardous waste until laboratory results indicate otherwise. Fluids will be 

placed in proper containers, such as 55 gallon, metal, DOT approved drums, 

and handled and labelled in accordance with OSHA (or State equivalent), 

€PA, DTSC, and DOT regulations. 

Disposable clothing, gloves and spent respirator cartridges will be disposed 

of after each work shift. All personal protective equipment to be disposed 
i 

of that has been used in areas of suspected or detected radiological 

contamination will be monitored prior to disposal. Any contaminated PPE 

will be placed in a separate plastic bag from uncontaminated PPE, properly 

marked and kept separate from uncontaminated PPE. These items are to be 

placed in waste receptacles located inside the CRZ. Contaminated clothing 

will be disposed of in a manner consistent with NRCIState of ~alifornia 

regulations for the level of surface contamination. These waste receptacles 

are to be emptied daily into hazardous waste containers for shipment to an 

approved landfill. 

Employees will use a clean respirator and fresh cartridges on each work 

shift. Employees will be responsible for the cleaning and maintaining their 

respirators as described in Attachment M. 
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* 
Used respirators, face shields, hardhats, safety glasses, etc. which have 

been surveyed as free from radiological contamination are to be cleaned by 

the employee at the end of each shift. Clean respirators are to be stored in 

respirator bags. 

10.3 PERSONNEL DECONTAMINATION 

Remove all monitoring equipment, sample containers, and notes to the 

RBZ/CRZ. 

Remove hardhat (place in bin to be surveyed and decontaminated). 

Scrub boots, gloves, and protective suit with a stiff bristle brush and 

decontamination solution. Rinse with water. Washtubs and chairs will be 

provided. 

Remove tape from around wrist and ankles. 

Remove boot covers. 

Remove nitrile gloves or canvas gloves. 

Remove disposable coverall taking care not to touch the outside of the 

garment; discard in provided container. 

Remove eye protection (place in bin to be decontaminated). 

Remove respirator. 

Remove monitor badge and dosimeter. 
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Remove inner surgical latex gloves; discard in provided container. 

Wash hands and face in soapy water and rinse with potable water. 

All personnel will then be monitored for radiological contamination by the 

RCT using a portable beta-gamma monitor. All contamination will be 

removed before release of the individual. If a skin contamination incident 

occurs, the RCT shall notify the SSO, PHP, and the PNL PM or LEHR Rad 

Con Manager as soon as practical. PNL will then notify the DOE Project 

Manager and the UC Davis Project Manager as soon as practical and report 

the occurrence in accordance with DOE 5000.38. If a skin exposure 

occurs, the requirements outlined in Part 5, Article 541 of the LEHR Rad 

Con Manual will be implemented. 

10.4 SANITATION 

Potable water will be made available at the site, either from a pressurized source or 

commercially-available bottled water. Drinking cups will be supplied so personnel will 

neither drink directly from the source of water nor have to  share drinking cups. Sources of 

non-potable water shall be clearly labeled as such. 

Washing facilities will be provided on site, and will be located in the 

decontamination area or the support area. Soap, clean water, wash basins and single-use 

towels will be available for personnel use. 

10.5 DECONTAMINATION-MEDICAL EMERGENCIES 

In the event of physical injury or other serious medical concerns, immediate first-aid 

may be administered as needed in lieu of further decontamination efforts. 
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See Emergency Decontamination Chart in Attachment E for a decision tree for 

emergency decontamination. 

-- 
1 0.6 EOUIPMEN'T DECON'TAMINA'TION 

10.6.1 -at~on of 
. . 

Vehicles and Heavv -men1 

Where it is likely that vehicles or heavy equipment has come in 

contact with contaminated material, such equipment will be 

decontaminated upon leaving the Exclusion Zone. As much mud, dirt, 

rocks, and so on, as possible will be mechanically removed from the 

tires, tracks, or outside of the equipment, prior to leaving the 

Exclusion Zone. 

Any equipment that is going to leave the site must first be driven to  

the equipment decontamination pad for a thorough decontamination. 

'This decontamination pad will be constructed in the Cobalt-60 Field. 

The pad will be constructed in a manner that will permit all wash and 

rinse fluids to be contained and collected and the pad to be readily 

washed down to prevent a buildup of contaminated material; heavy 

gauge plastic sheeting and sandbags or a concrete pad can be used for 

this purpose, and a suction device used to collect liquids. A high 

pressure, high temperature steam cleaner may be used to wash down 

heavy equipment. The decontamination pad will be enclosed by 

portableldisposable curtains that are 10 meters long, 5 meters wide, 

and 4 meters high. Radiological calculations indicate that aerosols 

generated during decontamination procedures will not exceed personal 

exposure values, nor will this activity generate sufficient radioactive 

containing aerosols to adversely effect the nearest offsite receptor. 
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All equipment will be monitored for fixed and removable radiological 

contamination. Decontamination will proceed until levels are below 

those indicated in Table 6-3. 
- - 

All swipe samples collected will be analyzed in the field and equipment 

will not be moved until it is analyzed clean. Swipe sample analysis 

will not detect tritium; however, equipmene cleaned of other 

contaminants will also be cleaned of tritium. To confirm that tritium 
has been removed, several swipe samples should be sent to an offsite 

laboratory for analysis before equipment is removed from the site. 

All spent decontamination fluids or sludges (that is, rinse waters, mud 

slurries, and so on) will be handled as hazardous waste until laboratory 

results indicate otherwise. Fluids and sludges will be placed in proper 

containers (that is, 55 gallon drums, tanks, bins,) and handled and ( 

labelled in accordance with CAL/OSHA, NRC, DOE and LEHR Site 

Specific Radiation Control Manuals, EPA, and DOT regulations. 

Air filters shall be replaced prior to the equipment leaving the site. 

Spent air filters will be considered potentially contaminated and 

monitoring will be performed to assure 'contamination levels are below 

Table 6-3 values. All air filters will be disposed of as contaminated 

waste. 

Interiors of the vehicles and equipment will be thoroughly wet-wipe 

cleaned prior to leaving the site. Cleaning rags will be considered as 

potentially contaminated and disposed of in the proper manner. 

Following the washing, the equipment will be inspected by the SSO or 

his designee. Upon SSO approval, the equipment may be driven into 
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the suppon zone. Under no circumstances will heavy equipment be 
allowed to leave the site if it is not decontaminated. 

Heavy equipment will remain onsite until the end of the project. At 

project completion, equipment that is potentially contaminated with 

radiological agents will undergo stringent decontamination procedures. 

The equipment will then be surveyed for residual radioactive materials. 

If detectable contamination is found, equipment will not be allowed to 
leave the site until surveyed clean. 

10.6.2 -1nat1on of Toolg 
. . 

When all work activities have been completed, contaminated tools 

(drill augers, hand trowels, shovels, etc.) shall be totally 

decontaminated. A job is NOT considered complete until the work 

area has been cleaned and all used material properly discarded and 
tools cleaned and properly stowed. Clean tools will be surveyed for 

radiological contamination before storage. 

It is expected that all tools-will be constructed of non-porous, now 

absorbent materials. This will aid the decontamination process. Any 

tool, or pan of a tool, which is made of a porous/absorbent material 

(that is, wood or cloth) shall be discarded and disposed of as a 

hazardous waste if it cannot be properly decontaminated. 

Tools to be decontaminated will be placed on a decontamination pad 

or into a bucket and thoroughly washed using a soap solution and 

brushing or high pressure spray, followed by a water rinse. All visible 

should be removed before the tool is consideied clean. If 

contaminants are not easily cleaned with water due to organic nature. 

a Hexane solution may be used. 
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10.6.3 U m e n t  Release Survevs and Criteria 

Prior to release for unrestricted use, all equipment and materials used 

in the contamination reduction and exclusion zones must be checked 

for radiological contamination. Equipment and materials are checked 

for removable contamination by counting 47mm or 1.75" diameter 

smears which are wiped over 100 cma of the object being monitored. 

Equipment and materials are checked for fixed plus removable 

contamination using an alpha scintillation detector (for alpha radiation) 

and a Geiger-Mueller or organic scintillation detector (for beta and/or 

gamma radiation). Any detectable contamination that is greater than 

the limits specified in Table 6-3 must be removed or reduced to levels 

that are below the limits in Table 6-3. If some areas or surfaces of the 
equipment or materials are inaccessible, the SSO must approve the 

equipment or materials release based on the history of its use and the i 
results of the work area monitoring. Surveys of all equipment and 

materials must be documented and maintained by the RCT. 

Table 6-3, taken from DOE N5480.6 Radiological Control Manual, 

defines the maximum allowable contamination limits for equipment, 

materials, and facilities. 
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1 1 .O SAFE WORK PRACTICES 

1 1.1 GENERAL CONDITIONS 

The following safe work practices will be observed by all personnel: 

1. Eating, drinking, chewing gum, or tobacco and smoking are prohibited in the 

contaminated or potentially contaminated area or where the possibility for 

the transfer of contamination exists. 

2. Avoid contact with potentially contaminated substances. Do not walk 

through puddles. pools, or mud, etc. Avoid, whenever possible, kneeling on 

the ground, leaning or sitting on equipment or gro'und.. Do not place 

monitoring equipment on potentially contaminated surfaces. 

3. All field crew members should make use of all their senses to alert them to  

potentially dangerous situations in which they should not become involved. 

This includes the presence of strong, irritating or nauseating odors. 

4. To the extent possible, prevent spillages of potentially. contaminated or 

contaminated soil, groundwater or other materials onto clean surfaces. In 

the event that a spillage occurs, contain liquid or solid material, clean up the 

spill (if appropriate), and notify the SSO, RCT, and LEHR Rad Con Manager 

as soon as possible. 

5. Prevent splashing of the contaminated materials. 
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6. Field crew members shall be familiar with the physical characteristics of 

investigations, including: 

Wind direction in relation to contaminated working area; 

Accessibility to other personnel, equipment; vehicles; 

Communications; 

Areas of known or suspected contamination; 

Site access; and 

Nearest water sources. 

7 .  The number of personnel and equipment in the contaminated area should be 

minimized but only to the extent consistent with workforce requirements of 

safe site operations. 

8. All wastes generated during site activities at the site will be disposed of as i> 

directed by the PM, PNL Project Manager, and the UC Davis Project 

Manager. 

9. All personal protective equipment will be used as specified and required in 

Section 8.4. 

1 1.2 SAMPLING PRACTICES 

For all sampling activities, the following standard safety procedures shall be 

employed: 

1. All sampling equipment should be cleaned before proceeding to the site. 

2. At the sampling site, sampling equipment should be cleaned after each use. 

3. Work in "cleaner" areas should be conducted first where practical. 
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4. All unauthorized personnel will remain outside exclusion zones at all times. 

11.3 HEALTH AND SAFETY EQLllPMENT LIST 
- - 

The following equipment list reflects the types of equipment that will be used and 

implemented over the life of the HSP. This list serves as a starting point for the SSO and 

RCT as they prepare for each phase of the work. The equipment listed below will be 

available during site activities. 

Hardhats 

Safety glasses 

Ear plugs or muffs 

Tyvekm and polycoated Tyvekm coveralls 

Chemical resistant steel-toed boots 

Work gloves 

Canvas gloves 

Nitrile gloves 

Surgical vinyl inner gloves 

Latex rubber gloves 

Duct tape 

Plastic sheeting (visqueen) 

55 gal 17-H drums (for contaminated solids) and 17-E drums (for liquids) 

Drum liners 

Radiological control signs 

Barricade tape and barricades 

Wash tubs and scrub brushes 

Decon solution (i.e., TSP) 

Garden sprayer 

Folding chairs 

5 or 10 gal (1 5 minute) portable eyewash 

Respirator sanitizing equipment 
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Compressed gas horn 

First Aid kit 

- Drinking water 
- - 

Gatorade or similar drink 

Type ABC fire extinguishers 

Half-face and full-face respirators (NIOSHIMSHA approved) 

Organic vaporlHEPA cartridges 

Organic vaporlacid gas/HEPA cartridges 

5-minute escape respirators 

Organic Vapor Analyzer (OVA) (or Photoionization Detector (PID) with > 11.5 eV 

lamp) and calibration kit 

Sound Level Meter 

Alpha scintillation detectorlinstruments (with detection limits I 50 CPM) 

Geiger-Mueller detectorlinstruments (with detection limits s 100 CPM) 

Micro-R meters (with detection limits s 0.2 mR1hr) 

Alpha sample ( = 2" diameter) counterlinstruments 

Wipe smears (1.75" dial 

Thermoluminescent dosimeters or equivalent 

Highllow volume area air samplers and media 

Personal air samplers and 100150 coconut shell charcoal sampling tubes 

Sampling pump calibration equipment 

Drager pump and Chloroform 2/A tubes 

Site Communication Equipment 
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12.0 EMERGENCY RESPONSE PLAN 

It is the Investigation Contractor's policy to  evacuate personnel from areas involved 

in hazardous material emergencies and to summon outside assistance from agencies with 

personnel trained to  deal with the specific emergency. This chapter outlines the 

procedures to be followed by contractor personnel in the event of a site emergency. 

These procedures are to be reviewed prior to the commencement of site work in a site 

wide safety meeting (including DOE and UC Davis personnel). In addition, emergency 

procedures will be reviewed during the daily onsite safety briefings conducted by the SSO. 

In the event of a fire or medical emergency, the following numbers can be called for 

assistance: 

Fire: 91 1 

Ambulance: 9 1 1 
Police: 91 1 
Hospital: Sutter-Davis Hospital (For Non-Radiological Emergencies) 

25665 County Road 99 
Davis, California 

756-6440 

Hospital: U.C. Davis Medical Center (For Radiological Emergencies) 

231 5 Stockton Blvd. 

Sacramento, California 

453-3096 

tlons to  Sutter-Davis Hosi ta l  from the W R  Sim (Non-Rad Emergencies) 

To reach  utter-~avis Hospital from the LEHR site, travel north from on Old Davis 

Road, under 1-80, and turlr left on the transition road to  Highway 113-North. Proceed 
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north on 113 to the third off-ramp, which is Covell Boulevard. Turn left (west) on Covell 

and proceed for one mile to County Road 99. Turn right (north) on County Road 99 and 

proceed for one block to the hospital, which is located on the right. 

Directions to the Sutter-Davis Hos~i ta l  from Offsite Locations (Non-Rad 

Emergencies) 

The hospital route listed above will also apply for work being conducted in the off- 

site locations. Currently, it is anticipated that all off-site locations are located in the fields 

that surround the LEHR site. 

- .  

D~rectlons to U.C. Davis Medical Center from the LEHR Site (Rad Emergencies) 

To reach U.C. Davis Medical Center for the site, travel north on Old Davis Road to  I- 

80 East. Turn right (east) onto 1-80 and proceed toward Sacramento. After passing the ( 

Business 80  and 99 interchange, take the 34th Street exit south. Turn right on 34th 

Street and proceed to "Y" Street. Turn left (east on "Y" Street and proceed to Stockton 

Blvd. Turn left (north) on Stockton Blvd. and the hospital is located on the right side of 

the street at 231 5 Stockton Blvd. 

Dlrect~ Qns to U.C. Davis Medical Center from Offsite Location3 (Rad Emergencies) 

'The hospital route listed above will also apply for work being conducted in the off- 

site locations. Currently, it is anticipated that all off-site locations are located in the fields 

that surround the LEHR site. 
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Additional contacts in case of site emergency including medical emergencies, 

radiological emergencies, and spills or releases are as follow: 

Joseph Niland, R.G. 

Dames & Moore Project Manager 

John Danby, CIH (9 16) 387-7554 (w) 

Dames & Moore Health and Safety Manager (916) 351-1526 (h) 

Patricia Facino, CIH 

Dames & Moore Site Safety Auditor 

Fred Duncan, CIH, CHP (303) 299-7835 (w) 

Dames & Moore Certified Health Physicist (303) 666-821 7 (h) 

California Department of Health Services (9 1 6) 445-093 1 

Radiological Health Branch 

Dawn Mitchell 

Radiological Control Manager 

Patrice Rodgers (91 6) 752-1 348 

U.C. Davis - Environmental Health and Safety Officer 

12.1 PLACES OF REFUGE 

In the event of a site emergency requiring evacuation, all personnel will evacuate to  

a pre-designated area located a safe distance from any health or safety hazard and safely 

away from the area of influence. The SSO will designate a primary assembly area prior to  

the start of work each day. The daily pre-designated assembly area may have to be re- 

designated by the SSO in the event of an emergency where the area of influence affects 
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the primary assembly area. Once assembled, the SSO shall take a head count. The SSO 

will evaluate the assembly area to determine if the area is outside the influence of the 

situation; if not, the SSO will redirect the group to a new assembly area where a new head 

count will be taken. 

During any site evacuation, all employees shall be instructed to observe wind 

direction indicators. During evacuation, employees will be instructed to travel upwind or 

crosswind of the area of influence. The SSO will provide specific evacuation instructions, 

via the site emergency radio if necessary, to site personnel regarding the actual site 

conditions. In the event of an emergency, consult the Emergency Response Procedures 

chart located in Attachment F for information concerning the preparation, response, and 

follow-up activities associated with an emergency situation. 

12.2 COMMUNICATION 

A communication network must be set up to alert site personnel of emergencies 

and to summon outside emergency assistance. Where voice communication is not feasible 

an alarm system (i.e., sirens, horns, etc.) should be set up to alert employees of 

emergencies. Radio communication may also be used to communicate with personnel in 

the exclusion zone. Where phone service is not readily available, radios or portable phones 

should be used to communicate with outside agencies. Site personnel shall be trained on 

the use of the site emergency communication network. Emergency phone numbers should 

be posted at the phone or radio used for outside communication. The SSO is responsible 

for establishing the communication network prior to the start of work, and for explaining it 

to all site personnel during the site safety briefing. 
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The following hand signals will be used by personnel in the event of an emergency: 

Sianal Definition 

Hands clutching throat 

Hands on top of head 

Thumbs up 

Thumbs down 

Arms waving upright 

Grip partner's wrist 

Out of air/can't breathe 

Need assistance 

OKil'm alrightil understand 

Noinegative 

Send backup support 

Exit area immediately 

12.3 EMERGENCY RESPONSE TEAM PROCEDURES 

The emergency response team will consist of employees who assume the 

following roles: 

a Emergency Care Provideris 

Provide first aid/CPR as needed. 

Communicator 

The role of the communicator is to maintain contact with appropriate 

emergency services, providing as much information as possible, such as the 

number injured, the type and extent of injuries, and the exact location of 

the accident scene. The communicator should be located as close to the 

scene as possible in order to transmit to the emergency care providers any 

additional instructions that may be given by emergency services personnel 

in route. 
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Site Supervisor 

The site supervisor (usually the SSOI should survey and assess existing and 

potential hazards, evacuate personnel as needed, and contain the hazard. 

Follow up responsibilities include replacing or repairing damaged equipment. 

documenting the incident. and notifying appropriate personnellagencies 

described under incident reporting. It also includes reviewing and revising 

site safety and contingency plans as necessary. 

In the event of an emergency, follow the procedure outlined in Attachment F. 

Notify site personnel of the situation. Survey the scene to determine if the situation is 

safe, to determine what happened. and to search for other victims. 

12.4 MEDICAL EMERGENCY RESPONSE PLAN 

At  least one employee on site will hold a current certificate in American Red Cross 

Standard First Aid. This training provides four hours of Adult CPR and four hours of Basic 

First Aid. If a medical emergency exists consult the emergency phone number list and 

request an ambulance immediately. Perform First AidICPR as necessary, stabilize the 

injured, decontaminate if necessary. and extricate g& if the environment they are in is 

dangerous or unsafe and ONLY if the rescuers are appropriately protected for potential 

hazards they may encounter during the rescue. When emergency services personnel 

arrive, communicate all first aid activities that have occurred. Transfer responsibility for 

care of the injuredlill to  the emergency services personnel. 

The following items and emergency response equipment will be located within easy 

access at all times: 

First Aid Kit (see required contents - Section 1 2.4.1 I: 

American Red Cross Standard First Aid Manual; 
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Eyewash - A 15-minute eyewash will be available on site for flushing 

foreign particles ,or contaminants out of eyes. The SSO will demonstrate 

the proper operation of the unit(s) prior to the start of work; 

Emergency Phone Numbers List; 

Maps and directions to the hospital; 

Portable radios for emergency communications in remote areas; and 

Copies of the posters on CPR, choking, rescue breathing. 

1 2.4.1 First Aid KitIReauired Contents 

The following list has been approved by the Occupational Physician. 

Adhesive dressings 

Adhesive tape rolls, 1 inch wide 

Sterile eye dressing packets 

1 inch gauze bandage rolls 

2 inch gauze bandage rolls 

4 inch gauze bandage rolls 

Sterile gauze pads, 2 inch square 

Sterile gauze pads, 4 inch square 

Sterile surgical pads suitable for pressure dressings 

Triangular bandages 

Safety pins 

Tweezers and scissors 

Tape for bandaging 

Ace bandages 

Latex gloves 
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Sterile gloves 

Pen light 

Hydrogen peroxide 
Sterile eye irrigating solution 

Ammonia inhalants 

Glucose packets (for diabetics) 
Splints (arm and leg) 

Antibiotic ointment 

Cotton-tipped applicators 
Flashlight 

Cold packs 

Blankets (2) 

CPR Microshields/Clear Mouth Barriers (2) 
Face shield 

Drugs, inhalants, or medications not listed above shall not be included in the 

First Aid Kit. Supplies should be re-ordered as they are used. A monthly inventory 

must be done on the first aid kit contents and supplies re-ordered that have been 

used and not reponed. 

12.4.2 First Aid for Poisonous B'tes I and Stin- 

Reactions from insect bites and stings are usually not a life 

threatening issue unless individuals are allergic to the venom introduced into the 

circulatory system. If individuals are allergic to bee stings or insect bites, the 

following first aid procedures should be followed before emergency services arrive. 

First Aid P r o w  The objective of first aid is to  reduce the circulation of blood 

through the bite area, to delay absorption of venom, to prevent aggravation of the 

local wound, and L\> sustain respiration. 
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The most imponant step is to get the bite victim to  the hospital quickly. 

Meanwhile, take the following first aid measures: 

1. Keep the victim from moving around. 

2. Keep the victim as calm as possible and preferably in a lying position. 

3. . If the victim has been prescribed a Bee Sting Kit or Anaphylaxis 

Emergency Treatment Kit for insect bites, quickly administer the 

antidote injection. The antidote shot is an intramuscular or 

subcutaneous injection only. Do not inject directly into a vein or 

anery. 

4. Immobilize the bitten extremity and keep it at or below heart level. 

5. Get the victim to  a hospital immediately. 

Several other factors must be considered in cases of allergic insect bites: 

a Shock; Keep the victim lying down and comfortable, and maintain his 

or her body temperature. 

Breathina and hea- If breathing stops, give mouth-to-mouth 

resuscitation. If breathing stops and there is no pulse, perform 

cardiopulmonary resuscitation (CPR) if you have been trained to  do 

so. 

ldentifvina the insecc If you can, capture the insect and bring it to  

the hospital for identification. 
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Cleanina the bitten area; If the stinger is still present, it should be 

carefully pulled out and the area washed with soap and water. You 

may apply dressings and bandages, but only for a short period of 

time. 

The above information is presented to assist site personnel in 

controlling and treating insect bites and stings. Additional information can be 

obtained from the Certified Occupational Physic~an. 

12.5 FIRE 

Prior to performing any hot work activities, the UC Davis Fire Department must be 

notified of the location and type of activity to be performed. Upon notification, the UC 

Davis Fire Department will issue a permit to be used during the hot work activities. All 

requirements of the permit will be followed prior to, and during hot work activities. 

To protect against fires, the following special precautions must be taken when 

performing hot work activities: 

No flame-producing devices. or. other uncontrolled-ignition.sources shall be 

used in the exclusion zone at any time; 

Any hot work outside of the support zone can only be done in an area that 

has been cleared of brush and other flammable materials for a distance of 15 
feet; 

A fire watch will be posted for the duration of any hot work and for a period 

of approximately 30 minutes after hot work activities have been completed, 

depending upon the type of chemicals stored in the immediate vicinity and 

the vegetation surrounding the t )t work location. The fire watch will have 

no other duties while on fire watch; 
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Two full 20 pound ABC fire extinguishers must be located at the work area 

when hot work is being conducted; and 

Upon completion of the hot work activities the area will be inspected for hot 

metal, slag, hot spots, etc. 

Type ABC fire extinguishers will be available onsite to contain and extinguish small 

fires. The UC Davis fire department shall be summoned (91 1)  in the event of any fire on 

site. The UC Davis fire department should be notified by UC Davis EH&S of the 

Investigation Contractor's operations prior to their commencement. A copy of this plan is 

to be provided to  the station commander. 

12.6 ACCIDENT INVESTIGATION 

The investigation and reporting of occupational injuries, illnesses and dangerous 

occurrences is essential for project management to be able to  take the steps necessary to 

avoid additional injuries or illnesses. A complete investigation will provide information 

regarding the elements of the incident and the process by which they came together to  

cause the injury, illness, or dangerous occurrence. By identifying the elements and 

processes, further incidents can be'avoided. Timely reporting also permits project 

contractors to  remain in compliance with Cal'IOSHA recordkeeping regulations. 

The Project Health and Safety Manager will: 

Determine i f  an incident warrants a formal investigation, and 

conduct incident investigations as required. 

Provide reports of formal investigations to the PM and the PNL 

Project Manager and the UC Davis Project Manager. 
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\\ 

Review all accident reports. 

Maintain the project OSHA Form 200. 

The Site Manager, or his designee, will: 

Investigate all incidents on his projects. 

Complete and submit reports in accordance with this 

Procedure. 

Site personnel are responsible for reporting ALL incidents involving 

injuries or illnesses, including near-misses, to their supervisor 
immediate1 y. 

12.6.2 Accident and 
. . 

Illness l n v e s t ~ w  

Sometimes the investigation of an accident or illness is necessary to 

prevent similar occurrences. An investigation should not attempt to prove guilt or 

innocence; rather its purpose should be to ascertain the existence of hazards by 

identifying the elements and sources which caused the accident or illness. 

Additionally, a proper investigation should result in the identification of any 

corrective measures which may be required. 

The objectives of an accident or illness investigation are to: 

Determine the existence of any hazards or contributing factors 

involved. 

Make recommendations for eliminating the hazards. 
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Determine if any unsafe or unhealthful behavior or condition 

was involved. 

Make recommendations for eliminating the unsafe or 

unhealthful condition or behavior involved. 

12.6.3 ResDonslbrllt~es 
. .. . 

For An Accident or Illness lnvestiaation 

Accident or illness investigations require a search for all factors 

involved in the accident or illness. Every factor must be found, evaluated and 

considered in order to determine what actually occurred and why. Failure to gather 

and consider all factors could allow recurrent accidents or illnesses from the same 

cause. 

When a Supervisor is advised that an accident or illness has occurred, 

he should: 

Immediately notify the PHSM and the PNL Project Manager. 

Complete the appropriate Accident Report Forms (Attachment 

C). 

Investigate promptly. 

Determine what happened and how it happened. 

Determine the results. 

. Determine what immediate corrective action to  take. 
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12.6.4 Accident Reoorting 

In the event of an injury or illness, work is to  be stopped until the 
cause of the incident has been determined and appropriate action has been taken. 
Any injury or illness, regardless of the severity, is to be reported on an Accident 
Report form located in Attachment C. The Project Manager, or his designee, is 
responsible for reporting all accidents or incidents to the PHSM and PNL Project 
Manager. 

12.7 UNUSUAL EVENT REPORT 

After the occurrence of a new or unusual radiological event, the RCT will document 
the occurrence of the event by establishing facts in chronological order and reporting the 
events and facts on a U.S. DOE Occurrence Report located in Attachment R. The purpose 
of this report is to identify the underlying reasons or causes for the success or failure of 
the event so the facts are well understood. This report will be completed within two days ( 

of the occurrence and a copies of the report will be given to  the PNL PM or the LEHR Rad 
Con Manager, UC Davis PM, PHP, and PM. This report will be used to evaluate and 
describe lessons learned as described in Article 353 of the LEHR Rad Con Manual. 

Anytime new or unusual radiological events occur at the site, the RCT will 
immediately notify the PHP, the PM and the PNL Project Manager. After notification the 
RCT will investigate the event by determine if a formal investigation is required. If a 
formal investigation is required, the RCT will: 

Determine the existence of any hazards or contributing factors involved. 

Make recommendations for eliminating the hazards. 

Determine if any unsafe or unhealthful behavior or condition was involved. 

Make recommendations for eliminating the unsafe or unhealthful condition or 
behavior involved. 
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Results of the investigation will be reported on the Occurrence Report form located 
in Attachment R. 

12.8 OPERATION SHUTDOWN 

Under certain extreme hazardous situations the site manager, RCT, SSO or SSR 

may request that site operations be temporarily suspended while the underlying hazard is 

corrected or controlled. During site activities, work will cease when any of the following 

conditions are present: 

l Inadequate radiological or chemical exposure controls; 
l Radiological and chemical exposure controls not being implemented; 
l Radiological control hold point not being satisfied; or 
l Any hazardous work condition that is not properly controlled. 

During operation shutdown, all personnel will be required to stand upwind to 

prevent exposure to  fugitive emissions. Radiological work will not resume until proper 

radiological control has been established. Resumption of radiological work required the 

approval of the SSO, RCT, SSR and the PNL PM. 
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13.1 HEALTH AND SAFETY TRAINING FOR SITE WORKERS 

All site personnel will have met the requirements of 8 CCR 5 192 (el, including: 

Forty hours or initial off-site training or its recognized equivalent; 

Eight hours of annual refresher training as required for all personnel; 

Eight hours of supervisor training for personnel serving as Site Safety 

Officers; and 

Three days of work activity under the supervision of a trained and 
experienced supervisor. 

13.2 FIRST AID/CPR TRAINING 

The RCT, SSO and each subcontractor safety representative shall maintain current 

certification in American Red Cross First Aid and CPR training or the equivalent.. All other 

onsite personnel who are responsible for responding to site emergencies and incidents shall 

also maintain current certification in American Red Cross First Aid and CPR training or the 

equivalent. In addition, all first aid responders must receive Bloodborne Pathogens training 

as described below. 

13.3 BLOODBORNE PATHOGENS TRAINING 

Site personnel who are required to work in areas where laboratory waste could 
potentially be located including the landfill units and the septic tanks, and anyone who will 

be performing first aid/emergency response activities will be trained in accordance with the 

Bloodborne Pathogens Standard located at 29 CFR 1030. Bloodborne Pathogens training 
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will include an overview of the standard, an explanation of the types of bloodborne 

pathogens, their modes of transmission and corresponding health effects, an overview of 

the Soil Contractor's Exposure Control Plan (see Attachment Q for a Summary of this 

program) and vaccination program, universal precautions and how the will be implemented 

during field activities, and all other pertinent requirements outlined in the standard. 

Training will be refreshed on an annual basis and whenever tasks change that will effect 

occupational exposure. 

13.4 RADIOLOGICAL TRAINING FOR SITE WORKERS 

13.4.1 Radi~loaical Worker Trainina (I eve1 I1 

All individuals whose job assignments require access to Radiological 

Buffer Areas and Radiological Control Areas must successfully complete 
i 

Radiological Worker I training and site-specific Radiological Worker I training before 

being permitted to enter these areas without a qualified escort. 

Radiological Worker I training includes the DOE standardized core 

training course material, site specific training, and AURA principles and goals. The 

site specific training shall encompass, at a minimum, the following site-specific 

practical factors: 

Entering and exiting simulated Radiological Buffer Areas and 

Radiological Control Areas; 

Performance of frisking for personnel contamination, as 

applicable; 

Verification of instrument response and source check; and 

Anticipated response to alarm situations. 

WORKPLAN.HSP 13.2 
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13.4.2 fladioloaical Worker Trainina (Level I11 

Workers whose job assignments involve entry into Contamination 

Areas shall complete Radiological Worker II training. Radiological Worker II training 

will consist of the DOE standardized core training course materials for Radiological 

Worker II, site specific training, and ALARA principals and goals. 

Radiological Worker II training shall encompass, at a minimum, the 

following site-specific practical factors: 

a Donning of protective clothing; 

a Entering a simulated Radiological Buffer Area, and 

Contamination Area to perform a task; 

a Anticipated response to simulated abnormal situations: 

a Anticipated response to simulated alarms or faulty radiological 

control equipment; 

a Removing protective clothing and equipment and subsequently 

exiting the simulated area; and 

a Verification of instrument response and source checks. 

All contractor personnel who will be involved in intrusive activities at 

the site will receive Radiological Worker II training as described above before field 

activities commence. 
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13.5 RADIOLOGICAL CONTROL TECHNICIAN TRAINING 

Training for Radiological Control Technicians (RCTs) consists of successfully 

completing the standardized core training course,receiving on-the-job training, and passing 

both a final comprehensive written examination and final oral examination conducted by 

the Oral Examination Board. Members of the LEHR Radiological Control Committee will 

participate in the oral examinations. 

Training for Radiological Control Technicians will include the above material, and 

will also include more in-depth training in the fundamentals of radiation physics, radiation 

protection, radiation detection instrumentation, and site specific radiation protection 

procedures. On-the-job training and evaluation is required in each of the activities to be 

performed. Additional information concerning Radiological Control Technician training is 

located in the LEHR Rad Con Manual Article 641-643. 
1, 

13.6 SPECIALIZED RADIOLOGICAL WORKER TRAINING 

Special radiological worker training shall be completed prior to conducting 

nonroutine operations, or work in areas with changing radiological conditions or in areas 

with the potential for high radiological consequences. Work in these types of situations is 

not. expected to be undertaken at the LEHR site. If conditions exist or are found that fit 

this criteria, then specialized training will be conducted prior to the commencement or 

continuation of site work. 

Appropriate technical support personnel (engineers, schedulers, 

procedure writers) shall be trained in the principals of ALARA, basic ALARA 

techniques and dose reduction techniques if they are working in areas that are 

re: .ted to radiological control. 
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Managers that supervise or provide oversight of Radiological Control 
-- 
'Programs shall be trained in the principles of the LEHR Rad Con Manual. Training 

will include site-specific information and continued training which will include 

performance indicators, root causes and lessons learned based on operational 

experience. 

13.7 VISITOR TRAINING 

All visitors to the site will receive a radiological safety orientation prior to visiting 

the site. This training will be coordinated through the UC Davis Environmental Health and 

Safety Office and will include the following topics: 

l Basic radiation protection concepts; 

l Risk of low-level occupational radiation exposure, including cancer and 

genetic effects; 

l Risk of prenatal radiation exposure;. 

l Radiological protection policies and procedures; 

l Visitor and management responsibilities for radiation safety; 

l Adherence to radiological posting and labeling; 

l Applicable emergency procedures; and 

l Training for issuance of dosi-neters, where applicable. 
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* 
This training will be accomplished using standardized training materials common to 

all onsite contractors, and visitors will be asked to sign a form stating they have been 

trained on the items listed in this Section. This training may be communicated by 
- - 

videotape or handout. 

The Project Manager must notify the UC Davis EH&S Office 48 hours in advance to 

coordinate this type of training whenever non-trained personnel will be visiting the site. 

13.8 HAZARDOUS MATERIALS HANDLING 

All employees who will handle and package hazardous materials for shipment will 

have received training, specific to their job function, as required under the Department of 

Transportation (DOT1 Hazardous Materials Training-1 8 1 (HMT-18 1 ) requirements. 

13.9 PRE-JOB AND SITE SAFETY BRIEFINGS 

Prior to the start of operations at the site, the SSA will conduct a pre-joblsite safety 

briefing, which will include all personnel involved in site operations. At  this meeting, the 

SSA will discuss: 

Contents of this HSP; 

Contents of the LEHR Rad Con Manual; 

Scope of work to be performed; 

Types of hazards at the site and means for minimizing exposure to them; 

. Radiological conditions in the workplace; 

Special radiological control requirements; 
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Radiological control hold points; 

Communications and coordination with other contractors; 

The type of monitoring that will be performed; 

Action levels for upgrade and downgrade of personal protective equipment; 

Personal protective equipment that will be used; 

Heat stress monitoring and control; 

Decontamination protocol; 

Site control measures, including safe operating practices and 

communication; 

Provisions for housekeeping and final cleanup; 

Emergency response procedures; .. 

Location and use of emergency equipment; 

Evacuation signals and procedures; 

Overview of the Hazardous Work Permit; 

Overview of the Investigation Contractor's Injury and Illness Prevention 

Program and Bloodborne Pathogens Programs located in Attachment N and 

Attachment Q, respectively; 
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Routes of entry, toxicology, and health hazard information for radioactive 

materials and chlorinated hydrocarbons; and 

Conduct hazard communication training for all chemicals brought onsite. 

MSDS's for the chemicals brought onsite by the Investigation Contractor are 

located in Attachment L. 

Subsequent site safety briefings will be conducted by the SSO prior to each shift to 

review pertinent safety issues, discuss any problem and discuss aspects of the shift's 

tasks. 

When additional chemicals are brought onsite by subcontractor personnel, the 

hazards associated with their use will be included in the next day's site safety briefing, and 

before the chemicals are used at the site. 
I 

For each briefing, the SSO will complete a Site Safety Briefing form (see 

Attachment GI and submit each on a regular basis to the DHSM. 

13.10 HAZARDOUS WORK PERMIT 

Prior to the start of work, the SSO or RCT will complete a Hazardous Work Permit 

(located in Attachment HI which will be posted at the access point to each work area. 

The Hazardous Work Permit will be used to  inform site personnel and visitors of the 

radiological and safety controls to be followed during site activities. The hazardous work 

permit will include the following information: 

Description of work; 

Work area radiological conditions; 

Dosimetry requirements; 
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a Training requirements for entry; 

a Protective clothing and respiratory protection requirements; 

a Radiological control coverage requirements and stay time controls; 

a Limiting radiological conditions that may void the HWP; 

Special dose or contamination reduction considerations; 

Special personnel frisking requirements: 

Date of issue and expiration; and 

a Authorizing signatures. 

In addition to the above information, Hazardous Work Permits will comply with 

Section 321 through 323 of the LEHR Rad Con Manual. 

13.1 1 RECORDKEEPING 

Copies of all training certificates will be maintained onsite by the SSO. All site 

safety briefing forms will also be maintained onsite by the SSO and copies will be 

submitted to the PHSM on a regular basis. 
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* 
14.0 MEDICAL SURVEILLANCE 

This chapter describes the minimum medical screening requirements that will be 

. used70 provide a method of identifying those employees whose medical history indicates 

potentially increased health risk when exposed to the added burden associated with 

protective equipment and/or toxic chemicals and radioactive materials present at the LEHR 

site. This chapter also describes the minimum medical screening which will be used to 

determine if personnel can use positive and negative pressure respirators and to document 

exposure to specific contaminants. 

14.1 SCHEDULING OF EXAMINATIONS 

All project personnel performing work in potentially contaminated areas, regardless 

of length of employment at the site, are required to participate in the medical surveillance 

program. The following medical surveillance intervals will be provided for all site 

employees working inside of the exclusion zone: 

e Prior to the start of work, all personnel must undergo a baseline medical 

examination. The results of the examination must be reviewed and 

approved by an occupational physician prior to being permitted access to the 

contaminated or potentially contaminated areas of the site. 

All personnel included in the program must obtain at least one medical 

examination per year during the term of site activity. 

If an employee develops signs or symptoms of illness related to potential 

workplace exposures, then a medical exam will be performed. 

At  termination of employment, a termination exam should be completed. 
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* 
When an employee develops a lost time injury or illness during the period of 

this contract. 

When an employee develops a lost time work-related injury or illness during the 

project, a written statement allowing the employee to return to the work site after the 

illness must be provided to the employee's supervisor. This written statement must be 

signed by the Occupational Physician and copies must be submitted to  the Radiological 

Control Manager and the PHSM. 

Prior to participating in the medical surveillance program, the following information 

will be provided to the examining physician: 

Information on the employee's anticipated or measured exposure; 

PPE use; 

A description of the employee's duties; 

A copy of 8 CCR 51 92; and 

Information from previous examinations not readily available to the 

examining physician. 

14.2 MEDICAL RECORDKEEPING 

All medical and exposure records must be retained for a period of at least 30 years 

beyond an employee's last day of employment. A written notification of the storage 

location of all project associated medical/compliancerecords will be relayed to the LEHR 

Rad Con Manager at the close of the project. 
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These records are accessible only by the participants and the consulting physician. 

Pertinent medical information may be shared with emergency medical facilities adjacent to 

hazardous work sites. 

As required by OSHA standards, records of employee medical history must be made 

available upon request to the employees, employee representatives, and OSHA. The 

standard applies to all employers in general industry, construction and maritime operations 

whose employees are exposed to toxic substances and harmful physical agents. By 

providing workers with information they can use to detect, treat, and prevent occupationdl 

diseases, the policy is intended to increase awareness of workplace hazards and allow 

workers to play a meaningful role in their own health management. 

14.3 SPECIFIC COMPONENTS OF EXAMS 

Baseline 

The baseline medical exam will consist of the following: 

A medical and occupational history questionnaire with emphasis on the 

following systems: nervous, skin, lung, blood forming, cardiovascular, 

gastrointestinal, reproductive, as well as ears, nose, and throat. 

A complete physical exam, including at least the followirlg: 

1. Height, weight, temperature, pulse, respiration, and blood pressure 

2. Head, nose, and throat 

3. Eyes (Snellen) 
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4. Ears (audiometric testing at 500, 1,000, 2,000, 3,000, 4,000, 
6,000, and 8,000 Hz including an otoscopic examination - of the ear 

for wax, and questionnaire) 

5. Chest (heart and lungs) 

6. Peripheral vascular system 

7. Abdomen (liver, spleen, and kidney) 

8. Musculoskeletal system 

9. Genitourinary system 

10. Skin 

1 1. Nervous system 

12. Pelvic, breast, and rectal (Guaiac) examination for women 
. .  . . 

13. Testicular and rectal (Guaiac) examination for men 

• Tests 

1. Complete blood counts and chemistries including: 

a. White blood cell differential cell and platelet counts 
b. Hemoglobin andlor hematocrit 
c. Albumin, globulin, total protein and total bilirubin 
d. Serum glutamic oxalacetic transminases 
e. Lactic dehydrogenase 
f. Alkaline phosphate and Gamma Glutamine Trans Peptidase 

g- Calcium 

14.4 
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h. Phosphorous 
i. Uric acid 

j- Creatinine 
k. Urea nitrogen 

I. Cholesterol and triglycerides 
m. Glucose 
n. RBC Cholinesterase 

2. Urinalysis (Clean Catch), including: 

a. Color and character 

b. Specific gravity 

C. pH 

d. Protein 

e. Acetone 

f. Glucose 

9 - Microscopic examination 

3. PA Chest-X-ray (14 x 17 inch P-A performed for the baseline exam) 

4. Pulmonary function test to include, at a minimum: 

a. Forced vital capacity (FVC) 

b. Forced expiratory volume, one second (FEV,) 

c. The FEV,:FVC ratio 

5. Standard 12-lead resting electrocardiogram (€KG). 
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Annual Medical Exam 

The annual medical exam is similar to the baseline, with the following exceptions: 

An annual questionnaire is administered in place of the Comprehensive 

Medical History Questionnaire. 

Chest x-rays are not performed annually, but less frequently, depending 

upon age and regulatory requirements. 

The EKG will be performed every 3 years for those under the age of 40, 

every 2 years for those aged 40 to SO, and annually for those over SO years 

of age. 

Termination Exams 

The termination exam is conducted at the discretion of the Occupational Physician 

on the basis of an individual's medical and exposure history. All project personnel who 

worked in the exclusion zone or who may have otherwise been exposed to elevated levels 

of site contaminants will have a termination exam. The employee's supervisor should 

contact the Occupational Physician upon notification of termination to determine whether 

an exit exam is needed. 

Baseline Labwork For Hazardous Materials Exams 

Urinalysis (microscopic) 

Complete Blood Count (with differential) 

RBC Cholinesterase (not always necessary; only needed if pesticide work is 

anticipated) 
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• 24 Item Blood Chemistrv Panel 

Calcium 

Phosphorus 

Sodium 

Potassium 

Chloride 

LDH 

AST (SGOT) 

T. Bili 

GGT 

ALT (SGPT) 
Alk. Phos. 

HDL 

Cholesterol 

Trigl ycerides 

T. Protein 

Globulin 

Albumin 

AIG Ratio 

BUN 

Creatinine 

Uric Acid 

Glucose 

Special Tests (as required) 

Chest x-ray (1 4- x 1 7-inch P-A) 

EKG Stress Test 

RBC Cholinesterase 

Blood Lead 

Zinc Protoporphyrin 

Polychlorinated Biphenyls 

Arsenic, Cadmium, and Mercury; other heavy metals 

Thiocyanate 

Uroporphyrin 

Hexachlorobenzene 

Methemoglobin 

Bioassay tests for exposure to radionuclides will be provided on an as 

needed basis. Information concerning the bioassay program is located in 

Section 7.4.4 and Attachment P. 
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1 5.1 NOTIFICATION OF SPILLS AND DISCHARGES 

Prior to commencing site activities, the Project Manager is to contact the chief at 

the nearest fire station. A copy of this SSHP will be offered to the fire chief, and the PM 

will explain the operation, the potential risks to the community and facility personnel in the 

event of a significant release of hazardous materials; evacuation routes, procedures and 

signals should also be discussed. 

- If a spill occurs and humans or the environment are threatened, contractor 

personnel will immediately contact the SSHO or PM who in turn will immediately notify the 

local fire department, the PNL Project Manager and the UC Davis Environmental Health and 

Safety Office. 

After spill response activities are completed, a Spill Report will be issued to the 

both the PNL Project Manager and the UC Davis Environmental Health and Safety Office. 

This spill report will identify the cause and extent of the spill, any resulting contamination 

danger, and the corrective actions taken by the Investigation Contractor and emergency 

personnel. 

15.2 REQUIRED EQUIPMENT 

The following equipment will be kept at the site at all times to provide for the 
means to  clean up an unexpected spill or discharge: 

a Sand, clean fill, or other noncombustible absorbent; 

a 55 gallon U.S. DOT 17-E and 17-H drum; 
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Any spill of a quantity that would require the use of ~ e v e l  B PPE will be referred to 
an emergency response contractor for cleanup. Prior to the start of invasive operations, 
the PM and FHSM will identify an appropriate emergency response contractor, and camact 
the contractoc's representative to provide information on project activities as we11 ss a 
copy of this hedth and safety plan. The cotltractof s emergency phone number w i l  be 
posted prominendy at the site phones and project office. 

1 5.3 SPILL CONTROL 

If a spill occurs at the site, the following actions will be immediately taken by the 
Investigation Contractor: 

a Notify the local fire department; 

a Isolate and contain the hazardous spill area; 

a Notify the PNL Project Manager and the UC Davis Environmental Health and 
Safety Office; 

a Do not allow anyone to touch or approach the spilled material without 
wearing the appropriate PPE; 

Direct personnel to stay unwind of the spill location, and t o  keep out of low 
areas; 

a Keep combustibles away from the spilled material; 

Use water spray to  reduce vapors and dust as needed; 

a Collect samples for analysis to assess i f  cleanup activities weld adequate; 
and 



HEALTH AND SAFETY PLAN 
RIPS WORK PLAN 
LEHR ENVIRONMENTAL RESTORATION 

Chapter No.: 15.0 
Appendix C Revision: 0 

Effoctivo Date: 08 /31  194 
Page 16.3 of 16.3 

Conduct any other actions as needed. 

If hazardous solid material is spilled at the site, the spilled material will be removed 
and placed into a dry container and labeled for disposal. 

If a hazardous liquid material is spilled, the spilled material will be absorbed with 
sand, clean fill, or noncombustible absorbent material. Once absorbed, the material will be 
placed into dry containers and labeled for disposal. 

15.4 DECONTAMINATION 

After the spill area has been controlled, personnel will undergo decontamination 
procedures as outlined in Chapter 10. 
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16.0 INJURY AND ILI NESS PREVENTION PROGRAM 

The lnvestigation Contractor is committed to maintaining an injury and illness free 
workplace and complying with applicable laws and regulations governing workplace safety. 
To achieve this goal, the lnvestigation Contractor has developed and implemented an 
lnjury and Illness Prevention Program that meets the requirements of California Senate Bill 
1 98, Statutes of 1 989, Chapter 1 369, Labor Code 640 1.7, and the accompanying General 
Industry Safety Order at Title 8, California Code of Regulations, Section 3203 (8 CCR 
3203) in all California offices and at temporary job site locations. 

The lnjury and Illness Prevention Program will be implemented during all field 
operations. The SSO will conduct a safety meeting before the project commences to 
discuss the provisions of the llPP and discuss the importance of reporting potentially 
hazardous conditions before an accident occurs. The SSO will also review the Hazardous 
Condition Report Form, which will be used to report any potential safety hazards noted at 
the job site. A summary of the lnvestigation Contractor's lnjury and Illness Prevention 
Program and a copy of the Hazardous Condition Report Form is located in Attachment N. 
A full copy of the lnjury and Illness Prevention Program is contained in the lnvestigation 
Contractor's Health and Safety Program Manual which is maintained by the Project Health. 
and Safety Manager and is available upon request. 
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The PM, SSO, and RCT are responsible for site recordkeeping. Prior to the start of 

work, they will review this plan; if there are no changes to be made, they will sign the 

approval form and forward a copy to the PHSM. 

All site personnel are required to have available copies of their training records and 

medical clearance documents at the site. Before site personnel enter the exclusion zone, 

they must present evidence of medical clearance and training records which meet the 

criteria described in Chapter 13 and 14, respectively. The PM or SSO will maintain current 

copies of training certificates and statements of medical program participation for all site 

personnel. 

In addition, all site personnel will review this HSP and sign a copy of the safety plan 

compliance agreement, which is found in Attachment A. The PM will maintain these 

agreements at the site, and forward them to the PHSM at the conclusion of the operation. 

The SSO will conduct a Site Safety Briefing in accordance with Section 13.9 prior 

to each shift and have all attendees sign the form in Attachment G; copies will be 

forwarded to the PHSM. 

Any accident or exposure incident will be investigated and the form in Attachment 

C will be completed and forwarded to the PHSM. 

All instrument readings and calibrations, PPE use and changes, health and safety- 

related issues, and deviations from or problems with this HSP will be recorded in the Field 

Log. These portions of the Log will be transmitted t o  the PHSM for review at the 

completion of field operations. 



HEALTH AND SAFETY PLAN Chapter No.: 17.0 1, 

RllFS WORK PLAN Appendix C Revision: 0 
LEHR ENVIRONMENTAL RESTORATION Effectwe Date: 08131 194 

Page 17.2 of 17.3 

1 7.1 OSHA RECORDKEEPING 

OSHA Form 200, the Log and Summary of Occupational Injuries and Illnesses, is 

maintained for the project by the PHSM. This function is centralized to ensure that a 

uniform procedure is used for the completion and distribution of Form 200. 

The PHSM has 5 workdays from the date of the occurrence of the recordable injury 

or illness to  make the appropriate entries in the log. Therefore, the PM or site supervisor 

must complete the Accident Report Form immediately upon report and initial investigation 

of the incident and forward a copy to the PHSM. 

The PHSM will complete an OSHA Report of Occupational. Injury or Illness and will 

update the site's Form 200 using the information from the OSHA Form 101. The OSHA 

Form 101 is the employers first report of occupati~nal injury. The PHSM will also need to 1, 
know how many days the affected individual was off duty and/or on restricted duty in 

order to  complete the update. 

At  the end df each calendar year, an annual summary of occupational injuries and 

illnesses for that year will be prepared. The summary must be posted for the entire month 

of February in the year following the summary year. The posted summary shall not show 

the names of the personnel whose illnesses or injuries are listed. 

The log and summary, Form 200, and the accident reports, Form 101, must be 

retained at the site for 5 years. All OSHA records will be made available upon request for 

inspection and copying by authorized Federal and State government officials. Site 

personnel, former site personnel, and representatives are provided access only to the log, 

Form 200. Access to  these records will be provided in a reasonable manner and at a 

reasonable time. 



HEALTH AND SAFETY PLAN Chapter No.: 17.0 
RllFS WORK PLAN Appendix C Revision: 0 
LEHR ENVIRONMENTAL RESTORATION Effective Data: 08131 194 

Page 17.3 of 17.3 

17.2 RADIOLOGICAL RECORDKEEPING REQUIREMENTS 

All radiological records will be controlled and managed throughout the project. 

Management of records will include archiving all pertinent paperwork and seeing that all 
significant radiological events are properly documented. Records that are required to be 

kept current and in the radiological records filed by the PM, SSO and RCT include the 
following: 

Radiological policy statement 

Radiological control procedures 

External dosimetry reports 

Internal dosimetry reports 

Individual radiological doses 

Internal and external dosimetry policies and procedures 

Personnel training 

ALARA records 

Radiological instrumentation test, repair and calibration records 

Radiological surveys 

Area monitoring dosimetry results 

Health and safety plans 

Radiological performance indicators and assessments 

Radiological safety analysis and evaluation reports 

Quality assurance records 

Radiological incident and occurrence reports 

Accountability records for sealed sources 

Records for release of material to controlled areas 

Reports of loss of radioactive material. 

All other recordkeeping requirements outlined in Chapter 7 of the LEHR Rad Con 

Manual will be adhered to during the project. 
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SAFETY PLAN COMPLIANCE AGREEMENT 

FOR 

LEHR ENVIRONMENTAL RESTORATION 

UNIVERSITY OF CALIFORNIA, DAVIS 

I , , have rece'ived a copy of the Health 

and Safety Plan and the LEHR Radiological Control Manual for the Project. I have reviewed 

these documents, understand them, and agree to comply with all of their provisions. I 

understand that I could be prohibited from working on the project for violating any of the 

health and safety requirements specified in these documents. 

SIGNED: 
(Signature) (Date) 

Firm: 
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Not to Scale B 
HOSPITAL ROUTE MAP 

Health and Safety Plan 
LEHR Environmental Restoration 

Davis, California 

12561 -099-043 SJR 211 2/93 EW3-RAD 
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ACCIDENT REPORT FORM 



ACCIDENTIEXPOSURE REPORT 

EMPLOYEE NAME DATE OF BIRTH 

HOME ADDRESS PHONE NO. I 
SEX: HALE- FEHALE- JOB TITLE SOCIAL SECURITY NO. 

C 

OFFICE NO. OFFICE LOCATION DATE OF HIRE 

HOURS USUALLY WRKED: HOURS PER DAY HOURS PER YEEK TOTAL HOURS WEEKLY I 

WHERE D I D  ACCIDENT OR EXPOSURE OCCUR? (INCLUDE ADDRESS) 

COUNTY ON EIIPLOYER'S PREIIISES? YES No- 

WHAT WAS EMPLOYEE DOING WHEN INJURED? (BE SPECIFIC) 

HOU D I D  THE ACCIDENT OR EXPOSURE OCCUR? (DESCRIBE FULLY) -- 

WHAT STEPS COULD BE TAKEN TO P R M N T  SUCH AN OCCURRENCE? -I 

OBJECT OR SUBSTANCE THAT DIRECTLY INJURED EMPLOYEE 

DESCRIBE THE INJURY OR ILLNESS PART OF BOOY AFFECTED 

WAllE AND ADDRESS OF PHYSICIAN 

I F  HOSPITALIZED, NAME AND ADDRESS OF HOSPITAL 

DATE OF INJURY/ILLNESS T IME OF DAY LOSS OF W E  OR WORE DAY OF UORK? YES/NO 

I F  YES-DATE LAST WRKED 

US EMPLOYEE RETURNED TO UORK? IF YES-DATE RETURNED DID EMPLOYEE D I E ?  I F  YES-DATE 

COMPLETED BY (PRINT) SIGNATURE 

TITLE DATE 

An accident/exposure repon must be completed by the supervisor or site safety officer 
immediately upon learning of the incident. 



AITACHMENT D 

PERSONNEL DECONTAMINATION STATION LAYOUT 

-- 



Wlnd Dlrectlon I 
Exclusion Zone 1 

Contaminated Area 
Radlologlcal Buffer Area 

BootslGloves 
and Remove Respirator Support 

Equlpment Drop 
Outer Garments and Sanltlze Zone l 

(For dlrporel end ofl Clean Area 
rlte decontamlnatlon) 

+ 
Plastic Sheet 

L 
0 Hot Waste Can 

L 
0 Hot Waste Can 

(10 Oellon) (32 Oallon) 

MINIMUM LAYOUT OF 
PERSONNEL DECONTAMINATION STATION 

Health and Safety Plan 
LEHR Environmental Restoration 

D A M E S  & MOORE Davis. California 

1080572M)44.decon 
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EMERGENCY DECONTAMINATION CHART 



Accident 1 Injury 
Event 

Report to 
Supervisor for 

Instructions 

NO 

Contaminants Perform 
Lifesaving 
Procedures 

EMERGENCY DECONTAMINATION 

^ . 

Gross 
Decontamination 

andlor CoverNUrap 
Contaminated Areas 

Perform 
Lifesaving 
Procedures 

1, 
~ , \  

v 
Decontaminate j NO 

as much as 

.A 

Possibie/Feasibie 
, , ,, "e, 

YES 
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EMERGENCY RESPONSE CHART 



Emergency Response Procedures 

I Noafy onsite perso~ei 
about the incident 

\\ + z r 

0 . c Sue-up the siruation based - 
i= on available informarion 
t . 
z 
e a 
W 
PC: a 

resources for response 

- 
Survey and assess Survey and assess 

existing and potential casualties hazards 
i 

I 
1 

- 

victims. 

Replace or rejuvenarc damaged 
1 or exhausted equipment I 

Document the 
incident 

Review and revise Site Safety 1 Contingency P b  
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SITE SAFETY BRIEFINGS 

Job Name Number 

Date Start Time Completed 

Site Location 

Type of Work (General) 
........................................................................... 

SAFETY ISSUES 

Tasks (this shift) 

Protective Clothing/Equipment 

Chemical Hazards 

Radiological Hazards 

Physical Hazards 

Control Methods including monitoring techniques 

Special Equipment/Techniques 

Hazard Communication Overview 

Nearest Phone 

Hospital Name/Address 

Special Topics (incidents, actions taken, etc.) 

........................................................................... 
ENDEES 

Print Name Sign Name 

Meeting conducted by: 
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HAZARDOUS WORK PERMIT 



DESCRIPTION OF WORK 

WORK AREA RADIOLOGICAL CONDITIONS 

AINING REOUIREMENTS FOR ENTRY 

PROTECTIVE CLOTHING AND RESPIRATORY PROTECTION REOUIREMENTS 

J t A D U G I C A J .  CONDITIONS THAT VOID THIS HWP 

S P E W L  DOSE OR CONTAMlNATION REDUCTION CONSIDERATIONS 

P R N S ECIAL PE SO NE6, FRISKING REOUIREMENTS 

DATE OF ISSUE AND EXPIRATION 



OTHER 

AUTHORIZED STGNATURES 

Project Manager 

Site Safety Officer 

Radiological Control 
Technician 

-- 
Print Name Sign Name 
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DAILY PID OR OVA INSTRUMENT CALIBRATION CHECK SHEET 



HEALTH 8 S A F m  PROGRAM 
DAILY INSfRUMENT CALIBRATION CHECK SHEET 

Project Name lnstrumenl 

Job Number Serial # 

A 

. 
DATE 

i !  

YISmuMEIII 

--- 

BATTERY 
CHECK OK? 

ZERO 
ADJUST OK? 

RUDIHO (PPM) CAuBRA*M 
QAS (PPU) 

CAUBRATED 
BY 

COMMENTS 

- 

m10 
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FOXBORO OVA OPERATING INSTRUCTIONS 

A .  Move the INSTR switch to  ON and allow f i v e  minutes t o  warm up. 

B. Battery Check: Move INSTR/BATT Test Switch t o  the BAn: posit ion and ensure 
bat tery is charged by reading the indicat ion on the readout meter. 

C.  Move the CALIBRATE Switch to  X10 and ad jus t  the meter reading t o  zero with 
the CALIBRATE WUST (zero) Knob. 

D. Ensure the PUHP Switch is ON and observe the SAMPLE F I B W  RATE Indicator .  
Indication should be approximately two u n i t s .  

E .  Open H2 TANK VALVE one (1) turn and observe the reading on the H2 TANK 
PRESSURE Indicator .  (Approximately 150 p s i  of pressure is needed f o r  each 
hour of operation.)  

F. Open H2 SUPPLY VALVE 1/2 to  1 turn and observe the reading on the H2 SUPPLY 

PRESSURE Indicator .  

CAUTION 

Do not leave ' ~ 2  SUPPLY VALVE open when the  pump is not running, a s  t h i s  
w i l l  allow hydrogen t o  accumulate in  the  de tec tor  chamber. 

G. Confirm t h a t  meter is s t i l l  reading zero ( readjus t  i f  required).  

H. Depress i g n i t e  button. There w i l l  be a s l i g h t  "pop" a s  t he  hydrogen 
igni tes  and the meter pointer w i l l  move upscale of zero. Immediately 
a f t e r  i gn i t i on ,  re lease the ign i te r  button. Do not  depress ign i t e r  but ton 
fo r  more than s i x  seconds. I f  burner does not  i g n i t e ,  let  instrument run 
f o r  severa l  minutes and t r y  again. After ign i t ion ,  the meter poidter  w i l l  
indicate the  background concentration. This background leve l  is nul led  
out using the CALIBRATE ADJUST (zero) Knob. 

I. , Hove instrument to  an area which is representat ive of the "lowest ambient 
background concentration" (cleanest a i r )  t o  be surveyed. Hove the 
CALIBRATE Switch t o  X 1  and adjust  the  meter t o  read 1 ppm witt: the 
CALIBRATE ADJUST (zero) Knob. 



FOXBORO OVA FIELD CALIBRATION PROCEDURE 

1. S t a r t  up OVA according t o  factory procedure; warm it up for  ten minutes 
p r io r  to cal ibrat ion.  

2 .  F i l l  a small (2 l i t e r )  Tedlar bag with 100 ppm Hethane/balance a i r  
ca l ibra t ion  gas. 

3 .  Set the ca l ibra te  switch to X10. 

4. Sample the gas from the Tedlar bag. Use the "gas se lec t"  potentiometer to 
adjust  the reading on the readout scale to near 100 (10 x 10).  The 
reading should s t a b i l i z e  i n  20 to 30 seconds. 

5 .  Lock the knob on the gas se lec t  potentiometer; the OVA is now ready to 
use. 

SHUTDOWN PROCEDURE 

The following procedure should be followed f o r  shutdown of the instrument: 

1. Close H2 SUPPLY VALVE. 
2. Close H2 TANK VALVE. 
3. Hove the INSTR Switch to OFF. 
4. Wait f ive  seconds and move PUMP Switch to  OFF. INSTRUMENT IS  NOW I N  

A SHUTDOWN CONFIGURATION. 

FOXBORO . HSP 



HNu PID O ~ e r a t i n a  Ins t ruc t ions  

Before a t t ach ing  the probe, check the function switch on the control  
panel t o  make sure i t  i s ' i n  the off  posit ion.  

Attach the probe by plugging i n  the 12-pin plug t o  the i n t e r  face 
on the readout module. - 
Turn the s i x -pos i t i on  function switch to  the ba t te ry  check posit ion.  
The needle on the  meter should read within o r  above the  green ba t te ry  
arc on the s ca l e .  I f  no t ,  recharge the ba t t e r .  I f  the  red indicator 
comes on, the ba t t e ry  should be recharged. 

Turn the function switch t o  any range s e t t i ng .  Look in to  the end 
of the  probe b r i e f l y  t o  see  i f  the lamp is on. I f  it is on, it w i l l  
give a purple glow. Do no t  s t a r e  in to  the probe f o r  any length of 
time a s  W l i g h t  can damage your eyes. The instrument is now ready 
for  operation.  

To zero the instrument, turn  the function switch t o  the standby 
posi t ion and r o t a t e  the zero potentiometer u n t i l  the meter reads 
zero. Clockwise ro t a t i on  of the span pot produces a downscale 
def lect ion,  while counterclockvise ro ta t ion  y i e ld s  an upscale 
def lect ion.  Note: No zero gas is needed s ince  t h i s  is an e lect ronic  
zero adjustment. I f  the  span adjustment s e t t i n g  is  changed a f t e r  
the zero is s e t ,  the  zero should be rechecked (and adjusted,  i f  
necessary). Wait 15 t o  20 seconds t o  ensure t ha t  the  zero is s tab le .  
I f  necessary, read jus t  zero. 

Turn function switch t o  the  0-20 posi t ion (or t o  sca le  t o  accommodate 
ca l ib ra t ion  gas ) .  

For ca l i b r a t i on  of the  instrument from the pressurized container,  
connect the '  valve (provided with the ca l i b r a t i on  k i t )  t o  the 
pressurized container  of ca l ib ra t ion ,  andconvert the  valve v i a  Tygon 
tubing d i r e c t l y  t o  the  8" extension to  the 'photoionizat ion probe. 
Crack the  valve of the pressurized container u n t i l  a s l i g h t  flow is 
indicated on the  gauge. The instrument draws i n  the  volume of sample 
required fo r  de tec t ion ,  and the flow i n  the rotameter indicates  an 
excess of sample. Now ad jus t  the span pot so t h a t  the  instrument 
is reading the  exact  value of the  ca l i b r a t i on  gas. ( I f  the 
instrument span s e t t i n g  is changed, the instrument should be turned 
back t o  the  standby pos i t ion  and the e lec t ron ic  zero should be 
readjusted,  i f  necessary).  

Place probe i n  the  atmosphere t o  be monitored. I f  the  needle moves 
t o  the  upper l i m i t  of the  scale ,  change the function switch t o  the 
next posi t ion.  

August 1989 
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WORK AREA PROTECTION GUIDANCE 

CORRECT USE OF WORK AREA PROTECTION EQUIPMENT 

1. High Level Warning 

High Level Warning should be the first protection 
equipment to be placed in position. This will provide 
a degree of protection during positioning of the other 
equipment. Always start with the Advanced Warning and 
work back to the job site, establishing the guidance 
pattern and placing signs. The table below should be 
used only as a guide. Conditions will vary with type 
of operation and location. 

Distance from Work Site 
Speed of Traffic (High Level Warning) 

25 or below' -150 feet 
3 5 250 feet 
4 5 500 feet 
5 5 750 feet 
6 0 1500 feet 
Expressway 1/2 Mile or More 

In heavily congested traffic ereas, with s l a  mving vehicles, such as 
8 d a m t a m  araa, it may be advisable to place the high-level warning at the 
work ere.. 

A good rule of thumb for placing the initial warning 
sign ahead of the work area is--the further the better 
the protection. Each situation will differ as in the 
case of hills and curves. Consideration should always 
be given, depending on the situation, for the use of 
Flagman. 

From the Advanced High Level Warning Device to the job 
site, cones should be positioned so as to effect a 
guidance path similar to that which is accomplished 
through striping, to direct vehicles into a Left Turn 
Lane. If cones are SPACED CORRECTLY with relation to 
speed to traffic, they will produce the same effect as 
a solid line to the approaching motorist. 

The following table gives suggested distances for the 
spacing of Traffic Cones. 

Miles per Hour Distance in Feet 

up to 30 mph . . . . . . . . . . . . . .  10 - 20 feet 
30 - 45 mph . . . . . . . . . . . . . .  25 - 35 feet 
45 - 55mph . . . . . . . . . . . . . .  40 - 50feet 
55 and over . . . . . . . . . . . . . .  55 - 60 feet 

3. Barricades 

The generally accepted method is to place Barricades at 
right angles to the direction to the approaching 
traffic. They should be highly visible in themselves. 
There are many approved uses for Barricades and there 
are many variations in shapes and sizes. Refer to 
"Manual on Uniform Traffic Control Devices." 

4. Flasher Warning Lights 

The most EFFECTIVE Flasher Warning Lights are those 
which incorporate the following: 

2 Traffic Cones 
7" diameter lens 

Traffic cones create an excellent guidance path for the Transistor circuit 

motorist when they are correctly positioned. Too many Incandescent bulb 

cones, cones in a soiled condition or improperly Percentage Dwell--22-28X 
positioned cones only increase the hazard through Flash Rate (approximately 70 fpm) 
confusion. Cones should only be used for guiding and 
channeling traffic. Keep them clean, visible and in 
good repair. 



HIGH LEVEL WARNING PROTECTION * Advanced "High Level Warnino" - 
for daytime uG 
Easily assembled, 3 red flags- 
with slabilizing weights and wind 
spilling devices-the standard will 
wilhsland high winds without 

Tr turning or toppling. 

Advanced "High Level Warning" 
for nigh! use 
Three 7" diameler flashing amber 
Ilghls. Battery operated-when 
posilioned properly flasher warning 
lights create an excellent warning. 

TABLE A 
SUGGESTED SPACING OF HIGH LEVEL ADVANCED WARNING 

RELATE0 TO SPEED OF TRAFFIC 

25 mph 
or below 

35 mph 

45 mph 

No I 10' I 150' I Men Working 

Men Working 

Men Working 

1st Slgn 500' Right or Left Lane 
Yes 4 5' Closed Ahead 

2nd Slgn 1s Men Working 

1 f RLLWAV 

No . 55' 7 SO' Men Working 

Is1 S~gn ]SO' Righl of Lefl Lane 
Ves 55' Closed Ahead 

2nd S~gn 150' Men Working 

No 65' 1st Slgn 2500' Men Working 
2nd Slgn 1500' Men Working 
3rd $10" 1000' Men Worklng 
4lh S~gn 500' Men Working 
5lh S~gn 150' Men Worklng 

1 

Yes 1 65' , I l s l  Sign 25We+ Righl or Left Lana 1 Closed Ahead 
2nd Sign 1500' R i  hl or Left Lane 

EIosed Ahead 
3rd Sign 1000' R i  hl or Left Lane 

!lored Ahead 
4th S~gn SOU Right or Left Lane 

Closed Ahead 
5th Sign ISO' Men Working 

NOIL: freeway with median - repeal signing on median. 
Lane Closure -repeal in opporile dircclion 11 gu~dwct path 
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MATERIAL SAFETY DATA SHEET 
GENlUM PUBLISHING CORPORATION 

1145  CATALYN STREET ap 
SCHENECTADY. NY 12303-1836 USA 

(5 18) 377.8855 G ~ ~ N J M ~ ~ ~ ~ ~ ~ C O ~ .  

NO. 4 3 

TRISODIUH PHOSPWE 
, W D E C M Y D ~ T E  

(k t e  November 19 78 

SECTION I. MATERIAL IDENTIFICATION 
-. 

HATERIAL HAKE: TRISOD1V)I PHOSPHATE DODEWDRATE 
DESCRIFTION: C r y s t a l l i z e s  from water  a s  NaJPO4.12HZO and can e x i s t  a s  s e v e r a l  h y d r a t e  

ION, depending o n  p r o c e s s i n g ,  and a s  the  anhydrous s a l t .  
OTHER DESIGNATIONS: TSP, I r i s o d i u m  Orthophosphrce,  S o d i m  Phosphate, T r i b r s i c ,  T e r i a r y  

Sodium Phosphate,  CE k t e r i r l  DGK1. ASTH 0538, CAS8 007 601  549 
MANUFACTURER: Avai lable  f rom s e v e r a l  s u p p l i e r s .  inc lud ing  FHC C o r p o r a ~ i o n ~  Honsrnto Co., 

S u u f f e r  Chemical Co.. and O l i o  Corp. 

SECTION 1 1 ,  INGREDIENTS AND HAZARDS . 
I r i s o d i u m  Phosphate (a8 Nam4.12H20) 

*Under OSHA i n e r t  d u s t  lirpits i t  c m  be assumed t h a t  a i r -  
borne p a r t l c u l a t e ,  not o therwise  c o n t r o l l e d ,  is l i m i t e d  
t o  a  amximum of  5 mglkg o f  res;)irable d u s t ;  however. t h i s  
l e v e l  MY n o t  be adequa te  t o  prevent  i r r i t a t i o n  wi th  t h i s  

x 

> 97 

I I A Z A R D  O A T A  

No TLV e s t a b l i s h e d *  

(Na~P04 .12HS)  
Rat, O r a l  
LDso 7400 mglkg 

SECTION 111, PHYSICAL DATA 

B o i l i n g  p o i n t  --- -11 H z 0  a t  100 C S p e c i f i c  g r a v i t y  (20/4 C) ----- 1.62 
( d e c o q o s e s )  ' pH of  1% n t e r  s o l u t i o n  a t  25 C - c a  12 

He1 t i r ig  po in t .  deg C -- >73.3 (dec) t folecular  weight ---------- 380.1 
S o l u b i l i t y ,  e l l 0 O t  R20: 

a t  0  C -------- 1.3 
a t  1s C --------- 28.3 cr. 6 Odor: White o r  c o l o r l e s s  c r y s t a l l i n e  
a t  70 C ------- 157 %f% ( a l s o  as powder f l ake ,  g r a n u l e s ,  e r e . ) .  

No o d o r . .  

UPPER SECTION IV, FIRE AND EXPLOSION DATA 
Flash Po in t  and Sethod I A u t o i g n i t i o n  Temv. I F l ~ n p a b i l i t y  Limits  In  A i r  

None I None I None 
I I 

E x t i n g u i s h i n g  fledla: Use t h a t  which Is a p p r o p r i a t e  t o  t h e  surrounding f i r e :  t h i s  u t e r i r l  
is ma-combustible. 

In a  f i r e  s i t u a t i o n  a t  h i g h  temperature  phospha tes  can emit highly t o x i c  phosphorus oxide 
fumas. F i r e f i g h t e r s  should  use s e l f - c o n t a i n e d  b r e a t h i n g  apparatus .  

SECTION Vs REACTIVITY DATA 
This m a t e r i a l  is a  s t a b l e  a l b l i n e  s o l i d  a t  room temperature.  I t  does n o t  undergo h r u r -  

dour  polymeriza t l o n .  
f t  is incompat ib le  w i t h  a c i d i c  materials. 

LOWER 



SECTION V1,  HEALTH HAZARD 1NFORMATfON 1 T L V  None established (See S e c t  11) 

T h i s  a l k a l i n e  m a c e r i a l  w i l l  c a u s e  i r r L t a t i o n  t o  t h e  respiratory t r a c t  i f  i n h a l e d  a s  a 
d u s t  or a s  a  s o l u t i o n  m i s t .  P ro longed  o r  r e p e a t e d  s k i n  c o n t a c t  w i l l  i r r i t a t e  t h e  s k i n ,  
Eye c o n t a c t  w i l l  i r r i t a t e  and  c a n  damage t h e  e y e s  ( z l k a l i n e  a t t a c k ) .  T h i s  m a t e r i a l  i s  
low i n  t o x i c i t y  by i n g e s t i o n .  b u t  i t s  a l k a l i n e  n a t u r e  v i l l  i r r i t a t e , l n j u r e  t h e  d i g e s t i ~  
t r a c t .  (Tr i sod ium p h o s p h a t e  i s  used a s  a food  a d d i t i v e ;  b u t  i t  must be reduced i n  a l -  
b l i n i t y  b e f o r e  b e i n g  t a k e n  i n t o  t h e  body.)  

VIRST A I D :  
Eye c o n t a c t :  P rompt ly  f l u s h  w i t h  p l e n t y  o f  w a t e r  f o r  15 minutes .  Get medtcal  h e l p .  
S k i n  c o n t a c t :  Wash w e l l  w i t h  s o a p  and w a t e r ;  r i n s e  w e l l  w i t h  wa te r .  I f  i r r i t a t i o n  

y e r s i s t s ,  g e t  med ica l  h e l p .  
I n h a l a t i o n :  Remove t o  f r e s h  a i r .  Get m e d i c a l  h e l p  i f  i r r i t a t i o n  persists. 
I n g e s t i o n :  Give  1-2 g l a s s e s  o f  w a t e r  o r  m i l k  to d r i n k  to d i l u t e ;  t hen  g i v e  f r u i t  j u i c e  

o r  d i l u t e d  v i n e g a r  t o  d r i n k .  Do n o t  i n d u c e  vomiting! Immediately c o n t a c  
A p l rys i c i an .  

SECTION V I I *  S P I L L #  LEAKJ AND DISPOSAL PROCEDURES 

For l a r g e  s p i l l s ,  n o t i Z y  s a f e t y  p e r s o n n e l .  Clean-up p e r s o n n e l  should use  p r o t e c t i o n  
a g a i n s t  c o n t a c t  o r  i n h a l a t i o n  o f  d u s t  o r  m i s t .  Scoop  up s p i l l  f o r  recovery  o r  d i s p o s a l  
a n d  p l a c e  i n  a  c o n t a i n e r  w i t h  a  l i d .  F l u s h  r e s i d u e s  t o  t h e  s t s e r  w i t h  p l e n t y  o f  vater .  

)ISPOSAL: S c r a p  m s t e r t a l  c a n  b e  used  f o r  n e u t r a l i z i n g  a c i d i c  w a s t e s ,  o r  i: c a n  be  b u r i e d  
i n  a n  approved manner i n  a n  approved l a n d f i l l .  S m a l l  amoun t s  can be f l u s h e d  t o  t h e  
s e v e r  i f  r e g u l a t i o n s  p e r m i t  ., F o l l o v  F e d e r a l ,  S t a t e  and l o c a i  ; .agulations f o r  d i s p o s a l .  

SECTION V I l l *  S P E C I A L  PROTECTION INFORMATION 

P r o v i d e  g e n e r a l  v e n t  1 la t i o n  to t h e  workplace:  i f  d u s  t i n g  c o n d i t i o n s  o c c u r ,  l o c a l  e x h a u s c  
v e n t i l a t i o n  v i l l  b e  n e e d e d  a n d  a NIOSH approved  d u s c  r c s p i r r t o r  may be r e q u i r e d .  

The  u s e  o f  rubber -  o r  p l a s t i c  g l o v e s  and chemica l  s a f e t y  g l a s s e s  v i t h  s i d e  s h i e l d s  is 
recornended  f o r  h a n d l i n g  t h i s  m a t e r i a l .  An a p r o n  r a y  a l s o  b e  d e s i r a b l e  t o  p r e v e n t  con-  
t a c t  w i t h  c l o t h i n g ,  e s p e c i a l l y  v h e r e  s o l u t i o n s  are i n v o l v e d .  

P r o v i d e  eyewash s t a t i o n  n e a r  to t h e  v o r k p l a c e  v h e r e  t h i s  m a t e r i a l  is used; a  s a f e t y  s h w e  
m y  a l s o  be needed  where  l a r g e  amounts  o f  s o l u t i o n  are p r e p a r e d  o r  used.  

SECTION I X ,  S P E C I A L  PRECAUTIONS AND COMMENTS 

S t o r e  t h i s  material i n  t i g h t l y  s e a l e d  c o n t a i n e r s  i n  a c l e a n ,  d r y ,  v e n t i l a t e d  area. Pre -  
v e n t  p h y s i c a l  damage to  c o n t a ? n e r s .  

Avoid  c o n t a c t  w i t h  t h e  body a n d  i n h a l a t i o n  o f  d u s t .  
Note t h a t  a n h y d r o u s  t r i s o d i w  p h o s p h a t e  a n d  lover h y d r a t e s  a r e  more a l k a l i n e  on a w e i g h t  

b a s i s  than  Na3W4. 12H20. - 

I DATA SOURCE(S) CODE: 1.2.4-7.12.15 

GENIUM PUBLISHING 



Material Safety Data Sheet 
from Genium's Reference Collection 

Genium Publishing Corporation 
1 145 Catalyn Street 

Schencctady, NY 12303-1836 USA 
(5 18) 377-8855 

C W U U  PUBUSWHO COUP. - 

NO. 674 

ISOBUTYLENE 

Issued: November 1988 

SECTION 1. MATERIAL IDENTIFICATION 
Material Name: ISOBUTYLENE 

Description (OriglnNw): Obtained from Fefioery steam by absorption on 65% sulfuric acid (YSO,) 
at 59'F (15'C). Used primarily to produce diisobutylcne. ulmers. butyl rubber, and other polymers; also * 

e2' ' 
used to p d u c e  mLiOxidmLs for foods, plastics, Pod pacluging food supplemen~s. NFPA 

HMIS 
0 ther Deslgnntloas: Isobutcne; 2-Mchylpmpeoe; g ~ B u t y l e o c ;  CH,=C(CH,),; CAS No. 01 15-1 1-7 H 1 R 1 

F 4 
Manufacturer: Contact your supplier or disuiburor. Consult Lhe latest edilloo of the Chemicahueek R 0 

I 1  

Buyers' Guide (Cenium ref. 73) for a list of s u p p l i a  PPO* S 1 - *Seesect8 K 4  
SECTION 2. INGREDIENTS AND HAZARDS 
Isobutylene, CAS No. 0115-1 1-57 

*Monitor NIOSH, RIECS (UW890000). for additional dru. * 
Bolllng Point: -19.6'F (-6.9'0 Molecular Weight: 56 GnmvMole 

' 1 
Meltlng Polnt: ZZZO'F (-140'C) SolubUIty Ln Water (%): Insoluble* 
Vapor Denslty (Alr = 1): 1.9 % Volatlle by Volume: 100 
Speclflc Cmvlty (H,O = 1): Ca 0.6 

Appearance and Odor: A colodey exrrrmcly flammable gu; odor wc listed. 

*Isobutylcne is vay solubk in alcohol elher, md sulfuric acid. 

SECTION 4. FIRE AND EXPLOSION DATA 
Rash Point* 1 Autoignition Temperature 869'F 1465-C) I LEL; 1.8%vlv I UEL; 9.6% v/v 
Extlnguishlq Medla: Isobutyleoe gas is m exfremcly flammable g u  that hu a subsmatill explosive air-gas n q e .  For hobutytcne f ~ ,  
the recommended fi-fighting k ~ b i q u e  is to stop h e  flow of gas head of extiquuhmg the fie. If rhe flamct uc extinguished and che 
isobutylcne g u  contmw to escape or luk. m explosive air-gu mixture cm form qutckly rod ignite wilhout wunmg. A resulting explosion 
could u u t e  greater drmrge than that which wwld be uused by rlbwing h e  fm to burn itself ouL If the f i  mun be exlinguished to allow 
safe r a u t  lo shutoff vdves, resommarded txlioguishiog agaU M u d c  CO, md dry chemical. Unusual Flre o r  Explosion Hazards In 
mury cases, the pnfared Mtcgy i s  to rlbw the fluaa to continue to bum rod to cool rhe s u m u n d i i s  wilh warn spray to prevent ignitioo 
of marby combusliblu. Irobutylme gas u heavier than air and cm collat in low-lying, confmd spaces. Potentially explosive air-gas 
mixtures arc etpecirlly likely build up b such m uu. so enra it wich extreme caution whether moot it is pnseotly involved in r ftrr. 
Possible rourca of ignition must w t  be brought hto my area suspated of containing substantial concentrations of isobutylene gas. Specld 
Fire-flphtlng Procedures: Wear a selfcontained breaching apprruus (SCBA) with a full frccpicccopcr~tcd in the pressuredercund or 
posi live -pressure mode. 
+ Sax (Gcnium ref. 6) reports a flash pomt of -105-F (-76'C) for itobutyleoc. 

SECTION 5. REACTIVITY DATA 
StabilltyIPolymerlz~tlon: Isobutylene is stable in closed, pressurized cootrmen dunng routme operations at mom temperature. 
Huvdous polymcnzauon cannot occur. Chemlal IncompatlblUtlcs: Isobutylme can react dangaously wilh smog oxidizing mataialr. 
Coodltto~ls to Avold: Rtvcnt exposing isobutylac to my source of ignimo such as an open flame, spuks, lighud tobacco producY or 
s t u m  lines. Hazardous Products of Decompasltlon: Isobutylene fn~  cm produce loxic g w s  such u urban monoxide (CO) or Iowa- 
umlecular-weight hydmcarbom. Comments The extreme f l a ~ b i l i t y o f  isobutylene means that my mactioos involving his mareria4 
including nonhlLudous ones, must be performed caful ly  lo orda lo prevent fks ~ d l 0 r  explosions. 

1 
c a r c l n o e c n k l t ~  Isobutykne is not lislcd u a carcimgt~ by the m, IARC, or OSHA. 
Summary of Rkks: lsobutyleae is r simple asphyxianr AS such it will wtcause significant physiological responses. but it can displace the 
minimum requrred umaspheric oxygen level. Significurt d i s p l r e m ~ t  by isobutylene ruulU in ao oxygendeficient atmosphere with m 
adequate w m h g  p@u. Asphy~htion fatditiet can Occur a p d d l y  inconfind. low-lying. paady ventihrcd soaces bccautc isobutv- 

% 
Ca lo0 

EXPOSURE LIMITS 
OSHA PEL 

None Gtablished 
ACCIH TLV, 1988-89 

None Gtablished 
NOSH REL 

None Established 
Toddty Data* 

Raf, Inhalation, LC,: 620 glms (4 Hn) I 
Mousc Inhalation, W,: 415 g/ma (2 Hrs) , 
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SECTION 6. HEALTH HAZARD INFORMATION. cont. 
l a c  gas is almost twice as dcnx as air i ~ l f  (sce sect. 3). Medlcal Condillons A~gravated by LonrTerm Exposure: None r e p o d .  1 - - 
Target Organs: None rcportrd. Primary ~ a t r ~ :  Inhalation. Acute EfTectz: Initial symploiu of rhe effects of simple asphyxi;nt 
gases art rapid respiration and air hunger, d ib i shed  mental alcmess, and impaired muscular coordination. Continuing lack of oxygen 
causes faulty judgment, dcprcssion of all sensations. rapid fatigue, and emotional instability. AS the asphyxia continues. nausea; vomit- 
ing; prosuatioo; loss of consciousness; and, finally, convulsions; deep coma; and death can occur. Chronlc Effectr. None rcponcd. 
FIRST AID: Inhalation. Would-be rescum need ta be concerned about their own safcly when entering confined, poorly ventilated. 
oxygendeficicnt areas. Sclf-conlaincd breathing equipment must be readily available for rescuers. Station standby worken outside the 
immediate yca so that they cm summon additional help if it u needed. Remove the exposed pcrmo lo fa aL; restore andlor support 
his& h a  brcathing as needed. Have qualified medical pawhoel administer oxygen as rcqulcd. Comments: The exwe* flammability 
of isobutylcne gas warrants special atteotioo evm during rescue operations. Rescue personnel must oat smoke. All emergency lamps and 
floodlights that must be l o w e d  into enclosed ucr, for ruare operations must be explosion proof. Obtain this equipment before my 
emcrgeocy occurs and makc it accusiblc to unagccrcy-response pmooaeL Get medlcal help (la plant, pammedlc, community) for 
all exposures. Scek prompt medical assis&e for further trcacmcot, obsavation. aod suppon after frnt aid. 

SECTION 7. SPILL, LEAK, AND DISPOSAL PROCEDURES 
SpUtbak: Trta my i s o b u t y l ~ ~  8 a  k&f: an M~QY. If the leaking gas has  not yet ignited, use watu spray to d i m t  flammable gas- 
air mixturcs away from sources of igoitioo. Extinguish all sources of ignition as quickly as possible; ~ O W ~ V U .  if the leaking gas is burning, 
do not atkmpt to extinguish the fl-es unu the souource of the uobutylene gas is localcd and scaled. Otherwise, flammable Lobutylene gas- 
air mixtures cao cxplode without warning a d  cause widespread damage that might not have occurred if the original T i  had been allowed 
to burn ~ u e l f o u ~  If it is nccutuy to extinguish isobutylene flunu in ordu to gam access to a shutoff valve, use dry chemical or carbon 
dioxide as extinguishing agents. Waste Disposal: Contact your supplier or a licensed coalrutor for detailed rccommmdationr Follow 
Fcdaai. state, aod local regulations. 
OSHA Designations 
Air C o n m n u l t  (29 CFR 1910.1000 Subpart Z): Not L i s a  
EPA Dalgnatlons (40 CFR 3024): Not Listed 

I 
SECTION 8. SPECIAL PROTECTION INFORMATION 
Respintor: Follow OSHA respirator rcguluioos (29 CFR 1910.134). For emergency or nornutme opcntions (leaks or clcaoing reactor 
vessels a storage mks), w u r  aa SCBA. Warning: Air-purifying respirators will M( protect workers h oxygendeficient atmospheres, 
which lack warning p r o p d u ;  to work in them safely n q u i r u  that an SCBA be worn. Ventllatlon: Innrll md operate general and local 

1 maximum. explosion-proof ventildon systems powerful enough to mainuio airborne levels of this mataid below the lower explosive limit 
cited in section 4. Local exhaust ventilation is p r c f a d  because it prevenrs dispcnion of the contlmiornt into the general work area by 
eliminating it at its source. Consult the lamtedition of Gepium r c f m c e  103 for detailcd ~commendationz Safety Stations: Make emer- 
geocy eyewash stations, sdetylquickdnnch thowcn. rod washing facilities available in work uw. Contaminated Equlpmenr: Contact 
l a m s  pose a spccial h u u d ;  soft lenses may absorb immy and all lenses concenrntc them. Do not w a r  contact lenses in my work area. 
Commentc Practice good pasoad hygiene; always wash thoroughly dtcr using this materid md before e h g ,  drinking. smoking. using 
the toilet, or applying cosmetics. Keep it off your clothing and equipment Avoid transferring it from your h d s  to your mouth'whilc catin& 
drinlciog, or smoking. Do nol eat, drink. or smoke in aoy work area Do not inhale isobutylene vapor. 

I SECTION 9. SPECIAL PRECAUTIONS AND COMMENTS I 
StongdSqrqation: Stom isobutylene h closed, pre&rited conuioen h 8 cool. dry. well-ventilated area away from sources of ignition. 
combustible mcuiab. md strong oxidizers. Rotst canuinm from physical damage. Englnecring Controlr: Make sure all engineering 
systems @roductioo, rruuponuiao) arc of maximum explosioo-prwf design Electrically ground d bond all coauiaus, pipelioa, erc., 
used in shipping, transferring. nacling, productioa. and sampling opcntions ta pnvmt static sparks. Comments Isobutylene is an 
exoemcly explosive md flammrble gas. It must not be exposed to my possible source of ignition in work or m n g e  uur. 
Tmmportatlon Data (49 CFR 172.101-2) 
DOT Shipping Name: tiqueried Petroleum Gas 
DOT Hazard Class Flammable Gas 
ID No. UNIOSS 
DOT Label: Flammable Gas 
DOT Packaging Requiremenu: 49 CFR 173.304,314,315 
DOT Packaging Exccptlons: 49 CFR 173.306 

I 
M O  Shipping Name: Isobutyleoe 
M O  Hazard Class: 2 1  
M O  Label: Flammable Gas 

Referencer 1.6.84-94, 1 16. 1 17,120,122. 
Mg- as to Ur 8uiI.bility of  iaromnrioo ha'ein f a  purcb-'~ p q o s a  u 1 hepad by PJ rgo+ BS 
.ocrurily prr)l&s mpomibility. Thad% .IIhou@ masodla cmc kP 
b.a i. ckc -0s d s u h  iofamuia.  Gmium Publir)risg Corp. 
m a o w u n a j a .  maku mrcpacsuior a a d ~ ~ n s m r a p o s u b i l i l y  
r ro ch acamq or d r d  idommiom f a  applkaia to 
mrchod~ irnmnkd EU- a for cmsmucoccr d i l l  roc , 

Industrial'Hygiene Review: D3 Wilson. C M  

Medical Review: W Silverman, MD 
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NO. 7 

NITXC ACID 
(Revision C) 
Issued: October 1980 

G-U ~~ con*. Rcvistd. August 1988 

Material Name: NITRIC AClD 

D~wripcla (Ortgldllses): Used a dissolve ooble meutr, for c&g sad cluning mnrlt. to auk8 
orgauic aiprrct rod ~~ a &stmy midues of orgmic a u ~ ~ t .  and in explosives. 

O t k t  Udparcbar: Rrd Fuming Nitric Acid: HNO,; CAS Na 7697-37-2 

M.auf.ctrurr: por SUpplia or duMbrcor. C o d t  ch lutfc edition of tk Ckmicobvulc 
Duyur' Gui& (Gcium ref. 73) for r list of supplitn. 

dHrTWk 2ppab5aigd 

ACCIH TLV& EM748 
RV-'IWk 2 p m  5 IagfrP 
R V m E L  4ppm.lOmgtd 

T o n m  your supplier to dcccrmine the percent by might of daic dd Torddty Dat.*r 
inrhepurchascdprodoct Walcrurhcorhacompoocatof~pmdoa M o s r ~ . I n h r l r r i o s ~  67pprm4Hrs 

pmceduru u his erolvul hydrogen gu. 

flammability a h  kiog exposod u, nitric x id  even if they do not immediately fire 
Cooditkar ra Almld: Avoid m y  coout with iacompuible chcmicrlr. Baause it Is m rucrivc, rlw- motbe m t  

wmpaibil i tywihm&rcidW~~dwtw,mutri . l . Ibktpplitrm I b c t e h c d o a o f s a f e t y t p d h a d i q e q ~  becase 
oiuic r r d  a n  tome fosmr of cruriagr pluticL iad rpbkr. 
H d o a s  Roducrr of Dccompadtka: V d w  rIhgen oxidu indwlio8 aioic oxide (NO). aimgca dioxide (No,), oimnrt oxide 
( N , O ) , u m U u ~ l c i d & o r v l p o t . u n b e ~ u a d  IrycbcQcoDlpadciondmsQurualnsadwaitrkuiddoriagfka 
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~p 

N6ic acid is aoc l ukd  as a carcinogen by h e  NVTIARC or OSHA. 
- 

S b m a q  of Rlrkr: This mucrirl is corrosive u, my body tissue it cooucu. Dcnul urorioa is also r+pontd 
M M h l  Coodltkms At?gmvated by kg-Term Expaavc: None rrponad Target O w n s  Ski& eyer, mmus membnoa of the 
mpmtov a L  tterh. Prim y En- lahalacion, skio coo- Acute Effects: Irritation M & O ~  mrmsive bums ef skin, cya.  d 
uppar rcspiruoy traa (UXr). delayed pulmooq edcmr; pncumwitit. broochicir aod dcnul erosion Chroak Ef fcc~~ :  None 
ropacd- 

RlRET AID: E y a  immbdi.rcly flush eyes, iocludipe uada (ht cyelidi. gently but rhor#rghly mch plcacy of maobg wurr for rr last 
Id;&= T m  loi eye bums. Skh. 1-y W U ~  rff- .~f. w i l  sorp d wYCI. WPIctr for thtmtal skin 
-ulcordiagly. 1ahrl.lho. R t m 0 V t t h C ~ ~ m f & r i r ; ~ l o l t ~ ~ h i r w h a M 0 8 n ~ I f  
~ m r r i r ~ m . h o t p t o l u r a  . . .  'oo wilcrrrfulmpoiroring byrninsd - ~ ~ ~ a d ~ ) d e O c Q t h c d t l r m o t a o f  M 
~ s d t m r ( l u q s f r l l o d ~ i c h f l u i d ) i r r r c o ~ t o r u L . a ~ h o l m .  I ~ C a l I r p a i r o o ~ l c c o ( ~ ~ . N ~ g i * s  
~ b r m r u r h m r o m r o o c w h o u ~ ~ o r o r ~ & m c i r s d o c c r o m i ~ - ~ ~ ~ p a c c d p a r o a u r r z p o a d v c , g i v c ~  
dmrontorom,g luurof  milLorwuam~uqoick lyapor t ib ledt t rupanule .  
GHTMEDICAL HELP (Dl PLANT, PARAMEDIC, COMMUNITY) FOR ALL EXPOSURES, Seek p r a ~ p t  medlcll mmbtma 
--her trumeac, 0-cba, and rupport after W .IdNOTE TO PHYSICIAN: W.rh dl- rlrlll m with 8 5% 
olPbadsodlm b ~ ( N d C O & U b t a o r d , ( b r r h l r * a a a c b e b c i u l l t o l t b r p ~ d a ~ t u k b  
d . b . a b l c A c t l * a t c b c h . r r m l L d r u v r l ~ c D o r u r d n t h e ~ p m a a b l t u b o p . o t o o c l l b . l l u ~ ~  

N o t i l y u f ~ p e n a a o d p m r i d e ~ d c l i m h . r r ? . 1 1 ~ ~ l l l ~ o f ~ i m m r . l i l u l y  h c a s e ~ w i t h a m a h  
drorld produce highly fllmmrbl, hydfagcn gas. Cler~op procsctioo 8grina comvt with .od inhLtion of ai& d d  (see 
-1. C d o  large spills c o w  wrror Use wam qways co dixuz l& acid away fmm ioeompuible (see rsr 5). 
N c o a l i t c r h c r p l U s d D i r r i c r c i d w i l ~ r r b o r & ~ U ~ ~ ~ ~ s p d u ~ e r r & f f ~ m ~ ~  
d q  lad p l r c  the nitric rcid muairl into ootabas mitable f a  ewncnll dirposrl. reclamatma or daumaioa 
VPCtrD- C o a n d e r ~ ~ l i o & o r ~ n O l r r t b r a ~ h r I ~ C o c u r c r p u r s P p p l i a m a l ~  
m r r r m r f o r d t u i L d ~ a s . F o l l o w F e d e n L s u c ~ m d b u l ~ L u i o a s .  
~ i D ~ d o m  

(29 CFR 1910.1000 Subpart 2) 

. i a L l r ; i ~ l d M ~ R w a a m ~ f f o m d f i e e t ~  
c H a + I & S b n g w  B u U d a U . 4 . M U i r d o o d h m & & ~ h u n c r r r i a t l . t o h P C . l ~ b y ~ r ( b  

- ~ = p h m d . m y l a q e p L n f c r ~ - a J d ~ ~  
E%dmdugcoutrok R o p c T ~ L i k t b O u ~ h b O L L ~ ~ ~ ~ m r p l l i n g ~ q ~ m r t i i e m o n f ~ ~ m d c o s a  
L P r d o o r k v c l r o f ~ o x i d u t h u c r n d m k p h o m t h t ~  
r r ; ~ l a r a g :  S e p r r m c ~ d d h ~ ~ ~ f l o o r i d u , t n b . 1 ! o t h a d 9 ~ 1 ~ t m l f P r i c ~ d ~  

m p p i a g  Name (I) Niaic Acid. Fuming or (I9 Niak Acid Ova40% or (III) Niuic Acid, 40% a Less 
(1) Oxiditer md Poison or (11) Oxidizer m d  Comsive or (19 C o m i v e  

mumuafd class (I) aJd (ID 0Xidiza01 (IU) C o ~ v e  MUairl 
Nos ( I )  U W Z ;  (II) U N q 1 :  (UI) NA1760 

8 (AII Types of Nitric A d )  
lmmracr: (I) conorrive. oxidbr* Poiwo; or (11) md (III) Conosive 
1ylma: i,2,26.31,64-Q4,1OO, 11% 113,114. 

b = u t m ~ d ~ L . l r l o r ~ p p r a  - -  " 1 . m d a a # l c l n m  
I m b y P J I l a . B S  

~ ~ i D ~ ~ l d - ~ . k * l l r ~ ~ 6 9  
- rrCr-rrplrlr-irlI-r- 

Hygiene Review: DJ W- CIH 
y ~ . . ~ ~ ~ ~ d ~ i m f ~ f a q p l i m a r  
, ~ * ~ " - . r f r r - " * - -  

\ f l d ; e q l  D-.A-..- 8 # T  U-4:-- b 8- . 



6P 
Genium Publishing Corporation 

One Genium Plaza 
Schenectady. NY 12304-4690 USA 

(518) 377-8854 

Material Safety Data Sheets Collection: 

Sheet No. 30A 
Hydrochloric Acid 
Issued: 10177 Revision: C, 9/92 Erratum: 5/93 

Section 1. Material Identification 41 
Hydrochloric Acld (HCI) Descrlptlon: An aqueous solution of hydrogen chloride. Derived by dissolving hydrogen R 1 NFPA 
chloride gas in water at various concenuations. Hydrochloric acid is also formed as a byproduct from oxychlorination I 4 
andlor oxyhydrochlorination of organic materials. Used in metal pickling and cleaning (boiler and heat exchange 
equipment scale ranoval). ore reduction. processing (corn syrup. hydrolyzing starch), dye and dye intennediatc 

s 4  K 0 @ 
produdon, elecuopluing. l u t h a  w i n g .  in fmiliza. artificial silk, and paint pigment production. refming soaps and 
alibk fats and o h  pcmleum extrrtion, toilet bowl cleaners; u an alcohol denaturant, a chemical inmedia& and IiMIS 
solvent in agmic synthesis, and in the photographic. textile. and rubber industria. H 2* 

Other Dcslgmtkar: CAS No. 7647-01 -0. Cuwell No. 486. chlorohyQic acid Muriatic acid spirits of salt F 0 

Maaufacturer: Contact your supplia or disaibutor. Consult latest Ckmicuf Week BWs'Gu#) for a suppliers list 
R 0 
PPEt 

Cautions: Hydmchloric r i d  is highly c m s i v e  and causes serious skin and eye b u m  rs well as acute and chronic rapira- Cnraric 
effecu 

tory problems. t k a  

Section 2. Ingredients and Occupational Exposure Limits 
Hydrochloric r id ;  -38% (commacid), 209'0 ("ueouope"). Trax impurities include u n m n i r  arsenic. iron. sulfate. lree C1-. and heavy metals. 

1991 OSHA PEL 1992-93 ACCIH TLV 1985-86 Toxlclty Data* 
Ceiling: 5 ppm (7 mg/m3) Ceiling: 5 ppm (7.5 mg/m3) Human. inhalation, LCb: 1300 ppm130 min; toxic effects not yet 

1990 IDLH Level 1990 DFC (Germany) MAK reviewed 
100 ppm Ceiling: 5 ppm (7 mg/m3) Rabbit, oral. LDm: 900 mg/kg; toxic effects not yet reviewed 

1990 NIOSH REL Category 1: local irrirantr Rat, inhalation. TCb: 450 mg/m3/l hr (1 day prior to pregnancy) 

Ceiling: 5 ppm (7 mg/m)) Peak Exposure Limit 10 ppm. produced fetotoxicity ( exapt death) & specific dcvelopmcnd 
5 min mmcntuy valuJB p a  shift abmmdities (homeosmis). 

 rabbi^ eye: 100 mg rinse caused mild irriration. 
*Ssc NIOSH. RTECT (MWJOZS000). for d d i t i m d  in iu t im .  repoduaive. and tox~city dru. 

. .- 

Section 3. Physical Data 
Bolllng Polnt: - 120.64 T (-84.8 *C)* Freezlng Poht: 1.1 'F (-17.14 'C) for 10.81%. -51.16 'F (-46.2 'C) for 3124% 
Vapor Rcrrurc. 4 4 u 64 *F (17.8 'C) Denslty: 1.194 at -14.8 'F (-26 'C) 
Vapor Dcarlty (AL r 1): 1 Z 7  Water Solublllty: Soluble. 823 g/L u 32 'F (0 'C): 561 g/L u 140 'F (60 'C). 
Surface Tcarba: 23 u 244.68 (1 18.16 'C) OUter Solubllltlts: Soluble in alcohol benzene. and ether; insoluble in hydrocarbons 
Moktular Welgbt: 36.46 pH: 1N (O.l).O.lN (1.1).0.01N (2.02). 0.001N (3.02). 0.0001N (4.01) 
Odor Threshold: 0.1 to 5 ppm Relractlon Index (lh' rolutlon): 1.34168 at 64.4 'F (18 'CAI) 
Ionlzptlon Potenthl: 1274 eV 
A p p t s ~ n c c  and Odor: Colalas  liquid thu fumes in air and h u  a saong pungent odor. Can be slightly yellow from traces of iron. chlorine. or 
organic muta.  F m  a constant boiling ueotmpc at 20 % Ha. 108.58 'C and 760 mm Hg. 

Dccanpora r 3239.6 7: (1782 'C). 

Section 4. Fire and Explosion Data 
Flash Polat: Noncanbustible I Autolgnltlon Temperature: None reported I LEL: None reported* I UEL: None reported* 
Extlngubhlng Medlo. Use extinguishing agenu suitable for surrounding fie. 
Unualnl FLL o r  Expbdon Hazards: *Extreme h u t  a w n u a  with many m a d s  liberates hydrogen g u  which has explosion limits of 4 to 75%. 
Specid Flre-llghllng Rocedurcs: Because fue may pmdua toxic thennal decomposition products, wear a selfcontained brruhing apparatus 
(SCBA) with a full fvepiecc o p a d  in prasuredunand a positive-pressure mode. Structural f i rd~ghtds  ptective clothing is in&2ivr for 
hrrr involving h y Q P c M c  acid Stay away from en6 of tanks. Cool tanks with watcr spray until well after fue is out Do not releue runoff 
&om fm a m m l  methob to sewas a wutmays. 

Section 5. Reactivity Data 
S t a b l l l t y l P o l ~ ~ k n :  Hydrochloric =id h u  high thermal stability (demmpores at 3239.6 'Fi1782 'C). Huar&,u polymerization does not 
occur onless exposad to ridehyda or epoxidu. 
C k m W  Incompmtlbilltla: Polymerizes on contact with aldehydu or epoxides; attacks most metals (except macury. silva. gold, platinum. 
m u l u m  ud some alloys). some plastics. rubba. and coatings: r c r u  explosively with alcohols + hydrogen cymide. potassium pamanganate, 
&maselenium letraniaide; ignites on contact with fluorine.'hexalithium disilicide. metal axtylides or carbides (cesium acetylide. rubidium 
w l i d e ) ;  ud is inwmpatiblc wirh acetic anhyQide. 2-amino ethanol. ammonium hydroxide. calcium phosphide. chlorosulfonic acid 1.1- 
diflwrwethylenc. ethylene diainine. ethylene iminc. oleum pcrchloric uid 0-propiol~ceronc, propylcne oxide. sodium hydroxide. silva 
pachlauc + -ton ~ h l o r i d c .  sulfuric r i d .  uranium phosphide. ~cctw. calcium cabidc. magnesium bromide. mercuric sulfate. and 
&brine + dinimmiline. 
CoodltIolu to Avdd: Avoid conuct with incompatibla. 
HuPrdour Rod- d Dccomposltlon: Thermal oxidative decomposition of HCI produces toxic chloride fuma and explosive hydrogen gu.  

Section 6, Health Hazard Data 
C Y d n g n k l t y :  Thc URC!lW NTP$'m and O S H A ( ' ~  do not list HCI u a carcinogen. 

d Rklrr: HCl is a hi@y camrive liquid and depending on concentration and duration of exposure, symptoms range fnnn irritation 
o plearrion md pcnnuwnt injury. Target Organs: Eyes, skh respinmy t r 4  ud l iva (in animals). P r h a r y  Entry Routcr: InhrL- 

& md eye c o n t r r  Mcdk.l Condltkm A p v a t e d  by Long-Term Exparun: Respituay disodas. 
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Section 6. Health Hazard Data, continued 
Acul  Effects: Inhalation of vawn  or misu is comsive IO the rcs~iratorv tract and can c a w  tracheal and bronchial epithelium necrosis 
(tissue death). cough, choking. ilceration. Liquid aspiration can cake puimonary edema, lung collapse. emphysema and damage to the 
pulmonary blood vessels. Skin contact with HCI solutions causes bums and ulcerations. Permanent eye damage may result from splashes. 
Ingestion is unlikely but if it occurs. symptoms include gray tongue color. corrosion of mucous membranes. esophagus. and stomach. nausea. 
vomiting. intenw thirst. diarrhea. difficulty swallowing. circulatory collapse and possible death. Chronic Effects: Repeated or prolonged 
exposure can cause dermatitis. conjunctivitis, gastritis, photosensitization, tooth erosion, and repeated exposure to misu from heated-metal 
pickling solutions can cause nose and gum bleeds. ulceration of oral or nasal mucosa. and "renders facial skin so tender that shaving is 
prinful."c"3) 
FIRST AID 
Eyes: Do not allow victim to rub or keep eyes tightly shut Gently lift eyelids and flush immediately and continuously with flooding amounrs 
of w u a  until trrnsponsd to an anagency medical facility. Consult a physician immediately. Skin: Quickly remove conminued clothing. 
Rinse with flooding mounts of w u a  for at least 15 min. Treat skin with a 5% methanolamine solution. For reddened or blistered skin. 
consult a physician. Inhaiatlon: Remove exposed pmon to fresh air and support breathing u needed. Ingestion: Neva give anything by 
mouth to an unconscious or convulsing pason. Contact a poison conml center. Unless the poison control center advises othawisc have that 
w~cwvr und alert pason drink 1 to 2 glasses of wata to dilute. Do not induce vomiting! 
After first aid, get approprlate in-plant, paramedic, or  community medical support. 
Note to Physklans: Consider a chest x-ray in acute overexposure. 

Section 7, Spill, Leak, and Disposal Procedures 
SpilVLcrrL: No@ safety personnel. isolate and ventilate area, deny entry. and stay upwind. Neutralize spills with crushed limestone, soda ash. 
lime. or sodium bicarbonate After neutralizing. take up small spills with unh. sand, vermiculite. or otha absorbent. noncombustible mataial 
ad p l r e  in suitable c o n d n m  for disposal; flush large spills IO containment area and reclaim (if possible) or await disposal. Follow applicable 
OSHA regulations (29 CFR 1910.120). Environmental Transport: In soil, HCl will infiltrate moving faster in the presence of moisture. It 
may dissolve some soil maacr. particularly those of a carbonate base will be neutralized to some degree and will be transported to groundwater. 
Ecotoxkity Values: Chronic plant toxicity = 100 ppm; injurious IO higatable crops at 350 m a ;  trout. LC,? 10 mgIU24 hr shrimp. U3,. 
100 to 330 ppm/starbh. LCw, 100 to 330 mgN48 hr. shore crab. LC,. 240 mgN48 hr. Disposal: Neutral~ze to between 5.5 & 8.5 before 
dqosal. Contact your supplia or a licensed contractor for detailed recommendations. Follow applicable Federal, state, and local regulations. 
EPA Dalgnatlons 
L k d  as a RCRA HnznrQus Waste (40 CFR 261.23.O.OlN soluion or higkr): No. WOZ Characteristic of comsivity 
Lirtai as a CERCLA Hamdous Substance* (40 CFR 302.4): Final Reponable Quantity (RQ). 5000 lb (2270 kg) [* p a  CWA. Sec. 31 1 (b)(4)] 
SARA Extremely Hazarilous Substance (40 CFR 355). TPQ: Not listed 
Linsd as a SARA Toxic Chemical (40 CFFt 372.65) 

OSHA D e s l g d o a r  
Listed m m Air Contaminant (29 CFR 1910.1000.~abie 2-1 -A) 

Section 8, Special Protection Data 
Goggles: W ~ P  chanical ufety goggles. per OSHA eye- and face-protection regulations (29 CFFt 1910.133). Because contact lens use in 
iadusuy is c o n m v m i 4  establish your own policy. Respirator. Seek professional advice prior to respirator selection and use. Follow OSHA 
respirator reguluions (29 CFR 1910.134) and. if necessmy. wear a MSHAINIOSH-approved respirator. For < 50 ppm. use a cartridge 
respiruor with acid gas crraidges. or any supplied-air respirator (SAR) or SCBA. For < 100 ppm. use my chemical caruidge respirator with a 
full facepiece and canridge thu protects against HCI inhalation. or any SAR or SCBA with a full facepiecc For anagency or nonroutine 
operations (cleaning spilk. reactor vessels. or storage ranks). wear an SCBA. Wurning! Au-purrfying respirators do not protect workers in 
azygen-defuietu afwwsphcru. If respirators are used. OSHA requires a writfen respiratory prolection program thu includes u least: medical 
c&fiution, Wing. fit-testing. periodic environmental monitoring. maintenance, inspection. cleaning. and convenient. sanitary storage areas. 
Otber: Weu ~ h a n i d y  protective gloves. boors. aprons. and gauntleu to prevent skin contaEt Polycarbonatc, butyl rubba. polyvinyl 
c h b r i 4  and chlorinusd polyethylene are recommended materials for PPE Polyvinyl alcohol is not recommended. Ventllatlon: Rovidc 
g a w r l  and local exhaust ventilation systems to maintain airborne concentrations below the OSHA PEL (Sec. 2). Local exhaust ventilation is 
prefarsd because it prevents contaminant dispersion into the work area by controlling it at irs soura.(lm) Safety Statlons: Make available in 
the work area mvrgarcy eyewash stations. safetylquick-drench showas, and washing facilities. Contaminated Equipment: Separate 
conuminrtsd work clothes h soeet clothes. Launder contarninatai work clothing before waring. Remove this material from your shoes 
md dcln p a s o d  protsctive equipment. Commenrr: Neva ea, drink m smoke in work areas. Practice good pasod hygiene a f ra  using 
this muaid, especially before euing. drinking. smoking. using the toilet. or applying c o r m d a .  

Section 9. Special Precautions and Comments 
Storage Rqulrrmcnt~: Rcvent physical damage to condnm.  Store in a cool, dry. well-ventilusd area on a cement flwr away from d i m  
sunlight md heat rourees. Use decanting pumps or pouring frames to minimize spillage during loading and unloading operations. 
E-eering Controls: To reduce potential health h d .  use sufficient dilution or local exhaust ventilation to control airborne conraminanrs 
ad to nuincrin concentrations at the lowest practical level. HCI should be manufactured in closed systems. Pay close attention to leak 
dclection. Aqueous m b b e n  are wd to control hydrogen chloride emissions from vent stacks and otha  sources..Workas shouldn't enter 
unLs pviously containing HCl until they have been cleaned. 
Admlnlstratlw Controls: Consider preplacement and periodic medical exams of exposed workas with emphsis on the eyes. skin. and 
rrspintory t r s t  Pulnionw function tars (FEV. FVC) are useful in detamining lung disorders. Conduct difficult opaations in fume hwds. 

Transportation Data (49 CFR 172.101) 
DOT Shipping Name: Hydrochloric acid. solution Packaging Authorizations Quantity limitations 
MYT Hazard CLw: 8 a) Exceptions: 173.154 a) P=nger, Aircraft, or Railcar. 1 L 
ID N= UN1789 b) Non-bulk Packaging: 173.202 b) Ca-0 ~ i m r a f i  Only: 30 L 
MYT Label: Corrosive c) Bulk Packaging: 173.242 
DOT P r k l n g  Group: I1 Vessel Stowage Rquirements 
S hl rovlsbns (172.102): A3. A6. BZ 815. a) Vessel Stowage: C El.&. 727 b) Other: 8 . . 

NSlJSCdkdm Ref- 26.73.89.100. 101. 103.124.126.127,132.133.136.139.148.149.153.159,163.164,167.168.171.174.180 
hqvcd by: M Gannon. BA; lndustrid Hygiene Rerlm: DJ Widsat. CIH. Medial Rev- AC hrlington. MPH. MD 
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Material Safety Data Sheets Collection: 

Sheet No. 361 
Ethyl Alcohol 

Issued: 10177 Revision: C. 9192 
Section 1. Material Identification 39 
intamediatc: by enzymauc hydrolysis of cellulose, by fermenuaon of s w h  ~ g u .  ud o t h a  a r b o h y h ~ :  or by oxidation I 1 
of methane. Anhydrous ethyl alcohol is nunufuplrsd on r lugs  d e  by .zsouupr distillation. In k b r o r i a  ud indusuy S 2 
ethyl rkohol is used u solvent formins, fru. f.ay Ads, oils. url h y d m c u h n :  in the nunufrarue of denafured alcohol K 4 
syntheric rubba, aceuc a d  rcculdehyde, athylena butdime, 2tthyl h e u r o L  p h ~ n ~ ~ e u h b  (rubbing cpmpoundlr. 
loh i s ,  tomes, colognes). cosmeacs. dercrgenrr. elutomcn. claning pmpu~ms. sudace amp.  u p l o s ~ v a ;  u m 
mtClrrezt ud m ocun boostm in gasoline. Ethyl .Icohol in suiuble dilution# is used in alcoholic bevarger. HMIS 
Other Derlgnntlom: CAS No. 64-17-5, alcohol Algnin Anhydro1 cologne spirit, dehydntai b h o l .  cthmol EtOH. ethyl H 1' 

hy- ethyl hydroxide, famenutlon rlcohol p n  alcohol Jaysol mahylurbinol. m o h a  dcohol NCIC03134. pornto F 3 
alcohol sprnu of wine. Spmt. Tocsol. R 0 

Manufacturer: Conuct your supplier or d u n b u m .  Consult k m t  Ckmkcrl week ~ ~ u y c r s ' ~ u i d r ( ~ )  for r supplias list PPEt 
*Qlmmc 

Cautlom: Ethyl alcohol is m eye m d  mucous manbnnt I ~ M  ud central n e r v w  systcm (CNS) depressant Avoid exposure to high Wacs 
vapor c o n ~ m t i o n s .  It is r dangerous fue and explosion hrurd t k 8  

Section 2. Ingredients and Occupational Exposure Limits 
Ethyl Alcohol c r  100% 
1991 OSHA PEL 1990 NlOSH REL 1985-86 Toxldty Data* 
8-hr TWA: 1000ppm (1900 mglmJ) T W k  1000~-  (1900 m&) Humus orrl q: 1400 mg/kg aursd deep. hadrebq  url 
1992-93 ACClH TLV vomiting. 

WA: 1000ppm (1880 m g l d )  Womur onl ID& 256 & / I 2  weeb  ausd WuckutiDm a d  
dimmed p a c c p ~  ud effectai the mauoarl c y d c  

1990 DFG (Cemuny) MAK ~anraoxai.'ID,:41g/kg(41 wetbpreg.)pmdoaal&easanthe 
WA: 1000 p (1900 m g l d )  newban (Apgu o t h a  neonurl masares or af- drug 
camgay IV: G- &iting v a y  w d  effecm 
Shat-tmn LveL P& 2000 ppm 60 mirb momentary 

d-)- 
Humur DNA lymphocyte: 220 rmnolh 

value, 3 tkna/chift RU inh.l.rirm LC+ 20000 ppm/lO hr; toxic not y a  rcvicc.d. 

Sea NIOSH. RTECT (KQ63000m). for ddiriaul toxiaty dua Rabbis eya 100 mgR4 hr a d  modmu irriurion I 

I 

Section 3. Physical Data 
BoUhg P o h c  1733 'F (785 'C) M o k c u l u  W t Q k  46.01 I 
M d h  PohC -173.4 'F (-1 14.1 'C) S p d t k  G ~ ~ :  0.7893 u 20 'U4 *C 1 
~ a p o r k a s u n ;  43 nun Hg u 68 'F 0 I 

Water SolubUlty: Miscible I 
saturated Vapor Demlty (Alr r 1 3  kg/m', 0.075 Ibd*): 1 2 4  kghJ .  0.018 Ibr/ftJ 0- SolubfilUa: Chlorof- e m ,  - m: 
Surface Tembo: 2 7 5  dynJcrn ~n conuct wrth vapor u 20 T OctaodlWatcr Plvtltioo Cocmdeoc: log K,= 4.31 
VLrorlty: 1200 CP u 20  'C % hSpt~ratedALr:658rt77~F(25*Q I 

Odor T h r a h d d :  84 ppm I 
Appeuaoce and Odor: Clcu. colorks* v a y  mobile. fnpnt liquid with r brrrning mste. , 
Section 4. Fire and Explosion Data 
Flash Polmt: 55 'F (13 '0 CC I Autolgnltloa Temperature: 685 'F (363 'C) I LEL: 33% v/v I UEL: 19% vlv 
Extlngubhlog M e d h  Do not uunguish fue unlc+r flow un k uoppsd Cubon dioxide ud .Icohol-zcdms foam .ra the -bsc .ppopi.ta 
extinguishas. Use warn in flooding qurntitia rc fog. UolwPI FLn or Explosbo Hntprb: Vapor m y  expbde if ilgual in m enclod rrcr 
S T  F l r r f l g h h g  R o c c d u ~ ~ ~ :  B.su~ h. m y  pOdUC. toxic r b a t ~ I  d c a q m s d  ppductr. w a r .  self-ammimi brahhg~mppum 
( C B A ) w i r h a h U h c c p ~ ~ i n ~ a ~ b ~ m o d a i f f c r n b h d w i r h o l l t ~ r i r k . n w r v e a a ~ l a e n f r o m h  
uuolrpply~liryrucru,~~eauunmPntrlwelld~hiroo~~&efirrt.~lumPrnsd~hoidcnordrnntra 
withdnw from~raudlabl~aDo~rriewdfrornhco~olmahodrto~wsnor*~raarr~ 

Section 5. Readivity Data. , , 

StabliltytPoIymerlntkn: EIOH i s  ruble u mom tanpaam in closed containas onda namrl ua8ge .nd handling c d k  It dwabs water 
npidly horn air. Hazudouc poiymaintion anmt occur. Chcmlal LacompUlbPltb: Iodade suwag o x i h b g  ageno. utinm 
h y p o c h l a i t z ~ e o x i d a , m a c 9 r i c ~ t r , h y d r o g e n p e r m i d e , ~ ~ ~ ~ ~ p ~ ~ l ~ 0 l t + ~ l ~ ~  
chmmyl chlorkk, panwgnic .d4 ar8oiam hurflmide. idins heppflmnda ~~l dlfluande, -1 chhn&.wtlyl twopie (cvoCVO+ 
hydrogen bromtde); manganese percNonts + 2.2dirnahox & d + w u c r : d i ~ ~ + m l f r r n c m d + m m p a m m t c ;  -- + w*. 1- on an- with phap-=ride. p l a h u n  dimlh* d + niak rid poassiam ra-butoe +a+ 
EtOH ignica d than apbdcr on cauut with rcric anhydride + d u r n  h y d m p  mlfia Fomu upbsi*c pmdocts in wtth n l v a  111- 
(fonm ahyl  nimte); unmonm + si lva n i m  ( f m  dlvaniuide d rib- fahmte); m ~ a m  pachhxam (fomu ahyl  perchionre); d a m  
(evolva hydrogen gas); nimc acid + silva (fonm d v a  fulminue); d v e r  (Q oxide + ammonia a h y h z h  (h si lva niaidc ud &a M- 
me).  Coodltiom to Avold: Avoid bur ud ignition sou- url incompuibla. Hnznrdopr Produttt of Dccomposltlon: Thamrl oxiduive 
decanposition of ethyl .Icdrol un pduce ou& of urboh 

Section 6. Health Hazard Data 
CPrdoogenklty: The IARC lisu ethyl alcohol u r confumed hanun arrinogea for ingesuon of b e v a y  rlcohoL Chnmic ethanol iopsth it 
usci.tal with hep.lonu (liver cancer). 
Summary of RWU: EtOH is m eye url mu- munbrure i n i ~  url CNS depcpuu. C o n c c n w o ~  of5000 to 10.000 ppm anal mmiag 
irritation of the yes url nose: 15.000 ppm aursd ~auinoouc huh18th11 d c o u d r ; ' d  >20.000 ppm was intohablc Unda  rruomble a~ndirioar 
of~gdo~.thehrzubfromindwtrll~toEtOH~bv.Thereitnoamraemd~l~~dntupm~toWHv.paaora 
~ o f t h a l i * a . A t o ~ u r c q o i r s d r f t c r r r p a t s d ~ m e t h  l l l e o h d d n n y  k a h a a i n i a d i v i d n d r r s p o a s s r , a ~ v c l l ~  
~ f i ~ ~ 1 - ~ ~ o f r ~ ~ L i r m h 0 ~ ~ b . - ~ i ~ ~ o / - l i c ~ ~ = ~ m a ~ a m ~ m a o f ~ * P ~  
~ ~ ~ E E O H a r r r r i n r a d c m m ~ ~ i a . a m b r r r r r z r d d s d m r m d s i t ~ e t o ~  

Concinueda~pogc 



No. 361 Ethyl Alcohol 9192 

Section 6. Health Hazard Data, continued 
Dermunnu (for ex. gasolule, acetone. formddehydc. methyl alcohol) may cause o tha  effscu. EtOH is nor irriuring to the shn  nor is it absorbed in 
appreclrble amounu. EtOH may . c r  as an adjuvant incrusing the toxicity of other mhled. absorkd, or ingestcd chemiul agenu. 
Yedkal Condltlons Aggravated by Long-Term Exposure: Liva disuse. Target Organs: Mucous membranes. eyes. CNS. Prlmary Entry 
Room. Ingestion. rnhahrion. eye contact Acute EITects: Rolonged exposures to excessive concentmuons may produce eye. mucous membrane md  
upper requalory irritation. headache. nervousness. dizziness. tremon. fugue. nausea, and m s i s  (srupor or unconsciousneu). Liquid splashed in the 
eye causes imrnediau b u m g  and sringing scnsauon with t w n g  ud reflex closure of h e  lids. o ~ ~ i t o r y  injury of the corneal epithelium. and 
hypmma (excess of blood in a body part) of the conjunctiva. Although ingestion is m t  a likely roue for i n d u s d  exposure. symptoms include sleep 
disadaz. hllucimtloru. d i m e d  paceptiom. c ~ v u l s i o n s  motor activity dunga .  auxia (loss of muscular d i n u i o n ) .  coma. headache. p u l m ~ ~ y  
c h g a .  drmtion m gas- sccrecion. n u u u  or vomiLing. m a u d  cycle d u n g u  gLndulrr changes. ud body tcmpaa~ure decrease. Chronk 
ERLcb: Chronic vapor exposure may result in mucous membrane initarioh headache. .nd CNS depnssion symptoms including somnolence (prolonged 
skcpmus) and Lckof conccnmrion. Rolonged or repeated skin co~u may w defuting .ad darmtirir. 

AID 
Ejrcr Ik MI dlow victim to rub or keep eyes tightly shut Gently lift eyelids d flush immcdktrly d continuously with flooding unounu of w u a  
r61 Imqmcd to an emagency medicd facility. Consuit a physician i m m e d i y .  
Sk Qnickfy remove con- clothing. Rinse with flooding unounts of warn for u least 15 min. Wuh  exposed uu with soap d wata. 
Disposeof contamimrcd clothing urcfully as ir m y  pole a fue h a d .  
1-n: Remove exposed person to fresh air .nd suppon breathing as needed. 
I-: Neva glve mything by mouth to m unconscious or convulsing puton. Conuct a poison conool cur-. Unless the poison conool carts 
~ o t h u w i s e .  have that conrciow aad dert person drink I to 2 gluses of warn. then induce vomiting. Position patient with head forwud m d  
d & w n  to avoid upintion of vomitus. A k r  h t  aid, get approprlote In-plant, paramedk, or community mcdlcpt support. 
M b PbysklPm: Diagnostic ruu include h h o l  in expired air. urine or blood. Actinmi chuwrl doer not reduce ah.nol absorption. BCQW 
k " IysL effectively ranover ahuroL cons* it in those pui- who deleriaam despite amvsnrioml therapy. With scvm toxicity. watch for 
a , - j depression: intublcion suppon m y  be n e a d d  

Section 7. Spill, Leak, and Disposal Procedures. 
tdr: Notify safety pasonnel. evuuue d l  purormel remove d l  hat  and ignition sources. and provide dequu ventdation. Cleurup 

rhouki pm-t a g i n u  vapa  inhalation ud rkrn ar eye c a u w t  A~cmpt  to slop thc lemk if wirhout undue nsk. Usc warn s p y  to d i  
wad dilufe smnding pools of liquid For s m l l  spills. tab up with sand or ocha mncombustible absorbent md plus into containas for ktrz 

k LfBe spills. d i e  f u  ahad of spill to con& liquid for l a m  dqosal.  Kacp EtOH out of scwat  m d  wata sources. Follow ap liuble 
OSHA npb- (29 CFR 1910.120). En*onmeutd T r a m  ELOH is not ex+ to bi0Conca1p.t~ in fish. Aquatk toddty: 2Slppnu6 hrl 
(@dkM&dfrd~ w). EodmnmcncPI DqrdaUon: When relead to thc amozphere. ELOH will photodegrade in houn (pollumi urbm 
U-C) to m m i n u m i  m g e  of4  to 6 days m l eu  pollumi ueu When releusd inm wua.  it w l  volatilize md probably biodegnh. BOD: 

lerl Oxygen Denund) 125%. 5 day= 442% (than.). 5,d.w 71.2% (thea.). 20 days So0 Absorptka/MobUlty: Whm spilled on M. it is 
~p~rdrniizsbiodcg.da.md&hintothc~ndw~.lt~~upcaedtoabrabtorsdimentmdiuhtrinpundcwrtait~am. 
#p.rol: thuu t  your r u p p k  a a l i d  0x1- f a  d d b d  xeconrmenduiom. hllow appliable Fedad, rut& and l o 4  rcguktions. 
EPA I ~ ~ ~ E U O D I  
SAlU E u m d y  Hamdom SubruncD (40 CFR 35). TPQ: N a  L a d  
SARA Toxic Q m i u l ( 4 0  CFR 37265): N a  liuai 
r a  RCRA Hazudous W u u  (40CFR26121): m r i c  of igniubiiity 
tirrlr a CERCLA H.f.rdOPI SUblOllC.. (40 CFR 302.4. Unlumi Huardou Wu- Chrucairric of Ignimbility): Find Reportable Qmaty (RQ). 
Hlob (15.4 kg) [* pcr R C U .  S a .  MOl] 
~ I h s i g l m t k n r  
tiprd DS m Air Contaminant 129 CFR 1910.1000. Table 2-1-A) 

- - 

Section 8. Special Protection -Data 
Wmr protective eyeglu ta  or chanicll safety goggle* per OSHA eye- md f.ca-prorcction rceuluiona (29 CFR 1910.133). B . aau .  conuct - - -- I &-em id~&~ is  cona6v&d, crublirh yarr own poky.  Rkpitn(or: ~ ; r e k  profari&ul dvicc  Fbr to d u x  selection md usc  Follow 

OSUA ;-1 rcguluiom (29 CFR 1910.134) .nQ if nccemry. w a r  a MSHAMOSH4ppovsd rrrpinca. Selsa tor basal on its suiubility 
, m p l l .  dcqwfe rota -tion f a  given -g cuditiom M of airborne ammmimh. md pruencc of N% oxygen. For mag- 
o Pratkr w a c u  (cleaning sp&. vaseir. or -qe unkr). wear an SCBA. W h g !  Air-purr/Ving respirators do MI protect w h r s  m 

I urnwrphres. if i f t r xs  ue  twi OSHA mptra a respinawy ptsaion p g r m  thu includa u lun: medical cer?ifiarioa 
~ f ~ t ~ g .  penodic cnviraunenpl mnicoring. mrintcmng impasi4 claning.md Mimy norrrg mu. Othcr: W a r  
c k k ,  pmascavc glova. boW .pmm and gunrlct3 IO prevent pmblyed shn caara Carndcr mural mbk. neaprcne. nipilc. or Vium f a  PI% 
u-canpamds have brakhmgh times of u l a s t  m e  horn or mac VeatUatba: Rwide anrl and bal a h a u s  venriktion sysmns to 
~ o a P a ~ ~ m h ~ ~ ~ ~ ~ a ( ~ a . ~ ) . ~ . . k a ~ h d a r r d b a u r i t a ~ t ~ i o n i . .  
brat- by anmUing it u iu uwrcc(%ety Statbls Make mikble in the &area anqmq eyewash d m ,  saf~rylquickQendr 
rbard washing f r i l i t k  Contaminated Eqnlpmmt: anmmhtd ralr dothrr from saeu clother and kunla k f a e  rauc Ranova 
Li- your shoes and dun PPE. Comments N n  UL drink, a smoke in ralr ~ e u  Rrtice noad omarrl h v m a a  .fra wing this 

? Scctia 9. Swcial Precautions and Comments 
Rcqulrewntc Stme in ti y c W  conpinar in a cool, wlell-venthtsd area away hum heu .ad ignition carrces and incomp.abks (Sec. 5). 

s & m n m a s  mainst D*vsYl If Lln a r p u i  of ELOH I. ud uad.rmand a x u e  lub outside the building are a e f d  
c o n & k  T; d u c e  po& hatti h;rrcl. use su f f~&~~d i i&  ar GI exhaust &nilalion to a n m l  c o k i n u m  and m 

i.;l arneenartiom u the lowat practial lcveL Rovide sills md arrbs md design flarn to limit rhe sprexl of esaping liquid. Rohibit the usc of 
air or oxygen to amspo~~  dcohoL To p m a u  ignition sources in MI whcrc luge qll.ntitiu of ELOH I. mda or used. provide flameproof 

mrulLtions and equipment ( C k u  L Gmup D). 
Tnnsp#t.tbo Dat. (49 CFR 172.101) 

WSLbplng Name: Elhanol or Wlyl dcohol hckaglng Aulhorlutbm V d  Stowage Rquiremcnts 
#nR8mdClnu:3 a) Exeeptbns: 173.150 a) V d  Stowage: A 
l b k  UN1170 b) Non-bulk Packagiq: 173202 b )O tbu : - -  
#n M g  Croup: II c) Bulk Packpglng: 173242 
DQT Flammable Liquid Qua~tIty LImltatbar 
S p W  h b k l r s  (172.102): T1 3 Passenger A l r r n n  or  Railcu. SL 

b) ALrmn O ~ J :  ~ O L  

 ma^- R C I ~  26.n. rr9. loo. ioi.io3.iz4, tza In. 132 133.1~. is9.14o.i49.is~. i s .  i a r  la. i ~ .  tat. l a .  171.174.17s. 176. 
k. MI WvdL BS: ldrQW H y d c u  Rcrlrr: Dnr W i h  CIH: Medial R.rl.r: Wurm Silvamm. MD I 





NO. 397 n-Hexme 8/89 

Section 6. Health Hazard Data 
Crrclnqcalclty: Neitha the Hn. URC. nor OSHA tisu n-hexme u r u r c i m g a  
Summrv d RWU: Tlu metabolic p d w u  of in n'w pmid oxidrtion of n-hexmc include 2, S-hexmad'lory. This metabolite is the moat highdy 
nacrocoric c a m p o d  formed from r-hexme. Oocuptiod exposurea to n-hexme .rr urocirlad with chronic neurotoxic d m r p  to the tend 

I I N X V ~ J  S~S-.(C~JS) urd the paiphcrd navw &Ian (PNS). The effau arc not prrmrncn~ C a i r n  r e fame  100 t ~ k a  that from 
ncump.chy is usudly complete wirhhr r y m  dm Ihc expure. Methyl n-bury1 ketone (MBK) (MSDS C o l l a r k  No. 421) podwa the I 
I neurotoxic meubolite 2. 5-hexadha in evar gram q & i ~ i u  3un h e  n-hexme. Revcn~ simulms~ur uposum to n.hexme md MBK. 

Ccnium refaencc 89 naa: '...oonument expame lo methyl ethyl kclonc. ud poraibly o h  chuniuk or h g s  which boon Liva o x U v e  I 
I mcdrmlmr, r d u a r  the time f a  ncl~ropuhy lo ~ffu u r result d exposure m both n-hexme ud MBK.' Medkal Cwdltktt# Aggnvated by 

Long-Tenn Exposum: CNS ud PNS dirordsl. vision &feu.  ud maory diiinraion. T a r w  Org- Skin. qq CNS. PNS. Prlm y I 
I En& [nh.lui&, skin om- Arne Wcch: Irritation d eya. msa. ud uppr ~ s p i r u o q  oul (URT); dcnrul (rbnormdly red akin 

born c . p i l l q  ungation). sderru (.hmm.l .ccarmlrh  dclur .  w r w  h i d  in body rirruch ud rrriculrrion (bl ishgl .  Acute inhrlvion I 
I uua hudwhc. &- N- aucorir ud onno. High cmcoluuiau m y  ut u rrphyrirna. Chmak E f l ~ t r  -xi& n r w  weight 

bu. mrl.iu. m d r  we-. pih ud sp- in exuemiliu; neuocoxic eflam like rcnsar imo~ p o b o p . c h y .  gmsdizdd p o w -  I 
I thy. rd other &genemove chW& ir rh puiphcd m o w  syatun (PNS).-- 

FIRST AID 
Eyer: Rush imm&tely. includimg unda the eyelids, gmdy but thaoufly with flooding UUYUIIU of runnimg wurr for l u t t  15 mia 
Stth: A I I ~  rintin~ .ild - rrith -mu of w u a .  wash i t  with map ud w w .  Inbdrtbn: Remove u p o d  person to buh air 1 
I md brad& u n c d d  H m  r quidid d i d  pmnmel dmimtista oxygm o r q u l d .  IngLstko: Neva induce vomihgl Sevcn 

. r p i r d  hamd aism If v- oac\m apammauty. bws vicrim'a h a i  m h e  L*d. Neva give mything by mouh to m mcms&m I 
~. 

Section 7. Spill, Leak, and Disposal Procedures 
S p U L . k :  Design ad pr~aicr n - h a a u  rpiU cowd ad c-e p h  (SCCP). When r spill CSCUIS. muly ad* -I. 
evrcurro urnau~aty parormcl elimLutc but md ignition ywar. p w i &  m u i m w  upbah-proof vmliluion. ud implunuu the SCCP. 

pnomrl &add  wu f i f  paanrl plscrive q u i w  (Ssc. 8). 
DlspaPk Con- rupplier a r licaaad conor- la deuikd raommeddom. Folbw Ipplic.ble F m  sue,  ud k d  retulrricma. 

1 OSHA Designatloam 
liad a m Air Conrrmhm (29 CFR 1910.1004 Subprr Z) 
EPA Dedgmbnr 
A.ri@ Um RCRA H u u d o u  Wum No. DOOl(40 CFR 261 21. Igniubiiity) 
Mad a a CERCU H . u r d a r  Subamra (40CFR 302.4). R e p m h I .  Quuvity (RQ): 100 Ib (45.4 kgl 
SARAExaarulyHurrdoutS~(40CFRUS):Not l irrad 
SARA Toxic Chcmicd (40 CFR She): NOI liaod 

Section 8. Special Protection Data 
WCE pococtive q e g ~ u r a r  a dumicd a d y  goggles. pr OSHA .nd f . c ~ - p t ~ ~  r r l~bhm (29 CFR 1910.1332 

rplahing is pwible, w u  a full fwa rhicld Raplratoc Wear r NOSH-rppo*ed rrzpinnx if w. Fdbw OSHA *tor rrguhlimr 
(29 CFR 1910.134). Par anstaq a nomouth apsrrionr (spilL a d k g  waor WW k). w w  SCBA. 
W m l g :  A i r - m g  & w d m  in oaygcndcficicnt Otba: Wear impmian gbv- boot& gronr. ud 

I gmmhs IO pevenr Jrin am- ~entUa&: h i &  g-d md bal expiahproof  vmciLtion syscrmr IO maintain . i r h  coma~ouion 
Wow rha OSHA PEL a m d d  (Ssr 2). LOCJ ubnur ~a~cii.cion ir p c f d  sinor i~ pe*mu conunim- M a t  invD -k I 

t if a~ ita rourcc (Garium ref. la). Safety Statbnr: ~.~cn.ilrbh ia tk wwk ru a n a m  r).ewah rurioru. rdery/quicldmcb 
rborm, washing luilitier. rrrd pqmb rrrriasd rue extinpihers. Caatual~ted Equipment: Neva aDntvt l a u a  in the wort r r t e  
r d t l s r r c r a u y r b a r b . m d r l l ~ ~ l l q i n i u I D . L u d r r ~  1- & & i n g b e f ~ ~ ~ ~ ~ . R c m ~ l e d r i r m r t e r i . l ~ p u r h o a  I 
W o n  9. S pedal Precautions and Comments 

Rcqulremmtr: Ston a-hum a c l d  4aurinar in r cool, Qly. well-vcntilrted, fkqmd uu away ban h~ md ifition s o u c a  I 
I chuniul. R o w  thua am- trom phyricd dmmagc shield them from ditccc d g h &  

Eatlnnrlng Coatrob: To ark spark e k c u i d y  ground ad bond dl conuinas LlnL un. ud pipa ursd in shipping, receiving, a I 
Trmspwtatbn Dab (19 CFR 172101-2) 

D07 Sblpplng Name: H e m  IMO Sblpplng Name: Hex- ( a d  irr 
DOf H I P r d  CL9: Rmnmable liquid IMO H-rd Clur 3.1 
D 0 7 I D N o . : U N l ~  IMO & k k  Flunm~bk liquid 
DOf bkl: Fl.mmrbk liquid IMDG Pwkadng Crwp: II 
DOf Prkaglng Requlrcmeoh: 49 CFR 173.119 
DOT P r k y l n g  ~ e p ~  49 CFR 173.118 

YSDSCoU.cllon Refereoces 1.6.7.84-94, 10Q 116 117.119.12Q 1 Z  
Repared by: PJ Iga. BS; Iadasbhl Hygiene Review DJ Wtbcm. CIH; Medial R e v i m  W Silvuman, MD m 
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I M a t e d  Safety Data Sheeu Collection: 

Ekaol¶ L . Mateai8A.Mcntlm?;.1- 35 
~ug#raw ti- w m  A of v o l m k  h y e m o r  comreb of b m a c d s h u o  R I N FPA 

Genlum Publlshtng Corporation 
I 145 Caulyn Sacr 

Scknaody.  NY 12303-1836 USA 
(5 18) 377-88W 

p d b .  cycbpmnlfba. ok f ta r  nq- md l a  8- sm3lBC u from pc~oteum l h l e  OIL I 'I 
A t h r b u u  tar vadL a d  coat. Maur g r a m  u c  md. chlcfly by praara. wkKb aoven  kerv la  p c m u l e u ~  S 2' 

m a  - VOI- h a o a r  by ~l#nul a u u l y u  daurmpomooa Widely orad u fuel m m m a t  com~uaaoa K 4 - 01 thc RCI-q type ~ u a n m a r c  gaw~llaa h a  M oaroc nu- of r p p x r a v r r y  90. A hgh  ' flw 

c a p ~ o f r n r m r o c h ~ . o a a ~ ~ i h y b a u a r l r r r ~ . u a a ~ r m h r h 8 h a ~ n ~ & S o m a  '- HMIS 
g ~ o d d i I h a U S c a o l . l o r ~ ~ o f r o u l h . y l k d w h w h ~ d d r d m ~ p p l o o r m t e l e r a d 1 a g 3  ml H 2 
pa 8rllao u, p m c m  Q ~ I D L  "knoa.. However, mahyl-en-kltyl echrr(KlBE) hu r l m D r c a a ~ ~ k r l y  rep- F 3 
Ic=v1lcd R I 
O t b a  Da- CAS NO. 800661-9. U grrd- I-1- =(a sp- gw l rnc  P-1. PPGt 

Maoufumm: Contact p w  ruppbuordu&o1. Coaulc btcatChawo1 Wee& B u y m  G u e  for r rupptun lur 
7-8 

Sheet No. 467 
Aulomotive Gasolinc Lead-&- 

" . . 
Autamave ~LIOLEC. Icd4me 

1990 OSHA PEL 1-1 ACGM TLVa 198S.U Toxktty Data. 
8-hr WA: 300 ppm yo0 q d  TWA: 300 ppra d90 mgtd Man. mhl.uoe 'TC,: 300 p p w  I hr: UXIC e f f a u  m t ~ ~  
15-rma STEL 500 ppm 1500 my& !TEL 500 1480 my& o q r n r  a tpsarl rcma tcoo~uocavr unutrr~ar. b c h r v ~ ~ ~  - 

(hll- dulonod ~ m t .  luags, lhory or 
1990 MOSH REL v (cough) 
None aublrrhed Horarp eye 140 ppwl hr: mxlc ef fecu mcl* mrld aiuMll 

Rat mhairrioa lL; 300 @mAt5 min 
. . . .  

(60 'a; rha 50% diuJlcd 230 T (1 I0 '0; rfia 90% dirtrllcd. WmUr Solublllty: Insoluble 
338 'F 11170 '(3; f i i  bow pons 399 T (204 '0 

V r p a  Dendfy ( r l r  r 1): 3.0 ta 4.0 

Apparaocm and Odor: A c lar  t g w h  k colored wllh dye), m0ab hqud wllh I chur lauuc odor r r c o g m l e  at about 10 ppm rn ur. 

. . . . . . . . . . .  p*,4i;i K*:&.- ?]-.i:i:: . ..., :..:. ::::::..:, ,:. ..:? r;:;:;c::: . . . .  . :. . : . .; :-::i:*..;:; -,.. ...A "..+! .:,... ................ ;.;: .::::...:..: ............... .,::,.,., . .  
... .:... . . . .  : ............ .: ;... ,,.:..:.. ...... .:.:.. 

. . . . . . . . .  ,. ..".y<<.:.:. t?.:' ............................. 

Rua Pobc 4 5  T (43 '0 0 A 
bthplshhg Medl.: Use dry chtm#rL urbm dioxide, or alcohol form o exungalrhing mcdu Use of wucr may k mctfauve c exangut& 
2rr b u u o c w u r r s p y  c~dormv~aodccoo~fim~x~orsddnrmr.od~taprr~tprrrmrrnrporrr. ~ o m t u r e r  rolidr&& 
w u e r n a a i t ~ ~ t h c I u c L  
gnnmml Flre or Erplarb. Wllnrd.:  Aumambile gmobc u M chu 18 liquid d a drngauur I~IC and u p b t h  bumd 
v h e a u p a r d l o b u r r o d ~ V ~ c r o f l o w m m ~ ~ r a d ~ b u t A u u , m b i Q # w l i D a u n  .IrorelctvioIcnUywwb 
'XidiZbfJ agma. 
ipchl F I r r - f I g b ~  Road- Imlam hrPd nu a d  dear caw. S k e  fm a q  produce r o x ~  fuma. wear a v l f toourned breuhmg 
~ppuunr (SCBA) wih r full oprusd in prrtmrrdanad a porrtivr-prrtolrr nmxle aod full protecuve clorhmg. Whea rha f h  u 

.bralrlL IDcompUbllltk Au- g m d k  CIII ltrr with oxuiizing matenab such U pcmxdt+ aitnc rcld and p a c h l o n o r  
: e m m A * o # : A r o d h c r r a b i e r o p n a .  
1rt.tdocll Prod- of Daompaicbw Thamai oxiddve d e m m c i a o  of .umm#ve 88mLine cur produce oxldu of carbm~ m y  
1- h- 



~ d ~ t e k . ~ ~ ~ c P r r f i r u o q & q ~ ( a b l t ~ m b P t p ~ L U b ~ ~ o t ~ ~ ~ ~ ~ ~ ~ ~ . ~ t ~  
d oxvg~o,. Aspuuma cvucr chokq, couqh almemm d huh me of r r r p o ~ ~ m  excerPveby npd I-. 
p-lor Other s y m p t o m  i o l l a s ~ ~  r u e  ex- nwhd. rpe kcmamry+ of the pmuua fauy -oa of thc liver a 
a m  purr= araqeuroo o l  apbeo. 
Q r o a r U l a a : C h m n r ~ m m l t s m  l o n . n r ~ u ~ L p u ~ & L D d m D 1 Y . l ~ * i ~ ( h ~ r r ) d W d i n r l  
~ - f ~ ~ m r ~ l l . l l p - ~ ~ ~ ~ - I C f * x - ~ ~ ~ c p c l ~ e ~  
cac aluunn#,drymg. md la- 
=ST AID 
s p : c ; e n r l ~ L r l t m e ~ l r d r r o d n ~ ~ y ~ ~ y m h n ~ g ~ ~ t ~ . u ~ a P P I I p m a d t o . n t ~ ~ ~  -. C ' O ~  a  p h m  -Y. - Quulh rrmorr co- O U = p W n . ~ - o l w n f a u * . r U & k ~ a b l l . a i l r r ~ a  

WuhJfasmuumthroq w u s .  ccsL R c a m v e u m o r a ~ ~ b t r b ~ . 0 d m ~ p m b W ) r m ~ t w & d  
- N e * a ~ ~ v e r n n l ~ ~ ~ ~ ~ r a ~ a ~ ~ ~ I f b  ~ d 0 ~ ~ ~ 0 1 1 ~ m q d u e r n u p l ~ ~ ~ ~  

mct.uaa-twof2 ~ o t = a v ~ - - m ~ ~ o C . p r m - ~ ~ - a p ~ ~ ~ ~ .  
, u r m r n ~ a m . ~ t a ~ r n ~ ~ ~ o r r o s ~ m P a l s u m ~  

- -- 

SpYYLc.L: Houtv sua~ pcmnmci e*rrura rll rcmorr h e ~  am aoo aowcu #ad pmwae m.ltmam CXQ~IDO.QIOO~ 
~ ~ ~ l ~ m ~ i ~ ~ ~ ~ p m - q - v ~ ~ o d ~ a ~ c D n t l U ~ o o - - ~ m L L ~ ~ u p s ~  tUImh-(. 
--k 1- m -a04 k8b S p a  f d 0 ~  am-k asm E g m  t19 Cm 1 9 q b . 1 ~ .  

Toxkiq: BlurgrlL iruhwua. 8 ppuuY6 hr. 
A f a ~ ~ ~ ~ ~ w a p p ~ l b l c - s - ~ - ~  

-=Wmw t* CFR 261111: Qrreru. of gou*liry 
~ ~ S u b n r a o D ( 4 0 C F R 3 U Z 4 ) :  NocLncaa 
SAiU E x 8 u m i y  HltPdat S- (40 CFR 353: Not l i s d  
SIPA Touc Qlcmul(40 CFR 3 7 2 m :  Na LitM -- 
w u  P & r C o ~ f 2 9 C F R  1910.10a0. TabhZl-A) 

I W W a r  Dmann w c ~ l o m  a- rrfw =OSHA e*b rab f&-om- rrroluums tlP CFR 1910.1331 S i  
e m x l u c ' m  ~ u C o o m , ~ r ~ c r u b l i r b ~ = p 6 ~ .  

- 
faamnal dnca pnx o wbPrm .ad m. Follow QSHA w r c g u l a t b n a  (29 CFR 1910.134) rab if 

f o r v q o r o w a a u w n n o a ~  
rrh &ummas lo Me a heatch uw m g e  mpu8ar e q u w  *nL o m  vapor armdq a). IX a.sa~lrcd-ur rupuwc. far 
~ o r o o a m u -  tduamq rr- m stamq -), wu a SCBA. 3 u m q t  Au-purwrng rupuorat do rra 
---m--=- 

We.r~mpaocugb*er.  boom.-& ~Looprrrrmpmlqeamrrp.tadrlcincoauaM.rcnrlrarchrr~a 
- - I p D n r e x & k w ~ ~ l b p r m d o ~ . N ~ n  Rsimrceot-c-rlruav~homprodoot. 

: i & - d - ~ ~ f ~ l a m ~ o ~ ~ - ~ a C ~ U l . ~ ~ ~ ~ ~  

- P=f-. ;s . lPYD m t C A m * - , ~ r n & ~ p ~ s l l o r ~ . b ~ ~ ~ ~ * u i a c l ~ e r - ~  
r ~ ~ d ~ ~ o o a o f O u r ~ q r r q o r r r r c x p h ~ a g ~ f e x h . u u v c a r r l . o m m r r m r ~ v ~ ~ o r  
- = a ~ - d u m u w i ~ a ~ - - n - ~ . c o u ~ ~ - a ~ m - a ~ ~ ~ ~ ~ l n  w.r 
h ran dohag duly. 

Tmqmmdoa Dam (49 CFR 172101,.102) 
=Sblpp(ntNaw:Gam~b v v L d u y c q ~ b - M d - a 9  IMO Shlpp N w  G-line .Ol-clmfl-(qr) 
1Dh:  u N 1 m  

w o  H . M L  i.l 
IDNO2 UN1203 

r r r ~ ~ h l i q p l d  IMO r RU-M liqliqpid 
pm- EP~V- ~n.iia IMOC PU- ~ r ~ a p  AI 



Genium Publlshlng Corporation 
1143 C l l l l p  Suez  
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,Matemi Safety Oars Sheers Collecnon: 

Sheet No. 470 
Diesel Fuel Oil No. 2-D 

Issued: 1018 1 Revision: A. 1 1/90 

Section I.  Material ldent~ fication 33 
D l u r l  Fuel OU No. 2-D Durnptlon: l)usel fuel u obumcd h m  me mradle d u l l a k  10 pemleum seplruroo: a auulllrc R I 
oi l  of Law sulfur CO~ML I t  it q I Q d  chicfly of unbnoehd pamffm. Dicscl fuel u avarhble i vanour gnda. onc of I - 
which u syooaym~w WIQ fuel od No. 2.0. nu diesel fuel or1 r q u u u  a mtnrmum Ceurw No. (cfficicuq nun8 for S 2 
diesel fuel compvrble o ocuw nu- n u q r  tor gambae) of 40 (ASIM DS 1 3).  US^ u 8 t u d  tor m c ~  bipr, md 2 

o lha  rulormuvc cnumet; as mrsquuo Q)O- ( C O l O q  oa -tag wa(UIt: and tor WLiq mu& 
Other OCI(gIIIIMC CAS NO. 68334-30-S, d i d  iud. 

@ HMtS 

Mmnul.cmnr: Coomu pllr sapptia or dumbolrrt. Conapll the l u s t  Chmcoiwa& Buyers' GuidF) for r supplm LUL H 0 
F 2 
R 0 

Oud- Dietel fuel oJ No. 2-D u r skm W r r d  a m u s  d e p m t  wtth high mrtt coocta~uroar It is m a r m -  p ~ m  
hazaaaodmOdQIICfinsk. S - 1  

Section 2, Ingredients and Occupational Exposure Limits 
Diut! fuel od  No. 2-0. 
1989 OSHA PEL 1-1 ACCM TLV 1 9 g  MOSH REL 198S-86 Torkl ty Datat 
Noae aubLirhad Mibcnl Oi l  Mut NO# aubli lhsd Rat. o n 1  LD,: 9 gRg produces gum~atutmal  (hypermboliry. d i d u r  

TWA: S auymJt e f t a u  
Y E L l O a u y 3  

Diead frvl N a  2-D teo& m bm IOW (8 amanma Y1 blh i m  pmdia Thir fud a t  ar cornput wmm d: 1)  >9SC pru f ia ic  otrr,.ic rn-a 
rmnmI18 bydmcamou U mUur(*03%). r d  J) kurw (*la p p m ~  I A  b*, b m m m  kvet raQur u m a o q a m  nrk Fud oltr u o  ea a r w w ( h r  
baxm sadwd (29 a 1914102111. Allba~@ br I. cbr M UuU. b a u o r  moaomuou ur b W y  to b. mwh h i m  ta ~ u u a  wr 
t k u b l - w -  
t M a p r p r M O S H . R T Z S ( I O l ~ l o r ~ m u y Q U .  

-- 
Section 3. Physiad Data. 
Bdllnq Yoht W- 340 a 675 -P (171 lo 358 '0 SprrCk Crrvwy 4 .86  

1.9 ta4.l 101P(40°C) Water SolublUty: laroluble 

Appunoce 8ad Odor: B m .  slightly nscatu &quid. 

. - 
Section 4. Fire and Explosion Data. I 
Rash P o l n ~  12S 'F 0 2  'O mm. I Auco l~ l t loo  Tempemure: ,500 'F (932 'CI 1 LEL: 0.6% vtv ; U r n  7 3% VIV 

~ ~ t i r y ~ l l t l i n g  ~cdl.: usc dry cncrmtrL carbon l l la t l~r  or foam ta fight rue. UIC 1 waw spray U) coo: f i  exposed cootamem. Do mi pu r 
forced w r l o  zpy d m  on bu- od s h e  chir will  -the f h r  Use r rnmhcms m q u c  f a  exuaguuhing frrr. 
Unumul Flrr or f i x p h h  H u u d f t  Diud fuel oi l  No. 2-D is r OSHA CLU 11 combPrublc liquid. Its  volo3ily is srmilrr m cbu of g u  OIL 
V~paramyuave l ta rmumol ig~mdlkrhbrcL  
Sp&d ~ 4 l g b t l q  Pnmdamr lmlue hazard area aud deny may. Sirrc fm mrl, produce c x t t  fumtt. wear r rll-coalunsd huthq 
rppmma (SCBA) wilh r fall I a c q ~ s a  opntd in the prrtr~rrdcmtod or potluvc-pl.eutlrr mode tad full prWQIve cloling. if f c i nbk  
~ * e  conmom imm f a  Be rwrrr of ntnoff h m  fife w a m l  mahodr Do not mlcuc u, rcwen or wucnwrys due c pollution lad fa or 
explorioo hazard. 

Section 5. Reactivity Data. 
St.blllt~/~olymerlmc~on:Diucl fuel od No. 2-D is sub& mom ccnrpnm m c b s d  con- unda wm8l sronge m d  coo&- 
ba Humdoru polyaEnmm0 cannot occpr. 
C h e a  Incompatlbllltlrr It is incomprublc with m n g  ouditiog agenu: heat iq g r ~ U y  inmasea h e  fm hazard. 
Coadlrloos to Avold: Avod h u t  .Id ignrriolr murca. 
H . t . ~ d -  Products of Detompasitbn: ThcrmaloxidrLive decompouum of diesel fucl oil No. 2-D cm produe vanour hyd-tu aad 
hyd- denvlfivet aad ocha puur l  oxiduioo produca such u urboo dl0xrdC. m a  momxdc. md sulfur dioxrdc 

- 

I 



Stttron a. Health Hnzard Data 
-mtdtv: Allhouqn the IARC h u  mtuslqoca m ovum1 cvrluruoo to a-1 rue& u 1 -Up. It h U  evUU.lad acruoauoou expat- m 
v m  rrrminq u m LARC p m o d k  h u m  cmunqlen (Group U). I t  h u  e v r l m  duultafe fhght) diesdotis u a a  chss~fiable u humrn 
cmasqcm tGmuo 3). 
F- d RL2k.: ALchouqh died tuel's toxroloqlc effects should mwmble kemsmc's. l h e ~  uc sumcwh8C t m ~ C  pronounced due u, additives 
d o  rurluritcd esun. Excessre mhrlumn of violor or mut uo cruse mrpvlmm rut unuwa. head- duzmcu nausea vommg, 
l aad  cmrdmatroo. dcpcndm; on coaccnrnaaa md cxpasure umc. When rrrmved from exposure r r c r  Jfatcd persons usually rurrver 
-v. I f  vormuaq occun uru mqaaoo rad af 011 u rrpurlcd mm lhc luo@. hemom! 1- put- c d e m  pmgmmf  a m a  a- 
-I md chemcu pncmxmo~  m y  ran * compuruve ram ot oral to u p m a  I& dole, may be 1 pt vs. 5 d. Asptram w y  m 
p- cs ~rnnart CNS dcprusma or e r c r u m L  S a E o w  elfcar may mcludc hypoxlr f aasutfi~knt oxygen la body ellab, i n f a a m  
efamsam. md chmtuc luaq dysfuacnon Iniul.uoo may rault m c u o ~ n r  cardue bynhythmtu. rrzpuamry ~ r r a  rob CNS ID-. 

a r c p c u  W cooua m y  mwc hw follicla rod b b c r  xbve~ 8 1 m .  pIoducUg 8  r u h  of rcnc ptmpks mb spau. PSU.II~ 011 
lllprrd k;% 

rerm -re: None m. 
anlrnalmcmbCIDcL 

RouILt In- rn~CrO00 
Sy- cffoco trout mganoa a u d e  gmnrmtaaml imuooe mautuw. diumcr rod b scrsr? u s u  ~ r n l  acmeor 

gpa pm-q m-mdur inmamoo of m u  = pu. m y  em l a  nu of -a -ycmIa ( e - t m T s  
b b a L  a d  cvamsu (drrlt pwplrrh dism-o of Ihc r*la md m-LU UUrad by dcfirtat blaod oxygca8uon). 

Enem: K c p a w  caauct wrth (he dra uurr azmmua. 
E S s r A I D  
E p c c h u y  l ift the eyeti& md flush i m y  and caaaapouaty wtrh floading 8mauua of water oaiJ maspond m an nrodrrl m. C h W C  8 phpPtkn -y. 

reomre ta- c i a i n  Rinse wtth W i n q  umuou of w e  for at kut I S  =in. If lvge uur of the body haw bees 
or if ~IT~UCIOO - .IW S1) mmcaruty. wash .II- . ~ l  (lt* . ~ q  and waur. 

L ~ e n D n o x p o ~ - t O - m r p d a u p p a r -  u m  

=Ian 1mmeslrrsly. Posiaoa m 8- upmooo. 
"t N- gtve qrmq ey -rh to m -01 OI conm mu penop II i a g u a  do M mti- -vlS due co upmuon kumd 

=A%. n .pp.qnau u-piaa, p r u u r  or ecmmnmtt, and-4 sup- 
ma Pbpkiuw Gasme h v r y  rr-duc m rrp- hrum. Ref- rnudotu are cnanmrl rod mrlk. In  -of =- 
- p u e u m ~ o ~  m q  rnaul blood 8- castuc .dqW v a d r t i o a  0- the prutnt for 6 hr. I f  v i a  s a p  
-a svctpmmt ern@. oatma 8 ctun x-nr. 

!&stb 7. Spill. Leak. and Dispodal Prwcedures 
- r i r  .fy sat- pamaaa WYIUY s m  tar I- s p a  emow hut .lur ~ g w ~ a  so- p m d e  muunum upioioaa.pmot 
~ C l C I O w p c n o d s h o u L d p m ( e ~  l f l l l lvauormtulaunrod u i d - ~ ~ ~ ~ ~ p ~ p U ~ y ~ ~ r t d u c e f i r r o r v  kunar 
ba-dte atxmeasmsemi m p 2  up id irpll r - u u X  iaae r p l ~ .  w far .bu, t. -up pick UO i ru laZ-  
hmraupaslrl Do ooc lo u*rrrr OI watmqm due m kerlm rod rue war uplozloD hund Follow apprvrble O S ~ ~ A  mrura~r (a 

L910.1202 D i  fuel oi l  No. 2-0 spdb may be ermroamtnc.l haaras. Repan 1 e aprllr 
- - p r a u ~ = a t - - f o r d c u r l d - ~ % ~ ~ a w ~ - r u u a a  -- 
S=w- r4im 251211: 1 * wu 
- ~ S ~ ( I O C F R 3 ~ N o t  !is- 
;YPI -v H ~ t t m ~ ~ l  Subs- (40 CFR 3 S k  Not liU 
;YO1 Taris (40 CFR 3 W :  Hot ltrcd 
1- ak&p.uaar 
i (29 CFR 1910.10(# ~ u b w n t ) :  ~ o t  iurtd 

:= 8 Sp&a ptotectidn D~~ 
- - 

:- W a c  pm Luocra- d e v  goggle% pr OSHA eye- ud f.cr-pm-arrp&mos t29 CFR 1910.1331.' ' 
' 

-. S e d  mpY<sd~a - rn a,-D .nd follow OSHA .rrrpPUar ~p4-m (29 CFR 19 10.134 md. 11 DPP- 
%trot NlOStl-appmvat rrrplrr~ar rmk 8 mst filter and a g . n ~  va- carmdgc For emagc~cr or aormnnnm oparuoaa tcluamg s p u  
I-& or smnge u n b L  w e r  m S a h W - q l  A i r ~ p m i n g  rupwauH do not protea w & r x  in oxyga4qickrr ammqums. 
t l b r t Y F c r ~ o o 1 g l o r a b m r r r p m a r ~ g a ~ r t e u r n , p r c r r o t r t r n c o a u a  
t-pmndr ~ r o d b + u p  ,-/.-A- ~ m ~ - ~ ~ t h & p r a ~ r 8 w r o r l t a s a f a y ~  

~ 7 ~ c o a ~ - ~ N I O n - b y a - U t D 8 u u a - ~ ~  
I-- M8kc rvulabh in Iba rat Pa vmmpncy eyewash ruMoL s a f ~ q u r c t ~  -wu& ud wuhmg facJirier 
Y ~ d p ~ ~ N c r r r u c a a r r r ~ m ~ ~ r r a : m f t l c a t a ~ 8 b P r q l o b r l l L e a P e r ~ p 1 t c m r m u . R ~ a i r  
llaEJIba rhoer md appmcnr bumiucaammed clochiag befm we-8. 
l l l r G e u a I r - m . a n . r u ~ p o l ~ ~ . t a - 8 ~ ~ r ~ ~ ~  beforeclq.- 
~ ~ I h e m r k L a r p p l y i m g ~  

dm 9. S p e c i d .  Precautions and Comments.. 
qbkqmtmleaw re- aadPuoor shoiud be surubk for a A as A comburablc Liqurd (ore m closat coammaa m r 
Y- , w 8 , " ~  b c u ~ i g m m  - sad -8 oxadizin~&~kt&CDO- from p&mI damrgc To pmran tUUs 
rLla -r wtmd md boad rll amrmw mb aquiOmcIlt uxcd in rhiuum. recmmll. Of UzUafarm o m -  Use aoruoarhar Pwh 

k o k  rwnh tiquid 0 high 'bas m y  &. ~ d d i r i ~  r u v l e  mcbeu~e cbrhing may-be reqoltrd depcadlng on 
duhus brtlrnr 8 rcrpqrrorl pmraarm progm m u  includu rnlu Fm.ntc. mspatmo + evrluauon. Pneuce good 

a hownmp.rgymu DO oot nr 011 c o n ~ a ~  c l  .,Jung. A1 M y U y  1 g of wor* clothu u recorn- 
s Z Z p w  ody tags m pot m e n  -8 n m  illis maazi. we=glovw or use bane -- 
rPppaaa Data (49 CFR I72.lOl) 
r w  Name: Fuel oil 
l"- C h s  Combuuble liqurd 
f ~ -  MI993 
r w N a #  
f- 1n.ll8a 

----- -. - --  
C y :  Ml Alliror BS; Inddd ~ ; d m  a m  IN Wi l r a  w. Medlar R . r k r :  AC Dulia- MD: UItd be JR 9- MS n 

~ J ~ ~ - u ~ u - . - - - - -  --- 
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Genium Publishing Corporation 
1145 Catalyn Saeet 

Schcnectady, NY 12303-1836 USA 
(5 18) 377-8854 

Portknd Cement (el% u u k )  M p t b n :  Triulcium silica& (3CoO.SiOa md diulcium siliute (ZCaSiO,) arc R 0 Genlum 
mmd -tor cflcotiiJcms~tuents. dong *mk varying mounts of duxninb hidcium duninate, and iron ou ie  u I 2 
celraulcium duminofcmk Small mutt of magnesia, sodium. poturium, a d  rulfur uc also L Chrotaium may S 3 
k pmcnt in the fmishcd cement r ina  the ~ Y a  re ~ q m d t h e r U + l ~ r u c d i n t b e ~ ~ q m a t i o Q I  K 0 
~ p m i b k m p r c a . T o ~ d & r i o a , ~ d  ""n, bi l t ty , ca~ l~ tmrybemDdi f i edwi thvu iousp lu tre~  
PortLod cement ia Pred as r biodhrg ageat in concrete (a mixtlule of cemmS vcl md m d )  md mwtu. Coxmete ia 
-tdiluredwilh 15+.ador0Om~--~..d-~~3%%u**m0ridr HMIS 
Oths D c s l p a t b ~ ~  CAS No. 65997- 15- 1. hydnulic cemtoc, porrlrnd cement rilicuc. H 2 
Mmdutlus. Con- your supplier or duhibubor. Consult the latest ChmkdwuL: Buyers' GlcidF for r rupplien list F 0 

R 1 

Material Safety Data Sheets Collection: 

Sheet No. 718 
Portland Cement 

Issued: 8/90 

I &uti?m: ~ ' s p ~  +go ir iu a k l b d y .  Cdcium hydroxide, an alkaline, abrasive, md hygroscopic (moisture- PPG* 
rbsorbmg) mafa14 f o m  when water u added to dty cement Acute conro~t wirh w e  crrmtu may cw mursive bumr; *.* 8 
chronic aposwe mrr)l M to dermatitis. % v a t  tissue damage may =suit if the cement hudens. 

. . _ . . . : ,  . . ..... .: . . .  ::., . . ......... 
. & & 0 ~ i ; . 2 $ ~ f n ~ ~ ~ d i ~ ~ & ~ ~ d  . .  . O,~cupatio~al.:Exposnie . .  . Li&ts:;:, .:.: : -1:: :; . ,:..i:: . i::l:-, .:. . , ;:: :.: ., :-. . .:; . . 1 . .  .. . . . . . .. . . . . . . .  . ... . . .  . ... .... 
. . . . . , . . . .,.. . . . . . . . . .. 

. .  ... ......... . . . .:. : 

. . . . . . , .. , .... 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . 

Portlmdcanmt.u10(Yk 
Avaage Composition of Porthd C a n t :  

8 
CaO(ulcium oxide) 640 
SiO,(siliamdioxide) uD 
*oy (duminum oxide) 5.8 
k,Oy [ h O o x i d e l  29 
MeO(- oxide) 23 
Alluli M a  1 A 
SO, (ruttUr Uioxide) 1.7 

19690SIU PEL. m - 9 0  AC(;IH TLV NIOSH REL 1911586 ToxldtJ Dab* 
8-hr TWk 10 mgld (total dust) TLV-TWk 10 mghs nuisam dust None atablished Nonc listed 
&hrTwk 5 m g / 3  (rrrpinbk mdbo) 

I M a i c a  NOSH. Rma (wa770000). for rtmm dam. 

on 3. Physical Data 
( Vapar Prcaora: Approximately 0 mm pH: 12 (wet cement). Water Solublllty: Insoluble 

I 
Appeunnce unl Odor: Odoxicss, gtay powder with el % c r y s t d h  s i l h  . . . 

M a k  Tbh rrmrrid u noocombustibk. Use exdnguishing mcdir q p p r h t e  to the rurrwDding fire. 
Spcf. l  Flmflghw Roadllra: S h e  fire produce Dxic itmes, w a r  r setfantaincd bruthing rpprnbu (SCBA) with r full facepiece 

in thc prersuIbdemrod or positive-pletrure mode. C a k h  hwride  farnn when W- is ddad to portlmd cement. Do m t  expose 
rhin D wet ccmmt Be a w n  of runoff kam fire coatrol methods. Do ntS rrlu# to sewas or wrtawaya. 

' .... . 
Sectioa'Si; R&'vity Data ,, , ., , -. ' :: ' , , . .  . . . .,... . . . .  . , $, 

I S t a b l M y / P o ~ t k n :  Podad cuDcnt i s  stable at mom in clorcd colprrinezr uDda d smnge md hmdling conditions. 
?bzdous polymaiutioo crnrrotocM. 
Chedcd Incamptib~tkr No hzlrdous incompru'bilities ue rrpartcd 
Hazardom Products of Dccomposltloo: None mportd 
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[section 6. Health Hazard Data I -- - -- 

Carcinogenlei The Nil'. IARC. md OSHA do not list portlmd cement as a farcinogea. 
Summary of ~tks Portland c=menl is a nu*- du! and skin. eyer. axxi .mucous mcmbrime initm~ I& principle health h . l l d - W h  th. 
addition of ~~~~~un when It fOfrnSOfmS +$me, abrasive, hygroscopic (mo~sturc-absorbing) calcium hydroxide (slaked lime). Dry alone 
doer not cause an alkaline burn. Some lndlnduals ap? to tolaatc brief skin contact with wet ce-t. but o t h m  develop extcnslve b v .  
Repeat* aad prolonged skin conlac1 can uur including skin dryness, fv, cucmatous rashes, and dystmphy of nails. AUqc 
d m t u  may ruult  from the presence of heavy metals such as c h m u m  m the mutmc. In one study. 15 of 95  amen t  worlrar rrportcd 
dermatitis of the hands. 
Mdhl Coadltlons Aggravated by Low-Term Expasurr: IudividuPls with chronic rrtpintDy disorders or skin discma should minimize 
mhrlntion and skin w n w L  
Target 0 aas  Respinto system, skin, yes. -- 
my2 %try par 1 0 L m  iogation. skin w n t a c L  
Acute ll- IohaWoo symptom inch& eye, wse. md uppa rrsphtmy tract idafion, cough. upcc0Pntion, shormerr of bmth, rod 
whaczipg. Eye c o ~ t  TI*) cuue burnin md slible oomul edcmr Direcr -t with wet cemmt mry W t  in extcxmiy~ tkin burn8 \5 withdcmal-PI. 1 ~ 1 2 t o 4 8 h ~ f - m & ~ ~ ~ n o r ~ r o d ~ ~ ~ m ~ o o s u r . ~ s a m y b o a o b v i o u s ~ ~  
u tbe rime of exponut. In ution of the wdm or liquid onn uuses esophagus rod rlomrch bum. 
a-ie ~ n r a ;  -nic$lolrlutis . o $ ~ c  ~ t i s  m y  m u l l  h m  c~ expos- am reports of x-ray &ma rim 
symptonu in cement workem expored to portlmd c c m e n ~  Otber studies showing x-ray c h q e s  with pulmonary symptoms are mted in workas 
expored primarily to the silica-antainiag produa  in podand c e m e n ~  The confacf dcrmatiU it c a w  may cka up only a f t a  a prolooged time 
a h  the ex sues end. 
FIR= A&' 

have thUcauciowpmoo drink 4 to 8 oz. of milk 

- -  - 

m~pping ~ d u t ~ o p  ~ucfhllyscooprpineddryrmtcrial &to asuitableamtliaa(withamauelid) fordispoulorxcdamth 
R h  ppliabk OSHA regulations (29 CFR 1910.120). 
Dbpasrl: Conract your supplia or a based conmtDr for detPiled rsomomdatiom. Follow applicable Fedad, stare, Pod local rcgu&tiom. 
EPADcsIgn8tjo~ OSHA Dalgnatlopr 
RCRA Hazardous Wutc (40 CFR 26133): Not liard Listed u an Air Contaminmt (29 CFR 1910.1000, Tabk Zl-A) 
CERCLA Hazadous S u b t m a  (40 CFR 3024): Not listed 
SARA Exlmnciy Humdous Substmcc (40 CFR 355): Not liaod 
SARA Toxic Qwmiccrl(40 CFR 372.65): Not listcd 

I Gqda: W a r  protective eyeglasses or chemical safety goggla. per OSHA eye- aad faceprotadon regu~ons (29 CFR 1910.133). 
Rcspt.tor: Seek professional Pdvicc b rupinror selection and rue. Follow OSHA respirator replahas (29 CFR 1910.134) d, if neca- I 

I q, a NlOSH-rppmved q&. Few or ooamuline opaptioos ( d m  Gills, -Lt. or stonge tanka). wear m 
SCBA Wanring! Air-pwfiing rupiratcws & n o r p o ~  w o r k s  in qgm-dr/iicnt ormarpkrcs. I 

I 0- W a c  impervious gloves, boots, opiaar. a d  guntlets m prrvcot skin -t 
I V- F m v i d c g e o a r l m d b u l ~ o n s y ~ r n ~ a i r b o m e e 0 0 ~ ~ 1 1 ~  kbwfbeOSHAPELamdACGlHTLV(Sec2). 
L # l l ~ t v m M ~ l u p r r f a r r d r i o c e i t p r r v c o t r a r n ~ d i r p a s i o a i n t o W d r r a b y ~ h g i t a t i b ~ ~ ~  
SkQ Statiom: Make wailabk in the work ~ra emergency eyewash staths, UletylquicLdreach rhowar, a d  waiting f r i l i t i e r  
C a h m b t d  Equipmat: N e v a  wur  contact l ~ s a  in the work uu: soh lcwr may absorb, md dl lclrses conceotntc, imtaots. Remove rhir 
mrocriPl from yoor show a d  equipment Lauoder co-atcd clolhing before muing. 
-ta N e v a  ea& drink. or -kc in work mas. Pnctice good pasoad by- r f t a  urins this nutai.l especially k f m  sting, drinldng, 
nmbng, using the loi14 or applying ursmerics. 
W o n  9. S pedal Precautions and Comments 

' S h n p  Requlnments Store in tightly closed colllabDen in a -4 dry, well-ventilated uca. Protect cartabem frorn physiul damage. 
Coatrob: Avoid dust inhl.tion uxi dim con= with ski0 ad eyes. W u r  gloves, impavbus boots, d orbs prooative gear 

crbeo paring ament Institute a respintoxy protcctbn prognm that inclwia repla training, mrintmmce. inspecdon, md evduPtion. Difiam- 
rirr bcrwccn ctment uxi concrete usage md the d c p x  of h u u d .  Pncticc good pmood hygiene Pnd housekeeping pracaium. 
0th Precautloos: h v i d e  preplnament a d  m u i d  physical exlminatitxu with emphasis oo the ruphtay -t, eyes, Pod skin. Avoid 
cxpubg individuals sensitive to huachmmium utlr. Adding iron to cemcnu reduces chromium kvelr 
hrapatntka Data (49 CFR 172.101, .102): Not listed 

Referaxes  26.34 73.1,89.100.101. 103.124 127.132.133.136.136,138, If3 
Prprd by: MJ Uliooa. BS; 1adurbl.l Hyglem RI.kr:  DJ Wd- CXH; MedlcJ R.rkr: W Sdvanm, MD; Edited bf: JR SUmft, MS 3 
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ATTACHMENT M 

RESPIRATOR INSPECTION PROCEDURES 



RESPIRATOR INSPECnON PROCEDURES 

Air-purifying respirators should be checked as follows before and after each use: 

1. Examine the facepiece for: 

. O  Excessive dirt; 
o Cracks, t u n ,  holes, or physical distortion of shape from improper storage; 
o Inflexibility of rubber facepiece (stretch and knead to restore flexibility); 
o Cracked or badly scratched lenses in f i l l  facepieces; 
o Incorrectly mounted full facepiece lenses, or broken or missing mounting clips; 
o Cracked or broken air-purifying element holder(s), badly worn threads, or missing 

gas&(s) if required. 

2. Examine the head straps or head harness for: 

0 Breaks; 
o Loss of elasticity; 
o Broken or malfunctioning buckles and attachments; 
o Excessivdy won! serrations on head harness, which might permit slippage (full k c p i e a s  

only). 

3. Examine the inhalation and exhalation valves for the following after removing its cover: 

o Foreign material, such as detergent residue, dust panicles, or human hair under the valve 

seat; 
o Cracks, tean, or distortion in the valve material; 
o Improper insertion of the valve body in the facepiece; 
o Cracks, breaks, or chips in the vdve body, particularly in the sealing surficq 
o Mksiag or defective valve covet; 
o Improper installation of the valve in the valve body; 

4. Eramine the ait-pdfjhg element for: 

o Incorrect cartridge, canister, or filter for the hazard; 
o Incorrect installation, loose connections, missing or worn gasket, or cross threading in 

the holder; 
o Expired shelf-life date on the caraidge or canister; 
o Cracks or dents in the outside case of the filter, cartridge or canister, indicated by the 

absence of sealing material, tape, foil, etc., o v a  the inlet. 



5 .  If the device has a corrugated breathing tube, examine it for: 

o Broken or missing end comectors; 
o Missing or loose hose clamps; 
o Deterioration, determined by stretching the tube and looking for cracks. 

QUALITATIVE FIT TEST PROCEDURES 

An employee shall be allowed to use only the specific make(s) and model(s) of air purifying respirators 
for which the person has obtained a satisfactory fit verified through fit testing procedures. An employee 
is not permitzed to use any respirator not previously fit tested or if the results of the fit test indicated that 
the person was unable to obtain a satisfactory fit. 

The following negative and positive pressure tests should be used each time a respirator is donned to 
check the face to face-seal fit. 

o Negative Pressure Sealing Checks For Tightly Fitting Air Purifying Respirators 

The wearer performs this test after donning an air purifying respirator. The test consists of i, 

closing off the inlets of the camidge(s), canism or filters by covering them with the palm(s) of 
the hand(s) so that air cannot pas, inhaling gently, and holding one's breath for at least ten 
seconds. If a ficcpiece collapses slightly and no inward leakage of air into the facepiece is 
detected, it can be reasonably assumsd that the fit of the respirator to the wearer is satisfactory. 

This k used only as a gross determination of fit when the respirator is to be worn in relatively 
toxic atmospheres. None the less, this test shall be used each time prior to entering a toxic 
amsphere. 

o Positive Prusure Seal Check for Air Purifying Respirators with Inhalation and Exhalation Valves 

?his test is very much like the negative pressute sealing check, above and is conducted by closing 
off the exhalation valve and exhaling m. The fit is considered satisfactory if a slight positive 
pressure can be built up inside the facepiece for at least 10 sccouds without detecting any ournard 
leakage of air between the sealing surface of the facepiece and the wearer's face. 

This test is also used only as a gross determination of fit when the respirator is to be worn in 
relatively toxic atmospheres. This test shall be used each time prior to entering a toxic I 
atmosphere. 
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ATTACHMENT N 

INJURY AND ILLNESS PREVENTION PROGRAM SUMMARY 

AND HAZARDOUS CONDITION REPORT FORM 



INJLlRY AND ILLNESS PREVENTION PROGRAM SUMMARY 

In California, all locations must implement an Injury and Illness Prevention Program (IIPP) 

as a result of legislation popularly known as SB 198. Field operations, such as those 
covered in this health and safety plan, are also covered by the IIPP. The purpose of this 

document is to provide a summary of the elements of lnvestigation Contractor's llPP and 
guidance concerning aspects of the llPP that all field personnel should be aware. 
Complete details of the llPP are found in the lnvestigation Contractor's Health and Safety 

Manual at Procedure HS 330. A copy of this document is available through the PHSM. 

The llPP requires California employers to develop programs that address the minimum 

elements of the regulation. The lnvestigation Contractor has implemented the following 
steps to comply with the regulatory requirements and provide a safe and healthful working 

environment for its employees: 

The Investigation Contractor's Health and Safety Manager (HSM) is 

responsible for the overall implementation of the IIPP. The Project Manager 
or Site Safety Officer will be responsible for implementing the llPP at the 
project location. 

To ensure that employees comply with safe and healthy work practices, 

increasing disciplinary actions will be utilized for employees who engage in 

unsafe or unhealthy work practices. Written acknowledgement will also be 

placed in the employee's personnel file for those persons who make a 

significant contribution toward workplace safety. Health and safety 

compliance will be evaluated during each employee's annual performance 
review. 

During field operations, information regarding health and safety matters will 

be communicated to employees through safety meetings and safety 

briefings. Employees are encouraged to report suspected workplace hazards 

to their supervisor, the PM, or the PHSM. However, any employee may 

make such notification anonymously; forms for this purpose are located 

behind this summary. This form is known as the Hazardous Condition 

Report Form. NO EMPLOYEE WILL BE RETALIATED AGAINST FOR 

REPORTING HAZARDS OF FOR MAKING SUGGESTIONS RELATED TO 

SAFETY. 



Workplace hazards will be identified by reviewing applicable regulations and I 

consensus standards for comparison with field operations. For activities 

such as hazardous-substance related field work, potential hazards are 
evaluated during the preparation of the site-specific health and safety plan. 
Periodic audits will also be conducted during field activities by members of 

the health and safety staff.' 

Workplace injuries and illnesses will be appropriately investigated. All 

injuries or illnesses that are known or suspected to result from workplace 

activities must be reported for proper recordkeeping. Certain injuries or 
illnesses may require formal investigation. The Accident Report Form 

included in Attachment C is to be completed for injuries or illnesses arising 
from site activities. 

Prevention of unsafe or unhealthy conditions can usually be achieved by 

proper training, advanced planning and resolution of issues by responsible 

management or a health and  safe^, professional. Such prevention will be a 

primary method used by the Investigation Contractor to minimize or abate 
hazards. At  any site, any employee may contact the PHSM if he or she is 

concerned that a health and safety problem may exist. The Site Safety 
Officer or Project Manager may stop operations at any time i f  it is believed 

that an unsafe or unhealthy condition may be developing. 



zm DAMES & MOORE HAZARDOUS CONDITION REPORT 

Employee Name* Date 

Office Location Office Number 

Supervisor 

DESCRIBE HAZARD: 

Location or activity 

Describe hazardous condition thoroughly 

Immediate action taken 

Do you have an opinion regarding how the hazard might be abated? 

Employee Signature Date 

Pfease fonuad this completed fom to Susan C~lbrandseu (SBA). 

'If you are making an anonymous submittal, please fonmrd this form directly to john Danby, 
W a t a n  Division Halth and Safety Managa (SAC). 

wried c: 
T r a m  No. 

HS330.4A 



ATTACHMENT 0 

NlOSH METHOD 1003 
NlOSH METHOD 1501 



F m U :  Table 1 

H.W.: Table 1 

HYDROCARBOWS. HALOGENATED 
m m :  1oa3 
ISSUED: 2/ 15/84 

REVISION 81: 8/15/87 

CO)BOUNOS: k n z y l  chloride c h l o d - t h  1 , 1 4 i c h l o r o r t h  rr thylchloroforr  
(rynonylr bramforr chlomfarr 1,24ichlomethylw tetrachlomethylen 
i n  Table 1) carbon tetrachloride f l i c h l o r o k n r m  e t h y l m  dichloride I, 1.2-trichlomethrru 

. -- 
ch 1 ombenzen pdichlombenzw huachlomethuw 1.2.3-trichlompropm 

WLIWC mASURmEnr 
I 

WLER: SOLID SOABEWT TWE !TECiWIpuE: CAf OIRDMfO(;AAPHlr, FID 
(coconut shell chrrcorl, 100 llgm mg)! 

!mm: capounds above 
FUlY R A E :  0.01 to 0.2 Vafn I 

!DEWTIOW: 1 rl CS2, stand 30 min 
VOL-HIW: Table 2 I 

-MX: Table 2 !IIUECTIOI V O W :  5 pL 
I 

SHIPRENT: r o u t i n  !lEHERAlURES: Table 3 
! 

SMPLE STABILITY: not deter r ind !CARRIER GAS: 112 or Ha, 30 -in 
I 

FIEU BUMS: 10% o f  srrples I-: Table 3; alternates a r r  9-2100, 
I S)-2100 d t h  0. ls CIrbawx lsoo 
I or Obl fusod s i l i u  capil lary co lm,  

K;QlftACI I 

!tALIMATl01: s t ud r rd  ro lu t ims  of analyte i n  CS2 
RAmiESMIED: s e e W A U U T I ~ f f  RElHOO[1] ! 

!-: Table 3 
BIAS: not signif icant (11 I 

!ESTIMfED La: 0.01 r~ per srrple (21 
OVERALL PR€CISI01 (I,): see EVAUUTI01 ff I 

ETHOD (11 !PRECIS101 (s,): see EVAULATI01 OF HEltUXl [I] 
I 

APPLICABILITY: k. Table 2 for d i n g  ranges. This ~ r t t b a l  can k usad for s iu l taruour  
d rknr i ru t lon  of ba or mrr  subs^ s u s ~ t e d  to k pmsrnt by dunging gas chrautogrrphic 
c a d i t i o m  (I.*., taperaturn p m g r r ) .  Hi# h r r id i t y  during -ling u i l l  prevrnt organic 
vapors fnm k i n g  trapped e f f i d m t l y  on th sorbent ud greatly decreases bmakthrough wlrmr. 

RE-:  his r r t ~  mim and r e p ~ a o s  PM 127 (31, ~ 1 0 1  (41, 5110 [Sl, 5113 (61, 
sl14 (71, 5115 (81, S l n  (91, 3123 {lo], S126 (111, 5133 (121, 3134 [la], 3133 [14I, 528) [IS]. 
a 1 4  (161, S28 [It], S3S [18]. US1 (191, and h thod  1003 (dated 2/15/84). 



REAeMTS: 
1. brbocl disulfldo, chldutogrrphic 

qua1 i ty.. 
2. krrlyte, reagent grade. 
3. Calibration stock solutions: 

a. h z y l  chlorid., 10 rglY 
in -rlSwptane. 

b. bra~forr, 10 (IO/Y in -Axan. 
c. Hichlombenzm. 200 rO/Y in 

aceton. 
d. e-dichlodmum, 300 rO/Y 

in aceton. 
e. hut.chlor#thne, 2S .O/Y in 

tolwn. 
4. bcane, ~~, octane or other 

in-1 standudr (su step 6). 
s. Wltmgm or heliu, purified. 
6. Myhgm, prrpurifiad. 
7. Air, filterrd. 

SPECIAL PRECALnlO(S. 

EQUIRmCT: 
1. frpler: glass tube, 7 a long, 6 ~a Q), I nm 10. 

flsealed ends uith plastic caps, containing tvo 
sections of 2W40 mtsh activated (600 .C) eoeocwt 
shell chrrorle(front = 100 110; back r W) -1 
separatad by a 2- urnthane for plug. A 
silylatad glass uool plug p m c d m  the front section 
and a 3-m urethane for plug follw the back 
section. Pressure drop f c m s  the tube at 1 Ubin 
airflw ust be less than 3.4 kPa. T u b  are 
carrrially available (e.9.. SKC 822601). 

2. Personal trpling a, 0.01 to 0.2 Ubin, uith 
fluible c#uwcting tublng. 

3. b s  chrartogrrpb, FID, integrator and colun (s- 
Table 3). 

4. Vials, 2 4 ,  glass, Pm-liwd s q t m  crilp caps. 
S. Volwtric flasks, I-. 
6. Syringms. 10-pL, madable to 0.1 pL. 
1. P ~ W ,  m, 14, uith pipt bulb. 

SPECIAL PRECALnIO(S: Carbon disulfid. is toxic and a serious fim and explosion hazard (flasb 
point = -30 -1; wrk uitb it only in a hood. Several of the arlytes rrr suspect urcinogm 1 
(Table 1). -*tam. -. ud acetone are fire hazards. 

! 

SMPLInG: 
1. Calibrate each personal syling a with a rcprrurrtative trpler in line. 
2. O m k  the a d s  of the syler iIiate1y bdm trpling. Attach syler to personal 

s y l l q  pcrp 4th fluible tubing. 
3. -1. at m accurately know, flav rate be- 0.01 and 0.2 Lhin for a total s y l e  sin 

betmnn the limits shmm in Table 2. 
4. .Cap the -lam. Pack seamly for shipent. 

B PREPARATlOl: 
S. Plaa the front and back torknt sections of the -la tube in separate vials. Discard 

the glass uool ud f o r  plugs. 
6. Add 1.0111 % to euh vial. Cap euhvial. 

#TE: A suitable in-1 stadud, such as deune [16]. n-umhcane [6,191, or octane 
[9,13,11] at 0.H (v/v) be addad at this step and at step 8. 

1. All- to stud 30 min uith #cuional agitation. 

CALI ERA TI^ m quurn CQWT#K: 
8. Calibrate daily with at least five wrking standuds over the wmpriate range (Table 3). ' 

a. Add know, r w n t z  of m t  wlyte or calibration stock solution to in 1- 
volwtric flasks ud dilute to the urk. 

b. Analp with c l e s  and blanks (strpr 11 and 12). 
c. Prepare calibration graph (peak area vs. 110 rrrrlyte). 

9. bterrine dssorption efffciency (#) at least once for eKh lot of c h a m 1  used for i '. 
c l i n g  in the range of interest. Prepare three tubes at each of five levels plus t h m  
mdia blanks. 

WlS/81 1 W  HI091 knurl of Analytical Meolodt 



HYMIOCARBOWS. MLOGEIUTEO RETHaO: la33 

Table 2. Sapling limits. 

A i r  Samle Volln (1) w i n g  hngC, PP, 
Car~ound B i  n &I T a m t  at h x  famole Volrra 

lknzyl chlorlde 
b&om 
Ca* tetrrchlorlde 
Chloraknzen 
Chlorobromathan 
Chlomforr 
~ l c h l o r o k n z e n  
pOichloroknzan 
1, l - O i c h l o t w t h n  
1,2-0ichlorwthyl.n 
Ethyl- dichlwlde 
&mchlo twthm 
-thy1 chloroforr 
Tetracjblomethylm 
1.1.2-Trichlor0et)rrn 
1.2.3-Trichlorop~n 

Table 3. B~summent pa ru tom.  

*A = 3 r x 3 a 00 stainless steel, 101 SP-1000 on W 1 W  msh ChnrPswb W ,  
I = 6 x 3 a 00, othenise - as A. 
C 1 3 x 3 a 00 stainless steel, 101 OV-101 on 1WlZD m b  ChnrPswb W. 
D = 3 m x 6 -00 glass, 32 9-2250 on W100 b Chnmsorb'W. 
E = 3 x 3 11 00 stainless sk.1, 101 FFAP on W100 d W. 



FUUULA: Table 1 
HYDROCARBONS, AROMATIC 

MTHOO: 1501 
H.U.: Table 1 ISNED: 2/15/84 

, - . . 
OSM, NIOSH. ACGIH: Table 2 PRm€RTIES: Table 1 

calPOLNOS: b e n m  CIIIIEII) a-thy1 styrene styrene vinyl to1 uene 
(Synonym p-tert4utyl toluene e t h y l k n z m  naphthalene toluene xylem 
i n  Table I 1  
-- 

SMPCING MAS- 
I 

SWLER: SOLID SORBDCT fUK !TEOI(IQUE: GAS Q W r U T m ,  FID 
(amnut sh.11 charcoal. I 

100 m1/W mg) !-YES: hydracarbons l i s t 4  above 
! 

FLW RATE, VOLUPE: Table 3 !#SORPTION: 1 mL CS2; stand 30 rnin 
! 

SHIPMENT: M special precautions !INJECTION WLUtE: S rL 
I 

SAMPLE STABILITY: not b t e n n i n d  !lE?PERATURE-IMJECTIaS: 225 .C 
! -0ETECIQI: 22s OC 

BUNKS: 2 to  10 f ie ld  blanks por set I 4QUm: lee s t ~ p  11 
! 

8ULK SARLE: desirable. 1 to 10 nl; ship i n  !CARRIER GAS: n;! or W. 2S mL/min 
separate containers fmn saples ! 

!-: glass, 3.0 m x 2 ma, 10L W-275 on 
- ! 1w120 nmsh Chrrnororb u4Y 

MUmC7 ! or equivalent ' 

! 
RAWGE STUDIED. !CALIBRATIOW: imalytes i n  Q2. 
B U S  and OVERALL PRECISION (s,): Table 3 ! 

!RANQ AND PRECISIOW (s,): Table 4 
I 

!€STIRWED LOO: 0.001 to  0.01 n q  per sap le  
I with capil lary colum [I] 

- ! 
APPLICABILITY: This mthod i s  for pa&, w i l i n g  md lbM dete&natiom of r n m r t i c  h y d r u u m s  
It m y  be used for siuultumrus msummnts, though th.n i s  tho p s s i b i l  i t y  that interactions 
betwon arulvtes mav reduce the bmltthrwPh volrmrr and chmae d.torption efficiencies. 
INTDVEREISQS: Uu of tha colum m i l l  prwwtt  intorfefma by alkuwr (SClO). 
Under conditions o f  high hmidity, tho breakthmugh v o l ~  m y  k n b w d  by as IWKh as 51JI. 
Othor volat i le organic rolvants, e.g., rlcdrols, ketones, e m  and hlogmuted hydrocarbons, 
a n  possible interferences. If tnterfemna i s  suspected, u u  a less polar colum o r  change 
colum tenmeraturn. 
OTHER E m :  This mthod i s  based on and urp.radm Wthods P m  121, benzene,' sty-, 
toluene and xylem (21; 5311, k n z m  141; S22, p - te r t -bu ty l to lue~ 131; 523, cumne 131; 529, 
ethylbenzene 131; 526, a - m t h y l s t m  131; 5292, naphthalem (41; 530, StYr'eW C31; 5343, 
toluene [41: 525. vinvltoluene t31: 5318. x ~ 1 . n  C41. 



REAGENTS : 
1. Eluent: Carbon disulfide*, 

chmnatographic qua1 i ty containing 
(optional) suitable internal 
standard. 

2. hlytes. reagcnt grade* 
3. Nitrogen or heliun. purified 
4. Hydmgen. preplrified. 
5. Air, filtered. 
6. Naphthalene calibration stoclt 

solution. 0.40 g/ml in CS2. 

qe t  Special Precautions. 

EquIPf€NT : 
1 .  Simpler: glass tube, 7 cm long, 6 mn 00, 4 mn I D ,  

flap-sealed ends. containing two sections of 
activated (600 .C) coconut she1 1 charcoal ( f m t  
= 100 mg. back = 50 mg) separated by a 2 4 1 1  urethane 
fom plug. A silylated glass uool plug precedes the 
front section and a 3- unthuw f w n  plug follows 
the back section. Prwwre drop across the tuk at 
1 Vmin rirflw m s t  k less than 3.4 kPa. T u k r  
are cammrcial ly avai lable. 

2. Persum1 -ling pmps. 0.01 to 1 L/rnin 
(Table 3). uith flexjblo connecting 
tubing. 

3. Gas chramatograph. FIO, integrator, and colum 
(w 1501-1). 

4. Vials. glass, 1 4 ,  with PTFE-lid capr. 
5. Pipet. 1 4 ,  and pipet bulb. 
6. Syringes. 5-. 10-. 25- and IOerL. 
7. Volrmtric flasks, 10-(11. 

SPECIAL PRECAUTIOIIS: Carbon disulfids is toric and oxtmmly flawnablo (flash point = -30 OC); 
benzene is a suspect atcinogen. Prepare -1- and staekrds in r ~ll-uentilated hood. 

SMPLIWG: 
1. Calibrate each personal -ling pap with a representative srrgler in line. 
2. Break the mds of tho -1.r irnrdiatoly k f m  sapling. Attach sapler to p e r m 1  

sapling prnp with flexible tubing. 
3. Saple at an accurately knorn flaw rate b.twrm 0.01 a d  0.2 Vmin (to 1 LAnin for 

naphthalone or styrend for a total taplo size rs rhawn in Tab10 3. 
4. Cap the saplam with plastic (not nrbkr) ups and pack -rely for shiplmt. 

SMPtE PREPARATIO(: 
5. Plau th. fmnt and back m t  sactiom of th. m l e r  t u k  in e r r t o  vials. Oisard 

th. glus -1 md f o n  plugs. 
6. Add 1.0 Id olumt to m c h  vial. Attach ainp cap to u c h  vial iamdiatoly. 
7. Allw to stand at l m t  10 min with ocusiorul agitation. 

CALIeRATIOlS AllO Q W I T Y  aDIJt#K: 
8. Cal ibrate drily with at 1-t f i w  wrlring standards wer tho wrapriato rang@ (a. 0.01 

to 10 lng uulyk per -1.; see Table 4). 
r. Add Itnarr, aumts of uulyte (calibration stock solution for naphthalow) to oluont in 

1- volwtric flasks and diluta to th. r r k .  
b. krrlyze topther with sargles and blanks (steps 11, 12 and 13). 
c. Prepan calibration graph (peak area of armlyt. vs. mg analyto). 



Table 2. Penissible exposure limits, ppn [6-111. 

OSHA NIOSH ACGIH 
TLV STEL 

wnr3 
Substance - TW Cm I!!!! c_ - - 
benzene 10 2s 501 
~ - ~ - b u t y l t o l ~  10 
cumm 50 (skin) 
ethylbennn 100 
a a t h y l  styram 100 

.- Mghthalene 10 
styrene 100 200 60ab 
toluene 200 300 Soor  
vinyltoluem 100 
xyl w 100 

25- 
20 
7s (skin) 

125 
loo 
1s 

loo 
150 (skin) 
loo 
1 so 

*imn &rat im 10 rnin i n  8 hr. q I M :  suspect carcinogen [ 101. 
bRaximn &ration 5 n in  i n  any 3 hr. * IO-min zarple. 

Table 3. Smpling flewfatea, volum, capacity, range, overall bias and precision [3,4,\2]. 

bonzum 
p- te r t4u ty l to l lmr  
CUII(Y 

ethylbenzoiu 
a a t h y l  styrnw 
Mphthalmg 
st- 
tolwne 
v iny l t o l l nn  
x y l m  

% l n i ~  maanmdd flar i s  0.01 LAnin. 
bApproxinukly two-thitdr t)w bmkthrargh voltme, exapt  for naphthalene. 
ClO-inin simple. 
h t e d  value, ulculatod fnm dat. i n  Reference 12. 
@Naphthaloiu s)#n poor &sorption efficiency at low loading; 1004 m i n i m  volurr i s  -. 
f l s a i n  -1.. 
9Sain sargle. 
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ROUTINE BIOASSAY MONITORING PROGRAM FOR LEHR 
REVISION 0 

1. PURPOSE 

This procedure provides specific guidance for contractor personnel working at the LEHR 

site on their duties and responsibilities regarding routine bioassay monitoring. This 

procedure will be implemented prior to the commencement of field operations. 

2. SCOPE 

This procedure elucidates the criteria, actions, and responsibilities for the conduct of a 

routine bioassay monitoring program for employees working at the LEHR site. Routine 

bioassay monitoring of radiation workers is performed to detect intakes of radioactive 

materials that may otherwise go undetected through the processes of workplace and 

personnel contamination monitoring. The data derived from this program can also be used 

to verify the integrity of radioactive containments and the effectiveness of contamination 

control programs. 

Routine monitoring includes: 

- Baseline measurements, interim monitoring, and exit monitoring. 

Bioassay, which entails analysis for radionuclides in the excreta (urine and 

feces) or in the mucus or sputum (nasallmouth smears).. 

- Analysis for tritium, uranium, and thorium. The criteria and actions can be 

applied to other radionuclides. 

All contractor who perform work with materials that are potentially 

contaminated with radionuclides at the LEHR site will participate in the Bioassay 

program. 

3. DEFINITIONS 

Annual Limit on Intake (ALI). The quantity of a single radionuclide which, if inhaled or 

ingested for one year, would irradiate a person, represented by the Reference Man in ICRP 

Publication 23, to  the limiting value for control of the workplace. 



Baseline Bioassay. A bioassay measurement performed prior to an employee beginning 

work as a radiation worker at the LEHR site. The measurement will consist of both a fecal 
l 

and a 24-hour urine sample, and will serve as a baseline value against which to compare 

future results. 

Bioassay. A measurement of the amount or concentration of radioactive material in the 

body or in material excreted or removed from the body. This may include measurements 

of radionuclides in urine, feces, hair, blood, or sputum, or direct counting of the whole 

body or organs using external detectors. 

Fecal Sam~lg. All the material excreted in a bowel movement. 

lnvestiaation Level. 'The dose from internally deposited radioactive materials in a radiation 

worker which is regarded as sufficiently important to warrant investigation including, but 

not limited to follow-up bioassay, internal dose assessment, and dose management. The 

Investigation Level is equal to 100 mrem annual effective dose equivalent (AEDE) for the 

12  months following the intake. 

Nasal/Mouth Smear. A swab of the nasal or buccal cavity. Typically, three cotton tipped 

swabs are used; one for the left nostril, one for the right nostril, and one for the mouth. i 

Radioloaical Control Technician. The person trained and authorized to perform radiological 

monitoring of the workplace and contamination monitoring of personnel, including nasal 

and mouth smears. 

Radiation Worker. An occupational worker whose job requires work with, or in the 

proximity of radiation producing machines or radioactive material, and who has the 

potential for being routinely exposed above 100 mrem per year. This total is the sum of 

the annual effective dose equivalent from external radiation and the committed effective 

dose equivalent (CEDE) from internal radiation. 

Routine Bioassav Monitoring. A bioassay measurement made on a predetermined, periodic 

schedule, to  establish a worker's internal exposure status relative to  previous periods of 

time. 

yrine Sam~le. 'The collected urine excreted over a designated period of time. A 24-hour 

sample is collected over one continuous day or in two consecutive 12-hour periods, such 

i 



as 6:OOpm to 6:OOam on consecutive evenings. Both routine baseline and exit sampling 

consist of 24-hour samples collected when the person is not on the LEHR site. Interim 

samples, which are requested during ongoing operations, consist of single void urine 

samples, or the collection of urine from one bladder voiding. Single void sample are used 

for routine tritium monitoring. 
L- 

4. RESPONSIBILITIES 

Proiect Manaaer. The Project Manager shall provide to the Division Health and Safety 

Officer a complete list of personnel assigned as radiation workers to the LEHR site, and 

update that list as appropriate to insure that timely baseline bioassays can be performed. 

The Project Manager should also select and designate a laboratory for analysis of the 

samples. 

Health And Safetv Officer. This individual shall assure that entrance, exit, and interim 

bioassays are performed for all persons or job categories as required by this procedure. 

Radioloaical Control Technician (RCT). This individual shall perform nasalloral smears in 

the field and deliver and collect interim bioassay kits to employees at the site as 

necessary. This individual is also responsible for conducting contamination surveys on 

personnel and reporting suspected internal exposures and unanticipated radiological 

conditions to  the Project Manager and the Project Health Physicist. 

met Health Phvsicist. This individual is responsible for reviewing all bioassay results, 

and results of site contamination surveys, and making recommendations to management 

regarding individual follow-up screening, modification of existing procedures, frequency of 

interim urine sampling, etc. This individual prepares and approves all health physics 

procedures, and performs periodic operational reviews at the LEHR site at least monthly. 

5. ROUTINE BIOASSAY MONITORING 

Routine bioassay monitoring shall not be used in place of real time monitoring in the 

workplace. Bioassay requests will be processed using the bioassay sample request form 

(Figure 1). For all routine bioassay monitoring the Investigation Level is established at 100 

mrem annual effective d6se equivalent. 



Individual Monitorinq. Individuals routinely performing work where the time weighted 
I 

monthly average of the air sample results is 0.1 of the Derived Air Concentration (DAC) or 

greater, or when the maximum value of the air sample is 0.3 of a DAC or greater, are 

required to participate in the interim sampling program. This program consists of single 

void urine samples taken on a monthly basis. The RCT and health physicist are -- 
responsible for determining whether or not this is true. 

Grow Monitoring. In addition to any individual monitoring that is ongoing, the RCT will 

select, at random, a radiation worker not participating in individual monitoring for a single 

void urinalysis. This random selection will occur on a monthly basis. 

Perived lnvestiaation Level (DIM. The DIL for the radionuclides of interest at LEHR in urine 

samples is 0.1 7 dpm per 24-hour sample for uranium (annual sample) and one million 

picocuries per liter tritium in a single void monthly urine sample. Positive results shall be 

reported to  the RCT by the laboratory within one day. The individual will be informed of 

the results by theproject Manager, and two repeat bioassays will be performed. If either 

subsequent bioassay confirms the suspected intake by ~ c e e d i n g  the decision level, the 

individuals manager and appropriate site authorities will be notified. 

Positive Rioassav A c m .  The RCT and Project Health Physicist will document the source ' . 
of the intake and require bioassays of any other potentially exposed workers. If the cause 

of the positive result is not known, work on the site will be stopped and an investigation 

will take place to  determine the cause. This investigation, including causes and corrective 

actions, will be documented and signed by the Project Manager and Project Health 

Physicist before work can resume. Bioassay results,-as a measure of overall safety . 

effectiveness, will be included in all monthly reports. 

Guidelines for Uranium and Tritium Bioassav. 

For uranium, if the prospective DAC-hours is less than 40, no bioassay sampling is 

required. For tritium, if the source term is less than one millicurie, no bioassay monitoring 

is required. 

A baseline sample is useful for uranium. If the quantity of tritium is greater than one 

millicurie, a pre and post job urine sample is required, plus a weekly sample if the job is 

longer than seven days. 



For uranium, nasal smears are required for work requiring respiratory protection when the 

RCT obtains a positive reading on the assault mask filters, or when the RCT suspects that 

an intake may have occurred. The RCT may direct a worker to supply a nasal smear at his 

or her discretion if an intake is suspected. 

Fecal sampling is also useful for uranium and its daughters, but is normally not required 

except pre and post job. It is useful for other radionuclides, including plutonium. 

Questions about which bioassay technique is the most appropriate should be directed to 

the Project Health Physicist. 

The Project Health Physicist will determine which radionuclides will be reported during the 

routine bioassay program. 

All radiation workers regularly assigned to  the LEHR site and working with radiological 

materials or potentially contaminated soils are required to undergo exit monitoring. 

Positive urine or fecal analyses will require two  additional confirmatory analyses. 

An individual who suspects they have received an intake may request a bioassay from the 

RCT, Project Health Physicist, or Project Manager. This request will normally be granted, 

and must be accompanied by an investigation of the circumstances surrounding the intake. 

All bioassay results must be integrated with the external dosimetry results compiled by the 

University of California-Davis. The Project Health Physicist, acting under the direction of 

the LEHR Radiological Control Manager, will be responsible for transmitting this data to  UC 

Davis EH&S staff for incorporation into their files. Disputes regarding implementation of 

this requirement shall be resolved by the LEHR Radiological Control Manager. 

6. REFERENCES 

DOE 5480.1 1. "Radiation Protection for Occupational Workers". 

LEHR Rad Con Manual, Revision 1.0 

ICRP Publication 23, "Measurements of Standard Man". 

ICRP Publication 54, "Individual Monitoring for Intakes of Radionuclides by Workers: 

Design and Interpretation". 
d 

NCRP Report Number 87. "Use of Bioassay Procedures for Assessment of Internal 

Radionuclide Deposition". 



ICRP Publication 54, "Individual Monitoring for Intakes of Radionuclides by Workers: 

Design and Interpretation". 

NCRP Report Number 87. "Use of Bioassay Procedures for Assessment of Internal 

Radionuclide Deposition". 



FIGURE 1. BIOASSAY SAMPLE REQUEST CARD 

Routinm Biooaaoy Smplo  Roqumat 

Rdiologicd Hodth 

Tank:- Department- 

Emp. Name: 

~ m p .  NO.: 

Date Requerted: 

Manager: 

Manager'a Ext. 

Radionuclide: 

- Other Radionuclide (nee notea) 

- Uranium 

- Tritium 

Sample Type: 

- Fecal 

- Urine 

Program: 

- Routine IndividuallRandom 

- Bareline 

- Termination 

1. Fill in data end time ample collected 
2. See1 container with Temper Seal(sl 
3. Tape this tag (both sections) to the top of 

the fecal container or place in urine kit box. 
4. Hand carry to Rweiving Station, Bldg. 123, 

Room 158. 

Date end Time Semple Excreted: 

Remarkr: 

Lab Sample No: 

Routine Bioassay 

Sample Request 

Employee Name 

Employee Number: 

Extension (or Extension of foreman): 

Notes: 

Receiving Station: 

Date Received: 

Received by: 

Lab Sample No: 

Radiological Control Technician 

Signature 
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BLOODBORNE PATHOGENS PROGRAM SUMMARY 

As addressed by OSHA's Occupational Exposure to  Bloodborne Pathogens Final Rule, 
the lnvestigation Contractor recognizes the potential danger to its staff resulting from 
occupational exposure to  bloodborne pathogens. The lnvestigation Contractor's 

Bloodborne Pathogens Program addresses the methods of compliance with 29 CFR 

1 9 10.1 030 through the use of policies and standards of practice. These policies and 
procedures focus attention on reducing the risk of contracting a bloodborne pathogen 

while conducting work at various locations. 

EXPOSURE CONTROL PLAN 

Among the more common bloodborne diseases that contractor employee could be 
exposed to on the job are non-A hepatitis, non-B hepatitis, hepatitis B delta hepatitis, and 

human immunodeficiency virus. The two  most significant are hepatitis B (HBV) and 

human immunodeficiency virus (HIV). 

The OSHA standard protects-employees who may be occupationally exposed t o  

blood and other potential infectious materials. For the investigation contractor, this 
includes, but is not limited to, physicians, nurses, first aid responders, and those who have 

direct contact with wastes from hospitals, municipal waste sites, medical laboratories or 
medical facilities. 

Occupational exposure means a "reasonably anticipated skin, eye, mucous 

membrane, or parenteral contact with-blood or other potentially infectious materials that 

may result from the performance of the employee's duties". The exposure determination 

must be based on the definition of occupational exposure without regard to personal 

protective clothing and equipment. 

UNIVERSAL PRECAUTIONS 

Universal Precautions provide the first line of defense against the risks of exposure t o  

bloodborne pathogens. Universal Precautions shall be practiced at all times in the vicinity 

of an accident. Since there is no way to  know if  an injured worker is infected, Universal 

Precautions must be consistently used for all activities involving contact wi th blood, tissue 

and body fluids or equipment or materials which may have been contaminated by these 

substances. Universal precautions include these practices: 

1 



Wash hands with soap and water as soon as possible after contact with blood, body 
fluids or human tissue from an injured worker. When handwashing facilities are not 
readily available, antiseptic hand cleansers in conjunction with clean clothlpaper 

towels shall be used and hands should be washed with soap and water as soon 

afterwards as possible. 

Wear gloves when anticipating contact with blood, body fluid, tissues,mucous 

membranes or contaminated surfaces, or if breaks in the skin are present. 

Wear an impervious gown or apron if splattering of clothing is likely. 

Wear appropriate protective equipment at all times including a mask and eye 
protection if aerosolization or splattering is likely to occur when attending to an 
injured worker or when conducting normal work routines. 

Ensure that mouthpieces and appropriate personal protective equipment are readily 

available in first ,id i t s .  

Handle sharp objects carefully. Since the nature of our first aid training is limited to 

basic first aid, there should be no contact with used needles or vials. I' 

ENGINEERING AND WORK PRACTICE CONTROLS 

Engineering and work practice controls shall be used to eliminate or minimize 

employee exposure. Where occupational exposure remains after instituting these controls, 

personal protective equipment shall also be used. 'These controls will be in place at all 

work sites. 

Handwashing - All employees shall wash hands and any other skin with soap and 

water and flush exposed mucous membranes with water immediately or as soon as 
feasible following contact with blood or other potentially infectious materials. 

Handwashing facilities will be provided which are readily accessible to employees. 

Ingestion of bloodborne pathogens - Eating, drinking, smoking, applying cosmetics, 

and handling contact lenses are prohibited in work areas where there is a reasonable 

likelihood of occupational exposu-e. 



Handling of potentially infectious equipment - Equipment which may become 
contaminated with blood or other potentially infectious materials (such as drill rigs at 
municipal waste sites or equipment used in first aid response) shall be examined prior 

to servicing or shipping and shall be decontaminated as necessary, unless the site 
supervisor determines that decontamination of such equipment is not feasible. 

Personal protective equipment - Appropriate personal protective equipment will be 

provided by the lnvestigation Contractor. This includes, but is not limited to  gloves, 

gowns, laboratory coats, face shields or masks, eye protection, mouthpieces, etc. 

HEPATITIS B VACCINATION AND POST-EXPOSURE EVALUATION AND FOLLOW UP 

There is a low potential risk of transmission of bloodborne diseases between First 

Responders and victims. Employees who are at risk of coming in contact with infectious 
substances will be offered the hepatitis B vaccination series. All employees who have had 
an exposure incident, regardless of classification, will be referred for a confidential post 

exposure evaluation and folfow up. Hepatitis B Vaccination will be made available to  all 

personnel who have a potential to  become infected after training and within 10 working 

days of initial assignment. 

The employee may choose to  waive the vaccination by signing a waiver form. If the 
employee initially declines hepatitis B vaccination but at a later date decides to  accept the 

vaccination, it will be made available at that time. 

When an exposure incident is reported, the Project Manager will complete the 

Bloodborne Pathogens Incident Evaluation Form and will immediately refer the employee 

for a confidential medical evaluation and follow up. This referral must be made within 24 

hours, will be conducted by a health care professional. 

A copy of the lnvestigation Contractor's Bloodborne Pathogens Program and/or a 

copy of the OSHA Bloodborne Pathogens Standard is available upon request from the 

PHSM. 
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U.S. DEPARTMENT OF ENERGY 

OCCURRENCE REPORT 

NAME OF FACILITY: 

FACILITY FUNCTION: (check only one) 

[ I Plutonium Processing/Handling 
[ I SNM Storage 
[ 1 Explosive 
[ 1 Uranium Enrichment 
[ I Uranium Conversion/Processing/ 

Hand1 ing 
[ 1 Irradiated Fissile Material 

Storage 
[ ] Reprocessing 
[ 1 Nuclear Waste Operations 

[ ] Tritium Activities 
[ ] Fusion Activities 
[ I Snvironmental Restoratien 

Operations 
[ 1 Category " A w  Reactors 
[ I Category "BW Xeactors 
[ ] Solar Activities 
[ ] Fossil and Petroleum Reserves 
[ ] Accelerators 
[ 1 Balance-of -Plant 

NAME OF LABORATORY, SITE OR ORGANIZATION: -- - 

FACILITY MANAGER/DESIGNEE: 

Name : 

Title: 

Telephone No.: 

ORIGINATOR: 

Name : 

Title: 

Telephone No. : 



Page 2 

1. OCCURRENCE REPORT NUMBER: 

2. REPORT TYPE AND DATE: Date Time 

Notification Report 
10-Day Report 
Latest 10-Day Update 
Final Report 

3. OCCURRENCE CATEGORY: (check only one) 

[ I Emergency [ 1 Unusual [ 1 Off -Normal [ I Cancelled 

4. DIVISION OR PROJECT: 

5. DOE PROGRAM OFFICE: (check only one) 

9. DATE AND TIME DISCOVERED: 10. DATE AND TIME CATEGORIZED: 

8 . PLANT AREA : 6 .  SYSTEM, BLDG., OR EQUIPMENT: 

11. DATE AND TIME OF DOE NOTIFICATION: 

7 .  UCNI: 
Yes [ I 
No [ I 

===lf=IP=IIPII==IIIaI======================================L======I=====I== 

12. DATE AND TIME OF OTHER NOTIFICATIONS: 

13. SUBJECT OR TITLE OF OCCURRENCE: 



14. NATURE OF OCCURRENCE: (check up to three) 

Facility Condition 
[ ] Nuclear Safety 
[ I Fires/Explosions 
[ 1 Safety Status Degradation 
[ 1 Radioactive Material Loss 
[ 1 Vital System/Component Degradation 
L ] Violation/Inadequate Procedures 
[ ] Unsatisfactory Surveillance/Inspections 
[ ] Costly Vital Structure/System/Component/Facility Deficiency 
[ ] Operational Occurrence 
[ ] Inadequate Experiment/Test Performance 

Environmental 
[ ] Radionuclide Releases 
[ ] Hazardous Substances/Regulated Pollutants/Oil Releases 
[ ] Radioactive/Hazardous Material Contamination 
[ ] Ecological Resources 
[ ] Agreement/Compliance Activities 

Personnel Safety 
[ 1 Occupational Illness/Injuries 
[ 1 Vehicular Incidents 
[ ] Miscellaneous 

Personnel Radiation Protection 
[ 1 Radiation Exposure 
[ 1 Personnel Contamination 
[ I Internal Uptake 

Safeguards/Security 
[ ] Criminal Acts 
[ 1 Loss of Control of Classified Matter 
[ I Substance Abuse 
[ I Hostile Intelligence Activities 
[ 1 Computer Equipment/Systems 
[ I Unplanned/Unscheduled Outage of Site Security System 
[ ] Demonstrations/Protests 
[ I Firearms 
[ J Other Security Concerns 
[ I Material Control and Accountabi1i.t~ 

Transportat ion 
[ I Off site Transportation (DOT jurisdiction) Occurrences 
[ ] Onsite Transportation (DOE jurisdiction) Occurrences 

[ 1 Value Basis Reporting 

Facility Status 
[ I Facility/Process Securing/Curtailing Operations 
[ 1 Facility/Process Shutdown Extension 
[ ] New Facility/Process Startup Delay 

Cross-Category Items 
[ I Collectively Significant Related Occurrences 
[ 1 Near Miss occurrences 
[ I Potential Concerns/Issues 
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15. DESCRIPTION OF OCCURRENCE: 

PDI==IIIIIIIIIPII=====PxP======PoI======m========s====x==================== 

16. OPERATING CONDITIONS OF FACILITY AT TIME nF OCCURRENCE: 

17. ACTIVITY CATEGORY: (check only one) 

[ ] Construction . [ 1' . Training 
[ ] Maintenance - [ ] Transportation 
[ 1 Normal Operations [ ] Emergency Response 
[ 1 Startup '[ 1 Inspection/Monisoring 
[ I Shutdown [ 1 Facility Decontamination/ 
[ ] Facility/System/Equipment Decommissioning 

Testing 

- 
18. IMMEDIATE ACTIONS TAKEN AND RESULTS: 
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19. DIRECT CAUSE (Check only one direct cause category and check one and 
only one subcategory within the selected direct cause 
category. ) 

[ I EQUIPMENT/MATERIAL PROBLEM 
[ I Defective or Failed Part 
[ ] Defective or Failed Material 
[ 1 Defective Weld, Braze, or Soldered Joint 
[ ] Error by Manufacturer in Shipping or Marking 
[ ] Electrical or Instrument Noise 
[ 1 Contamination 

[ 1 PROCEDURE PROBLEM 
[ I Defective or Inadequate Procedure 
[ I Lack of Procedure I 

[ 1 PERSONNEL ERROR 
[ 1 Inadequate Work Environment 
[ 1 Inattention to Detail 
[ 1 Violation of Requirement or Procedure 
[ I Verbal Communication Problem 
[ I Other Human Error 

[ I DESIGN PROBLEM 
[ ] Inadequate Man-Machine Interface 
[ 1 Inadequate or Defective Design 
[ I Error in Equipment or .Material Selection 
[ I Drawing, Specification, or Data Errors 

[ I TRAINING DEFICIENCY 
[ 1 No Training Provided 
[ I Insufficient Practice or Hands-On Experience 
[ I Inadequate Content 
[ I Insufficient Refresher Training 
[ I Inadequate Presentation or Materials 

[ I MANAGEMENT PROBLEM 
[ I Inadequate Administrative Control 
[ I Work Organization/Planning Deficiency 
[ I Inadequate Supervision 
[ 1 Improper Resource Allocation 
[ I Policy Not Adequately Defined/Disseminated/Enforced 
[ I Other Management Problem- 

[ 1 EXTERNAL PHENOMENA 
[ I Weather or Ambient Condition 
[ 1 Power Failure or Transient 
[ I External Fire or Explosion 
[ I Theft, Tampering, Sabotage, Vandalism 
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CONTRIBUTING CAUSE (Check up to three contributing cause categories' 
and check one and only one subcategory within 
each selected contributing cause category.) 

[ I EQUIPMENT/MATERIAL PROBLEM 
[ I Defective or Failed Part 
[ 1 Defective or Failed Material 
[ 1 Defective Weld, Braze, or Soldered Joint 
[ 1 Error by Manufacturer in. Shipping or Marking 
[ ] Electrical or Instrument Noise 
[ 1 Contamination 

[ I PROCEDURE PROBLEM 
[ ] Defective or Inadequate Procedure 
[ 1 Lack of Procedure 

[ 1 PERSONNEL ERROR 
[ 1 Inadequate Work Environment 
[ ] Inattention to Detail 
[ 1 Violation of Requirement or Procedure 
[ 1 Verbal Communication Problem 
[ ] Other Human Error 

[ 1 DESIGN PROBLEM 
[ ] Inadequate Man-Machine Interface 
[ ] Inadequate or Defective Design 
[ ] Error in Equipment or Material Selection 
[ ] Drawing, Specification, or Data Errors 

[ I TRAINING DEFICIENCY 
[ 1 No Training Provided 
[ 1 Insufficient Practice or Hands-On Experience 
[ 1 Inadequate Content 
[ 1 Insufficient Refresher Training 
[ ] Inadequate Presentation or Materials 

[ 1 MANAGEMENT PROBLEM 
[ I Inadequate Administrative Control 
[ I Work Organization/Plaming Deficiency 
[ 1 Inadequate Supervision 
[ I Improper Resource Allocation 
[ I Policy Not Adequately Defined/Disseminated/Enforced 
[ 1 Other Management Problem 

[ ] EXTERNAL PHENOMENA 
[ ] Weather or Ambient Condition 
[ 1 Power Failure or Transient 
[ I External Fire or Explosion 
[ 1 Theft, Tampering, Sabotage, Vandalism 
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21. ROOT CAUSZ (Check only one root cause catsgory and check one and only 
one subcatsgory within the selectsd root cause category.) 

[ 1 EQUIPMENT/MATERIAL PROBLEM 
[ I Defective or Failed Part 
[ 1 Defective or Failed Material 
[ I Defective Weld, Braze, or Soldered Joint 
[ 1 Error by Manufacturer in Shipping or Marking 
[ I Electrical or Instrument Noise 
[ I Contamination 

[ ] PROCEDURE PROBLEM 
[ ] Defective or Inadequate Procedure 
[ 1 Lack of Procedure 

[ I PERSONNEL ERROR 
[ ] Inadequate Work Environment 
[ I Inattention to Detail 
[ 1 Violation of Requirement or Procedure 
[ I Verbal Communication Problem 
[ 1 Other Human Error 

[ I DESIGN PROBLEM 
[ 1 Inadequate Man-Machine Interface 
[ 1 Inadequate or Defective Design 
[ I Error in Equipment or Material Selection 
[ ] Drawing, Specification, or Data Errors 

[ I TRAINING DEFICIENCY 
[ 1 No Training Provided 
[ I Insufficient Practice or Hands-On Experience 
[ 1 Inadequate Content 

- 
[ I Insufficient Refresher Training 
[ 1 Inadequate Presentation or  ater rials 

[ I MANAGEMENT PROBLEM 
[ I Inadequate Administrative Control 
[ I Work Organization/Planning Deficiency 
[ 1 Inadequate Supervision 
[ 1 Improper Resource Allocation 
[ I Policy Not Adequately Defined/Disseminated/Enforced 
[ ] Other Management Problem 

[ 1 EXTERNAL PHENOMENA 
[ 1 Weather or Ambient Condition 
[ I Power Failure or Transient 
[ ] External Fire or Explosion 
[ I Theft, Tampering, SatSotage, Vandalism 
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22. DESCRIPTION OF CAUSE: 

........................................................................... 

23. EVALUATION: (By Facility Manager/Designee) 

24. IS FURTHER EVALUATION REQUIRED : Yes [ 1 ' No [ I 

IF YES, BEFORE FURTHER OPERATION: Yes [ 1 NO [ 1 
IF YES, BY WHOM: 

BY WHEN: 

2 5 .  CORRECTIVE ACTIONS: 

Corrective 
Action 

Target Actual 
Completion Date Completion Date 
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26. IMPACT ON ENVIRONMENT, SAFETY AND HEALTB: 

---=- ---P--- -=P==OI=3ao=P=II=a=============================== 

27. PROGRAMMATIC IMPACT: 

-------- - P P I I I I I P l l = l = = = a = ' t = = a = = ~ ~ ~ = ~ = = = = a = = = = = = = = = = = = = = = = = = = = = = = = =  

28. IMPACT UPON CODES AND STANDARDS: 

------==-=-== ------ - - P I I = = = I I I P P I I I I I a ' = I a = = = = a I = I = = = I P = = = = = I I = = = = = = = = = = = = = = = = = = = = =  

29. FINAL EVALUATION AND LESSONS LEARNED: 

30. SIMILAR OCCURRENCE REPORT NUMBERS: 
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31. DOE FACILITY REPRESENTATIVE INPTJT: 

Entered by: Date : 

1 PPIIIIIIIIIIII====II=========IIII=PII====IIIIIIII%I===I===================- 

32. PROGRAM MANAGER INPUT: 

Entered by: Date : ( 

........................................................................... 
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33. SIGNATURES: 

FACILITY MANAGER/DESIGNEE 

Approved by: 

Typed Name : 

- - 
DOE FACILITY REPRESENTATIVE/DESIGNEE 

Approved by: 

Typed Name: 

DOE PROGRAM MANAGER/DESIGNEE 

Approved by: 

Typed Name: 

Date: 

Date: 

Date: 
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APPENDIX D 
FINAL DRAFT 

WASTE MANAGEMENT PLAN FOR INVESTIGATION DERIVED WASTES 
LEHR ENVIRONMENTAL RESTORATION 

DAVIS, CALIFORNIA 

ECUTIVE SUMMARY 

This Waste Management Plan (Plan) presents waste handling, evaluation, 

storage, and classification procedures for investigation derived wastes (IDW) 

anticipated to be generated during the upcoming remedial investigation (RI) a t  the 

Laboratory for Energy-Related Health Research (LEHR) site. Additionally, the Plan 

identifies key personnel and outlines their responsibilities so that proper 

implementation of plan procedures can occur. Details of the RI  investigative methods 

are presented in the Draft Remedial InvestigationIFeasibility Study (RIIFS) Work Plan 

(Dames & Moore, 1994). The Plan has been prepared in general accordance with the 

United States Environmental Protection Agency (USEPA) document Manaaement of 

lnvestiaation Derived Wastes Durina Site lns~ec t ion~ (USEPA, 1991 1; and the United 

States Department of Energy (DOE) document 5820.2A Radioactive Waste 

Manaaement. 

The approach to waste management for the RIIFS focuses on protecting human 

health and the environment while applying the Area of Contamination (AOC) unit 

concept (USEPA, 1991 1 for each of the waste disposal areas of the LEHR site. This 

concept or approach involves leaving a site in no worse condition than existed prior to 

the investigation, minimizing the quantity of generated wastes and leaving on-site 

wastes that do not require off-site disposal or extended above-ground containerization. 

This approach is consistent with USEPA and other regulatory agency recommendations 

to minimize removal of wastes from a site as long as those wastes do not pose a 

threat to human health or the environment. If necessary, wastes left on site within an 

AOC could be treated or disposed as part of the selected remedial alternatives for that 

area. . 

ES. 1 
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In some situations, IDW will be removed from the AOC. This IDW may include '- 

purged groundwater, soil cuttings or excavated debris, discarded personal protective 

equipment (PPE), disposable sampling equipment, and decontamination fluids from 

cleaning of equipment. These materials will be managed so that they do not pose a 

threat to human health or the environment. 

The Plan addresses the generation and management of IDW at the LEHR site, 

including preliminary screening, temporary storage, storage area inspections, and 

segregation into five waste categories. The IDW categories are: 1) hazardous/ 

dangerous wastes, 2) low level radioactive wastes, 3) radioactive mixed wastes, 

4) hazardol:? substances, and 5) "other wastes" (those that contain low levels of 

hazardous substances, or contain non-hazardous contaminants). 

In some instances, IDW that is hazardous/dangerous waste, low-level 

radioactive waste, radioactive mixed waste, or which contains substances that are 

hazardous pursuant to state and federal regulations, will need to be containerized and 

potentially transported to off-site treatment or disposal areas. Treatment and/or 

disposal procedures for IDW is not included in the Plan. IDW that is hazardous waste 

under California or federal regulations will be sent to an appropriate treatment or 

disposal facility. As discussed in the Plan, an appropriate treatment or disposal facility 

for hazardous waste will be selected as information is developed during the RI. 
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INTRODUCTION 

This Waste Management Plan (Plan) for investigation derived wastes (IDW) has 

been prepared to address IDW that will be produced during the remedial investigation 

(RI) at the Laboratory for Energy Related' Health Research (LEHR), University of 

California, Davis, California (UC Davis). The LEHR site is currently proposed for listing 

on the National Priority List (NPL). As such, the planned RI will be conducted using 

appropriate guidelines for investigations under the Comprehensive Environmental 

Resource Compensation and Liability Act (CERCLA). 

The LEHR site was operated by UC Davis for the Department of Energy (DOE) 

for approximately 30 years. Primary research at the site focused on the long-term 

effect of low-level radiation on animals. Current DOE efforts are focused on site 

decontamination and remediation in order to return the restored facilities and property 

to UC Davis. Investigation activities at the LEHR site will result in the production of 

IDW. This Plan has been prepared so that proper management of the IDW during 

generation, storage, and disposal will occur. 

1.1 PURPOSE AND OBJECTIVES 

The purpose of this Plan is to provide an approach for proper management of 

IDW produced during the RI at the LEHR site. The approach presented reflects a goal 

to protect human health and the environment and to minimize waste generated, and 

waste disposal off-site. To achieve this goal, the following objectives have been 

established for the Plan. 

Provide background information on the LEHR site and a discussion of the 
categories of IDW that may be produced during the RI. 

• Identify the applicable waste classification requirements. 

Estimate the quantities of IDW that may be produced during the RI. 

Describe the procedures that will be used to screen, contain, classify, 
and store IDW produced during the RI. 
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1.2 APPLICABLE LAWS, REGULATIONS, AND GUIDANCE DOCUMENTS 

The RI investigation at the LEHR site will be conducted in general compliance 

with guidance documents developed for site assessment activities under the 

Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA), 

as amended by SARA. Procedures for sampling, quality assurance and quality control, 

and health and safety will be as defined in the applicable sections of the Field 

Sampling Plan (FSP), Quality Assurance Project Plan (QAPP), and Health and Safety 

Plan (HASP), respectively, developed for the RI. These documents have been 

submitted concurrently with this document as Appendices A, B, and C, respectively, 

of the RIIFS Work Plan. The following guidance documents were primarily utilized for 

development of this P1 ~n - 

Management of Investigation Derived Wastes Duririg Site Inspections, 
U.S. EPA, 1991. . .. 

QAPP. 

LEHR Radiological Control Manual, 1993. 

DOE 5280.2A. 

Additional documents used are listed in Section 8.0. 

1.2.1 Requirements under the NCP and CERCLA 

CERCLA Section 101 (23) defines "removal" to  include actions that may be 

necessary to monitor, assess, and evaluate the release or threat of release of 

hazardous substances. 'Therefore, the RI investigations to  be conducted at LEHR can 

be considered removal actions. The National Contingency Plan (NCP) directs that 

these actions attain applicable or relevant and appropriate requirements (ARARs), both 

state and federal, "to the extent practicable considering the exigencies of the 

situation" (Section 300.41 5(i) of the NCP). Practicability is assessed by examining 

factors such as the urgency of the situation and the scope of the action being 
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conducted. This pretence is further supported by the preamble to the NCP that states, 

". . . removal actions cannot be expected to contain all ARARs. . . ." 

In assessing what is "practicable" for this RI, the scope and purpose of the RI 

activities were considered; that is, to gather information about site impacts, not to 

remediate. Actions taken during the RI leave conditions at the site essentially 

unchanged and should not require a detailed analysis of the ARARs or assurance that 

conditions at the site after the action is taken will comply with ARARs. 

General compliance with the NCP and other ARARs will be accomplished during 

the RI by the following general procedures. 

1)  Identifying contaminants, if any, present in IDW, based on existing 
information, best professional judgment, and field screening. 

2) Assessing ARARs and, to the extent to which it is practicable, to comply 
with them. 

3) Delineating an area of contamination (AOC) (see Section 1.2.2) based on 
existing information. 

4) Burying soil cuttings within the AOC, so long as there is no information 
to suggest that an increased hazard to human health or the environment 
will be created. 

5) Containerizing potentially hazardous development water and other 
potentially hazardous material, including disposable sampling equipment 
and decontamination fluids. 

1.2.2 Area of Contamination Concept 

An important concept in evaluating which ARARs apply is the AOC. The AOC 

can be described as a non-discrete land area, on or in which there is generally 

dispersed contamination. If IDW is moved within an AOC, the EPA does not consider 

this "land disposal," and therefore federal and state land disposal restrictions should 

not be triggered, even if the material is hazardous. If IDW generated during the LEHR 
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RI are being moved only within the AOC, it is not considered subject to state or federal 

land disposal restrictions. 

Each operable unit defined in the RIIFS Work Plan (see Figure D-2.3) is 

considered an AOC for the purpose of this Plan. The IDW (primarily soil cuttings) 

developed within each of these areas will be buried within these areas in a way to 

decrease or eliminate hazards to human health or the environment. 

1.3 PLAN ORGANIZATION 

This Plan consists of nine chapters, including the Introduction. Chapter 2 

provides general in for ma tic.^ -bout the LEHR site. Chapter 3 provides information on 

investigation methods and material handling procedures that may be used during the 

RI. Chapter 4 provides an overview of on-site management of IDW and identifies the 

categories of waste that may be produced during-the RI. Chapter 5 describes the ( 
classification process for IDW that may be generated. Chapter 6 describes 

management practices for specific categories of IDW and presents possible disposal 

options for IDW. Chapter 7 presents a schedule for IDW management activities, and 

Chapter 8 contains references for this document. 
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2.0 GENERAL SlTE INFORMATION 

Detailed information on the LEHR site setting, history of operations, and 

environmental characteristics is presented in the Draft RIIFS Work Plan prepared for 

the LEHR Environmental Restoration Program (Dames & Moore, 1994). The RIIFS 

Work Plan also .contains detailed summaries of past waste disposal areas and the 

results of investigations and monitoring programs conducted at the LEHR site. A 

description of the LEHR site, the operational history, and wastes generated at the 

LEHR site are presented in the following sections. 

2.1 SlTE LOCATION AND OWNERSHIP 

The LEHR site is located approximately 1.5 miles south of the main UC campus 

and the town of Davis on County Road 79 (Old Davis Road) in Solano County, 

California, as shown on Figure 0-2.1. The site is owned by the Regents of the 

University of California and leased to the DOE. All structures at the LEHR site are 

owned by the DOE. 

The LEHR site encompasses approximately 15 acres and consists of 

laboratories, office buildings, and animal-handling facilities. Of the 15 acres, 

approximately 40 percent (6 acres) is paved with asphalt or concrete, or covered by 

structures. Approximately 30 percent (4 112 acres) is unpaved and kept relatively free 

of vegetation. The remaining land is occupied by outdoor dog pens and heavy 

vegetation. Other UC research facilities are located adjacent to the LEHR site, and all 

: these facilities are surrounded by private property (Figure 0-2.2). Most of the private 
- land is used for agricultural purposes. 

2.2 SlTE SETTING, GEOLOGY, AND HYDROGEOLOGY 

The site is situated on relatively flat-lying land termcd the Putah Plain which is 

typical of the broad, relatively flat Sacramento Valley. The Sacramento River, the 

primary drainage of the Sacramento Valley, is approximately 12 miles east of the site. 
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The site is not within the 100-year flood plain as defined in the 1982 FEMA Flood .- 
Insurance Maps. 

Surficial soils at the site are underlain by a sequence of interbedded clay, silty 

clay, silt, and sand that is typically 80 feet thick and contains some coarser-grained 

units of coarse sand and gravel. The groundwater table varies in depth from 

approximately 45 to 65 below ground surface (bgs), depending upon the season. 

Well-rounded cobbles and gravels are encountered at approximately 80 feet bgs, and 

appear to be laterally continuous beneath the LEHR site. The thickness of this unit is 

approximately 40-52 feet. Clay and silt underlie the cobbles and gravels and are 

encountered at depths ranging from 120 to 137 feet bgs. 

2.3 LEHR OPERATIONAL HISTORY 

UC Davis has conducted radiological studies on laboratory animals for the DOE 
(, 

since the 1950s. Full-scale experimental use of 'radioactive materials, including 

strontium-90 and radium-226, began at the LEHR site in 1960. 

In the early 1970s, a Cobalt-60 irradiator facility was constructed at the LEHR 

site to study the effects of chronic exposure to penetrating gamma ray irradiation on 

bone marrow cells of dogs. The cobalt-60 study was terminated in 1985; the 

Cobalt-60 source was removed in January 1993. 

In 1975, a program in basic aerosol science was initiated at the LEHR site. The 

DOE reported that research activities in this program focused on the potential health 

effects of release to the atmosphere of combustion products from fossil fuel power 

plants with emphasis on coal flyash. 

In 1983, construction of the Toxic Pollutant Health Research Laboratory 

(TPHRL) was completed at the LEHR site (Figurr D-2.3). This facility was designed for 

the study of highly toxic and carcinogenic agents including both radioactive and 

chemical materials. Research at the TPHRL included studies of the behavior of 

plutonium-241 and americium-241 in dogs and monkeys; radioactive and toxic gas- 
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particle mechanistic aerosol studies; monodisperse aerosol inhalation deposition; 

intratracheal applications of carcinogen-coated particles; and an organic vapor uptake 

utilizing dogs (DOE, 1988). 

Most DOE related work at the LEHR site ceased in 1989. The current DOE 

involvement with the LEHR site is in decommissioning the facility and returning control 

of the property to UC Davis. 

Most buildings at the LEHR site are now being used by UC Davis for research 

facilities and offices. Some buildings have been scheduled for decontamination and 

decommissioning by the DOE. The DOE is utilizing contractors to conduct a Remedial 

InvestigationIFeasibility Study of the site as part of the decommissioning efforts. 

2.4 HISTORY OF WASTE GENERATION AND MANAGEMENT 

In the initial stages of research at the LEHR site, LEHR wastes were handled at 

the central handling facility on the main UC Davis campus. However, waste handling 

for LEHR-generated waste was returned to the LEHR site in the early 1960s. A variety 
of wastes, including radioactive, biologic, organic, and inorganic materials were 

generated and disposed of in unlined trenches on-site. Previous site investigations 

(Dames & Moore, 1993) have shown that past waste management and disposal 

practices have resulted in impacts to the environment including soil and groundwater 

at the LEHR site. 

In addition to on-site disposal of LEHR generated wastes, two separate 

locations on the LEHR site were used as the UC Davis campus landfill. Disposal in the 

oldest landfill unit began in the 1940s and ceased in the late 1950s to early 1960s. 

The next oldest disposal unit received wastes from 1956 to 1967. A third landfill 

disposal unit, located approximately 600 feet east of the LEHR site, was used from 

1963 to 1967. The combined total acreage for the three disposal areas is estimated 

at approximately six acres. Additionally, UC Davis disposed of campus-generated 

wastes in unlined trenches and pits at the LEHR site. 
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A number of investigations have been conducted at the LEHR site. During these 

investigations, IDW from borings, well construction, and sampling were placed into 

drums and stored in the cobalt-60 field area pending characterization. 

2.5 PERSONNEL 

The following sections describe the key personnel and associated 

responsibilities for management of IDW. Additionally, training requirements for IDW 

management- personnel are discussed. 

2.5.1 Identification and Res~onsibilitie~ 

The RI subcontractor will be responsible for coordinating the management of 

IDW, and will coordinate with the LEHR Environmental Restoration (ER) staff and UC 

Davis on issues related to the management of II3W. The primary responsibilities for 

the management of IDW at the LEHR site are identified below. 

The RI subcontractor Project Manager is responsible for preparation of this Plan 
and supporting documents necessary for the management of IDW produced 
during the RI. The Project Manager may make necessary arrangements for 
disposal of IDW at appropriate disposal sites, if required. The Project Manager 
will approve and review Work Plans for RI field activities that produce or 
manage IDW, including those that specify field sampling procedures, quality 
assurance and health and safety requirements, and will maintain liaison with 
LEHR ER staff and UC Davis personnel responsible for the LEHR site. 

The RI subcontractor Field Coordinator is responsible for oversight of field 
activities during the RI and for compliance with this Plan and applicable portions 
of the RIIFS Work Plan in the field. Any UC Davis, or LEHR ER staff shall 
inform the Field Coordinator of any difficulties encountered with the 
management of IDW at the LEHR facility. The Field Coordinator is responsible 
for notifying the Project Manager and the LEHR ER Project Manager of any 
reported problems and for implementing field actions to correct the noted 
deficiencies. The Field Coc.dinator shall also maintain liaison with the 
appropriate UC Davis personnel. 

WORKPLAN .APD 
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The Radiological Control Technician (RCT) will be responsible for initial 
screening of IDW using field instruments. Initial screening will be used for 
preliminary segregation of IDW in the controlled accumulation area pending 
receipt and evaluation of analytical results. The RCT will perform periodic 
inspections of the storage areas and document the condition and integrity of the 
storage area. 

The LEHR ER Project Manager is responsible for approval of this Plan on behalf 
of DOE and for representing DOE in determining the treatment and disposal 
practices that will be used for IDW and for resolution of any difficulties 
identified during implementation of the Plan. The LEHR ER Project Manager is 
responsible for identifying the person(s1 authorized to manifest waste shipped 
from the LEHR site. The LEHR ER Project Manager is also responsible for 
coordinating with the RI subcontractor Project Manager to identify any changes 
in the LEHR Environmental Restoration Program which could affect the 
management of IDW. 

The on-site logistical subcontractor Project Manager is responsible for supplying 
review and comment of this Plan on behalf of UC Davis and for representing UC 
Dauis in evaluating on-site management practices for IDW that may impact 
campus activities. The UC Davis Project Manager will maintain liaison with the 
RI subcontractor Project Manager and the LEHR ER Project Manager. 

2.5.2 Traininq 

All personnel involved in handling or management of wastes produced during RI 

activities at LEHR will have training appropriate for their responsibilities. Field 

personnel will have the 40-hour training for hazardous materials sites as required by 

OSHA regulations and as specified in the HASP for the RI investigation. Selected 

personnel will bave DOT and waste minimization training. Personnel involved in 

storing and shipping wastes that are radioactive will have 16-hour Radiological 

Worker II training. Additionally, all personnel involved with field activities or handling 

IDW will have Radiological Worker Training based on the planned activities noted in 

the LEHR ER contractor questionnaire used to identify required training and as 

specified in the LEHR Radiolo lical Control Manual. 
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3.0 REMEDIAL INVESTIGATION METHODS AND ASSOCIATED WASTES 

This section provides a description of subsurface investigation methods that will 

be employed during the RI that may generate waste. Additionally, the associated 

waste material screening and handling methods, and an estimate of the quantity of 

waste that may be generated are also discussed. Detailed descriptions of each 

investigation method are presented in the Standard Operating Procedures (SOP) 

provided as attachments to the Field Sampling Plan (FSP), Appendix A of the Draft 

RIIFS Work Plan (Dames & Moore, 1994). 

3.1 RI ACTIVIl'IES WITH THE POTENTIAL TO GENERATE WASTE 

This section provides a brief description of subsurface investigation methods 

which may generate waste during the RI. Types of waste that may be generated by 

each method are described in Section 3.2. 

Exploratory backhoe test pitsltrenches: Test pitsltrenches allow direct 
observation and sample collection of shallow (less than fifteen feet bgs) 
subsurface materials andlor soil. Test pits andlor trenches will be 
excavated using a backhoe equipped with a 2- to %foot wide bucket. 
Test pits are typically 2 to 3 feet wide, 5 to 15 feet deep, and 5 to 10 
feet long. 

Soil borings: Soil borings are used for characterizing subsurface geology 
and hydrogeology and for collecting soil cores and depth-discrete 
samples for physical, chemical, andlor radiologic analysis. A boring is 
typically 6 t o  12 inches in diameter and can be used for soil observation 
and sampling only, or can extend beneath the water table and be used to 
construct a groundwater monitoring well or piezometer. 

Cone Penetrometer Testing (CPT)/HydropunchN: Cone penetrometer 
testing is a technique used to collect data on the characteristics of 
subsurface materials such as stiffness, density, moisture, and grain size 
without collecting samples or cores or creating drill cuttings that require 
handling and disposal. A CPT rig pushes a 2-inch-diameter cone-tipped 
tool downward through the subsurface up to 90 feet bgs. 
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Groundwater Monitoring Well installation: Construction of a well is 
accomplished by placement of well construction materials (well casing, 
well screen, filter pack sand, and sealing materials) at specific depths in a 
boring based on geologic/hydrogeologic conditions and the specific 
purpose of the well. 

Well development: Development typically consists of using a surge block 
to pull formation water and excess fine-grained material from the filter 
pack and immediately surrounding formation into the well. The well is 
then bailed or pumped to remove the solids and developed by additional 
pumping. 

Groundwater sampling: Prior to sampling, a well is purged of three to 
five "casing volumes" of water (the amount of water standing in the well 
prior to pumping) so that sampled groundwater is representative of 
groundwater in the formation and not water L?,C has been standing in 
the well. 

Aquifer testing: Three types of aquifer testing may be conducted at 
LEHR to  evaluate aquifer characteristics beneath the site. The tests 
include slug tests, pumping tests, and single-well tracer tests. During a 
pumping test or a single-well tracer test, large quantities of water may be 
produced. No water is produced during a slug test. 

Septic tank sampling: Domestic septic tanks and leach fields at LEHR will 
be sampled by locating the tanks and leach fields, removing overlying 
materials, inspecting the interior of each tank, and collecting a sample of 
tank contents, if any. If tanks are empty, wipe samples of tank interiors 
will be collected. Soil samples will be collected adjacent to the bases of 
the tanks and leachlines but at slightly greater depth than the bases. 

3.2 IDW AND THE WASTE SCREENING PROCESS 

This section provides a description of the types of wastes that may be 

generated by each of the investigation procedures described above and a description 

of the screening process that will be used to determine if wastes will be removed from 

the area of inves"gation or stored on-site pending classification and disposal. On-site 

waste management and storage are described in Section 4. The waste classification 

process is described in more detail in Section 5. 
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Investigation methods have been selected that will, to  the best extent possible, 

minimize the generation of IDW. Initial non-intrusive techniques such as geophysics or 

soil vapor surveys are being utilized to  collect the data without generating wastes. 

Wastes from backhoe excavations will be returned to the excavation wherever 

possible. Sonic drilling methods - generating little or no cuttings - will be used, 

except where there are site access restrictions for this equipment. The 

CPTJHydropunch methods generate little or no waste. Waste generated from 

CPT/Hydropunch work is anticipated to  be non-hazardous. Wherever possible, initial 

steam cleaning water will remain in the AOC. Decontamination fluids from the 

permanent decontamination area will be stored in Baker tanks, pending 

characterization. 

3.2.1 Wastes From Backhoe Test PitsJSoil Trenchinq 

Materials generated during construction of backhoe test pits and soil trenches 

may include: 

excavated soil or fill debris, including biological debris, bottles, or concrete; 
plastic sheeting; 
unused sample material; 
personal protection equipment (PPE) and wipe samples; and 
decontamination wash/rinse water. 

Excavation will be conducted by removing soil in approximately 2-foot thick 

layers. Each 2-foot layer of soil and/or fill material will be placed in a separate pile on 

plastic sheeting laid adjacent to  the excavation and screened visually and with an 

organic vapor detector and a radioactivity meter. Visual observations and instrument 

readings will be recorded on the field log and will correlate to  the two-foot layer (e.g., 

0-2 feet reading, 2-4 feet reading, etc.). Selected materials encountered during 

exploration trenching, such as intact containers, will be left in place and marked for a 

removal action at a later date. 

If screening levels are below established criteria (see Table 0-3.1 1, excavated 

materials will be replaced into the excavation in the general order in which they were 
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removed, and compacted with the backhoe. It is anticipated that there will be no 

excess excavated soil or other material to  be stored in drums. Plastic sheeting will be 

collected and placed in 55-gallon drums or roll-off bins specifically designated for this 

type of waste material. Disposable sampling equipment and disposable personal 

protection equipment (PPE) including, gloves, Tyvek coveralls, and boot covers, will be 

double-bagged for off-site landfill disposal. 

Decontamination wastes will consist of water used to clean the backhoe 

bucket, sample collection tools, and personnel wash water. When possible, 

preliminary decontamination will be conducted so that sediment and rinsate from 

equipment will be discharged into a shallow depression in the area where it was 

generated unless screening indicates that elevated radioactivity or orgap:, vapors 

could pose a threat to health or the environment from such placement (see Figure 

D-3.5). If screening criteria as presented ir Table D-3.1 indicate the need, 

decontamination wastes will be placed in 55-gallon drums. All waste containers will 

be labelled to indicate the type of waste, date produced, source of the waste, and will 

be managed as described in Section 4 of this Plan. 

Samples collected but not submitted for laboratory analysis will be archived in 

an on-site refrigerator for possible future testing. Excess soil sample material may 

remain after sample analysis. Sample material not consumed by analysis procedures 

will be shipped back to  the LEHR site and temporarily stored on-site in the appropriate 

area based on the waste classification indicated by the analytical results. 

3.2.2 Wastes From Soil Borin- 

Soil borings will be drilled using sonic drilling methods wherever possible to  

minimize waste generation. If necessary, either hollow stem auger or air-rotary 

equipment will be used in other areas. Materials generated by this activity will include: 

drill cuttings (soil); 
plastic sheeting; 
produced water produced during drilling; 
drilling materials, such as, excess grout or metal casing; 
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TABLE 0-3.1 
INTERPRETATION OF FIELD EVALUATION OF IDW 

1 48 pR/hr corresponds to 100,000 pR1year dose limit for visitors and public 5 

(1 00,000 pRlyearl2080 hrslyear) (DOE, 1992). 

2 Background values for alpha and betalgamma activities will be calculated by collecting five measurements 

at each of four off-site locations and adding two standard deviations to the mean of the 20 readings. 

3 Dames & Moore Health and Safety Plan criteria based on anticipated contaminants and their respective 

Permissible Exposure Limits (PEL). 

edures in Appendix A of the RIIFS Work 

WORKPUN. APD 

11.5 eV or greater) Borings with cuttings only: approximately every 3-5 
feet. 

space after meter is calibrated according to 
procedures in Appendix A of the RIIFS Work 
Plan 
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drilling materials, such as, excess grout or metal casing; 
unused sample material; - 
personal protection equipment and wipe samples; and 
decontamination washlrinse water. 

Working areas of drill sites will be covered with plastic sheeting to minimize the 

amount of potential surface impacts. After drilling is completed, used plastic sheeting, 

PPE, wipe samples, and decontamination wastes will be double-bagged for off-site 

disposal. Drill cuttings (soil brought to the surface by the drill rig as a boring is advanced) 
will be produced if hollow stem, air rotary drilling, or sonic drilling techniques are used. 

Soil cores are generally collected from the intervals between soil samples collected 

for laboratory analysis. Soil cores are used for characterization of subsurface geology and 
hydrogeology and are stored in boxes designed to hold 10 linear feet of core. Soil core 

boxes will be stored on-site in a pre-designated location with other unused samples. Soil 
cores will be handled appropriately based on the results for samples and cuttings from the 

same depth. 

When drilling with hollow-stem equipment, cuttings are brought to  the surface 

along the outside of the augers. Cuttings obtained from borings drilled in off-site or 

upgradient uncontaminated areas will be spread adjacent to the boring location or placed 

in a shallow excavation adjacent to the boring and covered with compacted native soil. 

For borings drilled on the LEHR site, cuttings will be visually examined and 

evaluated with field screening instruments. Observations and screenings will be 

conducted and recorded in the field log every 5 feet of boring. Material that appears 

contaminated based on observations and worker safety-based instrument readings (see 

Table D-3.1), will be placed in 55-gallon drums. Each drum will be labelled with the 

boring number and depth interval the cuttings represent and the date(s) produced. 

Cuttings that do not exceed screening levels (Table D-3.1) will be placed in a 

shallow excavation adjacent to  the boring. The location of the excavation will be noted 

on a map and included in the IDW database, the base of the excavation will be separated 
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noted on a map and included in the IDW database, the base of the excavation will be 

separated from in-situ soil with perforated plastic sheeting, and the cuttings will be 

covered with plastic sheeting and compacted native soil so that a slight mound is 

formed. 

With the air-rotary drilling method, soil cuttings are brought to the surface 

through the interior of the drill casing either by circulating air or a mixture of air and 

water. The water is either added to help lift cuttings to the surface or will be 

groundwater from drilling below the water table. Cuttings obtained from off-site or 

upgradient uncontaminated areas will be discharged near the boring location. If the 

adjacent area is paved, the cuttings will be contained and then discharged at a proper 

location as close to the drill site as possible. In instances where any mixture of 

cuttings and water is placed adjacent to a boring, the placement area will be of 

sufficient size so that the liquid discharge does not pond. 

Cuttings produced with the air-rotary drilling method on the LEHR site will be 

discharged directly from the drill rig into a plastic-lined roll-off bin. If excessive 

quantities of water are produced during drilling, the water will be pumped from the 

roll-off bin into a designated holding tank. Cuttings from the bins will be spread or 

buried in the AOC by the same procedures presented for the soil borings. The solids 

from installation procedures for drill sites in congested or paved areas will be spread 

out near UCD- 1 2. 

3.2.3 Wastes From CPTIHvdro~unch~ 

Cone penetrometer testing (CPT) and Hydropunchm methods allow the 

collection of subsurface soil and water data without the waste generation associated 

with soil borings. No soil cuttings are produced when using the CPT. Materials 

produced by this field activity are limited to: 

PPE and wipe samples; and 
Decontamination wastes. 
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The above-listed wastes will be handled as non-hazardous. The PPE will be 

double-bagged and disposed as non-hazardous refuse. Decontamination waste will be 

disposed of at each off-site CPT and HydropunchTM location. All CPT and 

HydropunchTM locations are off-site. 

3.2.4 Wastes From Well Installation 

Wells will be installed both on- and off-site. After soil borings are completed at 

the well locations, well installation consists only of addition of materials to the 

subsurface and ground surface. Waste materials resulting from well installation are 

limited to: . . 

PPE; 
excess grout and PVC casing; and 
decontamination wastes. 

Excess grout and PVC will be managed as normal construction debris. Debris 

and PVC will be collected and contained in refuse boxes prior to being disposed off- 

site. Excess grout will either be mixed into surface soils or collected and disposed of 

as refuse. PPE from wells will be double-bagged and handled as non-hazardous refuse. 

3.2.5 Wastes From Well Develo~ment 

Well development is intended to withdraw fine-grained sediment (fine sand, silt, 

and clay) from the well and surrounding filter pack material. Materials generated by 

this activity will include: 

well development water (may contain minor amounts of fine sand, silt 
and clay); 
PPE and wipe sample waste; and 
decontamination washirinse water. 

Well development water from on-site and downgradient wells will be contained 

in a holding tank. Well development equipment will be decontaminated by washing 
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the equipment over a container to collect the washwater generated. The washwater 

will 'be added to the tank holding the well development water. Water in the tank will 

then be transferred to an on-site holding tank and stored pending characterization (as 

described in Section 5) based on analytical results for samples from monitoring wells 

or samples of the water in the tank. PPE and wipe sample waste will be handled as 

described in previous sections for other field activities. When characterization is 

completed, the tanks will be marked to indicate the appropriate waste classification. 

Appropriate disposal procedures will then be selected. 

3.2.6 Wastes From Groundwater Sam~linq - 

Sampling of groundwater monitoring wells is similar to well development with 

respect to the wastes generated. Materials generated by this activity will include: 

pre-sampling purge water; 
' disposable sample collection equipment; 
PPE and wipe sample wastes; and 
decontamination washlrinse water. 

Pre-sample purge water and equipment rinse water from upgradient wells will 

be discharged to the ground in the vicinity of the well. In areas that are paved, water 

will be directed to the closest area to the well with exposed ground. Water will be 

discharged so that it does not pond or collect, to aid in evaporation. 

PPE will be worn while sampling most wells. PPE and disposable teflon bailers 

used to withdraw groundwater samples from the well will be double-bagged and 

-. 
disposed of as non-hazardous. 

3.2.7 Aauifer Testinq 

Aquifer testing will be conducted during the LEHR Rl to obtain information on 

the characteristics of the aquifer. Testing will include slug tests, a pumping test and 

possibly, a single-well tracer test. Materials generated by these activities will include: 
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purge water; 
PPE and disposable equipment; and 
decontamination wastes. 

No purged water will be produced from slug testing. Purged water will be 

produced during the pumping test, and a single-well tracer test, if performed. Because 

the pumping test and single-well tracer tests are planned to be conducted in an off-site 

well, all purged water associated with these tests will be discharged to the surface 

near the well. 

PPE and decontamination wastes will also be generated during either of these 

tests. All PPE and disposable equipment will be double bagged and disposed of as 

non-hazardous. 

3.2.8 Wastes From Se~t ic  Tank Sam~linq 

Septic tank sampling will consist of uncovering septic tanks and collecting a 

grab sample of tank contents or a wipe sample of the tank interior walls or floor. If 

liquid is present in the tank, a sample will be collected using a disposable bailer. 

Materials generated by this type of activity will include: 

asphalt, concrete, gravel, and/or soil contained in or overlying each tank; 
plastic sheeting; 
PPE, disposable bailers, wipe sample waste; and 
decontamination washlrinse water. 

Material overlying each tank will be temporarily placed on plastic sheeting 

adjacent to the tank. Upon completion of sampling of each tank, as much of the 

overlying material will be replaced in the excavation as possible. 

PPE, bailers, and wipe samples will be double-bagged for disposal as non- 

hazardous. Plastic sheeting will be disposed in L dumpster for non-hazardous waste. 

3.3 POTENTIAL QUANTITY OF IDW PRODUCED BY RI ACTIVITIES 



RllFS WORK PLAN 
LEHR ENVIRONMENTAL RESTORATION 

Appendix D Chapter No.: 3 
Revision: 0 

Effective Date: 09/28/94 
Page 3.1 1 of 3.14 

- 

As presented in this plan, most of the IDW will not be containerized and will be 

left on-site. It is not possible to predict the amount of each wpe of IDW (LLW, 

hazardousldangerous, etc.) However, the maximum total quantities of IDW can be 

estimated based on the quantity of IDW associated with the various RI activities. 

.- Maximum estimated quantities of IDW produced by the planned RI activities are shown 

in Table D-3.2. 
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TABLE 0-3.2 
POTENTIAL QUANTITIES OF IDW BY INVESTIGATION AREA 

Total IDW generated. Waste contained wil l  be significantly less. 
(1) Units in  cubic feet; lncludes total volume of boreholes plus 75% bulking factor upon excavation and containerization. One 55gallon drum equals approximately 

7 cubic feet. 
(2) lncludes water produced during drilling, in-situ groundwater sampling and quarterly sampling. 
(3) Units in cubic feet; Includes personal protective equipment (PPE) and disposable sampling equipment (DE). 
(4) Units in cubic feet; lncludes miscellaneous debris. 
(5) Assumes 2 gallfoot for borings and monitoring wells; 25 gallbackhoe excavation. 

AOC 

Background Study 

Operable Unit 1 
DOE Disposal Areas 
UC Davis Disposal Trenches 

Operable Unit 2 
Radium-226 Treatment System 
Strontium-90 Treatment 
System 

Operable Unit 3 
Dog Pens and North Chemical 
Dispensing Area 

Operable Unit 4 
Domestic Septic Tanks 

Operable Unit 5 
UC Davis Landfill Units 

Operable Unit 6 
Groundwater Monitoring Wells 
(units per well) 
CPTMydropunchTM 

WORKPLAN .APD 
-. 

Soil 11' 

4 2 

8 0  
650  

6 5 
4 0  

25  

200  

150  

1 st HSU - 1 20 
2nd HSU - 150 

0 

Potential Quantity 

Produced Water In 

DrillinglSampling 

0 

35 gal. 
35  gal. 

0 
0 

0 

0 

6 0  gal. 

1st HSU - 0150 gal. 
2nd HSU - 100011 5 0  gal. 

0 

of Investigation Derived 

Development Water 
(per well) 

0 

0 
0 

0 
0 

0 

0 

0 

1 st HSU - 500 gal. 
2nd HSU - 1 500 gal. 

0 

Waste* 

Decontamination 
Fluids 

500 gal. 

1000 gal. 
1675 gal. 

800 gal. 
500 gal. 

270 gal. 

1950 gal. 

500 gal. 

l s t H S U - 2 8 0  
2nd HSU - 600  

25 gal. 

PPElDE I?' 

3 

20  
25 

20  
20  

3 

\ 

20  

25 

l s t H S U - 5  
2nd HSU - 5 

1 

Other 14' 

0 

25 
5 0  

0 
0 

0 

0 

50  

0 
0 
0 
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4.0 ON-SITE MANAGEMENT AND STORAGE OF IDW 

This section provides a general overview of the procedures to manage IDW that 

requires containerization. The procedures are designed to deal with the IDW from the 

point of waste generation to placement in the accumulation area atthe LEHR site. 

The procedures include record keeping, waste packaging, and waste handling and 

storage prior to waste classification and waste disposal. The waste classification 

process is described in Section 5. Following classification, waste is moved to storage 

areas for specific categories (e.g., radioactive, hazardous, etc.). Section 6 of this Plan 

describes management and disposal methods for specific categories of waste. 

4.1 RECORD KEEPING 

- All IDW containers will be labeled at the time waste is placed in the container. 

A representative label is shown in Figure D-4.1. Also, a multiple-copy waste container 

description form will be started when waste is first placed in the container. The 

container description form will be updated if waste is added to the container and when 

the container is moved. Copies from the container description form will be stored on- 

site and used to input information to the database used for IDW tracking. Information 

on the waste container description form will include: 

date for all waste placement into the container; 
identification of waste source; 
description of waste; 
record of field observations and meter readings for waste screening; 
identification of corresponding samples sent for laboratory analysis; 
container location in temporary storage area (including grid coordinates, if 
appropriate); 
date of sampling of container contents and sample identification (if 
applicable); 
waste classification (when available) and date of classification; and 
waste disposal destination and (if applicable) manifest number. 
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4.2 WASTE PACKAGING 

The following sections describe the anticipated waste packaging containers that 

will be used to store IDW, pending characterization. The packaging containers include 

drums and roll-off bins for solids, and Baker tanks for liquids. 

4.2.1 Drums 

In order to allow separation of contaminated and uncontaminated materials, it is 

gen.erally necessary to maintain the waste in discrete containers and locations. Hence, 

when IDW that is potentially hazardous, LLW, or RMW is generated during the RI, it 

will generally be placed into a number of smaller containers (such as 55-gallon drums) 

rather than a few large containers. When waste classification is complete, specific 

wastes may be combined if it is appropriate to do so and there is apparent benefit in 

using fewer and larger containers. A new label and waste container description form 

will be completed when waste is transferred to a new container, and the database will 
( 

be updated. 

4.2.2 Baker Tanks and Roll-Off Bins 

In some instances, larger containers will be used for initial storage of IDW. Soil 

cuttings produced during drilling operations for on-site second HSU monitoring wells 

will be collected in roll-off bins, and water from development of on-site wells will be 

stored in Baker tanks. Baker tanks and roll-off bins will remain at the drill sites until 

drilling and well installation procedures are complete. It is anticipated that the 

monitoring well drill cuttings will not trigger the field screening criteria requiring the 

wastes to be stored in the controlled storage area. These wastes will be discharged to 

the surface around the well or other appropriate location such as near UCD-12. If the 

field screening indicates contamination, the storage tanks or bins may be transported 

to the controlled storage area. 

Based on screening results, the Baker tanks and roll-off bins may be discharged 

at their current location, transported to a disposal site, or transported to the on-site i 
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IDW storage area. When necessary to  transport large containers, appropriate heavy 

equipment (trucks, backhoe, forklift, etc.) may be used, or the container contents may 

be transferred to  smaller containers by pump, backhoe, or other suitable equipment. 

Containers will be properly sealed and a new label and waste container description 

form will be used for containers which receive transferred IDW. 

4.3 WASTE HANDLING LOCATIONS 

The following sections describe the waste-handling locations that will be used 

to  control containerized wastes. The wastes will be stored in these areas pending 

analytical characterization and preparation for disposal. 

4.3.1 Controlled Storaae Area 

To facilitate handling and to  assist in maintaining secure on-site storage for 

IDW, a fenced area of the LEHR site will be designated as the controlled storage area. 

It is anticipated that the controlled storage area will be within the existing cobalt-60 

field. A schematic drawing of the IDW controlled storage area is shown in Figure D- 

4.2. Material that may be placed back into its area of origin will be left near to  the 

point of generation until it has been adequately characterized. Material not replaced 

into an excavation will be transferred from the point of generation t o  an on-site 

accumulation area within the controlled storage area as soon as practical after it is 

generated. After characterization, IDW will be transferred t o  the on-site storage area 

appropriate for the waste category. All storage locations will provide adequate access 

for transfer and other necessary handling of IDW. 

4.3.2 Accumulation Area 

Because of the potential for IDW to  contain radioactive or hazardous 

substances, it will be necessary t o  temporarily store some IDW in secure locations 

until waste classification is complete and appropriate disposal can be implemented. All 

IDW containers will be labelled as described in Section 4.1, and a waste container 

description form completed prior t o  the container being transported t o  the 
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accumulation area. The accumulation area will be fenced and posted with appropriate 

signs to  control access. 

The accumulation area will be mapped using a grid system, and the grid location 

of each storage container will be entered into the IDW database. Containers will 

initially be stored in an accumulation area that is segregated into areas designated for 

soil, water, or PPE and disposable equipment. ~ o l l o w i n ~  receipt of environmental 

sample analyses results, containers will be further segregated by specific waste type 

(LLW, RMW, hazardous/dangerous, or "other"). 

4.4 FENCING AND POSTING 

Fencing and posting of the specific waste storage areas will 'comply with 

requirements for the waste type. Specifically, hazardous and radioactive wastes will 

.be stored in fenced and posted locations. All IDW will be transported for disposal as I 
soon as possible, and no IDW will remain in storage longer than the period permitted 

by law. 



RllFS WORK PLAN Appendix D Chapter No.: 5 
LEHR ENVIRONMENTAL RESTORATION Revision: 0 

Effective Date: 09 /28 /94  
Page 5.1 of 5.7 

5.0 IDW WASTE CLASSIFICATION PROCESS 
\- 

This Section describes the waste classification process for IDW that is screened 

and determined necessary to be contained. First, the regulatory waste classifications are 

listed and described. Next, the process for classifying waste is presented. Based on the 

waste classification, appropriate disposal can be selected as described in Section 6 of this 

Plan. The general waste classification process for containerized wastes is presented in 

Figure D-5.1. Additionally, the detail procedures to  classify the wastes for disposal are 

presented in Appendices A, and supporting regulations are attached in Appendices B 

through D. 

5.1 WASTE CLASSIFICATIONS 

IDW produced during the RI at the LEHR site will be evaluated to  determine if it is a 

low-level radioactive waste (LLW), hazardous waste pursuant to California regulations or 

the Resource Conservation and Recovery Act (RCRA), a radioactive mixed waste (RMW), 

contains hazardous substances subject to regulation under CERCLA and/or California 

regulations, or "other waste" as described in Section 5.1.5. Classification of IDW under 

state regulations may be necessary only if the IDW is potentially dangerous waste and 

disposal may occur in another 'state (i.e., at the Hanford facility in Washington, or - 
Envirocare in Utah). Waste classifications are further discussed in the following 

subsections. 

5.1.1 Low-Level Radioactive Wastes 

As defined in the Low Level Radioactive Waste Policy Act (42 U.S.C. 2021 b et 

seq), the term "low level radioactive waste" means radioactive material that is not a 

high-level radioactive waste, spent nuclear fuel, or by-product material. DOE 5820.2A 

expanded the definition to  exclude transuranic wastes from LLW. Additionally, for 

purposes of this investigation, wastes may be designated as LLW if radioactivity meets the 

definition presented in DOE 5820.2A and exceeds established background levels for the 

LEHR site. The background levels for radioactivity in soil and groundwater at the LEHR 

site will be established during the RI  by analyzing samples from locations that have not 

been impacted by site activities (see Section 5.1 of the Work Plan). 
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There is a potential that some IDW produced during the collection of environmental 

samples during the RI may contain low specific activity amounts of goStrontium, "'~adium, 

2 4 ' P I ~ t ~ n i ~ m ,  232Thorium, "gThorium, and/or trace amounts of other radionuclides. All PPE 

and disposable equipment used in areas where radionuclides could be elevated above 

background will be handled as LLW pending analytical results of appropriate soil, water, or 

wipe samples. 

The criteria for RCRA hazardous waste are presented in the attached sections of 

Part 261, Title 40, Code of Federal Regulations (40 CFR) (Appendices B and El; the criteria 

for California hazardous waste are presented in Chapter 11, Title 22, California Code of 

Regulations (CCR) (Appendices C and D). It is possible that IDW produced from soil 

borings during characterization of waste disposal areas at the LEHR site could be 

hazardous/dangerous wastes. 

5.1.3 Radioactive Mixed Wastes 

Radioactive mixed waste (RMW) are those that meet the criteria for both 

radioactive waste (Section 5.1.1 ) and hazardous or dangerous waste as described in 

Section 5.1.2. Any RMW produced is expected to  contain low specific-activity amounts 

of the radionuclides discussed in Section 5.1.1 and in addition may contain solvents, 

metals, or pesticides. Typically, RMW is treated so that the resulting materials no longer 

meet the criteria for mixed wastes. Such treatment typically, results in a radioactive 

waste and a separate hazardous or dangerous waste. 

5.1.4 Hazardous Substances 

CERCLA addresses the mitigation of threats to health or the environment posed by 

the release of hazardous substances. CERCLA hazardous substances are defined in 40  

CFR Part 302 and includes RCRA hazardous wastes. The California Health and Safety 

Code, Chapter 6.8, Section 2531 6 defines California hazaraous substances; the California 

definition includes CERCLA hazardous substances. 
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5.1.5 Other Wastes 

The IDW that does not meet the criteria for hazardousidangerous waste or for 

radioactive waste is not subject to treatment, storage, and disposal requirements 

developed for those categories of. waste. Likewise, if the IDW is not a hazardous 

substance, it is not subject to CERCLA requirements. However, the IDW may still be a 

California Designated Waste as defined in Section 2522(a) of the CCR, and must be 

managed to avoid potential adverse impacts on the waters of the state. Some IDW with 

detectable levels of site constituents may not pose any apparent threat to the environment 

and can be managed with very few restrictions. 

5.2 WASTE CLASSIFICATION PROCESS 

All wastes containerized for storage during RI  activities at the LEHR site will be 

classified prior to  disposal. Stored wastes will be classified based on results from 

analytical laboratory analysis of corresponding environmental samples collected during the i 

investigation or analysis of additional samples collected from IDW containers. Appropriate 

storage and disposal procedures for specific containers of IDW will be selected based on 

the waste classification. A database will be used to  control storage and disposal of IDW. 

These procedures are further described in the subsections below. The classification 

process is diagramed in Figure D-5.1. 

The laboratory utilized for soil and water samples from the LEHR site will be 

certified by the State of California for the requested analyses and be required to  participate 

in the DOE Environmental Measurements Laboratory (EML) Program. The laboratory will 

meet the requirements of the Quality AssuranceiQuality Control (QAiQC) Plan that was 

considered in development of the Quality Assurance Project Plan (QAPjP) included as 

Appendix B of the RIiFS Work Plan. 

'The analytical parameters that will be utilized for environmental samples collected 

during the RI have been selected based on historical operations at the facility and results 

from the Phase II Site Characterization. These parameters are presented in Table 0-5.1. 



RllFS WORK PLAN Appendix D Chapter No.: 5 
LEHR ENVIRONMENTAL RESTORATION Revision: 0 

Effective Date: 09/28/94 
Page 5.5 of 5.7 

The results for the environmental samples collected nearest to the IDW will provide 

.information that is used to select proper storage and disposal procedures 'for specific 

storage containers. If the analytical results indicate that stored materials are potentially 

hazardous or radioactive, but are insufficient to complete waste classification, individual 

IDW containers may be sampled as described in Section 5.2.4, below. 

5.2.2 IDW Databaw 

As discussed in Section 4.1, each container of IDW generated during the RI/FS will 

be described on a waste container description form. Information on the forms will be 

entered into an IDW database. Part of the information in the database will link the 

contents of a particular drum to screening information and specific environmental samples 

submitted for analysis. When analytical results are received and verified, results will be 

correlated to  the IDW containers and used for waste classification as discussed in 

Section 5.2.3. 

After a container of IDW has been classified, the IDW database will be updated to 

reflect the classification and, if appropriate, the new storage location in a specific waste 

storage area. The information in the database will be provided to individuals responsible 

for selecting treatment or disposal options for the classified IDW. 

. . 
5.2.3 Review of Analvtical Resula 

Stored soil and water IDW will have corresponding environmental samples 

submitted for inorganic, organic, and radiologic analysis. After data validation, according 

to  the procedures in the QAPP for the RI/FS, analytical results for these samples will be 

compared to  regulatory standards or background concentrations established for waste 

classification. The applicable regulations are referenced in 
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TABLE D-5.1 
ANALYTICAL PARAMETERS FOR ENVIRONMENTAL SAMPLES COLLECTED 

DURING THE RI AT THE LEHR SITE 

Chemical Oxygen Demand 
Total Kjeldahl Nitrogen 

Nitrates (as Ni.tc,enl 

Hexavalent Chromium Cobalt, Lead, Mercury, Molybdenum, Nickel, 

Semi-volatile Organic Compounds 
Organochlorine Pesticides and PCBs 

Metals include 17 CAM Metals, Mg, Ca, Mn, and Fe. 
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Section 5.1 and included in Appendices B through E. If possible, based on review of 

the analytical results and consideration ol'the regulations, an appropriate waste 

classification will be assigned to individual containers of IDW. The IDW database will 

be updated as discussed in Section 5.2.2 with sample analysis results. 

In some instances, the results of the environmental sample analyses alone may 

not be adequate to determine if the waste is hazardous or dangerous waste according 

to state and federal regulations, or to adequately characterize radioactive waste for 

disposal. When necessary, additional testing will be conducted on the environmental 

samples or on samples of the IDW. The specific testing needed will be identified as 

part of the review of initial analytical results. Additional sampling of individual 

containers of IDW is described in Section 5.2.4. 

5.2.4 Waste Seareaation and Resam~linq 

Based on the waste classification determined by review of analytical results 

from environmental samples, containers of IDW will be moved to on-site waste storage 

areas designated for storage of specific waste types. Specific waste storage areas 

will be segregated according to the appropriate regulation. The IDW database w-ill be 

modified to reflect the new storage location for the container. 

If stored wastes cannot be adequately classified based on environmental sample 

analytical results, the IDW may be sampled directly for waste classification purposes. 

The resampling will involve collecting representative samples from containers of IDW 

and submitting the samples for selected laboratory testing as determined during the 

analytical data review described in Section 5.2.3. 

If the initial analytical results indicate the IDW is potentially hazardous waste, 

but are insufficient to complete waste classification, individual IDW containers may be 

sampled in order to classify the IDW for disposal. Additional tests may include the 

Toxic Characteristic Leaching Potential (TCLP) and/or the Waste Extraction Test (WET) 

a as needed to evaluate the leaching potential of certain soluble constituents. 
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If IDW is a radioactive waste, it will be characterized with sufficient detail so 

that proper identification, segre$lion, treatment, transportation, storage, and disposal 

will occur. Additional gamma spectral analysis or a specific radiochemical analysis of 

IDW may be necessary in order to evaluate the appropriate disposal category for LLW 

waste. 

5.2.5 Reviewina Results and U~datina Database 

Once analytical results are received for IDW that was resampled, the data will 

be reviewed to identify the appropriate waste classification. Based on the assigned 

waste classification, containers of IDW will be moved to appropriate on-site storage 

areas for specific wastes. I ; -e  IDW database will be modified to  reflect the new 

storage location for the container, and a copy of the database will be provided to 

personnel responsible for selecting treatment or disposal options. 
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6.0 MANAGEMENT AND DISPOSAL OF SPECIFIC WASTE CATEGORIES 

'This section discusses regulations which apply to storage and disposal of the 

specific types of waste that may be containerized during RIIFS activities at the LEHR 

site. These regulations may address labeling of containers, storage facilities, duration 

of storage, shipping procedures, treatment requirements, disposal site options, agency 

notification, record keeping, etc. On-site management practices and off-site disposal 

options for different categories of IDW at the LEHR site are discussed below. 

6.1 HAZARDOUS WASTES 

Disposal of hazardous waste is regulated by the Environmental Protection 

Agency under RCRA and, generally, by one or more agencies in the state where the 

disposal facility is located. In California, the state agency primarily involved with 

regulation of hazardous waste disposal is the California Department of Toxic 

Substances Control. There are also federal and state regulations which apply to the 

transportation of hazardous waste from the point of generation to the disposal site. 

The primary federal regulations that apply to the disposal of hazardous waste are 

contained in Title 40 CFR Parts 262-268 and Title 49 CFR Parts 100-1 78. The 

applicable California regulations are in Title 22 CCR. 

6.1 .1 Hazardous Waste S to rau  

IDW identified as hazardous waste will be placed in storage containers that are 

clearly marked to identify their contents, and the containers will be kept in a secure 

area which is appropriately posted. On-site storage of hazardous waste will be in 

compliance with RCRA and Title 22 CCR Part 262. Prior to the end of the appropriate 

storage period, the waste will be manifested and shipped off-site to a permitted 

hazardous waste treatment, storage, or disposal (TSD) facility. 
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6.1.2 Hazardous Waste Dis~osal 

The TSD facility will be selected based on waste characteristics, shipping 

logistics, and available capacity. Until the IDW is generated and characterized, it is not 

possible to  identify an appropriate waste disposal site that will be utilized. However, 

based on the potential for disposal of hazardous waste, the following standard 

practices have been identified for use at LEHR. 

Packaging, Shipping, and Manifesting 

All shipments of hazardous waste will be manifested as required by applicable 

federal and state requirements ,111 transporters utilized for hazardous waste shipment 

will be currently registered and licensed for that service. Procedures will be 

established to comply with applicable packaging and transportation requirements 

established by DOE 5480.3 "Safety Requirements for the Packaging and 

Transportation of Hazardous Materials, Hazardous Substances, and Hazardous 

Wastes", the Department of Transportation (DOT), and the requirements of all states 

along the transportation route. 

Land Disposal Restrictions 

Land disposal restrictions presented in 40 CFR Pan 268 contain requirements 

that limit the disposal of hazardous waste which has not been treated. Until IDW at 

LEHR is characterized, it is not possible to determine what, if any, treatment is needed 

prior to  disposal. If treatment is necessary, IDW from LEHR will most likely be shipped 

off-site for treatment unless there is an apparent benefit to  on-site treatment. 

6.2 RADIOACTIVE AND MIXED WASTES 

It is anticipated that any radioactive IDW produced will be LLW, and will be 

managed as required by DOE 5820.2A, "I3adioactiv.e Waste Management" and by 

Chapter 4 of the LEHR Radiological Control Manual. Likewise, any RMW generated 

will have only low-level radioactivity. The amounts of LLW and RMW generated will 
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be minimized by avoiding transfer of radioactive material to uncontaminated material 

during field activities by the use of field screening. The amount of LLW and RMW 

shipped will be minimized by concentrating and compacting the wastes to the extent 

reasonably achievable. 

6.2.1 Radioactive and Mixed Waste Storaae 

'The LLW and RMW produced during the RI will be managed to protect public 

health and safety. Containers utilized for storage of materials identified as LLW and 

RMW will meet labeling requirements specified in the LEHR Radiological Control 

Manual. All LLW resulting from the RI will be stored in a secure and appropriately 

posted location for the minimum amount of time necessary to prepare and arrange for 

transportation to an appropriate treatment or disposal facility. 

Any RMW generated during the RI will be stored only until shipment to a 

treatment site or appropriate disposal facility can be initiated. RMW will be stored in a 

designated portion of the radioactive waste storage area incompliance with applicable 

hazardous waste regulations. 

6.2.2 Radioactive and Mixed Waste Dis~osal 

It is anticipated that any LLW and RMW produced during the RI will be disposed 

at an appropriate facility. Therefore, all LLW and RMW to be shipped must meet the 

receiving facility's waste acceptance criteria. To the extent possible, RMW will be 

treated to reduce or remove hazardous components and otherwise managed as 

described in Section 4.2. California hazardous waste regulations contained in 

Chapter 11, Title 22, California Code of Regulations (CCR) will be considered in the 

identification and management of RMW shipped to an off-site facility. All LLW 

transportation activities will comply with DOT regulations contained in 49 CFR and 

Nuclear Regulatory Commission (NRC) requirements in 10 CFR Part 7 1 . 

6.3 OTHER WASTES 
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It is expected that most of the IDW produced during the RI will not be 

hazardous, LLW, or RMW, and will be designated as "other wastes". However, some 

"other wastes" may contain hazardous substances pursuant to CERCLA and/or 

California regulations and, therefore, must be properly managed. 

It is also possible that some "other wastes," which do not contain hazardous 

substances, may pose a potential threat to water quality if not properly managed, and 

hence may be classified as "designated waste" pursuant to California Water Resources 

Control Board programs. An example of such IDW would be water or soil containing 

nitrates at levels that could degrade waters of the state if not properly managed. 

6.3.1 Storaae of Other Wastes 

Based on the waste characterization results, those containers that hold 

hazardous substances will be appropriately marked and will be stored in a manner 

similar to that used for hazardous waste. IDW that are designated wastes will be 

managed to prevent any impact to water quality. In general, such management will 

consist of isolating the material from contact with rainfall or runoff. 

"Other wastes" that are not designated wastes may be classified as "inert 

wastes." These wastes will be placed in locations-where they will not contact 

contaminated material and may be disposed of at a Class Ill landfill or other 

appropriate disposal location. 

6.3.2 Dis~osal of Other Wastes 

If it is necessary to dispose of waste containing hazardous substances during 

the RI, discussions will be held with appropriate regulatory agencies, DOE, and UC 

Davis to identify appropriate management practices and disposal sites. If it is 

necessary to dispose of designated waste during the RI, an appropriate disposal site 

will be selected after consultation with the Central Valley Regional Water Quality 

Control Board. 
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Disposal procedures for inert released wastes generated during the RI will be 

selected by the Department of Energy and the University of California. Inert soils may 

be disposed on site or at a Class Ill landfill. If the material goes to a Class Ill landfill, 

the steel drum may be reused, and only the liner and drum contents will be sent to  the 

landfill. Water that is inert released waste can be discharged to  a sewage treatment 

plant (STP), used for dust suppression or irrigation, or sprayed over paved surfaces in 

order to enhance evaporation. If discharge to the UC Davis STP is proposed, all 

discharges will be coordinated with the plant operator. 

After classification, IDW will be transferred to  the on-site storage area 

appropriate for the waste category. Disposal facilities may also promulgate 

requirements which affect the choice of disposal sites and the disposal procedures 

that are utilized. 
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7.0 IDW WASTE MANAGEMENT SCHEDULE 

The schedule for management of IDW at LEHR is dependent on the overall RIIFS 

schedule. This section provides an overview of the RIIFS schedule and discusses the 

timing of related waste management activities. 

7.1 RIIFS SCHEDULE 

The LEHR site is not currently under any regulatory enforcement actions; 

therefore, a project schedule for the completion of the RIIFS has not been mandated. 

It is anticipated that work conducted on-site will start with the least intrusive 

tasks, such as literature reviews and surface geophysical methods. Completion of 

these tasks is not anticipated to produce IDW. After the literature review and 

geophysical surveys have been completed, invasive investigative techniques that could 

potentially generate IDW will be implemented. It is anticipated that the majority of the 

IDW will be generated during the site characterization tasks presented in Section 3.0 

of this Plan. 

7.2 WASTE GENERATION SCHEDULE 

Initial invasive investigative activities during the RIIFS will utilize CPTI 

HydropunchTM and soil gas measurements. These activities will not generate 

significant amounts of IDW. Subsequent investigation activities will utilize backhoes 

and soil boring equipment to investigate on-site septic systems, disposal trenches, and 

landfill cells. Cuttings from some of the borings may be placed in labeled 55-gallon 

drums and transferred to the waste storage area. Wastes have the potential to start 

arriving in the controlled storage area within 60 days of start-up of the RIIFS. 

Existing monitoring wells will be sampled between two and three months after 

the start of the RIIFS. Purge water will be discharged to the surface and PPEIDE will 

be double-bagged and disposed. Currently, during each quarterly sampling round, 

approximately 1350 gallons (25 drums) of water are produced. 
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Approximately three to five months after start-up, soil borings for installation of 

new monitoring wells will be conducted. Development water produced during on-site 

drilling and development water produced from on-site and downgradient wells will be 

placed into Baker tanks pending characterization based on analytical results for 

environmental samples. 

Existing monitoring wells will again be sampled between five and six months 

after start of the RIIFS. New monitoring wells will then be incorporated into the 

quarterly sampling schedule, and all wells will be sampled between eight and 

nine months after start of the RI/FS. Addition of the 11 new monitoring wells will 

result in an increase in the volume of purge water produced each quarter to 

approximately 2500 gallons (45 drums). 

It is anticipated that mcst invasive investigation activities will be completed 

within 12 months of start-up of the RI. Some unused sample material may be returned \ 
by the laboratory. Some archived samples held on-site may be identified as unneeded 

and become IDW. The only additional waste generated after 12 months from start-up 

will consist of purge water produced during quarterly groundwater sampling. 

WASTE CLASSIFICATION 

Approximately 30  to 45 days after the first environmental samples are 

submitted to the laboratory, analytical results will be received. Approximately 3 0  
additional days will be required for data quality control review. After the quality 

control review of data, results will be used to determine appropriate classifications for 

the stored waste materials; this task will take approximately 14 days. If necessary, 

individual drums of stored material will be sampled so that further waste 

characterization can be done. The earliest identification of hazardous waste or LLW 

will occur approximately 75 days after samples were submitted to the laboratory. 

Waste classification and disposed will be an ongoing process as laboratory 

reports are received. During the first 12 months that reports are received, IDW will 

consist of soil, water, and PPE. After 12 months, laboratory reports for environmental ' 
(' 
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samples will be primarily for water collected during groundwater sampling events. 

Laboratoryreports for the last water samples will be received approximately 

28 months after RIIFS start-up. 

7.4 DATABASE MANAGEMENT SCHEDULE 

Initial entries to the database will occur when IDW is generated. When waste 

classification for any containers of IDW is completed, the database will be updated. 

Additionally, when drums are moved to the appropriate location for storage for the 

waste classification, the database will be updated. 

The database will be updated weekly as new IDW is produced, classified, and 

moved within the on-site controlled storage area. After the completion of waste 

classification for all soil IDW (approximately 12 months after start-up), records of 

waste management will be reviewed to assess the potential for any wastes to have 

been left in locations where they pose a risk to the environment or human health. 

Information on stored waste will be periodically reviewed to identify appropriate 

disposal options and to ensure that storage time limits are not exceeded. This activity 

will be repeated while wastes remain in the on-site storage areas (see Section 7.5). 

Essentially, database activity will occur from the start of the RIIFS program through 

disposal of all IDW. 

7.5 WASTE DISPOSAL SCHEDULE 

Since the first containers of waste will not be classified until approximately 

75 days from start-up, waste disposal will not start until approximately 3 to  4 months 

from start-up. Waste disposal will continue as an ongoing process thr~;~hout the 

duration of the RIIFS program. 

It is anticipated that within 90 days of the last classification of IDW produced 

during the RIIFS, all IDW should have been sent for treatment or disposal. However, it 
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should be noted that there is no current storage limit on waste that is not radioactive 

o f  hazardous. 
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ATTACHMENT D-1: EVALUATION PROCESS FOR IDW GENERATED AT THE LEHR 
FACILITY 

Note: Outlined below is a detailed waste evaluation process. All 
steps or criteria will not be applied to all wastes. 

1. Eor each waste container: 
A. Obtain the laboratory results which correspond to the waste. 
B. Verify that results are complete: 

1. All necessary analysis were requested. 
2. All requested analyses were satisfactorily completed. 

C. Determine the appropriate waste classification as described in the following 
sections. 

II. Determine if waste is radioactive: 
A. Compare radiologic test results to established background levels. 
B. If test results exceed background: 

1. Complete radioactive waste description form. 
2. Transfer container(s1 to radioactive waste storage area. 
3. Label the container and include the date of classification. 
4. Determine if the waste is also: 

a. A RCRA Hazardous Waste (section Ill below), or 
b. A California Hazardous Waste (section IV below), or 
c. A waste as classified by the disposal facility location. 

Ill. Determine if the material is a "RCRA Hazardous Waste": 
A. Note: no listed RCRA wastes are known to have been discharged at the 

LEHR site. 
B. Note: no wastes that exhibit RCRA characteristics of ignitability, corrosivity, 

or reactivity have been, or are expected to be, generated during remedial 
investigations at LEHR. 

C. Determine if the waste exhibits the characteristic of toxicity: 
1. For waste with <0.5% filterable solids, compare the analytical 

values to Table 1 in § 26 1.24 of 40 CFR (see Attachment D-2). 
2. For other wastes, determine if total levels of toxic constituents 

exceed the levels in Table 1: 
a. If less than listed values, the waste is not RCRA hazardous. 
b. If greater than listed values, perform TCLP (reference 40  CFR, 

Part 26 1, Appendix Ill and compare values to Table 1). 
(1) If less than listed values, the waste is not RCRA 

hazardous. 
(2) If greater than listed values, the waste is RCRA 

hazardous. 
. If the material is a RCRA hazardous waste: 

1. Complete a hazardous waste description form. 
2. Label the container and include the date of classification. 
3. Transfer container(s1 to hazardous waste storage area. 



IV. Determine if waste is a "Hazardous Waste" under California regulations: 
A. All RCRA wastes are hazardous waste under California regulations. 
B. For other wastes, determine if the waste exhibits the characteristic of 

toxicity according to § 6626 1.24 of Title 22, California Code of Regulations 
(CCR): 
1. The material is a California hazardous waste if it has any of the 

1 1  - following characteristics: 
a. An acute oral LD, < 5,000 milligrams per kilogram. 
b. An acute dermal LD, < 4,300 milligrams per kilogram. 
c. An acute inhalation LD,, < 10,000 ppm as a gas or vapor. 
d. An acute aquatic 96-hour LG,, < 500 milligrams per liter 

when tested as specified in § 66261.24. 
e. It contains 1 0.001 weight percent of the carcinogens listed 

in part (a)(?) of § 6626 1.24. 
f. It has been shown through experience or testing to pose a 

hazard to human health or the environment. 
2. For other waste with <0.5% filterable solids, compare the analytical 

values to STLC values in Table 1, § 66261.24 of Title 22, CCR (see 
Attachment D-3). If STLC values are exceeded, the material is a 
California hazardous waste. 

3. For other wastes, determine if total levels of toxic constituents 
exceed the STLC levels in Table 1 : 
a. If total values are greater than the 7 L C  values, the material 

is a California hazardous waste. i 
b. If less than the TTLC values, but greater than STCL values, 

perform a WET (reference Title 22 CCR, Chapter 1 1, 
Appendix Ill and compare results to STLC values. 
(1 ) If greater than listed values, it is a California hazardous 

waste. 
(2) If less than listed values, the material is not a California 

hazardous waste. 
C. If the material is a California hazardous waste: 

1. Complete a hazardous waste description form. 
2. Label the container and include the date of classification. 
3. If the material is also a radioactive waste, leave the container in that 

storage area. 
4. If the material is not radioactive, transfer container(s) to hazardous 

I waste storage area. 

V. Determine requirements of receiving facility: 
A. Only if the waste is radioactive and will be shipped to an appropriate 

facility. 
B. If the material is a Dangerous Waste in receiving state. 

1. Complete a hazardous waste description form. 
2. Label the container and include the date of classification. 
3. Leave the container(s1 in the radioactive waste storage area. 

\ 

VI. If the waste is not hazardous, determine if it contains "Hazardous Substances": 



A. Refer to the "Master List of Hazardous Substances" (see Attachment D-4). 
B. If the waste contains hazardous substances: 

1. Determine the reportable quantity pursuant to 40  CFR, § 117.3, 
Table 1 17.3 (see Attachment D-5). 

2. If the material contains a reportable quantity of a hazardous 
substance, disposal must comply with 40  CFR, § 11 7 et seq. 

C. If the material contains a hazardous substance: 
1. Complete a hazardous substance description form. 
2.  Label the container and include the date of classification. 
3 .  Transfer container(s1 to hazardous substance storage area. 

-- 

VII. If the material is not a hazardous substance, determine if it is a designated waste: 
A. This determination applies to material containing substances which could 

adversely affect water quality if not properly managed. 
1. Materials to be evaluated include non-hazardous waste containing 

hazardous substances below the reportable quantity. 
2. Determination is dependent upon site specific environmental factors. 

a. Factors for the LEHR facility if material will be discharged to 
land at the facility, or 

b. Factors for another proposed discharge site. 
B. Procedures for making the determination are contained in "The Designated 

Level Methodology for Waste Classification and Cleanup Level 
Determination", a Central Valley RWQCB Staff Report. 

C. The basic steps of determination are as follow: 
1. Identify the waste constituents that could adversely impact water 

quality. 
2.  Select a tentative disposal site. 
3. Determine the leachability of the constituents if discharged at the 

site. 
4. Determine attenuation factors for the constituents at the site. 
5. Calculate the designated level(s1 for the constituent(s) and the 

designated level for the waste. 
6. If the site selected was not appropriate, consider another site. 
7. When an appropriate site is identified, propose discharge at the site. 
8. Obtain the concurrence of the site owner/operator, and, if 

appropriate, the RWQCB. 
D. If the material is a designated waste: 

1. Move the container(s1 to the designated waste storage area 
2. Label the container to: 

a. Note that the material is a designated waste. 
b. Identify the associated documentation. 
c. ldentify the appropriate disposal site when selected 

3. Prepare necessary documentation and proceed to discharge the 
waste. 

VIII. If the waste does not contain constituents that could adversely impact water 
quality: 



A. It is a "Non-hazardous Solid Waste" if it contains significant amounts of 
biodegradable materials and must go to a Class Ill (or better) landfill. I \ 

B. Otherwise, it is an "Inert Waste" and can go to an unclassified disposal site. 
C. Label the container(s) with the appropriate designation and move to the 

"Clean Wastes" storage area. 
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ATTACHMENT D-2: EXCERPT FROM TITLE 40 CFR PART 261 

Sub~art  &Criteria for ldentifvina the Characteristics of Hazardous Waste and for 
Listina Hazardous Waste 

s§ 261.10 Criteria for identifying the characteristics of hazardous waste. 
(a) The Administrator shall identify and define a characteristic of hazardous 
waste in subpart C only upon determining that: 

(1) A solid waste that exhibits the characteristic may: 
(i) Cause, or significantly contribute to, an increase in mortality or 
an increase in serious irreversible, or incapacitating reversible, 
illness; or 
(ii) Pose a substantial present or potential hazard to human health 
or the environment when it is improperly treated, stored, 
transported, disposed of-or otherwise managed; and 

(2) The characteristic can be: 
(i) Measured by an available standardized test method which is 
reasonably within the capability of generators of solid waste or 
private sector laboratories that are available to serve generators of 
solid waste; or 
(ii) Reasonably detected by generators qf solid waste through their 
knowledge of their waste. 

s§ 261.1 1 Criteria for listing hazardous waste. 
(a) The Administrator shall list a solid waste as a hazardous waste only upon 
determining that the solid waste meets one of the following criteria: 

(1 ) It exhibits any of the characteristics of hazardous waste identified in 
subpart C. 
(2) It has been found to be fatal to humans in low doses or, in the 
absence of data'on human toxicity, it has been shown in studies to have 
an oral LD 50 toxicity (rat) of less than 50 milligrams per kilogram, an 
inhalation LC 50 toxicity (rat) of less than 2 milligrams per liter, or a 
dermal LD 50 toxicity (rabbit) of less than 200 milligrams per kilogram or 
is otherwise capable of causing or significantly contributing to an 
increase in serious irreversible, or incapacitating reversible, illness. 
(Waste listed in accordance with these criteria will be designated Acute 
Hazardous Waste.) 
(3) It contains any of the toxic constituents listed in Appendix Vlll and, 
after considering the following factors, the Administrator concludes that 
the waste is capable of posing a substantial present or potential hazard 
to human health or the environment when improperly treated, stored, 
transported or disposed of, or otherwise managed. 

(i) The nature of the toxicity presented by the constituent. 
(iil The concentration of the constituent in the waste. 
(iii) The potential of the constituent or any toxic degradation 
product of the constituent to  migrate from the waste into the 
environment under the types of improper management considered 
in paragraph (a) (3) (vii) of this section. 



(iv) The persistence of the constituent or any toxic degradation 
product of the constituent. 
(v) The potential for the constituent or any toxic degradation 
product of the constituent to degrade into non-harmful 
constituents and the rate of degradation. 
(vi) The degree to which the constituent or any degradation 
product of the constituent bioaccumulates in ecosystems. 
(vii) The plausible types of improper management to which the 
waste could be subjected. 
(viii) The quantities of the waste generated at individual generation 
sites or on a regional or national basis. 
(ix) The nature and severity of the human health and 
environmental damage that has occurred as a result of the 
improper management of wastes containing the constituent. 
(XI Action taken'by other governmental agencies or regulatory 
programs based on the health or environmental hazard posed by 
the waste or waste constituent. 
(xi) Such other factors as may be appropriate. 

Substances will be listed on Appendix VIII only if they have been shown in scientific 
studies to have toxic, carcinogenic, mutagenic or teratogenic effects on humans or 
other life forms. 
(Wastes listed in accordance with these criteria will be designated Toxic wastes.) 

(b) The Administrator may list classes or types of solid waste as hazardous 
waste if he has reason to believe that individual wastes, within the class or type 
of waste, typically or frequently are hazardous under the definition of hazardous 
waste found in section 1004(5) of the Act. 
(c) The Administrator will use the criteria for listing specified in this section to 
establish the exclusion limits referred to in § 261.5(c). 

Sub~ar t  C - Cha racteristics of Hazardous Waste 

s§ 261.20 General. 
(a) A solid waste, as defined in § 261.2, which is not excluded from regulation 
as a hazardous waste under § 261.4(b), is a hazardous waste if it exhibits any 
of the characteristics identified in this subpart. 
(b) A hazardous waste which is identified by a characteristic in this subpart is 
assigned every EPA Hazardous Waste Number that is applicable as set forth in 
this subpart. This number must be used in complying with the notification 
requirements of section 3010 of the Act and all applicable recordkeeping and 
reporting requirements under parts 262 through 265, 268, and 270 of this 
chapter. 
(c) For purposes of this subpart, the Administrator will consider a sample 
obtained using any of the applicable sampling methods specified in Appendix I 
to  be a representative sample within the meaning of pan 260 of this chapter. 



s§  261.21 Characteristic of ignitability. 
(a) A solid waste exhibits the characteristic of ignitability if a representative 
sample of the waste has any of the following properties: 

(1 1 It is a liquid, other than an aqueous solution containing less than 24' 
percent alcohol by volume and has flash point less than 60°C (1 40°F), 
as determined by a Pensky-Martens Closed Cup Tester, using the test 
method specified in ASTM Standard D-93-79 or D-93-80 (incorporated 
by reference, see 5 260.11 1, or a Setaflash Closed Cup Tester, using the 
test method specified in ASTM Standard D-3278-78 (incorporated by 

- reference, see § 260.1 11, or as determined by an equivalent test method 
approved by the Administrator under pcacedures set forth in § § 260.20 
and 260.21. 
(2) It is not a liquid and is capable, under standard temperature and 
pressure, of causing fire through friction, absorption of moisture or 
spontaneous chemical changes and, when ignited, burns so vigorously 
and persistently that it creates a hazard. 
(3) It is an ignitable compressed gas as defined in 49 CFR 173.300 and 
as determined by the test methods described in that regulation or 
equivalent test methods approved by the Administrator under § § 260.20 
and 260.21. 
(4) It is an oxidizer as defined in 49 CFR 173.15 1. 
(b) A solid waste that exhibits the characteristic of ignitability has the 
EPA Hazardous Waste Number of DO0 1 . 

s§ 261.22 Characteristic of corrosivity. 
(a) A solid waste exhibits the characteristic of corrosivity if a representative 
sample of the waste has either of the following properties: 

(1) It is aqueous and has a pH less than or equal to  2 or greater than or 
equal to  12.5, as determined by a pH meter using either an EPA test 
method or an equivalent test method approved by the Administrator 
under the procedures set forth in § § 260.20 and 260.21. The EPA test 
method for pH is specified as Method 5.2 in "Test Methods for the 
Evaluation of Solid Waste, Physical/Chemical Methods" (incorporated by 
reference, see § 260.1 1). 
(2) It is a liquid and corrodes steel (SAE 1020) at a rate greater than 
6.35 mm (0.250 inch) per year at a test temperature of 55OC (130°F) as 
determined by the test method specified in NACE (National Association 
of Corrosion Engineers) Standard TM-01-69 as standardized in "Test 
Methods for the Evaluation of Solid Waste, Physical/Chemical Methods" 
(incorporated by reference, see § 260.1 1) or an equivalent test method 
approved by the Administrator under the procedures set forth in § § 
260.20 and 260.21. 

(b) A solid waste that exhibits the characteristic of corrosivity has the EPA 
Hazardous Waste Number of D002. 

s§  261.23 Characteristic of reactivity. 
(a) A solid waste exhibits the characteristic of reactivity if a representative 
sample of the waste has any of the following properties: 



(1) It is normally unstable and readily undergoes violent change without 
detonating. 
(2) It reacts violently with water. 
(3) It forms potentially explosive mixtures with water. 
(4) When mixed with water, it generates toxic gases, vapors or fumes in 
a quantity sufficient to present a danger to human health or the 
environment. 
(5) It is a cyanide or sulfide bearing waste which, when exposed to pH 
conditions between 2 and 12.5, can generate toxic gases, vapors or 
fumes in a quantity sufficient to present a danger to human health or the 
environment. - - 

(6) It is capable of detonation or explosive reaction if it is subjected to a 
strong initiating source or if heated under confinement. 
(7) It is readily capable of detonation or explosive decomposition or 
reaction at standard temperature and pressure. 
(8) It is a forbidden explosive as defined in 49 CFR 173.51, or a Class A 
explosive as defined in 49 CFR 173.53 or a Class B explosive as defined 
in 49 CFR 173.88. 
(b) A solid waste that exhibits the characteristic of reactivity has the EPA 
Hazardous Waste Number of 0003. 

s§ 261.24 Toxicity characteristic. 
(a) A solid waste exhibits the characteristic of toxicity if, using the test 
methods described in Appendix II or equivalent methods approved by the 
Administrator under the procedures set forth in 4 5  260.20 and 260.21, ( 

the extract from a representative sample of the waste contains any of 
the contaminants listed in Table 1 at the concentration equal to  or 
greater than the respective value given in that table. Where the waste 
contains less than 0.5 percent filterable solids, the waste itself, after 
filtering using the methodology outlined in Appendix II, is considered to 
be the extract for the purpose of this section. 
(b) A solid waste that exhibits the characteristic of toxicity has the EPA 
Hazardous Waste Number specified in Table I which corresponds to the 
toxic contaminant causing it to be hazardous. 



Table I - Maximum Concentration of Contaminants for the Toxicity Characteristic: 

EPA HW No Contaminant CAS Number Regulatory Level, Mg/l 

Arsenic 
Barium 
Bentene 
Cadmium 
Cslrbon tetrachloride 
Chlordane 
Chlorobenzene 
Chloroform 
Chromium 
o-cresol 
m-Cresol 
p-c-1 
Cnsol 
2.4-D 
1.4-Dichlorobenzene 
1.2-Dichloroethane 
1.1-Dichloroethylene 
2,CDinitrotoluene 
Endrin 
Heptachlor (and its epo 
Hexachlorobenzene 
HexachlorobutlJiene 
Hexachloroethane 
L.ead 
Lindane 
Mercury 
Methoxychlor 
Methyl ethyl ketone 
Nitrobenzene 
Pentachlorophenol 
Pyridine 
Selenium 
Silver 
Tetrachloroethylene 
Toxaphene 
Trichloroethylene 
2.4.5-Trichlorophenol 
2.4.6-Trichlorophenol 
2.4.5-TP (Silvex) 
Vinyl chloride 

7440-3 8-2 
7440-39-3 
71-43-2 
7440-43-9 
56-23-5 
57-74-9 
108-90-7 
67-66-3 
7440-47-3 
95-48-7 
108-39-4 
106-44-5 
200.0 "' 
94-75-7 
106-46-7 
107-06-2 
75-35-4 
121-14-2- 
72-20-8 

xide) 76-44-8 
1 18-74- 1 
87-684 
67-72- 1 
7439-92- 1 
58-89-9 
7439-97-6 
72-43-5 
78-93-3 
98-95-3 
87-86-5 
1 10-86-1 
7782-49-2 
7440-22-4 
127-18-4 
800 1-35-2 
79-01-6 
95-95-4 
88-06-2 
93-72-1 
75-01-4 

(I' If o-, m- and p-Cnsol concentrations cannot be differentiated, the total cresol (D026) concentration is used. The 
regulatory level of .total cresol is 200 mg/l. 

" Quaatitation limit is greater than the calculated regulatory level. The quantitation limit therefore becomes the 
regulatory level. 



S u b ~ a r t  &Lists of Hazardous Wastes 

s§ 261.30 General. 
(a) A solid waste is a hazardous waste if it is listed in this subpart, unless it has been 
excluded from this list under 99 260.20 and 260.22. 
(b) The Administrator will indicate his basis for listing the classes or types of wastes listed 
in this subpart by employing one or more of the following Hazard Codes: 

Ignitable Waste (r) 
Corrosive Waste (c )  
Reactive Waste (R) 
Toxicity Characteristic Waste (€1 
Acute Hazardous Waste (HI 
Toxic Waste (T) 

Appendix VII identifies the constituent which caused the Administrator to list the waste as a Toxicity 
Characteristic Waste (E) or Toxic Waste (T) in 99 261.31 and 261.32. 

(c) Each hazardous waste listed in this subpart is assigned an EPA Hazardous Waste Number 
which precedes the name of the waste. This number must be used in complying with the 
notification requirements of Section 3010 of the Act and certain recordkeeping and reporting 
requivments under parts 262 through 265, 268, and part 270 of this chapter. 
(d) The following hazardous wastes listed in 6 261.31 or 9 261.32 are subject to the 
exclusion limits for acutely hazardous wastes established in 9 261.5: EPA Hazardous Wastes 
Nos. F020, F021, F022, F023, F026, and F027. 

I 
sQ 261.31 Hazardous wastes from non-specific sources. 

(a) The following solid wastes are listed hazardous wastes from non-specific sources unless 
they are excluded under 99 260.20 and 260.22 and listed in Appendix IX. 

(Table nor reproduced in rhis Appendix) 

sQ 261.32 Hazardous wastes from specific sources. 

The following solid wastes are listed hazardous wastes from specific sources unless they are excluded 
under 99 260.20 and 260.22 and listed in Appendix IX. 

(Table nor reproduced in this Appendir) 

sQ 261.33 Discarded commercial chemical products, off-specification species, container residues, 
and spill residues thereof. 

The following materials or items are hazardous wastes if and when they are discarded or intended 
to be discarded as described in 9 261.2(a)(2)(i), when they are mixed with waste oil or used oil or 
other material and applied to the land for dust suppression or road treatment, when they are 
otherwise applied to the land in lieu of their original intended use or when they are contained in 
products that are applied to the land in lieu of their original intended use, or when, in lieu of their 

I 



original intended use, they are produced for use as (or as a component of) a fuel, distributed for use 
as a fuel, or burned as a fuel. 

(a) Any commercial chemical product, or manufacturing chemical intermediate having the 
generic name listed in paragraph (e) or ( f )  of this section. 
@) Any off-specification commercial chemical product or manufacturing chemical 
intermediate which, if it met specifications, would have the generic name listed in paragraph 
(e) or ( f )  of this section. 
(c) Any residue remaining in a container or in an inner liner removed from a container that 
has held any commercial chemical product or manufacturing chemical intermediate having 
the generic name listed in paragraphs (e) or ( f )  of this section, unless the container is empty 
as defined in 4 261.7@) of this chapter. 

Comment: Unless the residue is being beneJicially used or reused, or legitimately recycled or 
reclaimed; or being accumulated, stored, transported or treated prior to such use, re-use, recycling 
or reclamation, EPA considers the residue to be intended for discard, and thus, a hazardous waste. 
An example of a legitimate re-use of the residue would be where the residue remains in the container 
and the container is used to hold the same commercial chemical product or manufacturing chemical 
intennediate it previously held. An example of the discard of the residue would be where the drum 
is sent to a drum reconditioner who reconditions the drum but discarb the residue. 

(d) Any residue or contaminated soil, water or other debris resulting from the cleanup of a 
spill into or on any land or water of any commercial chemical product or manufacturing 
chemical intermediate having the generic name listed in paragraph (e) or ( f )  of this section, 
or any residue or contaminated soil, water or other debris resulting from the cleanup of a 
spill, into or on any land or water, of any off-specification chemical product and 
manufacturing chemical intermediate which, if it met specifications, would have the generic 
name listed in paragraph (e) or ( f )  of this section. 

Comment: The phrase 'comn_2ercial chemical product or manufacturing chemical intennediate.. . ' 
rejers to a chemical substance which is manufactured or formulated for commercial or manufacturing 
use which consists of the commercially pure grade of the chemical, any technical grades of the 
chemical that are produced or marketed, and all formulations in which the chemical is the sole active 
ingredient. It does not rejer to a material, such as a manufacturing process waste, that contains any 
of the substances listed in paragraph (e) or fl .  Where a manufacturing process waste is deemed to 
be a hazardous waste because it contains a substance listed in paragraph (e) or f l ,  such waste will 
be listed in either 5 261.31 or 5 261.32 or will be identiJied as a hazardous waste by the 
characterirtics set forth in subpart C of this part.] 

(e) The commercial chemical products, manufacturing chemical intermediates or 
off-specification commercial chemical products or manufacturing chemical intermediates 
referred to in paragraphs (a) through (d) of this section, are identified as acute hazardous 
wastes (H) and are subject to be the small quantity exclusion defined in 5 261.5(e). 

These wastes and their cmesponding EPA Hazardous Waste Numbers are: 

r d l e  not reproduced in this Appendix) 



(f) The commercial chemical products, manufacturing chemical intermediates, or 
off-specification commercial chemical products referred to in paragraphs (a) through (d) of 
this section, are identified as toxic wastes (T), unless otherwise designated and are subject 
to the small quantity generator exclusion defined in 5 261.5 (a) and (g). 

These wastes and their corresponding EPA Hazardous Waste Numbers are: 

(Table not reproduced in this Appendix) 

AD-pendix I-Re~resentative Sampling Methods 

The methods and equipment used for sampling waste materials will vary with the form and 
consistency of the waste materials to be sampled. Samples collected using the sampling protocols 
listed below, for sampling waste with properties similar to the indicated materials, will be considered 
by the Agency to be representative of the waste. 

Extremely viscous liquid-ASTM Standard D140-70 Crushed or powdered material-ASTM 
Standard D346-75 Soil or rock-like material-ASTM Standard D420-69 Soil-like 
material-ASTM Standard D1452-65 

Fly Ash-like mater~al-ASTM Standard D2234-76 [ASTM Standards are available from ASTM, 
1916 Race St., Philadelphia, PA 191031 

Containerized liquid wastes-"COLIWASA" described in "Test Methods for the Evaluation of 
Solid Waste, PhysicallChemical Methods,"' U.S. Environmental Protection Agency, Office of Solid 1: 

Waste, Washington, D.C. 20460. [Copies may be obtained from Solid Waste Information, U.S. 
Environmental Protection Agency, 26 W. St. Clair St., Cincinnati, Ohio 452681 

Liquid waste in pits, ponds, lagoons, and similar reservoirs.-"Pond Sampler" described in "Test 
Methods for the Evaluation of Solid Waste, PhysicalIChemical Methods." l a  

This manual also contains additional information on application of these protocols. 

Aowndix 11-Method 131 1 Toxicitv Characteristic Leachine Procedure (TCLP) 

8261x11 
1.0 Scope and Application 

1.1 The TCLP is designed to determine the mobility of both organic and inorganic analytes present 
in liquid, solid, and multiphasic wastes. 

1.2 If a total analysis of the waste demonstrates that individual analytes are not present in the 
waste, or that they are present but at such low concentrations that the appropriate regulatory levels 
could not possibly be exceeded, the TCLP need not be run. 

1.3 If an analysis of any one of the liquid fractions of the TCLP extract indicates that a regulated 
compound is ,resent at such high concentrations that, even after accounting for dilution from the 

These methods are also described in "Samplers and Sampling Procedures for Hazardous Waste 
Streams," EPA 60012-80-0 18, January 1980. 



other fractions of the extract, the concentration would be equal to or above the regulatory level for 
that compound, then the waste is hazardous and it is not necessary to analyze the remaining fractions 
of the extract. 

1.4 If an analysis of extract obtained using a bottle extractor shows that the concentration of any 
regulated volatile analyte equals or exceeds the regulatory level for that compound, then the waste 
is hazardous and extraction using the ZHE is not necessary. However, extract from a bottle extractor 
cannot be used to demonstrate that the concentration of volatile compounds is below the regulatory 
Ievel. 

A~oendix 111-Chemical Analvsis Test Methods 

9262x111 
Tables 1, 2, and 3 specify the appropriate analytical procedures, described in "Test Methods for 

Evaluating Solid Waste, Physical/Chemical Methods," (incorporated by reference, see 260.11) 
which shall be used to determine whether a sample contains a given Appendix VII or VIII toxic 
constituent. 

Table 1 identifies each Appendix VII or VIII organic constituent along with the approved 
measurement method. Table 2 identifies the corresponding methods for inorganic species. Table 3 
summarizes the contents of SW-846 and supplies specific section and method numbers for sampling 
and analysis methods. 

Prior to final sampling and analysis method selection the analyst should consult the specific section 
or method described in SW-846 for additional guidance on which of the approved methods should 
be employed for a specific sample analysis situation. 

(Tables not reproduced in this Appendh) 
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ATTACHMENT D-3: EXCERPT FROM TITLE 22 CCR, DIVISION 45, CHAPTER 11 

§ 66261.24. Characteristic of Toxicity. 

(a) A waste exhibits the characteristic of toxicity if representative samples of 
the waste have any of the following properties: 

(1) when using the Toxicity Characteristic Leaching Procedure (TCLP) in 
Appendix I of chapter 18 of this division or equivalent methods approved by the 
Department under the procedures set forth in section 66260.21, the extracts 
from representative samples of the waste contain any of the contaminants 
listed in Table I of this section at a concentration equal to  or greater than the 
respective value given in that table unless the waste is excluded from 
classification as a solid waste or hazardous waste or is exempted from 
regulation pursuant t o  4 0  CFR section 261.4. Where the waste contains less 
than 0.5 percent filterable solids, the waste itself, after filtering, is considered 
t o  be the extract for the purposes of this section; 

(A) a waste that exhibits the characteristic of toxicity pursuant t o  subsection 
(a ) ( l )  of this section has the EPA Hazardous Waste Number specified in Table I 
of this section which corresponds t o  the toxic contaminant causing it t o  be 
hazardous; 

(B) Table I - Maximum Concentration of Contaminants for the Toxicity 
Characteristic: 

(Table is the same as Table 7 in Appendix 6) 

(2) it contains a substance listed in subsections (a)(2)(A) or(a)(2)(b) of this section 
at a concentration in milligrams per liter of waste extract, as determined using the 
Waste Extraction Test(WET) described in Appendix II of this chapter, which equals 
or exceeds its listed soluble threshold limit concentration or at a concentration in 
milligrams per kilogram in the waste which equals or exceeds its listed total 
threshold limit concentration; 



(A) Table I I  - List of Inorganic Persistent and Bioaccumulative Toxic Substances 
and Their Soluble Threshold Limit Concentration: 

(STLC) and Total Threshold Limit Concentration (TTLC) Values. 
- 

STLC TTLC 
Wet-Weight 

Substance '6' "I mgA mg/kg 

. Antimony and/or antimony compounds 15 
Arsenic and/or arsenic compounds 5.0 
Asbestos 
Barium and/or barium compounds (excluding barite) 100 
Beryllium and/or beryllium compounds 0.75 
Cadmium and/or cadmium compounds 1 .O 
Chromium (VI) compounds 5 
Chromium and/or chromium (Ill) compounds 5 '81 

Cobalt and/or cobalt compounds 80 
Copper and/or copper compounds 2 5 
Fluoride salts 1 80 
Lead and/or lead compounds 5.0 
Mercury and/or mercury compounds 0.2 
Molybdenum and/or molybdenum com~,~nds 350 
Nickel and/or nickel compounds 20 
Selenium and/or selenium compounds 1 .O 
Silver and/or silver compounds 5 
Thallium and/or thallium compounds 7.0 
Vanadium and/or vanadium compounds 24 
Zinc and/or zinc compounds 250 

500 
500 
1.0 (as percent) 
1 0,000 (8' 

7 5 
100 
500 
2,500 
8,000 
2,500 
18,000 
1,000 
20 
3,500 
2,000 
1 00 
500 
700 
2,400 
5,000 

"I STLC and lTLC values are calculated on the concentrations of the elements, not the compounds. 

If the soluble chromium, as determined by the TCLP set fonh in Appendix I of chapter 18 of this 
division, is less than 5 mg/l, and the soluble chromium, as determined by the procedures set fonh in 
Appendix II of chapter 1 1, equals or exceeds 560 mgA and the waste is not otherwise identified as a 
RCRA hazardous waste pursuant to section 66261..100, then the waste is a non-RCRA hazardous 
waste. 

''I In the case of asbestos and elemental metals, the specified concentration limits apply only if the 
substances are in a friable, powdered or finely divided state. Asbestos includes chrysotile, amosite, 
crocidolite, tremolite, anthophyllite, and actinolite. 

" Excluding barium sulfate. 



(B) Table Ill - List of Organic Persistent and Bioaccumulative Toxic Substances and 
Their Soluble Threshold Limit Concentrations (STLC) and Total Threshold Limit 
Concentration (TTLC) Values: 

Substance 

STLC lT LC 
Wet Weight 

mgn mg~kg 

Aldrin 
Chlordane 
DDT, DDE, DDD 
2,4-Dichlorophenoxvacetic acid 
Dieldrin 
Dioxin (2.3.7.8-TCDD) 
Endrin 
Heptachlor 
Kepone 
Lead compounds, organic 
Lindane 
Methoxychlor 
Mirex 
Pentachlorophenol 
Polychlorinated biphenyls (PCBs) 
Toxaphene 
Trichloroethylene 
2.4.5-Trichlorophenoxypropionic acid 

(3) it has an acute oral LD, less than 5,000 milligrams per kilogram; 
(4) it has an acute dermal LD, less than 4,300 milligrams per kilogram; 
(5) it has an acute inhalation LC, less than 10,000 parts per million as a 'gas or 
vapor; 
(6) it has an acute aquatic 96-hour LC, less than 500 milligrams per liter when 
measured in soft water (total hardness 40 to 48 milligrams per liter of calcium 
carbonate) with fathead minnows (Pimephales promelas), rainbow trout (Salmo 
gairdneri) or golden shiners (Notemigonus crysoleucas) according to procedures 
described in Part 800 of the "Standard Methods for the Examination of Water and 
Wastewater (1 6th Edition)," American Public Health Association, 1985 and "Static 
Acute Bioassay Procedures for Hazardous Waste Samples," California Department 
of Fish and Game, Water Pollution Control Laboratory, revised November 1988 
(incorporated by reference, see section 66260.1 11, or by other test methods or 
test fish approved by the Department, using test samples prepared or meeting the 
conditions for testing as prescribed in subdivisions Wand (d) of Appendix II of this 
chapter, and solubilized, suspended, dispersed or emulsified by the cited 
procedures or by other methods approved by the Department; 
(7 )  it contains any of the following substances at a single or combined 

. concentration equal to or exceeding 0.001 percent by weight: 



(A) 2-Acetylaminofluorene (2-AAF); 
(B) Acrylonitrile; 
(C) 4-Aminodiphenyl; 
(Dl Benzidine and its salts; 
(El bis (Chloromethyl) ether (BCME); 
(F) Methyl chloromethyl ether; 
(G) 1,2-Dibromo-3-chloropropane (DBCP); 
(HI 3,3'-Dichlorobenzidine and its salts (DCB); 
(I) 4-Dimethylaminoazobenzene (DAB); 
(J) Ethyleneimine (EL); 
(K) alpha-Naphthylamine (1 -NA); 
(L) beta-Naphthylamine (2-NA); 
(M) 4-Nitrobiphenyl (4-NBP); 
(N) N-Nitrosodimethylamine (DMN); 
(0) beta-Propiolactone (BPL); 
(P) Vinyl chloride (VCM); 

(8) it has been shown through experience or testing to pose a hazard to  human 
health or environment because of its carcinogenicity, acute toxicity, chronic 
toxicity, bioaccumulative properties or per:istence in the environment. 

(b) A waste containing one or more materials which exhibit the characteristic of 
toxicity becduse the materials have the property specified in subsection (a)(5) of 
this section may be classified as nonhazardous pursuant to section 66260.200 if 

'\ 

the waste does not exhibit any other characteristic of this article and is not listed 
in article 4 of this chapter and its head space vapor contains no such toxic 
materials in concentrations exceeding their respective acute inhalation LC, or their 
LC,,. The head space vapor of a waste shall be prepared, and two  milliliters of it 
shall be sampled using a five milliliter gas-tight syringe, according to  Method 5020 
in "Test Methods for Evaluating Solid Waste, Physical/Chemical Methods," 
SW-846, 2nd edition, U.S. Environmental Protection Agency, 1982 (incorporated 
by reference, see section 66260.1 1 I .  The quantity in milligrams of each material, 
which exhibits the characteristic of toxicity because it has the property specified 
in subsection (aI(5)of this section, in the sampling syringe shall be determined by 
comparison to liquid standard solutions according to  the appropriate gas 
chromatographic procedures in Method 801 0, 801 5, 8020, 8030 or 8240 in "Test 
Methods for Evaluating Solid Waste, Physical/Chemical Methods," SW-846, 3rd 
edition, U.S. Environmental Protection Agency,1986 (incorporated by reference, 
see section 66260.1 1). The concentration of each material in the head space 
vapor shall be calculated using the following equation: 

(2 A 29.8ml 1 
cA = - x x 

MW mmole 2 x 1 O-=M3 



where C (in parts per million) is the concentration of material A in head space 
vapor, Q (in milligrams) is the quantity of material A in sampling syringe and M W  
(in milligrams per millimole) is the molecular weight of material A. Where an acute 
inhalation LC,, is not available, an LC,, measured for another time (t) may be 
converted to  an eight-hour value with the following equation: 

Eight-hour LC,, = (t18) x (t-hour LC,). 

(c) A waste containing one or more materials which exhibit the characteristic of 
toxicity because the materials have either of the properties specified in subsection 
(a)(3) or (a)(4) of this section may be classified as nonhazardous pursuant to  
section 66260.200 if the waste does not exhibit any other characteristic of this 
article and is not listed in article 4 of this chapter and the calculated oral LD,, of 
the waste mixture is greater than 5,000 milligrams per kilogram and the calculated 
dermal LD,, is greater than 4,300 milligrams per kilogram by the following 
equation: 

100 
Calculated oral or dermal LD, = 

n %Ax 
E - 

T x = l  Ax 

where %Ax is the weight percent of each component in the waste mixture and T ~ x  

is the acute oral or dermal LD,, or the acute oral LDLo of each component. 
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ATTACHMENT D-4: MASTER LIST OF HAZARDOUS SUBSTANCES 

The "Master List of Hazardous Substances" is produced by the Department of Toxic 
Substances Control as required by Section 25281 of Chapter 6.7, Division 20, of the 
California Health and Safety Code. The referenced law states: 

52528 1 . For purposes of this chapter, the following definitions apply: 

(b) "Board" means the State Water Resources Control Board. "Regional 
board" means a California regional water quality control board. 

(c) "Department" means the State Department of Health 
Services. 

525282. (a) The department shall compile a comprehensive master list of 
hazardous substances. The master list shall be made available to the 
public and mailed to each local agency no later than June 30,' 1984, 
notwithstanding any other provision of law, including Chapter 3.5 
(commencing with Section 1 1340) of Part 1 of Division 3 of Title 2 of 
the Government Code. Local agencies and owners or operators of 
underground storage tanks shall use the master list or, when adopted, 
the revised list adopted pursuant to subdivision (b), to determine 
which underground storage tanks require permits pursuant to this 
chapter. Hazardous substances included on the list may be 
denominated by scientific, common, trade, or brand names. 

(b) 'The department may revise, when appropriate, the master list of all 
the hazardous substances specified in subdivision (a). The revised list 
of hazardous substances shall be prepared and adopted, and may be 
further revised, in accordance with Chapter 3.5 (commencing with 
Section 1 1340) of Part 1 of Division 3 of Title 2 of the Government 
Code. 



ATTACHMENT D-5: DETERMINATION OF REPORTABLE QUANTITIES 
(Excerpt from 40 CFR Part 1 17) 

j$ 1 17.3 Determination of Reportable Quantities. 

Each substance in Table 117.3 that is listed in Table 302.4, 40 CFR pan 302, is assigned the 
reportable quantity listed in Table 302.4 for that substance. 

Table 117.3-Reportable Quantities of Hazardous Substances Designated Pursuant to Section 3 1 1 of 
the Clean Water A a  

Note: The first number under the column headed "RQw is the reportable quantity in pounds. The 
number in parentheses is the metric equivalent in kilograms. For convenience, the table contains a 
column headed "Category" which lists the code letters "X", "A", "B", "C", and "Dw associated with 
reportable quantities of 1, 10, 100, 1000, and 5000 pounds, respectively. 

RQ in pounds 
Material Categorv: /kilograms) 

Aldrin 
Ammonia 
Benzene 
Captan 

Carbo ran 
Chlordane 
Chlorp yrifos 
Cupric sulfate 
2,4-D Acid 
2,4-D Esters 
DDT 
Diazinon 
Dicamba a 

Dichlobenil 
Dichlone 
Dichloropropane 
Dichloropropene 
Dichloropropene-Dichloropropane (mixture) 
Dichlorvos 
Dicofol 
Dieldrin 
Diquat 
Disulfoton 
Diuron 
Endosul fan 
Endrin 
E th ion 
Eth lene dibromide 
GU X ion 
Heptachlor 
Lindane 
Malathion 
Methoxychlor 
Methyl arath ion 
Mevinp l! os 

1 (0.454) 
loo (45.4) 
10 (4.54) 
10 (4.54) 
loo (45.4) 
10 (4.54) 
1 (0.454) 
1 (0.454) 
lo (4.54) 
loo 45.4) 
loo d . 4 )  
1 (0.454) 
1 (0.454) 
1 ,000 (454) 
loo (45.4) 
1 (0.454) 
1,ooO (454) 
loo (45.4) 
loo (45.4) 
10 (4.54) 
10 (4.54) 
1 (0.454) 
1 ,000 (454) 
1 (0.454) 
loo (45.4) 
1 (0.454) 
1 (0.454) 
10 (4.54) 
1 (0.454) 
1 (0.454) 
1 (0.454) 
1 (0.454) 
loo (45.4) 
1 (0.454) 
loo (45.4) 
10 (4.54) 



Mexacarbate 
Naled 
Parathion 
Pentachlorophenol 
Sodium arsenate 
Sodium arsenite 
2,4,5-T acid 
2,4,5-T amines 
2,4,5-T esters 
2.4,s-T salts 
2,4,5-TP acid 
2,4,5-TP acid esters 
Toxaphene 
Zinc sulfate 

Subpart B-Applicability 

8 1 17. 1 1  General Anolicahilitv, 

This regulation sets forth a determination of the reportable quantity for each substance designated as 
hazardous in 40 CFR part 116. The regulation applies to quantities of designated substances equal to 
or greater than the reportable quantities, when discharged into or upon the navigable waters of the 
United States, adjoining shorelines, into or upon the contiguous zone, or beyond the contiguous zone 
as provided in section 31 1(b)(3) of the Act, except to the extent that the owner or operator can show 
such that discharges are made: 

(a) In compliance with a permit issued under the Marine Protection, Research and Sanctuaries 
Act of 1972 (33 U.S.C. 1401 et seq.); 

(b) In compliance with approved water treatment plant operations as specified by local or 
State regulations pertaining to safe drinking water; 

(c) Pursuant to the label directions for application of a pesticide product registered under 
section 3 or section 24 of the Federal Insecticide, Fungicide, and Rodenticide Act (FIFRA), as 
amended (7 U.S.C. 136 et seq.), or pursuant to the terms and conditions of an experimental use 
permit issued under section 5 of FIFRA, or pursuant to an exemption granted under section 18 of 
FIFRA; 

(d) In compliance with the regulations issued under section 3004 or with permit conditions 
issued pursuant to section 3005 of the Resource Conservation and Recovery Act (90 Stat. 2795; 42 
U.S.C. 6901); 

(e) In compliance with instructions of the On-Scene Coordinator pursuant to 40 CFR part 
1510 (the National Oil and Hazardous Substances Pollution Plan) or 33 CFR 153.10(e) (Pollution by 
Oil and Hazardous Substance.) or in accordance with applicable removal regulations as required by 
section 3 1 1 (j)(l )(A); 

(f) In compliance with a permit issued under Q 165.7 of Title 14 of the State of California 
Administrative Code; 

(g) From a properly functioning inert gas system when used to provide inert gas to the cargo 
tanks of a vessel; 

(h) From a permitted source and are excluded by Q 117.12 of this regulation; 
(i) To a P O W  and are specifically excluded or reserved in 8 117.13; or 
(j) In compliance with a permit issued under section 404(a) of the Clean Water Ac: or when 

the discharges are exempt from such requirements by section 404(f) or 404(r) of the Act (33 U.S.C. 
1344(a), (9, (r)). 



4 117.13 Annlicahilitv to Discharges From Puhliclv Owned Treatment Works and Their Users. 

(a) [Reserved] 
(b) These regulations apply to all discharges of reportable quantities to a P O W ,  where the 

discharge originates from a mobile source, except where such source has contracted with, or 
otherwise received written permission from the owners or operators of the P O W  to discharge that 
quantity, and the mobile source can show that prior to accepting the substance from an industrial 
discharger, the substance had been treated to comply with any eftluent limitation under sections 301, 
302 or 306 or pretreatment standard under section 307 applicable to that facility. 




