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DISCLAIMER 

This document has been prepared for the United States Air Force by URSG-Laidlaw, A Joint Venture 
(JV), to aid in the development of innovative technology under the Air Force Installation Restoration 
Program. Acceptance of this document in performance of the contract under which it is prepared does not 
mean the Air Force adopts the conclusions, recommendations, or other views expressed herein, which are 
those of the contractor only and do not necessarily reflect the official position of the United States Air 
Force. 

Background information, design bases, and other data have been furnished to the JV by McClellan Air 
Force Base or third parties, which the JV has used in preparing this document. The JV has relied on this 
information as furnished, and is not responsible for and has not confirmed its accuracy. 

This document has been prepared based on assumptions made by the JV, which may substantially affect the 
conclusions and recommendations of this report. These assumptions, although thought to be reasonable and 
appropriate, may not prove true in the future. The JV's conclusions and recommendations are conditioned 
upon these assumptions. 
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1.0   INTRODUCTION AND BACKGROUND 

2 This section of this Work Implementation Plan (WIP) introduces the soil washing and solidification/ 
3 stabilization study for ex situ soil treatment from sites that contain contaminants that are either semivolatile 
4 organic compounds (SVOCs) or metals. These are referred to as non-volatile organic compound (non- 
5 VOC) sites. This study is being conducted by URSG-Laidlaw, a Joint Venture (TV), with treatment 
6 subcontractors Surbec-ART (formerly ARCADIS Geraghty & Miller) and Brice Environmental Services 
7 Corporation (BESCORP), for McClellan Air Force Base (AFB). This section describes the technology need 
8 that was identified by McClellan AFB, a National Environmental Technology Test Site (NETTS), and 
9 discusses how the soil washing and solidification/ stabilization study is being conducted. 

10 1.1        PROGRAM OVERVIEW 

11 McClellan AFB has implemented an aggressive program to find more cost-effective environmental 
12 cleanup technologies. To this end, the Technology Integration Group is responsible for identifying and 
13 evaluating emerging or innovative remediation technologies. As part of the McClellan AFB remediation 
14 program, the Air Force Base Conversion Agency (AFBCA) funds evaluations of additional environmental 
15 treatment technology alternatives {e.g., soil washing and solidification/ stabilization), other than those 
16 currently in use at McClellan AFB, which have the potential to reduce costs. 

17 The Innovative Technology Program conducts demonstrations in support of the McClellan AFB Installation 
18 Restoration Program (IRP). The technologies evaluated by McClellan AFB at the NETTS location are 
19 chosen because they have the potential to reduce the life-cycle cost for the base cleanup. 

20 McClellan AFB is one of four NETTS with established infrastructures and well-characterized 
21 contamination. McClellan AFB was designated as a NETTS in 1993. The goal of the NETTS program is 
22 to establish federal test locations at federal sites where governmental and private organizations can be 
23 invited to rigorously test and evaluate new environmental control and remediation technologies. The test 
24 program at each location is designed to obtain realistic environmental and economic information that may 
25 be applied nationwide to support the adoption and use of the more successful technologies. The NETTS 
26 program's ultimate goal is to accelerate to market the availability of these new technologies. 

27 1.2        TECHNOLOGY NEED 

28 McClellan AFB has identified the need to evaluate cost-effective alternative technologies for SVOCs and 
29 metals soil contamination remediation. Traditional approach to contaminated soils remediation is 
30 excavation and off-site disposal or containment, these expensive and liability-retaining alternatives. A 
31 technology to cost-effectively treat soil non-VOC contaminants on-base is needed. 

32 Soil treatment technologies such as those to be performed in this soil washing and solidification/ 
33 stabilization study including soil classification, soil washing, asphalt emulsion batching, waste 
34 solidification/ stabilization, and fixation have been successfully implemented at numerous sites. Sites 
35 such as the Springfield Township Comprehensive Environmental Response, Compensation, and Liability 
36 Act (CERCLA) site, Aberdeen Proving Ground, Castle AFB, and Lackland AFB have successfully 
37 applied these technologies to similar conditions. 
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1 1.3       AMENDMENTS AND MODIFICATIONS 

2 This section discusses how changes to the WIP will be addressed. When JV or McClellan AFB personnel 
3 observe changed conditions, they will notify the other party, discuss resolution of the issue, document the 
4 event and conditions, and resolve the issue. If the other party is not available, the event and condition will 
5 be documented, resolved, and discussed with the other party as soon as possible. Changes will be 
6 documented in a memorandum to McClellan AFB staff. For example, if a site initially selected for 
7 remediation is found to be inappropriate (e.g., contaminants of concern are not present in the excavated 
8 area or unexpected conditions are encountered at the site), JV and McClellan AFB personnel would 
9 declare that site inappropriate. The JV then would shift the operations to the second priority site in that 

10 class. Should that site also be unacceptable, however, the Excavation Plan (Appendix E of this WIP), 
11 would be revised to address additional selected remediation site(s). It is recognized that reprioritizing a 
12 site may be required based on field-obtained information. Any such circumstances would be documented 
13 and presented as a deviation to the WIP in the Technology Application Analysis Report (TAAR). 

14 1.4       PURPOSE AND OBJECTIVES 

15 The study's purpose is to prepare the necessary documentation, evaluations, memoranda, and plans, 
16 following the National Oil and Hazardous Substances Pollution Contingency Plan (NCP), 40 Code of 
17 Federal Regulations (CFR) 300, to conduct a treatability study assessing the viability (e.g., cost and 
18 performance) of two innovative remediation technologies to clean non-VOC contaminated soils at 
19 McClellan AFB. The objectives of this soil washing and solidification/ stabilization study are to: 

20 •    Assess whether soil washing, in conjunction with solidification/ stabilization can substantially 
21 reduce the life-cycle costs to clean up certain non-VOC soil contamination sites at McClellan 
22 AFB. The study will also assess whether the projected time to clean up these sites can be 
23 substantially reduced. 

24 •    Conduct a treatability study of the technologies using soil from a minimum of three sites 
25 considered to be typical of soil contamination sites at McClellan AFB. 

26 •    Generate a scientifically defensible data set to assess the performance and cost of the 
27 technologies. 

28 •    Quantify the cost and performance of the technology, to include conceptual criteria that can 
29 be used to evaluate its applicability to other McClellan AFB sites. 
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2.0       SITE DESCRIPTION 

2 This section provides a general description of the test site location, McClellanAFB. It includes the site 
3 location and a brief description of the history of the Air Force Base, as well as geologic and hydrogeologic 
4 summaries. The contamination at McClellan AFB is also described and potential cleanup goals are 
5 discussed. 

6 2.1        SITE LOCATION AND HISTORY 

7 McClellan AFB is located approximately seven miles northeast of downtown Sacramento, California (see 
8 Figure 2-1). The installation comprises nearly 3,000 acres and is bounded by the city of Sacramento to 
9 the west and southwest, the community of Antelope to the north, the unincorporated areas of Rio Linda to 

10 the northwest, and the community of North Highlands to the east. 

11 McClellan AFB was established in 1936 as the Sacramento Air Depot. As part of its historical and recent 
12 mission, McClellan AFB has provided logistics support for aircraft, weapons systems, communications 
13 equipment, and commodity items as well as maintenance, supply, and contracting services. As part of 
14 1995 Base Realignment and Closure (BRAC) activities, the decision was made to close McClellan AFB 
15 in 2001. Because of current and past missions, McClellan AFB has engaged in a variety of operations 
16 involving the use, storage, and disposal of hazardous materials including industrial solvents, caustic 
17 cleaners, electroplating chemicals, heavy metals, polychlorinated biphenyls (PCBs), low-level radioactive 
18 materials, and a variety of fuel oils and petroleum hydrocarbons. 

19 McClellan AFB began addressing areas of groundwater contamination in 1979. As part of that program 
20 they delineated four areas (i.e., A, B, C and D) for remediation. In 1981, the Department of Defense 
21 (DoD) established its IRP, and McClellan AFB revised its comprehensive program. In 1987, McClellan 
22 AFB again revised its program when the site was added to the National Priority List (NPL), also known 
23 as the Superfund List. The Air Force, the United States Environmental Protection Agency (USEPA) and 
24 the California Department of Health Services (DHS) signed an Interagency Agreement (IAG) in 1989 for 
25 the cleanup of McClellan AFB. Operable units (OUs) encompassing known or potential sites (i.e., Al, 
26 A2, A3, Bl, B2, Cl, C2, D, E, F, G, and H) were identified in the IAG. In 1989, these areas were 
27 reorganized into OUs A through H, B1, Cl and GW (groundwater) that covered the entire base. The IAG 
28 was implemented in 1990. The LAG had been signed pursuant to CERCLA, Resource Conservation and 
29 Recovery Act (RCRA), National Environmental Policy Act, Defense Environmental Restoration 
30 Program, Executive Order 12580 and the California Health and Safety Code. The duties and 
31 responsibilities of the DHS were transferred to the California Environmental Protection Agency 
32 (Cal/EPA) Department of Toxic Substances Control (DTSC) in a subsequent reorganization. In March 
33 2000, responsibility for Environmental Restoration functions at McClellan AFB were transferred to 
34 AFBCA. 

35 2.2       GEOLOGY 

36 McClellan AFB is centrally located within the Great Valley, a wedge-shaped accumulation of sediments, 
37. bounded on the west by the Coast Range and on the east by the Sierra Nevada. The Great Valley is 
38 approximately 400 miles long, from Redding in the north to Bakersfield in the south. The Sacramento 
39 River drains the northern portion of the valley, and the San Joaquin River drains the southern portion. 
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1 From the ground surface to a depth of 450 feet below ground surface (bgs), the subsurface of McClellan 
2 AFB consists of alluvial and fluvial sediments eroded from the Sierra Nevada and deposited over the last 
3 five million years. The range of soil types at the base is diverse, and includes coarse sands, fine sands, 
4 sandy silts, silty sands, and silts. At the depths of concern for this study (i.e., 0 to 25 feet bgs), soils 
5 include poorly sorted silty or clayey sands and sandy or clayey silts. Soils vary from location to location; 
6 however, predominant surficial soils (i.e., 0 to 5 bgs) contain fill, sand, silt, silty sand, and clay. Fluvial 
7 deposits have been found throughout OU A. Additional background geologic information is presented in 
8 the Preliminary Groundwater Operating Unit Remedial Investigation (Radian 1992) and in the various 
9 Remedial Investigation (RI) Characterization Summary Reports. 

10 Generally, there is a limited amount of naturally-occurring oversize soils; however, in defined waste 
11 areas, particularly in former landfill sites, there is some oversize debris. Soil parameters for the selected 
12 sites will be determined initially through preoperational characterization and on an ongoing basis as part 
13 of the process control monitoring as discussed in Section 7.0. 
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CO 
CO m u o 
« 
PU 

I 

McCLELLAN 
AIR FORCE 

BASE 

SCALE  IN   MILES 
0 1 2 

URS Greiner, Inc. - Laidlaw 

FIGURE  2-1 

SITE  LOCATION   MAP 
Soil  Washing  and  Solidification/ 

Stabilization  Work  Implementation  Plan 
McCLELLAN AFB,  Sacramento,  CA 



Soil Washing and Solidification/Stabilization Work Implementation Plan -Draft Final Section No. 2.0 
McClellan AFB 06/28/00 
Revision 0 Page 2 - 4 

1 23        HYDROGEOLOGY 

2 Groundwater in the uppermost aquifer beneath McClellan AFB is encountered approximately 100 to 115 
3 feet bgs. Groundwater flows generally to the south-southwest through the uppermost aquifer. Since this 
4 soil washing and solidification/ stabilization study is intended to provide only information on the 
5 applicability of soil remediation typically at depths less than 35 feet bgs, no further consideration of on- 
6 base hydrogeology is appropriate. 

7 2.4        CONTAMINANT DISTRIBUTION 

8 As previously mentioned, McClellan AFB has been subdivided, for environmental management purposes, 
9 into OUs. Each OU corresponds to a geographic area where specific industrial operations or waste 

10 management activities have taken place. Eleven OUs have been identified, designated as OU A through 
11 OU H, Bl, Cl, and GW. McClellan AFB has 319 "sites," i.e., 319 areas that are tracked for 
12 contamination and cleanup under the jurisdiction of the Air Force. The term "site" generally means an 
13 area where contaminants have been released to the environment. Seventy-eight sites are included in the 
14 Non-VOC and Landfill Sites Feasibility Study (FS). The 78 sites in the non-VOC FS are contaminated 
15 with inorganics or SVOCs including polyaromatic hydrocarbons (PAHs), PCBs, pesticides, and 
16 dioxins/furans. Site types include landfills, washracks, underground storage tank (UST) sites, firing 
17 ranges, sludge pits, pipelines, creek beds, and others. 

18 Since final cleanup goals have not yet been established in a Record of Decision (ROD) for McClellan 
19 AFB, the USEPA Region DC preliminary remediation goals (PRGs), both residential (RPRG) and 
20 industrial (IPRG) (USEPA 1998b), are used as the main cleanup goals for this study. The treated soil will 
21 also be compared to background for naturally-occurring compounds or non-detect, to designated levels 
22 that will impact groundwater quality, and to hazardous criteria. See Figure 2-3 for materials 
23 classification. The overall volume for all non-VOC sites potentially requiring treatment is approximately 
24 900,000 cubic yards, to meet RPRGs, and 800,000 cubic yards to reach IPRGs (CH2M Hill 1999a). For 
25 this study, approximately 2,400 cubic yards of non-VOC contaminated soils are to be treated. 

26 In support of this study, McClellan AFB has selected ten potential sites for testing. The candidate sites 
27 were chosen to reflect typical non-VOC sites present at McClellan AFB. The candidate sites are 
28 segregated into three major groups: landfills, SVOC spill sites, and sites having only metals 
29 contamination. Table 2-1 summarizes location, contaminants of concern, and site prioritization. Figure 
30 2-2 illustrates the site locations. Sites are divided into general categories and prioritized separately. 
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Bell Avenue gate. 
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Total Concentrations Test 

Materials Classification (c) (d) 

DIWET 
Test (a) 

No 

"Designated Clean" 
Use for fill in areas that 

will not impact surface 
water. 

Material requires solidification. If 
solidified continue down. 

Materials above can be reused at 
the site of origin. 

Solidified materials below will be 
temporarily stored in bins or other 
appropriate location. 

>IPRG or 
Groundwater Impact (b) 

Yes 

No 
"Designated Industrial" 
Use for fill in areas that 

will not impact surface 
water and use for fill in 
industrial areas only. 

"Hazardous" 
Requires Class I or 

RCRA Sub C 
containment. 

"Non Hazardous 
Solid Waste" 

Class II or III 
Disposal RCRA 
SubD. 

Footnotes 

a. Run Dl Wet on 
stabilized material to 
determine material 
classification. 

b. Concentrations for GW 
impact from Table 2-1 
NonVOCEE/CA 

c. Non PCB Material 
d. Total lead (>350 ppm), 

copper (>2500ppm), 
and nickel (>2000 ppm) 
must receive RWQCB 
approval (H&S Code 
25157.8) 

BG = Background 
ND = Non Detect 

Figure 2-3 
MATERIAL CLASSIFICATION(c)(d) 
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1 Prioritization criteria considered include: 

2 Overall Non-VOC Proeram representativeness. Ten sites have been initially selected for consideration. 
3 These sites are generally considered as typical or representative of Non-VOC Program sites. The sites 
4 include landfills, metals-contaminated waste piles, and sites with shallow SVOC contamination from 
5 aircraft maintenance operations. The ten sites are: 

6 
7 
8 
9 

10 
11 
12 
13 
14 
15 

Potential Release Location (PRL) S-6 (lead/SVOCs) 
PRL S-4 (lead) 
AOC G-3 (SVOCs) 
Waste pile (metals) 
Small Arms Firing Range (SAFR) (lead and copper) 
Confirmed site (CS) 43 (metals/SVOCs) 
CSll(metals/SVOCs) 
CS 12 (metals/SVOCs) 
CS 13 (metals/SVOCs) 
CS 69 (metals/SVOCs) 

16 Site Characteristics. These characteristics include location, ease of excavation, contaminants of concern, 
17 and past and current site use. The goal of prioritization is to select for treatment at least one landfill, one 
18 SVOC spill site, and one metals-contaminated site. Additionally, if appropriate, treatment will be 
19 performed at least one site that requires only SVOC treatment, and one that requires a combination of 
20 SVOCs and metals remediation. A site having multiple chemicals of concern has been ranked higher than 
21 one having fewer. In general, a site having difficult access is ranked lower than one having easy access. 

22 Risk/Expedited Cleanup Requirements. Two selected sites, PRL S-006 and PRL S-004, have been given 
23 higher priority because of their status as proposed engineering evaluation/cost analysis (EE/CA) sites. 
24 These areas have high reuse potential and expedited remediation is therefore desirable. These sites are 
25 discussed in more detailed in the site-specific non-VOC EE/CA (CH2M Hill 1999c). 

26 The top-ranked site from each group will be evaluated in accordance with Subsection 5.1.1 to confirm 
27 that the soils are. amenable to soil washing. In the event that the site is rejected based upon on-base 
28 observations and field testing, the next highest ranked site will be evaluated. Additional information 
29 regarding specific material selection is discussed in the Excavation Plan (Appendix E). 

30 2.4.1     Contaminants of Concern 

31 Contaminants of concern differ between sites. Three sites will initially be selected from non-VOC areas 
32 of defined OUs, as discussed above. In general, contaminants include metals such as antimony, nickel, 
33 chromium, cadmium, lead and semi-metallics such as arsenic. Sites that contain SVOCs predominantly 
34 contain benzo(a)pyrene, benzo(a)anthracene, benzo(b)fluoranthene, naphthalene, chlordane, bis(2- 
35 ethylhexyl) phthalate (DEHP), pentachlorophenol, n-nitrosodiphenylamine, 4-chloroaniline, 4- 
36 methylphenol, n-nitrosodi-n-propylamine, 1,4-dichlorobenzene, and dioxins. Site soils also contain 
37 VOCs, total petroleum hydrocarbons (TPH), and non-VOCs such as PCBs, pesticides, radionuclides, and 
38 dinitrotoluene. 

39 Table 2-2 presents the non-VOC contaminants of concern measured in site soils. Due to the uncertainty 
40 of both future land use and cleanup standards to be specified in the non-VOC RODs, contaminants having 
41 soil concentrations that exceed the PRGs are considered to be contaminants of concern for this study. 
42 Several constituents including pyrene and fluorene are present in soils, but below RPRGs. They have 
43 been included in Table 2-2 to indicate their presence. However, use of italics indicates that they are not 
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1 expected to be chemicals of concern at the listed site. Additionally, although not within the scope of this 
2 study, there may be VOCs present in some of the soils being treated (i.e., landfills). Although the 
3 efficiency of this treatment demonstration is not being determined for VOC removal, residuals and 
4 products from treatment of landfill soils will be analyzed for VOCs as necessary and compared to RPRGs 
5 to verify their disposition as designated clean. This is discussed further in Section 7.0. Landfills will also 
6 be screened for radioactive materials as noted in Section 9. 

7 2.4.2     Target Cleanup Goals 

8 Since cleanup goals have not been established for McClellan AFB soils, USEPA Region IX RPRGs will 
9 be used for target cleanup goals for this study. The RPRGs have been found to be less than 

10 concentrations that would impact groundwater quality. (See Table 2-1, Preliminary Cleanup Goals, in the 
11 PRLS-033 non-VOC EE/CA, CH2M Hill 1999c). The naturally-occurring constituent concentrations will 
12 also be compared to their background concentrations (EE/CA Table 2-1, CH2M Hill 1999c) to ensure 
13 protection of surface water. The final cleanup levels for non-VOC sites will be determined in a non-VOC 
14 ROD. The purpose of this study is to determine the cost and performance of soil washing and 
15 solidification/stabilization to treat soils received from non-VOC sites at McClellan AFB. As this study 
16 does not address the final clean up of any of these sites. These target cleanup goals will be used to 
17 evaluate the results of the treatability study to identify material that could be designated as "clean," and 
18 potentially used as backfill. To determine if treated soil could be designated as clean, the chemical 
19 analytical result for each contaminant will be compared to the RPRG. If all contaminants are below their 
20 RPRGs, the treated soil will be considered suitable for backfill in designated areas (see Figure 2-3). 

21 Treated soils that do not meet RPRGs will also be evaluated against IPRGs. Depending upon the final 
22 site cleanup goals, to be established in a ROD, soils meeting IPRGs may later be deemed "clean for use in 
23 industrial areas away from surface water bodies." 
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3.0       TECHNOLOGY DESCRIPTION 

2 3.1       PRINCIPLES OF TECHNOLOGY 

3 Soil washing combines water-based treatment units that use physical and chemical means to remove 
4 paniculate contaminants and transfer adsorbed contaminants into a small soil mass that can be stabilized 
5 while rendering a large soil mass uncontaminated. Solidification/ stabilization treatment commonly 
6 involves excavating contaminated soil and mixing it with chemical additives (i.e., reagents), and using 
7 complex chemical reactions to improve physical properties and reduce contaminant toxicity and mobility. 
8 This section describes those operations. 

9 3.1.1     General Description 

10 The diverse range of feedstock expected in this study will be managed through characterization in the 
11 field by the project team, coupled with the ability to divert feed streams to the appropriate arrangement of 
12 treatment units. This will be accomplished using four base treatment modules: 

13 »A prescreening module to remove debris and gross oversize material while preparing a 
14 "standard" plant feed; 

15 »A physical separation module to remove oversize material and separate sands from fines; 

16 »A sand treatment module to remove contaminants to be concentrated in the fines; and 

17 »A fines treatment module to allow dewatering, stabilization, or further treatment of this 
18 fraction. 

19 The system is arranged such that the appropriate modules will be used for each of the distinct soils tested. 
20 A process flow diagram for the system is depicted on Figure 3-1. The overall system has a basic 
21 throughput capacity of 20 tons per hour, with the primary system-limiting operation being the fines 
22 dewatering subsystem. All water is recycled in the system and thus results in no discharge during 
23 operations. The soil washing is a net water consumer. Exact contaminant soil concentrations are not 
24 known. As such, prior to processing, soil from selected excavation areas will be sampled and analyzed. 
25 Additionally, a mass balance for each soil tested will be prepared, and included in the TAAR at the end of 
26 the field treatability study. 

27 3.1.1.1 Soil Washing 

28 Soil washing is primarily a water-based volume-reduction technology that uses physical processes to 
29 separate fine soils from coarser soils. Contamination is often concentrated on the fine soils so that the 
30 coarse fraction may be below target contaminant levels. The contaminants are generally adsorbed onto 
31 particle surfaces and, because of the much larger surface area of the fine particle sizes, the majority of the 
32 contaminants are often associated with the fines. Soil washing also can be enhanced by the addition of 
33 chemicals that aid in the dispersion of the particles or chemical removal of contaminants from soils. The 
34 soil washing process to be undertaken in this study is a combination of water-based treatment units that 
35 are modified in their configuration based upon the physical soil characteristics, the distribution and 
36 concentration of contaminants in each key soil fraction, and the nature of the contaminants encountered. 

MSW-WUrs_sacl\Wprocess\68009\wip\DraftHnaI\Draft_final.doc 
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1 As such, soil washing is practiced in two related modes: 

2 •    One which relies primarily on physical separation of target contaminants in the coarse fractions 
3 transferring the contaminants to a smaller mass of fine particles; and 

4 •    One which relies on target contaminant solubilization into washwater, which can be further 
5 treated and then reused. 

6 For the study target contaminants (i.e., metals and SVOCs), the physical separation arrangement of soil 
7 washing should provide the highest benefit, due to the relative insolubility of the target contaminants in 
8 water, and the high propensity for contaminant concentration in the finer-grained particles. 

9 In the physical separation mode, the contaminant distribution in the soil matrix is the key factor by which 
10 the various treatment unit operations are arranged and employed. Subsection 3.1.2 contains detailed unit 
11 process descriptions. A particle size distribution curve, used to quantify and evaluate the soil matrix, is 
12 constructed by wet sieving representative samples. Materials retained on each of nine successively finer 
13 sieves are dried, the mass determined, and the results plotted. The process is conducted in accordance with 
14 American Society of Testing and Materials (ASTM) Standard Method 422D. For soil washing systems, 
15 three gross fractions are frequently discussed: 

16 •    The oversize (soils and debris with average particle sizes larger than 2 millimeters [mm]). 

17 •    Sands (with particles sizes less than 2mm and as small as 0.038mm); and 

18 •    Fines (with particle sizes less than the smallest defined sand diameter). 

19 For the project, the candidate feed soil volumes have not been specifically defined. The range of soil types 
20 at the base is diverse, and includes clays, clayey silts, coarse sands, fine sands, sandy silts, silty sands, and 
21 silts. Generally, there is a limited amount of naturally-occurring oversize soils. In defined waste areas, 
22 however, particularly in former landfill sites, there is a significant amount of oversize debris. Because of the 
23 generalized nature of the soil definition, it is assumed that soils selected for the demonstration study will 
24 range from 5 to 25 percent oversize, 35 to 60 percent sands, and 15 to 60 percent fines. The integrated soil 
25 treatment system will have the inherent capability to handle this range of feeds. 

26 3.1.1.2 Solidification/Stabilization 

27 Solidification/ stabilization treatment commonly involves excavating contaminated soil and mixing it 
28 with chemical additives (i.e., reagents), and using complex chemical reactions to improve physical 
29 properties and reduce contaminant toxicity and mobility. The process can be used as a secondary or 
30 stand-alone treatment option. Mixing is accomplished using earth-moving equipment; treatment systems, 
31 including conveyors and pug mills; concrete batch plants; or grout-mixing equipment. The treated 
32 material is typically stockpiled for confirmation testing prior to disposal. 

33 A variety of techniques are available, including organic polymer addition, glassification, asphalt 
34 encapsulation, and the addition of numerous proprietary reagents; but, most wastes are treated with lime, 
35 fly-ash, cement kiln dust, cement, or combinations of these materials. The technology is used to treat 
36 inorganic wastes, heavy metals, and oil wastes. The technology has also been shown to treat PCBs and 
37 some SVOC. 

38 Stabilization refers to those techniques that reduce the hazard potential of a waste by converting the 
39 contaminants into their least soluble, mobile, or toxic form. The physical nature and handling 
40 characteristics of the waste are not necessarily changed by stabilization (Conner 1990). The goal of a 
41 stabilization process is to solidify the waste feed stream and to make insoluble, immobilize, encapsulate, 

MSW-\\Urs_sacl\Wprocess\68009\wip\Draft HnaI\Draft_final.doc 
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1 destroy, sorb, or to otherwise produce solids that are nonhazardous, or less hazardous, than the original 
2 waste stream. Most current commercial stabilization processes are quite simple and utilize standard 
3 mechanical equipment. The study system consists of an assembly of mixers, chemical storage and 
4 reagent feeding devices, pumps, conveyors, and support equipment. 

5 In this project, a mechanical conveyor will transfer the waste stream to the mixing component of the 
6 stabilization unit, where the waste is mixed with selected reagents. The reagents will be selected from a 
7 combination of Portland cement, cement kiln dust, and silicate additives. Depending upon the waste 
8 stream's nature, the mixing time will range from approximately 1 to 15 minutes. Additional water may 
9 also be required during the mixing. After mixing, the solids will be removed from the mixer by an 

10 installed screw mechanism, and moved by conveyor to a designated holding and sampling location. 

11 The effectiveness of stabilization will be determined by the resultant leachability of the stabilized product, 
12 as measured by the modified deionized water waste extraction test (DI WET). Products meeting required 
13 standards, as outlined in Section 2.0, Table 2-2 and Figure 2-3, could be used as construction-grade 
14 product, such as backfill or roadway subbase. 

15 3.1.2    Detailed Soil Washing Process Description 

16 The following is a description of the soil washing process. 

17 3.1.2.1 Prescreening 

18 The prescreening module, the treatment system's first module, washes and removes debris and natural 
19 oversize material larger than 4 inches from the soil and prepares a feed soil for further treatment. It 
20 includes flow streams #2 and #3, shown on Figure 3-1. The prescreening system consists of a vibrating 
21 grizzly screen feeder connected to a vibrating screen that will be fed with a front-end loader. The grizzly 
22 screen is a fixed bar screen with the expected maximum size of 4 inches. Material smaller than 4 inches 
23 is conveyed to the vibrating screen for further separation. The screen sizes on the vibrating screen can be 
24 adjusted in the field to range from 3/8 to 2 inches. The wet screen size selection will be made using 
25 sieving data obtained by ASTM standard method 422D. 

26 The material passing through the wet screen will be pumped to the physical separation treatment unit by 
27 slurry transfer pump, piping, and distribution plate. The determination of whether to move the created feed 
28 pile to the physical separation module or directly to solidification/ stabilization will be made in the field, as 
29 discussed in detail in Subsection 4.4.2. 

30 3.1.2.2 Physical Separation 

31 The physical separation module is designed to efficiently and precisely separate the soil matrix into three 
32 manageable streams: coarse sands, sands, and fines. This module includes flow streams #4, #5, and #6, 
33 depicted on Figure 3-1. The contaminants of concern at McClellan AFB have a propensity to migrate to 
34 and concentrate in selected soil matrix fractions, commonly, the fine-grained particles. Even when all 
35 feed soil fractions (i.e., the gravel, the sand, and the fines) are contaminated, treatment can be more easily 
36 performed when the treatment is directed at the individual fractions. 

37 ■ The physical separation plant consists of a wet screen composed of a double-deck, vibrating screen with 
38 installed high-pressure spray bars, and easily interchangeable screens (i.e., #7 and #8). The screen decks 
39 can vary from 1mm to 3/8-inch depending upon the specific occurrence of the gravel fraction. Wet screen 
40 deck oversize is taken off the top of the screen and is staged outside the plant. The undersize material, 
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1 consisting of the sand and fines, is collected in the screen sump and is pumped to the next sub-stage of the 
.2 physical separation plant. 

3 Agglomeration problems can be encountered at this step in the process. The process feed material, when 
4 it consists of certain soil/moisture mixtures, can be difficult to handle and can tend to bind and form clay 
5 balls and clay logs upon handling. Proper material handling methods, feed preparation techniques, and in 
6 the worst case, suspension of the feed in a feed slurry can manage this problem. The clay blaster, a high 
7 volume/high pressure oscillating water jet scrubber mounted on a vibrating grizzly, is provided to reduce 
8 this problem. Its primary role is to power-wash oversize rocks and debris. It also aids in 
9 deagglomeration, and making the first size cut on the grizzly bars, while slurrying "minus" material for 

10 introduction into the plant. It works well at removing silts and clay fines from boulders and cobbles. 
11 This process may be modified pending the results of the preliminary treatment study described in 
12 Appendix F. 

13 The next stage is the hydrocyclone section (i.e., #9) where the sand (i.e., #11) is separated from the fines 
14 (i.e., #10). The separation point, or cut-point, can be adjusted in the field by interchanging the vortex finder, 
15 the body, and the spigot angle on the supplied Mozley hydrocyclones. The slurry is pumped to the 
16 hydrocyclones under pressure; sand is discharged in the underflow and water and fines in the overflow. The 
17 sand and fines separation efficiency is measured by the concept of misplacement. Efficient separation 
18 means that there will be little or no fines in the sand stream and little or no sand in the fines stream. The 
19 installed subsystem is anticipated to have a misplacement efficiency of greater than 95 percent. 

20 Once the coarse sand has been removed and staged and the sand and fines are separated, the product 
21 fractions can be analyzed to determine whether the treatment standard has been attained. If the products 
22 meet the standards, no further treatment is required and the products can be reused or recycled. If the 
23 products do not meet the treatment standard, they will be treated further. 

24 3.1.2.3 Sand Treatment 

25 If the sand meets the treatment standard upon physical separation, it will be dewatered and staged. If the 
26 sand does not meet the treatment standard, it will be subjected to further treatment using attritioning, 
27 density separation, specialty surfactant treatment, and/or froth flotation. 

28 Agglomeration can occur in the underflow of the hydrocyclone separation step. Agglomerated fine- 
29 grained soils can form a mass of similar density to separated sand particles. The agglomerated material, 
30 looking like sand, but really fines, will be deagglomerated using attrition scrubbers as necessary to force 
31 the agglomerated mass to its true particle size. Attritioning is a mining subset of grinding. Attritioning, 
32 in this context, is the high intensity abrasion of the particles in the separated sand fraction against 
33 themselves to ensure that the resultant particles are sand and not an agglomeration of fines. Attritioning 
34 can be useful since often the agglomerated fines in the sand are concentrated contaminants that can cause 
35 the sand fraction to appear to be contaminated. Attritioning can break up these agglomerates, and when 
36 used with separation to remove the resultant secondary fines, the sand can be found to be clean in 
37 accordance with the treatment standards. 

38 Density separation equipment will be installed to remove particles with densities different from sand from 
39 the sand fraction. These particles typically include paniculate lead or light, naturally-occurring organic 
40 materials like grasses and root material. These lighter/heavier density contributors can also jeopardize the 
41 sand quality. Separation is accomplished due to differences in the feed material components' specific 
42 gravity (designated by streams #11 in, #16 out, on Figure 3-1). Four double-start Humphreys® spirals 
43 will be installed for this purpose. Humphreys® spirals are used in a wet separation process and provide 
44 gravity concentration treatment for particle sizes between 3.0 mm and 0.05 mm. A feed material stream 
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1 is fed onto a downwardly sloping surface the spiral, where it flows under gravity. The higher specific 
2 gravity particles settle near the stream's bottom while the light materials accumulate near the top. 

3 Froth flotation is a mining process often referred to as ore beneficiation. Flotation utilizes a selected 
4 surfactant with a particular propensity for the identified contaminants. Groups of surfactants are available 
5 for a wide range of constituents and are grouped by metal, organics, combinations of metals and organics, 
6 and so on. Contaminants in the sand are usually residing in a free particulate form, are lightly bound, or 
7 are even partially coating the sand particles. The selected surfactant can reduce the surface tension of the 
8 bound constituents and in both the bound and particulate occurrences, render the constituents 
9 hydrophobic. The froth flotation cell uses a series of mechanical aerators through which the sand stream 

10 already contacted with the selected surfactant, is passed. Air bubbles catch the hydrophobic micelle tail 
11 of the surfactant and float the surfactants to the surface where they can be removed and combined with 
12 the fines stream concentrate. 

13 Attritioning, density separation, and froth flotation can be used independently or together depending upon 
14 the actual contaminant situation. Whether to use any or all of these unit operations will be based upon the 
15 analytical quality of the sand product after physical separation. Regardless of the combination of the 
16 treatment unit operations for the sand fraction, the sand product will be staged for further treatment or for 
17 reuse or recycling, as described in Subsection 4.4.1. 

18 The choice of sand treatment unit operations will be based on how the contaminants appear in the sand 
19 fraction: free particulates, weakly bound surficial contact or coatings, or agglomerated fines with a net 
20 density to appear as sand. This will be determined both visually and chemically in the field lab. 

21 »If the contaminant of concern occurs as a particulate, density separation using the installed 
22 spiral concentrators will be chosen; 

23 •    If the target contaminant is in a weakly bound or coating mode, the use of surfactants can be 
24 considered in the context of froth flotation; 

25 •    If the contaminants are agglomerated, attritioning will be used to force particles to their 
26 natural particle size fraction; or 

27 •    If all three stated conditions occur, then treatment unit operations will be combined. 

28 3.1.2.4 Product and Residual Management 

29 Fines fraction management will depend upon the soil matrix's physical characteristics, and the 
30 contaminant nature and concentration. 

31 »If the soil matrix indicates that physical separation is practical, the fines stream will be 
32 dewatered with a mobile plate and frame filter press and staged for analysis; 

33 •    If the analyses indicate that the fines stream meets the relevant treatment standard, the 
34 product will be staged; or 

35 •    If physical separation is not required, based upon the high occurrence of fine-grained 
36 particles in the feed, or because the fines stream does not meet the treatment standards, 
37 additional treatment will be. required. The treatment planned for this fraction includes 
38 solidification/ stabilization. 
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1 Stabilization has been described in Subsection 3.1.1.2. For the demonstration project, a commercial, 50- 
2 ton-per-hour pugmill (stream #25 in, #27 out) will be used for the mixing unit. The dewatered or 
3 screened feed will be introduced into the pugmill by a feed hopper/conveyor system fed by a front-end 
4 loader. A simple field treatability study will be conducted to determine the most effective stabilization 
5 reagent(s) for use and the reagent dose to be applied, as discussed in Appendix F. Appropriate dosing and 
6 reagent feeding equipment will be provided. The reagent and feed are mixed in the pugmill and held for 
7 the specified retention time. The mixed product is discharged by conveyor and staged for analysis. The 
8 stabilization will improve the feed leaching characteristics and may allow the use of the material as 
9 designated backfill on-site. 

10 One stabilization option under consideration is an asphalt emulsion process, which can produce an 
11 asphaltic material that could have potential recycling value. The criteria to determine amenability to 
12 asphalt emulsion are detailed in Subsection 4.4.1 and Appendix F. By adding appropriate oversize 
13 material and asphaltic emulsions into the pugmill, a cold-mix asphalt or asphalt-stabilized base material 
14 can be produced. 

15 Regardless of the treatment applied, the fractions will be dewatered and staged for analysis. It is 
16 important to recognize that some portions of test feeds may not be amenable to treatment by any soil 
17 washing or stabilization method. These untreatable waste streams may require direct disposal. This 
18 finding is important for the demonstration and for ultimate site remediation. The process as described 
19 above will produce the products and residuals summarized on Table 3-1. 

Table 3-1 

SOIL FRACTIONS 

Source 

Prescreen Grizzly Oversize 

Physical Quality 

>4 inch Debris 

Prescreen Wet Screen >3/8 inch to 4 inch Debris 

Physical Separation Wet Screen Oversize >2mm <3/8 inch to 2 inch Gravel 

Physical Separation or Treated Sand >Hydrocyclone cut-point <2mm sand 

Physical Separation or Treated Fines <Hydrocyclone cut-point sludge cake 

Physical Separation or Treated Fines <Hydrocyclone cut-point stabilized soil 

Physical Separation or Treated Fines 
<Hydrocyclone cut-point fines incorporated into an asphalt 

product ______  
> Greater than or equal to 
< Less than 
mm Millimeter 
> Greater than 

20      3.2 WASTE AND MEDIA APPLICABILITY 

21 Soil washing, in conjunction with solidification/ stabilization, appears to be applicable to the soil matrix 
22 and contaminants at these non-VOC sites. Table 2-2 lists the contaminants of concern for these sites. 
23 The arrangement of treatment unit operations may be affected by site-specific soils. Some soils, such as 
24 those with exceptionally high fine-particle mass (i.e., greater than 50 percent passing through a 200-mesh 
25 sieve) are not amenable to physical separation. Some material will contain free products from spills, 
26 leaks, or process upsets. Some may already meet the specified treatment standards upon excavation and 
27 will need no further treatment unless lower treatment standards are established in a ROD. Determination 
28 of soil characteristics will be made in the field prior to excavation as outlined in Subsection 4.4.1. To 
29 determine this treatment technology's applicability to McClellan's site-specific conditions, a treatment 
30 study will be conducted as outlined in Appendix F. 
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1 33       ADVANTAGES AND DISADVANTAGES/LIMITATIONS 

2 The demonstration soil treatment, which includes prescreening, physical separation, and further treatment 
3 when needed, has advantages and disadvantages. The advantages include: 

4 •    The soil treatment remedy has the potential to significantly reduce the volume of soils 
5 defined as hazardous or designated, which improves the opportunity to reuse soil products 
6 and minimizes the disposal of residuals off-site; 

7 •    The reduction (or elimination) of off-site disposal reduces or eliminates the long-term 
8 liability of the government in being named as a potentially responsible party (PRP) at the 
9 selected disposal facility; 

10 •    Costs to perform volume reduction and residual management may potentially be significantly 
11 less than full off-site disposal. Initial estimates range from $100 to $150 per cubic yard; 

12 •    Since the soil treatment remedy can be performed on-site, transportation safety and traffic 
13 issues are minimal compared to long-distance transportation to a hazardous waste landfill; and 

14 •    Treatment on-site would preclude most costs of off-site waste transport, treatment, and 
15 disposal. 

16 There are also disadvantages/limitations to the soil treatment remedy, which include: 

17 •    The soil treatment process is sensitive to the nature of the feed matrix to the extent that the 
18 process treatment rate will change with the changing nature of the feeds. For example, 
19 increased clay content will slow the process, and 

20 •    Not all contaminant concentrations can be treated to applicable treatment requirements. 
21 Some contaminants are so concentrated, e.g., saturated soil, that the required removal 
22 efficiency cannot be achieved. 

23 3.4        DEVELOPMENT STATUS 

24 The project's development status is discussed in Section 12.0. Soil treatment technologies such as those to 
25 be performed in this soil washing and solidification/ stabilization study including soil classification, soil 
26 washing, asphalt emulsion batching, waste solidification/stabilization, and fixation have been successfully 
27 implemented at numerous sites. Sites such as the Springfield Township Comprehensive Environmental 
28 Response, Compensation, and Liability Act (CERCLA) site, Aberdeen Proving Ground, Castle AFB, and 
29 Lackland AFB have successfully applied these technologies to similar conditions. 
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1 4.0 OBJECTIVES 

2 This section sets forth the objectives of the project, presents a test plan to test for the objectives, and 
3 describes how the technology parameters will be evaluated. It also includes a description of how the data 
4 collected during the test period will be evaluated. 

5 4.1       GENERAL OVERVIEW 

6 The overall purpose of this project is to conduct a treatability study to assess the viability of soil washing, 
7 in conjunction with solidification/ stabilization, to treat non-VOC soil contamination in a diverse range of 
8 feed streams from up to ten prioritized locations at McClellan AFB. The process will consist of soil 
9 washing, solidification/ stabilization, and possibly asphalt emulsion batching. 

10 4.2       DESCRIPTION OF TECHNOLOGY PROCESS 

11 A modular soil treatment system will be used for the demonstration project at McClellan AFB. The 
12 system incorporates soil washing and residual treatment as an integrated system to handle the diverse 
13 range of McClellan AFB soils. A more detailed process description is included in Section 3.0. 

14 4.3       STATEMENT OF TREATABILITY STUDY OBJECTIVES 

15 The soil washing and solidification/ stabilization study objectives are: 

16 •    Assess whether soil washing, in conjunction with solidification/ stabilization can substantially 
17 reduce the life-cycle costs to clean up non-VOC contaminated sites at McClellan AFB that 
18 exhibit soil characteristics that are amenable to physical separation. The study will also 
19 assess whether the projected time to clean up these sites can be substantially reduced. 

20 •    Conduct a treatability study using soil from a minimum of three, representative non-VOC soil 
21 contamination sites at McClellan AFB. For study purposes, RPRGs will be used to determine 
22 whether soil is "designated clean" for disposal in areas that would not impact surface water 
23 quality. For all major contaminants of concern, the RPRGs have been demonstrated to be 
24 protective of groundwater quality. 

25 •    Generate a scientifically defensible data set to assess the performance and cost of the 
26 technologies. 

27 •    Quantify the cost and performance of the technology, to include conceptual criteria that can 
28 be used to evaluate its full-scale applicability to other McClellan AFB sites. 

29 4.4       TEST PLAN 

30 The test plan describes the field tasks that will be performed for the soil washing/stabilization project. 

31 4.4.1    Field Tasks 

32 The test plan is based on a 12-week field treatability study. The specific field tasks are outlined below: 

MSW-WUrs_sacl\Wprocess\68009\wip\DraftRnaI\Draft_final.doc 



Soil Washing and Solidification/Stabilization Work Implementation Plan - Draft Final Section No. 4.0 
McClellan AFB 06/28/00 
Revision 0 Page 4'2 

1 Field Task 1. Site Preparation. Site preparation requirements, such as size, containment, access, and 
2 utilities are discussed in Subsection 5.2.1, Site Preparation. While the site requirements are for the pilot- 
3 scale demonstration, the size, location, and infrastructure are suitable for future use for full-scale soil 
4 washing and solidification/ stabilization systems. A soil treatment pad will be constructed at the facility 
5 to provide a suitable location for treatment and storage of soils. 

6 Field Task 2. Equipment Mobilization. The planned treatment system will provide process flexibility for 
7 a wide range of feed soils. The plant has three general modes of operation: physical separation, physical- 
8 chemical treatment, and screening plus stabilization. The mode to be used on a specific feed source will 
9 be chosen based upon the nature of the physical soil matrix and the contaminant occurrence and relative 

10 concentration. All process equipment will be mobilized to McClellan AFB. Utility connections will be 
11 established, treatment equipment will be assembled, and initial equipment readiness checking will be 
12 completed following assembly. 

13 Field Task 3. Testing (Treatability Study Operations). The treatability system will be operated and 
14 necessary data collected. Section 3.0 contains more detailed information on the technology. The 
15 operations will consist of several subtasks, including: 

16 •    Preliminary treatment study. To ensure the proper equipment is mobilized to address the 
17 agglomeration issue and to screen the sites, a preliminary treatment study will be conducted. The 
18 work plan for this study is included in Appendix F. An initial site walk will be conducted to 
19 determine accessibility. Sampling locations are shown in Appendix E. They are based on RI 
20 information and contaminant distribution maps provided in the Non-VOC EE/CAs. This information 
21 will be used to select preliminary treatment study sites and sampling locations, which will be marked 
22 with stakes. 

23 Following the site walk over, the selected sites will be sampled as described in Appendix F. Based on 
24 the RI and Non-VOC EE/CAs information, the required excavation depth will be determined. If the 
25 contamination is shallow, hand tools will be used to collect the sample; if the contamination is deep a 
26 backhoe will be used. Preliminary treatment study samples will be appropriately labeled and processed 
27 as described in Appendix F. The results will be summarized in a letter report to McClellan AFB and 
28 detailed on the TAAR. The health and safety plan (Section 9.0) will be used for this preliminary study 
29 . and for all site excavation. 

30 •    Soil excavation and transport to the treatment system. Based on the preliminary treatment study 
31 findings, a minimum of 3 sites will be selected for the full-scale treatment study. Excavation and 
32 material handling will be conducted in accordance with the Excavation Plan and Site Management 
33 Plan in Appendices E and C, respectively. Information in the RI and Non-VOC EE/CAs will be used 
.34 to selectively excavate contaminated soil that is suitable for soil washing. Contaminated soil 
35 unsuitable for soil washing will be transported directly to the stabilization unit. Dust suppression 
36 techniques described in Appendix C will be used to control dust during excavation and transport. The 
37 excavated material will be staged on the soil treatment pad shown on Figure 5-2, as described in the 
38 Site Management Plan, Appendix C. 

39 Temporary construction fencing will be placed around the excavation area until the site is restored. 
40 The determination of clean closure will need to be based on cleanup levels established in a ROD. 

41 •    Soil washing, sorting and screening. Soil washing is a water-based combination of treatment unit 
42 operations using physical and chemical processing. Four basic treatment modules will be available, 
43 including a prescreening module, a physical separation module, a sand treatment module, and a fines 
44 treatment module. Depending on the soil to be treated, all or some of the modules may be used. The 
45 following criteria will be used to determine the treatment mode; the data from the preliminary 
46 treatment study will form the basis for the selection: 
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1 -    For feed soils with a soil mass of less than 40 percent in the fines fraction (i.e., less than 200 
2 mesh) and no contaminants in the oversize or sand fractions, but with contamination in the fines 
3 fraction, the physical separation mode will be used. The separated fines fraction will be further 
4 analyzed. If the fines are less than the treatment standard, the fraction will be dewatered. If the 
5 fines fraction is greater than the treatment standard, the fines fraction alone will be stabilized. 

6 -    For feed soils with a soil mass of less than 40 percent in the fines fraction (less than 200 mesh) 
7 and in which the sand fraction and the fines fraction exceed the treatment standards, the. 
8 physical/chemical treatment mode will be used. This method will incorporate density separation, 
9 attrition, scrubbing, and chemical treatment as necessary to render the sand fraction clean, and 

10 further concentrate contaminants in the fines. The separated fines fraction will be further 
11 analyzed. If the fines meet the treatment standard, the fraction will be dewatered. If the fines 
12 fraction exceed the treatment standard, the fines fraction alone will be stabilized. If the sand 
13 cannot be treated such that it can attain the treatment standards, the sand will be combined with 
14 fines not meeting standards for stabilization. 

15 -    If the feed soils have a soil mass that exceeds 40 percent in the fines fraction (less than 200 
16 mesh), the feed soils will be processed using the stabilization mode. Oversize soils will be 
17 removed using mechanical screening, and the physical separation component of the plant will be 
18 bypassed, directing the mechanical screening undersize to the pug mill for stabilization or 
19 incorporation into an asphaltic product. 

20 •    Solidification/ stabilization. Solidification/ stabilization refers to those techniques that reduce the 
21 hazard potential of a waste by converting the contaminants into their least soluble, mobile, or toxic 
22 form. The physical nature and handling characteristics of the waste are not necessarily changed by 
23 stabilization. The system consists of an assembly of mixers, Chemical storage and reagent feeding 
24 devices, pumps, conveyors, and support equipment. 

25 The rationale for deciding which solidification/ stabilization alternative will be used is based upon 
26 real-time field data that will define the nature of the soil matrix to be stabilized and both the total 
27 concentration and soluble concentration of the target contaminants. The soil matrix will be evaluated 
28 based upon the soil physical characteristics as determined at the field laboratory. Generally, the feed 
29 materials to be stabilized will consist of fine-grained particles. The fines may result from high fines 
30 feed soils from the selected sites or from the fines product resulting from the physical separation step 
31 from the processing plant. 

32 The number of contaminants to be stabilized, and their respective concentrations, must be considered 
33 in conjunction with the soil matrix. These two factors are key to determining the reagent and reagent 
34 dosage required to chemically bind the target contaminants to render them non-hazardous. Portland 
35 cement will be the reagent of choice, with secondary enhancement from selected silica additives, if 
36 necessary. A stabilization bench-scale treatment study will be conducted in the field lab to confirm 
37 the mix parameters. This study will quantify the soil matrix of concern by sieving and will quantify 
38 the species and concentration of contaminants. Portland cement will be used as the default reagent 
39 and the dosage for chemical immobilization determined. When selected, the proper reagent, at the 
40 proper dosage, will be added to the pug mill with the target soils to achieve the stabilized product. 

41 An alternative process being considered is asphalt emulsion batching. The waste is converted to a non- 
42 hazardous, construction material that meets conventional engineering design and materials standards for 
43 roadway bases, light traffic pavements, landfill caps, berms, and levees, while mitigating a concern over 
44 the fate of encapsulated contaminants. The primary rationale for the determination of asphalt batching 
45 as the process alternative will depend upon the same parameters as described in the solidification/ 
46 stabilization option with the exception of the evaluation of the ability to bind the target contaminants in 
47 the asphalt product matrix. This determination requires a focused bench-scale study performed in the 
48 field laboratory. The study will evaluate the nature of the target soil matrix, the species and 
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1 concentrations of the target contaminants, and the development of a mix formula for production. The 
2 standard mix ingredients will include the contaminated soil, clean and sized aggregate, a selected oil 
3 emulsion, and possibly a Portland cement additive. This mix will be prepared and tested to determine if 
4 an asphalt product of acceptable specifications can be prepared. 

5 •    Sampling and analysis. The effectiveness of soil washing with and without solidification/ 
6 stabilization will be measured by comparing the final total concentration of constituents of concern in 
7 the soil with their respective RPRGs and background concentrations. Soils having all constituents of 
8 concern below the RPRGs may be used as fill at any location away from surface water bodies, or 
9 stored in a McClellan AFB-designated "clean soil" pile. In addition, the leachability of the 

10 contaminants in the soil will be determined using the DI WET method. If concentrations are less than 
11 the RPRGs, the material has a potential reuse as backfill or roadway subbase. If concentrations 
12 exceed the EPRG or designated levels for impact to groundwater, the USEPA toxicity characteristic 
13 leaching procedure (TCLP) and the California WET will be used to characterize the soil for disposal 
14 (see Figure 2-3). 

15 Field Task 4, Equipment Demobilization. The treatment equipment from McClellan AFB will be 
16 demobilized and removed off-site upon completion of the study. 

17 4.4.2     Treatment Logic Diagram 

18 Because of the widely diverse feed soils expected, a treatment logic system has been defined and is shown 
19 on Figure 4-1. Four major decision points can be identified: 

20 1. Prescreening. A minimum of three piles will be individually field tested to confirm the operational 
21 parameters. Parameters should include, but not be limited to, particle size distribution, degree of 
22 agglomeration, contaminant concentration, and soil fraction distribution. This information is 
23 essential to the selection of the treatment process. The prescreening module will be consistently 
24 used on all assembled piles to remove debris and particles larger than 4 inches in diameter. 
25 Prescreening will segregate materials as follows: 

26 •    Larger than 4 inches (oversize debris). 

27 •    In the range of less than 4 inches to 3/8 inches (cobbles/gravel and coarse sand). 

28 •    Less than 3/8 inches (fine sand). 

29 The two larger sizes will be staged in piles and tested, while the less-than-3/8-inches material may 
30 be forwarded for further treatment. The treatment for the less-than-3/8-inches material will depend 
31 on the soil's physical conditions. If the soil is reasonably well distributed, the physical separation 
32 module will further separate it. This decision will be made in the field by wet sieving at the field 
33 laboratory. The soil physical characteristics significantly affect the treatment capacity of 
34 downstream modules. In other words, a larger fraction of fines will slow the rate at which the 
35 material can be processed. Thus, to balance feeds and to provide proper treatment feed, 
36 volumes/masses will be adjusted based upon the conditions of the soil matrix from each of the 
37 designated source areas. 
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1 2. Physical Separation. Physical separation will be used on those feed streams with less than 40 
2 percent passing the 200 mesh (0.075mm) sieve. This cut point has been selected, based upon 
3 previous studies, because at levels higher than this, physical separation will not contribute any 
4 significant volume reduction in a cost-effective manner. In this module, the feed stream is 
5 separated into coarser-grained and finer-grained fractions. Each fraction (the coarser [sand] fraction 
6 and the finer [fines] fraction) will be analyzed, and decisions made regarding the requirement for 
7 further treatment. 

8 •    Sand Treatment. Sand that does not meet the treatment standard will be further treated using 
9 treatment steps provided as part of the demonstration plant. The treatment steps will include 

10 attrition scrubbing, density separation, and froth flotation. 

11 •    Fines Treatment. Fines that do not meet the treatment standards will also be further treated. 
12 Based upon the matrix and contaminant concentrations, the fines will either be stabilized or 
13 incorporated into an asphaltic product. The determination of which of these additional 
14 treatment steps to employ will be made in the field utilizing the mobile field laboratory. 

15 4.5       TECHNOLOGY PARAMETERS EVALUATION 

16 This study is designed to assess whether soil washing, in conjunction with solidification/ stabilization, can 
17 substantially reduce the life-cycle costs to clean up certain non-VOC soil contamination sites at 
18 McClellan AFB. To accomplish that objective, the JV will generate a scientifically defensible data set to 
19 assess the performance and cost of the technologies. 

20 Performance evaluation data include product grain-size distribution and stability, as well as treatment cost. 
21 Chemical and geologic data will be used to determine the most effective general process configuration. If 
22 feed soil is well distributed, with approximately 10 to 20 percent greater than 2mm and 10 to 20 percent less 
23 than 0.063mm, then a physical separation mode is indicated. This configuration also represents the highest 
24 performing and lowest cost arrangement. If the feed has more than 40 percent of the soil mass less than 
25 0.063mm, then a stabilization/asphalt arrangement is indicated. This will result in a slightly more 
26 complicated and slightly more costly process. When a well distributed soil is encountered, but all fractions 
27 are contaminated, then a physical/chemical process will be used, resulting in a more difficult and costly 
28 scenario. 

29 Performance evaluation parameters, which demonstrate the capabilities of the soil washing and 
30 solidification/ stabilization study, include chemical concentrations (compared to PRGs and background) 
31 and the leachability of the treated products/residuals. The performance evaluation parameters, which 
32 demonstrate real-world operating characteristics in handling variations in feed concentrations, are the 
33 system operating up time, polymer or surfactant usage rates, and electricity usage rate. This information 
34 is recorded on the operator log sheets. 

35 Capital and operating costs for conventional treatment will be determined using existing data available 
36 from similar systems currently in operation at other sites. Part of this evaluation addresses whether soil 
37 washing, in conjunction with solidification/ stabilization, can substantially reduce the life-cycle costs to 
38 clean up certain non-VOC soil contamination sites at McClellan AFB. The technical and economic 
39 analysis will be documented in the TAAR. 
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1 4.6       DATA ANALYSIS AND INTERPRETATION 

2 The sample and analysis plan (Section 7.0) provides for the collection of data that will be used to 
3 determine treatment efficiency in terms of effluent concentrations (i.e., parts per billion [ppb] or parts per 
4 million [ppm]) and percent and mass of contaminants removed. Treatment efficiency in percent will be 
5 calculated using the following equation: 

6 Influent concentration - Effluent concentration x 100% 
7 Influent concentration 

8 The data will be collected in such a manner that each set of data contains paired influent and effluent 
9 values. Further multiple sets will be collected at regular intervals for each site soil to monitor treatment 

10 efficiency. Treated soil samples will be collected for the duration of the demonstration, and will be 
11 grouped according to the operating conditions at the time of their collection. A paired t-test or other valid 
12 statistical procedure may be used to evaluate to overall effectiveness of the technology (i.e., determine if 
13 the inlet and outlet concentration reductions are consistent over the duration of the test and for the range 
14 of concentrations and constituents). The 95% upper confidence level for the average outlet concentration 
15 for each COC will also be calculated to provide an upper bound on the concentration that can be expected 
16 in treated soils from multiple sites. The UCL will also be compared with the PRGs to help assess the 
17 effectiveness of the technology. 

18 The influent and effluent data for each source material will then be plotted versus time and operating 
19 conditions. These plots will graphically show any gradual changes in the data over the course of the 
20 demonstration. The contaminant concentrations, other analytical results, flows, and operating log sheets 
21 will be used to calculate contaminant mass entering and leaving the system, as well as accumulation and 
22 destruction within the system. 

23 The final step will be to use the field test process and cost data to determine optimal operating parameters 
24 (soil and chemical feed rates, power, etc.), to determine equipment sizing for different treatment feed 
25 rates, and to price (capital and operating costs) full-scale application at McClellan AFB sites. These costs 
26 will be compared to those associated with conventional technologies (i.e., off-site disposal). Data quality 
27 objectives (DQOs) for the demonstration are discussed in Subsection 8.4.1. 
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1 5.0       FIELD ACTIVITIES 

2 This section describes the field activities that will be performed to fulfill the soil washing and 
3 solidification/ stabilization study objectives presented in Section 4.0. Field activities are described in 
4 seven subsections: 

5 •    Preoperatiön Characterization. Characterization activities performed before treatability 
6 system installation and operation. 

7 •    Treatability System Installation. 

8 •    System Operation. Operational procedures during both the system startup and operation 
9 phase. 

10 •    Post-Operation Characterization. Characterization activities performed after operating the 
11 treatability plant. 

12 •    Material Storage. Management of materials to be used during the demonstration. 

13 •    Residuals Management. Management of waste generated during the demonstration. 

14 •    Demobilization and Site Restoration. The procedures for leaving the site in an acceptable 
15 condition after completing the demonstration. 

16 5.1        PREOPERATIÖN CHARACTERIZATION 

17 The objective of this phase is to obtain additional site-specific information and identify excavation 
18 locations, areas, and depths. An Excavation Plan, based upon criteria for prioritizing sites (discussed in 
19 Subsection 2.4), is included in Appendix E. Site-specific details have been incorporated, where available; 
20 however, on-base inspections prior to commencing operations and new RI data may override some initial 
21 information presented in the Excavation Plan. 

22 5.1.1     Preliminary Treatment Study 

23 The JV and McClellan AFB management team will conduct a field walkover of the candidate sites, 
24 visually verifying the prioritization of sites as listed on Table 2-1 of this WIP. The purpose of the 
25 walkover inspection will be to verify the general nature and condition of the site, the access limitations, 
26 the nature of the soil matrix, and to better understand the expected contaminants and concentrations. At 
27 the time of the walkover, the JV will select several discrete locations at the candidate site where real-time 
28 samples will be collected by backhoe at appropriate depths. Areas are shown on the excavation plans in 
29 Appendix E. 

30 Once the samples have been collected, they will be appropriately labeled, transferred to the preliminary 
31 treatment study, and processed as described in Appendix F. The health and safety plan described in 
32 Section 9 will be used for sample collection and any site excavation. 

33 5.1.2     Site Selection 

34 Sites to be considered for the soil washing and solidification/ stabilization study, their predominant 
35 contaminants, and ranking have been discussed in Section 2.0. Based on the preliminary treatment study 
36 findings, sites most amenable to soil washing and with easiest access for excavation will be prioritized. 
37 The remaining sites will be considered as contingencies in the event that McClellan AFB wishes to 
38 expand the treatability study. 
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1 5.13     Excavation 

2 Excavation and staging of the candidate feed soils will be conducted as described in the Excavation Plan and 
3 Soils Management Plan, Appendices E and C, respectively. It is intended that the excavation and staging 
4 task will take place 2 to 4 weeks prior to the demonstration project. The excavated material will be 
5 transported via dump truck to the primary treatment soil staging area and segregated by site. 

6 5.1.4     Feed Selection 

7 The excavated soils will be transported and staged at the designated feed soil storage areas within the 
8 treatment pad. When staged, the JV will collect representative samples from each of the designated piles 
9 and perform a second round, field expedient sieving study to better quantify the nature of the soil matrix 

10 to be treated. 

11 5.2       SYSTEM INSTALLATION 

12 The treatability study field operations will be conducted on a paved process pad southeast of the former 
13 hangar (Building 704), as shown on Figure 5-1. McClellan AFB has selected this location. The treatment 
14 pad thickness may be 4 inches of asphalt concrete over 6 inches of Class 2 aggregate base material, with 
15 approximate dimensions of 250 feet x 250 feet. In addition, the existing ponds to the north of the process 
•16 pad will be used as a Secondary Treatment Staging Pile (STSP) for interim storage of dewatered residuals 
17 requiring ultimate disposal. In the event that the renovation of this storage area is not completed in time, 
18 roll-off bins will be used to store the residuals during the study. 

19 All treatment operations and short-term storage areas will be located adjacent to the process area on the 
20 paved and curbed pad. Dewatered residuals for ultimate disposal will be temporarily stockpiled on the 
21 process pad, within a fines/residuals designated compartment until they are cleared for placement in the 
22 STSP. Figures 5-1 and 5-2 present the site plan and process pad layout. 

23 5.2.1     Site Preparation 

24 A soil treatment pad may be constructed as shown on Figure 5-1 and 5-2. An existing water hydrant will 
25 be modified for use as input and makeup water for the soil washing system. The Air Force and the 
26 Sacramento Metropolitan Utility District (SMUD) is providing an electrical transformer to meet the 
27 power requirements of the studies. The project access roads will be consistent to reflect the conceptual 
28 layout in the 35 percent design (CH2M HILL). Residuals may be containerized at the treatment pad area 
29 for temporary storage, if the volume is sufficiently small. This may be a viable alternative to storage in 
30 the ponds, should the ponds be unavailable for use during this study. 

31 As part of site preparation, the JV will establish temporary facilities and controls, mobilize and assemble 
32 equipment, and connect to existing utilities, which will be provided by McClellan AFB, within the 
33 process area. 
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1 5.2.1.1 Process Pad 

2 The process pad will be encircled with an asphalt roll-curb approximately 6-inches in height. Three 
3 sumps suitable for installation of automated sump pumps will be installed as shown on Figure 5-2 to 
4 collect and reuse any rainwater, spilled process water, or maintenance/wash down water. The process pad 
5 will be divided into three (3) distinct areas: 

6 •    Feed soil/residual storage 

7 •    Soil process area 

8 •    Treated soil/product storage 

9 Asphalt roll-curbs will be used to separate the processing and storage areas. Once on-site, the JV will 
10 establish and delineate a decontamination area as detailed in Section 9.0. Concrete (Jersey) barriers will 
11 be used to delineate individual storage areas, and provide backstops for material handling operations. 
12 Once on-site, the material handling/equipment routes within these areas will be established and 
13 delineated. Since the project will require extensive testing to validate treatment performance, the treated 
14 soil staging area will be larger than the incoming feed soil staging area. The details of the material 
15 storage pad are illustrated in Figure 5-2, and discussed in further detail in Subsection 5.4. 

16 5.2.1.2 Temporary Facilities and Controls 

17 As required, specific work areas will be delineated, including the exclusion zone (EZ), the contaminant 
18 reduction zone (CRZ), and the support zone. Prior to site activities, these areas will be identified in the 
19 field and illustrated on maps posted within the field lab trailer and made available to all site visitors. 

20 5.2.1.3 Field Laboratory 

21 To expedite project completion and to optimize process performance, a mobile treatability laboratory 
22 (lab) will also be deployed at the site. This lab will be supplied with the required physical and chemical 
23 test equipment to perform real-time treatability/process control analyses. The lab tests to be performed in 
24 the lab trailer will consist of physical and chemical analyses related to feed selection and preparation, 
25 process control, and product and residual preliminary/interim results. The field lab will be a self- 
26 ' supporting facility that provides quick turnaround times to support field decisions and project control. 
27 While the laboratory will not be USEPA certified, it will provide data that has been shown to have a high 
28 correlation with certified laboratory off-site results. The on-site lab will be used for system optimization. 
29 Any quantitative evaluation of system performance will be based on data from the USEPA certified off- 
30 site lab. 

31 Sample Preparation. Soil samples will be prepared at the field lab for further physical and chemical 
32 analyses. The sample preparation will consist of crushing and grinding designated samples to fineness. 
33 The crushing will be performed with a pedestal-mounted jaw crusher that will be used for selected 
34 oversize fractions. The crushed oversize and the sand fractions will be ground to fineness (approximately 
35 400 mesh) utilizing an installed Angstrom grinder. Samples will be homogenized using an installed 
36 coning and quartering device. The prepared samples will be placed in plastic coupon containers while 
37 awaiting analysis. 

38 Physical Analysis. The lab trailer will be equipped with a complete shaker/sieve unit to permit wet 
39 sieving for the determination of soil particle size. The shaker/sieve is supported by an electric oven for 
40 drying of retained soil, and by weigh scales for curve production. 
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1 Chemical Analyses. The field lab may be capable of performing organic and inorganic analyses. 
2 Inorganics may be quantified using x-ray fluorescence (XRF) techniques using the Spectrace 8000 
3 machine. The unit will be calibrated using known standards in typical field soil matrices. Organics will 
4 be analyzed using gas chromatography for selected contaminants. Field lab results will be confirmed 
5 using the results from definitive analyses described in Section 7.0. For both organics and inorganics, a 
6 wide range of constituents can be detected, but not all suspected parameters. If some constituents are not 
7 quantifiable by field techniques, they will be confirmed, as necessary, with off-site analyses. Screening 
8 for radiological contamination is described in Section 9.5.4. 

9 5.2.2     Infrastructure Requirements 

10 In addition to process pad and storage areas, other major infrastructure requirements include 3-phase 
11 power and a water source for process make-up water. 

12 5.2.2.1 Electrical Requirements 

13 The majority of the process equipment uses electric drives. These are fed from a central power 
14 distribution motor control center (MCC) that is integral to the process plant. A dedicated circuit breaker 
15 and motor controller that is properly grounded control each drive. Power will be distributed from the 
16 MCC to each powered unit using appropriately sized and rated power cords and to each trailer via 4-inch 
17 conduit. An electrical one-line diagram for this system can be found on Figure 5-3. The power cords will 
18 be bundled and run in dedicated utility corridors to minimize slip-trip-and-fall hazards. The utility 
19 corridors will be isolated from equipment traffic areas. If utilities must cross traffic areas, appropriate 
20 ramps/barricades will be used. 

21 A single power feed will be run from the MCC to the service disconnect provided by McClellan AFB to 
22 the process area. The power requirement is 440 volt three phase, with a total load capacity of 1,000 amps. 
23 The JV will make the connection between the treatability system's primary MCC and the existing service 
24 disconnect as part of the mobilization task. Security lighting will be provided at each corner of the 
25 process pad and at the MCC. Electrical meter readings for the soil washing unit will be noted between 
26 sizes and on a daily basis. The cause of any unusual fluctuations in the current usage rate will also be 
27 noted in the field log book. These readings will be used to determine the cost for power using current 
28 SMUD rates. . 

29 5.2.2.2 Water Requirements 

30 The soil washing process is a net water user. As such, make-up water is required throughout the process. 
31 The JV will provide water storage/recycle water tanks. Approximately 30,000 gallons of water is 
32 required for initial plant charging, with about 8,000 gallons per shift (freshwater at 10 to 20 gallons per 
33 minute [gpm]) as process make-up. Water service will be provided to the process pad at the eyewash 
34 locations shown on Figure 5-2. Each will be equipped with a hose bib and back-flow preventer. 

35 The process water system consists of a battery of self-contained pumps integral to the plant. At project 
36 completion, the process water will be used for plant decontamination, and subsequently collected and 
37 containerized. The JV will characterize the wastewater stream to develop and recommend treatment 
38 options. The results of this evaluation will be documented in the TAAR. Approximately 25,000 gallons 
39 of wastewater will be collected, sampled, and treated appropriately. 
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1 5.23    Equipment Receipt and Inspection 

2 Prior to field activities, the JV will conduct an orientation meeting for all project personnel and relevant 
3 subcontractors. The site orientation meeting will: 

4 •    Establish protocols for entering and exiting the work area 

5 •    Review overall site activities and details of each specific site task 

6 •    Review the health and safety plan 

7 •    Identify specific safety concerns 

8 Process equipment will arrive by flatbed tractor-trailers and be unloaded and staged with either an 
9 appropriately sized crane, or other on-site equipment. It will be inspected to determine if shipping 

10 damage occurred. Each piece will be inventoried, with repairs, if any, noted. The equipment will be 
11 staged adjacent to the process area for subsequent assembly or repairs. 

12 5.2.4    Equipment Assembly 

13 The plant will be mobilized sequentially by unit operations module. The modules will be placed with an 
14 appropriately sized crane, forklift, or front-end loader. Each module will have inter-module components 
15 hard piped and hard-wired, and the modules will be staged per the process flow diagram, Figure 3-1. 
16 Once placed and secured, the power cords from each unit operation will be connected to the MCC with 
17 plug-in connectors, and process and make-up water hoses run from module to module as required using 
18 flexible hose with quick disconnect hose fittings throughout. Prior to system start-up, any damaged 
19 components will be repaired per the manufacturer's recommendations. A spare parts inventory and 
20 mobile mechanics truck/machine shop will be maintained on-site to expedite repair and maintenance. 

21 5.2.5     System Inspection and Testing 

22 As each module is set, it will receive an evaluation as summarized on Table 5-1. 

Table 5-1 

MODULE EVALUATION CRITERIA 

Test Item Requirement Acceptance Criteria 

Tanks Water-tight No visible leaks 
Level sensors Appropriate level settings Trip at preset levels 

Piping Water-tight 
No visible leaks 
Within manufacturer's specifications 

Pumps 
Leak-free 
Correct rotation 

No visible leaks 
Within manufacturer's specifications 

Conveyors 
Correct rotation 
Operate in design range 

Within manufacturer's specifications 

Jigs 
Water-tight 
Correct rotation 
Operate in design range 

No visible leaks 
Within manufacturer's specifications 

Mechanical Equipment 
Correct rotation 
Operate in design range 

Within manufacturer's specifications 

Safety Equipment Functional 
No visible damage 
Within manufacturer's specifications 

MSW-\\Urs_sac l\Wprocess\68009\wip\Draft HnaI\Draft_final.doc 



Soil Washing and Solidification/Stabilization Work Implementation Plan - Draft Final 
McClellan AFB 
Revision 0 

Section No. 5.0 
06/28/00 

Page 5 - 9 

1 If a unit operation fails to meet acceptance criteria, it will be repaired or adjusted and retested. Once all 
2 unit operations have been successfully tested, the system will be tested as a whole, using criteria 
3 summarized on Table 5-2. Because the exact equipment to be used has not yet been determined, set 
4 points are not available. 

Table 5-2 

SYSTEM EVALUATION CRITERIA 

Test Item Requirement Acceptance Criteria                           j 

Piping Systems Leak and pressure test No visible leaks                                   J 
Process Arrangement Conformance to process flow diagram Matches process flow diagram 

Pumps 
Leak-free 
Operate in design range 

No visible leaks 
Meets manufacturer's specifications 

Safety Services 
Test/adjust shutoffs, level 
adjustments, pressure relief valves 

Per manufacturer's specifications 

Mechanical Equipment Test system on/off rotation, direction 
No binding, per manufacturer's 
specifications 

5 If the system fails the check, the appropriate repairs or adjustments will be made. When the system checks 
6 meet the manufacturer's requirements, system start-up will commence. 

7 5.2.6     Preliminary Testing 

8 To confirm operational acceptance, the system will initially be run with clean water. If all unit operations 
9 run water, the unit will subsequently be run with clean site soil, obtained from a "clean" soil pile as 

10 directed by McClellan AFB personnel. All unit operations will be monitored for performance within their 
11 design specification. If performance outside of design specification is noted, the deficient unit will be 
12 repaired, adjusted, or replaced. Once 30 to 40 tons of clean sand or soil have successfully been processed, 
13 the unit will be commissioned for processing impacted soils. At this time, contaminated soil will be run 
14 to confirm process effectiveness. The process will be field adjusted, as required, to meet performance 
15 requirements, and processing will commence. 

16 5.3       SYSTEM OPERATION 

17 The diverse range of feeds will be managed in the field based upon visual observation and prescreening of 
18 the material. The flexibility of the treatment system allows the feed stream to be diverted to the 
19 appropriate arrangement of treatment units. This will be accomplished using four basic treatment 
20 modules to include: 

21 1)   A prescreening module to remove debris and gross oversize while preparing a standard plant 
22 feed. 

23 2)   A physical separation module that will remove process oversize and separate sands from 
24 fines. 

25 3)   A sand treatment module that will remove contaminants to be re-concentrated in the fines. 

26 4)   A fines treatment module to dewater, stabilize, or further treat this fraction. 
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1 53.1     Plant Start-Up 

2 Prior to daily plant start-up, the plant manager or lead operator will perform a walk-through inspection. 
3 All equipment and piping will be visually inspected for damage, misalignment, obstructions, or leaks. 
4 Any deficiencies noted will be corrected, if necessary, prior to plant start-up. 

5 The plant start-up sequence will be such that all valves are open prior to starting any pumps. Water 
6 supply pumps will be started first, followed'immediately by transfer slurry pumps, beginning with the 
7 slurry pump on the prescreening module, and working downstream to the filtrate pump. Flow rates will 
8 be adjusted, if necessary, to balance the water flows in and out of each unit operation. 

9 Once the plant has reached steady state water balance, the mechanical conveying equipment will be 
10 started in sequence, beginning with product output conveyors and working back to the grizzly. Once all 
11 mechanical equipment is operational, plant feed can commence. 

12 5.3.2     Feeding 

13 The plant will be fed using ä rubber tire loader equipped with a calibrated bucket scale. To minimize the 
14 potential for cross contamination, one loader will be assigned to feed soil, process support, and residual 
15 handling. This loader will remain in exclusion zone 2 (EZ-2), which consists of the feed soil storage pad, 
16 process area, residual storage area, and the haul road to the STSP (if residuals are removed to the STSP). 

17 Material will be transported from the feed soil storage area to the process area using a dedicated loader as 
18 described above. Prior to accepting material from the feed soil stockpile, the loader operator will jiggle 
19 the bucket to ensure all previous soil has been discharged. The bucket scale will then be zeroed per the 
20 manufacturer recommendations, and filled with a load of feed soil from the feed soil stockpile. The 
21 operator will transport the material to the vicinity of the grizzly feeder, level the bucket, and measure and 
22 record the weight of material in the bucket. Each loader will have a logbook to record the operator of 
23 record, day, date, time of placement, and the bucket weight. Additional information to be recorded 
24 includes bucket counts, run number, and feed soil source. Dust will be controlled using the dust control 
25 procedures described in Appendix C. 

26 The entire feed soil storage pad, process area, and residual storage area are one EZ, eliminating the need 
27 for decontamination of the dedicated loader operating within this area. If the loader needs to leave this 
28 EZ, it has to be decontaminated as described in Appendix D, Equipment Decontamination Plan. 

29 5.3.3     Prescreening 

30 The prescreening step is the first step in the soil washing process. Here, the feed soil is loaded and 
31 metered into the plant, debris and oversize are removed, and the soil is deagglomerated and slurried to 
32 facilitate further separation and treatment. The prescreening process is a self-contained skid and consists 
33 of the following components: 

34 •    Vibrating grizzly feeder 

35 •    Vibrating screen 

36 •    Stacking conveyor 

37 •    Slurry transfer system 

38 The following text describes these in more detail. 
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1 5.3.3.1 Vibrating Grizzly Feeder 

2 The vibrating grizzly feeder receives material for treatment from a front-end loader. It consists of a grizzly 
3 bar screen and high pressure spray nozzles positioned over a feed chute. The grizzly bar screen and high 
4 pressure nozzles deagglomerate the feed soil, remove oversize and debris, and advance the plant feed to a 
5 feed chute where it is metered onto the vibrating screen. 

6 The initial grizzly bar spacing will be set at 4 inches. Material larger than 4 inches exits the grizzly via a 
7 stacking chute, and is stockpiled on the process pad adjacent to the grizzly feeder. Wash water and 
8 material smaller than 4 inches passes through the grizzly bars into a feed chute, where it is metered onto 
9 the vibrating screen deck. The grizzly bar spacing and feed rate are field adjustable to optimize cut points 

10 and will be adjusted as required during field operations. 

11 During operations, the flow rates from the spray bars will be maintained. A noticeable reduction in water 
12 flow indicates that the inline strainers need to be cleaned. This is accomplished by isolating a strainer via 
13 a 3-way valve, removing the basket, and clearing the debris. Operation can continue using the parallel 
14 strainer. When the strainer is cleaned, it is reinserted and closed, and left on standby until the second 
15 strainer needs cleaning. At that time, the 3-way valve is reversed and the process reversed to clean the 
16 first strainer. 

17 If agglomerates or light organics are not effectively separated, the angle of inclination can be adjusted to 
18 increase retention time. 

19 5.3.3.2 Vibrating Screen 

20 The vibrating screen is equipped with two screen decks and spray bars to separate larger stones from sand 
21 and fines, which require further separation or treatment. The vibrating screen receives the underflow 
22 from the vibrating grizzly feeder. The top screen size will initially be set at 1 inch, and the bottom screen 
23 size at 3/8 inch. Material that passes through the grizzly, but is larger than 1 inch, exits the top screen 
24 deck onto the stacking conveyor for stockpiling on the process pad. The process water and material 
25 smaller than 1 inch advances to the 3/8-inch bottom screen deck. Material that passes through the 1-inch 
26 screen, but is larger than 3/8-inch, exits the bottom screen deck onto the stacking conveyor for stockpiling 
27 on the process pad. The process water and material smaller than 3/8-inch advances to a slurry transfer 
28 ' system where it is pumped to the physical separation unit. 

29 As with the grizzly, the spray bar flow rates are monitored. Since both the grizzly and screen spray bars 
30 receive water via the same pump/strainer set-up, the strainer cleaning process is the same. In addition, 
31 flow rates to individual spray bars can be throttled to concentrate water on areas requiring additional 
32 scrubbing. 

33 The screen size for both decks can be changed in the field to optimize cut points, and will be adjusted, if 
34 required, during field operations. Also, the screens will be inspected on a daily basis for "pegging," and 
35 cleaned if the fabric becomes plugged. 

36 5.3.3.3 Stacking Conveyor 

37 The stacking conveyor receives dewatered material from both decks of the vibrating screen and conveys 
38 the material to a stockpile outside of the process area to await subsequent analysis. The stacking 
39 conveyor will be monitored to ensure proper tracking, with pulley adjustments made if the belt wanders 
40 off-center. 
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1 5.33.4 Slurry Transfer System 

2 The slurry transfer system consists of a slurry pump and integral sump. The sump receives the underflow 
3 consisting of the process water and material smaller than 3/8-inch from the bottom deck of the vibrating 
4 screen. This slurry stream is directed to a high capacity slurry pump, where it is pumped through flexible 
5 slurry hose to the physical separation unit for subsequent processing. 

6 5.3.4    Physical Separation 

7 5.3.4.1 Slurry Feed from Prescreening 

8 The feed prescreening system will remove oversize material larger than 3/8 inch; the resultant slurry will 
9 be pumped from the prescreening module to the physical separation system and delivered by flexible 

10 piping to a distribution header. The slurry distribution header will be mounted above the wet screen and 
11 will deliver the slurry in a manner that allows reasonable distribution of the feed on the screen and 
12 provides adequate on-screen residence time. The plant operator will frequently check the distribution and 
13 adjust the header as necessary to provide proper retention time. 

14 5.3.4.2 Wet Screen, Oversize, and Slurry Handling 

15 The slurry delivered to the wet screen is further classified on this unit. The wet screen is a low-head 
16 vibrating screen that can be operated with either single or double decks (installed screens) and enhanced 
17 by high-pressure spray bars. The screen itself can be either woven wire or polypropylene material 
18 depending upon the feed physical characteristics. The purpose of the wet screen is to remove oversize 
19 material primarily consisting of gravel in the range of larger than 1 to 2mm but smaller than the feed size, 
20 nominally controlled at 3/8 inch. The wet screen operation consists of the operation of the vibrating 
21 motor, the control of the slurry distribution on the top screen deck, and the visual management of the 
22 produced oversize to assess misplacement in the oversize fraction. If soil particles smaller than 1 to 2mm 
23 are present in the product, the operator will determine whether to increase residence time on the screen, 
24 reduce slurry feed depth on the screen, or increase water flow from the spray bars. The operator will also 
25 control the process oversize pile, delivered to the designated location by conveyor. Under the wet screen 
26 deck(s) is a sump that collects the slurry formed by the undersize soil (fraction less than 1 to 2mm) and 
27 the water delivered by the spray bars. This sump provides a temporary buffer between the produced 
28 slurry and the transfer location from which the slurry is pumped to the next unit operation. The 
29 screen/spray bar maintenance is as described for the grizzly/screen units. 

30 5.3.4.3 Hydrocyclone Separation 

31 The slurry pump pumps the slurry from the wet screen sump to the hydrocyclone separation module. The 
32 purpose of the hydrocyclone is to precisely separate the sand and the fines particles at specifically 
33 designated cut points. The hydrocyclones have no moving parts and are specifically manufactured to be 
34 abrasion resistant for these exact separations. The hydrocyclones are designed and manufactured by 
35 Mozley Ltd. (UK) and have been proven in a wide range of soil applications. The slurry is pumped 
36 under known pressure and controlled dry solids concentration to the inlet port of the hydrocyclone. The 
37 slurry stream then encounters a vortex finder that induces flow spin with high centrifugal force. The force 
38 throws heavy particles to the outside of the body while lighter particles move to the inside. Sand is then 
39 discharged from the underflow of the unit and water and fines in the overflow. The units can be field 
40 adjusted and controlled by the operator by changing the body, vortex finder, and apex valve of the 
41 hydrocyclone. Upon separation, a sand stream, mostly free of fines, and a fines stream free of sand can 
42 be further processed. 
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1 The hydrocyclone is equipped with a pressure gauge, which will be monitored to ensure that the 
2 hydrocyclone is functioning within the proper operating range. The flow rates can be adjusted with pinch 
3 valves to maintain correct pressure. A large pressure drop, or stoppage in the sand underflow, generally 
4 indicates a line blockage, which may require system shutdown and line purging. 

5 5.3.4.4 Operation of Spiral Concentrator 

6 From the underflow of the hydrocyclone, the separated sand stream is now directed to a module 
7 consisting of four double-start heavy spiral concentrators. The sand slurry from the hydrocyclone 
8 underflow is directed, by gravity, to the top of the spiral module. As the slurry flows down the spirals, 
9 heavy particles (heavies) move to the inside of the spiral and light particles (lights) to the outside. For 

10 this project, heavies are expected to include lead (Pb) paniculate materials from firing ranges, and lights 
11 are expected to consist of natural organic materials like grasses and roots. Particulate materials may also 
12 be expected in the landfill soils. The middling fraction will be the sand. The heavies and lights will be 
13 directed for collection by the operator, who visually identifies fraction formation and adjusts cutter knives 
14 at the base of the spirals. 

15 5.3.4.5 Sand Dewatering Screw 

16 The sand (middling) fraction from the spirals is also directed by gravity to an inclined screw classifier or, 
17 synonymously, the sand dewatering screw. The screw advances the sand fraction for discharge at the 
18 upper end of the unit and allows water and misplaced fines to be collected and recycled. The unit 
19 operation requires checking of the screw motor, and monitoring the sand moisture content and the solids 
20 concentration of the recovered water. The sand, discharged from the end of the screw, is then staged for 
21 sampling and analysis. 

22 5.3.4.6 Enhanced Sand Treatment 

23 If the sand product described above does not meet the specified treatment standards, additional treatment, 
24 on a batch-wise basis, will be provided to determine if the sand product quality can be upgraded. The 
25 specific upgrades to be used will be determined by the contaminant concentration and the relationship of 
26 the specific contaminants to the soil matrix. The enhanced treatment must be flexible. The treatment will 
27 include attritioning, use of specialty surfactants, and froth flotation. Other enhancements can be used if 
28 unusual contaminant conditions are observed. 

29 5.3.5     Fines Treatment 

30 5.3.5.1 Hydrocyclone Overflow 

31 The hydrocyclone overflow, consisting of fines and water, is directed to the clarifier for clarification by 
32 gravity. The system operator collects periodic samples of this stream and performs jar-settling tests with 
33 the addition of select polymers. A description of a typical jar test is included in Appendix F. The 
34 polymers act to coagulate fines particles to form larger agglomerates that increase mass and aid settling. 
35 The operator prepares and properly doses the polymer into this stream before introduction into the 
36 clarifier. 

37 A list of proposed reagents cannot be provided until the more definitive treatability study is performed at 
38 the time of soil excavation. The bench-scale treatment study will make proposed separations and will 
39 produce samples that can be tested for the selection of the proper surfactants, polymers, or filter aids, as 
40 necessary. Several hundred unique products are available. The reagents will be selected by actual testing 
41 to select and then optimize the proper choice. In each case, however, the chemicals to be used are non- 
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1 hazardous, biodegradable, and have approved manufacturer Material Safety Data Sheets (MSDSs). The 
2 chemical selection documentation and the verification of efficacy and safety will be confirmed and 
3 approved prior to use. 

4 5.3.5.2 Lamella Clarißer 

5 The lamella clarifier is an inclined plate clarifier with cone thickener, overflow weirs, and thickener 
6 mixers. The fines and water stream are separated in the lamella. Solids settle to the cone thickener and 
7 water overflows the weirs to be collected and staged for recycling. The solids are thickened and then 
8 transferred by sludge pump to the filter press. A thickener mixer maintains the thickened solids in a 
9 condition that allows pumping and avoids over-compaction and blockage. The operator can measure the 

10 torque on the mixer shaft and the level of solids in the thickener to control the operation. 

11 The lamella clarifier is initially started-up by filling the unit with process water. As the unit is filled, 
12 water overflows the overflow weir and is collected in the recycle water tank. When feed is initiated to the 
13 plant and soil slurry is separated in the hydrocyclones, the hydrocyclones' overflow is directed by gravity 
14 to the top of the lamella. The fine particles are coagulated by the use of the selected polymer, a 
15 denser/larger mass is formed, and the particles settle into the clarifier cone. The unit is put in operation 
16 by starting the coagulant polymer-dosing pump, checking polymer flow and delivery into the unit 
17 influent, and starting the lamella thickener rake motor. This rake keeps the settled and thickened solids 
18 suspended so that the sludge transfer pump can transfer them to the filter press. 

19 5.3.5.3 Filter Press Operation 

20 The thickened solids from the lamella clarifier are transferred by sludge pump to the plate and frame filter 
21 press for dewatering. A full-time operator controls the plate and frame filter press, which is operated in 
22 batch mode. Samples of the thickened sludge are collected periodically by the operator and tested to 
23 determine the need for, and required concentration of prefiltration aids. If necessary, the operator doses 
24 the feed with the selected chemicals to improve the quality of the product sludge cake. The thickened 
25 solids are pumped to the unit and are directed to a series of plates. The transfer pump pressure forces the 
26 water through the membrane filter, retaining the solids on the membrane. When the pressure reaches a 
27 predetermined set point, transfer of solids is stopped, the plates are separated, and the collected solids are 
28 dropped onto a sludge cake collection pan. Once the solids are removed, the plates are again connected 
29 and the next cycle begins. The collected sludge cake is staged for sampling and analysis. 

30 The sludge pump mounted at the base of the lamella is started and placed in operation. At start-up, the 
31 sludge pump receives thickened solids and pumps them under pressure to the filter press. The filter press 
32 is essentially a static device that loads delivered solids onto installed membranes until a design pressure is 
33 attained. The pressure is set according to the results of the bench-scale treatment study based upon the 
34 soil matrix. When the pressure set point is reached, the sludge pump transfer is interrupted, and the filter 
35 press plates are unbolted. The accumulated solids are removed into under-unit sludge bins, the plates 
36 cleaned, put back together, and re-bolted. The sludge pump is restarted, and the process begins again. 

37 5.3.5.4 Coagulation and Prefiltration Polymer Preparation and Use 

38 The chemical handling systems for clarification and prefiltration are provided with the treatment plant. 
39 These systems allow local preparation, mixing, and feeding of chemicals in a flexible manner, adjusted to 
40 the nature of the feeds to be treated. The plant process engineer oversees the preparation and use of these 
41 chemicals to determine selection, concentration, and dosages. 
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1 5.3.5.5 Water Management System 

2 It is the plan for the integrated treatment system that all water be recycled. Since it is expected that the 
3 feed moisture will be relatively low, and the residual moisture in the sludge cake is about 40 to 50 
4 percent, there is a loss of water bound in the sludge cake. Thus, there is a need to continually add water 
5 to the system. The recycle water, originating from the lamella overflow and from the filter press, is 
6 collected, pumped to a recycle water storage tank, and pumped back to the screening section of the plant. 

7 The process engineer collects routine samples from the recycle water tanks to monitor the water quality. 
8 First, it is important that contaminants not build-up in the recycle water to the extent that they could "pre- 
9 contaminate" the feed. The process engineer will routinely analyze these samples to control this issue. It 

10 is the experience of the team that this does not occur with the expected contaminants at McClellan AFB. 
11 Although this has never occurred, if it does occur, the team will make a decision to remove the 
12 unacceptable water from the recycle loop or treat the recycle water to appropriate levels. Secondly, the 
13 process engineer will check the recycle water for any potential interference with the selected plant 
14 chemistry, specifically the surfactants or polymers in use. If interference is detected, the process engineer 
15 will either adjust the plant chemistry or consider treatment of the recycle stream. 

16 Typically, the process water contains only traces of contaminants at low ppm or ppb levels that do not 
17 significantly impact the performance of the washing process or the quality of the washed products. If 
18 contaminant levels build up to levels such that the water would contribute more than approximately 10 
19 percent of the contaminant load to the washed product, additional water treatment would be integrated 
20 into the soil washing process to control contaminant levels in the process water. 

21 Before processing soils from a different site, the water will be analyzed for contaminants of concern from 
22 the previous site. Process water will be sampled from the process water holding tank that receives the 
23 clarifier overflow and filter press filtrate. If contaminant levels in the water would contribute a 
24 contaminant load of more than approximately 10 percent to the washed soils based on the new site 
25 standard, the water will be treated, disposed, or refreshed prior to processing the soils from a new site. If 
26 the process water contributes a contaminant load to the washed soil of less than 10 percent of the new site 
27 standard, the water will be considered "clean" and acceptable for reuse. 

28 Routine water samples will be collected for monitoring and evaluation of water quality after processing 
29 50 percent and 100 percent of the soil from each site. Thus, a total of six water samples will be collected 
30 for analysis for the project (assuming treatment of three sites' soils). 

31 5.3.6     Solidification/Stabilization 

32 5.3.6.1 Feed Selection 

33 The sludge cake produced by the plate and frame filter press is subjected to routine analysis for both total 
34 and extractable constituents. Sludge cake that meets specified standards will not require further treatment. 
35 For the sludge cake that does not meet the standards, the cake will be stabilized with the intent of meeting 
36 non-hazardous requirements. Staged sludge cake that is hazardous will be forwarded for stabilization. 

37 5.3.6.2 Reagent Selection and Dosage Determination 

38 The process engineer will run bench-scale treatment tests at the project site to assess the sludge cake 
39 characteristics and to select the reagent, water requirements, and mixing required to achieve the treatment 
40 requirements, as described in Appendix F, Field Test Procedure - Sludge Dewatering. The plant manager 
41 and operators will then implement these selections. 

MSW-\\Urs_sac 1 \Wprocess\68009\wip\Draft FinaI\Draft_fmal.doc 



Soil Washing and Solidification/Stabilization Work Implementation Plan - Draft Final Section No. 5.0 
McClellan AFB 06/28/00 
Revision 0 Page 5-16 

1 5.3.6.3 Reagent and Makeup Water Feed 

2 The primary reagents identified are various combinations of Portland cement and water, or the material may 
3 be incorporated into asphalt. The materials will be staged at the site for use as needed and makeup water 
4 pumped from process water storage tanks. 

5 5.3.6.4 Pugmill Operation 

6 The pug mill is a heavy-duty soil-mixing device that will be used to stabilize selected soils. The pugmill 
7 operation is started-up by turning on the feed conveyor motor, which transports the selected feed soils 
8 into the unit. The pugmill is started by energizing the mixing motor system and by checking the reagent- 
9 dosing feeder for level and starting the reagent-dosing feeder. Once these units are started, the product 

10 discharge conveyor is started and the unit is ready to accept feed. 

11 5.3.6.5 Stabilized Product Management 

12 The stabilized product will be staged for sampling and analysis in accordance with this plan, as described 
13 in Subsection 7.3. Stabilized material that is not suitable for backfill will be staged in bins for later 
14 treatment or disposal. Materials classification is discussed in Section 2 and Figure 2-3. 

15 53.7     Plant Shutdown 

16 At the end of each shift, or other non-emergency shutdowns, the feed will be shut off and the rest of the 
17 plant allowed to run until all process solids, excluding working beds, have been discharged. Beginning 
18 with the grizzly, the unit operations will be shut off.in the reverse sequence of their startup and end with 
19 the dewatering unit. Polymer dosing will also end at this time. Once the plant is free of solids, the water 
20 supply pumps will be shut off first, followed by the process/slurry pump, working from the grizzly unit to 
21 the dewatering unit. 

22 The working bed is the annular space between moving parts in equipment {e.g., auger and sides in sand 
23 screw, bowl in centrifuge). This space, which holds a given amount of solids, is filled when the 
24 equipment is initially charged with solids. These solids stay in place after plant feed is shut down, and the 
25 plant only runs on water. The only way to remove this material is to go through a decontamination 
26 (decon) procedure, which may or may not require partial equipment disassembly. In a controlled 
27 shutdown, the plant is run on just water until all free solids are expelled. The annular material or working 
28 bed will not discharge as noted above. Hence, when no more solids are discharged, the plant can be shut 
29 down. 

30 In the event of an emergency, shutdown would be accomplished by use of one of the master plant 
31 switches. This type of shutdown is extremely disruptive, as it does not allow process equalization prior to 
32 shutdown. 

33 5.4       SYSTEM OPTIMIZATION 

34 5.4.1     Data Evaluation 

35 The performance data to be collected, and reviewed daily, include, but are not limited to: 

36 •    The soil matrix and contaminant mix of the source (feed) soils currently being treated. 

37 •    The effective processing rate currently being experienced. 
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1 •    The physical and chemical nature of each of the products and residuals currently being 
2 generated. The daily chemical information will be obtained from real-time qualitative results. 

3 •    The details regarding any plant upsets or unusual situations. 

4 The JV will evaluate this information in detail to identify trends, potential problems, and areas targeted 
5 for improvement. The results of this evaluation will be translated into an action plan for implementation 
6 in the next day's run(s). The actions could include modification of the feed, feed composition, processing 
7 throughput rates, or detailed adjustments to specific unit operations. The intention will be to improve the 
8 products, obtain improved volume reduction efficiency, and to reduce both study costs and projected costs 
9 for full-scale implementation. 

10 5.4.2     Feed Management 

11 Using information gathered from the sieving studies described in Subsection 3.1.1.1, the JV will 
12 continuously evaluate the most effective handling and feeding of the selected source material. The initial 
13 concept is that each of the selected sites will be handled and treated as discrete runs. Flexibility may be 
14 provided, however, to improve the feed characteristics by mixing source areas to optimize feed quality 
15 and thus improve treatment results 

16 5.4.3     Feed Selection 

17 Initial feed soil selection is based on data generated during the initial field soil characterization 
18 (Subsection 3.1.1.1) and selected as described in Subsection 5.1.4. If the characteristics of the feed 
19 material change beyond the process plant tolerances during ongoing field activities, the amenability of the 
20 feed soil for the treatment process will be reassessed. For areas with soils deemed unsuitable for 
21 processing, excavation will cease, and another site will be selected for processing. The ultimate 
22 disposition of all soils will be noted in the TAAR. 

23 5.4.4     Feed Soil Staging 

24 Feed soil will be stockpiled in discrete piles, designated by area of excavation, on the feed soil storage 
25 pad. Each pile will be covered with a polytarp overnight, or when the pile is not being used. Since this is 
26 .   the only point at which the materials are dry, it is the only point at which dust may be generated. Water 
27 mist application will be used for dust control as required. 

28 5.4.5     Material Handling Equipment and Routing 

29 The primary equipment used for material handling is rubber tire front-end loaders. To minimize the 
30 potential for cross contamination, one loader will be assigned to feed soil, process support, and residual 
31 handling in EZ-2. This loader will remain in EZ-2, which consists of the feed soil storage pad, process 
32 area, and residual storage area. 

33 A second loader will be dedicated to treated material/product handling, and will remain in the treated 
34 soil/product storage pad, EZ-1 and support zone area. Each loader will be outfitted with a bucket 
35 scale/totalizer to determine processing rates, and record total feed soil processed, and totals for each 
36 output stream/product, as outlined in Subsection 5.3.2. Secondary material handling of palletized 
37 supplies/equipment will be accomplished with an appropriately-sized fork lift or loader equipped with 
38 lifting forks. Dust will be controlled as described in the Dust Control Plan in Appendix C. 
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1 Concrete barriers as described in Subsection 5.2.1.1 will outline material storage areas. Feed soil haul 
2 units will access the feed storage area through the south gate, and deposit the feed soil on the feed soil 
3 storage pad. If they can dump without entering the feed soil storage pad EZ, exterior truck 
4 decontamination will not be required. If they must access the feed soil storage pad, the truck exterior will 
5 be inspected to determine if it must be decontaminated as described in Appendix D, prior to leaving the 
6 storage pad area. Prior to accessing the treated soil storage pad, feed soil haul units must undergo truck 
7 decontamination. 

8 Material will be transported from the feed soil storage pad to the process area using a dedicated loader, as 
9 described above. The entire feed soil storage pad, process area, residual storage area, and STSP are one 

10 EZ, eliminating the need for decontamination of the dedicated loader operating within this area. If the 
11 loader needs to leave this EZ, it will be decontaminated as described in Appendix D. 

12 A dedicated EZ-1 loader will provide equipment support in the support zone, ferry treated soil/products 
13 from plant output piles adjacent to the process area to the treated soil/product storage area, and transport 
14 material requiring subsequent treatment back to the process area. If the loader in EZ-1 transports material 
15 requiring subsequent treatment back to the process area, then it would need decon prior to handling 
16 "clean" soils again. 

17 5.4.6     Transfer to Subsequent Treatment 

18 The transfer methods used to advance materials to subsequent treatment are a function of the material 
19 being transferred, and the requirements of the subsequent operation. Loaders are used to transfer 
20 materials that are dewatered, tested, and found to require additional treatment or disposal subsequent to 
21 dewatering. Slurry pumps are used to advance slurry streams that are known to require additional 
22 treatment such as attritioning or surfactants prior to dewatering. Slurry streams requiring 
23 stabilization/disposal or asphalt incorporation are first dewatered, then handled as noted above for 
24 dewatered materials. Table 5-3 outlines the methods used for each situation. 
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Table 5-3 

MATERIAL TRANSFER METHODS 

Material/Stream Treatment Requirement Transfer Method 
Debris/Oversize Stabilization/Disposal Loader/Mechanical handling 

Additional Washing/surfactants Loader/Mechanical handling 
Cobbles/Gravel Additional washing/surfactants Loader to plant feed or conveyor to 

scrubber unit 
Stabilization/disposal Loader to stabilization unit or STSP 
Asphalt incorporation Loader to treatment unit 
Crushing (by others) Loader to crushing operation 

Sand (dewatered) Additional soil washing 
(attrition/surfactants) 

Loader to plant feed; see Sand (slurry) 

Stabilization/disposal Loader to stabilization unit or STSP 
Asphalt Incorporation Loader to treatment unit 

Sand (slurry) Additional soil washing 
(attrition/surfactants) 

Slurry pump/hose 

Stabilization/disposal Dewater; see Sand (dewatered) 
Asphalt incorporation Dewater; see Sand (dewatered) 

Fines/Residuals Additional soil washing Loader to plant feed; see 
(dewatered) (attrition/surfactants) Fines/Residuals (slurry) 

Stabilization/Disposal Loader to stabilization unit or STSP 
Asphalt Incorporation Loader to treatment unit 

Fines/Residuals Additional soil washing Slurry pump/hose 
(slurry) (attrition/surfactants) 

Stabilization/disposal Dewater; See Fines/Residuals 
Asphalt incorporation (dewatered) 

Dewater; See Fines/Residuals 
(dewatered) 

STSP Secondary Treatment Staging Pile 

1 5.4.7     Treated Soil/Product Staging 

2 Treated soil will exit the process plant onto plant output piles via chutes or conveyors. Treated 
3 soil/products will be transported via dedicated loader from the plant output piles adjacent to the process 
4 area to the treated soil storage area on a daily basis. Treated soil/products will be discretely stockpiled by 
5 output stream for each day's run. Since the piles are treated, covering with a polytarp is not required. 
6 Dust controls may be needed on windy days to avoid dust nuisance. Samples for confirmatory analysis 
7 will be collected from the piles as detailed in Section 7.0. 

8 5.4.8     Stockpile Management and Tracking 

9 Soils will be tracked from initial stockpiling on the feed soil process pad through final treatment or 
10 disposal. Each feed soil pile will be identified with a pink pin flag and pink marking paint and labeled 
11 with the area and date of excavation. Feed soil piles deemed unsuitable for treatment will be further 
12 identified with a blue pin flag and blue marking paint and labeled "NO GO." 

13 Each treated soil/product pile will be identified with a yellow pin flag and yellow marking paint containing 
14 the stream name/number, date processed, and total pile weight and feed stock identification (ID) number. 
15 Treated soil/product piles meeting the appropriate analytical requirements will be further identified with a 
16 green pin flag and marking paint of the same color and labeled "PASSED," and left for subsequent 
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1 disposition by McClellan AFB after project completion. If analytical results indicate additional treatment or 
2 disposal is required, the material in that pile will be further identified with a red pin flag and red marking 
3 paint and labeled "RE-TREAT" or "DISPOSE," respectively. These piles will subsequently be transferred 
4 back to the process area or temporarily stored as outlined in Subsection 5.6.2. Report forms to be used for 
5 daily operations are presented as Figures 5^ through 5-8. 

6 The piles will be inspected on a daily basis and the markings will be refreshed/replaced as needed. In 
7 addition, care will be taken in equipment routing and material handling to avoid disturbing/obscuring 
8 markings on stockpiles. The material log will be updated on a daily basis to provide a cross reference. 

9 5.4.8.1 Feedstock I.D. Form, EZ-2 Feed Operator's Daily Log and EZ-1 
10 Loader Operator's Daily Log 

11 Each loader operator will maintain a logbook to record the operator of record, day, date, and time of load 
12 placement. Additional information to be recorded includes bucket counts, bucket weights, and totalizer 
13 readout for each feed/output stream per shift or run. The operators will zero the bucket scale/totalizers at the 
14 beginning of each shift, when changing feed sources or output streams, or when starting a new process run. 
15 Figure 5-4 presents the Feedstock I.D. form. Figures 5-5 and 5-6 are the EZ-2 Feed Operator's Daily Log 
16 and EZ-1 Loader Operator's Daily Log. 

17 5.4.8.2 Daily Operations Report 

18 The plant manager/site superintendent will compile information from the Daily Field Log into daily 
19 summary totals per feed/output stream. Additional information includes plant/site personnel, weather, and 
20 highlights of plant performance. In addition, it will include a summary of analytical samples collected per 
21 shift, material deemed unsuitable for treatment, and material transferred for additional treatment or disposal. 
22 Figure 5-7 presents the Daily Operations Report. 

23 5.4.8.3 Material Disposition Log 

24 The project manager will compile the Material Disposition Log, which is a compilation of the Plant 
25 Operator Reports. In addition, confirmatory analytical results will be included, along with a record of any 
26 subsequent treatment or disposal for each feed/output stream. Figure 5-8 presents the Material Disposition 
27 Log. 

28 5.5        MATERIAL STORAGE 

29 5.5.1     Potable Water 

30 McClellan AFB will provide potable water to the treatment system contractors. No storage is anticipated, 
31 except for the process water tanks. 

32 5.5.2     Process Water/Wastewater 

33 Two 5,000-gallon capacity water storage tanks will be used at the treatment pad. Approximately 30,000 
34 gallons of water is required for initial plant charging, with about 8,000 gallons per shift (freshwater at 10 
35 to 20 gpm) as process make-up. The treatment process is a net water consumer, and therefore, no 
36 wastewater is anticipated to be generated. However, at the end of the project there will be approximately 
37 25,000 gallons of process wastewater which will be sampled and managed appropriately. 
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1 Spills will be collected in the sump(s) and pumped back into process. Relatively speaking, spills should 
2 not contain appreciable amounts of solids as they drop out of suspension as soon as they hit the ground; 
3 shoveling the solids is generally easier than pumping them as it takes much more water to move them 
4 across an open surface than it does to push them through a pipe. Fines and organics are dealt with by 
5 reintroducing the material upstream of the plant water treatment consisting of settling coagulation, 
6 flocculation and filtration. 

7 Process water spills and storm water will be collected in the process pad sump and routed to the process 
8 water tank for treatment and recycle, or use for decontamination. Alternatively, the water may be 
9 collected and transferred to the CERCLA water treatment plant, or other appropriate location. 

10 5.53     Sediment and Soil 

11 Several soil storage areas have been incorporated in the design of the treatment pad. These areas include 
12 feed soils and treated soils. Details regarding these storage areas are provided earlier in this section. 

13 5.5.4    Solid Waste 

14 Solid waste generated in this treatment process, such as towels, rags, etc. that are used for cleaning off 
15 treatability system parts, etc., will be stored at the treatment pad in double-lined plastic garbage bags. 
16 When the bags are full, the bags will be disposed as solid waste in a waste receptacle on base. If 
17 contaminated with raw wet soil, the personal protective equipment (PPE) waste will be washed off or 
18 brushed, followed by cutting off the arms and legs and containerization by JV personnel. These materials 
19 will then be transferred by another McClellan AFB contractor to an appropriate facility, as directed by 
20 McClellan AFB. 
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Figure 5-4 

Feedstock I.D. Form 

Feed Stock I.D. # Supervisor 

As-excavated 

Excavation location 

Range BGS 

Comp. Sample I.D. # 

Soil type 

Contaminants of concern 

□ 
Date 

Blended 

Excavation / material type 

Percentage 

Sample I.D. # 

Soil type 

Contaminants of concern 

Excavation / material type 

Percentage 

Sample I.D. # 

Soil type 

Contaminants of concern 

Excavation / material type 

Percentage 

Sample I.D. # 

Soil type 

Contaminants of concern 
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Figure 5-5 

EZ-2 Feed Loader Operator's Daily Log 

Feed Stock I.D.# Operator 

Date 

Feed stock 
Load# Weight/Vol. Time 

Feed stock 

Load* Weight / Vol. Time 

Run /Shift 

Start time 

Stop time 

Total Wt. /Vol. 
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Figure 5-6 

EZ-1 Loader Operator's Daily Log 

Feed Stock I.D. 
# 

Operator 

Date 

4 minus to 3/8 

Count Weight/Vol. Time 

3/8 to 2mm 

Count Weight /Vol. Time 

Sand 

Count Weight /Vol. Time 

Run / Shift 

Start time 

Stop time 

TotalWt. /Vol. 

4- to 3/8 

3/8 to 2mm 

Sand 

Stabilized 
product 

Stabilized 
product 

Count Weight/Vol. Time 
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Site conditions 

Site Personnel 

Run / Shift 
Start time 
Stop time 

Feed stock I.D. # 

Daily Totals 
Feed stock 
4+ oversize 
4-to 3/8 
3/8 to 2mm 
Spiral heavies 
Sand 
Sludge cake 
Stabilized product 

Consumables 
Polymer 
surfactant 
cement 

Utilities 
Water 
electricity 

Material Disposition: 

Notes: 

Figure 5-7 

Daily Operations Report 

Supervisor 
Date 

Samples 
Location I.D.# Time TAT 
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Feed Stock I.D. # 

Material Type 

Material Wt. / Vol. 

Pass 

Disposition 

Figure 5-8 

Material Disposition Log 

I       IF«" 

Supervisor 

Date 

Sample I.D.# 

| |      Fail Criteria 

Material Type 

Material Wt. / Vol. 

Pass 

Disposition 

Fail 

Sample I.D.# 

| |      Fail Criteria 

Material Type 

Material Wt. /Vol. 

Pass 

Disposition 

Fail 

Sample I.D.# 

Fail Criteria 

Material Type 

Material Wt. / Vol. 

Pass 

Disposition 

Fail 

Sample I.D.# 

Fail Criteria 
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1 5.5.5     Process Chemicals 

2 Process chemicals, such as polymers or surfactants, will be stored within a secondary containment area 
3 near the Lamella clarifier. The storage area is on the treatment pad, within the curbed process pad. 

4 5.6       RESIDUALS MANAGEMENT 

5 Residuals requiring additional treatment or ultimate disposal are anticipated in addition to the treated 
6 soil/products detailed in Subsection 5.4.5. Some residuals will be known to require ultimate disposal prior 
7 to processing specific soils, while others will be identified through confirmatory analysis. The following 
8 strategy outlines the approach to safely and effectively deal with process residuals. 

9 5.6.1     Residuals Strategy 

10 The basis of the residuals strategy is to anticipate where the residuals will originate and have a plan in place 
11 to deal with them prior to commencing operations. For this project, all residuals will be dewatered prior to 
12 exiting the plant to simplify material handling and storage requirements as well as to enhance process area 
13 housekeeping. All residuals requiring disposal will be placed in the STSP to the north of the process area. 
14 Residuals may be containerized (e.g. covered roll-off bins or drums) for temporary storage, if the volume is 
15 sufficiently small. This may be a viable alternative should the STSP not be accessible during performance 
16 of this study. The material will then be further classified to determine if it can be used as backfill or what 
17 type of containment would be required (see Figure 2-3). 

18 5.6.2     Temporary Storage of Residuals 

19 Residuals known to require ultimate disposal will be temporarily staged in process output piles or bins 
20 until they are transferred to the STSP using the dedicated EZ-2 loader. 

21 Residuals that may require additional treatment/incorporation into products, as well as residuals that may 
22 potentially meet treatment goals, will be transferred from the process output piles to the dedicated 
23 residuals storage area as detailed in Figure 5-1. As with treated soil/products, they will be flagged with 
24 the requisite material handling/tracking information recorded as detailed in Subsection 5.4.8. These piles 
25 will be covered with polytarps as described in Subsection 5.4.7. The anticipated physical properties of 
26 process residuals and disposition are outlined on Table 5-4. 

27 5.6.3     Use of Existing Ponds 

28 To facilitate site operations, the existing concrete ponds to the north of the process area will be used for 
29 staging residuals, if available. They will be part of the feed soil/process area (EZ-2), and will be made 
30 contiguous via a dedicated access road, which will be provided by McClellan AFB contractors. Through 
31 this configuration, the loader servicing EZ-2 activities can access the ponds without having to 
32 decontaminate equipment, and without risk of accidentally spilling residuals on the ground outside the EZ 
33 limits. Soil that cannot be treated to the treatment standards will be staged for further treatment. 
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Table 5-4 

PROCESS RESIDUALS AND DISPOSITION 

Source Physical Quality Chemical Quality Disposition 

Prescreened Grizzly 
Oversize 

>4 inch Debris Clean Reuse/Recycle or Local 
Landfill 

Prescreen Trommel 
Oversize 

>3/8 to 4 inch Debris Clean Reuse/Recycle 

Wet Screened Oversize >2mm to 3/8 inch Gravel Clean Reuse/Recycle 

Physically Separated for 
Further Treated Sand 

>Hydrocyclone Cut-Point 
<2mm Sand 

Clean Reuse/Recycle 

Physically Separated for. 
Further Treated Fines 

<Hydrocyclone Cut-Point 
Sludge Cake 

Concentrated Residual 
Non-Hazardous 

Stabilize and Non- 
Hazardous Disposal 

Physically Separated for 
Further Treated Fines 

<Hydrocyclone Cut-Point 
Stabilized Soil 

Hazardous Stabilize and Contain 

Physically Separated for 
Further Treated Fines 

<Hydrocyclone Cut-Point 
Fines incorporated into an 
asphalt or construction- 
grade product 

Non-Hazardous Reuse/Recycle 
or Contain 

> 
> 

Greater than or equal to 
Greater than 

< 
mm 

Less than 
Millimeter 

1       5.7 DEMOBILIZATION AND SITE RESTORATION 

2 Upon process completion, the system will be drained and all residual solids removed and staged with 
3 contaminated residuals in dedicated storage areas. The system will then be flushed with clean water, 
4 decontaminated/disassembled, and demobilized from the site. 

5 5.7.1     Plant Decontamination and Disassembly 

6 Prior to final plant shutdown, the plant will be allowed to run on just water until all free solids are 
7 discharged. The plant will then be drained and residual solids removed. All residual solids will be staged 
8 in the process area for subsequent placement in the STSP, or if sufficiently small quantity, transferred to a 
9 roll-off bin or drum and managed as investigation derived waste. 

.10 The plant may be partially disassembled to facilitate residual solids removal. Once the residual solids 
11 have been removed, the plant will be decontaminated with treated process water using a high-pressure 
12 nozzle. Initially, the exterior and readily accessible interior sections will be washed. Following the water 
13 wash, the plant will be disassembled and staged on the process pad, where it will undergo a final wash. 
14 Interior surfaces will be washed first followed by the exterior surfaces, with work progressing from top to 
15 bottom. 

16 Spent decon water will be collected in the process pad sump, and pumped to the plant wastewater 
17 recycling and distribution unit for treatment, and reuse in the decon process. If required, a final rinse 
18 using hydrant water will be completed. Once decontamination has been completed, all spent water will 
19 be collected and, transferred to the existing CERCLA water treatment plant, or other appropriate location. 
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1 5.7.2     Plant Inspection 

2 Following decon/disassembly, the plant will undergo a visual inspection. Process equipment will be 
3 deemed suitable for demobilization if it is visually free of site soil or contaminants. Pieces with soil or 
4 contamination will undergo additional decontamination as previously described, until it is visually free of 
5 soil/contaminants, at which time it will be marked "ok." 

6 5.73    Plant Demobilization 

7 Once units have passed inspection, they will be loaded using appropriately sized cranes, forklifts, or other 
8 suitable lifting equipment. The process equipment will be loaded on flatbed trailers, and shipped off-site. 
9 Decontamination/demobilization will be documented in the TAAR. 

MSW-WUrs_sacl\Wprocess\68009\wip\DraftFinaI\Draft_final.doc 



• 

• 

Soil Washing and Solidification/Stabilization Work Implementation Plan - Draft Final Section No. 6.0 
McClellan AFB 06/28/00 
Revision 0 Pa§e 6"! 

1 6.0       PERMITTING AND REGULATORY COMPLIANCE 

2 This section describes all applicable or relevant and appropriate regulatory requirements related to 
3 activities discussed in Section 5.0. These requirements include acquisition of permits and compliance 
4 with regulations. The necessary permitting and compliance issues are described below. 

5 6.1       RELEVANT PERMIT REQUIREMENTS 

6 As detailed below, no permits are required for this demonstration. However, it is the base's policy to 
7 comply with the substantive, applicable federal, state, and local regulations for which permits would 
8 normally be required. Operations subject to such regulations are discussed below. Furthermore, the 
9 waiver of the permitting process does not apply to off-site operations, including the transport of materials 

10 or products to the site or off-site. Any activities that will occur off-site are subject to the appropriate 
11 permitting procedures. 

12 6.1.1     Hazardous Material Storage 

13 The treatability study does not require hazardous materials to support its operation. Some surfactants and 
14 polymers, as well as fuel and lubricating oils may be used in the operations. However, site soils 
15 undergoing treatment are generally hazardous materials and are handled as such. During the treatability 
16 study, all soils will be tested for hazardous characteristics and staged accordingly within the treatment 
17 area prior to and during treatment and in the STSP or "clean soil" sites after treatment. 

18 Clause H-500 of the McClellan Environmental Technology Remediation Implementation Contract 
19 (METRIC) identifies specific requirements regarding the storage and use of hazardous materials on 
20 McClellan AFB. Among these requirements are to: 

21 •    Update the list of hazardous materials identified in the "Certification Regarding Identification 
22 of Hazardous Materials in the Performance of On-Base Services" (Certification). 

23 •    Update or provide additional MSDS for each item on the Certification list. 

24 •    Submit a "Contractor Hazardous Material Report" (report) for each Certification list item 
25 brought onto McClellan AFB. 

26 •    Update the report monthly until the hazardous material is removed from McClellan AFB. 

27 •    Affix a hazardous material warning label to all such materials. 

28 •    Conduct and document employee hazard communication training before beginning work. 

29 6.1.2     Land Disposal Restrictions 

30 Land disposal restrictions (LDRs) apply to hazardous waste generators, including cleanup waste 
31 generators. Products to be "used in a manner constituting disposal" will undergo testing as detailed in 
32 Section 7.0, to ensure they meet the relevant LDRs for the contaminants of concern. 

33 6.13     Atmospheric Discharge 

34 No separate permits are required for atmospheric discharge during the demonstration period. 
35 Atmospheric discharges from the system may include dust from handling soils; however, stockpiled and 
36 feed soils will be wetted, if necessary to reduce dust, and the overall treatment process is performed on 
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1 wet soils, so no dust is anticipated to be generated during treatment operations. Since McClellan AFB is 
2 an NPL site, the system will not require any air permits from the Sacramento Metropolitan Air Quality 
3 Management District (SMAQMD) of the California Air Resources Board (CARB). Section 9.7 further 
4 describes air monitoring for this project. 

5 6.1.4     Wastewater Discharge 

6 No separate permits are required for wastewater discharge, as the system is a water consumer and will not 
7 produce wastewater. At study completion, any remaining process water will be collected, tested, and 
8 treated appropriately. 

9 6.1.5     Waste Storage, Treatment, and Disposal 

10 Wastes generated during the operational phase of the demonstration will include used PPE and other solid 
11 waste (paper towels, rags, etc.) from system operation, and diluted Alconox® solution from 
12 decontamination activities. The procedures set forth in the Hazardous Waste Management Plan (SM- 
13 ALC-MCAFB Instruction 32-2, 1996) will be followed. SM-ALC/EMPC and the contracting officer will 
14 be notified of the type and quantity of hazardous waste expected to be generated. Hazardous waste will 
15 be managed as specified in Chapter 4 of the McClellan AFB Hazardous Waste Management Plan (SM- 
16 SLC-MCAFB Instruction 32-2, 1996). No separate permits are required for waste generated during the 
17 treatability study. 

18 6.1.5.1 Used Personal Protective Equipment and Other Solid Waste from Operations 

19 Used PPE, with no adhering wet soils and the arms and legs cut out, and towels, rags, etc. that are used 
20 for cleaning off treatability system parts, etc. will be stored in double-lined plastic garbage bags. When 
21 the bags are full, the bags will be disposed as solid waste in a waste receptacle on base. If PPE is 
22 contaminated with raw wet soil, the soil will be rinsed or brushed off, the arms and legs cut off, and the 
23 PPE waste containerized by JV personnel. These materials will be transferred by another McClellan AFB 
24 contractor to an appropriate facility, as directed by McClellan AFB. 

25 6.1.5.2 Alcono^ Solution 

26 Dilute Alconox® solution from cleaning and decontamination activities will be stored in a 55-gallon drum 
27 (1 A/2 - full removable head steel drum) on-site in compliance with Subsection 2.3.1 of the Hazardous 
28 Waste Management Plan (SM-ALC-MCAFB Instruction 32-2, 1996). When the drum is full, McClellan 
29 AFB will package the waste for pick-up. The waste will be labeled, tested, and classified by JV 
30 personnel, then transferred by another McClellan AFB contractor to an appropriate facility, as directed by 
31 McClellanAFB. 

32 6.1.6     General Operation 

33 General system operation will require no special or additional permits and will be in compliance with all 
34 local, state, and federal codes and regulations. 

35 6.2        REGULATORY COMPLIANCE 

36 In addition to fulfilling the requirements in Subsection 6.1, the implementation and operation of the 
37 technology demonstration must comply with other federal, state, and local regulations, including, but not 
38 limited to: 
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1 •    CERCLA and the NCP require the implementation of a remedial solution that provides short 
2 and long-term effectiveness and permanence, reducing toxicity, mobility or volume through 
3 treatment in a cost-effective manner acceptable to federal, state, local personnel, and the local 
4 community. CERCLA states: "Remedial actions in which treatment which permanently and 
5 significantly reduces the volume, toxicity or mobility of the hazardous substances, pollutants, 
6 and contaminants as a principal element, are to be preferred over remedial actions not 
7 involving such treatment. The off-site transport and disposal of hazardous substances or 
8 contaminated materials without such treatment should be the least favored alternative 
9 remedial action where practical treatment technologies are available." CERCLA also 

10 specifies specific requirements to handle and dispose of hazardous wastes generated during 
11 clean up activities. These requirements may take precedence over other waste regulations 
12 and would need to be assessed for each specific site for which the technology was 
13 implemented. No federal, state, or local permits are required for on-site response actions, 
14 including treatability studies, conducted under Sections 104, 106, 120, 121, and 122 of 
15 CERCLA. 

16 •    RCRA, as amended, 42 United States Code (USC) 901, et seq. and Title 22 California Code 
17 of Regulations (CCR). Wastes generated during the soil washing and solidification/ 
18 stabilization study system operation will be compared to RCRA and Title 22 CCR hazardous 
19 waste concentrations to determine containment requirements. It is possible that treatment 
20 systems required for full-scale implementation of the thermal desorption strategy may 
21 generate RCRA hazardous waste {e.g., organic process liquids). The specific RCRA wastes 
22 to be generated would vary from site-to-site due to local regulations and, therefore, must be 
23 considered individually for each site. 

24 •    Clean Water Act (CWA). The CWA requires compliance with the applicable requirements of 
25 the discharge permit issued to the facility by the county. No wastewater will be discharged 
26 from this treatment process during normal operations. Following operation, residual water 
27 within the system may be sent to the on-base CERCLA treatment plant for disposal. 

28 •    Safe Drinking Water Act as amended, 42 USC 3300f, et seq. Since no water will be 
29 produced in this treatment scheme, the regulation will not be applicable to the demonstration. _ 

30 •    Clean Air Act as amended, Title 42 USC 3401, et seq. Limits the emission of both "criteria" 
31 (ozone and its precursors oxides of nitrogen and reactive organic compounds, as well as 
32 sulfur dioxide and paniculate matter less that 2.5 microns in diameter) and "non-criteria" or 
33 hazardous air pollutants. The atmospheric emissions expected are carbon dioxide and 
34 particulates. Carbon dioxide is not regulated. Particulates will be minimized by dust 
35 suppression during excavation. During the treatment process, the soil is wetted, thus 
36 reducing or preventing dust. A dust control plan is included in Appendix C of this WIR 

37 •    Toxic Substances Control Act (TSCA). PCB wastes generally are regulated for disposal 
38 under TSCA at concentrations of 50 ppm or greater. Cleanup decisions at CERCLA sites 
39 have relied on the 1987 TSCA PCB Spill Cleanup Policy. Soil washing, as long as it meets 
40 the requirements of Section 761.61 (a)(5)(i)(A)( 1) through (6), does not require prior USEPA 
41 approval. 

42 •    Title 27, Division 2, Solid Waste Requirements. Title 27, Division 2, Subchapter 4 - Criteria 
43 for Landfills and Disposal Sites. These regulations are applicable to this project because they 
44 provide provisions for the safe excavation of landfill material and requirement for the safe 
45 management of non-hazardous solid waste. 
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1 •    Title, 23 Division 3, Chapter 15, Article 2 - Waste Classification and Management. This 
2 section is applicable to this treatment study because it provides waste classification criteria. 
3 It also provides provisions on managing the classified waste. 

4 •    Mixed Waste Regulations. These regulations are not applicable because the soil washing and 
5 solidification/ stabilization study system is not being evaluated for treatment of mixed wastes 
6 {e.g., RCRA wastes mixed with radioactive wastes). 

7 •    Federal Insecticide, Fungicide, Rodenticide Act (FIFRA). These regulations are not 
8 applicable because the unit will not be used to demonstrate treatment of FEFRA-regulated 
9 substances. 

10 •    Occupational Safety and Health Act (OSHA). Since McClellan AFB is a federal site, the 
11 operation of the treatability study system is governed by federal OSHA regulations. This 
12 requires the preparation of a site-specific health and safety plan for all work to be conducted 
13 on the site. Workers also need to be informed of the nature of the hazards present on the site. 
14 Additionally, workers on-site must have successfully completed the OSHA 24-hour health 
15 and safety training and attended an annual 8-hour refresher course as outlined in 29 CFR Part 
16 1910.120. If the site is deemed fully characterized, then no OSHA training would be required 
17 except as deemed necessary for handling waste. All equipment used on the site complies 
18 with OSHA safety regulations. Since McClellan AFB is located in California, the operation 
19 of the treatability study system will also substantively comply with the regulations contained 
20 in Title 8 of California/OSHA. 

21 •    State and Local Regulations. The concerned state and local regulatory agencies include the 
22 SMAQMD, the state of California Central Valley Regional Water Quality Control Board 
23 (RWQCB), and the state of California DTSC. No permits are required from these agencies 
24 for the demonstration; however, recognizing that all sites have unique characteristics, each 
25 potential full-scale application of the technology would need to comply with all applicable 
26 state and local regulations promulgated by these agencies, such as CCR Title 27 and 22. 
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7.0       SAMPLING PLAN 

2 This WIP section includes the sampling objectives, rationale for locations and sample quantity, analytical 
3 methods, field procedures, and quality control samples for each type of process stream. The individual 
4 streams identified in Figure 3-1 are separated into three categories based upon sampling objectives: 

Stream 

1) Preoperation stream 

2) Process streams 

3) Product/residual 
streams 

Description 

Feed soils 

Input and output solids for 
each internal process 

Solids remaining after 
process is complete 

Objective 

Determine suitability of feed soil 
to soil washing process 

Optimize and assess system 
performance 

Determine disposal or reuse 
options 

5 Samples will be collected at various locations throughout the process illustrated in Figure 7-1 to meet the 
6 above objectives. Although specific sample locations are designated on the figure and specified in Tables 7- 
7 1 and 7-2, sampling locations and frequency may vary based upon sample variability or equipment 
8 performance. The analyte lists will be tailored to include the most recent RI data, which has not, as yet, 
9 been published. Soil will be processed through the system in the order of least contaminated to most 

10 contaminated. 

11      7.1 PREOPERATION SAMPLING AND ANALYSIS 

12 Preoperation sampling will occur in two steps; initial, visual inspection and physical parameter testing; and 
13 representative composite sampling and both physical and chemical analysis of the selected soils. 

14 For the initial step (site sampling), the JV and McClellan AFB management team will conduct a field 
15 walkover of the candidate sites. Ten non-VOC sites have been identified as possible remediation 
16 candidates for this study. In Subsection 2.4, these sites have been prioritized, and at least one site from 
17 each general category will be subjected to testing. At a minimum, the 6 highest-priority sites, CS 011 and 
18 CS 013 (landfills), PRL S-006 (SVOC spill), and PRL S-004, waste pile and SAFR (metals only) should 
19 be sampled. Representative samples would be collected by excavating a test pit at each of the sites. With 
20 the exception of the landfill sites (CS 011 and CS 013), impacted soils are reportedly shallow, and test 
.21 pits would also be quite shallow (approximately 2 feet or less). At the landfills, the trench would be 
22 advanced to approximately 6 to 8 feet depth, in order to observe and sample stratified layers, if present. 
23 At each site, the backhoe bucket will be used to excavate and mix the soil sample. A sample will be 
24 collected from the homogenized soils by hand shovel. The sample will be tested during the preliminary 
25 treatment test to define the nature of the soil matrix for the candidate site. Soil from each potential 
26 excavation area will be evaluated as described in the preliminary treatment study (Appendix F) to 
27 determine the amenability of soil from that area to the treatment process. If the soil is not suitable for soil 
28 washing, no further excavation would be undertaken at the site and the excavation will be backfilled. If 
29 the soil is acceptable, excavation and feed soil stockpiling will be undertaken at the site as described in 
30 the Excavation Plan in Appendix E. 
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1 For the second step (feed soil sampling), a composite sample will be collected from the feed soil stockpile 
2 for each site prior to operation and analyzed for physical parameters in the field laboratory, screened for 
3 chemical constituents and gamma radiation (where applicable), and analyzed for chemical contaminants 
4 in a fixed laboratory facility. 

5 7.1.1     Sampling Objectives 

6 The two preoperation sampling objectives are described below. 

7 •    The amenability of the soil to the treatment process will be determined by analyzing grain 
8 size distribution, moisture content, and estimated contaminant loading as discussed in the 
9 Preliminary Treatment Study (Appendix F). If the soil tested exhibits characteristics beyond 

10 the operational parameters of the treatment process, the site will not be selected and soil from 
11 a different area will be selected. If the soil is shown to be a good candidate for the soil 
12 washing and solidification/ stabilization study, excavation will be conducted at the site, 
13 according to the Excavation Plan (Appendix E). Soils will be transported to the staging area 
14 of the treatment pad, and set in feed soil stockpiles. 

15 Chemical analyses will identify the constituents and concentrations in the feed soil to be introduced into 
16 the system for treatment, will verify the suitability of the site, and will provide initial process parameters. 

17 7.1.2     Rationale for Sample Locations, Numbers of Samples, and Analytical Parameters 

18 Three complete preoperational samples will be collected from the stockpile from each chosen site. To 
19 acquire a representative sample from the site, a 5-gallon composite sample consisting of at least 6 grab 
20 samples will be collected from each feed soil stockpile after oversized debris has been removed. The 
21 composite sample will be homogenized and ground if the soil particle size is variable or too large for 
22 homogenization. 

23 The parameters necessary to characterize the feed soil include grain size distribution, moisture content, 
24 and total contaminant loading, as listed in Tables 7-1 and 7-2. The physical testing and chemical 
25 screening may be completed in the field lab and the samples for definitive chemical analysis will be 
26 shipped to a fixed laboratory. The chemical analyses performed by the fixed laboratory are listed in Table 
27 ' 7-2 for feed soils from candidate sites for each site type. The selection of these analyses is based upon 
28 historical contaminants of concern listed in Table 2-1 and more recent RI data. Landfill site samples will 
29 be analyzed for VOCs and radiation screening, also. 

30 7.1.3     Field Methods and Procedures 

31 Field methods and procedures will follow those identified in the McClellan AFB Basewide Quality 
32 Assurance Program Plan (QAPP; Radian 1999b), where the procedures are applicable to the soil sampling 
33 for this project. 

34 7.1.3.1 Sample Collection 

35 The following standard operating procedures (SOPs) from the McClellan AFB QAPP will be followed. 
36 In some cases, only parts of the SOPs are applicable to this project. The SOPs are: McAFB-042 - 
37 General Field Operations, McAFB-012 - Trenching, and McAFB-016 - Collection of Surface and Sub- 
38 Surface Soil Samples. 
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Table 7-1 

FIELD ANALYSIS SCHEME 

Stream 
Name Particle 

Size Range 

Field Analyses 

Number Grain Size 
Distribution 

(%wt/fraction) 

Moisture 
Content 

(*) 

Percent 
Solids 
(%) 

Flocculation/ 
Settling 
(Clarity) 

Contaminant 
Concentrations 

Radiation 
Screening(1) 

Method 
ASTM Method 

D422 

ASTM 
Method 
D2216 

APHA 
Methods 

2540F and 
2710C 

ASTM 
Method 
D2216 

XRF and GC 
Gamma 

Radiation 
Screening 

Preoperation Sampling 
1 Feed Soil Native X X - - X X 

Process Control 
5 Fine Sand <3/8" X X - - X 
6 Oversize 2mm - 3/8" X X - - X 

7 
Hydrocyclone 

Underflow 
<2mm X - 

X 
- X 

8 
Spiral 

Concentrate 
0.05mm- 

2mm 
X X X X 

10 Clarifier Influent NA - - X X - 

11 
Clarifier 

Underflow 
NA X - 

X 
- X 

Residuals 

2 
Oversize/ 

Debris 
>4" 

- - - - X 

3 
Cobbles/ 
Gravel 

1" - 4" X X - - X 

4 Coarse Sand 3/8" -1" X X - - X 
12 Clarifier Effluent NA - - X - - 

Note: Stream numbers are associated with sample location numbers in Figure 7-1. 
(1) The XRF, GC, and radiation screening may or may not be used pending the results of the preliminary treatment test. 

%wt Percent weight 
ASTM American Society of Testing and Materials 
APHA American Public Health Association 
mm Millimeters 
" Inches 
XRF X-ray fluorescence 
GC Gas chromatography 
NA Not applicable 
- Not analyzed 
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Table 7-2 

SAMPLE ANALYSIS SUMMARY 

\     Sample Location 
«-m==w™™= 

Quantity and Analytical Method 
 e— 

SVOCs 

Number Name 
Metals Only Landfill Sites Spill Sites 

PRL S-004 IC 7 Wastepile SAFR CS011 CS013 PRL S-006 

Preoperati on 
Feed Soil 3x7421,1 3 x 6010B, 3x7421. 3x6010B,7131A, 3x6010B. 7131A. 3x8310, 

EB (same 7131A.7421, 1 6010B, 1 7421,8082, 7421,8082, 6010B, 1 EB 

methods), EB (same EB (same 8081A.8270C. 8081 A, 8270C, (same 

lFD(same methods), 1FD methods). 8290, 8260B, 8290. 8260B, methods), 

methods) (same methods) lFD(same 8310, 8015B, 1EB 8310, 8015B. 1 EB 1 FD (same 
methods) (same methods), 

lFD(same 
methods) 

(same methods), 
lFD(same 
methods) 

methods) 

Process Ct »ntrol I 
5 Fine Sand 7 x 7421,1 7 x 6010B, 1 FD 7 x 7421, 7 x 6010B, 8081A, 7 x 6010B, 8081A, 7 x 6010B        j 

(Pretreatme FD (same (same method) 6010B, 1 8082,8270C, 8082,8270C, 

nt) method) FD (same 
method) 

8015B, 8310,1FD 
(same methods) 

8015B, 8310, 

7 Hydrocyclo 7 x 7421 7 x 6010B 7 x 7421, 7 x 8081A, 8082, 7 x 8081A, 8082, 7 x 6010B, 

ne 6010B 8270C, 8015B, 8270C, 8015B, 1FD (same 

Underflow 8310,6010B, 8310,6010B, methods) 

(Pretreatme 7131A, 7421,1FD 7131A,7421,1FD 

nt) (same methods) (same methods) 

6 Oversize 7 x 7421, 7 x 6010B, 7 x 7421, 7 x 8081A, 8082, 7 x 8081A, 8082, 7 x 6010B, 

(Post 1311 w/ 7131A, 7421, 6010B, 8270C, 8015B, 8270C, 8015B, 8310, WET 

Treatment) 7421, WET 1311 w/metals, 1311 w/ 8310,6010B, 8310,6010B, w/ metals, 

w/7421, 1 WET w/ metals, 1 7421, WET 7131A,7421; 7131A,7421; 1311 w/ 

FD (same FD (same w/7421, 1 WET w/ metals. WET w/ metals, metals, 1 FD 

method) method) FD (same 8081 A, 8082, 8081 A, 8082, (same 
method) 8270C; 1311 w/ 

metals, 8081 A, 
8082. 8270C; 
1 8290 

8270C; 1311 w/ 
metals, 8081 A, 
8082, 8270C; 
1 8290 

method) 

9 Sand (Post 7x7421, 7 x 6010B, 7040, 7 x 7421, 7 x 8081A, 8082, 7 x 8081A, 8082, 7 x 6010B, 

Treatment) 1311 w/ 7060A, 7131A, 6010B, 8270C, 8015B, 8270C, 8015B, 8310, WET 

7421, WET 7421,7471A, 1311 w/ 8310,6010B, 8310,6010B, w/ metals, 

w/7421 7740,7841,1311 7421, WET 7131A.7421; 7131A,7421; 1311 w/ 

w/ metals, WET w/7421 WET w/ Metals, WET w/ Metals, metals, 1FD 

w/ metals 8081 A, 8082, 
8270C; 1311 w/ 
metals, 8081 A, 
8082, 8270C; 
1 8290, lFD(same 

8081 A, 8082, 
8270C; 1311 w/ 
metals, 8081 A, 
8082, 8270C; 
1 8290, lFD(same 

(same 
methods) 

methods) methods) 1 
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Table 7-2 (Cont'd) 

SAMPLE ANALYSIS SUMMARY 

1 
Sample Location 

Quantity and Type of Analyses 

Number Name 
Metals Only Landfill Sites 

SVOCs Spill 
Sites 

PRL S-004 IC 7 Waste pile SAFR CS011 CS013 PRL S-006 

Product/Residuals 
2 Oversize/ 3x7421, 3 x 6010B, 7040, 3 x 7421, 3x8081 A, 8082, 3x8081 A, 8082. 3x6010B. 

Debris 1311 w/ 7060A, 7131 A, 6010B, 8260B, 8270C, 8260B, 8270C, 8310, WET 
7421, WET 7421, 7471 A, 1311 w/ 8015B, 8310, 8015B, 8310, w/ metals. 
w/7421, 1 7740,7841,1311 7421, WET 6010B.7131A, 6010B, 7131A, 1311 w/ 
FD (same w/ metals, WET w/7421, 1 7421; WET w/ 7421; WET w/ metals 
methods) w/ metals, 1 FD FD(same metals, 8081 A, metals, 8081 A, 

(same methods) methods) 8082, 8270C;1311 
w/ metals, 8081A, 
8082, 8260B, 
8270C 

8082, 8270C; 1311 
w/ metals, 8081 A, 
8082, 8260B, 
8270C 

3 Cobbles/Gra 3x7421, 3x6010B, 7040, 3 x 7421, 3 x 8081A, 8082, 3x8081 A, 8082, 3x6010B, 
vel 1311 w/ 7060A, 7131A, 6010B, 8260B, 8270C, 8260B, 8270C, 8310, WET 

7421, WET 7421, 7471 A, 1311 w/ 8015B, 8310, 8015B, 8310, w/ metals, 
w/7421 7740,7841, 1311 7421, WET 6010B.7131A, 6010B.7131A, 1311 w/ 

w/ metals, WET w/7421 7421; WET w/ 7421; WET w/ metals 
w/ metals Metals, 8081 A, 

8082, 8270C; 1311 
w/metals, 8081 A, 

8082, 8260B, 
8270C(lFDsame 

methods) 

Metals, 8081 A, 
8082, 8270C; 1311 
w/ metals, 8081 A, 

8082, 8260B, 
8270C (1FD same 

methods) 
4 Coarse 3 x 7421, 3x6010B, 7040, 3x7421, 3x8081 A, 8082, 3x8081 A, 8082, 3 x 6010B, 

Sand 1311 w/ 7060A, 7131A, 6010B, 8260B,8270C, 8260B, 8270C, 8310, WET 
7421, WET 7421, 7471 A, 1311 w/ 8015B, 8310, 8015B.8310, w/ metals, 
w/7421 7740,7841, 1311 7421, WET 6010B,7131A, 6010B.7131A, 1311 w/ 

w/ metals, WET w/7421 7421; WET w/ 7421; WET w/ metals, 1 FD 
w/ metals Metals, 8081 A, 

8082, 8270C; 1311 
w/metals, 8081 A, 
8082, 8260B, 
8270C 

Metals, 8081 A, 
8082, 8270C; 1311. 
w/metals, 8081 A, 
8082, 8260B, 
8270C 

(same 
methods) 

15 Process 2 x 7421 1 x 6010B 2 x 7421, 6 x 6010B, 8081A, 6 x 6010B, 8081A, 6 x 6010B, 
Water 6010B 8082,8270C, 

8015B, 8310, 
6010B, 7131A, 
7421,1 FD (same 

8082,8270C, 
8015B, 8310, 
6010B, 7131A, 
7421,1 FD (same 

8310,1 FD 
(same 
methods) 

methods) methods) 
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Table 7-2 (Cont'd) 

SAMPLE ANALYSIS SUMMARY 

Sample Location 
Quantity and Type of Analyses 

Number Name 
Metals Only Landfill Sites 

SVOCs 
Spill Sites 

PRL S-004 
IC 7 Waste 

pile 
SAFR CS011 CS013 PRL S-006 

13 Sludge 3 x 6010B, 3x6010B, 7040, 3x6010B, 3x8081 A. 8082, 3x8081 A, 8082, 3x6010B. 

Cake 7040, 7060A, 7131 A, 7040, 8260B. 8270C, 8260B, 8270C, 8310, WET 
7060A, 7421, 7471 A, 7060A. 8015B, 8310, 8015B, 8310, w/ metals. 

7131A, 7740,7841, 1311 7131A, 6010B.7131A 6010B,7131A 1311 w/ 

7421, w/ metals, WET 7421, 7421, WETw/ 7421, WETw/ metals             I 
7471 A, w/ metals, 1 FD 7471 A, metals, 8081 A, metals, 8081 A. 
7740,7841, (same methods) 7740,7841, 8082, 8270C; 1311 8082, 8270C; 1311 
1311 w/ 1311 w/ w/metals, 8081 A, w/metals, 8081 A, 
metals, WET metals, 8082, 8260B, 8082, 8260B, 
w/ metals, 1 WETw/ 8270C; 8270C; 
FD (same metals, 1 1 8290 1 8290 
methods) FD (same 

methods) 
14 Stabilized 3 x 6010B, 3x6010B, 7040, 3x6010B, 3x8081 A, 8082, 3x8081 A, 8082, 3x6010B, 

Product 7040, 7060A, 7131 A, 7040, 8260B,8270C, 8260B, 8270C, 8310, DI 
7060A, 7421, 7471 A, 7060A. 8015B, 8310, 8015B, 8310, WET w/ 
7131A, 7740,7841, 1311 7131A, 6010B, 7131A 6010B,7131A metals, 1311 
7421, w/ metals, DI 7421, 7421, DI WETw/ 7421, DI WETw/ w/ metals         1 
7471 A, WET w/ metals 7471 A, metals, 8081 A, metals, 8081 A, 
7740, 7841, 7740,7841, 8082, 8270C; 1311 8082, 8270C; 1311 
1311 w/ 1311 w/ w/metals, 8081 A, w/metals, 8081 A, 
metals, DI metals. DI 8082, 8260B, 8082, 8260B, 
WETw/ WETw/ 8270C; 1 8290, 1 8270C; 1 8290, 1 
metals metals FD (same methods FD (same methods 

Sample numb er corresponds to sample locati ons indicated on Figi ire 7-1. 

Bold 
WET 
FD 
EB 
SAFR 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 

Indicates expedited turnaround time (48-hour for all but leachates) 
Waste extraction test DI WET Waste extraction test using deionized water 
Field duplicate FD Field duplicate 
Equipment blank EB Equipment blank 
Small Arms Firing Range 

All soil samples for this project will be composites of at least 5-gallons and consist of a minimum of 6 
grab samples. To form composite samples, each waste pile will be divided into six sections of equal size 
and one grab sample will be taken randomly within each section and composited. Samples will be 
collected using decontaminated shovels and placed in clean plastic pails for mixing. The composite 
samples will be homogenized and a portion used to determine the physical properties specified in 
Subsection 7.1.2. The remainder of the sample will be crushed and pulverized to pass 400 mesh, and will 
be used to determine the pertinent chemical properties. The homogenization, grinding, and pulverizing 
minimizes the variability commonly exhibited in contaminated soil and increases the representativeness 
of the samples. The composite will then be coned and quartered and placed in the appropriate sample 
container (see Table 7-3). 

11       7.1.3.2 Sample Containers 

XI      The laboratories will provide precleaned sample containers for all analyses. The containers will be stored 
13      away from sources of possible contamination. 
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Table 7-3 

ANALYTICAL METHODOLOGY REQUIREMENTS: 
SAMPLE CONTAINERS, PRESERVATION, AND HOLDING TIMES 

Reference 
Parameter (Matrix) 

Method Holding Time Container(s) Preservation 
Storage 

Requirements 

Metals (soil) 

SW-846 
Method 601 OB 
or 6020,7471 A, 
(or 7000 series 
methods if 
appropriate) 

6 months; 28 days for 
mercury 

8 oz. Clear 
wide-mouth jar 

None 4°C 

Total Extractable 
Petroleum Hydrocarbons 
(soil) 

Modified SW- 
846 Method 
8015 

14 days to extraction, 40 days 
from extraction to analysis 

8 oz. Glass jar None 4°C 

Pesticides (soil) 
SW-846 
Method 8081A 

14 days to extraction, 40 days 
from extraction to analysis 

8 oz. Glass jar None 4°C 

Polychlorinated 
Biphenyls (soil) 

SW-846 
Method 8082 

14 days to extraction, 40 days 
from extraction to analysis 

8 bz. Glass jar None 4°C 

Volatile Organic 
Compounds (soil) 

SW-846 
Method 8260B 

48 hours to preservation; 14 
days from preservation to 
analysis 

3 Encore® 
Samples 

None in the field; 
sodium bisulfate 
solution in the lab 

4°C 

Semivolatile Organic 
Compounds (soil) 

SW-846 
Method 8270C 

14 days to extraction, 40 days 
from extraction to analysis 

8 oz. Glass jar None 4°C 

Dioxins and Furans (soil) 
SW-846 
Method 8290 

30 days to extraction, 45 days 
from extraction to analysis 

8 oz. Glass jar None 4°C 

Polynuclear Aromatic 
Hydrocarbons (soil) 

SW-846 
Method 8310 

14 days to extraction, 40 days 
from extraction to analysis 

8 oz. Glass jar None 4°C 

Metals (water) 

SW-846 
Method 6010B 
or 6020,7470A, 
(or 7000 series 
if appropriate) 

6 months; 28 days for 
mercury 

1 500-mL 
polyethylene 
bottle 

pH< 2 with 
HN03 

4°C 

Total Extractable 
Petroleum Hydrocarbons 
(water) 

Modified SW- 
846 Method 
8015 

7 days to extraction, 40 days 
from extraction to analysis 

2 liter amber 
glass bottle 

None 4°C 

Pesticides (water) 
SW-846 
Method 8081A 

7 days to extraction, 40 days 
from extraction to analysis 

2 liter amber 
glass bottle 

None 4°C 

Polychlorinated 
Biphenyls (water) 

SW-846 
Method 8082 

7 days to extraction, 40 days 
from extraction to analysis 

2 liter amber 
glass bottle 

None 4°C 

Volatile Organic 
Compounds (water) 

SW-846 
Method 8260B 

14 days 3 40-mL vials pH<2 with HC1 4°C 

Semivolatile Organic 
Compounds (water) 

SW-846 
Method 8270C 

7 days to extraction, 40 days 
from extraction to analysis 

2 liter amber 
glass bottle 

None 4°C 

Dioxins and Furans 
(water) 

SW-846 
Method 8290 

7 days to extraction, 40 days 
from extraction to analysis 

2 liter amber 
glass bottle 

None 4°C 

Polynuclear Aromatic 
IHydrocarbons (water) 

SW-846 
Method 8310 

7 days to extraction, 40 days 
from extraction to analysis 

2 liter amber 
glass bottle 

None 4°C 

°C degrees Centigrade oz. ounce 
mL milliliter < less than 
HCI Hydrochloric acid HNO3 nitric acid 
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1 7.13.3 Sample Preservation 

2 Table 7-3 lists analytical methodology requirements for sample size, preservation, and holding times. 

3 7.1.3.4 Sample Packaging and Shipment 

4 Each glass sample container will be wrapped in bubble wrap to reduce breakage. The inside of the cooler 
5 will be lined with a plastic garbage bag and the bottom of the cooler with bubble wrap to prevent 
6 breakage during shipment. High level samples shall be sealed in Ziploc® plastic bags. As samples are 
7 added to the ice chest, the sample containers will be interspersed with double-bagged ice or bubble wrap. 
8 The samples will be transported to the fixed laboratory by overnight courier service. Samples will be 
9 accompanied by custody paperwork (chain of custody, airbills) identifying the shipment container's contents 

10 and analyses needed for each sample. When transferring the possession of samples, the individuals 
11 relinquishing and receiving will sign, date, and note the time in the appropriate space on the custody 
12 paperwork. When shipping samples by overnight courier, the individual in possession of the samples 
13 relinquishes the samples by signing, dating, and noting the time and completing the Received By box with 
14 the courier name and airbill number. The original documents will be sealed in a plastic bag and taped to the 
15 lid of the ice chest. 

16 7.1.3.5 Disposal of Contaminated Materials 

17 Wastes suspected to be hazardous will be placed in 55-gallon drums for disposal by the McClellan AFB 
18 field team. 

19 7.1.3.6 Equipment Decontamination 

20 During soil excavation and treatment operations, field and sampling equipment that may contact samples 
21 will be decontaminated at the treatment area, or other location designated by the McClellan AFB field 
22 project manager (FPM), after each use. All decontamination liquids will be containerized and transferred 
23 to the McClellan AFB field team or designated McClellan AFB contractor for disposal. The contracting 
24 officer (CO) will be consulted two weeks prior to disposal to identify the appropriate discharge location, 
25 confirm characterization of the fluids, and notify the receiving plant of estimated quantities. The 
26 McClellan AFB field team or designated McClellan AFB contractor will then remove the containerized 
27 •    fluids from the site. If liquids are generated while decontaminating excavation or treatment equipment 
28 and contain solids, the solids will be allowed to settle, and the liquid will be pumped into separate 
29 containers, such as 55-gallon drums, and handled as previously described. The remaining solids will be 
30 placed in drums and handled with treatment soil. Solvents, acids, and ASTM Type II water used for 
31 decontamination will be stored and transported only in glass, stainless steel, or Teflon   containers. 

32 7.13.7 Sample Documentation 

33 All field activities will be adequately and consistently documented to support data interpretation and 
34 ensure defensibility of any data used for decision making. The field data will be collected and entered 
35 into logbooks kept by the sampler. All entries will be signed and dated. The following elements will be 
36 recorded in this logbook: 

37 •    Name(s) of field personnel. 

38 •    Site/sampling location identification. 

39 •    Date and time of sample collection or field activity. 

40 •    Field meter calibration. 

MSW-\\Urs_sac l\Wprocess\68009\wip\Draft Hnal\Draft_final.doc 



Soil Washing and Solidification/Stabilization Work Implementation Plan - Draft Final 
McClellan AFB 
Revision 0 

Section No. 7.0 
06/28/00 

Page 7 - 9 

• 

1 •    All field measurements such as excavation logs, photoionization detector (PID), organic 
2 vapor analyzer (OVA), or organic vapor monitor (OVM) reading, etc. 

3 •    Observations of weather or other conditions that could influence sample results. 

4 •    Any problems encountered and/or resolved. 

5 A chain-of-custody form to be used to provide sample information will include the following: 

6 •    Name(s) of sampler 

7 •    Site/sampling location identification 

8 •    Date of sample collection 

9 •    Time of sample collection 

10 •    Sample number 

11 •    Sample matrix 

12 •    Analysis and method requested 

13 •    Number and type of containers 

14 •    Preservation 

15 •    Cooler identification 

16 All samples collected will be labeled in a clear and precise way for proper identification in the field and 
17 for tracking purposes in the laboratory. Samples will have pre-assigned, identifiable sample numbers. 
18 Sample labels will be completed using block-printed text and indelible ink (e.g., Sharpie® pen). At a 
19 minimum, the sample labels will contain the following information: 

20 •    Sampler's initials 

21 •    Sample identification 

22 •    Analyses requested 

23 •    Date of collection 

24 •    Time of sample collection 

25 •    Preservative(s) 

26 7.1.4    Quality Control (QC) Sampling 

27 The following field QC samples apply to the samples collected for this project. 

28 7.1.4.1 Duplicate Samples 

29 During the system startup, system operation, and post-operation characterization phases, duplicate soil 
30 samples will be collected from each process phase at a frequency of ten percent, and submitted blind to 
31 the fixed laboratory for analysis. The duplicate sample results will be compared to the original sample 
32 results to assess overall precision. The PE sample associated with this project is described in Section 8.8. 
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1 7.1.4.2 Blank Samples 

2 Equipment blanks will be collected and submitted to the laboratory for analysis in accordance with the 
3 McClellan AFB Basewide QAPP (Radian 1999b) to identify contamination from the sample collection 
4 procedures. One equipment blank will be collected for each feed stock, which would be considered to be 
5 the most contaminated sample per site. Trip blanks will be shipped and analyzed with each cooler 
6 containing aqueous samples for VOC analysis. 

7 7.1.4.3 Laboratory QC Samples 

8 The fixed laboratory will perform internal QC procedures as described in the QAPP (Radian 1999b). 
9 These include initial calibrations, continuing or daily calibration, laboratory control samples (LCS), 

10 system blanks, matrix spikes/matrix spike duplicates (MS/MSDs), surrogate spikes, and laboratory 
11 duplicates. These QC procedures are designed to quantify precision and accuracy and identify any 
12 problems or limitations in the associated sample results. The internal QC components of the sampling 
13 and analysis program will ensure that data of known quality are produced and documented, and that any 
14 problems are identified as soon as possible and corrected. 

15 7.2       PROCESS CONTROL SAMPLING 

• 16 An estimated seven composite samples will be collected from each process stream identified in Table 7-2 
17 once steady state is reached. The samples will be collected during operation and analyzed for the 
18 constituents identified in the preoperational samples. Samples will also be analyzed for field analyses if 
19 listed in Table 7-1. 

20 7.2.1     Sampling Objective 

21 The objective of sample collection during steady state operations is to confirm system performance and 
22 effectiveness and allow optimization, if necessary. Some of these streams (6 and 9) will require disposal 
23 1AW Figure 2-3. 

24 7.2.2     Rationale for Sample Locations, Numbers of Samples, and Analytical Parameters 

25 The proposed sample locations are designated on Figure 7-1 and a summary of the locations and 
26 associated parameters for definitive data are presented in Tables 7-1 and 7-2. The pretreatment and post- 
27 treatment samples will be collected to determine both the efficiency of the process and to determine the 
28 final concentration for comparison to the RPRGs. Samples will be collected at intervals approximating 
29 residence time for each unit operation so that pre-and post-treatment samples represent the same soil. 
30 Each set of composite samples will be collected from approximately every 50 cubic yards. This 
31 frequency is based on the assumption of 350 cubic yards per site. The analyses for the pretreatment and 
32 post-treatment samples will be expedited to allow process parameter optimization, if necessary, and to 
33 closely gauge system performance. In addition, the post-treatment samples will be tested to determine 
34 materials classification. Intermediate samples will be collected to evaluate performance of individual 
35 portions of the system; for example, the clarifier influent and underflow will be collected to assess 
36 clarifier performance. 
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1 A total of 7 composite samples are considered adequate based upon the USEPA Decision Error 
2 Feasibility Trials (DEFT) software using information developed during the DQO process (see Section 
3 8.0). All soil process control samples will be composited from a random grab sample from each of six 
4 equal portions of the waste pile or stream to provide a representative sample of soil during the various 
5 phases of operation. Each composite sample will be homogenized and ground to minimize the variability 
6 commonly exhibited in environmental soil samples and to increase the representativeness of the samples. 
7 Additional samples will be collected if the system is adjusted to optimize system performance. 

8 The WET and TCLP analyses shall include only those compounds that are regulated compounds for 
9 determining waste characterization. Any changes to the WIP will be addressed as discussed in Subsection 

10 1.4. 

11 7.2.3     Field Methods and Procedures 

12 The same field methods and procedures will be used to collect process samples as were described in 
13 Subsection 7.1.3. 

14 7.2.4     Quality Control Sampling 

15 Process QC sampling will be the same as preoperation QC sampling, as described in Subsection 7.1.4. 

16 7.3       PRODUCT/RESIDUALS SAMPLING 

17 The following waste streams will remain once the treatability study is complete: oversize/debris, 
18 cobbles/gravel, the coarse sand, oversize post treatment soil, the post treatment sand, sludge cake, process 
19 water, and stabilized product. The waste streams are considered products or residuals based upon their 
20 final disposition. The products can be used as fill or may be altered for reuse as construction-grade 
21 products. The residuals are those waste streams that require further treatment (such as solidification/ 
22 stabilization), reuse, or disposal. Residuals and products will be tested to determine their materials 
23 classification. The tests performed will be determined using the logic in Figure 2-3. 

24 7.3,1     Sampling Objectives 

25 Products to be "used in a manner constituting disposal" will undergo testing to ensure they meet the 
26 relevant LDRs for the contaminants of concern. They will also undergo physical testing prior to and 
27 during reuse product preparation to determine amenability to their intended use. Residuals will be 
28 analyzed to determine disposal options, including discharge of process waste waters. 

29 73.2     Rationale for Sampling Locations, Numbers of Samples, and Analytical Parameters 

30 The soil designated for product reuse is determined as described in Subsection 4.4.2. Three composites of 
31 each solid residual type are estimated. Once composite will be collected approximately every 50 cubic 
32 yards of residual collected. Process water samples will be collected each time a new site has began soil 
33 treatment and at the end of each site treatment. In addition, one sample of the final process water will be 
34 analyzed for each 4,000-gallon water trucks. It is assumed that approximately 25,000 gallons of process 
35 water will produced. 
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1 733     Field Methods and Procedures 

2 The same field methods and procedures will be used to collect solid product samples as were described in 
3 Subsection 7.1.3. The aqueous residual samples will be sampled from a drainage port directly into sample 
4 containers. These samples will be discrete; i.e., no compositing is required due to the homogeneity of 
5 aqueous samples. 

6 7.3.4     Quality Control Sampling 

7 Product QC sampling will be the same as preoperation QC sampling, as described in Subsection 7.1.4. 
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1 8.0       QUALITY ASSURANCE PROJECT PLAN (QAPP) 

2 8.1       PROJECT OBJECTIVES 

3 The overall project goal is to develop and assess a soil washing and solidification/stabilization 
4 remediation strategy that offers a substantial reduction in the life cycle cost of remediating non-VOCs in 
5 soil at the selected sites and other applicable sites at McClellan AFB. Data for performance and cost 
6 analysis will be collected. The technology performance will be assessed by comparison with the RPRGs 
7 for contaminants in soil at the selected demonstration sites. The life cycle costs of soil washing with 
8 solidification/stabilization will be compared to the costs of excavation and off-base disposal. Quality 
9 cost-related data for the excavation and off-base disposal option will be provided by EM. 

10 To accomplish the overall project goal, individual project objectives have been established for each 
11 portion of this test. DQOs specify the type, quality, quantity, and uses of data required to reach the 
12 project goal. The primary and secondary objectives for the soil washing and solidification/stabilization 
13 remediation strategy are presented below. 

14 Primary Objective 1 - Collect site-specific data to support ex situ soil washing and 
15 solidification/stabilization performance evaluation. 

16 To facilitate evaluating the treatment completeness and efficiency, soil samples will be collected 
17 and analyzed for site-specific non-VOCs using U.S EPA methods cited in the Basewide QAPP 
18 (methods listed in Section 8.2). Samples will be composited throughout the duration of the test 
19 for each site to obtain the most representative estimate for inlet and outlet contaminant 
20 concentrations. The results will be used to calculate the percent removal for the site-specific 
21 contaminants. The test and sampling strategy presented in Sections 5.0 and 7.0 will be used. The 
22 Basewide QAPP (Radian International, 1999c) contains procedures and quality control 
23 specifications for these measurements. Process parameters such as grain size distribution and soil 
24 moisture will be also be monitored or measured to provide data needed for the performance 
25 assessment. 

26 Primary Objective 2 - Evaluate if the soil washing and solidification/stabilization process is economically 
27 feasible. 

28 This project goal will be accomplished by calculating and scaling costs for the pilot-scale 
29 treatment to full-scale operation, and comparing with the costs of excavation and disposal 
30 options. Process operating parameters will be monitored by field staff throughout the test. Utility 
31 consumption and other cost related factors discussed in Sections 4.0 and 5.0 will be measured and 
32 recorded in field logbooks. Costs for handling process residuals will be estimated from volumes 
33 of generated wastes and treatment residuals not meeting estimated clean up standards. The 
34 volumes of these wastes will be quantified (see other project goals) and unit costs assigned. Total 
35 system up time and other operations and maintenance performed during the demonstration will 
36 also be documented. Descriptive statistics will be calculated for the items directly measured in 
37 the field (e.g., electrical usage, natural gas usage, etc.). 

38 Secondary Objective 1 - Determine the contaminant status and volumes of secondary treatment 
39 wastes (e.g., solidified solids) and oversized materials. 

40 The oversize materials that are screened out prior to treatment will be sampled to determine final 
41 disposition alternatives. Samples will be collected from the sludge cake and stabilized product to 
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1 evaluate system performance and for waste characterization purposes. The process water will be 
2 analyzed to determine process performance and to allow for characterization for waste disposal. 

3 8.2       MEASUREMENTS 

4 The following measurements will be made during the course of this project. 

5 •    Grain Size Distribution by ASTM Method D422 
6 •    Moisture Content by ASTM Method D2216 
7 •    Percent Solids by ASTM Method D2216 
8 •    Flocculation/Settling by American Public Health Association (APHA) Standard Methods 
9 2540Fand2710C 

10 •    Lead, cadmium, and chromium by field XRF 
11 •    3 PAHs by field GC 
12 •    Metals by USEPA Method 6010B or 6020 and 7000 series methods for arsenic, antimony, 
13 cadmium, lead, selenium, and thallium 
14 •    Mercury by USEPA Method 7470A/7471A 
15 •    TPH-extractable by USEPA Method 8015B 
16 •    Pesticides by USEPA Method 8081A 
17 •    PCBs by USEPA Method 8082 
18 •    VOCs by USEPA Method 8260B 
19 •    SVOCs by USEPA Method 8270C 
20 •    Dioxins by USEPA Method 8290 
21 •    PAHs by USEPA Method 8310 
22 •    TCLP by USEPA Method 1311 
23 •    WET by CCR, Title 22, Article 11, Section 66700 

24 Method descriptions, analyte lists, QC limits, and quantitation limits are defined in the following sections. 

25      8.3 KEY PERSONNEL 

26 The project organization is described in Section 12. The project organization chart is presented as Figure 
27 12-1. 

28 8.4       QUALITY ASSURANCE OBJECTIVES AND DATA QUALITY OBJECTIVES 

29 DQOs and quality assurance objectives (QAOs) are related data quality planning and evaluation tools for 
30 all sampling and analysis activities. A consistent and comprehensive approach for developing and using 
31 these tools is necessary to ensure that enough data are produced and are of sufficient quality to make 
32 decisions. 

33 DQOs are developed during the planning stage of the project to determine the data type, quality, and 
34 quantity necessary to make decisions, and achieve the project objectives stated in Subsection 4.3. QAOs 
35' are the detailed QC specifications for precision, accuracy, representativeness, comparability, and 
36 completeness (PARCC). The aim is to provide quality data that can be used to meet the project 
37 objectives. The QAOs are presented in this section. 
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1 8.4.1     Data Quality Objectives 

2 The purpose of the seven-step DQO process is to plan and appropriately design the data collection 
3 process. The seven steps of the DQO process for the soil washing and solidification/ stabilization study 
4 follow. 

5 Step 1: State the Problem. Evaluate the cost and performance of the Soil Washing and Solidification/ 
6 Stabilization study at McClellan AFB. Specifically the study objectives are to: 

7 •    Demonstrate the ability of a soil washing operation, in conjunction with 
8 stabilization/solidification to treat selected McClellan AFB soils contaminated with SVOCs 
9 and/or metals. 

10 •    Demonstrate real-world operating characteristics. 

11 •    Quantify the cost and performance data under McClellan AFB field conditions comparing the 
12 capital and operating costs to those of conventional treatment technologies. 

13 •    Generate a scientifically defensible data set to assess the performance and cost of the 
14 technology. 

15 Step 2: Identify the Decision. Decide whether or not the soil washing operation, in conjunction with 
16 solidification/ stabilization can cost-effectively remove SVOCs and/or metals from McClellan AFB soils 
17 to concentrations not considered hazardous to human health. The results of the demonstration, if 
18 successful, may be used to incorporate soil washing/stabilization/solidification into McClellan AFB's 
19 overall site clean-up strategy. 

20 A second decision will be made regarding the ultimate disposition of all waste streams remaining after the 
21 treatability study is complete. 

22 Step 3: Identify the Inputs to the Decision. The data required include the mass of contaminants removed 
23 during the treatability study, physical parameters of the soil being treated, and direct and labor costs. The 
24 measurements that will be taken include: 

25 •    Measurement of pertinent soil conditions, including particle size distribution. 

26 •    Measurement of the concentration of constituents of concern, to calculate the mass of 
27 contaminants removed and potential for reuse or recycling. 

28 •    Operational data (including cost) to document operation and maintenance (O&M) activities 
29 specific to this technology. 

30 •    Measurement of concentration of constituents of concern in a TCLP and WET leachate to 
31 characterize the waste streams for disposal. 

32 Step 4: Define the Boundaries of the Study. The data will only be applicable to the specific site soils used 
33 for the study, although the information may be extrapolated to other similar soils at McClellan AFB. It is 
34 assumed that the sampling data represent both the current and future SVOC and metal contaminated soils. 
35 The data will be collected over a twelve-week period as shown on the project schedule, Section 12.0. The 
36 area to be treated will be the selected excavation areas identified in Section 2.0. The decisions reached by 
37 the study will guide the usage of this technology at McClellan AFB sites with similar soil conditions. 
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1 Step 5: Develop a Decision Rule. If individual sample analyte concentrations in post-treatment soils are 
2 consistently below RPRGs and the overall costs are less than excavation and off-site disposal, this 
3 technology will be considered for incorporation into McClellan AFB's overall non-VOC site clean-up 
4 strategy. This decision rule will be used at each site type. If individual sample analyte concentrations in 
5 post treatment soils are consistently above RPRGs or the overall costs are 25 percent less than excavation 
6 and off-site disposal, life-cycle costs (or better than 25 percent), no further studies will be conducted for 
7 this technology. The decision rules for the disposition of residuals or products is presented in Figure 2-3. 
8 Figure 2-3 shows inert classification; sample results will be compared to background concentrations and 
9 detections. This is not considered a primary decision rule. 

10 Step 6: Specify Tolerable Limits on Decision Errors. The null hypothesis is that the soil washing process 
11 will cost-effectively decrease SVOC and metals concentrations in soil to levels considered non-hazardous 
12 to human health. 

13 False positive error (or Type I Error) for this study is to find the process ineffective in terms of cost or 
14 removal efficiency when, in truth, the process is acceptable. Analytical results would be biased high or 
15 the cost incorrectly considered prohibitive. This decision error results in expended funds for this 
16 treatability study and other treatability study(ies) to determine a process that will adequately clean up the 
17 contaminated soil. The acceptable false positive error is 5 percent. 

18 False Negative Error (or Type II Error) for this study is to conclude that the process is acceptable when it 
19 cannot clean up SVOCs or metals to below hazardous levels at a reasonable cost. Analytical results 
20 would be biased low or the cost is considered acceptable (when it is prohibitive). This decision error 
21 results in potential implementation of a large-scale operation which is unsuccessful, i.e., the soil is still 
22 considered hazardous to human health and must be retreated or disposed in a hazardous landfill. The 
23 additional cost is considered large. The acceptable false negative error is 10 percent. Above twice the 
24 RPRG, the acceptable false negative error is 2 percent. 

25 The gray region would extend from the half the action level (RPRGs, background extractions, or 
26 detections) to the action level for each compound. In general, the 20 percent error is considered 
27 reasonable compared to typical organic analytical method error, but may not be achievable for all 
28 contaminants. The gray region for cost comparison is from 20 to 25 percent lower overall cost than 
29 excavation and off-site disposal. 

30 Step 7: Optimize the Design for Obtaining Data. Three primary decisions for adequate data collection 
31 were identified. 

32 •    One critical aspect of the sampling design is to provide the minimum adequate number of 
33 samples to adequately represent the characteristics of each waste stream. Systematic 
34 composite sampling is considered the most appropriate sampling design to assess the soil 
35 washing process. Seven composite samples are considered adequate based upon the output 
36 from DEFT for benzo(a)anthracene, lead, and 1,4-dichlorobenzene using the information 
37 developed in Step 6 above. The variability values were estimated based upon the mean 
38 concentrations documented in the remedial investigation characterization summaries (RICS) 
39 for each site and the accepted relative percent difference (RPD)/relative standard deviation 
40 (RSD) of 50 for solid samples (e.g., 50 = mean concentration/standard deviation x 100). 
41 Total recommended samples varied from 6 to 7 because of the large differences in the RPRG 
42 concentrations for these three constituents. The number of grab samples entered into DEFT 
43 to make the composite was 6. 
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1 •    All analytical data performed by the fixed laboratory is considered critical. All analyses must 
2 provide detection limits for COCs below half of their respective RPRGs. The quantitation 
3 limits and QAOs stated in the McClellan AFB Basewide QAPP are generally considered 
4 sufficient and achievable for the majority of the constituents of interest (some PAH 
5 quantitation limits may be slightly higher than required). Treated soil concentrations close to 
6 the RPRGs will be assessed more stringently in determining bias (i.e., QC criteria may be 
7 met, but data near the RPRGs may still be qualified as estimated). Also, all quantitation 
8 limits for leachates (both WET and TCLP) are below the respective regulatory levels. 

9 •    Operational data will be collected on a daily basis or, at a minimum, whenever changes to the 
10 system are performed. The documented information is described in Subsection 4.5, and 
11 includes chemical and utility usage rates and costs these are considered non-critical data. 

12 8.4.2     Quantitative QA Objectives 

13 The quantitative QAOs are precision, accuracy, completeness, and method quantitation limits. The 
14 precision and accuracy objectives and quantitation limits for all constituents tested in the soil washing and 
15 solidification/ stabilization study are listed in the Basewide QAPP (Radian 1999b). 

16 Precision is a measure of variability between duplicate analyses and is calculated for field and laboratory 
17 duplicates. Precision is evaluated by comparing the RPD of MS/MSDs and field duplicate samples with 
18 the RPD objectives stated in Section 4.0 of the Basewide QAPP (Radian 1999b). 

19 Accuracy is associated with correctness and is a comparison between a measured value and a known or 
20 expected value. Accuracy is assessed by comparing LCS, MS, surrogate spike, and performance 
21 evaluation sample recoveries with the project objectives presented in Section 4.0 of the Basewide QAPP 
22 (Radian 1999b). 

23 Completeness is calculated for each method and matrix after the QC data have been evaluated and data 
24 qualifiers assigned. Completeness for the data set is defined as the percentage of unqualified and 
25 estimated results and represents the results usable for data interpretation and decision making. Results 
26 qualified as rejected or unusable, or that were not reported because of sample loss, breakage, or analytical 
27 error, negatively influence completeness and are subtracted from the total number of results to calculate 
28 completeness. Completeness is calculated by subtracting the number of rejected and unreported results 
29 from the total and dividing by the total number of results. The estimated results do not count against 
30 completeness because they are usable as long as any limitations are identified. The completeness 
31 objective for this project is 95 percent. 

32 The quantitation limits, taken from the McClellan AFB Basewide QAPP for each chemical analytical 
33 method, are listed in Tables 8-1 through 8-8, which follow Subsection 8.5.2. The tables list all analytes 
34 for these methods; however, only those constituents italicized have been identified as constituents of 
35 concern for any of the potential sites for this study (see Table 2-1). Any analytes with quantitation limits 
36 greater than their respective RPRGs are in bold. The majority of analytes with quantitation limits greater 
37 than the RPRGs are those for PAHs by Method 8270C. Method 8310 will be used to analyze for those 
38 constituents. 

39 8.43     Qualitative QAOs 

40 Comparability and representativeness are considered qualitative QAOs. Objectives for representativeness 
41 are defined for each sampling and analysis task and are a function of the project objectives. 
42 Representativeness for the treatability study is achieved with the collection of a sufficient quantity of 
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1 homogenized, pulverized composite samples. Representativeness is also achieved through the use of 
2 standard sampling and analytical methods. 

3 Comparability is the confidence with which one data set can be compared to another. The precision and 
4 accuracy objectives, quantitation limits, field procedures, and guidelines presented in this document have 
5 been established to attain the greatest possible degree of comparability. Comparability is achieved by 
6 meeting the precision and accuracy specifications and using standard methods for sampling and analysis, 
7 reporting data in standard units, and using standard reporting formats. 

8 8.5       ANALYTICAL PROCEDURES AND CALIBRATION 

9 This section briefly describes analytical methods and calibration procedures for the water and soil 
10 samples. Analogous water and soil methods are described together, and quantitation limits (QLs) are 
11 tabulated for each method in Tables 8-1 through 8-8, where.applicable. 

12 8.5.1     Analytical Procedures 

13 Most of the methods included in this QAPP are published in the USEPA Test Methods for Evaluating 
14 Solid Waste, Physical/Chemical Methods SW-846, Third Edition, revised November 1986, Update II, 
15 September 1994, Update IIB, January 1995, and Update III, January 1997. Updates II, LIB, and III 
16 contain the current and promulgated SW-846 methods. Other methods referenced in this section are 
17 found in Title 22, Article 11 of the CCR, Criteria for Identification of Hazardous and Extremely 
18 Hazardous Waste, ASTM Test Methods, and Standard Methods for the Examination of Water and 
19 Wastewater, APHA, American Water Works Association, Water Environment Federation, 19th Edition, 
20 1995. 

21 Field Test Methods 

22 X-Ray Fluorescence Field Screening 

23 A Spectrace 8000 bench top XRF may be used for screening soil samples produced before and during the 
24 process for lead, cadmium, and chromium - three constituents of concern at the proposed sites. Samples 
25 will be ground and homogenized prior to analysis. If soil moisture is greater than approximately 20 
26 percent, the XRF will not be used for screening. Matrix-specific one-point calibration standards will be 
27 used to determine the instrument response. Feed samples will be split and one split analyzed by a fixed 
28 laboratory for definitive analysis. This concentration will be considered the known value and the other 
29 split used as the calibration standard. The instrument will be calibrated for each of the sites. Duplicates 
30 will be analyzed at a frequency of at least 10 percent. The reporting limit will be approximately 10 
31 milligrams per kilogram (mg/kg). 

32 Gas Chromatography Field Screening 

33 The soil may be screened for three PAH indicator compounds to optimize and assess system performance 
34 on a real-time basis. PAHs will be solvent extracted from soil samples at the field laboratory using a 
35 soxhlet extraction procedure similar to Method 3540C. PAHs in the extracts will be separated with a GC 
36 and detected by a flame ionization detector. The retention times and responses will be compared to a one- 
37 point standard of the three compounds. Duplicates will be analyzed at a frequency of at least 10 percent. 
38 The reporting limit will be approximately 1 mg/kg. GC field screening may only be used for sites where 
39 PAH concentrations are greater than the detection limit. 
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1 ASTM Method D422, Grain Size Distribution 

2 This method determines the quantitative determination of the distribution of particle sizes in soils. The 
3 distribution of particle sizes larger than 75 microns (urn) is determined by sieving, while the distribution of 
4 particle sizes smaller than 75 urn is determined by a sedimentation process, using a hydrometer. 

Table 8-1 

QUANTITATION LIMITS AND REGULATORY LIMITS FOR METALS ANALYZED BY 
METHOD SW6010B, SW6020 OR 7000 SERIES (TOTAL METALS) 

Analyte (By 
Analytical Method) 

Quantitation Limits1 Comparison Concentrations 

Soil 
(mg/kg) 

Water and 
Extracts 
(mg/L) 

RPRGs 
(mg/kg) 

TTLC 
(mg/kg) 

WET-STLC 
(mg/L) 

TCLP 
(mg/L) 

Aluminum 20 0.05 75,000 — — — 
Antimony (7041) 10 0.1 30 500 15 - 
Arsenic (7060A) 0.03 0.005 0.38 500 5.0 5.0 
Barium 1 0.01 5,200 10,000 100 100 
Beryllium 1 0.004 150 75 0.75 - 
Cadmium 0.1 0.005 37(9) 100 1.0 1.0 
Chromium (7131 A) 2 0.01 210 2,500 5 5.0 
Cobalt 3 0.05 3,300 8,000 80 - 
Copper 2 0.03 2,800 2,500 25 - 
Lead (7421) 10 0.05 400(130) 1,000 5.0 5.0 
Manganese 2 0.02 3,100 — — - 
Mercury (7470/7471) 0.5 0.0002 22 20 0.2 0.2 
Molybdenum 5 0.05 370 3,500 350 - 
Nickel 4 0.05 1,500(150) 2,000 20 - 
Selenium (7740) 0.5 0.005 370 100 1.0 1.0 
Silver 2 0.01 370 500 5 5.0 
Thallium (7481) 0.5 0.002 5.2,6.0,6.7 2 700 7.0 — 
Vanadium 2 0.02 520 2,400 24 - 
Zinc 2 0.02 22,000 5,000 200 - 

Italicized compounds have been identified as constituents of concern present at the six top candidate sites (Table 7-2) identified for this 
soil washing and solidification/ stabilization study 

1 Quantitation limits are from the McClellan AFB Basewide QAPP (Radian 1999b). 
() Values are California-modified PRGs 
2 PRGs vary based on the thallium compound; method measures total thallium 

RPRG Preliminary Remediation Goal, Residential Scenario (EPA Region IX) 
mg/L milligrams per liter 
mg/kg milligrams per kilogram 
STLC Soluble Threshold Limit Concentration 
TCLP Toxic Characteristic Leaching Procedure 
TTLC Total Threshold Limit Concentration 
WET Waste Extraction Test 

Not applicable 
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Table 8-2 

QUANTITATION LIMITS AND REGULATORY LIMITS FOR TOTAL EXTRACTABLE 
PETROLEUM HYDROCARBONS (TPH-E) BY SW-846 METHOD 8015B 

Analyte 
Quantitäten Limits' Comparison Concentrations 

SoU 
(mg/kg) 

Water and 
Extracts (mg/L) 

RPRGs 
(mg/kg) 

UST Criteria 
(mg/kg) 

Extractable TPH2 10 500 - 100' 
Italicized compounds have been identified as constituents of concern present at the six lop candidate sites (Table 7-2) identified 
for this soil washing and solidification/ stabilization study 

1 Quantitäten limit is from the McClellan AFB Base wide QAPP (June 1999). 
2 Extractable TPH components used for calibration are diesel and oils up to C24 Representative peak patterns are noted on the 

analytical report. A range of TPH concentrations is usually reported; the quantitation limit represents the lowest 
concentration in that range. 

3 From Tri-Regional Guidelines, considered protective of groundwater. 

RPRG Preliminary Remediation Goal, Residential Scenario (EPA Region IX) 
mg/L Milligrams per liter 
mg/kg Milligrams per kilogram 

Not applicable 
UST Underground storage tank 
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Table 8-3 

QUANTITATION LIMITS AND REGULATORY LIMITS FOR ORGANOCHLORINE 
PESTICIDES BY SW-846 METHOD 8081A 

Analyte 

Quantitation Limits * Comparison Concentrations 

Soil 
(mg/kg) 

Water and 
Extracts 
(MfL) 

RPRGs 
(mg/kg) 

TTLC 
(mg/kg) 

WET-STLC 
(mg/L) 

TCLP 
(mg/L) 

alpha-BHC 0.0017 0.05 0.086 - - - 

gamma-BHC (Lindane) 0.002 0.05 0.42 4 0.4 0.4 
beta-BHC 0.005 0.05 0.3 - - - 
Heptachlor 0.002 0.05 0.099 4.7 0.47 0.008 
Delta-BHC 0.0017 0.05 NE - - ~ 
Aldrin 0.0017 0.05 0.026 1.4 0.14 - 
Heptachlor epoxide 0.002 0.05 0.049 - - - 
Endosulfan I 0.003 0.05 330l - - - 
4,4'- DDT 0.0034 0.1 1.7 1 0.1 - 
Dieldrin 0.0034 0.05 0.028 8 0.8 - 
Endrin 0.0033 0.1 16 0.2 0.02 0.02 
4,4'-DDD 0.005 0.1 2.4 1 0.1 - 
Endosulfan II 0.0033 0.1 330" - - - 
4,4'-DDE 0.0034 0.1 1.7 1 0.1 - 
Endrin aldehyde 0.0034 0.1 NE - - - 
Endosulfan sulfate 0.005 0.1 NE - - - 
Methoxychlor 0.017 0.5 270 100 10 10 
Chlordane 0.033 0.10 1.6 2.5 0.25 0.03 
Toxaphene 0.17 5 0.4 5 0.5 0.5 
Italicized compounds have been identified as constituents of concern present at the six top candidate sites (Table 7-2) identified 
for this soil washing and solidification/ stabilization study 

1 Quantitation limits are from the McClellan AFB Basewide QAPP (June 1999). 
2 Endosulfan I and II PRGs not distinguished. 

RPRG Preliminary Remediation Goal, Residential Scenario (EPA Region IX) 
mg/L milligrams per liter    • 
lig/L micrograms per liter 
mg/kg milligrams per kilogram 
STLC Soluble Threshold Limit Concentration 
TCLP Toxic Characteristic Leaching Procedure 
TTLC Total Threshold Limit Concentration 
WET Waste Extraction Test 

Not applicable 
NE Not established 
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Table 8-4 

QUANTITATION LIMITS AND REGULATORY LIMITS FOR 
POLYCHLORINATED BIPHENYLS (PCBs) BY SW-846 METHOD 8082 

Ouantitation Limits' Comparison Concentrations 

Analytes 
Soil 

(mg/kg) 
Water 
(Hg/L) 

RPRGs 
(mg/kg) 

TTLC 
(mg/kg) 
Total 

WET-STLC 
(mg/L) 
Total 

\PCB-1016 0.034 1 

0.2 50 

PCB-1221 0.034 2 
PCB-1232 0.034 
PCB-1242 0.034 5 

PCB-1248 0.034 
PCB-1254 0.034 
PCB-1260 0.034 1 
Italicized compounds have been identified as constituents of concern present at the six top candidate sites (Table 7-2) 
identified for this soil washing and solidification/ stabilization study 

1 Quantitäten Limits are from the McClellan AFB Basewide QAPP (Radian 1999b). 

RPRG Preliminary Remediation Goal, Residential Scenario (EPA Region IX) 
mg/L milligrams per liter 
mg/kg milligrams per kilogram 
STLC Soluble Threshold Limit Concentration 
TCLP Toxic Characteristic Leaching Procedure 
TTLC Total Threshold Limit Concentration 
Hg/L Microgram per liter 
WET Waste Extraction Test 
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Table 8-5 

QUANTITATION LIMITS AND REGULATORY LIMITS FOR VOLATILE ORGANIC 
COMPOUNDS (VOCs) BY SW-846 METHOD 8260B 

1 Quantitation Limits Comparison Concentrations 

Analytes 
Soil 

(mg/kg) 

Water and 
Extracts 

(Ug/L) 

RPRGs 
(mg/kg) 

1,400 

TTLC 
(mg/kg) 

WET-STLC 
(mg/L) 

TCLP 
(mg/L) 

Acetone 5.0 100 - - - 
Benzene 0.01 5 0.62 - - 0.5 

Bromobenzene 0.01 5 28 - - - 
Bromochloromethane 0.01 5 NE - - - 
Bromodichloromethane 0.01 5 0.98 - - - 

Bromoform 0.01 5 56 — - - 
Bromomethane 0.01 5 3.8 - -   ■ 

n-Butylbenzene 0.01 5 130 - - - 
sec-Butylbenzene 0.01 5 100 - ~ - 
tert-Butylbenzene 0.01 5 120 - - - 
Carbon tetrachloride 0.01 5 0.23 — ~ 0.5 
Chlorobenzene 0.01 5 54 - - 100 
Chloroethane 0.01 10 NE - - - 
Chloroform 0.01 5 0.24 — - 6 
Chloromethane 0.01 10 1.2 - - ~ 
2-Chlorotoluene 0.01 5 150 — - - 
4-Chlorotoluene 0.01 5 NE - - ~ 
Dibromochloromethane 0.01 5 5.3 — - 
l,2-Dibromo-3- 
chloropropane 

0.01 20 0.06 — ~ — 

Dibromomethane 0.01 5 550 - - - 
1,2-Dibromoethane 0.01 5 0.0049 - - - 
1,2-Dichlorobenzene 0.01 5 370 - - - 
1,3-Dichlorobenzene 0.01 5 41 - - - 
1,4-Dichlorobenzene 0.01 5 3.0 - - - 
Dichlorodifluoromethane 0.01 5 94 - - - 
1,1-Dichloroethane 0.01 5 570 - - 0.5 
1,2-Dichloroethane 0.01 5 0.34 —• .-- 
1,1-Dichloroethene 0.01 5 0.052 ~ - 0.7 
eis-1,2-Dichloroethene 0.01 5 45 - - - 
trans-1,2-Dichloroethene 0.01 5 62 - - - 
1,2-Dichloropropane 0.01 5 0.34 - - - 
1,3-Dichloropropane 0.01 5 NE - - - 
2,2-Dichloropropane 0.01 5 NE - - 
1,1-Dichloropropene 0.01 5 NE - - - 
eis-1,3-Dichloropropene 0.01 5 0.08 \l — — - 
trans-1,3-Dichloropropene 0.01 5 0.0812 - - - 
Ethylbenzene 0.01 5 230 - - - 
Hexachlorobutadiene 0.01 5 5.7 - - - 
2-Hexanone 0.01 5 NE — - - 

Isopropylbenzene 0.01 5 NE - - - 
p-Isopropyltoluene 0.01 10 NE - - ~ 
Methylene chloride 0.01 5 8.5 - - - 
Naphthalene 0.01 10 55 - - - 
n-Propylbenzene 0.01 10 130 -- - — 
Styrene 0.01 5 1700 ~ - 
Tetrachloroethene 0.01 5 4.7 - - 0.7 
1,1,1,2-Tetrachloroethane 0.01 5 2.8 - - -- 
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Table 8-5 (Cont'd) 

QUANTITATION LIMITS AND REGULATORY LIMITS FOR VOLATILE ORGANIC 
COMPOUNDS (VOCs) BY SW-846 METHODS 8260B 

Analyte 

Quantitation Limits1 Comparison Concentrations 

Soil 
(mg/kg) 

Water and 
Extracts 

(HR/L) 

RPRGs 
(mg/kg) 

TTLC 
(mg/kg) 

WET-STLC 
(mg/L) 

TCLP 
(mg/L) 

1,1,2,2-Tetrachloroethane 0.01 5 0.36 -- -- -- 
Toluene 0.01 5 520 - -- -- 
1,2,3-Trichlorobenzene 0.01 5 NE -- -- -- 
1,2,4-Trichlorobenzene 0.01 5 480 -- -- -- 
1,1,1-Trichloroethane 0.01 5 680 -- -- " 
1,1,2-Trichloroethane 0.01 5 0.82 -- -- 

Trichloroethene 0.01 5 2.7 2040 204 0.5 
Trichlorofluoromethane 0.01 10 380 -- -- -- 
1,1,2-Trichloro-1,2,2 
trifluoroe thane 

0.10 20 5600 — — -- 

1,23-Trichloropropane 0.01 5 0.0014 -- - - 
1,2,4-Trimethylbenzene 0.01 10 51 -- - - 
1,3,5-Trimethylbenzene 0.01 10 21 ~ - ~ 
Vinyl chloride 0.01 10 0.021 — - 0.2 
p-Xylene 0.01 10 370 -- - -- 
m- Xylene 0.01 10 210 - - -- 
o- Xylene 0.01 10 280 -- -- -- 
1 Quantitation limits are from the McClellan AFB Basewide QAPP (Radian 1999b). 
2 No distinction made between eis- and trans-1,3-Dichloropropene 

Bolded compounds do not meet all comparison criteria; however, these compounds are not constituents of concern for the 
soil washing and solidification/ stabilization project. 

RPRG Preliminary Remediation Goal, Residential Scenario (EPA Region IX) 
mg/L Milligrams per liter 
mg/kg Milligrams per kilogram 
STLC Soluble Threshold Limit Concentration 
TCLP Toxic Characteristic Leaching Procedure 
TTLC Total Threshold Limit Concentration 
Hg/L Microgram per liter 
WET Waste Extraction Test 

Not applicable 
NE Not established 
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Table 8-6 

QUANTITATION LIMITS AND REGULATORY LIMITS FOR SEMIVOLATILE ORGANIC 
COMPOUNDS (SVOCs) BY SW-846 METHOD 8270C 

1 

Analytes 

Ouantitation Limits' Comparison Concentrations 

Sou2 

(mg/kg) 

Water and 
Extracts 
(Hg/L) 

RPRGs 
(mg/kg) 

TTLC 
(mg/kg) 

WET-STLC 
(mg/L) 

TCLP 
(mg/L) 

Base/Neutral Extractables 
Acenaphthene 1 15 2,600 -- -- - 

Acenaphthylene 1 15 - -- -- - 

Anthracene 0.33 10 14,000 - --  —  
Benzo(a)anthracene 0.33 10 0.56 -- -- 
Benzo(b)fluoranthene 0.33 10 0.56 -- -- - 
 '.—ü _ ,  
Benzo(k)fluoranthene 1 10 5.6(0.61) -- -- - 

Benzo(g,h,i)perylene 1 15 - -- -- - 

Benzo(a)pyrene5 0.33 10 0.056 -- -- -- 

Benzyl alcohol 1 20 16,000 - -- - 

bis(2-Chloroethoxy)me thane 1 10 - -- -- - 

bis(2-Chloroethyl)ether 0.33 10 0.18 -- -- -- 

bis(2-Chloroisopropyl)ether 0.33 10 2.5 -- -- -- 

bis(2-Ethylhexyl)phthalate 1 10 32 -- -- - 

4-Bromophenyl phenyl ether 1 10 - - - - 

Butyl benzyl phthalate 1 10 - - -- - 

4-Chloroaniline 1 20 220 -- -- 
2-Chloronaphthalene 1 15 3,700 -- -- 
4-Chlorophenyl phenyl ether 1 15 - - -- - 

Chrysene 0.33 10 56(6.1) -- -- - 

Dibenz(a,h)anthracene 0.33 10 0.056 -- -- - 

Dibenzofuran 1 15 210 -- - -- 

Di-n-butylphthalate 1 15 5,500 - - -- 
1,2-Dichlorobenzene 1 15 370 -- -- - 
1,3-Dichlorobenzene 1 15 41 -- -- -- 

1,4-Dichlorobenzene 0.33 10 3.0 -- -- 7.5 

3,3 -Dichlorobenzidine 0.33 20 0.99 -- -- 1 
Diethyl phthalate 1 15 44,000 - -- 1 
Dimethyl phthalate r 15 100,000 - -- 1 
2,4-Dinitrotoluene 1 15 110 -- -- 0.13 

2,6-Dinitrotoluene 1 15 55 -- - 1 
Di-n-octylphthalate 1 15 1,100 -- -- I 
Fluoranthene 1 15 2,000 -- -- 1 
Fluorene 1 15 18,000 -- • - 

Hexachlorobenzene 0.33 10 0.28 -- -- 0.13 

Hexachlorobutadiene 1 10 5.7 -- - 0.5 

Hexachlorocyclopentadiene 1 15 380 -- -- - 

Hexachloroe thane 1 10 32 - -- 3.0 

Indeno( 1,2,3-cd)pyrene 0.33 10 0.56 -- -- - 

Isophorone 1 15 470 -- -- -- 

Naphthalene 1 15 56 - - 55 

2-Methylnaphthalene 1 15 - -- - -- 

2-Nitro aniline 0.33 50 3.3 -- -- -- 

3-Nitroaniline 1 50 - -- - - 

4-Nitroaniline 1 50 - -- -- 
" 

Nitrobenzene 1 10 16 -- -- 2.0 

n-Nitrosodiphenylamine 1 10 91 -- -- 
" 

n-Nitrosodipropylamine 0.33 10 0.063 -- - - 
1 Phenanthrene 1 15 - -- -- 

" 
| Pyrene 1 15 15,000 -- 1 
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Table 8-6 (Cont'd) 

QUANTITATION LIMITS AND REGULATORY LIMITS FOR SEMIVOLATILE ORGANIC 
COMPOUNDS (SVOCs) BY SW-846 METHOD 8270C 

Quantitation Limits 1 Comparison Concentrations 

Analytes 
Soil2 

(mg/kg) 
Water and 
Extracts 
(HS/L) 

RPRGs 
(mg/kg) 

TTLC 
(mg/kg) 

WET-STLC 
(mg/L) 

TCLP 
(mg/L) 

Acid Extractables 
Benzoic acid 3 75 150,000 -- -- 

" 
4-Chloro-3-methylphenol 30 - -- -- __ 

2-Chlorophenol 15 59 - -- -- 
2,4-Dichlorophenol 15 160 -- -- -- 

2,4-Dimethylphenol 25 1,100 -- -- -- 
4,6-Dinitro-2-methylphenol 50 - ~ -- -- 
2,4-Dinitrophenol 50 110 -- -- - 
2-Methylphenol 25 2,700 -- -- - 
4-Methylphenol 15 270 -- -- -- 
2-Nitrophenol 15 - -- -- -- 
4-Nitrophenol 15 3,400 -- -- -- 
Pentachlorophenol 50 2.5 17 1.7 100 
Phenol 15 33,000 - -- -- 
2,4,5-Trichlorophenol 50 5,500 - -- 400 
2,4,6-Trichlorophenol 10 40 -- -- 2.0 

Italicized compounds have been identified as constituents of concern present at the six top candidate sites (Table 7-2) identified for this soil 
washing and solidification/ stabilization study 

1 Quantitation limits are from the McClellan AFB Basewide QAPP (Radian 1999b). 
2 Gel permeation Chromatograph (GPC) cleanup of samples, if necessary, raises detection limits twofold. 
3 The presence of these compounds in historical or preoperation data will necessitate the use of Method 8310, which provides lower 

quantitation limits. 
Bolded compound quantitation limits do not meet all comparison criteria. 

() California - modified RPRG 
RPRG Preliminary Remediation Goal, Residential Scenario (EPA Region K) 
mg/L Milligrams per liter 
mg/kg Milligrams per kilogram 
ug/L Micrograms per liter 
STLC Soluble Threshold Limit Concentration 
TCLP Toxic Characteristic Leaching Procedure 
TTLC Total Threshold Limit Concentration 
ug/L Microgram per liter 
WET Waste Extraction Test 

Not applicable 
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Table 8-7 

QUANTITATION LIMITS AND REGULATORY LIMITS FOR DIOXINS AND FURANS BY 
SW-846 METHOD 8290 

Quantitation Limits * Comparison Concentrations 

Analytes SoU 
(Mg/kg)' 

Water and 
Extracts 

(ng/L) 

RPRGs 
(^g/kg) 

TTLC 
G"g/kg) 

WET-STLC 
(ng/L) 

Dioxins 
2,3,7,8-TCDD 0.0013 0.01i 3.8 10 1000 
1,2,3,7,8-PeCDD 0.0053 0.05 3 — - - 

1,2,3,4,7,8-HxCDD 0.005 3 0.05 3 - - - 

1,2,3,6,7,8-HxCDD 0.0053 0.05 3 - -- " 
1,2,3,7,8,9-HxCDD 0.005 i 0.05 3 - - -- 
1,2,3,4,6,7,8-HpCDD 0.005 3 0.05 3 - -- -- 
OCDD 0.013 0.13 — - - 
Furans 
2,3,7,8-TCDF 0.001 0.1 -- -- -- 
1,2,3,7,8-PeCDF 0.005 0.5 — - - 
1,2,3,4,7,8-PeCDF 0.005 0.5 — - -- 
1,2,3,4,7,8-HxCDF 0.005 0.5 - -- .. 

1,2,3,6,7,8-HxCDF 0.005 0.5 — - 
" 

2,3,4,6,7,8-HxCDF 0.005 0.5 - -- 
" 1,2,3,7,8,9-HxCDF 0.005 0.5 — - 
" 

1,2,3,4,6,7,8-HpCDF 0.005 0.5 — - 
" 

1,2,3,4,7,8,9-HpCDF 0.005 0.5 - - 
" 

OCDF 0.01 1.0 -- -- 1 
Italicized compounds have been identified as constituents of concern present at the six top candidate sites (Table 7-2) identified 
for this soil washing and solidification/stabilization study. In this case "dioxins" were reported without distinguishing the 
congener. 

1 Quantitation Limits are from the McClellan AFB Basewide QAPP (Radian 1999b). 
2 Assuming 100 percent internal standard recovery 
3 The sensitivity of the method is dependent on the level of interference in the matrix 

RPRG Preliminary Remediation Goal, Residential Scenario (EPA Region IX) 
mg/L milligrams per liter 
mg/kg milligrams per kilogram 
ng/L nanogram per liter 
ng/g nanogram per gram 
STLC Soluble Threshold Limit Concentration 
TCLP Toxic Characteristic Leaching Procedure 
TTLC Total Threshold Limit Concentration 
TCDD 2,3,7,8-Tetrachlorodibenzo-p-dioxin 
TCDF 2,3,7,8-Tetrachlorodibenzofuran 
HpCDD 1,2,3,4,6,7,8-Heptachlorodibenzo-p-dioxin 
HxCDF 1,2,3,7,8-Pentachlorodibenzofuran 
OCDD 1,2,3,4,5,6,7,8-Octachlorodibenzo-p-dioxin 
OCDF 1,2,3,4,5,6,7,8-Octachlorodibenzofuran 
HpCDF 1,2,3,4,6,7,8-Heptachlorodibenzofuran 
HxCDD 1,2,3,4,7,8-Hexachlorodibenzo-p-dioxin 
PeCDD 1,2,3,7,8-Pentachlorodibenzo-p-dioxin 

not applicable 
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Table 8-8 

QUANTITATION LIMITS AND REGULATORY LIMITS FOR POLYNUCLEAR AROMATIC 
HYDROCARBONS (PAHs) BY SW-846 METHOD 8310 

Analyte 

Quantitäten Limits Comparison Criteria 

(Soil 
(mg/kg) 

Water 
(HB/L) 

RPRGs 
(mg/kg) 

Acenaphthene 0.4 2.5 2,600 

Acenaphthylene 0.4 5 - 

Anthracene 0.14 0.7 14,000 

Benzo(a)anthracene 0.016 0.15 0.56 

Benzo(a)pyrene 0.01 0.10 0.056 

Benzo(b)fluoranthene 0.004 0.5 0.56 

Benzo(g,h,i)perylene 0.04 0.5 - 

Benzo(k)fluoranthene 0.004 0.25 5.6(0.61) 

Chrysene 0.067 2 56(6.1) 

Dibenzo(a,h)anthracene 0.04 0.20 0.056 

Fluoranthene 0.04 0.5 2,000 

Fluorene 0.04 1 1,800 

Indeno( 1,2,3-cd)pyrene 0.04 0.4 0.56 

Naphthalene 0.04 2.5 56 

Phenanthrene 0.12 1 - 

Pyrene 0.067 2 1,500 

Italicized compounds have been identified as constituents of concern present at the six top candidate sites (Table 7-2) identified for 
this soil washing and solidification/ stabilization study 

1 
() 

Quantitation Limits are from the McClellan AFB Basewide QAPP (Radian 1999b). 
Values are California-modified PRGs 

mg/kg milligrams per kilogram 
Hg/L microgram per liter 
RPRG Preliminary Remediation Goal, Residential Scenario (EPA Region IX) 

not applicable 

1       ASTM D2216, Moisture Content and Percent Solids 

2 This method measures the water content of soil, rock, and soil-aggregate mixture by weight. The known 
3 weight of soil is dried to a constant mass in drying oven at 110 degrees Centigrade (°C). The dried soil is 
4 reweighed. The moisture content is the difference of the two weights divided by the dried weight of soil 
5 expressed as a percentage. Percent solids are calculated by dividing the dried weight by the initial weight 
6 expressed as a percentage. 

7 Standard Method 2540F, Flocculation 

8 A known volume of sample is transferred to an Imhoff cone. The sample is allowed to settle. The volume 
9 of solids which settled is measured directly in the calibrated Imhoff cone. 
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1 Standard Methods 2710C, Settling 

2 A known volume of sample is transferred to a settling column. While stirring, determine the volume 
3 occupied by the suspension and by the settled sludge at measured time intervals. The volume is measured 
4 directly in the graduated settling vessel. 

5 Sample Preparation Procedures 

6 WET 

7 The WET, described in the CCR, Title 22, Article 11, Section 66700, is used to determine the amount of 
8 extractable analyte in waste material. The sample is separated into liquid and solid phases. The solid 
9 phase is mixed with a buffer solution and agitated for 48 hours. The resulting WET leachate is mixed 

10 with any liquid phase of the original sample and both are analyzed for the parameters of interest. Sample 
11 results are compared to STLC limits to determine if the sample is considered hazardous under California 
12 waste disposal regulations. The WET may also be modified to use deionized water in place of the buffer 
13 solution to determine materials classification. 

14 Method 1311, TCLP 

15 Method 1311 is designed to determine the mobility of organic (semivolatile and volatile) and inorganic 
16 (metals and chromium VI) constituents extractable from liquid, solid, and multiphase wastes. An aliquot 
17 of sample is placed in a buffer solution and tumbled for 18 hours while maintaining the pH in a specified 
18 range. The resulting aqueous leachate is filtered from the solid phase and analyzed for the compounds of 
19 interest. Analyte concentrations are compared to TCLP limits, to determine if samples are subject to 
20 federal waste disposal regulations. 

21 Inorganic Analytical Methods 

22 Method 6010B, Trace Elements (Metals) by Inductively Coupled Plasma Atomic Emission Spectroscopy 
23 (ICPES) for Water and Soil 

24 Water and soil samples are analyzed for trace elements or metals using Method 6010B. All matrices, 
25 excluding filtered acid preserved water samples, require digestion prior to analysis. This digestion is 
26 performed using USEPA Method 3005A or 3010A for water and extracts or USEPA Method 3050B for 
27 soil. Following digestion, the trace elements are simultaneously or sequentially determined using ICPES. 

28 Method 6010B measures element-emitted light by optical spectrometry. The samples are nebulized and 
29 the resulting aerosol is transported to the plasma torch. Element-specific atomic-line emission spectra are 
30 produced by radio frequency inductively coupled plasma. The spectra are dispersed by a grating 
31 spectrometer, and the line intensities are monitored by photomultiplier tubes for element quantitation. 

32 Method 6020, Trace Elements (Metals) by Inductively Coupled Plasma Mass Spectroscopy (ICP- 
33 MS) for Water and Soil (may be used in place of Method 6010B) 

34 Water and soil samples are analyzed for trace elements or metals using Method 6020. All matrices, 
35 excluding filtered acid preserved groundwater samples, require digestion prior to analysis using the 
36 methods outlined in the previous section. Following digestion, the trace elements are simultaneously or 
37 sequentially analyzed using ICP-MS. 
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1 Method 6020 measures ions produced by a radio frequency inductively coupled plasma. The sample is 
2 nebulized and the resulting aerosol is transported by argon gas into the plasma torch. The ions produced 
3 are entrained in the plasma gas and introduced, by means of an interface, into a mass spectrometer. The 
4 ions produced in the plasma are sorted according to their mass-to-charge ratios and quantified with a 
5 channel electron multiplier. 

6 Methods 7041, 7060A, 7131A, 7421,7740, and 7841, Antimony, Arsenic, Cadmium, Lead, Selenium, 
7 and Thallium (Graphite Furnace Atomic Absorption [GFAA]) 

8 GFAA spectrometry is used to measure low concentrations of antimony, arsenic, cadmium, lead, 
9 selenium, and thallium in water and soil samples. Samples are digested using Method 3020A or 3050B. 

10 Discrete aliquots of digestate are deposited in a graphite tube furnace. The graphite tube is resistively 
11 heated by an electric current. The sample digestate is dried and charred to remove sample matrix 
12 components, then atomized at temperatures sufficient to vaporize the element of interest. Absorbance of 
13 an element-specific wavelength by the vapor is proportional to the concentration of that element. 

14 Method 7470A-7471A, Mercury - Manual Cold-Vapor Technique 

15 Water and soil samples are analyzed for mercury using SW7470A and SW7471A, respectively. This 
16 method is a cold-vapor flameless atomic absorption (AA) technique based on the absorption of radiation 
17 by mercury vapor. Mercury is reduced to the elemental state and aerated (volatilized) from solution. The 
18 mercury vapor passes through a cell positioned in the light path of an AA spectrophotometer. Mercury 
19 concentration is measured as a function of absorbance. 

20 Organic Analytical Methods 

21 Method 8015B, TPH-Extractable 

22 TPH-extractable expressed as diesel range organics from the carbon range C   through C2g are determined 

23 by gas chromatography with a flame ionization detector (GC/FID). The soil and water preparation 
24 methods include 3510C, 3520C, 3540C, 3550B and 3580A. The extracts are concentrated by removing 
25 the methylene chloride solvent through evaporation. The extracts are separated and detected on the 
26 GC/FID instrument. Identification of TPH components is based on pattern recognition techniques and 
27 requires a greater degree of analytical judgement than other GC methods. The TPH chromatograms 
28 consist of groups of peaks that have a general shape or pattern and that fall within the noted carbon range. 
29 Quantitation is performed by comparing the peak area of the sample from the C[0 through C2g range with 

30 the area in the diesel standard or other petroleum hydrocarbon products. 

31 Method 8081 A, Organochlorine Pesticides 

32 Organochlorine pesticides in soil and aqueous samples are analyzed using Method 8081 A. This analytical 
33 method involves extraction of the aqueous sample with methylene chloride and the extraction of soil 
34 samples with hexane-acetone or methylene chloride-acetone using Method 35 IOC, 3520C, 3540C, 3541, 
35 3545, 3550B, or 3580A. Cleanup techniques, such as Method 3610, 3620, 3630, 3640, and/or 3660, may be 
36 used for difficult matrices. The pesticides are quantified by GC using electron capture detection. Any 
37 pesticide analytes tentatively identified in the primary analysis are confirmed on a second GC column of 
38 dissimilar phase. Quantitation is accomplished by comparing the response of a major (quantitative) ion 
39 relative to an internal standard with a five-point calibration curve. 
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1 Method 8082, PCBs 

2 Method 8082 is used to determine the concentration of PCBs as Aroclors or as individual PCB congeners in 
3 extracts from solid or aqueous matrices. GC with electron capture and electrolytic conductivity detector are 
4 used for quantitation. Compound identification based on single-column analysis will be confirmed on a 
5 second column, or supported by another qualitative technique (i.e., gas chromatography/mass spectroscopy 
6 [GC/MS] Method 8270C). 

7 Method 8260B, VOCs by GC/MS 

8 VOCs in aqueous and soil samples are analyzed using Methods 8260B. VOCs in aqueous samples are 
9 purged onto an adsorbent trap using an inert gas and the VOCs are backflushed onto a GC column, where 

10 they are separated and detected by MS. These procedures are documented in Method 5030B. VOCs in 
11 soil are collected in Encore® or similar samplers using Method 5035 procedures. Compounds of interest 
12 are quantified by comparing mass spectra with the electron impact spectra of authentic standards. 
13 Quantitation is accomplished by comparing the response of a major (quantitative) ion relative to an 
14 internal standard with a five-point calibration curve. This method includes specific calibration and QC 
15 steps that augment the general requirements in SW-846 Method 8000B. 

16 Method 8270C, SVOC 

17 SVOCs, also known as base/neutral and acid extractables, are analyzed using Method 8270C in water and 
18 soil samples. Based on the behavior and structure of the compound, various extraction techniques are 
19 used to prepare samples for analysis by Method 8270C. These preparation methods include 3510C, 
20 3520C, 3540C, 3550B and 3580A. The extracts are concentrated by removing methylene chloride 
21 through evaporation. The extracts are injected into a GC equipped with a mass selective detector. 
22 Compounds of interest are separated and quantified by comparing mass spectra with the electron impact 
23 spectra of authentic standards. Quantitation is accomplished by comparing the response of a major 
24 (quantitative) ion relative to an internal standard with a five-point calibration curve. This method 
25 includes specific calibration and QC steps that augment the general requirements in SW-846 Method 
26 8000B. 

27 Method 8290, Polychlorinated Dibenzo-P-Dioxins (PCDDs) and Polychlorinated Dibenzofurans 
28 (PCDFs) 

29 PCDDs and PCDFs are analyzed using a matrix-specific extraction, analyte-specific clean up, and high- 
30 resolution capillary column GC/high resolution MS techniques to separate and identify the analytes of 
31 interest. The method's sensitivity is dependent on the level of matrix interference; selected cleanup 
32 methods may be used to reduce or eliminate interference. Target analytes include all congener classes, 
33 tetra- through octa-dioxins, and furans. 

34 The MS is used in the selected ion-monitoring mode, and internal standards are used for quantitation. 
35 The retention time windows for each isomer group are determined by injection of a PCDD/PCDF 
36 retention time standard, which contains the first and last compound to elute from each isomer group. 
37 Quantitation is accomplished by adding a mixture of C-13 internal standards to each sample before 
38 extraction. Each isomer class is quantitated using the C-13 internal standard from that class. 
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1 Method 8310, PAHs 

2 Selected PAHs are measured using high performance liquid chromatography. The PAHs are initially 
3 extracted from soil or water using Methods 3510C, 3520C, 3540C, or 3550B. Detection is accomplished 
4 by ultraviolet and fluorescence detectors. 

5 Identification is accomplished by comparing the retention time of the peak with the retention time of a 
6 standard. Quantitation is performed by comparison of the response with a standard of known 
7 concentration. Method 8310 is preferred over Method 8270C, which also detects PAHs, in some 
8 applications because of the lower quantitation limits that are less than RPRGs. 

9 8.5.2     Calibration Procedures and Frequency 

10 Calibration procedures for all laboratory analyses will follow the requirements specified in the most 
11 recent update of the analytical method and the Basewide QAPP (Radian, 1999). Initial calibration is 
12 performed as required for each analytical method, using a range of calibration standards with the lowest 
13 standard at or near the quantitation limit for the analyte. These standards are used to determine the 
14 calibration range of the instrument. The reported concentration of any analyte in a sample or dilution 
15 must not exceed the instrument calibration range determined by the highest concentration calibration 
16 standard. All method-specific initial calibration frequency and acceptance criteria must be met prior to 
17 sample analysis. Calibrations are verified by analysis of a mid-concentration standard at a minimum of 
18 once per day. Calibration procedures for the field methods when applicable, are described in Subsection 
19 8.5.1. 

20 8.6        DATA REDUCTION, VALIDATION, AND REPORTING 

21 Information flow from the field and laboratory to the data users is critical. The data management system 
22 for the soil washing and solidification/ stabilization study has been developed to facilitate the flow of 
23 information from the field and laboratory to those persons involved in project decision-making by 
24 providing a means of tracking, cataloging, and organizing information. Such a system includes hardware 
25 and software for data handling (the database), data management protocols such as chain-of-custody 
26 (COC) forms and sample collection forms, and trained personnel to maintain the data and keep the system 
27 ■ updated and operational. The primary objective of a data management system is to provide the user with 
28 data sets that have been verified and are internally consistent. 

29 8.6.1     Data Reduction and Verification 

30 The data are reduced from instrument output to analytical report at the laboratory, generally using a 
31 Laboratory Information Management System. Electronic raw data or magnetic data tapes will be 
32 maintained for those methods for which instrumentation allows {e.g., GC/MS) and made available to the 
33 Air Force or regulatory agencies upon request. Laboratory quality assurance procedures dictate that a 
34 percentage of the reported results are verified by a third party prior to analytical report submittal. 

35 Copies of the field data logbooks and COC forms will be transferred to the JV s office for review and 
36 correction, if necessary. Once reviewed, field data (sample numbers, sample collection dates, etc.) will be 
37 manually entered from these documents into a spreadsheet database. As analytical data deliverables 
38 arrive from the laboratory, they are reviewed and any questions, concerns, or discrepancies are resolved. 
39 The analytical results are then imported or entered into the database. Printouts from the database will be 
40 compared to the field data sheets and analytical reports to identify any entry errors. Following this check, 
41 the data will then be available for data analysis, statistics, plotting, etc. All field logbooks and one copy 
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1 of each COC form will be stored at the field trailer throughout the field effort. During demobilization, 
2 this information will be transferred to the project files at the JV's office. 

3 8.6.2     Data Validation 

4 Cursory validation and full validation of final data are conducted by following the data review procedures 
5 outlined in SOP Numbers McAFB-028 and McAFB-029 (Radian 1999b). Cursory validation (data 
6 review or USEPA, Region IX Level 1A) will be performed for all laboratory data. This includes 
7 comparing QC data such as holding times, initial calibration, continuing calibration, LCS, duplicates, and 
8 method blanks to established acceptance criteria and control limits contained in this QAPP. For data 
9 which fall out of established control limits (based upon QC criteria for accuracy and precision established 

10 for the project) and affect data usability, corrective action(s) is required and implemented as appropriate. 
11 Data usability is determined by the data reviewer and data user based upon the degree of non-compliance 
12 from established control limits, compounds of concern or site-specific historical data (i.e., trend analysis), 
13 and the use of the suspect result. Any invalid data without appropriate corrective action may result in 
14 qualification as rejected. The data reviewer notifies the JV project team and a decision regarding 
15 resampling is made. 

16 Full validation (EPA Region IX Level 3) will be performed for 10 percent of the data for each method 
17 according to the requirements in the McClellan AFB Basewide QAPP and SOP-029. If errors are 
18 identified which affect the usability of the data, a greater percentage of data will be validated. 

19 8.6.3     Data Reporting 

20 Monthly project status reports will be generated and the analytical data and data quality summary will be 
21 included. A final data quality assessment will be presented for each site study, and incorporated into the 
22 TAAR, as outlined in Section 10.0 of this WIP. This will include any deviations from QC procedures and 
23 criteria and the affect upon usability for the soil washing and solidification/ stabilization study. Percent 
24 completeness by method will also be presented. 

25 8.7        INTERNAL QUALITY CONTROL CHECKS 

26 8.7.1     Quality Control Samples 

27 The specific QC samples associated with the analytical methods used for this project and the frequency of 
28 analysis are documented in each analytical method and Section 10.0 of the McClellan AFB Basewide 
29 QAPP (Radian 1999b). Field QC samples are discussed in Subsection 7.1.4. Descriptions of the purpose 
30 and frequency of the laboratory QC samples analyzed during the project follow: 

31 Method Blanks. A method blank is a clean matrix carried through the same sample preparation 
32 procedure as a sample. Method blanks are used to ensure that interference from the analytical system, 
33 gases, and glassware is minimized. The concentration of any analyte in a method blank must be less than 
34 the quantitation limit. The corrective action for method blanks that exceed allowable concentrations is to 
35 reanalyze the blank; if contamination still exceeds allowable concentrations, the source of contamination 
36 must be identified and corrected, and the blank and all associated samples are then reanalyzed. 

37 Laboratory Control Samples. LCSs are blank (reagent water or ultra-pure nitrogen) spikes containing 
38 all analytes at a specified concentration, usually in the mid-calibration range. The LCS undergoes the 
39 entire sample preparation and analysis process to demonstrate that the method/instrument is stable and 
40 operating within acceptable accuracy limits. LCSs are required for most methods at a frequency of one 
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1 per ten samples for frequently analyzed methods and 1 per analytical batch. LCS acceptance criteria are 
2 presented in Sections 4 and 10 of the McClellan AFB Basewide QAPP. 

3 Laboratory Duplicates (Duplicate Analyses). Laboratory duplicates are repeated but independent 
4 measurements of the same sample under the same conditions. The sample is split in the laboratory and 
5 each fraction is carried through all stages of sample preparation and analysis. The RPD between 
6 duplicate analyses is used to assess precision for each analytical method. Laboratory duplicates will be 
7 analyzed at a minimum of 10 percent of samples collected and will only be performed for methods that do 
8 not require MS/MSDs. 

9 Matrix Spike/Matrix Spike Duplicates. An MS is a solution of method analytes at known 
10 concentrations that is spiked into a field sample before sample preparation and analysis. Two aliquots of 
11 the sample are spiked to provide a MS/MSD. MS/MSDs are analyzed to assess the accuracy and 
12 precision of sample data. MS/MSDs are also used to identify the presence of analytes that might interfere 
13 with contaminant quantitation. The percent recovery of each spiked analyte is used to assess bias caused 
14 by matrix interference, and the RPD between the duplicate spikes is used to assess the precision of the 
15 method for the specific sample matrix. The MS/MSD frequency is one pair for every 20 field samples. 
16 All MS/MSDs will be identified on the sample COC. MS/MSD percent recovery and RPD acceptance 
17 criteria are presented in Sections 4 and 10 of the McClellan AFB Basewide QAPP. 

18 Surrogate Spikes. Surrogate compounds are a group of compounds that do not occur naturally but 
19 behave similarly to target analytes for each organic analytical method. Surrogate spike results provide a 
20 measure of method performance and indicate sample-specific matrix effects. Surrogates are required for 
21 SVOC analyses and dioxin/furan analyses (vapor, liquid, solid). A spiking solution of known 
22 concentration is added to each field and QC sample before preparation and analysis. Acceptance criteria 
23 for surrogate recoveries for SVOCs and dioxin/furan analyses are presented in Sections 4 and 10 of the 
24 McClellan AFB Basewide QAPP. 

25 8.8        PERFORMANCE AND SYSTEM AUDITS 

26 One field audit will be performed during the first week of treatment system operation to ensure that unit 
27 operation and sampling procedures are conducted in accordance with this WIP. One double blind 
28 performance evaluation (PE) sample will be submitted for each matrix and method at the beginning of the 
29 project. The results will be compared to vendor-derived performance criteria for acceptability. The PE 
30 results will be made available to the Air Force and regulatory agency personnel. No laboratory audits are 
31 scheduled due to the type of project (innovative technology study, not remedial investigation, removal 
32 action, etc.) and the use of the PE samples to assess data quality. 

33 8.9        CALCULATION OF DATA QUALITY INDICATORS 

34 Data quality indicators are the detailed QC specifications for PARCC. The equations for calculating 
35 percent relative standard deviation (RSD), percent difference, percent recovery, and RPD are presented in 
36 Section 13 of the McClellan AFB Basewide QAPP. 

37 8.10      CORRECTIVE ACTION 

38 Corrective action is required when data quality falls outside of established DQOs (acceptance criteria). 
39 Corrective action procedures are described in this section. The QA process has been developed to 
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1 minimize the requirement for corrective actions; however, should a non-conformance be discovered, QA 
2 reporting to the appropriate management authority is instituted to ensure early and effective corrective 
3 action involving the following steps: 

4 •    Discovery of a non-conformance. A non-conformance is defined as failure to comply with 
5 procedures and standards established in this QAPP. Non-conformances are generally 
6 identified during audits or during data review; however, the quality assurance coordinator 
7 (QAC) or any project team member who discovers or suspects a non-conformance is 
8 responsible for initiating a non-conformance report without waiting for a scheduled audit. 

9 •    The QAC reviews all audit and non-conformance reports and reports non-conformances to 
10 the project manager (PM). 

11 •    The PM ensures that no additional work, which depends on the nonconforming activity, is 
12 performed until a confirmed non-conformance is corrected. 

13 •    Development of a plan and schedule for the corrective action. The PM confers with the QAC 
14 or other project personnel on the required steps and schedule for the corrective action. All 
15 corrective action measures are selected to prevent or reduce the likelihood of future non- 
16 conformances, to be appropriate to the seriousness of the non-conformance, and to be realistic 
17 in terms of the resources required for implementation. The plan identifies: 

18 -    The cause of the non-conformance. 

19 -     An appropriate corrective action. 

20 -     The personnel responsible to take the corrective action. 

21 -     The steps to be taken for correction and prevention. 

22 -     Approval for the corrective and preventative action. 

23 •    Review of the corrective action taken. Upon completion of the corrective action, the QAC or 
24 the PM evaluates the adequacy and completeness of the action taken. 

25 •    Confirmation of results. If the corrective action is found to be adequate, the QAC notifies the 
26 PM of the satisfactory corrective action and the completion of the audit. If the action is found 
27 to be inadequate, the QAC and PM and any other appropriate team member confer to resolve 
28 the problem and determine any further actions. Implementation of any further action is 
29 scheduled by the PM. 

30 8.11      SPECIAL TRAINING REQUIREMENTS AND CERTIFICATIONS 

31 All personnel will follow the training procedures specified in Subsection 5.2.7 of the Basewide QAPP 
32 (Radian 1999). In particular, the following training or certifications will apply to personnel associated 
33 with the non-VOC soil washing project. 

34 Project Manager and asphalt pad designer will have a professional engineer license. 

35 All field crew will be current in health and safety training as required in the OSHA regulations and be 
36 familiar with the project-specific Health and Safety Plan. 

37 All heavy equipment operators will have been trained to meet competency requirements (competent 
38 operator). 
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1 The Site Safety Coordinator will have completed First Aid and CPR training. 

2 The hazardous waste haulers will be licensed and trained to meet department of transportation 
3 regulations. 

4 Laboratory personnel training requirements are documented in the laboratory SOP for "Analyst's 
5 Training Documentation." 

6 8.12     INSTRUMENT/EQUIPMENT TESTING, INSPECTION, AND MAINTENANCE 
7 REQUIREMENTS 

8 Instruments will be inspected upon receipt to verify that they are undamaged. Testing of measurement 
9 equipment generally consists of calibration, method detection limit studies, and retention time studies. If 

10 the testing indicates a problem, corrective action will occur,, including possible replacement of the item. 
11 The laboratory procedures for acceptance of supplies is documented in "The Requisition, Purchasing, and 
12 Receipt of Chemical and Non-chemical Supplies" SOP. 

13 Preventative maintenance requirements will follow those in Section 12.0 of the Basewide QAPP (Radian 
14 1999). 

15 8.13      INSPECTION/ACCEPTANCE REQUIREMENTS FOR SUPPLIES AND CONSUMABLES 

16 Field sampling and laboratory supplies will be inspected upon receipt to verify that they are undamaged 
17 and that all requested items are present. Consumable standards are tested using second source standards 
18 to verify certified concentrations. 

19 Inspection/acceptance requirements will follow those in Subsection 5.2.8 of the Basewide QAPP (Radian 
20 1999). The laboratory maintenance book procedures are documented in the "Maintenance Logbook 
21 Documentation" SOP. 
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9.0       SITE-SPECIFIC HEALTH AND SAFETY PLAN 

2 9.1        INTRODUCTION 

3 This site-specific health and safety plan (SHSP) defines the health and safety (H&S) requirements for JV 
4 and subcontractor personnel engaged in the soil washing and solidification/ stabilization study. The 
5 SHSP contains information that is applicable to all or most H&S issues related to field activities, and the 
6 subsurface soils to be treated. This SHSP addresses treatment system operations, personnel 
7 responsibilities, site- and task-specific chemical and physical hazards, PPE and controls, personal 
8 monitoring requirements, site control measures, decontamination procedures, and emergency response. 
9 Table 9-1 provides a list of the H&S equipment that will be used or immediately available at project work 

10 site(s) during the course of field activities. 

11 The SHSP provides project-specific information not addressed in the METRIC Comprehensive Health 
12 and Safety Plan (HSP) (URSG-Laidlaw 1996) or McClellan AFB Basewide HSP, a subsection of the 
13 McClellan AFB SVE Removal Action Work Plan (URSG 1998), included as Attachment D to Appendix 
14 A of this document. The requirements and protocols specified in the SHSP take precedence over those 
15 presented in the HSPs. Nevertheless, neither the METRIC Comprehensive HSP, McClellan AFB 
16 Basewide HSP, nor this SHSP are stand-alone documents; all three documents contain important 
17 information and represent the H&S program for the project work site(s). All field team members 
18 will be required to read this SHSP and sign a statement acknowledging that they have met that 
19 requirement. Copies of this SHSP, HSPs, and SOPs will be maintained at the project work site(s). 

20 9.2        BACKGROUND 

21 9.2.1     Technology Description 

22 Section 3.0 contains a detailed technology description. 

23 9.2.2     Site Description 

24 Section 2.0 contains a detailed site description. 

25 9.2.3     Field Activities 

26 The preliminary treatment test field activities include soil excavation to collect soil samples and sample 
27 shipment to Surbec-ART. Treatability study field activities include soil excavation, soil transfer to the 
28 treatment site, treatment system installation, treatment system operation, and demobilization. See Section 
29 5.0 for a complete description. The project team will be responsible for all field activities throughout the 
30 estimated 12 weeks of the study. 

31 9.3       FIELD PERSONNEL 

32 Project field personnel are identified in Table 9-2, and their H&S responsibilities summarized in the 
33 following paragraphs. The JV H&S responsibilities are addressed in Subsection 2.3 of the METRIC 
34 Comprehensive' HSP and Subsection 8.3 of the McClellan AFB Basewide RAWP. Project management 
35 responsibilities are discussed further in Section 12 of this WIP, and a project organization chart is 
36 included as Figure 9-1. 
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Table 9-1 

HEALTH & SAFETY EQUIPMENT CHECKLIST 

Personal Protective Equipment (per person) Monitoring/Sampling Equipment 

X Air-purifying respirator (full- and half- Radiation detector 
face) Oxygen level/CGI 

X Cartridges (combination P100 OVA 
filter/organic vapor/acid gas) Ozone monitor/sensor 

X Safety boots 1 PID 
X Chemical-resistant boots (PVC/nitrile, 1 Aerosol monitor 

neoprene, butyl), as needed X Draeger® short-term colorimetric 
X Chemical-resistant coveralls (Saranex®, detector tubes 

polyethylene), as needed 1 Bellows pump 
X Coveralls (Tyvek® or cotton) 1 Sound level meter 
X Hard hat 1 Personal sampling pump                         1 
X Face shield 3 Hi-Vol sampling pump 
X Latex gloves (not to be used as X Sampling media (MCE, PTFE, PVC 

chemical-resistant gloves) filter cassettes) 
X Nitrile gloves (22 mil., 15 mil., 11 mil) X Passive dosimeter/diffusion tube, as 
X Safety goggles necessary for volatiles 
X Ear plugs Windsock, wind cone (with Vi or 
X Ear muffs appropriate diameter pipe) 

Chemical-resistant boot covers 
(neoprene or butyl) Decontamination Equipment 

Misc . PPE/First Aid and Emergency X Tub (boot wash) 
Equi pment X Deionized water 

Garbage can w/liner 
1 Emergency shower/eyewash X Buckets (10 gallons) 
1 First aid kit X Plastic garbage bags 
X Drinking water 55-gallon drums 
2 Fire extinguisher (10 pound UL Rating X Brushes 

4A:80B:C) X Hand pressurized portable water 
3 Portable air horn (one at each work site sprayer 

support zone) X Detergent (Liquinox®, Alconox®) 
1 Cellular phone X Paper towels 
X Site control equipment: fencing 1 Table 

(surrounding work site), cones, X Decontamination solutions (hexane, 
barricade tape, placards, signs, etc. HC1, HN03) 

1 Chemical spill kit 
1 -3 Quantity of items needed. 
X Item is necessary, yet total quantity will depe nd on the usage rate. 
TBD To be determined HC1                Hydrochloric acid 
PPE Personal protective equipment HN03            Nitric acid 
PTFE Teflon ® PVC               Polyvinyl chloride 
CGI Combustible gas indicator PID                Photoionization detector 
OVA Organic vapor analyzer 
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1 
2 
3 
4 
5 
6 

The project will be conducted under the oversight of the URSG Corporate Director of H&S, Mr. Mark 
Litzinger, C.I.H, and Ms. Mary Lou Sullivan, C.I.H., the H&S manager (HSM) for the URSG Western 
Region. Mr. Jerry Hinck, Sacramento office safety coordinator (OSC), will ensure that provisions of the 
URSG H&S program are implemented, assist in the investigation of project-related injuries and 
significant incidents, prepare and maintain OSHA records of occupational injury and illness, and oversee 
implementation of the JV medical surveillance and training program. 

Table 9-2 

PROJECT FIELD PERSONNEL 

Team Member Title Organization 

Sarabjit Singh Program Manager JV 
Richard Beyak Project Manager JV 
Gary Smith Field Services Manager, Site Safety Coordinator (SSC) JV 
Tamara Zielinski Project Engineer, Field Operations Coordinator (FOC) JV 
Jim Reese Radiation Safety Officer (RSO) JV 
Carl Seward Treatment System Operations Surbec-ART 
Erik Groenendijk Treatment System Operations Surbec-ART 
Craig Jones Treatment System Operations BESCORP 

9 
10 
11 
12 
13 

14 
15 
16 
17 
18 
19 
20 
21 
22 
23 

24 
25 
26 

27 
28 
29 
30 
31 
32 
33 

Project Manager (PM). Richard Beyak, P.E. is the PM for the treatability study and has 
overall responsibility and oversight of field activities. Mr. Beyak will ensure work is 
performed safely in compliance with the provisions of this SHSP and applicable McClellan 
AFB, federal, state, and local requirements. He will serve as the primary point of contact for 
communications with McClellan AFB. Mr. Beyak will also ensure that only trained and 
qualified personnel are assigned to project activities and that appropriate H&S equipment and 
resources are available throughout the treatability study. 

Field Services Manager (FSM) and Site Safety Coordinator (SSC). Mr. Gary Smith will 
serve as the SSC. Mr. Smith will ensure that field activities are conducted safely and in 
accordance with the provisions of this SHSP. He will be responsible for overseeing and 
interacting with field personnel and responding to H&S issues and emergencies during the 
course of project field activities. He will provide an independent check on proper SHSP 
implementation and conduct assessments to determine compliance. Mr. Smith will review 
the need for any changes in protection levels, protective equipment, or control measures, 
provide support to project field personnel, and, as part of his responsibility as the FSM, will 
oversee and coordinate activities with field personnel on a regular basis to ensure proper 
handling, storage, and disposal of hazardous materials and wastes. 

Field Operations Coordinator (FOC). Ms. Tamara Zielinski, PE, the project engineer, will 
provide technical guidance and support for field personnel and ensure that work tasks are 
completed in accordance with the provisions of task-specific SOPs and this SHSP. 

Radiation Safety Officer (RSO). Mr. Jim Reese will serve as the RSO throughout 
preliminary bench-scale treatability test activities, principally the survey of the candidate 
sites, and thereafter as necessary. Mr. Reese, currently serves as the project manager for the 
radiological removal action at CS 10 and PRL 32. Mr. Reese will help ensure that field 
activities are conducted safely and in accordance with radiation protection rules, regulations, 
and procedures. He will conduct surveys of the candidate sites, particularly the landfill site at 
CS 13, and report the results to the PM and SSC. 
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1 •    Treatment System Operators. Qualified JV field team and subcontractor personnel will 
2 provide additional assistance on an as needed basis. The operators are first and foremost 
3 responsible for taking all reasonable precautions to prevent injury to themselves, fellow 
4 workers, McClellan AFB personnel, and the public. They are required to read and adhere to 
5 the provisions of the SHSP, McClellan AFB requirements, O&M manuals, and SOPs, and to 
6 report all accidents and any unsafe conditions to the PM, SSC, FOC, or other supervisory 
7 personnel. 

8 •    Subcontractors. Companies subcontracted by the JV project team or McClellan AFB are 
9 responsible for meeting their contract requirements and providing a safe workplace for their 

10 employees. The JV will inform all subcontractors of the potential hazards present at project 
11 work site(s) and provide them with the results of any personal or area monitoring being 
12 conducted near on or near their work site(s) 

13 9.4       TRAINING/MEDICAL SURVEILLANCE REQUIREMENTS 

14 All project field team personnel working within a hazardous waste site designated work zone, or EZ will 
15 have successfully completed classroom and field training for hazardous waste site operations in 
16 accordance with OSHA requirements specified in 29 CFR 1910.120(e). Pre-assignment training 
17 requirements include successful completion of 40-hour initial H&S training, 3-day (24-hour) field 
18 activities training, and annual 8-hour H&S refresher. When the 3-day field activities training has not been 
19 formally documented, one or more years of active hazardous waste site field experience is considered 
20 equivalent training meeting this requirement. Field personnel will also have completed permit-required 
21 confined space awareness training in accordance with 29 CFR 1910.146. At least one person (the SSC) 
22 has currently valid certification in standard first aid and cardiopulmonary resuscitation (CPR). 

23 Field personnel that may be entering areas potentially contaminated with radiation (e.g., landfill site) and 
24 other contaminants will participate in a radiation safety awareness training during the safety kickoff 
25 meeting or tailgate safety meeting prior to conducting the site survey. The RSO and SSC will familiarize 
26 personnel with basic radiation physics, contamination control, hazards and dose limits, effects, risks, and 
27 the use of monitoring or survey instruments and interpreting the readings. 

28 JV field personnel are required to participate in their corporate medical surveillance program in 
29 accordance with OSHA requirements for cleanup operations at uncontrolled hazardous waste sites (29 
30 CFR 1910.120[f]). All O&M and other field personnel potentially exposed to hazardous substances or 
31 health hazards must be found physically qualified to perform their assigned work tasks without increased 
32 health risks prior to their assignment (29 CFR 1910.120) and, if necessary, to use a respirator (29 CFR 
33 1910.134). For JV field personnel, annual medical examinations are conducted by a qualified physician 
34 as part of the JV medical surveillance program overseen by an independent occupational medicine 
35 consultant, Dr. Peter P. Greaney of GMG WorkCare. 

36 General JV training and medical surveillance requirements are addressed in Sections 8.0 and 9.0 of the 
37 METRIC Comprehensive HSP. If requested, copies of training certificates or other documentation for 
38 O&M field personnel will be provided to McClellan AFB prior to the start of field activities. 
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1 Site-specific H&S training is to be conducted by the SSC or other designated and qualified member of the 
2 field team. The H&S training, at a minimum, is to include a review of the SHSP, HSPs, H&S procedures, 
3 task- and site-specific hazards, as well as O&M manuals, SOPs, and other requirements unique to 
4 treatment system facilities. The project-specific training, instructed by the JV and attended by the project 
5 field team, will include: orientation, including basic H&S; operations, including comprehensive H&S, 
6 and sample collection. 

7 9.5        HAZARD ASSESSMENTS 

8 9.5.1     Introduction 

9 This section identifies the potential chemical and physical hazards that may be encountered by field 
10 personnel. The anticipated hazards are based upon information presented in this WIP, including current 
11 and anticipated work site conditions (Section 2.0), field activities (Section 3.0), treatment system 
12 equipment and components (Sections 3.0 and 5.0), and soil contaminants based on available analytical 
13 data (Section 2.0). Table 9-3 summarizes the task-specific hazards and control measures. Specific 
14 physical and chemical hazards are discussed in the following subsections. Subsection 9.6 discusses the 
15 PPE and controls that will be used to eliminate or reduce the risks of exposure to these hazards. 

16 The project team, accompanied by McClellan AFB personnel, will conduct a visual walkover inspection 
17 of candidate sites to help prioritize and select those sites that are most amenable to treatment and which 
18 have the best access for excavation. Excavation will be conducted using backhoe and will range from 
19 removing above-ground soil piles to excavating trenches to 8 feet bgs. Soil will be transported by truck to 
20 the treatment site. 

21 The treatment system consists of soil washing modules designed to handle a range of soils and 
22 contaminants from selected sites on McClellan AFB. The treatment system applies both physical and 
23 chemical means to remove particulate contaminants from the soil. Project work tasks may expose field 
24 personnel to soil contaminants through direct dermal contact or inhalation of airborne dust or particulates 
25 released during treatment or transfer of contaminated soil, sludge, or water. The project team will make 
26 every effort to eliminate or minimize generation of fugitive dust including watering, as necessary, and 
27 careful handling and lowering of equipment and components. In addition, there are physical hazards 
28 commonly associated with physical labor and operation of treatment system equipment and components. 
29 The physical and chemical hazards are addressed in the following subsections. 

30 9.5.2     Physical Hazards 

31 Physical hazards may include: 

32 •    Temperature extremes (heat/cold stress) 
33 •    Elevated noise levels 
34 •    Excavation 
35 •    Machinery and mechanized equipment (pumps, conveyors, filter presses, cranes, derricks, 
36 hoists, trucks, backhoes, hand and power tools) 
37 •    Elevated work platforms (scaffolds, ladders, towers) 
38 •    Electrical hazards 
39 •    Underground/aboveground utilities 
40 •    Slip-trip-fall hazards 
41 •    Muscle strains 
42 •    Welding, hot work, grinding, and cutting. 
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1 These hazards are discussed further in the following paragraphs. If project team field personnel are not 
2 cognizant of these hazards, do not implement appropriate safety precautions, and follow prescribed safety 
3 procedures and protocols, there is a greater potential for accidents and personal injury. The SSC will 
4 ensure that safe work practices are followed at the project work site(s) and make any changes necessary to 
5 ensure the safety of the public, JV, subcontractor, and McClellan AFB personnel.. 

6 9.5.2.1 Temperature Extremes 

7 Heat and cold stress hazards and controls are discussed in the Basewide HSP Subsection 8.5.3. Although 
8 strenuous activities, particularly in impermeable clothing, are not anticipated during the 12-week duration 
9 of the treatability test, personnel will be monitored and the work schedule adjusted as necessary during 

10 periods of elevated ambient temperatures or humidity. Activities requiring strenuous labor will, 
11 whenever feasible, will be scheduled during morning hours. 

12 Heat Stress Hazards. Field personnel may be susceptible to heat stress during periods of elevated ambient 
13 temperatures or humidity, or during the performance of strenuous activities, particularly if impervious 
14 personal protective clothing is worn. The SSC will monitor field personnel for early signs of heat stress 
15 whenever ambient temperatures reach or exceed 85 °F. If impervious clothing (e.g., Saranex-coated 
16 Tyvek® coveralls) is worn, personnel will be monitored when temperatures exceed 70°F. The first aid kit 
17 will include a digital thermometer to measure oral temperatures. 

•18 Personnel whose oral temperatures exceed 100°F will not be permitted to continue working until their 
19 temperature returns to a normal range (96.8°F to 100°F). Drinking water and electrolyte beverages will be 
20 available and personnel will be encouraged to drink sufficient fluids to prevent salt loss and dehydration. 
21 At a minimum, personnel should break every two hours for 10 to 15 minutes. Personnel should be 
22 cognizant of the early signs of heat stress and the necessary treatment procedures, as summarized below. 

23 Heat Cramps 

24 Symptoms: Muscle cramps, particularly in the legs and abdomen; may also accompany heat 
25 exhaustion. 

Move affected individual to a cool, covered area and provide water or electrolyte 
beverage; apply firm pressure and place warm, wet towels over the cramped area for 
relief. 

Elevated body temperature (100 to 104 °F); pale and clammy skin; profuse 
perspiration; lethargy and fatigue; possible headache, nausea, or fainting. 

Move victim to cool area and provide water every 15 minutes for 3 or 4 doses; seek 
medical care in severe cases. 

Elevated body temperature (may be as high as 106°F); skin is red or flushed, dry, and 
hot to the touch. There may be nausea, headache, and pulse may be rapid and strong; 
and possible loss of consciousness, delirium, or coma. These symptoms indicate a 
potential life-threatening situation; notify emergency medical services (EMS) 

MSW-WUrs_sacl\Wprocess\68009\wip\DraftFinal\Draft_final.doc 

26 Treatment: 
27 
28 

29 Heat Exhaustion 

30 Symptoms: 
31 

32 Treatment: 
33 

34 Heat Stroke 

35- Symptoms: 
36 
37 
38 
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1 immediately. The worker's temperature control system has stopped working 
2 correctly. The body temperature could rise so high that brain damage and death 
3 could result if the body is not cooled quickly. 

4 Treatment: Rapidly cool victim by sponging the body with isopropyl alcohol or cool water, or 
5 pour water on the body. Continue to closely observe the victim. If the temperature 
6 starts to rise, cool the victim again. Heat stroke requires medical attention, ensure 
7 that the victim is transported to the nearest medical facility. 

8 Whenever possible, laborious tasks should be scheduled during early mornings or evenings to take 
9 advantage of the coolest parts of the day. If not feasible, work schedules should be established which 

10 provide frequent rest periods. 

11 Cold Stress Hazards. Although extended exposure to bitter-cold temperatures is unlikely during project 
12 field activities, personnel may be working in open areas and could be exposed to windy working 
13 conditions and inclement weather. Cold stress resulting in hypothermia (i.e., when the body core 
14 temperature drops below 96.8°F is possible when individuals work for extended periods at ambient 
15 temperatures of 40°F or less. Symptoms could include shivering, pain in the extremities, and drowsiness 
16 or disorientation. To help lessen or ease the effects of cold, personnel will be instructed to wear adequately 
17 insulated/layered clothing and maintain a change of clothing on-site during periods of inclement weather. 
18 All field personnel are provided with rain suits but will be advised to change immediately if clothing gets 
19 wet or damp. Since a centrally located field trailer will be available near the project work site, personnel 
20 will have a warm sheltered area available for periodic breaks. 

21 Adverse Weather. The SSC, in consultation with the PM or FOC, will determine if outdoor field 
22 activities can be continued in a safe manner. In the event of high winds, electrical storms, heavy rain, or 
23 visibility-impairing conditions, outdoor activities will be terminated and field personnel will remain 
24 inside the trailer until conditions improve. Some outdoor activities may be permitted during inclement 
25 weather (rain, wind) but personnel must be alert to possible slip-trip-fall-hazards, and must limit activities 
26 to safe areas at ground level. 

27 9.5.2.2 Noise 

28 Noise-generating equipment will be used during project activities. This equipment includes pumps, 
29 conveyors, filter presses, high-pressure sprayers, heavy mobile equipment (cranes, backhoes, trucks, etc.), 
30 and assorted power tools The noise levels near some of this equipment could exceed 85 decibels (dBA) 
31 and may approach 95 dBA. Elevated noise levels could constitute a hearing hazard and interfere with 
32 communication. The SSC will determine if field personnel are exposed to unacceptable noise levels (i.e., 
33 exceeding 85 dBA) and ensure that appropriate protection (i.e., ear plugs, ear muffs) are employed by all 
34 individuals working near noise sources. 

35 In addition, ambient noise levels at McClellan AFB may exceed 85 dBA constituting a noise hazard and 
36 potentially interfering with communication. Aircraft operations (landings, takeoffs, overflights) can result 
37 in occasional impulsive noise levels of 85 to 95 dBA at McClellan AFB work sites. Consequently, field 
38 personnel are required to wear their hearing protection throughout the workday. 

39 9.5.23 Hea vy Equipment and Tool Hazards 

40 Heavy mobile equipment (backhoes, trucks, etc.) present potential struck-by/run-over hazards. Mobile 
41 equipment must have backup alarms and lights. Movement of the equipment will be only on dedicated 
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1 equipment ramps (personnel not to walk on them when equipment is in operation). Storage areas will be 
2 marked and access restricted. Treatment system rotating and crushing equipment pose potential hazards 
3 that include entanglement of hair, clothing or extremities. All machine guards are to be in position 
4 whenever equipment is operational. No loose clothing, long hair, or jewelry is allowed during operation. 
5 Only authorized operators who have received orientation and full training are to operate the equipment. 
6 Overhead lifting and rigging operations pose potential hazards not only to the operator but project team and 
7 McClellan AFB personnel as well. Only certified crane operators are allowed to operate the crane, and 
8 personnel access into the work site(s) will be restricted during these operations. Only loads within the rated 
9 capacity will be lifted. Pre-lift meetings will be conducted. Personnel are required to stay out from under 

10 suspended loads, and use tag lines when guiding or setting pieces. Hazards commonly associated with the 
11 operation of machinery and mobile equipment (pumps, presses, conveyors, backhoe, cranes, forklifts, 
12 trucks, lifts) include: 

13 Fire/Explosion. The equipment is a source of ignition and, therefore a fire safety hazard. Fires can be 
14 caused by exhaust sparks, friction sparks, and directly by fires within the engine compartments, batteries 
15 or electrical systems. The use of internal combustion engines will not be permitted in areas containing 
16 potentially flammable material or in flammable/explosive atmospheres where they could provide the 
17 necessary ignition for an explosion. 

18 Burns. Contact with equipment hot surfaces (exhaust pipes, mufflers, radiators) can result in serious 
19 burns. Although generally enclosed or covered, contact with these surfaces should be carefully avoided. 
20 Leave safety covers or guards in place. Personnel should always assume that equipment is hot, and not 
21 touch the engine, exhaust pipes, mufflers, radiators, radiator caps, and hoses unless the equipment has 
22 been shut off for several hours or until the engine and surfaces have sufficiently cooled. Check cooling 
23 systems through the overflow tank rather than removing the radiator cap. 

24 Hydraulic Fluids and Fuels. Contact with pressurized hydraulic fluids and fuels can cause severe injury 
25 to the eyes and skin. Hydraulic fluids and fuels can penetrate the skin and may require immediate 
26 medical attention. In the event of a hydraulic system failure or fuel line rupture, the operator is to shut 
27 down the equipment immediately and contain the fluid or fuels. Hydraulic system repairs and servicing 
28 should be left to a mechanic familiar with the piece of equipment. 

29 Ground Personnel Contact. Movement of mobile equipment and motor vehicles, particularly in tight or 
30 congested areas, poses a potential safety hazard to ground personnel as well as the operator. The 
31 equipment will be required to have backup lights and alarms. In addition, a flagman or signal person 
32 must be used whenever mobile equipment is backing up or entering a project work area, or when the 
33 operator does not have full view of the area, the terrain is hazardous, and when two or more vehicles are 
34 backing up in the same area. Operators must be informed and aware of the exact location of ground 
35 personnel. Ground personnel working near mobile equipment who are unable to leave the area will be 
36 instructed to make eye contact with the operator and alert him/her of their presence, and to move 
37 cautiously at all times. The SSC or designee will be responsible for controlling access of heavy 
38 equipment onto the work site and informing field personnel where and when equipment will be moved. 

39 Roll-Over. Roll-overs occur primarily from operating mobile equipment or vehicles on steep slopes, 
40 unstable surfaces, near excavations, or when making sharp turns at unsafe speeds. Injuries from roll- 
41 overs can be fatal, particularly when the operator is thrown from the vehicle or equipment. Operators will 
42 be prohibited from entering areas not previously cleared by the SSC or PM. Seat belts are to be used by 
43 all personnel operating vehicles or mobile equipment. At no time will posted speed limits be exceeded, or 
44 vehicles/equipment operated at speeds that directly disregard existing conditions (weather, traffic, 
45 intersections, roadway width, grade, etc.). 

MSW-\\Urs_sac l\Wprocess\68009\wip\Draft RnaI\Draft_final.doc 



Soil Washing and Solidification/Stabilization Work Implementation Plan - Draft Final Section No. 9.0 
McClellan AFB 06/28/00 
Revision 0 Page 9-13 

1 Project personnel must first be trained and demonstrate their competence to operate or maintain the 
2 treatment component equipment, power tools, and associated equipment (air compressors, generators, 
3 motors, pumps, etc.) used during operations or installation/disassembly activities. Project personnel are 
4 reminded to follow the manufacturers instructions, O&M manuals, SOPs, and these basic safety 
5 guidelines: 

6 •    Turn off appropriate circuit breakers when servicing electrically actuated equipment (motors, 
7 mixers, pumps, conveyors, valves). 

8 »Do not operate any controls when hands are wet. 

9 •    Disconnect air sources prior to servicing any air-operated equipment. 

10 •    Never exceed maximum pressure ratings. 

11 •    Always wear safety glasses when servicing or operating equipment or power tools. 

12 •    Check electrical cords for broken insulation and potential exposure to water or other liquids. 

13 9.5.2.4 Elevated Work Platforms (Scaffolds, Ladders, Towers) 

14 Working above ground without sufficient protection, even at elevations of as little as three to four feet, 
15 pose falling hazards. In addition, elevated work areas pose overhead hazards (falling objects, 
16 overhanging structures) to personnel working below. Consequently, work platforms (scaffolds, 
17 temporary floors) must be provided for all work except that which can be done safely from the ground. 
18 Use of ladders as work platforms is limited only to use of small hand tools, or handling of light material. 
19 Ladder jacks, lean-to, prop-scaffolds, and emergency descent devices are not to be used as work 
20 platforms. Work platforms and ladders will be constructed and used in accordance with OSHA, 
21 California OSHA (Cal/OSHA), and McClellan AFB or Corps of Engineers (COE 1996) requirements and 
22 limitations. The SSC will designate the project work site as a hard hat area and ensure that appropriate 
23 warning signs or placards are visibly displayed. 

24 9.5.2.5 Electrical Hazards 

25 Electrical hazards are discussed in the METRIC Comprehensive HSP Subsections 3.5 and 14.4, and the 
26 Basewide HSP Subsection 8.5.1. Additional safety guidelines to be implemented at the system trailer and 
27 work site include the following. 

28 Personnel must be aware Of potential hazards due to unexpected start-up (energizing) of equipment, or the 
29 release of stored energy or material causing injury to personnel working on or near powered equipment or 
30 machinery. The SSC or PM will determine if machinery or equipment pose a potential hazard and should 
31 be locked or tagged out during maintenance activities. Lockout/tagout guidelines are included in the 
32 METRIC Comprehensive HSP Subsection 14.4, and an SOP is included in Attachment C of Appendix A. 
33 The SSC or PM will assist in defining and implementing the procedures by locating all energy isolating 
34 controls to be certain which switch, valve, or other device may need to be locked or tagged out. 
35 Lockout/tagout procedures will be implemented during maintenance, servicing, troubleshooting, or other 
36 activities conducted on equipment/machinery whose unexpected activation could pose a hazard. 

37 Electrical repairs on energized equipment are to be left to electricians and qualified personnel trained to 
38 avoid electrical hazards while working on exposed energized parts. When it is absolutely necessary to 
39 test energized circuits, the SSC will ensure personnel don appropriate PPE {e.g., rubber gloves, rubber- 
40 soled boots) and use rubber mats, and tools with insulated handles. Personnel are to follow 
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1 manufacturer's operations manual and other specified requirements for the piece of equipment, and 
2 remove metal jewelry, watches, or other metals that could act as a conductor. 

3 All electrical systems (wiring and equipment) will be a type listed by a nationally recognized testing 
4 laboratory suitable for installation and installed in accordance with: applicable state and federal 
5 regulations (29 CFR 1910 Subpart S; 8 CCR Div. 1, Subchapter 5, Electrical Safety Orders); National 
6 Electrical Safety Code (NESC), National Electrical Code (NEC); U.S. Coast Guard (USCG) standards; 
7 and manufacturer's instructions. Whenever feasible, low-voltage equipment with ground-fault 
8 interrupters and watertight corrosion-resistant connecting cables will be used. All electrical circuits will 
9 be grounded in accordance with NEC and NESC standards. 

10 The use of extension cords should be avoided unless absolutely necessary. Extension cords could pose a 
11 potential shock or electrocution hazard if workers contact or sever them during construction activities. If 
12 used, cords are to be inspected before each use. Cords that appear damaged, defective, or non- 
13 waterproof; are not to be used. Plugs that do not match the receptacle (i.e., two-prong in a three-prong) 
14 are not to be used, nor are they to be modified for an intended use (voltage/current capacity). Ensure that 
15 cords have proper grounding, insulation, and tight connections. 

16 Sufficient access and working space (no less than three feet) will be provided about all live parts of 
17 electrical equipment. Live parts of electric equipment 50 volts or more will be guarded against accidental 
18 contact by limiting access or by partitioning or screening. Project team personnel are also to be aware 
19 that use of some electrical equipment could also provide an ignition source in the presence of an 
20 explosive or flammable environment. The work area and electrical equipment is to be kept clean, 
21 potentially flammable materials or wastes (oily rags, paper, etc.) are to be properly disposed, and outlets, 
22 circuits, and motors are not be overloaded. 

23 9.5.2.6 Underground/Aboveground Utilities 

24 During excavation, contact with buried or aboveground utilities, such as electric powerlines or pipelines, 
25 pose a substantial hazard. The location of any underground utilities (e.g., cables, water, sewer, natural 
26 gas pipelines, etc.) must be identified at least two working days before breaking ground. The PM will 
27 ensure that McClellan AFB engineering services or other appropriate entity is contacted to mark all 
28 underground facilities in the vicinity of the site where intrusive activities are planned. A comprehensive 
29 ■ records search and review of utility and other appropriate maps of the site, followed by a sweep of the 
30 area with a metal detector, should also be conducted if deemed necessary by McClellan AFB or PM. 

31 Work activities adjacent to overhead power lines will not be initiated until the safe clearance distance has 
32 been determined by the PM or SSC. Cranes, derricks, lifts, and equipment with elevated booms must be 
33 positioned away from overhead power lines by a distance at least equal to the height of the extended 
34 boom, crane, or other equipment and in accordance with COE (1996) minimum clearance from energized 
35 overhead electric lines, and standards specified in the California Department of Industrial Relations' 
36 Electrical Safety Orders (8 CCR §2946[b]): 
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Minimum Required Clearance (feet) 
10 
12 
15 
20 
25 
35 
45 

9 9.5.2.7 Slip, Trip, Fall Hazards 

10 The SSC will ensure that field personnel observe proper site control measures, safe work practices, and 
11 keep the work site free of obstructions. Safety briefings are to be held daily during system installation 
12 and initial operations, and thereafter at a minimum of twice per week, or as necessary. The briefings will 
13 address specific areas of concern {e.g., unstable structures, slippery surfaces, protruding pipes, berms, and 
14 curbs) and to specify work practices and controls necessary to avoid or deal with the hazards. Non-skid 
15 mats, runners, pallets or other appropriate equipment will be used to control slippery surfaces. Ladder 
16 safety considerations include the following: only one person is to be on a ladder at one time, and the 
17 ladder is to be tied off. Barricades are to be appropriately positioned while people are on elevated work 
18 areas. A harness/lanyard is to be utilized during rigging, or when no handrails are available. Whenever 
19 feasible, obstructions or overhanging structures encroaching commonly used areas posing potential safety 
20 hazards will be covered with sufficient padding to protect personnel from possible injury. Dedicated 
21 utility corridors and personnel/equipment routing should also be designated as needed. 

22 9.5.2.8 Skeleto-Muscle Injury 

23 Skeleto-musculature injuries {i.e., strains, sprains, muscle pulls, etc.) are the most common work place 
24 injuries. Field activities may require occasional lifting of heavy objects. No one is to attempt to lift large, 
25 heavy, or cumbersome objects without assistance. JV project team personnel generally required to do 
26 frequent lifting are trained in proper lifting procedures. The SSC and PM will ensure that appropriate 
27 material handling equipment {e.g., cylinder carts, hand carts, drum cradles) are available at the work site 
28 as needed. 

29 9.5.2.9 Confined Spaces 

30 Entry into any confined space is strictly prohibited unless a Work Permit for Confined Space Operations 
31 in accordance with OSHA and Cal/OSHA (29 CFR 1910.146; 8 CCR 5156 et. seq.) is obtained and 
32 McClellan AFB confined space permit requirements are met. The work permit, a copy of which is 
33 included in Attachment C to Appendix A, will be prepared by the SSC or PM and approved by the HSM 
34 prior to any entry into a confined space. A confined space for the purposes of this SHSP includes: 
35 manholes, sewers, pipelines, storage tanks, process/reaction units, stacks, pits, basements, tunnels, and 
36 any spaces or enclosures that have limited ventilation and openings for entry or egress, or are not meant 
37 for human occupancy. 

3 8 9.5.2.10 Biological Hazards 

39 Biological hazards that may be encountered at the project work site could include spiders and 
40 biting/stinging insects. Personnel will be reminded prior to each day's activities to be aware of these 
41 hazards and to take the necessary precautions to avoid them by adhering to safe work practices {e.g., 
42 avoid reaching into covered or dark areas or picking up rocks and other objects). Individuals with 
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1 specific allergies to insects should remember to note this fact on the Medical Data Sheet they are required 
2 to complete, and to remind the SSC or PM prior to the start of field activities. A first aid kit will be 
3 available to treat minor insect bites and stings. First aid procedures for minor insect bites and stings 
4 include: cold applications, use of soothing lotions (e.g., calamine), and for a bee sting, removal of the 
5 venom, stinger, and venom sac. If the bite or sting is from a poisonous spider or produces a severe 
6 reaction, implement the following procedures: calm the victim and keep him/her from moving about, 
7 preferably in a prone position, and call 9-1-1 from a base phone; otherwise, call 643-2111. It is essential 
8 to get the victim to a hospital immediately. 

9 9.53     Chemical Hazards 

10 Prior to the start of project activities and, as necessary, throughout the Soil Washing and Solidification/ 
11 Stabilization study, the SSC or qualified designee will conduct hazard communication training in 
12 accordance with the METRIC Hazard Communication Program (see METRIC Comprehensive HSP 
13 Section 6.0). The training will cover chemical hazards, chemical handling and storage, MSDSs, labeling, 
14 and employee responsibilities. 

15 Although all feasible measures and controls will be implemented to limit potential exposure to the 
16 chemical hazards present in the contaminated soils undergoing treatment, field personnel could be 
17 exposed to potential chemical hazards during system operations and associated field activities 
18 (monitoring/sampling) as a result of: 

19 Inhalation, dermal contact, or accidental ingestion of contaminated soils, equipment, surfaces, or airborne 
20 dust/particulates. 

21 •    Inhalation of soil or treatment system vapors or gases. 

22 •    Accidental ingestion or dermal contact with process water. 

23 Table 9-4 provides a list of the potential chemical hazards that may be present at the work site and the 
24 permissible airborne levels to which workers may be repeatedly exposed without adverse health effects. 
25 The list includes only the most common soil contaminants previously detected at the candidate sites. The 
26 table identifies the most stringent enforceable federal OSHA or Cal/OSHA permissible exposure limits 
27 (PELs), short-term exposure limits (STELs), concentrations considered immediately dangerous to life or 
28 health (IDLH), and Proposition 65 chemicals known to the state of California to cause cancer or 
29 reproductive toxicity. 

30 Additional information on the potential health effects of these chemicals, and MSDSs for the chemicals 
31 related specifically to the treatment system (polymers, surfactants) are included in Attachment B to 
32 Appendix A of this WIP. The MSDSs will be posted at the project work site along with the spill 
33 prevention plan (see Appendix B). 

34 Exposure to VOCs, SVOCs, nonvolatile organics, and inorganic materials in the site soils could occur 
35 during excavation or while the project field team is handling contaminated soil, sand, slurry, sludge, 
36 recycled water, dewatered liquids, or treatment system components. Excavation may generate dust and 
37 potentially contaminated airborne particulates. Appropriate dust suppression measures will be 
38 implemented as necessary to control airborne emissions. In addition, field personnel, as discussed in the 
39 following subsection, will wear appropriate PPE, including chemical-resistant gloves, and, if determined 
40 necessary by the SSC, rubber apron or coveralls (Saranex®-coated Tyvek®), face-shield, and respiratory 
41 protection. 
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1 Chemical hazards associated with the excavation of soils and buried materials at the landfill site are 
2 related to the chemical contaminants that may be present in the landfill, including chemicals in buried 
3 drums, tanks, bottles and other containers that may be uncovered. It is likely that buried drums or 
4 containers are in poor condition and possibly leaking thereby posing a potential exposure hazard, 
5 particularly if the contents are highly volatile or radioactive. The chemicals that could be encountered 
6 include landfill gases (VOCs, methane, hydrogen sulfide), SVOCs, fuels, pesticides, dioxins, and metals. 
7 Real-time air monitoring will be used during the excavation and related intrusive activities to identify 
8 potential chemical contaminants. The potential health effects and permissible exposure limits for the 
9 chemicals commonly encountered at McAFB sites are discussed and identified in the SHSP (see WIP 

10 Subsection 9.5.3 and Table 9-4) and the METRIC Comprehensive HSP (see Section 6.0, Tables 6-1 and 
11 6-2). Additional information on methane and hydrogen sulfide is provided in Attachment E of Appendix 
12 A. 

13 Certain chemicals may be used to decontaminate reusable sampling equipment or as preservatives for 
14 water samples. These chemicals may include decontamination solutions containing hexane, and sample 
15 preservatives containing dilute acids (hydrochloric, nitric, sulfuric acids). The preservatives will be 
16 prepared and inserted into sample containers by the analytical laboratory. The JV, in accordance with 29 
17 CFR 1920.1200 (Hazard Communication and the METRIC Hazard Communication Program; see 
18 METRIC Comprehensive HSP, Section 6.0), will maintain MSDSs at the project trailer, work site, or JV 
19 field trailer for these and all other chemicals used during the system treatability test. Personnel are 
20 instructed to refer to the MSDSs for information on the chemical hazards, PPE and special precautions, 
21 storage, handling, spill/leak cleanup procedures, and other details about these chemicals. 
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Table 9-4 

POTENTIAL CHEMICAL HAZARDS AIRBORNE EXPOSURE LIMITS 

Contaminant 
PEL(a) 

(mg/m3) 
STEL(b) 

(mg/m3) 
IDLHlc) 

(mg/m3) 
Health/Safety 

Hazards 

Semivolatile Organic Compounds (SVOCs) 
benzidine * NE (skin) NE Ca Human carcinogen 

benzo(a)anthracene* 0.2 NE 80 Ca Combustible 

benzo(a)pyrene * 0.2 NE 80 Ca Suspected human carcinogen 

benzo(b)fluoranthene * 0.2 NE 80 Ca 
Combustible; may be absorbed 
via skin. 

chlordane * 0.5 (skin) Ca NE 500 Ca Treat as carcinogen; combustible 

chrysene * 0.2 NE 80 Ca Suspected human carcinogen 

DEHP 5 10 5000 Ca Combustible; animal carcinogen 

dieldrin * 
0.25 (skin) 
Ca 

NE 50 Ca Treat as carcinogen 

dibenzo(a,h)anthracene* 0.2 NE 80 Ca Carcinogen, poison, mutagen 

dibenzofuran NE (skin) NE NE Eye, skin, respiratory irritant 

1,2-dichlorobenzene 150 300 1200 Combustible, irritating 

1,3-dichlorobenzene NE (skin) NE NE Irritating, combustible 

1,4-dichlorobenzene * 450 675 1200 Toxic, irritating 

2,6-dinitrotoluene * 
0.15 (skin) 
Ca 

NE 50 Ca Treat as carcinogen; combustible 

dioxin * NE NE NECa Carcinogen, eye, skin effects 

naphthalene 50 75 1310 Affects eyes, skin, CNS 
n-nitrosodi-n-propylamine NE (skin) NE NE Carcinogen, mutagen 

n-nitrosodiphenylamine NE (skin) NE NE Eye, skin, respiratory irritant 

polychlorinated biphenyls * 0.5 (skin) NE 5Ca Irritating; may be absorbed 

pentachlorophenol * 0.5 (skin) NE 2.5 Affects eyes, skin, liver, CNS 

Inorganics 
arsenic * 0.010 NE 100 Human carcinogen 

cadmium * (dust) 0.005 NE 50 Suspected human carcinogen 

chromium (Cr II and Cr III 
compounds) 

0.5 NE 25 Affects skin, respiratory system 

chromium (Cr VI compounds)* 0.05 0.1 C 25 Treat as carcinogen 

lead 0.1 NE 700 Affects CNS, blood 

(h) 

c 
skin 
Ca 

NA 
NE 
DEHP 

Most stringent of the federal Occupational Safety and Health Administration (OSHA) or California (Cal/OSHA) 
Permissible Exposure Limits (PELs) (29 CFR §1910.1000; 8 CCR §5155). 
STEL (Short-term exposure limit); OSHA and Cal/OSHA 15-minute time-weighted average (TWA) concentration that 
should not be exceeded unless otherwise noted. 
IDLH (Immediately dangerous to life or health). National Institute of Occupational Safety and Health (NIOSH) values 
represent the maximum concentration from which one could escape within 30 minutes without a respirator and without 
experiencing any escape-impairing or irreversible health effects (NIOSH 1994). 
Chemical known to the state of California to cause cancer (22 CCR §12000). 
Ceiling limit; OSHA and Cal/OSHA concentrations that must not be exceeded during any part of the workday. 
"Skin" notation indicates potential for dermal absorption. 
NIOSH (1997) recommends substance be treated as a potential human carcinogen and exposures reduced to lowest 
feasible concentration. 

Not available or applicable        ' dioxin 2,3,7,8-Tetrachlorodibenzo-para-dioxin 
No level established CNS Central nervous system 
di-Ethylhexyl phthalate mg/m milligrams per cubic meter 
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1 Copies of all MSDSs, as discussed in the METRIC Comprehensive HSP (Subsection 6.4) and the 
2 Basewide HSP (Subsection 8.5.1), will also be forwarded to McClellan AFB before hazardous materials 
3 are brought on to the base or work site. 

4 9.5.4     Radiological Hazards 

5 Contact with or exposure to radiological contaminants present within surface or subsurface soils at the 
6 candidate non-VOC sites, primarily the landfill sites, may occur. The radiological hazards include the 
7 potential for direct exposure to ionizing radiation or ingestion, inhalation, and absorption of the 
8 radionuclides 226Radium, 137Cesium, and ^Strontium. 226Radium emits alpha, beta and gamma radiation; 
9 137Cesium emits primarily beta radiation with secondary emissions of gamma radiation; and   Strontium 

10 emits only beta radiation. Potential radioactive wastes were likely generated during removal of 
11 radioactive paints used for aircraft instrument dials, laboratory supplies, medical wastes, and wastewater 
12 potentially contaminated with low-level radioactivity that may have been disposed in the landfill. There 
13 is also a potential for other low-level radioactive wastes to be present at any of the other candidate sites 
14 being surveyed. 

15 Internal radiation exposure presents the greatest hazard. Radionuclides commonly enter the body through 
16 inhalation and ingestion of contaminated materials. External radiation also presents a hazard, but 
17 radiation monitoring at McClellan AFB to date indicates that hazards due to external exposure are low. 
18 Internal radiation exposure will be controlled by performing radiation screening to identify contaminated 
19 soils and materials, using appropriate PPE, and following strict decontamination and personal hygiene 
20 practices. Real time monitoring will be conducted throughout the site survey, soil sampling, excavation, 
21 analyses, and bench-scale treatability test activities. 

22 X-ray fluorescence (XRF) analysis may be used to analyze for lead in soils throughout the bench-scale 
23 test. The JV treatment system operators (Surbec-ART and Brice Environmental Services Corp) will be 
24 responsible for operation of the XRF analyzer instrument. The instrument contains radioactive material, 
25 but when used properly it does not pose a radiation hazard. The radioactive sources (55Iron,'  Cadmium, 
26 241Americium) are encapsulated and also protected and shielded by metal source holders. The instruments 
27 have built in fail-safe designs that will drive sources into a safe position in the event of a power failure 
28 during sample analysis. Only the sample is directly exposed to the radioactive source or probe, and the 
29 operator uses a sample shield that prevents any external exposure to the source. Unless the instrument is 
30 damaged there is no leakage. Consequently, under normal operating conditions there is no need to 
31 monitor personnel for radiation exposure due to the operation of the XRF instrument. Nevertheless, the 
32 operator and licensee, is subject to U.S. Nuclear Regulatory Commission regulations; and the 
33 requirements of the California DHS for licensing of radioactive material (17 CCR §30100, et seq., and 
34 §36000, et seq.; Health and Safety Code § 114960, et seq.). The requirements include record keeping, 
35 training, periodic leak testing, inspection, and instrument maintenance. 

36 Field personnel should refer to the METRIC Comprehensive HSP Attachment 17-A, Radiation Safety 
37 Standard Operating Procedures, for additional information and guidance on radiation hazards, acceptable 
38 exposure levels, control measures, and monitoring instruments and devices. 

39 9.5.5     Excavation Hazards 

40 At the landfill site, the trenches are expected to be as much as 8 feet bgs. At the other sites, sampling will 
41 require that only shallow pits be excavated to depths no deeper than 2 feet bgs. Personnel will not be 
42 permitted to enter any excavations exceeding a depth of 4 feet unless appropriate excavation protection 
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1 (sloping or shoring) has been completed in accordance with URS Safety Management Standard (SMS) for 
2 excavation safety. 

3 Potential injuries or fatalities associated with excavations and trenching activities are almost always the 
4 result of an unprotected trench or excavation collapsing and trapping or burying workers. Injuries can 
5 also occur when equipment or construction materials fall into a trench or excavation and strike worker(s), 
6 or when hazardous (toxic vapors, fumes/gases) or oxygen deficient atmospheres are created in an 
7 enclosed trench/excavation. Cave-ins are commonly the result of failure to install proper protection in the 
8 trench/excavation (shoring and sloping) on the basis of soil type (i.e., stability), trench depth and width, 
9 and expected loads. Materials or equipment falling into trenches/excavations is generally the result of a 

10 failure to establish and enforce appropriate controls (barriers, warning systems) to prohibit personnel from 
11 working or operating equipment near the edge of excavations. Exposure to hazardous atmospheres in 
12 trenches/excavations is generally a result of a failure to adequately monitor the atmosphere to ensure it is 
13 safe for personnel to enter. 

14 In accordance with US SMS for excavation safety, a general job-site inspection checklist is to be 
15 employed to document that all safety issues have been adequately addressed. SMS 113 for excavation 
16 safety, included in Attachment F of Appendix A, provides a checklist, soil classification and sloping 
17 guidance, and an excavation authorization form. 

18 Other hazards associated with excavation activities are related to the operation of heavy mobile 
19 equipment. The hazards and control measures are discussed in the SHSP (see WIP Subsection 9.5.2.2) 
20 and SMS 19 included in Attachment F to Appendix A. Field personnel engaged in activities around 
21 operating heavy equipment should be reminded to be aware of the location, speed, and direction of heavy 
22 equipment and to make their presence known to the operators. 

23 9.6        PERSONAL PROTECTIVE EQUIPMENT AND CONTROLS 

24 Section 12.0 of the METRIC Comprehensive HSP identifies the policies, procedures and guidelines used 
25 in the selection of PPE and respiratory protection for the project. 

26 9.6.1     Level of Protection 

27 The level of PPE required at project work sites depends not only on the specific work tasks to be 
28 performed but also on the monitored conditions and observed hazards present at the site. All field 
29 personnel engaged in specific tasks must wear appropriate PPE specified for that task, and when activities 
30 involve potential exposure to chemicals or other exposure hazards that cannot otherwise be adequately 
31 controlled through engineering or administrative controls. Respiratory, dermal, eye, head, hand, and foot 
32 protection are required when activities may result in exposure to airborne dust or other chemical or 
33 physical hazards. Chemical hazards, as discussed in Subsection 9.5.2, include dermal, eye, or inhalation 
34 exposure to airborne dust. To avoid or control exposure to these substances, personnel will be provided 
35 with, and required to use, PPE that is specific to the individual's work tasks and potential work site 
36 hazards. PPE selection criteria and USEPA protection levels are summarized in the METRIC 
37 Comprehensive HSP, Subsection.  12.7 

38 PPE requirements for specific activities or tasks are summarized in Table 9-5. Each level of protection 
39 will incorporate PPE shown in Table 9-6. The SSC and PM will ensure that the required PPE is 
40 inspected, and maintained in serviceable and sanitary condition during the course of project activities. 
41 Any defective PPE will be discarded or returned to the manufacturer. 
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1 USEPA Level D PPE will provide the basic work uniform for project field personnel. As shown in Table 
2 9-6, it includes: hard hat, steel-toed safety boots (leather, rubber, polyvinyl chloride [PVC], neoprene), 
3 heavy-duty work gloves, safety glasses, goggles or face shield, and ear plügs/ear muffs (noise levels >85 
4 dBA). This level of protection is the minimum required during routine tasks at project work sites where 
5 there is no potential inhalation or dermal exposure to air-borne chemicals, soil contaminants, or 
6 contaminants on equipment or other surfaces. 

7 USEPA Level D-modified which includes the above PPE as well as chemical or water-resistant coveralls 
8 (Tyvek®/Saranex®), rubber apron, chemical-resistant splash shield (visor attached to hard hat or separate), 
9 steel-toed rubber or neoprene safety boots, and chemical-resistant gloves (Nitrile® or latex). This PPE is 

10 the minimum level of protection required when there are no inhalation hazards (i.e., exposure to dust or 
11 vapors exceeding PELs) based on results of personal monitoring, but will provide sufficient protection 
12 from potential dermal or eye exposure. Personnel engaged in cleaning surfaces or equipment with high- 
13 pressure washers, will don appropriate chemical-resistant clothing (safety boots, rain suits, gloves, eye 
14 and face protection, hearing protection, etc.). Respiratory protection or Level C PPE, discussed below, 
15 may also be required for these activities unless cleared by the SSC. The SSC is responsible for 
16 determining the need to upgrade (or downgrade, if appropriate) PPE required for particular site activities. 

Table 9-5 

TASK-SPECIFIC REQUIRED LEVELS OF PROTECTION 

Work Area Activity/Work Task 
Level of Protection 

Anticipated Contingency 

All 

Non-intrusive activities 
Site setup 
Equipment assembly 
Work area delineation 
Site inspection 

Level D Modified Level D 

Support Zone 
Site management/supervision 
Shipping/receiving supplies 

Level D Modified Level D 

EZ-1 
(Treated Soil 
Storage) 

Treated material storage 
Material handling 
Sampling activities 
Treatability lab activities 

Modified Level D Level C 

EZ-2 
(Feed Soil Storage) 

Feed soil storage 
STSP disposal 
Material handling 
Soil processing 

Modified Level D Level C 

Soil Excavation Areas Soil excavation Modified Level D Level C 

EZ 
STSP 

Exclusion Zone 
Secondary Treatment Staging Pile 

MSW-WUrs_sacl\Wprocess\68009\wip\DraftFmaI\Draft_final.doc 



Soil Washing and Solidification/Stabilization Work Implementation Plan - Draft Final 
McClellan AFB 
Revision 0 

Section No. 9.0 
06/28/00 

Page 9 - 22 

Table 9-6 

PERSONAL PROTECTIVE EQUIPMENT 

Modified Level D 

Level C 

Required Personal Protective Equipment (PPE) 
Boots: steel-toed work boots 
Outer gloves: leather or rubber work gloves, as necessary 
Head protection: hard hat 
Eye protection: safety glasses, goggles, or face shield 
Hearing protection: ear plugs and/or ear muffs 
All of the above Level D PPE plus the following: 
Boots: steel-toed rubber safety boots 
Inner chemical-resistant gloves: Nitrile® or latex 
Protective coverall: cotton, Tyvek® or, as necessary, chemical-resistant (e.g., Saranex") 
coveralls or rubber apron 
Chemical-resistant splash shield  
All of the above Modified Level D PPE plus the following respiratory protection: 
Respirator: half- or full-face air-purifying respirator with organic vapor/PlOO filter cartridge 

1 USEPA Level C will be used when airborne concentrations are at levels that pose a potential inhalation 
2 hazard but are low enough that an air purifying respirator (APR) provides sufficient protection. Level C 
3 PPE will include all of the above Level D-modified PPE plus a half- or full-face APR fitted with PI00 
4 filter cartridges (formerly high-efficiency paniculate air [HEPA] filters) or combination organic 
5 vapor/P100 filter cartridges, if organic vapors are present. This level of protection is the minimum 
6 required when airborne concentrations exceed PELs. Level C will be worn whenever there is a potential 
7 exposure to airborne particulates or dust, and personal monitoring indicates PELs may be exceeded and 
8 there is an increased potential for exposure to dust, particulates, or other airborne contaminated media. 
9 Level C will be the minimum level of protection during field tasks that generate or otherwise expose 

10 personnel to dust exceeding, or potentially exceeding their PELs or action levels. 

11 There are no provisions to upgrade to Level B. If conditions are encountered requiring an upgrade, 
12 activities will be halted until such time as the PM, SSC, and project team H&S supervisory personnel, in 
13 consultation with the HSM, establish it is safe to resume work in Level C or Level D PPE. If Level B or 
14 Level A is required, an SHSP modification will be prepared specifying the protocols and PPE to be used. 

15 9.6.2     Engineering/Administrative Control Measures 

16 The project team will be constantly reminded during daily safety meetings to be aware of potential 
17 chemical and physical hazards and to immediately inform the SSC, PM, or supervisory personnel of any 
18 unsafe conditions or new hazards they may encounter. The SSC and/or PM are responsible for overall 
19 site control measures (e.g., marking, warning signs, placards, erecting barriers, securing access) and 
20 informing field personnel of the hazards associated with each treatment system operation and associated 
21 work tasks during daily "tailgate" safety briefings. Special engineering control measures include water 
22 mist/tarps for dust control. The appropriate PPE required for specific work tasks and work sites were 
23 discussed above. 

24 In addition to the control measures identified in Table 9-3, the PM and SSC are to ensure that following 
25 measures are implemented at project work sites to reduce the risk of injuries or exposure: 
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1 •    Adequate lighting is to be provided whenever treatment system operations or project 
2 activities are conducted during evening or nighttime hours or in areas with poor lighting. 
3 Work areas require a minimum intensity of 30 footcandles. Areas outside of the immediate 
4 work areas (exitways, walkways, stairs, etc.) may require substantially less illumination, 
5 normally about 10 footcandles. Lighting is to be arranged so that any single lighting unit 
6 failure will not leave any area of the work site in total darkness. 

7 •    All persons shall follow safe work practices, render every possible aid to safe operations, and 
8 report all unsafe conditions or practices to the SSC or PM. 

9 •    The SSC shall insist on employees observing and obeying every rule, regulation, and orders 
10 necessary for the safe conduct of the work, and shall take such actions as are necessary to 
11 ensure observance. 

12 •    Anyone known to be under the influence of drugs or intoxicating substances shall not be 
13 allowed on the job while in that condition. 

14 •    Horseplay, scuffling and other acts which tend to have an adverse influence on the safety or 
15 well being of the employees shall be prohibited. 

16 •    Work shall be well planned and supervised to prevent injuries in the handling of materials 
17 and in working together with equipment. 

18 »No one is to be knowingly permitted or required to work while his/her ability or alertness is 
19 so impaired by fatigue, illness, or other causes that it might unnecessarily expose him/her or 
20 others to injury. 

21 •    Employees shall not enter manholes, underground vaults, chambers, tanks, silos, or other 
22 similar places that receive little ventilation, unless it has been determined that it is safe to 
23 enter. 

24 •    Employees shall be instructed to ensure that all treatment system guards and other protective 
25 devices are in proper places and adjusted, and shall report deficiencies promptly to the SSC 
26 or PM. 

27 •    Workers shall not handle or tamper with any electrical equipment, machinery, or air or water 
28 lines in a manner not within the scope of their duties, unless they have received instructions 
29 from the PM or immediate supervisor. 

30 •    All injuries shall be reported promptly to the SSC or PM so arrangements can be made for 
31 medical or first aid treatment. 

32 In addition, project field activities will be conducted in pairs, commonly called the "buddy system." The 
33 use of the buddy system will ensure project field team members have the assistance of a partner to 
34 observe signs of chemical exposure, physical injury, or illness. The partner or "buddy" can secure 
35 emergency assistance, notify management or appropriate response agencies in the event of an emergency, 
36 and provide any other assistance that may be necessary. Enforcement of the "buddy system" will be the 
37 responsibility of the SSC. No one will be permitted to enter a contaminated or potentially hazardous 
38 work area unaccompanied. The presence of other authorized subcontractor personnel at the work site 
39 will, in most instances, satisfy the buddy system requirement. Routine treatment system operations or 
40 related field activities outside of designated work areas or EZs can be handled safely by one person. For 
41 these routine activities, the required use of the buddy system can be waived, but only with the approval of 
42 the SSC. 
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1 9.63     Controls for Exposure to Radiological Contamination 

2 Radiological hazards include the possible exposure of field personnel to radionuclides and the potential 
3 spread of contamination to other individuals on- or off-Base, sampling and bench-scale treatment system 
4 equipment, treated soils, treatment system waste stream, heavy equipment, and personal property 
5 (clothing, autos). The following measures will be implemented to control the spread of radiological 
6 contamination: 

7 •    Surveying each candidate site with direct-reading radiological instruments (see Section 6.0). 

8 •    Identifying and clearly delineating contaminated areas, soils, and items based on the survey. 

9 •    Establishing perimeters, exclusion zones, or demarcating contaminated areas. 

10 •    Prohibiting movement of personnel, equipment, or materials into contaminated areas. 

11 •    Monitoring all items, equipment, and personnel exiting work areas. 

12 •    Using appropriate PPE, including respiratory protection as determined necessary by the SSC 
13 orRSO. 

14 Segregating and avoiding contact with contaminated soils or materials. A lay down area covered with 
15 Visqueen or other disposable plastic sheeting will be established near excavations. Soils and materials 
16 excavated with the backhoe will be deposited on the sheeting and scanned with the radiological 
17 instruments. Contaminated soils or materials (i.e., exceeding twice background radiation) will be 
18 segregated and returned to the excavation. 

19 Decontaminating or wrapping equipment or items found to be contaminated. The guidelines for 
20 determining when reusable equipment or other items are considered uncontaminated are presented in 
21 Table 9-7. 

22 Controlling dust by minimizing initial generation during excavation, including using water or 
23 manufactured dust suppressants, scheduling operations to take advantage of prevailing winds, covering 
24 any stockpiles for long-term storage, and limiting drop heights from material loading equipment to dump 
25 point impact.    . 

26 Additional information and guidance on radiation safety, monitoring, and instrumentation is presented in 
27 the METRIC Comprehensive HSP Attachment 17-A, Radiation Safety Standard Operating Procedures. 

Table 9-7 

RECOMMENDED MAXIMUM* CONTAMINATION GUIDELINES FOR 
REUSABLE EQUIPMENT AND ITEMS FOR RADIATION CONTAMINATION 

CLEARANCE   
Direct Reading Instrument 

(dpm/100 square centimeters) 
Alpha Beta-gamma 
100 1,000 
*   Detection limit is related to the instrumentation 
dpm        disintegration per minute 
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1 9.6.4    Excavation Safety Measures 

2 Excavation procedures are further detailed in URS SMS 13 for excavation safety (see Attachment F of 
3 Appendix A). The requirements of this SMS will be implemented throughout this project. 

4 Entry into an excavation is not anticipated or necessary. Should it be required, prior to entry into an 
5 excavation 4 feet deep or greater, the excavation must be shored, sloped, or otherwise made safe for entry. 
6 Excavations less than 4 feet in depth that a competent person (as defined by Cal/OSHA and OSHA) has 
7 examined and determined to have no potential for cave-in do not require protective systems. Cal/OSHA 
8 (8 CCR 1539, et seq.) is to be notified before starting work on excavations at depths of 5 feet or more into 
9 which workers are required to enter. 

10 All excavations will be performed from a stable ground position. An excavation competent person will 
11 perform daily excavation inspections to determine the likelihood of a cave-in. Remedial action, such as 
12 sloping or shoring, will be taken if the walls appear to be unstable. In addition, the competent person will 
13 verify that adequate means of egress are in place. 

14 All spoil will be located at least 2 feet from the edge of the excavation. Perimeter protection will be used 
15 for all excavation activities at the site, consisting of warning barricades or fencing placed at a distance not 
16 closer than 6 feet from the edge of the excavation and displaying adequate warning at an elevation of 3 
17 feet to 4 feet above ground. 

18 All project personnel shall participate in the site-specific training session and be instructed on the 
19 following requirements: 

20 •    Before excavating, the existence and location of underground utilities will be determined and 
21 documented. If the locations of any utilities are in question, the appropriate locating tool will 
22 be used to positively locate them. 

23 •    No ignition sources are permitted if the ambient airborne concentration of flammable vapors 
24 exceeds 10 percent of the lower explosive limit (LEL) during the excavation. 

25 •    Operations must be suspended and the area vented if the airborne flammable concentration 
26 reaches 10 percent of the LEL in the area of an ignition source (i.e., sparks from bucket of 
27 excavator). 

28 •    Excavations greater than 4 feet in depth that require personnel to enter shall have sufficient 
29 means of entry and egress (stairs, ladders, and ramps). Means of entry/egress shall not 
30 require personnel to travel laterally more than 25 feet. 

31 •    Excavations occurring within 3 feet of communication cables will be performed by hand 
32 digging until the cable is exposed. 

33 9.7       PERSONAL MONITORING/AIR SAMPLING 

34 Air monitoring helps ensure that workers, both on- and off-site, are not exposed to airborne contaminants 
35 exceeding permissible exposure limits. Monitoring will be conducted during initial treatment system 
36 operations, both within the immediate work area and at the work site perimeter. The extent and frequency 
37 of subsequent monitoring will depend on initial monitoring results as well as existing work site conditions 
38 {e.g., airborne düst, vapors, soil contaminant concentrations). The SSC and PM, in consultation with the 
39 project team, will determine the need for additional monitoring. 
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1 High volume air samplers will be used to monitor and collect airborne dust or paniculate matter within 
2 the treatment system work area and at the work site perimeter. Three stations would be set up: two at the 
3 perimeter of the work site, one upwind and another downwind; and the third would be placed in the 
4 immediate work area subject to the highest levels of airborne dust (stockpile, feed bins, output piles, 
5 conveyors, filter press, sludge cake, clarifier, etc.). During the first week of initial operations, paniculate 
6 samples collected in the work area will be submitted to an accredited American Industrial Hygiene 
7 Association (AIHA) laboratory for analysis. The analytes will be limited to those inorganic and organic 
8 chemicals previously detected in stockpiled or impacted soils to be treated. The frequency, analytes, and 
9 extent of subsequent sampling during the remaining weeks of project activities will depend on the site 

10 conditions and analytical data from earlier monitoring and sampling of stockpiled soils. 

11 Personal monitoring of individual on-site workers will be conducted during the first weeks of operation. 
12 Two representative workers will be monitored for an entire work shift. Each worker will have a sampler 
13 with appropriate filter media {e.g., mixed cellulose ester, Teflon®, PVC) attached to his/her collar and 
14 positioned in the breathing zone. The sampler, connected to a calibrated personal sampling pump and 
15 attached to the workers belt, will simulate dust potentially inhaled through the nose and mouth. The 
16 sampler filters with the trapped particulates will then be submitted to an AIHA laboratory for analysis and 
17 determination of 8-hour time-weighted average worker exposure levels for each suspected contaminant 
18 based on analytical data for the excavated site or stockpiled soil. 

19 The results of the monitoring will help to determine the need for additional control measures to suppress 
20 dust and paniculate emissions at the perimeter of treatment system and within the immediate work area. 
21 Dust suppression and other engineering controls commonly instituted to control dust (e.g., misting and 
22 watering) will be the primary measures implemented to control airborne paniculate emissions. 

23 A direct-reading aerosol monitor (MIE PDM Miniram) will be used to provide real-time concentrations of 
24 airborne particulates, mists, fumes and aerosols at the project work site. In concert with the use of the 
25 aerosol monitor, action levels for total dust in the work area and at the perimeter of the work site will be 
26 developed. The action levels will be based on the results of the analyses of airborne particulates collected 
27 during initial air monitoring, as well as available analytical data for the excavated site or feed stockpile 
28 soils. Any time the action level is exceeded, as measured by the monitor, SHSP-identified control 
29 measures must be implemented. Action levels for the different stockpiled soils will be calculated using 
30 the following relationship: 

CF 31 Action level (mg/m3)     = 

32 Cs/PEL 

33 Where 

34 CF        =          C 

35 Cs        =          S 

36 PEL     =          S 

Conversion factor (106 mg/kg) 

Stockpiled soil contaminant concentration (mg/kg) 

Soil contaminant permissible exposure limit (mg/m3) 

37 A PID will also be used to monitor the presence of airborne vapors and gases. Although soils selected for 
38 treatment are from sites that are expected to contain SVOCs and/or metals, there is a potential that VOCs 
39 may be present in some soils. Consequently, the PID will be used to monitor the presence of total VOCs 
40 at the work site even though VOC concentrations in open, well-ventilated areas of the work site are not 
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1 expected to pose a potential exposure hazard. The action levels for total organic vapors or VOCs, noise 
2 levels and participate matter are summarized in Table 9-8. 

3 9.7.1     Radiological Monitoring and Control Measures 

4 URS strongly supports the policy of maintaining exposures as low as reasonably achievable (ALARA). 
5 The overall objective of the ALARA program is to control radiation exposure to field personnel as well as 
6 subcontractors, and members of the public such that all exposures are well below applicable regulatory 
7 limits. As discussed in the Radiation Safety Standard Operating Procedures (see METRIC 
8 Comprehensive HSP Attachment 17-A) it is the essential that individual and collective dose equivalents 
9 be maintained at ALARA levels. This applies to annual, committed, and cumulative dose equivalents. 

10 Natural background, therapeutic, and diagnostic medical exposures are not included in occupational 
11 exposure. 

12 Occupational and non-occupational radiation exposure or dose limits have been recommended by the 
13 Nuclear Regulatory Commission, International Commission on Radiological Protection (ICRP), OSHA, 
14 and the National Council on Radiation Protection (NCRP). The recommended maximum whole-body 
15 radiation dose is currently 5 rem per year. The recommended action level for occupational radiation 
16 exposure is 1 milliroentgen per hour (mR/hr), which is considered an extremely safe level. An individual 
17 would have to be continuously exposed to 1 mR/hr for 14 hours per work day for an entire year before the 
18 maximum recommended annual dose limit of 5 rem would be exceeded. 

19 The primary means of controlling radiological exposures are by controlling access and duration of stay in 
20 radiation areas. The methods used to control exposure include evaluating the radiological conditions, 
21 specifying proper precautions, providing experienced health physics personnel, providing extra controls 
22 for high radiation areas, posting areas, using appropriate protective clothing, monitoring personnel, and 
23 updating personnel records to determine where exposure reduction is warranted. 

24 The SSC and RSO are responsible for ensuring that field personnel are appropriately monitored for 
25 exposure to ionizing radiation. Given the short project duration, personal dosimetry, such as film badges 
26 or thermoluminescent dosimeter badges are not considered necessary and will not be used during field 
27 activities associated with the bench-scale test. However, dosimetry will be provided when deemed 
28 necessary by the SSC or RSO, 

29 Table 9-9 summarizes radiation monitoring requirements. All radiological detection instrumentation will 
30 be carefully maintained, calibrated , and source checked prior to use in the field. The radiological 
31 monitoring instruments to be used include a Ludlum Model 177 Geiger-Mueller Meter (Geiger counter) 
32 with a pancake probe, and a Ludlum scintillation detector which incorporates a sodium iodide crystal into 
33 the probe. The Geiger counter is able to detect very small amounts of beta, gamma, and x-ray radiation, 
34 and is especially sensitive to beta radiation. The scintillation detector is used for the detection of low 
35 energy gamma emitters and reports the readings in units of dose equivalent (e.g., mrem/hr; mR/hr). The 
36 efficiency or sensitivity of a scintillation probe may be better than a Geiger-Muller probe for some 
37 radionuclides. 
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Table 9-8 

ACTION LEVELS 

Contaminant/ 
Hazard(DRI) Reading* Action** 

Unidentified Vapor 
or Gas 
(PID-10.2eVorll.7eV 
lamp) 

<1 ppm Continue operations in Level D. 
>1 to <5 ppm 
(intermittent***) 

Continue operations in Level D. Identify vapor with colorimetric detector 
tube(s) and locate source, monitor continuously. 

>1 to <5 ppm 
(continuous***) 

Requires Level C. Continue operations, check for leaks in treatment system, 
implement engineering controls, and continue to monitor area with PID. 

>5 to <25 ppm 
(intermittent***) 

Shut down treatability system, remove personnel, and discontinue operations at 
the work site. SSC in Level C, to identify vapor/gas, attempt control, and 
monitor continuously. Operations not to continue until SSC determines it is 
safe to do so in Level C or Level D PPE. Notify McClellan AFB. 

>25 ppm 
(continuous***) 

Shut down treatment system. SSC or PM to immediately notify and consult 
with McClellan AFB to determine next course of action. 

Noise Level 
(Sound Level Meter) 

85dBA 
(continuous***) 

Continue operations 

>85dBA, <120 
dBA 
(continuous***) 

Continue operations wearing combination of hearing protection (i.e., ear plugs, 
ear muffs) with noise reduction rating (NRR) sufficient to attenuate noise level 
to < 85 dBA 

>120dBA Continue operations only if hearing protection sufficient to attenuate noise level 
to 85 dBA; continue to monitor and initiate acoustical control measures (noise 
buffers, enclosures, etc.) 

Particulate Matter/Airborne 
Dust (Aerosol Monitor) 

<1 mg/m3 Continue operations 
1 to <2 mg/m3 

(continuous) 
Continue operations; implement additional dust control measures; monitor 
continuously. 

>2 to 10 mg/m3 Require level C; notify McClellan AFB, JV H&S manager and/or office safety 
coordinator; implement mandatory dust suppression measures, and reduce 
operational activities 

<10 mg/m3 

(continuous) 
Discontinue operations. 

* Readings above background levels taken at the worker's breathing zone. 
** Action levels for unidentified vapor/gas is based on non-methane compounds. 
*** Intermittent = less than one minute; continuous = more than one minute. 
PID Photoionization detector 
PM Project manager 
ppm Parts per million 
mg/m3 Milligram per cubic meter 
SSC Site safety coordinator 
eV Electronvolt 
dBA Decibel (A-weighted scale) 
DRI Direct reading instrument 
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Parameter Monitoring Instrument Action Level Response Action 

External Beta/Gamma 
Radiation 

Scintillation detector 

<1 mR/hr (at 1 foot) Continue activities 

>1 mR/hr<10 mR/hr (at 1 
foot) 

Continue activities; Notify 
McAFB, URS PM, SSC, 
and FCO 

> 10 mR/hr (at 1 foot) 
Stop activities; 
Notify McAFB, PM, SSC, 
and FCO 

Alpha Radiation on 
Exterior Surface 

Geiger-Muller Detector > 5,000 dpm/100 cm2 
Stop activities; 
Notify McAFB, PM, SSC, 
and FCO 

mR/hr 
dpm 

milliRoentgen per hour 
disintegration per minute 

1      9.8 SITE CONTROL 

• 

2 Site control measures, including establishment of work zones (support zone, contamination reduction 
3 zone, and exclusion zone) are addressed in the Basewide HSP Subsection 8.7 (included as Attachment D 
4 to Appendix A), and the METRIC Comprehensive HSP Section 15.0. 

5 9.8.1     Work Site Access and Security 

6 Access to McClellan AFB and project work sites is controlled at various entry gates (e.g., Peacekeeper or 
7 Main Gate, Palm Gate, Bell Avenue Gate) such as depicted on the McClellan AFB Facility Map, included 
8 in Attachment D to Appendix A (also see METRIC Comprehensive HSP Figure 3-2). Visitors are 
9 required to check in at the entry gate guardhouse and present their license and car registration. Project 

10 field personnel will be issued identification badges. 

11 Access to the project work site will be limited to authorized JV and project team, McClellan AFB, state, 
12 and federal regulatory personnel. Only visitors who have received prior authorization from appropriate 
13 JV project team or McClellan AFB management or supervisory personnel will be permitted entry to the 
14 work site. 

15 The SSC or PM will be responsible for coordinating site access control and security during project 
16 activities. The SSC will be responsible for securing, issuing, and returning all McClellan AFB 
17 identification badges and, if necessary, controlled area badges for authorized visitors. Appropriate 
18 warning signs will be posted at the work site to delimit any areas that are "off limits" to non-authorized 
19 personnel, and to indicate potentially hazardous conditions, or required precautions (e.g., hard hat area, 
20 eye protection required, no smoking). Authorized visitors will be advised of the potential hazards at the 
21 work site and will not be permitted entry, unless they meet training/medical qualifications, read the 
22 SHSP, and agree to adhere to its requirements. 
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1 9.8.2     Site Communications 

2 Cellular telephones will be assigned to project team personnel to ensure that at least one telephone will 
3 always be available at a work site. 

4 9.83     Work Site Shutdown 

5 The PM, SSC, and FOC are authorized to discontinue project activities and evacuate the work site for 
6 several reasons, including but not limited to the following: 

7 •    Continuous readings (2 to 5 minutes) in the breathing zone of field personnel with direct- 
8 reading monitoring instruments (e.g., PID, OVA, toxic gas /combustible gas indicator) read 
9 total organic gases/vapors exceed 100 parts per million by volume (ppmv). 

10 •    Detector tubes or other specific chemical measurements in the breathing zone of any member 
11 of the field team indicates concentrations 10 times the OSHA Permissible Exposure Limit 
12 (see SHSP, WIP Table 9-4). 

13 •    Uncontrolled release of radioactive material. 

14 •    Combustible gas concentrations greater than 10 percent of the lower explosive limit (LEL). 

15 •    Fire at or in close proximity (100 yards) to the work site. 

16 »An explosion occurs in the vicinity. 

17 •    Excavation or trenching encounters buried utilities, drums, tanks, or evidence of compressed 
18 gas cylinder, or medical waste. 

19 »A severe injury to a member of field team. 

20 •    Observation of flagrant noncompliance with the requirements set forth in the SHSP. 

21 When any of these conditions exist, the PM, SSC or FCO will stop and field activities and evacuate the 
22 site. The situation will be further assessed by the PM, FCO, and SSC in consultation with McAFB to 
23 determine the appropriate action and when reentry may be allowed. 

24 9.9        DECONTAMINATION 

25 Equipment decontamination procedures and requirements for the storage, maintenance, and disposition of 
26 operational and investigation-derived wastes are briefly addressed in WIP Sections 6.0 and 7.0, and 
27 discussed in further detail in the Decontamination Plan, Appendix D. General decontamination 
28 procedures are also addressed in the JV decontamination plan included in Section 13.0 of the METRIC 
29 Comprehensive HSP, and the Basewide HSP Subsection 8.8. 

30 Site personnel may become contaminated during the course of project activities. Possible avenues 
31 include contacting airborne dust, particulates; splashed materials or walking through puddles or sitting or 
32 kneeling on contaminated surfaces; and using contaminated instruments or equipment. Although PPE 
33 and good work practices protect field personnel from direct contact and reduce contamination of 
34 instruments and equipment, it cannot be completely avoided. 
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1 Contaminants can be transferred to clean areas and off-site, potentially exposing unprotected project team 
2 and McClellan AFB personnel, and the public. To prevent such occurrences, general and site-specific 
3 safety rules, training, and decontamination procedures consistent with the following guidelines will be 
4 implemented at project work sites. 

5 The extensiveness of decontamination procedures depends primarily on the nature and extent of 
6 contamination at the work site. Hazardous contaminants (e.g., toxic, corrosive, reactive, etc.) require 
7 more extensive and thorough decontamination. The extent of the contamination and nature of the 
8 treatment system work activities could expose personnel to contaminated soils, sand, sludge, dust, water 
9 and surface areas. Consequently, the decon procedures discussed in the following paragraphs will be 

10 instituted during initial project activities. As conditions change, the SSC will revise these procedures 
11 accordingly. 

12 9.9.1     Personnel Decontamination 

13 Field personnel will decontaminate any reusable PPE and other equipment at the completion of their work 
14 shift. All disposable PPE and other equipment will be disposed in plastic trash bags and placed in 55- 
15 gallon drums for disposal by McClellan AFB. Any reusable sampling equipment will be decontaminated 
16 following sampling in accordance with the provisions specified in the WIP Sampling Plan (see 
17 Subsection 7.1.3.6). A system of sequential decon stations will be established if deemed necessary by the 
18 SSC. Such a system would be used and consist of individual stations separated by a minimum distance of 
19 three (3) feet to reduce the spread of contaminants during decon and doffing of PPE. The following 
20 minimum decontamination procedures will be employed at project work sites. 

21 •    Boots encrusted or heavily soiled with potentially contaminated dust, dirt, soils or other 
22 substances will be cleaned with a stiff brush and wash water. Disposable coveralls and outer 
23 gloves will be discarded in a lined trashcan or plastic trash bag for subsequent removal and 
24 disposal. 

25 •    Rubber boots are to be washed using a scrub brush and detergent water solution followed by 
26 a thorough rinse. 

27 •    Hardhats and safety glasses will be cleaned with a damp cloth or paper towel and rinsed with 
28 clean water. 

29 •    Personnel will remove boots, gloves and protective coveralls or other protective outer 
30 garments using the inside-out method. All disposable items will be deposited in a lined 
31 container. 

32 •    All personnel will be encouraged to thoroughly wash hands and face in a wash basin prior to 
33 leaving the work site. 

34 •    When APRs are used, the following doffing and decon sequence will be followed: 

35 1.   Enter area established for decontamination. 

36 2.   Remove respirator by loosening straps and gently pulling the respirator over the top of the 
37 head. 

38 3.   Remove cartridges and dispose in plastic trash bag or lined container. 

39 4.   Place respirator on designated plastic sheet or in plastic bags for subsequent cleaning, 
40 disinfection, inspection, and storage. 
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1 The SSC will instruct all field personnel to avoid contact with potentially radiologically-contaminated 
2 soils, surfaces, and materials as much as possible. Nevertheless, individuals who may have come into 
3 direct contact with contaminated soils or other items will be screened by the SSC or RSO for 
4 contamination on clothing and skin, and if present, will be subject to decontamination to ensure that 
5 contaminants (chemical and radiological) are not transferred away from the work site. Personnel 
6 decontamination will consist of the following steps: 

7 •    Removal of any gross contamination from outer clothing and boots. 

8 •    Removal of PPE (Tyvek® coveralls, gloves, hard hats, boots, respirators) if worn; dispose of 
9 coveralls and gloves, and thoroughly wash hard hats and clean or wash boots. 

10 •    Thoroughly wash hands and face (respirators, if used to be cleaned, sanitized and placed in 
11 plastic storage bags). 

12 •    Screen with radiation detection instruments (frisking) prior to exiting work site. 

13 The RSO and SSC will evaluate any positive findings (instrument readings above normal background). 
14 Successful decontamination will be confirmed by the RSO. If necessary, individuals not successfully 
15 decontaminated to acceptable levels (e.g., 250 dpm/100 cm3 for alpha, and 1,000 dpm/100 cm3 for beta- 
16 gamma) will be referred to the McAFB Radiation Health Protection Office, city fire department, or the 
17 nearest hospital equipped and trained to treat patients who may be radiologically contaminated (U. C 
.18 Davis Medical Center, 2315 Stockton Blvd. Sacramento). 

19 9.9.2     Equipment Decontamination 

20 Heavy equipment, including treatment system components, trucks and other vehicles, when covered in 
21 mud, dirt, or potentially contaminated soil, will be decontaminated prior to leaving the work site. If site 
22 conditions result in grossly dirty or contaminated heavy equipment, it may be necessary to use high- 
23 pressure spray cleaners. Nevertheless, any dirty or potentially contaminated tires should be cleaned prior 
24 to exiting the site. An Equipment Decontamination Plan is included in Appendix D of this WIP. 

25 Reusable equipment should be cleaned or decontaminated either by high-pressure washing or a series of 
26 washings using generous amounts of water. Reusable sampling equipment will be decontaminated in 
27 accordance with provisions of the WIP Sampling Plan (see Subsection 7.1.3.6) using a decon solution, as 
28 necessary, followed by a series of potable or deionized water rinses, and a final ASTM Type II water. 
29 Materials and equipment suspected of having been in contact with radiologically-contaminated soils or 
30 other materials will be screened by the RSO and SSC. The RSO health physicist will decide based on 
31 screening readings (see Table 9-7) and the item itself whether decontamination of items is warranted or if 
32 the item should be disposed of as radioactive waste. Equipment decontamination will be conducted at the 
33 discretion of the RSO. The process used will be a function of the type of material to be decontaminated, 
34 the contamination levels involved, and the available facilities. Field personnel may perform simple 
35 decontamination using pre-moistened wipes on low- and medium-contaminated surfaces. 

36 Any vehicles or heavy equipment with detectable contamination will be decontaminated prior to leaving 
37 the work site. If the level of contamination anticipated is low, decontamination for heavy equipment and 
38 vehicles will be limited to washing of tires and bucket with water. The RSO, FOC, and SSC will 
39. determine the best method for decontaminating vehicles and equipment. Decontamination of heavy 
40 equipment (e.g., backhoe) will be performed at the completion of each of the excavations. While at the 
41 work site, the equipment will be cleaned of gross soil and debris using brushes and scrapers. Following 
42 removal of the bulk materials, the equipment will be screened for radioactive contamination using the 
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1 screening procedures established by the RSO. If further decontamination is required, the equipment will 
2 be moved onto a portable, self-contained wash pad and pressure washed to remove residual 
3 contamination. Following pressure washing, the equipment will be re-screened to confirm that 
4 decontamination has been successful. Residual liquids will be containerized and disposed of along with 
5 the solid radiological wastes. 

6 9.93     Disposition of Project-Derived Wastes 

7 All disposable PPE, equipment, plastic sheeting and other items will be placed in plastic trash bags for 
8 disposal. All hazardous wastes will be properly stored (e.g., 55-gallon drums), labeled, and managed in 
9 accordance with Chapter 4 of the McClellan AFB Hazardous Waste Management Plan (SM-SLC-Mc AFB 

10 Instruction 32-2, 1996). The PM will notify the McClellan AFB CO and SM-ALC/EMPC personnel of 
11 the type and quantity of hazardous waste expected to be generated. McClellan AFB will provide proper 
12 containers and arrange for the proper disposal of the waste. Spent rinse and decontamination water will 
13 be collected and stored in 55-gallon drums in compliance with the McClellan AFB Hazardous Waste 
14 Management Plan. The project team will label, test and classify the spent water pending pickup by a 
15 McClellan AFB contractor for ultimate disposal. The PM, SSC or designee will ensure that wastes are 
16 properly containerized, secured, stored, and characterized. Additional requirements for the disposal or 
17 disposition of solids and wastewater are provided in WIP Subsections 5.6 and 7.1.3. 

18 9.10      SPILL/RELEASE CONTROL MEASURES 

19 The soil washing and solidification/ stabilization study system will include process interlocks that will 
20 store or prevent any possible leaks or spills from reaching overflow situations extending beyond the work 
21 site. The SSC, PM, or FOC will ensure that sufficient quantities of sorbent materials, pads, booms or 
22 pillows, and other cleanup materials and equipment will be available at the work site to control, 
23 neutralize, and clean up small spills. Spill response procedures for chemicals used during the 
24 demonstration are provided in the MSDSs. MSDSs are included in Appendix A. A site-specific Spill 
25 Control Plan is included in Appendix B. 

26 In the event of a release of hazardous vapors or gases, operations are to be halted and personnel are to 
27 immediately evacuate the work site to an upwind location. The McClellan AFB Fire Department is to be 
28 immediately notified (dial 9-1-1). The SSC, PM, or FOC will provide every assistance to help McClellan 
29 AFB control and stop the release. The SSC will be responsible for monitoring the work site for the 
30 presence of any remaining airborne hazards and, in consultation with McClellan AFB and the PM, 
31 determine when it is safe for personnel to return to the work site. 

32 9.11      EMERGENCY RESPONSE PROCEDURES 

33 The SSC will post the emergency telephone numbers, included as Table 9-8, and the hospital location 
34 maps, included as Figures 9-2 and 9-3, at conspicuous locations in the treatment system trailer and work 
35 area. Figure 9-2 depicts and provides directions from the project site to the Bell Ave. gate; Figure 9-3 
36 provides directions from the Bell Ave. gate to Mercy American River Hospital, the nearest emergency 
37 medical facility. In the event of an environmental release, personal injury, or adverse event, the 
38 McClellan AFB FPM will be notified as quickly as possible (see Table 9-8). 
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1 The SSC or PM will evacuate field personnel from the project work site during major incidents or 
2 emergencies (e.g., fires, explosions, major chemical releases, injuries, etc.), and immediately notify and 
3 request assistance from McClellan AFB and agencies with personnel trained to deal with the specific 
4 emergency. This section describes contingencies and emergency response procedures to be implemented 
5 at the work site. The procedures are designed to provide field personnel with the guidance necessary to 
6 handle most emergency situations. 

7 9.11.1   Emergency Assistance 

8 Table 9-8 provides a list of emergency telephone numbers and contacts. This list along with the hospital 
9 access and location maps (Figures 9-2 and 9-3) will be conspicuously posted or maintained near the 

10 telephone or other communication network established at the project trailer and work site to identify 
11 appropriate emergency assistance personnel and McClellan AFB contacts. 

12 9.11.2   Potential Incidents 

13 Although unlikely, the following situations could potentially occur and would require emergency 
14 response actions: 

15 •    Sudden release of airborne contaminants (particulates, vapors, combustible gases) 

16 •    Uncontrolled releases and spills 

17 •    Fire 

18 •    Medical emergency 

19 •    Acute exposure (inhalation, skin contact, eye contact) 

20 Release of Hazardous Airborne Contaminants. In the event of a sudden release of contaminants (vapors, 
21 gases, particulates) constituting a potentially hazardous situation (e.g., adequate respiratory protection is 
22 unavailable, IDLH or explosive atmospheres, imminent worker or public safety or health hazard) the PM 
23 or SSC will halt operations and evacuate the work site using appropriate emergency signals (air horn, 
24 alarm or hand signals) if other personnel are present. The SSC or PM will notify appropriate McClellan 
25 AFB emergency response and supervisory personnel identified in Table 9-8 (Fire Department, Emergency 
26 Assistance, McClellan AFB FPM, Duty Officer, McClellan AFB Safety Office, etc.). The SSC and PM 
27 will assist McClellan AFB or other response personnel to control and stop the release. After the release 
28 has been halted, the SSC will be responsible for monitoring the work site for the presence of any 
29 remaining airborne hazards and, in consultation with the HSM, project team supervisory personnel, and 
30 McClellan AFB, determine when it is safe to restart field activities. 

31 Releases and Spills. The SSC or PM will ensure that sufficient quantities of sorbent materials, pads, 
32 booms, or pillows and other cleanup materials and equipment are available at the work site to neutralize 
33 spills and provide for a quick, easy, and safe response to any release or spill of fuels, oils or hazardous 
34 materials. 

35 Fjre. In case of a potentially uncontrollable fire, the PM, SSC or designated on-site supervisor will 
36 immediately notify the Fire Department (9-1-1) and determine the extent of the fire, assess the hazard 
37 posed to personnel, and whether or not it is safe to attempt to control or extinguish the blaze while waiting 
38 for the Fire Department to arrive. Class A:B:C fire extinguishers will be available at the treatment system 
39 work site to control or extinguish small or incipient fires. If the fire cannot be controlled, the SSC or 
40 designee will evacuate all personnel to a location upwind of the work site. The PM or SSC will advise 
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1 the on-site fire chief of the location, nature and types of any hazardous materials, fuels, or other hazards 
2 present at the treatment system work site. 

3 Medical Emergency. In the event of a serious injury or illness, field personnel will immediately notify 
4 the Emergency Medical Team (EMT) for assistance and an ambulance (9-1-1). The SSC or designee has 
5 current certification in first aid or CPR and will be able to provide emergency care before the EMT 
6 arrives. Workers with suspected back or neck injuries are not to be moved. If there is evidence of serious 
7 trauma or unknown chemical exposure, the employee should be stabilized while awaiting the EMT. A 
8 first aid kit will be maintained at work sites for treating minor injuries. 

MSW-\\Urs_sacl\Wprocess\68009\wip\DraftHnaM)raft_final.doc 



Soil Washing and Solidification/Stabilization Work Implementation Plan - Draft Final 
McClellan AFB 
Revision 0 

Section No. 9.0 
06/28/00 

Page 9 - 36 

Table 9-10 

EMERGENCY TELEPHONE NUMBERS 

Richard Beyak, JV, Project Manager 

Gary Smith, JV, Site Safety Coordinator 

Jerry Hinck, JV, Office Safety Coordinator 

Mark Litzinger, JV, Director of H&S 

Jim Lu, McClellan AFB RPM 

David Rennie, McClellan AFB Technical 
Advisor 

Paul Bernheisel, McClellan AFB Field Manager 

Richard Hight McClellan AFB Safety Officer 

Capt. Bob Williams McClellan AFB CO 

Emergency Assistance 

Ambulance 

McClellan AFB Fire Department 

McClellan AFB Security Police 

Duty Officer (Command Post) 

McClellan AFB Safety Office 

McClellan AFB Medical Clinic 

(0730 - 1700 hrs, weekdays only) 

Unit Environmental Coordinator (UEC) 

Utilities (EMCS) 

Maintenance Control Center 

Off-Base Hospital: 

Mercy American River Hospital 

4747 Engle Road 

Carmichael, CA 95608 

National Response Center (NRC) 

(Toxic Chemical Releases/Spills) 

Regional Poison Control Center 

(UCD Medical Center - Sacramento) 

(916)569-5513 

(916) 569-5517 or (916) 717-1623 

(916)569-5561 

(206) 674-1800 

(916) 643-0830 ext. 466 

(916) 643-0830 ext. 410 

(916) 643-0028 ext. 474 

(916)643-6227 

(916) 643-0741 ext. 338 

911 (from a Base phone only until 10/01/2000) 

911 (from a Base phone only until 10/01/2000) 

911 (from a Base phone only until 10/01/2000) 

911 (from a Base phone only until 10/01/2000) 

(916)643-2751 

(916)643-6227 

(916)643-8420 

(916) 643-0228 ext. 358 

(916)286-5000 

(916)643-3780 

(916)484-2222 

(800) 424-8802 

(916)734-3692 

To telephone McClellan AFB personnel while on base, dial only the last four numbers preceded by a 
"3" prefix (example: to call 643-6168 dial 3-6168). 
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1 Exposure. In the event of respiratory exposure, dermal or eye contact, or ingestion of a potentially toxic 
2 substance, the following procedures will be followed. 

3 Respiratory Exposure (Inhalation). Move to fresh air immediately. Any loss of consciousness or 
4 exposure to elevated levels of known toxic substances, even if the individual appears to have fully 
5 recovered, requires immediate treatment and/or surveillance by a qualified physician. Transport 
6 worker to Mercy American River Hospital or another local medical facility of the worker's 
7 choice. 

8 Dermal Contact. Wash/rinse affected area for at least 15 minutes. If an emergency drench 
9 system/eye wash is not immediately available or accessible at the project work site, use the 

10 available potable water supply provided at each work site. Transport worker to the McClellan 
11 AFB Medical Clinic for minor treatment, or, in cases of major injury, to the Mercy American 
12 River Hospital or another local medical facility of the worker's choice. 

13 Eye Contact. Flush eye(s) continuously for 15 minutes using the emergency eye wash or 
14 available potable water supply, and then transport worker to Mercy American River Hospital or 
15 another medical facility of the worker's choice. Follow-up treatment or examination by a 
16 qualified physician is required. 

17 Ingestion. Immediately transport to Mercy American River Hospital. The Regional Poison 
18 Control Center should be contacted for instructions if the victim cannot be immediately 
19 transported to the emergency facility or the emergency facility cannot be contacted. 

20 Burns. A burn first destroys the top layer of skin. If it continues to burn, it injures or destroys the second 
21 layer. Burns that break the skin can cause infection and loss of fluid from the body and damage the 
22 body's ability to control its temperature. Deep burns can also damage the victim's ability to breathe. A 
23 burn that involves only the top layer of skin is the least severe. The skin is red and dry and is painful, but 
24 usually heals in 5 to 6 days. Deeper burns are also red, but have blisters that may open and seep clear 
25 fluid. These burns are usually painful and the area often swells. Some burns destroy all the layers of skin 
26 and the tissues underneath, even bones. These are critical burns. These burns look brown or blackish, 
27 and the tissues underneath may appear white. Although they can sometimes be surprisingly pain-free 
28 because nerve endings have been destroyed, they can be life threatening and need immediate medical 
29 attention. The general care of bums involves the following three basic steps: 

30 Stop the burning. Remove the victim from the source of the burn, and, if necessary put out the flames. 
31 Lay severe burn victims down unless the individual is having trouble breathing. Raise the burned area 
32 above the level of the heart, if possible. Burn victims chill easily, so protect the victim from drafts. 

33 Cool the burn. Use large amounts of cool water to cool and flush the burned area for several minutes. 
34 For chemical bums of the skin or eyes, flush the bum with large amounts of cool running water until the 
35 EMS or ambulance arrives and remove any clothes with the chemical on it. Use available potable water 
36 or, if available immerse the affected area in water. Do not apply ice or ice water other than on small 
37 superficial bums. Ice will cause loss of body heat. Carefully apply soaked towels or cloths to a burned 
38 face or other areas of the body that cannot be immersed. Keep cloths cool by adding more water. 

39 Cover the bum. Use dry sterile dressings or a clean cloth to loosely bandage the bum to help keep out air 
40 and reduce pain. Covering also prevents infection. If the bum covers a large area, cover with clean, dry 
41 cloths. Do not touch the bum with anything except a clean covering; do not try to clean a severe bum; do 
42 not remove pieces of cloth that stick to the burned area; do not break blisters; and do not use any kind of 
43 ointment on a severe bum. 
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1 Emergency medical care is required for any critical burns; burns caused by chemicals, explosions, or 
2 electricity; multiple burns; burns on the head, neck, back, hands, feet, or genitals; or the individual is 
3 having trouble breathing. Call the EMS or immediately transport the victim to the nearest emergency 
4 medical facility. 

5 9.113   Communication Network 

6 Cellular telephones will be available to project field personnel. In addition, the PM or SSC will ensure 
7 that a communication network is established and in working order at the project work site during initial 
8 treatment system start-up. 

9 9.11.4   Adverse Weather Conditions 

10 In the event of adverse weather conditions, the PM or SSC, in consultation with the project team, will 
11 determine if field activities can be safely conducted. Some of the conditions posing potential hazards 
12 include: 

13 •    Dangerous weather-related working conditions (e.g., high winds, heavy rain, smog, etc.). 

14 •    Limited visibility. 

15 •    Electrical storms. 

16 9.11.5   Notification 

17 In the event of an injury-related accident, hazardous substance release, damage to McClellan AFB 
18 property, or emergency situations (existing or imminent), the PM, SSC or designated field personnel must 
19 notify appropriate McClellan AFB and project team personnel within 1 to 2 hours. Personnel to be 
20 contacted, using the emergency telephone numbers found on Table 9-8, include: 

21 

22 

23 

24 

25 

26 

JV PM, Richard Beyak 

McClellan AFB RPM, Jim Lu 

McClellan AFB FPM, Paul Bernheisel 

McClellan AFB Safety Officer, Richard A. Hight 

McClellan AFB CO, Capt. Bob Williams 

JV OSC, Jerry Hinck 

27 Accidents and incidents will be reported to the OSC, HSM, and McClellan AFB CO, and McClellan AFB 
28 FPM on an Accident/Incident Report form within 24 hours of the incident. After an occurrence, the SSC 
29 and/or PM will remain at the site until released by the McClellan AFB FPM or CO. Circumstances of the 
30 accident/incident and preventative measures will be discussed with the SSC, PM, and project team field 
31 personnel prior to resuming regular activities during the next tailgate safety meeting. The SSC or PM 
32 will investigate cause(s) and recommend appropriate control measures. The HSM is responsible for 
33 reviewing the information and determining if further investigation or corrective measures are required. 
34 McClellan AFB will also notify the appropriate state and/or federal agencies of any reportable spills or 
35 releases. 
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1 Field personnel are responsible for reporting all work-related injuries or illnesses as soon as possible to 
2 the SSC, PM, and appropriate company H&S supervisory personnel. Each individual project team 
3 member is responsible for documenting and notifying Cal/OSHA of any recordable injuries or illnesses to 
4 their employees, and maintaining H&S files, including OSHA logs, training and medical surveillance 
5 certificates and records, and worker compensation files. Employee medical files, including records of 
6 work-related exposures, accidents/illnesses, are maintained by the project team member's occupational 
7 physician. 

8 9.11.6   Exposure/Injury Medical Surveillance 

9 Any project team employee who suffers an illness, injury, or chemical exposure is required to see a 
10 physician. Depending upon the extent and type of exposure, illness, or injury, it is critical to perform 
11 follow-up testing within 24 to 48 hours. The project team member's H&S supervisory personnel will 
12 ensure that appropriate medical follow-up testing is conducted. The physician responsible for conducting 
13 the employee's medical surveillance examinations shall be notified and consulted to determine the type(s) 
14 of tests required to accurately monitor the employee. A worker may return to work only with the written 
15 approval of the attending physician. 

16 9.11.7   Record Keeping 

17 In addition to OSHA and Cal/OSHA record keeping requirements, each JV and project team member will 
18 maintain a file of any H&S-related events occurring at the project work site. Any exposure or potential 
19 exposures are to be recorded, as well as accidents or incidents that require the filing of an 
20 Accident/Incident Report (e.g., injuries, illnesses, accidental damage to property, or "near miss" 
21 occurrences that could have resulted in personal injury). A copy of the report is included as Attachment 
22 A to Appendix A. 

23 9.12     SHSP APPROVAL, REVIEW AND DOCUMENTATION 

24 Project team personnel will review the SHSP, HSPs, and associated attachments during the initial project 
25 work site H&S briefing. Team personnel and visitors entering designated work areas are required to sign 
26 the SHSP Acknowledgment of Understanding form. A copy of the form is included in Attachment A to 
27 Appendix A. The forms will be maintained by the SSC as part of the project H&S file. The SSC is 
28 responsible for informing field personnel of any changes to the SHSP and describing the specific details 
29 of the changes during safety meetings. Team field personnel will be informed in writing of the results of 
30 any monitoring or sampling conducted during field activities, or any other information indicating possible 
31 work site exposure(s). Any data or other documentation indicating possible employee exposure to 
32 chemical hazards exceeding PELs will be forwarded to the employee and, upon the employee's request, to 
33 his/her personal physician. 

34 This SHSP has been prepared to address known or anticipated work tasks and site conditions at the 
35 project work site(s). The SHSP will be revised or modified to reflect significant changes in work site 
36 conditions, work site hazards or potential exposures, or the scope of project work tasks. 
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1 SHSP Prepared By: Jerry Hinck, Office Safety Coordinator, URSG Sacramento, and 
2 Tamara Zielinski, Project Engineer, Field Operations Coordinator, 
3 URSG Sacramento 
4 Date: 06/19/00 
5 
6 Approved By: Mark Litzinger, URSG H&S Manager, URSG Seattle 
7 

Hark L'\{i:«ir>rT)2L\.t\   & - Zg-öO 
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1 10.0     TECHNOLOGY APPLICATION ANALYSIS REPORT 

2 The TAAR will document the results of a technology application analysis. It will consist of a description 
3 of the full-scale remedial strategy along with the associated cost and performance estimates to 
4 permanently cleanup non-VOC soil contamination sites. The TAAR will include the following elements: 

5 •    Summary of demonstration objectives and how the demonstration met the objectives. 

6 •    Brief description of the soil treatment system. 

7 «A description of the site preparation activities. 

8 •    Measurement/sampling apparatus and procedures used during the demonstration. 

9 •    Soil characterization results and other pre-demonstration measurements including analytical 
10 results and laboratory reports. 

11 •    Description of demonstration arrangement and pertinent demonstration performance data. 

12 •    Relationship of demonstration results to design considerations for full-scale deployment 
13 (including possible technical and operational improvements that may be implemented and an 
14 implementation plan). 

15 »A review and summary of previous project and demonstration results involving contaminants 
16 that are known to be present or known to be similar to those present in soils at McClellan 
17 AFB. 

18 •    Assessment of the economic performance of the demonstration in regards to energy per ton of 
19 treatment, cost per ton, estimated costs of capital equipment and associated operating costs, 
20 the estimated maintenance costs and resulting downtime, and secondary waste estimates for 
21 full-scale deployment. 

22 •    Assessment of the technology performance in regards to rate of treatment and efficiency. 

23 »A review of the risks associated with the treatment system or test setup and a summary of the 
24 H&S issues and recommendations for improved H&S and operating parameters for full-scale 
25 deployment. 

26 »A data package that contains copies of all analytical results, photographic records, written 
27 notes, monitoring data, operational data, and other data that are generated during the project. 

28 »A discussion of how the demonstration results conform to the long-term remediation needs 
29 and requirements at McClellan AFB. 

30 »A comparison to baseline lifecycle costs, and a projection of associated savings for full-scale 
31 operations. 

32 An outline of the TAAR is presented below. 
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1 11.0     SCHEDULE 

2 The schedule for the technology demonstration, including the time period for pre-soil washing and 
3 solidification/ stabilization study activities, milestones, and other critical dates or time periods is presented 
4 in Figure 11-1. 
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1 12.0     MANAGEMENT AND STAFFING 

2 The JV will conduct the soil washing and solidification/ stabilization study under the oversight of the 
3 McClellan AFB Environmental Management (EM) Directorate. Jim Lu, of McClellan AFB EM, is 
4 responsible for the oversight of the technical effort and is the senior technology advisor. Captain Bob 
5 Williams, also Of McClellan AFB, is the CO. Mr. David Rennie and Mr. Tim Chapman will serve as 
6 technical advisors to McClellan AFB. Mr. Paul Bernheisel is in charge of the McClellan AFB Field 
7 Team. CalTest, a California-certified laboratory will serve as the environmental laboratory for the 
8 analysis of the project samples. Diane Anderson is the point-of-contact for the environmental laboratory. 

9 12.1      DEMONSTRATION MANAGEMENT PERSONNEL 

10 The JV will be responsible for the overall field demonstration. Responsibility will be shared among key 
11 staff assigned to the project. The qualifications and responsibilities of key personnel are below. 

12 Sarabjit Singh, P.E. will serve as the Program Manager for the project. Mr. Singh is responsible for 
13 implementing the contractual aspects of the work and providing sufficient resources to adequately 
14 perform the scope of work. 

15 Dave Green, the Air Force Quality Assurance Officer, is assigned the responsibility for QA oversight and 
16 is responsible for implementation, maintenance, auditing, and general oversight of the QA System and 
17 has the necessary seniority and experience to perform the task. 

18 Richard Beyak, P.E., will serve as the PM. Mr. Beyak's responsibilities will include project oversight, 
19 budget control, final report review, and personnel management for the project. Mr. Beyak will be 
20 assisted by Tamara Zielinski. Mr. Beyak also currently serves as the program manager for the METRIC 
21 and McClellan Remedial Systems Operations and Maintenance Services (MRS OAMS) contracts. 

22 Tamara Zielinski, P.E., will serve as the project engineer. Ms. Zielinski's responsibilities will include 
23 scheduling field activities, data reduction, report preparation, and oversight of day-to-day field activities. 

24 Kathy Siebenmann, as the Contractor Quality Assurance Officer, will be responsible for data quality. Ms. 
25 Siebenmann's responsibilities will include overseeing review of all analytical data for completeness and 
26 overall data quality. 

27 Gary Smith will serve as the FSM/SSC. Mr. Smith's responsibilities will include performance of day-to- 
28 day data gathering, sample gathering, sample shipment, and oversight of field activities during system 
29 installation, start-up, and operation. 

30 Kate Anthony, the chemist, will be working directly with the laboratory, Caltest, to assure that data 
31 packages are complete and are delivered on schedule. 

32 A project organization chart is illustrated in Figure 12-1. All project personnel are listed in Table 12-1, 
33 and demonstration subcontractors are listed in Table 12-2. 
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1 12.2     SURBEC - ART ENVIRONMENTAL, INC. 

2 Surbec-ART owns and operates full-scale pilot-scale soil washing plants, and maintains its own treatability 
3 study laboratory. The company has performed numerous soil washing treatability studies, pilot studies and 
4 full-scale remediations, and has done extensive, work in developing other treatment technologies for soil 
5 remediation. 

6 Michael J. Mann, P.E. will serve as technical liaison and main point of contact for Surbec - ART 
7 Environmental, Inc. Mr. Mann and has over 30 years experience in all facets of environmental 
8 engineering and holds a B.S. in Civil Engineering and an M.S. in Chemical and Environmental 
9 Engineering. 

10 Carl A. Seward will serve as Surbec-ART's technical director for this project. Mr. Seward has 25 years 
11 experience in soil treatment technology. 

12 123     BRICE ENVIRONMENTAL SERVICES CORPORATION 

13 BESCORP was established by Brice Incorporated, a Fairbanks-based, family-owned construction firm 
14 founded in 1961. For more than 38 years, Brice, Inc. has built infrastructure such as roads, runways, and 
15 harbors in rural Alaska. Their expertise covers the development and implementation of innovative, cost- 
16 effective approaches to on-site treatment in addressing site remediation challenges, with over 1 million 
17 cubic yards soil processed to date. 

18 Michael F. Warminsky will serve as technical liaison and main point-of-contact for BESCORP. Mr. 
19 Warminsky has over 13 years experience in all facets of environmental engineering and construction and 
20 holds a B.S. in Civil Engineering and an M.B.A. 

21 L.A. Brice will serve as BESCORP technical director for this project. Mr. Brice has 38 years experience 
22 in soil treatment. 

MSW-\\Urs_sacl\Wprocess\68009\wip\Draft FinaI\Draft_fitial.doc 



Soil Washing and Solidification/Stabilization-Work Implementation Plan - Draft Final 
McClellan AFB 
Revision 0 

Section No.  12.0 
06/28/00 

Page 12-4 

Table 12-1 

SOIL WASHING AND SOLIDIFICATION/ STABILIZATION STUDY MANAGEMENT 
POINTS OF CONTACT 

Affiliation Name/Title Telephone/Pager 

McClellan Air 
Force Base 

JimLu 
Remedial Project Manager 

Tel: (916) 643-0830 
ext. 466 

Paul Bernheisel 
Field Team Leader 

Tel: (916) 643-0028 
ext. 474 

David Rennie 
Technical Advisor 

Tel: (916) 643-0830 
Ext. 410 

URSG-Laidlaw 
Joint Venture (JV) 

Sarabjit Singh 
Program Manager 

Tel: (916) 929-2346 
Pager: (916) 601-6384 

Richard Beyak 
Project Manager 

Tel: (916) 569-5513 

Tamara Zielinski 
Project Engineer 

Tel: (916) 569-5590 

Gary Smith 
Field Services Manager 

Tel: (916) 929-2346 
Pager: (916) 601-5886 

Table 12-2 

DEMONSTRATION SUBCONTRACTORS POINTS OF CONTACT 

Affiliation Name/Title Telephone/Pager 

Surbec - ART Michael J. Mann 
Tel: (813) 264-3571 
Fax:(813)962-0867 

BESCORP Michael F. Warminsky 
Tel: (908) 806-3655 
Fax: (908) 806-3293 
Pager: 1-800-759-8888, PIN# 1335197 

CalTest Analytical Diane Anderson 
Tel: (707) 258-4000 
Fax:(707)226-1001 
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SOIL WASHING AND SOLIDIFICATION/STABILIZATION STUDY 
McClellan AFB 

Site-Specific Health and Safety Plan 
Acknowledgement of Understanding 

JV Employee: By signing this document, I acknowledge that I have read the Soil Washing and 
Solidification/Stabilization Study Project Site-Specific Health and Safety Plan (SHSP). I agree to comply with the 
health and safety requirements stated in the SHSP, applicable provisions of the METRIC Comprehensive and 
McClellan AFB Basewide Health and Safety Plans, and requirements established by the Site Safety Coordinator, 
Project Manager, and Project Team supervisory personnel. 

Subcontractor Personnel and Visitors: By signing this document, I acknowledge that I have read the SHSP and/or 
standard safety procedures prepared by my Company, agency, or organization and agree to comply with all of the 
health and safety requirements specified therein. I am aware of the potential health and safety hazards present at the 
Project work site(s) and have completed all required training, am medically qualified, and will wear and use all 
appropriate personal protective equipment specified by my employer, agency, or organization. I agree to conduct my 
activities within designated work areas in full compliance witrrgovemmental regulations and procedures. Violations _ 
of safety requirements will be recorded; serious violations, constituting a potential safety hazard, may result in an 
immediate shutdown of the work site and notification of McClellan AFB and Joint Venture supervisory personnel. 

Representing 
(Name of agency, company 

Name (print) Signature or organization) Date 



Daily "Tail-Gate" Safety Briefing Summary 

Job Name 

Site Location 

Type of Work (General) 

Date 

Safety Issues 

Tasks (this shift) 

Protective Clothing/Equipment   

Chemical Hazards 

Physical Hazards 

Control Methods 

Special Equipment/Techniques 

Special Topics (incidents, actions taken, etc.) 

Nearest Phone 

Hospital Name/Address 

Attendees 

Print Name 

Meeting conducted by: 

URS #69 2/92 

Sign Name 



Direct Reading Instrument 
Monitoring Data Log 
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DATA REVIEWER U*ic 



INJURY/INCIDENT REPORT 

ADMINISTRATION INFORMATION: 

Project Name: — 

For Injuries/Illnesses: 

Name of Injured Employee: 1 
Project Number. &_ ^ SSN. 

Date/Time of Incident: 

Location: 

       Age: 

Nature of Injury: _ _  

See a Doctor?      DYes       DNo 

™¥SF1Ä^^^ Q _lnju^ . 
D  "ln?SS   ,H insure 5    Property Damage oVeh.cu.arAcc.dent 
D  Unexpected Exposure r . _ 
Q  Health and Safety Infract.on □    Other (descnoe) ^_ 

^^^^^X^^^^^- 
needed.) 

Description of Corrective Action:  _ 

REPORTED BY: Print Name:  

Date:    .        — 

Signature: 

lrt„,,„„this re00rt ,„ ,he operating unit health and safety representative within 24 hours of 

the reported incident for 

REVIEWED BY:     5^ 
Supervisor 

Health and Safety Representative Date 

Distribution by^SO. ^ and ^ ^^  _ 

.    corporate Health and Safety Director 0SHA Recordable? 

I    AS^'oitoOTu^ln«--.^ °Ves       DNo 

12/21/98 



HSP Modification Request Date: 

Project- 

Location: 

Section of SHSP to be Changed: 

Suggested Change: 

Job Number: 

Justification: 

Suggesting Employee: Date: Reserving Supervisor: Date: 

Action Taken on Suggestion/Explanation: 

Site Manager: Date: Health & Safety Coordinator: Date: 

OVER 



Medical Data Sheet 

person must compl«= an MDS and prescnI^1tothe S'«"^E *        ( he M* s is r£adily availably 

\^£*^^Z^^£^™is nKd'd "• 
transport to a hospital is required. 

To be Completed by the Employee 

-  Home Telephone:  j 
Name: ——■ ~~~~~~~ Telephone: ( H 
Office: . ■ ___  
Home Address: . ■ —       " "~~~ 
Person to be notified in case of emergency: __ . ■ ■ 
Telephone: £ 1  

Name, address, and phone number of personal physician: 

Location of your Occupational Medical Record: 
Location 01 y r      ^^ ^^ Utäicd Group - Rancho Cordova 

11000 Olson Drive, Rancho Cordova, CA 95670 
(9i6) 635-4120 

/ Weicht ft  in-       Weight 
Birthdate / /         He|SM  

Do you wear contacts? Yes / No 

lb. 

List allergies: .  ~~~~~ZII_-—— 
List drug sensitivities: __ — 

illnesses or injuries which may be important for a physician to know. List all previous 

List any medical conditions or medications being taken which may affect your treatment in an emergency 

or interact with chemicals which may be present at a work site: 

Send all bills and medical reports for URS employees' work related injuries to: 

Employers Insurance of Wausau 
P.O. Box 5090 

Visalia, CA 93278-5090 
(800) 321-6609 

/ I. 
Date Completed 

(20041-H&S-B/med-data.fnn) 



• 
SUBCONTRACTOR CERTIFICATION 

I ._ acqn agent of  . — ■ » 

do hereby certify that the following employees have successfully completed a 40-hour training 

course which complies with the provisions of 29 CFR 1910.120, and respiratory protection 

training which complies with 29 CFR 1910.134. Each employee has successfully completed a 

medical examination which complies with the above regulations. 

Individual copies of certification of successful completion of the required training and medical 

examinations are attached for each employee. 

Date Signature 

• 
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McClellan Air Force Base 

Chemical Hazard Guidance 
and 

Material Safety Data Sheets  



C j/ büi - --.-   - — ■ 

€ 
 MATERIAL SAFETY DATA SHEET 

CHEMPLETE INDUSTRIES, INC. DATA SHEET NO. 1115 
PO BOX 292, HUNTINGTON, NY 11746 ISSUE DATE    12/1/B5 
(516)462-1660 ISSUED »Y     J.R. 

SECTION I 

PRODUCT NAMEi CITRU CUBAN H-D CODEt 1113 
PRODUCT TYPEz BIODEGRADEABLE ORGANIC DEGREASER 
CHEMICAL FAMILY«N/A FORMULA: N/A 

._ SECTION II - HAZARDOUS INGREDIENTS 

COMPONENTtS> CHEMICAL NAME      CAS REG. NO.  Z(APPROX)  ACGIH TLV-TUA 
CITRUS TERPENE >t.07. 

SECTION III - PHYSICAL DATA 

FOILING POINT(C) 162      SPECIFIC GRAVITY CK20-1)         .04 
VAPOR PRES. <»mHg. ) 100 t &B4           VOLATILES CX»                      99 
VAPOR DENSITY (AIR*1> 4.3     EVAPORATION RATECBU-AC «X)       2.6 
SOLUBILITY IN WATER CMP 
APPEARANCE / ODOR ORANGE LIQUID - ORANGE SCENT 

SECTION XV - FIRE AND EXPLOSION HAZARD DATA 

PLASH POINT H4<f (TCC) lvl u*l 
PLAMT1ABLE LIMITS 2 7 
EXTINGUISHING MEDIAiCOMBUSTIBLEI FOG,FOAM,DRY CHEMICAL C02 
SPECIAL FIRE FIGHTING PROCEDURES   NIOSH APPRVD.SELF CONTAINED 

DKEATHING APPARATUS   
UNUSUAL FIRE AND EXPLOSION HAZARDStCOOL WITH LARGE OUANITIES OF HATER 

TO PREVENT CONTAINER RUPTURE 

OVER 

N/AP«Not Applicable N/AV»Not Available CMP»CoApl«ta tNF-Xnfinlt» 
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ßi@(5TITE%        MATERIAL SAFETY DATA SHEET 
L PRODUCT IDENTIFICATION 
PRODUCT NAME: 
ITEM NUMBERS: 
PRODUCT TYPE: 
FORMULA NO.: 

RC~ »09 Retaining Compound General Purpose 
«0905.60921, »0931,60841  
Anaerobic 

II.     COMPOSITION 
-5owno1"PPV 

7D5 Narti Mountain Road 
Nawiitfhm. Connaateut 06111 
EflMfQancy Phon» (203) 27B-12BO 
Fa* (203) 2BO-35H 

PRODUCT NO.: 609 
I—ued: 3n/92 

Ingredients 

Polyglycol piaethacrylate 
Hydroxyalkyl aethacrylate 
Couaarone-indene realn 
Poly(ethyl aethacrylate) 
CUKENE HYDR0PER0XIDE« 
SACCHARIN* 
N.N-Dialkyltoluidines 

*  This coaponent is listed as a SARA Section 313 Toxic Chemical 

CAS Ho. 

25852-47-5 
868-77-9 
63393-89-5 
9003-42-3 
60-15-9 
81-07-2 
613-48-9 

60-65 
15-20 

0.1-1 

III.  CHEHICAL AND PHYSICAL PROPERTIES 

t- 

c 

Vapor Pressures 
Vapor Density: 
Solubility in Vater: 

Grat 
 w    oin« 

Volatile Organic Compound 
(EPA HethoS 24)   r 

Evaporation Rate 
(Ether - 1) 

pH: 
-Appea 
oSor: 

Specific Gravity 
Boiling Pointt 

"  lie 

earance: 

Less than 5ma at 80 P 
Not Available 
Slight 
1.1 at 80 P . 
More than 300 P 

34.02;  374 g/1 

Not available 
Not Applicable 
Slfen liquid 

IV.  FLAMMABILITY AND EXPLOSIVE PROPERTIES 

More than 200*P Flash Point: 
Estimated NFPA Code: 

Health Hazard: 
Fire Hazard: 
Reactivity Hazard: 
Specific Hazard: 

Estiaated HMIS Code: 
Health Hazard: 
Flammability Hazard: 
Reactivity Hazard: 
Personal Protection: 

Method: Tag Closed Cup 

iona_   
Explosive Liaits: 
[2  by volume in air)Lover 
H  by volume in 

:ommc Recommended 
air)Upper 

Extinguishing Agents: 
saucts 

1 
1 
1 
Does not apply 

1 
1 
1 
See Section X. 

Not Applicable 
Not Applicable 

Carbon dioxide, foaa, dry chealcal 
Hazardous Products Formed 
by Fire or Thermal Decoap Irritating organic vapor« 

Unusual Fire or 5 
Explosion Hazards:      None . ' 
Compressed Gases: None 
Pressure at Room Teap.i   Does not apply 

V.  SPILL OR LEAR AND DISPOSAL PROCEDURES 

Steps to be taken in case 
of spill or leak: 

Recommended.methods 

Soak up in an inert absorbent. Store In a partly 
filled, closed container until disposal. 

VI. 

sposali Incinerate folloving-EPA and local regulations. 

STORAGE AND HANDLING PROCEDURES 

Storage 
Hand1In 

: 
ng: 

Store belov 110*P to preserve shelf life 
Avoid prolonged skin contact. ~—   Keep avay from eyes 

VII.  SHIPPING REGULATIONS 

DOT (49 CPR 172) 
Proper Shipping Name 
Hazard Class or 
Division 
Identification Number 

IATA 
Proper Shipping Name 

Unrestricted 

Unrestricted 
None 

Unrestricted 
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© 
Efreeta of Exposure 

Acute: 
Eye» Believed to bo minimally irritating. 

Skin: Boliovod to bo minimally irritating. 

P..sp,r.iory Systam Vapor, or .ist in exce*. of p.rmi.aible concentration. (Pg4) mey 
-  cau.t irritation (no.a/throat), h.adach«, nau.ea, and drow.ine... 

Chronic: SOB Additional  Comment.,   page 6. 

Other: 

SensitiMiion Properties: 

Skin:    Yes    No —    Unknown JL Respiratory:   Yes     No     Unknown JL 

Median Lethal Dosa (LDW LC M KSpeeie*) . . 
0r#|  Believed  to be  >3 a/ka   (rat):  practically non-tome 

Inhalation      N»P. 
Dermal   
Other     

Believed to ba >3 a/** (rabbit): practically non-toxic 

N. 0. 

Irritation Index. Estimation of Irritation (Special)     ..__,.,..» .   ...   _«.,► 
 Believed to bo <0.5/a.O  (rabbit):  ne appreciable effect. 
 Believed  to be <1S/110   (rabbit):  no appreciable affect 

V"* Mona  expected other  thoii pp.aiblo minimal   irritation 

Ignition TempPp. __  
Flammable Limits (%)     Lower N. D. 

Flash Point °F. «Method). 
Uooer  N.D. 

Products Evolved When Subjected to Hoal or Combustion ju.«.^«..     —k...- 
Carbon monoxide,   carbon dioxide,   aldehyde, and betone»,   coBbu. 
tion product,  of  calcium,  zinc,  .ulfur,  nitroien,  pho.phoru.  and 
silicon. 

Recommended Fire Extinguishing. Agents And Special Procedures: ...        r   ., 
According to the National Fire Protection Aaaociation Guide, u.e 
water .pray, dry chemical, foa«, or carbon dioxide. 
Water or foa« »ay cauae frothing. U.e water to cool fire-expo.ed 
container.. If a leak or .pill ha. not ignited, u.e water .pray 
to di.per.e the vapor, and to provide protection for paraons at- 
tempting to atop the leak. 

Unusual or Explosive Hazards: 
None. 

N.D. - Not Determined N.A 
<    -  Leas Than > 

Not Applicable 
Greater Than 

( 
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•     ■ 

ChamHcai^Coiwiion Naw 

•Polyelphaolof in ■IXturo 

•Calclu» phenate in highly roflr»d. ••voroly 
hyarotr«Bt«a oaee on 
SoWent-dowaxed hoavy paraff 1nlc patrolaun 
diitnutts 

  CAS Wo. E»poaura tmilt »anoe  m %  

20.00 - 34.99 £•649127  S ag/aS (MIST) 
Recomeandad 
S00 ppa (VAPORS) 

64742547  NONE ESTABLISHED 1.00 3.99 

64742650   6*Q/»3 *CCIH (MIST)  65.00-79.99 
5>g/«3 OSHA (HIST) 
10*B/«3 STEL (MIST) 

TSCA CBI   Nona EataBHehad      I.OO -  3.99 
*lic«nylsijeeinimide diaperaant 

•Haxaroous .ccordlhB « OSHA (1910.1200) or one or »or. «tit. Rl^ht-To-Know 11.« 

( 

%*m.. mm^^^^^^^^^^^^^^^^^^^^^^^^^^^ 
Trtie III Section 302/304    Extremely Hazardous Substance 

Component 
NONE 

II. CERCLA Section  102(a) Mesardous Substance 
Component 

NONE 

III. Title III Section 311  Hazard Categorization 
Acute Chronic 

IV. Title III Section 313 Toxic Chemicels 
Component 

dialkyldithiophosphoric acid, 
Zinc   salt 

Fire 

CAS No. 

CAS No. 

Pressure 

CAS No. 

68649423 

Reactive 

% 

1.00-3.99 

RQ (Lbs) TPQ (Lbs) 

RQ (Lbs) 

Not Applicable r 

( 
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STATE OF MICHIGAN CRITICAL MATERIALS ACT (REVISED 1988) 
0.12Z zinc 

flaw and uaad aotor oil« have baas tested for potential carcino- 
genicity in laboratory »ica. -Only uaed gasoline aotor oils were 
ghown to cauta skin eancar whan rapaatadly appliad to aica with- 
out any affort to raaova tha aatarial batwaan application». 
Strict compliance to tha Occupational Control Procadurai out~ 
linad in this data ahaet ia beliavad to be adequate protection 
fro« auch hazards.  Uaed dieael engine oils have NOT been ahown 
to produce a significant incidenca of skin cancer in laboratory 
anicala when tested under aiailar conditiona. 
HHMIS Classification: Not Regulated 

To determine applicability or effect of any law or raoulation with ratpact to tha product, users should consult his 
legal advisor or the appropriate government aoeney.   Texaco does not undertake to furnish advlca on such matten. 

By - 

Data 

J.   Von Allaen 
08-15-69  

Mgr. 

D 
Titla 
Q   Revised. Suparsadas 

Product Safety Program« 
ö8-ÖB-o5  

• 

N.D. - Not Datarminad 
<   - Last Than 

UK - Not Applicable 
>   - Greater Than 
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IT IS SoT^DttrSL^T^^ PROORAM. 
WARRANTY, OR IMPLIED WARRANTY OFMBlCHi^.iTn^^VSZL^SSTF *** "«OOUCT.    NO EXPRESS 
WITH RESPECT TO THE PROOüCT^^^^Tfo^o^^"^" **f*nCULM WOSE IS MADE 
FOR ALL TEXACO PROOUCTS.   YOLMAREIAQBTTO CB*£?£TA^£US? ?tJt?,A JKF1"* APU ^VAtLAiLE 
BUY. PROCESS. USE OR DISTRIBUTE ANDVOirARE SicSHSf X^ScHZL^ £*t£° "«°DUCTS YOU 
MAY COME .N CONTACT WITH SUCH «OOUCT^^SJCSMASON"oNTA^ H^RÄ?" ™°K "M° 

EXPLANATION OF THE INDUSTRIAL HYGIENE, 
TOXICOLOGY, AND MATERIAL SAFETY DATA SHEET 

PRODUCT INFORMATION 

Trade Name and Synonyms 

Rafer   to   the   code   number    end   neme under 
which the product is marketed end the common 
commercial neme of the product 

Manufacturer's Name and Address    Self explana- 
tory. ^^ 

Chemical Name end/or Family or Description 

Refer to chemical, generic,    or descriptive name 
of single elements end compounds. 

OCCUPATIONAL CONTROL PROCEDURES 

(Consult your Industrial Hygienist or Occupational 
Health Specialist.) 

Protective Equipment 

Type of protective equipment that is necessary 
for the safe handling and use of this product 

Ventilation 

Normal means adequate to maintain permissible 
concentrations. 
Ventilation: type,    i.e     local exhaust, mechanical. 
etc. 

Permissible Concentrations 

Indicates worker exposure limits, such as the Threshold 
Limit Value    fTLV) es established by the American 
Conference of Governmental Industrial Hygienists or 
standards, promulgated by the Occupational Safety and 
Health Administration (e.g.. PEL). 

TLV-Tima Weighted Average fTWA) is the concentration 
in air averaged over en 8 hour daily exposure. 

TLV-Ceiling (C) is the ceiling limit on concentration 
that should not be exceeded during any part of the 
working day. 

*Skm- Notation (ACGlH) indicates that dermal 
absorption can contribute to overall exposure fol- 
lowing direct contact or exposure to airborne material. 

Permissible Exposure Level (PEL) is the time weighted 
concentration in air averaged over an 8 hour daily 
exposure.   

EMERGENCY AND FIRST AID PROCEDURES 

Administer first aid end emergency procedures 
in case of eye and/or skin contact, ingestion 
and inhalation. 

PHYSIOLOGICAL EFFECTS 

Acute Exposures (Eye. Skin. Respiratory System) 

Refers to the most common effects that would 
be expected to occur from direct contact with 
the product 

Chronic 

Refers to the   effects that are   most likely to oc- 
cur from repeated or prolonged exposure. 

Sensitizer 

Means    a substance    which    will    causa    on or in 
normal living tissue,    through   an   allergic or 
photodynamic    process,    a hypersensitivity which 
becomes evident on reeppheation of.    or    expos- 
ure to. the same substance. 

Median Lethal Dose or Concentration (LDS0.LC50) 

Refers to that dose or concentration of the ma- 
terial which will produce death in 60 per cent of 
the animals.   For inhalation, exposure time Is in- 
dicated 

Irritation Index 

Refers to an   empiriea) aeore (Draite Method) for 
eye end skin Irritation when tested by the meth- 
od described If numbers are not available, an 
estimated score indicates whether or not the 
material is an irritant    -•-■•• 

FIRE PROTECTION INFORMATION 

Ignition Temperature 

Refers to the temperature in degrees Fahrenheit, 
at which e liquid will give off enough flammable 
vapor to ignite and burn continuously for 5 sec- 
onds. 

Flash Point (Method used) 

Refers to the temperature In degrees Fahrenheit, 
at which a liquid will give off enough flammable ~ 
vepor to Ignite. 

Flammable Limits 

Refers to the range of gas or vapor concentration 
(percent by volume in air) which will burn or ex- 
plode if an ignition source is present    Lower 
means the lower flammable limit and upper means 
the upper flammable limit given in percent 



© 
Oat» Issued: 06/07/91  ^^ 

(                                        TCXAOl                          Supereedes: 03/12/91 MM 
-—-                  MATIRXAL SAFETY DATA SHEET ^^ 

MOTE:  Read and underetand Matarlal Safety Data Shaat before hand 11 no OP disposing of product 

1. CHEMICAL PRODUCT AND COMPANY IDENTIFICATION 

MATERIAL IDENTITY 
Product Coda and Nan«: 
00366 TEXACO UNLEADED 

Chamieal Nana and/or Family or Daacription: 
Automotive Lead-Free Gasoline 

Manufacturar's Nana and Address: 
Taxaco Refining ana Marketing. Inc. 
P.O. BO« 1404 Houston, TX 77251 

Talaphone Numbers: 
TRANSPORTATION EMERGENCY Company:  (»14) «31-3400 CHEMTREC: (§00) 424-9300 
HEALTH EMERGENCY  Company:  (014) 831-3400 
OENERAL USDS ASSISTANCE  (914) »38-7204 
TECHNICAL INFORMATION  Fuela: (814) »3S-7336;  Lubr1canta/Ant1freezes: (814) 839-750S 

Chamieal«:  (812) 459-6543 

2. COMPOSITION/INFORMATION ON INGREDIENTS 

OSHA   IARC    NTP   OTHER   NONE 
Product and/or Component!*) Carcinogenic According to:   x     x     x     X   

Composition: 
Chamieal/Common Mama   CA5 No.    Exposure Limit  Range in % 

• Gasoline cone 1 at« mainly of atreloht chain MIXTURE   SCOppn TWA OSHA     BS.oo - 89.98 
and branched parafflnlc hydrocaroons. ole- 500ppa STEL OSHA 
f1na, cyeioparaff1na and aromatic«. The ban- 300 ppm TWA ACGXH 
zane content normally verlas fron 0.2-3.9% 100 ppn THA-TEXACO 
with a typical value of 1.4%. The MTBE con- 
tent varies from 0-15%. 

Proauct la hazardous according to OSHA (1810.1200). 
■ Component(s) is hazardous accord1no to OSHA or one or more 

state Right-to-Knov laws. • - 

8. HAZARD IDENTIFICATION 

EMERGENCY OVERVIEW 

Appeeranea and Odor:  Light atraw to light rad liquid 

WASHING STATEMENT 

DANGER I        EXTREMELY FLAMMABLE LIOUID AND VAPOR 
VAPOR NAY CAUSE FLASH FIRE 
HARMFUL IF INHALED 
MAY CAUSE DIZ2INESS AND DROWSINESS 
MAY CAUSE EYE AND SKIN IRRITATION 
MAY BE HARMFUL IF ABSORBED THROUGH SKIN 
ASPIRATION HA2ARD IF SWALLOWED — CAN ENTER 
LUNGS AND CAUSE DAMAGE         

ATTENTION!  POSSIBLE CANCER HAZARD 
MAY CAUSE CANCER BASED ON ANIMAL DATA 

MMXS NFPA 
Heelth:       2       Reactivity:  O    Heelth:       1       Reactivity:   0 
Flanimabl11ty:  4        SDaclal:      •     Flammatal1Ity:  3        tp>cl«<: 

Pea. 
N.D. - Not Determined     -H.A.  -  Not Applicable     N.T. - Not Tested 
<   - Less Than >   -Greater Then 
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Can 

■- «HM- 

for 

if* ^2L Maan Point  a»ar-m»m 

(«1   Pi 

itnoa): 
IfMtlan  Tan*.   Daorae.  r. 
PlannaDla  LigitB   (X)   Low* 

P^MMntMKS rfr*a Extlnffulshfng Agants AM ___   
•CCOrOino tO NPM Cu«.da. Ua* dry ena-»cal. Toiii.'or earbln'4)1 ex 1 a.   *.«.„ 
«ay ae inaffaetlwo on fin«, out ahould Da uaad to cool nra-axpoaad 
eontainar«.  If a laak or tpdl haa not lonitad. uta watar apray to 
etopara« tna VaPOPS and to prowlda protaetlon »or paraonnal att 
atop tna laak 

»tins  ta 

vrion   rwnaxr«.    uaa   nan-ip*rh<ng   tool«,   grauna   ana  Send   alt   oon«i(n«ri, 

Uraiaual   or Explaalv» Hasard«: 
«...I I«  vapor«  »PI  huv«*p   than   alp  ana a»y   traval   a  aenildarabi*  «latanca 
to  a  lourca  of   Ignition ana  fl»»h back.     Flowing gaaolina can ganarata 
,t.t(.   alao«Me<«y  ana  eauaa  a  fir» axploalan   it   a   apark  eeeura   <)n  a 
".«n.oia vaoor-.ir atawapnara.     »nan «jnoiing    «a. non-.p.r^nB^oo  a. 
„round  and  bond  ■ '1   eonwtniri.      Conault  WFPA  77   *»r   «na propar  narvsung ground and bond 
pracvutions 

8.   ACCXDWITPJ. PLEASE WEASWES  (TraMDorW.pn «am« CaM » 
CMCMTMe (BOO)  «*«-aaoo) 

:0:;po.r,.cop:^nt*::t;v ,n!o~-!:-j:-j---^- 

7.   HANDLXMQ   A»  »■reHAOC 

- *. k> Taican in Mo«*M»na) »"* **0*"*",*i« BEMA aaoulatton iai0.io« • Pr-oaut««— «•■» *■*£«- .tor» <n accoroanca a«tn ORMA R..JM      ,„.,.. 

N.D- " Not Datarminaa 
_   !_•■•   Tna« > 

  Pag-:   » 
Mot   anoHeaDU 
oraatar  Than 

"N.T.  - Not taatoa 
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® 
PRODUCT CODE: 003S5 Oate Isauefl:  OC/07/81 
PRODUCT NAME: TEXACO UNLEADED Supercadas:   03/12/81 

I. EXPOSURE CONTROLS/PERSONAL PROTECTION • 

Protective Equipeamt (Typ«) 
Eye/Face Protection: 

Chemical-type goggles or faee aMeld recommended to prevent aya contact. 

Skin Protection: 
Protaetiva clothing auch as uniforms, covaralla or lab coats should ba 
worn.  Launder or dry-claan whan soiled.  Slovas ana boots raslstant to 
chemicals and petroleum distillatas required. 

Respiratory Protection: 
Airborne concantrat ions should ba kapt to lowest levels possible.  If 
vapor, mist or dust 1s generated, usa respirator approvad by MSHA or NIOSH 
as appropriat«.  SuppHad air raspiratory protaction should ba usad for 
cleaning large spills or upon antry into tanks, vassals, or othar conflnad 
spscas.  Saa below for applicable paraias1bla concantrations. 

Ventilation: 
Aaaquata to meet recommended occupational exposure Halts (saa balow) 

Exposure LinIt for Totsl Product: 
The ACGIH TWA for gasoline Is SOOppn; OSHA TWA 1s 300 ppn, OSHA STEL 1s 
SOO pprn; Taxaco recommends a TWA of 100 pom. 

9. PHYSICAL AND CHEMICAL PROPERTIES 

Appearance and Odor:  Llont atraw to light rad liquid 
Boiling Point (Dagraaa F.):  >90 Percent VOC;  100 
Specific Gravity:  0-7-.77 (H20-1) Vapor Density:   3-4.0 A1r«1 
pH of undiluted product:  N.A. Solubility In Water:  alight 
Vapor Pressure:  4SS-775 »100'F nnhg 
Vlacoalty:  <1.4 eSt • 100F Other:  N.D. 

« 

10. STABILITY AND REACTIVITY 

This Material Reacts Violently With:  (If others Is checked balow, see eeenents for datslls) 
Air  water  Haat  Strong Oxldixers  Others  Nona of Theae 

1 1 ■ - 

Comminti: 
None 

Products Evolved Whon Subjaetod to Haat or Coabustton: 
Toxic 1 avals of carbon monoxide, caroon dloxioe. Irritating aldehydes and 
ketones. 

OCCUR   DO NOT OCCUR 
Hazardous Polyaor nations: _       X 

11. T0XIC0LOOICAL INFORMATION 

TOXICOLOGICAL INFORMATION*ANIMAL TOXICITY DATA) 
Median Lethal Dose (LDSO LC80)  (Spoclas) 

Oral: believed to be > 8 g/kg (rat); practically non-toxic 
Inhalation:    N.D. 
Dermal:      believed to be > 3 g/kg (rabbit): practically non-toxic 

Irritation Index, Estivation of Irritation (Species) 
Skin; believed to be >0.5-3/1.0 (rabbit); slightly Irritating 
Eyas: believed to ba <1B/110 (rabbit); no appreciable affect 
Sensitizat1on:  N.D. 

Pag«: 4 
N.O. - Not oaternitnao      N.A. - Not Applicable      N.T. - Not Taatad 
<   - Less Than >   - Greater Than 
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PRODUCT CODE: 00365  ' a,». i,«,,»rt -,;-->„, 
PRODUCT NAME: TEXACO UNLEADED SSrSSSf*  S/S/S! 

1B. OTHER INFORMATION (CONT) 

Texaco Inc. 
Nanaoer, Product Safety 

P.O. Rex SO» 
Beacon, N.Y. 12508 

PLEASE SEE NEXT »AOE FOR »RDOUCT LABEL 

 _____ Pag«: 7   
N.D. - Not Determined     N.A. - Not Applicable     N.T. - Not Teated 
<   - Laaa Than >   - Creator Than 
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PRODUCT CODE: 00365 
»RODUCT NAME: TEXACO UNLEADED 

Data ISSuad:06/07/B1 
Suparcadas:   03/12/81 

IB. PRODUCT LABEL (COMT) 

DOT Propar Shipping Nan«: QasoHna 
DOT Hazardous Class    : Maaaabla liquid, UN 1203 

CAUTION:  ftHsusa of eapty containers can b« hazardous.  Enpty containers can bo hazardous 1f uaad 
to stora toxic, flaiaaable. or reaetlva Materials.  Cuttino or ««aiding of eapty 
containars eight causa fire, explosion or toxic turns* froa rasiduas.  Do not pressurize 
or axpose-to opon flees or hast.  Koap eontalnar closad and drum Dungs 1n place. 

Manufacturar's Nam:  Texaco Refining and Markatlng. Inc. 
P.O. Box 1404 Houston. TX 77291 

TRANSPORTATION EMERGENCY  Company:   (814) 831-3400 
CHEMTREC:  (BOO) «24-8300 

HEALTH EMERGENCY  Coapany:  (814) 831-3400 

t- 



International Cnemical Saieiy Caras (WHU/ifu^ii-O) iUv^-i w*^. 

International Chemical Safety Cards 

BENZIDINE ICSC: 0224 

CAS #92-87-5 
!RTECS#DC9625000 
ICSC #0224 
IUN#1885 
EC #612-042-00-2 

BENZIDINE 
(Ur-BiphenylM^'-diamine 

4,4'-Diaminobiphenyl 
p-Diaminodiphenyl 

C12H12N2/NH2C6H4-C6H4NH2 

Molecular mass: 184.2 

National institute ihr 
Occupation*! Safety *nd HeaHb 

TYPES OF 
HAZARD/ 

EXPOSURE 

ACUTE HAZARDS/ 
SYMPTOMS 

PREVENTION 

^-^s^K^Jt^^^p Combustible. See Notes. Gives !NO open flames. 
;  . .■'■'    FntE?%£fe%^ off irritating or toxic fumes (or j 
Ir'Jr^W^Z&ZS&IM e»ses) in a fire. j 

EXPLOSION 

EXPOSURE^ 

INHALATION^ 

}:-ii'-Kr^^^^^m MAYBE ABSORBED! 

SKIN ""*'"" Sfe^s«*1 

£ r-rCr^rif^ Tr£:-x&tip 

tiviSiiaSS 

■,-m.,A--<j;«B-as??4<feii 

------ v^lr?i,:T-S 

flNGEOTONfaL 

IAVOID ALL CONTACT! 

FIRST AID/ 
FIRE FIGHTING 

iPowder, carbon dioxide. 

IN ALL CASES CONSULT 
A DOCTOR! 

«Closed system and ventilation. |Fresh air, rest. Refer for 
jmedical attention. 

(Protective gloves. Protective 
iclothing. 

I Remove contaminated 
iclothes. Rinse skin with 
Jplenty of water or shower. 
Refer for medical attention. 

IFace shield or eye protection in 
{combination with breathing 
jprotection if powder. 

First rinse with plenty of 
water for several minutes 
(remove contact lenses if 
easily possible), then take ton 
doctor. 

SDo not eat, drink, or smoke JRinse mouth. Give a slurry of 
!during work. Wash hands before   motivated charcoal in water to 
[eating. drink. Induce vomiting 

(ONLY IN CONSCIOUS 
PERSONS!). Refer for 
medical attention. 
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International Chemical Safety Carts (WHO/1PCS/1LO) nup^wu.cac.gown.o^.pc.cncucu^-. 

NOTES 
Given melting point when anhydrous and rapidly heated, when slowly heated: 115-120°C. Addition of small amounts of a 

! flammable substance or an increase in the oxygen content of the air strongly enhances combustibility. ^^ 
Transport Emergency Card: TEC (R)-61G 11 Q|)P 

I "' ADDITIONAL INFORMATION 

ICSC: 0224 BENZIDINE 
OIPCS.CEC. 1993 

! Neither NIOSH, the CEC or the IPCS nor any person acting on behalf of NIOSH. the 
!CEC or the IPCS is responsible for the use which might be made of this information. 

I ; This card contains the collective views of the IPCS Peer Review Committee and may 
! IMPORTANT LEGAL NOTICE:   not reflect in all cases allthe detailed requirements included in national legislation on 

the subject. The user should verify compliance of the cards with the relevant 
! legislation in the country of use. The only modifications made to produce the U.S. 
version is inclusion of the OSHA PELs, NIOSH RELs and IDLH values. 
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International Chemical Safety Cards 

BENZO(a)PYRENE ICSC: 0104 

National Institute tor 
Occupation*! Safetyand Health 

BENZO(a)PYRENE 
Benz(a)pyrene 

3,4-Benzopyrene 
C20H12 

Molecular mass: 252.3 
!CAS# 50-32-8 
IRTECS#DJ3675000 
!ICSC#0104 
!EC# 601-032-00-3 

TYPES OF 
HAZARD/ 

EXPOSURE 

ACUTE HAZARDS/ 
SYMPTOMS 

EXPLOSIQNlfeli 
-rrr^ogss^m^ar^r- 

■EXPOSÜRESpi 

£*£&*£. 

IrTOALATIOrfeg 

N-^^«lilPlP^ !MAY BE ABSORBED! 

'SKIN?f 

iNGEsno: 

PREVENTION 
FIRST AID/ 

FIRE FIGHTING 

INO open flames. Water spray, powder. 

iAVOID ALL CONTACT! 
iAVOID EXPOSURE OF 
i(PREGNANT) WOMEN! 

ilN ALL CASES CONSULT 
JA DOCTOR! 

ILocal exhaust or breathing 
iprotection. 

(Fresh air, rest. Artificial 
|respiration if indicated. Refer 
ifor medical attention. 

iProtective gloves. Protective 
Iclothing. 

Remove contaminated 
clothes. Rinse and then wash 
skin with water and soap. 
Refer for medical attention. 

[Safety goggles, or eye protection   [First rinse with plenty of 
water for several minutes 
(remove contact lenses if 

jin combination with breathing 
Iprotection. 

easily possible), then take to a 
doctor. 

JDo not eat, drink, or smoke 
Iduring work. 

Ilnduce vomiting (ONLY IN 
ICONSCIOUS PERSONS!). 
Refer for medical attention. 

1 of 3 
ll/5/1999 9:i 



lntemauonal Chemical Safety Cards (WHO/1PCS/1LO; niip./' V" * V» .L'UL.^O« i IliOMl/ ip>.M' 

ADDITIONAL INFORMATION 

ICSC: 0104 
OIPCS. CEC. 1993 

BENZO(a)PYREN^fc 

Neither NIOSH, the CEC or the IPCS nor any person acting on behalf of NIOSH. the 
CEC or the IPCS is responsible for the use which might be made of this information. 
This card contains the collective views of the IPCS Peer Review Committee and may 

I IMPORTANT LEGAL NOTICE: inot reflect in all cases all the detailed requirements included in national legislation on 
i the subject, The user should verify compliance of the cards with the relevant 
I legislation in the country of use. The only modifications made to produce the U.S. 
! version is inclusion of the OSHA PELs, NIOSH RELs and IDLH values. 
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International Chemical Safety Cards (WHO/1PCS/1LO) nnpj/ww\k.cac.gi>\/nio»njip»;>nen^in:ni:u. 

International Chemical Safety Cards 

BENZO(B)FLUORANTHENE ICSC: 0720 

Ä m*o\t 
J National Institute for 

J Occupation*! Safety and Heattti 
IF. 

BENZO(B)FLUORANTHENE 
Benzo(e)acephenanthrylene 

2,3-Benzofluoroanthene 
C20H12 

Molecular mass: 252.3 
ICAS# 205-99-2 
!RTECS#CU 1400000 
ICSC #0720 

TYPES OF 
HAZARD/ 

EXPOSURE 

ACUTE HAZARDS/ 
SYMPTOMS 

FIRE- ap® Combustible. 

^|;EXaOS»^K 
I EXPOSURES 

j—• :.■:■-.-. -;■=-.■ .-^ag^H ■ 
i-INHALAITONigil^ 

MAY BE ABSORBED! 

ISKIN 

PREVENTION 
FIRST AH)/ 

FIRE FIGHTING 

jNO open flames. I Water spray, powder. 

(PREVENT DISPERSION OF 
iDUST! STRICT HYGIENE! 
IAVOID ALL CONTACT! 

ilN ALL CASES CONSULT 
iA DOCTOR! 

iLocal exhaust or breathing 
Iprotection. 

iFresh air, rest. 

jProtective gloves. Protective 
iclothing. 

I Remove contaminated 
(clothes. Rinse and then wash 
iskin with water and soap. 
i Refer for medical attention. 
IWear protective gloves when 
{administering first aid. 

i Safety goggles or eye protection 
i in combination with breathing 
| protection. 

jFirst rinse with plenty of 
j water for several minutes 
kremove contact lenses if 
ieasily possible), then lake to a 
jdoctor. 

iDo not eat, drink, or smoke 
iduring work. 

IWear protective gloves when 
inducing vomiting. Induce 

j vomiting (ONLY IN 
(CONSCIOUS PERSONS!). 
! Refer for medical attention. 
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International Chemical Safety Carts (WHO/1PCS/1LO) iuipww»*.cac.gownio»n,ipJ»iienp"iieiiSu; ." 

i        ~ ~~ iNeither NIOSH. the CEC or the EPCS nor any person acting on behalf of NIOSH. the 
iCEC or the IPCS is responsible for the use which might be made of this information. 
! This card contains the collective views of the IPCS Peer Review Committee and ma\ 

| IMPORTANT LEGAL NOTICE: mot reflect in all cases all the detailed requirements included in national legislation o 
:the subject. The user should verify compliance of the cards with the relevant 
! legislation in the country of use. The only modifications made to produce the U.S. 
i version is inclusion of the OSHA PELs, NIOSH RELs and IDLH values. 
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International Chemical Safety Cards 

BENZ(a)ANTHRACENE ICSC: 0385 

BflToft 

t National institute for 
t$Mfetr*ndHe*tth 

BENZ(a)ANTHRACENE 
1,2-Benzoanthracene 
Benzo(a)anthracene 

2,3-Benzphenanthrene 
Naphthanthracene 

C18H12 

Molecular mass: 228.3 
ICAS# 56-55-3 
!RTECS#CV9275000 
!ICSC#0385 
EC # 601-033-00-9 

TYPES OF 
HAZARD/ 

EXPOSURE 

ACUTE HAZARDS/ 
SYMPTOMS 

PREVENTION 
FIRST AID/ 

FIRE FIGHTING 

R 
I... 

^ t,- 2I(^M03£~^ iCombustible. 
VFIRE^gl; 
.... _   --- ■-   ■-•■   ■-a ■   'e-.-r^-kJi*^- it-  . 

|Water spray, powder. In case 
iof fire in the surroundings: all 
[extinguishing agents allowed. 

EXPLOSION! 

iFinely dispersed particles form iPrevent deposition of dust; closed 
explosive mixtures in air. '.system, dust explosion-proof 

ielectrical equipment and lighting. 

ELEXK 
SSTi (AVOID ALL CONTACT! 

.[INHALÄiiÖM^^S I 
Local exhaust or breathing 
[protection. 

Fresh air, rest. 

IProtective gloves. Protective 
Eclothing. 

Remove contaminated 
clothes. Rinse and then wash 
skin with water and soap. 

ISafety goggles, face shield, or eye 
iprotection in combination with 
breathing protection. 

First rinse with plenty of 
water for several minutes 
(remove contact lenses if 
easily possible), then take to a 
doctor. 

IDo not eäf, drink, or smoke 
during work. Wash hands before 
ieating. 

Rinse mouth. 

of 3 11/5/1999 9:0 



International Chemical Safety Carts (WHO/1PCS/1LO) mip./wwuxu^own.o^.p^K-apncuj:., 

I mis suDStance is one 01 many poiycycne aromaue nyurocaroons - sianuarus are usually esiaoiisneu iur mem a* mixture». 
(e.g.. coal tar pitch volatiles. However, it may be encountered as a laboratory chemical in its pure form. Insufficient data are 
i available on the effect of this substance on human health, therefore utmost care must be taken. Do NOT take working 
i clothes home. Tetraphene is a common name. 

ADDITIONAL INFORMATION * 

ICSC:0385 BENZ(a)ANTHRACENE 
CIPCS.CEC1993 

i~~ ~ !Neither NIOSH, the CEC or the IPCS nor any person acting on behalf of NIOSH. the 
! CEC or the IPCS is responsible for the use which might be made of this information. 

i - This card contains the collective views of the IPCS Peer Review Committee and may 
I IMPORTANT LEGAL NOTICE:   not reflect in all cases all the detailed requirements included in national legislation on 

! the subject. The user should verify compliance of the cards with the relevant 
legislation in the country of use. The only modifications made to produce the U.S. 
version is inclusioirof the OSHA PELs. NIOSH RELs and IDLH values. 
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International Chemical Safety Cards (WHO/IPCS/1LO) ftllpji wvk-w.cac.gov/niostvipcsneng/ncniu. 

International Chemical Safety Cards 

CHLORDANE (TECHNICAL PRODUCT) ICSC: 0740 

1 National Institute for 
1 Safety and Heatth 

CHLORDANE (TECHNICAL PRODUCT) 
l,2,4,5,6,7,8,8-Octachloro-2,3,3a,4,7,7a-hexahydro-4,7-methanoindene 

1,2,4,5,6,7,8,8-Octachloro-2,3,3a,4,7,7a-hexahydro-4,7-methano-1 H-indene 

^-10^6^8 
Molecular mass: 409.8 

ICAS# 57-74-9 
|ICSC#0740 
|UN# 299.6 
!EC # 602-047-00--8 

TYPES OF 
HAZARD/ 

EXPOSURE 

ACUTE HAZARDS/ 
SYMPTOMS 

PREVENTION 

Liquid formulations containing !NO open flames. 
iW£Wg^l0^rM, i°rSan'c solvents may be • 

C FIRR^jfM?^ jflammable. Gives off irritating : 
- -;-:rSi'53^^g&^ |or toxic fumes (or gases) ma. 
- -.v^ÖSÄlPlfire. 

FIRST AID/ 
FIRE FIGHTING 

Alcohol-resistant foam, 
powder, carbon dioxide. 

EXPLOSION! 

u ■ --. -y-;a'--r.j£^ät-E-1 

EXPOSURE^1 

^ (see Ingestion). 

MAY BE ABSORBED! 

Redness. Pain. 

INGESItONlL, 
Confusion. Convulsions. 
iNausea. Vomiting. 

iPREVENT GENERATION OF 
iMISTS! STRICT HYGIENE! 
iAVOID EXPOSURE OF 
[ADOLESCENTS AND 
iCHILDREN! 

IIN ALL CASES CONSULT A 
iDOCTOR! 

[Breathing protection. IFresh air, rest. Refer for 
i medical attention. 

[Protective gloves. Protective 
iclothing. 

ISafety goggles, or face shield, or   First rinse with plenty of water 

Remove contaminated clothes. 
Rinse and then wash skin with 
water and soap. 

leye protection in combination 
iwith breathing protection. 

for several minutes (remove 
contact lenses if easily 
possible), then take to a 
doctor. 

IDo not eat. drink, or smoke 
{during work. Wash hands before 
ieating. 

Rest. Refer for medical 
attention. 

1 of3 11/5/1999 9:0! 



International Chemical Saleiy Cards (WHO/1PCS/1LO) tutp://www .cac.gov/niosn/ipcsnenp/ncncO'- 

! If the substance is formulated with solvent(s) also consult the card(s) (ICSC) of the solvent(s). Carrier solvents used in 
I commercial formulations may change physical and toxicological properties. Belt. Chlor Kil. Chlortox. Corodan. Gold Crest. 
ilntox. Kypchlor, Niran, Octachlor. Sydane, Synklor, Termi-Ded, Topiclor, and Toxichlor are trade names. Also consult 
I ICSC #0743 (heptachlor). ät^ 

Transport Emergency Card: TEC (R)-61G41c J 

ADDITIONAL INFORMATION 

ICSC: 0740 CHLORDANE (TECHNICAL PRODUCT) 
CIPCS.CEC. 1993 

I IMPORTANT LEGAL NOTICE: 

! Neither NIOSH, the CEC or the IPCS nor any person acting on behalf of NIOSH. the 
CEC or the IPCS is responsible for the use which might be made of this information. 

iThis card contains the collective views of the IPCS Peer Review Committee and may 
not reflect in all cases all the detailed requirements included in national legislation on 
the subject. The user should verify compliance of the cards with the relevant 
legislation in the country of use. The only modifications made to produce the U.S. 
version is inclusion of the OSHA PELs, NIOSH RELs and IDLH values. 
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Chiyscnc 
iiupj* v» ** ** • ■*» 

• 

f      ■   -I«,    -iff     flwwfimtr.Cam    ChmnStore.Cem    ClHniWwri.Cwn     ChTnCIt/fc-Cog; 

Chg.nQuof.Cctn    Chon4CX.Com        SciSfaf-Com ChomSdICowi 

Chrysene 
<I1001743> 

Synonyms: 1,2-Benzophenanthrene; Benzo[a]phenanthrene; 1,2,5,6-Dibenzonaphthalene; 
1,2-Benzophenanthracene 

C18H12 

[218-01-9] 

ACX Number 

Melting Point CO 

Boiling Point CO 

Evaporation Rate 

Flash Point CO 

DOT Number 

Comments 

Add Property 

228.29 

This picture is a 
live chemical image 

—     Slow search times got you down? 
Trv Chemlnfo Ltd. Web Edition 

and speed up your chemical searching. 

H001743 tznnaHH»-   218-01-9 
255.8 tffflliBsTBlg^        1-274 
448 

Insoluble. 0.00000018 g/100 mL 

K035; K048; K087; U050; K051; K049 

GC0700000 

White crystals. Orthorhombic bipyramidal plates from benzene. MUTAGEN. 

Vapor Density 

Water Solubility 

EPA Code 

RTEC5 

Chemlnfo Searching Is faster and mow powerful, aide Hem. 

More information about this compound is available from 

Add Link 

ABCR GmbH&Co KG 
Chrvsene. 98% 

ATSDR Internet HazDat Site Contaminant Query 
Information about this particular substance 

ATSDR Priority List 
This compound in MDL Molfile format 

Australian Atmospheric Exposure Standards 
Information about this particular substance 

Australian Hazardous Substances Database 

1  0f3 
11/5/1999 10: 



hup://nip-db.niens.mh.gov/NTP_Repons/M P_*_nem_H&^/N i P_Cnem-t\auuu- i .s- 

NTP CHEMICAL REPOSITORY (RADIAN CORPORATION, AUGUST 29, 1991) 
CHRYSENE 

-IDENTIFIERS - 

♦CATALOG ID NUMBER: 000509 

*CAS NUMBER: 218-01-9 

♦BASE CHEMICAL NAME: CHRYSENE 

♦PRIMARY NAME: CHRYSENE 

♦CHEMICAL FORMULA: C18H12 

♦STRUCTURAL FORMULA: 

♦WLN: L E6 B666J 

♦SYNONYMS: 
1 ,.2-BENZPHENANTHRENE 
BENZO (A) PHENANTHRENE 
1,2,5,6^DIBENZONAPHTHALENE 

-PHYSICAL CHEMICAL DATA 

♦PHYSICAL DESCRIPTIONS: Orthorhombic bipyramidal plates from benzene. 

♦MOLECULAR WEIGHT: 228.28 

♦SPECIFIC GRAVITY: 1.274 (20/4) 

♦DENSITY:Not available 

*MP (DEG C): 254 

♦BP (DEG C) : 448 --- ■ 

♦SOLUBILITIES: 
WATER : Insoluble-. (0.0018mg/kg) 

DMSO : Not available 

95% ETHANOL : Slightly soluble. (lg/1300ml) 

METHANOL : Not available 

ACETONE : Slightly soluble. 

TOLUENE : Not available 

OTHER SOLVENTS: 
Carbon disulfide:  Slightly soluble. 
Toluene:  Soluble in hot. (lg/480ml) 

ETHER  : Slightly soluble. 
BENZENE: Soluble in hot. 

♦VOLATILITY  ! Not available 

♦FLAMMABILITY(FLASH POINT): Not available 

0f5      '   ' 11/5/1999 9:: 
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♦LABELS REQUIRED: 

♦PACKAGING: PASSENGER: PKG. INSTR.: MAXIMUM QUANTITY: 
CARGO    : PKG. INSTR.: MAXIMUM QUANTITY: 

♦SPECIAL PROVISIONS: 

♦USES: Not available 

♦COMMENTS: Not available 

-HANDLING PROCEDURES 

♦ACUTE/CHRONIC HAZARDS: 
Toxic. 

♦MINIMUM PROTECTIVE CLOTHING: 
If Tyvek-type disposable protective clothing is not worn during 

handling of this chemical, wear disposable Tyvek-type sleeves taped to 
your gloves. 

♦RECOMMENDED GLOVE MATERIALS: 
Permeation data indicate that neoprene gloves may provide pro- 

tection to contact with this compound.  Neoprene over latex gloves 
is recommended.  However, if this chemical makes direct contact with 
your gloves, or if a tear^_puncture or hole develops, remove them 
at once. 

♦RECOMMENDED RESPIRATOR: 
Where the neat test chemical is weighed and diluted, wear a NIOSH- 

approved half face respirator equipped with a combination filter cartridge, 
i.e. organic vapor/acid gas/HEPA (specific for organic vapors, HC1, acid 
gas, S02 and a high efficiency particulate filter). 

"OTHER: 
Since this chemical is a known or suspected carcinogen you should contact 

a physician for advice regarding the possible long term health effects and 
potential recommendation for medical monitoring.  Recommendations from the 
physician will depend upon the specific compound, its chemical, physical and 
toxicity properties, the exposure level, length of exposure, and the route 
of exposure. 

*STORAGE PRECAUTIONS: \ 
You should protect this material from exposure to light, 

and store it in a refrigerator. 

•SPILLS AND LEAKAGE: 
If you spill this chemical, dampen the solid spill material with toluene, 

then transfer the dampened material to a suitable container.  Use absorbent 
paper dampened with toluene to pick up any remaining material.  Your 
contaminated clothing and the absorbent paper should be sealed in a vapor-tigh 
plastic bag for eventual disposal.  Solvent-wash all contaminated surfaces wit 
toluene followed by washing with a strong soap and water solution.  Do not 
reenter the contaminated area until the Safety-Officer (or other responsible 
person) has verified that the area has been properly cleaned. 

♦DISPOSAL AND WASTE TREATMENT: 
You should dispose of all waste and contaminated materials 

associated with this chemical as specified by existing local, 
state and federal regulations concerning hazardous waste disposal. 
It is suggested that your contaminated materials should be destroyed 
by incineration in a special, high temperature ( >2000 degrees F), 
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Weast, R.C. and M.A. Astle, Eds. CRC Handbook of Chemistry 
and Physics. 56th Ed. CRC Press, Inc. Boca Raton, FL. 
1976.  PG. C-241. 

Windholz, M., Ed. The Merck Index. 9th Ed. Merck and Co. 
Rahway, NJ.  1976.  PG. 292. 

Hawley, G.G., Ed.  The Condensed Chemical Dictionary.  9th Ed. 
Van Nostrand Reinhold.  New York.  1977.  PG. 209. 

Aldrich Chemical Company- . Aldrich Catalog/Handbook of Fine 
Chemicals.  Aldrich Chemical Co., Inc.  Milwaukee, WI. 
1980.  PG. 221. 

International Technical Information Institute.  Toxic and _ 
- Hazardous Industrial Chemicals Safety Manual for Handling 
and Disposal with Toxicity and Hazard Data.  International 
Technical Information Institute.  1978.  NOT LISTED. 

Sax, N.I.  Dangerous Properties of Industrial Materials.  5th Ed. 
Van Nostrand Reinhold.  New York.  1979.  NOT LISTED. 

nroctor, N.H. and J.P. Hughes.  Chemical Hazards of the Workplace. 
J.B.'Lippincott.  Philadelphia.  1978.  NOT LISTED. 

U.S. Environmental Protection Agency, Office of Toxic Substances. 
Toxic Substances Control Act Chemical Substances Inventory, 
Initial Inventory.  6 Vols.  U.S. Environmental Protection 
Agency.  Washington, D.C.  1979.  LISTED. 

Steere, N.V., Ed.  Handbook of Laboratory Safety.  2nd Ed. 
CRC Press, Inc.  Cleveland, OH.  1971.  NOT LISTED. 

[610] Clansky, Kenneth B., Ed.  Suspect Chemicals Sourcebook:  A Guide to 
Industrial Chemicals Covered Under Major Federal Regulatory and 
Advisory Programs.  Roytech Publications, Inc.  Burlingame, CA. 
1990.  Section 3, p. 62. 

[620] United States National Toxicology Program.  Chemical Status Report. 
NTP Chemtrack System.  Research Triangle Park, NC.  November 6, 1990. 
Not listed. 
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International Chemical Safety Cards (WHO/1PCS/1LO) 
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International Chemical Safety Cards 

#        DIBENZ(a,h)ANTHRACENE ICSC: 0431 

iCAS# 53-70-3 
|RTECS#HN2625000 
iICSC#0431 
!EC# 601-041-00-2 

DIBENZO(a,h)ANTHRACENE 
1,2:5,6-Dibenzanthracene 

C22H14 

. - Molecular mass: 278.4 

J National Institute for 
' Occupational Safety and Health 

• 

TYPES OF 
HAZARD/ 
EXPOSURE 

ACUTE HAZARDS/ 
SYMPTOMS 

minimi  —i^■■ "^',',/w. r 

^I^FfRE^iäll—l 'Combustible. 

EXPLOSION^ 

EXPOSUREl 

^NHÄLATrai*^fg 

j       ;-rv^ip^*ti%l||^;'Redness. Swelling. Itching. 

Redness. 

.       * 2ä*3H=* 

INGESTION^ 

PREVENTION 
FIRST AH)/ 

FIRE FIGHTING 

jNO open flames. iWater spray, powder. 

iAVOID ALL CONTACT! 

Local exhaust or breathing 
protection. 

IFresh air, rest. 

{Protective gloves. Protective 
iclothing. 

(Remove contaminated 
clothes. Rinse and then wash 
Iskin with water and soap. 

Face shield, or eye protection in    IFirst rinse with plenty of 
icombination with breathing 
(protection. 

water for several minutes 
(remove contact lenses if 
easily possible), then take to a 
Idoctor. 

]Do not eat, drink, or smoke jRinse mouth, 
jduring work. Wash hands before   j 
[eating. j 

SPILLAGE DISPOSAL STORAGE PACKAGING & LABELLING 

Sweep spilled substance into sealable 
containers, if appropriate, moisten first 
to prevent dusting. Carefully collect 

! remainder, then remove to safe place 
! (extra personal protection: P3 filter 
respirator for toxic particles). 

Well closed. 
T symbol 
R:45 
S: 53-45 

SEE IMPORTANT INFORMATION ON BACK 

ICSC: 0431 
Prepared in the context of cooperation between the International Programme on Chemical Safety & the 
Commission of the European Communities © IPCS CEC 1993 No modifications to the International 
version have been made except to add the OSHA PELs, NIOSH RELs and IDLH values. 
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i Neither NIOSH. the CEC or the IPCS nor any person acting on behalf of NIOSH. the 
CEC or the IPCS is responsible for the use which might be made of this information 
This card contains the collective views of the IPCS Peer Review Committee and may 

IMPORTANT LEGAL NOTICE: :not reflect in all cases all the detailed requirements included in national legislation o 
Ithe subject. The user should verify compliance of the cards with the relevant 
legislation in the country of use. The only modifications made to produce the U.S. 
! version is inclusion of the OSHA PELs, NIOSH RELs and IDLH values. 

• 
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Dibenzofuran 
niip." * * v. .enorm inaei .conk >->:■-» uL n:»: 

giMlniitiMWt     OwnKnAr.Cari    Client Store.Com    ChomNowt.Com     ChmmClub.Com 

ChmmQui.tB.Cem    ChomACX.Com        Sci5ton.Com ChomSelLCom 

Dibenzofuran 
<I1002923> 

Synonyms: DBF; diphenylene oxide 

C12HgO 

168.19 
This picture is a 

live chemical image 

The ChcmDraw Plugin 
lets you search by drawing 

structures in your web browser. 
Have you downloaded 

it yet? 

[132-64-9] 

ACX Number 

Melting Point CO 

Boitina Point (°C) 

Evaporation Rate 

Flash Point *C) 

DOT Number 

Comments 

Add Property 

11002923 

81-83 

285 
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EW JERSEY 
^DEPARTMENT 

HEALTH 

SENIOR SERVICES 

New Jersey Department of Health and Senior Services 

HAZARDOUS SUBSTANCE 

Common Name:     DIBENZOFURAN 

CAS Number: 
DOT Number 

132-64-9 
None 

HAZARD SUMMARY 
* Dibenzofuran can affect you when breathed in and by 

passing through your skin. 
* Exposure can irritate the eyes, nose, throat, and skin. 
* Repeated contact may cause skin growths, rashes and 

changes in skin color. 
* CONSULT THE NEW JERSEY DEPARTMENT OF 

HEALTH AND SENIOR SERVICES HAZARDOUS 
SUBSTANCE FACT SHEET ON COAL TAR. 

IDENTIFICATION 
Dibenzofuran is a white, crystalline (sand-like) powder, which 
is derived from Coal Tar. It is used as an insecticide and to 
make other chemicals. 

REASON FOR CITATION 
* Dibenzofuran is on the Hazardous Substance List because it 

is cited by EPA. DEP and HHAG. 
* Definitions are provided on page 5. 

HOW TO DETERMINE IF YOU ARE BEING 
EXPOSED 
The New Jersey Right to Know Act requires most employers to 
label chemicals in the workplace and requires public employers 
to provide their employees with information and training 
concerning chemical hazards and controls. The federal OSHA 
Hazard Communication Standard. 1910.1200, requires private 
employers to provide similar training and information to their 
employees. 

* Exposure to hazardous substances should be routinely 
evaluated. This may include collecting personal and area air 
samples. You can obtain copies of sampling results from 
your employer. You have a legal right to this information 
under OSHA 1910.20. 

* If you think you are experiencing any work-related health 
problems, see a doctor trained to recognize occupational 
diseases. Take this Fact Sheet with you. 

RTK Substance number 2230 
Date: March 1992 Revision May 1998 

WORKPLACE EXPOSURE LIMITS 
No occupational exposure limits have been established for 
Dibenzofuran. This does not mean that this substance is not 
harmful. Safe work practices should always be followed. 

* It should be recognized that Dibenzofuran can be absorbed 
through your skin, thereby increasing your exposure. 

WAYS OF REDUCING EXPOSURE 
* Where possible, enclose operations and use local exhaust 

ventilation at the site of chemical release. If local exhaust 
ventilation or enclosure is not used, respirators should be 
worn. 

* Wear protective work clothing. 
* Wash     thoroughly     immediately     after    exposure 

Dibenzofuran and at the end of the workshifl. 
* Post hazard and warning information in the work area? 

addition, as part of an ongoing education and training effort, 
communicate all information on the health and safety 
hazards of Dibenzofuran to potentially exposed workers. 

e^p 

:a^^n 
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PERSONAL PROTECTIVE EQUIPMENT 

WORKPLACE CONTROLS ARE BETTER THAN 
PERSONAL PROTECTIVE EQUIPMENT. However, for some 
jobs (such as outside work, confined space entry, jobs done only 
once in a while, or jobs done while workplace controls are 
being installed),.- personal protective equipment may be 
appropriate. 

OSHA 1910.132 requires employers to determine the 
appropriate personal protective equipment for each hazard and 
to train employees on how and when to use protective 
equipment. 

The following recommendations are only guidelines and may 
not apply to every situation. 

Clothing 
* Avoid skin contact with Dibenzofuran. Wear protective 

gloves and clothing. Safety equipment suppliers/ 
manufacturers can provide recommendations on the most 
protective glove/clothing material for your operation. 

* All protective clothing (suits, gloves, footwear, headgear) 
should be clean, available each day, and put on before work. 

Eye Protection 
* Wear dust-proof goggles and face shield when working with 

powders or dust, unless full facepiece respiratory protection 
is worn. 

Respiratory Protection 
IMPROPER USE OF RESPIRATORS IS DANGEROUS. 
Such equipment should only be used if the employer has a 
written program that takes into account workplace conditions. 
requirements for worker training, respirator fit testing and 
medical exams, as described in OSHA 1910.134. 

* Engineering controls must be effective to ensure that 
exposure to Dibenzofuran does not occur. 

• * NIOSH has established new testing and certification 
requirements for negative pressure, air purifying, paniculate 
fillers and filtering facepiece respirators. The filter 
classifications of dust/mist/fume, paint spray or pesticide 
pre filters, and filters for radon daughters have been replaced 
with the N, R, and P series. Each series has three levels of 
filtering efficiency, 95%, 99%, and 99.9%. Check with your 
safety equipment supplier or your respirator manufacturer to 
determine which respirator is appropriate for your facility. 

* If while wearing a filter, cartridge or canister respirator, you 
can smell, taste, or otherwise detect Dibenzofuran, or in the 
case of a full facepiece respirator you experience eye 
irritation; leave the area immediately. Check to make sure 
the respirator-to-face seal is still good. If it is, replace the 
filter, cartridge, or canister. If the seal is no longer good, 
you may need a new respirator. 

* Be sure to consider all potential exposures in your 
workplace. You may need a combination of filters. 
prefilters. cartridges, or canisters to protect against different 
forms of a chemical (such as vapor and mist) or against a 
mixture of chemicals. 

* Where the potential for high exposure exists, use a 
MSHA/NIOSH approved supplied-air respirator with a full 
facepiece operated in a pressure-demand or other positive- 
pressure mode. For increased protection use in combination 
with an auxiliary self-contained breathing apparatus 
operated in a pressure-demand or other positive-pressure 
mode. 

QUESTIONS AND ANSWERS 

Q:    If I have acute health effects, will I later get chronic health 
effects? 

A:    Not always. Most chronic (long-term) effects result from 
repeated exposures to a chemical. 

Q:    Can I get long-term effects without ever having short-term 
effects? 

A:    Yes, because long-term effects can occur from repealed 
exposures to a chemical at levels not high enough to make 
you immediately sick. 

Q: What are my chances of getting sick when I have been 
exposed to chemicals? " 

A: The likelihood of becoming sick from chemicals is 
increased as the amount of exposure increases. This is 
determined by the length of time and the amount of 
material to which someone is exposed. 

Q:    When are higher exposures more likely?   .. 
A: Conditions which increase risk of exposure include djisl 

releasing operations (grinding, mixing, blasting, dumping, 
etc.), other physical and mechanical processes (heating, 
pouring, spraying, spills and evaporation from large 
surface areas such as open containers), and "confined 
space" exposures (working inside vats, reactors, boilers, 
small rooms, etc.). 

Q: Is the risk of getting sick higher-for workers than for 
community residents? 

A: Yes. Exposures in the community, except possibly in 
cases of fires or spills, are usually much lower than those 
found in the workplace. However, people in the 
community may be exposed to contaminated water as well 
as to chemicals in the air over long periods. Because of 

._ this, and because of exposure of children or people who 
are already ill, community exposures may cause health 
problems. 
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DEFINITIONS 

ACGffl is the American Conference of Governmental 
Industrial Hygienists. It recommends upper limits (called TLVs) 
for exposure to workplace chemicals. 

A carcinogen is a substance that causes cancer. 

The CAS number is assigned by the Chemical Abstracts 
Service-to identify a specific chemical. 

A combustible substance is a solid, liquid or gas that will burn. 

A corrosive substance is a gas, liquid or solid that causes 
irreversible damage to human tissue or containers. 

DEP is the New Jersey Department of Environmental 
Protection. 

DOT is the Department of Transportation, the federal agency 
that regulates the transportation of chemicals. 

EPA is the Environmental Protection Agency, the federal 
agency responsible for regulating environmental hazards. 

A fetus is an unbom human or animal. 

A flammable substance is a solid, liquid, vapor or gas that will 
ignite easily and burn rapidly. 

The flash point is the temperature at which a liquid or solid 
gives off vapor that can form a flammable mixture with air. 

HHAG is the Human Health Assessment Group of the federal 
EPA. 

1ARC is the International Agency for Research on Cancer, a 
scientific group that classifies chemicals according to their 
cancer-causing potential. 

A miscible substance is a liquid or gas that will evenly dissolve 
in another. 

mg/m-* means milligrams of a chemical in a cubic meter of air. 
It is a measure of concentration (weight/volume). 

MSHA is the Mine Safety and Health Administration, the 
federal agency that regulates mining. It also evaluates and 
approves respirators. 

A mutagen is a substance that causes mutations. A mutatiagj^ 
a change in the genetic material in a body cell. Mutations^p 
lead to birth defects, miscarriages, or cancer. 

NAERG is the North American Emergency Response 
Guidebook. It was jointly developed by Transport Canada, the 
United States Department of Transportation and the Secretariat 
of Communications and Transportation of Mexico. It is a guide 
for first responders to quickly identify the specific or generic 
hazards of material involved in a transportation incident, and to 
protect themselves and_the general public during the initial 
response phase of the incident. 

NCI is the National Cancer Institute, a federal agency that 
determines the cancer-causing potential of chemicals. 

NFPA is the National Fire Protection Association. It classifies 
substances according to their fire and explosion hazard. 

NIOSH is the National Institute for Occupational Safety and 
Health. It tests equipment, evaluates and approves respirators, 
conducts studies of workplace hazards, and proposes standards 
to OSHA. 

NTP is the National Toxicology Program which tests chemicals 
and reviews evidence for cancer. 

OSHA is the Occupational Safety and Health AdministrflB 
which adopts and enforces health and safety standards.      ^^ 

PEOSHA is the Public Employees Occupational Safety and 
Health Act, a state law which sets PELs for New Jersey public 
employees. 

ppm means parts of a substance per million parts of air. It is a 
measure of concentration by volume in air. 

A reactive substance is a solid, liquid or gas that releases 
energy under certain conditions. 

A teratogen is a substance that causes birth defects by 
damaging the fetus. 

TLV is the Threshold Limit Value, the workplace exposure 
limit recommended by ACGIH. 

The vapor pressure is a measure of how readily a liquid or a 
solid mixes with air at its surface. A higher vapor pressure 
indicates a higher concentration of the substance in air and 
therefore increases the likelihood of breathing it in. 
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Common Name: 1,3-Dichlorobenzene 
CAS Number: 541-73-1 
DOT Number: UN 9255 
Date: January, 1989 

HAZARD SUMMARY 
* 1,3-Dichlorobenzene can affect you when breathed-in and by 

passing through your skin. 
* Exposure to 1,3-Dichlorobenzene can irritate the eyes, nose, 

and throat. 
* Brief high, or prolonged, lower exposures can damage the 

liver, kidneys and blood cells causing a low blood count 
(anemia). This can be fatal. 

* Exposure can cause you to feel dizzy, lightheaded and severe 
headache. Higher levels can cause you to pass out. 

IDENTIFICATION 
1,3-Dichlorobenzene is a colorless liquid. It is used as a fumigant 
and an insecticide. 

REASON FOR CITATION 
* 1,3-Dichlorobenzene is on the Hazardous Substance List because 

it is cited by DOT and EPA. 
* Definitions are attached. 

HOW TO DETERMINE IF YOU ARE BEING EXPOSED 
* Exposure to hazardous substances should be routinely 

evaluated. This may include collecting personal and area air 
samples. You can obtain copies of sampling results from your 
employer.You have a legal right to this information under OSHA 
1910.20. 

* If you think you are experiencing any work related health 
problems, see a doctor trained to recognize occupational 
diseases. Take this Fact Sheet with you. 

WORKPLACE EXPOSURE LIMITS 
No occupational exposure limits have been established for 1,3- 
Dichlorobenzene. This does not mean that this substance is not 
harmful. Safe work practices should always be followed. 

It should be recognized that 1,3-Dichlorobenzene can be absorbed 
through your skin, thereby increasing your exposure. 

WAYS OF REDUCING EXPOSURE- 
Where possible, enclose operations and use local exhaust 
ventilation at the site of chemical release.If local exhaust 
ventilation or enclosure is not used, respirators should be 
worn. 

* Wear protective work clothing. 
* Wash thoroughly immediately after exposure to 1,3- 

Dichlorobenzene and at the end of the workshift. 
* Post hazard and warning information in the work area. In 

addition, as part of an ongoing education and training effort, 
communicate all information on the health and safety hazards 
of 1,3-Dichlorobenzene to potentially exposed workers. 

This Fact Sheet is a summary source of information of all potential 
and most severe health hazards that may result from exposure. 
Duration of exposure, concentration of the substance and other 
factors will affect your susceptibility to any of the potential 
effects described below. 

HEALTH HAZARD INFORMATION 

lof6 11/5/1999 10: 
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release. Isolating operations can also reduce exposure. Using 
respirators or protective equipment is less effective than the 
controls mentioned above, but is sometimes necessary. 

In evaluating the controls present in your workplace, consider: (1) 
how hazardous the substance is, (2) how much of the substance is 
released into the workplace and (3) whether harmful skin or eye 
contact could occur. Special controls should be in place for highly 
toxic chemicals or when significant skin, eye, or breathing 
exposures are possible. 

In addition, the following controls are recommended: 

* - Where possible, automatically pump liquid 1,3~-Dichlorobenzene 
from drums or other storage containers to process containers. 

* Specific engineering controls are recommended for this_ 
chemical by NIOSH. Refer to the NIOSH criteria document: 
Working Safely with Pesticides #76 147. 

Good WORK PRACTICES can help to reduce hazardous exposures. The 
following work practices are recommended^ 

* Workers whose clothing has been contaminated by 1,3- 
Dichlorobenzene should change into clean clothing promptly. 

* Do not take contaminated work clothes home. Family members 
could be exposed, 

* Contaminated work clothes should be laundered by individuals 
who have been informed of the hazards of exposure to 1,3- 
Dichlorobenzene. 
If there is the possibility of skin exposure, emergency shower 
facilities should be provided. 

* On skin contact with 1,3-Dichlorobenzene, immediately wash or 
shower to remove the chemical. At the end of the workshift, 
wash any areas of the body that may have contacted 1,3- 
Dichlorobenzene, whether or not known skin contact has 
occurred. 

* Do not eat, smoke, or drink where 1,3-Dichlorobenzene is 
handled, processed, or stored, since the chemical can be 
swallowed. Wash hands carefully before eating or smoking. 

PERSONAL PROTECTIVE EQUIPMENT 

WORKPLACE CONTROLS ARE BETTER THAN PERSONAL PROTECTIVE EQUIPMENT. 
However, for some jobs (such as outside work, confined space entry, 
jobs done only once in a while, or jobs done while workplace 
controls are being installed), personal protective equipment may be 
appropriate. 

The following recommendations are only guidelines and may not apply 
to every situation. 

Clothing 
Avoid skin contact with 1, 3-Dichlorobenzene.Wear protective 
gloves and clothing. Safety equipment suppliers/ manufacturers 
can provide recommendations on the most protective glove/ 
clothing material for your operation. 

* All protective clothing (suits, gloves, footwear, headgear) 
should be clean, available each day, and put on before work. 

Eye Protection 
* Wear splashproof chemical goggles when working with liquid, 

unless full face piece respiratory protection is worn. 

Respiratory Protection 
IMPROPER USE OF RESPIRATORS IS DANGEROUS. Such equipment should 
only be used if the employer has a written program that takes into 

3 of 6 11/5/1999 10: 
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1,3-Dichlorobenzene 

area. 

FIRST AID 
POISON INFORMATION 

Eye Contact 
Immediately flush with large amounts of water for at least 15 
minutes, occasionally lifting upper and lower lids. Seek 
medical attention. 

Skin Contact    ' .,.,-,_ 
Quickly remove contaminated clothing. Immediately wash 
contaminated skin with large amounts of soap and water. 

Breathing _ 
* Remove the person from exposure. 
* Begin rescue breathing if breathing has stopped and CPR if 

heart action has stopped* - 
* Transfer promptly to a medical facility. 

PHYSICAL DATA 
Flash Point: 146oF (63oC) 
Water Solubility:   Insoluble 

OTHER COMMONLY "USED NAMES 

Chemical Name: 
Benzene, 1,3 Dichloro 

Other Names and Formulations: 
m-Dichlorobenzene; m-Phenylenedichloride. 

Not intended to be copied and sold for commercial purposes. 

NEW JERSEY DEPARTMENT OF HEALTH 
Right to Know Program 
CN 368, Trenton, NJ 08625 0368 

ECOLOGICAL INFORMATION 

1,3-Dichlorobenzene is a liquid, used as an intermediate for the 
production of other chemicals; it is also a by-product in the 
production of 1,2-dichlorobenzene and 1,4-dichlorobenzene.  It may 
enter the environment from industrial discharges or spills. 

ACUTE (SHORT-TERM) ECOLOGICAL EFFECTS 

Acute toxic effects may include the death of animals, birds, or 
fish, and death or low growth rate in plants.  Acute effects are 
seen two to four days after animals or plants come in contact with 
a toxic chemical substance. 

1,3-Dichlorobenzene has moderate acute toxicity to aquatic life. 
Insufficient data are available to evaluate or predict the 
short-term effects of 1,3-dichlorobenzene to plants, birds, or land 
animals. 

CHRONIC (LONG-TERM) ECOLOGICAL EFFECTS 

Chronic toxic effects may include shortened lifespan, reproductive 
problems, lower fertility, and changes in appearance or behavior. 
Chronic effects can be seen long after first exposure(s) to a toxic 
chemical.    

5 of 6 
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• 

International Chemical Safety Car« 

DIELDRIN 

/ 

DIELDRIN 
| l,2,3,4,10,10-HeXachloro-6,7-epoxy-lA4a,5,6,7,8,8a-octahydro-endo-l,4-exo-5,8-dim 
l3,4,5,6,9,9-Hexachloro-la,2,2a,3,6,6a,7,7a-octahydro-,(laalpha,2ß,2aalpha,3ß,6ß,6aalpha,7ß,7aalpha)-2,". 

HEOD 
C12H8Q6O 

Molecular mass: 380.9 
CAS #60-57-1 
RTECS# 101750000 
ICSC # 0787 
UN #2761 
EC # 602-049-00-9 

TYPES OF 
HAZARD/ 

EXPOSURE 

ACUTE HAZARDS/ 
SYMPTOMS 

INot combustible. Liquid formulations 
jcontaining organic solvents may be 
iflammable. Gives off irritating or toxic 
fumes (or gases) in a fire. 

PREVENTION 

i  

PREVENT DISPERSION OF DUST! 
STRICT HYGIENE! AVOID EXPOSURE 
OF ADOLESCENTS AND CHILDREN! 

|(see Ingestion). | Ventilation (not if powder). 

MAY BE ABSORBED! See Ingestion. Protective gloves. Protective clothing. 

Safety goggles, or face shield. 

Convulsions. Dizziness. Headache. Nausea. 
Vomiting. Muscle twitching. 

Do not eat, drink, or smoke during work. 
Wash hands before eating. 

of 3 11/5/1999 9:0 
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NOTES 
i Depending on the degree of exposure, periodic medical examination is indicated. If the substance is formulated with 
isolvent(s) also consult the card(s) (ICSC) of the solvent(s). Carrier solvents used in commercial formulations may change 
iphysical and toxicological properties. Do NOT take working clothes home. Alvit, Dieldrex. Dieldrite, Illoxol. Octalox. 
IPanoram, and Quintox are trade names. Also consult ICSC #0774, Aldrin. 

Transport Emergency Card: TEC (R>-61G41b 

ADDITIONAL INFORMATION 

I ICSC: 0787 ~- DIELDRIN 
' ©1PCS.CEC. 1993 

Neither NIOSH, the CEC or the IPCS nor any person acting on behalf of NIOSH. the 
CEC or the IPCS is responsible for the use which might be made of this information. 
This card contains the collective views of the IPCS Peer Review Committee and may 

IMPORTANT LEGAL NOTICE:   not reflect in all cases all the detailed requirements included in national legislation on 
the subject. The user should verify compliance of the cards with the relevant 
legislation in the country of use. The only modifications made to produce the U.S. 
version is inclusion of the OSHA PELs, NIOSH RELs and IDLH values. 

3 0f 3 11/5/1999 9:0 
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International Chemical Safety Cards 

o-DICHLOROBENZENE ICSC: 1066 

V A1/      ' ^>- *-■ — ** *v 

;CAS# 95-50-1 
|RTECS#CZ4500000 
i ICSC #1066 
iUN#1591 
!EC# 602-034-00-7 

o-DICHLOROBENZENE 
1,2-Dichlorobenzene 

ortho-Dichlorobenzene ~ 
o-Dichlorobenzol 

C6H4C12 

Molecular mass: 147.0 

National Institute for 
Occupational Safety and Health 

TYPES OF 
HAZARD/ 

EXPOSURE 

ACUTE HAZARDS/ 
SYMPTOMS 

PREVENTION 
FIRST AID/ 

FIRE FIGHTING 

^^•""""^Bi!Combustible- INO open flames. ! Powder, water spray, foam,     j 
carbon dioxide. 

wr-.- ~.v4**—S..J-r 

^-W~&. iAbove 66°C explosive iAbove 66°C use a closed system -.;'V: ~!r 7;-E iS^pt; jAbove 66 C explosive 
EXPLOSION'S ivapour/air mixtures may be        i 

'■■■J^i Ijfeji-gi^^^P I formed. -\ 
ventilation. 

—^'iir^^^^^S^^ !Cough. Drowsiness. Sore 
^^SPBBrSlthroat. Unconscousness. 

SKDi>^^ 

|Ventilation, local exhaust, or 
Ibreathing protection. 

! Fresh air, rest. Refer for 
medical attention. 

spusg Redness. Burning sensation. 
Symptoms may be delayed. 
Blisters. 

Protective gloves. Protective 
clothing. 

; Remove contaminated 
iclothes. Rinse skin with 
i plenty of water or shower. 
i Refer for medical attention. 

Redness. Pain. 'Face shield. 
I 

1 First rinse with plenty of 
water for several minutes 
(remove contact lenses if 
[easily possible), then take to a 
doctor. 

Burning sensation. Diarrhoea. 
Nausea. Vomiting. 

Do not eat, drink, or smoke 
during work. 

IRinse mouth. Refer for 
; medical attention. 

1 of 3 11/5/1999 9:1: 
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I persists in tne en vironmem. 

NOTES 

| Protective clothing recommended (for more than 8 hours: VitonfTM)). jMt 
Transport Emergency Card: TEC (Rt-81"^J 

i _ NFPA Code: H2: F2; RO: 

ADDITIONAL INFORMATION 

ICSC: 1066 o-DICHLOROBENZENE 
OIPCS.CEC. 1993 

r~ ~ :Neither NIOSH, the CEC or the IPCS nor any person acting on behalf of NIOSH, the 
; i CEC or the IPCS is responsible for the use which might be made of this information. 

This card contains the collective views of the IPCS Peer Review Committee and may 
(IMPORTANT LEGAL NOTICE:   not reflect in all cases all the detailed requirements included in national legislation on 

i the subject. The user should verify compliance of the cards with the relevant 
legislation inlhe country of use. The only modifications made to produce the U.S. 

i version is inclusion of the OSHA PELs, NIOSH RELs and IDLH values. 
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International Chemical Safety Cards 

1,4-DICHLOROBENZENE ICSC: 0037 

National institute for 
Occupational Safety and Heatth 

1,4-DICHLOROBENZENE 
para-Dichlorobenzene 

PDCB 
C6H4C12 

Molecular mass: 147 
I CAS # 106-46-7 
IRTECS#CZ4550OO0 
IICSC#0037 
•:UN#2811 
!EC# 602-035-00-2 

TYPES OF 
HAZARD/ 

EXPOSURE 

ACUTE HAZARDS/ 
SYMPTOMS PREVENTION FIRST AH)/ 

FH*E FIGHTING 

iJgPliiPt^ .Combustible. Gives off 
IrS^feiEIRE^^^^^ i irritating or toxic fumes (or 
?^^W31W£SlSM leases) in a fire. 

|NO open flames. NO contact with-jPowder, water spray, foam, 
istrong oxidants. icarbon dioxide. 

Wv^B^^i$^^^^S^ lAbove 66°C explosive 
.^EXPLOSIONj^fe i vapour/air mixtures may be 

±s^m0*mlk Iformed. 

lAbove 66°C use a closed system, jln case of fire: keep drums, 
ventilation, and explosion-proof    [etc., cool by spraying with 
ielectrical equipment. jwater. 

EXP^SCT^^ 
IPREVENT DISPERSION OF 
1DUST! STRICT HYGIENE! 

ITJI:-&ü£&^$&8%~&&& iBurning sensation. Cough. 
-.-.--^aia.-i.^^^^ [Drowsiness. Headache. 

^j.^5^^^^^ |Nausea. Shortness of breath. 
'M^'SllilSiillälBilf! Vomiting. 

■!--'t'-'--'^';_^iVfcji 

{Ventilation, local exhaust, or 
ibreathing protection. 

IFresh air, rest. Refer for 
medical attention. 

I Redness. (Protective gloves. Remove contaminated 
clothes. Rinse and then wash 
skin with water and soap. 
Refer for medical attention. 

Pain. IFace shield. First rinse with plenty of 
water for several minutes 
(remove contact lenses if 
easily possible), then take to a 
doctor. 

Burning sensation. 
Convulsions. Diarrhoea 
(further see Inhalation). 

IDo not eat, drink, or smoke jGive plenty of water to drink, 
iduring work. Wash hands before   JRefer for medical attention. 
Ieating. 
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International Chemical Safety Cards (WHO/1PCS/1LO) nup-/'w*w.cü...i:ownio:>ii'i|x»nciifcjiii 

NOTES 

I Depending on the degree of exposure, periodic medical examination is indicated. Dichloricide, Paracid. Parazene. Paramoth. 
iParadow, and Santochlor are trade names. 

Transport Emergency Card: TEC (R)-61G12c' 
! NFPA Code: H 2; F 2: R 0; 

ADDITIONAL INFORMATION 

ICSC: 0037 1,4-DICHLOROBENZENE 
eiPCS.CEC. 1993 

!Neither NIOSH, the CEC or the IPCS nor any person acting on behalf of NIOSH. the 
i iCEC or the IPCS is responsible for the use which might be made of this information. 

This card contains the collective views of the TPCS Peer Review Committee and may 
i IMPORTANT LEGAL NOTICE:   not reflect in all cases all the detailed requirements included in national legislation on 

; the subject. The user should verify compliance of the cards with the relevant 
! legislation in the country of use. The only modifications made to produce the U.S. 

! : version is inclusion of the OSHA PELs, NIOSH RELs and IDLH values. 
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Intemaüonal Chemical Safety Cards (WHO/1PCS/ILO) nup^/wwv. xac.gov/nioiny ipcsneno acu^^, _. 

International Chemical Safety Cards 

2,6-DINITROTOLUENE ICSC: 0728 

iCAS# 606-20-2 
IRTECS# XT 1925000 
IICSC#0728 
|UN#2038 
EC # 609-007-00-9 

2,6-DINITROTOLUENE 
—1 -Methyl-2,6-dinitrobenzene 

2,6-DNT 
C7H6N204 / C6H3CH3(N02)2 

Molecular mass: 182.1 

J National institute for 
JOcuipttionit SafetyandHealth 

TYPES OF 
HAZARD/ 

EXPOSURE 

ACUTEHAZARDS/ 
SYMPTOMS 

--^^£3||gg?|Combustible. Gives off 
--FIREV^2&§. iirritating or toxic fumes (or 
::^;:i:::l^|T^£;::|gases) in a fire. 

PREVENTION 
FIRST AID/ _ 

FIRE FIGHTING 

NO open flames. IPowder, water spray, foam, 
carbon dioxide. 

EXPLOSIONS ■%LS\ 

IFinely dispersed particles form 
lexplosive mixtures in air. 

3ESf 

Prevent deposition of dust; 
closed system, dust 
explosion-proof electrical 
equipment and lighting. 

!In case of fire: keep drums, 
ietc, cool by spraying with 
! water. Combat fire from a 
sheltered position. 

 i  ii       J •  Tnnrxrr 

INHAIäöNI^Ö 

•:r EXPOSURE« 

Blue lips or finger nails. Blue 
skin. Headache. Dizziness. 
Nausea. Confusion. 
Convulsions. Unconsciousness. 

[SKIN 

MAY BE ABSORBED! (see 
Inhalation). 

■EYES'^gr 

x£M& 

[INGESTION 

(See Inhalation). 

PREVENT DISPERSION OF 
DUST! STRICT HYGIENE! 
AVOID ALL CONTACT! 

Local exhaust or breathing 
protection. 

Fresh air, rest. Artificial 
respiration if indicated. Refer 
for medical attention. 

Protective gloves. Protective 
clothing. 

IRemove contaminated 
clothes. Rinse and then wash 
iskin with water and soap. 
i Refer for medical attention. 

Face shield. jFirst rinse with plenty of 
{water for several minutes 
! (remove contact lenses if 
ieasily possible), then take to a 
Idoctor. 

Do not eat, drink, or smoke iRinse mouth. Induce 
during work. Wash hands before  i vomiting (ONLY IN 
eating. ICONSCIOUS PERSONS!). 

IRefer for medical attention. 
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International Chemical Safety Carts (WHO/1PCS/U.O) mip^^.oi^owmoMiap^enc.ucu^.- 

i use oi aicononc oeverages ennances ine narauui eneci. uepenamg on tne aegree 01 exposure, penoatc meaicai examination 
iis indicated. Specific treatment is necessary in case of poisoning with this substance; the appropriate means with instructions 
I must be available. Also consult ICSC # 0465 on the isomer mixture. 

Transport Emergency Card: TEC (R)-6IG12b 
NFPACode:H3:Fl:R3j 

ADDITIONAL INFORMATION 

ICSC: 0728 - 2,6-DINITROTOLUENE 
©IPCS.CEC. 1993 

! Neither NIOSH, the CEC or the IPCS nor any person acting on behalf of NIOSH. the 
! CEC or the IPCS is responsible for the use whichmight be made of this information. 

|    . i This card contains the collective views of the IPCS Peer Review Committee and may 
I IMPORTANT LEGAL NOTICE: inot reflect in all cases all the detailed requirements included in national legislation on 

sthe subject. The user should verify compliance of the cards with the relevant 
legislation in the country of use. The only modifications made to produce the U.S. 

: version is inclusion of the OSHA PELs. NIOSH RELs and IDLH values. 
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di-sec-octyl phthalate 
tuip :/< v. w v..cnemiinuer.com/cgi-* in,- 

CwiilmVhuWl     ChwnEmfcr.Cnr.     Chm Store.Con*    Ch«ntN»w».C«<n     ChamC/ufc.Cow» 

OiwtiOuofg.Com    ChwtUCX.Cem        SfSw .Com ChrnnSdL Com 

di-sec-octyl phthalate 
<I1003752> 

[117-81-7] 

Synonyms: DEHP; DOP; bis(2-Ethylhexyl) phthalate; Dioctyl Phthalate; 1.2-Benzenedicarboxylic acid 
bis(2-ethylhexyl) ester; Octoü; Ethyl hexyl phthalate; 2-Ethylhexyl phthalate: bis-(2-ethylhexyl) 
1,2-benzenedicarboxylate; octyl phthalate; phthalic acid dioctyl ester; BEHP; bisoflex 81; bisoflex dop; 
compound 889; DAF 68; ergoplast fdo; eviplast 80; eviplast 81; fleximel; flexol dop: flexol plasticizer 
dop; good-rite gp 264; hatcol dop; hercoflex 260; kodaflex dop; mollan o; nuoplaz dop; palatinol ah; 
Pittsburgh px-138; platinol ah; platinol dop; re plasticizer dop; reomol dop; reomol d 79p; sicol 150: 
staflex dop; truflex dop; vestinol ah; vinicizer 80; witcizer 312; Benzenedicarboxylic acid, 
bis(2-ethylhexyl) ester; Union carbide flexol 380; bis (2-Etheylexyl) Phthalate 

C24H38°4 
390.56 

This picture is a 
live chemical imaee 

k^ 

cr    ^^ 

\           ° c 
The ChemDraw Pluein \   ^°       ^ 

lets you search by drawing 
structures in yöür" web browser. 

Have vou downloaded 

it yet? 

ACX Number 

Melting Point CO 

Boifina Point CO 

Evaporation Rate 

Flash Point CO 

DOT Number 

Comments         

Add Property 

11003752    E^m^^- 117-81-7 

-50 B2S^^B3a^ 0.9732 
386.9     unsssssssM^ 

WmmmnmZ*^ Slightly soluble. 0.000034 g/100 mL 
199 EZ329ML^ K048; K049; K051; K086; U028 

QlgaM^^ TI0350000 
colorless, oily liquid with almost no odor. 

Cbemlnfo Searching is taster and more powrfcii. Click Here« 

More information about this compound is available from 

Add Link 

1 of4 11/5/1999 10: 



EW JERSEY 
^DEPARTMENT 

HEALTH 

SENIOR SERVICES 

New Jersey Department of Health and Senior Services 

HAZARDOUS SUBSTANCE 
FACT SHEET 

Common Name: 

CAS Number: 
DOT Number: 

BIS (2-ETHYLHEXYL) 
PHTHALATE 

117-81-7 
None 

HAZARD SUMMARY 
* Bis (2-Ethylhexyl) Phthalate can affect you when breathed 

in. 
* Bis (2-Ethylhexyl) Phthalate should be handled as a 

CARCINOGEN and a TERATOGEN-WITH EXTREME 
CAUTION. 

* It may damage the testes (male reproductive glands). 
* Breathing Bis (2-Ethylhexyl) Phthalate can irritate the 

eyes, nose and throat. 
* Repeated exposures may affect the liver. 

IDENTIFICATION 
Bis (2-Ethylhexyl) Phthalate is a light-colored liquid. It is used 
as a plasticizer for resins, in pesticides, and as a solvent for ink. 

REASON FOR CITATION 
* Bis (2-Ethylhexyl) Phthalate is on the Hazardous 

Substance List because it is regulated by OSHA and cited by 
ACGIH. DEP. NFPA. DOT, NIOSH, HHAG. IARC and 
EPA. 

* This chemical is on the Special Health Hazard Substance 
List because it is a CARCINOGEN arid" a TERATOGEN. 

. *    Definitions are provided on page 5. 

HOW TO DETERMINE IF YOU ARE BEING 
EXPOSED 
The New Jersey Right to Know Act requires most employers to 
label chemicals in the workplace and requires public employers 
to provide their employees with information and training 
concerning chemical hazards and controls. Tne federal OSHA 
Hazard Communication Standard, 1910.1200, requires private 
employers to provide similar training and information to their 
employees. 

* Exposure to hazardous substances should be routinely 
evaluated. This may include collecting personal and area air 
samples. You can obtain copies of sampling results from 
your employer. You have a legal right to this information 
under OSHA 1910.20. 

* If you think you are experiencing any work-related health, 
problems, see a doctor trained to recognize occupational 
diseases. Take this Fact Sheet with you. 

RTK Substance number 0238 
Date: August 1992 Revision: July 1998 

WORKPLACE EXPOSURE LIMITS 
OSHA:       The   legal   airborne   permissible   exposure   limit 

(PEL)  is  5 
workshift. 

mg/m3  averaged  over  an  8-hour 

NIOSH: The recommended airborne exposure limit is 
5 mg/m3 averaged over a 10-hour workshift and 
10 mg/m3 not to be exceeded during any 15 minute 
work period. 

The   recommended   airborne   exposure- limit   is 
5 mg/m3 averaged over an 8-hour workshift. 

ACGIH: 

* Bis (2-Ethylhexyl) Phthalate may be a CARCINOGE? 
a TERATOGEN in humans. There may be rj2 safe level of 
exposure to a carcinogen or teratogen, so all contact should 
be reduced to the lowest possible level. 

WAYS OF REDUCING EXPOSURE 
* Enclose operations and use local exhaust ventilation at the 

-  site of chemical release.    If local exhaust ventilation or 
enclosure is not used, respirators shi uld be worn. 

* Wear protective work clothing. 
* Wash thoroughly immediately after exposure to 

Bis (2-Ethylhexyl) Phthalate and at the end of the 
workshift.  . 

* Post hazard and warning information in the work area. In 
addition, as part of an ongoing education and training effort, 
communicate all information on the health and safety 
hazards of Bis (2-Ethylhexyl) Phthalate to potentially 
exposed workers. 
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• 

PERSONAL PROTECTIVE EQUIPMENT 

WORKPLACE CONTROLS ARE BETTER THAN 
PERSONAL PROTECTIVE EQUIPMENT. However, for 
some jobs (such as outside work, confined space entry, jobs 
done only once in a while, or jobs done while workplace 
controls are being installed), personal protective equipment may 
be appropriate. 

OSHA 1910.132 requires employers to determine the 
appropriate personal protective equipment for each hazard and 
to train employees on how and when to use protective 
equipment. 

The following recommendations are only guidelines and may 
not apply to every situation. 

Clothing 
* Avoid skin contact with Bis (2-Ethylhexyl) Phthalate. 

Wear protective gloves and clothing. Safety equipment 
suppliers/manufacturers can provide recommendations on 
the most protective glove/clothing material for your 
operation. 

* All protective clothing (suits, gloves, footwear, headgear) 
should be clean, available each day, and put on before work. 

* Safety equipment manufacturers recommend Butyl Rubber 
and Viton as protective materials. 

Eye Protection 
* Wear splash-proof chemical goggles and face shield when 

working with liquid, unless full facepiece respiratory 
protection is worn. 

Respiratory Protection 
IMPROPER USE OF RESPIRATORS IS DANGEROUS. 
Such equipment should only be used if the employer has a 
written program that takes into account workplace conditions, 
requirements for worker training, respirator fit testing and 
medical exams, as described in OSHA 1910.134. 

* For field applications check with your supervisor and your 
safety equipment supplier regarding the appropriate 
respiratory equipment. 

* Where the potential exists for exposure over 5 mg/m3, use a 
MSHA/NIOSH approved supplied-air respirator with a full 
facepiece operated in a pressure-demand or other positive- 
pressure mode. For increased protection use in combination 
with an auxiliary self-contained breathing apparatus 
operated in a pressure-demand or other positive-pressure 
mode. 

* Exposure to 5000 mg/m3 is immediately dangerous to life 
and health. If the possibility of exposure above 
5000 mg/m3 exists, use a MSHA/NIOSH approved self- 
contained breathing apparatus with a full facepiece operated 
in a pressure-demand or other positive-pressure mode. 

HANDLING AND STORAGE 

* Prior to working with Bis (2-Ethylhexyl) Phthalate you 
should be trained on its proper handling and storage. 

* Bis (2-Ethylhexyl) Phthalate is not compatible with 
OXIDIZING MATERIALS (such as PERMANGANATES. 
NITRATES, PEROXIDES. CHLORATES and 
PERCHLORATES); STRONG ACIDS (such as 
HYDROCHLORIC, SULFURIC and NITRIC); and 
ALKALIES (such as SODRJM HYDROXIDE). 

* Storeln tightly closed containers in a cool, well-ventilated 
area away from HEAT. 

* Sources of ignition,_such as smoking and open flames, are 
prohibited where Bis (2-Ethylhexyl) Phthalate is used, 
handled, or stored in a manner that could create a potential 
fire or explosion hazard. 

QUESTIONS AND ANSWERS 

Q:    If I have acute health effects, will I later get chronic health 
effects? 

A:    Not always.  Most chronic (long-term) effects result from 
repeated exposures to a chemical. 

Q: 

Q: 

Can I get long-term effects without ever having short-term 
effects? 
Yes, because long-term effects can occur from repeated 
exposures to a chemical at levels not high enough to make 
you immediately sick. 

What are my chances of getting sick when I have been 
exposed to chemicals? 

A: The likelihood of becoming sick from chemicals is 
increased as the .amount of exposure increases. This is 
determined by the length of time and the amount of 
material to which someone is exposed. 

Q:    When are higher exposures more likely? 
A: Conditions which increase risk of exposure include 

physical and mechanical processes (heating, pouring, 
spraying, spills and evaporation from large surface areas 
such as open containers), and "confined space" exposures 
(working inside vats, reactors, boilers, small rooms, etc.). 

Q: Is the risk of getting sick higher for workers than for 
community residents? 

A: Yes. Exposures in the community, except possibly in 
cases of fires or spills, are usually much lower than those 
found in the workplace. However, people in the 
community may be exposed to contaminated water as well 
as to chemicals in the air over long periods. Because of 
this, and because of exposure of children or people who 
are already ill, community exposures may cause health 
problems. 
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DEFINITIONS 

ACGIH is the American Conference of Governmental Industrial 
Hygienists. It recommends upper limits (called TLVs) for 
exposure to workplace chemicals. 

A carcinogen is a substance that causes cancer. 

The CAS number is assigned by the Chemical Abstracts Service 
to identify a specific chemical. 

A combustible substance is a solid, liquid or gas that will bum. 

A corrosive substance is a gas, liquid or solid that causes 
irreversible damage to human tissue or containers. 

DEP is the New Jersey Department of Environmental Protection. 

DOT is the Department of Transportation, the federal agency 
that regulates the transportation of chemicals. 

EPA is the Environmental Protection Agency, the federal agency 
responsible for regulating environmental hazards. 

A fetus is an unborn human or animal. 

A flammable substance is a solid, liquid, vapor or gas that will 
ignite easily and bum rapidly. 

The flash point is the temperature at which a liquid or solid 
gives off vapor that can form a flammable mixture with air. 

HHAG is the Human Health Assessment Group of the federal 
EPA. 

IARC is the International Agency for Research on Cancer, a 
scientific group that classifies chemicals according to their 
cancer-causing potential. 

A miscible substance is a liquid or gas that will evenly dissolve 
in another. 

mg/m^ means milligrams of a chemical in a cubic meter of air. 
It is a measure of concentration (weight/volume). 

MSHA is the Mine Safety and Health Administration, the federal 
agency that regulates mining. It also evaluates and approves 
respirators. 

A mutagen is a substance that causes mutations. A mutati 
change in the genetic material in a body cell. Mutations cd 
to birth defects, miscarriages, or cancer. 

• 

NAERG is the North American Emergency Response 
Guidebook. It was jointly developed by Transport Canada, the 
United States Department of Transportation and the Secretariat 
of Communications and Transportation of Mexico. It is a guide 
for first responders to quickly identify the specific or generic 
hazards of material involved in a transportation incident, and to 
protect themselves and the general public during the initial 
response phase of the incident. 

NCI is the National Cancer Institute, a federal agency that 
determines the cancer-causing potential of chemicals. 

NFPA is the National Fire Protection Association. It classifies 
substances according to their fire and explosion hazard. 

NIOSH is the National Institute for Occupational Safety and 
Health. It tests equipment, evaluates and approves respirators, 
conducts studies of workplace hazards, and proposes standards 
to OSHA. 

NTP is the National Toxicology Program which tests chemicals 
and reviews evidence for cancer. 

OSHA is the Occupational Safety and Health AdminisflBi, 
which adopts and enforces health and safety standards. 

PEOSHA is the Public Employees Occupational Safety and 
Health Act, a state law which sets PELs for New Jersey public 
employees. 

ppm means parts of a substance per million parts of air.. It is a 
measure of concentration by volume in air. 

A reactive substance is a solid, liquid or gas that releases energy 
under certain conditions. 

A teratogen is a substance that causes birth defects by damaging 
the fetus. 

TLV is the Threshold Limit Value, the workplace exposure limit 
recommended by ACGIH. 

The vapor pressure is a measure of how readily a liquid or a 
solid mixes with air at its surface. A higher vapor pressure 
indicates a higher concentration of the substance in air and 
therefore increases the likelihood of breathing it in. 
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Naphthalene 
<I1001294> 

Synonyms: Naphthene; Camphor tar; white tar, Mothballs; Moth Flakes; tar camphor; mighty 

mighty rdl 
C10H8 

[91-20-3] 

150; 

128.17 
This picture is a 

live chemical image 

Slow search times got you down? 
Tr> Chemlnfo Ltd Web Edition 

and speed up your chemical searching. 

ACX Number 

Melting Point (°C) 

Boiling Point CO . 

Evaporation Rate 

Flash Point TO 

DOT Number 

Comments 

Add Property 

11001294 

80.6 

218 

78 

CAS RN 

Specific Gravity 

Vapor Density 

Water Solubility 

IEPA Code 

RTECS 

91-20-3 

0.997 

4.42 

Slightly soluble. 0.0031 g/100 mL 

K001; K048; K049; K052; K060;- 
U051;U165 

QJ0525000 UN 1334 0RM-A;UN 
2304 

Colorless to brown solid with an odor of mothballs. HYGROSCOPIC. 

Chomlnfo Searching Is faster and more powerful, dick Here 

More information about this compound is available from 

Add Link 

8(e) TRIAGE Chemical Studies Database 
82 structural descriptors for NTP compounds 
ABCR GmbH&Co KG 

Naphthalene. 98% 
Air Pollution Exposure Distributions of Adult Urban Populations in Europe 
ATS PR Internet HazDat Site Contaminant Query   _ 

Information about this particular substance 
ATSDR Priority List 

This compound in MDL Molfile format 
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EW JERSEY 
^DEPARTMENT 

of 

HEALTH 
mm* 

SENIOR SERVICES 

New Jersey Department of Health and Senior Services 

HAZARDOUS SUBSTANCE 
FACT SHEET 

Common Name:     NAPHTHALENE 

CAS Number: 
DOT Number: 

91-20-3 
UN 1334 (Crude or Refined) 
UN 2304 (Molten) 

RTK Substance number: 1322 
Date: January 1986_      Revision: March 1998 

HAZARD SUMMARY 
* Naphthalene can affect you when breathed in and by 

passing through your skin. 
* Exposure to Napthalene can irritate the skin, eyes, nose 

and throat. 
* Very high levels can cause headache, fatigue, confusion, 

nausea and vomiting. 
* Repeated exposure can cause clouding of the eye lens 

(cataract), which may damage vision. 
* Napthalene may cause a skin allergy. If allergy develops, 

very low future exposures can cause itching and_a skin 
rash. 

* Napthalene may damage the kidneys, liver and the red 
blood cells. 

IDENTIFICATION 
Naphthalene is a white crystalline flake or solid which is 
shipped as a molten (melted) solid with a strong odor like 
mothballs. It is used in making dyes, explosives, plastics, 
lubricants and as a moth repellent. 

REASON FOR CITATION 
* Naphthalene is on the Hazardous Substance List because 

ii is regulated by OSHA and cited by ACGIH. NIOSH. 
DOT. DEP. HHAG. NFPA and EPA. 

* Definitions are provided on page 5. 

HOW TO DETERMINE IF YOU ARE BEING 
EXPOSED 
The New Jersey Right to Know Act requires most employers 
to label chemicals in the workplace and requires public 
employers to provide their employees with information and 
training concerning chemical hazards and controls. The 
federal OSHA Hazard Communication Standard. 1910.1200, 
requires private employers to provide similar training and 
information to their employees. 

* Exposure to hazardous substances should be routinely 
evaluated. This may include collecting air samples. 
Under OSHA 1910.20, you have a legal right to obtain 
copies of sampling results from your employer. 

* If you think you are experiencing any work-related health 
problems, see a doctor trained to recognize occupational 
diseases. Take this Fact Sheet with you. 

* ODOR THRESHOLD = 0.038 ppm. 
* The range of accepted odor threshold values is quite broad. 

Caution should be used in relying on odor alone as a 
warning of potentially hazardous exposures. 

WORKPLACE EXPOSURE LIMITS 
OSHA: The legal airborne permissible exposure limit 

(PEL) is 10 ppm averaged over an 8-hour work- 
shift. 

NIOSH: The recommended airborne exposure limits 
10 ppm (nig/in^) averaged over a lfll 
workshift and 15 ppm {mglmh. not to^rc 
exceeded during any 15 minute work period. 

ACGIH: The recommended airborne exposure limit is 
10 ppm averaged over an 8-hour workshift and 
15 ppm as a STEL (short term exposure limit). 

* The above exposure limits are for air levels only. When 
skin contact also occurs, you may be overexposed, even 
though air levels are less than the limits listed above. 

WAYS OF REDUCING EXPOSURE 
* Where possible, enclose operations and use local exhaust 

ventilation at the site of chemical release. If local exhaust 
ventilation or enclosure is not used, respirators should be 
worn. 

* Wear protective work clothing. 
* Wash thoroughly immediately after exposure to 

Naphthalene and at the end of the workshift. 
* Post hazard and warning information in the work area. In 

addition, as part of an ongoing education and training 
effort, communicate all information on the health and 
safety hazards of Naphthalene to potentially exposed 
workers. 
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* Do not take contaminated work clothes home. Family 
members could be exposed. 

* Contaminated work clothes should be laundered by 
individuals who have been informed of the hazards of 
exposure to Naphthalene. 

* Eye wash fountains should be provided in the immediate 
work area for emergency use. 

* If there is the possibility of skin exposure, emergency 
shower facilities should be provided. 

* On skin contact with Naphthalene^ immediately wash, or 
shower to remove the chemical. At the end of the 
workshift, wash any areas of the body that may have 
contacted Naphthalene, whether or not known skin contact 
has occurred. 

* Do not eat, smoke, or drink where Naphthalene is handled, 
processed, or stored, since the chemical can be swallowed. 
Wash hands carefully before eating or smoking. 

* Use a vacuum or a wet method to reduce dust during clean- 
up. DO NOT DRY SWEEP. 

PERSONAL PROTECTIVE EQUIPMENT 

WORKPLACE CONTROLS ARE BETTER THAN 
PERSONAL PROTECTIVE EQUIPMENT. However, for 
some jobs (such as outside work, confined space entry, jobs 
done only once in a while, or jobs done while workplace 
controls are being installed), personal protective equipment 
may be appropriate. 

OSHA 1910.132 requires employers to determine the 
appropriate personal protective equipment for each hazard and 
to train employees on how and when to use protective 
equipment. 

The following recommendations are only guidelines and may 
not apply to every situation. 

Clothing 
* Avoid skin contact with Naphthalene. Wear protective 

gloves and clothing. Safety equipment suppliers/ 
manufacturers can provide recommendations on the most 
protective glove/clothing material for your operation. 

* All protective clothing (suits, gloves, footwear, headgear) 
should be clean, available each day, and put on before 
work. 

Eye Protection 
* Wear dust-proof goggles and face shield when working 

with powders or dust, unless full facepiece respiratory 
protection is worn. 

* Wear splash-proof goggles and face shield, when working 
with molten Naphthalene unless full facepiece respiratory 
protection is worn. 

Respiratory Protection 
IMPROPER USE OF RESPIRATORS IS DANGEROUS. 
Such equipment should only be used if the employer has a 
written program that takes into account workplace conditions. 
requirements for worker training, respirator fit testing and 
medical exams, as described in OSHA 1910.134. 

* Where the potential exists for exposure over 10 ppm. use a 
MSHA/NIOSH approved full facepiece respirator with an 
organic vapor cartridge/canister and a dust prefilter. 
Increased protection is obtained from full facepiece 
powered air purifying respirators. 

* If while wearing a filter, cartridge or canister respirator, you 
can smell, taste, or otherwise detect Naphthalene, or in the 
case of a full facepiece respirator you experience eye 
irritation, leave the area immediately. Check to make sure 
the respirator-to-face seal is still good. If it is. replace the 
filter, cartridge, or canister. If the seal is no longer good, 
you may need a new respirator. 

* Be sure to consider all potential exposures in your 
workplace. You may need a combination of filters, 
prefilters, cartridges, or canisters to protect against different 
forms of a chemical (such as vapor and mist) or against a 
mixture of chemicals. 

* Where the potential for high exposures exists, use a 
MSHA/NIOSH approved supplied-air respirator with a full 
 facepiece operated in a pressure-demand or other positive- 

pressure mode. For increased protection use in 
combination with an auxiliary self-contained breathing 
apparatus operated in a pressure-demand or other positive- 
pressure mode. 

* Exposure to 250 ppm is immediately dangerous to life and 
health. If the possibility of exposure above 250 ppm 
exists, use a MSHA/NIOSH approved self-contained 
breathing apparatus with a full facepiece operated in 
continuous flow or other positive pressure mode. 

HANDLING AND STORAGE 

* Prior to working with Naphthalene you should be trained 
on its proper handling and storage. 

* Naphthalene must be stored to avoid contact with 
CHROMIUM (HI) OXIDE, DINITROGEN PENTOXIDE, 
CHROMIC ANHYDRIDE and STRONG OXIDIZERS 
(such as CHLORINE, BROMINE and FLUORINE) since 
violent reactions occur. 

* Store in tightly closed containers in a cool, well-ventilated 
area. 

* Sources of ignition such as smoking and open flames are 
prohibited where Naphthalene is used, handled, or stored 
in a manner that could create a potential fire or explosion 
hazard. 
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DEFINITIONS   _ 

ACGIH is the American Conference of Governmental 
Industrial Hygienists. It recommends upper limits (called 
TLVs) for exposure to workplace chemicals. 

A carcinogen is a-substance that causes cancer. 

The CAS number is assigned by the Chemical Abstracts 
Service to identify a specific chemical. 

A combustible substance is a solid, liquid or gas4hat will bum. 

A corrosive substance is a gas, liquid or solid that causes 
irreversible damage to human tissue or containers. 

DEP is the New Jersey Department of Environmental 
Protection. 

DOT is the Department of Transportation, the federal agency 
that regulates the transportation of chemicals. 

EPA is the Environmental Protection Agency, the federal 
agency responsible for regulating environmental hazards. 

A fetus is an unbom human or animal. 

A flammable substance is a solid, liquid, vapor or gas that will 
ignite easily and burn rapidly. 

The flash point is the temperature at which a liquid or solid 
gives off vapor that can form a flammable mixture with air. 

HHAG is the Human Health Assessment Group of the federal 
EPA. 

IARC is the International Agency for Research on Cancer, a 
scientific group that classifies chemicals according to their 
cancer-causing potential.   

A miscible substance is a liquid or gas that will evenly dissolve 
in another. 

mg/m3 means milligrams of a chemical in a cubic meter of air. 
It is a measure of concentration (weight/volume). 

MSHA is the Mine Safety and Health Administration, the 
federal agency that regulates mining. It also evaluates and 
approves respirators. 

A mutagen is a substance that causes mutations. A mutatioj 
a change in the genetic material in a body cell. Mutations^ 
lead to birth defects, miscarriages, or cancer. 

NAERG is the North American Emergency Response 
Guidebook. It was jointly developed by Transport Canada, the 
United States Department of Transportation and the Secretariat 
of Communications and Transportation of Mexico. It is a guide 
for first responders to quickly identify the specific or generic 
hazards of material involved in a transportation incident, and to 
protect themselves and the general public during the initial 
response phase of the incident. 

NCI is the National Cancer Institute, a federal agency that 
determines the cancer-causing potential of chemicals. 

NFPA is the National Fire Protection Association. It classifies 
substances according to their fire and explosion hazard. 

NIOSH is the National Institute for Occupational Safety and 
Health. It tests equipment, evaluates and approves respirators, 
conducts studies of workplace hazards, and proposes standards 
to OSHA. 

NTP is the National Toxicology Program which tests 
chemicals and reviews evidence for cancer. 

OSHA is the Occupational Safety and Health Administraflft 
which adopts and enforces health and safety standards.      ^^ 

PEOSHA is the Public Employees Occupational Safety and 
Health Act. a state law which sets PELs for New Jersey public 
employees. 

ppm means parts of a substance per million parts of air. It is a 
measure of concentration by volume in air. 

A reactive substance is a solid, liquid or gas that releases 
energy under certain conditions. 

A teratogen is a substance that causes birth defects by 
damaging the fetus. 

TLV is the Threshold Limit Value, the workplace exposure 
limit recommended by ACGIH. 

The vapor pressure is a measure of how readily a liquid or a 
solid mixes with air at its surface. A higher vapor pressure 
indicates a higher concentration of the substance in air and 
therefore increases the likelihood of breathing it in. 
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N-Nitrosodiphenylamine 
<I1003238> 

[86-30-6] 

Synonyms: N-Nitroso-N-Phenylaniline; Diphenylnitrosamine; Redax; N-nitroso-N-phenylbenzenamine; 
Nitrosodiphenylamine; vulcatard; nitrous diphenylamide; N,N-diphenylnitrosamine; curetard a; delac j: 
naugard tjb; NDPHA; retardery, TJB; vulcalent a; vulcatard a; vultrol; diphenyl-N-nitrosoamine 

C12H10N2O 

198.22 

This picture is a 
live chemical image 

Slow search times got you down? 
Try Chemlnfo Ltd. Weh Edition 

and speed up your chemical searching. 

ACX Number 

Melting Point ( C) 

Boiling Point CO 

Evaporation Rate 

Flash Point <°C 

DOT Number 

Comments  

Add Property 

11003238 CASRN ►            86-30-6 

66.5 Specific Gravity ►            1.23 

268 Vapor Density ► 
  Water Solubility ►            Insoluble. 0.0035 g/100 mL 

— EPA Code ►            K022 

— RTECS ►            JJ9800000 

Yellow to bro wn or orange po\ vder or flakes 

Chemlnfo Searching It fester and man» powerful, aide Here. 

More information about this compound is available from 

Add Link 

8(e) TRIAGE Chemical Studies Database 
ATS PR Internet HazDat Site Contaminant Query 

Information about this particular substance 
ATS PR Priority List 

This compound in MPL Molfile format 
ATSPR ToxFAOs 

Information about this particular substance 
Available Chemicals Exchange -  — 
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Common Name: n-Nitrosodiphenylamine 
CAS Number: 86-30-6 > 
DOT Number: None 
Date: May, 1989 

HAZARD SUMMARY . 
* n-Nitrosodiphenylamine can affect you when breathed in and by 

passing through-your skin. 
n-Nitrosodiphenylamine should be handled as a CARCINOGEN WITH 
EXTREME CAUTION. 

* High or repeated exposure to closely related chemicals (other 
nitrosamines) can cause liver damage. It is not known whether 
n-Nitrosodiphenylamine has this effect. 

* Long term effects have not been adequately studied. 

IDENTIFICATION 
n-Nitrosodiphenylamine is a yellow to green powder or crystalline 
material. It is used as a chemical intermediate in the manufacture 
of p Nitrosodiphenylamine and as a rubber processing chemical. 

REASON FOR CITATION 
* n-Nitrosodiphenylamine is on the Hazardous Substance List 

because it is cited by DEP and EPA. 
* Definitions are attached. 

HOW TO DETERMINE IF YOU ARE BEING EXPOSED 
* Exposure to hazardous substances should be routinely 

evaluated. This may include collecting personal and area air 
samples. You can obtain copies of sampling results from your 
employer. You have a legal right to this information under 
OSHA 1910.20. 

* If you think you are experiencing any work related health 
problems, see a doctor trained to recognize occupational 
diseases. Take this Fact Sheet with you. 

WORKPLACE EXPOSURE LIMITS 
No occupational exposure limits have been established for n- 
Nitrosodiphenylamine.  This does not mean that this substance is 
not harmful. Safe work practices should always be followed. 

It should be recognized that n-Nitrosodiphenylamine can be absorbed 
through your skin, thereby increasing your expo sure. 

WAYS OF REDUCING EXPOSURE 
* Where possible, enclose operations and use local exhaust 

ventilation at the site of chemical release. If local exhaust 
ventilation or enclosure is not used, respirators should be 
worn. 

* Wear protective work clothing. 
* Wash thoroughly immediately after exposure to n- 

Nitrosodiphenylamine and at the end of the workshift. 
* Post hazard and warning information in the work area. In 

addition, as part of an ongoing education and training effort, 
communicate all information on the health and safety hazards 
of n-Nitrosodiphenylamine to potentially exposed workers. 

This Fact Sheet is a summary source of information of all potential 
and most severe health hazards that may result from exposure. 
Duration of exposure, concentration of the substance and other 
factors will affect your susceptibility to any of the potential 
effects described below. 

HEALTH HAZARD INFORMATION 
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release. Isolating operations can also reduce exposure. Using 
respirators or protective equipment is less effective than the 
controls mentioned above, but is sometimes necessary. 

In evaluating the controls present in your workplace, consider: (1) 
how hazardous the substance is, (2) how much of the substance is 
released into the workplace and (3) whether harmful skin or eye 
contact could occur. Special controls should be in place" for highly 
toxic chemicals or when significant skin, eye, or breathing 
exposures are possible. 

In addition, the following control is recommended: 

* Where possible,  automatically transfer n- 
Nitrosodiphenylamine from-drums or other storage containers to 
process containers. 

Good WORK PRACTICES can help to reduce hazardous exposures. The 
following work practices are recommended: 

* Workers whose clothing has been contaminated by n- 
Nitrosodiphenylamine should change into clean clothing 
promptly. 
Contaminated work clothes should be laundered by individuals 
who have been informed of the hazards of exposure to n- 
Nitrosodiphenylamine. 

* On skin contact with n-Nitrosodiphenylamine, immediately wash 
or shower to remove the chemical. At the end of the workshift, 
wash any areas of the_ body that may have contacted n- 
Nitrosodiphenylamine, whether or not known skin contact has 
occurred. 

* Do not eat, smoke, or drink where n-Nitrosodiphenylamine is 
handled, processed, or stored, since the chemical can be 
swallowed. Wash hands carefully before eating or smoking. 
Use a vacuum or a wet method to reduce dust during clean up. 
DO NOT DRY SWEEP. 

PERSONAL PROTECTIVE EQUIPMENT 

WORKPLACE CONTROLS ARE BETTER THAN PERSONAL PROTECTIVE EQUIPMENT. 
However, for some jobs (such as outside work, confined space entry, 
jobs done only once in a while, or jobs done while workplace 
controls are being installed), personal protective equipment may be 
appropriate. — 

'The following recommendations are only guidelines and may not apply 
to every situation. 

Clothing 
* Avoid skin contact with n-Nitrosodiphenylamine. Wear 

protective gloves and clothing. Safety equipment 
suppliers/manufacturers can provide recommendations on the 
most protective glove/clothing material for your operation. 

* All protective clothing (suits, gloves, footwear, headgear) 
should be clean, available each day, and put on before work. 

Eye Protection 
* Wear dust proof goggles when working with powders or dust, 

unless full face piece respiratory protection is worn. 

Respiratory Protection 
IMPROPER USE OF RESPIRATORS IS DANGEROUS." Such equipment should 
only be used if the employer has a written program that takes into 
account workplace conditions, requirements for worker training, 
respirator fit testing and medical exams, as described in OSHA 
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Nitrosodiphenylamine as a HAZARDOUS WASTE. Contact your state 
Environmental Program for specific recommendations. 

FOR LARGE SPILLS AND FIRES immediately call your fire department. 

HANDLING AND STORAGE 

* Prior to working with n-Nitrosodiphenylamine you should be 
trained on its proper handling and storage. 

* Store in tightly closed containers in a cool, well ventilated 
area. _ 

FIRST AID 

POISON INFORMATION 

Eye Contact 
* Immediately flush with large amounts of water for at least 15 

minutes, occasionally lifting upper and lower lids. 

Skin Contact 
* Quickly remove contaminated clothing. Immediately wash 

contaminated skin with large amounts of soap and water. 

Breathing 
* Remove the person from exposure. 
* Begin rescue breathing if breathing has stopped and CPR if 

heart action has stopped. 
* Transfer promptly to a medical- facility. 

PHYSICAL DATA 

Water Solubility: Insoluble 

OTHER COMMONLY USED NAMES 

Chemical Name: 
Benzenamine, n-Nitroso-n-Phenyl 

Other Names and Formulations: 
Diphenyl; n-Nitrosoamine; NDPA; n-Nitroso-n-Phenylaniline. 

Not intended to be copied and sold for commercial purposes. 

NEW JERSEY DEPARTMENT OF HEALTH 
Right to Know Program 
CN 368, Trenton, NJ 08625 0368 

ECOLOGICAL INFORMATION 

n-Nitrosodiphenylamine is a solid chemical used in the rubber 
industry.  Its primary use is as a staining retarder for natural 
and synthetic rubbers.  It most likely enters the environment from 
industrial discharges and spills. 

ACUTE (SHORT-TERM) ECOLOGICAL EFFECTS 

Acute toxic effects may include the death of animals, birds, or 
fish, and death or low growth rate in plants.  Acute effects are 
seen two to four days after animals or plants come in contact with 
a toxic chemical substance. 
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N-nitrosodipropylamine 
<I1003239> 

[621-64-7] 

Synonyms: N-Nitroso-N-propyl-1-propanamine; Dipropylnitrosamine; DPNA; NDPA; 
Di-n-propylnitrosamine; N-Nitroso di-n-propylamine; Nitrosodipropylämine; N-nitroso-N-dipropylamine; 
nitrous dipropylamide; DPN 

C6H14N20 

130.19 

This picture is a 
live chemical image 

Need lo find lots of 
related structures? Try 

Chemlnfo Lid. Weh Edition 
Subscription rates are just $49 for 

a whole year of searching. 

ACX Number 

Melting Point (*C) 

Boitina Point (°C) 

Evaporation Rate 

Flash Point CO 

DOT Number 

Comments 

Add Property 

11003239 

206 

99 

CAS RN 

Specific Gravity 

Vapor Density 

Water Solubility 

EPA Code 

RTECS 

621-64-7 

Soluble. 0.9894 g/100 mL 

Ulli 

JL9700000 

Ghemlnio Searching isiaitar and more umwriul. CHdk He 

More information about this compound is available from 

Add Link 

• 

ATSDR Internet HazDat Site Contaminant Query 
Information about this particular substance 

ATSDR Priority List 
This compound in MDL Molfile format 

Available Chemicals Exchange 
Information about this particular substance 

Berkeley Carcinogenic Potency Database 
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New Jersey Department of Health and Senior Services 

HAZARDOUS SUBSTANCE FACT SHEET 

Common Name: N-NITROSODI-N- 
PROPYLAMINE 

CAS Number: 
DOT Number: 

621-64-7 
None 

HAZARD SUMMARY 
* N-Nitrosodi-N-Propylamine can affect you when 

breathed in and by passing through your skin. 
* N-Nitrosodi-N-Propvlamine should be handled as a 

CARCINOGEN-WITH EXTREME CAUTION. 

IDENTIFICATION 
N-Nitrosodi-N-Propylamine is a yellow liquid. It is used for 
research purposes. 

REASON FOR CITATION       _ 
* N-Nitrosodi-N-Propylamine is on the Hazardous 

Substance List because it is cited by NTP, DEP, IARC, 
HHAG and EPA. 

* This chemical is on the Special Health Hazard Substance 
List because it is a CARCINOGEN and MUTAGEN. 

* Definitions are provided on page 5. 

HOW TO DETERMINE IF YOU ARE BEING 
EXPOSED 
The New Jersey Right to Know Act requires most employers 
to label chemicals in the workplace and requires public 
employers to provide their employees with information and 
training concerning chemical hazards and controls. The 
federal OSHA Hazard Communication. Standard. 1910.1200, 
requires private employers to provide similar training and 
information to their employees. 

* Exposure to hazardous substances should be routinely 
evaluated. This may include collecting personal and area 
air samples. You can obtain copies of sampling results 
from your employer. You have a legal right to this 
information under OSHA 1910.20. 

* If you think you are experiencing any work-related health 
problems, see a doctor trained to recognize occupational 
diseases. Take this Fact Sheet with you. 

RTK Substance number: 1407 
Date: March 1989 Revision: October 1995 

WORKPLACE EXPOSURE LIMITS 
No occupational exposure limits have been established for N- 
Nitrosodi-N-Propylamine. This does not mean that this 
substance is not harmful. Safe work practices should always 
be followed. 

* N-Nitrosodi-N-Propylamine may be a CARCINOGEN in 
humans. There may be no safe level of exposure to a 
carcinogen, so all contact should be reduced to the lowest 
possible level. 

It should be recognized that N-Nitrosodi-N-Propylamlne can 
be absorbed through your skin, thereby increasing your 
exposure. 

xnarct 
WAYS OF REDUCING EXPOSURE 
* Where possible, enclose operations and use local exna 

ventilation at the site of chemical release. If local exhaust 
ventilation or enclosure is not used, respirators should be 
worn. 

* Wear protective work clothing. 
* Wash thoroughly immediately after exposure to N- 

Nitrosodi-N-Propylamine and at the end of the 
workshift. 

* Post hazard and warning information in the work area. In 
addition, as part of an ongoing education and training 
effort, communicate all information on the health and 
safety hazards of N-Nitrosodi-N-Propylamine to 
potentially exposed workers. 
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* Do not take contaminated work clothes home. Family 
members could be exposed. 

* Contaminated work clothes should be laundered by 
individuals who have been informed of the hazards of 
exposure to N-Nitrosodi-N-Propylamine. 

* On skin contact with N-Nitrosodi-N-Propylamine, 
immediately wash or shower to remove the chemical. At 
the end of the workshift, wash any areas of the body that 
may have contacted N-Nitrosodi-N-Propylamine, whether 
or not known skin contact has occurred. 

* Do not eat, smoke, or drink where N-Nitrosodi-N- 
Propylamine is handled, processed, or stored, since the 
chemical can be swallowed. Wash hands carefully before 
eating or smoking. 

PERSONAL PROTECTIVE EQUIPMENT 

WORKPLACE CONTROLS ARE BETTER THAN 
PERSONAL PROTECTIVE EQUIPMENT. However, for 
some jobs (such as outside work, confined space entry, jobs 
done only once in a while, or jobs done while workplace 
controls are being installed), personal protective equipment 
may be appropriate. 

The following recommendations are only guidelines and may 
not apply to every situation.   

Clothing 
* Avoid   skin  contact   with   N-Nitrosodi-N-Propylamine. 

Wear protective gloves and clothing. Safety equipment 
suppliers/manufacturers can provide recommendations on 
the most protective glove/clothing material for your 
operation. 

* All protective clothing (suits, gloves, footwear, headgear) 
should be clean, available each day, and put on before 
work. 

Eye Protection 
* Eye protection is included in the recommended respiratory 

protection. 

Respiratory Protection 
IMPROPER USE OF RESPIRATORS IS DANGEROUS. 
Such equipment should only be used if the employer has a 
wrinen program that takes into account workplace conditions, 
requirements for worker training, respirator fit testing and 
medical exams, as described in OSHA 1910.134. 

* Engineering controls must be effective to ensure that 
exposure to N-Nitrosodi-N-Propylaminc does not occur. 

* At any exposure level, use a MSHA/NIOSH approved 
supplied-air respirator with a full facepiece operated in the 
positive pressure mode or with a full facepiece. hood, or 
helmet in the continuous flow _ mode, or use a 
MSHA/NIOSH approved self-contained breathing 
apparatus with a full facepiece operated in pressure- 
demand or other positive pressure mode. 

QUESTIONS AND ANSWERS 

Q:    If T have acute health effects, will 1 later get chronic 
health effects? 

A:    Not always. Most chronic (long-term) effects result from 
repeated exposures to a chemical. 

Q: Can I get long-term effects without ever having short- 
term effects? 

A: Yes. because long-term effects can occur from repeated 
exposures to a chemical at levels not high enough to 
make you immediately sick. 

Q:    What are my chances of getting sick when I have been 
exposed to chemicals? 

A:    The  likelihood of becoming sick  from chemicals is 
increased as the amount of exposure increases.   This is 
determined by the length of time and the amount of 
material to which someone is exposed. 

Q:    When are higher exposures more likely? 
A: Conditions which increase risk of exposure include 

physical and mechanical processes (heating, pouring, 
spraying, spills and evaporation from large surface areas 
such as open containers), and "confined space" exposures 
(working inside vats, reactors, boilers, small rooms, etc.). 

Q: Is the risk of getting sick higher for workers than for 
community residents? 

A: Yes. Exposures in the community, except possibly in 
cases of fires or spills, are usually much lower than those 
found in the workplace. However, people in the 
community may be exposed to contaminated water as 
well as to chemicals in the air over long periods. 
Because of this, and because of exposure of children or 
people who are already ill, community exposures may 
cause health problems. 

Q:    Don't all chemicals cause cancer? 
A:    No.   Most chemicals tested by scientists are not cancer- 

causing. 
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DEFINITIONS 

ACGIH is the American Conference of Governmental 
Industrial Hygienists. It recommends upper limits (called 
TLVs) for exposure to workplace chemicals. 

A carcinogen is a substance that causes cancer. 

The CAS number is assigned by the Chemical Abstracts 
Service to identify a specific chemical. 

A combustible substance is a solid, liquid or gas that will 
bum. 

A corrosive substance is a gas, liquid or solid that causes 
irreversible damage to human tissue or containers. 

DEP is the New Jersey Department of Environmental 
Protection. 

DOT is the Department of Transportation, the federal 
agency that regulates the transportation of chemicals. 

EPA is the Environmental Protection Agency, the federal 
agency responsible for regulating environmental hazards. 

A fetus is an unbom human or animal. 

A flammable substance is a solid, liquid, vapor or gas that 
will ignite easily and burn rapidly. 

The flash point is the temperature at which a liquid or solid 
gives off vapor that can form a flammable mixture with air. 

HHAG  is the Human Health Assessment Group of the 
federal EPA. 

IARC is the International Agency for Research on Cancer, a 
scientific group that classifies chemicals according to their 
cancer-causing potential. 

A miscible substance is a liquid or gas that will evenly 
dissolve in another. 

mg/m^ means milligrams of a chemical in a cubic meter of 
air   It is a measure of concentration (weight/volume). 

MSHA is the Mine Safety and Health Administration, the 
federal agency that regulates mining. It also evaluates and 
approves respirators. 

A mutagen is a substance that causes mutations. A mutatittt 
is a change in the genetic material in a body cell. MutatHB 
can lead to birth defects, miscarriages, or cancer. 

NAERG is the North American Emergency Response 
Guidebook. It was jointly developed by Transport Canada, 
the United States Department of Transportation and the 
Secretariat of Communications and Transportation of 
Mexico. It is a guide for first responders to quickly identify 
the specific or generic hazards of material involved in a 
transportation incident, and to protect themselves and the 
general public during the initial response phase of the 
incident. 

NCI is the National Cancer Institute, a federal agency that 
determines the cancer-causing potential of chemicals. 

NFPA is the National Fire Protection Association. It 
classifies substances according to their fire and explosion 
hazard. 

NIOSH is the National Institute for Occupational Safety and 
Health. It tests equipment, evaluates and approves 
respirators, conducts studies of workplace hazards, and 
proposes standards to OSHA. 

NTP  is  the   National   Toxicology   Program  which 
chemicals and reviews evidence for cancer. 

• 

OSHA is the Occupational Safety and Health 
Administration, which adopts and enforces health and safety 
standards. 

PEOSHA is the Public Employees Occupational Safety and 
Health Act, a state law which sets PELs for New Jersey 
public employees. 

ppm means parts of a substance per million parts of air. It is 
a measure of concentration by volume in air. 

A reactive substance is a solid, liquid or gas that releases 
energy under certain conditions. 

A teratogen is a substance that causes birth defects by 
damaging the fetus. 

TLV is the Threshold Limit Value, the workplace exposure 
limit recommended by ACGIH. 

The vapor pressure is a measure of how readily a liquid or a 
solid mixes with air at its surface. A higher vapor pressure 
indicates a higher concentration of the substance in air and 
therefore increases the likelihood of breathing it in. 
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International Chemical Safety Cards 

PENTACHLOROPHENOL ICSC: 0069 

National Institute for 
Occupation*! Safety and Heattn 

PENTACHLOROPHENOL 
C6Q5OH 

Molecular mass: 266.4 
!CAS# 87-86-5 
IRTECS # SM6300000 
!ICSC#0069 
!UN#3155 
iEC# 604-002-00-8 

TYPES OF 
HAZARD/ 

EXPOSURE 

ACUTE HAZARDS/ 
SYMPTOMS 

EXPI^SIONf 

Not combustible. Liquid 
formulations containing organic 
solvents may be flammable. 

■■EXPOSURE^! 
|g|g^^^p |Cough. Dizziness. Drowsiness. 

tTMnAi Ai4rfe^lSlHeadache- Laboured breathing. INHALATIONS^®. Sore throat. 

MAY BE ABSORBED! 
Redness. Blisters (Further see 
Inhalation). 

Redness. Pain. 

Abdominal cramps. Diarrhoea. 
Nausea. Unconsciousness. 
Vomiting. Weakness (further 
see Inhalation). 

PREVENTION 
FIRST AH)/ 

FIRE FIGHTING 

NO open flames, NO sparks, and tin case of fire in the 
NO smoking. (surroundings: all 

[extinguishing agents allowed. 

tin case of fire: keep drums, 
etc., cool by spraying with 
water. 

PREVENT DISPERSION OF 
DUST! STRICT HYGIENE! 

IN ALL CASES CONSULT 
A DOCTOR! 

Local exhaust or breathing 
protection. 

IFresh air, rest. Half-upright 
position. Artificial respiration 
if indicated. Refer for 
medical attention. 

Protective gloves. Protective 
clothing. 

Remove contaminated 
clothes. Rinse and then wash 
skin with water and soap. 
Refer for medical attention. 
Wear protective gloves when 
administering first aid. 

Safety goggles or face shield. First rinse with plenty of 
water for several minutes 
(remove contact lenses if 
easily possible), then take to a 
doctor. 

Do not eat, drink, or smoke 
during work. 

Rinse mouth. Give plenty of 
water to drink. Refer for 
medical attention. See Notes. 
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no waier organisms, ine suostance may cause long-term enecis in ine aquatic 
environment. 

NOTES 

The commercial product (which may be in solution) contains very toxic impurities (dioxins). Do not induce vomiting if 
pentachlorophenol is dissolved in organic solvents. IARC: carcinogen class ÜB; CE: carcinogen category 3. R40. The        ^ 

i symptoms of lung oedema often do not become manifest until a few hours have passed and they are aggravated by physical 
i effort. Rest and medical observation are therefore essential. Immediate administration of an appropriate spray, by a doctor or 
a person authorized by him/her, should be considered. The odour warning when the exposure limit value is exceeded is 
insufficient. 

- NFPACode:H3:F0;R0; 

ADDITIONAL INFORMATION 

ICSC:0069 PENTACHLOROPHENOL 
©IPCS.CEC, 1993 

Neither NIOSH, the CEC or the IPCS nor any person acting on behalf of NIOSH. the 
CEC or the IPCS is responsible for the use which might be made of this information. 
This card contains the collective views of the IPCS Peer Review Committee and may 

i IMPORTANT LEGAL NOTICE: ; not reflect in all cases all the detailed requirements included in national legislation on 
the subject. The user should verify compliance of the cards with the relevant 
legislation in the country of use. The only modifications made to produce the U.S. 

! version is inclusion of the OSHA PELs. NIOSH RELs and IDLH values. 

3 0f 3 11/5/1999 9:: 
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International Chemical Safety Cards 

POLYCHLORINATED BIPHENYL (AROCLOR 
1254) 

ICSC: 0939 

/ national Institute for 
1Occupation»! Safety and Health 

POLYCHLORINATED BIPHENYL (AROCLOR 1254) 
Chlorobiphenyl (54% chlorine) 
Chlorodiphenyl (54% chlorine) 

PCB 
Molecular mass: 327 (average) 

!CAS# 11097-69-1 
!RTECS#TQ 1360000 
ilCSC#0939 
!UN#2315 
iEC# 602-039-00-4 

ACUTE HAZARDS/ 
SYMPTOMS 

TYPES OF 
HAZARD/ 

EXPOSURE         
slHfpp^Sgg^^^ I Not combustible. Irritating and 
'"''■■;;S.".HREfrtii^^^ itoxic gases may be generated 

''-^-■^'.":" ^:?-f&lilI§- ;in a fire. 

PREVENTION 
FIRST AID/ 

FIRE FIGHTING 

jPowder, carbon dioxide. 

raPLOSIONllä 

EXPOSURE» 
-PREVENT GENERATION OF 
MISTS! STRICT HYGIENE! 

INHALATIONS^ 

^    _ ||MAY BE ABSORBED! Dry 
i ^^fpjSa^ffl iskin. Redness. Chloracne 

SH«ir=it£i3t*^-^^Pj j(further see inhalation). 

IVentilation. IFresh air, rest. Refer for 
medical attention. 

IProtective gloves. Protective 
iclothing. 

IRemove contaminated 
jclothes. Rinse and then wash 
Iskin with water and soap. 
Refer for medical attention. 

EXESpSs 

"i [Redness. Pain. Safety goggles, face shield. 

la?*»- 

First rinse with plenty of 
water for several minutes 
(remove contact lenses if 
easily possible), then take to a 
doctor. 

iNGEsnol*~r I iHeadache. Numbness. Fever. IDo not eat, drink, or smoke 
iduring work. 

iRest. Refer for medical 
attention. 

of 3 11/5/1999 9:2 
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i and liver effects may be in pan due to contaminants of the PCB. 
Transport Emergency Card: TEC (R)-914 

ADDITIONAL INFORMATION 

ICSC: 0939 POLYCHLORINATED BIPHENYL (AROCLOR 1254) 
OIPCS.CEC. 1993 

j~ ~~ ! Neither NIOSH, the CEC or the IPCS nor any person acting on behalf of NIOSH. the 
! I CEC or the IPCS is responsible for the use which might be made of this information. 

1 This card contains the collective views of the IPCS Peer Review Committee and may 
i IMPORTANT LEGAL NOTICE:   not reflect in all cases all the detailed requirements included in national legislation on 

! the subject. The user should verify compliance of the cards with the relevant 
I legislation in the country of use. The only modifications made to produce the U.S. 
version is inclusion of the OSHA PELs. NIOSH RELs and IDLH values. 

3 of 3 11/5/1999 9:2 



2,3,7,8-Teirachlorodibenzo-p-Diojun 
filip j' * * * .cnenu inae; .coni/ cp-»'"•>. i>t. 

CaatmUtMSaft     ftwifinifer.ton     C)K.II »WE. Com    Ctxn»Ngwt.Co«tt     ChrnnClub.Cem 

ChemQuote.Coin    ChtmACX.Com        ScSten.Com ChimSrilCorn 

2,3,7,8-Tetrachlorodibenzo-p-Dioxiii 
<I1002670> 

[1746-01-6] 

Synonyms: 2,3,7,8-tetrachlorodibenzodioxin; Dioxin; TCDD; 2,3,7,8-tcdd: 2,3,7,8-T4CDD; 
2,3,7,8-Tetrachlorodibenzo[b,e][l,4]dioxin; TCDBD; dibenzo-dioxin, 2,3,7,8-tetrachlorinated: 
23 ji8-Tetrachlorodibenzo-l,4=dioxin; tetrachlorodibenzodioxin; tetradioxin; 
Tetrachlorodibenzo-l,4-dioxin - 

C12H4C1402 

321.97 
This picture is a 

live chemical image \ci 

The ChcmDraw Plugin 
lets you search by drawing 

structures in your web browser. 
Have you downloaded 

it yet? 

ACX Number 

Melting Point CO 

Boilina Point CO 

Evaporation Rate 

Flash Point CO 

DOT Number 

Comments  

Add Property 

CAS RN 

Specific Gravity 

Vapor Density 

Water Solubility 

EPA Code 

RTECS 

Colorless to white crystals 

1746-01-6 

0.0000000019 g/100 mL 

HP350OO00 

Chwnlfrfö Searching Is taster and more powerful, aide Hens. 

More information about this compound is available from 

Add Link 

8(e) TRIAGE Chemical Studies Database 
82 structural descriptors for NTP compounds 
ATSDR Internet HazDat Site Contaminant Query 

Information about this particular substance 
ATSDR Priority List 

This compound in MDL Molfile format 
Berkeley Carcinogenic Potency Database 
California EPA List of Lists 
Dioxin Home Page -  ■— 

1 of 3 
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New Jersey Department of Health and Senior Services 

HAZARDOUS SUBSTANCE FACT SHEET 

Common Name: 

CAS Number: 
DOT Number: 

2,3,7,8-TETRACHLORO- 
DIBENZO-P-DIOXIN 

1746-01-6 
None 

HAZARD SUMMARY 
* 2,3,7,8-Tetrachlorodibenzo-p-Dioxin    can    affect   you 

when breathed in. 
* 2,3,7,8-Tetrachlorodibenzo-p-Dioxin should be handled 

as a CARC1NOGEN--WITH EXTREME CAUTION and 
may be a TERATOGEN. 

* Contact can cause skin and eye irritation. 
* Exposure can cause headache, weakness and digestive 

disturbance. 
* Exposure can cause a severe acne-like skin rash 

(chloroacne) to develop and may persist for years. 
* Exposure to 23,7,8-Tetrachlorodibenzo-p-Dioxin may 

damage the liver. 
* 2,3,7,8-Tetrachlorodibenzo-p-Dioxin can affect the 

nervous system with symptoms of weakness, pain in the 
legs, and numbness. 

IDENTIFICATION 
2.3.7.8-Tetrachlorodibenzo-p-Dioxin is a colorless, needle- 
shaped material. It is not manufactured but occurs as an 
impurity in the manufacture of other chemicals, including 
herbicides and fungicides. It is also used as a research 
chemical. 

REASON FOR CITATION 
* 2.3,7,8-Tetrachlorodibenzo-p-Dioxin       is       on       the 

Hazardous Substance List because it is cited by NIOSH, 
IARC. NTP. HHAG and EPA. 

* This chemical is on the Special Health Hazard Substance 
List because it is a CARCINOGEN and a 
TERATOGEN. 

* Definitions are provided on page 5. 

HOW TO DETERMINE IF YOU ARE BEING 
EXPOSED 
The New Jersey Right to Know Act requires most employers 
to label chemicals in the workplace and requires public 
employers to provide their employees with information and 
training concerning chemical hazards and controls. The 
federal OSHA Hazard Communication Standard, 1910.1200, 
requires private employers to provide similar training and 
information to their employees. 

RTK Substance number: 
Date: February 1988 

1806 
Revision: September 1996 

* Exposure to hazardous substances should be routinely 
evaluated. This may include collecting personal and area 
air samples. You can obtain copies of sampling results 
from your employer. You have a legal right to this 
information under OSHA 1910.20. 

* If you think you are experiencing any work-related health 
problems, see a doctor trained to recognize occupational 
diseases. Take this Fact Sheet with you. 

WORKPLACE EXPOSURE LIMITS 
NIOSH:       Recommends   that   exposure   to   occupational 
  carcinogens be limited to the lowest feasible 

concentration. 

No occupational exposure limits have been establisheci 
2,3,7.8-Tetrachlorodibenzo-p-Dioxin.   This does not 
that this substance is not harmful. Safe work practices should 
always be followed. 

* 2,3,7,8-Tetrachlorodibenzo-p-Dioxin may be a 
CARCINOGEN in humans. There may be no safe level of 
exposure to a carcinogen, so all contact should be reduced 
to the lowest possible level. 

WAYS OF REDUCING EXPOSURE 
* Enclose operations and use local exhaust ventilation at the 

site of chemical release. If local exhaust ventilation or 
enclosure is not used, respirators should be wom. 

* Wear protective work clothing. 
* Wash thoroughly immediately after exposure to 

2,3,7,8-Tetrachlorodibenzo-p-Dioxin. 
* Post hazard and warning information in the work area. In 

addition, as part of an ongoing education and training 
effort, communicate all information on the health and 
safety hazards of 2,3,7,8-Tetrachlorodibenzo-p-Dioxin to 
potentially exposed workers. 
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• 

* Do not take contaminated work clothes home. Family 
members could be exposed. 

* Contaminated work clothes should be laundered by 
individuals who have been informed of the hazards of 
exposure to 23,7,8-Tefrachlorodibenzö-p-Dioxin. 

* Eye wash fountains should be provided in the immediate 
work area for emergency use. 

* If there is the possibility of skin exposure, emergency 
shower facilities should be provided. 

* On skin contact with 2,3,7,8-Tetrachlorodibenzo-p- 
Dioxin. immediately wash or shower to remove the 
chemical. 

* Do not eat, smoke, or drink where 2,3,7,8-Tetrachloro- 
dibenzo-p-Dioxin is handled, processed, or stored, since 
the chemical can be swallowed. Wash hands carefully 
before eating, drinking, smoking or using the toilet. 

* Use a vacuum or a wet method to reduce dust during 
clean-up. DO NOT DRY SWEEP. 

* When vacuuming, a high efficiency paniculate absolute 
(HEPA) filter should be used, not a standard shop 
vacuum. 

PERSONAL PROTECTIVE EQUIPMENT 

WORKPLACE CONTROLS ARE BETTER THAN 
PERSONAL PROTECTIVE EQUIPMENT. However, for 
some jobs (such as outside work, confined space entry, jobs 
done only once in a while, or jobs done while workplace 
controls are being installed), personal protective equipment 
may be appropriate. 

The following recommendations are only guidelines and may 
not apply to every situation. 

Clothing 
* Avoid skin contact with 2,3,7»8-Tetrachlorodibenzo-p- 

Dioxin Wear protective gloves and clothing. Safety 
equipment suppliers/manufacturers can provide 
recommendations on the most protective glove/clothing 
•material for your operation. 

* All protective clothing (suits, gloves, footwear, headgear) 
should be clean, available each day, and put on before 
work. 

* Non-absorbent materials are recommended. 

Eye Protection 
* Eye protection is included in the recommended respiratory 

protection. 

Respiratory Protection 
IMPROPER USE OF RESPIRATORS IS DANGEROUS. 
Such equipment should only be used if the employer has a 
written program that takes into account workplace conditions, 
requirements for worker training, respirator fit testing and 
medical exams, as described in OSHA 1910.134. 

* Engineering controls must be effective to ensure that 
exposure to 2,3,7,8-Tetrachlorodibenzo-p-Dioxin does 
not occur. 

* At ans exposure level, use a MSHAWIOSH approved 
supplied-air respirator with a full facepiece operated in a 
pressure-demand or other positive-pressure mode. For 
increased protection use in combination with an auxiliary 
self-contained breathing apparatus operated in a pressure- 
demand or other positive-pressure mode. 

QUESTIONS AND ANSWERS   ___ 

Q:    If 1 have acute health effects, will 1 later get chronic 
health effects? 

A:    Not always.    Most chronic (long-term) effects result 
from repeated exposures to a chemical. 

Q: Can 1 get long-term effects without ever having short- 
term effects? 

A: Yes, because long-term effects can occur from repeated 
exposures to a chemical at levels not high enough to 
make you immediately sick. 

Q:    What are my chances of getting sick when I have been 
exposed to chemicals? 

A:    The likelihood of becoming sick from chemicals is 
increased as the amount of exposure increases.  This is 
determined by the length of time and the amount of 
material to which someone is exposed. 

Q:    When are higher exposures more likely? 
A: Conditions which increase risk of exposure include dust 

releasing operations (grinding, mixing, blasting, 
dumping, etc.), other physical and mechanical processes 
(heating, pouring, spraying, spills and evaporation from 
large surface areas such as open containers), and 
"confined space" exposures (working inside vats, 
reactors, boilers, small rooms, etc.). _ 
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DEFINITIONS 

ACGIH is the American Conference of Governmental 
lndustriäT~Hygienists. It recommends upper limits (called 
TLVs) for exposure to workplace chemicals. 

A carcinogen is a substance that causes cancer. 

The CAS number is assigned by the Chemical Abstracts 
Service to identify a specific chemical. 

A combustible substance is a solid, liquid or gas that will 
burn. 

A corrosive substance is a gas, liquid or solid that causes 
irreversible damage to human tissue or containers. 

DEP is the New Jersey Department of Environmental 
Protection. 

DOT is the Department of Transportation, the federal agency 
that regulates the transportation of chemicals. 

EPA is the Environmental Protection Agency, the federal 
agency responsible for regulating environmental hazards. 

A fetus is an unbom human or animal. 

A flammable substance is a solid, liquid, vapor or gas that 
will ignite easily and bum rapidly. 

The fiash point is the temperature at which a liquid or solid 
gives off vapor that can form a flammable mixture with air. 

HHAG is the Human Health Assessment Group of the federal 
EPA. 

IARC is the International Agency for Research on Cancer, a 
scientific group that classifies chemicals according to their 
cancer-causing potential. 

A miscible substance is a liquid or gas that will evenly 
dissolve in another. 

mg/m3 means milligrams of a chemical in a cubic meter of 
air. It is a measure of concentration (weight/volume). 

MSHA is the Mine Safety and Health Administration, the 
federal agency that regulates mining. It also evaluates and 
approves respirators. — 

A mutagen is a substance that causes mutations. A mutatja^ 
is a change in the genetic material in a body cell. MutatHH 
can lead to birth defects, miscarriages, or cancer. 

NAERG is the North American Emergency Response 
Guidebook. It was jointly developed by Transport Canada, 
the United States Department of Transportation and the 
Secretariat of Communications and Transportation of 
Mexico. It is a guide for first responders to quickly identify 
the specific or generic hazards of material involved in a 
transportation incident, and to protect themselves and the 
general public during the initial response phase of the 
incident. 

NCI is the National Cancer Institute, a federal agency that 
determines the cancer-causing potential of chemicals. 

NFPA is the National Fire Protection Association. It 
classifies substances according to their fire and explosion 
hazard:- 

NIOSH is the National Institute for Occupational Safety and 
Health. It tests equipment, evaluates and approves 
respirators, conducts studies of workplace hazards, and 
proposes standards to OSHA. - 

NTP   is   the   National   Toxicology "Program   which 
chemicals and reviews evidence for cancer. 

• 
OSHA is the Occupational Safety and Health Administration, 
which adopts and enforces health and safety standards. 

PEOSHA is the Public Employees Occupational Safety and 
Health Act, a state law which sets PELs for New Jersey public 
employees. • 

ppm means parts of a substance per million parts of air. It is 
a measure of concentration by volume in air. 

A reactive substance is a solid, liquid or gas that releases 
energy under certain conditions. 

A teratogen is a substance that causes birth defects by 
damaging the fetus. 

TLV is the Threshold Limit Value, the workplace exposure 
limit recommended by ACGIH. 

The vapor pressure is a measure of how readily a liquid or a 
solid mixes with air at its surface. A higher vapor pressure 
indicates a higher concentration of the substance in air and 
therefore increases the likelihood of breathing it in. 
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International Chemical Safety Cards 

ARSENIC ICSC: 0013 

J National institute for — 
r Occupation»! Safety and Heaith 

ARSENIC 
Grey arsenic 

Metallic arsenic 
As 

Atomic mass: 74.9 
!CAS# 7440-38-2 
!RTECS#CG0525000 
;ICSC#0013 
|UN#1558 
!EC#033-001-00-X 

TYPES OF 
HAZARD/ 

EXPOSURE 

ACUTE HAZARDS/ 
SYMPTOMS 

PREVENTION 
I 

FIRST AID/ 
FIRE FIGHTING 

Combustible. Gives off 
irritating or toxic fumes (or 
gases) in a fire. 

INO open flames. NO contact        Powder, water spray, foam, 
jwith strong oxidizers. NO contact ;carbon dioxide. 
Iwith hot surfaces. 

EXPLOSION^ 

; IRisk of fire and explosion is 
[slight if in the form of fine 

: jpowder or dust when exposed 
ito hot surfaces or flames. 

I Prevent deposition of dust; 
jclosed system, dust 
|explosion-proof electrical 
[equipment and lighting. 

flNHALAnoN^f=SS: 

EXPOSURES 
AVOID ALL CONTACT! 

f. Z.'i!t?H!£~4£5&Z« itfi£s£3xx£ i 

IN ALL CASES CONSULT 
A DOCTOR! 

jCough. Diarrhoea. Shortness of 
ibreath. Sore throat. Vomiting. 
iWeakness. Grey skin. 

Closed system and ventilation. IFresh air, rest. Artificial 
respiration if indicated. Refer 
for medical attention. 

EYES', 

Redness. IProtective gloves.-Protective 
[clothing. 

I Remove contaminated 
iclothes. Rinse skin with 
! plenty of water or shower. 

Redness. 

-•*->. ,-.T .-i.-i^:=;■"■ :HJ5i3^£^^ 
t§ Diarrhoea. Nausea. Sore throat. 

Unconsciousness. Vomiting 
(further see Inhalation). 

or eye protection in combination 
with breathing protection if 
powder. 

IFirst rinse with plenty of 
i water for several minutes 
((remove contact lenses if 
easily possible), then take to a 
idoctor. 

Do not eat, drink, or smoke iRinse mouth. Induce 
during work. Wash hands before   vomiting (ONLY IN 
eating. iCONSCIOUS PERSONS!). 

[Refer for medical attention. 

1 of 3 11/5/1999 9:3( 



lmemauonal Chemical Safety Cards (WHO/1PCS/ILO) Wip:«ww*.Cac.gownio»«v.pcM«iis,nci.s^ 

NOTES 

iThe substance is combustible but no flash point is available in literature. Depending on the degree of exposure, periodic 
■ medical examination is indicated. Do NOT take working clothes home. Refer also to cards for specific arsenic compounds 
:e.g.. Arsenic pentoxide (ICSC # 0377), Arsenic trichloride (ICSC # 0221), Arsenic trioxide (ICSC # 0378). Arsme (ICSC 

10222). 
* 

ADDITIONAL INFORMATION 

ICSC: 0013 ARSENIC 
© IPCS. CEC. 1993 

~ " Neither NIOSH, the CEC or the IPCS nor any person acting on behalf of NIOSH. the 
CEC or the IPCS is responsible for the use which might be made of this information. 
This card contains the collective views of the IPCS Peer Review Committee and may 

IMPORTANT LEGAL NOTICE:   not reflect in all cases all the detailed requirements included in national legislation on 
the subject. The user should verify compliance of the cards with the relevant 

; legislation in the country of use. The only modifications made to produce the U.S. 
version is inclusion of the OSHA PELs. NIOSH RELs and IDLH values. 

3of3      '   ' 11/5/1999 9:3 
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International Chemical Safety Cards 

CADMIUM ICSC: 002Q 

Uf| I8Ö0& 
National institute for 
Occup* tiondt Ssfetr *nd Heetth 

CADMIUM 
(powder) 

Cd 
Molecular mass: 112.4 

CAS # 7440-43-9 
RTECS # EU9800000 
ICSC # 0020 
UN # 2570 (cadmium compounds) 

TYPES OF 
HAZARD/ 

EXPOSURE 

ACUTE HAZARDS/ 
SYMPTOMS 

PREVENTION 
FIRST AID/ 

FIRE FIGHTING 

p^gaSajjIa iFlammable in powder form. 
3«lRJ£§||§|||t I Gives off irritating or toxic 

HH ifumes (or gases) in a fire. seillillliF' 

INO open flames, NO sparks, and  |Dry sand. Special powder. No 
INO smoking. NO contact with      jother agents, 
iheat or acids. i   . 

E^^^S^pgJylS^S IFinely dispersed particles form 
ÜEXP^IOÄ explosive mixtures in air. 

iPrevent deposition of dust; closed ; 
.system, dust explosion-proof I 
ielectrical equipment and lighting, j 

I 

EXPOSURES 
IPREVENT DISPERSION OF 
IDUST! STRICT HYGIENE! 

IIN ALL CASES CONSULT 
IA DOCTOR! 

:zzp&rX $£$0=? ICough. Headache. Symptoms 

INHAIÄTION^B!may bC ddayed (SCe NOteS>' 

lLocal exhaust or breathing 
iprotection. 

iFresh air, rest. Half-upright 
^position. Artificial respiration 
jif indicated. Refer for medical 
[attention. 

I KINIi 
■mmmm ^Protective gloves. 
:j^gP>3#%:läÄ ■ 

IRemove contaminated 
(clothes. Rinse and then wash 
iskin with water and soap. 

p^-13^T?^^^§l^%^!Redness. Pain. |Face shield or eye protection in 
icombination with breathing 
iprotection. 

=*5?-'ä*^SEä 

IFirst rinse with plenty of 
water for several minutes 
(remove contact lenses if 
easily possible), then take to a 
doctor. 

ITO^^I^^^^^^ ! ABdominal pain. Diarrhoea. 
feS^^^^^^^ [Headache. Nausea. Vomiting. 

!Do not eat, drink, or smoke 
iduring work. 

Rest. Refer for medical 
attention. 

1 of 3 11/5/19999:3 
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NOTES 

i Reacts violently with fire extinguishing agents such as water, foam, carbon dioxide and halons. Depending on the degree ot 
i exposure periodic medical examination is indicated. The symptoms of lung oedema often do not become manifest until a 
ifew hours have passed and they are aggravated by physical effort. Rest and medical observation are therefore essential. Do( 

!NOT take working clothes home. 

ADDITIONAL INFORMATION 

ICSC: 0020 CADMIUM 
©IPCS.CEC. 1993 

~~~ "~ "      Neither NIOSH. the CEC or the IPCS nor any person acting on behalf of NIOSH. the 
I i CEC or the IPCS is responsible for the use which might be made of this information. 

This card contains the collective views of the IPCS Peer Review Committee and may 
IMPORTANT LEGAL NOTICE:   not reflect in all cases all the detailed requirements included in national legislation on 

the subject. The user should verify compliance of the cards with the relevant 
legislation in the country of use. The only modifications made to produce the U.S. 
version is inclusion of the OSHA PELs. NIOSH RELs and IDLH values. 

,of3 11/5/1999 9:: 
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International Chemical Safety Cards 

CHROMIUM ICSC: 0029 

W !^ 

} National institute for 
'Occupation*! Safety and Heafth 

CHROMIUM 
Chrome 
(powder) 

CT (metal) 
Atomic mass: 52.0 

!CAS# 7440-47-3 
!RTECS#GB4200000 
!ICSC#0029 

TYPES OF 
HAZARD/ 

EXPOSURE 

ACUTE HAZARDS/ 
SYMPTOMS 

PREVENTION 
FIRST AH)/ 

FIRE FIGHTING 

m 
I« 

J^|||5|glip|S^ iCombustible if in very fine 
^OTi»TpäHl|lB ipowder. Gives off irritating or 
^^11^^ itoxic fumes (or gases) in a fire, 

|No open flames if in powder 
iform. 

Iln case of fire in the 
isurroundings: all 
jextinguishing agents allowed. 

;._^.i; Tr-tryar. 

JEXPLOSIONi 

I|; iFinely dispersed particles form 'Prevent deposition of dust; closed i 
"*   explosive mixtures in air. »system, dust explosion-proof        j 

lelectncal equipment and lighting, j 

EXPOSURE;? 

.INHALATION 
^■iMs*! Cough. 

;.;'-r=t:;-;3ffiSS&5 

[SKIN:, 

ip|p|?lp|IF IRedness. 

[■■- 

-äipf^fe IRedness. 

v*.ii---r.^».^iik--->;->^.*'**:?iJi5s**^«SSf.-. , 

INGESTION 

IPREVENT DISPERSION OF 
iDUST! STRICT HYGIENE! 

lLocal exhaust or breathing 
iprotection. 

IFresh air, rest. 

!Protective gloves. (Remove contaminated 
jclothes. Rinse skin with 
iplenty of water or shower. 
IRefer for medical attention. 

iFace shield. |First rinse with plenty of 
iwater for several minutes 
(remove contact lenses if 
leasily possible), then take to J 

Idoctor. 

IDo not eat. drink, or smoke 
iduring work. 

Rinse mouth. 

1 of 3 11/5/1999 9:2" 
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iwu: vuzy l.niMJIVUlMVl 

C IPCS. CEC. 1993 

I IMPORTANT LEGAL NOTICE: 

; Neither NIOSH. the CEC or the IPCS nor any person acting on behalf of NIOSH. th^Mk 
iCEC or the IPCS is responsible for the use which might be made of this information<^JP 
iThis card contains the collective views of the IPCS Peer Review Committee and may 
mot reflect in all cases all the detailed requirements included in national legislation on 
ithe subject. The user should verify compliance of the cards with the relevant 
I legislation in the country of use. The only modifications made to produce the U.S. 
version is inclusion of the OSHA PELs. NIOSH RELs and IDLH values. 

3 of 3 11/5/1999 9:2 
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International Chemical Safety Cards 

LEAD ICSC: 0052 

National Institut* for 
Occupation*! Safety and Health 

LEAD 
Lead metal 
Plumbum 
(powder) 

Pb~ 
Atomic mass: 207.2 

iCAS# 7439-92-1 
!RTECS#OF7525000 
!ICSC#0052 

TYPES OF 
HAZARD/ 

EXPOSURE 

ACUTE HAZARDS/ 
SYMPTOMS 

PREVENTION 

Not combustible. Finely 
"r^fpsgfjp Idivided lead powder is 

FnffilVtHTiB I flammable. Gives off irritating 
s-^-islisif i°r toxic fumes (or gases) in a 

äsft*^: Finely dispersed particles form 
explosive mixtures in air. 

\V',-EXPOSUR1IS 

INHALATIO; 

i.^f!.3il^^Ä 

Abdominal cramps. 
Drowsiness. Headache. 
Nausea. Vomithrg. Weakness. 
Wheezing. Pallor. 
Hemoglobinuria. Collapse. 

NO open flames. NO sparks, and 
NO smoking (if in powder form). 

"■7- '4- Cj jp'S^sv !?2;igflira335fe,£ I 
|Abdominal cramps (further see 
ilnhalation). 

Prevent deposition of dust; closed 
system, dust explosion-proof 
electrical equipment and lighting. 

FIRST ATO/ 
FIRE FIGHTING 

In case of fire in the 
surroundings: all 
extinguishing agents allowed. 

PREVENT DISPERSION OF 
DUST! STRICT HYGIENE! 
AVOID EXPOSURE OF 
(PREGNANT) WOMEN! 
AVOID EXPOSURE OF 
ADOLESCENTS AND 
CHILDREN! 

IN ALL CASES CONSULT 
A DOCTOR! 

Ventilation (not if powder). 
Avoid inhalation of fine dust and 
mist. Local exhaust or breathing 
protection. 

Fresh air, rest. Refer for 
medical attention. 

;Do not eat, drink, or smoke 
during work. Wash hands before 
eating. 

Rinse mouth. Induce vomiting 
(ONLY IN CONSCIOUS 
PERSONS!). Refer for 
medical attention. 

1 of 3 11/5/1999 9:26 



liuemaüonal Chemical Safety Cards (WHCvlPCS/lLO) mip^w^.coc.gov/n.osn/ipcsneng/ncngou3 

i NOTES 

lExploFive limits are unknown in literature. Use of alcoholic beverages enhances the harmful effect. Depending on the degree 
; of exposure periodic medical examination is indicated. Do NOT take working clothes home. Refer also to cards for specific 
i lead compounds, e.g., lead chromate (ICSC # 0003), lead(II) oxide (ICSC # 0288). g^ 

Transport Emergency Card: TEC (R)-61G12r^P 

ADDITIONAL INFORMATION 

ICSC: 0052 LEAD 

©IPCS.CEC1993 

;       ~~ " Neither NIOSH. the CEC or the IPCS nor any person acting on behalf of NIOSH. the 
CEC or the IPCS is responsible for the use which might be made of this.information. 
This card contains the collective views of the IPCS Peer Review Committee and may 

[IMPORTANT LEGAL NOTICE:   not reflect in all cases all the detailed requirements included in national legislation on 
the subject. The user should verify compliance of the cards with the relevant 
legislation in the country of use. The only modifications made to produce the U.S. 
version is inclusion of the OSHA PELs, NIOSH RELs and IDLH values. 
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STANDARD OPERATING PROCEDURES 

LOCKOUT/TAGOUT GUIDELINES 
SOIL WASHING AND SOLIDIFICATION/STABILIZATION 

McCLELLAN AFB 

The following procedures provide general guidance for implementing lockout/tagout controls at the 
treatment system and associated work sites. 

Lockout/Tagout. As the name implies, lockout/tagout employs a device such as a tag, lock, or fastener 
to prevent the start up or energizing of powered equipment, pumps, blowers, and other machinery that 
could move or result in a release of substances (liquids, gases, vapors, etc.) that would put individuals 
in danger. To prevent any unexpected start up or energizing, a lock is secured to the 
equipment/machinery power source in a manner that prevents activation of the equipment during 
servicing, maintenance, or troubleshooting activities. 

Lockout/tagout is required whenever maintenance, servicing, troubleshooting or other activities are 
performed on equipment or machinery whose activation could pose a hazard to personnel. Examples 
include regular maintenance activities such as checking or replacing belts on blower drive pulleys, 
turning blower shafts by hand to check motors, changing oil, lubricating bearings which do not require 
rotating lubrication, and replacing or checking valves. 

Lockout will consist of turning the equipment/machinery off and setting the main energy source at the 
distribution backboard panel in the "safe" or "off" position, and then securing the safe position by 
placing a padlock on the switch.  The energy sources for virtually all powered machinery, pumps, 
blowers, and other machinery are controlled by switches located on the distribution backboard panel. 
Padlocks will be number-coded and only authorized operational personnel will be assigned these locks. 
Lockout/tagout procedures are designed to completely shut down the powered equipment and 
machinery.  The procedures, to be performed only by authorized personnel, will be conducted in the 
following sequence: 

■ Preparation-for shutdown. Prior to turning off or shutting down the equipment or 
machinery, identify the type and magnitude of the-energy source, hazards of the energy 
to be controlled, and the method or means to control the energy. Personnel should be 
aware of the possible hazards that may result from turning off or de-energizing the 
equipment and to follow specified orderly shutdown procedures (refer to the 
instructions in the O&M and manufacturers' users manuals).  Notify other personnel, if 
present, of the lockout. A lockout/tagout placard is to be posted in a clearly visible 
location at the distribution backboard to alert personnel that switches are subject to 
lockout. -   

■ Equipment/machinery shutdown. Turn off or shut down the equipment by moving the 
appropriate switch to the "safe" or "off" position. 
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11.0 CONFINED SPACE SAFETY REQUIREMENTS 

2 
3 
4 - • 
5 ii.i     Ti^TPOnUCTION 

6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
TO 

23 
24 
25 
26 
27 
28 ......    r ,.: r.„„H cn,r, ic nresented in this section. Additional site- 
29 

' 30 
31 
32 
33 
34 
35 

11.1 irMiKLUJU^m-W* 

Every enclosed space will be evaluated to determine if it repr«en»^^^^^1 
required confined space and classified as such in accordance with OSHA (29 cm *«iu 
Cal/OSHA (8 CCR §5157 et seq.) confined space safety requirements. 

2"„C " S 3) U no, designed for or unsuiraWe for continuous human occupancy: 

The configuration of the space and the proposed operation to be conducted within that space ultimately 
tome if a confined space or permit-required confined space condition exists. 

General guidance and JV policy for work in confined space is P™^^"^ "fc tr 
or task-specific requirements and provisions will also be presented in the SHSP for any worK 
may require entry into potential confined spaces at McAFB. 

11.2     FNTRY DECISION 

38 resort. _. 
39 
40 
41 11.3     FNTRY PERMIT SYSTEM 

f3 _  :. _..;_ „nr.n.H <naCe foermit soace) is by permit only.  The permit process, as 

44 
45 
46 
47 task 

from hazards associafed with work wthm a confinedf^«- ™fÄ^S sp»c= for a speü 
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10 
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12 
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14 
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21 
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23 
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26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 

Hazards associated with confined space operations 
Emergency entry and exit procedures 
Respiratory protection 
Lockout/iagout procedures ._ - 
Safety equipment 
Rescue operations 
Permit system   _ 
Safe work practices for confined space operations 

Documentation of the training will be forwarded to the OSC and kepTin the JV office personnel training 
file. The training course must be approved by the HSM prior to enrollment. 

11.5      ATR MONITORING 

Absolutely no entry into a confined space is allowed until appropriate initial testing has been conducted 
* determme the aLsphere in the confined space. The area must be«redor <W«^ 
combustible gases/vapors, toxic contaminants, and any other tests specified by the SSC. In addition, the 
area should be monitored continuously while personnel are in the enclosure. 

Personnel may enter a confined space only under the following conditions: 

■ Oxygen concentrations are between 19.5 and 23.5 percent 
Toxicity measurements indicate concentrations of airborne contaminants at levels less than 

one-half of the OSHA mandated PELs 
Combustible gas/vapor concentrations are less than 10 percent of the lower explosive 

limit (LEL) 

Initial atmospheric samples must be drawn at the following locations: 

■ Outside the entry point(s) 
■ Immediately inside the entry point(s) _ 

At least every 4 feet in depth of the confined space to the surface of the floor or any 

remaining residues 

All initial monitoring results must be recorded on the entry permit. 

11.6     PKOTECTIVF EQUIPMENT AND CLOTHING 

The entry permit must specify the level of protection necessary for entry into a permit space. At a 
minimum, aTard hat, sleel-toed boots and coveralls are required. In addition, employees may be 
required to wear safety equipment such as eye protection, hearing protect.on, gloves, safety belts, body 

harness, or wrist-type harnesses with life lines. 

(68001-A/metric.hsp) 
Printed on Recycled Paper 
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DANGER 
TfflS EQUIPMENT HAS BEEN 

\ REMOVED FROM SERVICE DUE 
] TO CONFINED SPACE WORK 

AT 

Date 

Name 

4 
5 
6 
7 _ 

* DO NOT OPERATE 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20      . 
21 pressure has been released. 

22 
23 
24 
25 have tags 
26 
27 11.7.3  Cleaning 
28 
29 
30 
31 ventilation. 
32 
33 
34 
35 
36 cool down. 

37 
38 
39 
40 
41 
42 11.7.4 Entry Into Confined Space 

' 43 
44 
45 
46 

The confined space must be electrically isolated to prevent accidental activation o^ing parts in the 
Lace or other electrical equipment. Electrical isolation ^ould be accomphshed by »ockom of c. uu 

breakers and/or I-J^^ g £"£ 5Tb2ÄS£Äl SÄ. 
entennlfof?heCL tote lo k C ci cufbreLr/disconnect that is locked out should also be tagged 
KS1 J^ to "lÄ. ™s procedure also applies to pneumatic systems after the 

pressure has been released. 1 

have tags. 

11.7.3 Cleaning 

ventilation. 

The cleaning process itself may create the following potentially hazardous conditions: 

Excessive heat stress in the confined space if it is steamed cleaned and not allowed to 

BuildtipTf toxic materials if a chemical neutralize is used and ventilation is inadequate, 
or through increased volatilization caused by the cleaning process . 
Potential for fire and explosion where the automatic ignition temperature of the stored 
product in the confined space is 120 percent or less of the steam outlet temperature. 

Into Confined Space 

After initial cleaning, atmosphere evaluation, purging, and isolation of the powered systems, employee, 
may enter the confined space provided that they comply with the following steps: fjp 

Printed on Recycled Paper 
(68001-A/metric.hsp) 
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Air-activated tools must be used where flammable liquids are present and must be 

9 grounded. .... 
3 . Compressed gas cylinders, except those that are part of SCBA or resuscitation equipment. 

4 are not permitted. _ ■ . ■ . 
Ladders, scaffolding, and staging must be designed and fabricated to meet OSHA and 
Cal/OSHA regulations (29 CFR 1910 Subpart D; 8 CCR §1640 et seq.), and COE Work 
Platform Safety and Health Standards (EM-385-1-1, Section 22). 
Any equipment or instrumentation subject to use where flammable atmospheres may 
occur must be listed as explosion-proof or intrinsically safe by a recognized testing 

1 

10 laboratory. 

11   ~~ 
12 
13 11.8     PFCORD KEEPING 

15 Copies of JV personnel training records and entry permits must be maintained in the METRIC project 

16 file. 
17 

Printed on Recycled Paper 
(68001-A/metric.hsp) 



Work Permit for Confined Space Operations at McAFB 

All copies of this permit must remain at 
completed. 

the METRIC work site until confined space entry operations are 

EXPIRATION DATE:. 

Location of permit-required confined space:. 

Description and purpose of task:. 

Hazards (i.e., limited access, toxic contaminants, 

ventilation, etc.) , .  

, flammable contaminants, oxygen deficiency, restricted 

Level of protection (A, B, C, or D): 

Personnel assigned: 

Name:_  

Name:  

Name:  

Duties:_ 

Duties:., 

Duties: 

Name:. 

Name: 

Duties:, 

Duties:. 

 Training completed:, 

 Training completed:. 

 Training completed:. 

 Training completed:. 

Training completed:. 

Special equipment required:  

First aid equipment location:  

Safety requirements/procedures:. 

Emergency procedures:. 

Approved by: 
JV Site Safety Coordinator 



PREPLAN EACH JOB 

*   A «m, „omit when properly authorized, allows the person to whom it is issued to enter the 
Thi, confined ^^^^Zi *e indicated signatures have been obtained, all requirements met. 
r^epIts^S: Ob. permit must be retained in the facility files for one year. 

Yes No NA 

Ifa) Procedure provided, reviewed, and enforced? 
(bV All job procedures reviewed and understood? Trying completed? 
(c) Person on site at all times tö enforce all procedures? 
(d) Material safety data sheet (MSDS) reviewed? 

2(a)    Welding, curling, open Harnes present? Welding permit approved «nd ^ 

posted? 

3(a) Confined space isolated? 
(b) Lock-and-tag procedure followed? 
(c) Power sources "OFF"? Locked out? 
(d) Electrical hazards isolated, removed, or tagged? 
(e) Rotating equipment locked out, removed, or disconnected?       — 

0      Lines carrying materials to and from confined space blanked off, secuon 
removed, or locked by two valves and drained? Dram valve locked open 

and tagged? 
(g)     Contents removed and space flushed? 

4(a)    Confined space atmosphere prepared and monitored? 

(b) Purged? 
(c) Flanges/access doors removed? Manholes open. 

(d) Continuous ventilation provided? 
(e) Oxyeen level maintained over 19.5 percent but less than 23 percent. 
(0       Continuous air monitoring equipment provided? Operational. 

Personal protective equipment (PPE) provided9 Specific instructions 

given for use9 . 
Air lines, self-contained breathing apparatus (SCBA) or other approved 

respirators provided? 
(c) Saferv harness with "D" ring and life line provided'' 
(d) Head hearing, hand, foot, and body protection provided? 
(c)      Lighting equipment of approved type provided and grounded? 
(f) Fire extinguishers readily available? 
(g) Walking/working surfaces protected from slippage? 

6(a)    Attendant standing outside of space trained and prepared to respond to 

emergencies as instructed'1 

(b) Rescue equipment provided at the confined space? 
(c) Emergency alarms or communications available? 

No,e   This .is, of items is no. intended to be all inclusive; cenain jobs may require additional specifications. 

Atmospheric monitoring equipment: . .  — 

5(a) 

(b) 
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McClELLAN AFB BASEWIDE REMOVAL ACTION WORK PLAN FOR SVE FINAL Section No 8 0 
,*~~ ~   •       i        r-rf™.;. Revision No. ? URS Grrincr Inc. - California 
ARCS, EPA Region 9 
Contract No. 68-W9-005+y WA No. 54-40-9341 Pa?e  ' -' 

— — 8.0 HEALTH AND SAFETY PLAN 

8.1       INTRODUCTION 

The health and safety (H&S) requirements for RA Contractor personnel engaged in field activities and 
operations at McAFB during this RA are presented in this baseline HSP. Additional H&S 
requirements, protocols, and procedures for individual work sites are presented as HSP addenda or 
site-specific_HSP (SHSP) in the site-specific RAWPs. Additional site-specific H&S hazards, protocols, 
and requirements are presented in the H&S procedures Section of the O&M manual prepared for each 
SVE system work site, or "Plant." _ 

The baseline HSP provides a description of the RA and identifies general H&S issues and requirements 
to be implemented at all work sites.   The HSP includes H&S personnel responsibilities, training and 
medical surveillance requirements, hazard assessment, personal protective equipment (PPE) and 
controls, personal monitoring requirements, site control, decontamination protocols, and emergency^ 
response procedures. -  

The SHSP provides additional information unique to each individual work site, and any modifications 
or clarifications of the H&S requirements presented in this baseline HSP. The SHSP identifies field 
personnel, and define specific site activities, hazards, personal monitoring, PPE and controls, 
decontamination, emergency procedures, and site control requirements for the individual SVE system 
work sites. -— _ 

Neither the baseline HSP nor SHSP are stand-alone documents providing all of the necessary H&S 
information and requirements. The documents must be used in conjunction with one another. 

This baseline HSP was prepared in accordance with the H&S standards, provisions, and requirements 
specified in the following regulations and guidance documents: 

Occupational Safety and Health Administration (OSHA) Standards for._Hazardous Waste 
Operations and Emergency Response. Title 29 Code of Federal Regulations (CFR) Part 
1910.120 (29 CFR 1910.120) 

California Department of Industrial Relations, Division of Industrial Safety (Cal/OSHA), 
General Industry Safety Orders, Hazardous Waste Operations and Emergency Response. Title 
8 California Code of Regulations (CCR) Section 5192 (8 CCR 5192). 

OSHA Occupational Safety & Health Standards. 29 CFR Parts 1910 and 1926. 

Army Corps of Engineers' Safety and Health Requirements Manual (COE 1992). 

OSHA Air Contaminants: Permissible Exposure Limits (PELs). 29 CFR 1910.1000. 

Cal/OSHA Standards Board PELs for Chemical Contaminants. 8 CCR 5155. 

8.2       PROJECT DESCRIPTION 

A description of the project and project setting can be found in Section 1.0. 

MSW-C:\HINCK\MCAFB\WAFINAL.doc fntad on Recylced ^P*' 



McClELLAN AFB BASEW1DE REMOVAL ACTION WORK PLAN FOR SVE FINAL Section No. 8.0 
— ,.r Revision No. ? 

U^c° nof D
InC " ? »*< W»™ ARCS. EPA Region 9 

Contract No. 68-W9-00547 WA No. 54-40-9341 rj-^    - 

Developing and establishing emergency procedures, ensuring appropriate 
McAFB emergency response personnel are notified in the case of an imminent 
health risk or other emergency, and coordinating/assisting response personnel 
as necessary. 

• Field team personnel, identified in the SHSP, are responsible for taking all reasonable 
precautions to prevent injury to themselves, fellow workers. McAFB personnel, and the 
public. Personnel are required to read and adhere to the provisions of the basewide HSP 
and SHSP, and report all accidents and any unsafe conditions to the SSC. SM. or other 
supervisory personnel. _ 

8.4       TRAINING AND MEDICAL SURVEILLANCE REQUIREMENTS 

Field personnel working within a hazardous waste site designated work zone, or exclusion zone (EZ) 
(as discussed in Subsection 8.7), have successfully completed classroom and field training for 
hazardous waste site operations in accordance with OSHA and Cal/OSHA requirements specified in 29 
CFR 1910.120(e) and 8 CCR 5192(e), respectively. Pre-assignment training requirements include 
successful completion of 40-hour initial H&S training, 3-day (24-hour) field activities training, and 
annual 8-hour H&S refresher. When this training has not been formally documented, one or more 
years of active hazardous waste site field experience is considered the equivalent of 24-hour field 
training. Copies of training certificates or other documentation for RA contractor personnel working in 
designated work zones will be provided to McAFB prior to start of field activities. It is also 
recommended that at least one person at each work site have currently valid certification in standard^ 
first aid and cardiopulmonary resuscitation (CPR). 

Field personnel are required to participate in a medical surveillance program instituted by the RA 
Contractor in accordance with the requirements specified by OSHA (29 CFR 1910.120[f]) and 
Cal/OSHA (8 CCR 5192[fJ) for cleanup operations at uncontrolled hazardous waste sites. All field 
personnel potentially exposed to hazardous substances/health hazards, such as those in designated work 
zones of the work site, must have completed either a baseline or annual medical surveillance physical • 
examination and found to be medically fit and qualified to wear respiratory protective equipment prior 
to their assignment to a hazardous waste site. 

Site-specific training is to be conducted by the SM. SSC, or other designated and qualified individual. 
The training, at a minimum, is to include a review of the HSP and H&S procedures, hazards, and 
other requirements unique to the work site and each individual's assigned tasks and duties. 

Training and medical surveillance requirements for RA Contractor field personnel working at different 
levels of participation are presented in Table 8-1. 

8.5       HAZARD ASSESSMENT ~~ 

The H&S hazards that may be encountered by personnel during the course of overseeing the 
installation of the SVE system, O&M, and monitoring activities are addressed in the following 
paragraphs. Additional site- and task-specific hazards will be addressed in the SHSP and the H&S 
procedures specified in the SVE system O&M manuals. _.. _ ._ 4^ 
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Table 8-1 

HEALTH AND SAFETY TRAINING REQUIREMENTS 

- 
Requirement 

Empl ovee Participation Level 

Level Is Level 1 Level 
2 

Level 3 

Medical i. Baseline Medical Examination D 0 D D 

ii. Annual Medical Examination D D 0 

Training 
i. 40-hour Initial Health & Safety 

Training 

D D 

ii. 24-hour Initial Health & Safety 
Training 

D D 

iii. Qualified for Respirator Use D D D 

iv. 24-hour Field Activities Training D D 

v. 8-hour Field Activities Training D D 

vi. Site-Specific Training D D D D 

vii. Annual~8-hour Refresher Training D D 

viii. 8-hour Management and 
Supervisor Training 

D 

ix. First Aid * D D 

X. Annual CPR * D D 
■ 

D Indicates training requirement 
Levels of Participation 

Level Is: On-sne supervisory personnel potentially exposed to hazardous substances/health hazards. This level includes SMs. 
OSCs. SSCs or HSOs. and Assistant SSCs or HSOs. 

Level 1 General site workers, including equipment operators and general laborers engaged in hazardous substance removal, 
sampling or other activities who may. or potentially may. be exposed to hazardous substances/health hazards. 

Level 2: Workers on any hazardous waste sue for a total not exceeding 30 days per year who remain outside of areas where 
there may be potential exposure to hazardous materials above permissible exposure limits. These workers may 
perform support functions, geophysical or land surveying, groundwater monitoring, or other tasks not requiring 
the use of respirators. - — 

Level 3: Workers regularly on site who work in areas that have been thoroughly monitored to ensure that exposure to 
hazardous materials do not exceed permissible.exposure limits and where there are no known health hazards. 
These employees' site activities do not require the use of any protective equipment, and their access to the site is 
restricted to support zones or office areas. " - — 

*  At least one (1) person at each site shall have"currently valid certification. 
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Pace: I?.' 

Heat Stress Hazards 

Field personnel responsible for operating and monitoring the SVE system may be susceptible to heat 
stress during periods of elevated ambient temperatures or humidity, or during the performance of 
strenuous activities, particularly if impervious personal protective clothing is worn. Personnel will be 
monitored for early signs of heat stress, whenever ambient temperatures reach or exceed 85 rF: 
whenever impervious xlothing (e.g., Saranex-coated TyvekO coveralls) is worn, personnel will be 
monitored when temperatures exceed 70°F. Worker rotation schedules will be established as 
necessary. A digital thermometer will be included in the first aid kit maintained at each work site or 
field trailer to measure oral temperatures. Workers whose oral temperatures exceed 100°F will not be 
permitted to continue working until their temperature returns to a normal range (96.8°F to 100°F). 
Drinking water and electrolyte beverages will be available at each work site and field personnel will be 
encouraged to drink sufficient fluids to prevent salt loss and dehydration. Field personneljhould be 
cognizant of the early signs of heat stress~änd the necessary treatment procedures, as summarized 
below. 

Heat Cramps 

Symptoms:       Muscle cramps, particularly in the legs and abdomen; may also accompany heat 
exhaustion. 

Treatment:        Place victim in a cool, covered area and provide water or electrolyte beverage; apply 
firm pressure and place warm, wet towels over the cramped area for relief. 

Heat Exhaustion 

Symptoms:        Elevated   body   temperature   (100   to   104°F);   pale   and   clammy   skin;   profuse 
perspiration; lethargy and fatigue; possible headache, nausea, or fainting. 

Treatment:        Move victim to cool area and provide water every 15 minutes for 3 or 4 doses; seek 
medical care in severe cases. 

Heat Stroke 

Symptoms: 

Treatment: 

Elevated body temperature (may be as high as 106°F); skin is red or flushed, dry, and 
hot to the touch. There may be nausea, headache, and pulse may be rapid and strong; 
and possible loss of consciousness, delirium, or coma. These symptoms indicate a 
potential life-threatening situation; notify emergency medical services (EMS) 
immediately. The worker's temperature control system has stopped working correctly. 
The body temperature could rise so high that brain damage and death could result if the 
body is not cooled quickly. 

Rapidly cool victim by sponging the body with isopropyl alcohol or cool water, or pour 
water on the body. Continue to closely observe the victim. If the temperature starts to 
rise, cool the victim again. Heat stroke requires medical attention, ensure that the 
victim is transported to the nearest medical facility.  
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Injuries can be prevented by proper site control measures, safe work practices, and keeping the work 
site free of obstructions. During SVE system construction, preoperations. and regular field activities, 
safety briefings will be held prior to each day's activities to identify specific areas of the work site that 
are of concern (e.g., unstable structures and scaffolding, slippery surfaces, pipes, steep grades, uneven 
terrain, etc.) and to specify work practices and controls necessary to avoid or deal with these hazards. 

Skeleto-MusculatureJnjury_Hazards 

SVE 0&M~and monitoring activities may require some lifting of heavy objects. No one is to attempt 
to lift large, heavy, or cumbersome objects without assistance. RA Contractor field personnel 
generally required to do frequent lifting are trained in proper lifting procedures. The SSC and SM will 
ensure that appropriate material handling equipment (e.g., drum tracks, hand carts, drum cradles, 
dollies, etc.) are-available at the work site as needed. 

Tool and Equipment Hazards 

RA Contractor field personnel are trained in proper handling and maintenance requirements for tools 
and equipment commonly used at hazardous waste sites. Hand-held power tools should be held firmly. 
Electrical cords must be checked for broken insulation and potential exposure to water or other liquids. 
Safety glasses and hearing protection will be worn while operating power tools or equipment. 

Confined Spaces 

Entry into any confined space is strictly prohibited unless a Work Permit for Confined Space ^/ß 
Operations in accordance with OSHA and Cal/OSHA (29 CFR 1910.146; 8 CCR 5156 et seq.) is 
obtained and McAFB confined space permit requirements are met. The work permit will prepared by 
the SSC and approved by the RA Contractor HSM prior to any entry into a confined space. A 
confined space for the purposes of this HSP includes: manholes, sewers, pipelines, storage tanks, 
process/reaction units, stacks, pits, basements, runnels, and any spaces or enclosures that have limited 
ventilation and openings for entry or egress, or are not meant for human occupancy.- 

Biological Hazards 

Possible biological hazards that may be encountered at a McAFB work site consist primarily of insects 
and spiders. Individuals with allergies to insects (e.g.. bee or wasp stings) should remember to note 
this fact on the Medical Data Sheet they are required to complete, and to remind the SSC prior to the 
start of field activities. A first aid kit will be available at each site to treat minor skin irritations, 
stings, and bites. 

Of concern are poisonous spiders. Although most spiders are harmless, there is one species quite 
common in the Sacramento and northern California area that is poisonous, the black widow 
(Latrodecrus mactans). A black widow bite, although rarely fatal, is quite painful. Symptoms include 
severe pain in the area of the bite, profuse sweating, nausea, abdominal cramps, and difficulty 
breathing and speaking. Field personnel are reminded to exercise extreme-caution when lifting well 
vaults or other covers and when working in dark, dank, enclosed areas of the work site, since black 
widows are typically found in these microenvironments. 

First aid procedures for minor insect bites and stings include: cold applications, use of soothing lotions 
(e.g., calamine); and for a bee sting, removal of the venom, stinger, and venom sac.   If the bite or 
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Sufficient access and working space (no less than 3 feet) will be provided about all live parts of 
electrical equipment. Live parts of electric equipment 50 volts or more will be guarded against_ 
accidental contact by limiting access or by partitioning or screening. An emergency shut-off for all 
powered units will be installed in a readily accessible location at the. motor control center and clearly 
labeled or marked. — 

The SVE system is operated under vacuum to prevent releases of VOCs into the atmosphere; in 
addition, it is also designed to limit VOC levels within the system to less than 25 percent LEL. The 
only ignition source potentially in contact with elevated VOC levels is the vacuum blower system. The 
totally enclosed fan-cooled'blower motor selected for any of the SVE systems must meet federal, state, 
and McAFB (see COE 1992) requirements for Class I, Division 2 locations (i.e.. locations in which 
ignitable concentrations of gases or vapors are normally prevented by positive mechanical ventilation 
and which might become hazardous through failure or abnormal operation of the ventilating 
equipment). 

Another safety concern is the unexpected start-up (energizing) of equipment, or the release of stored 
energy or material causing injury to personnel working on or near powered equipment or machinery. 
The SSC and SM will determine if machinery or equipment pose a potential hazard and should be 
locked or tagged out during some SVE system operations. Lockout/tagout procedures, in accordance 
with applicable state and federal regulatory requirements and Section 12 of the Corps of Engineer's 
Safety and Health Requirements Manual (COE 1992), will be developed for each SVE system work 
site and included in the SHSP and O&M Manuals. The SSC and SM will assist in defining and" 
implementing the procedures by locating all energy isolating controls to be certain which switch(es), 
valve(s), or other devices may need to be locked or tagged out. The lockout/tagout procedures will be 
submitted to McAFB personnel for approval as part of the SHSP or O&M Manual. 

8.6       PERSONAL PROTECTIVE EQUIPMENT AND CONTROLS 

The following discussion identifies the appropriate PPE, engineering and administrative control 
measures, and monitoring/sampling procedures to be employed at SVE system work sites to limit the 
risk of exposure to potential hazards. Any variations or modifications to these requirements, or 
additional PPE/controls required to meet site- and task-specific hazards, will be identified in the SHSP. 

8.6.1     Engineering/Administrative Control Measures 

Field personnel will be reminded during safety briefings to be aware of potential chemical and physical 
hazards and to immediately inform the SSC, PE, SM or other supervisory personnel of any unsafe 
conditions or new hazards they may encounter. The SSC is responsible for ensuring that site control 
measures are implemented (e.g., marking, warning signs, placards, erecting barriers, securing and 
controlling access) and informing field personnel of specific work site hazards. 

All hazardous materials will be stored in appropriately marked/labeled containers, in accordance with 
the manufacturer's recommendations, and, as approved by McAFB, stored in secured areas of the 
work site that are accessible only to authorized personnel. All containers will be regularly checked for 
leaks, and must be clearly labeled, tagged, marked (e.g., signs, labels, Department of Transportation 
[DOT] placards, etc.) indicating the name/type of hazardous chemical(s) and the H&S hazards. All 
MSDSs for hazardous materials used on-site will be available at the work site field trailer. 
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Table 8-4 

GENERAL SAFETY RULES 

• Personnel and authorized visitors entering SVE system work sites will be required to sign in 
at the field trailer located in the contractor's trailer lot. or on-site control center. Visitor 
access within the work site will be limited to areas outside of designated SVE system work 
zones, or exclusion zone (EZ). Personnel authorized to work in the EZ will be required to 
meet training/medical surveillance requirements, read and fully understand the site health and 
safety plan (HSP) and SHSP, and agree (in writing) to comply with its requirements. 

• Eating, drinking, chewing gum or tebaeco, or smoking is prohibited except in designated 
work site areas. 

• Personal protective equipment (PPE) will be used at the work site at the protective level 
specified by the site safety coordinator (SSC) or site manager (SM). The SSC will ensure 
that personnel are medically qualified and trained in the use of the PPE. and that the PPE is 
tested/inspected and found to be clean and in good working order.    — 

• Authorized personnel with facial hair (i.e., over one day's growth) will not be allowed in the 
EZ whenever respiratory protection is required. - 

• Personnel and authorized visitors shall remove and discard all disposable PPE prior to leaving 
the work site. — 

• All personnel shall be trained in the site-specific emergency procedures, including the 
location of emergency telephone numbers and hospital route maps. 

• Personnel must use the "buddy system" at all times while working within the EZ. The 
individual within the EZ must be in visual or verbal contact (e.g., cellular phone or two-way 
radio) with another authorized field team member. 

• Equipment shall be kept in proper working order and shall be kept free of accumulated 
lubricants, contaminants or other hazardous or flammable substances. 

• Safety briefings will be held daily, or as needed, by the SSC, SM, or project engineer (PE). 

• Field activities are to be conducted during daylight hours whenever possible. Any work 
conducted during evening or nighttime hours in the EZ or work areas will require a minimum 
light intensity of 30 foot-candles. - ■-. 

Disposable chemical-resistant (e.g., butyl rubber, nitrile, viton, PVC) gloves when 
handling corrosives or contaminated wastes (groundwater, spent carbon, sediment), heavy 
work gloves may be worn over the chemical-resistant gloves to provide additional abrasion 
resistance, but if contaminated they must be discarded.   — 
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Table 8-5 

MONITORING EQUIPMENT ACTION LEVELS 

Equipment Reading 
Action 

Explosimeter _<L10% LEL* Continue with caution. 

10-20% LEL Continue with caution while implementing control 
measures such as mechanical ventilation. 

>20% LEL Halt operations and evacuate the work site until the 
readings are below 10% LEL. 

O: Meter/Explosimeter 19.5-21% O: Continue operations. 

Needle deflects upward 
and then drops to zero 

Halt operations and evacuate the area until the readings 
are approximately 20% O:. 

<15%0: Halt operations and evacuate the area until readings are 
approximately 20% O:. 

< 19.5% 0: Halt operations. Level B PPE required. 

>21% O: Halt operations and evacuate the area until readings are 
approximately 20% 0:. 

PID (with 10.2eVor 11.7 

eV lamp) or OVA 

< 1 ppm Continue operations in Level D PPE.- 

> 1. < 5 ppm 
(intermittent)** 

Attempt to identify VOC with color detector rubes and 
attempt to locate source; monitor continuously with PID 
or FID. 

>5 ppm, < 10 ppm 
(intermittent)** 

Requires Level C PPE. Continue operations and 
implement engineering controls; continuously monitor 
area with PID/OVA and color detector tubes. 

> 5 ppm, < 25 ppm 
(intermittent)** 

Halt operations. SSC, in Level C. to identify source, 
attempt control, and monitor continuously. 

> 25 ppm 
(continuous)*** 

Discontinue site activities.  Level B or Level A may be 
required. 

Sound Level Meter <85 dBA Continue operations. 

>85dBA Continue operations wearing combination of hearing 
protection (i.e., earplugs, ear muffs) with NRR sufficient 
to attenuate noise level to < 85 dBA. 

> 120 dBA Continue operations only if hearing protection sufficient to 
attenuate noise level to s85 dBA; continue to monitor and 
initiate acoustical control measures (noise buffers, 
enclosures, etc.). 
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(a) 
(b) 

(0 

ppm 
O: 
< 
> 
PPE 
NRR 
HF 
HC1 

Readings are above background and taken in the breathing zone" of field personnel 
If the OVA is used, the action levels are based on nonmethane compounds.   The charcoal filter will be used jo 
distinguish between methane and nonmethane compounds. 
Color detector rubes will be used to monitor for HC1. HF, and Cb. per Subsection 5.2.4 
Color detector tubes for VOCs must be collected whenever PID or OVA readings are greater exceed 1 ppm. 

parts per million 
Oxygen 
Less than 
Greater than 
Personal protective equipment 
Noise reduction rating 
Hydrofluoric acid 
Hydrochloric acid 

SM Site manager 
PID -Photoionization detector 
eV Electronvolt 
OVA Organic vapor analyzer 
dBA       Decibels (A-weighted scale) 
SSC   — Site safety coordinator 
FID        Rame ionization detector 
VOCs     Volatile organic compounds 
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8.7       SITE CONTROL 

8.7.1     Work Site Access and Security 

Access to McAFB is controlled at various entry gates, such as the ones depicted on the McAFB 
Facility Map provided in Figure 8-1 (e.g.. Peacekeeper or Main Gate, Palm Gate, Roseville Road 
Gate, Bell Avenue Gate). Visitors are required to check in at the entry gate guardhouse and present 
their license and car registration. RA. Contractor field personnel will be issued identification badges 
which will be available during the course of field activities. 

Access to an SVE system work site will be limited to authorized McAFB, EPA. DTSC, RA Contractor 
and subcontractor personnel. Only visitors who have received prior authorization from appropriate 
project management or supervisory personnel to enter the work site will be permitted entry. 

The SSC or SM will be responsible for coordinating site access control and security during field 
activities. The SSC will be responsible for securing, issuing, and returning all McAFB identification 
badges and, if necessary, controlled area badges. A fence will be constructed to secure the work site 
and the fence posted with appropriate warning signs to indicate the presence of any hazards. 
Authorized visitors will be advised of the potential hazards at the work site and will not be allowed to 
enter designated SVE system work zones, or EZs, unless they meet aH- required training/medical 
qualifications, read the HSP and SHSP, and agree to adhere to its requirements. A visitor log will be 
maintained at the work siteand visitors required to sign in before entering. _ 

8.7.2     Work Zones 

Each work site requires appropriate siting coordination and approval of the Base civil engineer. The 
SSC will establish appropriate work zones within the work site. An EZ will be established to enclose 
the entire SVE system work zone (AWS, blowers, CatOx, quenching venturi and caustic scrubbers, 
scrubber stack, caustic tank, and other appurtenant facilities and equipment). The EZ represents the 
area of the work site where there is the greatest likelihood of exposure to physical or chemical hazards. 
The size and shape of the EZ will be determined by the SSC based upon potential hazards, site-specific 
conditions, site limitations, and the narure of SVE system operations. The outer boundary of the EZ 
will be clearly marked by an appropriate combination of barriers, signs, hazard tape, fences, or traffic 
cones, and entry will be limited to appropriately trained, qualified, and authorized field personnel. 
Visitors must supply their own PPE. 

A contamination reduction zone (CRZ), will be established, if deemed necessary by the SSC, to 
provide a buffer zone where personnel will conduct personal and equipment decontamination. The 
support zone (SZ) will constitute the clean safe area used for work site support and administrative 
activities, including the central field trailer located south of Building 685 in the designated contractor's 
lot. The SZ. if possible, should be located in an area of the work site that is upwind of the EZ and 
CRZ. Sanitary facilities (portable chemical toilets) will be available at the work site for subcontractor 
and field personnel during SVE system construction. Permanent sanitary facilities will be available at 
the field trailer for the duration of RA activities. 
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8773    Buddy System 

Personnel working within the EZ must use the "buddy system" at all times. The individual within the 
EZ must be in visual or verbal contact (e.g., cellular phone or two-way radio) with another authorized 
field team member located at the work site. The use of the "buddy system" will ensure field team 
members have the assistance of a partner able to observe symptoms of chemical exposure, illness, 
secure emergency assistance, notify management or response agencies in the event of an emergency, 
and provide any other assistance that may be necessary. Enforcement of the buddy system will be the 
responsibility of the SSC. 

If approved by the SSC, based on a review of work area conditions and operational activities, verbal 
contact with another authorized field team member located at McAEB but outside or away from the 
work site (e.g., field trailer, other RA or SVE system work sites) may be sufficient to satisfy the 
"buddy system" requirement and permit routine SVE system O&M activities within the EZ to be 
conducted by one individual. 

8.7.4    Site Communications Plan 

A telephone will be available throughout RA activities in the field trailer. Cellular telephones will be 
assigned to field personnel to ensure that at least one cellular telephone will be present at each work 
site. In addition, the SSC will establish emergency signals during the initial site safety briefing prior to 
start-up of the SVE system; examples include: 

• EMERGENCY, NEED HELP: grasping throat with hand. 

• LEAVE AREA IMMEDIATELY: grasping other employee's wrist. 

• OK, I UNDERSTAND: thumbs up. 

• EMERGENCY, EVACUATE Work site: continuous blast on compressed air horn or 
alarm. 

• ALL CLEAR: two short blasts on air horn or alarm. 

8.8       DECONTAMINATION PLAN 

How extensive decontamination is depends primarily on the nature and extent of contamination at RA 
or SVE system work sites. Potential contact with hazardous substances or wastes (e.g., toxic, 
corrosive, reactive, etc.), require more extensive and thorough decontamination. The extent of the 
contamination and nature of field activities will vary at different work sites, but Level D PPE is 
expected to be adequate. Consequently, only minimal decon procedures are likely to be necessary. If 
the level of protection is upgraded to LevefC PPE, more extensive decon procedures will be 
implemented. The SSC can modify procedures, as necessary, thereby adapting them to actual site 
conditions (e.g., changes in the nature and extent of contamination, PPE leveLwork tasks, etc.). 
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8.83    Disposition of Investigation/Operation-Derived Waste 

System Residuals and other operation-derived waste will be sampled and disposed of in accordance 
with the procedures defined in Sections 5 and 9. The SSC, or designee. will ensure waste is properly 
containerized, secured, stored, and characterized, in accordance with the provisions of the McAFB 
Hazardous Waste Management Plans, EPA guidance, and requirements of the McAFB FTL and RPM. 
McAFB, as the generator responsible for completing and signing the hazardous waste manifest, will 
dispose of all hazardous wastes generated during this RA. 

8.9       EMERGENCY RESPONSE PROCEDURES 

The RA Contractor will evacuate field personnel from a work site during major incidents or 
emergencies (e.g., fires, explosions, major chemical releases, injuries, etc.), and immediately notify 
and request assistance from agencies with personnel trained to deal with the specific emergency. This 
Section describes contingencies and emergency response procedures to be implemented at the work 
site. The procedures are designed to provide field personnel with the guidance necessary to handle 
most emergency situations. 

8.9.1     Emergency Assistance 

Table 8-6 provides a list of emergency telephone numbers and contacts. This list will be conspicuously 
posted or maintained near the telephone or other communication network established at the work site to- 
identify' appropriate emergency assistance personnel and McAFB contacts. In addition, maps 
indicating the location of the nearest emergency medical facilities on- and off-base will also be 
maintained at each work site throughout SVE installation and operations. Figure 8-1, McAFB Facility 
Map (see Subsection 8.7.1), and Figure 8-2, Hospital Location Map, identify the location and route to 
Mercy American River Hospital. 

Directions to hospital (Figure 8-2): 

Exit McAFB through the main gate at Watt Avenue. Turn right at Watt Ave. and continue 
south to Whitney Avenue. Turn left onto Whitney and travel east to Mission Ave. Turn left 
onto Mission Ave. and continue north to Engle Rd. Turn right onto Engle Rd. and continue 
east to 4747 Engle Rd. 
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arriver If there is evidence of serious trauma or unknown chemical exposure, the employee should be 
stabilized while awaiting EMS or rescue personnel. 

A first aid kit will be maintained at the work site and/or field trailer for treating.minor injuries. 

Exposure.   In the event of respiratory exposure, dermal or eye contact, oringestion of a potentially 
toxic substance, the following procedures will be followed. 

Respiratory Exposure (Inhalation). Move to fresh air immediately. Any loss of consciousness 
or exposure to elevated levels of known toxic substances, even if the individual appears to have 
fully recovered, requires immediate treatment and/or surveillance by a qualified physician. 

Dermal Contact. Wash/rinse affected area for at least 15 minutes. An emergency drench 
system/eye wash will be permanently located at each SVE system work site. Transport worker 
for treatment to Mercy American River Hospital, or another local medical facility of the 
worker's choice. ~ 

Eve Contact. Flush eye(s) continuously for 15 minutes using the emergency eye wash, then 
transport worker to Mercy American River Hospital, or another medical facility of the 
worker's choice. If the work site has not been hooked up to a potable water source, use the 
emergency eye-wash solution included in the first aid kit to flush the eyes, then transport the 
victim to the nearest potable water source or emergency medical facility (Mercy American 
River Hospital), whichever is closest. Follow-up treatment or examination -by a qualified 
physician is required. 

Ingestion. Immediately transport to the nearest available emergency medical facility (Mercy 
American River Hospital). The Regional Poison Control Center should be contacted for 
instructions if the victim cannot be immediately transported to the emergency facility or the 
emergency facility cannot be contacted. 

Emergency telephone numbers are provided in Table 8-6. The location of Mercy American River 
Hospital is provided in Figure 8-2. 

8.9.3 Communication Network 

As discussed in Subsection 8.7, a telephone or cellular telephone• will be available at the work site. 
The SM or SSC will ensure that a functioning communication network is established and in working 
order prior to the stan of field activities. 

8.9.4 Adverse Weather Conditions 

In the event of adverse weather conditions, the~SM, PE, or SSC will determine if field activities can be 
safely continued.  Some of the conditions posing potential hazards include: 

• Extremely high temperatures and humidity (i.e. potential for heat stress). 

• Dangerous weather-related working conditions (e.g., high winds, rain, smog, etc.). 

• Limited visibility. 
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8.9.7    Recordkeeping 

In addition to OSHA and Cal/OSHA recordkeeping requirements, the RA Contractor will maintain a 
file of any H&S-related events occurring at RA work sites. Any exposure or potential exposure is to 
be-feeorded, as well as accidents or incidents that require jhe filing of an Accident/Incident Report 
(e.g., injuries, illnesses, accidental damage to property, or "near miss" occurrences that could have 
resulted in personal injury). _ 

8.10     HSP APPROVAL, REVIEW AND DOCUMENTATION 

RA Contractor field personnel will review the HSP and SHSP during site-specific training and initial 
project briefing. Each field team member working in a designated work zone, or EZ. must sign the 
HSP Acknowledgment of Understanding form. The forms will be maintained by the SSC as pan of the 
project H&S file. 

The SSC is responsible for informing all site personnel of any changes to the HSP or SHSP and 
describing the specific details of the changes during safety meetings. 

Field personnel will be informed in writing of the results of any monitoring or sampling conducted 
during RA field activities and SVE system operations, or any other information indicating possible RA 
work site exposure(s). Any data or other documentation indicating possible employee exposure to 
chemical hazards exceeding PELs will be forwarded to the employee, the RA Contractor occupational 
physician, and upon the employee's request, to his/her personal physician. 

This HSP has been prepared for anticipated RA work site conditions, hazards, and tasks associated 
with the SVE systems at McAFB.   The HSP and SHSP must be modified if these conditions change 
substantially. 

HSP Prepared By:     Jerry Hinck. Office Safety Coordinator, URSG Sacramento Date:      
(name/title/office) 

Approved By: 

Modified By: 

Mark Litzinger. URSG H&S Manager. URSG Seattle 
(name/title/office) 

Date: 

Jerry Hinck, Office Safety Coordinator, URSG Sacramento Date: 
(name/title/office) 

Modifications 
Approved By: Date: 

(name/title/office) 
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NTP CHEMICAL REPOSITORY (RADIAN CORPORATION, AUGUST 29, 1991) 
HYDROGEN SULFIDE 

-IDENTIFIERS 

♦CATALOG ID NUMBER: 001210 

*CAS NUMBER: 7783-06-4 

»BASE CHEMICAL NAME: HYDROGENSULFIDE 

♦PRIMARY NAME: HYDROGEN SULFIDE . ~ 

♦CHEMICAL FORMULA: H2S 

♦STRUCTURAL FORMULA: 

♦WLN: ..H2.S 

♦SYNONYMS: 
SULFUR HYDRIDE 
STINK DAMP 
SULFURETTED HYDROGEN 

-PHYSICAL CHEMICAL DATA 

♦PHYSICAL DESCRIPTIONS: Literature: 
Repository: Colorless gas 

♦MOLECULAR WEIGHT: 34.08 

♦SPECIFIC GRAVITY: 1.539 g/L @ 0 C @ 760 mm 

'DENSITY: 1.19 relative to air 

*MP (DEG C): -85.5 C 

*BP (DEG C): -60.7 C 

•♦SOLUBILITIES: 
WATER : Not available 

DMSO : Not available 

9 5% ETHANOL : Not available 

METHANOL : Not available 

ACETONE : Not available 

TOLUENE : Not available 

OTHER SOLVENTS: 
Water: soluble 
Alcohol: Soluble 
Glycerol: Soluble 
CS2 : Soluble 

ETHER  : Soluble 

♦VOLATILITY  : 
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Vapor Pressure: 20 atm. 25.5 C 
Vapor density: 1.18 

lÄint!(260SC degrees.  Flammable.  Fires involving this chemical should 
extinguished with water, dry chemical, or halon extinguishers. 
The autoignition temperature is 260 C (500 F). 

♦UEL: 46% LEL: 4"3% 

*RSctfiIoientlywithNa202, NI3, NC13, NF3, OF2, HN03. Pb02, F2   Cu 
5.3  C1F3  CIO? B_rF5, acetaldehyde, Na, hydrated iron oxide and absorbea 

Oxygen. 

♦STABILITY: Not available 
Auqeous solutions are not stable. 

♦OTHER PHYSICAL DATA: 
Freezing point: -83.8 C 
Characteristic odor of rotten eggs 
Odor threshold is 0.0002 ppm 

-TOXICITY 

mode 
ihl 

specie 
hmn 

amount 
600 

unit 
ppm/30M 

ihl rat 444 ppm 

ihl 
ihl 
ihl 

mus 
gpg 
man 

673 
1 

800 

ppm/lH 
mg/m3/8H 

ppm/5M 

♦NIOSH REGISTRY NUMBER: MX1225000 

♦TOXICITY: ___     __^     ^^       ^      Qther 
typ. dose 

LCLO 
LC50 
LC50 
LCLO 
LCLO 

♦AQTX/TLM96: Not available 

"?'^T0ShTI ™artoB.y.s .„a mucous „«*>ra„e and vi, inhalation routs. 
H2S is both an irritant.and an asphyxiant. 

*CARCINOGENICITY: Not available 

♦MUTAGENICITY: Not available 

♦TERATOGENICITY: Not available 

♦STANDARDS, REGULATIONS & RECOMMENDATIONS: 
OSHA: Federal Register (1/19/89) and 29 CFR 1910-1000 SubpartZ 

Transitional Limit: Ceiling Limit 20 ppm;•Peak 50 ppm/lOM [610] 
Final Limit: PEL-TVJA 10 ppm; STEL 15 ppm [610] 

ACGIH: TLV-TWA 10 ppm; STEL 15 ppm [610] _ _,_._„_,* = ;-. 
NIOSH Criteria Document: Recommended Exposure Limit to this compound-air. 

Ceiling Limit 10 ppm/10M [610] 

NFPA Hazard Rating: Health (H): 3 
Flammability (F): 4 
Reactivity (R): 0 

H3• Materials extremely hazardous to health but areas may be entered 
with extreme care (see NFPA for details). 

F4: Very flammable gases or very volatile flammable liquids (see NFPA . 

R0: Matertals^which are normally stable even under fire exposure conditions 
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and which are not reactive with water (see NFPA for details). 

♦OTHER TOXICITY DATA: 
Review: Toxicology Review-2 
Status: "NIOSH Manual of Analytical Methods" Vol. 1 126, Vol. 2 S4 

Reported in EPA TSCA Inventory, 19 80 

-OTHER DATA (Regulatory) 

♦PROPER SHIPPING NAME (IATA): Hydrogen sulphide, liquefied 

*UN/ID NUMBER: UN1Ü53 ~ 

♦HAZARD CLASS: 2 SUBSIDIARY RISK: 6.1, 3    PACKING GROUP: 

♦LABELS REQUIRED: 

♦PACKAGING- PASSENGER: PKG. INSTR.: Forbidden      MAXIMUM QUANTITY: Forbidden 
' CARGO    : PKG. INSTR.: Forbidden      MAXIMUM QUANTITY: Forbidden 

♦SPECIAL PROVISIONS: A2 

♦USES• 
In the manufacturing of chemicals, in metallurgy;  as analytical reagent. 
Purification of hydrochloric and sulfuric acids;  A source of sulfur. 

♦COMMENTS: Not available 

-HANDLING PROCEDURES 

♦ACUTE/CHRONIC HAZARDS: 
ci-e hazard-  Very dangerous when exposed to heat, flame or oxidizers. 
Explosion hazard:  Moderate.  May travel considerable distance to source of 

ignition and flash back. 

-MINIMUM PROTECTIVE CLOTHING: 
If Tyvek-type disposable protective clothing is not worn during 

handling of this chemical, wear disposable Tyvek-type sleeves taped to 

your gloves. 

-RECOMMENDED GLOVE MATERIALS: Not available 

♦RECOMMENDED RESPIRATOR: _,*,-,* 
When working with this chemical, wear a NIOSH-approved full face 

positive pressure supplied-air respirator or a self-contained breathing 

apparatus (SCBA). 

♦OTHER: Not available 

♦STORAGE PRECAUTIONS: 
You should store this chemical in a freezer and away from all 

mineral acids and bases. 

♦SPILLS AND LEAKAGE: 
Gas leakage - pass through FeCl3 solution with a trap in line for prevention 
of siphoning back.  Place cylinder in or near hood and leave to bleed off. 

♦DISPOSAL AND WASTE TREATMENT: 
You should dispose of all waste and contaminated materials 

associated with this chemical as specified by existing local, 
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state and federal regulations concerning hazardous waste disposal. 
Tt is suggested that your contaminated materials should be destroyec 
by incineration in a special, high temperature ( >2000 degrees F), 
chemical incinerator facility. 

-EMERGENCY PROCEDURES 

*SKIN CONTACT: -,,.•_, *.-_._.-•;„- 
CAUTION-  Exposure of skin to compressed gases may result xn freezing 

of the skin.  Treatment for frostbite may be necessary. 
Remove the victim from the source of contamination.  IMMEDIATELY wash 

affected areas gently with COLD water (and soap, if necessary) while 
removing and isolating all contaminated clothing.  Dry carefully with clean. 

Call a"hospital or poison control center IMMEDIATELY even if no symptoms 
(such as inflammation or irritation) develop.       ; 

Be prepared to transport the victim to a hospital for treatment after 
washing the affected area if advised to do so by a physician. 

«INHALATION: ,__<-_* *_„„>, _ ■;- 
IMMEDIATELY leave the contaminated area; take deep breaths ot tresn air. 

TMMEDIATELY call a physician and be prepared to transport the victim to a 
hospital even if no symptoms (such as wheezing, coughing, shortness of breath, 
o- burning in the mouth, throat, or chest) develop. 

Provide proper respiratory protection to rescuers entering an unknown 
atmosohere.  Whenever possible. Self-Contained Breathing Apparatus (SCBA) 
should be used; if not available, use a level of protection greater than or 
equal to that advised under Respirator Recommendation. 

*"YE CONTACT: 
First check the victim for contact lenses and remove if present.  Flush 

victim's eyes with water or normal saline solution for 20 to 30 minutes while 
simultaneously calling a hospital or poison control center. _ 

Do not put any ointments, oils, or medication in the victim's eyes without 
soecific instructions from a physician. 

IMMEDIATELY transport the victim after flushing eyes to a hospital even it 
r.o symptoms (such as redness or irritation) develop. 

"INGESTION: 
This compound is a gas, therefore inhalation is the first route ot 

exposure. 
•SYMPTOMS: .        . .  ' 
Extremely hazardous.  Collapse, coma and death from respiratory failure may 
co-ne within a few seconds after one or two inspirations.  Insidious poison, 
since of smell may be fatigued and fail to give warning of high concentrations 
Low concentrations produce irritation of conjuntiva and mucous membranes. 
Headaches, dizziness, nausea, lassitude may appear after exposure. 

♦FIREFIGHTING: 

-SOURCES 

'SOURCES: 
Occupational Safety and Health Administration.  Tentative 

OSHA Listing of Confirmed and Suspected Carcinogens by 
Category.  Occupational Safety and Health Administration. 
Washington, DC.  1979.  Not listed 

Aldrich Chemical Company.  Aldrich Catalog/Handbook of Fine 
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Chemicals.  Aldrich Chemical Co., Inc.  Milwaukee, WI. 
1980.  Not listed 

Oak Ridge National Laboratory-  Environmental Teratogen Information 
Center (ETIC), Bibliographic Data Base.  Oak Ridge National 
Laboratory.  Oak Ridge, TN.   Listed 

Oak Ridge National Laboratory.  Environmental Mutagen Information 
Center (EMIC), Bibliographic Data Base.  Oak Ridge National 
Laboratory.  Oak Ridge, TN.  Listed 

Steere, N.V., Ed.  Handbook of Laboratory Safety.  2nd Ed. 
CRC Press, Inc.  Cleveland, OH.  1971.  p. 778-9, 562 

U.S. Environmental Protection Agency, Office of Toxic Substances. 
Toxic Substances Control Act Chemical Substances Inventory, 
Initial Inventory.  6 Vols.  U.S. Environmental Protection 
Agency.  Washington, D.C.  1979.  Listed 

Proctor, N.H. and J.P. Hughes.  Chemical Hazards of the Workplace. 
J.B. Lippincott.  Philadelphia.  1978.  p. 293 

Hawley, G.G., Ed.  The Condensed Chemical Dictionary.  10th Ed. 
Van Nostrand Reinhold.  New York.  1981.  p. 545-6 

International Technical Information Institute.  Toxic and 
Hazardous Industrial Chemicals Safety Manual for Handling 
and Disposal with Toxicity and Hazard Data.  International 
Technical Information Institute.  1978.  p. 279, 347 

Sax, N.I.  Dangerous Properties of Industrial Materials.  5th Ed. 
Van Nostrand Reinhold.  New York.  1979.  p. 731 

Windholz, M., Ed. The Merck Index. 9th Ed. Merck and Co. 
Rahway, NJ.  1976.  p. 633, 4695 

Weast, R.C. and M.A. Astle, Eds. CRC Handbook of Chemistry 
and Physics. 60th Ed. CRC Press, Inc. Boca Raton, FL. 
1982.  p. b-83, h68 

Lewis, R.J., Sr. and R.L. Tatken, Eds.  Registry of Toxic 
Effects of Chemical Substances.  DHEW (NIOSH) Publication 
No. 79-100.  National Institute for Occupational Safety 
and Health.  Cincinnati, OH.  1979.  MX1225000 

[610] Clansky, Kenneth B., Ed.  Suspect Chemicals Sourcebook:  A Guide to 
Industrial Chemicals Covered Under Major Federal Regulatory and 
Advisory Programs.  Roytech Publications, Inc.  Burlingame, CA. 
1990.  Section 3, p. 121. 

[620] United States National Toxicology Program.  Chemical Status Report. 
NTP Chemtrack System.  Research Triangle Park, NC.  November 6, 1990 
Not listed. 
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New Jersey Department of Health and Senior Services 

HAZARDOUS SUBSTANCE FACT SHEET 

Common Name:       METHANE 

CAS Number: 
DOT Number: 

74-82-8 
UN 1971 (compressed gas) 
UN 1972 (liquefied) 

HAZARD SUMMARY 
* Methane can affect you when breathed in. 
* Very high levels can cause suffocation from lack of 

oxygen. 
* Skin contact with liquid Methane can cause frostbite. 
* Methane   is   a  HIGHLY  FLAMMABLE  GAS   and   a 

DANGEROUS FIRE and EXPLOSION HAZARD. 

IDENTIFICATION 
Methane is an odorless, colorless gas, or liquid under 
pressure. It is used as a fuel and in the manufacture of 
organic   chemicals.   Acetylene,   Hydrogen   Cyanide,   and 
Hydrogen. 

REASON FOR CITATION 
* Methane is on the Hazardous Substance List because it is 

cited by ACGIH. DOT and NFPA. 
* This chemical is on the Special Health Hazard Substance 

List because it is FLAMMABLE. 
* Definitions are provided on page 5. 

HOW TO DETERMINE IF YOU ARE BEING 
EXPOSED 
The New Jersey Right to Know Act requires most employers 
to label chemicals in the workplace and requires public 
employers to provide their employees with information and 
training concerning chemical hazards and controls. The 
federal OSHA Hazard Communication Standard, 1910.1200, 
requires private employers to provide similar training and 
information to their employees. 

* Exposure to hazardous substances should be routinely 
evaluated. This may include collecting personal and area 
air samples. You can obtain copies of sampling results 
from your employer. You have a legal right to this 
information under OSHA 1910.20. 

* If you think you are experiencing any work-related health 
problems, see a doctor trained to recognize occupational 
diseases. Take this Fact Sheet with you. 

RTK Substance number:  1202 
Date: February 1989        Revision: October 1996 

WORKPLACE EXPOSURE LIMITS 
No exposure limits have been determined for Methane. 

The health effects caused by exposure to Methane arc much 
less serious than its fire and explosion risk. 

Large amounts of Methane will decrease the amount of 
available oxygen. Oxygen content should be tested to ensure 
that it is at least \99c by volume. 

WAYS OF REDUCING EXPOSURE 
* Where possible, enclose operations and use local exhaust 

ventilation at the site of chemical release. If local 
exhaust ventilation or enclosure is not used, respirators 
should be worn. 

* Wear protective gloves and clothing to avoid contact with 
cold, liquid Methane. 

* Wear protective clothing made of material that does not 
generate static electricity. 

* Permanently installed analyzers can be used to monitor 
for dangerous release of Methane gas. 

* Post hazard and warning information in the work area. In 
addition, as part of an ongoing education and training 
effort, communicate all information on the health and 
safety hazards of Methane to potentially exposed 
workers. 
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This Fact Sheet is a summary source of information of all 
potential and most severe health hazards that may result from 
exposure. Duration of exposure, concentration of the 
substance and other factors will affect your susceptibility to 
any of the potential effects described below. 

HEALTH HAZARD INFORMATION 

Acute Health Effects 
The following acute (short-term) health effects may occur 
immediately or shortly after exposure to Methane: 

* Very high levels can cause suffocation from lack of 

oxygen. 
* Skin contact with liquid Methane can cause frostbite. 

Chronic Health Effects 
The following chronic (long-term) health effects can occur at 
some time after exposure to Methane and can last for months 

or years: 

Cancer Hazard 
* According to the information presently available to the 

New Jersey Department of Health and Senior Services, 
Methane has not'been tested for its ability to cause 
cancer in animals. 

Reproductive Hazard 
* According to the information presently available to the 

New Jersey Department of Health and Senior Services, 
Methane has not been tested for its ability to affect 
reproduction. 

Other Long-Term Effects 
* Methane has not been tested for other chronic (long- 

term) health effects. 

MEDICAL 

Medical Testing 
There is no special test for this chemical. However, if illness 
occurs or overexposure  is suspected, medical attention  is 
recommended. 

Any evaluation should include a careful history of past and 
present symptoms with an exam. Medical tests that look for 
damage already done are npj a substitute for controlling 
exposure. 

Request copies of your medical testing. You have a legal 
rieht to this information under OSHA 1910.20. 
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WORKPLACE CONTROLS AND PRACTICES 

Unless a less toxic chemical can be substituted ä^? 
hazardous substance. ENGINEERING CONTROLS up- 
most effective way of reducing exposure. The best 
protection is to enclose operations and/or provide local 
exhaust ventilation at the site of chemical release. Isolating 
operations can also reduce exposure. Using respirators or 
protective equipment is less effective than the controls 
mentioned above, but is sometimes necessary. 

In evaluating the controls present in your workplace, 
consider: (l)"how hazardous the substance is. (2) how much 
of the substance is released into the workplace and (3) 
whether harmful skin or eye contact could occur. Special 
controls should be in place for highly toxic chemicals or 
when significant skin. eye. or breathing exposures are 

possible. 

In addition, the following controls are recommended: 

* Before entering a confined space where Methane is 
present, check to make sure that sufficient oxygen (19<7r) 
exists. 

* Before entering a confined space where Methane may be 
present, check to make sure that an explosive 
concentration does not exist. 

PERSONAL PROTECTIVE EQUIPMEN 

THAI WORKPLACE CONTROLS ARE BETTER THAN 
PERSONAL PROTECTIVE EQUIPMENT. However, for 
some jobs (such as outside work, confined space entry, jobs 
done only once in a while, or jobs done while workplace 
controls are being installed), personal protective equipment 
may be appropriate. 

The following recommendations are only guidelines and may 
not apply to every situation. 

Clothing 
»   All protective clothing (suits, gloves, footwear, headgear) 

should be clean, available each day, and put on before 
work. 

*   Where exposure to cold equipment, vapors, or liquid may 
occur,   employees   should   be   equipped   with   special 
clothing designed to prevent freezing of body tissues. 
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Eye Protection 
* Wear eas-proof goggles, unless full facepiece respiratory 

protection is worn. 

Respiratory Protection 
IMPROPER USE OF RESPIRATORS IS DANGEROUS. 
Such equipment should only be used if the employer has a 
written program that takes into account workplace 
conditions, requirements for worker training, respirator fit 
testing and medical exams, as described in OSHA 1910.134. 

* DO NOT USE CHEMICAL CARTRIDGE OR 
CANISTER RESPIRATORS. 

* Exposure to Methane is dangerous because it can replace 
oxygen and lead to suffocation. Qnly MSHA/NIOSH 
approved self-contained breathing apparatus with a full 
facepiece operated in positive pressure mode should be 
used in oxygen deficient environments. 

HANDLING AND STORAGE 

* Prior to working with Methane you should be trained on 
its proper handling and storage. 

* Procedures for handling, use, and storage of Methane 
cylinders should be in compliance with OSHA 1910.101 
(Compressed gases) and Subpart M-Compressed Gas and 
Compressed Air Equipment (1910.169 to 171) and follow 
the recommendations of the Compressed Gas Association. 

* Methane must be stored to avoid contact with 
OX1DIZERS (such as OXYGEN, CHLORINE, 
BROMINE. PERCHLORATES. PEROXIDES, 
NITRATES and PERMANGANATES) since violent 
reactions occur. 

* Sources of ignition such as smoking and open flames are 
prohibited where Methane is handled, used, or stored. 

* Use only non-sparking tools and equipment, especially 
when opening and closing containers of Methane. 

* Wherever Methane is used, handled, manufactured, or 
stored, use explosion-proof electrical equipment and 
fittinas. 

QUESTIONS AND ANSWERS 

Q:    If I have acute health effects, will I later get chronic 
health effects? 

A:    Not always.    Most chronic (long-term» effects result 
from repeated exposures to a chemical. 

Q. Can I get long-term effects without ever having short- 
term effects? 

A: Yes, because long-term effects can occur from repeated 
exposures to a chemical at levels not high enough to 
make you immediately sick. 

Q:    What are my chances of getting sick when I have been 
exposed to chemicals? 

A:    The likelihood of becoming sick from chemicals is 
increased as the amount of exposure increases.  This is 
determined by the length of time and the amount of 
material to which someone is exposed. 

Q:    When are higher exposures more likely? 
A: Conditions which increase risk of exposure include 

physical and mechanical processes (heating, pouring, 
spraying, spills and evaporation from large surface areas 
such as open containers), and "confined snace" 
exposures (working inside vats, reactors, boilers, small 
rooms, etc.). 

Q: Is the risk of getting sick higher for workers than for 
"community residents? 

A: Yes. Exposures in the community, except possibly in 
cases of fires or spills, are usually much lower than 
those found in the workplace. However, people in the 
community may be exposed to contaminated water as 
well as to chemicals in the air over long periods. 
Because of this, and because of exposure of children or 
people who are already ill, community exposures may 
cause health problems. 

• 
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The following information is available from: 

New Jersey Department of Health and 
Senior Services 

Occupational Disease and Injury Services 
Trenton, NJ 08625-0360 
(609)984-1863 

Industrial Hygiene Information 
- Industrial hygienists are available to answer your question;, 

reearding the control of chemical exposures using exhaust 
ventilation, special work practices, good housekeeping, good 
hygiene practices, and personal protective equipment 
including respirators. In addition, they can help to interpret 
the results of industrial hygiene survey data. 

Medical Evaluation 
If you think you are becoming sick because of exposure to 
chemicals at your workplace, you may call a Department of 
Health and Senior Services physician who can help you find 
the services you need. 

Public Presentations 
Presentations and educational programs on occupational 
health or the Right to Know Act can be organized for labor 
unions, trade associations and other groups. 

Right to Know Information Resources g^ 
The Right to Know Infoline (609) 984-2202 caHwr 
questions about the identity and potential health effects of 
chemicals, list of educational materials in occupational 
health, references used to prepare the Fact Sheets, 
preparation of the Right to Know survey, education and 
training programs, labeling requirements, and general 
information regarding the Right to Know Act. Violations of 
the law should'be reported to (609) 984-2202. 
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DEFINITIONS 

ACGIH is the American Conference of Governmental 
Industrial Hygienists. It recommends upper limits (called 
TLVs) for exposure to workplace chemicals. 

A carcinogen is a substance that causes cancer. 

The CAS number is assigned by the Chemical Abstracts 
Service to identify a specific chemical. 

A combustible substance is a solid, liquid or gas that will 

burn. 

A corrosive substance is a gas, liquid or solid that causes 
irreversible damage to human tissue or containers. 

DEP is the New Jersey Department of Environmental 
Protection. 

DOT is the Department of Transportation, the federal agency 
that regulates the transportation of chemicals. 

EPA is the Environmental Protection Agency, the federal 
agency responsible for regulating environmental hazards. 

A fetus is an unborn human or animal. 

A flammable substance is a solid, liquid, vapor or gas that 
will ignite easily and bum rapidly. 

The flash point is the temperature at which a liquid or solid 
gives off vapor that can form a flammable mixture with air. 

HHAG  is the  Human  Health Assessment Group of the 
federal EPA. 

IARC is the International Agency for Research on Cancer, a 
scientific group that classifies chemicals according to their 

• cancer-causing potential. 

A miscible substance is a liquid or gas that will evenly 
dissolve in another. 

mg/m3 means milligrams of a chemical in a cubic meter of 
air. It is a measure of concentration (weight/volume). 

MSHA is the Mine Safety and Health Administration, the 
federal agency that regulates mining. It also evaluates and 
approves respirators. 

A mutagen is a substance that causes mutations. A mutation 
is a change in the genetic material in a body cell. Mutations 
can lead to birth defects, miscarriages, or cancer. 

NAERG is the. North American Emergency Response 
Guidebook. It was jointly developed by Transport Canada. 
the United States Department of Transportation and the 
Secretariat of Communications and Transportation of 
Mexico. It is a guide for first responders to quickly identify 
the specific or generic hazards of material involved in a 
transportation incident, and to protect themselves and the 
general public during the initial response phase of the 
incident. 

NCI is the National Cancer Institute, a federal agency that 
determines the cancer-causing potential of chemicals. 

NFPA is the National Fire Protection Association. It 
classifies substances according to their fire and explosion 
hazard. 

NIOSH is the National Institute for Occupational Safety and 
Health. It tests equipment, evaluates and approves 
respirators, conducts studies of workplace hazards, and 
proposes standards to OSHA. 

NTP is the National Toxicology Program which tests 
chemicals and reviews evidence for cancer. 

OSHA is the Occupational Safety and Health 
Administration, which adopts and enforces health and safety 
standards. 

PEOSHA is the Public Employees Occupational Safety and 
Health Act, a state law which sets PELs for. New Jersey 
public employees. 

ppm means parts of a substance per million parts of air. It is 
a measure of concentration by volume in air. 

A reactive substance is a solid, liquid or gas that releases 
energy under certain conditions. 

A teratogen is a substance that causes birth defects by 
damaging the fetus. 

TLV is the Threshold Limit Value, the workplace exposure 
limit recommended by ACGIH. 

The vapor pressure is a measure of how readily a liquid or a 
solid mixes with air at its surface. A higher vapor pressure 
indicates a higher concentration of the substance in air and 
therefore increases the likelihood of breathing it in. 
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Common Name: METHANE 
DOT Number:     UN 1971 (compressed gas) 

UN 1972 (liquefied) 
NAERG Code: : 115 
CAS Number:      74-82-8 

Hazard rating NJDOH NFPA 

FLAMM ABILITY - 4 

REACTIVITY - 0 

CONTAINERS MAY EX PLÖDE IN FIRE 

Hazard Rating Key: 0=minimal; l=slight; 2=moderate; 
3=serious; 4=severe 

FIRE HAZARDS 

* Methane is a FLAMMABLE GAS. 
* CONTAINERS MAY EXPLODE IN FIRE. 
* THE FLAME MAY BE INVISIBLE. 
* Stop the flow of gas. 
* Use water spray to disperse the vapors. 
* For small fires use dry chemical or carbon dioxide 

extinguishers. 
* For large fires use water spray, fog or foam. 
" If employees are expected to fight fires, they must be 

trained and equipped as stated in OSHA 1910.156. 

SPILLS AND EMERGENCIES 

If Methane is leaked, take the following steps: 

"    Restrict persons  not wearing protective equipment from 
area of leak until clean-up is complete. 

"    Remove all ignition sources. 
- Ventilate area of leak to disperse the gas. 
- Stop flow of gas. If source of leak is a cylinder and the 

leak   cannot   be   stopped   in   place,  remove   the   leaking 
. cylinder to a safe place in the'open air, and repair leak or 

allow cylinder to empty. 
* Use water spray to reduce vapor. 
" It may be necessary to contain and dispose of Methane as a 

HAZARDOUS WASTE. Contact your Department of 
Environmental Protection (DEP) or your regional office of 
the federal Environmental Protection Agency (EPA) for 
specific recommendations. 

* If employees are required to clean-up spills, they must be 
properly trained and equipped. OSHA 1910.120(q) may be 
applicable. 

FOR LARGE SPILLS AND FIRES immediately call \our fire 
department. You can request emergency information f^Whc 
following: 

CHEMTREC: (800) 424-9300 
NJDEP HOTLINE: (609) 292-7172 

HANDLING AND STORAGE ( See page 3 ) 

FIRST AID 

lt] Nl POISON lNFC^MATION /-,W)-Ort?-/25? 

Skin Contact 
* Immerse affected part in warm (not hot) water.    Seek 

medical attention. 

Breathing 
* Remove the person from exposure. 
* Begin rescue breathing if breathing has stopped and CPR if 

heart action has stopped. 
* Transfer promptly to a medical facility. 

PHYSICAL DATA 

Flash Point: -306°F(-188°C) 
Water Solubility: Slightly soluble 

OTHER COMMONLY USED NAMES 

Chemical Name: 
Methyl Hydride 
Other Names: 
Natural Gas: Marsh Gas; Biogas 

Not intended to be copied and sold for commercial 
purposes. 

NEW JERSEY DEPARTMENT OF HEALTH AND 
SENIOR SERVICES 

Right to Know Program 
CN 368, Trenton, NJ 08625-0368 
(609) 984-2202 



Guide 
htip://\vw\v.ic.gc.ca/CANüTEC/english/s:uiüc.iearcn/Suiac.asp?GuMc 

GUIDE 115 GASES - FLAMMABLE (Including Refrigerated Liquids) 

POTENTIAL HAZARDS 

FIRE OR EXPLOSION 
EXTREMELY FLAMMABLE. 
Will be easily ignited by heat, sparks or flames. 

Will form explosive mixtures with air. 
Vapours from liquefied gas are initially heavier than air and spread along ground. 

Vapours may travel to source of ignition and flash back. 

Containers may explode when heated. 
Ruptured cylinders may rocket. 

HEALTH 
Vapours may cause dizziness or asphyxiation without warning. 

Some may be irritating if inhaled at high concentrations. 
Contact with gas or liquefied gas may cause burns, severe injury and/or frostbite. 

Fire may produce irritating and/or toxic gases. 
PUBLIC SAFETY 

CALL Emergency Response Telephone Number on Shipping Paper first. If Shipping 
Paper not available or no answer, refer to appropriate telephone number listed on the 
nside back cover. 
Isolate spill or leak area immediately for at least 50 to 100 metres (160 to 330 feet) in all 

directions. 
Keep unauthorized personnel away. 

Stay upwind. 
Many gases are heavier than air and will spread along ground and collect in low or confined 

areas (sewers, basements, tanks). 
Keep out of low areas. 

PROTECTIVE CLOTHING 
Wear positive pressure self-contained breathing apparatus (SCBA). 
Structural firefighters' protective clothing will only provide limited protection. 
Always wear thermal protective clothing when handling refrigerated/cryogenic liquids. 

EVACUATION 
Large Spill 
• Consider initial downwind evacuation for at least 800 metres (1/2 mile). 

Fire 
• If tank, rail car or tank truck is involved in a fire, ISOLATE for 1600 metres (1 mile) in all 
directions; also, consider initial evacuation for 1600 metres (1 mile) in all directions. 

EMERGENCY RESPONSE 

FIRE 
• DO NOT EXTINGUISH A LEAKING GAS FIRE UNLESS LEAK CAN BE STOPPED. 

Small Fires 
• Dry chemical or C02. 

Large Fires 

i of: 
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Water spray or fog. 
Move Containers from fire area if you can do it without risk. 

Fire involving Tanks 
Fight fire from maximum distance or use unmanned hose holders or monitor nozzles. 

Cool containers with flooding quantities of water until well after fire is out. 
Do not direct water at source of leak or safety devices; icing may occur. 
Withdraw immediately in case of rising sound from venting safety devices or discolouration of 

tank. 
ALWAYS stay away from the ends of tanks. 
For massive fire, use unmanned hose holders or monitor nozzles; if this is impossible, 

withdraw from area and let fire bum. 

SPILL OR LEAK 
ELIMINATE all ignition sources (no smoking, flares, sparks'or flames in immediate area). 

All equipment used when handling the product must be grounded. 

Do not touch or walk through spilled material. 

Stop leak if you can do it without risk. 
If possible, turn leaking containers so that gas escapes rather than liquid. 
Use water spray to reduce vapours or divert vapour cloud drift. 

Do not direct water at spill or source of leak. 
Prevent spreading of vapours through sewers, ventilation systems and confined areas. 

Isolate area until gas has dispersed. 
CAUTION: When in contact with refrigerated/cryogenic liquids, many materials beco^ 
brittle and are likely to break without warning. 

FIRST AID 
Move victim to fresh air. 
Call emergency medical care. 
Apply artificial respiration if victim is not breathing. 
Administer oxygen if breathing is difficult. 
Remove and isolate contaminated clothing and shoes. 
Clothing frozen to the skin should be thawed before being removed. 
In case of contact with liquefied gas, thaw frosted parts with lukewarm water. 

Keep victim warm and quiet. 
Ensure that medical personnel are aware of the material(s) involved, and take precautions to 

protect themselves. 

Menu |TOC CANUTEC Comments 
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Water spray or fog. 
Move containers from fire area if you can do it without risk. 

Fire involving Tanks 
Fight fire from maximum distance or use unmanned hose holders or monitor nozzles. 
Cool containers with flooding quantities of water until well after fire is out. 
Do not direct water at source of leak or safety devices; icing may occur. 
Withdraw immediately in case of rising sound from venting safety devices or discolouration of 

tank. 
ALWAYS stay away from the ends of tanks. 
For massive fire, use unmanned hose holders or monitor nozzles; if this is impossible, 

withdraw from area and let fire bum. 

SPILL OR LEAK 
• ELIMINATE all ignition sources (no smoking, flares, sparks'or flames in immediate area). 

• All equipment used when handling the product must be grounded. 

• Do not touch or walk through spilled material. 
• Stop leak if you can do it without risk. 
■ If possible, turn leaking containers so that gas escapes rather than liquid. 
• Use water spray to reduce vapours or divert vapour cloud drift. 
• Do not direct water at spill or source of leak. 
■ Prevent spreading of vapours through sewers, ventilation systems and confined areas. 

• Isolate area until gas has dispersed. 
CAUTION: When in contact with refrigerated/cryogenic liquids, many materials become 
brittle and are likely to break without warning. 

FIRST AID 
• Move victim to fresh air. 
• Call emergency medical care. 
• Apply artificial respiration if victim is not breathing. 
• Administer oxygen if breathing is difficult. 
• Remove and isolate contaminated clothing and shoes. 
• Clothing frozen to the skin should be thawed before being removed. 
• In case of contact with liquefied gas, thaw frosted parts with lukewarm water. 

• Keep victim warm and quiet. 
• Ensure that medical personnel are aware of the material(s) involved, and take precautions to 
protect themselves. 
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! ■ Air-activated tools must be used where flammable liquids are present and must be 

3 . Cornpteted gas cylinders, except those that are part of SCBA or resuscitation equipment, 
A are not permitted. _ . cu.      . 
5 - Ladders, scaffolding, and staging must be designed and fabricated to meet OSHA and 

Cal/OSHA regulations (29 CFR 1910 Subpart D; 8 CCR §1640 et seq.). and COE Work 
Platform Safety and Health Standards (EM-385-1-1, Section 22). 
Any equipment or instrumentation subject to use where flammable atmospheres may 
occur must be listed as explosion-proof or intrinsically safe by a recognized testing 

10 laboratory. 

11   ~~ 
12 
13 11.8     PFrORD KEEPING 

15 Copies of JV personnel training records and entry permits must be maintained in the METRIC project 

16 file. 
17 
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URS CORPORATION SAFETY MANAGEMENT STANDARD 

EXCAVATION SAFETY 

1.0 Applicability 

This procedure applies to projects where URS Corporation controls trenching and 
excavation activities, and/or where URS Corporation employees are exposed to 
hazards associated with trenching and excavation activities. 

2.0 Purpose and Scope 

This procedure is intended to protect personnel from the hazards associated with 
excavation entry activities. 

3.0 Implementation 

Field Operations - Implementation of this program is the responsibility of the Project 
Manager. 

4.0 Requirements 

A.   Competent Person 

Appoint an Excavation Competent Person when URS Corporation controls 
excavation activities. The Excavation Competent Person: 

1. Is responsible for conducting daily inspections of excavation, adjacent 
areas, and protective systems prior to each shift. 

2. Is responsible for inspection after every rainstorm or other hazard. 

3. Must have knowledge of soils and soil classification. 

4. Understands design and use of protective systems. 

5. Has authority to stop work and take corrective actions when conditions 
change. 

6. Has the ability to recognize and test hazardous atmospheres. 

7. Has formal documentation of training as an Excavation Competent Person. 

8. Is physically located at the excavation while work is in progress. 

Page 1 of 4 
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B.   Soil Classification 

Soil classifications must be conducted in accordance with Attachment 13-1. 
For the purposes of this standard all soils will be classified as type C unless 
otherwise designated in writing by a Registered Professional Engineer with 
experience in soils classification. 

C.   Protective Systems ~ 

Protect employees in excavations deeper than 4 feet by means of properly 
designed protective systems. All protective systems must comply with 29 CFR 
1926 Subpart P Appendices B, D, and E. 

1. Sloping and Benching 

See Attachment 13-2. 

2. Timber Shoring for Trenches 

Timber shoring for trenches must be designed and stamped by a 
Registered Professional Engineer in accordance with 29CFR Subpart P, 
Appendix C. 

3. Aluminum Hydraulic Shoring for Trenches 

Aluminum hydraulic shoring for trenches must be approved by a Registered 
Professional Engineer in accordance with 29CFR 1926 Subpart P, 
Appendix D. 

4. Alternatives to Timber Shoring 

Trench shields and boxes must be either premanufactured with listed load 
ratings or designed, stamped and constructed under the direction of a 
Registered Professional Engineer. 

5. Protective systems designed to protect employees in excavations deeper 
than 20 feet must be designed and stamped by a Registered Professional 
Engineer. 

Page 2 of 4 
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D.   Permit Authorization and Inspections 

1. Use the Exacvation Authorization Form (Attachment 13-3) of this procedure 
that requires the following issues to be addressed: 

a) Employee training/briefings. 
b) Electrical safety. 
c) Surface encumbrances. ~ 
d) Underground installations and utilities. 
e) Protective systems. 
f) Access and egress. 
g) Exposure to vehicular traffic, 
h) Exposure to falling loads. 
i) Warning systems for mobile equipment. 
j) Testing for hazardous atmospheres. 
k) Emergency rescue equipment. 
I) Protection from hazards associated with water accumulation. 
m) Stability of adjacent structures. 
n) Protection of employees from loose rock. 
o) Inspections. 
p) Fall protection. 

2. Require daily inspections of excavations to be conducted by Competent 
Person using Attachment 13-4. 

E.   Training/Briefings 

Conduct daily safety briefings for all employees associated with excavation 
activities and document on Attachment 13-3. Discuss excavation hazards, 
protective measures, and work practices that will be applicable to the day's 
activities. 

5.0 Documentation Summary 

Records required for the Project Safety File: 

A. Competent person qualifications. 

B. Excavation Authorization Form. 

C. Daily Competent Person inspections. 

D. Daily worker briefing documentation. 

E. Daily inspection records 
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6.0 Resources 

A. U.S. OSHA Standard - Excavations - 29 CFR 1926, Subpart P 
(http://www.osha-slc.gov/OshStd_toc/OSHA_Std_toc_1926_SUBPART_P.html) 

1. Appendix B - Sloping and Benching 
(http://www.osha-slc.gov/OshStd_data/1926_SUBPART_P_APP_B.html) 

2. Appendix C - Timber Shoring 
(http://www.osha-slc.gov/OshStd_data/1926_SUBPART_P_APP_C.html) 

3. Appendix D - Aluminum Hydraulic Shoring 
(http://www.osha-slc.gov/OshStd_data/1926_SUBPART_P_APP_E.htm!) 

B. U.S. OSHA Technical Links - Trenching and Excavation 
(http://www.osha-slc.gov/SLTC/trenchingexcavation/index.html) 

C. US Army Corp of Engineers EM 385-1-1, Section 23 
(http://www.usace.army.mil/inet/usace-docs/eng-manuals/em385-1-1/toc.htm) 
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Attachment 13-1 

URS Corporation Health & Safety Program 
Soils Classification 

"Type A" soils 

are cohesive soils with an unconfined, compressive-strength of 1.5 ton per square foot (tsf) (144 
kPa) or greater. 

Examples of cohesive soils are: clay, silty clay, sandy clay, clay loam and, in some cases, silty 
clay loam and sandy clay loam. Cemented soils such as caliche and hardpan are also 
considered Type A. 

However, no soil is Type A if: 

(i)     The soil is fissured; or 
(ii)    The soil is subject to vibration from heavy traffic, pile driving, or similar effects; or 
(iii)    The soil has been previously disturbed; or 
(iv)   The soil is part of a sloped, layered system where the layers dip into the excavation 

on a slope of four horizontal to one vertical (4H:1 V)or greater; or 
(v)    The material is subject to other factors that would require it to be classified as a less 

stable material. 

"Type B" soils are: 

(i)     Cohesive soil with an unconfined compressive strength greater than 0.5 tsf (48 kPa) 
but less than 1.5 tsf (144 kPa); or 

(ii)    Granular cohesionless soils including: angular gravel (similar to crushed rock), silt, 
silt loam, sandy loam and, in some cases, silty clay loam and sandy clay loam. 

(iii)    Previously disturbed soils except those which would otherwise be classed as Type C 
soil, 

(iv)    Soil that meets the unconfined compressive strength or cementation requirements ' 
for Type A, but is fissured or subject to vibration; or 

(v)     Dry rock that is not stable; or 
(vi)    Material that is part of a sloped, layered system where the layers dip into the 

excavation on a slope less steep than four horizontal to one vertical (4H:1V), but only 
if the material would otherwise be classified as Type B. 

"Type C" soils are: 

(i)     Cohesive soil with an unconfined compressive strength of 0.5 tsf (48 kPa) or less; or 
(ii)    Granular soils including gravel, sand, and loamy sand; or 
(iii)    Submerged soil or soil from which water is freely seeping; or 
(iv)    Submerged rock that is not stable, or 
(v)    Material in a sloped, layered system where the layers dip into the excavation or a 

slope of four horizontal to one vertical (4H:1 V) or steeper. 
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Attachment 13-2 

URS Corporation Health & Safety Program 

SIMPLE SLOPES 

MAXIMUM ALLOWABLE SLOPES 
SOIL OR ROCK TYPE 

MAXIMUM ALLOWABLE SLOPES (H:V)1 

FOR 
EXCAVATIONS LESS THAN 20 FEET DEEP3 

STABLE ROCK VERTICAL (90 Deg.) 
TYPE A2 3/4:1    (53 Deg.) 
TYPEB 1:1      (45 Deg.) 
TYPEC 1 1/2:1 (34 Deg.) 

1 Numbers shown in parentheses next to maximum allowable slopes are angles expressed in degrees 
from the horizontal. Angles have been rounded off. 
2 A short-term maximum allowable slope of 1I2H:1V (63 degrees) is allowed in excavations in Type A soil 
that are 12 feet (3.67 m) or less in depth. Short-term maximum allowable slopes for excavations greater 
than 12 feet (3.67 m) in depth shall be 3I4H: 1V (53 degrees). 
3 Sloping or benching for excavations greater than 20 feet deep shall be designed by a registered 
professional engineer. 

Slope Configurations (All slopes stated below are in the horizontal to vertical ratio) 

Excavations made in Type A soil. 

All simple slope excavation 20 feet or less in depth shall have a maximum allowable slope of 
3/4:1. 

SIMPLE SLOPE - GENERAL 

Exception: Simple slope excavations which are open 24 hours or less 
(short term) and which are 12 feet or less in depth shall have a maximum 

allowable slope of 1/2:1. 
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Attachment 13-2 

Excavations Made in Type B Soil 

All simple slope excavations 20 feet or less in depth shall have a maximum allowable slope of 
1:1. 

SIMPLE SLOPE 

Excavations Made in Type C Soil 

All simple slope excavations 20 feet or less in depth shall have a maximum allowable slope of 1 
1/2:1. 

SIMPLE SLOPE 
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Attachment 13-3 

Authorization No.. 

EXCAVATION/TRENCHING AUTHORIZATION 

POST AT LOCATION 

(GOOD FOR ONE WEEK ONLY) 

Authorization From  To 

Competent Person:. 

Project Name: . Project Location: 

Description or Job or Special procedures: 

EMPLOYEE TRAINING AND PRE-EXCAVATION BRIEFING Circle Answer 

2. 
Safe Excavation and Rescue Training Conducted on:     DATE: 
Mandatory pre-excavation briefing conducted on: DATE: 

3.    Does this job require special training? YES NO 

ELECTRICAL SAFETY 
1.    Are all electrical devices grounded, double insulated, or 

GFCI protected? 
YES NO N/A 

2.    Have all power cords and tools been visually inspected? YES NO N/A 

SURFACE ENCUMBRANCES 
Have all surface encumbrances that are located so as to 
create a hazard to employees been removed or supported, 
as necessary, to safeguard employees?  

UNDERGROUND INSTALLATIONS 

PROTECTIVE SYSTEMS 

YES NO N/A 

1     Have the estimated locations of all underground installation 
been determined prior to excavation? YES NO N/A 

2.    Have utility companies been contacted and advised 
of proposed work? YES NO N/A 

3.    Are underground installations protected, supported or 
removed while excavations are open? YES NO N/A 

1.   Excavation slopes comply with Type C Soil Classification? YES NO N/A 
2.    If no to question 1, has soil been examined and been determined 

to be other than Type C soil by a Registered Professional Engineer? 
YES NO N/A 

3.    If protective measures beyond sloping are required, do they meet 
OSHA Appendix standards? 

YES NO N/A 

4.    If no to question 3, has the protective system been designed and 
stamped by a Registered Professional Engineer? 

YES NO N/A 
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MEANS OF EGRESS FOR TRENCHES DEEPER THAN 4 FEET 
1.    Are stairways, ladders, or ramps provided every 25 feet?  YES NO N/A 

ACCESS AND EGRESS 

* 

1.   Are structural ramps that are used solely by personnel 
as a means of access or egress from excavations 
designed by a competent person? YES NO N/A 

2.   Are ramps and runways constructed so structural 
members are connected to prevent displacement? _ 

YES NO N/A 

Are structural ramps that are used for access and 
egress of equipment designed by a competent person 
qualified in structural design and constructed in 
accordance with the design? YES NO N/A 

4.   Are structural members used for ramps and runways 
of uniform thickness?   YES NO N/A 

5.   Are cleats used in connecting runway structural 
members attached in a manner to prevent tripping? 

6. 

YES NO N/A 

Are structural ramps used in lieu of steps provided with 
cleats or other surface treatment to prevent slipping? YES NO N/A 

JXPOSURE TO VEHICULAR TRAFFIC 
1. Are personnel exposed to public vehicular traffic wearing 

reflectorized or high visibility vests?   YES NO N/A 

EXPOSURE TO FALLING LOADS 
Are employees prohibited from standing underneath loads 
handled by lifting or digging equipment? 

YES NO N/A 

Are employees prohibited from standing next to vehicles 
being loaded or unloaded?  

» 

YES NO N/A 

WARNING SYSTEMS FOR MOBILE EQUIPMENT 
Are warning systems such as barricades, hand or 
mechanical signals, or stop logs utilized when mobile 
equipment is operated adjacent to or at the edge 
of an excavation?   YES NO N/A 

TESTING FOR HAZARDOUS ATMOSPHERES 
1.    Are the atmospheric hazards that can be reasonably 

expected to exist in excavations greater than 4 feet 
deep tested and controlled? YES NO 

READING: TIME: 

N/A 

INITIAL: 

2. Test for Oxygen Content: 

3. Test for Flammable Concentrations: 

4. Test for Toxic Concentration: 

5. Is testing conducted as often as necessary 
to ensure safety personnel?  

% 02 (19.5% Minimum) 

%LEL(10% Maximum) 

PPM of 

YES NO N/A 

Page 2 of 4 
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EMERGENCY RESCUE EQUIPMENT  
1. Is emergency rescue equipment such as SCBA, safety 

harness and line, or basket stretcher readily available 
and attended when hazardous atmospheric conditions exist? 

2. Are employees who enter bell-bottom pier holes or 
other similar deep and confining excavations wearing 
a body harness with a life-line?          

YES NO N/A 

YES NO N/A 

PROTECTION FROM HAZARDS ASSOCIATED WITH WATER ACCUMULATION 
1.   Are employees prohibited from entering excavations 

that have accumulated water? YES NO N/A 

2. Is water being controlled or prevented from accumulating 
in excavation by the use of water removal equipment? 

3. Is water control equipment operation being monitored by a 
competent person? 

4. 

YES NO N/A 

YES NO N/A 

Are diversion ditches, dikes, or other suitable means used to 
prevent surface water from entering excavation? YES NO N/A 

Are excavations subjected to run-off from heavy rain 
immediately re-inspected by a competent person? YES NO N/A 

PROTECTION OF EMPLOYEES FROM LOOSE ROCK OR SOIL 
Is adequate protection provided to protect employees from 
loose rock or soil that could pose a hazard by falling or rolling 
from an excavation face?   YES NO N/A 

Are employees protected from excavated or other material 
and equipment by placing this material a minimum of two 
(2) feet from the edge of excavations or by the use of 
retraining devices?  YES NO N/A 

STABILITY OF ADJACENT STRUCTURES 

Are support systems such as shoring, bracing, or 
underpinning provided to ensure stability of adjoining 
structures (i.e., buildings, walls) endangered by 
excavation activities? YES NO N/A 

Has any excavation below the level of the base or 
footing of foundations or retaining walls been: 

- Provided with a support system such as under pinning to 
ensure the safety of employees and stability of the structure? 

- Performed in stable rock? 

- Determined by a registered professional engineer that the 
structure is sufficiently removed from the excavation so 
as to be unaffected by the excavation activity? 

- Determined by a registered professional that the excavation 
work will not pose a hazard to employees?  

YES 

YES 

YES 

YES 

NO 

NO 

NO 

NO 

N/A 

N/A 

N/A 

N/A 

3.    Is the undermining of sidewalks and pavement 
structures prohibited?  YES NO N/A 
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INSPECTIONS 
1.    Are daily inspections of excavations where employee exposure 

can be reasonably anticipated being done by the competent 
person?  YES NO N/A 

2. Are inspections being performed by a competent person 
after every rainstorm or other hazard increasing occurrence? YES NO N/A 

3. Are employees removed from the excavation if the competent 
person finds evidence at any time of a situation that could 
result in a possible cave-in, protective system failure,    _ 
hazardous atmosphere or other hazardous condition?    YES _9. N/A 

FALL PROTECTION 

1.   Are standard guardrails provided on walkways and bridges 
that cross over excavations? YES NO N/A 

2.    Are all remotely located excavations adequately barricaded 
or covered?  YES NO N/A 

3.    Are temporary wells, pits, shafts and similar exploratory 
operations backfilled upon completion?  YES NO N/A 

I have inspected the excavation described in this authorization: 

SIGNATURE OF COMPETENT PERSON DATE 
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Attachment 13-4 

URS Corporation Health & Safety Program 
DAILY EXCAVATION/TRENCH INSPECTION REPORT 

Competent Person:. 

Project Name:  

Date: 

, Project Location:, 

Weather Conditions: Rainfall Amounts 24 hours Previous:. 

"I hereby attest that the following conditions existed and that the following items were checked or reviewed during 
this inspection". 

Circle Y for YES; N for NO: N/A for NOT APPLICABLE. If comment is required, circle the number. 

1. Are barricades or covers in place and in good condition? Y N N/A 

2. Have any tension cracks observed along top on any slopes? Y N N/A 

3. Is surcharge located the proper distance from the toe of slopes? Y N N/A 

4. Are slopes cut at design angle of repose? Y N N/A 

5. Is any water seepage noted in trench walls or bottom? Y N N/A 

6. Are pumps in place or available if needed? Y N N/A 

7. Is bracing system installed in accordance with design? Y N N/A 

8. Is there evidence of significant fracture planes in soil or rock? Y N N/A 

9. Is there any evidence of caving or sloughing of soil since the last inspection? Y N N/A 

10. Are there any zones of unusually weak soils or materials not anticipated? Y N N/A 

11. Are there any noted dramatic dips or bedrock? Y N N/A 

12. Are all short-term trench(s) covered within 24 hours? Y N N/A 

13. Have non-compliance items been photographed? Y N N/A 

14. Are hydraulic shores pumped to design pressure? Y N N/A 

15. Is shoring being used secure? Y N N/A 

16. Does plan include adequate safety factor for equipment being used? Y N N/A 

17. Is traffic adequately away from trenching operation? Y N N/A 

18. Are barricades up and secure? Y N N/A 

19. Are there trees, boulders or other hazards in area? Y N N/A 

20. Is vibration from equipment or traffic to close to trenching operation? Y N N/A 
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Project Name:, Project Location: 

21. 

22. 

23. 

24. 

25. 

26. 

Are trench box(s) certified? 

Are GFCI's used on ALL temporary electrical cords? 

Is access and egress located every 25 feet? 

Is hazardous testing done on a regular basis? 

Is confined space permit renewed daily? 

Has rescue procedure been established and is equipment immediately available? 

N 

N 

N 

N 

N 

N 

~WT 

N/A 

N/A 

N/A 

N/A 

Comments: Place circled number in front of applicable comment. 

9 
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SMS 17 
Issue Date 6/9/99 

Revision 0 

URS CORPORATION SAFETY MANAGEMENT STANDARD 

HAZARDOUS WASTE OPERATIONS 

1.0 Applicability 

This standard applies to URS Corporation field operations involving the investigation 
or remediation of sites impacted with hazardous wastes or hazardous materials 
including those associated with underground storage tanks. 

Investigation projects for real estate transactions conducted to confirm that a site is 
"clean" are not covered under this standard. Reference related Safety Management 
Standards for such operations. 

2.0 Purpose and Scope 

The purpose of this standard is to provide guidance designed to minimize hazardous 
chemical exposures to URS Corporation personnel while URS Corporation is 
conducting hazardous waste field operations. 

Investigation techniques included under this standard include, but are not limited to. 
hand auger soil gas evaluation, test pits, and all types of power drilling, including 
direct push Remediation techniques included under this standard include, but are 
not limited to, excavation, groundwater treatment, soil gas treatment, containment, 
and landfarming and similar insitu methods. 

3.0 Implementation 

Field Activities -    Implementation of this procedure is the responsibility of the 
Project Manager. 

4.0 Requirements 

A.   Project Evaluation 

Assess the technical and field aspects of every hazardous waste site project to 
evaluate: 

1. Risk of exposure to hazardous chemicals, with particular attention to 
suspected or known human carcinogens. 

2. Personal protective equipment requirements. 

3. Air monitoring requirements. 
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4. Emergency services requirements. 

5. Hazards addressed by other URS Corporation Safety Management 
Standards. 

6. Logistical considerations, such as access, distance from population centers. 

7. Other safety and health hazards-associated with site operations. 

B. Client/Contract Evaluation 

1.   Review contract documents to determine whether the client has any special 
internal or regulatory requirements for hazardous waste site operations. 

2    Implement client requirements in addition to those of this standard. Those 
requirements that are the most protective (e.g., most stringent) will be used. 

C. Site-specific Health and Safety Plan 

1. Prepare a site-specific Health and Safety Plan (HSP) for every project under 
this standard. HSPs must be written or reviewed by a URS Corporation 
Health and Safety Program Representative. 

2. Evaluate client and agency requirements prior to preparing the HSP, 
particularly if the client or an agency will approve the HSP prior to 
implementation. 

3. Preparation of Military Site-Specific HSPs and complex HSPs must be 
conducted by a URS Corporation Health and Safety Program 
Representative. 

D. Training 

1. Verify that each assigned URS Corporation employee has completed 
required training. In general, the following are required for operations within 
North America: 

a) 40-hours of initial training from an approved training provider. 
b) 3-days of on-the-job training. 
c) 8-hours of refresher training completed within 12 months of the initial or 

subsequent refresher training. 
d) 8-hours of Site Safety Officer (Supervisor) training for directing the 

activities of any other URS Corporation employee. 
e) Additional training for the Site Safety Officer as described below. 
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2    For operations outside North America refer to the Health and Safety Training 
matrix in SMS 50, "Health and Safety Classification". 

E. Site Safety Officer 

1.   Appoint a Site Safety Officer (SSO) with appropriate qualifications for the 
specific hazardous waste project. 

2    Assure that the SSO for complex projects, such as those with complicated 
remediation activities, has no duties other than site safety and health. 

3.   Verify that the SSO has completed basic SSO training, and has additional 
required training and experience as applicable: 

a) Advanced respiratory protection training is required for projects where 
supplied air respirators may be used. 

b) Heavy equipment/construction safety. 
c) Personal air monitoring. 

F. Exposure Monitoring 

Require that exposure monitoring is conducted in accordance with the HSP on   . 
all hazardous waste projects. 

G. Project Equipment 

1. Provide all health and safety equipment as described by the project Health 
and Safety Plan. 

2. Provide all personal protective equipment as described by the project Health 
and Safety Plan. 

H.   Medical Surveillance 

Verify that each URS Corporation employee assigned to the project meets the 
minimum requirements of the URS Corporation Medical Surveillance Program. 
This typically includes: 

1. Baseline examination. 

2. Annual examination. 

3. Site specific protocol as determined by the Regional Medical Surveillance 
Administrator. 

4. Appropriate clearance for respirator use. 
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5.0 Documentation Summary 

A.   In the Project Safety File: 

1. Completed Health and Safety Plan.. 

2. Completed and signed HSP approval form. 

3. Signed HSP acceptance form. 

4. Completed H&S field forms that are included in each HSP. 

5. Training and Medical Surveillance Clearance documentation for project 
personnel. 

6.0 Resources 

A. Occupational Safety and Health Guidance Manual for Hazardous Waste Site 
Activities - NIOSH 85-115 
(http://www.cdc.gov/niosh/85-115.html) 

B. U.S. OSHA Technical Page - Hazardous Waste Operations 
(http://www.osha-slc.gov/SLTC/hazardouswaste/index.html) 

C. USACE EM 385-1-1 - Hazardous, Toxic and Radioactive Waste 
(http://www.usace.army.mil/inet/usace-docs/eng-manuals/em385-1-1/toc.htm) 
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URS CORPORATION SAFETY MANAGEMENT STANDARD 

HEAVY EQUIPMENT OPERATIONS 

1.0 Applicability 

This procedure applies to URS Corporation field projects where heavy equipment is 
in operation. 

2.0 Purpose and Scope 

The purpose of this procedure is to require that heavy equipment is operated in a 
safe manner, that the equipment is properly maintained and that ground personnel 
are protected. 

3.0 Implementation 

Field Activities -   Implementation of this procedure is the responsibility of the 
Project Manager. 

4.0 Requirements 

A. Authorized Operators 

1. Evaluate operators through documentable experience (resume) and a 
practical evaluation of skills. 

2. Allow only qualified operators to operate equipment. 

3. Prohibit equipment from being operated by any personnel who have not 
been specifically authorized to operate it. 

4. Maintain a list of operators for the project and the specific equipment that 
they are authorized to operate. 

5. Require operators to use seat belts at all times in all equipment and trucks. 

6. Brief operators on the following rules of operation: 

a) Operators are in control of their work area. 

b) Equipment will be operated in a safe manner and within the constraints 
of the manufacturers Operation Manual. 
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c) Operators will stop work whenever unauthorized ground personnel or 
equipment enter their work area and only resume work when the area 
has been cleared. 

B.   Ground Personnel 

1.   Require that ground personnel on the site have received training and 
comply with the following rules orengagement: 

a) All ground personnel must wear orange protective vests when in work 
areas with any operating equipment. 

b) Ground personnel will stay outside of the swing zone or work area of 
any operating equipment. 

c) Ground personnel may only enter the swing or work area of any 
operating equipment when: 

(1) They have attracted the operators attention and made eye contact. 
(2) The operator has idled the equipment down and grounded all 

extensions. 
(3) The operator gives the ground personnel permission to approach. 

d) Ground personnel shall never walk or position themselves between any^| 
fixed object and running equipment or between two running pieces of 
equipment. 

C.   Equipment 

1. Maintain operations manuals at the site for each piece of equipment that is 
present on the site and in use. 

2. Require that operators are familiar with the manual for the equipment and 
operate the equipment within the parameters of the manual. 

3 Require that all equipment is provided with roll-over protection systems 
(ROPS). Tracked excavators are exempt from ROPS requirements but 
must have a cab which provides protection from overhead hazards. 

4. Verify that seatbelts are present and functional in all equipment. 

5. Prohibit the use of equipment which has cab glass which is cracked, broken 
or missing. 
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6. Require that backup alarms are functional on all trucks and equipment. 
Tracked excavators must have bidirectional alarms or the operator must be 
provided with a spotter whenever tracking in either direction. 

7. Require all extensions such as buckets, blades, forks, etc. to be grounded 
when not in use. 

8. Require brakes to be set and wheels chocked (when applicable) when not 
in use. 

D.   Inspection and Maintenance 

1. Require daily inspections of equipment by operators using Attachment 19-1. 

2. Prohibit use of equipment deemed to be unsafe as a result of daily 
inspection until required repairs or maintenance occur. 

3. Conduct maintenance as prescribed by the manufacturer in the Operations 
Manuals for each piece of equipment. 

4. During maintenance/repair, require that: 

a) Motors are turned off. 
b) All extensions are grounded or securely blocked. 
c) Controls are in a neutral position. 
d) Brakes are set. 

5.0 Documentation Summary 

File the following documents in the Project Health and Safety File. 

1. List of authorized operators. 

2. Operator qualifications. 

3. Daily Equipment Inspection Logs. 

4. Site Briefing documentation for operator rules and ground personnel "rules 
of engagement". 
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6.0 Resources 

A. U.S. OSHA Standard - Motorized Vehicles and Mechanized Equipment 
29 CFR 1926, Subpart O. 

(http7/www.osha-slc.gov/OshStd_toc/OSHA_Std_toc_1926_SUBPART_0.html) 

B. National Association of Demolition Contractors - Safety Manual 
(http://www.demolitionassn.com/) 

C  Queensland Workplace Health and Safety - 
Competency Standard for Users & Operators of Industrial Equipment 
(http://www.detir.qld.gov.au/hs/applied/industry/report03.pdf) 
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EQUIPMENT ID NO.: 

EQUIPMENT NAME: 

BEG HOURS:  

Attachment 19-1 

DAILY HEAVY EQUIPMENT SAFETY INSPECTION CHECKLIST 
DATE: .  

END HOURS: 

INSPECTORS NAME:. 

EMPLOYEE NO.:  

ITEM INSPECTED •IF SATISFACTORY COMMENTS 

Falling Object Protective StructUFe (FOP) 

Roll-Over Protection Structure (ROP) 

Seat Belts 

Operator Seat Bar(s) m 

Side Shields. Screens or Cab 

Lift Arm Device 

Grab Handles 

Back-up Alarm - Working 

Lights 

Guards 

Horn 

Anti-Skid Tread Clear of Mud 

Safety Signs; i.e.. counterbalance swing area 

Fire Extinguisher 

General Condition 

Fuel Connection 

Oil (full and no leaks) 

Clear of Extra Materials 

Controls Function Properly 

Damaged Parts 

• Hydraulic System (full and no leaks) 

Parking Brake 

Lift Arm and Bucket 

Tires/Tracks 

Steering 

Breathing Air System 

Blast Shields 1 
Operator Signature:                                                                                                                                                                                                              1 

Gallons of Fuel Added 1 
Quarts of Oil Added 

the equipment and report the unsatisfactory condition to the site supervisor immediately. 
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URS CORPRQATION SAFETY MANAGEMENT STANDARD 

RESPIRATORY PROTECTION 

1.0 Applicability 

This program defines responsibilities and procedures and is applicable to URS 
Corporation operations that may require the use of respiratory protection including 
Immediately Dangerous to Life and Health (IDLH) and emergency conditions. This 
program also addresses the voluntary use of respirators. 

2.0 Purpose and Scope 

The purpose of this procedure is to protect those employees performing operations 
for which exposures can not be controlled by use of conventional engineering or 
administrative controls and prior to establishing a negative air exposure 
assessment, and to require that respiratory protective equipment is selected, used, 
maintained, and stored in accordance with acceptable practices. 

3.0 Implementation 

Laboratory/Office/ 
Shop Locations - 

Field Activities 

Implementation of this program is the responsibility of the Office 
Manager. 

Implementation of this program is the responsibility of the 
Project Manager. 

Program 
Administration- URS Corporation Health and Safety Manager is responsible for 

the development and annual review of this program. 

URS Corporation Health and Safety Program Representatives 
are responsible to: 

- Assist responsible employees in the implementation of the 
program. 

- Assessing local compliance with the program. 
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4.0 Requirements 

A.   Determine if respirators are needed or going to be used for hazardous jobs 
before assigning that job to an employee. 

1. If the determination is that a potential for respiratory hazards exists with any 
portion of that job activity then, complete Attachment 42-1. 

2. Contact a URS Corporation Health and Safety Program Representative if 
any of the questions in Attachment 42-1 are checked "yes" 

3. Follow instructions in Attachment 42-2 for employees who wish to 
voluntarily use dust masks. 

4. Follow all the requirements of this procedure for employees who wish to 
voluntarily use tight-fitting (e.g., air purifying) respirators. 

B. Select the proper respirator for the job. 

1. For those jobs identified in Attachment 42-1, contact a URS Corporation 
Health and Safety Program Representative for assistance in respirator 
selection. 

2. URS Corporation Health and Safety Program Representative will fill out 
Attachment 42-3 and return it to you for guidance in selecting and 
purchasing respirators. 

3. Contact a URS Corporation Health and Safety Program Representative for 
follow up if there are any problems implementing the recommendations 
made. 

C. Require employees who will use respirators to be medically qualified before 
assigning them a respirator. 

1. Contact the Regional Health and Safety Manager to arrange for medical 
surveillance for those employees performing the activities identified in 
Attachment 42-1 if they are not medically cleared to wear a respirator. 

2. Require that employees are in the proper health and safety classification 
(e.g., HAZWOP, Asbestos, etc). If necessary, require that a revised 
classification form be sent to the Regional Health and Safety Manager. 

3. Obtain a copy of the employee's medical clearance from the Company's 
Medical Surveillance Administrator. Employees cannot be assigned 
respirators unless they are medically cleared for respirator use. 
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D. Require respirator users to receive appropriate training. 

1. All respirator users must be trained: 

a) Before they are assigned a respirator. 
b) Annually thereafter. 
c) "Whenever a new hazard or job is introduced. 
d) Whenever employees fail to demonstrate proper use or knowledge. 

2. Training must address, at a minimum, the following: 

a) Why the respirator is necessary, and what conditions can make the 
respirator ineffective. 

b) What the limitations and capabilities of the respirators are. 
c) How to use respirators effectively in emergency situations. 
d) How to inspect, put on and remove, and check the seals of the 

respirator. 
e) What the respirator maintenance and storage procedures are. 
f).   How to recognize medical signs and symptoms that may limit or prevent 

effective use of the respirator. 

E. Require respirator users to be fit tested. 

1. Any employee who has been assigned a reusable respirator must be fit 
tested either on an annual basis (no more than one year may elapse 
between fit tests), or when an employee is assigned a respirator of a 
different make, type or size from that previously tested. 

2. Fit testing can be performed by contract or in house personnel. 

3. Obtain a signed written copy of the fit test results. The fit test results should 
include: 

a) Employee's name and social security number. 
b) Respirator brand, model and size fitted for. 
c) Date fit tested. 
d) Method of fit testing used. 
e) Name and signature of fit tester. 
f) Statement that fit test protocol met the requirements of 29 CFR 

1910.134. 
g) Manufacturer and serial number of fit testing apparatus. 

A fit test results form is available at Attachment 42-5. 
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F. Provide qualified employees with respirator(s) and adequate amounts of parts    ^| 
. and cartridges. 

1 Assign employees whose duties require respirators their own respirator for 
which they have been fit tested. 

2 Provide special eyeglass inserts designed for the respirator if an employee 
mus't wear eyeglasses with a full facepiece respirator. Contact lenses may 
be worn when wearing a full facepeice respirator. 

G. Require respirators to be used properly. 

1. Prohibit facial hair where the respirator-sealing surface meets the wearer's 

face. 

2. Require employees to perform a positive and negative fit check every time 
the respirator is put on. 

3. Employees will leave the area where respirators are being used: 

a) Before removing the facepiece for any reason. 
b) To change cartridges. 
c) If any of the following is detected: 

(1) Vapor or gas breakthrough. 
(2) Leakage around the facepiece. 
(3) Changes in breathing resistance. 

4 Use cartridges with End of Service Life Indicators or determine the 
respirator cartridge changeout schedule. See Attachment 42-4 for 
Guidance. 

H.   Require respirators to be cleaned and stored properly. 

1. Clean and disinfect respirators after each.use. 

2. Store respirators in a plastic bag or case and in a clean location. 

3. Inspect respirators before use and after each cleaning. 
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SMS 42 
Issue Date 6/9:99 

Revision 0 

I     Address issues associated with special use respirators (self-contained 
breathing apparatus; air supply respirators; emergency use respirators). 

1. Self Contained Breathing Apparatus 

Inspect self-contained breathing apparatus and other emergency use 
respirators monthly and after each use in accordance with manufacturer's 
instructions. 

2. Air Supplied Respirators 

a) Air used for atmosphere-supplying respirators must meet or exceed the 
requirements for Type 1 - Grade D breathing air. Never use oxygen. 

(1) A certificate of analysis must accompany bottled air. 
(2) Compressors used to supply breathing air must: 

(i)   Prevent entry of contaminated air into the air supply. 
(ii)  Minimize moisture content. 
(iii) Have suitable in-line sorbent beds and filter to provide 

appropriate air quality, 
(iv) Have a high carbon monoxide alarm that sounds at 10 ppm. - 

b) Couplings on air hose lines must be incompatible with other gas 
systems. 

J.    Require follow up training and medical surveillance to be provided as directed. 

1. Provide follow-up physicals as directed by the Regional Medical 
Surveillance Administrator. 

2. Provide annual refresher training. 

3. Provide annual fit testing. 

5.0 Documentation Summary 

A.   Laboratory 

1.   File these records in the Laboratory Safety Filing System 

a)   Completed forms: 

(1) "Identifying When A Respirator Is Needed" - Attachment 42-1; and, 
(2) "Respirator Standard Operating Procedure" - Attachment 42-3.; 
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Issue Date 6/9/99 

Revision 0 

b) Employee Medical Clearances for Respirator Use; 
c) Employee Fit Test Records; and, 
d) Employee Respirator Training Records. 

2.   Send a copy of the following records to the Regional Health and Safety 
Manager: 

a) Completed "Voluntary Use oTRespirators" form - Attachment 42-2; 
b) Employee Fit Test Records; and, 
c) Employee Respirator Training Records. 

B. Field 

1. File these records in the Project Health and Safety File: 

a) Completed forms: 

(1) "Identifying When A Respirator Is Needed" - Attachment 42-1; and, 
(2) "Respirator Standard Operating Procedure" - Attachment 42-3. 

b) Employee Medical Clearances for Respirator Use; 
c) Employee Fit Test Records; and, 
d) Employee Respirator Training Records. ^^ 

2. Send a copy of the following records to the Regional Health and Safety 
Manager: 

a) Completed "Voluntary Use of Respirators" form - Attachment 42-2;. 
b) Employee Fit Test Records; and, 
c) Employee Respirator Training Records. 

6.0 Resources 

A   U.S. OSHA Standard - Respiratory Protection - 29 CFR 1910.134 
(http7/www.osha-slc.gov/OshStd_data/1910_0134.html) 

BUS OSHA Technical Links - Respiratory Protection 
(http://www.osha-slc.gov/SLTC/respiratoryprotection/index.html) 

C. ANSI Z88.6, Respirator Use - Physical Qualifications for Personnel, Current 
Revision 
(http://www.ansi.org/cat_top.html) 

D. ANSI Z88.2, Respiratory Protection, Current Revision 
(http://www.ansi.org/cat_top.html) 

E   3M Cartridge Service Life Interactive Program 
(http://www.mmm.com/market/safety/ohes2/html/fservlife.html) 

F. NIOSH Respirator Decision Logic 
(http:\\222.cdc.gov\NIOSH\87-108.html) 
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G. NIOSH Guide to Industrial Respiratory Protection 
(http:\\www.cdc.gov\NIOSH\87-116.html) 

H. Al HA, The Occupational Environment - Its Evaluation and Control 
(http://www3.issinet.com/aiha/publications/tools.htm) 

I.   Australian Standard AS/N25 1715 -1994. Selection, Use, and Maintenance of 
Respiratory Protection 

J. Australian Standards HB98-1994. Occupational Personal Protection. 
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Attachment 42-1 

URS Corporation Health & Safety Program 
IDENTIFYING WHEN A RESPIRATOR IS NEEDED 

Site Location: Date: 

Name of Person Performing Evaluation: 

Project:  — —  

Answer the questions below for the jobs you are to perform on site. If a "yes" response 
is checked, consult with a URS Corporation Health and Safety Professional to determine: 
• if a respirator is truly needed for the job, as well as, 
• the type of respirator needed for the job. 

MATERIAL USED OR PROCESS TO BE PERFORMED 

Abrasive Blasting 
•    Abrasive blasting (with any type of grit or material) 

will be performed. 
.    Employee will fill abrasive blasting pots or perform 

clean-up activities. 
.    Employee will be in a contained area where abrasive 

blasting is taking place.     r__  

YES 
Respirator 

maybe 
needed 

Acids 
•    Liquid or powder acids will be used in a situation 

where acid vapors, mists or dust may be breathed. 
Adhesives 
• Aerosol-propelled adhesives are to be used in areas 

where there is no or insufficient local exhaust 
ventilation. 

• Two-part adhesives (mix part one with two, let set 
then use) are to be used in areas where there is 
limited ventilation. . 

AlkalislBaseslCaustics 
• Powdered alkalis will be used in a situation where an 

airborne dust may be breathed.  
Asbestos Abatement 
• Asbestos will be removed, repaired or sampled. 
• Employees will be inspecting or overseeing areas 

where asbestos will be removed or disturbed.  

NO NOTES 
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Attachment 42-1 

MATERIAL USED OR PROCESS TO BE PERFORMED 
YES 

Respirator 
maybe 
needed 

Cleaning Compounds 
• Degreasers or carbon removers will be used in areas 

where local exhaust ventilation is not provided. 
• Aerosol propelled cleaning compounds will be used 

in areas where there is no local exhaust ventilation. 
• Degreasers or carbon removers will be used in 

voids, tanks, or other confined spaces.  
Corrosion Preventive Compounds 
•    Corrosion prevention compounds, including chemical 

conversion compounds and corrosion inhibitors, will 
be used in areas where there is no local exhaust 
ventilation.  

Detergents/Soaps 
• Ammonia based detergents will be used in large 

quantity (more than five gallons) in areas where local 
exhaust ventilation cannot be provided. 

• Large quantities (5 or 55 gallon containers) of high 
pH powder detergent/soap will be used in a situation 
where dust may be breathed. 

NO NOTES • 

Fuels (including regular or unleaded gasoline, kerosene, 
dieselfuel, JP-5) 
• Employees will be inside unventilated fuel cells or 

other confined spaces containing fuels.  
Grinding, Cutting, Sanding 
• Cutting, grinding or sanding surfaces that have 

coatings containing lead, cadmium, chromium, zinc 
or beryllium. 

• Cutting, grinding or sanding surfaces that are 
concrete or glass without use of ventilation or water. 

Hazardous Waste Sites 
• Employees will be performing tasks on a hazardous 

waste site that requires the use of respirator (as 
indicated in the site safety & health plan). 

• Employees will be performing site assessments on 
potential hazardous waste sites. 

Hydraulic Fluids (including petroleum-based fluids, 
synthetic fire-resistant fluids, and water based fire 
resistant fluids) 
• Hydraulic fluids and the vapors generated will not be 

exhausted using local exhaust ventilation. 
• Synthetic fire-resistant fluids or water-based fire- 

resistant fluids will be used in an area where the air 
is contaminated with visible mist or spray from 
hydraulic fluids.  

m 
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Attachment 42-1 

MATERIAL USED OR PROCESS TO BE PERFORMED 

Inspection Penetrants (including Flouro-finder, water 
indicating pastes, and penetrant removers) 
•    An aerosol-propelled inspection penetrant will be 

used in an area where local exhaust ventilation 
cannot be provided, or in a situation where the _ 
solvent vapors.can be breathed.  

Lead Abatement Activities 
Lead containing materials will be disturbed, removed 
or sampled. 
Employees will be inspecting or overseeing areas 
were lead will be removed or disturbed. . 

YES 
Respirator 

maybe 
needed 

NO NOTES 

Lubricants/Oils 
•    Aerosol lubricants/oils will be sprayed with no 

immediate exhaust ventilation 
Oxidizers (materials that give off oxygen including 
chlorine laundry bleach, calcium hypochlorite, calcium 
oxide, oxygen candles, lithium hydroxide, hydrogen 
peroxide, and sodium dichromate) 
• Oxidizers containing organic chlorine will be used in 

a situation where the dusts/vapors may be breathed. 
• Powdered oxidizers will be used in a situation where 

airborne dust may be breathed 
Paint Materials (including paints, primers, thinners, 
enamels, lacquers, strippers, coatings and varnishes) 
• Paint materials will be spray applied in areas where 

there is no local exhaust ventilation. 
• Two part (mix part a with part b, let set, then apply) 

Polyurethane or epoxy polyamide paints will be brush 
or spray applied. 

• Paints containing lead, chromium, cadmium, 
beryllium, and zinc (refer to the MSDS). 
Paint materials will be applied in confined spaces. 

Solvents (including hydrocarbon solvents such as 
acetone, methyl ethyl ketone, toluene, xylene, and 
alcohols, as well as mixed solutions like antifreeze, heat 
transfer fluid, turpene, dope and naphtha thinner) 
• Local exhaust ventilation will not be provided and 

work will involve breathing solvent vapors. 
• Solvents will be used within confined spaces. 

Solvents will be applied using aerosols 
Thermal Insulation (including asbestos & non-asbestos 
materials like pipe lagging, fiberglass insulation, boiler 
insulation, packing materials and floor/ceiling tiles) 
»    Insulation will be disturbed, removed or sampled. 
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Attachment 42-1 

MATERIAL USED OR PROCESS TO BE PERFORMED 

Water Treatment Chemicals (includes corrosive 
chemicals such as tri-sodium phosphate, hardness 
buffer, tritrating solution, morpholine, caustic soda, citric 
acid and nitric acid as well as toxic chemicals such as 
mercuric nitrate, hydrazine, EDTA and sodium nitrate) 
• Morpholine, EDTA, or harness buffer/titrating 

solution is to be used in poorly ventilated spaces. 
.    Powdered water treatment chemicals will be used in 

a situation where chemical dusts may be breathed. 
Welding/Brazing 
• Welding will be performed in confined spaces. 
• Welding galvanized metal or stainless steel. 

Brazing with cadmium or lead. 

YES 
Respirator 

maybe 
needed 

NO NOTES • 

For Any of The Above Listed Activities 
• A employee will be in the immediate area - within 10 

feet of the job or operation, or 
• Employee will be inside confined space where 

activities are taking place, or 
.    Employee will be inside a "controlled area" such as 

found in asbestos abatement, lead abatement, 
radiation control area, or a hazardous waste site. 

Material Safety Data Sheets 
.    For any chemical product used, where a respirator is 

recommended. .  
Product Labels 
•    For any chemical or process that indicates 

respirators should be used.       
Product Use Instructions 
For any product used, where instructions indicate a 
respirator should be used. 
Standard Operating Procedures 
A Standard Operating Procedure indicates the use of a 
respirator. _— - — 
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Attachment 42-2 

URS Corporation Health & Safety Program 
VOLUNTARY USE OF RESPIRATORS 

Instructions: Have the employee that is opting to use a respirator for non-overexposure 
conditions read this page, then sign on the bottom of the page. Forward a copy of the 
signed form to the Regional Training Records Administrator, and maintain a copy in the 
employee's personnel file. _ 

Respirators are an effective method of protection against designated hazards when properly 
selected and worn. Respirator use is encouraged, even when exposures are below the 
exposure limit, to provide an additional level of comfort and protection for employees. However, 
if a respirator is used improperly or not kept clean, the respirator itself can become a hazard to 
the employee. Sometimes employees may wear respirators to avoid exposures to hazards, 
even if the amount of the hazardous substance does not exceed the limits set by OSHA 
standards. If your employer provides respirators for your own voluntary use, or if you provide 
your own respirator, you need to take certain precautions to be sure that the respirator itself 
does not pose a hazard. 

You should do the following: 

1. Read and follow all instructions provided by the manufacture on use, maintenance, cleaning 
and care, and warnings regarding the respirators limitations. 

2. Choose respirators certified for use to protect against the contaminant of concern. NIOSH, 
the National Institute for Occupational Safety & Health of the U.S. Department of Health and 
Human Services, certifies respirators. A label or statement of certification should appear o 
the respirator or respirator packaging. It will tell you what the respirator is designed for and 
how it will protect you. 

3. Do not wear your respirator into atmospheres containing contaminants for which your 
respirator is not designed to protect against. For example, a respirator designed to filter 
dust particles will not protect you against gases, vapors, fumes, smoke or very small solid 
particles. 

4. Keep track of your respirator so that you do not mistakenly use someone else's respirator. 

5. If you have any health conditions (asthma; high blood pressure; emphysema; heart disease) 
that could be aggravated by using a respirator, you should check with your doctor before 
using one. 

I have read and understand this information on: '       (date) 

Employee's name:  , — 

Employee's signature:. 
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Attachment 42-3 

URS Corporation Health & Safety Program 
RESPIRATOR STANDARD OPERATING PROCEDURE 

Job Task Reviewed:, 

Date Reviewed:  

Task Reviewed by:_ 

ADMINISTRATIVE PROCEDURES 

1     All respirator users must be medically qualified to use respirators. Point of contact for scheduling is 
the Regional Medical Surveillance Administrator. 

2. Respirator users must be trained annually in respirator use and fit tested annually. 
3. Respirator will be used only by the person to whom it was issued. 
4. Persons using glasses who are required to use a full-face respirator may use contact lenses or 

eyeglass inserts designed for the respirator. 

GUIDANCE FOR SELECTION OF RESPIRATOR & CARTRIDGES/FILTERS 

1. respirators are 

currently being issued and used for the following job activity:, 

2.   The respirator will be equipped with the following cartridges/filters:. 

3. Filters are to be changed when the breathing resistance increases. 

4. Cartridges are to be changed: or wnen tne 

contaminant you are protecting yourself from can be smelled or tasted. 

FIT TESTING & FIT CHECKING 

1. Fit testing is required annually. To arrange for fit testing call your local safety representative. 
2. Respirator users will "fit check" the respirator every time the respirator is put on: 

• Negative Check - cover filters/cartridges with palms of hands and breath in, leakage should not be 
detected around the face seal of the respirator. Do not use if leakage is detected. 

• Positive Check - cover the exhalation valve cover with palm of hand and blow out slightly, leakage 
should not be detected around the respirator seal. 

• For Air Supply Respirators - kink or close off air supply hose and breath in, leakage should not be 
detected around the face seal of the respirator. 

CLEANING & MAINTENANCE OF RESPIRATOR 

1. Clean and disinfect respirator after every use. 
2. Inspect respirator after every day in use to ensure parts are not missing. Replace missing parts from 

stock supply. 
3. Store clean respirator in labeled plastic bag out of direct sunlight. 
4. Do not alter respirator in any way. 
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Attachment 42-4 

URS Corporation Health & Safety Program 
RESPIRATOR CARTRIDGE CHANGE SCHEDULE 

A cartridge change schedule must be developed for cartridges or canisters used with air 
purifying respirators that do not have an End of Service Life Indicator (ESLI). The purpose of 
this is to prevent contaminants from breaking through the respirator's sorbent cartridge(s), and 
thereby over-exposing employees. NIOSH has-approved ESLIs for only four cartridges or 
canisters (mercury vapor, carbon monoxide, ethylene oxide, and hydrogen sulfide). Historically 
we have relied on the warning properties (odor, irritation) of a contaminant to dictate cartridge 
change. OSHA no longer allows this as the soje basis for changing respirator cartndges. In 
developing a change schedule the following factors should be considered: 

• Contaminants. 

• Concentration. 

• Frequency of use (continuously or intermittently throughout the shift). 

• Temperature and humidity. 

• Work rate. 

• The presence of potentially interfering chemicals. 

The worst case conditions should be assumed to avoid early breakthrough. This must be 
documented in the project health and safety plan or, in the cases of office or labs, in the site 
specific Respiratory Protection Program. 

Sources of Help 

Manufacturers 

3M has an interactive "Cartridge Service Life" program that can be downloaded for free 
(http://www.mmm.com/market/safety/ohes2/index.html) 

This program will estimate cartridge service life for 3M products against many contaminants. 
The program does not evaluate the service life against mixtures (multiple contaminants). 
Because of the complexity in evaluating mixtures, OSHA offers the following guidance: 

• When the individual compounds in the mixture have similar breakthrough times (i.e., 
within one order of magnitude), service life of the cartridge should be established 
assuming the mixture stream behaves as a pure system of the most rapidly migrating 
component with the shortest breakthrough time (i.e., sum up the concentration of the 
components). 

• Where the individual compounds in the mixture vary by 2 odors of magnitude or greater, 
the service life may be based on the contaminant with the shortest breakthrough time. 
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Attachment 42-4 

Rule of Thumb ('The Occupational Environment ■ Its Evaluation and Control) g^ 

• If the chemical's boiling point is >70°C and the concentration is less than 200 ppm you 
can expect a service life of 8 hours at a normal work rate. 

• Service life is inversely proportional to work rate. 

• Reducing concentration by a factor of 10 will increase service life by a factor of 5. 

• Humidity above 85% will reduce service life by 50%. 

OSHA Interpretation 

The OSHA inspection procedures for the respiratory protecfion standard specifies that where 
contaminant migration is possible, respirator cartridges/canisters should be changed after each 
work shift where exposure occurs unless there is objective data to the contrary (desorption 
studies) showing the performance in the conditions and schedule of use/non-use found in the 
workplace. 
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Attachment 42-5 

RESPIRATORY PROTECTION 
FIT TEST WORKSHEET 

Employee Name:. 

Office Location: _ 

Employee No:. 

SSN:  

Last Medical Exam:. Corrective Lenses? 

Respirator 1 Respirator 2 Respirator 3 
Equipment Type 

Manufacturer 

Model 

Size 

Material 

TEST RESULTS RESPIRATOR 1 RESPIRATOR 2 RESPIRATOR 3 

Negative Pressure Check 

Positive Pressure Check 

Test Method 

If Quantitative; 
Printout/Strip Chart Attached 
(include mfgr. and serial no. of unit) 

Pass □ Fail Q 

Pass □ Fail Q 

Banana Oil Q 

Irritant Smoke LJ 

Quantitative      LI 

Pass □ Fail Ü 

Pass □ Fail □ 

Banana Oil Ü 

Irritant Smoke LJ 

Quantitative      LJ 

Pass □ Fail Q 

Pass Ü Fail □ 

Banana Oil Q 

Irritant Smoke LJ 

Quantitative      LJ 

.       Briefed on fundamental principles of respiratory protection, use, yes LJ No LJ 
inspection, cleaning, maintenance, and storage of equipment 

Briefed on the procedure for obtaining a lens kit for use with a full      Yes Q No Q N/A Ü 
face respirator 

I hereby certify that the subject employee has been FIT tested according to procedures specified in URS 
Corporation SMS 42, "Respiratory Protection" and in accordance with 29 CFR 1910.134, App. A. The 
results of the test indicate that the subject employee attains a satisfactory fit on the above respiratory 
protective equipment. 

Examiner's Name (print) Examiner's Signature Date 

Employee's signature Date 

Distribution: (1) Employee (2) Regional Health and Safety Manager (3) Office Safety Coordinator 
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Soil Washing and Solidification/Stabilization Work Implementation Plan - Draft Final 
McClellan AFB 
Revision 0     " ~ 

Appendix B 
06/28/00 
PageB-1 

EM REVIEW/APPROVAL:. 

SITE-SPECIFIC SPILL PLAN DATE 6/28/00 
Solidification/ Stabilization- Study Treatment Pad, OU C  

FACILITY NO: Soil Washing and 

SITE DESCRIPTION: Soil Washing and Solidification/ Stabilization Study 
ON-BASE SPILL DISCOVERY AND NOTIFICATION PROCEDURES 
REPORT SPILL OR POTENTIAL RELEASE OF: 
— Any quantity of an extremely hazardous substance (EHS) 
— 1 lb/ lpint or more of a hazardous substance. 
— Any quantity if fire or health hazard is present. 
— Any quantity of mercury. 
~ Any quantity from a pressurized system. 
— Bulging or Abandoned Drums (DANGER -Don't Touch!) 
REPORT IMMEDIATELY TO: 
MCCLELLAN FIRE DEPARTMENT 
911 OR 643-6666 

SITE RESPONSIBLE INDIVIDUALS: NAME ORG. SYMBOL PHONE NO. 

ACTIONS TO TAKE: 
— Alert Personnel - Evacuate if necessary. 
~   Information to report to Fire Dept.: 
— Your name and phone number 
— Location of spill 
— Substance spilled 
— Estimated amount spilled 
~   Extent of spill 
— Other pertinent information (e.g., injuries) 
--   Isolate the spill area and follow site- 

specific procedures.  

Unit Environmental Coordinator: 
Supervisor: 
Area Monitor: 

Richard Beyak URSG-Laidlaw 
Gary Smith URSG-Laidlaw 
Gary Smith URSG-Laidlaw 

(916) 929-2346 or (916) 569-5513 
(916)717-1623 
(916)717-1623 

OIL AND HAZARDOUS SUBSTANCE DATA (Indicate if Material (M) or Waste (W)): 

Description 
(W) Decontamination Fluids 
(M) Citru Clean H-D 
(M) Loctite 
(M) Motor Oil 
(M) Gasoline 
(M) Polymer 
(M) Surfactant 
(M) Diesel fuel 

Quantity 
Amount/Unit 
50 gallons 
<5 gallons 
<1 quart 
<55 gallons 
<10 gallons 
Varies 
Varies 
<500 gallons 

Type of 
Container 
55-gallon drum 
5-gallon drum 
bottles 
Manufacturer 
5-gallon safety can 
35-gallon drum 
35-gallon drum 
Integral dike/tank 

Waste Stream 
No. (if any) 
Contaminated Water 
May be in washdown water 
None 
None 
None 
None 
None 
None 

MSDS LOCATION: Inside JV Field Trailer 

MSW-\\Urs_sac l\Wprocess\68009\wip\Draft FinaI\Draft_final.doc 
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• 

SITE-SPECIFIC SPILL PLAN (continued) FACILITY NO: Soil Washing 
and Solidification/Stabilization 
Study     Treatment Pad, OU C 

EVACUATION PROCEDURES: 

1. Notify all personnel at the soil washing and solidification/ stabilization study area to clear the danger 
area as necessary to avoid injury. 

2. Shutdown all power to the treatment system. 
3. Maintain the cleared area until the site is safe. 

ON-SITE PERSONAL PROTECTIVE/SAFETY 
EQUIPMENT: 
Protective gloves 
Protective aprons or coveralls 
Chemical goggles or face shields 
Rubber boots 
Full and half-face respirators  

ON-SITE SPILL CLEANUP KIT: 
Overpack Drum (absorbent storage) 
Absorbent 
Square point D handle shovel 
Disposal drum 
Push broom 

• 
SITE-SPECIFIC PROCEDURES: 
1. Alert site supervisor and personnel; evacuate all personnel who are not equipped with personal 

protective equipment. 
2. Notify base fire department, 911 (or 3-6666). Also notify the Maintenance Control Center, LAPRP, 

3-3780. 
3. Shut off power to treatability pad MCC, eliminate ignition sources, and eliminate all petroleum 

products. 
4. Make spill scene off limits to unauthorized personnel. 
5. If advised by the on-site commander, contain/cover spilled liquids with absorbent. Place absorbent, 

spill residue, and contaminated soil in a disposal drum. 
6. Notify the Unit Environmental Coordinator (UEQ/LAPMS (3-0228 x358) to participate in the 

chemical spill mishap reporting. Obtain from the UEC the recommended preventative action to be 
taken to avoid future spills. Assure with the UEC that the proper procedures are followed. Initiate 
AFLC Form 5023, Supervisor's Preliminary Report of Mishap Notification and Reporting, for all 
spills. Ensure all information has been provided and obtain UEC coordination. 

7. Notify the Contracting Officer (Capt. Bob Williams); Field Team Leader (Paul Bernheisel), and the 
McClellan AFB remedial project manager (Jim Lu).  

SECONDARY CONTAINMENT: The entire treatment pad will be enclosed within a curbed area, 
which can catch spilled materials. Soils may be scooped up and put on the appropriate piles. Water or 
liquid spills, which would consist of process water or treatment chemicals, will be collected in the pad's 
sumps and re-routed to the treatment process. Chemicals will be stored within a curbed secondary 
containment area. 

MSW-\\Urs_sac l\Wprocess\68009\wip\Draft Final\Draft_final.doc 
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APPENDIX C 

Soil Washing and Solidification/Stabilization Study 
McClellan Air Force Base 

Site Management Plans  



Soil Washing and Solidification/Stabilization Work Implementation Plan - Draft Final Appendix C 
McClellan AFB 06/28/00 
Rev. 0 — PageC- 1 

HAZARDOUS WASTE MANAGEMENT PLAN 

SOIL WASHING AND SOLIDIFICATION/ STABILIZATION STUDY 
McCLELLAN AFB, SACRAMENTO, CALIFORNIA 

1 This site-specific hazardous waste management plan for the soil washing and solidification/ stabilization 
2 study covers the following hazardous wastes/wastes to be handled as part of the demonstration: 

3 •    Untreated excavated hazardous materials 

4 •    Treated materials exhibiting hazardous characteristics 

5 •    Process wastewater 

6 •    Decontamination water 

7 •    Waste Chemicals and Process Equipment 

8 The procedures set forth in the Hazardous Waste Management Plan (SM-ALC-MCAFB Instruction 32-2, 
9 1996) will be followed. The document is incorporated herein by reference, and a copy will be retained in 

10 the project trailer.  SM-ALC/EMPC, and the contracting officer will be notified of the type and quantity 
11 of hazardous waste expected to be generated. Hazardous waste will be managed as specified in Chapter 4 
12 of the previously referenced Hazardous Waste Management Plan.   JV is solely responsible for any 
13 hazardous waste generated exclusively as a result of its own activity under this contract. 

14 UNTREATED EXCAVATED HAZARDOUS MATERIALS 

15 JV will manage all untreated excavated hazardous materials in accordance with McClellan AFB's Soil 
16 Management Plan (McClellan AFB 1991). 

17 JV will direct any questions regarding responsibility for the management of a particular hazardous waste 
18 to the CO, whose decision in the matter is final. Under no circumstance shall the contractor remove from 
19 the base any hazardous waste for which the Government has management responsibility. JV will handle 
20 or move contained hazardous, waste to on-base management areas, as directed by the CO. JV will handle 
21 and store all hazardous materials in areas approved by the Contracting Officer. JV will be familiar with 
22 and comply with McClellan AFB's spill prevention and response requirements and procedures. 

23 TREATED MATERIALS EXHIBITING HAZARDOUS CHARACTERISTICS 

24 Treated materials meeting residential preliminary remediation goals (RPRGs) will be returned to the site 
25 and used as backfill. If the material meets industrial PRGs (IRPGs), but not RPRGs, the material will be 
26 stockpiled for future containment after clarification of required clean up goals.   Materials that meet 
27 neither criterion will be appropriately disposed, or contained in a designated area for additional treatment, 
28 depending on their classification as hazardous wastes. This classification is based upon results of Soluble 
29 Threshold Limit Concentration (STLC) and Total Threshold Limit Concentration (TTLC) determined by 
30 the Waste Extraction Test (WET), and Toxic Characteristic Leaching Procedure (TCLP) testing.   The 
31 deionized water (DI) WET will be used to determine the solidified material classification. 
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1 PROCESS WASTEWATER 

2 The treatment process is a net water consumer, and therefore, no process wastewater is anticipated to be 
3 generated.  Typically, the process water contains only traces of contaminants at low ppm or ppb levels 
4 that does not have any significant impacts on the performance of the washing process or the quality of the 
5 washed products. If contaminant levels build up to levels such that the water would contribute more than 
6 approximately 10 percent of the contaminant load to the washed product, additional water treatment 
7 would be integrated into the soil washing process to control contaminant levels in the process water. To 
8 avoid cross contamination of sites, the soil will be processed in order from the least contaminated site to 
9 the most contaminated site. 

10 Before processing soils from a different site, the water will be analyzed for contaminants of concern. 
11 Process water will be sampled from the process water holding tank that receives the clarifier overflow and 
12 filter press filtrate. If contaminant levels in the water would contribute a contaminant load of more than 
13 approximately 10 percent to the washed soils based on the new site standard, the water will be treated 
14 within the process or refreshed prior to processing the soils from a new site.    If the process water 
15 contributes a contaminant load to the washed soil of less than 10 percent of the new site standard, the 
16 water will be considered "clean" and acceptable for reuse. 

17 At the end of the project, 25,000 gallons of process wastewater will be routed to the Comprehensive 
18 Environmental Response, Compensation, and Liability Act (CERCLA)-compliant treatment plant and/or 

■ 19 will be collected, and treated appropriately. 

20 DECONTAMINATION WATER 

21 All decontamination fluids will be containerized in containers provided by McClellan AFB while awaiting 
22 discharge into the headworks of the treatment plant or to other appropriate disposal. The contracting officer 
23 (CO) will be consulted two weeks prior to disposal to identify the appropriate discharge location, confirm 
24 characterization of the fluids, and notify the receiving plant of estimated quantities.  McClellan AFB will 
25 remove the containerized fluids from the site. 

26 WASTE CHEMICALS AND PROCESS EQUIPMENT 

27 After the field test is complete, all waste chemicals will be disposed in accordance with base regulations, 
28 returned to the vendor, or returned to the supplier if appropriate. ■ All residual piping and process 
29 equipment will be decontaminated and disposed of in accordance with base regulations. 

30 Any anticipated changes to this plan will be conducted in accordance with the procedures for modifying 
31 the Work Implementation Plan (WIP). 
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DUST CONTROL PLAN 

SOIL WASHING AND SOLIDIFICATION/ STABILIZATION STUDY 
McCLELLAN AFB, SACRAMENTO, CALIFORNIA 

1 McClellan AFB  will employ the following dust control measures during excavation, backfilling, 
2 transportation or treatment of excavated materials: 

3 •    JV will execute all work using methods that minimize raising dust during soil washing and 
4 solidification/ stabilization study operations. 

5 •    Dust control measures will be employed as required to abate a dust nuisance at the sites 
6 during soil washing and solidification/ stabilization study activities and site excavation. 
7 Water or polymeric surfactants shall be used as dust control agents.  Water for dust control 
8 purposes will be derived from on-site sources.   Trucks transporting treatment soil will be 
9 covered and inspected for external contamination.    If excessive soil is found during the 

10 inspection, it will be removed prior to transport. 

11 •    Every reasonable effort will be made to maintain the sites in a condition, which minimizes 
12 fugitive dust generation. 

13 »All stockpiles will be covered at the close of each working day. 

14 •    Water applied for dust control purposes will be placed so as to control formation of excessive 
15 puddles or runoff. 

16 •    Mechanical and electrical equipment and surfaces susceptible to damage by dust will be 
17 protected as required. 

18 The following is a list of potential control measures for dust control: 

19 Vehicle use in open areas and vacant lots: 

20 •    Install physical barriers such as curbs, fences, gates, posts, and /or signs. 

21 Unpaved haul/access roads: 

22 •    Limit vehicle speed to 15 miles per hour or less. 

23 •    Apply water, so that the surface is visibly moist. 

24 •    Apply a suitable dust suppressant, if necessary. 

25 Disturbed surface areas: 

26 •    Pre-water site surface. 

27 •    Phase work to reduce the amount of disturbed surface areas at any one time. 

28 •    Apply water or other suitable dust suppressant. 

29 Site restoration: 

30 •    Selected fill material will be used to restore the sites. 
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1 •    The imported material will be moisture conditioned to control dust and promote compaction. 

2 •    The conditioned fill material will be placed in the site and recompacted. 

3 •    The site will be restored to be consistent with existing grades. 

4 Temporary Stabilization (during periods of inactivity, after hours, weekends and holidays): 

5 •    Apply suitable dust suppressant, tarps, or plastic. 

6 •    Restrict vehicular access to the area. 

7 Bulk material handling operations: 

8 •    Cover open stockpiles with tarps, plastic, or other material to prevent wind erosion.   Secure 
9 covers to prevent strong winds from removing the coverings. 

10 •    Apply water during stacking, loading, and unloading operations. 

11 •    Loads of contaminated soils will be covered if transferred on open roadways (i.e., those 
12 accessible to base tenants or the public.) 

13 Bulk material hauling/transporting: 

14 •    Load all haul trucks such that the freeboard is not less than six inches. 

15 •    Limit vehicular speeds to 15 miles per hour or less while travelling on the work site. 

16 •    Apply water to the top of the load, and cover haul trucks with a tarp or other suitable closure. 

17 Cleanup of spillage, carry-out, and/or track-out: 

18 »If there is much material, remove it with a backhoe, and either return it to the haul truck or 
19 appropriate stockpile. 

20 •    Small quantities of material within the treatment pad should be swept up manually and returned 
21 to the feed stockpile. 

22 At the treatment pad area: 

23 •    Dust suppression and other engineering controls commonly instituted to control dust (e.g., 
24 misting and watering) will be the primary measures implemented to control airborne paniculate 
25 emissions at the treatment pad. 

26 •    Stockpiles soils will be covered with a polytarp when not in use. 

27 •    During soil washing and solidification/ stabilization operations, the only point at which the 
28 materials are dry and therefore, the only point at which dust may be generated is during feed 
29 soil blending. Water mist application will be used for dust control as required. 

30 •    Perimeter dust monitoring will be performed at the treatment pad area, as described in the 
31 SHSP, Section 9.0 of this WIP. The results of the monitoring will help to determine the need 
32 for additional control measures to suppress dust and particulate emissions at the perimeter of 
33 treatment system and within the immediate work area. 
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1 •    It is possible that trucks may be delivering loads every 1-2 days to deliver/replenish the 
.2 contaminated soils staging area. This May require trucks entering into the EZ. If they do the 
3 tires will be brushed down at the decontamination pad, inspected and released. 

4 •    During normal operations of the processing plant, there are not any trucks planned to be in 
5 operation. The feed soils will have already been staged, and are moved by dedicated front-end 
6 loaders.   The loaders will not be leaving the work area.   If they do, the loader (or other 
7 equipment) tires will be washed down at the decontamination pad, inspected, and released. 
8 After operations each day, equipment will be cleaned and staged for processing the next day. 
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STORMWATER AND EROSION CONTROL PLAN 

SOIL WASHING AND SOLIDIFICATION/ STABILIZATION STUDY 
McCLELLAN AFB, SACRAMENTO, CALIFORNIA 

1 McClellan AFB's contractors will institute field measures to protect the site and surrounding environment 
2 from materials that may be transported through erosion or runoff. The Installation Restoration Program, 
3 McClellan AFB Storm Water Management Plan (SWMP) is incorporated herein by reference. Although 

4 As appropriate, the following procedures will be employed by McClellan AFB excavation contractors, if 
5 and where appropriate, to accomplish this goal: 

6 •    Open excavation areas will be protected from run-on using a system of berms derived from 
7 the excavation materials and complimented by barriers as required. 

8 •    Slope stabilization (per Appendix E of the SWMP) should include mulching or jute netting, 
9 given the temporary nature of the excavated areas. 

10 •    SWMP-specified soil erosion requirements include sandbag dikes, silt fences, straw-built 
11 dikes or equivalent control to be installed where appropriate. 

12 •    EPA's BMPs for Construction Activities EPA #832/R-92-005 for this project. 

13 For stockpiled materials on the treatment pad area, JV will adhere to the following procedures: 

14 •    Stockpiles of soil materials and aggregates not intended for immediate use will be covered to 
15 prevent migration from the stockpiles. 

16 »In the event of severe storm warning or occurrence, JV field staff will check all stockpile 
17 covers for integrity and perform maintenance as necessary. In addition, work will be stopped 
18 in the event of unusually heavy precipitation. 

19 »All   control   devices   will   be  maintained  throughout   soil   washing   and   solidification/ 
20 stabilization study operations. 

21 •    Good housekeeping practices will be followed to minimize spillage or contamination. 

22 •    JV will comply with the requirements of the McClellan SWMP. 
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SITE SECURITY PLAN 

SOIL WASHING AND SOLIDIFICATION/ STABILIZATION STUDY 
McCLELLAN AFB, SACRAMENTO, CALIFORNIA 

1 Access to McClellan AFB and project work sites is controlled at various entry gates. Visitors are required 
2 to check in at the entry gate guardhouse and present their license and car registration.   Project field 
3 personnel will be issued identification badges.   JV's project manager and site managers will provide 
4 primary on-site security during working hours. These persons will also be responsible for supervision of 
5 any communications systems. JV will make contact with McClellan AFB security personnel describing 
6 our activities and requesting additional patrols, if required. Specific security activities include: 

7 a)   The project manager will ensure the sites are secure from unauthorized entrance.   Only 
8 visitors who have received prior authorization from appropriate JV project team or McClellan 
9 AFB management or supervisory personnel will be permitted entry to the work site. 

10 b)   The sites will be maintained secure during nonworking hours by fencing areas to the 
11 maximum extent possible to stage equipment, expendables, and other project materials. 

12 c)   Site security personnel will read and be familiar with the terms of the site health and safety 
13 plans. 

14 d)   Site security personnel will maintain contact with McClellan AFB security and report 
15 immediately any incidents of vandalism, theft, or trespassing. 

16 e)   Signs will be placed at each site as necessary. 

17 f)   The existing fencing and barriers to the entrance will be fully utilized during soil washing and 
18 solidification/ stabilization study activities. 

19 g)   Site access by vehicles and parking shall be restricted to authorized vehicles and equipment 
20 only. 

21 h)   If an excavated area is expected to remain unfilled and the excavation is greater than four feet 
22 in depth, the area will be cordoned off with construction fencing and signs, as required by the 
23 McClellan AFB trenching standard operating procedure (McAFB-012). 

24 Beginning October 1, 2000, the base entry control will stand down.  At this time, security measures will 
25 be revised at the direction of McClellan AFB. 
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1 STANDARD OPERATING PROCEDURE 
2 EQUIPMENT DECONTAMINATION PLAN 

3 1.0       PURPOSE 

4 The purpose of this plan is to establish the methods and practices employed for the decontamination of 
5 the  soil  washing and  solidification/ stabilization  study  equipment,  the  support  systems,  sample 
6 preparation equipment, and excavation equipment.    The standard protocol is to disassemble major 
7 components of the plant and to wash the components with normal detergent and hot water.  The entire 
8 plant is washed inside and out; the washwater is collected for treatment or disposal. The plant is visually 
9 inspected for cleanliness, including successive flushing of inaccessible components such as piping and 

10 pumps.   Actual samples are not collected.   Excavation equipment will be externally decontaminated 
11 before it leaves the site and totally decontaminated between sites. 

12 2.0       SCOPE 

13 This procedure applies to all decontamination activities associated with the McClellan AFB soil washing 
14 and solidification/ stabilization study, managed and controlled within the designated soil treatment area. 
15 This includes excavation of the treatment area sites. 

16 3.0       DEFINITIONS 

17 Clean - For purposes of this procedure, clean is defined as free of all contamination, after having 
18 followed all equipment decontamination methods outlined in this procedure. 

19 Cross Contamination - The transfer for contaminated material or contaminants by equipment or 
20 personnel, from the contamination source to that of a less contaminated or non-contaminated item or area. 

21 Decontamination - The process of rinsing, high pressure washing or hand wiping to clean the exposed 
22 surfaces of equipment, to rid them of contamination, allowing them to be removed from the exclusion 
23 zone or contamination reduction zone to the support zone. 

24 All  equipment exiting the contamination reduction  zone (e.g.     heavy equipment, air monitoring 
25 equipment, etc.) will be decontaminated using a freshwater rinse and brushes (if necessary) for dust 
26 removal.   If brushing and rinsing do not remove the dust, a soap and water solution will be used to 
27 facilitate decontamination. 

28 Soil Washing Equipment - Equipment associated with a soil washing activity, to remove contamination 
29 from soil. This includes but is not limited to the equipment found in the process flow diagram, found in 
30 Section 3 of this WEP. In addition, jars, bucket, hand tools, and associated equipment will be considered 
31 part of the soil wash plant. 

32 Steam  Cleaning  (High  Pressure)  -  High-pressure  washing  may  be  performed  as  part  of the 
33 decontamination effort.   This process will be used as necessary to perform decontamination on the 
34 equipment by removing the site contaminants. 
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1 4.0       RESPONSIBILITIES 

2 4.1       Decontamination Personnel 

3 The decontamination personnel will be comprised of treatment system operators, system operation, 
4 decontamination and site safety requirements. 

5 4.3       Field Services Manager 

6 The Field Services Manager will be responsible for appraising the decon crew of all known health and 
7 safety hazards prior to the start of decon activities.  A morning safety/decon meeting will be conducted 
8 daily to address all safety related items associated with the tasks to be performed that day. 

9 5.0       SAFETY REQUIREMENTS 

10 All decontamination activities shall comply with the requirements of the site-specific safety document 
11 and attachments, area and personnel monitoring, health and safety hazards, and personnel protective 
12 equipment. 

13 5.1        Equipment & Materials 

14 Equipment and materials required for decontai 
15 but not limited to: 

16 »    Brushes 
17 >    Rags or towels 
18 >    High pressure water sprayer 
19 >    Plastic bags 
20 ►    Protective clothing 
21 ►    Fresh water, clean for gross decon 
22 •    Collection drums, clothing 
23 ►    Collection drums, waste 
24 »    Hose, as needed 
25 »    Grinder 
26 »    Heavy equipment support 
27 »    Decon soap 
28 »    Collection basin 

29      5.2       General Decontamination Requirements 

30 
31 
32 
33 
34 
35 
36 

37 

All soil wash plant and support items will undergo a gross decontamination removal through 
the use of a fire hose. 
A secondary high-pressure water washer will be used to remove all loose contamination. 
If required, fixed contamination will be removed by scrubbing or grinding as applicable. 
Trucks used for the transport of contaminated material will be externally decontaminated 
before they leave the excavation site. 
Excavation equipment will be totally decontaminated between sites. 
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1      6.0 DECONTAMINATION METHODS 

2 6.1 General 

3 The following methods will be used to provide decontamination of the soil wash plant and support 
4 equipment, except pumps and motors. 

5 »An  initial gross  water decon  wash  will  be  performed  to remove  all  gross  visible 
6 contamination. 

7 «A secondary decon effort, more thorough and effective, will be performed using a high 
8 pressure water washer to remove contamination caught in cracks and corners. 

9 »A thorough inspection by the treatment system operator will follow this secondary decon 
10 effort, to establish any areas where loose or fixed contamination exists. 

11 •    Fixed contamination, if any is detected, will first be scrubbed with soapy water.   If the 
12 contamination is not removed by this procedure, a grinder may need to be used to remove the 
13 "hot spot." Contamination is detected by visual inspection. 

14 •    After all "hot spots" are removed, a final inspection will be performed. 

15 •    Clean items will be removed to a clean area outside the treatment pad and made ready for 
16 shipment. 

17 «All equipment will be loaded on trucks with all proper shipping documents in preparation for 
18 removal from McClellan AFB. 

19 »To minimize the generation of decontamination water, initially brushes will be used for 
20 external decontamination of equipment. 

21 »A high pressure water sprayer will be used for decon between sites. 

22 6.2        Pump & Motors 

23 All of the procedures outlined in Section 6.0, Decontamination Methods, will be followed when 
24 decontaminating the exterior of all pumps and motors.   In addition to these procedures, the following 
25 decontamination and survey techniques will also be performed: 

26 Because all motors are totally enclosed and water proof, the fan shroud will be removed and inspected. 

27 The pumps that have come into contact with contaminated soil or water may be dismantled to allow the 
28 internal components the ability to be inspected. The fixed contamination will first be removed by high- 
29 pressure water washing. 

30 Any "hot spots" identified during inspection following the high pressure water wash will first be treated 
31 by the scrubbing with soap technique.  Should the fixed contamination remain, grinding techniques will 
32 be employed only as long as the integrity of the pump is maintained. A determination will be made on a 
33 case-by-case basis, on the extent of decontamination efforts, and its effects on the component being 
34 decontaminated. 

35      7.0 SHIPPING 

36 Cleaned plant and support equipment will be loaded, secured, and shipped offsite following completion of 
37 the study. 
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EXCAVATION PLAN 

SOIL WASHING AND SOLIDIFICATION/ STABILIZATION STUDY 
McCLELLAN AFB, SACRAMENTO, CALIFORNIA 

1 The volume for all non-VOC sites potentially requiring treatment is approximately 900,000 cubic yards, 
2 to meet residential PRGs (RPRGs), and 800,000 cubic yards to reach industrial PRGs (IPRGs) (CH2M 
3 Hill 1999).   For this study, approximately- 2,404 cubic yards of non-volatile organic compound (VOC) 
4 contaminated soils are to be treated. The soil washing and solidification/ stabilization study will use soils 
5 from selected sites that contain metals or semivolatile organic compounds (SVOCs) in concentrations at 
6 levels exceeding RPRGs.  Ten candidate sites have been identified and categorized as either a landfill, 
7 SVOC spill site, or metals only site.  These sites were prioritized within each category as discussed in 
8 Subsection 2.4 of this work implementation plan (WIP). 

9 Based on a review of additional remedial investigation (RI) data and the site walk, the Air Force has 
10 narrowed the site selection to four sites:   potential release location (PRL) S-4, confirmed site (CS) CS 
11 013, Wastepile, and Small Arms Riring Range (SAFR). These sites are included in this excavation plan. 
12 The excavation areas at each of these sites were chosen based on the ease of access (little or no surface or 
13 subsurface obstructions) and high potential of contamination. Soil quantities proposed to be treated were 
14 based both on providing an adequate amount of material to reach the anticipated treatment output, while 
15 allowing for "full" cleanup of several of the smaller candidate sites. Ultimate cleanup determinations will 
16 be made in a Record of Decision. 

17 1.0        SITE-SPECIFIC INFORMATION 

18 1.1        SITE SELECTION 

19 Ten non-VOC sites have been identified as possible remediation candidates for this study.  In the WIP, 
20 these sites have been prioritized.  Of the ten candidate sites, two from each category have been selected, 
21 as discussed in Section 2.4 of this WIP. At a minimum, the six highest-priority sites, CS 011 and CS 013 
22 (landfills), PRL S-006 (SVOC spill), and PRL S-004, SAFR, and waste pile (metals only) will be 
23 sampled. Collection of representative samples would be accomplished by excavating a test pit at each of 
24 the six sites. The site selection process will be based on the results of the preliminary treatment study as 
25 described in Appendix F. 

26 Figures E-l through E-4 illustrate the locations and boundaries of the four sites and the location of the 
27 proposed excavations within each site. The location of existing buildings, structures, and access roads are 
28 also depicted, where applicable. 

29 1.2       SELECTED SITES 

30 PRL S-004 (Metals Only Site) 

31 PRL S-004, comprised of approximately 0.68 acres, is located in the northeastern corner of IC 36. IC 36 
32 is situated in the west-central portion of OU A. PRL S-004 is the former location of a storage area and a 
33 lube oil storage building. Additionally, sludge drying beds associated with Building 431 may have been 
34 located at the site. 
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1 At this site, lead is the non-VOC constituent of concern exceeding RPRGs.   TPH-D and SVOCs are 
2 present, but have been determined not to require remediation. In addition to the non-VOC constituents of 
3 concern, TCE has been found in soil gas at this site at 12 feet bgs.    The lateral extent of lead 
4 contamination is considered to be reasonably well defined in all directions. 

5 The site is now unused and is overgrown grassland.  A small patch of asphalt exists where Building 36 
6 was once located.   Impacted soils to be included in this study occur at depths from surficial to six feet 
7 bgs; deeper soils (10 to 20 feet bgs) did not contain any metals above background concentrations. 

8 CS 013 (Landfill Site) 

9 CS 013 is located in IC 19, within OU C.   Approximately 1.2 acres in size; it consists mainly of 
10 undeveloped grassland. Contaminants of concern include various metals, PCB-1260, TPH-D, and several 
11 SVOCs.  The most heavily impacted soils generally occur at depths greater than five feet and extend to 
12 approximately 10 feet bgs. 

13 SAFR (Metals Only Site) 

14 The SAFR consists of a 300-foot-long by 100-foot-wide soil berm used as a backstop, Buildings 710 and 
15 712, and several piles of loose soil scraped from the backstop. The soil piles are contaminated with lead 
16 and copper fragments as well as cadmium.  Some bullets are still visible in the soil. For this project, the 
17 soil piles to the south of Building 712 will be removed.  The soil piles are approximately four-feet high 
18 and cover over 0.15 acres.  Based on field observations and areas measured by computer-aided drafting 
19 (CAD), initial volume estimates range between 800 and 1,000 cubic yards. The soil piles will be removed 
20 and transported to the soil treatment pad for processing.   Since the soil piles are on the surface of the 
21 ground, no subsurface excavation is required. 

22 Wastepile (Metals Only Site) 

23 The waste pile to be considered for remediation using this soil remediation process is located at IC 7 in 
24 OU B.   It is approximately 0.15 acre in size, and consisted of dirt, rubble and concrete slabs that have 
25 been removed from the sites.  The constituents of concern are lead, cadmium and chromium.   Impacted 
26 soils were found at 6 inches bgs. 

27 Four sites have been selected to include a landfill and three metals only sites.  Based on the findings of 
28 the initial site walkover, these sites would be most ameanable to soil washing. 

29 2.0        EXCAVATION 

30 Selective excavation will be accomplished at the specified sites.  The concept of selective excavation is 
31 based on the findings of earlier investigation data and visual inspection during excavation.   This soil 
32 washing and solidification/ stabilization study is intended to provide information on the applicability of 
33 soil remediation at depths typically less than 35 feet bgs. Table E-l summarizes site characteristics and 
34 the potential area and volumes of soils requiring treatment at the six sites. Excavations for this study will 
35 not exceed 10 feet bgs. 

36 After a site has been deemed appropriate, based upon the preliminary treatment test, excavation will 
37 commence at a given site. The selected portion of the affected site will be excavated and field screened 
38 with a mobile screen, if necessary to remove large debris. Debris will remain at the site, while soils that 
39 will be treated will be hauled to the stockpile area at the treatment pad. There, the soil will be stockpiled, 
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1 blended with other soils excavated from the same site, if appropriate based on physical characteristics of 
2 the soils, and forwarded to the treatment system. 

3 At SVOC spill sites and the metals-only sites, the constituents of concern are found in shallow soils. 
4 Samples collected from those sites will be scraped clean of vegetation where present. The vegetation is 
5 not expected to require treatment, and will be stockpiled at the site for future site restoration.  Soil to be 
6 treated will be obtained from the surface and approximately 1 to 1.5 feet depths using a backhoe. 

7 Excavation areas will be field-located using the aerial photographs shown on Figures E-l through E-4, 
8 and previous RI boring and trenching information. 

9 Also, especially for the landfills, it is important to note that there may be several feet of uncontaminated 
10 cover soil, thus if the excavation was shallow, a majority of the soils removed may be clean fill. 
11 Therefore, at the landfill site, contamination is present at a greater depth, approximately 6 Vi feet.  To 
12 avoid the need for shoring excavations greater than four feet will not have scopes that exceed 1.5 H:IV. 

13 2.1        GENERAL EXCAVATION PARAMETERS 

14 The JV will excavate soil from each site.   Excavations will be performed in accordance with the Site- 
15 Specific Health and Safety Plan (SHSP), Section 9.0 of this WIP, which addresses excavation safety. 
16 SOP No.  McAFB-012 will be used for trenching in disposal pits and landfills.  Prior to departure from 
17 the individual sites, the truck will be brushed to remove contaminated soil and the load covered.   It is 
18 anticipated that the soils will be excavated and transferred to the treatment pad via the most appropriate 
19 route. 

20 To minimize spillage, the trucks should be loaded to a height at least six inches below the side walls. The 
21 unloading area at the treatment pad is within the paved and bermed area.   Any soil spills should be 
22 removed from areas other than the designated stockpile areas, and incorporated into the feed stockpile. 
23 Should a truck spill any contaminated soils in a clean area, the McClellan AFB field manager will 
24 dispatch the appropriate crew and equipment to clean up the spilled soil. This equipment may include a 
25 front-end loader for larger spills and hand shovels for small spills. 

26 As required by the SHSP, excavations greater than four-feet deep will not have slopes that exceed 1.5H: IV. 
27 This will preclude the need for an engineers evaluation and shoring. A fence or other suitable barricade will 
28 be erected to warn of danger and to limit access to the site.  Site access restrictions will be maintained, as 
29 described in the SHSP, Section 9.0 of this WIP. 

30 In some situations, removal of an appropriate quantity of soils for treatment may remove the entire target 
31 soil volume. After the excavation the soils will most likely be reentered after processing, the excavation 
32 would then be backfilled, regraded, and restored to its original condition. 

33 2.2       SITE RESTORATION 

34 The excavated sites will be backfilled with "Clean" fill material or treated material that meets the 
35 appropriate treatment standards.    The soil will be placed and compacted in two foot lifts.    The 
36 recompacted material will be graded to promote drainage and to restore the site to its original condition. 
37 If necessary, the site will be receded with a seed mix compatible with the existing vegetation. 
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1 3.0       STOCKPILING 

2 Soils will be tracked from initial stockpiling on the feed soil process pad through final treatment or 
3 disposal, as described in Subsection 5.4.8 of this WEP. The feed soil will be stockpiled in discrete piles, 
4 on the feed soil storage pad (within the treatment pad).  JV will label the soil with the area and date of 
5 excavation.   Each pile will be covered with a polytarp overnight, or when the pile is not being used. 
6 Concrete (Jersey) barriers will be used to delineate individual storage areas on the treatment pad. 
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2 
3 

4 
5 
6 

7 
8 

9 
10 

11 
12 

STANDARD OPERATING PROCEDURE 

PROCESS WATER SYSTEM SURVEY 

A thorough system survey is required before jar testing. Some of the things that should be looked at are: 

Flow Rates: Is the flow continuous, or are there peak flow rates? When does peak flow occur? Is 
there an equalization tank? How large is the equalization tank? 

Feed Points: How far away are the feed points from clarifiers? Are there multiple feed points, or 
are all the chemicals fed to the same place? Is there any mixing between the feed 
points and the clarifier? 

Feed Equipment:    Does the plant have tanks and mixers in place to make down dry or emulsion 
polymers? Is dilution water available to set up a polymer feeder? 

Clarifiers: In the case of a gravity settler how long is the residence time? The rise rate? What is 
the sludge removal frequency? 

Influent Water:       Are the water contaminant concentrations constant? If the levels vary, is the cycle 
predictable? What is the "worst case" to treat? Does the pH or temperature vary? 
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STANDARD OPERATING PROCEDURE 

JAR TESTING FOR PROCESS WATER 

1 1.0       JAR TEST 

2 Jar testing1 will be performed on the samples from the hydrocyclone overflow.   Polymers are used to 
3 coagulate fines, increase mass, and aid setting in the clarifier. Optimizing the polymer addition allows the 
4 clarifier to perform efficiently. The following are general jar testing caveats: 

5 •    The jar testing sample must be representative of the treatment system influent. If the influent 
6 changes, start with the "worst case" sample, but jar test under ALL of the different influent 
7 conditions. 

8 •    Always try to duplicate as close as possible the dynamics of the system, i.e., the mixing 
9 turbulence, the mixing time, time between chemical additions, retention time, etc. 

10 •    When comparing polymers, make sure all of the test conditions are the same. 

11 •    Always jar test the current process treatment program for comparison.  The results from the 
12 system do not always compare directly with the jars. This will also determine if the dosage is 
13 what is really being fed to the system. 

14 •    After you find a successful jar test program, test variations of it to determine how flexible the 
15 program is. Try over and under dosages, different pH ranges, etc.  Sample dosage chart and 
16 polymer makeup tables follow. This will give an indication how well the program will work 
17 in a system-upset condition. 

18 •    Make sure that successful results can be replicated. Document each test in the field logbook. 

19 •    Visual results, such as clarity and settling rate, are indicators of product performance, but 
20 specific wastewater parameters may need to be tested.   The clarifier effluent needs to be 
21 analyzed for contaminants of concern. 

Reference: Freeman, Harry M.  1989. Standard Handbook, Hazardous Waste Treatment and Disposal, McGraw-Hill, Inc., 
1989. 
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FLOCCULENT SOLUTION DOSAGE CHART 

Milliliters (ml) to be added to 500 
ml sample 

Solution Concentrations 

ppm 0.1%           0.5%          1.0% 
0.50 0.25 0.05 0.025    • 
1 0.50 0.10 0.050 
2 1.00 0.2 0.100 
5 2.50 0.5 0.250 
10 5 1 0.50 
20 10 2 1.0 
30 15 3 1.5 
50 25 5 2.5 
75 37.5 7.5 3.75 
100 50 10 5.0 
200 100 20 10.0 
250 125 25 12.5 
350 175 35 17.5 
400 200 40 20.0 
450 225 45 22.5 
500 250 50 25.0 
1,000 500 100 50.0 

POLYMER DILUTION 

1 ml of neat polymer 
added to 99 ml of 
dilution water 

10 ml of neat polymer 
added to 90 ml of water 

10 ml of 1% polymer 
solution added to 90 ml 
of water 

50 ml of 1% polymer 
solution added to 50 ml 
of water 

1 ml of neat polymer 
solution added to 999 
mis of dilution water 

1 ml of 0.1% polymer 
solution added to 1,000 
mis of sample 

=      1% solution 

=      10.0% solution 

=     0.1% solution 

=     0.5% 

=      1,000 ppm or 0.1% 

=      1 ppm 

Double the milliliters to be added for a given ppm dosage when 
using 1000 ml samples 

PRECIPITATING AGENTS (example) 

DOSAGES IN PPM OF PRODUCT PER PPM METAL 

METAL          DT-9721             DT-9722            DT-9728 DT-9724 
Cd 16.0 6.3 8.2 10.8 
Co 22.4 11.8 15.4 21.2 
Cr 39.6 6.3 8.2 35.6 
Cu 21.6 11.0 14.3 19.6 
Fe 36.8 18.5 24.0 33.2 

Hg 6.8 3.5 4.5 6.0 
Ni 23.2 12.0 15.6 20.8 
Pb 6.8 3.3 4.3 6.0 
Zn 10.8 10.8 14.0 18.8 
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1 1.1        Powdered Polymer Preparation 

2 To prepare a dry polymer for use in jar testing. 

Equipment Needed: Gang stirrer, graduated cylinder, 
500 ml or 1,000 ml beakers, 
measuring device 

PROCEDURE: 

3 1.        Weigh out 1 gram of dry polymer with a balance, or use a 0.1 gram scoop into a weighing dish. 
4 This will make a 0.1 percent polymer solution. 

5 2.        Add 1,000 mis of water to your beakers and place in gang stirrer. Make sure stir bars are clean. 

6 3.        Turn on gang stirrer at 100 percent speed. 

7 4.        Add polymer very slowly in a sprinkling fashion.   Try to make sure each polymer particle is 
8 wetted in the water without touching other particles.   When several particles that are not wetted 
9 come in contact, "fish eyes" may form. 

10 5.        Let gang stirrer run at 100 percent speed for 20 to 45 minutes, or until the polymer solution is clear 
11 and free of "fish eyes." 

12 6.        If you know which polymers you plan to test you should consider making up your diluted samples 
13 the night before. 

14 7.        Diluted polymer has a very short shelf life. Samples should be made up no more than 2 days prior 
15 to jar testing. 

16 1.2        Liquid Polymer Preparation 

17 Liquid polymers can be used without dilution, but for ease of measurement and highest polymer activity 
18 they should be diluted before jar testing.  Viscous polymer should be diluted to aid in mixing in the jar 
19 tests. 

Equipment Needed: Disposable syringes, graduated cylinder, plastic cups or 500 ml 
beakers, beverage whip or mixer. 

20 PROCEDURE: 

21 1. Estimate the dosage of polymer required (past experience on similar system, where available). 
22 For dosages of 10 —100 ppm, make 1.0 percent dilutions. If the jar tests will require dosages of 
23 100 - 1000 ppm, use 10.0 percent dilutions. 

24 2. Measure the appropriate amount of water, and add the liquid polymer with a syringe. Mix with a 
25 beverage whip or shake it in a bottle. Liquid polymers are soluble in any concentration. 

\\Urs_sac 1 \Wprocess\68009\wip\Draft Final\Draft_final.doc 
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1 3. Dilute liquid polymers have a 1-5 day shelf life, depending on the polymer.   For best results, 
2 make fresh dilutions just prior to jar testing. 

3 1.3       Emulsion Polymer Preparation 

4 This procedure allows us to put an emulsion polymer into water at the highest activity level possible. 

Equipment Needed: Mixer, 500-ml beakers or disposable plastic cups, disposable 
syringes, graduated cylinder. 

5 PROCEDURE: 

6 1. For best activity of the polymer, anionic and nonionic emulsions should be made initially at a 1 
7 percent concentration.   Cationic emulsion polymers should be made at 2 percent concentration. 
8 After the polymer is made, it can be diluted further for jar testing. 

9 2. All emulsions will separate slightly over time.   Always shake sample (neat) bottles thoroughly 
10 before use. 

11 3. Place 198 ml of water (196 ml for cationic polymers) in a disposable cup or 500 ml beaker. Put 
12 the mixer in the cup. The water should cover the end of the mixer. Start the mixer and add 2 ml 
13 (4 ml for cationics) of emulsion polymer with a syringe wiped clean of excess and then inserted 
14 into the shoulder of the vortex. Mix at high speed for 15-20 seconds. 

15 4. Allow aging for 30 minutes. 

16 5. Dilute the polymer solution to 0.1 percent or 0.5 percent and use for jar testing. 

17 6. Dilute emulsions have approximately a 24-hour shelf life.  For best results, dilutions should be 
18 made on the day of jar testing. 

19 2.0        EVALUATING JAR TEST RESULTS 

The speed at which the solids settle (or float) in the jar test. The ideal time will be 
determined by the system, but faster is typically better. 

A measure of the volume of solids versus the volume of water in a jar test. A good 
indication of whether a program will reduce the amount of sludge generated. 

How much of the suspended material has been settled out. This can be a visual 
comparison, or turbidity (a measurement of clarity) can be measured with a 
specialized instrument. 

A larger floe tends to be less likely to carry over from a clarifier. 

An observation of whether the floe will be broken up and redispersed by mechanical 
action in the system. 

\\Urs_sac l\Wprocess\68009\wip\Draft Final\Draft_final.doc 

20 Settling Rate: 
21 

22 Compaction: 
23 

24 Clarity: 
25 
26 

27 Floe Size: 

28 Floe Stability: 
29 
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1 Floe Formation: How fast a floe forms after chemical addition. This often requires a "slow mix" or 
2 "floe forming" step in the jar tests. The system will determine the requirements, but 
3 generally faster is better. 

4 Dissolved Metals: Dissolved metal concentrations can be measured by both lab and field methods, 
5 although for very low levels lab methods may be necessary. Dissolved metals often 
6 do not affect the clarity of a wastewater sample. 
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STANDARD OPERATION PROCEDURE 

FIELD TEST - SLUDGE DEWATERING 

1 Gravity dewatering test that approximately duplicates the gravity section on a twin belt filter press. 

Equipment Needed: Büchner runnel, 250 ml and 100 ml graduated cylinders, 
stopwatch, screen similar to screen on filter press, assorted 
syringes, 2-500 ml beakers. 

2 PROCEDURE: 

3 1. Prepare polymers (see jar test, polymer preparation). 

4 2. Place screen (cut to fit) into the Büchner funnel. 

5 3. Add 200 mL of untreated influent sludge to 500-ml beaker. 

6 4. In the 100-ml graduate, add the initial dosage of polymer plus dilution water. For instance, if you 
7 are adding 20 mL of one polymer and 5 mL of another, both products should be diluted more so 
8 you always add the same amount of water to the sample. 

9 5. Add polymer to beaker and pour into the other beaker until floe forms. From then on always pour 
10 into the beakers the same number of times. 

11 6. Add the sludge to the Büchner funnel and simultaneously turn on the stopwatch. 

12 7. Observe and record the volume of filtrate every 5 or 10 seconds until it stops draining. Plot out 
13 the results to determine which polymer helps the water to drain quickest. 
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PRELIMINARY TREATABILITY STUDY WORKPLAN 

1 The focus of the soil washing and solidification/stabilization study to successfully treat site soils requires 
2 careful selection of feed material and process components. As currently planned, the study is based on a 
3 basic, flexible soil washing process. Concerns have been raised based on the recent bench-scale results 
4 obtained as part of other project (CH2M Hill, 2000). The characteristics of site soils, specifically 
5 cementation and agglomeration, have been extensively discussed. Soil conditions that can adversely affect 
6 soil washing operations (or soils which are not amenable to soil washing, as used in the bench-scale test) 
7 appear to be present at some non-VOC sites. 

8 A bench-scale treatment test using representative site soils is imperative to determine appropriate 
9 treatment methods, as well as to predict actual scale-up and field performance of the selected approach for 

10 the full-scale treatment study. Our experience has shown that soils vary significantly from site to site, and 
11 even at different locations within a given site. Variations in soil that affect treatment procedures include 
12 grain size distribution, clay content and physical characteristics, mineralogy, aggregate hardness, organic 
13 content, soil pH, and the form and distribution of contaminants. 

14 Obtaining accurate, site-specific information before mobilizing the soil washing equipment to McClellan 
15 AFB, has been suggested. In order to best determine the most appropriate equipment required for a 
16 successful soil washing demonstration, representative samples must be collected from the designated sites at 
17 the base. As was noted from the CH2M Hill bench-scale testing, representative samples are required for a 
18 study to be fully useful. To implement the findings and recommendations of the previous study, the 
19 following tasks have been proposed to be undertaken concurrently with the Work Implementation Plan 
20 (WIP) preparation and review: 

21 •    Site-Specific Sampling 

22 •    Preliminary Bench-scale Treatment Testing 

23 •    Technical Coordination Meeting 

24 This section presents a workplan for the sampling and preliminary bench-scale treatment test. 

25 In order to perform a bench-scale treatment test of contaminated soil from McClellan AFB, California, 5- 
26 gallon buckets of composite soil will be collected from six of the proposed sites) and forwarded to 
27 Surbec-ART Environmental's Norman OK facility. The bench-scale treatment testing will be performed 
28 at the Surbec-ART treatment study laboratory.   The facility is equipped with analytical and mineral 
29 processing   equipment.   The   main   targets   of this   preliminary   bench-scale   treatment   testing   are, 
30 determination of physical soil characteristics including deagglomeration and treatment testing using soil 
31 washing to determine which sites will be selected for the full-scale treatment study. 

32 INTRODUCTION 

33 There are ten sites at McClellan AFB that have been identified as candidate sites for field treatment 
34 testing of physical treatment using soil washing technology. These sites have been prioritized as discussed 
35 in Section 2.0 of the WIP. 

36 In 1999, under a separate contract with CH2M Hill, Hazen Research, Inc. (Hazen) evaluated soil samples 
37 from three sites. Only one of those sites, CS 013, is common to both studies. The soil samples were 
38 primarily grab samples taken from either the subsurface or from containers. Hazen found the soil to 
39 consist primarily of silica/carbonate agglomerates that were extremely resilient. The agglomerates were, 
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1 for the most part, reduced but not completely broken down into their soil constituents of gravel, sand, silt 
2 and clay prior to subsequent tests and post-treatment analytical (CH2M Hill, 2000). 
3 Hazen's post-treatment analytical results indicated that only one of the soils (from CS 022) was a 
4 potential candidate for physical treatment. However, the failure to completely deagglomerate the soil or 
5 collect representative soil samples may have biased those results (CH2M Hill, 2000). 

6 A bench-scale treatment test using representative soil samples will be performed using the key 
7 contaminants of concern as identified in Table 1 as an indicator of treatment success It is imperative that 
8 representative soil samples be used to determine appropriate treatment methods, as well as to predict 
9 actual scale-up and field performance of the selected approach. Our experience has shown that soils vary 

10 significantly from site to site, and even at different locations within a given site. Variations in soil that 
11 affect treatment procedures include grain size distribution, clay content and physical characteristics, 
12 mineralogy, aggregate hardness, soil pH, and the form and distribution of contaminants. 

13 Results of the bench-scale treatment test will reveal the appropriate treatment approach for implementing 
14 the full-scale treatment study, or confirm that site soils are not good candidates for physical treatment. 
15 Treatment effectiveness and implementability will be presented in the treatment study report. 

16 ANALYTICAL METHODS AND CONTROLS 

17 Gravimetric Analysis 

18 The representative sampling and accurate analysis of soil containing particulate metal contamination is 
19 imperative to prevent erroneous results and bias. Pre-treatment soil particulate metal concentrations will 
20 be determined gravimetrically. Once particulate metal has been removed and accounted for in the soil 
21 fractions amenable to density separation, AA analyses will be performed on the soil samples for total 
22 lead. 

23 Off-Site Analysis 

24 Due to the availability of soil and contaminated constituents, all samples will be submitted for off-site 
25 analysis by a independent laboratory using accepted EPA standard methods. 

26 QUALITY CONTROL / QUALITY ASSURANCE 

27 Quality control (QC) objectives of this bench-scale treatment test are to provide accurate, precise, and 
28 complete data sufficient to identify conditions under which selected indicator compounds are removed from 
29 contaminated soil. This information will be used to select sites amenable to soil washing and to determine 
30 equipment needs for the full-scale study.    Chemical testing will be performed at an off-site USEPA 
31 approved lab and will follow standard QC procedures. Since the results of the chemical analysis will only 
32 be used for equipment and site selection for this study. Standard lab QC measures have been determined to 
33 be adequate for the extended purpose.    Comparability and representativeness for quality control are 
34 discussed below. 

35 The primary comparison made during the bench-scale test is between the contaminant levels in the feed soil 
36 and the contaminant levels in treated soil following successive levels of treatment. This comparison will be 
37 made to determine the effectiveness of each step of the treatment process. Comparability will be assured by 
38 preparing and analyzing feed and treated soils under identical conditions.    All in-house laboratory 
39 procedures will be recorded in a bound laboratory notebook. 

\\Urs_sac 1 \Wprocess\68009\wip\Draft Final\Draft_final.doc 



Soil Washing and Solidification/Stabilization Work Implementation Plan - Draft Appendix F 
McClellan AFB 06/28/00 
Rev.O — PageF- 17 

1 BENCH-SCALE TREATMENT TEST APPROACH AND METHODS 

2 Bench-scale testing will be performed on composite 5-gallon soil samples from McClellan AFB, 
3 California. The bench-scale testing will be conducted in a manner simulating field-scale process steps. 
4 Total cleanup levels for the key COCs attainable using physical treatment will be determined and will be 
5 used as an indicator of the potential treatment success. 

6 A  bench-scale  treatment  test  using  a  mining-based   sampling  approach  is  proposed  to  collect 
7 representative soils for study. A step-wise bench-scale treatment test is comprised of three major 
8 determinations in which each determination will be performed pending the success of the preceding 
9 determination. This approach will eliminate the potential for performing unnecessary lab tests, should one 

10 of the first two tests not succeed for a specific site soil. This approach will resolve: (1) the concern 
11 regarding site soils as candidates for physical treatment; (2) the concern regarding actual treatment 
12 technology requirements; and, (3) the concern regarding treatment costs meeting the life cycle cost goal. 
13 The three determinations are: 

14 •    Deagglomeration 

15 •    Soil grain size distribution 

16 •    Distribution of contaminants in various soil fractions 

17 The soils studied by Hazen were found be unique, consisting of silica/carbonate agglomerates that under 
18 simulated "generic" physical treatment conditions were very resistant to reduction. Since deagglomeration 
19 is a mandatory precursor to effective physical treatment, the information from Hazen raises the concern 
20 that the proposed approach of using a standard wet-grizzly to deagglomerate the soil may not be effective. 
21 The first step of the bench-scale test will be to determine the deagglomeration requirements for soils at 
22 the various sites. The results may indicate that the cost to deagglomerate the soil will significantly impact 
23 project costs. This may result in a treatment system whose cost exceeds the goal of the program, which is 
24 to demonstrate a soil treatment approach that will reduce life cycle costs of remediating non-VOC soils by 
25 25 percent. 

26 SOIL SAMPLING 

27 Ten non-VOC sites have been identified as possible remediation candidates for these bench-scale tests. In 
28 the WIP, these sites have been prioritized, and at least one site from each general category will be 
29 subjected to testing.   Six of the highest-priority sites, CS 011, CS 013 (landfills), PRL S-006 (SVOC 
30 spill), PRL S-004, wastepile (metals only) and small arms firing range will be sampled. This test will use 
31 5-gallon composite soil samples collected from each site. 

32 Collection of representative samples is accomplished by excavating a test pit at each of the six sites. With 
33 the exception of the landfill sites (CS 011 and CS 013), impacted soils are reportedly shallow, and test 
34 pits would also be quite shallow (approximately 2 feet or less). At the landfills, the trench would be 
35 advanced to approximately 6 to 8 feet depth, in order to observe and sample stratified layers, if present. 

36 A process engineer from one of the treatment subcontractors will be in attendance during the trenching in 
37 order to direct the sampling. At all sites, the engineer will record visual observations and take photos. 
38 Staff will collect a 5-gallon composite sample from each trench for bench-scale treatment testing. Visual 
39 observations are extremely important in initial selection of soils to be treated by this technology. Visually 
40 inappropriate soils would not be considered further. Site selection is discussed in further detail in Section 
41 2.4 and Appendix E of the draft WIP (URSG, 2000). 
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1 Good composite samples of a site can be difficult to collect because it is hard to provide equal probability 
2 of reaching any part of the volume. This can be overcome by using an excavator at multiple locations 
3 within each site to dig pits and remove "cores" taken to depth. The soil taken from each pit can be 
4 combined into one stockpile and mixed with the excavator. From the small stockpile, a several hundred 
5 pound sample can then be placed on a tarp and roll-mixed. After the soil has been mixed a 5-gallon 
6 (approximately 40-60 pound) sample can be collected from random points of the pile. The remaining soil 
7 can then be placed back in the pits and compacted by the excavator to restore the site back to its original 
8 condition. _ 

9 Although the uncertainty will not be reduced to zero regarding the actual soil characteristics, this 
10 approach provides the most cost effective means of collecting a representative sample. 

11 NEED FOR REPRESENTATIVE SOIL SAMPLES 

12 The functional requirements for physical treatment are to remove oversize debris (if any) and reduce the 
13 soil mass into its constituent granules of rock, gravel, sand, silt and clay to allow recovery of paniculate 
14 metal and efficient subsequent treatment of specific soil fractions. 

15 A key component of physical treatment thus is the reduction, or deagglomeration step for the soil mass. 
16 When Hazen (CH2M Hill, 2000) evaluated soil samples from three candidate sites for physical treatment, 
17 they found the soil to be extremely resistant to deagglomeration. Hazen's post-treatment analytical results 
18 also indicated that, with the possible exception of CS 022, the sites were not good candidates for physical 
19 treatment. 

20 The interpretation that the sites are not good candidates for physical treatment was based on two findings: 
21 (1) the resiliency of the soil to deagglomeration and (2) residual soil contamination in all of the soil 
22 fractions. 

23 It is important to recognize that the samples tested by CH2M Hill/Hazen were not random composite soil 
24 samples and may not be fully representative of the soils from each site. The findings by CH2M 
25 Hill/Hazen and the issue regarding the representativeness of the samples raise concerns about the "true" 
26 nature of the soils at each of the sites with regard to physical characteristics, contaminant types, and 
27 concentrations. 

28 With regard to the deagglomeration findings, the characteristics of the soil evaluated may not match the 
29 characteristics of the soil mass slated for potential physical treatment. It is our opinion with regard to the 
30 analytical results that the results attained for the specific fractions may not have reflected the true 
31 contamination of the specific soil granules in a given fraction, but rather the contamination of 
32 agglomerates consisting of various sizes retained on the various sieves. Since soil contamination typically 
33 increases as a function of decreasing soil particle size, the presence of soil agglomerates in each soil 
34 fraction tested could have biased the fractional soil contaminant findings. 

35 Based on the findings of the CH2M Hill study, there is insufficient information to fully design the 
36 physical treatment process for the full-scale treatment study.  Therefore, to ensure that the project is not 
37 delayed due to mobilization of inappropriate treatment equipment, the pre-treatment testing described in 
38 the draft WIP has been expanded and accelerated. 
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1 SOIL CHARACTERIZATION 

2 Deagglomeration 

3 Deagglomeration is a mandatory precursor to effective physical treatment. The CH2M Hill/Hazen results 
4 indicate that deagglomeration technology other than the wet-grizzly originally proposed may be required. 
5 Their results also indicate that the cost to deagglomerate the soil may significantly impact project costs. 
6 This may result in a treatment system whose cost exceeds the goal of the program, which is to 
7 demonstrate a soil treatment approach that will reduce life cycle costs of remediating non-VOC soils by 
8 25 percent. As such, this bench-scale testing will focus on the deagglomeration requirements for the soil 
9 samples collected from the site. 

10 Physical testing will begin with a visual inspection of the sample followed by deagglomeration of a 
11 representative subsample. A minor amount of water will be added to a subsample and the material 
12 tumbled for a selected period of time.   Coarse gravel will be added to provide an abraised surface to 
13 promote the deagglomeration of the material 

14 These tests will reveal if standard water-based soil deagglomeration technology will prove effective for 
15 soils from the various sites. If the results are not favorable then the option is to examine much more 
16 expensive technology that imparts direct mechanical force to physically break the soil down. Various 
17 vendors offering these types of technology (hammer mills, impact mills, crushers, etc.) will be contacted. 
18 Samples may be provided for examination to determine if the soils are suitable for deagglomeration by 
19 these vendors'equipment. 

20 Deagglomeration technologies deemed feasible will be evaluated from the standpoints of practicality and 
21 cost. Should the costs of implementing the technology be found to drive project costs above the program 
22 goal (based on conversations with McClellan AFB staff), then the bench-scale tests will be terminated at 
23 this point. 

24 Should the Deagglomeration step prove favorable, the soil will be advanced to the next set of tests. 

25 Gradation Analysis 

26 Once the material is broken down into its constituent particles of gravel, sand, silt and clay, wet sieving 
27 will be performed. Individual soil fractions obtained from sieving will be oven dried and weighed in order 
28 to determine the distribution of particle sizes in the bulk soil. The following sieves will be used: 3/8"; 10 
29 mesh; 50 mesh; and 200 mesh. 

30 Other sieve sizes may be used during later stages of this study to simulate the generation of soil fractions 
31 appropriate to specific density-treatment processing equipment. 

32 Soil Washing/Separation 

33 Based on the results of deagglomeration and gradation analysis, four sites will be selected for treatment 
34 evaluation. A bulk sample of several kilograms of soil material will be processed through wet screening 
35 and hydrocyclone separation in the treatment study to best simulate full scale processing. The following 
36 fractions will be generated for analysis. 

37 Fraction Description 

\\Urs_sac l\Wprocess\68009\wip\Draft Hnal\Draft_final.doc 



Soil Washing and Solidification/Stabilization Work Implementation Plan - Draft Appendix F 
McClellan AFB 06/28/00 
Rev.O — Page F-20 

1 Feed (<3/8") Feed material dry screened at 3/8" to remove coarse 
2 debris 

3 Coarse gravel (>38") Coarse gravel after wet screening 

4 Fine gravel (2mm-3/8") Fine gravel after wet screening 

5 Sand (0.075-2.0mm) Sand after hydrocycloning 

6 Fines (<0.075mm) Fines after hydrocycloning and flocculation 

7 Each fraction will be analyzed for the selected indicator compounds. If required to meet treatment goals, 
8 additional treatment (spiral separation or other) may be performed as appropriate to further reduce 
9 contaminant levels. 

10 WASH WATER TREATMENT EVALUATION 

11 The used wash water will be archived for analyses, if required. 

12 SOIL SAMPLE DISPOSAL 

13 After the completion of the bench-scale treatment test, the physically treated soil will be returned to 
14 original containers and returned to McClellan AFB for disposition. 

15 REPORT 

16 Following completion of the bench-scale treatment test, a letter report will be prepared. The letter report will 
17 contain the following sections: 

18 •    Summary 

19 •    Methods 

20 •    Bench-scale Treatment Test Results 

21 •    Findings and Conclusions 

22 •    Recommendations   regarding   processes   for   the   field-scale   remediation   and   associated 
23 parameters. 

24 REFERENCES 

25 CH2M Hill.   2000.   Non-VOC Bench-scale Soil Treatment Technical Memorandum (DRAFT).   March. 
26 Report prepared for McClellan AFB, California. 

27 Radian  International  (Radian).     1999.     Basewide Remedial  Investigation/Feasibility  Study  Quality 
28 Assurance Project Plan, Revision 4. June. Report prepared for McClellan AFB, California. 

29 URSG-Laidlaw Joint Venture (URSG-JV).   2000.   Soil Washing and Solidification/Stabilization Work 
30 Implementation   Plan   (DRAFT).      February.      Report   prepared   for   McClellan   AFB,   California. 
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TABLE 1 

Selected Indicator Compounds 

Site Pb CT PCB PAH 
TPH-Diesel 

Range 

SAFR 6 

PRL-S006 6 

CS-013 6 6 6 

PRL-S004 6 

Waste Pile 6 6 

CS-011 - - - - - 

Total Samples 24 6 6 6 6 

MSW-WUrs_sacl\Wprocess\68009\wip\DraftFinaI\Draft_final.doc 



• 

APPENDIX G 

Response to Comments Table 



o — 
* 5   ■ 
.2 oo rn 
■U  (N  U 

C>    II 
u S   oo D.O    - 
a. 
< 

O! 

CL 

mm 

Sf. .   .   : 

SB 

c 
E 

o 

c 
o 

es u 
Q 

r, 

C 
es 

D- 
B © 
O © o 
cs CJ 

-*^ 
B r- 
U 1-H 

F, >. 
eu CS 

a s 
E V} as 

s 
o >> 
£ ■Q 

s cu 
o >■ 

■4-i <u 
CS u 
N Q 

0Ä 
X 

CS 
42 
s 

m CU 

"5 E 
o a 

-*J o 
CS u U 
C ON 
TJ ON 

"© 
ON 

t/3 1« 
X5 ?-« 
B >-. 
CS cs 
SU 
e s 
£ ■o 
«5 
cs es 
£ a 
'3 

42 
s 

V) eu 
s 
E 
o 
U 
• rs 
CU 
S 
e 
01 
X 
■o 
>• 
es 
Q 

o 

£< 
II 
^ ü ° 
_ U  > 

u 
0) 

eu 

0) 
CO 

c 

CU 

OS 
3 
2 
u 

a, 

2 
«3 C 
C U 

x | 

*=£ o "O 
-u <U 

°-s 

eu   c 
c   u . 
13  a. >> 
»-    CuT3 

< = O^1 4-1 

4^ OT 

.E *■" 
"O eu 

CU   "O g 
.S    8 S 
-o "O ca 
cu   3 cu 

E. .E <u CU   *— _r" 

•£>   « f- 
<u o 

w H eu 
> CO 
cs   4-* o x  E &, 

-eg. 

o 
cu 
c 

i«   eu 
en     U 
CU   ■ = 
CJ s. o er 
C cu 
Du  w 

2   2 

en 1> 
E cS 
j5    ON 

C+-      4^ 
O    E 

"5    cu 
u.    u. 

ca 
CO 

« a 
x x 
o  *-* 
3   ^ 
en    en 

.. U 
en C 
E ti- 
es . 

"*  cu 

fr s 
E    e 

>>  CU 
X  XI 

X 
03 

CU 
CU 
E 

en o 

•"" E 
>> <U 

■E W> -3 c 

CS 
x c 

CU 

J*    T3 

Cu, 

H 
CU 
X cu -t; "■*- 

cu 

3 
O 
x; 
M 
3 
O 

T3 

es 

-a o 
cu ■" 
en 

> E 

jü w 

CH 03 CU 

C3    <U 
»CD 

.2 1 -r 
111 
CV0   DH     CJ 

•+-    cu 
O  x> 

IB B: 

■S'5 
o 
cu 
CU   ._ 
en    en 

rB c3 
<-• x: 
en T3 

en W) 

, . "-3 
e  ■— en 
O 22 

.ST  C3 3  •€ 
<T  £ 
cu 

■a -a 
E  S 

'C   cu 

>>E —  o 

3   c u  E o 

(U •o 
E 
CU 

w 
CS 

X 
CS 

CS  -~ 

S T3 T3 
X c <U 
_ CS CU 
O o 

U    CU 

II 
?:    cU en    E    S 

"5 "fe"2 

03    O     i 

cU 

"O 
T3 

cS 

T3 
cU 

CU    M 

ME o 
2     U     en   Ö 

S    3 
'en    o 

CU 
X 

5 ^ c 8     ._ 
cs 
E 

o 

CU  _ 
X   *- 

c o 

E S cu ° X U B5 

O    en 

O    CU 

03 -a c 
55 

< 
o 

TD 
cU 

-B      -   en  "^ 

•■3   «> 

cu -^ 
ZCU 

—   T3 
o3    c O 

8 u B 
D, O 
en    CU O 

'■5  5 .E 

03 
u 
CU 
E 
CU 
Ü 

- CO 

CÜ « 
._■ E-1 

en ^> 
cu .- > ~ 
w X 
cj cs 

.—— 03 
X cu 

° H eu ^ 
■£ >^ ■^ u* 

CU C3 
C E 

tu E 
■a — 
>-i   u. 

CS 
cu cu 

T; -E CU ■*-» 

00 
en  .E 

3 cu en 22 
cu C en 

O    <U 
E    « 

E  aj 
cu 
N 

o1 

CU 
en  -a 
es 
X JB 

u 
CU 
DJ 
CU 
X 

E =5 5 

.8 
? 

CU 
X 

o 
4-1 

CU 

CU -o 
'> 
O 

o c 
en 

8 
T3 
_U 
X 
03 

CU 
X 
cs 
H 

1^    . 
cS    en    en 
ÖD  en  -a 

«    2*    CS 

'S S"g 
3   *^    en 

•3  J2   - 
> eS    = «aß 
U Mc2-> 
X CueC 

= g^ 
'S «   "B 5 <U    g 
- "cj cu 
'en X   > 
- u D 
O E w» 
in CU t(- 

<U -B   >-• 

H en  X 

X  T3 
03 

,<U 

E o c o 
cj 
CU 

Cu, E 

« S c E H cs 
o 22 — 

■s o =s 
^J ex.a 
c3 « x 

X cj 
E •« U M O 4^ 

J8 Q 
tN 

■? 
X 
4>^ 

eu 

oo 
< 
eu 
0 
E 
CU 

CU 
OS 

e>- 
X 
03 

-a 
cu 
E 

a, o 03 

•O _ 

s «3 
> en 
CU 03 

'en ^ 

2-S 
tu aJ 
E E 

«N 

tN 

O 
1 

NO 

T3 
22 

cu -a 
E 
CU 

X 
CU 

2 
3 o 

•a 
cu 
E 
P 

03 x 

cu 

3 
c 
03 

•a 
CS 

E 
O 
4-1 

c» 
■a a> 

en 
•n c/3 
E 
cs X 

en E 
eu O 

§ 22 
> <U 

3 5 < -a 

en 
en 

ö 
eu 

00 ■ 

C T3 
o ju 

C & 
o S °- R en CJ 

E ^ 2 03 

— c 
03 CU 

E E 
• -■ ■*—» 

C CS 
■— (U 

cu    CU 

■£ S3 

CJ    c 

2 * 
T3   "O 
u 22 
6C  es J« 

en 

E    "* 
CU    en 

en 
en    en 
cs •- 
x:  >, 

22  3 
x.-g 
H   es 

.a o 8 

Cu w .2 

u-    c E 
J.    § P E    > 

2 ^E g1 

c   * 8 

°V  3 B O    en B 

Ja « E 
£ 2 E o i= x o 
f "O ^< 

E : 
—    cs -O 
B:  .    « 

.cu  c 
eu- .— 

CU    03    B IA   <*>   ± 

1, 
cu  ts ~- 

■St.« 

H   l| 
Cen 

en 
B    03 

0O 2   P 

ON 

ON 



og 
* 55 

"O (N 

II 
< 

mm% 
o 

J' !■: ': 

a 

E 

o 

c 
o 
3 

CO 
"S 
o 

u 
Q 

»v 

a 
93 

Cu 
s O 
o © 

es 
© 

*J 

e f» 
01 *-H 

E >> 
w a 
a s 
E 3 
t- u> 
o >» 
£ 
e aj 
o > 
♦J a 
«8 u 
N V 

at 
.O 
ce e 

en o> 
E ■a 

o h 
*J o 
C5 U 

t= o\ 
"O o\ 

ON 

o 1—1 

.c« I« 
■o ^* 
c >. « es 
DC 
C s 

J= 01 
VI ■*-> 

es es 

£ Q 
ä 

o B 
VI 01 

E 
E 
o 
U 
• c 
01 

B 
B 
o> 

PC 
■o 
> 
CS a 

n 
CO 
T3 

N CO 
BO 
C < 
.c J 
■« 

<U 

U 
o 

on a. 

u 
o> 

01 

a! 
a 
£ 

C 
ca 

ca 

3 
O 

"S 
ca 
N 
ca 
x 
ca 
O 

c 

« 
t. 
o 
D. 

ID 
C 
4> rr, 
60 M"1 

x u •— 
£ 1 

4> 

q= < 
K .5 
2 S 
"° .2 
i«    4) 

|8 u D. 
C <U 
4)   £ 

X) T3 

3    « 
J= Tf 

-    ■<* 

*   c 
- .2 
«   u 
x:   fj 
H on 

u   3 

E 'S 
8.x 
_   a. ca   ca 
U     1— 
4)    60 
c   « 

w> g. 
4> 

t3 .2 

8 | 

_ d  P- 

^ _     X 

.2 .s =s 
> c 
4) ^,    1) 
'-DO. 
4) >    D. 

2 ca   c 

-n u '"> |R <u   u 
4> on    i— 
4> w   3 
C -4.    "O 
r- "*     CD 

ca c 

ca   u 

-a 

T3 

c 

Ji 
X) 

ca 
H 

£ «j -a 
X)   c 

n-l    —      ^ T3   —. 

3 

U 

5 15 

C3    (U 

S5 <« 
O on 
U 3 

U "5 ^» 
V 2- 

!t: o 

^< 
^ H 
C3    U 

x; x: 

c 
u — 
2    4) 
co    *-< 

C 
_    4> 

E 
3 

-a 

i 
o 

(N 

3 
O 
X 
on 

a. 

X 
H 

■d 
u 

-a 

3 
o 
X 
■ on 

C 
_o 

" '> 
OJ     ? 

1) 
on    on 

C3 

•a  o 

S   § 
E 8 

i 
in 

o _ • 

%'$ 
C    on 
O    U 

y -a 
X    u 

o -a 
x:   c 

CD 
c  n. 
o   o* 
» < 

_, C3 — 
<0 4) C 
w /^ C3 

■> Q. 

fi • e 
JS .2 

c 
4)  i2 

£ 
ca   ?a 

4) on  _c 
ca  4~i 

•= ^_ 
o 

o  H 

ca 
O 
X 
4) 

S  13 
C     4) 

ca 
■j-8 
H   &E 

ca 

4> -a   4) 
o   4> x: 
C   ,4)    *■* 

E ^ " Ö  o - 

4) C 
D- O 
on  -— 
t.   ca 
2   u 
ca 

4) 

4) 
-   T3 

o   o x: 
*-* .« 
4> o  £ 

>o 

O J=i 

T3 O 
4) x: 

« w 

T3 C 
Q. O 
3 -5 
^ <-» 

XI on 
-O on 
"5 x: 
2 H 

T3 
4) 
oo 
C3 
c 
C3 

E 
4) 

ca 
60 
4) u- 
60 
4) 

O 
4) 

4) 

■a 
4) 
on 

"> 
fi 
C 
4) 

iJ 
on 
ca 
x: 

>< 
4) 
4-» 

4) 
x: 

o 
4) 

4) 

4) 

C 
4) 

ca 
x 
4-J 
X 
4) 

4) 
X 
H 

>n 

o 
X 
on 

-o 
ca 
o 

ca 
x 
-o 
c 
ca 

Ou 
on 
H 
on 

JJ 

H ö 

-a 
C3 
a- 

•"3 C 

* E on S 
4) C3 

5, b 

cj 
4) 

on 

<N 

E E 
4) 4) 
on on 

on on 

■a  c 
S  P 

= > 
u 

^ 4) 
ca > *-* >^« 

T3 3 

.t; ^ 
'■^ ^ 
j. ^ 
S c 
o ca 

4> .ÜV 
X on 
■" 4) 
<+- Q 
O 

4) 
c r= 
.2 Cu 

1/5 60 on Sf 
3 .5 

.2 ca 
Q on 

ü 
4) 

on 

el 
3.    *->    4) 
4)    L_   X) 

E      -2 

4)    4)     C 
i-        C        (11 

C    60   ^ 
-f=,  c   c 

c 

• 



OOcn 

8.8 8P 
D.        ft. 
< 

lltlS 

ja 
a. 

o 

CO — c 
o 

es 
ha 

Q 
s 
es 

eu 
s © 
o © 

© 
es rs 
S r~ 
OJ l-H 

fi >» 
w es 
a £ 
S en 

NN 06 
5 

© >» 
£ 
e u 
e >• 

*M» O) 
S3 u 
N o> 

06 
ed 42 

s 
tr> o> 
~5 = 
o c 

■M © 
es 
u U 

ts OS 
■a OS 

ON 
o 1-H 

«3 m 
-o i—i 

s >-. 
es es 

S s 
•C T5 
c/j •4-1 
es es 
£ a 

42 
o C 

C/5 
E 
E 
o u 
• r> 
o> 
a 
e 
01 

06 
"O 
•? 
es 
Q 

-o VO co 
-a in 
T3 E cs o 
c *^3 
<D CJ 

Ü 00 

o 
CO 
-a 
iiffl 
f?< 

"II 
o 

_ U >' 
tu 

CO 2 

u 

O) 

01 

0Ä 

13 

'■:&■■ 

OS a. 

■a 

E 
JT 
c 

CJ 

o 

i 
£ 
.SP 

"53 

T3 
U 
c 

•a 
c 

•a 
> o 
E 

U 
c 

1 
o 
u 

3 
o 

x: 

S3 

3 

</3 
[fl     V3 
B    3 
o o 

•S .52 
CJ -a 
<u 
w co 

S ° 
o 

'S'S es 

cj 

U 
CJ 
E 

!•§ 
*■> o 

U   >>cN ^s 
E o 
* « 

«S &M 
S    Q.  O 

CJ    e3   *5 

8,- "8 
no -o "2 u  u  s 

u       g 

o       x 

>   _ .2 u   S   a «  o  > 
w   o   <D 

E-i oo .S 

CO 
öß 
E 
C3 

J= 
CJ 

B 
<u 
<o 

JD 

C3 

r- 

3 
ttf) 

E 

c3  -J3 

H .5 

C'l Tt 
VO VO CN 
«o u-> r- 

CJ "O o 
1) B (U 

oo C3 oo 

00 
CN 

B 

a. 

CJ 
B <u 
3 a* 
CD 

E 
_o 

CJ 
1) 

O 
I 

M 

CJ T3 

c/3 ;E 
3 x: 
2 .£? 

C3 

B   W 
X 

<—i *-* 
<J3    O 

■S  <- ■"  o 

o 

X 
•S  T3 

O 
X 

CJ 
3 

"8 

15 "-3 

<    2 

ob 
E 

E 

CJ 
B 
U 
3 
CT 
U 

1) 

o 
E 
t/3 

8 
T3 

B 

.2 
CJ 
CO 

CS 
o 

V 
B 
o 
B 

■a 
E 
C3 

o 

•c 
CJ 

<u 
C3 

C3 

O 
E 

8 
E 

_o 
"■4—i 

CJ 
1)    . 

CA   O 

CJ 
OJ 

00 

00 
CJ u 

CO 

CN 

I 
CN 

t 
00 



^8^ 
.s oo n 
"O   (N   U 

8.S gp a     a. 
< 

c 
E 

"5 o 

o 
C/1 

T3 
t: m 
BO c < 
f 
a 1 
-s <u 

u 
o 

VI 

»4?;^':*>'-;„ 
CO 

— CU 

C 
C3 

I^F^M"! J= 

1 !*£*.* 
C/3 

4—1 O 

c 
?.: ■'•■"•   ■ CU CU 

f"ti,H^-^4i' E C 

>^j^SS(vi;'j>- E o 
•-?ri-'.'>w o CO 

La 

ID 
CO 

n. 

^;'t:'r*l>k^\ CU 
X "is 

k£":~"-'t-: 4—1 
CU 

A*; /''^r^i'.1 -.--'_ o r3 
u u 

fc'fet tu 
u 

o 
& 
o Eft''*"'. - o u 

V   gfSi' ' \ ■ -4—* _c 

^Ä£> 
■a 

o 
3;W».    " CO •u^ 

£ f -^fc>. '> -o 
es 
La K 
Q C 

CU 

c 

c JJ 
es CO c 
E 
s O 

X 
D 

CU 

_© o CO 

o 3 C3 

es n •a 
cU 

J= 

e 
01 

X 
u 
CO 

*-» 
X 
1) 

4—1 

E ;►> <u CU 
01 es X J= 

"a 
E C/3 

H H 

as u- rt *-•    cU     ' 
9. JO a 

u J3 T3 
c 

CU   T3   — 
5=      r-     », 

o 

s 
_© 
"X3 
es 

2 

>> ju 
es 2 * fi 

O    3 
X5 

'3 
0) 

OS 
42 

o 
O 

o 
X 
to 

X) 

■a   «^ 

! ! « 

es 
•*-i e 

Ol 

E 
E 

3 
CS 
c 
o 
CO 
C3 
<D = "3  H JO 

O 

CO 

es 
u 

o 
U 

£3 ..: 
.   o> ■• 

fc 
£ 

4—> 

o 
c 
CO 

o § .a 
-c ^ > 

CO   ~    u. 
CU 

—■ x: oo 
Ü2 ejs 

ej\ '■'..   |-"'.:. "ft c N.a2 
"o 
C/3 irf ;3:: ■ 

c 
E figE 

c C3 
CO p, .lü"g es 

M 
es 

.^■■"-'■"i Q i— 
a. 

E     >"    B3 

bOX   o 
Is 

CO 
es 

o> ** 
es 

■;.'';'-'- ' ' 

C4— 

o 
15 "ur> 

,£US 
•o    .   c 
3    co   ■ — 

£ a r     '  •.■'. . ■• *> £ =    =    S ,« 42 ''''.'-■'"'■ 

CU CO —   55   o 
= fi u °© B c -<: 

C/3 Ol 

E 
E 
o 
U 

t       -'    . 
o 

4—1 

— 
"3 

CU 
CU 

15 
in 

CO 

2  °  >> 

8 =1 
• ^ cU C3 x.   5  -    . 
Ol 

( a: T3 H    D-00  — 
"c 
c V'-     ; 

01 ^"" ' '•'   -''  • 
06 V  ' ■ '    .. 

12 W ' CN 
'■> .2 '•£>■■ es *3   o> 
Q :.S.S Ü 

CU   . 

u öo-jj;-. C/3 

s :<\ 
L' V  ,;     ' ' 
cj ';    '   ;.  '" 
* (■■     '.:■■■:■' • 

Ol 

(N _ 
01 ?   es    ■ „^ (N 

BS AH —' 

o. 

i 



O® m 

._  00 U 

u o. a 

I'1  - 

■ 

c 

a. 
E 

O 

e o 

00 
"S o 

!§ 
"5 
on 
•a 
§£ . 
.S< 

> u o 
_ U  > 
vi 2 etf 

es 
b. 
Q 
e 
es 

ON 
S © 
O o 

© 
cs w 
*J 

a f~ 
V 1-H 

S i-, 
cu CS 

a £ 
S Cfl 

NH tt 
P 

o >> 
£ 
s *» 
o > 

■*J 0} 
cs U 
N eu 

« 

cs 42 
s 

C/) ey 

"?> H 
o E 

-*-! o 
cs 
u U 

!= 0\ 
T> 0\ 

o\ 
O 

C/J IT) 
"O y-i 

s >-> cs cs 

s s 
JS 
v> ■♦-» 
cs cs 
£ Q 

42 
o e 

c/> E 
E 
© 
u 
• »* 
a; 
S 
e 
<u 

DÄ 
-a 
>• 
cs 
Q 

cu 

'■5   «* 

CD 
3 

«-- 

T3 
U 
en 

"> 
fi 
C <u u 

JD 

en 
C3 

J= 

C 

-2 
5- 

o 

c 

« 
c 

o fa c 
'*-• in cs 
c  c *s 

1) 

o 
T3    E 

es ^ 

E « 

o u 
e 

o 
c 

o. u u ■o  u 
> £ 
o    . 

D    U 

on 
I« 

E  « _es  <u 

""   en 

c x) o   aj 

a, 
P 

2 "3-8 
ID    O 
OH   *■" 
X 
<u -a 

IS 
o 

c 

c 

u jo 

m % 

C3 _   > 
ej 

<-> C 

r/5 CO 

§ « 

o .5 
'-3 J3 

u. O 

U rS —   st 
4)   *J   c   O 

g o - 
£   -2   ü 

.2 | 

iu   c 

'S   i- 

C3 

o  o 

—!     w     4) 

w 
<U 

| 8 
U    on 

CS 

CS 

M 

c 
o 

■o 
1) 
CS 

CS 

1)     CS 

c "u 
.2 - 

"^ 'S Cd C3 

= 8 

C 3 

'£!> § 
S E 
O 0) 

s^ *-* 
.E o 

5 I) 

-* u O 

8 s I 
c -^  E 1) _ -a 
h P   i1- 
U S   O 

o 

CS 
-1 s- 

- U 
u -S 
t c 3 C 
O O 

W2 _ 

1) c 

*- o 
CS C 

e -s 
cs c 
D cs 
S-. ^j 

73 — 

> es 
0) — 

C   * 

o 
en 0) 

-a — en 
3 T3 
O C 
X o 

ex U5 

(U    en 
u Jai 

,SP « 

^  o 

-a 3 
iu o 
en en 

Ü2 en 

E JJ 
<u c ^ i 
c c 

> ~ 
cS 3 

JZ X) 

PÜ 

T3 
C 

a a, 
< 

c 
CS 
o 
u c o 
CS 

JZ c 
*■!-» 

CS > 
CS 
ej 
X 
1> 

u 
u 
CS 

3 75 
CS 

T3 CJ 

3 "> 
O <U 

JZ JZ 
en *- 

en .E 
(D 
u en 
3 <L> 

00 fa * i 
SeS 

Ä s 
tj ig» 
en rC. 

u e 2 
9 

3 



28 .2 oo •a (s 
g M3 
0.0 
a. 
< 

O 

es 
i_ 

Q 
c 
es 

e 
<3 
es 
e 
E 
0) 
"a 
E 

i- 
o 

c 
© 

GS 
N 

es 

_© 
*3 
es 
u 
C 

o 
"O 
c 
es 
en 
c 
is 
«a 
es 

o 
C/3 

oo 
"5 o 

o 
CO 
-a 

ft . 

c  < 

'5 £ j} co. 2 OS 

x:   _ x: 

-e.2 t3 

pp&i »<8 k« 

o ~ 
o 

4—> 

5= -o -a 
oo 

'> 
Si 

ji.V 'i1 *.'..,,■ 3    C c oo    4) 

J8 

/•'iV: 
4—» 

oo 
« 
x: 

s^4ä ^ "^' <-> i J 
äM-SX" «  c >^ 
K?ä»-. *: * 53   o •u 

m^' O    cj 

3 

mFA: c 
4^    «3 
OX)  «S E 
e n   • 4-* 

p   c 
w — > 
r-     C3   £5- 
U    u   o bS 

?,:■' '■ 
u   i> x: gE 

^V,^::..;'. «So •-   T3 
E 2 

;A              "      '■'■"     ' x: -    ro = E 
4-»      OO    ^J 

UT3    P 9- « 
4-4     •—        Urn U 

k:'. ■'>'$' £ i-i» P  o H   O.ÜU H  u 

'*'    ■      :■ *  ' u   o   <u J= 
r-    4-*    u-    *-t &J| 
>^  3    Ü ü  o  ?-a 

-0   -r-l 

■i~:; *'' 'S Is § 
S?  o  5  o- J)    r   a   j) 
u-   t-  *-*   c —    >>  en 

«   5 <u   o 
t~*     00 

••"   iV:,'-- ^          •-  X) § .2 

*•' .."?-"r''x;- ,...' g '- .5 2 

'= Ü ,o -g 

.E y 
13 ft: 
cü 'S 

a ?"tt " u E 
V   ■*■<   "!'- •S ^ |"" 

o  °hS 
c        c 

x: 
-■■■■   a    ■:-•: 

„   • o 2 
\  1  ;J,. '   .2    • '" 

1 =-i 
„   T3   C 

Sv' ©.'V-:: _c 

-              D     . —       4—1 u 
oo 
3 

'.;'.:' •';-.    ^ '■ 

3a § E 
o ^ S  o 

oo 

Ü'        - ^ .. ■...■ 

eg 

E V, " 
- 0Ä   £   = x: 

o E -S 2 
«J '> .E 
O    8  T3 

C3 
+,'"'   :*•'"■. u ^ _ — '5 

oo 

2     00     t) -a 
OO               u. 
3    00  O 

£-•'■■'*''■•," 

oo  —    c 

-a   "  u   « 

2 1!? 5 
o   C   § 

e"| | 
Cu H -E 

f.2 ^ :, 
ig;.a ^. 
,0Q.;J;« 

tin ;■■ •'_•-■"; , 

fiJ .'.vr'i-' 
X 

'■5 

*5o> '.'-'r' X) 
c 

-    (»■••■.., o D. 
es ' : ' CL, 

■'.A«'   ; Ü < 

8 

IE 

TO. 



.2 55 r-j 

Q.O es 
O. 0. 
< 

c 
p 

o 

"a o 

o 
GO 

es s- 
Q 
e 
es 
0. 
e o 

-4-» 
es o o 
c e 
u d 

E r- 
V i—i 

a. ;►> 

£ es s 
■^ t» u 
O as 
£ 
s A e 

tj u es 
N > 

— 9J 
CJ 

A SJ 
es OS 

t/3 W 
£ c 

E 
es 
u £ 

T3 

o 
U 

•■■• © o © 
Cfl © 
■v <s 
s 
es 1—1 
M >-> 
S es s 
es "O 
£ es 
"S Q 
C/5 -a e 

V 

£ 
£ o 
U 
• rv 

e 
es 
£ a 
es 

u 
00 
B 
eS 

o 
ID 

O 
x: 4) 

T3 

=  <+- 

.£  c o 
O "3 

5  4> 

3 
CJ 
o 

■o 

•a 
E 
S3 

Cm 
^    CJ o  c 

•s o 

■s _   u 
E € 

§  3= 

ex, u 
es    - -a 

a B es tu 
«-> B CD 

I 00 
Mk 

_ < 

II 
>   ü © 

oo 2 o£ 

a 

u 
CJ 

is 

-£ 8 
cj       -a 
a) 

'S ».8 a.i = 
-g '« £ 
"5 u — 
o ^  > 

rt    B     QH 
 ' CS "° > B    5 
C   .«3    O 
O -B 

•= 2 -a 
CJ    E    e 

<*>  E -a 
_   T3     4) 

■s 5.2 

§ II 

ej ; 

op £ 

4) ?s    " 

c3    o 

=   -O    4> 

H   Qu cj 

ON 

CN 

u 
u 

IS 
4i 

T3 a 
C3 -o a, 
3 

3 
o 

o a 

r        <" 

t3 
4) 
C/3 u oo 
00 
3 

es 
T3 
U 

> 
K 
E 
U 

x: 

«s 

5PÜ   « 
E X)  D 

"■513 
u   « "cs 

- s 'S 
eS    O    a 
lei 

eg E 
S    a   O 

'S 2l 
«3  "O *s 
C3    (U    C 
£    U  u 

O es   « 

cj T3 "es 
a  3 

C3    O x: x: a, <« 
C/l 
e3  "O 

■a 
T5 

C3 

— -~  «  b 

■B a 

Ä  13 

5P E 

E    JJ 
es x: 

■"    S    w? « .;   en 

fi-J5»1 

H   > 

c     3 
Ö   o 
E '> 

«2K 

CM 

00 o 

is 
4)   -O c _ 

«  .S O 
X) ;s 

x; 

° E 
C/5 O 
u *S 
60 cj 
eS 4) 

■w C/3 
E 
« .S2  T3 
x; -B u 

.2 Es 
•age 
T3 CD 
E T3 X) 
w y   « 
« O    S CD g   -C 

es <0    1) 

1) 

■a JB 

pB is .a 
H x; T3 

•>•■ CD 

m  u 

oo 
es ^-* 
E 
es > 
es 

>.  E 
00  O 
0 -a 

1 8 
CJ     "3 

t) 'ft E ° 
— 1) 

CD M 

3 
U    CL, 

'S    U       . 
x:   >, 

Ö   H_E 

00 
o 

u o 
O0"S 
es cj    _ 

"2 >= eS *-> 

•- E 
^ § 

cj u 

u 
o 
a 

es o 

ill 
> 
o 4» 

00 
CS E x; 

Ü E crt 
es > 8 3 

U 
■a 

eS T3 ^ 
x: 
E-i 

3 
O 
x: 

V2 

o 
to 

o 

C\ 

•a 
E 
es 

T3 
4) 

•O 
B 
eS 
Q. 
X 
Ü 

& 

3 
O 

4) 
oo 

E 
eS > 

•O 
eS 

E 
O 

4) 
x: 

8 
■a 

e 
9 



O  g 00 
.2 SS n -a <N] w 

c s » 
S.O a 
a. 0. 
< 

Q 

c o 

c 
£ 

o 

to 
"5 

u 
0 

r. 

S 
es 

ft. 
e 
o 
es © 

© 
c o 
01 «s 
E f- 
0) 1-H 

a >> 
E es 

u Cfl u 
o 0a 
£ 
e A o "B 

01 
CS 
N 

> 
S3 Ol 

XJ Ol 
CS 02 

t/5 tf = e 
0) 
E 

CS r* 
u C 

O 
U 

^j © o o 
•i/j © 
T3 n 
C 
es 

v) 
DC >-. C es 
x. £ 
es 13 
£ 01 

es 

"3 a 
«3 ^ 

C 
Ol 

E 
E 
o 
U 
• «v 

e 
es 
E 
a. 
es 

XS u 
00 
-o 
* CO 
00 5 c < 

3 1 
o 

- U 
o £ oo 2 

> o 

w 

u 
Ol 

01 

01 

■a <u 
"O 
T3 
e3 
C 
u 

.8 
en 
03 
x: 

WD 
3 

4—1 

C3 
4—* 

00 

c 
<u 
E 
a. 

_o 

> 
Q 
■<t 

c 
o 

on 

££ 

M 

O 
JC 
00 
3 
o 

0) 

T3 
•a es 
c 

x: 
H 

y i= 3 

O""    CO 

SO  2? 
« fl- at ••9^ 

Cfl  1-1 

E = 

1 =" E o 

c 
<u 
u 
c 
o u 

T3   "  - 

O   .3 

o •- f  E 
S3   in 

O *"> 

"*" 3 
00   £2 

W   s 

*i o .o 

<£ S 
oP 
c 

8^ 

§ 3 
<u c 

-a  D. £ 
to    C    3 

HUT: 

es 
CD c 
1) 

Ü 

5   o   •- 
8U"8 

Is    es   to 
<-    3    (U »•as 
S3      ;_     3 

3    <U <D    O 

P. ^ .2 
'S « 

C3 O 

K "5b 

^ 0i 

ej 

.'S ■ e3 

O --* 
o  
2 es 

-5 is 
« 5 
-5 u 
a> u .5 -E 
VD —^ 

3 «J 
<-> O 
.2 c 
c 2 
<U 3 

r5 ° 

S3 _i 

II 
—' u 

E " 
a3 « 
3 T3 

D o 
i- ej 

03 ^ 

-■3   .1 
o   g 
c — 
o  o t«    • 

3  ^ 
_   c o 
u E 

.'S    3 

"2 "o 

t3   U     . t! 

«J es 
<u _ i- c 
o « 
*- ON 

6J0.O 

es 'S 
-= ä cj es 

S^ 
JO 
to — 

c -a 
U S3 
C D. 

O 

o -i: 

- -a 
Yl S3 
S E 

-a <u 

«  K  P ü   > 
U    C3 
<s> x: 

<*.   " 
°  ec 

I 2 
g| 

J^ 

-a 

T3 

> a 
JZ 

is  ü 

oi 

■SESS 

T3   6 
S3 .5 

u -a 
H     C3 

S a 

u   c 

<u — 
■S  » > 

S3    1) 

Ü2- 
a P 

C3 

u c 
Ü 

2 .s — 

IE 
.S2   i 
> 
p    CiO 

£>    3 S 3 
C3 

3   — 

9  5 

c 
C    D 

i2  E a. 3 
^ 8 
te "a 
> x: 

E  E 

GO 

w 
2; 

T3 
-o 
es 

6X) 
c 
C3 
x: 

es 
JZ 

^ s 

oo   c 

8 S^ 

•=  T3 
r=    S3 

•3    O 

u 
c 
Ü 

ej   E ^J 

u ,o XI 

XI 
S3 

i 
in 

4 

£ 

o . 

>-.   ID 
4—» —■ 

<u o 
s o 
" 3 
_ S3 

c -^ 

1 e- o a 
x: c 

C/3 • — 

_£ c 
■* c3 

3 (U 
O N 
•" ?*% 

00 § 

i2 2 
3 T3 

E " 
<U 3 
S « 

■3 "" 3«  <" 
<U — 
u. C3 

^ g 
rr-l U 

<U    S3 
OH    on 

x: 

3 

ü   § 
3 

es  5 

.2 x. 
'Ü5  ■»-, 

s ° 

T3    c3 
S3    _, 

c.8 
E    S3 h x: 
S3    r- 
1>    3 

'öo 

x: ^3 

3 ir> 
O ro 
3 S 

•2 X 

U «N 
.3 E 
Q U 

T3  .S 

3    U 
<U  T3 

S3    S 

O T3 00  — 

°i 
C   00 

.2 w 
'GO 3 
3 O 
es -S 
Cu  C3 

«    & 

■^      ^4-4 

3 x: 
o '5 a. ^ 
eo x? 

■S 3 
's E 
si .2  o 

.•£. x: 
Q o 

C3 
u 

3 u 
Ü 

* 



Ogov 

ISO 
U  S    BO £.0 a 
a. ft. 
< 

es 
u 
Q 

c 
es 
E 
c 

c o> 

a 
S 

© 
© o 

es 
£       £ 
o 

e o 
es 

es 

H3 
o> > 

"53 
u 
at 

c 
u. 

c a 
ft. 

c 
E 

o 

o 

-a 

oo"? 
5 "* 

>   u o 

ifl 2 « 

t/l (A 

£ s 
,o 01 

es 
u £ 

'■3 
o 
U 

^5 o o 
C/2 

o 
o 

■o rs 
s 
es IT) 

M >-> c es 
s 

es ■c 
£ a 

es 
*S Q 
c« J3 

s 
01 

£ 
£ 
© u 
• v> 

e 
es 
£ 
a 
es 

u 

la 
0) 

01 

c 
E 

o. 

2 



OS2 

1§° 
< 

o  So 

c 

0. 

"a o 

o 
00 

03 

> .o o 
= y > 
-9s<S 

La 

Q 
a-. 

c 
«a 
ft. 
e 
o 

O 
•4-* 

c M 

£ t- 
u i—I 

a S>-> 

E S3 

^s CO u 
o DS 
% >> e JS o tJ 

V C5 > 
N 
s 01 

^ a> 
03 öi 

C/) 
C £ 

'■4-t 

5J 

E 
E 

!." o 
■5 O 
^^ © o o 
CO o 
tJ «s 
c 
es «O 

on >-> c «8 

00 s 
es 73 
£ *•* 

ea 
"o Q 
C/3 3 

s 
0) 

E 
E 
o 
U 

a «v 

C 
ca 
E 
a 
S3 

a 

35 

r^i-ä-w.v^ 

CO 

eu 
* 
V ';:sJ • > en eu !v «8- 

OS 
:-■• fc, 

73 
e-- 
<u 

c 

ea 
C 

E 
ca 
c 
o 
o 
<u 
-a 

tu 
73 

<u 
x; 

•-   o u 
ca   a) 
o   tu 
CL 

a  - 
W) 

eU   3 
00    *;T    . c   CL 
§ E 
r- -a • 

ÖJD •a 

E  £ 
o  o 

C3   "*- 
tU 

s« 
E  E 

•-J 
-a   « 
3   .2 
O    a 
OO     0) 

J! a. cs 

£ -c 

.52 "I 
x:   <u . 

es 

oo 
oo 
tu 

D. « 
U 

WT3 
.E    U 
a. > 

3 -5 
■°  o 
u   w 

o  c 
o 

3    C3 •zz c 
3 •= ea s 

-= 2 
s 
o 
o 

c   = 

E   6C- 
tu _o 
tu 
tu 

iä 

S p 
o E 

J= o 
00 u 

•*= 'S 
^2 

■^ 9- 

E 
u 

.2 
tu x: 
4-J 

c 
o 

73 
tU 
•a 

7 

O T3 c s 
o -o 

J2 <u 

« y 
E 2 

u 
c '— 
o 
c o 

o 
«3 PQ 

b/> 
«■ n ^ J 

ü g 
H S .5 — 

U  T3 
*    Ü 

O § 
o 

: Si 

T3 
tU 
bC 
bC 
O 

C3 

* 8 

t«   c 

Q. tu 

oq .2 
■*   a. 
in 2 

5 D. 
.2    C3 

^^ 

c   c 
•—    C3 

t«   ao 

t£ '5b 
tu  o 

tU 

U5 
CO 

T3 
T3 

C3 

T3 
tU 

E 
c 
tU 

4—1 

X 
tU 

tU 

tu 

O    ~ tu 

o 

tU sz 

c 
tu 
tU 

JZ 

T3 
tu 

tu c 
tu 

ea   ca 

oo O 
ca c 
tu c 

Ou T3 

c 
tU 

J8 

ea 

D. 

O 

o 
tU 

CO 

tJ 
1/5  -ri 

73    f-r 

tU 

H -5 

C\ 

t_> 
tU 

t/1 

73 
tU 

a 

tu 
73 

(U 

o   <u c 
~   JZ — 

CJ JJ 
C rv 
tU utl 

iä a* Si 
fj   ca 

2 i/o 
x:   tu — 

XI   3 

tU 

tu 
■JO     "* 

E  S- 
3 a « 

Olli" 

go61* 
u    tu    U 

tU 
x:  J> u x: 

tX! 

o    . 
tx> 

c 
o 
\s  c 
73.2 
'S o 

6fl 
_C 
'lö 
t/i 
tU 

w   00 

O   o 

oo 
■g 

tU  X) 
x:   3 

E co 

x: <N 

UM 

<U 

ca 

>< 
tu 

tU  =5 

8? 
E*   73 

tS -E 

CL,  _U    ^. 
*- X)    O 03    3   *- 
x:   o   2 
~ 73   o 
■♦-» =     _o 

q= S -o 
P -a   c 
o   E    " 2 -° 

■"    3 

o 
o 
tU 
00 

73    M    c 

a   »   M ta ^-    e 
73   D..5 

~      00 

s,3 S- E 

Ü 
t/3 

T3 0-   ca 
2 __,   <u 73 a 

C    « ea   c 
oo    oo r \ 

tu U 

73    E ^ 
ea co O 

O0.2-2 
3    rt 73 
O   3 <u ■ —    -J oo 
U    ea 3 

■Z3    co 
U   T3 

S « 
u   o 
S '-S 2 3 

3 O 
73   U-l 

oo    >-» 

X3    « 
00    tD 

73    tU 
3    CL 

7^^ 
sl- 
Eca 

00 

'5 s 
tU   • — oo 
oo    o 

•~    CL 

E 
a 8 
TO    r- 

-! o   >? 
u    tu 

E.i 
3   x; 
c   O _: 

£  a o 
t-1   ea    oo 

cu 

c x: 
■—   u 
-o IE 

<u   ^ 

1  ^ 
*•% 
u ea 
ea   > 

H o 

* .2 t4—.   'Z3 
O CL 
oo    tu 

o 

E u 

Q -S 
<u ■£ 

«5 
2vo- 
oo    CL 

E _r 
ea     • 

Clod 

- s 3    O 
CL\S 
c   o 
•-    tU 

oo 
tu  X> 
F    3 
H co 

O oo 
<*- tU 

o 
E c 
t; o 

tu   o 

E  = 
oo    g 

D  is 
tU    > 

•- = i? 
>-    tu 

o Q 
ä  X) 

•55 iS 

°- o 
oo  'Z2 
tu   ea 

ea r2 00    ^ 

^C? 

u. 
oo    rv 

3 | 
s  E 
tu 

m 
Cs 

'   tU 
■s e *- s 

C3 <U 

= I O ea 

'5 ^ ea a 

- -=. 
3    O 

E  o a ^ 
o 
U 

73 
tU 

3 
_JJ 
'5 

D. 
3 

-    3    g 
tu .5 3 

O 

.JS-S 

3 
ea ca 
Ü X) 
E eu 
<u f= 

.2 — 
55 tu 
ca -3 

Xi .E 
tu 

H 'S 

Ja 2 
00 

2 Sä 
3 tu 
O CL 
x: 9. 
oo ea 

W) X? 

3    3 

'M tu   73 

73   < 



OR , 
.£   00 
T3  (N o 
£,ö 0) 

Q. 03 

< a. 

o. 

o 
5 

00 
'S 
o 

IS 

CO 
-a 
£ pa 

c < 

sä ^ « ° 
i u > 
«So: 

es 
u 
Q 
s 
S3 

cu 
s 
o 

es o 
o 

a o 
u r* 
S r- 
V 1-H 

a S*. 

E es 

s 
^ cc 
o « 
£ 
s A 
o 

"B 
eu es > 

N 
55 
X! V 

Pä 
I« fl 
= e 

"-3 
0) 

B 
es B 

© 
u 

^5 © o o 
Cfi o 
■a <s 
s 
es i—i 
DJD 5». s es 
X 
»1 S 
es -a 
£ es 
"S Q 
Cfl -2 

s 
a> 
B 
E 
o 
U 
• r. 

S 
es 
B 
a. 
es 
£ 
U 
w 

u 

• PM 

PÄ 

r- 
a, 
<u 

00 
o 

-o 
<u 

•a 
T3 
03 

c 
u 
u 
X 
00 
S3 
x 

on 

O 
t-- 
c 

4—1 

o 
u 

&0 

-a 

.8 
•a 

oo 

a" 
P 

X     00 
>    4> 

Si -e .as 
« g ■£ 

o 
DC1*- 

■i-o C    (U 
■?3    oo 

c 

OS 

<^  IT! 

ox)-j 

E ? 

O   i) 
^ E 
oo    •— 
>-    O 

'S"* <D    1) 
"-  a. 

r-: x 
= 2 o 

■■= « 

u  o 
x^ 
=    g 00   E 

C   £   3 

8   2   ß 

U oo 

»«SO 

3   oo   c 
U "7?   es 

3  « -a o 
c       x 
OSS c -a £ 

o 
h   d   n) 
O £ 

C    «3 

E^ 
W    oo 

1-g ü 
5   e x 
£  o H 
So <-> 

u   M c 
J3 - 2 •*-*  ^3 "3 

w to 

«c "O it: 

'§? '1 8 g.o J2 
00    U U 

u  o 
T3  s 

2 8 
-a £^ 
5^ « 3J 

a 
X! 

00 
es u 

eS 
u 00 

a. OH 

c 

«U  -S 

_; —; >> 
^ "* 73 
00  00    3 

"O c 

»!     «    jj> 

tn oo  S3 
o  o a" 

es 
es a 

^    Tl uo 00    C 
c e  rt 

""     00 
T3 T3  13 u 

a   <0 iC 

00   ._ 

O 'S 
CSi 
1-1  o 
oC   o 

a, s 
a, 

X  X 

J"S 
es V> 

^   oo 
es   n« 

"C   u 
ÜO0 
•c c 

.2 JJ 
o   o U    oo 

TD    0) 

l    ß H   es 

u 
o 

.2 
.8 

u 00 — 
a; 

X 
3 > 

IE OO 
■*-» '— c; c 
ID 

00 o 
T3 u 

, u 
Ui (> ett D. n- 

u 

O Q 
00 rv 
oo X 
OS 4—* 

0Ü X 
4-i 

4—» 

es 
X 

(l> i*- 
X o C 

u 

o 5 
^ OO .S* 
i o 

00 

es 

55 
3 

O 
0Ü 

Ü    3   -^    U 

4-J on 
■n c 
ID 

4—« u 
00 

■> 
E 

(U 

■a  <2 

«a .- 
> x 

u  c 
* 2 

oo    U 

Qs 
_^ -a 

o O - a 
g Q 

>   u 

oo  -a 
0) 

OO t£. 
oo 

■a a 
c eg 
eg    oo    c 

~   es 
C 
o 

'■=    ^   oo 
?*~»    00 
U    eS 

o it: 

a. > 

U   1)   c 
X   X     <L> 

"4- 5 
os  E o c — o 

3 ^ 

.22 -S S 
■a 
(U 00 x 
*-■ c 

o 

00 
3 
O 

D. 

_1J 

X 
0) 

8 

00 
4—> 

0) 
00 

eS 
1- 

c 
Ü 

c 
■*-» 

u 
Q 

T3 
C 
O 
u 
u 

•*   es 
0Ö   « 

■a = 

es 
X 

U    00 
.2; ü 

o x 
00   "^ 

o 

>^T3 
-=    D 

§ 8 

5  « 

* < 
Ö cu 
3 p 

Ci, 00 

OX)- 
C    00 

U 

u 

w a 

_    es • 
<U    00 u 
"-    C 00 

C 3 

O (U 
ä X 
C u 
o o 
E c 

«   S es 
p .1 E 
x j. 3 
_   es .0 
C    (U 
O    C C 

•X    v- O 
« ,° "X 

U    eS i3 

X T3 o 
on u c 
x^ o 

^ 1^ 
h ai 

< 

.8 

OH eg 
05 S 

* ? ° E 
■8 1 

- E 00 ^ 
3 8J 

E 5 

Q c 
_ es    <" 
-5 3    U 
< CTX 

u 

2 
B 
3 

u 

8 
00 
c 

2 

on 
c 

^ on 

°< 
3 E 

"es —1 
>  t^_ 

X  _} 

es  -±3 
o -| 

eS X 

E cu 

■ 

00 

</-> 

00 
U 
X 

•0 
T3 
es 

T3 
1) 
00 

"> 
B 
c 
<D 
U 
X 

c 
_e3 
0- 
00 

X 
H 

eS 

Ü   00 
eS 

00     CS 
c 
o 

•8 3 
to "o 
es <; 

2^ 
•a 

'ß| 
-8 2 
2 2 

00 
■a <u 1) 1- 

<D 

— c 
— es 

5 a 

o I 
"X es 

CJ CJ 

00 u 

a. 
5 

3 



Og2 
* S5 • 

■g £2 Ü 

c 
p 

CO 

o 

o 
CO 

8:* 
•5 ü ° 

ö «£ I: w 2 as 

;e
d 

to
 

io
r 

to
 

ill
 

be
 

:s 
an

d 
cu

ri
ty

 

r 
th

e 
ST

P 
is

ed
. 

*~ ■ o  u  > 
^■'■::i tit <*>    k-    ;>    <v    u 

'>    Cu  ^   'S,    oo 

P.  _    «5    "O-s  "3 
"  -    fi    CO  g   Ü 
S ** -3 -i .2 s 

tU             L*           ^f     Cu 
>     O    Cu   «   **■     C eS   £i           tU           C 

-3    „.    bfl"3      •  '7! 

6 
3 
00 
00 

00 

IE 

00    ^ 

c   S   « C     c/3    4_i 
cd   »j?   tu 

3   E   1 
.£P 2 S 1/5  =s  ,. 
-§  ^i^ 

c 

,§ 8 * 

5-"§ 

(N 

c 
*-• 
0 
K 

TJ 

( 

~  2  c 3  >> « 
5 .§ 'S.« -g £ 
ON          1)   5    — 

tu    tU           i)  "5 

oo 
00 

e 
TJ 
TJ 

CS 
O 

c 

0 
<u 

00 

.S 

1) 

< 

TJ 
1) 
00 

'> 
IM 

S 8| 
TJ 
1) 

■CJ 
Cu 

Ä 
es u 
Q 
c 
es 
E 
c 

,2 
'-5 
es 
*J 
C 
a; 

1 c a^-sl 
TJ 
0) c 

c = ^ w o ., 
00    /-v   ■" 

TJ 

O 
TJ 
0) 

4~» 
es 

TJ 
<U 
00 

'> 

O o 
o 

E 8 >, u « - 
3    3  =    4>    es    >> 

., 2   «3 2   C TJ 
5^  "   c   o   u   u 
o TJ " O E « 
j ü Ü ,_  a « 
o. S        2   3   §• 
^  U  —    e«    ü    •- 

c 
1) 

oo 
eS 

JE 

C 
eS 

CU 

oo 

X 

'öo 

C 
es 
Cu 

"es 
C 

u CL,     , 

x:        oo 
UT3   ~ 

.2  a. Is 

^  §  u 

J=   3   3 
USD 
oo    eS    CO 

° "   o ^= > 
p*S    00  -C 

00 

_u 
3 

TJ 
<D 

J= 
O 
00 

c 
g 
3 
U 

TJ 
O, 
3 
C 
U 

00 
es 

JC 
CM 

C 
.2 

c 
tU 

00 
CS 

c 
_o 
0 
tU 
00 

E 
— 
"a 
E 

I-H 

es 

U    <L>    O    O    3    cs 

w K 0£ S^ E 
1) 

H 

0 

00 

00 

IE 

^^° -o _c TJ 
C i 

t- 
o 2 ■C   -^    3 

3    £    oo 
CJ   g — 

C/3 
C/i 

G 
_o 
es 

C 
D 

es 
00 

00 

■2 

TJ 
3 
O 

c X! 
TJ 

m   3 o 

3   _, S ' W3 

C 

E 
e3 
a, 0 

00 

00 
"■£3 
es 

"3 
TJ 
4) 

TJ 
TJ 
(3 

*-   TJ   —i 

c  «  o 

E 
D 
O 
c 
o 

3 
c o 

a« 
o 

4~» 
3 

TJ 

'o1 

a. 
0 c 
t 

es 

O 
e 00 

3 

*! « " 
3   -g   O 
E I g» 
3    3   .3 es 

(U 
4—t 
eS 

o 

TJ 

1) 

CJ 
00 

C 

c 

3 
0 

4—1 
tU 

"es 
C 

es 
u 

ts 
is 
■© 
00 
TJ 
c 
es 
OJD 
e 
Is 
en 
es 

E 
E 
o 
U 
© 
© 
© 

>-> 

% a  .-. 

'■•: ■©' • 

E 
SB 
c 

'C 
o 
'c o 
E 
w 

'es 
i— 
tu 

o        c 
« s ■- ^ 
3 o 4> a 

.= S^ s c 
o  a   « .£ 
<-        oc ■= 

Ji   »   u s 
-O    O    O    3 
D-   3-          u- 

oo 

TJ 
C 
CS 

-C 
4—1 

es 
1) 

J= 

1) 

00 
00 
1) 

TJ 
TJ 
es 

00 
3 

E 
u _> 
u 
es 
O 

TJ 
es 

TJ 
C 
es 

3 
es 
C 

_M 
'ÖO 

es 
1) 

TJ 

e 
3 

0) 

0 

TJ 

« 
TJ 
a« 

c 
0 

TJ 
1) 
00 
CS 

X) 

TJ 
1) 
4_* 
es 

TJ a. 
3 

"■fc-t 

a 
c 
es 
ÖC 
u 
O  O 

TJ    tu 
3    3 

U  0 
es 
s 
■a 

4^ 
1) 
E 

3    1)    60 Js 
_g Qi  ^  E is 

_3 3 

TJ TJ 

m   0 

« 0 

£ ■*■» 

es o O 
3 y w> «j 
2 § 5 o 

c 
B 
o 

TJ 
3 
O 

3 
O 

3 
O x: 
00 

t_> -r 
I*    tu 

O    3-, 
'© X    M  a    2 E Q- J3 c/3 CJ   ^~^ 
00 42 C o 

"1    u-CC oo _^ CN C 
e 

3   m    O    U 

Cv    C     k-     *^ 

ON 1) ON ^H -^ —  TJ 

E 
E 
o 

'ÖO C •£  J2 c C c  ob 

tu   0 

OO 
3 
t_> 
00 

o 
1) .3    C 

.2 *—< 
o 
1> 

*4-t 
O 
1) 

2 E 
'4U 1*^* 

D    CS 

U ■a 00    es    Q.  e3 00 00 00 00   w 00   0 

c 
es 
£ c 
a 
es 

■S 
U 

CS 

G- 

"S, 
;co.:>4;:-"v 00 

« 
II 
u 

0) 
/**■;: • ■".'; '"'" 

PQ 
ex 

as w.7/- < 



.2 So    ■ 
'S C2 o 

D. £3 
<      a- 

o 
CO 

§ pa 

c < 

S3 ä 
> o o 
_ U 

ea 
la 
Q 
e 
ea 

PL, 
B 
O 

■*■* 

ea o 
o 

a o 
4> <s 
E r- 
«j w-i 

a >> 
E ea 

Jtt C/3 s- 
© 06 
£ 
B A 
O 

"O 
V ea 

N > 
£■ 
£ 0) 
J3 Öä 

(73 tf 
s" B 
o 0» 

'-5 = 
ca 
u E 
C o 
'■3 U 
^5 o o 
C/J © 

© 
TJ <s 
S 
ca i—i 
M >> B ea 

«2 £ 
ea T3 
£ 

ea 
'S Q 
t/J J2 

B 
0) 

s 
E 
o 
U 
• r- 
S 
ea 
E 
a 
ea 

JS 
U 

CO 
tti- 
3 

* W| to 
CO 

*        * „   , . •* 
4) 
t/1 
a; 

.E 
■*-^ 

':vl>-«-,¥^# c/l 
I« fl> 

73 
v >.- ' ■n 

ca 
' ?*~ o 

T3 
U 
C/3 

'•fir'-"'"'"-'1"' > 4 Ü 

•ffc 

#>: 1) 
X) 
<u > 
ca 

GO 2 as 

H 

u 
D 

eu 

OS 

73 
C 
ca 

1) 
JZ 

c a>   cu   w3   a) 
O fi  £ '"  * 

■s H ~  <u 
E .   o   Ö — 

§ u o 

,,«; .S3;; 

'«TO; 

.-•00 

1/1 

-a 
73 
ca 
o 

■> 

c 

E 

X 

-E 

73 

« 
73 
E 
0) 

u 
E 

>^ 
cB 

73 
JA 

Um 
o 
5t 
u 

JZ 

-o 
B 

-a 
H u > 
o 

c 
O   £ 

< 
E 
o 

U 
a. 
a, 
< 

u 
Q 

U 
a. a 
< 

■a 
3 

.£ 

CS 

O 

ca <u 
Q. 
a, 
CO 

o 
c 

JZ 

u « 
s: 

<t> u 

O 
4-J 

-a -a 
u 
-a 

S .2 i-   -a 
1)    O 

'S    K 
3    U 

T3 

JO 
E 
O 
B 

_o 

u 

(0 
E 

H .^ 

cs 

Ü 

-a 
u 

T3 
E 
C3 a, 
X 

u 
E 

M _ 
u O 

.22 '•= 

T3 
C3 

T3 

O 
E 

JH 

E u a, 
o 
E      . 
°  1? 

T3  -JZ 

fc   3 

E   JZ 
C3    ■" 

"S    E 

>    I 
S    & 

N 

E 
U 
E 
E 
o 
°  73 
CO      i) 
3    co 

.2 "> 
ID    "" 
k    E 

^^ •S o 
5 -i 
•?  §> 

U    C 
•^    E 

: g go. 
«  o 
E -a 
E E 

§ E 
O    c3 
u 'S 
w    O 

H   73 

X) 

E   u 
J3 

JB 

E  Ji E    n 

73    2 2 
O 

jr    co 

es ■ 
m 

O <D 

73 H 

2 <" E o 
E^S 
C3 
E ^i 
O ^-, 

oo > 

3 I 

—: es 

1 S 

C3 
73 W2 

£^73 
u a 
> C3 
<U E 

ca £ N 
-E cä W 

t« O  -E 
2i u   ^ 

73 a    E 
ca -S •- 
o       b - MS 
B £    E 
O JZ    U 

'S u5  M 
U-:   u U E    3 
äo _«    C 

•1 IE' 
u u    u> 

cj .C   ca 
9 u E oo n™l 

co E 
E jB H 

o 



ogS 
.2 0Ö    i 

O. cs 
< ft" 

c 
E 

c 
E 

o 

o 
t/5 
■o 
s£ 
C   < 
£    g 
>  Ü O 
_ U  > 
'o ^   CJ 

psiswfoj,. 

— ■ 

CO 

e 
•a 

CS 

O 

T3 

OÖ 
4> 
3 
oo 
oo 

6C 

00 
4) 

| 
4) 
oo 4) 

00 CS 

4> 
3 

4) 
X 
«—I 

oo 

u 
oo 

i 
x: 

oo 
OO 

OO 

IE 
oo 
oo 

U 
3 
oo 
oo 

oo 

C 
4) 

oo 
CS 
X 

oo 

s 
■a 

CS 

o 

c 

u 
x: 

4) 
3 
00 
00 

00 

X 

2 iE c T3 
4) 
4) 00 

t'9&'- 
13 
13 
cs 

o 

CS 

"5- 
c 

_o 
CS 
c 
E 
C3 

■i—i 

4) 
oo 

*> 
C 
a 

00 

13 

£ 

:' '-Sä-"' 
ff'' 

O 

■o 
u 

-o 
O 

2 
C 
4) 

o 
-a 
41 
oo 

13 
es 
O 

^■- -   : - 2 1) 
00 

oo 
CS 

4) 
Oß 
c 

Q c u *> c X 
C CS 

*, 0) "O D 
o C 4) -C 

B J5 c 
c 4) 

_C3 .8 
4) 

c 

s 
oo 
CS 

00 
c c 

oo 
CS 

JZ 

4) 

3 
'•4-4 

es 
C 

o 
o 
o 

c 
o 
4> 

OO 

C3 
x: 
c 

CU 

oo 
C3 

x: 
E 
a, 
'5 
a" 
4) 

OO 
4) 
3 ■ 
oo 
00 

4) 
oo 

*4-t 
CS 
> 
CS 

X 
4) 

C 
o 

*4-l 
u 
4) 
oo 

00 
es 

x: 
X 
4> 
4~4 

E t-T OO 1/3 
4) 4) 4) 

00 
4) 

V TH IE IE X X 4> X IE X 

"a. 
E es 

s 
H H H H X H H H 

Urn 
O 

■w £ -o o 2 £ _C 4) 
X "5 

o 

s 
.2 
es 

5» 

öS 

T3 

"33 

T3 
4) 

13 
_3 

4> 
_C 

4> 
X> 

2 

u 
T3 
1) 
0) 
c 
<u 

X) 

o 

E 
u 

u 
XJ 

c 

c 
u 
0) 
oo 
es 
Xi 
vj- 

CS 

C 

o 

e 
-a 
•a 
es 

O 
oo 

es 

3 
o 

es 

_C 

*3 
CS 
x; 

c 

C  T3 
oo    4) 

8 o 
w    4) 
c  *- 

o 
OO 

T3 
4) 
4) 
c 
c 

_o 
es 

4) 

c 
es 
X 
o 

4) 
Xj OO 

2 

4—4 

"*- 
o 
c 
o 

CS 

4> 
JZ 

c 
O 
4) 

c 
.2 
es 

C     00 
E     4) 
CS   *^ 

o> 

0Ä 
3 
o 
x 

O0 

C 
_o 
o 
3 
u 
00 
C 
O 
4> 

bC 
_c 
'C 
3 

13 

X)    u 
»4— 

O   4) 

O0    >-» 

a, = 
^;  o 

00 
T3 

T3 

x: 
oo 

4—> 

cs 
> 

-a  o 
.S2 "« 

o 
OO 

oo 
oo 
4) 

oo 
»4-1 
o 

c 
o 0 .£ 

35 ■S3 
e 
a» o 

c 

c 

E 

'5 
cr 
a 
\~ 

SZ 

O 

Xj 

'5 
c 
« 

T3 
c 
3 

T3 

o 
4—' 

00 
u- 
C3 

C 
cs 
00 

C CS 
o 
X 
4) 

X    oo 
"     CS 

OO    -Q" 

1— 
T3 
-a 

CS 

C Q4 
3 u.   cs 

2    C 

es 
u 

Is 
"© 

"O 
c 
es 
OX) 
c 

es 

E 
E 
© 

© 
o 
o 
n: 

>-> 
es 

s 
01 

es a 
e 
01 

E 

=■; a-...•.. 
- .   O)    ' 

v.   O ■.•'.:•.' 

00 

8 
T3 
C 
r3 

CL 

"5 

C 
o 
U 

OO 

'C 
X) 

5J 

Q 
T3 
C 
C3 

IU 
oo 

'5 
Z 

4) 
x; 
uo 
O0 

a 
es 
O 

■o 
4) 
oo 
'> 
4) 

3 
o 

JZ 
oo 

CL 
00 
CO 

oo 

IE 
H 

--1  t3 

•S  > O    es 

o S 

«,2 
C      00 

•=     CS 

i K 
'5b ^ 
^  o 
_  >^ 
S-c 

oo 
00 

TJ 
13 
cs 

O 

T3 
4> 
00 

'> 

3 
O 

x: 
00 

C 

,2 

oo 

"> 
«^ 
u 
CS 

c 
_o 
es 

CS 
■o _ 
4)   — 
2   < 
> 

o   oj 

2 o 

Co  = 
4) 

Ö  E 
oS    <u 

(u -E 
is   3 

x^   ^ ■a  4) 
4>    1- 

H  E 
d  E 
.2 8 
rt    </) 
>    3 
cs   o 
X  '> 

u K 

C 

5 = 
o J2 
=  a, 
2  « 
u € 
es  .E 
5b-a 

—   <u ^3    oo 
2   oo 
E  <u 

o 
4—1 

T3 
4) 
oo 

'> 

O 
4—1 

OO 
T3 
4) 
4) 
C 

c 
cs 
CL 

es 
4- 

o 
oo 
4) 
4— 

T3 
C 
CS 

c 
*4-» 
es 
> 
es 
4) 
X 
4) 

4- 

2 
OO 

IS 
'ÖO 
c 
o 

4) 
00 
es 

X) 
■a 
4) 

ID 
4) 
4) 
c 

00 

00 

00 

J5 
■"   &o 

« .E 
■E tt 
4)   2 
3     4) 

S    <■> 4)    00 

4)    A 
"3   T! 

'5b 2 
JJ  & 
-a 13 

§  §. 
X   oc 
00    c 

u -E 4>    3 
C    es 
es  X 

13      - 
•=   C 
M.2 

4-4 
4)     CS 

•t:   es 
O    4) 
4)    X 
CX   4) 

""    M 
4>     C 

E 
o 
U ^' :;'"V- x: 

H 

Q. 
D. 
es 

4) 
x: 
H 

O    <D 

oo 

IE 
O 
oo 
4) 

4)    4) 

x   u 
H  E 'fc  "O O   es 

4) 
x: 

ex 
oo 

Urn 

es   2 
4)     c 

04    X) 
»I 

s 
es 
E 

^ :> .•■ 

a ^•4'-" es 
JS 
U 

1 1 

JO;.lJi;;^ ■<* "* 

:''•'"■' ''.''.f' 

u i,    ' ■''''/"-    .'f 

01 ;-f             -',-"-v^ 

Ol 

^         . ' ■'■    w ^-.' 

Q PJ 

0> 
lO 

I 

D. 
a. ^r 

a: ?.-*tfv U U U < < u W 



O O u-i 
* 5 - .£ oo    ' 

■ONQ 
"So 
D. es 

' 

c 

O. 
p 

C/3 
"a 
o 

o 
on 

ss 

es u 
Q 
s « 

a« 
s 
o 
« © 

© 
s 
eu 

o 

E r- 
0) 1—I 

a ^ 
S >•* 

03 

o g 
£ >> e £ o "B 

cu 03 
>■ 

3 0) 

A CU 
« OS 

1/3 .2 
ä c 
o eu 

E 
05 E 

-3 
e 
U 

^5 © o o 
1/2 © 
"O tN 
c 
03 IT) 

M ?>> C 03 

s 
03 "O 
£ cu 

03 

'5 a 
t» 42 

s 
CU 

E 
E 
e 
U 
• •v 

a 
03 

E 
a 
03 

_ u 
ö £ 

CJ  O 

OS 

W 

u 
CU 

a» 
'? 
cu 

IS J? 
'G a» 
SS* B 
03 J 

O    CD    CD 
-S3 5 

^3    g 
C 

'G 

3 
«3 

0) 
-o 
'> 
P CD 

O 

-a 
"2 "> 
o u 
a 
8 
CS 

T3 
C 
es 

u x: 
CD 
CO 

*> 

03 
8 
eS 

c+- 
O 
C/) 

X 

c 
<u 
a. 
o- 

8 
c 
CD 
CD 

B _o 
es > 
es 
O 

x: a, 
2 

4—» 

« O 
X < 

> 11 a c 
cS 

J5 CD eS c 
en -C u. es 
ÖÜ es 0-, 
c 1) C 

eS 

•a 

es 

8 
U 
O 

•a 
.2 
es > 

u 2 es 

r 2 _  x 
o-W 

- = fe U   cd w 

o 

CD CD « 
x: x: 2 ■fcj *-* c 

CD "tS O 
•     CS u ■&  c  cj  öf) es 

■S '-5 .2 o cö 
T3    -ä 'S    C3 
« .2 

< S u 
*3     CO 
"O    eS i; 

s o- 
2 4? E *-• T3 .a 

<D 

.a = «2 
o 'c 
Sic 
3 c .a 
c s ,a a   cj ic 

«'S- * 

■9   i,   s 
3 g-E 
CD    "*  E 
"    C    © 

O   u 

-a 
CD 

C 
<u 

C/5 
es 

cj 

CD 

.5  5 

-o  « -a 
!>.    CS 

- &| 
CM    Or o  c .S 

OH 

-     °   ^ cs   —    CS 

*j        (D 
o ~ x: c   cs  ■" 

a^ ° 2 en 

E C es 
ä  ■—    en 

^>  8    ¥ 

s* ° 
•d   is % 

8 | g 
u b & es   es 
w   C   C 

j? -s -s 
«. es cS g* > > 
C es es 
es o o 
XXX 
U    U    «i 

00 u 
NH 

CD 
X 

<D 

'G <u 
& 

o 
x: 
XI 

CJ 

CD    E 

CU 

W 
CD 
bD 
es 
OH 

C 
(D 
E 
E 
o 
cj 
<ü 
cü 

&0 

W 

I a 
o 

CX) 

m 

■a 
u 
en 
3 

£ 

CS 

c 
cS 

■4-H 

c o 
OS 
N 

"eS 
3 
ty 
CD 
0) 

CD 
b0 
03 

C 
es 

c 
o 

N 

a* 
CD 

"O T3 
CD CD 
C So 
C 3 

CD S 

c >> 
O B 
C CS 

•B = 
« .2 c .—• 
E rt 

«2 -a 

'S « 
•- 3 

en C71 

*-• O 
u e 
ts fe 

=> o 
cu B 
S 8 

OH O 

I 

e 
E 

U- 

ex 



as \o 
x s=- ■ —   00 

•a (N O 
S.S u 

nil 
B. cs 
< 0. 

c. 
E 

CO 

o 

o 
CO 

X) 
5£ oc~z 
c < 
£  5 
8 = 

OJ   O 

— u 

2T~"co u   c WM CO      CO 

.2    3 
*-»      CO 

o 
u 
c 
o 

■-   ca 

CO 

2 '55 

Ö 

c 
_o 
o 

.2 « 
T3      CO 

S3 
u   to 

C3 

£  c 
.2 

"O ta 

4)    c 
H   O 
ö E 

CJ 
^^ 
CO 
3 

T3 

<L> 
X 

S  o 
n    ■*-* 

1« 
3 

T3    E 
ca    C 

IE 
c  c &  ° 

u 
on 
_c 

CO 
<D 

CO 

o 
00 
c 
fc 

U    O 

8 Z XI    0 

— c 
— CD 

r8# 
x> 

CO    Jj 
ca XJ 

-a u 
-a 
-a 

1— 

hfp^ X  = 

3    * 

1) 
CO 

ca 
c 

Ü 
>< 

4—1 
X 
CD 

<L>      CO 
+-1    4—» 

c co    3 

O 
CO     CO 

C 

CO 
ca 

o-2 

00 <u 

CD 
X 
4-^ 

o 
o 

.—r   to > 
^—1 

JO 

c 
c 
D. 

c oo 
o .S 

o 
T3 o .2-8 c -O    « 1) a. 

•3  T3 

•-      CO 

CD 

fJ-'-.'V. .^\   ' .• 
T3 

E ca 2 
c 

u 

E 

2 
CO 

< 
c 
c 
ca 
OH 

T3 

ca 
c 
<D 

es 
s *'*r ■r",'S-V:". 

x LL o 
00 < 

"?    CO 

-^ 

2 U 
E£ X 

IT 
C3 

<4-      U. 

i2   c 

CO 
3 

CL) > 

00 
c 

"cä    D 
3    00 

OX   c3 

C 

o 

O) 

eg u « 
C3 "3 

O 

-a a 
1 

_   u 
■o   (u 

4—1 

'00 IS 
X 

l_     CJ 

■J?   S2 
< -B 

'3 u CO 
O    P 

4—)    *-. S J§ O 
T3 
C 
ca 

tä .a 
8 jö 

'5 
g TJ    £> ~5 u 

CD 

c 
Ü    O 3 

CO l? c T3 
ca CD    CO 00 

•=    « o o X    O _c 
01 

E 
S .2 

= IE 

JJ u _ca 
CJ 

1) CD 
" E 

"Si 
"E. 

E 
a 
U ;"■   ■**' r     ' 

.:• a.-.-.: 

CO 

E 
1 E 
2 (§ 

ab 
c 
'5 
o 

XJ 

00 
c 

X 

X 

E 
ca 
CO 

© -;■,   a»..; C3 
CO 1)  T3 

CO ""2 
"O ■3     "> 

3   T3 'cä 
o 

es 

X5 
■** 

i. V;-'- 

'5   u 

■£ 

JD   ,>» 

1*   |> 
es   -* 
m   O 

rt   O 

Cl- 
O 
<u 
OX) 

2 
c 

a 
D 
Cu 

c 

E 
w 

c 

3    (U 

T3    cj 
..   V *-•  "^ 

S    O 
-S   u 
,«     CO 

c  a. 
P   E 
C     C3 

E  <* 

CD 

ca 
T3 
C 
ca 
o 

_o 
a. 

ca 
oo 
u 
k. 

T3 
CD 

-o 
T3 

ca 

Ja 
3 

ja 
"5 
CJ 

CO 

'C 

ta 
E 

<u 

SI 
_N 
'C 
00 

u   u O 

—  i= ^ 
CJ       x: 

■—    i_    Q-   cj 

.3 U         vS 
E oo   oo — 

Q-"  r;   E 
Q 
-2 
B 
0> 

£ 

x: 
CO 

T3 
C 
u 

o 
CJ 

s 
O    co" 
CJ -a 
<u   c u   o 
o 8 
ca — 

ca 

c 

2 
■5 
ca 

o 
X 

CO 

X 
D. 
ca 
w 

X 

CO 

to 
C 

.9 
'co 

u 
X 
4—> 

O 
s 

ca   Q 

x '£ 
00  co 

8 5 

">  ta 

X  — 
CD 

T3   X 
CD    ■" 

E 
o !* • V **'i-<:'-*■ ^''"" 

c -a 
in 

E 
E 

o 
1- 

ca 
E 

00 
ca 
i— 
ca 

T3 X     
~  o 

>  o 

2 ° 
o .E U ^"''v.'"'i'""^-.-"' .2-5 o o 

X) L2 O- E 
ca 

CO 

E 
E 
3 

•a 15 ?"i'.^" a ca Q =5 < W U E  ^ 
C/3 

o 
_c v*p O 

"3 
GO CO 

(D 

c 
O 

IT) 

c 
o 

•«3  f"> 

L. 
S3 *;& 

c C o 

on 
■* 

</") 
CD      . 

OO  vO 

s ^•.'•^•'""'V"»^'^' 

LI \    '• • 00 
Ol 4:'«*Tr'7 *'.*'* '"'* VO o —* (N 

0) 
:=V" •'•''' i$>* m IT) 

1 1 

VO 

£,i ■*'&--'''.-' u u u CD > ,:.'     (JO" .v.;'.' Ofl B0 00 00 
(V \,i ßt ■'.:■' C3 ca ca ca a f,Sk-[   - 0- OH Cu 0- 

o 
cvo Oi 

o. 
'5 



o o 

■a n gg a.o a 
< 

O 
u 
8P a. 

D. 
E 

o 

2 
00 

u 
IS 

19 
*5 
en 
-a 
§ ffl 

.£ "* 

II 
_ u 

Ü oj £S£^>"*," A r-.jtsfs: 

4)    D  "3^ "w i.ag X)   o   u S3 
--*!•. - • -? v-*-/ i^;' c -o JZ •!-•     co   .S 

= |-a C 

u 

Ä - .8 

' _  ... ,tf 
co   u x 

3    C  _ 

a w o 
.E       °° 

a a 

si* 2&"3 
* l - c - X « 

tn     C o iri-        C 
-a >>.2 
U   co  «- 
4«l                      CC» o  M  c JS    co    C 
—   1>   is 2 

ON 

C 
_o 
o 

c ^ E 
o       e3    • 

U    «3   ,0 
CO     CO   <4— 

E 
E 
Ü 

W3 
U    ETJ   11) 
^    3    Ö    S3 

a. 

&'E -a 
O    O  "" 

1 2 | 
p -a Y 
X   c   * u    g    J) 

O  o, o 

T3 
C 
es 

■ 

3  -R    P    « 

o           o 

C3                 [i. 

1 °%* 
ä .1 ^* 1 
J   E   o   £ 
E-H a X   a, 

o 
o 
© 

i—i 

a 

00 

c 
o 

'■4-J 
o 

X) 
3 

C/D 

O 
4—1 

X) 

o ^-> 

-a 
SS 

c 

öS 
P 

0C J-   «S 
c- c  £ 

—   <u   § aP £ c  5  B» c   E   00 

■c   O c  E 
«  o 

•o S o a. c 
V i_          o o  <u £ ,0    co  *^ Ä  X) 

'53 u —  ^  1? §  &    . <u "O     „    ä ■B    3    "> 
OS U    to    C 

o | E 
CO    C    c3 

u   o   £ S   M   ° 

e w 
E 
= W--7:?1;? 

= H   « 

.s -° 
o 
U 
© o o <s 

&■&- ■•'.'; 

a 

5   u   « 
>. u  E 

«3   .E 
Öß    Ui    — 

u.   _    c 
3    «S    D 

co •"   «2 
CO 

D    C    OX) 
1-H 

>> 'S          "^ 

l  =  - 
E  E .£ 
fa  o -a 

0)    u     >- 

11 ■g-gl 
c/J    <S    ~ 

U  CO K 
x H X 

Q MO -o oQ e 

s 
-'   c 

^oo  E 
c      c2 

3    U   •" 

als 

0) 

£ 
o 
U 

• 
O     Bj    *" 
«   E  « 

CO  W   5 

c 

5 

a X .5 S 

vO o (N c 
■ 

r- 6 

2 _u CO 
<U 

u   S XI c ^ u •= C3 

,C0 J H J 

£ 
Ü <•    ..    '' , „ 

'! ro    . iri 

r1- 
6fl 

00 
u 
00 4) & C3 C3 

0Ä - °< CU 0- 



no» w o — 
.S   00      ' 

D. C3 
<     a- 

Q 

E 

o 

on 
"S 
o 

o 

-3 §s 
.s< 
II 
>    o   O 

C*>  2  Q£ 

(3 u 
Q © 

O 
a 
eS 

o 

ft. f- 
1—1 

a 
o >> 

es 
es 5 
B c/i 
u 0! 
fa » u >! a A 
£ ■B 

NW u 
.* > 
u a 
o u 
£ 11 

e 
o J3 

B 
-*—■ CJ 
CO E 

«5 E 
J3 o 
eS U 

C/3 © 
© 

o © 
«J n 
C8 l« 
ts 

1—1 

T3 es 
"o s 
C/3 "O 
■o 
e es es a 
0X1 
E a 
t/i 

B 
0) 

es c 
£ g 

O 

"S U 
173 ^C 

< 
ft. 

§ 
»J 
ct ^—' 
v> 
Q) 
B 
es 

ÖS 
SB a 
■^ 
«B u 
01 
* 
0) 

•? 
SJ as 

•s 

a. 

B 
3 



OR o\ 
-—  00 •o es O 
o.© fin o. M 
< a. IP 

t%8 0)-. 

AH?*© 

c 

o 

c 
o 

o 
on 
T3 
§£ 
C   < 

3 ^ 
> u O 
_ U > 
o £ 5 

OS 
La 
Q o o 
a 
03 

o 

E i—i 
c 

03 

« s 
■«-* 

e CO 
u OS 
S s jj >> "a. A 
S T3 »-* u 
.* > 
u '3 
o w 
£ 0. 
B </} 

#o -** e "^S u 
OS 
N c 

■Q o 
OS U 

CO © 
© 

_o © 
«a «s 
CO u i/T 
C ?—i 

|5 eS 

"Ö s 
CO T3 

C es es Q 
B a 
Is s 
es g 

£ £ 
o 

"S U 
CO AC 

•< 
eu 
§ 
J 
CK 
^■^ 

Cfl 
0> 
B 
03 
£ 
is 
Ol 

1-5 

ha 
1) 
£ 
V 

•? 
0J 

OS! 

isfc- 

oC 

< 

o a, 
OS 

■MfJSi 

e 
9 
o 
c 

IE 

e a 

a» 

•a 



og 
•a ( 

6.« o. 
< 

o 
CN 

6 

00 

c 

o 
00 
-o 

c < 

5- -a 
_ u 

Hi   © 

ea u 
Q o 

e 
s 
C8 

© 

ft. 
e 
o >> 

03 

03 S ■w 
C 
Ol 2 
E P 
01 >> 
a A 
E T3 

N"< O) 
at > 
La 01 
O cj 

£ 01 
as 

e 
o B 

■*J Ol 
08 
N E 

— E 
x c 
05 U 

C/3 © 
o 

O o 
■** 

<s 
S3 
U IT) 
C 

3 
"e .2 
c« 13 
TJ 
C 

Ol 

CS 
03 Q 
6X1 
B 

X 
B 
Ol 

03 c 
£ E 

o 
'3 U 
C/3 AC 

«< 
ft. 

§ 
J 
OS 
'"•■' 

«5 
Ol 
B 
03 

ftS 
83 
Ol 
**j 

u 
Ol 
£ 
Ol 
> 
Ol 

as 

i'"s4S.Ji-i*' 

1S# 

■ o 3 

1:1 

O) 
. as »es- 

c u 
to- 
ol) 4—1 

(1) 
Xi 

CO 
co CS 

TJ 
c 
co 

OS X 
*— o 

—    60 

£  w 

« u 
c 

c   CJ 

.2  E 
3     C3 
X    <D 
•£h 
co 

E .E 
c  c 
11 

«3 tt 
c 

8x 

TJ 
•a 
< 

.8 
o .a 

TJ 

C    CO 

>- cj 
B x 

■«•s 
O     CO is   (u 

•a '^ 
1 8. 
o   o 

•a  Q. 
c __ 
O   eo 

«1 x jy 
=   o 

>    E 
CO 

c _ 
CO     CO 

CO 
CO      ^ 

X     Q. 

_     U 
c x 

.=«>^ 
x ■-= 

= 1 = 
f) 60 

>-. « s 
xi *■* x 
-  a g- 
c •- E 
4)   -B E 2s    ■*-* CO 
E "> 
to  g> a 

o -a 2 
*■' — « ^. ~ TJ 

E « 2 
-s - «- CO    co o 
"    B "^ 

O £ 
CJ (U 

eo o 
E *" 
CO   >> 

11 
W) u 
CO     " 
1)     CO 

9l 
Cu   u 

■r x 

>>   3 

E 
co -a 

N u 
co   v •>  -   >> 
—   X    U    «    co 

• =    E  Ä  tD 
to   rt 

E 
CO 

CO u 

T3 1) 
B .ti 
3    co 

co a 
4)    «J 

■o -a 

^=   CO 

—   w 'B: E    OJ   — 
u -a  % 
E   3 
to  « 2 
0J    B 
i:       on 
» toU 

£ £ .E 
U j- 

**- O E 

E    CO    i3 
4>   E E Es 
.S-c2 eg 
B    E   *T 

£ a i) 
2 M E 
te   -   M 
CL   CO    ^ 

g to CO 
a-"0 £ 
ex 
* * g <u   u   g 
£ Z x 

CO 

■ X CJ CO 
P3 CJ X 

4-J E *-• 
E 

CO 

b (1) CJ 
X X 

TJ *—• 
4-J E CJ 

N t) 
CO o 

cB CO 
E 

1 -a fi u 
1) 
X B 

tj X 
(LI 
U 

■a 

E 
CJ 

2JJ 

CO     CJ 
X     E 

tt. ^ 

<*-     CJ 
O    co 

«  -2  ^ 

E 
O 

w U  u 
■5°  3 

cj    0)  .B 
E  X    B 
E  — 
co r= 
a. J 

60 
E 

U.     >^   CJ 

U   2    K 
T3   to   S 

Q, > 

co 
CJ Ü 

to Cu 
En E 
<U    co 

s « 
E 

I & 
D-0S 

>    co 
(U 

CO    H 
E 

•2   E 

gg 
*   to 
_ E 
•5^ 

CO 
E 

(C x 
o  cj 

o.a. 

E    60 

<  T3 

co 
.     CJ 

60   3 

^      CJ 

u 
o -a 
- -a 

•x 2 

£ ^ 
v ■- -a 
B    cj 
CO    u. co 

CJ Cc 
i. o CO *-" 

-= co 
o a 

" T3 
S2 « 
co <_> 
CJ CJ 
Cu —* 
Cu u 

co M 

,—, CO 
(N a 
C 'cö 

.2 CJ 

0 £ u , 
© o 

1 E 
'cö O 

CO 
T3 
CJ 60 

ü .E 
CJ -a 

CJ CJ 
X •- 

," « U_ ^u 
O co 

c "° 
O 60 

\B E 
CO w 
N _co 

!E >< 

■c "O 
Cu    SU 

CJ 2 
X E 
H .SP 

•52 & 

o  w 
CO H 
U    . 

co 
cj X 

00 -o 
E 

CJ J2 
c 
E 
CO 
X 
CJ 

o 

o 

o 
60 
u 
to 
CJ 

CJ 
JZ 

o •- 
60 CJ 
<U .-B 
to « 
<J     >^ 

CJ    o 
sz -c 
"     Cu 

C    Cu 

■~ 2 
CJ    co 

.—     co 
CO     CO 

£>  2 
'5     " 
2 .32 
Cu  co 

o 
C 

60 
E 

'I 
°    (Ö 
,0   cj 

£   c 
■"    C 

o 
E   'X 
cj   cj 

_2   cj 

CO 

^£ 

o'g 
-o 

w     E 
o  o 
E -ZZ 

CO u. 
CO     CJ 

CO    .Ü 
CJ     CO 
c c 
C  O 
CO     CJ 

x rE 
60 O 
X    M 

to 2 

E 
Cu 
Cu 

B 
'10     CO 

«r.2 .-E x DC cj 
> 
O 

O    co 
is    3 

"Si CO   X 
3    O 

.-E  5    O cj 
3  ä -w   *-; 

T3 
CJ 

2 -c B 
« a to « M a 
CO X 60 
CJ 60 3 CO -n CO 

0) 
X 

O    co   *-" 

TJ 
C 
CO 

32   CJ 

co    eg 

CN -a 
DC 2 u s 
^■^ CO 

>> '5b 
T3 CJ 
3 u 

O 
C 

CO 

E 

CO 
CJ 
CO 

I 
X 

CJ 
E 

o 
Cu 
C0 
> 

CO 
X 

CJ 
E 

CO 

=s 
60 
c 
'E 
o 

CO oo 

' O 
r- & E ft. 
p CJ 
h x 

CJ 
X 

■o 
E 
CO 

c •£ 
CJ   X 
Cu  " 
o   c 

~   TJ   _ 
^ E '= 
_       »08 
TJ    co    a B « 
•E to  E 
Eu    O 

CJ   • — 
i-   E .- 
CU    E  —i 

cj *-. 

Cu CJ 

E E 
CO „ 

CJ 
X 

cx 

JJ c 
>^ o 
CO  X 

60 
E 

3 
Q 

U 
O 
> 

E 
CJ 
CJ 
E 
O 
CJ 

•      CO 
60   CJ 

E "° C     CJ 

Q E 
^ E ft, .E 

E 
co 
CO 

CO 

Cu 

X 

O 

"8 

CJ   ^   TJ 
TJ     60   =8 

60 -a 

CO     W B 
w _, CO 

TJ 
co    <J TJ 
5;   •" CJ 
«    C »l 

°    e    3 
'■P    u    co 

CJ    CO H    u    »    c  — 

C 
CJ 

60'G 
.E £ 

U-      CO 
OJ    C 

a CJ 
60  B 

cp     CJ 
CJ   TJ 

•a  >, 
E 

E 
CO 
60 CJ   c 

>    co 

<U 

CJ 

(N    JJ  TJ 
«n x  E 

3 
>•= 2 

.1 >,! 

C, cj 
CO    >-.   CJ 

."E t^- 

co  — 
-   £   00 
«j        «       Q 

'S  S *■* 
CO    X 

•3 c>. 

£ CJ o 
co   ■" X 

c fc ft. 5 ,o  CJ 
.bi <+• TJ 

1 S g 
ill 
C CO cO 
O M X 
cj co 

«3 «3 E 
° > o 
x   P x 
ft-   O   TJ 

CJ    CJ   7E 

^2 to o 
>     3    "> 

c.   cj   >-. 
c TJ x 

O .-E 
c <u 2 
^^ M 

E    S    U 

•a   cu - 

8 - x g. ° - 
o   Cu- 
£X ° 

CJ TJ CO 

" s « CJ w CJ 
x a 
*■* CO 

'S Ü 60 

£ E v 

CJ J> "" 
-C •- e 

H to § 

x 
2 
CO 

E 
O 

to 
CJ 

<X 

CJ X     CJ 
CO 

CJ    w-   CO 
X     CJ    « 

H cS2 •§ 

. E 
CJ CJ 
CJ    co 

h   Cu X 

TJ 
E 
CO 
60 
E 

CN 

0 o 

* -ft Li    CO 
X 
CJ 

E 
CO 

CO 
N 

rE x        ( 

CJ 
_   > 
( 0   CJ 

X ( )   _   X 

CO 

E 

TJ 
E 
CO    Yi 

60 
_o 
o 

..    E 
X 

X    u 

« B 
tu 

E 
O 

CO 
Cu 
CJ 

.t: x   co 

c-'^-C Cu 

SK 



og 
.£«5 
T3   CS 
g£ 
0.0 
Q. 
< 

O 

c 

O. 

o 

o 
CO 

CO 

3:3 
o  O 

— y '5 
CO as 

U 

o. 

e 
3 



08S 
.5 oo    ' 
v c? o 

C 

O 

o 
C/5 
-a 
i^m 
c  < 

■^   S 
s = o 

— u > 
en 

o ^ 

— - ,; u a u 
2   fa   "   <o 

0=    _   T5  •? 

iin _e £ "O 

IIP 
ft 

8 2 * Ö 

_2 -o ^   u 
'   Ü     - ■"   t>       ^ 

-•■ '&\v-; 2 -=  >; c   "    C  60 
■•■' "HP?-* ^cS.E 

"     O     t/5    -*i 

'i "-fiL"'- E      8 S -9 

« 
es 
u 
Q 

B 
OS 

E 
s 

_© 

•** 
B 
tu 

E 

© 
© 
o 

es 
s 
02 

* IP: «  >   S J=  fa s-l c> | 
«■SJT.gL 
5  o  o       S 

g    E"S  OT    eg 
c   IU   c        2 
..    >    P   on    .. 
2^          C   fi   ^ 

£ Jg  3   S ,£P 

P 
— >> .EcgJ 
"a .C *■„    ■ ", „ 3  o  ° 
£ 

u 
O 

s 
#© 

-a 

'3 
u 
0) 

0Ä 

•*■* 

B 

E 

"g 3 -a 5= 
C  §   u   c 

■S'S-si a   fl   5 •- 

<U    c    1)    D. 
"■•3 
S3 
N 

« -2  u  c *-•   _c   •£- 
C    ^-i              (1) 
a o 5 -s 
E c=  o 

— £ s o 
es U 

© o 
© 

« _e ^ M 

^ n ^ c   w r^ T3 
os in .•';' | .'• " •2 | K -E 

is CO 
.g-§ äs 
usES 

"5 s "> y     6o 

en 

C 
a* •** 
es ' 

£'■ ' '    1. -     ;"_ o  c Q 

o i=   o  g 
O    C3     „   p_ 

es 
M 
S 2 

05 

'3 
en 

B 

£ 
£ 
o 
U 

f,    ti   O    »i 
u  • —           D 

<=   c3   ©    . 
en .2 X £ £ 
§ 8 J a ■§ 
U    "1   TJ             P < 

CL. % ' ~'Z •  .':"'■' U   •=   T3    C   .fa 

J 
0Ä 

C/l Sv*" 01 
_B '■8 42--" 

*X3   « 
"3 
öS ;«1 NJ','   = 

C/3 

c 

SB c 

t j^'.VvwVj*/' E 
o 

LI 
^   ~      ' "   ■     l     ' U 

'> .;. M u <u 
■•>«■/ ■■•'• a. 

DÄ 1'.0H''V CO —' 

3 



o8 
* 5S 

■o CN 

< 

O 

i-i 

Q 

c 
E 

o 

C3 
C/l a 
o 
a 
o 
ta 
13 

o 
C/J 
-a 
H 02 
on 
c 

U. 
< 
1 
"«3 
U 

o 
1/! 

i*fs 

*■ 

. v.: 

es 
t- 

O 
B 
es 

S o 

B 
tu 

s 
"a 
S 

u 
o 

N 

cs 

O 
c» 

S 
CS 
M 

O 

© 
© o 

C/3 o 
© 

O © 
r» 

cs 
u m 

!S l-H 

■Ö cs 

on 

G 

'a 
04 
fa 
v 

»"9 

II 
01 

Ol 
V 
Ol 

E   cj 

«    V   'S  * x   co   es 
H is E- a 

5 ,P •= 

<U   ^,   -    H 

LO E 
u ■- 
> oo 
a 60 
cj C 

X) S3 
o M 

.-a co 
~ B 

03 t 
03 i) 
K «J H ^ 

14- O 
o ~ 

00 

CO .iV 

rt> 03 
5 oo 

.a 8- x w 

c <p 
CS <+- 

eo ° 

3 5 
CO c 

CS ■ j 

e3 > 

o « 

<U O 

a 
u 
O 
> 

o   *- 
■^*  '.2    00 

« a S 

o o O    03 
oo    CJ 

co < 

W 

cu   oo 
co •■■ 

MT3 C 00 
C OJ a; 
X 
oo 

es 
c X> to 

'u 
1) *-* 
CJ 
en 

e3 
E 
C3 

00 
03 

X. 
O 
oo 

ts 
X 

C 
O 
CJ 

1 
U 
o 

C 

E 
0) 

u 
es 
X 

CJ 

'o 
c 
n 

4) 
4-1 
ft 

> 
1 
c 

es 
4-1 
00 

00 

4-1 u 

co 
o 
c 00 

IE 
X 
X 

es 
D- 
CD 
00 

-*f !_ -«—I « —— 
c n pa 4W 

CS 
OS 
CJ 

i) X 00 

o u <J 4-1 

X 
00 

4-1 00 U, 

> 
T3 

00 

c 
_es 

2 
'ÖÖ 

O 

u 
X 

4—1 CO u "1 es 
t.> 00 c» T3 
CD 

S1 
00 
C3 S o 

c 
1) 
r- 

X   o 

« C   es 

111 
S3   cj 'S 

o 
"   o 

.2 "2 S 

e  E 
0)    u 

S    1)  —  M-   -a    es 

2 M 
c 
o 
Z 

<+- 
oo    1) 

.i f-1 

CO 
.    „  X 

00       4^ 
CS   tt_^ 

X 
O 

O   es 
X 

oo 
es 

-<    oo    C 
<i   oo    es 
OH   a 
PQ CO   T3 

>   -C 

3 1? < « S 

a <u 
oo -c 

CJ 4-1 
oo 55 
es O 
X CJ 

«"   O   S U 
«■4.                   U X ~  eo  co a 

> 
o 00 

■a  «  « .i5 2 o 

00   O   o —' 

0) a. 

<N 
CN 

•o 
c 
es 

IS   es 
co    ^ 

- x 
C     3 

•—     CJ 

I & 
CO  o 

y £j 
(^      CO 

i?i 
T3  X 

CO    oo 
— CS s ^ 
oo   _ 
CO  " 

Q*  oo 

tiO 

—  T3 

.E  * 
„ c 

>, o 
T3 a 
3    es 

a   <" —. 
§  o _§ "o 

. S    oo  -g    oo 

3_i 
h    eS 

O  'S3 
CJ    CJ 

00   .— 

<  H  - 
CO 

.eS   *-' _    es 

0 cj    O, 

- a B 
CO ü 
c 'S? .-- cS 
eS 3 

-a — 
£ =« o > 
CO u 

U 
CJ 

_oo _Q 5 i 
■§ = 

E M 

S| 
O co 
- J= 
B 
CO 
E 

CO 
00 
es 
X 

CO 
X 

II 
^3   'S 

- "2 oo    C 

O 
Cu 

B      a 
§ a " 3 
.C  'S    CO   — 

t3  =  ° 

T3 
«J 

'00 

■=   O 
es  T3 

E 
O    eS 

»    es 
E    (5C 

-a 

<4- co 
o S 
o o 
CJ w 

co oo 
X -sj 

00 00 
— CO CJ 

3 O § 
w U u 

ra >— — C            TI 
_- C C C    öO'"" 

0> D •-- -s  •-    C 
n "T ro "—* ■—   *3 

O i- 
bß es   vLi j4 

CO CO    CO 5 x s x a a Q. a oo 

3 ._ CO 

CO 4-1 
ft es CO r- 
-a a 

o 
E 
O u 
CO 

° I 
a a oo 2 

E >,* * = 
"   es 

-    ^    « -R es X 
X<   eS CO      4—1 

O   co 

E ^ 

CO > 
es 
CJ 

X 
3 

oo eS 
1> X 

.a UH 

E X   J= 

S c 

•2 a-d 

to 

i-s 
.22   O   3 

co > 
OS 
X 
X 
CJ 
X 

H 3 

CO w 

T3 S 

!a S 
fc a ■ 
—' 'E 
-* E 

O X 
a o 
O -3. 
co •§ 

00 ? 

«   CA    4-1    0 
CJ 
CO 
-5' 
o 

E 

E 
03 

eo 
E 

E 3 
« 00 
•-    >-. 

> 4-1      t      Ö      4J 
> —     00     (O   . 1= 
M  O 
B  'S 
c    <-> 

OS  00 

CO 
X 

1) Ä u 

> 
CO 

0H 

--    CJ 

T3 

■j- oo 
CJ y 
oo .2 

O 

_^t    00 

s ^ 

O  X 
03 

w  'S 

03 

Cu B 

CJ 
CO 

X? 
o 

x 
03 OH 

3    CO      • 
«CO 
»5.- u   ci s—^ 

CN CO 

e 
9 

OS 
3 



Ü s 
00 

T3 (N o 
8. o DT a. a 
< 0. 

"5 o 

o 
00 
•a 
*m 
£?< 
x:   S 

o 
_ u >' 

es 
o £ 

00  2 

es 
La 

Q o 
© 

s 
es 

o 

a. 
s 
o es 
es 5 
-M 
e 
0> 2 
H P 
01 

;►> a £> 
£ T3 

*■< o< 
x > 
L. Q 
e W 

£ 01 
OS 

e 
o c 

■*-» Ol es 
N E 

!S E 
■Q o 
es U 

S o 
© 

c o 
*-* <N 
es 
u ir> 
C r-*. 

!2 
■© 

>-> 
es 

Cfl "B 

C 
Ol 

■#■* 
es es Q 

BIl 
C JS 
£ c 
t/3 
es E 
£ E 

c 
'S U 
c« AZ. 

< 
fr 

§ 
-J 
0. 
■^^^ 

t/3 
01 
c 
es 

06 
SS 
Ol 

<-> 
u 
Ol 

* 
Ol 

> 
0» 

OJ (2,, 

*"'    Q. "es 

C     (D 

■a ~ 

T3.8 

2  oo 

3 
XJ 

o  o 
O0    oo 

X .o 

a .2 E S3"1 
-O   es 

.8 < g 
•r x> « 

E  i= 
<D 

1    2 

I § 
U   X a, a 

o 
o, 
3 

T3 
U 
on 
es 

XI 

U 
XI 

T3    C y 
3  «= C 
oo    <U S. 

~ U 
r- *— 
o x>~ 
3    u.    >, 
C    es    W 
C    D    m 
oö.E 
2 <D E 

.5   « 
c .3 

<J 2 

■5.8 

o  u 
E fe. 

"3.8.8 

II 
"5 ü 
EU on 

— >^ 
— E ex 1- 
E = 
ed   O 
X   M 

60 
2 ö .E 
5  f  3 

ä E S « c« 
<U 

es u  s - 

0)    oo  • — O   IT) 

l_     1) 

KJ     E 

3    00 
X)  "° 
c   u   .. 

3 

(U   o 

c 

J5 
<ü 

oo u 
<u 

-    X -a  u 3 i« c: S 

a-.y 
03       4-J 

"0-C  '" 

ID    O 

i    ^^ 

03 o 

-a =3 c x; 
o w u m oo 
oo — 
<u £ 

.. « 

C3 oo 

<   & 
<U 

x 

o  o 
a   oo 

U * 
C    es 
O  J= 

e oo 

D.  C3 
? a 

#   = Cu   o 
—'  o 

.1:1 
ts - 
(U   l«_ 

oo  o 

OO TD u m 

w oo 

es ■- 

5 § 
■" es 
<*- w 
O c 
oo <L> 

(U 4- 
E =5 
2 i 
es r- 
D.  E 
c ° 

- y .E 

S3 » g 
°> 8 u    u u 
2 0Ä f- 
—    . c 

oo U 
S E E 

4> 
es 

-8 §5 
2 >,>*- 
O '— 
» X 

es 
oo ti u es 
0) D 

S o 
D 00 

&ü 
ü es 

■" u 

C oo 
O es 

.8 3 

E 2 
fS u 

es  (^ 

°--a 
i>   c 
oo es 
iU ^ 
X £ 
" (U 
60 "> 

es 
Q. 
c 

_o 
es 
u o. 
o 
u 

1^ 
■ =    M  C 
«CD 

S  ^  <" O    3    t. 

1> 1) oo 

Q.-5 '" 

u -a E r- v? es 
■±3    0)    00 
_    O 

-^ ü _ OCX 
s  5  u 2 O es £    U    (U 
«   c 

2     00 

es u 

o  u3 
O   'S    oo 

.E  «  fi 
oo   H 

|.E- 

x .2 
2 •- 
«2   « 

T3 

es 
3 <u 

c" c a 

.8 

D oo 
C — 
O T3 

« § 
x; T3 

p  ■" w 
c   ,* ■*-* 

•7  2 <u 

00 O 
C    C iy 
o   o i5 

X 

■g 
ID 

(D    (D  -O 
7= ■£   = H   "es 

C   w 
o  c 

^  E 
= 8.« o  u  2 «•a - 

-o  s 

es oo 

i- U 
O X 

(U <4_ 
D<  © 
E u 
s > 

•2  5 JS  feL jj  E 3  E  S  8 | 
es    o  — 
O    1)   es =   OC '5, u '5 

fe -2  »  p = 

p  H Q- 

g-is 8 
r5     <" — C/J    r- • — 
u.    es oo 

o2 S J= 
fr, o 

«^ es 
—  -3 W 

c.y E 
.2  >>," 
«    es 

öS    C . 
< 

<^  S 
00 ' 

C    1) 
.2 "ä, Q, 
o  E E 
<U    es o 
W75 u 

-a 
u 
oo    iö Si 

8   5 'ö 

«-s 
S •- - 2 

'S ^ 

oo   m 
g -c 
<D   — u,    eg 

X 

o 
D, 
E 
o o 

c 
o 

a 
E 
o u 
ID 
c 
o 

<D oo s a 
B 

iJ 
o 

(D 

D 

T3 
e 

*öo 
C 
o 
o 

X    es 
•c 
o 
oo 
<D c 

ID > 

O    es 
1)    oo    0) 
i;   oo — 
Cl,   ID 

c 
1) 

o ~ 

& 8 
^ 1 
2 S 

■5 «3 
(D  "O 
oo 

■—    oo 
^  rt D.   £ 

QHOÄ 

(D 

(U    (D 
_>   Xj 

Ji -  o 
•2 § 2 
c 
o 
u K > 

. <D 
oo r^2 

2 Ü« 
.So« 0i_ *J o 
t, M 3 
1> _ "P 

■^ ^ P 
O oo CL. 

2   I    O 
o -a  ü 

C  oo    >» 

■2-8 
2 H 2 y es 
•o J  DJ 
§ 5 E 
<->    C    Q. 

.S" es 

S    ff  <D 
^    U 'S 

JJ. 

« •—        fll 
2 2c 
- £  c 
!U „ 
E £ K 2 

w 
es    D  T3 

SE 0 
^"o " es       -a 
C    C    (D 

E.2  S 

K .a .8 
ex. ~ 
IU  -§  = 

hE'J 

oo    o    1> 
•3 C X 
£ O " r-1 na 

ftß 
••    «    C1 

S * Ja •5 = = D. -r ID 
^  ?  aj 

£ -2 1? 

X.   *   oo 
3    "   L3 3   ID   2 

xj c ,o 
xl 2 
"! S i- S es S es u. -O 
D 1) 

-2^ 
>.   6C  oö 

es   es —. 
c     i     1) =   m   ö 

"7?   es 
B X 

fr. " oo 
ID 

X 
■4—1 

er 
.2  c 
•a J2 

8,-2 a, o 
<  > 

oo ,S 

XJ 
E 
3 

4—1 

>> 
X) 

VO 

3 



og in 
(N 

.=  00 
-a ts O 
5 * 
0.0 01 o. a 
< CL 

o 

o 
CO 

m 
00 
c 

u. 
< 

x: 
£3 J 
* «j 

u 
o 

CO 2 

s   <*, 

I >   ' 

&-'■?'+ V 

es u 
Q o o 
s 
93 

© 

CU 1-H 
S 
O es 

5 
+d 
c 
o> 3 
= P 
0) >-. a. A 
£ ■o 

*""■< o> 
■^ > 
u V 
o u 
£ 2 
e »3 
o c 

01 

E 
— E 
X> c 
S3 U 

1 © 
© 

O © 
•W <s 
so 
«J V) 
c ^H 

"O 
>> 
eS 

"© s 
t» "O 

C 
01 

es 
03 Q 
on 
e 3 
X. e 

01 t/3 
es E 
£ E 

e 
"S <J 
t/1 ^ 

< a, 

t/5 
01 
c 

"es 
OS 

fa 
01 

U 
01 

£' 
Ol 

■> 
Ol 

Is' 

I, 

3 ■■= .-a 

=    00 

5-i 
00 3 
—  T3 
c   « o 

|1 
«s •& 
U    i» 

^—> *-* 
W5    4-» 

??     C 

■73    E 
T3   'S «   S 
2 — 
T3    4> u x: •o ~ 
g o 
4-*       00 
3 Ü 
<D    3 

■>->   «-    X    oo 

2  J2 

6JD 
bß   u 
S3    oo 

CO  -5 

>- S3 
D. 'S 

O 'S 

-a -c 
u ■" 

c 2 
00 3 

—'   .—    03 
c    c    ° S »u 
3S    • 
u   ,-s   c 

:> "o ft 

^ "S SS 

ig; 
c o 

= S -c •^ E °- 

c 8 

O.JJ 

C "O 
ID    U 

-   > 

O    c 

^^ 

2 § 

t3fl> 
cd P* 

T3 ^ 

O 
c 

S3 

H is 

<u 2 a, is 

11 
S3    u 

■a 
c 
S3 

- 5 y T3 - 

D   "t3 

C  T3 

E "° 
.5*  S3 
3 

o u 

-o   „ 
rt   o   o 
EM« 
2  SP « > 

S3 

6Ü  u 

S3 
C 

u 
•S  T3 

1) 

O 
o 

Si  ö 
£ 

■s  c   c 
ä —   o 
§«1 
3  >-   E o  <->  o 
r- «   — 

•= U    bß 
— -O    bO 

C «»    ? 
o  «   u 
S 8 "° 
^  a. u 
O    C    oo 

<*i  S3 

■a  D. w 

7=;  u "~ 
"p £ •*= 

5   o 
o 
60 

s3  a- 
.E  E 
C    S3 

a- — 

C 
_S3 

a, 

is 
u 

5 « o  a< 
■^ E 
c  w 
.3    </> 
S3  i<_ 
a. o 
(D  'S 

ö «'S 

w  T3 

■o O 
w # 
11) u. 
CO t: 
1) ,o 

u   g 
.=  -O 

C/3 

-§ E 
■ — U3 

Ü0 • — 

'S si 

■B 2 a * —       E >- 

JB | S3 

s3 -a a 
_ -g = 
.2 ^ a 
a fe ^ 
=2 ID 
E   oo _n 

• « 4—1 

-S    S3 O 

x: 
& 

T3 
3 
S3 

O 
Si 

c 
is a. x 
W 

2   w> 
^ .S 

TD x: 
4—» 
S3    oo 

■~£ 
D.-C 

^    oo 
oo    «J 

■—  T3 

.2$ 
ass 

4—1 S3 
S3    <U 

■52 « 

a. 
U 3 
S .2 
'S 2 

«■, <u 

E E 

o 2 
00    (JO 

ft!   M 

S3      t 

s"3 8 

-O   TJ 
KJ     OO 

u    3   T3 
3 
1) 

u is 
E = 

0)    Ä 2 
S3     C 

E .2 

*r>   £ 

<D 

o -t: 00 

-a 
a) 
8 
u a. 

E 4^ 

2 E 
ao 15 
bo eg 

T3 hi 

S3    > 
1)    ? - s 
u-    ID 

2 S 
S-S 

iä a 

i*2 

u x: 
4-4 

u > o 

75 x: 
O « x: 
00 
3 <D 
0 S3 

P 
S3 3 
O. 1 ■■ 

1> 

S a. 

Q. 

1 

8 a. 

12 
3 



og 

o. 
< 

O 
u 
IP a, 

c 
p 

o 

o 
c/} 
•a 
M 03 
60 
C 

u. 
< 

x: 
3 k 
•i <U 

u 
o 

en 
CJ 

o 

T3 
W 

"3 u 
0) 

e 
a> 
E 
E 
o 
U 
© 
o 
© 

vf 
i—i 

>% 
08 

s 
w 
os 
O 
42 
c 
o 
E 
E 
o 
U 
E 
C3 u 

© 

<u 
u 
c 
CB u 
3 
t/3 

73 
S 

o» 

a> 

U 
M 

i5 

K .2P'S ca   us   o. 

lit 
Qj   is   ^ 

a -Ö ^ 

S   *>   R 

^ ^-§ $ a e s S- 

c 
u 
E 

3£ 
<u 

<D 
Urn 

'3 
cr 

OS   =t 

CX,o 

OL,   ^ 
U Cu 

x 

60  w 
a > 
O u. 
Q. < .E 
O. 
C3 

i- -a 
i)     3 •a c 

C3 

CD fa   c 
3   ■ — 
c   c ,^_i 

<,     OJ 
X) < 

=5   o 
u   c < 
C    CU —H 

<u   > 
O  « ü x 

c 
1) 

3 
a- 
CD 
u 

60 

'E 
"ä 

.2 
'Ü 

<u 
00 

CQ 

T3 

c 
_o 
o 
D. 

c 
CD 

E 
3 

U 

T3 
C 
es 

X! 
C3 

E 

c o u 

■c 
CJ 
<u 
(J 
c « 
a. 
1) 
U 
U 
C3 

•a 
c 
ca 
c 

_o 
u 
4) 

CJ 
c 
a 
c 
u 

C3 

E 
> 
c 
1) > 

UJ 

I 

E 
3 

E o u 

«I ^ 

_    <L> C 153  .tS '"" 
-   «   c •= 

C3   XI 

60 — 

■i * a, 

c 
_ _o 

,o   ö 

x: T3 

D. T3 
1)     - 

JJ    § 

1)    t 

1) 

r T3 
•J=    >    60 

E^^ 
C3 

00 
CL. 

E 
E 

_  o 

C3 
W5     CA 

E -5 
C3 

"   X 
C  .'S 
.2  £ «^ 

CS      

a. § 
O    rv 

°-  t 
■a   o 
(D     CJ 
on 

O     3 

C3 

[is 
o c 
c. t« 

^^ t- 
, Q. 

- B- 

C   X 
o *- 

\S    CO 
CJ    1) 

^  X> 

CO     C3 

'B    g 
>s  6J0 

<U 

C 
_o 

C3 
> 
C3 
CJ 
X 

W 

PQ 
. —       •- .2 

o •- 

a. <u 

CJ    O 

£ Z 

i—.   co    O  T3 

<«    ,«   Ä «    «   t3 

u  o 
ö    M    «    Q.= 
cd 

T3 
C 
4) a 
OH 

< 

CD 
•a 
"> 
o 

c 

E 
3 

T3 

a. 
cu 
< a 
■a 

i 
CD 
CO 
«S 

CQ 
C    en 
C3    U 

H  c 

.52   «j 

60  O 
o _ 

§<-s 
E ^ « 

tj   CV    ° 
u —•  c 
fc   -  u 

§ -I -« 
a « > 

E-' *3 J= 

to 

E .i ? 

—i   o 

' '   > 
o 

mac 
•   ■=    C3 

..OS U 
CO          CJ 

ö «s y 
8'E^ 

o 

15 
a 
u 
CO 

u 

ts 

9 E 

§•2 8 
- S^ 
IS B 

■a " c 
"Ü °° o 
UU    j_ cj 

3 <u 
ro'   MOO 

—    fc r-, 

.2 o 5 
w   cj p«s 

u   o v_ 

n b a. 
T3 

IS 
T3 

c3 Tg 
i/) • — 

O <U 
X    <" 

«=^ 

^s ON 
\0 ON 
ON   ON 
ON    —' 

a a 

.2 <u 
-a .-a 

ca cj 
OS 

a. 
i2 
3 



• 

°8 
.2 oo 
T3  CN O 

fr -   &'' '■ 

e o 
© 

a 

Q 

a. 
o 

c 
B 

o 

BO 

O 
C/5 

_ U 
o ° 

00 

■ *• *V ■'   ■ 

T3 
CJ 

>~, m 
0« OJ 
< X a 
o r> 
£ V- 

>> 
x: 

CL, 
o 

£ C/3 

c 

o 
'C 
o 

I 
'S 

rs I 
■S s E2 Is «n" 
2 .5r « 

■ft 
•fci 
© 

I 

«g 
■81 

!1 
i 
.5 

15 

■ft    ä 

3 

X> 

oo 
S3 

/~—\ 

S 
£& 

£ 

2   <u 
3 -a 

3 o c 

i 
T3 

H 
c <! ~° 

o c 
8 

£9 « 

.s «  o 
- -S * 

JJ S3 
•S » 
2j$ 

"8 s 
5-a 
co   to 

C   O <U .3 

5| i s 
u   1) 

"H.S c  o C    D 

00    to 

U   u 

CJ s u 
3 
O" 

•a 
.8 
u 

_u 
"o 
u 

Ju    cO 

—   cu 
>     O0 
■*     O0 

a 8 
_u a. 
B-u 3 «s -a  u 

D 

T3 u 
c u 
E 
o 
O 
8 
oo 
03 

T3 
1) 
oo 
'> 
8 
c u 

JJ 
oo 
CS 
Si 
CS 

X) 

H 

o s: oo Ü 

^1 
u "2 

CO CJ 
~ CD 
T3  = 
w  o 

I-8 
o 

CO 
JJ 

CO 

0) 
"a, 
S 
CO 
oo 

-3 c c 
U   T3 

E o o 

CJ    ■*-• ^    3 

.<-i    3 

12 

if 
oo 

.a « 
"5- 3 3 E 
"O 

8 u 

(U oo 
4—1 
CO (D .a a 

■a cj 
3 S •-1 a, 

"O 3 
3 ^ 

oo «* 
U ^ 

SJ -w 
CO O 

iu ^ 
XI 

JJ *8 
•e o S3 u 
oo   ,  
O O   "m a, o i2 

o 
4—) 

2 o 
Xi 

CO 

T3 

-a 
T3 

CO 

4> 

3 
8 
i) 
E 
u 
O 

-t— 

3 

2 o 

Ü ^ 

.2 E 
■*—» "^ 
cj  ■" 
U   toß 

00   3 

« 2 
= 2 cj X 

P o 
Ö w 

E 3 
«- x> 
*" c 
U CO 

.§ = *•> eo 
O   too 

<y E 3 CO 

0Ü X ■a T3 
n (1) >. x;- tc toil fi n ^~. 

oo nt U 
O 

'S x: 
s 
3 

7 
00 

4) 
2 
oo 

1) 4J CO "^ 
S ;y 

s" & 
m O 3 

CO 
CJ 

'S 

i~- ■*-* a 
u 

X5 
CO 

T3 
T3 

CO 

3 
g 

tN 
3 H CO 00 

< 11 3 
„ oo oo (!) Ü 

cn 3 oo T3 4-» 

r- a; >> 3 <J 

E CO CJ ro 
3 8 

i 
3 
CO 

_C 
3 

CO oo 
CO 
U 

OO 

13 % 8 

< 
00 

1 
u 

T3 
3 
O 

sz 
oo 

3 
oo 
CO 

1 

VO 

S^ 

2 
9 

o. 

I 

o. 



og 
x Si 

-a t 

D. 
< 

00 

i 

a 

c 
E 

-^ 
o 

c 
o 

© 
© 
© 

X) 
15 
> 

"33 
u 
w 

s 

o 
U 
© 
© 
© 

vT 

■a 

es 
Q 

e 
a> 
E 
E 
o 
U 
E 
CS 
L. 
M 
O 

5J u c 
es 
u 
3 
c/i 
i/l 
< 

es 
3 

c c 
a U 

'•B 
o 

CO 
-o a> 

T5 
S 

"11 8 
>-5 >    o  O 

So
il 

M
cC

 
R

ev
. 

•a 
eo 
o 
c 

T3 
CO 

CJ 

e o 
cj 

c 
u u 
X 

X 

"O —T 
N   m 

■a«5 

c c es   o 

£'» eo 
o oo 

= E s.i 
■S  E 

oo    O 

o X! 
u u 
rt  T3 

eS    C    c 
.5   T3    c c 

.2  o 
•a -= _   u 

on  OO 
t/j  , 
tu   oo -a 

■§ IE 13 

<u 
o 
c 
1) 
o 

■ES 
1^1     CS 

to 
?0 

—    D. 
co 
eo 

CO til" tu 
Di   >, 

2 u « .s ä cs 
•S ,P x 

H 'S oo 

8.« 
D. 
O u 4)   ■ 

x 

E 
3 

CJ 

00 

c 
eo 
E 
jo 
1) 

00 

c 

CJ 
CJ 

CO 

CO 
X 

2 E 

CS 
X 

•8-8 
■a — 
JJ ^ 
E .u 
E c 
CJ   T3 
eo   c 
l-    CS 

•-   u 
*_» 00 

i—i     CO 
c 
es 
60 

.   c 
cs 

CJ   ^ 
y c 

CJ     «3 

<*-  E o c o 
CO   l+l 

II 
C    60 
o -* 

oo  CQ 

U 
in 

es 
T3  CN 
£cN 

c 2 
4* « 

E 
3 

E 

U 
O 
U 

c 
CO 

00 
o es 
x es X 

CJ T3 
1) "8 

c 
eo JC x; 

es > C E 
es •n H 

X es 
<l> w CJ 
X o 

L2 

c 
CO es 

C ^H 

TJ h es «I 
3 CO 00 

>. E H c 
<3 o o 
C 
C3 CJ 

i 
CJ 

c 
u CO 

00 
X) 

♦-I 0> 3 
O 
c CS > 

es 

00 
CO 
X 
4^ 

00 

E 
p 

^ x: 
ct- 
ri 

cfc 

00 
00 
3 
es 
u 

•a 
CU 

a, 
E 

C 
es 

CO 
> 
o 
F es 

00 n o2 fi 

CO 
N 

CO 

>. v. 

<N es 
C 00 r^ es c 

« _o 00 

O 
CJ 
1) 

CO 
00 

oo 
c 

es 

CS ■"*■ •~H 

00 
1) 

■o 
CO in 

T) oo 
U. -1 

E 73 o 
es 
00 

_c 4~* 
c> 

0|- *—i (1) 

es 
a) 

c 
00 

oo 

T1 
CJ 
c 
3 'r. 

CO 
T3 

H 3 

o 
«-j E 

_c 

^ 3 00 

C 
o E o 

u 
1? 
X 

T3 X CO 

E •o CJ 
es 4_, 

c ,— 
u CO CS 

C) m > 
CS >. 

Q 0) 
es 
C 

in X CS 

■a c o a. 
00 

g 
O 
CJ 

-o 
CJ 

u 
g o 
CJ 

C 
CO 

CO 
I 

CO 

x:   es 

n "^ 
es 

E"S 
3  X 

oo 

.2 ü 
es E 

rn 
r^ 
c 

CJ 
1) 

OO 

1? 
CS 

E 
E 

j en   3 
rnW 

.5      "« 
a, i" x> 

E o 
i- 

8. >> 
00 

E 
(!J CS es 
a, 
E 

3 00 

CO 
(1) 
u 

00 c X 
4—4 

CO ■o (1) 
00 
O o X 

a O 
E X *-i 

o nt u 
CJ CO 3 

E 
es 

OO 

CO 

I 
CS 
u- 
C3 

DL, 

■S  E CO 

'S. 
E 

n> es 
■3  « co 
C    u       ' 

■*-* — r^ es    es 
Oi    3 

< 

r-i   c 
r~:    es 

g  E | 
,.   <4— 00 

•E £2 j2 
"5."S •" 

K  g « —   o c 
2    ° § 

p « 

x ,o 
CS 
H 

co  *-" 
-a 

c 
_o 

CJ 
CO 

oo 

CO 

D.   CO 

E 8 
es    C 

oo a. 

-t— CO 

„ Ü   u 
CS   ■-     CO 
X   Cu — 
- J< 75 
oo    «    CJ 

a« u 
.2 x _ 

.Eg? 



OR (N 
.= oo 
T3   CN o 
5 « u 
O. C3 
< B. 

5 

O 
O 
O 

u. 

o. 
£ 

o 

c 
o 

rfti; 

JPT"' 

c 
o J3 
C3 u 
c: «V 

■5 u 
o 

C/3 
-a V 
§ CO 

c < 

-8 
3 

II _ CU o 
1-9 

WmWi 

Wfflmp. 

§ I. 

£T Px 25 

CD 

D.; 

>       -4-1        OO 
s   u   " 
u,    3 
00 -O 
^  o  e 
o  fc  « 

"7-* 
£•02 o  <u  u 
O    N    G 

X    <-> ..   ~     00 

£ 'S15 

u.  T3   *-» 
£     C    u 

<U    c3    cd 
T3 X 

_CD 
73 
C 
cd 

E -5 4* 
X) 
cd 

r- 
CD 
u- 
3 
00 

E 

'öo Cd 

u Ö    « 
> «    O 
O CJ     00 

W CD    W 

^ OOCN 

^ 1 <i 
Ü "w   ^ 
X „ e 
cd ,—^   O 

§2 
2:1 

C3 

z .s 

T3    3 
<U    cj 

IE    C 

C3 
X 
■*—» 

T3 
U -a 

l_ 'CD 
<D   X 

^   X >   ao 
oo    O 
1)  X 

C  CN 

c 
o 

o 
c 

.E "a CD 

e w 

■OS1-* D    M    1) 

•=   &   CD ■*-»    00    -r 

=   S3   ^ u  s  o 
s8a 

^ C3 
c <u 
s S 
EH 

<D . 

CJ *H 

IE u 

-2 Ö 
CJ CJ 

CD '_ 

£ 8 
c w 
CJ c 

"2 •- 
'"! "o 
CN CD 

r- oo 
3 

<D CJ 

cd "O 

c = 
O CJ 

'B. C3 

^ 00 

aß 

y   oo 

m 
<ri 
r~ . 
c c 
o o 

*E oo 

cvn c 
o 

_   cj 
—     OJ 

CD    oo 

3 | 
00     O 

TD    oo 

oo C 
U O 

= '5b 
~ CD 

.S Bd 
-O <D 

= F 
OH . 

O Pj 
tyj ET 

73 > 
CD ..<-« 
<-> ^3 c 2 

iS     CD 

x:  u 
•4—1 

.S  o 
-4—> 

O    CD 

O CJ 
_ CD 
S   X) 

oo 
C3 
x: 
CL, 

% 

00    CD 
M X C3    eg 

. ,     CJ 
oo    c    cS 

CN  _  ~  .S 

■a 
c 

oo T3 
3 

c 
o CJ 

C *—( ■^" 

c> 
CD 

rn E 

00      00 
CD    CD >    > 

CD O 

C -• 

o u u X p "±3 

cj   cj 
CD    <D   Ü 

O °    . 
< a 

CD > 
S2 CA 

T3 
CD 

3 

O 
c 

2^ 
CJ 
CJ 
es 

■a 
c 
C3 

o Cu 

'%% E O' 

OH 
OH 

< 
& 

CD 
T3 

CJ    CD 
oo 

Q/oa 
CJ 

CJ   JS 
IE   ■" 

2    CD 

CD 
X 

8. .2 

cj 
CD 

00 

CD 
oo 
C3 

CQ 

CJ     CD 
CD    1- 

CD 
X 

03 
T3 

C 

'-*—» 
cj 
CD 
00 

CD X 
ü x:  y 
C    ^^    « 

^  o  o 

^^ 
00  T3 

So "* 
a, CD 

CH»O x 
oo   —'    U 

■ m     C     r* 

I *.« CD   _JT   bi 

fS2^ 

c .> o — 
C    cj 

■a 

CD 

o  ö 
C   C3 
CD 

w — .- 
n- H x 
(-1 ■" 

c 
_o 
'^ 

CJ 
CD 
oo 

00 

,« 

T3 
CD 

■a 

*> 
o 

CD      • 
cj -^ 

<— CD 

o x 
<*i 3 
— 00 
C Ä 
CD O 

E " 
<D T3 *-. ^ 

CD » 

»s 

CD 
■o 

C3 

C 
CD 
CD 
X 

00 
C3 
X 

CD 
oo 
CO 
X 

CD 

oo 
CD 
O. 
C3 

-00^ 
C CD 

"E > 
S x 
CH 
CD — 

* ts 

O CD 
"*3 X 
es ** 

"O b|—• 
X o 

cd 

> c 
a y o u ■s a. u 
3 O 

•a o\ 
CD 

ä ii 

'S « 

>   c 
^   o 

c« 

12 
"is > 
■a 

CD 

*3 C3 

CD •« 

* Ö 
— O 

"I E 
CD 

= 2 
cj O 

CD Cu 

5«9.2 

ON 

Q  u 
^   CO 

^O   ,CJ 

oo '~o 
c-5 
°CN 
o so 
c^od 

e 
o 

<   c^ 
00  00 

CJ 
-a   4> 
C   M 

CO    CD 
X 

.12 ^ 
>  T3 
E = u    CD 

E 
E o 
cj 

E 

•E S 

c 
.2 ^ '5b o 

CD o 
OS O 
^  (N 

CJ   "H 

E "^ 
Ü § 

■S   C 
r-     rt 

•o ^ 
CD    C 

3 .2 
X 00 
     CD 

CD   CM 

= w 

>   cd 

I 2 
">     CH 

u   cd 

b   cd   CD 
,0  *S -a 

«'S    | 
'3W   u 
> 5 x 

TO    ^<—^     O 
CD    ^   CJ 

•a  C 3   E    00 

.5  o H 

OH    ä 

a w 2 
s « § 

f=  Xj ■O       H       (J 

2 >.~ 
oo X cj 

00 cd -tS 

S» 00 - 
«  o  E 
^ s ,s 
'Z E ■*■ 
■" 2 u c x  a, 
o  u S 

T3 
-a 
cd 

cd   cj 
00-E 

CD 
00  B 

S .E  ^ 
•E  E 

• 3 
03 X    E 
00   o   o 

2 OS 
3 



o 8 o 
00 

XI o O 
K SU o u 
a. n 
< a. 

GO 

c 
o 

o 
on 
■o 
M CO 

C 
u. 
< 

3 1 
■S <u 

u 
o 

CO 

a» 

u 
e£ u 
il £ 

■a 
S 
a> 
o 

>-» 

oq 
00 

00 

73 
<U 

73 •a 
es 

oo 

-C 

C 
o 
'S 
E •— a 
c 

.5 
u 
3 

•a c 
o 

00 
oö 
c 
o 

,P 00 

es _U 

73 
C 
03 

73 
73 rt 
C u u 

Xi 
00 
CS 

_     00 

.2=5 
oo    3 

cd 00 

00     fc 

E- -S 

«5  Ö £> oo <ü Ou 
c   5 o 
.2  S ■£ 

.8 «5 

u 
C3 
u. 
O 

e- o 
c 

73 

JMS 
C3    C 

•C — 

H    C3 

<U 
3 
CT 
u 
c o a. 
3 

c 
g 

'5b 
u 

0£ 

X) 
JS 
'«5 
> 
C3 

73    « 
3    CX 
< E 
E    <" 

on w 

il 
U  .2 
a «a > 

<u 
c 
C3 

oo-g 

§ 2 
"■3     KJ 

OO    oo 
1—' £ 

o 

< 1 es .E 

C3    l) 

3   o_ 
^   C a § 

Cs    g» 

.2 <u 
oü-E 

as 2 
B~% 
o -o 
Z § 
*  o- 
'S JJ 
E| 

■=  8" 
C3     C3 
<U     oo 

—    C 

£    ° 
.■a   c 
•a  °» 
3  <+- 
C3   — 

CO 

a)   o 
i£   oo 

"5 <"   ^ c  o 
C3 

« •£ o 
=5-3 
■"   C u 

E 
E 
o .   u 

oo  2 

C3 

OO 

o 
o 

00   73 

oö    41 
1)    C 

"3. te 

S <* 
W  o 

ü   u 
J= öS 
o 2 
~   T3 
C    U 
o -a 
S  > 
■a  2 

S JS 
T3 2 
W 3 
C O 
C X 
C3     00 

a. « 
u  o 

00       ' 
00    *J     w 

as   c3 

o  o 
c   a  s 
O   i-   i- . <t o o 

as   O.J2 J2 

(N 

IE 

Q. 

OO 

» 

e 
3 

eJ 



o8« 
.S 55   ' 
"I CJ O 

c 

O 
© 
o 

es 

«5 
es 
p 

cy £ 
"33 u 

s 
cu 
E 
E 
o 
U 
© o o 
c* 
vT 

>> 
es 

cu 
es 
Q 

B 
u 

E 
E 
o 
U 
E 
es 
u 
CUD 
o 
I- 

Cu 

C/5 

es 
3 

T3 WD u 
o CD 

-o <U 

c < 

W
as

hi
 

le
lla

n 
0 

8 
*-5 

So
il 

M
cC

 
R

ev
. 

™ .o 

':.s;: 
I 

u —I 

>  h i> u    1) C 
1>    > 3 

1/3    U M 

2  IE 
l> £ c 

UH 'Z 

•5 .E 8 

5    es *J 
0,4) 

1) C3 
— on 

s-JJ 

4)    3 
00    O 

■Si -= 

1" 
E-2 
""   ca 
U5     N 

.£2    M 

c 
ca x 
cj 

« =  o 

s § 
o 

i_    CO 

v3   ca 
3 

o       ^ 
ca 
N 
'E ' 
ca 

XI 

<J | ä I. s 
S     O   £ 

§   «5   S3 

<=S 

.E -^ .E 

O  —i  TD 

o  H  5 
O   (/3   ■ = 
ca 
i3    C    w 
C  —    <D 
°   If, 'S 

v E 15 
-P   w '"35 
- x:   c 
S3   ° ■ ° 

o   "> 
.5 <U 
E 1- 
0) 

•a 

• — t/5 .w 

■Si •= E 

« Ä U 

= 1 

C -a 
E 

C8 

E 
c 

oö 

ca .2 
C 5 
ca « 

CJ (D 
_ x 

■a  uj 
w  c 
«5    o 
oß a, 

">   ^ 

Ö § 
O u 

•a 8, 

•> .E 

<D a) 
"9 « 

—r u 

2   2i 

p —i   c   ca 
3 <N ' |ü 
E -2 J2 

1 .£ 
"O  -a 

1) 

x: 
to 

E E 

S£ U 
E 
u 

o 
2 
o 

x> 
ca 

3 — o- 
o   ca 

w)   c   w   <j   4> 
^    r^    *T1     ^-*      ^-■ 

00 

u o 

3   .S 
a x: 

C    O 
—    u 
—;   i) 

S a 

a T3 s a 
o c 

(N 

c 
1) 

E 
ca 
in 

X 
c ca 

C/3 ca i_u n x: 
7^ o c u 

c 
o b 

00 x: 
4—* 

> u u 
oo 

T3 
C 
ca 

u Ü 
.« oo 

CM   P 

<£   <<o 
IS 
4—1 

Q - 
° S —H     XI 

"° >> E 
2«  « c 
o   ca 
U2     1) 

O •s x: 
o ,*i JJ 
S^ ^ « 

E 

o 
u 
o 

O   O 

Cu-r- 

3 

T3 
T3 

—'    C 

T3 .12 
E .-3 
ca — 

T3 U 
U X 

"O " 
•r on 

2    3 

&    (A 
ID -5 

W3   »-^ 
U   |^ 

to 'S 
^E  ta 

ca -a 
u   u 

•a c 

-a 
(D 

c u 
•a 

u 
E 
E 
O 

u a 

—' g x 
E 

.2 
cj a) 
<D T3 

00  -5: 
_  o 

L-      O- 
u 

c 
c 
o 

o ■a x> 
Z «  « 

-a  "^ 

o "2 

II 

C 
o 
D. 

1) a. 
CD     U3 

8 
.>    io . 
•a 
E 

O' 

a e 
S 
C 
E 
e 
I. 

a 

£ 
3 



og 

o. 
< 

O 

c 
E 

o 

c 
o 

on 
"£ 
o 

O 
O 
O 

•5 u 
o    ' 

CO 
a» 

•a 01 

W
as

hi
 

le
lla

n 
0 

8 
*-5 

So
il 

M
cC

 
R

ev
. 

^"1 *,;<"-":>«"* .;;-•• !'•_ ?;. '-?"'.'-&■.'^ ■■•...'' v_ u   u   <u 
»ff- -*= "r5 -= 

-    "00 

t*. 
.<pr* ■ <U    c     <« 

*"?^» *£?'"'}    '.-"' '■- <£:   Cu a 
-.-. ■":'.-~^tfi'.'*. ■. ->; ■ 4)    w    o 

u-    U   •—       • 
!•■ 

^ .'." '.''-. L~iX 't':-ii_. U   i_ -o   u 
V -• v: —; ■ ;^|k. •£.£.£   g 

;;*n*e'fv(| 

P •"■''■''^'"'^'V'-"^* 

>  T3    O    U 
Kj 2    >,<*=     C8 

i1'.' C    1>    <D    1- 

ot
 d

es
i 

IP
 w

ill
 

e 
 P

E
 

t f
or

 th
 

•if- C  >  -S    c 
Ü                  ■ — 
k    u       ..    O 

gs
 a

 
ft

h
i 

th
at

 
5u

ff
i 

co      : 
> c = e 
«•2      2 U.     *->                C/> 
-aw       so 
..    <->   «i    C 

& 

T
he

se
 

ce
rt

if
i 

ch
ar

gi
 

dr
aw

i 

<s>   to     r "o ^->  >» 

• 

'Ia
n;
 5

.2
, 

Pr
oc

es
 

m
; 
 7

-1
, 
 S

am
pl

 
Fi

gu
re

s 
3-

1,
 5

-1
 

ve
 b

ee
n 

re
vi

ew
ei

 
as

su
ra

nc
e 

  
(Q

A
 

an
d 

ap
pr

ov
ed

 b
 

*  «   c  5       "o 

.ti  «-a  >>.-£  £ 

-  >—'    CJ    w     3     > 
-  u -5. «  °* K 

a. 
■»■. ■ 

ag
ra

m
; 

5 
O

ne
-L

in
 

aw
in

g 
de

 
to

 i
nd

ic
a 

ry
  
 a

nd
 

th
es

e 
be

 

U.   .;• 5 « -S "8 .§ "8 

t. ;   -.-- 

3-
1,
 P

ro
ce

ss
 F

lo
w

 
ou

t; 
  5

.3
,  

 E
le

ct
ri

c 
;] 

T
he

 e
ng

in
ee

ri
ng

 
in

d 
7-

1 
ar

e 
no

t 
si

gn
 

ro
ve

d 
  

by
  

 s
up

er
v 

1. 
 I

t 
is
 r

ec
om

m
en

d 
pe

rs
on

ne
l. 

e .3 .1 T £ i | .*. c 
3        a ^         o .£ 

.£P -a   « of TJ   Ut 
p_   «   o    i    c   u   <u *Y '' , '" '."■.;' '    "■ '\~ 0) 

\: ■'. '.•'■'' '■' •"'. 

C/5 

:.i; 

"■V5* ■■':; 
'■H-.K''--' C 

(U 
E 
E 
o o   ... ,. U —' 

e 
9 



SS ■  00 
CN 

• 

-a 

a 
< 

O 
BIS 

o 
CO 

-a 
5 CD 

60 ~? 
C < 
'£ s 
^ —  — > u O 

co S ß£ 

O 
O 
e 

t/3 
DA 
S3 

"53 
u 
aj 

06 
& s 
D 

E 
o 

© 
o 
© 

vT 
l-H 

es 

s 

« 
Q 

M 

"© 
CU 

Ü 
M 
e 

"C 
eu 
s 

'3D s 
U 

u 
o 
ie 
■ji 
< 

o 
!*> 
es 
H 

es 
>-» 

ü 

0) 

•p 
u 

PS 

- •-:»:'•"" . 

te.;-r.'.-£-*; 

- A ^ : 

•:-a>: 
:''t0.-, 

1®: 

4
Ä? 

2..0 
-H ^ 

«£ to "O 
>   = 

^ s 
c a 
CU 
CU 

X) 

>  S 
«a   es 
X    3 

er 
m 

(U   g 

es 
^"S 

es    O 

tu 
o c o 
u 

60 
s 

"C 
es 

I 
o 
o 

>% 
X) 

"O 
tu 

co   tu 
CS    u 

i- <3 

3 3: 
O   HH 

es 

C 
O 
Z 
60 c 

c  s 
4)    O 

2 x 

° «1 
=   » 
is -3 
& c < E .5 

c J2 co 

■2 13 SSH 

o 
JB 

S B a -a 
Hü 

OH 

— B x =  sw 

>    S    c ■*   60-3 

£ s i 
2. o x 

O 
CJ -o 
>>£ 
X   C 

"3    co 
1)    i) 
CO     C 
to    rv 

12 c es   es 
•a 
c 

— 3 
—     t/3 

iä 
CO 

•C U 
B o 
.s > 

■s = 
E-i  o 

,   es 
«£    u 

es 

5«S 
es 

"2 <2 ~e 
3   ^   C   y   ^   es 
Sa-5 ■= ^5 x:  u "- 

W3     Öß 

1) 

* y 

3 3 
O tfl 

60 1- 

c  u 
es  .3 

U 
X 

o u — 
- .«x> 
T3 g 3 
Ö °    es 

**   iS **-'    "*"* 
~   Q ^   w 

E    3 

^"     3     U.     Ill o 3 u -s 
■r- ■"    tj 

o .> 
"4—» 

« .Si 
5" x' MH .0 

o y 

3 -3 S 

CJ 
U 
US 

X 

X! 
H 

■ 

^  X 

u   ° o   ^ 
t = 
3   es 
03   3 

■2 I 
CJ 

SO 

c/s  'S 
W     CJ 

B 2 
T3    O 
"Ö     A1- es CU 

_' CJ 
es <U 

00 £ 
n-l °- 
(U >-% 

■*-• *^ 

es x: 
tS 5 
es   er w u 

•° « 
2 * 
3 US 
O « 

•3 B 
"> -3 
•- "2 CJ es 
es O 

•a "3 
3 D 
3 « 
2 > 
60 u. 

3,<+- 
U    i_   O 

~S      ^     V3 

0% B 

U  X 

*? -s H 

£ E O   u 
D. c 

O 
cj 

es <+. 
.   -    O 

<2   es   *J 
S X   C 
O   «    es 
'5 Xl .5 
3    g    E 
1    »I 
u ao 
^     3     CJ 

•3    es  -3 
2Ü« 
I«    cj    tu 

es 
O 
60 

3 
es 
cj 

U3 
es 
X 

X 

CJ u 

03 es 
es X 

■" &0 

■4-» >% 

CJ X 

c X 
p '« 

cj tt« 
UM 

c/s 
tu cj 
X .-3 
H 00 

x 
T3 
«J 
> 
s 
D. 
cu 
es 

•3 
3 
es 

«J 
> 

13 
4} 

^E x 
3 

*J «J 
O 60 
3    es 

PQ k 5.2 
'§.  « ^ X1  ü 

M SC 

OJ es 

'S J2 
tu es  -r- 

u 
CJ J 
CJ 

00 
u 
0 Q 
•3 
1) CJ 

CJ 
C ^> <l> 

CJ L u 1) <*~ u (l) 
OJ h 

JJ 

T3  TD 
X   5   U   3 X   > .ti 

cj 
> 

CJ 

X 
o 

cj 

.-3   >i 
* X 

es 

OJ    3 

es 
> 
CJ 

CJ 
X 

O 

a 

CO     CJ 

CJ   es 
3 

<L>    OJ 
"'    > 

es 

•8 «s .s 
^     B 
1/5 y >_ 

.3   CD 

« H 
•3 

r-    "3    'S 
.2 3 E 

g >," 
ic ■- c 

«3 33   w 
■^£^ 

CO co    es   ^ 
•3    tu    o 
ä fc   ^ 

"3 ^ c    S    O 2 ü    3 
"We 
*J es 
3 —  X 

tu   es   i 
Ü  HJ  &0 

U -3    >, 

■g§iS 
g X 
x U -S 

es  ►>  [in 

o 
3 
O 
cj 

O OH 3 w 

3 CJ 
es X 
CJ *-' 
tu    3 

»^ 

g'l 
■2 B 

■4—1 

P 

es 
CJ 

PH 

tu 
X 

3 

CU 

CO 

.2 0 
O <o 
3 - 
CU V 

S1 § es tu 
CU *ij 
X s 

^ ■+- 

« .2 > s 
O -3 
<- ,3 

a, o 
es T3 

O 
cj 

T3 
3 
es 

cj 
"> 

_   U 3   l" 
es 

3 
3 
■e 
o 
a 
& 
3 
es 

•3 
es 
X 

es   ■— 
X 

3  B 
es   es 
D-.S 
X  •- 

B 
es 
E 
es 

»^ 

3 

8£ 
.5 s 

= 1 
CO 

"3    to 
tu    tu 

88 
Ch  D. 

•3 3 
o) o 
es _c 

13 

co    £ 

a, 
es 
u> 
60 
es 

-a 
3 

co 

3 
_o 
'4-» 
cj 
tu 

CJ 
CJ 
3 
tu 
4-1 
3 
CU 

CÖ IG    to 

CU 
60 
es 
OH 

8 3 

3 & 

O CJ 
O  X 

2^ tu    3 
> es u 5" CO MH 

CU     CU 

> .3 
es   ■*-► 
X    3 

tu tu 

3    ° 3 ^ 

£   es 

3 es 
O  X 

•et .ö 

« "° 
■C    tu 

<w ** 

C SS tu  -~ 
•ä 'S 
^1 

•3 3 
Cj    <<I 

• S   cu 

3 

so 
•S 

CU 
CU 

CJ 
a 
CO 

*»* 
CJ 
a- 

2 
ft. 

S 
do 

I 

c 
•2 e» 

CJ 
a 

60 
3 
O 

60  5 
3    C 

CJ  -t3 
X    Cu 
■"  e 

&3 

cu   5> 
*» ft. 

-ft -Cj 

•S3 
S 
C3 

CU 

B 
•3  3 

CU    co 
.£2     ^*    *-•   ^4. 

3 B  M   i *H   3    ,„  m 3 

CO   «S 
CU   ■" 

co m 

1-. 

S 
•^ 

cu 
-CJ 

ft, co 

CU 
60ftS 
es  -S a, ft» U 

en 
<3 
cu 
t«3 a 

cu 

C3 

'3 

cu 
-CJ 

cu 
to 
« 

•CJ 
^J a 

■S3 

£ 

CJ 
ft 

-ft 
10 
C3 

es X 
—    D. 

eS   c X 

O 

E o 
.2 2 &»-2^S 
CU'^eSCJ~4J..     _ 

COCO    CuCO-^-    es    CuCOlO 

tu -S  'O 

en CU 
.     60 

rl-   es 
tU    CJ    °- 
60  60T3    Ä 
es   es   3 VO 
Cu OH eS -H 

m 



ü s 
oo 

-a Cf O 
8. o 
a a 
< a. 

c 

ft. 

c 

c 
o 

on 

o 

oo 
T3 u 02 
00 
c < 

JZ c 
g 
* <u 

U 
o 

i—i 

es 
s 

*s 
u 

s 
01 

o 
U 
© o o 
CS 

I« 
H 

« 

01 

CS 
a 

MO 

"3 
01 
Ü 
M 

_C 
"u 
01 
o> 

em 
c 
U 
01 

CS 
E- 

«3 
0) 

£ 
es 

u 
01 

:*r 

$*w: 

i 

I 

1 
a 

x 
H 
oo u u 
3 

■o 
D 

8 

u» 
«J 

U 
J 
H on 

0) 
-1—* 
03     t^j     ^ 

■*-•   u   Sr^ 
«—'        M. 

x>-^,~, 

° 3 
3 '5 

.2 §" 
eS rv 

<4- eS 

1 £ 

oo 73 

3 « 
-o c 

<L> DO 

U    •"    U5 

c   c   u 5= 7= •= 

T3    "5 
«   ft 

8   'ft   .0    O 
Q.73 

on     rt> 
(U    - 

°« £2 13 L_, £   c 
   — p:   ■"   oo 

—     C    —     <D   f-H 

CS   J> 

a°- 

73 
1) 
«3 S2   « > ft.i 

03    eS 

2 Z 
73   D 

JD 

73 

o 
x 

> b 
2 PJ 
o 

-= 5^ 
"   ft « c £J « 

— ■£ ^ 

D    u.   • — 
-COP 

C3    O 
*-' "5 JtS 

ft, Hu 

O    M) 
c«  .E 
§1 1    - 
N — a a) 
x: -a 

S 3 

> O  —  .C 

ft «J 
= -= 5 c 
C3 3 

OO u 

u 
_J 
H o 
00 

•n 
r <i) 

£ «j 

7Z    M 

ec es 
.E   >> 
c — 

E   > i-   o 

(U xi 

■">, 

£ E 

u  o  o 
*= c ^ 
X>  ^    U ^    oo 
u u  o 
•s  es  a 
Ä   *-"    D 

D,2 E 
r"    u    u, 

.SP8 § 
ca "g x. 
oo    fe  T3 u  a — 1/5  ^. 5 

,,   SZ    1) 

s   u 
'C   O   £ 
U    u   C 

.t;  a o 

o   rt 

'5 .^ 
-a »I 

13 fl   «i 

«^    3  IS 
«    O   " 

oo 
oo 

HJ 

" 3S 
.Su.  o 
.E  u. - 

■Si5| 

3 -2 
a ja 
OO   OH 

-o 
o 

1) 

y E ■~ i 

^•o o 

3    M  S 
.      U  it. 

73 
O a sz - J: -5 -c   >- 

1) 
E b 
° rt 

1) 

^-      r—     *- 

- 2 "v 
u   u   O 
eg0 

O    U   w 

K W 
°-^ 

'■= Q 
es 

.E  J 
U   w u 
es    ,_ 

>, 2 
£ 5 

- t- °* 

OO    •— PJ 

£   >- 5: 

1 s «> 
.SP-E 

rn   'öö "O 
=   4^ ^ 

*- c <u •- 
<U u. c <u 

73 
„    oo 'öö    ^ 
Wl— C    3 
£C  O O    to 
CS     oo c_>   ._ 

^ 
u 
eS 
N 

73 
C 

es 

es oo m 
73 

U C 
H oo 

c 
o.2 

c    «    2 3    M.y 
O   C h= 
DO   u-    oo 

w j« .5 *- 
^ t £   u 

73 

3 <U C 
.O to U 
'öö    ?S    C 

>     *   73 

c   a     . 
-MO ■a   c <—< 
a)   oo CN 

I0! 
«•   . 3 
Ü   (fl    u 

73 

_3 

> 
1) 
U 

XI 

es on 

C  X 

'5-2 

o y 
a)'   e" 

£  a es es 

> 
'öo 
00 

E 
oo 

i3    «.    8 

oo ""    2 
«   1)  £ 

«-. o c 
eS ^ D 
a o E 

-3 a p 
- U .= 
es 73 3 

<u c f? 

SEN 

O   griS 
73    «   .> 
J)D!Q 
es 
c 22 i--T £P to k; 
oo   es oo      ^^ *m u >  u .E  o 
^  ^  S    oo   - 

x:   o 
H ;s 

.   öö 
o 2 
es .ÜT 
O  73 

S    3 
.2 rt 

8 § 

^£ C  ^3 
.2    oo 
oo   es 
'>   u 
5 _£ 
^' » CS    oo 

Ü    Si 
~  73 
-r       73 

es 
.5    O 

73 
o 
a 

CM 

x^E 

.E « 
U-,   73 

n P 

es 
a) 

._:    r c 
^  l) o 

D   ^^ es 

3    U «j 

Si  73  ^ 

^,2 '" 22 'o ■=    :«x u«   a 

00 
U    U. 

73    O 

r- es 
.3 1)     U 

1) '^    oo 
U ^ X? 

73 CS     O 

3 73 

§ -ft 
es <0 

"oo -° 

" i 
es JS 
^ CM 

Q£. 

•c 
D 



°8E 
■ —   00      ' 
"2 CJ O 
is a 

Q 

D. 
E 

o 

C/5 

"a 
o 

o 
GO 
T3 
s£ • 

^ « ° 
_ u > 
o £ « 

&o 2 a£ 

^^^rf|§^ 

r ^^ 
.. ■  ...is. 

© 
© 
o 

03 

>> 
Xi 
TS 

> 
"3 u v 
as 
ä 
s 
0) 

E 
o 
U 
©~ 
o 
© 

wT 

;►> 
93 

Ä es a 
so 
o 

"© 

O 
M 

*C 
01 
U 
s 

'3D 
e 
W 

y 
o 
us 
us 

es 
H 

E 
C3 

0» 

O) 

iV 

■"'3';, 

^1? 

(/}  1-3«: 

■I!-" 

O £ ^ 
. u 

u &o 
*?z •  ea 

£ o e ^ -s o 
b .y «' 
c Ja J= ■ 

■ = SS  a, 
u D    « 

60 
"2 3 2 
£ o  % 
c .s TI 

US O 
<U —    C 

3 3<2 
-o 1-   c 
,s* ° *> h= _, x: 

&      "a. 

s 
_o 
u <u 
us 

3 
e3 

"a. a 

o  ö 

e 
O 

f. * o   c 
S3  c  ° 
l>    us  Z 

■a 

ea .t; <5   <2 

O    us 
u 

ea   -£;   = "2 = ■- 
3 i£ ^ 
o ^ u 
c c SS uü 3 n 

_ - m 

c 
ea 

<u 
N 

c 
o 

—    • o 

■s i.s 
"    3 

o 
60      - 

.E &o 
Q-  u 

> 

us 

2 2 

<U    hn=  -S Q    «   S    M = -S 
I—I   s-   .—     r-   I--     m 

CO J2 i£ 

>» 9 
ä E « 

03 

u u a 
J2 -a 

_3 
U 
C 

us 

ed 

y     OS   —1 

o.E 

us 

S <*- E .2 o s 

o .2 j= 
a. .t; *-• 
«    us — 

.23 ~0 u 

'S E 

C3  .2 
=   c 

^ a 
o 

•^  us 

3  « -a 
.a S | 
2 °^ 

-a 
u 

T3 
•a 

c 
1) <u 

X) 

> 
es 

(S vn 

22 "üs .2 
> S > 
u.    us — 

■~    C3 

X>   u -O 
x:   3 

3 Ö .E 

«.si 
^    C    °s 

IT)    00   u 

'■3 <2 = 
■toi W        >(M 

I) r   £ 
.E S E '5 
.       — 4)     ^ 
=  2 <u rz; x: -a 
"2  u c 
E 'S u 
« j« u 

i—l    us X) 

c 

u 
0) 

on 

S  u 

U 
O £ 
>    C3 

O    O 
x; 

o F £ 
.S2  ä   es 

us   ■*=* a. 

U 

c 
o 

o 

O    D 

c u 
E 
E 

.„  o 
us   (J 

in   u 

CN    c 

u   °3 
■^ i—I 

H  2 

C    us 
«   ca 

S 3 c   o 
« "2 .b e3 
3    N 

<u ° 
1 S 
£  c3 

—    us 

co Q 

60 
c 

_3 

c 

u 
X) 
ca 
H 

CO >ri irs 

■ 
IT) 
1) 
B0 
ea a, 

c 
o 
o o 

CO 

I 
VD 
(J 
60 
ea 
a 

ea 

£ * 
us  T3 
ja 3 
o  o 

-a 
C3 

us 

o 

c 

o 
4) 

CO 

x: 

c .b 

.2 'S us ca 
X^ >> 

« « .E 
, c "2 H (so b 
W « S > u u 1> -o ea 

o 

c 

o 
CO 

c 

! E 
I E 

£ o 
O U 

e 
■§ 

P3 
C 

IE 

2 



ADDRESS 

SM-ALC/EM 
ATTN: 

Paul Bernheisel FPT-TL (1) 
Jim Caliguiri RPM (1) 
Tim Chapman RPMSC (2) 
JimLu RPM 0) 
Dave Rennie RPMSC (1) 

DISTRIBUTION LIST 

NUMBER OF COPIES 

6 

5050 Dudley Blvd., Suite 3 
McClellan AFB CA 95652-1389 

HQAFMC/CEVR 
ATTN: Ms. Cynthia Bryant 
4225 Logistics Avenue, Suite 8 
Wright-Paterson AFB OH 4533-5745 

AFCEE/ERT 
ATTN: Maj. Jeff Cornell 
8001 Arnold Drive, Bldg 642 
Brooks AFB TX 78235-5357 

SERDP Program Office 
Attn: Ms. Cathy Vogel 
901 North Stuart Street, Suite 303 
Arlington VA 22203 

U.S. Environmental Protection Agency 
Office of Superfund Programs H-9-1 
ATTN: Mr. JoeHealy 
75 Hawthorne Street 
San Francisco CA 94105 

U.S. Environmental Protection Agency 
Office of Superfund Programs H-9-2 
ATTN: Mr. Glen Kistner 
75 Hawthorne Street 
San Francisco CA 94105 

U.S. Environmental Protection Agency 
Superfund/ORD Liason H-9-3 
ATTN: Mr. SeanHogan 
75 Hawthorne Street 
San Francisco CA 94105 

Dept. of Toxic Substances Control 
Region I, Site Mitigation Branch 
ATTN: Mr. Bill Kilgore 

Mr. Mark Malinowski 
10151 Croydon Way, Suite 3 
Sacramento CA 95827-2106 



U.S. Environmental Protection Agency 
Technology Innovation Office 
ATTN: Dan Powell 
401 M Street, S.W. (5102G) 
Washington, DC 20460 

Department of Toxic Substances Control 
ATTN: Mr John Wesnousky 
P.O. Box 806 
Sacramento CA 95812-0806 

Regional Water Quality Control Board 
ATTN: Mr. James Taylor 
3443 Routier Road, Suite A 
Sacramento CA 95827-3098 

Mitretek Systems 
.ATTN: Dr. Werner Raab 
5050 Dudley Blvd., Suite 3 
McClellan AFB CA 95652 

SERDP Program Support Office 
ATTN: Mr. Matthew Chambers 
HydroGeoLogic, Inc. 
1155 Herndon Parkway, Suite 900 
Herndon VA 22070 

TechLaw Inc. 
ATTN: Mr. Jeff Rains 
530 Howard St, Suite 400 
San Francisco, CA 94105 

SERDP Program Support Office 
ATTN: Ms. Susan Walsh 
HydroGeoLogic, Inc. 
1155 Herndon Parkway, Suite 900 
Herndon VA 22070 


