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1.0 INTRODUCTION 

As part of the U.S. Navy Comprehensive Long-term Environmental Action Navy (CLEAN) 

Program, the following Resource Conservation and Recovery Act (RCRA) Facility Investigation 

(RFI) Work Plan has been prepared for Zone H at Naval Base Charleston (NAVBASE). This 

work plan addresses sampling and analysis requirements specific to sites within Zone H and is 

intended to be used in conjunction with the Final Comprehensive RFI Work Plan prepared for 

NAVBASE by EnSafe/Allen & Hoshall (E/A&H). The Solid Waste Management Units 

(SWMUs) and Areas of Concern (AOCs) to be investigated within Zone H are presented in 

Appendix A and in Figure 1-1, which illustrates the location of each. 

1.1 Environmental Setting 

Physiography 

Zone H is in the southern portion of the peninsula formed by Shipyard Creek and the Cooper 

River. The zone is bounded by Hobson Avenue to the north; Shipyard Creek to the south; 

Osprey Street, C.B. Lane, and the spoil area to the east; and Halsey Street, Bainbridge Avenue, 

and property boundaries to the west. Figure 1-2 identifies the boundary of Zone H in relation 

to NAVBASE boundaries and the remaining investigative zones. 

Geologic and Hydrogeologic Information 

The local and regional geologic/hydrogeologic characteristics are described in Volume 11, 

Sections 1.2 through 1.5 of the Final Comprehensive RFI Work Plan. Of particular relevance 

for Zone H is the origin of soil throughout this area. NAVBASE, like most of the Charleston 

peninsula bordering the Ashley, Cooper and Wando Rivers, was low-lying marsh when the base 

was established in the early 1900s. Portions of the northern end and almost the entire southern 

end of the base were filled with a wide variety of known and unknown materials to make the 

property suitable for development. The majority of the filling activity took place during the 

1930s and 1940s. Figure 1-3 indicates extent of fill activities. 
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Climatology 

The climatological setting of NAVBASE is described in Volume 11, Section 1.6 of the Final 

Comprehensive RFI Work Phn. 

1.2 Investigative Strategy 

The proposed investigative approach for each of the sites was developed in accordance with the 

overall investigative strategy presented in Section 2, Volume I of the Final Comprehensive RFI 

Work Plan, which places emphasis on the "Fast-track Cleanup" program. 

Central to this idea is a phased approach to data collection that will ultimately identify 

constituents of potential concern (COPC) if present, define nature and extent, and support data 

collection for a corrective measures study (CMS). To meet these objectives, sampling methods 

and locations discussed in this Work Plan are designed to be as complete as possible. 

If the proposed sampling efforts do not achieve this goal, collection will continue until sufficient 

data are obtained. In order to determine the necessity for additional sampling not specified in 

this Work Plan, data collected under this plan will be evaluated regarding potential human health 

impacts expressed as preliminary remedial goals, ecological risks, and technical requirements 

for a CMS. For some chemicals, additional information regarding background concentrations 

will be required, whlch may necessitate onsite and offsite data collection. Background, 

migration pathways, human and ecological receptors, and preliminary remedial goals (PRGs) are 

discussed in Section 1, Volume 111 of the Final Comprehensive RFI Work Plan. Sampling efforts 

will continue until extent is determined, which is defined for this investigation as the horizontal 

and vertical area in which the concentrations of COPCs in the investigated media are above 

either PRGs or background concentrations, whichever is appropriate. Background concentrations 

for inorganics will be determined using the 2X rule. This rule simply states background will 

be regarded as concentrations less than or equal to the mean concentration of the designated 
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background sampling locations multiplied by two. Establishment of background is discussed 

further in the following sections. 

The zone-specific work plans outline the data collection process for each SWMU and AOC in 

the particular zones. The Final Comprehensive RFI Work Plan discusses how these data will 

be used to fulfil the goals of the investigation. An RFI report and Baseline Risk Assessment 

(BRA) will be generated at the conclusion of the investigation of each zone, and a final RFI 

report and final RFI BRA will address NAVBASE as a single entity once all zone investigations 

are completed. 

The proposed schedule for conducting the Zone H investigation is included in the Corrective 

Action Management Plan (CAMP) prepared for the NAVBASE RFI. Scheduling of activities 

during the Zone H investigation will be closely coordinated with United States Environmental 

Protection Agency (USEPA) Region IV and South Carolina Department of Health and 

Environmental Control (SCDHEC) . 

1.3 Other Relevant Investigations 

The RFI to be conducted in Zone H is only a part of an overall investigative strategy for the 

NAVBASE RFI. Some elements of other investigative activities will generate information 

relevant to Zone H but not necessarily part of Zone H. For example, Volume I11 of the Final 

Comprehensive RFI Work Plan describes data needs for determining background or reference 

concentrations, and the likely need to evaluate impacts on ecological receptors. Because of the 

suspected heterogeneity of the dredge materials, it is premature to designate any onsite areas 

within Zone H as representing of background. Offsite investigation to determine background 

concentrations for some chemicals relevant to the Zone H Work Plan may need to be conducted 

as stated in the Final Comprehensive RFI Work Plan. Sediment and surface water sampling of 

Shipyard Creek and the associated wetland proposed in this plan are an attempt to identify point 

sources. Measures of potential impacts will be addressed within the Zone J investigation. The 
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industrial sewer system will be addressed by the Zone L investigation. Groundwater flow and 

hydrology depend upon basewide conditions. Information gathered in this investigation will 

contribute to characterizing of groundwater, but will not fully characterize a11 groundwater 

processes. Finally, results from other investigations may influence the scope of work proposed 

in this plan because the zone boundaries are not physicaI barriers to contaminant migration. The 

results of the investigations discussed above will be necessary in order to fully understand the 

significance of the results of the proposed Zone H investigation. 

Within Zone H, a portion of the investigation will be expedited to address specific concerns 

related to the possibility of soil-gas migration from landfills into nearby buildings. The 

accelerated efforts have been generically described as a Focused Field Investigation or (FFI) 

because of immediate data needs and the concentrated scope of work. Upon completion of 

sampling, data validation, and evaluation, a technical memo will be produced presenting the 

findings. These data will also be incorporated into the Zone H RFI report. The scope of the 

FFI is discussed further in Appendix G. 
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2.0 SWMU and AOC SPECEIC INVESTIGATORY APPROACH 

The SWMUs and AOCs located in Zone H requiring either a Confirmatory Sampling 

Investigation (CSI) or a RFI, as determined in the RFA, are presented in the following sections. 

Tables A. 1 and A.2 (Appendix A) are provided as a reference indicating the location of each 

site within Zone H, the site's location and proximity to existing structures, as well as each site's 

investigative approach as proposed by the RCRA Facility Assessment (RFA). The sites 

identified may not represent all hazardous waste activity that has occurred in Zone H, and the 

systematic sampling plan outlined in Section 3 was designed in part to help identify any sites that 

have not been identified in the RFA process. The investigation in Zone H will be based upon 

the investigative strategy outlined in the Final Comprehensive RFI Project Management Plan. 

2.1 SWMU 9, Closed Landfill (Includes SWMUs 19, 20, and 121, and AOCs 649, 650, 

651, and 654) 

SWMU 9 is a closed landfill at the southwest end of NAVBASE. Seven additional sites situated 

within the boundary of the landfill will be investigated concurrently. Table 2.1 briefly describes 

each site. SWMU 9 is bounded to the southwest by Shipyard Creek, which is a tributary of the 

Cooper River. A marshy area that is tidally influenced by the creek is also in this area. To the 

southeast of SWMU 9 is an area designated as a wildlife viewing area. 

i 

r 

TaMe 2.1 
SWMU 9 and A s d a t e d  Sites 

Site Descriptions 

Number Description 
MaWrias Genrrated or 

Stored 
-,. , , 

SWMU 9 
CLOSED 

LANDFILL 

Potentid Pathways 

Asbestos, varnish 
sludge, mercury, 

electroplating waste, 
paint wastes, PCBs, 

medical waste. 

Solid, industrial, and domestic 
waste landfill used from the 
1930s until 1 973. The landfill 
was an area fill and many 
wastes were burned to reduce 
volume. Wastes were deposited 
directly into a tidal marsh." 

P 

Soil 
Sediment 
Soil-gas 

Surface water 
Groundwater 
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L 

STATION 

SWMU 20 
WASTE 

DISPOSAL AREA 

SWMU 121 
BLDG. 801 

S A A 

AOC 649 
BRASWELL 

STORAGE AREA 

AOC 650 
METAL TRADES 
STORAGE AREA 

AOC 651 
SANDBLASTERS 
STORAGE AREA 

transport end disposal offsite. 
Waste was formerly stored on 
bare ground. A t  present all 
waste is containerized.' 

Area adjacent t o  SWMU 19 
where wastes were stored on 
bare ground beginning in 1985 
but is currently no longer in use. 
No containment existed to 
prevent surface runoff from 
entering a tributary of Shipyard 
Creek.' 

Building 801 ; collection, sorting, 
and storage point for recyclable 
material for past six years; 
hazardous wastes accumulated 
at associated satellite 
accumulation area (SAA]; SAA 
was 8 foot x 8 foot sheet metal 
building with concrete floor with 
no containment s t r~c tu res .~  

Braswell Shipyards storage area 
for ship repair supplies and 
sandblasting media during the 
1 9 7 0 ~ . ~  East of Building 672. 

Storage area for Metal Trades, 
Inc. East of Building 672. The 
exact dates of operation are 
unknown but base maps indicate 
the 1970s." 

Sandblasters, Inc. storage area 
east of Building 672 operated in 
the approximate area of 
AOC 649 from the 1970s until 
1991 .' 

dry trash, tires, and 
empty 55-gallon drums. 

Batteries, wood, 
concrete, sandblasting 

residue. 

Paint, used oil, and 
automotive batteries 

Sandblast media, welding 
supplies, and other 

unknown supplies used 
in ship repair. 

Unknown supplies used 
in ship repair. 

Abrasive blast media. 

Groundwater 

Soil 
Soil-gas 

Sediment 
Surface water 
Groundwater 

Soil 
Soil-gas 

Groundwater 

Soil 
Soil-gas 

Groundwater 

Soil 
Soil-gas 

Groundwater 

- 
Soil 

Soil-gas 
Groundwater 

F 
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2.1.1 Previous Investigations 

SWMU 9 and its associated sites have been the focus of several previous assessments and/or 

investigations. These included geophysical surveys, an extensive soil-gas survey, trenching 

based on the results of the soil-gas survey, soil sampling, monitoring well installation, 

groundwater sampling, and sediment sampling. Table 2.2 summarizes these investigations. 

Figure 2-1, included in Appendix B, identifies soil, sediment, trenching, and groundwater 

sampling locations from previous sampling efforts. Also included in Appendix B is an isopleth 

map depicting total volatile organics in soil-gas. Appendix C contains the analytical results for 

these samples. The construction details for the monitoring wells previously installed, and still 

intact, which are proposed to be used for sample collection during the proposed RFI field 

activities are included in Appendix D. In addition, Table D. 1 (Appendix D) lists all the wells 

previously installed in Zone H, including those which have not been visually confirmed and are 

not proposed for use. Based on review of the data, the highest concentrations'of contaminants 

are generally near SWMU 20 in the northeastern portion of the landfill area. 

T a b  2.1 
SWMU 9 and Aasdatd me$ 

Site D@scriptim 

Mmariala Gbmrlrtsd w 
Stor-ed Potantirl Pathways Nurnbar Deacripdon - 

AOC 654 
BLDC. 667 

SEPTIC TANK 
DRAIN FIELD 

Notes: 
Described in the RCRA Facility Assessment, August 1987 
Described in the Draft RCRA Facility Assessment, May 3 1,  1994 (To be revised by November 3, 1 994) 
Described in the Draft RCRA Facility Assessment, June 13, 1994 (To be revised by November 3, 1994) 

Soil 
Soil-gas 

Groundwater 

Abandoned septic tank and 
associated drain field connected 
to Building 661 ; used from 
1968 until 1978; known to back 
up during periods of high use, 
releasing raw sewage. 

Solvents 
Oils 

Antifreeze 
Detergents 

Organic Wastes 
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Table 2.2 
W M U  9 and Aumciatsd Skes 

Number 

SWMU 9 

SWMU 19 

SWMU 20 

SWMU 121 

AOC 649 

AOC 650 

AOC 651 

AOC 654 

Notes: 
" See Table C.1, Appendix C for analytical results. 

See Tables C.2 and C.3, Appendix C for analytical results. 
See Tables C.4 and C.5, Appendix C for analytical results. 
Elevated metal concentrations are suspected; however, background concentrations have not yet been 
thoroughly assessed. 

PCB = Polychlorinated biphenyls 
VOC = Volatile organic compounds 

- 
SVOC = Semivolatile organic compounds 

Review 

M m  Imstipth 

Initial Assessment Study, 
1981 ; Confirmation Study, 
1982'; Environmental 
Investigation Fire Fighting 
Training Facility, 1 99 1 b; 

Preliminary geophysical, soil- 
gas, soil, sediment, and 
groundwater studies, 1992 and 
1993'. 

Preliminary geophysical, soil- 
gas, soil, sediment, and 
groundwater studies, 1992 and 
1 993C. 

Preliminary geophysical, soil- 
gas, soil, sediment, and 
groundwater studies, 1992 and 
1 993c. 

None 

None 

None 

None 

None 

krverrtigations 

I ,  Activities 

Geophysical and soil- 
gas surveys; trenching; 
soil, groundwater, and 
sediment sampling. 

Geophysical and soil- 
gas surveys; trenching; 
soil, groundwater, and 
sediment sampling. 

Geophysical and soil- 
gas surveys; trenching; 
soil, groundwater, and 
sediment sampling. 

None 

None 

None 

None 

None 

Cantaminn- 
rdanbMsd 

VOCs, pesticideslPC0s 
SVOCs, metalsd 

Insufficient data to  
confirm whether 
contamination is 
present 

VOCs 

None at present 

None at present 

None at present 

None at present 

None at present 
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2.1.2 Treatment Alternatives 

As outlined in the overall sampling strategy presented in the Final Comprehensive RFI Work 

P h ,  treatment alternatives are being identified for each of the sites where some type of 

remedial action will likely be required. Data collection efforts will support the evaluation of 

these alternatives. Tables E. 1 through E.3 in Appendix E list treatment alternatives for the 

landfill that address soil, soil-gas, groundwater, leachate, and waste material. Alternatives 

presented here are for preliminary evaluation only. 

2.1.3 Data Gaps 

A review of the information available from previous investigations and assessments indicates data 

are insuff~cient to characterize the site@) and support a detailed BRA or evaluation of remedial 

alternatives where necessary. The data gaps are as follows: 

No information regarding the presence of light or dense non-aqueous phase liquids 

(LNAPLs or DNAPLs) at interface of the surficial aquifer and the Cooper Formation, 

which is the underlying confining unit. 

The source and extent of groundwater and sediment contamination at SWMU 20 has not 

been identified. 

Soil data are either absent or insufficient to confirm whether contamination is present at 

SWMUs 19, 20, and 121. In addition, no soil data are available to confirm if releases 

have occurred at AOCs 649, 650, 651, and 654. 

The impacts (potential point sources) of SWMU 9 and the associated sites on Shipyard 

Creek and nearby wetlands have not been fully defined. 

Insufficient data to support detailed evaluation of treatment alternatives. 

Insufficient data regarding rate and extent of contaminant migration, including ambient 

air. 

Insufficient data regarding contaminant migration to or from offsite sources, 

No information can be located concerning materials stored or generated at some sites. 

Additionally, information pertaining to releases associated with those areas is also 
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generally unavailable, thereby limiting present knowledge of contaminants and migration 

pathways. 

2,1,4 Potential Receptors 

Potential receptors of exposure to contaminants include current land users, such as NAVBASE 

workers, personnel using recreational facilities onsite, and any future users this area might 

support. Data will be generated during the RFI to support the determination of level of risk to 

the entire spectrum of current and potential users, including any highly sensitive individuals, 

who might be exposed through invasive or non-invasive activities. The risk evaluation will also 

consider any ecological receptors which may be present. This wilf include characterizing all 

potential pathways of exposure at this site, including soil, soil gas, sediment, surface water, and 

groundwater. The wetlands and Shipyard Creek are potentially subject to receiving contamhated 

sediment runoff and groundwater discharges, which could expose biological receptors other than 

humans. 

2.1.5 Objectives 

The objective of the proposed fieid investigation is to fill the identified data gaps by delineating 

the horizontal and vertical extent and rate of migration of any soil, soil gas, groundwater, 

sediment, and surface water contamination at SWMU 9 and the associated sites. Delineating the 

nature and extent of contamination should identify any onsite point sources for potential 

contaminants to enter Shipyard Creek and bordering wetlands, as well as determining 

contaminant impact from potential offsite sources. Data collection efforts should support the 

technical evaluation of the identified treatment alternatives. 
- 

2.1.6 Screening Alternatives 

Groundwater screening using cone penetrometer technologies such as the Hydropunch, 

Geoprobe, or temporary monitoring well installations are applicable for preIirninarily defining 

the extent of contamination at SWMUs 20 and 121. A previous sampling event indicated the 
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presence of chlorinated hydrocarbons in the uppermost portion of the shallow aquifer at 

monitoring well CNSY-09-07. Additionally, a soil-gas survey indicated the presence of volatile 

organics in excess of 100 micrograms per liter (pg/L) in this area and in the immediate vicinity 

of SWMU 121. A groundwater sample from monitoring well CNSY-09-01, which is suspected 

to be downgradient of SWMU 121, contained volatile organic compounds (VOCs) above 

instrument detection limits. The proposed groundwater screening locations will cover these 

areas in an attempt to optimize future permanent monitoring well locations for delineating the 

extent of this contamhation. Efforts will focus on the collecting of samples at the uppermost 

portion of the shallow aquifer near both SWMU 20 and 121. All data resulting from the 

collection and subsequent analyses of samples using such devices are considered Data Quality 

Objectives (DQO) Level I1 and must be confiirrned by higher quality data. The proposed 

screening locations are depicted on Figure 2-2. Permanent monitoring well iocations 

(shallowldeep well pairs) will be selected upon review of the screening data. 

A photoionzation detector (PID) will be used to qualitatively screen for volatile compounds in 

all soil samples from every soil boring and monitoring well location. Results will be recorded 

in the field notes and on boring logs. 

2.1.7 Sampling and Analysis Plan 

To fulfill the RFI objectives, site-specific sampling and analysis requirements have been 

proposed. Table 2.3 summarizes the types of samples to be collected and the analytical 

parameters. Additional soil or waste material sampling from within SWMU 9 is not expected 

to provide any new information that will be of benefit to the RFI and the evaluation of remedial 

alternatives considering the wide variety of wastes that have previously -been identified. 

Collecting of these types of samples will generally be resewed for "hot spots" or suspected 

groundwater contamination sources. Monitoring well locations for SWMU 9 have been oriented 

toward the perimeter of the landfill boundary and will generally be deep wells paired with 

existing shallow wells in order to clearly identify the rate and extent of previously determined 
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contaminant migration, as well as supporting treatment alternatives. Sediment sampling locations 

proposed in Shipyard Creek tributary were selected to establish concentration gradients, if 

possible, for the COPCs identified in three previous sediment sampling locations. The sediment 

sample locations proposed in the wetlands around SWMU 9 were selected based on their 

proximity to main water courses within the wetlands, and in areas with signs of stressed (or 

Taw 2.3 
SWMU 9 and A s d a t e d  Sitcrs 

Sampling PEsn 
r 

Mat& 

Soil (0-1' below ground surface (bgs)) 

Soil (3-5' bgs) 

Sediment 

Groundwater 
(existing wells) 
(Deep wellsl 
(Shallow screening) 

Surface water 

Engineering Parameters: 
Engineering parameters will be dictated by the field data collected. 

Slug tests will be performed on 25% of the shallowldeep well pairs. During the installation of the deep 
wells, Shelby tubes will be collected when dramatic changes in lithology occur. Samples will be tested for 
permeability, grain size, porosity, TOC, and cation exchange capacity (CEC). Analysis for any of the 
remaining design parameters listed in Appendix E will be performed at selected locations when a better 
understanding of the contaminant distribution is developed. 

Notes: 
Groundwater monitoring wells will be sampled quarterly. 

The quantities presented are estimated numbers of samples believed t o  be needed to fulfill the objectives 
of the investigation. Expansion may be necessary to  meet the stated objectives. 

All analysis to be performed per SW-846 except where other methods are specified. DQO Level Ill 
analyses as specified in sampling plan, with a minimum of 10% duplicates analyzed for all Appendix IX 
constituents at DO0 Level IV. The sample quantities presented do not include Quality AssuranceIQuality 
Control (QAIQCI samples. 

Quantity I , . , - . . . , . . AnelyJs . . . . . , . . 

24 

24 

15  

I I 
8 
16 

4 

VOAs and SVOAs w l  TICS, 
Metals (including organotins), 
cyanide, pesticides, and PCBs 

Groundwater screening samples 
will be analyzed for volatile 
organics only. 

Sediment samples will also be 
analyzed for total organic carbon 
(TOC), and grain size. 
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obvious lack of) vegetation. Surface water samples will be collected from the water column 

sediment sampling locations that are submerged to establish effects of potential contaminated 

groundwater discharges on the wetlands and evaluate surface water quality concurrently with the 

sediments. Proposed soil sample locations at AOCs 649, 650, and 651 were selected using 

historic base maps to locate former building "footprints" and work yards. Sample locations at 

both of these sites have been distributed in a manner that should detect any residual 

contamination resulting from those operations. Soil sampling points at SWMUs 20 and 121 were 

chosen using similar rationale. Each of the proposed sample locations is illustrated on Figure 

2-2. All sampling will adhere to the NAVBASE Charleston Final Comprehensive RFI Work 

Plan unless otherwise stated. 

2.1.8 Radiological Potential 

This site has been determined to have a potential for radiological contamination due to unknown 

disposal practices prior to the 1960s. 

Contamination sources may include discarded equipment containing radium dials as well as items 

that fluoresce, such as deck markers. Sampling at this site will require betalgamma survey of 

surface and subsurface samples, a personnel frisk for alpha, beta and gamma activity, and 

equipment decontamination in the event radionuclides other than those naturally occurring are 

found. Appendix F of this work plan provides instructions for beta, gamma, and alpha 

screening. Isotopic analysis will be performed if betalgamma screening exceeds established 

trigger levels. Personnel frisking and equipment decontamination will be addressed in Section 4 

of this document. 
- 
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2.2 SWMU 13, Current Fire Fighting Training Area 

The Fire Fighting Training facility is at the northern boundary of Zone H. The site includes 

buildings 1302, 1303, 1306, 1308, 1309, 1310, and 1313 as well as several other structures. 

SWMU 13 is described in Table 2.4. 

2.2.1 Previous Investigations 

SWMU 13 has not been previously investigated. 

r 

2.2.2 Treatment Alternatives 

As outlined in the overall sampling strategy presented in the Final Comprehensive RFI Work 

Plan, treatment alternatives are being identified for each of the sites where some type of 

remedial action will likely be required. Data collection efforts will support evaluating these 

alternatives. Tables E.7 through E.9 in Appendix E list treatment alternatives for the site that 

address soil, soil-gas, and groundwater. Alternatives are presented for preliminary evaluation 

only. 

T a b  2.4 
S W U  13 

Site Dsscriptibn 

Numtrer 

SWMU 13 
CURRENT FIRE 

FIGHTING 
TRAINING AREA 

I 

Notes: 
q e s c r i b e d  in RCRA Facility Assessment, August 1987 

Description 

Fire Fighting Training Area for surface and 
submarine fleet personnel operating from 
1 973 to present; diesel fuel and gasoline 
are ignited during training in a contained 
paved and berrned area; water and fuel 
drainage is directed into drains and then 
oillwater separators, which enter the 
sewer system; recovered petroleum 
products are recycled; UST is located in 
NW portion of SWMUa. 

MWab O e W d  
w Starad 

Petroleum products 

Potentibl 
Patbqs  

Soil 
Groundwater 

Soil-gas 
Surface Runoff 
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2.2.3 Data Gaps 

A review of the information available from previous investigations and assessments indicates data 

are insufficient to characterize the site(s) and support a detailed BRA or evaluation of remedial 

alternatives where necessary. The data gaps are as follows: 

No soil andlor groundwater data exist to confirm if a release to these media has 

occurred. 

Insufficient data to evaluate treatment alternatives in detail. 

Insufficient data exist to determine if site operations are adversely affecting the sanitary 

sewer drainage system. 

2.2.4 Potential Receptors 

Potential receptors of exposure to contaminants include current land users, such as NAVBASE 

personnel, and any future users this area might support. Data will be generated during the RFI 

to support determining level of risk to the entire spectrum of current and potential users, 

including any highly sensitive individuals, who might be exposed through invasive or non- 

invasive activities. The risk evaluation will also consider any ecological receptors which may 

be present. This will include characterizing of all potential pathways of exposure at this site, 

including soil, soil gas, groundwater, and surface runoff. If contamination in groundwater is 

present and if groundwater flows laterally toward Shipyard Creek or the Cooper River, then 

ecological receptors in these water bodies could be impacted. 

2.2.5 Objectives 

The objective of the proposed field investigation is to collect the data needed to delineate the 

horizontal and vertical extent and rate of migration of any soil andhr groundwater 

contamination. Data collection efforts will support the technical evaluation of identified 

treatment alternatives. 
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2.2.6 Screening Alternatives 

No sampling has yet been conducted to determine COPCs; therefore, selecting a quantitative 

screening alternative would be premature. If the proposed collection of high-quality samples is 

inadequate to define the areal extent of contamination (if present), the feasibility of employing 

screening methods will be reevaluated. 

A PID will be used to qualitatively screen for volatile compounds in d l  soil samples from every 

soil boring and monitoring well location. Results will be recorded in the field notes and on 

boring logs. 

2.2.7 Sampling and Analysis Plan 

The sampling strategy is intended to assess the entire area possibly impacted by the fire fighting 

activities. Generally, the soil boringlmonitoring well locations are proposed for the perimeter 

of the expected area of contamination. The soil boring-only locations are generally within the 

training area where contamination is most likely to have occurred due to cracks in the asphalt 

surface. Sediment samples are proposed to be collected from the two storm drains. In addition, 

two monitoring wells (CSY-1313-1 and CSY-1313-2) at the site shall be used for sampling 

relative to the UST. The construction details for these wells are provided in Appendix D. The 

locations in Figure 2-3 are expected to closely represent the actual sample locations in number 

and placement. Table 2.5 summarizes the sampling plan for SWMU 13. All sampling will 

adhere to the NAVBASE Charleston Final Comprehensive RFI Work Plan unless otherwise 

stated. 

2.2.8 Radiological -Potential - 
This site has been determined to have a low potential for radiological sources or contamination 

based on review of historical records and knowledge of past storage or disposal practices. While 

there is a low potential, the sites cannot be totally excluded until survey data can be established. 
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VOAs and SVOAs w l  TICS, cyanide, 
metals, pesticides, and PCBs, TPH 

Measure free product if found 
(shallow wells) 
(existing wells) 

Sediment 
(if accessible) 

2 

3 

Engineering Parameters: 
Engineering parameters will be dictated by field data collected. 

Slug tests will be performed on 25% of the wells. During the installation of the wells, Shelby tubes will 
be collected when dramatic changes in lithology occur. Samples will be tested for permeability, grain size, 
porosity, TOC, and CEC. Analysis for any of the remaining design parameters listed in Appendix E will be 
performed at selected locations when a better understanding of the contaminant distribution is developed. 

Notes: 
Groundwater monitoring wells will be sampled quarterly. 

Sediment in pipeline between fire fighting pad and initial oillwater separator, between the two oiltwater 
separators, and in the sewer pipe and overflow storm drain pipe will be sampled. 

The quantities presented are estimated numbers of samples believed to be needed to fulfill the objectives 
of the investigation. Expansion may be necessary to meet the stated objectives. 

All analysis to be performed per SW-846 except where other methods are specified. DQO Level Ill 
analyses as specified in sampling plan, with a minimum of 10% duplicates analyzed for all Appendix IX 
constituents at DQO Level IV. The sample quantities presented do not include QAlQC samples. 
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-- - 

Appendix F of this work plan provides instructions for beta, gamma, and alpha screening. 

Isotopic analysis will be performed if beta/gamma screening exceeds established trigger 

concentrations. Personnel frisking and equipment decontamination will be addressed in Section 4 

of this document. 
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2.3 SWMU 14, Chemical Disposal Area (Includes SWMU 15, AOCs 669, 670, and 684) 

SWMU 14 is near the southern end of NAVBASE, where several sites are either adjacent to or 

occupy common tracts of land. Because these sites are near each other, they will be investigated 

concurrently. Table 2.6 briefly describes each site. 

2.3.1 Previous Investigations 

SWMU 14 and its associated sites have been previously assessed and/or investigated. These 

activities include geophysical surveys, soil-gas surveys, soil sampling, and groundwater 

sampling. Table 2.7 summarizes these investigations. Appendix I3 contains maps of the 

previous soil-gas sampling locations. Figure 2-4 identifies groundwater sample locations from 

previous sampling efforts, and the results of previous geophysical surveys conducted at the site. 

- 

TaMs 2.6 
SWMU 14 and Associafsd Sitas 

Number 

SWMU 14 
CHEMICAL 
DISPOSAL 

AREA 

SWMU 15 
INCINER- 

ATOR 

AOC 669 
CURRENT 
INDOOR 
PISTOL 
RANGE 

Materiale Generated 
M stwed 

Site Descriptions 

Description 

Chemical disposal area where 
miscellaneous chemicals and warfare 
decontaminating agents non-corrosive 
(DANC), and possibly industrial wastes 
were buried." 

Propane-fired incinerator reportedly used 
only to destroy classified documents. The 
unit was constructed in 1983 and retired in 
1992. Only the concrete foundation slab 
and concrete propane tank saddles remain.' 

Current pistol range constructed in 1981 
inside Building 1888. Lead bullets are 
trapped by a steel bullet trap, which is 
emptied weekly. The waste is sealed In 
55-gallon drums, staged an a concrete pad 
adjacent to the building, and removed from 
the AOC within 72 hours. Initially lead 
waste was disposed of in the sewer system 
via floor drains in the building which have 
since been sealed. 

Potential 
Pathways 

DANC-DS-2 and DANC- 
M4 which contain 

diethylene triamine, 
ethyl cellosolve, and 

1,1,2,2- 
tetrachloroethane 

Ash 

Lead 

& 

Soil 
Groundwater 

Soil-gas 

Soil 
Groundwater 

- Soil 
Groundwater 

Surface water 
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Tabfe 2.6 
SWMU 14 and AsadMed Sizecr 

Site Deiicriptims 

2.3.2 Treatment Alternatives 

TaMe 2.7 
SWMU 14 and Associated Sites 

Previow tnvestigations 

As outlined in the overall sampling strategy presented in the Final Comprehensive R. Work 

Numkr 

AOC 670 
FIELD SO. 
OF BLDG. 

1897 

AOC 684 
FORMER 
PISTOL 
RANGE 

Number 

SWMU 14 

Plan, treatment alternatives are being identified for each of the sites where some type of 

Notes: 
a Described in the RCRA Facility Assessment, August, 1987 

Described in the Draft RCRA Facility Assessment, June 13, 1994 (To be revised by November 3, 1 994) 

Materials Gemra€ed 
or S t d  

Lead 
Calcium carbonate 

Asphalt pitch 
Brass 

Lead 

l h d p t i o n  

Former outdoor trap and skeet range 
operated from 1960 until the late 1970s. 
Lead bullets and broken clay targets were 
not recovered during aperationmb 

former outdoor pistol range in operation 
from early 1960s until 1981. Lead bullets 
were fired into a soil berm and were not 
recovered. 

remedial action will likely be required. Tables E.1 through E.3 in Appendix E list treatment 

Potemiat 
P-nys 

Soil 
Groundwater 

Soil 
Groundwater 

Surface water 
Sediment 

Previous hastigation 

Confirmation Study, 1 982'; preliminary geophysical and soil- 
gas study, 1992. 

Contaminam fdentifisd 

Tetrachlorethane 
(Soil-gas) 

None at present 

None at present 

None at present 

SWMU 15 

AOC 670 

AOC 684 

Notes: 
a See Table C.6, Appendix C for analytical results. - 

None 

None 

None 



sUwK3EDAFFEA 
OFMABJcE 
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8 - PREVIOUS MONITORING WELL 

- IdAGNETIC ANOMALY, HIGH PRIORITY 

- MAGNETIC ANOMALY, MED. PRIORITY SWMU 14, SWMU IS, 
AOC 684, 669 AND AOC 670 
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alternatives for the landfill that address soil, soil-gas, groundwater, leachate, and waste material. 

Data collection efforts will support evaluating these alternatives. Alternatives are presented for 

preliminary evaluation only. 

2.3.3 Data Gaps 

A review of the information available from previous investigations and assessments indicates data 

are insufficient to characterize the site(s) and support BRA a and detailed evaluation of remedial 

alternatives where necessary. The dab gaps are as follows: 

The impact of lead from the skeet and pistol ranges on site media is unknown. 

The available data are insufficient to c o n f i i  or precisely identify all chemicals reportedly 

buried at SWMU 14. 

The precise number and locations of chemical containers reported to be buried at SWMU 14 

are unknown. 

Insufficient data regarding rate and extent of contaminant migration. 

2.3.4 Potential Receptors 

Potential receptors of exposure to contaminants include current land users, such as NAVBASE 

personnel, and any future users this area might support. Data will be generated during the RFI 

to support determining level of risk to the entire spectrum of current and potential users, 

including any highly sensitive individuals, who might be exposed through invasive or non- 

invasive activities. The risk evaluation will also consider any ecological receptors which may 

be present. This will include characterizing all potential pathways of exposure at this site, 

including soil, soil-gas, ambient air, surface water, and groundwater. If contamination in 

groundwater is present and if groundwater flows laterally toward Shipyard Creek or the Cooper 

River, ecoIogical receptors in these water bodies could be impacted. 
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2.3.5 Objectives 

The objectives of the proposed field investigation are to fill the identified data gaps by 

determining if lead from the skeet and pistol ranges and chemicals have impacted site media. 

The investigation will focus sampling efforts at SWMU 14 in reported disposal areas to attempt 

to precisely identify the types of industrial chemical wastes and chemical warfare 

decontaminating agents. If these chemicals are present in site media, efforts should also focus 

on locating any buried containers which may be present. Ultimately, the investigation will 

delineate the horizontal and vertical extent and rate of migration of any soil, groundwater, 

surface water, and sediment contamination, if present. Data collection efforts should support 

the technical evaluation of identified remedial treatment alternatives. 

2.3.6 Screening Alternatives 

Limited soil-gas screening has been performed. A list of COPCs is not available to facilitate 

selecting a viable screening alternative due to the possibility of COPCs co-mingling as a result 

of the over lapping site boundaries at SWMU 14. 

A PID will be used to qualitatively screen for volatile compounds in all soil samples from every 

soil boring and monitoring well location. Results will be recorded in the field notes and on 

boring logs. 

2.3.7 Sampling and Analysis Plan 

To fulfill the RFI objectives, site-specific sampling and analysis requirements have been 

proposed. Table 2.8 summarizes the types of samples and analytical parameters. 
- 

In order to fully characterize soil contamination related to SWMU 14 and associated sites, a grid 

sampling system using approximately 72 sampling points is proposed. The locations of the grids 

are based on reported occurrences of chemical exposure during excavation, the expected location 
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of Iead shot and bullets associated with the former pistol and skeet ranges and previously 

detected geophysical targets. Consequently, the portion of the sample locations within the grids - 
that are proposed to be analyzed for Appendix IX constituents represent areas where chemical 

warfare decontaminating agents are most strongly suspected of having been disposed. These 

areas were selected based on descriptions of the burial areas presented in the RFA, soil-gas data, 

and geophysical targets. Soil samples will be collected at the base of the drainage ditches which 

Trble 2.8 
SWMU 14 and Associated Sltea 

Swnpm- 

Matrix Quantity Analysis 

Soil (0-1 ' bgsl 

Soil (3-5' bgsl 

Groundwater 
(Shallow wells) 
(Deep wells) 

Surface water 

Sediment 

Engineering Parameters: 
Engineering parameters will be dictated by field data collected. 

Slug tests will be performed on three shallowldeep well pairs. While installing deep wells, Shelby tubes 
wilt be collected when dramatic changes in lithology occur. Samples will be tested for permeability, grain 
size, porosity, TOC, and CEC. Analysis for any of the remaining design parameters listed in Appendix E 
will be performed at selected locations when a better understanding of the contaminant distribution (if 
contamination is present) is developed. 

Notes: 

Groundwater monitoring wells wil! be sampled quarterly. 

The quantities presented are estimated numbers of samples believed to be needed t o  fulfill the objectives 
of the investigation. Expansion of the investigation may be necessary to meet the stated objectives. 

All analysis to be performed per SW-846 except where other methods are specified. DQO Level Ill 
analyses as specified in sampling plan, with a minimum of 10% duplicates analyzed for all Appendix IX 
constituents at DQO Level IV. The sample quantities presented do not include QAIQC samples. 

7 2 

72 

5 
5 

1 

1 

VOAs and SVOAs w l  TICS, 
metals, cyanide, pesticides, 
sediment, and PCBs. 
Appendix IX (47 sampling 
points, refer to  Figure 2-5 for 
specific locations) 
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receive runoff during periods of heavy rainfall. One sediment and one surface water sample will 

be collected from the drainage ditch between Buildings 1896 and 1984, which frequently 

contains standing water. In addition, five soil boring locations within the grid network will be 

converted into shallow monitoring wells to assess groundwater quality within the site. 

Subsequently, five deep wells (to monitor the base of the water table aquifer at its contact with 

the Cooper formation) shall be paired with each of the shallow monitoring wells. Given the 

relatively flat gradient of the water table surface near Zone H, the proposed well coverage is 

intended to detect any impact to the groundwater which may have occurred at the site regardless 

of groundwater flow direction. Four biased soil sample locations are proposed in the immediate 

vicinity of SWMU 15 to determine if incinerator activities impacted the site, 

Each of the proposed sample locations is illustrated on Figure 2-5. All sampling will adhere to 

the NAVBASE Charleston Final Comprehensive RFI Work Plan unless otherwise stated. 

2.3.8 Radiological Potential 

This site has been determined to have a potential for radiological contamination due to unknown 

disposal practices before the 1960s. 

Contamination sources may include discarded equipment containing radium dials as well as items 

that fluoresce, such as deck markers. Sampling at this site will require betatgamma survey of 

surface and subsurface samples, a personnel frisk for alpha, beta and gamma activity, and 

equipment decontamination in the event radionuclides other than those naturally occurring are 

found. Appendix F of this work plan provides instructions for beta, gamma, and alpha 

screening. Isotopic analysis will be performed if betalgamma screening exceeds established 

trigger levels. Personnel frisking and equipment decontamination will be addressed in Section 4 

of this document. 



StlsPECTEDAREA 
OFmUWCE 
m- 

@ - SOlL BORING TO BE ANALYZED FOR ZONE H WORKPLAN 
APP. IX PARAMETERS NAVAL BASE CHARLESTON 

- SOlL BORING TO BE ANALY-ZED fOR 
STANDARD ANALYTICAL PARAMETERS 

9 - SHALLOW GROUNDWATER 
MONlTORlNG WELL 

0 - DEEP GROUNDWATER MONITORING WELL SWMU 14, SWMU 15, 
AOC 684, 669 AND AOC 670 

LLL - FORMER BERM AREA 

- DRAINAGE DITCH 
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2.4.8 Radiological Potential 

This site has been determined to have a low potential for radiological sources or contamination 

based on review of historical records and knowledge of past storage or disposal practices. While 

there is a low potential, the sites cannot be totally excluded until survey data can be established. 

TaMs 2.91 
SWAMS t 7 Samptin~ Plan 

Appendix F of this work plan provides instructions for beta, gamma, and alpha screening. 

Isotopic analysis will be performed if betajgamma screening exceeds established trigger 

concentrations. Personnel frisking and equipmekt decontamination will be addressed in Section 4 

of this document. 

Matrix 

Soil (0-1' bgs) 

Soil (3-5' bgs) 

Groundwater 
(Shallow wells) 

Engineering Parameters: 
Engineering parameters will be dictated by field data collected. 

Slug tests will be performed on one shallow well. While installing the wells, Shelby tubes will be collected 
when dramatic changes in lithology occur. Samples will be tested for permeability, grain size, porosity, 
TOC, and CEC. Analysis for any of the remaining design parameters listed in Appendix E will be performed 
at selected locations when a better understanding of the contaminant distribution (if contamination is 
present) is developed. 

Notes: 
Groundwater monitoring wells will be sampled quarterly. 

The quantities presented are estimated numbers of samples believed to be needed to fulfill the objectives of 
the investigation. Expansion of the investigation may be necessary t o  meet the stated objectives. 

All analysis t o  be performed per SW-846 except where other methods are specified. DQO Level Ill analyses 
as specified in sampling plan, with a minimum of 10% duplicates analyzed for all Appendix IX constituents 
at DQO Level IV, The sample quantities presented do not include OAIQC samples. 

- I , , , , ,  Analysis 

12 

12 

4 

VOAs and SVOAs wl TICS, cyanide 
metals, pesticides, and PCBs 
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2.5 AOC 503, Unexploded Ordnance flTXO) Site South of Building 665 

AOC 503 is at the Southern boundary of Zone H at the northeast end of NAVBASE. Table 2.12 

describes the site, which is illustrated in Figure 2-8. 

2.5.1 Previous hvestigations 

The site has not been previously investigated. 

- 

2.5.2 Treatment Alternatives 

As outlined in the overall sampling strategy in the Final Comprehensive RFI Work Plan, 

treatment alternatives are being identified for each of the sites where some type of remedial 

action will likely be required. Data collection efforts will suppon evaluating these alternatives. 

Table E.13 in Appendix E lists the treatment alternatives for AOC 503 if ordnance is located 

there. Alternatives presented here are for preliminary evaluation only. 

T a b  2,12 
AOG 503 

Sits kcr ipt ion 

Number ' DMCaptim 
MatMiaIs G a m e d  

or Stweel 

AOC 503 
UXO SITE 

Notes: 
" Described in the Draft RCRA Facility Assessment, May 31, 1994 (To be revised by November 3, 1994) 

Pat(wrtkrl Pathways 

Unexploded 
ordnance 

Two Mark 17-Depth Bombs were 
reportedly jettisoned from a Naval vessel 
in 1943. Currently the site is a wooded 
wetland approximately 300 feet from 
Shipyard Creek.' 

Soil 
Groundwater 



TWO MARK-1 7 DEPTH BOMBS 
JETTISONED 8 OCTOBER 1943 

ZONE H WORKPLAN 
NAVAL BASE CHARLESTON 

FIGURE 2-8 

UXO SITE 
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2.5.3 Data Gaps 

A review of the information available from previous investigations and assessments indicates data 

are insufficient to characterize the site(s) and support BRA and a detailed evaluation of remedial 

alternatives where necessary. The data gaps are as follows: 

Exact location of depth bombs is unknown. 

Integrity of the ordnance is unknown. 

Contaminant migration status is unknown. 

2.5.4 Potential Receptors 

The most severe threat posed by this AOC is to human safety. Contaminant migration could 

expose ecological receptors in Shipyard Creek. 

2.5.5 Objectives 

The objective of the RFI is to identify any contaminants which may have impacted site media. 

An interim action to remove the ordnance, if found, is warranted due to the danger to human 

health. 

2.5.6 Screening Alternatives 

Due to the nature of this site, it is not a viable candidate for screening techniques. 

2.5.7 Sampling and Analysis Plan 

Due to this site's special nature, an Explosive Ordnance Disposal (EOD) subcontractor will be 

selected to conduct this investigation. Upon selection, the EOD subcontractor will be tasked to 

prepare an addendum to the work plan describing specific techniques to locate the ordnance. 

Soil and groundwater samples will be collected here if the ordnance is located and safely 

removed or detonated in place. At that time samples shall be collected relative to the site of the 

ordnance recovery/detonation and analyzed for constituents associated with the specific type of 

weapon. If ordnance cannot be located, c o ~ m a t i o n  sampling covering a broader, more general 
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area may still be warranted. Table 2.13 provides a general overview of explosive hazardous 

waste constituent. and Table 2.14 outlines the associated laboratory data quality objectives. 

. 

Table 2,13 
Explosive Constituents Identified as Hazardous Waste 

Description 

PROPEUANTS 

Name 

Nitrocellulose 

Nitroglycerine 

Nitroguanidine 

PRmIARY 
EXPLOSIVES 

These three primary constituents can be used singula* or in various 
combin&ns along with mmk, metallic wits, and organic polymer Bin-. 

Chemicd Formula 
* " ' '  

C,2H ,6(0N02)406 

C ~ W ' ~ O S  

CH,N,O, 

Hazardous Wsste ID 
Numbr 

" 

DO03 

DO03 

0003 

Lead azide 

Mercury fulminate 

Diazodinitrophenol 
(DDNP) 

Lead styphnate 

Tetracene 

Potasslum 
dinitrobenzofuroxane 

(KDNBF) 

Lead 
mononitroresorcinate 

(LMNR) 

PbN6 
(71 % Pb) 

HoC~NZOZ 
(7.05% Hg) 

C6H2N405 

PbCBHN,06 
(44.2% Pb) 

CzH,N,oO 

KC6H2N406 

PbC,H,NO, 
(57.5% Pb) 

0003. DO08 

D003, DO09 

DO03 

D003, DO08 

DO03 

DO03 

D003, DO08 

- 

Fuds 

Lead thiocyanate 

Antimony sulfide 

Calc~um silicide 

PblSCN), 
(64% Pb) 

S5Sb2 

CaSi, 

0008 

- 
DO03 

0003, 0001 



Final Zone H RFZ Work Plan 
Naval Base Charleston 

Revision No. 0 
October 27, 1994 

TaMe 2-93 
Explosive ConsWents Identified as Wazardious Wastrr 

Hazardous Waste ID 

BQOSTER AND 
S f m A R Y  
UBtOSfVES 

fHlGH WCPLOSNESt 

- 

N m  Chemical Formula 

Oxidltwa 

Potassium chlorate 

Ammonium perchlorate 

Barium nitrate 

KCIO, 

NH4CI0, 

BaN,06 

DO03 

DO03 

0003, DO05 

Ariistic Nitrate Esters 

1 ,Antimony sulfide 
trinitrate (BTN) 

Diethyleneglycol dinitrate 
(DEGN) 

Nitroglycerine (NG) 

Nitrostarch (NS) 

Pentaerythyritol 
tetranitrate (PETN) 

Triethyiene 
glycoldinitrate (TEGN) 

1 ,1 ,1  -Trimethylolethane 
trinitrate (TMETN) 

Nitrocellulose (NCI 
L 

Sb2Ss 

C~H~NIO, 

C3H5N309 

c6H1005N02 

c~H8N4012 

C6H 12O 4N204 

c5H909N3 

C~2H~6(0N0~)406 

DO03 

DO03 

DO03 

DO03 

DO03 

DO03 

DO03 

DO03 

Warnines I 
Cyclotetramethylene- 
tetranitramme (HMX) 

Cyclotrimethylene- 
trinitramine (RDXI 

Ethylenediamine dinitrate 
(EDDN Haleite) 

Nitroguanidine (NO) 

2,4,6-Trinitropheny l- 
rnethylnitramine (Tetryl) 

C 4 H 8 N ~ 0 2  

C3H6N606 

C2H6N40, 

. CH4N402 

DO03 

DO03 

- DO03 

DO03 

c7H5N5Oa DO03 
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TaMe 2.13 
Explosive Constituents identified as Hazardous W a t e  

Hazardous Wme ID 
Nwnbw 

w 

DerrwSpiiion 
- ,  . 

BOOSTER AND 
SECDMCIARY 
€XROSNEG 

(HIGH EXPLQSNESt 

PYROTECHNICS 

Name Chernioal Formula 

Nitroaromatics 

Ammonium picrate 
(Explosive D) 

- - - 

1,3-Diamina-2.4.6- 
Trinitrobenzene (DATB) 

C6H3N307H3N 

C6H4N606 

DO03 

- 

DO03 

Nitroaromatics 

2,2'4,4'6,6'- 
Hexanitroazobenzene 

(HNAB) 

Hexnitrostilbene (HNS) 

1,3,5-Triamino-2,4,6- 
trinitrobenzene (TATB) 

2,4,6-Trinitrotoluene 
(TNT) 

Ammonium nitrate 

Compositions 

Mixtures of the above 

Plastic Bonded Explosive (PBX) 

Explosives (see above) and polymer binder, plasticizer, and fuel (aluminum or 
iron) 

A 

Combination of: 

Oxidizer: oxygen or fluorine 

Fuel: powdered aluminum or magnesium 

Binding Agents: resins, waxes, plastics, oils, retardants, waterproofing, color 
intensifier 

C ~ 2 ~ , ~ , 2  

c14Wwt2 

c6H6N606 

C7H5N306 

HN,NO, 

DO03 

DO03 

DO03 

DO03 

DO03 
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2 S.8 Radiological Potential 

This site has been determined to have a low potential for radiological sources or contamination 

based on review of historical records and knowledge of past storage or disposal practices. While 

there is a low potential, the sites cannot be totally excluded until survey data can be established. 

Table 2.14 
Exploahes AnalytiWl D m  OulrtiN Objectives 

SW446 Ntethod W30 
MaMx Spike~tMatrix Spike P u p f l m ~ w m p t e  Spikw 

Appendix F of this work plan provides instructions for beta, gamma, and alpha screening. 

Isotopic analysis will be performed if betalgamma screening exceeds established trigger 

concentrations. Personnel frisking and equipment decontamination will be addressed in Section 4 

of this document. 

compwnd 
Mi Rsoldn 

WDt 

Matrix Spikes J 
WatM Preebion 

[RPDI 
1 801Aecuncy 

I f% R e ~ o ~ f  
Wstw Aceumuy 

t% Rsccwm) 

1,3-Dinitrobenzene 

2'4-Dinitratolgene 

2-Nitrotoluene 

Surfgat& Spikes 

2-Fluorobiphenyl 1 N A I N A 1, 40-1 40 I 40- 1 40 

0-30 

0-30 

0-30 

54-1 66 

60- 1 40 

50-1 44 

54-1 66 

60- 1 40 

50- 1 44 

0-30 

0-30 

0-30 
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2.6 AOC 653, Hobby Shop 

The Automotive Hobby Shop containing an hydraulic lift is in the northwest corner of Zone H 

at the northeast end of NAVBASE. The site includes buildings 1347, 1493, 1508, 1763 and 

several other structures. Table 2.15 briefly describes the site. 

2.6.1 Previous Investigations 

Previous investigations have determined the hydraulic lift may have leaked and that spilled waste 

oil and petroleum hydrocarbons have impacted the site. Table 2.16 summarizes the previous 

investigations at AOC 653. 

Tabk 2.15 
AOC 653 

rite DsscrSptiOn 

Numbar 

AOC 653 
AUTO 

HOBBY 
SHOP 

TaMe 2.16 
AOG 653 

Reviolnr Investigations 

Notes: 
Described in the Draft RCRA Facility Assessment, May 31, 1994 (To be revised by November 3, 1994) 

hcrip-tion 

One of four buildings which make up the 
automotive hobby shop complex. A hydraulic fluid 
storage tank is at the east end of Building f 508, 
which is no longer in use due to suspected leakage. 
In addition, various paints, solvents, thinners and 
petroleum products have been used and stored at 
the site .' 

Number 

AOC 653 

Material8 Garmatad 
M SWi5d 

Oils 
Paints 

Solvents 
f hinners 

Hydraulic fluid 

- 
Previdus InvsWigstions I Cotataminants Identified 

Powwid 
p-W-4lW 

Soil 
Groundwater 

Soil-gas 

Zone Inspection Report for Zone 22 
(July 31, 1991) 

- 
Oil residue 

Petroleum hydrocarbons 
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2.6.2 Treatment Alternatives 

As outlined in the overall sampling strategy presented in the Final Comprehensive RFI Work 

Plan, treatment alternatives are being identified for each of the sites where some type of 

remedial action will likely be required. Tables E.7 through E.9 in Appendix E list treatment 

alternatives addressing soil, soil-gas, and groundwater. Data collection efforts will support 

evaluating these alternatives. Alternatives presented here are for preliminary evaluation only. 

2.6.3 Data Gaps 

A review of the information available from previous investigations and assessments indicates data 

are insufficient to characterize the site@) and support BRA and a detailed evaluation of remedial 

alternatives where necessary. The data gaps are as follows: 

Unknown volume of hydraulic fluid has leaked from 40-gallon underground steel tank. 

Areal extent of the leakage is unknown. 

Soil and groundwater data are absent to confirm contamination from Hobby Shop processes. 

2.6.4 Potential Receptors 

Potential receptors of exposure to contaminants include current land users, such as NAVBASE 

personnel, and any future users this area might support. Data will be generated during the RFI 

to support determining the level of risk to the entire spectrum of current and potential users, 

including any highly sensitive individuals, who might be exposed through invasive or non- 

invasive activities. The risk evaluation will also consider ecologica1 receptors which may be 

present. This will include characterizing all potential pathways of exposure at this site, including 

soil, soil gas, and groundwater. If contamination in groundwater is present and if groundwater 

flows laterally toward Shipyard Creek or the Cooper River, ecological receptors in these water 

bodies could be impacted. 
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2.6.5 Objectives 

The objectives of the proposed field investigation regarding AOC 653 are to fill the identified 

data gaps by delineating horizontal and vertical extent of any soil andlor groundwater 

contamination at the site, as well as determining the chemical nature of the contaminants. Data 

collection efforts will support the technical evaluation of identified treatment alternatives. 

2.6.6 Screening Alternatives 

Due to the suspected small nature of the spill, this site is not a good candidate for screening 

methodologies. Collecting a few highly biased samples is the preferred method. If the higher 

quality samples fail to fully delineate the areal extent of any contamination, the feasibility of 

employing screening dternatives will be reevaluated. 

A PID will be used to qualitatively screen for volatile compounds in all soil samples from every 

soil boring and monitoring well location. Results will be recorded in the field notes and on 

boring logs. 

2.6.7 Sampling and Analysis Plan 

To fulfill the RFI objectives, site-specific sampling and analysis requirements have been 

proposed. Table 2.17 summarizes the types of samples and analytical parameters. Each of the 

proposed sample locations is illustrated on Figure 2-9. All sampling will adhere to the 

NAVBASE Charleston Final Comprehensive RFI Work Plan unless otherwise stated. 

The object of investigation is an underground hydraulic fluid tank formerly used with the carlift 

on the east end of Building 1508. Apparently, due to a history of leakage, use of the tank was 

discontinued and new aboveground hydraulic fluid tanks were installed with new car-lifting 

mechanisms. The old tank remains in the ground. Four soil boringlmonitoring well locations 

are proposed in the hydraulic tank's immediate vicinity to identify the presence of contamination 
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near Building 1508. Two of the locations are intended for soil sampling only. The third and 

fourth locations are intended to be soil boringlmonitoring well locations. 

Given the relatively flat gradient of the water table surface near Zone H, and the relatively small 

area of the site, it is anticipated that if any contaminants have reached the water table they will 

be detectable in groundwater samples collected regardless of its flow direction. 

Groundwater flow direction at AOC 653 will be determined from water-level measurements 

collected from the wells installed to characterize contamination associated with AOC 653 and 

monitoring wells installed as part of the base-wide grid groundwater monitoring network. 

T s b  2.17 
AaC B53 

Matrix I Quantity f , ,  Analysis 

TPH, VOAs, SVOAs w l  cyanide. 
TICS, metals, pesticides, and 
PCBs 

Soil (0-1 ' bgs) 

Soil (3-5' bgs) 

Groundwater 
(shallow well) 

Engineering Parameters: 
Engineering parameters will be dictated by field data collected. 

Slug test will be performed on the one shallow well. while installing the wetl, Shelby tubes will be 
collected when dramatic changes in lithology occur. One highly biased sample will be analyzed for the 
design parameters specified in Appendix E. 

Notes: 

Groundwater monitoring wells will be sampled quarterly. 

The quantities presented are estimated numbers of samples believed to be needed to fulfill the objectives 
of the investigation. Expansion of the investigation may be necessary to  meet the stated objectives. 

All analysis to  be performed per SW-846 except where other methods are specified. DO0 Level Ill 
analyses as specified in sampling plan, with a minimum of 10% duplicates analyzed for all Appendix IX 
constituents at DQO Level IV. The sample quantity presented does not include QAlQC samples. 

4 

4 

2 
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2.6.8 Radiological Potential 

This site has been determined to have a low potential for radiological sources or contamination 

based on review of historical records and knowledge of past storage or disposal practices. While 

there is a low potential, the sites cannot be totally excluded until survey data can be established. 

Appendix F of this work plan provides instructions for beta, gamma, and alpha screening. 

Isotopic analysis will be performed if betaigamma screening exceeds established trigger 

concentrations. Personnel frisking and equipment decontamination will be addressed in Section 4 

of this document. 
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2.7 AOC 655, Oil S p a  Area and AOC 656, Petroleum Spill Between Buildings 602 

AOC 655 is the area behind the base exchange, Building 656, and AOC 656 is the site of an 

oil spill in 1974. Table 2.18 summarizes the sites. 

2.7.1 Previous Investigations 

As mentioned in Section 1.3, a portion of the RFI described as an FFI is being expedited. The 

FFI has been associated with AOC 655 in the context of this RFI Work Plan because of the 

involvement of Building 656, (not to be confused with AOC 656 which is also mentioned in this 

section). The data collected during a previous phase of the FFI and the strategy are summarized 

t 

Table 2.18 
AOC 6II and AOC 666 

Sits Descriptions 

in Appendix G. Table 2,19 summarizes the previous investigations at AOCs 655 and 656 as 

well. 

Number 

AOC 655 
Oil Spill Area 

AOC 656 
Petroleum Spill 

Between 
Buildings 602 

and NS-71 

Notes: 
a Described in the Draft RCRA Facility Assessment, June 13, 7994 (To be revised by November 3, 1994) 

k c & t b n  

Area behind base exchange; approximately 
300 gallons of No. 2 Fuel Oil spilled from a 
ruptured fuel line within Building 656 in 
1985; about 150  gallons went through a 
seam in the building to the soil below. Fuel 
oil is supplied by a nearby 5,800 gallon 
UST.' 

Site of a spill of No. 5 fuel oil in 1974 
resulting from a rupture of underground oil 
lines between Facility 602, containing an 
8000-gallon aboveground storage tank 
(ASTI, and the boiler in Building 71; 285 
gallons leaked, but 275 gallons were 
recovered; oil entered Cooper River through 
the storm sewer system.' 

M ~ a r k b  Oarramtoti 
or S t d  

Petroleum 

Petroleum 

PoteMisl 
Pethwslyn 

Soil 
Groundwater 

Soil-gas 
Air 

Soil 
Groundwater 

Soil-gas 
Air 
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2.7.2 Treatment Alternatives 

As outlined in the overall sampling strategy presented in the Final Comprehensive RFI Work 

Plan, treatment alternatives are being identified for each of the sites some type of remedial 

action will likely be required. Data collection efforts will support the evaluation of these 

alternatives. Tables E. 11 and E. 12 in Appendix E list treatment alternatives for groundwater 

and soil at AOC 655 and AOC 656. Alternatives presented here are for preliminary evaluation 

only. 

Table 2.11) 
AOC 1655 and 656 

Prsvious ktvestigeths 

CanUsmimnts 
IdenHM 

Petroleum 
hydrocarbons 

Chlorinated 
hydrocarbons 

Petroleum 
hydrocarbons 

#umber 

AOC 655 

AOC 656 

Notes: 
a Described in the Focused Field Investigation, Appendix G.  

.L 

Previous InveJtigationa 

A soil-gas investigation conducted near Building 656 
identified a relatively high response for acetone near the 
reported spill; significant responses for benzene, toluene, 
ethytbenzene, and xylene (BTEX) and oil compounds were 
also reported. Appendix B contains a map depicting the 
distribution of acetone in soil-gas. Air sampling conducted 
inside the building detected the presence of anthropogenic 
compounds but did not conclusively determine a source.' 

The RFA reports several leaks from underground fuel lines 
have occurred but no specifics given. The same soil-gas 
survey mentioned above indicates the that these releases 
may have impacted media near the site in addition to the site 
itself as it is currently described. 
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2.7.3 Data Gaps 

A review of the information available from previous investigations and assessments indicates data 

are insufficient characterize the site(s) and support a BRA and detailed evaluation of remedial 

alternatives where necessary. The data gaps are as follows: 

The impacts of the reported releases on soil and groundwater at both sites have not been 

determined. Soil-gas screening has given a preliminary indication that contamination does 

exist and that the areal extent of the contamination may go beyond the immediate vicinity of 

the general site descriptions provided above. 

The potential for a landfill (SWMU 9) approximately I00 yards from the sites to impact 

groundwater quality has not been fully assessed. Currently the landfill is believed to be 

hydrogeologically upgradient. 

Fulfill the objectives of the FFI. 

2.7.4 Potential Receptors 

Potential receptors of exposure to contaminants include current land users, such as NAVBASE 

personnel, and any future users this area might support. Data will be generated during the RF1 

to support determining the level of risk to the entire spectrum of current and potential users, 

including any highly sensitive individuals, who might be exposed through invasive or non- 

invasive activities. The risk evaluation will also consider ecological receptors which may be 

present. This will include characterizing potential pathways of exposure at this site which 

include soil, ambient air, soil-gas, and groundwater. If contamination in groundwater is present 

and if groundwater flows laterally toward Shipyard Creek or the Cooper River, ecological 

receptors in these water bodies could be impacted. 
- 

2.7.5 Objectives 

The objectives of the proposed field investigation are to confirm the presencelabsence of VOCs 

detected in the soil-gas survey and indoor air sampling. The investigation will also fulfill the 

objectives of the FFI, which are described in Appendix G. If present, the investigation will 
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delineate the horizontal and verticai extent of the COPCs through all affected site media, and 

determine the source. Data collection efforts will support the technical evaluation of identified 

treatment alternatives. 

2.7.6 Screening Alternatives 

Soil-gas screening has been used to assist in selecting a portion of the biased sampling locations 

proposed below. Once the previous soil-gas data is confirmed with DQO Level III and/or IV 

soil and groundwater data, additional screening methods may be proposed for these sites. 

A PID will be used to qualitatively screen for volatile compounds in all soil samples from every 

soil boring and monitoring well location. Results will be recorded in the field notes and on 

boring logs. 

2.7.7 Sampling and Analysis Plan 

The sample locations for AOC 655 area include two soil boring locations in the boiler room, 

where the spill reportedly occurred. Installing these borings will require coring through the 

concrete floor of the boiler room. One soil boring will be constructed in the open area adjacent 

to the boiler room. This is an enclosed area that will prohibit a drill rig from entering to 

construct a monitoring well. Three soil borings will be constructed outside Building 656 in 

potential groundwater contamination source areas and converted into monitoring wells. One of 

these locations will be as close to the building as possible in the area of the release and also in 

the immediate vicinity of a soil-gas "hit." Additionally, this location was selected based on 

proximity to the piping leading to the boiler room. The other two monitoring wells will be 

located at opposite ends of the fuel oil underground storage tank (UST) to detect any releases 

which may have occurred there. The soil-gas survey also detected several anomalies around 

Building 656 that are not in the immediate area of the release or the UST. The connection (if 

any) between these areas and the suspected source area is not known; however, as part of the 

AOC 655 investigation, three soil borings will be installed where the highest "hits" occurred 
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-- - 

to confirm if anthropogenic compounds are present. The remaining outlying soii-gas "hits" will 

be investigated as part of the grid-based sampling described in Section 3 .O. The scope of work 

previously completed under the FFI and the remaining data gaps are described in Appendix G. 

To fill the data gaps, additional air samples from within and underneath Building 655 will be 

collected to assess the potential for gaseous phase contaminant migration into the structure. 

The sample locations proposed for the AOC 656 area include soil-boring locations to be 

completed as groundwater monitoring wells. The proposed soil-boring locations were oriented 

in a codiguration along the pipes which reportedly ruptured to detect any remaining residual 

contamination. Additional soil-boring locations are proposed as close as possible to the 

perimeter of the aboveground storage tank (AST) to determine if any spills/leaks have occurred 

there as welf. To ensure that groundwater contamination will be intercepted by at least one of 

the proposed monitoring wells, locations were selected based on the reported area of the release 

and the current understanding of groundwater flow direction in the area. 

Table 2.20 summarizes the types of samples and analytical parameters. Each of the proposed 

sample locations is illustrated on Figure 2-10. All sampling will be performed in accordance 

with the NAVBASE Charleston Final Comprehensive RFI Work Plan unless otherwise stated. 

2.7.8 Radiological Potential 

This site has been determined to have a low potential for radiological sources or contamination 

based on review of historical records and knowledge of past storage or disposal practices. While 

there is a low potential, the sites cannot be totally excluded until survey data can be established. 

- 

Appendix F of this work plan provides instructions for beta, gamma, and, alpha screening. 

Isotopic analysis will be performed if beta/gamrna screening exceeds established trigger 

concentrations. Personnel frisking and equipment decontamination will be addressed in Section 4 

of this document. 
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Ttr* 2.20 
AOC M 6  dnd AOC 666 

ssmplkto man 

Matrix 

Soil (0-1 ' bgs) 

Soil (3-5' bgsl 

Groundwater 
(shallow well) 

Air 

Engineering Parameters: 
Engineering parameters will be d~ctated by field data collected. 

Slug tests will be performed on one of the wells. While installing the wells, Shelby tubes will be collected 
when dramatic changes in lithology occur. Samples will be tested for permeability, grain size, porosity, 
TOC, and CEC. Analysis for any of the remaining design parameters listed in Appendix E will be 
performed at selected locations when a better understanding of the contaminant distribution (if 
contamination is present) is developed. 

Notes: 
Groundwater monitoring wells will be sampled quarterly. 

The quantities presented are estimated numbers of samples believed to be needed to fulfill the objectives 
of the investigation. Expansion of the investigation may be necessary to meet the stated objectives. 

All analysis to be performed per SW-846 except where other methods are specified. DO0 Level Ill 
analyses as specified in sampling plan, with a minimum of 10% duplicates analyzed for all Appendix IX 
constituents at DQO Level IV. The sample quantity presented does not inctude QAlQC samples. 

h. 

Q-th - . -" 

18 

18 

6 

Refer to Appendix G 

AnaIysit 

TPH, VOAs and SVOAs w/TICs, 
cyanide, metals, pesticides, and 
PCBs 

Refer to Appendix G for air 
analysis. 
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2.8 AOC 662, Former Gas Station 

AOC 662 is the former gas station at the southern end of the base. Table 2.21 describes the 

site. 

2.8.1 Previous Investigations 

The site has not been previously investigated. 

Table 2.2'1 
AOC 662 

Site bcription 

2.8.2 Treatment Alternatives 

As outlined in the overall sampling strategy presented in the Final Comprehensive RFI Work 

P h ,  treatment alternatives are being identified for each of the sites where some type of 

remedial action will likely be required. Tables E.7 through E.9 in Appendix E list treatment 

alternatives for soil, soil-gas, and groundwater. Data collection efforts will support evaluating 

of these alternatives. Alternatives presented here are for preliminary evaluation only. 
- 

Number 

AOC 662 
FORMER 

GAS 
STATION 

Notes: 
Described in Draft RCRA Faciiiry Assessment, May 31, 7994 (To be revised by November 3, 1994) 

LIescriptEon 

Former service station and possible billeting 
office; used as service station from 1958 
until unknown date when it was converted 
to storage space; currently a non- 
hazardous material storage area; two 
unregistered, steel USTs may be present." 

Matarids Oenersted 
or S t d  

Petroleum 
Lead 

Patentid 
Pathways 

Soil 
Groundwater 

Soil-gas 
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2.8.3 Data Gaps 

A review of the information available from previous investigations and assessments indicates data 

are insufficient to characterize the site and support a BRA and detailed evaluation of remedial 

alternatives where necessary. The data gaps are as follows: 

Sufficient information is not available to c o d i i  that contamination exists at AOC 662. 

It is not known whether the USTs are still present. 

2.8.4 Potential Receptors 

Potential receptors of exposure to contaminants include current land users, such as NAVBASE 

personnel, and any future users this area might support. Data will be generated during the RFI 

to support determining level of risk to the entire spectrum of current and potential users, 

including any highly sensitive individuals, who might be exposed through invasive or non- 

invasive activities. The risk evaluation will also consider ecological receptors which may be 

present. This will include characterizing all potential pathways of exposure at this site, including 

soil, soil-gas, and groundwater. If contamination in groundwater is present and if groundwater 

flows laterally toward Shipyard Creek or the Cooper River, ecological receptors in these water 

bodies could be impacted. 

2.8.5 Objectives 

The objectives for the site are to fill the data gaps by determining if the USTs are still in place 

and if so, their locations, and to collect biased soil and groundwater samples in order to c o ~ m  

contamination is present here. If present, the investigation will delineate the horizontal and 

vertical extent of the COPCs through all affected site media, and determine the source. Data 

collection efforts will support the technical evaluation of identified treatment alternatives. 

2.8.6 Screening Alternatives 

Because it is currently unknown if contamination exists, collecting higher quality samples at 

biased locations is the preferential method. At the present time no sampling has been conducted 
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to determine COPCs; therefore, selecting a screening alternative (i.e. , soil-gas) would be 

premature. If the proposed collection of high-quality samples is inadequate to define the areal 

extent of contamination (if present), the feasibility of employing screening methods will be 

reevaluated. Before collecting sarnples,existence of the USTs should be verified using an 

electromagnetic (EM). If successful, the geophysical survey could optimize the biased sampling 

efforts to c o n f i i  contamination and locate tanks for possible remedial action. 

A PID will be used to qualitatively screen for volatile compounds using in all soil samples from 

every soil boring and monitoring well location. Results will be recorded in the field notes and 

on boring logs. 

2.8.7 Sampling and Analysis Plan 

To fulfill the objectives of the RFI, site-specific sampling and analysis requirements have been 

proposed. Table 2.22 summarizes the types of samples and analytical parameters. Each of the 

proposed sample locations is illustrated on Figure 2-11. All sampling will adhere to the 

NAVBASE Charleston Final Comprehensive RFI Work Plan unless otherwise stated. 

Four soil sampling locations are proposed relative to the suspected UST locations to identify the 

presence of contamination associated with AOC 662. Two soil borings are to be completed as 

monitoring wells. 

Given the relatively flat gradient of the water table surface near Zone H, and relatively small 

area of the site, it is anticipated that if any contaminants have reached the water table, they will 

be detectable in groundwater samples regardless of flow direction. - 

Groundwater flow direction near AOC 662 will be determined from water-level measurements 

from wells installed to characterize contamination associated with AOC 662 and monitoring 

wells installed as part of the base-wide grid groundwater monitoring network. 
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2.8.8 Radiological Potential 

This site has been determined to have a low potential for radiological sources or contamination 

based on review of historical records and knowledge of past storage or disposal practices. While 

there is a low potential, the sites cannot be totally excluded until survey data can be established. 

Tam 2.22 
ACIC m2 

M k r g  - 
Mtttrix 

Appendix F of this work plan provides instructions for beta, gamma, and alpha screening. 

Isotopic analysis will be performed if betaigama screening exceeds established trigger 

concentrations. Personnel frisking and equipment decontamination will be addressed in Section 4 

of this document. 

Soil 10-1 ' bgs) 

Soil (3-5' bgsl 

Groundwater 
(shallow well) 

4 

4 

2 

TPH, VOAs and SVOAs w/ TICS, 
cyanide, metals, pesticides, and 
PCBs 

Engineering Parameters: 
Engineering parameters will be dictated by field data collected. 

Slug tests will be performed on one well. While installing the well, Shelby tubes will be collected when 
dramatic changes in lithology occur. Samples will be tested for permeability, grain size, porosity, TOC, 
and CEC. Analysis for any of the remaining design parameters listed in Appendix E will be performed at 
selected locations when a better understanding of the contaminant distribution (if contamination is 
present) is developed. 

Notes: 
Groundwater monitoring wells will be sampled quarterly. 

The quantities presented are estimated numbers of samples believed to be needed to fulfill the objectives 
of the investigation. Expansion of the investigation may be necessary to meet the stated objectives. 

All analysis to be performed per SW-846 except where other methods are specified. DQO Level Ill 
analyses as specified in sampling plan, with a minimum of 10% duplicates analyzed for all Appendix IX 
constituents at  DQO Level IV. The sample quantities do not include QAIQC samples. 
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2.9 AOC 663, GasJDiesel Pumping Station and SWMU 136 

AOC 663 is an active gas and diesel pumping station at Building 851. Table 2.23 describes 

AOC 663; SWMU 136 is a Satellite Accumulation Area (SAA) that receives waste from both 

Buildings 851 and NS-53. 

2.9.1 Previous Investigations 

The site has not been investigated previously. 

TaWe 2.23 
aoc 663 and swu I 36 

ate Wcr$,tians 

2.9.2 Treatment Alternatives 

As outlined in the overall sampling strategy presented in the Final Comprehensive RFi Work - 
Plan, treatment alternatives are being identified for each of the sites where some type of 

remedial action will likely be required. Tables E.7 through E.9 in Appendix E list treatment 

alternatives for the landfill addressing soil, soil-gas, and groundwater. Data collection efforts 

will support evaluation of these alternatives. Currently, data are insufficient to support 

Mu* - 
AOC 663 

FUEL PUMPING 
STATION 

SWMU t36 
SAA# 19 

Notes: 
a Described in Draft RCRA Facility Assessment, June 13, 1994 (To be revised by November 3, 1994) 

Described in Draft RCRA Facility Assessment, May 37, 1994 [To be revised by November 3, t 994) 

MateWs Generated 
Dasuiption 

Active gasoline and diesel pumping 
station since 1983; contains two  500- 
gallon USTs; five flammable storage 
lockers located along west side of 
facility which store hazardous material 
from adjacent buildings; stained and 
cracked asphalt was noted near the 
pumping areas.' 

SAA associated with Building NS-53; 
receives hazardous waste from NS-83 
and Facility No. 851 ? 

Petroleum 
Solvents 

Paints 

VOCs 
Metals 

Petroleum 

Soil 
Soil-gas 

Ground water 

Soil 
Soil Gas 

Groundwater 
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extrapolating of treatment alternatives for SWMU 136. Alternatives presented here are for 

preliminary evaluation only. 

2.9.3 Data Gaps 

A review of the information available from previous investigations and assessments indicates data 

are insufficient to characterize the site($ and support a BRA and detailed evaluation of remedial 

alternatives where necessary. 

2.9.4 Potential Receptors 

Potential receptors of exposure to contaminants indude current land users, such as NAVBASE 

personnel, and any future users this area might support. Data will be generated during the RFI 

to support determining the level of risk to the entire spectrum of current and potential users, 

including any highly sensitive individuals, who might be exposed through invasive or non- 

invasive activities. The risk evaluation will also consider ecological receptors which may be 

present. This will include characterizing all potential pathways of exposure at this site, including 

soil and groundwater. If contamination in groundwater is present and if groundwater flows 

laterally toward Shipyard Creek or the Cooper River, ecological receptors in these water bodies 

could be impacted. 

2.9.5 Objectives 

The objectives of the proposed field investigation regarding AOC 663 are to confirm the 

presencelabsence of COPCs. If present, the investigation will delineate the horizontal and 

vertical extent of any soil andlor groundwater contamination. Data collection efforts will 

support technical evaluation of identified treatment alternatives. - 
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2.9.6 Screening Alternatives 

Presently a limited number of high-quality, highly biased samples are proposed to establish the 

list of COPCs. The feasibiiity of employing screening alternatives will be reevaluated after 

reviewing the data. 

A PID will be used to qualitatively screen for volatile compounds in all soil samples from every 

soil boring and monitoring well locations. Results will be recorded in the field notes and on 

boring logs. 

2.9.7 Sampling and Analysis Plan 

To fulfill the RFI objectives, site-specific sampling and analysis requirements have been 

proposed. Ten soil sampling locations are proposed as close as possible to the USTs and the 

hazardous materials locker to characterize contamination associated with AOC 663 and 

SWMU 136. Three soil borings will be completed as monitoring wells. The proposed sample 

coverage is intended to detect any impact to soil and or groundwater which may have occurred 

at the site regardless of groundwater flow direction. Table 2.24 summarizes the types of 

samples and analytical parameters. The proposed sample locations are illustrated on Figure 2- 

12. All sampling will adhere to the NAVBASE Charleston, Final Comprehensive RFI Work 

Plan unless otherwise stated. 

2.9.8 Radiological Potential 

This site has been determined to have a low potential for radiological sources or contamination 

based on review of historical records and knowledge of past storage or disposal practices. While 

there is a low potential, the sites cannot be totally excluded until survey data can be established. 

Appendix F of this work plan provides instructions for beta, gamma, and alpha screening. 

Isotopic analysis will be performed if betalgamrna screening exceeds established trigger 
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concentrations. Personnel frisking and equipment decontamination will be addressed in Section 4 

of this document. 
I 

- 

Tabb 2.24 
AOC 663 and SWMU 136 

arnplirrg 

Matrix 

Soil (0-1 ' bgs) 

Soil (3-5' bgs) 

Groundwater 
(shallow welt1 

Engineering Parameters: 
Engineering parameters will be dictated by field data collected. 

A slug test will be performed on one of the wells. While installing the wells, Shelby tubes will be 
collected when dramatic changes in lithology occur. Samples will be tested for permeability, grain size, 
porosity, TOC, and CEC. Analysis for any of the remaining design parameters listed in Appendix E will be 
performed at selected locations when a better understanding of the contaminant distribution (if 
contamination is present) is developed. 

Notes: 
Groundwater monitoring wells will be sampled quarterly. 

The quantities presented are estimated numbers of samples believed t o  be needed t o  fulfill the objectives 
of the investigation. Expansion of the investigation may be necessary to meet the stated objectives. 

All analysis t o  be performed per SW-846 except where other methods are specified. DQO Level Ill 
analyses as specified in sampling plan, with a minimum of 10% duplicates analyzed for all Appendix IX 
constituents at DQO Level IV. The sample quantities do not include QA/QC samples. 

Quantity 1 Anslysit 

10 

10 

3 

" 

VOAs, SVOAs w /  TICS, cyanide, 
metals, pesticides, PCBs. 
TPH volatile/semivolatile 
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2.10 AOC 667, Vehicle Maintenance (Includes SWMU 138) 

AOC 667 is an area associated with Building 1776; SWMU 138 is approximately 50 feet 

southwest of AOC 667, due their proximity, the sites shall be investigated together. The below 

Table 2.25 describes the sites. 

2.10.1 Previous Investigations 

The site has not been investigated previously. 

T a b  2.25 
AOC 167 and S W U  138 

I 

2.10.2 Treatment Alternatives 

As outlined in the overall sampling strategy in the Final Comprehensive RFI Work Plan, 

treatment alternatives are being identified for each of the sites where some type of remedial 

site Deseriptrona 

Notes: 
a Described in Draft RCRA Facility Assessment, May 31, 1994 (To be revised November 3, 1994) 

Alunob - . , ,  . , , ,  , , 

AOC 667 
VEHICLE 

MAINTENANCE 
AREA 

SWMU 138 
SAA RELATIVE 
TO BLDG. 1776 

Mstdab Ganersted 
or Stored 

Petroleum products 

VOCs 
Waste oil 
Petroleum 
Antifreeze 
Oily rags 

Ctescriptlon 

A two-story brick structure 
[Building 1776) which includes an 
oillwater separator. The site is 
used for the routine maintenance 
of automobiles and heavy 
equipment, including oil changes 
and repairing hydraulic parts from 
the equipment. The site employs 
a 550-gallon portable storage tank 
to store waste oil. Numerous oil 
stains have been noted around the 
building.' 

SAA located 50 feet southwest of 
Bldg. 1776. The SAA stores 
hazardous waste in 55-gallon 
drums which are immediately 
transferred to a permitted 

PoMW Pathways 

Soil 
Groundwater 

Soil-gas 

Soil 
Groundwater 

Soil-gas 
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action will likely be required. Tables E.7 through E.9 in Appendix E list treatment alternatives 

for the landfill addressing soil, soil-gas, and groundwater. Data collection efforts will support 

evaluating these alternatives. Alternatives presented here are for preliminary evaluation only. 

2.10.3 Data Gaps 

SWMU 138 has been designated for a CSI. There is no available measure of potential 

contaminants or their concentrations. AOC 667 has been designated for an RFI. Evidence 

suggests that releases have occurred at the site; however, a previous investigations and 

assessments indicate data are insufficient to characterize the site(s) and support a BRG and 

detailed evaluation of remedial alternatives where necessary. The data gaps are as follows: 

No information regarding groundwater contamination. 

No infomation regarding soil contamination both at the surface and at depth. 

Insufficient data to support identifying treatment alternatives. 

2.10.4 Potential Receptors 

Potential receptors of exposure to contaminants include current land users, such as NAVBASE 

personnel, and any future users this area might support. Data will be generated during the RFI 

to support determining the level of risk to the entire spectrum of current and potential users, 

including any highly sensitive individuals, who might be exposed through invasive or non- 

invasive activities. The risk evaluation will also consider ecological receptors which may be 

present. This will include characterizing all potential pathways of exposure at this site, including 

soil and groundwater. If contamination in groundwater is present and if groundwater flows 

laterally toward Shipyard Creek or the Cooper River, ecological receptors in these water bodies 

could be impacted. - 
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2.10.5 Objectives 

The objectives of the proposed field investigation regarding AOC 667 and SWMU 138 are to 

fill the identified data gaps by delineating the horizontal and vertical extent of any soil andlor 

groundwater contamination at the site, as well as determining the contaminants chemical nature. 

Data collection efforts will support the technical evaluation of identified treatment alternatives. 

2.10.6 Screening Alternatives 

Presently, a limited number of high quality, highly biased samples are proposed to establish the 

list of COPCs. The feasibility of employing screening alternatives will be reevaluated after 

reviewing the data. 

A PID will be used to qualitatively screen for volatile compounds in all soil samples collected 

from every soil boring and monitoring well locations. Results will be recorded in the field notes 

and on boring logs. 

2.10.7 Sampling and Analysis Plan 

To fulfill the RFI objectives, site-specific sampling and analysis requirements have been 

proposed. Table 2.26 summarizes the types of samples and analytical parameters. The 

proposed sampling locations are illustrated on Figure 2-13. All sampling will adhere to the 

NAV3ASE Charleston Final Comprehensive RFI Work Plan unless otherwise stated. 

Seven sampling locations are proposed relative to the storage tank and the SAA to characterize 

contamination associated with AOC 667 and SWMU 138. Soil samples will be collected from 

each of the seven locations. Two of the soil borings will be completed as monitoring wells. 

Given the relatively flat gradient of the water table surface near Zone H, and relatively small 

area of the site, it is anticipated that if any contaminants have reached the water table, they 
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should be detectable in groundwater samples collected from at least one of the two monitoring 

wells. 

2.10.8 Radiological Potential 

Table 2.26 
AOC 867 and S W U  138 

Sampling Ptan 

This site has been determined to have a low potential for radiological sources or contamination 

based on review of historical records and knowledge of past storage or disposal practices. While - 
there is a low potential, the sites cannot be totally excluded until survey data can be established. 

L 
Analysis 

VOAs and SVOAs w/TICs, metals, 
cyanide, pesticides, and PCBs 

M a  I Quantity 

Appendix F of this work plan provides instructions for beta, gamma, and alpha screening. 

Isotopic analysis will be performed if betdgamma screening exceeds established trigger 

Engineering Parameters: 
Engineering parameters will be dictated by field data collected. 

A slug test will be performed on the one shallow well. While installing the well, Shelby tubes will be 
collected when dramatic changes in lithology occur. Samples will be tested for permeability, grain size, 
porosity, TOC, and CEC. Analysis for any of the remaining design parameters listed in Appendix E will be 
performed at selected locations when a better understanding of the contaminant distribution (if 
contamination is present) is developed. 

Notes: 
Groundwater monitoring wells will be sampled quarterly. 

The quantities presented are estimated numbers of samples believed to be needed to fulfill the objectives 
of the investigation. Expansion of the investigation may be necessary to meet the stated objectives. 

All analysis to be performed per SW-846 except where other methods are specified. DQO Level Ill 
analyses as specified in sampling plan, with a minimum of 10% duplicates analyzed far all Appendix IX 
constituents at DO0 Level IV. The sample quantities do not include QAlQC samples. 

Soil (0-1 '1 

Soil (3-5') 

Groundwater 
(shallow well) 

7 

7 

2 
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concentrations. Personnel frisking and equipment decontamination will be addressed in Section 4 

of this document. 
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2.11 Other Sites Designated CSI (Includes AOCs 659, 660, 661, 665, 666 and 

This group of sites is characterized by their CSI designation, the lack of information about their 

current status, and distance from an RFI investigation. These sites have a common 

investigative strategy and will be discussed as a unit. Each site is described below in 

Table 2.27. 

- 

TaMa 2.27 

w 

Number 

AOC 659 
DIESEL STORAGE 

AOC 660 
MOSQUITO 
CONTROL 

AOC 661 
EXPLOSIVES 

STORAGE 

AOC 665 
PYROTECHNIC 

STORAGE 

Site Descriptions 

haription" 

30,000-gallon steel AST south of 
Hobson Ave. in a 5-foot-high earthen 
berm used t o  store diesel fuel from 
1 958 until 1990; facility is no longer 
In use. 

Used for mosquito control in the 
1950s; possibly used for storage, 
mixing, and rinsing pesticides; 
currently an asphalt parking lot 
northwest of Building NS-53. 

Unknown explosives were stored 
during the 1950s in a now 
demolished building; currently a 
grassy area south of Building 601 
and northwest of Building 675. 

A former shed which stored 
unknown pyrotechnic explosives 
from 1943 until its demolition at an 
unknown date; currently Buildings 
1889 and NS-46 are on the site 
where the pyrotechnic shed was 
located. 

Uatbcbts &merated 
or Stmd 

Petroleum 
hydrocarbons 

Pesticides 
Solvents 

Explosives 

Pyrotechnic 
explosives 

Soil 
Groundwater 

Soil-gas 

Soil 
Soil Gas 

Groundwater 

Soil 

Soil 
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2.11.1 Previous Investigations 

These sites have not been investigated previously. 

Tabls 2.27 
§it4 Desoripttons 

2.11.2 Treatment Alternatives 

Given the fact that these sites require CSIs, the data are insufficient to support the evaluating 

of remedial alternatives for the sites, with the possible exception of AOCs 661 and 665. Should 

explosives be discovered at either of these sites, the subsequent treatment alternatives are 

presented in Table E. 13 (Appendix E) . 

MaM& OaneraW 
bcciptionb 

- 
2.11.3 Data Gaps 

Information from previous investigations and assessments indicate data are insufficient to 

characterize the site(s) and support a BRA and detailed evaluation of remedial alternatives, 

where necessary. 

mendal PMtrwsyd 

Soil 
Groundwater 

Soil-gas 
Surface water 

runoff 

Soil 
Groundwater 

AOC 666 
FUEL STORAGE 

AREA 

SWMU 178 
TRANSFORMER 

LEAK 

Notes: 
Described in the Draft RCRA Facility Assessment, May 31, 1994 (To be revised by November 3, 1994) 

A 

The site is a USf enclosed by 
creosote-treated railroad ties, 
approximately 10 x 30 feet (Facility 
NS-451, which supplies No. 2 fuel oil 
to the adjacent heating plant (NS- 
44). The exact capacity of the tank 
is unknown. The site was 
constructed in 1958. The 
surrounding area was an airstrip prior 
to 1958. 

Site of recently discovered (June 
1994) transformer oil leak, 
approximately 50 feet South of 
Building X33-A 

Petroleum 
(No. 2 Fuel oil1 

Transformer oil 
PCBs 
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2.11.4 Potential Receptors 

Characterization of potential receptors is made upon a contaminant-specific basis, and therefore 

will be made only for sites that are found to need an RFI. The RFI investigation, if needed, 

will determine the site-specific pathways of exposure for current and future land users. Data will 

be generated during the RFI to determine the level of risk to the entire spectrum of current and 

potential users, including any highly sensitive individuals, who might be exposed through 

invasive or non-invasive activities. The risk evaluation will also consider ecological receptors 

which may be present. This will include characterizing all potential pathways of exposure at this 

site, including soil, soil-gas and groundwater. If contamination in groundwater is present and 

if groundwater flows laterally toward Shipyard Creek or the Cooper River, ecological receptors 

in these water bodies could be impacted. 

2.11.5 Objectives 

The goal of the CSI investigations is to classify the site as No Further Investigation (NFI) or RFI 

using DQO LeveI I11 or IV data. If an RFI is required, the objectives of the field investigation 

would be to fill the identified data gaps by delineating the horizontal and vertical extent of 

potential media contamination at the sites. Delineating the nature and extent of contamination 

should identify any onsite point sources for potential contaminants to enter any ecologically 

sensitive areas such as Shipyard Creek and bordering wetlands. Data collection efforts should 

support the technical evaluation of identified treatment alternatives. 

2.11.6 Screening Alternatives 

Presently a limited number of high-quality, highly biased samples are proposed to establish the 

list of COPCs, The feasibility of employing screening alternatives will be Feevaluated after 

reviewing the data. 
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A PID will be used to qualitatively screen for volatile compounds in all soil samples from every 

soil boring and monitoring well locations. Results will be recorded in the field notes and on 

boring logs. 

2.11.7 Sampling and Analysis Plan 

To fulfill the CSI objectives, the following site-specific sampling and analysis requirements have 

been proposed. Table 2.28 summarizes the types of samples and analytical parameters. 

Proposed sample locations for AOCs 659, 660, 665, 666, and SWMU 178, are illustrated in 

Figures 2-14, 2-15, 2-16, 2-17, and 2-18. Figure 2-19 illustrates AOC 661. All sampling will 

adhere to the NAVBASE Charleston Final Comprehensive RFI Work Plan unless otherwise 

stated. Due to the general lack of information regarding these sites, proposed sample locations 

as illustrated represent the areas most likely to have been impacted if a release has occurred. 

AOC 661 is to be investigated by a EOD subcontractor as previousIy described for AOC 503. 

Samples collected from AOCs 661 and 665 shall include the additional DQO outlined in 

Table 2.14. The number of samples and sample locations for the above-listed AOCs and 

SWMUs are based on what is reasonably expected to provide adequate information to identify 

any COPCs present. 

2.11.8 Radiological Potential 

These sites have been determined to have a low potential for radiological sources or 

contamination based on review of historical records and knowledge of past storage or disposal 

practices. While there is a low potential, the sites cannot be totally excluded until survey data 

can be established. 

Appendix F of this work plan provides instructions for beta, gamma, and alpha screening. 

Isotopic analysis will be performed if betalgarnrna screening exceeds established trigger 

concentrations. Personnel frisking and equipment decontamination will be addressed in Section 4 

of this document. 
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Teble 2.28 

Soil (0-1' bgs) 

Soil (3-5' bgs) 

Groundwater 
(shallow wells) 

Engineering Parameters: 
Engineering parameters will be dictated by field data collected. 

Slug tests will be performed on two of the wells. While installing the wells, Shelby tubes will be 
collected when dramatic changes in lithology occur, Samples will be tested for permeability, grain size, 
porosity, TOC, and CEC. 

Notes: 
Groundwater monitoring wells will be sampled quarterly. 

The quantities presented are estimated numbers of samples believed to be needed to fulfill the objectives 
of the investigation. Expansion of the investigation may be necessary to meet the stated objectives. 

All analysis to be performed per SW-846 except where other methods are specified. DQO Level Ill 
analyses as specified in sampling plan, with a minimum of t 0% duplicates analyzed for all Appendix IX 
constituents at DO0 Level IV. Samples from AOCs 661 and 665 will be analyzed for explosive 
constituents listed in Table 2.1 3. 

Soil and groundwater samples in the vicinity of AQCs 667 and 665 will be analyzed for explosive 
constituents listed in Table 2.1 3. 

28 

28 

6 

TPH, VOA and SVOA w l  TICS, 
cyanide, metals, pesticides, and ' 

PCBs 

Pyrotechnics, explosives, and 
propellants (PEP) at AOCs 66 1 
and 655. 
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FIGURE 2-15 
- SOIL BORING AOC 660 
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AOC 665 
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3.0 SYSTEMATIC (GRID-BASED) SAMPLING PLAN 

As noted in the RFA, much of NAVBASE, particularly the southern end that includes Zone H, 

is built upon a series of dredge spoil depositions, whose composition has been impacted by 

industrial activities to an unknown extent. It is anticipated that this heterogeneous structure will 

have a significant impact upon risk management decisions, and therefore a more intensive 

approach to characterizing of "background " or "reference area" conditions will be required than 

is typical of RFI investigations. 

A systematic, square-grid sampling scheme has been chosen in order to more fully characterize 

the nature of NAWASE soil and groundwater contamination. However, as discussed in the 

Final Comprehensive RFI Work Plan, Volume 111, an algorithm has been designed to 

systematically exclude redundant sampling points, yet to focus limited resources near biased field 

investigations. The grid-based sampling points are intended to supplement the biased locations 

while delineating site boundaries and provide a basis for comparing site-specific soil and 

groundwater quality. Initially, none of the grid-based points will be designated as background 

sampling locations. However, after analytical data are reviewed, specific areas representing 

background may be identified and designated as such with regulatory agency concurrence. The 

grid is not specifically intended to be used to establish reference area determinations as needed 

for the ecological risk assessment conducted under Zone J. Table 3.1 (below) and Figure 3-1 

present the proposed sampling descriptions and locations. 

The usefulness of grid-based wells in Zone H as background wells may be limited due to the 

direction of groundwater flow in this part of NAVBASE. The preliminary understanding of 

groundwater flow direction indicates that -most of the proposed grid-based wells are 

downgradient of many contaminant sources. They most often will be used as reference wells 

to help delineate the extent of contaminant migration or to detect any point sources that have not 

been documented in the RFA process. 



Final Zone H RFZ Work Plan 
Naval Base Chrleston 

Revision No. 0 
October 27, 1994 

TaMe 3.1 
Systematic Grid%asad Samplkg Pian 

* 

Mattix Quantity 1 Analysis 

VOAs and SVOA w/  TICS, metals, 
cyanide, pesticides, and PCBs 

Soil (surface) 

Soil (depth) 

Groundwater 
(shallow) 
(deep) 

Notes: 
Groundwater monitoring wells will be sampled quarterly. 

The quantities presented are estimated numbers of samples believed t o  be needed t o  fulfill the objectives 
of the investigation. Expansion may be necessary to meet the stated objectives. 

All analysis to be performed per SW-846 except where other methods are specified. DQO Level Ill 
analyses as specified in sampling plan, with a minimum of 10% duplicates analyzed for all Appendix IX 
constituents at DQO Level IV. The sample quantities presented do not include QAlQC samples. 

Groundwater samples will be analyzed for total chlorides, total dissolved solids ITDSI, sulfates, and pH for 
evaluation of a portion of the secondary drinking water standards as promulgated by 40 CFR 143.3. 

L L ,  

107 

107 

12 
12 
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4.0 HEALTH AND SAFETY PLAN 

E/A&H is conducting an environmental monitoring program at various specified locations (sites) 

within NAVBASE to assess the nature and extent of contamination at these sites and to 

determine if additional action is required to maintain compliance with environmental regulations. 

The Navy project contract number with E/A&H is N62467-89-D-03 1 8. 

The USEPA has divided the NAVBASE sites into SWMUs and AOCs, which these have been 

grouped into zones for investigative purposes. This Zone-specific Health and Safety Plan 

(ZHHASP) has been developed for SWMUs and AOCs located in Zone H. 

This ZHHASP was written to complement the E/A&H NAVBASE Comprehensive Health and 

Safety Plan (CHASP) by providing site-specific details absent in the CHASP, Site-specific 

details presented in this ZHHASP include: potential site con taminants, proposed site activities, 

action levels and initial level of personal protective equipment (PPE). Copies of both this plan 

and the CHASP should be onsite during all field operations. 

This ZHHASP uses the term "contaminants of concern" and "constituents of concern." Not all 

constituents of concern are contaminants of concern. Constituents of concern refers to 

compounds of analytical interest. The analytical interest may be because of public health, 

regulatory, ecological, or other concerns. The term contaminant of concern is used to identify 

(potential) site contaminants that may be present in sufficient concentrations to cause concern 

about potential occupational exposures to onsite personnel. 

4.1 Applicability - 

The provisions of this plan are mandatory for E/A&H personnel. E/A&H personnel shall read 

this plan and sign the plan acceptance form (see Appendix J) before starting site activities. In 

addition, personnel will operate in accordance with the most current requirements of 29 Code 

of Federal Regulations (CFR) 1910.120, Standards for Hazardous Waste Operations and 
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Emergency Response (HAZWOPER). These regulations include the following provisions for 

employees involved in cleanup operations covered by RCRA: training 1910.120(e), medical 

surveillance 1910.120(f), and PPE 1910.120(g). 

All non-E/A&H personnel present in E/A&H work areas shall either adopt and abide by this 

ZHHASP and the corresponding CHASP or shall have their own safety plan which, at least, 

meets the requirements of E/A&H's CHASP and ZHHASP. 

This ZHHASP applies to standard field procedures and tasks such as drilling; installing and 

developing monitoring wells; surveying; and collecting soil, groundwater, surface water, and 

sediment samples. Non-routine procedures and tasks involving non-routine risks are not covered 

by this plan, examples of procedures that are not covered in this plan are: 

Trenching 

Confined space entry 

Locating and/or recovering unexploded ordnance 

Sampling, handling, or removing unidentified drums 

Should it be necessary to conduct these or other "high-risk" tasks specific health and safety 

procedures must be developed, approved, and implemented before proceeding. 

4.2 Zone Characterization 

Sites included in this ZHHASP consist of SWMUs and AOCs as identified in the RFI plan for 

NAVBASE as prepared by E/A&H. These subsections will include site descriptions, chemical 

hazards, and operational/physical hazards for each site. Each site within Zone H is discussed 

in the following subsections of this document. 
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4.2.1 Work Zones 

Section 2.1 of the CHASP, describes the function and intenelatedness of the three work zones 

which, in combination, compose the work area. The three work zones are: 

Exclusion Zone (EZ) 

Contaminant Reduction Zone (CRZ), and 

Support Zone (SZ). 

These work zones will be established and used during field work covered under this ZHHASP. 

4.2.2 Work Area Access 

Authorized personnel will be allowed and in work areas as long as they follow the requirements 

of this ZHHASP and the CHASP. See also Work Area Access, Section 2.2 of the CHASP. 

Authorized Personnel - In order for E/A&H personnel to be authorized to enter an E/A&H 

controlled work area, they must have a current HAZWOPER training certificate on file onsite. 

Individuals whose certification is not on file, or those who have more recent certificates (have 

attended refresher course), will provide the onsite Supervisor with copies before being allowed 

to enter a work area. 

Subcontractors, Department of Defense (DOD) oversight personnel, and other site visitors shall 

demonstrate compliance with HAZWOPER training requirements before entering a work area. 

4.2.3 Zone Investigation 

Figure 1-1 is a map of Zone H, showing the locations of each SWMU and AOC. In addition, 

included in the sampling and analysis section of the Work Plan is a map of each site. The EZ, 

CRZ, and SZ for each site will be established in the field. The location of these zones is 

depends on the work task, layout of the site, meteorological conditions, and logistical factors. 
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Sites covered by this ZHHASP consist of SWMUs and AOCs (see Table A.2 in Appendix A). 

Sections 4.3 through 4.22 of this ZHHASP describes sites, chemical hazards, and 

operations/physical hazards for each SWMU or AOC. 

4.3 SWMU 9, Closed Landfill (Includes SWMUs 19, 20, and 121 and AOCs 649, 650, 

651, and 654) 

Refer to Section 2.1 of this Work Plan for background information, summarizing the present 

level of knowledge for this site including: a description of past uses, previous site investigations, 

a list of the principal hazardous materials (known or presumed to have been) used or stored 

onsite, and potential exposure pathways. 

Site Activities 

Initial site activities include sod borings, soil sampling, sediment sampling, and installing of 

monitoring wells. Subsequent activities include well development, purging, and sampling. Field 

work for this site is described in Section 2.1 of this Work Plan. 

Chemical Hazards and PPE Requirements 

The major constituents of concern are volatile organic compounds, semivolatile organics, 

pesticides, PCBs, and heavy metals. As a result of sandblasting, heavy metals may be present; 

however, NAVBASE records show metal concentrations in waste blast were low. Table 4.1 lists 

exposure guidelines for expected site contaminants of concern. Material Safety Data Sheets 

(MSDS) (Appendix H) will only be placed in field copies of the ZHHASP. If additional 

contaminants of concern are discovered during the investigation, MSDSs will be immediately 

obtained, reviewed, and incorporated into the ZHHASP. 

The initial level of PPE for invasive field activities performed at SWMU 9 is modified Level D. 

The Action Level (AL) for this site is a continuous PID reading of 5 parts per million (ppm) or 
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greater in the breathing zone. If this occurs, the required PPE level shaU be upgraded to 

Level C. 

Notes: 
0 

Table 4.1 

- - Odor Thresholds for Chemicals with Established Occupational Health Standards, American 
Industrial Hygiene Association, 1989. 

- - Permissible Exposure Limits (PELS) are legal standards enforced by Occupational Safety, and 
Health Administration (OSHA) and found in 29 CFR 1910.1000. 

- - Threshold Limit Values, and Short-Term Exposure Limits (TLVs and STELsI recommended 
exposure guidelines developed by the American Conference for Governmental Industrial 
Hygienists (ACGlUl and published annually. For this ZHHASP site, 1993 - 1994 Threshold 
Limit Values for Chemical Subsrancesandfhysical Agents and Biological Exposure Indices was 
used. 

- - Recommended Exposure Limits (RELs) are non-enforceable exposure guidelines developed by 
the National Institute for the Occupational Safety and Health (NIOSH) to support OSHA. 
NIOSH Pocket Guide to Chemical Hazards, June 1990. 

- - Substance information not available, or substance unlisted. 
- - milligrams per cubic meter. 
- - degrees Fahrenheit. 

#azrrds-SW#d~ 8 

NlOSH REL* 

100 pprn 
150 ppm STEL 

N A 

0.1 ppm 
1 ppm STEL 

Potentla1 
Occupat~onal 
Carcinogen 

100 mg/m3 

0.1 5 mg/m3 

1 mg/m3 

100 
150 STEL 

Chemicrl 
Name 

Toluene 

Ethylbenzene 

Benzene 

Kerosene 

Lead 

Sulfuric Acid 

Xylene 

Radiological Hazards 

Exposure Guldellnes For 
1 

O S W  PELm' 

100 ppm 
150 ppm STEL 

100 ppm 
125 pprn STEL 

1 PPm 
5 ppm STEL 

N A 

0.05 mglm3 

1 mg/m3 

100 
1 50 STEL 

OdoP1 
T k m h d d  

40 P P ~  

140 ppm 

4.68 ppm 

1 P P ~  

N A 

>1  PPm 

NA 

Radiological screening and frisking procedures relative to the site are described in detail in 

Expactrd Ste Uuntlcat 

ACOIH f LV"" 

50 P P ~  

100 ppm 
125 ppm STEL 

0.1 ppm 
Confirmed 

Human 
Carcinogen 

N A 

0.1 5 mg/m3 

1 mg/m3 
3 mg/m%TEL 

100 
150 STEL 

A m -  
ignitbn 

Trnm~.(~F) 

996.5 

860 

1,097 

935 

N A 

N A 

NA 

Appendix F. 
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1.3 to  7.1% 

0.7 to 5.0% 

NA 

N A 

1 .O to 7.0% 



Final Zone H RFI Work Plan 
Naval Bare Charleston 

Revision No. 0 
October 27, 1994 

Site-specific Operational and Physical Hazards 

See Section 4.14. 

4.4 SWMU 13, Current Fire Fighter Training Area 

Refer to Section 2.2 of this Work Plan for background information on this site summarizing the 

present level of knowledge, including: a description of past uses, previous site investigations, 

principal hazardous materials (known or presumed to have been) used or stored onsite, and 

potential exposure pathways. 

Site Activities 

Initial site activities will include soil borings, soil sampling, and installing monitoring wells. 

Subsequent activities include well development, purging, and sampling. Field work for this site 

is described in Section 2.2 of this Work Plan. 

Chemical Hazards and PPE Requirements 

The contaminants of concern at this site are petroleum hydrocarbons. Table 4.2 lists exposure 

guidelines for representative petroleum hydrocarbons. MSDSs for site contaminants of concern 

are included in Appendix H. If additional contaminants of concern are discovered during the 

investigation, MSDSs will be immediately obtained, reviewed, and incorporated into the 

ZHHASP. 

The initiaI PPE level for invasive field activities at SWMU 13 is modified Level D. The AL 

for this site is a continuous PID reading of 5 ppm or greater in the breathing zone. If this 

occurs, the required PPE level shall be upgraded to Level C. 
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TrWE 4.2 
E*pmun Duldainu for ErpacW She Chemlul HmudrsWMCt 13 

mm~dcd : AWpn#icln 
WIrnr OSHA PELw WSH RELM Trmp.l°Fl 

Toluene 

Ethvlbenzene 

Benzene 

40 P P ~  100 ppm 50 P P ~  
150 pprn STEL 

1 
140 ppm 100 ppm 100 P P ~  

125 ppm STEL 125 ppm STEL 

4.68 ppm 1 PPm 0.1 ppm 
5 ppm STEL confirmed 

Human 
Carcinogen 

0.1 ppm 1,097 
1 STEL 

Potential 
Occupational 
Carcinogen 

Kerosene I 1 PPm I NA 1 N A 1 100 mg/m9 1 935 
I I 

Xylene N A 100 P P ~  100 ppm 100 P P ~  N A 
150 ppm STEL 150 ppm STEL 150 ppm STEL 

Nates: 
- - Odor Threshotds for Chemicals with Established Occupational Health Standards, American Industrial 

Hygiene Association, 1989. 
b - - Permissible Exposure Limits (PELS) legal standards enforced by OSHA and found in 29 CFR 

1910.1000. 
- - Threshold Ljmit Values, and Short-term f xposure Limits (f LVs and STELs) are recommended exposure 

guidelinesdevetopedby the American Conference for Governmental Industrial Hvgienists(ACGIH), and 
published annually. For this site, 1993 - 1994 Threshold Limit Values for ChemicalSubstances and 
Physical Agents and Biological Exposure Indices was used. 

d - - Recommended Exposure Limits (RELsl are non-enforceable exposure guidetines developed by the 
National Institutefor Occupational Safety andHealth(NI0SH) to support OSHA. NIOSH Pocket Guide 
ro Chemical Hezards, Juna 1990. 

N A - Substance information not available, or substance unlisted. 

Radiological Hazards 

Radiological screening and frisking procedures relative to the site are described in detail in 

Appendix F. 

Site-specific Operational and Physical Hazards 

See Section 4.14. 
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4.5 SWMU 14, Chemical Disposal Area (Includes SWMU 15 and AOCs 669, 670, 

and 684) 

SWMU 14, the chemical disposal area, is at the southern end of NAVBASE near the skeet and 

pistol ranges. While chemicals have reportedly been disposed of in this area, the range of 

compounds disposed of, their concentration and their location are unknown. The following 

summarizes what E/A&H presently knows: 

Between 1972 and 1974 construction crews in the Skeet F h g e  unearthed chemical- 

containing drums; some workers in this construction project suffered minor chemical 

burns. E/A&H does not know the identity of the chemicals. 

Unknown amounts of various chemicals including Decontaminating Agent Non-Corrosive 

(DANC) and DS-2 have reportedly been disposed of onsite. DANC consists of 

separately packaged components of tetrachloroethane and dichlorodhethyl-hydantoin, 

DS-2 is a mixture of diethylene triamine, 70 percent; methyl cellosolve, 27 percent and 

sodium hydroxide, 3 percent. Ten-gallon containers of DS-2 were reportedly buried in 

the skeet range in 1977. Tetrachloroethane was not detected in groundwater samples 

collected in 198 1 ; see the following paragraph. 

This area was evaluated in 1982 as part of a Confirmation Study prepared by Geraghty 

and Miller. A copy of the analytical results for groundwater samples collected at this 

site (soil samples either were not collected or data were not available) is in Appendix K 

of the E/A&H Interim Finul RFI Work Plan NSY, Charleston, South Carolina. 

Groundwater samples had low concentrations, up to 2 ppm of methylene chloride, 

chloroform, and bis(2-ethylhexy1)phthalate. Analyses did not detect lead, mercury, 

cadmium, or tetrachloroethane. Levels of pH were elevated, with a high of 8.6 and a 

range from 6.7 to 8.6. 
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SWMU 15 was a propane-fired, classified document incinerator constructed in 1983 and retired 

in 1992. The incinerator's operation involved burning only paper, with no generation of 

hazardous residues. AOC 670 is the former outdoor trap and skeet range operated from 

approximately 1960 until the late 1970s. AOC 684 is the former outdoor pistol range in the 

present vicinity of Building 1888. 

Refer to Section 2.3 of this Work Plan for additional background information on this site, 

summarizing the present level of knowledge, including: a description of past uses, previous site 

investigations, principal hazardous materials (known or presumed to have been) used or stored 

onsite, and a potential exposure pathways. 

Site Activities 

Site activities will include soil borings, soil sampling, and the installing of monitoring wells. 

Subsequent activities will include well development, purging, and sampling as required. A hand 

auger will be used to collect samples near the anomalous areas identified by the geophysical 

investigation. Field work for this site is described in Section 2.3 of this Work Plan. 

Chemical Hazards and PPE Requirements 

The exact nature of the chemical wastes disposed of in SWMU 14 is unknown. A key health 

and safety concern is what, if any, chemicals are present at high concentrations, percent levels 

to pure product. While there are reports of chemicals being disposed of at this site, data are 

limited. The data indicate that at least low concentrations of several contaminants are present 

onsite; however, higher concentrations of chemicals, indicating widespread chemical disposal, 

which are suspected to be present have not yet been found. Site history and previous 

groundwater monitoring data indicate that chemical contaminants are likely to be present here. 

Table 4.3 lists the primary chemicals of concern as well as regulatory and recommended 

exposure guidelines for this site. The primary chemicals of concern were determined based on 
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an informal evaluation of potential site contaminants looking at such factors as: site history, 

previous sample results, and the toxicity of known and suspected contaminants. Both sodium 

hydroxide and dichlorodimethy-hydration could cause the chemical burns construction workers 

experienced in 1972- 1974. Furthermore, for both chemicals the presence of water (sweat) would 

increase the rate of reaction, i.e., increase the likelihood and severity of burns. 

Work activities, such as hand augering and sampling that disturb soil or allow potential contact 

with groundwater, will be performed in Level C PPE. The AL for this site is a continuous PID 

reading of 5 ppm or greater. If this occurs, work shall discontinue and the required PPE level 

upgraded to Level B. 

Chloroform 

Dichlorodimethyl 
hydantoin 

Disthylene 
Triamine 

Notel: 
- - Odor Thresholds for Chemicals with Established Occupational Health Standards, American lndustr~al 

Hy~iene Association. 1989. 
b - - Permissible Exposure Limits (PELS) legal standards enforced by OSHA and found in 29 CER 

1910.1000. 
- - Threshold Limit Values, and Short-term Exposure ~ im i t s  (TLVs and STEW are recommended exposure 

guidelinesdeveloped by the American ConferenceforGovernrnental Industrial Hygienists(ACG1H). and 
published annually. For this site, 1993 - 1994 Threshold Limit Values for Chemical Substances and 
Mysical Agents and Biohgical Exposure Indices was used. 

d - - Recommended Exposure Limits (RELs) are non-enforceable exposure guidelines developed by the 
National Institute tor Occupattonal Safety and Health 1NIOSH) to suppon OSHA. NIOSH Pocket Guide 
to Chemical Hazards, June 1990. 

NA - - Substance information not ava~lable, or substance unlisted. 

Methytene 
Chloride 

Sodium 
Hydroxide 

Tetrachloroethane 

133-276 ppm 

NA 

NA 

158-227 ppm 

NA 

0.23-7.3 ppm 

50 P P ~  

0.2 ppm 

1 PPm 

500 ppm 

2 mg/m3 (ceiling) 

5 P P ~  

25 P P ~  

0.2 mg/m3 

1 P P ~  

5 0  PPm 

2 mglm' 

1 PPm 
150 ppm STEL 

2 P P ~  

0.2 ppm 

NA 

Lowest feasible 

2 mglma 
(ceiling) 

1 P P ~  
150 ppm STEL 

N A 

N A 

1,241 ppm 

N A 

NA 

1 to 10% 

N A 

N A 

N A 

14 to 22% 

NA 

NA 
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Radiological Hazards 

Radiological screening and frisking procedures relative to the site are described in detail in 

Appendix F. 

Site-specific Operational and Physical Hazards 

Due to the unknown nature of the materials disposed of at SWMU 14 and the form in which 

they exist (i.e., buried drums, compressed-gas cylinders, etc.) a hand auger will be used to 

sample near the anomalous areas the geophysical survey identified. In addition, a magnetometer 

will be used to approximate the target locations and the samples will be collected at least 4 feet 

from the strongest reading on the magnetometer. 

4.6 SWMU 17, Oil Spill Area 

SWMU 17 is where approximately 14,000 gallons of No. 5 fuel oil was released in 1987 beneath 

Building FMB 61. Samples of recovered oil contained PCBs, which are believed to have been 

released years earlier from leaking transformers onsite. Refer to Section 2.4 of this Work Plan 

for additional background information on this site, summarizing the present level of knowledge, 

including; a description of past uses, a previous site investigations, principal hazardous materials 

(known or presumed to have been) used or stored onsite, and potential exposure pathways. 

Site Activities 

Site activities will include soil borings, soil sampling, and installing monitoring wells. 

Subsequent activities will include well development, purging, and sampling as required. Field 

work for this site is described in Section 2.4 of this Work Plan. 

Chemical Hazards and PPE Requirements 

Some samples of oil collected while remedies of the spill contained PCBs. The suspected site 

contaminants include petroleum hydrocarbons and transformer oil containing PCBs. Table 4.4 

lists exposure guidelines for expected site chemicals. MSDSs for suspected site contaminants 
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of concern are included in Appendix H. If additional contaminants of concern are discovered 

during the investigation, MSDSs will be immediately obtained, reviewed, and incorporated into 

the ZHHASP. 

The initial PPE level for invasive field activities performed at SWMU 17 is modified Level D. 

The AL for this site is a continuous PID reading of 5 pprn or greater in the breathing zone. If 

this occurs, the required PPE level shall be upgraded to Level C. 
.- 

Notes: 
- - Odor Thresholds for Chemicals with Establ~shed Occupational Health Standards, American Industrial 

Hygiene Associetlon. 1989. 
D - - Permissible Exposure Limits (PELS) are legal standards enforced by OSHA and found in 29 CFR 

1910.1000. 
- - Threshold Limit Values, and Short-term Exposure Limits (TLVs and STELs) are recommended exposure 

guidelines developed by the American Conference for Governmental Industrial Hygienists (ACGlHl, and 
published annually. For this site, 1993 - 1994 Threshold Limit Values for Chemical Substances and 
Physkcrl Agents and Biabgicu/ Exposum Indices was used. 

.i - Recommended Exposure Limits (RELsl are non-enforceable exposure guidelines developed by the 
Nationallnstitutetor Occupatjonal Safety andtlealth INIOSH) to supportOSHA. NlOSHforketGui~le 
to Chemical Hazards, June 1990. 

T& 4.4 
E m  G&ldhem For Exp.ft.d git* Chmmiwl HamrdP--BWM(f 17 - " ' 

NA - - Substance information not available, or substance unlisted. 
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996.5 

860 

1,097 

N A 
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Radiological Hazards 

Radiological screening and frisking procedures relative to the site are described in detail in 

Appendix F. 

Site-specific Operational and Physical Hazards 

See Section 4.14. 

4.7 AOC 503, UXO Site South of Building 665 

AOC 503 contains two Mark 17-Depth Bombs that were reportedly jettisoned from a naval 

vessel on October 8, 1943. The exact location of the ordnance is not available. Refer to 

Section 2.5 for additional background information on this site, summarizing the present level of 

knowledge including: a description of past uses, previous site investigations, principal hazardous 

materials (known or presumed to have been) used or stored onsite, and potential exposure 

pathways. 

Site Activities 

The CSI for this AOC wifl be conducted or coordinated by the Navy EOD team. If the two 

depth bombs are located, the EOD team wifl be responsible for removal and disposal of the 

ordnance. 

Chemica! Hazards and PPE Requirements 

Some igniters contain sufficient concentrations of metals to classify them as hazardous waste. 

Release of hazardous constituents is unlikely unless the depth bomb casings have been damaged 

or corroded. Non-invasive field activities for AOC 503 may be performed in Level D PPE; 

invasive activities require modified Level D . 
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Radiological Hazards 

Radiological screening and frisking procedures relative to the site are described in detail in 

Appendix F. 

Site-specific Operational and Physical Hazards 

The most severe threat posed by this AOC is to human safety from an unwanted explosion. That 

threat is greatly intensified by attempts to remove the UXO from its present location. The EOD 

team will be responsible for investigating this AOC. 

4.8 AOC 653, MWR Hobby Shop 

AOC 653 is the MWR hobby shop. Contaminants known or suspected at AOC 653 are 

associated with a leaking hydraulic fluid tank, and various materials stored and used at the 

facility. These material include oils, fuels, solvents, paints, and cleaners. Refer to Section 2.6 

of this Work Plan additional background information on this site, summarizing the present level 

of knowledge including: a description of past uses, previous site investigations, principal 

hazardous materials (known or presumed to have been) used or stored onsite, and a summary 

of potential exposure pathways. 

Site Activities 

Site activities will include soil borings, soil sampling, and the installation of a monitoring well. 

Subsequent activities will include well development, purging, and sampling as required. Field 

work for this site is described in Section 2.6 of this Work Plan. 

Chemical Hazards and PPE Requirements 

The RFA performed by E/A&H indicated that numerous solvents and cleaners were stored and 

used at the facility. The major constituents of concern are VOCs and petroleum hydrocarbons. 

Table 4.5 lists exposure guidelines for expected site chemicals. MSDSs for suspected site 

contaminants of concern are included in Appendix H. If additional contaminants of concern are 
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discovered during the investigation, MSDSs will be immediately obtained, reviewed, and 

incorporated into the ZHHASP . 

Notes: 
- - Odor Thresholds for Chemicals with Established Occupational Health Standards, American Industrial 

Hygiene Association, 1989. 
b = Permissible Exposure l imits (PELS) are legal standards enforced by OSHA and found in 29 CFR 

1910.1000. 
- - Threshold Limit Values, and Short-term Ex~osure Limits iTLVs and STELsl are recommended ex~osure  

guidelinesdeveloped bythe American Conference for Governmental Industrial Hygienists (ACGIH), and 
published annually. For this site, 1993- 1994 Threshold Limit Values for Chemical Substances and 

7 

T W  4.6 
firporw*Guid.#narFor~cted89hCkwnkPtkzw&-MCS3 

Physical Agents and Biohgical Exposure hdices was used. 
d - - Recommended Exposure Lim~ts (RELs) are non-enforceable exposure guidelines developed b y  the 

National Institute tor Occupat~onal Safety and Health (NtOSH) t o  support OSHA. NIOSHhcket Guide 
to Chemical Hazands, June 1990. 

N A - - Substance information not available, or substance unlisted. 

The initial PPE level for invasive field activities performed at AOC 653 is modified Level D. 

The AL for this site is a continuous PID reading of 5 pprn or greater in the breathing zone. If 

this occurs, the required PPE level shall be upgraded to Level C. 

Radiological Hazards - 

Radiological screening and frisking procedures relative to the site are described in detail in 

Appendix F.  
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Sitespecific Operational and Physical Hazards 

See Section 4.14. 

4.9 AOC 655, Oil Spill Area Behind Base Exchange and AOC 656, Area Between 

Buildings NS-71 

AOC 655 is where approximately 300 gallons of No. 2 fuel oil spilled from a ruptured fuel line 

in 1985, of which an estimated 150 gallons went into the soil, The remainder was collected 

and removed with sorbent materials. AOC 656 is the site where oil spills reportedly occurred 

in 1974 and 1975. An estimated 385 gallons was released the first time and 3,800 gallons the 

second time. Most of the spilled oil was reportedly recovered. 

Refer to Section 2.7 of this Work Plan for additional background information on this site, 

summarizing the present level of knowledge including: a description of past uses, previous site 

investigations, a list of the principal hazardous materials (known or presumed to have been) used 

or stored onsite, and a summary of potential exposure pathways. 

Site Activities 

Site activities will include soil borings, soil sampling, and the installing monitoring wells. 

Subsequent activities will include well development, purging, and sampling as required. Field 

work for this site is described in Section 2.7 of this Work Plan. 

Chemical Hazards and PPE Requirements 

The major constituents of concern are petroleum hydrocarbons. Table 4.6 lists exposure 

guidelines for expected site chemicals. MSDSs for suspected site contaminank of concern are 

included in Appendix F. If additional contaminants of concern are discovered during the 

investigation, MSDSs will be immediately obtained, reviewed, and incorporated into the 

ZHHASP. 



Final Zone H RFI Work Plan 
Naval Base Charleston 

Revision No. 0 
October 27, 1994 

The initial PPE level for invasive field activities performed at AOC 655 is modified Level D. 

The AL for this site is a continuous PID reading of 5 ppm or greater in the breathing zone. If 

this occurs, the required PPE level shall be upgraded to Level C. 

- Odor Thresholds for Chemicals with Established Occupational Health Standards, American Industrial 
Hygiene Association, 1989. 

b - - Permissible Exposure Limits (PELS) are legal standards enforced by OSHA and found in 29 CFR 
1910.1000. 

- - Threshold Limit Values, and Shon-term Exposure Limits (TLVs and STEW recommended exposure 

Tatdo 4.6 
Exporum G ! h l d t m  For Expoctd Sits Uwnbal Hsmmb-AM: 656 

guidelinesby the American ConferenceforGovernmental Industrial Hygienists (ACGIH), and published 
annually. For this site, 1993 - 1994 Threshold l im i t  Values for Chemical Substances and Phvsical 
Agents and Biohgical Exposure Indices was used. 

d - - Recommended Exposure Limits (RELs) are non-enforceable exposure guidelines developed by the 
National lnstituteforOccupational Safety and Health (NIOSHI to support OSHA. NIOSHPocket Guide 
to Chemical Hazards. June 1990. 

NA - Substance information not available, or substance unlisted. 

Radiological Hazards 
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4.10 AOC 662, Building NS-54, Former Gas Station 

Building NS-54 is a former service station currently being used as a non-hazardous material 

storage area. A 10,000-gallon loss of oil spill and the release of PCBs occurred at this site. 

The release resulted from a ruptured pipe at Building 600, which is adjacent to Building NS-54. 

Refer to Section 2.8 of this Work Plan for additional background information on this site, 

summarizing the present level of knowledge including: a description of past uses, previous site 

investigations, principal hazardous materials (known or presumed to have been) used or stored 

onsite, and potential exposure pathways. 

Site Activities 

Site activities will include soil borings, soil sampling, and the installing monitoring wells. 

Subsequent activities will include well development, purging, and sampling as required. Field 

work for this site is described in Section 2.8 of this Work Plan. 

Chemical Hazards and PPE Requirements 

The RFA performed by E/A&H indicated the possibility of two USTs reportedly used to store 

gasoline. Contaminants of concern associated with this AOC would include petroleum 

hydrocarbons and possibly lead. The documented release of PCBs at the adjacent Building 600 

allows the possibility of PCB contamination in this AOC. Table 4.7 lists exposure guidelines 

for expected site chemicals. MSDSs for suspected site contaminants of concern are included in 

Appendix H. If additional contaminants of concern are discovered during the investigation, 

MSDSs will be immediately obtained, reviewed, and incorporated into the ZHHASP. 
- 

The initial PPE level for invasive field activities performed at AOC 662 is modified Level D. 

The AL for this site is a continuous PID reading of 5 ppm or greater in the breathing zone. If 

this occurs, the required PPE level shall be upgraded to Level C. 
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Notes: 
- - Odor Thresholds for Chemicals with Established Occupational Health Standards, American Industrial 

Hygiene Association, 1989. 
b - - Permissible Exposure Limits (PELS) are legal standards enforced by OSHA and found in 29 CFR 

1910.1000. 
E - - Threshold Limit Values, and Short-term Exposure Limits (TLVs and STELs) are recommended exposure 

guidelinesdeveloped by the American Conferencefor Governmental IndustrialHygienists (ACGIHI, and 
published annually. For this site, 1993 - 1994 ThreshoM Limit Velues for Chemical Subsrsnces and 

T&h 4.7 

Physksl Agents and Biological Exposure Indices was used. 
d - Recommended Exposure Limits (RELsl are non-entorceable exposure guidelines developed by the 

National Institute for Occupational Safetyand Health (NIOSHI to support OSHA. NlOSHPacket Guide 
to Chemical Hazards. June 1990. 

NA - - Substance information not available, or substance unlisted. 

Radiological Hazards 
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site investigations, principal hazardous materials (known or presumed to have been) used or 

stored onsite, and a summary of potential exposure pathways. 

Site Activities 

Site activities will include soil borings, soil sampling, and the installing monitoring wells. 

Subsequent activities will include well development, purging, and sampling as required, Field 

work for this site is described in Section 2.9 of this Work Plan. 

Chemical Hazards and PPE Requirements 

The contaminants of concern for this AOC include petroleum hydrocarbons, solvents, and paints. 

Table 4.8 lists exposure guidelines for expected site chemicals. MSDSs for suspected site 

contaminants of concern are included in Appendix H, If additional contaminants of concern are 

discovered during the investigation, MSDSs will be immediately obtained, reviewed, and 

incorporated into the ZHHASP. 

The initial PPE level for invasive field activities performed at AOC 663 is modified Level D. 

The AL for this site is a continuous PID reading of 5 ppm or greater in the breathing zone. If 

this occurs, the required PPE level shall be upgraded to LeveI C. 

N A 0 . 5  rng/ma 0 . 5  mg/ma 1.0 rnglm' N A N A 

NA- N A 

40 P P ~  100 P P ~  50 P P ~  100 ppm 996.5 1.3 to 7.1 % 
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Notes: 
- - Odor Thresholds tor Chemicals with Established Occupational Health Standards, American Industrial 

Hygiene Association, 1989. 
b - - Permissible Exposure Limits (PELS) are legal standards enforced by OSHA and found in 29 CFR 

1910.1000. 
- - Threshold Limit Values, andshort-term Exposure Limits (TLVs and STELs) are recommended exposure 

guidelines developed bythe American Conference for Governmental Industrial Hygienists IACGIH), and 
published annually. For this site. 1993 - 1994 Threshold Limit Values for Chemical Substances and 
Physical Agents and Bio/ogCal Exposum Indices was used. 

d - - Recommended Exposure Limits (RELs) are non-enforceable exposure guidelines developed by the 
National Institute for Occupational Ssfety and Health (NIOSH) to support OSHA. NIOSHPocket Guide 
to Chemical Hazards, June 1990. 

NA - - Substance information not available, or substance unlisted. 
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Refer to Section 2.10 to additional background information on this site summarizing the present 

level of knowledge including: a description of past uses, previous site investigations, principal 

hazardous materials (known or presumed to have been) used or stored onsite, and potential 

exposure pathways. 

Site Activities 

Site activities will include soil borings, soil sampling, and the installing of monitoring wells. 

Subsequent activities will include well development, purging, and sampling as required. Field 

work for this site is described in Section 2.10 of this Work Plan. 

Chemical Hazards and PPE Requirements 

The risk RFA performed by E/A&H indicated that numerous automotive fluids - including 

engine oil, transmission fluid, antifreeze, starting fluid, isopropyl alcohol, corrosion inhibitor, 

windshield solvent, silicone brake fluid, diesel fuel conditioner, grease, degreaser and propane 

- have been stored and utilized at the facility. Table 4.9 lists exposure guidelines for expected 

site chemicals. MSDSs for suspected site contaminants of concern are included in Appendix H. 

If additional contaminants of concern are discovered during the investigation, MSDSs will be 

immediately obtained, reviewed, and incorporated into the ZHHASP. 

The initial PPE level for invasive field activities performed at AOC 667 is modified Level D. 

The AL for this site is a continuous PID reading of 5 ppm or greater in the breathing zone. If 

this occurs, the required PPE level shall be upgraded to Level C. 

Radiological Hazards 

Radiological screening and frisking procedures relative to the site are described in detail in 

Appendix F. 
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Noten: 
- - Odor Thresholds for Chemicals with Established Occupational Health Standards, American Industrial 

Hygiene Association, 1989. 
b - - Permissible Exposure Limits (PELS) are legal standards enforced by OSHA and found in 29 CFR 

1910.1000. 
- - Threshold Limit Values, and Short-term Exposure Limits (TLVs and STELs) are recommended exposure 

guidelines developed by the American Conterencefor Governmental Industrial Hygienists (ACElH), and 
published annually. For this site, 1993 - 1994 Threshold Limit Values for Chemical Substances and 

Taw. 4.9 
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Physical Agents and Biological Exposufe Indices was used. 
d - - Recommended Exposure Limits IRELs) are non-enforceable exposure guidelines developed by the 

National Institute for Occupational Safety and Health INIOSH) to supporf OSHA. NIOSH Pocket Guide 
to Chemical Hazards. June 1990. 

N A = Substance information not available, or substance unlisted. 

Site-specific Operational and Physical Hazards 

See Section 4.14. 
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Site Activities 

Site activities will include soil borings, and soil sampling. Field work for this site is described 

in Section 2.11 of this Work Plan. 

Chemical Hazards and PPE Requirements 

The major constituent of concern at AOC 659 is petroleum hydrocarbon. Table 4.10 lists 

exposure guidelines for expected site chemicals. MSDSs for suspected site contaminants of 

concern are included in Appendix H. If additional contaminants of concern are discovered 

during the investigation, MSDSs will be immediately obtained, reviewed, and incorporated into 

the ZHHASP. 

The initial PPE level for invasive field activities performed at AOC 659 is modified Level D 

PPE. The AL for this site is a continuous PID reading of 5 ppm or greater in the breathing 

zone. If this occurs, the PPE level shall be upgraded to Level C. 

Radiological Hazards 

Radiological screening and frisking procedures relative to the site are described in detail in 

Appendix F. 

Site-specific Operational and Physical Hazards 

See Section 4.14. 

4.13.2 AOC 660, Mosquito Control 

AOC 660 was listed as used for mosquito control operations in the 1950s. Currently, the AOC 

is an asphalt parking lot northwest of Building NS-53. There is no record of the operations or 

materials used here. However, it is suspected that the area was used to store, mix, and rinse 

pesticides, Common practice involved draining rinsate containing pesticides directly onto the 

ground. 
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Notes: 
a - - Odor Thresholds for Chemicals with Established Occupational tleatth Standards, 

American Industrial Hygiene Association, 1989. 
b - - Permissible Exposure Limits (PELS) are legal standards enforced by OSHA and found In 

29 CFR 1910.1000. 
5 - - Threshold Limit Values, and Short-term Exposure Limits (TLVs and STELsl recommended 

exposure guidelines developed by the American Conference for Governmental Industrial 
Hygienists (ACGIH), and published annually. For this site, 1993 - 7994 Threshold Limit 
Values for ChemicalSubstances and PhysicalAgents and Biological Exposure Indices was 
used. 

6 = Recommended Exposure Limits [RELs) are non-enforceable exposure guidelines developed 
by the National Institute for Occupational Safety and Health [NIOSH) to support OSHA. 
NIOSH Pocket Guide to Chemical Hazards, June 1990. 

N A  - - Substance informat~on not available, or substance unlisted. 

Refer to Section 2.11 for this Work Plan for additional background information on this site, 

Ts#r 4.10 

summarizing the present level of knowledge including: a description of past uses, previous site 

investigations, principal hazardous materials (known or presumed to have been) used or stored 

onsite, and potential exposure pathways. 
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Site Activities 

Site activities will include soil borings, soil sampling, and the installing monitoring wells. 

Subsequent activities will include well development, purging, and sampling as required. Field 

work for this site is described in Section 2.11 of this Work Plan. 

Chemical Hazards and PPE Requirements 

Table 4.11 list exposure guidelines for expected site chemicals. MSDSs for suspected site 

contaminants of concern are included in Appendix H. If additional contaminants of concern are 

discovered during the investigation, MSDSs will be immediately obtained, reviewed, and 

incorporated into the ZHHASP. 

Due to the unknown type or quantities of pesticides potentially present in the soil, all field work 

that will disturb soil or require contact with groundwater should be performed in Level C PPE 

until analytical data can be evaluated for possible consideration of a downgrading Level D PPE. 

The AL for this site is a continuous PID reading of 10 ppm or greater. If this occurs, work 

activities shall be discontinued until arrangements can be made to resume work in Level B. 
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Notes: 
= Odor Thresholds for Chemicals with Established Occupational Heatth Standards, American Industriat 

Hygiene Association, 1989. 
b - - Permissible Exposure Limits (PELS) are legal standards enforced by OSHA and found in 29 CFR 

1910.1000. 
- - Threshold Limit Values, and Short-term Exposure Limits (TLVs and STELs) recommended exposure 

guidelinesdeveloped by the American Conference torGovernmental Industrial Hygienists (ACGIH), and 
published annually. For this s~te, 1993 - 1994 ThmshoM Limit Values for Chemks/Substancesand 
Physical Agents and Biologisl Exposum Indices was used. 

d - - Recommended Exposure Limits (RELsl are non-enforceable exposure guidelines developed by the 
National Institute for Occupational Safety and Health (NIOSH) to support OSHA. NIOSH hcket  Guide 
to Chemical Hazards, June 1990. 

N A - - Substance information not available, or substance unlisted. 
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Radiological screening and frisking procedures relative to the site are described in detail in 

Appendix F. 
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Site Activities 

Site activities will be performed by EOD, as described for AOC 503. Field work for this site 

is described in Section 2.11 of this Work Plan. 

Chemical Hazards and PPE Requirements 

It is unknown what contaminants may be present in this AOC. 

Radiological Hazards 

Radiological screening and frisking procedures relative to the site are described in detail in 

Appendix F. 

Site-specific Operational and Physical Hazards 

Because of the risk from explosives stored at this AOC, the investigation will be performed by 

EOD. 

4.13.4 AOC 665, Former Building 159 

Unknown pyrotechnic explosives were stored in the now demolished shed. It is not known when 

this shed was constructed or demolished. The nature of the stored materials and the operational 

practices are not known for this AOC. Building NS-46 now occupies this site. 

Section 2.11 of this Work Plan provides additional background information on this site 

summarizing the present level of knowledge including: a description of past uses, previous site 

investigations, principal hazardous materials (known or presumed to have been) used or stored 

onsite, and potential exposure pathways. 

Site Activities 

Site activities will be performed by EOD, as described for AOC 503. Field work for this site 

is described in Section 2.11 of this Work Plan. 
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Chemical Hazards and PPE Requirements 

Table 4.12 lists exposure guidelines for expected site chemicals. MSDSs for suspected site 

contaminants of concern are included in Appendix H. If additional contaminants of concern are 

discovered during the investigation, MSDSs will be immediately obtained, reviewed, and 

incorporated into the ZHHASP. 

The initial PPE level for invasive field activities performed at AOC 665 is modified Level D. 

The AL for this site is a continuous PID reading of 5 ppm or greater in the breathing zone. If 

this occws, the required PPE level shall be upgraded to Level C. 

Radiological Hazards 

Radiological screening and frisking procedures relative to the site are described in detail in 

Appendix F. 

Site-specific Operational and Physical Hazards 

Because of the risk from explosives stored at this AOC, the investigation will be performed by 

EOD . 

4.13.5 AOC 666, Facility NS-45 Fuel Storage 

NS-45 was constructed in 1958 and stores No. 2 fuel oil. The oil is stored in a UST enclosed 

by railroad ties. The oil is pumped to NS-44, which generates heat for the base. 

Site Activities 

Site activities will include soil borings, soil sampling, and the installing monitoring wells. 

Subsequent activities will include well development, purging, and sampling as required. Field 

work for this site is described in Section 2.11 of this Work Plan. 
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Notes: 
= Odor Thresholdsfor Chemicals with EstablishedOccupationaI Health Standards, Amer~can Industrial Hygiene Association, 1989. 
= Permissible Exposure Limits (PELS) are Legal standards enforced by OSHA and found in 29 CFR 1910.1000. 
= Threshold Limit Values, and Short-term Exposure Limits (TLVs and STELs) are recommended exposure guidelines developed by 

the American Conference tor Governmental Industrial Hygienists (ACGIH), and published annually. For this site, 1993 - 1994 
Threshold Lima Values for Chemical Substances and Physical Agents and Biologfcal Exposure Indfces was used. 

= Recommended Exposure Limits (RELs) are non-enforceable exposure guidelines developed by the National Institute for 
Occupat~onal Satety and Health (NIOSH) to support OSHA. NIOSH h c k e t  Gude m Chemical Hazards, June 1990. 

N A  = Substance information not available, or substance unlisted. 
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Chemical Hazards and PPE Requirements 

The contaminant of concern at AOC 666 is petroleum hydrocarbon. Table 4.13 lists exposure 

guidelines for expected site chemicals. MSDS for suspected site contaminants of concern are 

included in Appendix H. If additional contaminants of concern are discovered during the 

investigation, MSDS will be immediately obtained, reviewed, and incorporated into the 

ZHHASP. 

The initial PPE level for invasive field activities performed at AOC 666 is modified Level D. 

The AL for this site is a continuous PID reading of 5 pprn or greater in the breathing zone. If 

this occurs, the required PPE shall be upgraded to Level C. 
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Notes: 
- - Odor Thresholds for Chemicals with Established Occupational Health Standards, American Industrial 

Hygiene Association, 1989. 
b - - Permissible Exposure Limits (PELS) are legal standards enforced by OSHA and found in 29 CFR 

1910.1000. 
C - - Threshold Limit Values, and Short-term Exposure Limits (TLVs and STELs) are recommended exposure 

guidelines developed by the American Conference for Governmental industrial Hygienists IACGIHI, and 
pubtished annually. For this site, 1993 - 1994 Threshold Limit Values for Chemical Substancesand 
Physical Agents and Biological Exposure Indices was used. 

- Recommended Exposure Limits (RECs) are non-enforceable exposure guidelines developed by the 
National Institute for Occupational Safetyand Health INIOSH) to support OSHA. NlOSnPacket Guio'e 
to Chemical Hazards. June 1990. 

- - Substance information not available, or substance unlisted. 
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Site-specific Operational and Physical Hazards 

See Section 4.14. 

c h d ~ d  
NMu 

4.13.6 SWMU 178 

SWMU 178 is the site of a recently discovered (June 1994) release of PCB containing 

transformer oils. The site is just south of Building X33-A. 
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Site Activities 

Site activities will include soil borings and soil sampling. Field work for this site is described 

in Section 2.11 of this Work Plan. 

Chemical Hazards and PPE Requirements 

It is likely that PCB-contaminated oil exists in this site. Also, petroleum hydrocarbons may be 

present. Table 4.14 lists exposure guidelines for expected site chemicals. MSDSs for suspected 

site contaminants of concern are included in Appendix H. If additional contaminants of concern 

are discovered during the investigation, MSDSs will be immediately obtained, reviewed, and 

incorporated into the ZHHASP. 

Notes: 
' = Odor Thresholds for Chemicals with Established Occupational Health Standards, American Industrial Hygiene Association, 1989. 

= Permissible Exposure Limits (PELS) are legal standards enforced by OSHA and found in 29 CFR 1910.1000. " Threshold Limit Values, and Short-term Exposure Limits (TLVs and STELs) are recommended exposure guidelines developed by 
the American Conference for Governmental Industrial Hygienists (ACGIH), and published annually. For this s ib,  1993 - 1994 
Threshofd Limit Values for Chemical Substances and Physical Agents and Biological Exposum Indices was used. 

= Recommended ExposureLimits (RELsl are non-enforceableexposureguidelinesdeveloped by theNationallnstitutsfor Occupational 
Safety and Health (NIOSHI to support OSHA. NlOSH Pocket Guide to Chemical Hazards, June 1990. 

NA = Substance information not available, or substance unlisted. 
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The initial PPE level for invasive field activities performed at SWMU 178 is modified Level D. 

The AL for this site is a continuous PID reading of 5 ppm or greater in the breathing zone. If 

this occurs, the required PPE level shall be upgraded to Level C. 

Radialogical Hazards 

Radiological screening and frisking procedures relative to the site are described in detail in 

Appendix F. 

Site-specific Operational and Physical Hazards 

See Section 4.14. 

4.14 General Operational and Physical Hazards 

Field personnel should be aware of and act in a manner to minimize the dangers associated with 

physical hazards typically encountered during environmental investigations. These hazards 

include heat-related illnesses, uneven terrain, slippery surfaces, lifting, and using heavy 

equipment. Electrical lines may be present either above or below ground, and underground gas 

lines may be present. Before drilling activities begin, drilling locations must be cleared by the 

Naval Public Works Center (PWC). 

The Site Supervisor and the Site Health and Safety Officer (SHSO) shall be aware of the 

potential for heat stress and other environmental illnesses. When necessary, work regimens 

should be implemented that will minimize the potential for employee illness. 

Heavy equipment and drill rig operations will be performed in accordance with the procedures 

outlined in the CHASP, Appendix F, Drilling Safety Guide. When conducting operations or 

survey work on foot, personnel will walk. Running greatly increases the probability of slipping, 

tripping, and falling. If working in areas supporting a habitat for poisonous snakes, personnel 

should wear protective chaps made of heavy material designed to prevent snake bites to the 

lower extremities. 
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4.15 Employee Protection 

Employee protection for this project is addressed in several ways including the use of: work 

limitations, specified PPE air monitoring, decontamination procedures, standard safe work 

practices, general rules of conduct, procedures for extreme weather conditions, and medical 

surveillance. 

4.15.1 Work Limitations 

All s i t .  activities will be conducted during daylight only. All personnel scheduled for these 

activities will have completed initial health and safety training and actual field training as 

specified in 29 CFR 1910.120(e). Afl supervisors must complete an additional eight hours of 

HAZWOPER Site Supervisor training. All personnel must complete an eight-hour refresher 

training course annually to continue working onsite. 

4.15.2 Selecting PPE 

It is important that specified PPE protects against known and suspected site hazards. PPE is 

selected based on the types, concentrations, and routes of personal exposure that may be 

encountered. In situations where the types of materials and possibilities of contact are unknown 

or the hazards are not clearly identifiable, a more subjective determination must be made of the 

PPE required, and a greater emphasis is placed on past experiences and sound safety practices. 

PPE requirements are subject to change as site information is updated ox changes. A decision 

to deviate from specified levels of PPE as contained in this ZHHASP must be made or reviewed 

by the Project Health and Safety Officer (PHSO). 
- 

Initial Level of PPE 

Based on the best available information, the appropriate level of PPE for initial site entry is 

modified Level D. Modified Level D shall be the initial PPE for work activities that disturb the 

soil or could result in personnel coming into contact with contaminated soil, sediment, 
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groundwater, or surface water. This level of protection was selected because the concentrations 

of contaminants detected in the previous studies were low and free product was not detected. 

Modified Level D protection consists of a hard hat, chemical-resistant coveralls and gloves (vinyl 

or nitrile), eye protection, and steel-toed and shank boots. 

Examples of activities to be initiated in Modified Level D include: soil boring, well installation 

and construction, soil sampling, and well development. Collecting groundwater samples and 

determining water levels are two field activities than can be conducted in Level D as long as 

field personnel supplement their Level D attire with nitrile gloves (outer gloves, not the 4-mil 

nitrile inner glove liners). The history and nature of potential contaminants at specific site 

locations may indicate a higher or lower level of initial PPE. In these cases, the PPE 

requirements are defined in the Chemical Hazards and PPE Requirements subsections. 

4.15.3 Air Monitoring 

Air monitoring using a PID and/or other appropriate sampling equipment will be conducted 

before beginning field activities at a new EZ and during ground- disturbing activities. The PID 

will be field calibrated to measure VOCs relative to a 100 ppm isobutylene standard. If VOCs 

are detected downhole, colorimetric detector tubes and/or other sampling media may be used to 

determine the identification and approximate concentration of these compounds. 

The PHSO reserves the right to require personal exposure monitoring or other types of air 

sample collection and analysis. These samples may be required for a variety of reasons such 

as: to identify a chemical odor, PID readings exceed or approach the action level, or to 

determine if personal exposures are below Occupational Safety and Health- Administration 

(OSHA) permissible exposure limits (PELS). 

A combustible gas indicator (CGI) will be used during all soil borings and well installations. 

The CGI wiIl be field calibrated to measure flammable gases relative to a methane standard. 
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Downhole CGI readings will be collected periodically during soil disturbing operations. Field 

activities will immediately cease if downhole readings exceed 20 percent of the lower explosive 

limit (LEL). If CGI readings do not subside, the area will be immediately evacuated and the 

situation re-evaluated to determine how to proceed. An investigation of the area will be made; 

operations may not proceed until downhole readings are below 20 percent LEL. 

Action Level and Ceiling Concentration 

Each site at NAVBASE has a designated action level and ceiling concentration. For this project 

the AL is defined as the PID reading in the breathing zone above which respiratory protection 

must be upgraded; chemical-protective clothing may also be upgraded. The AL is determined 

on a site-by-site basis. To exceed the AL, PID readings should be sustainable. Readings should 

remain above the AL for at least one or two minutes at a time. Readings that are elevated for 

only a couple of seconds every 15 or 20 minutes do not exceed the AL and do not require 

workers to upgrade their level of PPE. 

The general AL for this zone, as determined on a properly calibrated PID, is 5 PID units above 

background. PPE shall be upgraded to Level C (assuming that cartridge respirators are 

appropriate, otherwise Level B) if airborne VOC concentrations in the breathing zone exceed 

the AL, or if the concentration of any contaminant exceeds 50 percent of the OSHA PEL. This 

baseline AL and PPE requirement may be superseded by more stringent site-specific levels, as 

identified in each Site Chemical Hazard and PPE requirements section. 

If breathing zone levels exceed the AL, or site conditions indicate additional health and safety 

precautions are needed, field activities in the area shall stop. Field staff shall notify the Site 

Supervisor of the situation and he/she shall contact the Project Manager andlor-the PHSO. The 

PHSO will be responsible for reassessing the hazards and prescribing revised health and safety 

requirements as necessary, including upgraded PPE requirements, revised work schedules, and 

revised decontamination procedures. See Table 4.15 for specific criteria for each protection 

level. 
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If PID readings exceed 10 units, the SHSO shall contact the PHSO and discuss the need to 

identify and quantify airborne contaminants. Work shall not proceed until breathing zone 

concentrations return to background levels and it is reasonably anticipated that breathing zone 

readings will stay approximately at background, or the chemical constituent(s) are identified and 

appropriate PPE is donned. 

I I 

and Crttsria 

f W w  

Positive-pressure full-face piece self-contained 
breathing apparatus (SCBA) or positive-pressure 
supplied air respirator (SARI wi th  escape SCBA. 
Fully-encapsulating chemical protective suit. 
Chemical-resistant inner and outer gloves. 
Steel toe and steel shank chemical resistant 
boots. 
Hard hat under suit. 
Two-way radios worn Inside suit. 
Optional: coveralls, long cotton underwear, 
disposable protective suit, gloves and boots, 
over fully encapsulating suit. 

Chemical-resistant clothes, coveralls. 
Positive-pressure full-face SCBA or SAR with 
escape bottle. 
Hard hat 
Chemical-resistant outer and inner gloves. 
Steel toe and steel shank boots. 
Chemical-resistant outer boots. 

- 
Chemical-resistant coveralls. 
Full-face, air purifying respirator equipped with 
cartridges surtable for the hazard. 
Hard hat. 
Chemical-resistant outer and Inner gloves. 
Steel toe and steel shank boots. 
Disposable outer boots. 

fable 4.15 
L w e i  of Protection 

t *vd  of 
Pr macson 

Level A 

crttmb fm urs 

When atmospheres are "immediately 
dangerous to  life and health" (IDLH in the 
NlOSHlOSHA Pocket Gulde to Chemical 
Hazards or other guides.) 
When known atmospheres or potential 
situations exist that could affect the skin or 
eyes or be absorbed into the body through 
these surfaces. Consult standard references to 
obtain concentrations hazardous to skrn, eyes, 
or mucous membranes. 
Potentla1 situations include those where 
rmmersion may occur, vapors may be 
generated, or splashing may occur through 
s ~ t e  act~vitles. 
Where atmospheres are oxygen deficient. 
When the type(s) and or potential 

Level 6 

Level C 

concentratlon of tox~c  substances are not 
known. 

When respiratory protection is warranted and 
cartridge respirators are not appropriate. 
Examples of these conditions are: 
- when work area may conta~n less than 

19.5 percent oxygen, 
- when expected contaminants do not 

have approprrate warning properties, 
e.g., vinyl chloride, or 

- when cartridges are not available to 
protect against all contaminants of 
concern. 

Hazards associated with l~mited dermal 
exposure are not signifcant. 

When respiratory protection IS warranted and 
cartridge respirators are appropriate. , 

When PID readings exceed the Action Level. 
When air monitoring indicates airborne 
concentratlon of a chemical is 50 percent or 
more of the PEL or TLV 
And the work area conta~ns at least 19.5 
percent oxygen. 
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The ceiling concentration is defined as the maximum allowable PID reading in the breathing 

zone regardless of PPE. A ceiling concentration of 50 PID units has been established. Should 

VOC concentrations exceed 50 ppm in the breathing zone, field workers should secure their 

equipment and back off the site. Work sball not resume until the Site Supervisor understands 

why VOC levels became elevated, knows the major constituents of the VOCs being generated, 

and the VOCs in the breathing zone are less than 5 ppm or workers have upgraded to Level C 

or B. The proper PPE upgrade shall be determined by the PHSO based on site-specific chemical 

information, i.e., is there enough information to determine that air-purifying respirators will 

provide sufficient protection. 

Field monitoring values will be recorded in a field logbook and copies must be posted for field 

Tabls 4-1 6 

personnel review. 

CrStrfla 

em 
Chemical resistant coveralls. 
Chemical resistant outer gloves; Inner gloves or 
glove liners, optional. 
Steel toe and steel shank boots. 
Hard hat. 
Safety glasses wtth side shields or safety 
goggles. 
Optional: chemical-resistant outer boots. 

Inner gloves or chemical-resistant gloves needed 
to  handle soil or water samples. 
Steel toe and steel shank boots. 
Hard hat. 
Safety glasses with side shields or safety 
goggles. 
Optional: coveralls and disposable outer boots. 
Work clothes. - 

LQWI d Prat.etlon md  
). 

tw& Q) 

PrOt& C W a  for Ua. 

Modified 
Level D 

Level D 

When chemical contamination IS known or 
expected to  be present, yet inhalation risk is 
low and respiratory protection is not required. 
Site contaminants may be absorbed through 
the skin. 
The "default level" of PPE required when the 
ZHHASP does not specify another level of 
PPE. 
And the work area has at least 19.5 percent 
oxygen. 

When minimal or no chemical contamination is 
expected. 
When ZHHASP specifies Level D protection is 
adequate. 
The work area has at least 19.5 percent 
oxygen. 
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Equipment Maintenance 

Before being used daily, PIDs, CGIs, and other monitoring equipment shall be calibrated or their 

proper function verified. Throughout the day this equipment shall be periodically checked to 

ensure it is working properly. A final calibration shall be conducted at the end of the work day, 

at which time each instrument will be checked to ensure that it is free from surface 

contamination. Air monitoring equipment shall detect the calibration standard within a range 

of plus or minus 10 percent, otherwise the instrument shall be considered malfunctioning. Field 

staff shall note in their field notebooks that they conducted these calibrations and checks and note 

whether the equipment was functioning properly. 

When equipment is not functioning properly it should be brought to the attention of the Site 

Supervisor or SHSO, who will anange to repair or replace that equipment as needed. 

4.16 Personnel and Equipment Decontamination 

As needed, a CRZ will be established adjacent to EZs established for invasive activities, and will 

include stations for decontaminating personnel, PPE, and hand tools. Typically, a portion of 

the CRZ will be covered with sheets of 6-mil polyethylene (generally, an area 20-feet by 20-feet 

is sufficient) with specific stations to accommodate removing and disposing of the protective 

clothing, boot covers, gloves, and respiratory protection. 

Heavy equipment and field equipment that cannot adequately be decontaminated in the CRZ may 

be decontaminated on a more centrally located decontamination pad. Table 4.16 lists of 

equipment that may be convenient to have onsite to decontaminate heavy equipment and 

vehicles; this table ako explains how this equipment may be used. - 
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Table 4.76 
Equipment Recammmdd for Derontaminating Haavy Eqtripmnt and Vetrkl.e;s 

Storage tanks or drums to be used for storing collected wash and rinse solutions, 
alternatively, equipment for the treatment of collected wash and rinse solutions may be 
substituted. 

Pumps, and filters as needed to collect wash and rinsate solutions. 

Pressurized steam sprayers for steam-cleaning equipment. 

Long-handled brushes for general cleaning of exterior surfaces. Also shovels and other 
equipment may be used to dislodge caked-on contaminated mud that may be present on 
the undercarriage or in the tires. 

Wash solutions, selected for their ability to remove (dissolve, etc.) contaminants 

Rinse solutions, selected for their ability to remove contaminants and wash solutions. 

Pressurized sprayers for washing and rinsing, particularly hard to reach areas. 

Clean buckets that can contain cleaning and rinsing solutions. 

Brooms and brushes that can be used to clean the interior, operator areas of vehicles 
and equipment. 

Figure 4- 1 shows one method of laying out an acceptable decontamination area for Level B PPE. 

There are numerous ways to lay out decontamination areas. Decontamination areas for Level C 

and Modified D PPE should be based on this concept of decontamination, but can be scaled back 

in accordance with the decontamination needs of the specific site and level of PPE. As a general 

rule, people working in the CRZ, helping to decontaminate workers leaving the EZ, shall be 

outfitted in PPE that is one protection level below what the exiting workers are using. For 

example, if workers leave the EZ in Level C, personnel in the CRZ should be in Modified D. 

Often equipment may be adequately decontaminated using a soapy wash solution and following 

specified rinsing procedures. Normally equipment decontamination will be completed in 

Level D with gloves or Modified D PPE. 
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In inclement weather (e . g . , lightning) or an emergency requiring immediate evacuation, 

contamhated equipment will be bagged or wrapped and taped in 6-mil polyethylene sheeting and 

tagged as "contaminated" for later decontamination. Respirators not only need to be 

decontaminated and cleaned between uses, but also need to be sanitized. Alcohol swabs 

generally suffice. 

4.16.1 Nl Decontamination Procedures 

Workers shall use the following cleaning and decontamination procedures when exiting the EZ. 

These procedures should be followed when workers are leaving the area for lunch, at the end 

of their shift, or when work is completed for an EZ. Procedures for rest breaks, are changing 

SCBA tanks and cartridges are described in Section 4.16.2. Not all steps apply to every 

situation; follow applicable procedures. Decontamination procedures shall start at the EZ/CRZ 

interface and continue away from the EZ toward the SZ. 

Full Decontamination 

1 .  Radiah'on monitoring. If radioactive monitoring is in effect, scan hands, feet, and 

equipment with radiation detector. 

2. Equipment drop. Deposit equipment used onto plastic drop cloths or into a plastic-lined 

tub. All gross contamination should be removed here, fine cleaning and decontamination 

of equipment may be completed here or elsewhere. Prior to moving equipment that is 

still contaminated, it must be wrapped and taped. 

3. Outer boot and glove wash. WasWremove gross contamination from outer boots, outer 

gloves, SCBA and/or airline equipment. 

4. Tape removal. Remove tape from ankles and wrists and dispose of in plastic-lined drum. 
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-- -- 

5 .  Outer boot removal. Remove outer boots, disposable outer boots may be disposed of in 

the same waste container used in Step 4. Non-disposable boots need a thorough cleaning 

before they can be removed from the site. (If non-disposable boots are used, it is 

preferable to have them dedicated to the project.) 

6 .  Outer glove removal. Remove and dispose of outer gloves. Gloves may be disposed of 

in the same waste container as used in Step 4. 

SCBA and SAR removal. For Level B*. 

SCBA - With buddy or other site worker, remove backpack, remove facepiece, and shut 

off air flow. 

Sar - With buddy or other site worker, remove harness and escape bottle, remove 

facepiece, shut off air flow. 
* If coveralls are significantly contaminated, leave the respirator facepiece on, 

disconnect the air hose just downstream of the regulator, turn off the air flow, remove 

the backpack or equipment harness, and leave the facepiece in place. Remove the 

facepiece in Step 9. 

8. Coverd removal. Rinse coveralls, if needed; remove coveralls and dispose of them. 

The same drum may be used as in Step 4. Non-disposable coveralls shall be double- 

bagged with the outer bag clearly labeled " contaminated. " 

9. Respirator removal. Remove respirator (or facepiece of Level B equipment, if it is still 

being worn). Dispose of spent cartridges, clean, disinfect, dry, and properly store 

respirator or facepiece. 

10. Inner glove removal. Remove and dispose inner gloves. 
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1 1 . Erit area. Exit the CRZ via the SZ . 

12. Field Wmh. Wash and rinse hands and face. 

13. Redress. Redress into appropriate PPE for re-entry or change into street clothes. 

Notes: 

All wastes (soil and water) generated during personal decontamination will be collected 

in 55-gallon drums. The drums will be labeled by E/A&H personnel; final disposal will 

be done by the Navy. 

Hard hats and eye protection should be washed at the end of each workday with a soap 

and water solution. 

4.16.2 Partid Decontamination Procedures 

To change a respirator cartridge or SCBA tank: 

1 .  Radiaiion monitoring. If radioactive monitoring is in effect, scan hands, feet, and 

equipment with radiation detector. 

2 .  Outer boot and glove wash. Wash outer boots and gloves. Wash/remove gross 

contamination from SCBA and/or SAR equipment. 

3.  Tape removal. Remove tape from ankles and wrists and dispose of it in a plastic lined 

drum. 
- 

4. F'acepiece removal. Disconnect facepiece and air hose just downstream of regulator. 

The facepiece may remain in place, or be removed and cleaned. Remove the spent tank 

from the baclcpack and repiace it with a full tank. Connect air hose and turn on air. 
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5 .  Respimtor removal. Remove respirator, remove used cartridges, clean and disinfect 

respirator, install new cartridges, and don respirator. 

6 .  Respirator check. Check to make sure that respirator still seals properly to your face. 

7. Don clean PPE. Put on clean outer gloves, tape wrists (as applicable), and re-enter EZ. 

When taking a rest break: 

1 .  R u d W n  monitoring. If radioactive monitoring is in effect, scan hands, feet, and 

equipment with radiation detector. 

2 ,  Outer boot and glove wash. Wash outer boots and gloves. Wash-remove gross 

contamination from SCBA and/or SAR equipment. 

3 .  Tape removal. Remove tape from ankles and wrists and dispose of it in a plastic-lined 

drum. 

4. Respirator removal. Remove SCBA unit, SAR harness, and place in a clean area; plastic 

sheeting may be needed. 

5 .  Cover& removal. Remove outer wear if it is ripped or significantly contaminated. In 

hot weather, at least unzip and pull down upper half of coveralls. 

6 .  Inner glove removd. Remove and dispose of inner gloves. 

7. Wash. Wash and rinse hands and face at the field wash station. 
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8. Rest break. Take rest break; remember to drink plenty of water, Gatorade, or similar 

beverage. 

9 .  Don inner gloves. Put on inner gloves. 

10. Don PPE. Don coveralls, outer boots, and outer gloves. Tape wrists and ankles (as 

needed), and re-enter the EZ. 

Decontamination procedures, based on Level D protection: 

Brush heavily soiled boots and rinse outer gloves and boots with soap and water. 

Remove gloves and deposit in a trash container. 

Dispose gloves and other disposable PPE in a trash container. 

Wash hands and face, and preferably shower as soon as practical. 

4.16.3 Closure of the Decontamination Station 

All disposable clothing and plastic sheeting used during site activities at sites with Level D 

through Level C will be double-bagged and disposed of in a refuse container. Decontamination 

and rinse solutions and disposable PPE from Level B site will be placed in a labeled 55-gallon 

drum (separate solids and liquids) for later analysis and disposal. All washtubs, pails, buckets, 

etc., will be washed and rinsed at the end of each workday. 

4.17 Procedures and Equipment for Extreme Hot or Cold Weather Conditions 

For a discussion of the more common heat-and cold-related illnesses and their associated 

symptoms, see CHASP Section 6.5.1. Monitoring of heat stress conditions (area and personal) 

will be employed during hot weather conditions andlor when elevated levels of PPE are used. 
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Severe Weather Conditions 

Field work shall not be conducted when lightning can be seen from the work area. When 

lightning is observed, cease work, perfom emergency personal and equipment decontamination 

(see Section 4.16) if need be, then seek shelter. 

4.18 Standard Safe Work Practices: 

Eating, drinking, chewing gum or tobacco, smoking, or any activity that increases the 

probability of hand-to-mouth transfer and ingestion of material is prohibited in any area 

designated as contaminated, unless authorized by the SHSO. 

Hands and face must be thoroughly washed upon leaving the work area. 

• No contact lenses will be worn in work areas while invasive activities are conducted. 

Whenever decontamination procedures for outer garments are in effect, the entire body 

should be thoroughly washed as soon as practical after leaving the CRZ. 

Contact with contaminated or suspected contaminated surfaces should be avoided. 

Whenever possible, do not walk through puddles, leachate, or discolored surfaces, or 

lean, sit, or place equipment on drums, containers, or on soil suspected of being 

contaminated. 

Medicine and alcohol can exacerbate the effects from exposure to toxic chemicals. 

Prescribed drugs should not be taken by personnel on cleanup or response operations 

where the potential for absorption, inhalation, or ingestion of toxic substances exists 

unless specifically approved by a qualified physician. Consumption of alcoholic 

beverages is prohibited. 

I Adequate side and overhead clearance must be maintained to ensure that the drill rig 

boom does not touch or pass close to any overhead power lines or-other overhead 

obstacles or obstructions. 

I NAVBASE Public Works and Iocal utility representatives shall be contacted and 

requested to identify all underground utility Lines. Utility lines should be marked using 
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characteristic spray paint or labeled stakes. A buffer zone, 3 yards to either side of a 

utility line, should be maintained during all subsurface investigations. 

Due to the flammable properties of the potential chemical hazards, all spark or ignition 

sources should be bonded and/or grounded or mitigated before soil boring advancement 

or other site activities begin. 

General Rules of Conduct 

Liquor, firearms, narcotics, tape recorders, and other contraband items are not permitted 

on the premises. 

Any violation of local, state, or federal laws, or conduct is outside the generally accepted 

moral standards of the community is prohibited. 

Violation of the Espionage Act, willfully hindering or limiting production, or sabotage 

is not permitted. 

Willfully damaging or destroying property, or removing government records is 

forbidden. 

Misappropriation or unauthorized altering of any government records is forbidden. 

Securing government tools in a personal or contractor's tool box is forbidden. 

GarnbIing in any form, selling tickets or articles, taking orders, soliciting subscriptions, 

taking up collections, etc., is forbidden. 

Doing personal work in government shop or office, using government property or 

material for unauthorized purposes, or using government telephones for unnecessary or 

unauthorized local or long-distance telephone calls is forbidden. 

Compliance with posted signs and notices is required, 

Boisterousness and noisy or offensive work habits, abusive language; or any verbal, 

written, symbolic, or other communicative expression which tends to disrupt the work 

or morale of others is forbidden. 

Fighting or threatening bodily harm to another is forbidden. 

Defacing any government property is forbidden. 
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Wearing shorts of any type and/or offensive logos, pictures, or phrases on clothing is 

forbidden. Shirts, shoes and pants or slacks, or coverall-type garments will be worn at 

all times on government property. 

All persons operating motor vehicles will obey all NAVBASE traffic regulations. 

4.20 Medical Monitoring Program 

See CHASP Section 7.0. 

4.21 Authorized Personnel 

Personnel anticipated to be onsite at various times during site activities include: 

• Engineers-in-Charge - Matthew A. Hunt Southern Division, Naval Facilities 

Engineering Command (SOUTHDIV) 

Thuane Fielding 

Site Contact - Bill Brasel (NAVBASE) 

Principal-In-Charge - James Spealanan (EIA&H) 

Task Order Manager/Project Manager - Todd Haverkost (E/A&H) 

Project Health & Safety Officer - David Isenberg (E/A&H) 

Site Supervisor - Britton Dotson (E/A&H) 

Site Health & Safety Officer - TBA 

Responsibilities of Key Field Staff 

Key field staff for this project, in terms of health and safety are: 

Site Supervisor, 

Site Health and Safety Officer, and 

(All) Field Staff. 

The primary health and safety responsibilities associated with each of these positions are 

delineated in CHASP, Sections 8.1, 8.2 and 8.3, respectively. 
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4.22 Emergency Information 

All hazardous waste site activities present a potential risk to onsite personnel. During routine 

operations, risk is minimized by establishing good work practices, staying alert, and using 

proper PPE. Unpredictable events such as physical injury, chemical exposure, or fue may occur 

and must be anticipated. 

If any situation or unplanned occurrence requires outside emergency, immediately call the 

appropriate contact from the following list: 

Contact 

Bill Brasel 

Agency or Organization Telephone 

Naval Base Charleston, (803) 743-5519 
Site Contact 

Matthew A. Hunt SOUTHDIV (803) 743-0525 
Thuane Fielding Engineers-in-Charge (803) 743-05 13 

Law Enforcement NABASE Security (803) 743-5555 

Fire Department NAVBASE Fire Department (803) 743-5333 

Ambulance Service NAVBASE Ambulance (803) 743-5444 

Hospital Charleston Naval Hospital (803) 743-7000 
Baker Hospital (803) 744-2 1 10 

Southern Poison - 

Control Center 

Todd Haverkost 

David Isenberg 

Britton Dotson 

EnSafe/Allen & Hoshall (803) 747-7937 
Task Order Manager 

EnSafe/Allen & Hoshall (615) 399-8800 
PHSO - 

EnSafe/Allen & Hoshall (615) 399-8800 
Project Manager 
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* Use Charleston Naval Hospital for (potentially) life-threatening situations, for medical 

needs that are less urgent, the naval Hospital will not serve civilians; Baker Hospital is 

the next closest appropriate medical facility. 

As soon as practical, Messrs. BiIl Brasel, NAVBASE; Matthew Hunt and Thuane Fielding, 

SOUTHDIV Engineers-in-Charge; Todd Haverkost, E/A&H Project Manager; and David 

Isenberg, E/A&H PHSO, shall be fully apprised of the situation. Other persons, as appropriate, 

may also need to be contacted. 

4.22.1 Site Resources 

A cellular telephone will be available in the SZ for routine and emergency communication/ 

coordination with NAVBASE, SOUTHDIV, and the E/A&H field office. First-aid and eye wash 

equipment will be available at the work area and in each field vehicle. 

4.22.2 Emergency Procedures 

Examples of an emergency include: 

A fire, explosion or similar event at or near the site whether related to this project or 

not; 

A member of the field crew sustains a significant injury, or experiences symptoms of a 

chemical exposure; or 

The discovery of a condition suggests that site conditions are imminently more dangerous 

or hazardous than anticipated. 

In the an emergency, the following procedures should be followed: - 

If it is necessary to evacuate the area, immediately proceed to a rally point and remain 

there until instructed otherwise. 

Use planned escape routes. 
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If a member of the field team experiences effects or symptoms of exposure while on the 

scene, the field crew will immediately halt work and act according to the instructions 

provided by the Site Supervisor or, in his absence, the SHSO. 

For applicable site activities, including all Level B activities, use wind indicators to 

continuously indicate downwind, preferred escape routes, from upwind routes. 

Investigate condition(s) suggesting that site conditions may be more hazardous than 

anticipated. The condition observed and the decisions made shall be recorded in the 

safety logbook, or in the field logbook if a safety logbook is not being maintained. If 

there are doubts about how to proceed, suspend work and leave the work area until the 

PHSO has evaluated the situation and provided the appropriate instructions to the field 

team. 

If an accident occurs, the Site Supervisor is to complete an Accident Report Form (see 

Appendix J) for submittal to the managing Principal-in-Charge of the project. 

If a member of the field crew suffers a personal injury, the SHSO will call NAVBASE 

Fire Department 743-5333 or 5444 if an ambulance is needed. Next, alert appropriate 

emergency response agencies as the situation dictates. Complete an Accident Report 

Form for any such incident. 

If a member of the field crew suffers chemical exposure, flush the affected areas 

immediately with copious amounts of clean water, and if the situation dictates, the SHSO 

should alert appropriate emergency response agencies, or personally ensure that the 

exposed individual is transported to the nearest medical treatment facility for prompt 

treatment. (See Appendix I for directions to the emergency medical facility.) An 

Accident Report Form will be completed for any such incident. 

Additional information on appropriate chemical exposure treatment methods will be provided 

through MSDS in Appendix H of this ZHHASP. Directions to the nearest emergency medical 

facility capable of providing general emergency medical assistance and treating chemical burns 

are provided in Appendix I of this ZHHASP. 
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The following forms will be used in implementing this Health and Safety Plan: 

Plan Acceptance Form 

Plan Feedback Form 

Exposure History Form 

• Accident Report Form 

A ZHHASP Plan Acceptance Form will be filled out by all employees working onsite before site 

activities begin. The Plan Feedback Form will be filled out by the SHSO and any other onsite 

employee who wishes to do so. The Exposure History Form will be completed by both the 

Field Project Manager and the individual(s) for whom the form is intended. Examples of each 

form are provided in Appendix J of this plan. 

All completed forms must be returned to the Task Order Manager at EnSafeJAllen & Hoshall, 

Charleston, South Carolina. 
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5.0 SIGNATORY REQUIREMENT 

Condition I.E. of the Hazardous and Solid Waste Amendments (HSWA) portion of RCRA 

Part B Permit (EPA SCO 170 022 560) states that "All applications, reports, or information 

submitted to the Regional Administrator shall be signed and certified in accordance with 

40 CFR 5270.1 1. " The certification reads as follows: 

"I certify under penalty of law that this document and a11 attachments were prepared under my 

direction or supervision in accordance with a system designed to assure that qualified personnel 

properly gather and evaluate the information submitted. Based on my inquiry of the person or 

persons who manage the system, or those persons directly responsible for gathering the 

information, the information submitted is, to the best of my knowledge and belief, true, 

accurate, and complete. 1 am aware that there are significant penalties for submitting false 

information, including the possibility of fine and imprisonment for knowing violations. 'I 

Commander, 

Charleston NavaI Shipyard 

Date 
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Tabla A.7 

Zone H SWMU Summary 

SWMU Investigative 
. hrnbar 

9 

13 

14 

15 

17 

19 

20 

121 

136 

138 

178 

SWUU Name 

Closed Landfill 

Current Fire Fighting 
Training Area 

Chemical Disposal Area 

Incinerator 

Oil Spill Area 

Solid Waste Transfer 
Station 

Waste Disposal Area 

Building 801 SAA 76 

Building NS-53 SAA 19 

Building 1 776 SAA 5 1 

Former Transformer Area 

Appmach 

R FI 

RFI 

RFI 

RFI 
lnvestigate 

wlSWMU 14 

RFI 

R FI 
Investigate 
w1SWMU 9 

RFI 
lnvestigate 
wlSWMU 9 

RFI 
lnvestigate 
w/SWMU 9 

CSI 
lnvestigate 

wlAOC 663 

CSI 
lnvestigate 

w/AOC 667 

CSI 

Location 2 
1 

Open Area Between Bainbridge 
and West road 

Building 1303 Area 

South of Building 1897 

South of Building 1843 

North Side of Building 67 

West of Least Tern Lane 

NE of Building 903 

Building 801 

Building 53 

Building 1776 

5 0  Feet South of Building X-33A 



649 

650 

65 1 

653 

654 

655 

656 

659 

660 

661 

662 

663 

665 

666 

667 

669 

670 

684 

Braswelt Shipyards, Inc. 
Storage Area 

Metal Trades, Inc. Storage 
Area 

Sandblasters, Inc. Storage 
Area 

Building 1508 MWR 
Hobby Shop 

Septic Tank and Drain Field 
(1 71 8) labandonedl 

Oil SpiH Area behind Base 
Exchange 

Between Buildings 602 & 
NS-71 

Diesel Storage (1 4) 

Mosquito Control (31 ) 

Explosives Storage 

Building NS-54 Former Gas 
Station 

GasIDieset Pump~ng Stat~on 
(85 1) 

Pyrotechnic Storage (1 591 

Fuel Storage (NS-45) 

CBU-412 Vehicle Area 

Current Indoor Pistol Range 

Field South of Building 1897 

Former Outdoor Plstol Range 

CSl 
Investigate w/SWMU 9 

CSI 
Investigate w/SWMU 9 

CSI 
Investigate w/SWMU 9 

RFI 

CSI 
Investigate wlSWMU 9 

CSI 

CSI 

CSI 

CSI 

CSI 

RFI 

CSI 

CSI 

CSI 

RFI 

CSI 
lnvestigate w/SWMU I 4  

RFl 
lnvestigate wlSWMU 14  

RFI 
lnvestlgate wlSWMU 1 4  

East of Building 672 

East of Building 672 

East of Build~ng 672 

Buildlng 1508 

Building 661 Area 

Behind Base Exchange 

Between Buildings 602 
and NS-71 

South of Hobson Ave. 

Building NS-6 Area 

Area South of Building 601 

Building NS-54 

East of Building 181 7 

Building 1889 Area 

By Osprey Street 

CBU-412 

Build~ng 1888 

Field South of 
Building 1 897 

Vlclnlty of Building 1888 
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LOCATION MAPS FROM PREVIOUS INVESTIGATIONS 





FIGURE 2. Total FID Volatiles 
(calc'd p g/l) 

CHARLESTON NAVAL SHIPYARD 
CHARLESTON, SOUTH CAROLINA 

@ ENVIRONMENTAL SERVICES. INC. 
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ANALYTICAL DATA FROM PREVIOUS INVESTIGATIONS 



July 1981 and February 1982 



Tebfa C. 1 
SWMU 4 Cbaed Landfill 

Sawnmary d Trace M a a l  and Ocgank Data in Monioring Wdlr 

Barium (Bel 

Chromium (Cr) 

Mercury (Hg) 

Lead IPbl 

3 7 0  - 4 6 2 0  

< 5  - 8.2 

CO.1 - 0 . 4  

< 5  - 22 

Aofd Organics 

Pentachlorophenol 

Phenol 

2,4,6-Trichlorophenol 

2,4-Dichlorophenot 

4,6-Dinitro-o-cresol 

w 

ND-15 

- 
- 
- 

- 

BaseiNsutral Organics I 
1.4 Dichlorobenzene 

2,4 Dinitrotoluene 

N-nitrosodiphenylamine 

Bis(2-ethylhexyllphthalate 

Diethyl phthalate 

Di-n-butyl phthalate 

Naphthalene 

Acenaphthene 

Anthracene/Phenanthrene 

Indeno(l,2,3-cdlpyrene 

- 

- 
- 

ND-90 

- 
- 

- 
- 

- 



Notes: 
pg/L = micrograms per liter 
ND - - Not Detected 
L 

- - 1 to 9 pglL 

Tebls C.1 
SWMU 0 Closd Landll 

Summaq crf Tmcs Madl  and Organk DMa in Monitorfng WdIs 
(Sucrurca: Environmantal Investigation - July 7981 and February 3962) 

CONCENTRATION RANOE 
C Q ~ r n E N T  

Valatile Organics 

Methylene chloride 

Chlorobenzene 

Chloroform 

Dibrornochlorornethane 

ND- 1 600 

ND-50 

ND-5.4 

ND-3.4 



April 1991 



TaWe C.2 
SWMU 9 Firs Fighter Training f H i  

Cibnce~tratim 

1 7 0  mglkg 

11 mg/kg 

3 5 8  pg1L 

3 8 0  pg/L 

5 6 0  pg1L 

4 0 0  pg1L 

500 pg1L , 

5 8 0  pglL 

15 mglkg 

17.9 pg/L 

3 9 0  pglL 

3 2  10 mglkg 

49 mglkg 

154 pg/L 

23.3 pg/L 

97.0 pg1L 

160  pg/L 

1 65 pg/L 

2 6 0  pg/L 

470 pg/L 

4 7 0  pg/L 

240 pglL 

8 6 9 0  pg/L 

3330 pg/L 

420 flgIL 

1 0 0  pg1L 

2 1 0  pg/L 

3 3 0  pg/L 

Summary .of Soil Sample Flesufts 
{Source: Environmental Invesfigatim - April 7Wl) 

- 

Tmt Pit Number 

TP-2 

TP-5 

TP-8 

Cmst&uent Identified Abrrve Dstcrction Limit 

Lead 

Chromium 

Butytbenzlyphthalate 

1 -Methylnaphthalene 

2-Methylnapgthalene 

Naphthalene 

Pyrene 

Fluoranthene 

Lead 

p-Dichlorobenzene 

Naphthalene 

Lead 

Chromium 

C hlorobenzene 

o-Dichlorobenzene 

p-Dichlorobenzene 

Acenaphthene 

Acenaphthylene 

0enzoia)anthracene 

Benzo(b)fluoranthene 

Benzo(k1fluoranthene 

Benzo(a1pyrene 

Bis(2- Ethylhexy1)phthalate 

Buthylbenzylphthalate 

Chrysene 

1,4 Dichlorobenzene 

Flourene 

1 -Methylnaphthalene 



Notes: 
mglkg = milligrams per kilogram 

'. 
Tabie C.2 

SWMU 9 Fire Fight- Training FdSty 
&~mmary of Sdi Sample Rescrlb 

{burce-: Ethvitrnmemal Irhvesti$dtian - A@til t 93 I) 

Canwntraim 

630 pg/L 

580 pg/L 

1 800 pglL 

1 290 pglL 

1920 pg/L 

Tmt NtBElbBr Cm~&umt ldeMifitIzl A h a  Dae&m Unit 

TP-8 2-Methylnaphthalene 

Naphthalene 

Phenanthrene 

Pyrene 

fluorant hene 



CSY-FMW-2 

Toluene 

Anthracene 

Phenanthrene 

Copper 

Zinc 

Antimony 

N~ckel 

Benzene 

Chlorobentene 

p-Dichlorobenzene 

Ethylbenzene 

Toluene 

1 ,1,1 -Tnchloroethane 

Trichloroethene 

Acenaphthene 

1,4-Dichlorobenzene 

Naphthalene 

2.2 pg/L 

1.1 pglL 

1.1 pg/L 

0.040 mglL 

0.060 mg/L 

0.003 mg/L 

0.040 mg/L 

20.0 pgll 

13.6 flg/L 

7.5 pglL 

2.7 pg/L 

4.6 jig11 

0.80 pg/L 

0.40 pg/L 

1.3 pg/L 

7.2 pg/L 

2.2 pg/L 

2 Methylnphathalene 

Copper 

Lead 

Selenium 

Z~nc 

Antimony 

Nickel 

5.5 pg/L 

0.030 mg/L 

0.002 mg/L 

0.002 mg/L 

0.07 mg/L 

0.004 mglL 

0.06 mg/L 



Notes: 
mglL = milligrams per liter 

Table C.3 
SWMU 9 Firr F?ghtsr Trainb Facility 
Summary af Groundwafer Analyses 

(Some: EnvimmM InvestigatSon -- A@, I991 1 

Madtaring Welt Condtuent k b n M  Above Detsdon UmSf I Cancsntrat4on 

CNY-FMW-3 Benzene 

Chlorobenzene 

p-Dichlorobenzene 

Toluene 

1, I ,  1 -Trichloroethane 

Copper 

Zinc 

Nickel 

1.5 pg/L 

7.5 pg/L 

1.1 pg/L 

1.7 pg/L 

0.6 pg/L 

0.020 mg/L 

0.06 mg/L 

0.04 mg/L 



The following qualifiers may appear with results from the samples: 

- - Indicates compound was analyzed for but not detected. 

J - Indicates an estimated value. 

R Indicates unusable data due to spike recovery not within control limits. 

UJ - Compound was analyzed but not detected. The value given is an 
estimated detection limit for that compound. 



Ta#e C A  
Churlsaton H a d  Shipyard 

Sdl wl b.d)msnt Anqhltlcul R m u b  fW. 1993) 

PARAMrnR 

HVQRGAAVCS iunltr of - 
Aluminum 

Antimany 

Arsenic 

Barium 

Beryllium 

Calcium 

Chromium 

Cobalt 

Copper 

Iron 

Lead 

Magnesium 

Manganese 

Mercury 

Nickel 

Potassium 

Sodium 

Vanadium 

Zinc 

conwnhmion mglkg) 

10000 

6.0 R 

- 
42.0 

- 
62000 

35.0 J 

3.0 

18 

1 3000 

16 J 

2900 

140 

0.087 

14 

740 J 

410 

30 

62 

4600 

5.7 R 

7.4 .I 

47.0 

0.69 

7400 

26.0 J 

7.0 

660 

15000 

92 J 

2800 

110 

0.057 

79 

550 J 

200 

15 

520 

16000 

- 

- 
79.0 

1.4 

78000 

48.0 J 

3.9 

65 

14000 

23 J 

3600 

110 

0.12 

13 

960 J 

1500 

4 1 

170 

21 00 

5.6 R 

2.1 J 

15.0 

- 
250000 

11.0 J 

2.9 

13 

3800 

10 J 

3700 

220 

0.014 

7.0 

500 J 

780 

606 

27 

6500 

5.7 R 

30.0 

0.74 

12000 

35.0 J 

4.6 

140 

9600 

170 J 

2700 

63 

0.080 

45 

790 J 

930 

2 2 

400 I 

- 
5800 

7.4 R 

1 1 .O 

- 
220000 

53.0 J 

- 

1 8  

5400 

7.1 J 

7600 

44 

0.068 

22 

1000 J 

1 500 

30 

55 l. 





TOM6 CA 
C h r h t m  Nmml Shipyard 

Sdl d S.dirmnt AnatyHd R e d t s  {Fall, 1993) 

lib SWIUU~ s m u  9 SWMU 9 s w a  swu 9 swu 9 
SnmpleTm M n g  ~ n a  -W Boring M n a  BMkra 

% a n r p k m  02 02 03 04 06 05 
ssmplcimw~~ai O'- 3' 3' - 6' 6 ' - 3 '  O + - I '  W - t' Y - 3 '  

~~~~ bb rpr aonontr* wkg) 

210 J 

430 J 

1500 J 

1400 J 

2100 J 

760 J 

690 J 

2500 J 

1500 J 

230 J 

1500 J 

130  J 

2700 J 

220  J 

890 J 

67 J 

76 J 

1700 J 

3800 J 

- 

- 
Acenaphthene 

Anthracene 

- 
- 

- 

- 

66 J 

- 
- 
- 

- 
A 

- 

- 

69 J 

- 

- 
- 
- 

59 J 

110  J 

- 

- 

P ' , ,  

Acetone 

Chlorobgnzene 

Methylene chloride 

Tetrachloroethene 

Xylenes (total) 

Benzo(a)anthracene 

Benzo(a)pyrene 

Benzotblfluoranthene 

Benzo(g,h,i)perylene 

Benzo(k)fluoranthene 

bis(2-Ethylhexy1)phthalate 

Butytbenzylphthalate 

Carbazole 

Chwsene 

Oibenrofuran 

Fluoranthene 

Fluorene 

Indenoll ,2,3-cdlpyrene 

2-Methylnaphthalene 

Naphthalene 

Phenanthrene 

Pyrene 

WLATNES (units of conwn€r&n 

- 

- 

- 
- 

- 

- 

31 J 

- 

- 

- 

A 

- 

38 J 

- 
- 
- 
- 

71 J 

- 
39 J 

- 

- 
- 

- 
- 
- 

32 J 

110 J 

- 

- 

- 
- 

- 

- 

- 
- 
- 

- 

- 
- 
- 

- 

- 

- 

- 

- 
- 

- 
- 
56 J 

160 J 

15 J 

- 
- 

5.7 J 

- 

- 

- 

I - 

- 
13 J 

- 
- 

- 

- - 

- 

- 

- 

- 
- 
- 

- 

- 

- 
- 

- 

73 J 

- 

12 J 

- 

31 

- 

- 
- 

- 

- 

- 

- 

- 

- 

- 
- 
- 

- 

72 J 

- 

- 

2 3 

- 

ugkg) 



-- 
MfMtM#CS { u h  of canmatmiion 

Alum~num 

Antimony 

Arsenic 

Barium 

Beryllium 

Cadm~um 

Calcium 

Chromium 

Cobalt 

Copper 

Cyanide, total 

Iron 

Lead 

Magnesium 

Manganese 

Mercury 

Nickel 

Potassium 

Sodium 

Vanadium 

Zinc - 

7300 

- 

4.9 J 

28 

- 

0.68 

38000 

27 J 

2.6 

25 

1.3 R 

8200 

mmg) 

4000 

5.7 R 

9.1 J 

79 

0.84 

- 

1 1000 

19 J 

4.9 

5 70 

- 

12000 

110 J 

5 30 

6 1 

0.14 

27 

460 J 

97 

38 

270 

2800 

- 

2.5 

14 

- 

- 

200 

7.1 

- 

180 

1.1 R 

1500 

5200 

5.7 R 

3.8 J 

45 

- 

2.1 

55000 

51 J 

4.6 

230 

- 

9200 

170 J 

1700 

110 

0.15 

43 

380 J 

260 

I2 

21 0 

2500 

- 

2.7 

11 

- 

- 

462 

5.3 

- 

12 

1.t R 

1300 

9.5 J 

1 40 

4.8 

0.016 J 

- 

130 

- 

4.7 

7.7 J 

34 J 

2200 

81 

0.056 J 

16 

480 

7 300 

43 

57 J 

120 J 

130 

4.3 

0.1 5 J 

- 

150 

- 

4.5 

8.5 J 



- 
T e w  C.4 ICornrsdJ 

Chaderton Navd SKpy& 
$dl and S d k m t  AnJytld R w u k s  INI 1993t 

sft. 
S W  Typb 
qw 
S+lnN@ ffmnd - 

SWNltl 9 
-0 

Of  
Ur -1 '  

SWiYlU9 
M n g  

08 
W - 4' 

mnmmpats wt~ d c o n c - h  mntllf 

SWMU 9 
0- 

ti) 
0' - Ts 

§WRWS S W U  9 

4,4-ODD 

4,4-ODE 

alpha-Chlordane 

gamma-Chlordane 

Dieldrin 

Endrin aldehyde 

Aroclor-1260 

Bodng 
08 

0.- t' 

- 

- 

14 J 

18 J 

- 

- 

97 J 

whS 
12 
0' t' 

- 

5.0 J 

- 
- 

4.8 

- 

230 J 

12 J 

10 J 

- 

8.3 J 

- 

15 J 

- 

- 
- 

- 

- 
- 

- 

- 

- 
- 

- 

- 

- 

- 

- 



T a m  C,4 icomsdl 
C W t o n  N d  SMp@ 

$dl md Badkrmrt Anttyttd Resulk IFdl 19931 

sits 
SmW Trpla 

senph- 
S a W  Wwal 

6 W U 9  
 no 
aS 

0' - t*  

$WOUI9ER? tuniro .of 

Acenaphthene 

Anthracene 

Benzo{a)anthracene 

Benzo(a)pyrene 

Benzo(b)fluoranthene 

Benzo(g,h,i)perylene 

Benzo(k)fluoranthene 

bis(2-Ethylhexy1)phthalate 

Butylbenzylphthalate 

Carbazole 

Chrysene 

Di-n-butylphthalate 

Dibenz(a,h)anthracene 

Dibenzofuran 

Fluoranthene 

Fluorene 

Indeno(l.2.3-cdlpyrene 

2-Methylnaphthalene 

Naphthalene 

Phenanthrene 

Pyrene 

WL39WUS (units of concsniratian 

- 

SWMU 9 I SWMUS 

e i m m m h  pghg t  

- 

- 

- 
58 J 

100 J 

- 
- 

120 J 

- 
- 

110 J 

- 
- 

- 

270 J 

- 

- 
- 
- 

91 J 

290 J 

flglLg1 

S1WEUU 9 
M n g  
12 

W . 1 '  
' 

-m 
07 

0' -1' 

Acetone 

Chlorobenzene 

Ethylbenzene 

Xylenes (total) 

SWMU9 - 

33 
W - 1- 

~o t ing  
08 

0.- 1- 
-" " " " "  ' " 

2700 

3400 

5500 

5100 

8300 

- 

2600 

3700 

- 
2800 

61 00 

- 
470 J 

1800 J 

16000 

3200 

- 

790 J 

820 J 

1 6000 

16000 

- 

- 

- 

- 

- 

- 

- 

34 J 

59 J 

18 J 

- 

- 

- 

- 

36 J 

- 

- 

- 
53 J 

- 

- 

- 

- 
31 J 

54 J 

- 

- 
5.7 

11 

- 

- 
- 
- 

- 

- 

- 
78 J 

- 
- 

240 J 

- 

- 

80 J 

- 
A 

- 

- 

- 
65 J 

- 
- 
- 

- 

- 
- 

- 

- 

- 

- 

60 J 

200 J 

- 

- 

110 J 

- 

- 

- 

- 
- 

83 J 

- 

18 J 

- 
- 

- 

- 
- 

- 

- -- 
- 

+ 

- 





T a a  c.4 fContkwM 
Chartasfan Mlvlrt Slripyard 

Sdl +nd SeWen€ AnmMlerl Raw&$ fFdlr993f 

Bb 
hmghr W M  

S.rtlpk#umbn, 
fimpl~htetval 

S W W  3 
6- 

16 
O' - 1' 

$WARUS 
B O W 4  

14 
W - 1 '  

SWAIIU 9 
Bodng 

16 
P-q' 

d Z W M  tltL:S ~~ of 

Acenaphthene 

Acenaphthalene 

Anthracene 

Benzo(alanthracene 

Benro(a)pyrene 

Benzo(blf1uoranthene 

Benzo(g.h,i)perylene 

3enzoIk)fluoranthene 

bis(2-Ethythexyllphthalate 

Carbazole 

Chrysene 

Dibenz(a,h)anthracene 

Dibenzofuran 

Fluoranthene 

Fluorene 

Indeno( l,2,3-cdlpyrene 

Naphthalene 

Phenanthrene 

Pyrene 

VDUntES lunitr af concentran 

- 

- 

- 

- 

- 

- 

- 

- 
- 

- 

- 

- 

50 J 

- 
- 

- 

- 

36 J 

com@Wm j.fgkg) 

150 J 

- 

210 J 

380 J 

180 J 

420 

87 J 

170 J 

65 J 

100 J 

590 

- 

150 J 

1600 

180 J 

100 J 

200 J 

970 

1200 

vctkg) 

SWMU 9 
S6dimnt 

a9 
0'-8' 

Acetone 

Carbon disulfide 

Chlorobenzene 

f etrachloroethene 

- 

- 

- 

52 J 

- 

70 J 

- 

- 

- 

- 
79 J 

- 

- 

230 J 

- 

- 
- 

97 J 

160 J 

S W W  9 
teametn 

02 
6'-B' 

- 

- 

- 

SWMU 3 
Sdlment 

08 
6' - 8' 

- 
- 
- 
- 

- 

- 
- 

- 

- 

- 

- 
- 
- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

39 J 

- 
- 

240 J 

- 
- 

230 J 

- 

- 

- 

- 
260 J 

- 

- 

- 
97 J 

360 J 

- 

1200 J 

1500 J 

13000 

8900 

18000 

3900 

7300 

- 
540 J 

22000 

1200 J 

- 

38000 

- 
5000 

- 

1000 J 

32000 

- 

- 
- 

- 

110 

43 

- 

13 

- 

- 

- 
- 

59 J 

16 

14 

- 



- 

1 

- 

T* c,4 tcolrtklucd) 
C h * f d  shipyawl 

861 a d  Sqbm.nt Andydcd R* fFd  19931 

Sampiefypl 
surqrh- 
Sunpk- - 

b W 9  
Trsnctr 
M 
39' 

PARAMETER 

SWMU 9 6WAdlU 9 SWMU 9 
T m h  f r m h  Tfench 

02 
3.6' 

WBAAUCS {unit. of canmntrr$on - 
Aluminum 

Antimony 

Arsenic 

Barium 

Cadmium 

Calcium 

Chromium 

Cobalt 

Copper 

Iron 

Lead 

Magnesium 

Manganese 

Mercury 

Nickel 

Potasslum 

Selenium 

Sodium 

Thallium 

Vanadium 

Zinc 

SWMU B 
T?encb 

04 
3-8' 

6530 

9.4 J 

4.6 

25.1 

1 .I 

54300 

36.8 

2.2 

314 

8940 

417 J 

2520 J 

58.7 

0.12 

17.1 

581 

1.3 UJ 

290 

1.3 UJ 

18.5 

213 J 

W U 3  
Trlnth 

(35 
3.8' 

m@klfl 

2800 

5.9 UJ 

2.8 

23.2 

0.60 

861 

24.0 

4.2 

67.8 

5190 

51.7 J 

191 J 

23.2 

0.16 

10.9 

200 

1.2 UJ 

- 

1.2 UJ 

7.0 

224 J 

4490 

5.6 UJ 

2.8 

13.6 

- 
8970 

7.9 

1.7 

21.5 

2970 

38.4 J 

259 J 

21.5 

0.09 

5.7 

159 

1.1 UJ 

- 

1.1 UJ 

7.1 

124J 

5060 

5.5 UJ 

2.6 J 

30.9 

3090 

14.7 

2.1 

112 

7970 

147 J 

307 J 

23.4 

0.24 

12.5 

503 

2.2 UJ 

74.5 

1.1 UJ 

15.7 

216 J 

9040 

7.2 UJ 

8.9 

19.5 

2.2 

1 1200 

26.8 

4.4 

16.6 

21000 

24.5 J 

2050 J 

79 1 

0.18 

9.3 

907 

2.9 UJ 

324 

1.4 UJ 

35.5 

69.7 J 

4400 

5.8 UJ 

1.3 

8.2 

- 

2900 

16.6 

1.8 

160 

2490 

18.6 J 

252 J 

14.8 

0.08 

67.7 

141 

1.2 UJ 

- 

1.2 UJ 

5.9 

80.6 J 



v 

Tab40 C.4 iContbml~ 
chdm.tan M d ~ d  

Sloil and SdbwttAnaytlcd R e  fFaH 1WSf 

S h  SWWLU9 SWMU 3 6WMU 9 SWMU 9 SWMUB j -4 
6mrntypr T r m  t m h  T m h  5i+nch Tmdr 

ssrnpk- 01 02 w oa 
3-6.' PC 3-5' 3-3' 3-5' 3.6' 

- - 

PES-E- iunb sf clmcmtrrlton pgfkgt 

Endrin ketone 

alphaEhlordane 

gamma-Chlordane 

Aroclor-1242 

Aroclor-1254 

Aroclor-I260 

- 

- 

- 
6700 

- 

1 300  

- 

4.6 

9.7 

360 

220 

- 

- 

- 

I4 

- 

740 

- 

- 

2.5 

5 .O 

- 
- 

- 

12 

- 

- 

2 7 0  

380 

- 

- 

- 

- 
- 

2500 

- 





T W  C.4 tcomkwrrd) 
Chadeaton N d  SMjtyard 

Soil r r d  Ssdimsnt Andytkd R e a w b  fMI W93) 

M e  
SsnpkTyp. 

Bumpb1Yunrkr 
SrmpSI - S W U 9  

Trwrch 
0 1 

, ,  , , ,  , , 3.8' , , , , 

v u  nus iunib a) eancem&o+l pe/lrffl 

SWMU 9 
'Trmch 

92 
, 3-6' 

Acetone 

Benzene 

2-Butanone (MEK) 

Chlorobenzene 

4-Methyl-2-pentanone {MIBK) 

1, I ,  1 -Trichloroethane 

S W U  B 
Tmmh 
03 

3-5' 

110 

- 

- 

- 

- 
3 J  

110 

- 
38 

- 

1 J  

1 J  

SINMU9 
Trrrnch 
03 
343' 

65 

- 

- 

- 

- 

16 

- 

- 

- 

- 

- 

SWMU 9 
Trench 

04 
5.5' 

680 

23 J 

53 J 

- 
- 

S W M U 9  . 

T r a f h  
05 
3-6' 

130 

- 

2 J  

- 

- 

- - - 



Aluminum 3730 21 60 8320 491 0 5000 1630 11 I I I I I 1 11 Antimony I 26.9 J I 5.8 UJ I 6.9 UJ I 5.6 UJ I 5.9 UJ I 5.3 UJ I I 
Arsenic 4.7 1.6 5.6 12.4 7.4 1 11 

I I I I I (1 ~ar ium 47.9 1 9.2 69.0 I 45.0 I 23.6 1 9.0 11 
II Beryllium - - 2.1 0.87 - - 

I I I I II 
11 Cadmium - 11 

II 
- - 

Calcium 1 5800 240 129000 46200 69700 7000 J 11 
I I 1 1 1 I 

11 Chromium 1 27.7 1 6.1 1 59.5 1 29.5 1 23.5 1 10.9 11 

Copper 276 7.5 460 339 178 529 1) 
1 I 

Magnesium 791 J 119 J 5530 J 1530 J 2660 J 227 J 11 
I 1 1 1 I 

11 Manganese 21.3 1 4.3 1 154 70.0 121 I 40.3 II 
Mercury 

Nickel 

II 

11 Thallium 1 1.2UJ I - I - I 1.1 UJ 1 1.2UJ 1 5.9UJ 11 

0.19 J 

8.6 

Potassium 

Selenium 

Sodium 

II Vanadium t 2.6 7.0 35.4 50.3 22.8 3.0 11 
I I I I I I 

329 

0.01 J 

5.9 

I 144 I 1070 I 509 I 556 I 197 11  
1 I 

1.2 UJ 

91.6 

Zinc I 282 J I 16.9 J 1 1430J 383 3 1 272 J 

0.24 J 

131 

1.2 UJ 

- 

303 J il 

0.15 J 

40.8 

2.8 UJ 

1090 

0.27 J 

34.5 

5.6 UJ 

400 

- 

16.9 

2.4 UJ 

310 

1.1 UJ 

- 



- 

Taw0 C.4 ~t2onvhw 
Ehdaem MMl& shipyard 

Sd r d  Sdmant A d W  h s a b  (Fd, $993) 

Sst, 
Smnpbfypl 

%wrrpi,Mumhr 
swwb- - - 

SWMU 9 
Ttsnoh 

07 
OB 

SWMu1 

06 
CM 

P#smxQ- Fltnica E- t rghg )  

SWMU 9 
Trench 

OB 
OA 

Aldrin 

4.4'-DDD 

4.4'-DDE 

4.4'-DDT 

Endrin ketone 

Heptaclor epoxide 

alpha-Chlordane 

gamma-Chlordane 

Aroclor-10 1 6 

Aroclor-1242 

Aroclor-1254 

Aroclor-1260 

SWMU9 
Tmch 

09 
-bA 

3.9 

8.8 

- 

- 

- 

- 
- 

A 

- 

4 0 0  

140  

- 

- 

- 

- 

- 

- 

- 
- 

- 
44 

- 

- 

- 

SWMU9 
Tmch 

1 t) 
OA 

- 
- 
9.8 

- 

- 

- 

- 

- 

- 
- 

- 

46 

SWMU 9 
Trench 

11 
01 

- 

5.9 

6.0 

- 
- 

- 

- 
- 

- 
- 
- 

9 2 0  

- 

21 

1 8  

- 

- 

8.1 

28 

- 

- 
- 

5 8 0  

- 

0.77 J 

0 .67 J 

5.9 

- 
0.43 J 

- 

0 .47  

- 

- 

- 
- 





Two C.4 { C a d  
Chdmatan N d  S w y d  

SoPl a d  hdhwnt And@zf &r& (Fa, 59931 

SWMU 9 
: Tt4neh 

07 
BE 

-, ' , ' ' .: 

SWMlf9 
Traroh 

08 
OA 

i BWMU9 
rrrrtch 

09 
Q A 

SWMU9 
Ttench 

$0 
OA 

SWMU S 
Tramh 
I I 
vr - " '  ' 

V b l A W  tada of --Mion P@B) 

Acetone 

2-Butanone (MEW 

4-Methyl-2-pentanone (MIBK) 

Tetrachloroethene 

1, t , l  -Trichloroethane 

48 

- 

- 
1 J  

36 

- 

A 

- 
- 

76 

- 

- 

- 

2 3  

47 

- 
- 

- 

- 

7 1 

- 

- 
- 

2 J  

- 
- 

- 

0.9 J 

1 J  



1 

Ta
Mm
 C

.S
 

1 
C

h
le

s
te

n
 N

av
al

 w
a

r
d

 
iO

ra
un

dw
at

w
 A

n
d

yd
ed

 h
it
s
 

r ' P
A

M
M

E
T

E
R

 

S
W

M
U

 9
 

w
a

=
 

C
N

S
'V

-0
90

2 
11

 Q
S

-9
3 

S
it

a 
S

m
M

fr
p

a
 

Sm
tp

kF
Sl

rm
bw

 
Sa
m*
 

D
at

o
 

S
W

M
U

9
 

w
o

w
 

C
N

S
Y

4
9

-0
3

 
? 

l*
O

B
*S

S
 

I 

W
O

R
15

A
IW

C
S

 {u
n

its
 o

f 
oo

no
sl

ltr
at

io
n 

Fr
gn

l 

S
W

M
U

 9
 

w
* 

C
N

S
Y

-0
9-

01
 

11
-1

0-
93

 

A
lu

m
in

u
m

 

A
rs

en
ic

 

B
ar

iu
m

 

C
al

ci
u

m
 

C
ya

n
id

e 

S
W

U
 b
 

w
m

tw
 

E
IS

Y
-0

9
-0

4
 

1
 1-

1 0
-
9
3
 

-
 

-
 1
8
0
 

1
6
0
0
0
 

10
 

R
 

S
W

U
 9
 

w
* 

C
M

S
Y

-0
99

6 
1
1
4
w

3
 

SW
1I

IW
 1
3 

w
+t

ag
 

C
M

SY
Ss

-0
6 

I1
 -1
 6.

83
 

-
 

-
 2
4
 

2
7
0
0
0
0
 

-
 

Ir
o

n
 

L
ea

d
 

M
ag

n
es

iu
m

 

M
an

g
an

es
e 

M
er

cu
ry

 

P
o

ta
ss

iu
m

 

S
o

d
iu

m
 

T
h

al
liu

m
 

Zi
nc

 

1
4
0
0
0
 

-
 

7
8
0
0
0
 

1
6
0
0
 

-
 

3
5
0
0
0
 

1
5
0
 

6
.8

 

6
7
0
0
 

18
 

0
.
2
0
 R

 

6
3
0
0
0
 

6
5
0
0
0
0
 

5
0
 
A 2
3
 

-
 12
 

5
9
0
 

2
5
0
0
0
 

-
 

1 4
0
 

-
 

2
0
0
0
0
 

12
 0.
64
 

6
8
0
0
0
 

A
 

-
 

1
7
0
 

4
1
 0
0
0
0
 

10
 

R 

4
9
0
 

-
 

5
 5
 0
0
0
0
 

2
3
0
 

0
.
2
0
 R

 

t 6
0
0
0
0
 

4
2
0
0
0
0
 

-
 

5
2
0
0
0
0
0
 

2
0
0
 

R 

-
 

-
 

5
6
0
0
0
0
 

-
 

3
5
0
 

-
 

8
5
0
0
 

-
 

9
8
0
0
0
 

1
1
0
 

-
 

4
3
0
0
0
 

-
 

A
 

3
2
0
0
 

51
 

-
 

1
6
0
0
 

1
2
0
0
0
0
0
 

-
 

-
 

-
 

3
2
0
0
 

-
 56
 

45
 

1 
4
2
 

-
 

9
1
0
0
0
 

-
 

1 
f 0
0
0
 

-
 



I 
Tn

bi
. 

C
.8

 
C

h
ar

la
b

to
n

 N
a'

vd
 S

hi
$y

M
cr

 
Q

rt
lu

n
d

w
at

w
 A

n
al

yt
ic

al
 R

ea
uk

s 

S
it

e 
S

am
pt

cl
 T

yp
a 

S
m

p
la

 N
um

bs
c 

S
am

pl
a 

D
at

s 

S
W

M
U

 g
 

W
N

W
 

C
N

S
Y

-O
S

-D
l 

11
 -1

 0
-9

5
 

S
E
IW

N
O

L
A

 TI
LE

S
 (u

n
its

 d
 c

o
n

ce
n

tr
at

io
n

 m
nt 

S
W

M
U

 9
 

w
st

sr
 

C
N

S
Y

 4
9

-0
2

 
1
 1
 -Q

8-
B

%
 

A
n

th
ra

ce
n

e 

b
is

(2
-E

th
yl

h
ex

yl
jp

h
th

al
at

e 

C
ar

b
az

o
le

 

4-
C

h
lo

ro
-3

-m
et

h
yl

p
h

en
o

l 

2,
4-

D
~

m
et

h
yl

p
h

en
o

l 

2-
M

et
h

yl
n

ap
h

th
al

en
e 

2-
M

et
h

yl
p

h
en

o
l 

3-
M

et
h

yl
p

h
en

o
l/4

-M
et

h
yl

p
h

en
o

l 

N
ap

h
th

al
en

e 

P
h

en
an

th
re

n
e 

S
W

M
U

 9
 

w
llt

sr
 

C
S

Y
S

Y
-0

8-
03

 
1
 1
-0

9
-9

3
 

-
 

-
 

-
 

-
 4

8
 

-
 

-
 

3
.
0
 J

 

3
.
9
 J

 

-
 

Y
O

LA
nL

E
S

 (u
ni

ts
 o

f 
co

nc
en

tr
at

io
n 

yg
lll

 

S
W
M
U
 9

 
w- 

C
N

S
Y

-0
8-

04
 

1
1
-1

0
-9

3
 

-
 

-
 

-
 

-
 

-
 

-
 

-
 

-
 

-
 

-
 

E
th

yl
b

en
ze

n
e 

X
yl

en
es

 [
to

ta
l)

 

S
W

M
U

 9
 

w
ar

n
 

C
N

S
Y

-a
B

-II
S

 
Il

-Q
&

S
3

 

0
.4

8
 

J 

-
 

2.
2 

J 

3
.
8
 J

 

18
 

9
.6

 J
 

3.
6 

J 

1
7

 

8
.
3
 J

 

1.
3 

J 

1
4

0
 

4
3

0
 

S
W

M
U

C
I 

w
+L

ar
 

O
N

S
Y

9S
-0

8 
tl

-l
B

~
h

13
 

-
 

-
 

-
 

-
 

-
 

-
 

-
 

-
 

-
 

-
 

-
 

-
 

-
 

3.
2 

J 

-
 

-
 

-
 

-
 

-
 

-
 

-
 

-
 

-
 1
2

 

-
 

-
 

-
 

-
 

-
 

-
 

-
 

-
 

-
 

-
 

-
 

-
 

-
 

-
 

-
 

-
 



&
 

ta
b

fa
 G

.5
 I

C
o

@
n

u
M

 
C

h
ar

ls
st

o
n

 N
at

rl
 S

M
py

m
d 

G
ra

m
h

a
ta

r 
A

na
ly

dc
d 
Re
* 

S
ii

 
S

am
pl

e 
Ty

pe
 

S
ar

np
b 

N
ur

m
M

I 
S

am
pl

e 
O

at
0 

S
W

M
U

 9
 

w
rt

st
 

C
N

S
Y

-0
9-

07
 

11
-1

 0
-9

3
 

-
 

P
A

R
A

M
E

TE
R

 

~
O

A
I

I
I

J
M

 
tu

rr
~

s o
f 

cb
m

en
tr

at
io

n 
C

lg
nl

 

S
W

M
U

 B
 

w
a

rn
 

G
N

S
Y

-0
8-

08
 

t 1
4

9
-9

3
 

-' 

A
lu

m
in

u
m

 

A
rs

en
ic

 

B
ar

iu
m

 

S
W

M
U

 E)
 

W
lt

m
 

G
H

S
Y

 -0
S

O
S

 
? t

 -0
8-

E1
3 

-
 

-
 41
 0
 

S
W

M
U

 B
 

w- 
G

E
IS

Y
aS

-1
0 

f 
1

4
9

9
3

 

-
 14

 

8
3
 

C
al

ci
um

 
I 

6
5
0
0
0
0
 

S
W

M
U

 3
 

w
w

 
C

W
SY

-O
B

-3
 1

 
t 

1
4

B
B

a
 

2
2
0
0
0
0
 

+
 

-
 

1 
9
0
0
0
 

-
 

1 
3
0
0
0
0
 

f 
7
0
0
 

-
 

3
6
0
0
0
 

1
4
0
0
0
0
0
 

-
 

-
 

C
h

ro
m

iu
m

 

C
ya

ni
de

 

Ir
on

 

L
ea

d
 

M
ag

n
es

iu
m

 

M
an

g
an

es
e 

M
er

cu
ry

 

P
ot

as
si

um
 

S
od

iu
m

 

T
h

al
liu

m
 

Zi
nc

 
4 

6
3
0
 

15
 

8
4
 

1
2
 

1
0
 

R
 

4
8
0
0
0
 

3
0
0
0
0
0
 

5
0
0
 

0.
20
 

R
 

t 
1
0
0
0
0
 

2
5
0
0
0
0
0
 

2
0
0
 

R
 

-
 

8
2
0
0
0
 

-
 

-
 

1
3
0
0
0
 

1
8
 

2
6
0
0
0
 

2
6
0
 

-
 

2
9
0
0
0
 

3
7
0
0
0
0
 

-
 3
2
 

-
 

-
 5
2
0
 

"
 

-
 2
9

 

3
9
 

1
2
0
0
0
0
 

-
 

-
 

3
7
0
0
0
 

-
 

2
4
0
0
0
0
 

61
 0
 

-
 

8
3
0
0
0
 

1
9
0
0
0
0
0
 

A
 

-
 

1
2
0
0
0
0
 

-
 

-
 

2
5
0
0
0
 

-
 

4
5
0
0
0
 

4
3
0
 

-
 

2
9
0
0
0
 

3
5
0
0
0
0
 

-
 

-
 



T
a

M
 C

.5
 I

C
~n

tf
n

u
rr

b
 

C
ha

rt
ou

to
n 

N
au

d
 S

hi
py

br
d 

O
rw

n
d

w
at

er
 A

na
ty

tic
al

 R
e

s
u

b
 

S
b
 

S
W

M
U

 9
 

S
a

m
p

l~
 Ty
pe
 

w
at

er
 

sa
m

p
le

 N
U

M
W

 
C

N
S

Y
-0

9-
07

 
C

lll
S

Y
-0

9-
08

 
C

#Y
-O

9-
t 

0
 

S
E

M
~

W
 
~
L
E
S
 

(u
n

it
s
 o

f 
co

nc
en

tr
at

io
n 

p
g
n
t 

A
ce

na
ph

th
en

e 
-
 

-
 

1
6

 
3
.6

 
J 

-
 

A
nt

hr
ac

en
e 

-
 

-
 

1
.6

 
J 

-
 

-
 

bi
s(

2-
C

hl
or

oe
th

yl
le

th
er

 
2

5
0

 J
 

-
 

-
 

-
 

-
 

C
ar

ba
zo

le
 

-
 

-
 

2
3

 
-
 

-
 

2-
C

hl
or

op
he

no
l 

-
 

-
 

-
 

9
.9

 J
 

-
 

D
ib

en
zo

fu
ra

n 
-
 

-
 

3
.9

 
J 

-
 

-
 

1.
3-

D
~c

h
lo

ro
b

en
ze

n
e 

1.
4-

D
~c

h
lo

ro
b

en
ze

n
e 

2.
4-

D
im

et
hy

lp
he

no
l 

Fl
uo

ra
nt

he
ne

 

Fl
uo

re
ne

 

2-
M

et
hy

ln
ap

ht
ha

le
ne

 

2-
M

et
hy

lp
he

no
l 

3-
M

et
h

yl
p

h
en

o
l/4

-M
et

h
yl

p
h

en
o

l 

N
ap

ht
ha

le
ne

 

P
he

na
nt

hr
en

e 
I 

P
he

no
l 

P
yr

en
e 

-
 

-
 

2
6

0
0

 

-
 

-
 

-
 

1
1

0
0

 

7
4

0
0

 

-
 

-
 

6
6

0
 

J 

-
 

-
 

-
 

-
 

-
 

-
 

-
 

-
 

-
 

-
 

-
 

-
 

-
 

-
 

-
 

-
 

3.
2 

J 

6
.9

 J
 

8
.4

 J
 

-
 

-
 

-
 

2
.7

 
J 11

 

-
 

-
 

2.
2 

J 

8.
5 

J 

-
 

-
 

-
 

-
 

-
 

-
 

-
 

-
 

- 

-
 

-
 

-
 

-
 

4
.4

 
J 

9
.6

 J
 

-
 

2
J

 

-
 

-
 

2
.3

 
J 

-
 

-
 



j 

-
 

ta
b

ie
 C

.5
 [

C
an

ti
w

ed
l 

C
h

&
~

ta
n

 N
av

at
 S

M
@

yw
d

 
G

to
u

n
d

w
at

ar
 A

na
ty

tlc
d 

R
es

u
lts

 

S
ite

 
S

u
n

p
lb

 
S

am
pl

e 
N

um
bs

r 
Sa
m@
* 

D
st

e 

B
en

ze
n

e 

C
hl

or
ob

en
ze

ne
 

vw
 

T
K

E
S

 (u
n

its
 o

f 
c

o
n

c
a

m
a

io
n

 

S
W

M
U

 B
 

w
at

w
 

C
N

S
Y

-0
9-

07
 

11
-1

0-
93

 

-
 

-
 

S
W

M
U

 9
 

w
at

er
 

C
N

S
Y

0D
-O

S
 

1
 f 4

9
-8

3
 

-
 

-
 

S
W

M
U

 B
 

w
at

er
 

W
S

Y
-0

9
6

9
 

1
 1
4
9
-
B
3
 

1
9
0
 J

 

1
2
0
0
 

-
 

-
 

S
W

M
U

 B
 

W
- 

C
N

S
Y

-0
9-

10
 

1
 t Q

9
9

3
 

S
W

M
U

 3
 

w
.t

# 
C

N
S

Y
-0

21
-1

1 
11

 0
3
-
€
3
3
 





APPENDIX D 

WELL INVENTORY 
AND 

CONSTRUCTION DETAILS 
ZONE H 



EnSafe Wells 

CNSY-09-01 through CNSY-09-11 



J E L i &  G P  
u z y  L 
k 2 z DESCRIPTI IN OF SUBSURFACE WELL CONSTRUCTION 

z co 
% : :  J 0 

MATERIALS DETAILS 
E m s  m 3 VI 

SM BROWN FINE SAND; MINOR SILT; STRONG ODOR; 
SATURATED 

SS - SPLIT SPOON 
HA - HAND AUGER 
TR - TROWEL 

ZONE H WORKPLAN 
NAVAL BASE CHARLESTON 



MATERIALS 

BENTONITE SEAL 

4.5-5' BLACK SILTY CLAY; fEW WOOD PIECES; WET 

8.25' BOREHOLE 

0.010' CONTINUOUS 
SLOT, PVC WELL 
SCREEN, SCH, 40 

SS - SPLIT SPOON 
HA - HAND AUGER 
TR - TROWEL 
PD - POST HOLE DIGGER 
BA - BUCK€T AUGER 

ZONE H WORKPLAN 
NAVAL BASE CHARLESTON 
CHARLESTON, S.C. 



DESCRIPTION OF SUBSURFACE WELL CONSTRUCTION 
MATERIALS 

BENTffNftE SEAL 

COULD NOT DRNE SPOON PAST 3 FT. 

825' BOREHOLE 

0,010' CUNTINUOUS 
SLDT, PVC WELL 

METAL SPRINGS AND SHAVINGS ON AUGER HEAD WHEN SCREEN, SCH. 40 
RETRIEVED FROM HOLE 

SS - SPLIT SPOON 
HA - HAND AUGER 
TR - TROWEL 
PD - POST HOLE DIGGER 
BA - BUCKET AUGER 

ZONE H WORKPLAN 
NAVAL BASE CHARLESTON 
CHARLESTON, S.C. 



C ' L J  * 1 u E~ 
e 2 E DESCRIPTION [IF SUBSURFACE WELL CONSTRUCTION 

y 5 2 
'4 2 ;  A u  

MATERIALS DETAILS 
#',s Y) 3 

I 

BENTONITE SEAL 

2' PVC RISER 

SS - SPLIT SPOON 
HA - HAND AUGER 
TR - TROWEL 
PD - POST HOLE DIGGER 
BA - BUCKET AUGER 



P. 

L F *  -1 
i 

0 k 
e 2 E DESCRIPTIDN OF SUBSURFACE WELL CUNSTRUCTION 
I y 6 2 (* MATERIALS DETAILS 
B ' , , s  3 

SURFACE - GRASSY WLPUPER 
GROUND Y ~ M C R O J ~ D  

4 B E N f  UNITE SEAL 

SM 3-4' LIGHT BROWN S1LM FINE SAND; VERY WET 

.-8.2S4 BOREHOLE 

SS - SPLIT SPOON 
HA - HAND AUGER 
TR - TROWEL 
PD - POST HOLE DIGGER 
BA - BUCKET AUGER 

CNSY-09-05 



i k >  i '-I 
w c 6  k g  ki r $  " DESCRIPTION OF SUBSURFACE WELL CDNSTRUCTIUN 
r a w  ' 3  MATERIALS DETAILS 
a =  u 
# " , x  CO 3 

SURFACE - FLY ASH 

BENTONITE SEAL 

FLY ASH IN BOTTOM OF SPOON; ENCOUNTERED 
SATURATED MATERIAL JUST BELOW FLY ASH 

GRAVEL, PLASTIC, CERAMIC, BLACK SAND; STRONG OlLY 
ODOR; SATURATED 

WATER ON SPOON HAS OlLY SHEEN 

SS - SPLIT SPOON 

ZONE H WORKPLAN 
NAVAL BASE CHARLESTON 



E f >  .: J 

L 5  

e 8 2 & 
DESCRIPTIDN O f  SUBSURFACE WELL CUNSTRUCTIIIN 

I - 2 : :  4 . g  MATERIALS 
L ! %  

DETAILS 
:I(,., x 

C9 yl 
3 

'rRmEcnVE pfpG~&w& D t 3 ' A I M G R I I I N D  

H w - 7  
-BENTONITE SEAL 

SHAVINGS IN BOl lOM OF SPOON 

SS - SPLIT SPOON 
HA - HAND AUGER 

BA - BUCK€T AUGER 

ZONE H WORKPLAN 
NAVAL BASE CHARLESTON 
CHARLESTON, S.C. 



MATERIALS 

DARK GRAY SLIGHTLY CLAYEY FlNE SAND; MOIST 
2 fT. - CUTINGS BECOME SATURATED 3ENTONITE S f  AL 

3-4' BROWN FlNE SAND 
4-5' GRAY CLAY; MINOR FlNE SAND/SlLT - MOIST 
TO SATURATED 

8.25' BOREHOLE 

8-9.2' GRAY/GREEN SANDY CLAY/ CLAYEY SAND; 
MIXED ZONES OF FlNE TO MEDIUM GRAY SAND WITH 
GREEN CLAY (VERY PLASTIC AND COHESIVE) 

0.010' CDNTINURUS 

SIMILAR TO ABOVE SCREEN, SCH, 40 

SS - SPLIT SPOON 
HA - HAND AUGER 

ZONE H WORKPIAN 
NAVAL BASE CHARLESTON 
CHARLESTON, S.C. 



C E *  J 
E z E  G 0 

e d : DESCRIPTION OF SUBSURFACE WELL CONSTRUCTION 
$ &  , y  u E L M  a m  

t -1 U 

M.ATERIALS DETAILS 
h f x  n ~9 w 3 

SURFACE - SLIGHTLY GRASSY 6' PROTECTIVE 

BROWN CLAYEY SAND GROUND a nki!Z!f?~&p- 

BENTONITE SEAL 

' ML 5 FT. - CUITINGS (BLACK CLAYEY SILT) MOIST AND 

*SAND PACK 

CUITINGS SAME AS ABOVE TO A DEPTH OF 15 FT. 

SS - SPLIT SPOON 
HA - HAND AUGER 
TR - TROWEL 
PD - POST HOLE DIGGER 

ZONE H WORKPIAN 
NAVAL BASE CHARLESTON 
CHARLESTON, S.C. 



A 

0 

e DESCRIPTItlN (7F SUBSURFACE WELL CDNSTRUCTIDN 
MATERIALS DETAILS 

W n 
0) 
3 

SURFACE - SLIGHTLY GRASSY 
GRAY/BROWN FINE SAND; DRY; LOOSE 

FILL MATERIAL (GRAY, SLIGHTLY CLAYM FINE SAND) TO 
BENTONITE SEAL 

7 IT. - DIFFICULT DRILLING (MMOR OBSTRUCTION) 

TR - TROWEL 
PD - POST HOLE DIGGER 



MATERIALS 

FILL (BROWN FINE SAND) TO APPROX. 5 FT. 

5 iT. - CUllINGS BECOME DARK GRAY, MOIST AND 
MORE CLAYEY 

8-25' BOREHOLE 

SS - SPLIT SPOON 
HA - HAND AUGER 



Rust 

CSY-1313-1, CSY-1313-2 



S&ME Wells 

CSY-FMW-2 a d  CSY-FMW-4 



Tablo 0-1 

- 
9/24/93 

9/27/93 

9/27/93 

9/28/93 

9/28/93 

9/29/93 

9/29/93 

1 0/4/9 3 

10/4/93 

1015193 

10/5/93 

Unk. 

Unk. 

Unk. 

Unk. 

Unk. 

Unk. 

Unk. 

Unk. 

Unk. 

Unk. 

Unk. 

Unk. 

Dm 
\ (fib 

13 

14 

11 

13 

12 

15 

13 

13 

14  

15 

14 

Unk. 

Unk. 

Unk. 

Unk. 

Unk. 

Unk. 

Unk. 

Unk. 

Unk. 

Unk. 

Unk. 

Unk. 

J 

CNSY-09-01 

CNSY-09-02 

CNSY-09-03 

CNSY-09-04 

CNSY-09-05 

CNSY-09-06 

CNSY-09-07 

CNSY-09-08 

CNSY-09-09 

CNSY-09-10 

CNSY-09-11 

LF- 1 

LF-2 

LF-3 

LF -4 

LF-5 

LF-7 

LF-9 

SLF-1 

SLF -2 

DLF-1 

CD-1 

CD-2 

Landfill, SW 

South of Building 650 

Landfill. SW Center 

Landfill, S. 

Landfill, E. of Hotland Street 

South of Buildrng 903 

East of Plate Street Near 
Building 903 

E. of Holland Street Near 
Building 661 

Landfill S, of Building 673 

Landfill, Center 

Landfill, NE 

Landfill, South of Build~ng 661 

Landfill, S. 

Landfill, S .  

Landfill, SW 

Landfill, West of East Tern 
Lane 

Landfill, West in PW Storage 

Landfill, East of Holland St. 

Landfdl, SW. 

Landfill, S, of Building 661 

Landf~ll, SW. 

East of Building 677 

East of Build~ng 677 

EnSafe 

EnSafe 

EnSafe 

EnSafe 

EnSafe 

EnSafe 

EnSafe 

EnSafe 

EnSafe 

EnSafe 

EnSafe 

Geraghty 
and Miller 

Geraghty 
and Miller 

Geraghty 
and Miller 

Geraghty 
and Miller 

Geraghty 
and M~ller 

Geraghty 
and Miller 

Geraghty 
and Mlller 

Geraghty 
and Miller 

Geraghty 
and Miller 

Geraghty 
and Mlller 

Geraghty 
and Miller 

Geraghty 
and M~ller 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

No 

No 

No 

No 

No 

No 

No 

No 

No 

No 

No 

No 

CWmer 
I f n t  

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

Unk. 

Unk. 

Unk. 

Unk. 

Unk. 

Unk. 

Unk. 

Unk. 

Unk. 

Unk. 

Unk. 

Unk. 



- 
TMe P.1 

Maiming WoEfnwneory 

conwmat 

Geraghty 
and Miller 

Geraghty 
and Miller 

Geraghty 
and Miller 

S&ME 

S&ME 

S&ME 

S&ME 

Unk. 

Rust 

Rust 

CD-3 

CD-4 

CD-5 

CSY-FMW-1 

CSY-FMW-2 

CSY-FMW-3 

CSY-FMW-4 

Observation 
Tube 

CSY-1313-1 

CSY-1313-2 

East of Building 677 

Subsurface Chern. Disp. Area 
East of Building 675 

Subsurface Chem. D~sp. Area 
East of Building 675 

Landfill, South Center 

Landfill, SW. Center 

Landfill, SW. Center 

Landfill, West of Center 

Building 661 in Tank Basin 

Building 131 3, West Side 

Building 1 31 3, West Side 

L~nr H 

V i d  - 
. C o n i h m h  (krl 

DIpth 
ittl D m  

No 

No 

No 

No 

Yes 

No 

Yes 

Yes 

Yes 

Yes 

Unk. 

Unk. 

Unk. 

7.5 

7.5 

5.5 

7.5 

Unk. 

20 

20  

Unk. 

Unk. 

Unk. 

2 

2 

2 

2 

Unk. 

2 

2 

Unk. 

Unk. 

Unk. 

911 1 191 

911 1191 

911 f 191 

911 1191 

Unk. 

9/29/90 

9/29/90 



APPENDIX E 

TRIEATMENT ALTERNATIVES 

Note: Alternatives presented here are for preliminary evaluation only. If undertaken, a 
Corrective Measures Study will further evaluate these treatment alternatives. 



and implementability of 
controls for contaminated 
groundwater and leachate 

Particle size distribution 

(saturated and 

Cation exchange 

Oepth to groundwater 
Groundwater velocity 
and direction 
Depth t o  aquitard 
(Pilot - Compatibility 

Hydraulic conductivity 
[vertical and horizontal) 
Effective porosity 

ldentification of recharge 

perforated pipe laid Depth to  water table 

Hydraulic conductivity 
(vertical and horizontal) 
Effective porosity 

Hydraulic gradient 
ldentification of recharge 
and discharge areas 
ldentification of aquifer 

Aquitard characteristics 



and implementability of 
treatments for 
contaminated 
groundwater and leachate 

Oxidation 

dissolved ionic 
contaminants with a 
set of substitute 
ions. Ion 
exchangers are 
primarily used for 
recovery of dilute 
sol~rtions of metals 
or to soften water 
by removing calcium 
and manganese. 

Oxidation is a 
chemical reaction in 
which one or more 
electrons are 
transferred from the 
chemical being 
oxidized to an 
oxidizing agent. 
Chemical oxidation 
include destruction 
of cyanide 
transformation of 
organics to 
biodegradable forms, 
or detoxification of 
organics and 
inorganics. 

Bicarbonate 
Biochemical oxygen 

demand 
Calcium 
Chemical oxygen 

demand 
Chloride 
Copper 
Iron 
Magnesium 
Manganese 
Nickel 
Oil and grease 

pH 
Potassium 
Sodium 
Sulfate 
Total organic carbon 

(TOO 
Total suspended solids 
Zinc 

Organiclinorganic water 
chemistrf 
Indicator parameters 

Bicarbonate 
Biochemical oxygen 

demand 
Calcium 
Chemical oxygen 

demand 
Chloride 
Copper 
Iron 
Magnesium 
Manganese 
Nickel 
Oil and grease 
PH 
Potassium 
Sodium 
Sulfate 
Total organic carbon 

(TOC) 
Total-suspended solids 
Zinc 

(Pilot - reagent 
consumption, optimal 
pH, and reaction time) - 



and implementability of 
controls for contaminated process in which 
groundwater and leachate soluble metallic ions 

are removed from Biochemical oxygen 

conversion to an 
insoluble form. Chemical oxygen 

commonly used to 
treat heavy metals, 
phosphorus, and 

Total organic carbon 

Neutralizing agents 
are added to adjust 

Total Suspended Solids 



Aerobic is the use of 

and implementability of treatment 
controls tor contaminated micro-organisms to  Indicator parameters 
groundwater and leachate biodearade Acidity-alkalinity 

contaminants. Biochemical oxygen 
demand 

Calcium 
Chemical oxygen 

demand 
Chloride 
Dissolved oxygen 
Hardness 
Metals, dissolved 
Nitrogen, ammonia 
Nitrogen, kjeldahl 
Nitrogen, nitrate-nitrite 
Oil and grease 
Organic carbon 
pH 
Phosphorus 
Total solids 
Specific conductance 
Sulfate 
Sulfide 
Suspended solids 
Temperature 
Volatile suspended 

solids 

Biological 
treatment 

Anaerobic Anaerobic is the use 
of non-oxygen- 
utilizing micro- 
organisms to  
biodegrade 
contaminants. 

Organictinorganic water 
chemist$ 
Indicator parameters 

Acidity-alkalinity 
Biochemical oxygen 

demand 
Calcium 
Chemical oxygen 

demand 
Chloride 
Dissolved oxygen 
Hardness 
Metals, dissolved 
Nitrogen, ammonia 
Nitrogen, kjeldahl 
Nitrogen, nitrate-nitrite 
Oil and urease 
Organic carbon 
PH - 
Phosphorus 
f otal solids 
Specific conductance 
Sulfate 
Sulfide 
Suspended solids 
Volatile suspended 

solids - 



T d u  El 
7- Al tmmdrm Far Q r d w a r t w A m c h  

SWMU 9, SYvriar 14. d A m  

a*taouJrtp 
w w -  

To evaluate the feasibilrty Physical Adsorption Adsorption is a Organiclinorganic water 

and implementability of physrcal separation 
controls for contaminated process in  which Indicator parameters 
groundwater and ieachate Acidity-alkalinity 

inorganic materials Biochemical oxygen 
are removed by 

Chemical oxygen 

substance on the 
surface of another. Dissolved oxvgen 

Metals, dissolved 

Nitrogen, ammonia 
Nitrogen, kjeldahl 
Nitrogen, nitrate-nitrite 

the removal of 
relatively volatile Indicator parameters 
campanants from Acidity-alkalinity 

Biochemical oxygen 

Chemical oxygen 

Stripping is effective 

chlorinated solvents, 
monoatomatics, and 



and implementability of 
controls for contaminated 
groundwater and leachate 

Filtration 

physical process 
that removes 
suspended solids 
from a liquid matrix 
by gravitational 
settling. 

Filtration is a 
physical process 
used to remove 
suspended solids 
from wastewater 
and is generally 
proceded by 
chemical 
precipitation and 
neutralization. 

Indicator parameters 
Acidity-alkalinity 
Biochemical oxygen 

demand 
Calcium 
Chemical oxygen 

demand 
Chloride 
Dissolved oxygen 
Hardness 
lron 
Metals, dissolved 
Manganese 
Nitrogen, ammonia 
Nitrogen, kjeldahl 
Nitrogen, nitrate-nitrite 
Oil and grease 
Organic carbon 
pH 
Phosphorus 
Sulfate 
Sulfide 
Suspended solids 

OrganicJinorganic water 
chemistryd 
Indicator parameters 

Acidity-alkalinity 
Biochemical oxygen 

demand 
Calcium 
Chemical oxygen 

demand 
Chloride 
Dissolved oxygen 
Hardness 
lron 
Metals, dissolved 
Manganese 
Nitrogen, ammonia 
Nitrogen, kjeldahl 
Nitrogen, nitrate-nitrite 
Oil and grease 
Organic carbon 
pH 
Phosphorus 
Sulfate 
Sulfide 
Suspended solids 



and implementability of 
controls for contaminated 
groundwater and leachate 

C 

RCRA TSDF 

wastewater 
treatment plant 
designed and 
constructed to  treat 
municipal domestic 
wastewater. 

The process of 
chemical, physically, 
or biologically 
treating the 
wastewater in an 
offsite permitted 
commercial 
hazardous waste 
facility. 

Indicator parameters 
Acidity-al kalinity 
Biochemical oxygen 

demand 
Calcium 
Chemical oxygen 

demand 
Chloride 
Dissolved oxygen 
Hardness 
Iron 
Metals, dissolved 
Manganese 
Nitrogen, ammonia 
Nitrogen, kjeldahl 
Nitrogen, nitrate-nitrite 
Oil and grease 
Organic carbon 
pH 
Phosphorus 
Sulfate 
Sulfide 
Suspended solids 

Organiclinorganic water 
chemistrf' 
Indicator parameters 

Acidity-alkalinity 
Biochemical oxygen 

demand 
Calcium 
Chemical oxygen 

demand 
Chloride 
Dissolved oxygen 
Hardness 
Iron 
Metals, dissolved 
Manganese 
Nitrogen, ammonia 
Nitrogen, kjeldahl 
Nitrogen, nitrate-nitrite 
Oil and grease 
Organic carbon 
pH 
Phosphorus 
Sulfate 
Sulfide 
Suspended solids - 
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To evaluate the feasibility 
and implementability of 
controls for contaminated 
groundwater and leachate 

a USEPA Conducting Remediel lnvestigations/Feasibility Studies for Comprehensive Environmentel Response, 
Compensation and Liebility Act (CERCLAl Municipal Landfill Sites, EPA1540/P-911001, Office of Solid Waste 
and Emergency Response Directive 9355.3-1 I ,  February 1991 

b 4 0  Code of Federal Regulations (CFR) 268 Land Disposal Restriction 
t USEPA CERCU Site Discharges to P O W .  Trestsbility Manual, EPA154012-90/007, Off ice of Solid Waste 

and Emergency Response, August 1990. 
d VOA and SVOA w/llCs, Metals, Cyanide, Pesticides, and PCBs 

L 

Disposal Land 
application 

Injection 

The process of 
applying wastewater 
directly on the land 
for or to  infiltration 
into the soil. 

The process of 
hydraulically plac~ng 
wastewater into the 
aquifer using either 
vertical or horizontal 
wells. 

Depth to  water table 
Total phosphorous 
Chloride 
Ammonia 
Nitrate 
Alkalinity 
pfl 
Sodium 
Total dissolved solids 
Soil type 
hydraulic conductivity 
application rate 

Depth to  water table 
Total phosphorous 
Chloride 
Ammonia 
Nitrate 
Alkatinity 
pH 
Sodium 
Total dissolved sotids 
Total organic carbon 
Soil type 
hydraulic conductivrty 
application rate (2.5 
ga l lons /~ lday  or 
Slsquare root of slowest 
percolation rate. 



spot, soil, or waste 
from the site. 

Indicator parameters 
Acidity-alkalinity 
Nitrogen, ammonia 

stormwater Nitrogen, kjeldahl 
Nitrogen, nitrate-nitrite 

Suspended sotids 

and implementability of is the process of 
treatments for oxidizing organic 
contaminated soil and and inorganics using 
contaminants high temperature. 

Moisture content 

and implementability of 
treatments for 
contaminated soil and 
contaminants contaminants. 

Soil microorganisms 

Depth to groundwater 
Dissolved oxygen 

Chemical oxygen 
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Organictinorganic water 
chemistryd 
Moisture content 
Soil Texture 
Temperature 
PH 
Soil microorganisms 
Total nitrogen 
Total phosphorus 
Depth to  groundwater 
Methane 
Chemical oxygen 
Demand 

Organiclinorganic water 
chemist$ 
Moisture content 
Soil Texture 
Suspended Solids 
Bulk Density 
Grain size analysis 
Atterberg limits 
Cone index 
Unconfined 
Compressive strength 
Temperature 
pH 

Organicfinorganic water 
chemistryd 
Moisture content 
Air Permeability 
Temperature 
pH 
Depth to  groundwater 

Anaerobic is the use 
of non-oxygen- 
utiliz~ng micro- 
organisms to  
biodegrade 
contaminants. 

Solidification is a 
physical process in 
which organic and 
inorganic mater~als 
are bound to  the 
surface of another. 

Vacuum extraction 
refers to  the removal 
of relatively volatile 
components from 
soil or waste by 
passage of air, 
steam, or other gas 
through the 
contaminated 
matrix. Str~pping IS 
effective In 
removing chlorinated 
solvents, 
monoaromatics, and 
other VOCs. - 

Physical 
Treatment 

Anaerobic 

Solidiftcationl 
fixation 

Vacuum 
Extraction 



contaminated soil and 
contaminants 

I USEPA Conducting 
EPA1540lP-911001. Office of Solid Waste and Emergency Response Directive 9355.3-1 1, February 1991 

b 40 Code of Federal Regulations (CFRI 268 Land Disposal Restriction 
f USEPA CERCLA Site Discharges to POTWs Treatability Manual, EPAl54012-901007, Office of Solid Waste 

and Emergency Response, August 1990. - 
d VOA and SVOA wKICs, Metals, Cyanide, Pesticides, and PCBs 

i 

Disposal 

Remedial 

Hydrocarbons 
Moisture content 
Soil Texture 
Permeability 
Bulk Density 
Grain size analysis 
Clay Content 
Temperature 
pH 
Chemical oxygen 
Demand 
Cation Exchange 
Capacity 
Depth t o  groundwater 
TCLP 

Organiclinorganic water 
chemistryd 
Moisture content 
Permeability 
In-Situ density 
Atterberg limits 
Grain size analysis 
Depth to  Groundwater 
TCLP 

Organiclinorgan~c water 
chemistryd 
Moisture content 
Soil Texture 
Temperature 
PH 
Soil microorganisms 
Total nitrogen 
Total phosphorus 
Depth to  groundwater 
Dissolved oxygen 
TCLP 

Landfill Sites, 

inorganic materials 
are removed from 
the surface of a 
solid matrix to  a 
liquid matrix. 

Consolidation 

RCRA TSDF 

This is the process 
of consolidating the 
waste, soil, and 
other debris in a 
properly designed 
and constructed 
landfill. 

The process of 
chemical, physicatly, 
or biologically 
treating the 
contaminant, soil, 
and other debris in 
an offsite permitted 
commercial 
hazardous waste 
facility. 

lnvestigations/Feasibility Studies for CERCLA Municipal 



t 

across the site. Atterberg limits 
Grain size analysis 

treatments for oxidizing organic Moisture content 
contaminated soil and 
contaminants 

BTU content 

chemistry (VOA and 
SVOA w/TICs, Pesticides. 

inorganic materials Moisture content 
are removed by 

Total Organic Carbon 
attraction and 
accumulation of one 

components from Atr Permeability 
soil or waste by 

matrix. Stripping is 

TnMa E.3 
T~ea- h r a t l t m s  for  $dl Oar 

SWMU Q, SWMg 14 a d  Ass4cWd SMa 

Procwr 
Optionb" 

Nat~ve Soil 

Single 

ante a m  
v- Dartriptian 

This is the process 
of placing a physical 
horizontal barrier 

~ a r r m  
T e o O y '  Dsta Qurtity N d r  

Moisture content 
Permeability 
In-Situ density 

To evaluate the feasibilrty 
and implementability of 
controls for subsurface 

Cap 
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1 USE PA Conducting Remedial Inves ti- tions/Feasibility Studies for CERCLA Municipal Landfill Sites, 
EPA1540lP-911001. Office of Solid Waste and Emergency Response Directive 9355.3-1 1, February 1991 

b 4 0  Code of Federal Regulations [CFR) 268 Land Disposal Restriction 
C USEPA CERCLA Site Discharges to POfWs Treatability Manual. EPA154012-901007, Office of Solid Waste 

and Emergency Response, August 1990. 
d VOA and SVOA w/TtCs, Metals, Cyanide, Pestictdes, and PCBs 

P t ~ 8 8 $  
rDptionka 

RCR A 
TSDF 

_.' 

asrOription 

The process of 
chemical, physically, 
or biologically 
treating the 
contaminant ~n an 
offsite permmad 
commercial 
hazardous waste 
facility. 

Qum 
-a- 

To evaluate the feasibility 
and implementability of 
treatments for 
contaminated soil and 
contaminants 

" 

D m  QtMw N d r  

Organiclinorganic water 
chemistryd 
Moisture content 
Soil Texture 
Temperature 
PH 
Sod microorganisms 
Total nitrogen 
Total phosphorus 
Depth to groundwater 
Dissolved oxygen 
TCLP 

1 
Rnnsd[d 

: Techdogy' 

Disposal 



Table E,4 
T ~ A t t n n r t i w e  

• USE PA Conducting Remedial Inves tiga tions/Feasibi/iry Studies for CERCLA Municipal Landfill Sites, 
EPA1540lP-911001, Office of Solid Waste and Emergency Response Directive 9355.3-1 1, February 1991 

b 40 Code of Federal Regulations (CFR) 268 Land Disposal Restriction 
c USEPA CERCLA Site Discharges to POTWs Treetabitity Manual, EPAl54012-901007, Office of Solad Waste 

and Emergency Response, August 1990. 
d VOA and SVOA wflICs, Metals, Cyantde, Pesticides, and PCBs 

3s 

Dsrcription 

Thts is the process 
of plactng a physical 
horizontal barrier 
across the site. 

This is the process 
of physically 
removing the hot 
spot, soil, or waste 
from the site. 

The process of 
chemical, physically, 
or biolog~cally 
treating the 
contaminant, soil, 
and other debris in 
an offsite permitted 
commercial 
hazardous waste 
facility. 

SWMU 

Process 
I Qptionb.4 

Native Soil 
Single 
Barrier 
Double 
Barrier 

Dig up 

RCRA 
TSDF 

- w 

Data Ouaaty Nlrsdr 

Moisture content 
Permeability 
In-Situ density 
Atterberg limits 
Grain size analysis 
Porosity 
Depth 

Organtclinorgan~c water 
chemistryd 
Moisture content 
Permeability 
In-Situ density 
Atterberg limits 
Grain size analysis 
Porosity 
Depth 

Organrclinorganic water 
chemistryd 
Moisture content 
Soil Texture 
Temperature 
PH 
Soil microorganisms 
f otal nitrogen 
Total phosphorus 
Depth to  groundwater 
Dissolved oxygen 
TCLP 

Data aualltv 
mm 

To evaluate the feasibility 
and implementability of 
controls to  prevent 
contact or runoff 

To evaluate the feasibility 
and implementability of 
treatments for 
contamtnated soil and 
contam~nants 

- 

I Rrcnrdid 
Tuckdog) 

Cap 

Excavation 

Excavation 
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T~atmMlt Atternatiws 
S W L t  

DaWQaMW 
Eternmts 

Zb 

Decttiption 

This is the process 
of placing a physical 
horizontal barrier 
across the site. 

This is the process 
of physically 
removtng the hot 
spot, soil, or waste 
from the site. 

The process of 
chemical, phystcally, 
or biologically 
treating the 
contaminant, soll, 
and other debris in 
an offsite permitted 
commercial 
hazardous waste 
facil~ty. 

- 
DatuQu.lity Neds 

Moisture content 
Permeabil~ty 
In-Situ density 
Atterberg limits 
Grain size analysis 
Porosity 
Depth 

Organiclinorganic water 
chemistryd 
Moisture content 
Permeab~llty 
In-Situ density 
Atterberg limits 
Grain size analysis 
Porosity 
Depth 

Organiclinorganic water 
chemistry" 
Moisture content 
Soil Texture 
Temperature 
PH 
Soil microorganisms 
Total nitrogen 
Total phosphorus 
Depth to  groundwater 
Dissolved oxygen 
TCLP 

a US EPA Conducting Remedial lnvestigations/Feasibiiity Studies for CERCLA Municipal Landfill Sites, 
EPAl540lP-911001, Office of Solid Waste and Emergency Response Directive 9355.3-1 1, February 199 1 

b 4 0  Code of Federal Regulations (CFR) 268 Land Disposal Restriction 
USEPA CERCLA Site Discharges to POfWs Treatability Manual, EPA/540/2-90/007, Off~ce of Solid Waste 
and f mergency Response, August 1990. 

d VOA and SVOA w/llCs, Metals, Cyanide, Pesticides, and PCBs 

Rmcdist 
T- 

I 

Procwa 
Optionhc 

Native Soil 
Single 
Barrier 
Double 
Barrier 

Dig up 

RCR A 
TSDF 

To evaluate the feasibility 
and implementability of 
controls to  prevent 
contact or runoff 

To evaluate the feasibility 
and implementability of 
treatments for 
contaminated soil and 
contaminants 

Cap 

Excavation 

Excavation 



To evaluate the feasibility 
and implementability of 
controls to prevent 
contact or runoff across the site. 

removing the hot Moisture content 
spot, soil, or waste 
from the site. 

Grain size analysis 

stormwater 
runonlrunoff. Nitrogen, nitrate-nitrite 

is the process of 
treatments for oxidizing organic 
contaminated soil and and inorganics using 

contaminants high temperature. 

is the process of 
Moisture content 

temperature to 
volatilize organics 

and implementability of 
treatments for micro-organisms to Moisture content 
contaminated soil and 
contaminants 

Soil microorganisms 

Total phosphorus 
Depth to groundwater 
Dissolved oxygen 



w 

To evaluate the feasibility 
and implementability of 
treatments for 
contaminated soil and 
contaminants 

Physical 
Treatment 

Physical 
Treatment 

Disposal 

Solidification1 
fixation 

Solvent 
Extraction 

Consolidation 

organisms to  
biodegrade 
contaminants. 

Solidification is a 
physical process i n  
which organic and 
inorganic materials 
are bound to  the 
surface of another. 

Solvent extraction is 
a physical separation 
process in  which 
organic and 
inorganic materials 
are removed from 
the surface of a 
solid matrix to a 
liquid matrix. 

This is the process 
of consolidating the 
waste, soil, and 
other debris in a 
properly designed 
and constructed 
landfill. 

Temperature 
PH 
Soil microorganisms 
Total nitrogen 
Total phosphorus 
Depth to  groundwater 
Methane 
Chemical oxygen 
Demand 

Organiclinorganic water 
chemistryd 
Moisture content 
Soil Texture 
Suspended Solids 
Bulk Oensity 
Grain size analysis 
Anerberg limits 
Cone index 
Unconfined 
Compressive strength 
Temperature 
pH 

Organiclinorganic water 
chemistryd 
Total Organic Carbon 
Total Recoverable 
Hydrocarbons 
Moisture content 
Soil Texture 
Permeability 
Bulk Density 
Grain size analysis 
Clay Content 
Temperature 
pH 
Chemical oxygen 
Demand 
Cation Exchange 
Capacity 
Depth to  groundwater 
TCLP- 

Organiclinorganic water 
chemist$ 
Moisture content 
Permeability 
In-Situ density 
Atterberg limits 
Grain size analysis 
Depth to  groundwater 
TCLP - 



oisture content 
treating the 
contaminant, soil, 
and other debris in 
an offsite permitted 
commercial 
hazardous waste 
facilitv. 

Soil Texture 
Temperature 
PH 
Soil microorganisms 
Total nitrogen 
Total phosphorus 
Depth to groundwater 
Dissolved oxygen 
TCLP 



and implementability of 
controls for contaminated 
groundwater and leachate with bentonite 

Particle size distribution 

Hydraulic conductivity 
(saturated and 

Soil sorptive capacity 
Cation exchange 

Depth to groundwater 
Groundwater velocity 

Depth to aquitard 

groundwater. Rate of flow 
Hydraulic conductivity 
(vertical and horixontal} 
Effective porosity 
Aquifer type 
Hydraulic gradient 
Identification of recharge 
and discharge areas 
ldentification of aquifer 
boundaries 
Aquitard characteristics 
(Pilot - slug test) 

Leachate Subsurface System of Use of aquifer 
Collection Drains perforated pipe laid Depth to water table 

in trenches onsite to Direction of flow 
collect contaminated Rate of flow 
groundwater. Hydraulic conductivity 

(vertical and horizontal) 
Effective porosity 

. 

Aquifer type 
Hydraulic gradient 
ldentification of recharge 
and discharge areas 
Identification of aquifer 
boundaries 
Aquitard characteristics 
(Pilot - slug test) 

m 
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Ion 
Exchange 

Oxidation 
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653,8@2,883,667 

Deacripdm 

Ion exchange is the 
process of 
exchanging selected 
dissolved ionic 
contaminants with a 
set of substitute 
ions. ion 
exchangers are 
primarily used for 
recovery of dilute 
solutions of metals 
or to  soften water 
by removing cafcium 
and manganese. 

Oxidation is a 
chemical reaction in 
which one or more 
electrons are 
transferred from the 
chemical being 
oxid~zed to  an 
oxidizing agent. 
Chemical oxidation 
~nclude destruction 
of cyanide; 
transformation of 
organics to 
b~odegradable forms, 
or detoxification of 
organics and 
Inorganjcs. 

m w  
Ob$e&!eEkmmm 

To evaluate the feasibility 
and implementability of 
treatments for 
contaminated 
groundwater and leachate 

Tmmmwi! 
SWMU 13. 

f 

Rmud[d 
T a w  

Chemical 
Treatment 

L 

D m Q i m i i f y M  

Organicl~norgantc water 
chemistryd 
Indicator parameters 

Bicarbonate 
Biochemical oxygen 

demand 
Calcium 
Chemical oxygen 

demand 
Chtoride 
Copper 
Iron 
Magnesium 
Manganese 
Nickel 
Oil and grease 
pH 
Potassium 
Sodium 
Sulfate 
Total Organic Carbon 

{TOC) 
Total Suspended Solrds 
Zinc 

Organiclinorganic water 
chemistryd 
Indicator parameters 

Bicarbonate 
Biochemical oxygen 

demand 
Calcium 
Chemical oxygen 

demand 
Chloride 
Copper 
Iron 
Magnesium 
Manganese 
Nickel 
Oil and grease 
P H 
Potassium 
Sodium 
Sulfate 
Total Organ~c Carbon 

UOCI 
Total Suspended Solids 
Zinc - 

(Pilot - reagent 
consurnptjon, optimal 
pH, and reaction time) - 

I 



groundwater and leachate soluble metallic ions 
are removed from Biochemical oxygen 

insoluble form. Chemical oxygen 

treat heavy metals, 

Total Organic Carbon 

Total Suspended Solids 



and implementability of 
controls for contaminated 
groundwater and leechate Acidity-alkalinity 

contaminants. Biochemical oxygen 

Chemical oxygen 

Dissolved oxygen 

Metals, dissolved 
Nitrogen, ammonia 
Nitrogen, kjeldahl 
Nitrogen, nitrate-nitrite 

Specific conductance 

of non-oxygen- 

Acidity-alkalinity 
Biochemical oxygen 

contaminants. 

Chemical oxygen 

Dissolved oxygen 

Metals, dissolved 
Nitrogen, ammonia 
Nitrogen, kjeldahl 
Nitrogen, nitrate-nitrite 

Specific conductance 



and implementability of 
controls for contaminated 
groundwater and leachate Acidity-al kalinity 

inorganic materials Biochemical oxygen 

attraction and Chemical oxygen 

substance on the 
surface of another. Dissolved oxygen 

Metals, dissolved 

Nitrogen, kjeldahl 

components from Acidity-alkalinity 
Biochemical oxygen 

steam, or other gas Chemical oxygen 
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To evaluate the feasibility 
and implementability of 
controls for contaminated 
groundwater and leachate 

Physical 
Treatment 

Phys~cal 
Treatment 

neutralization. 

Sedimen- 
tatron 

Filtrat~on 

Chloride 
Dissolved oxygen 
Hardness 
Iron 
Metals, dissolved 
Manganese 
N~trogen, ammonia 
Nitrogen, kjeldahl 
Nitrogen, nitrate-nitr~te 
Oil and grease 
Organic carbon 
pH 
Phosphorus 
Sulf aie 
Sulfide 
Suspended solids 

Sedimentation is a 
physical process 
that removes 
suspended solids 
from a liquid matrix 
by gravitational 
settl~ng. 

Filtration is a 
physical process 
used to remove 
suspended solids 
from wastewater 
and is generally 
proceeded by 
chemical 
precipitation and 

- 

manuultw- 

Organiclinorganic water 
chemistryd 
Indicator parameters 

Acidity-alkalinity 
Biochemical oxygen 

demand 
Calcium 
Chemical oxygen 

demand 
Chloride 
Dissolved oxygen 
Hardness 
Iron 
Metals, dissolved 
Manganese 
Nitrogen, ammonia 
Nitrogen, kjeldahl 
Nitrogen, nitrate-nitrite 
Oil and grease 
Organic carbon 
pH 
Phosphorus 
Sulfate 
Sulfide 
Suspended solids 

Organiclinorganic water 
chemistryd 
Indicator parameters 

Acidity-alkalinity 
Biochemical oxygen 

demand 
Calctum 
Chemical oxygen 

demand 



and implementability of 
controls for contaminated 
groundwater and Ieachate 

Disposat 

Oil ayd grease 
Organic carbon 

pH 
Phosphorus 
Sulfate 
Sulfide 
Suspended solids 

RCAA TSDF 

wastewater 
treatment plant 
designed and 
constructed to  treat 
municipal domestic 
wastewater. 

Indicator parameters 
Acidity-alkalinity 
Biochemical oxygen 

demand 
Calcium 
Chemical oxygen 

demand 
Chloride 
Dissolved oxygen 
Hardness 
Iron 
Metals, dissolved 
Manganese 
Nitrogen, ammonia 
Nitrogen, kjeldahl 
Nitrogen, nitrate-nitrite 
Oil and grease 
Organic carbon 
pH 
Phosphorus 
Sulfate 
Sulfide 
Suspended solids 

The process of 
chemical, physically, 
or biologically 
treating the 
wastewater in an 
off site permitted 
commercial 
hazardous waste 
facility. 

Organiclinorganic water 
chemistry (VOA and 
SVOA wlTICs, Metals, 
Cyanide, Pesticides, 
PCB, and TPH) 
Indicator parameters 

Acidity-alkalinity 
Biochemical oxygen 

demand 
Calcium 
Chemical oxygen 

demand 
Chloride 
Dissolved oxygen 
Hardness 
Iron 
Metals, dissolved 
Manganese 
Nitrogen, ammonia 
Nitrogen, kjeldahl 
Nitrogen, nitrate-nitrite 
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USEPA Conducting Remedial /nvestigations/Feasibi/~ty Studies for CERCLA Municipal Landfill Sites, 
EPAl540lP-91/001, Office of Solid Waste and Emergency Response Directive 9355.3-1 1, February 1991 

b 4 0  Code of Federal Regulations (CFR) 268 Land Disposal Restriction 
USEPA CERCLA Site Discharges to P O W s  Treatability Manual. EPA154012-901007. Office of Solid Waste 
and Emergency Response, August f 990. 

d VOA and SVOA w/TlCs, Metals, Cyan~de, Pesticides, PCBs and TPH 
A 

SWMU 17 cmd AWr 
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PIOWSS 
Optrmb" 

Land 
Application 

Injection 

-a- 
m- 

To evaluate the feasibility 
and implementability of 
controls for contaminated 
groundwater and leachate 

1 R.mrdiat 
T*dndoOY' 

Disposal 

653,862,563.667 

Dlvrodptton 

The process of 
applying wastewater 
directly on the land 
to infiltration into 
the soil. 

The process of 
hydraulically placmg 
wastewater into the 
aquifer using either 
vertical or horizontal 
wells. 

f 

D~taCidityFSMdr 

Depth to  water table 
Total phosphorous 
Chloride 
Ammonia 
Nitrate 
Alkalinity 
pH 
Sodium 
Total dissolved solids 
soil type 
hydraulic conductivity 
application rate 

Depth t o  water table 
f otal phosphorous 
Chloride 
Ammonia 
Nitrate 
Alkalinity 
pH 
Sodium 
Totat dissolved solids 
Total organic carbon 
soil type 
hydraulic conductivity 
application rate (2.5 
gallons/ft21day or 
Slsquare root of slowest 
percolation rate. 
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Data au&ky P l d s  
~mcatr 
Owen" 

Daa- -- f 
R.mrdird 

I f- 

To evaluate the feasibility 
and implementabitity of 
controls to  prevent 
contact or runoff 

To evaluate the feasibility 
and ~mplementability of 
treatments for 
contaminated so11 and 
contaminants 

To evaluate the feasibility 
and implementability of 
treatments for 
contaminated soil and 
contaminants 

Cap 

Excavat~on 

Surface 
Water 
Controls 

Thermal 
Treatment 

Biological 
Treatment 

Native Soil 
Single Barrier 
Double Barrier 

Dig up 

Erosion and 
runonlrunoff 
controls 

Thermal 
Destruction 

Thermal 
Desorption 

Aerobic 

Moisture content 
Permeability 
In-Situ density 
Atterberg limits 
Grain size analysis 
Porosity 
Depth 

Organiclinorganic water 
chemlstryd 
Moisture content 
Permeability 
In-Situ density 
Atterberg limits 
Grain size analysis 
Porosity 
Depth 

Organiclinorganic water 
chemistryd 
Indicator parameters 

Acidity-alkalinity 
Nitrogen, ammonia 
Nitrogen, kjeldahl 
Nitrogen, nitrate-nitrite 
Phosphorus 
Suspended solids 

Organiclinorganic water 
chemistryd 
Moisture content 
Particle size 
BTU content 
TCLP 

Organiclinorganic water 
chemistryd 
Moisture content 
Particle size 
TCLP 

Organiclinorganic water 
chemistryd 
Moisture content 
soil Texture 
Temperature 
pH 
Soil m~croorganisms 
Total nitrogen 
Total Phosphorus 
Depth to  groundwater 
Dissolved oxygen 
Methane 
Chemical oxygen 
Demand 

This is the process 
of placing a physical 
horizontal barrier 
across the site. 

This is the process 
of phys~cally 
removing the hot 
spot, soil, or waste 
from the site. 

System of 
vegetation and site 
grading for 
preventing soil 
erosion and 
stormwater 
runonlrunoff. 

Thermal destruction 
is the process of 
oxidizing organic 
and inorganics using 
high temperature. 

Thermal desorption 
is the process of 
using low 
temperature to  
volatilize organics 
and rnorganics from 
a solid matrix. 

Aerobic is the use of 
oxygen-utilizing 
micro-organrsms to 
biodegrade 
contaminants. 

-- -- " 
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Physical 
Treatment 

Physical 
f reatement 

Solidification1 
fixation 

Vacuum 
Extraction 

biodegrade 
contaminants. 

Solidification is a 
physical process in 
which organic and 
inorganic materials 
are bound to the 
surface of another. 

Vacuum extraction 
refers to the removal 
of relatively volatile 
components from 
soil or waste by 
passage of air, 
steam, or other gas 
through the 
contaminated 
matrix. Stripping is 
effective in 
removing chlorinated 
solvents. 
r n ~ n o a r ~ m a t i ~ ~ ,  and 
other VOCs. 

oisture content 

Temperature 
pH 
Soil microorganisms 
Total nitrogen 
Total phosphorus 
Depth to groundwater 
Methane 
Chemical oxygen 
Demand 

Organiclinorganic water 
chemistry6 
Moisture content 
Soil Texture 
Suspended Solids 
Bulk Density 
Grain size analysis 
Atterberg limits 
Cone index 
Unconfined 
Compressive strength 
Temperature 
pH 

Organiclinorganic water 
chemistryd 
Moisture content 
Air Permeability 
Temperature 
pH 
Depth to groundwater 

- 



and implementability of 
treatments for 
contaminated soil and 
contaminants 

are removed from 
the surface of a 
solid matrix to a 

Chemical oxygen 

Cation Exchange 

Moisture content 

contaminant, soil, 
and other debris in 

hazardous waste 
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Dntr Qwlity -- 
To evaluate the feasibility 
and implementability of 
controls for subsurface 

across the site. 
Grain size analysis 

treatments for oxidizing organic Moisture content 
contaminated soil and 
contaminants 

Adsorption is a Organic/inorganic water 

process in which Moisture content 

inorganic materials Total Organic Carbon 
are removed by 

attraction and 

components from Air Permeab~lrty 
soil or waste by 
passage of arr, 

contaminated 
matrix. St r~pp~ng IS 

~ m d  
T8dcnde  

Cap 

Ptocns 
Optbnhq 

Native Soil 

Single 

lhmripI5oa 

This 1s the process 
of placing a physical 
horizontal barrier 

Data Quraty Nhda 

Moisture content 
Permeability 
In-Situ density 
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To evaluate the feasibility 
and implementability of 
treatments for 
contaminated soil and 
contaminants 

USEPA Conducting Remedial lnvestigations/Feasibiiity Studies for CERCLA Municipl i8ndfill Sites, 
EPA1540lP-911001, Office of Solid Waste and Emergency Response Directive 9355.3-1 1, February 1991 

b 4 0  Code of Federal Regulations (CFR) 268 Land Disposal Restriction 
E USEPA CERCLA Site Discharges to POTWs Treatability Manual, EPA154012-901007. Office of Solid Waste 

and Emergency Response, August 1990. 
d VOA and SVOA wlTICs. Metals, Cyanide, Pesticides, PCBs and TPH 

The process of 
chemical, physically, 
or biologically 
treating the 
contaminant in an 
offsite permitted 
commercial 
hazardous waste 
facility. 

D m  Qudlty Mods 

Organichnorganic water 
chemistry' 
Moisture content 
Soil Texture 
Temperature 
pH 
Soil microorganisms 
Total nitrogen 
Total phosphorus 
Depth to  groundwater 
Dissolved oxygen 
TCLP 

r 
ReInrtPd Prot.tr 

: T M W  wbA 

Disposal RCRA 
TSDF 
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Cylinder location 

Organiclinorganic water 
chernistryd 
Moisture content 
Soil Texture 
Suspended Solids 
Bulk Density 
Grain size analysis 
Atterberg lrrntts 

pH 

Organiclinorganic water 
chemistry 
Moisture content 
Particle size 
BTU content 
TCLP 

Organiclinorganic water 
chemist$ 
Moisture content 
Particle size 
TCLP 

Organic/tnorganic water 
chemistryd 
Mo~sture content 
Soil Texture 
Suspended Solids 
Bulk Density 
Gratn size analysis 
Atterberg limrts 
Cone index 
Unconfined Compressive 
Strength 
Temperature 
pH 

f 
wr ipdar r  

Either place cytinder 
in an enclosed 
system to  vent or 
place enclosed vent 
system over the 
cylinder, then 
mechanically vent 
the cylinder. 

This is the process 
of physically 
removing the hot 
spot, soil, or waste 
from site. 

Thermal destruction 
is the process of 
oxidizing organic 
and inorganics using 
high temperature. 

Thermal desorption 
is the process of 
using low 
temperature to 
volatilize organics 
and inorganics from 
a solid matrix. 

Absorption is the 
physical separation 
process in which 
organic materials are 
removed by sorption 
or the attraction and 
accumulation of one 
substance on the 
surface of another. 

Pressure 
release 

DIPUP 

Thermal 
Destruction 

Thermal 
Desorptton 

Carbon 
Absorption 

To evaluate the feasibility 
and implementability of 
controls to  prevent 
contact or runoff 

To evaluate the feasrbility 
and implementability of 
treatments for 
contaminated soil and 
contaminants 

Vent 

Excavation 

Thermal 
Treatment 

Physical 
Treatment 
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To evaluate the feasibility Disposal RCRA The process of Organiclinorgan~c water 
and implementability of TSDF chemical, physically, chemistry (VOA and 
treatments for or biologically SVOA wlTICs, Metals, 
contaminated soil and treating the Cyanide, Pesticides, and, 
contaminants contaminant, soil, PCBs) 

and other debris in Moisture content 
an offsite permttted Soil Texture 
commereiat Temperature 
hazardous waste PH 
facility. Soil m~croorganisms 

Total nitrogen 
Total phosphorus 
Depth to  groundwater 
Dissolved oxygen 
TCLP 

a USE PA Conducting Remedial Inves rigs tions/Feasibility Studies far CERCLA Municipal Landfill Sites, 
EPA1540/P-911001, Office of Solid Waste and Emergency Response Directive 9355.3-1 1, February 199 1 

b 40 Code of Federal Regulations (CFR) 268 Land Disposal Restriction 
c USEPA CERCLA Site Discharges to POTWs Treatability Manual, EPA/540/2-90/007, Office of Solid Waste 

and Emergency Response, August 1990. 
d VOA and SVOA wTTICs, Metals, Cyanide, Pesticides, PCBs and TPH 
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To evaluate the feasibility Groundwater Vertical Extraction Vertical wells are used to extract 
and implementability of Collection Wells contaminated groundwater. 
controls for contaminated 
groundwater and leachate 

To evaluate the feasibility 
and implementability of 
treatments for contammated 
groundwater and leachate 

Leachate 
Collection 

Biological 
Treatment 

.- 
Physical 
Treatment 

Dtsposal 

Subsurface Drains 

Aerobic 

Anaerobic 

Adsorpt~on 
(Granular 
Activated Carbon) 

Atr Stripping 

Sedimentation 

Filtrat~on 

POTW 

RCRA TSDF 

Land Application 

System of perforated pipe laid in 
trenches onsite to  collect 
contaminated groundwater. 

Aerobic is the use of oxygen- 
utilizing micro-organisms to 
biodegrade contamlnants. 

Anaerobic is the use of non- 
oxygen-utilizing micro-organisms to 
biodegrade contaminants. 

Adsorption is a physical separation 
process in which organic and 
inorganic materials are removed by 
sorption or the attraction and 
accumulation of one substance on 
the surface of another. 

Stripping refers to  the removal of 
relatively volatile components from 
wastewater by passage of air, 
steam, or other gas through the 
contaminated liquid. Stripping is 
effective tn removing ammonia, 
chlorinated solvents, 
monoaromatics, and other VOCs. 

Sedimentation is a physical process 
that removes suspended solids 
from a liquid matrix by gravitational 
settting. 

Filtration is a physical process used 
to remove suspended solids from 
wastewater and is generally 
proceeded by chemical 
precipitation and neutralization. 

A chemical, physical, or biological 
wastewater treatment plant 
designed and constructed to treat 
municipal domestic wastewater. 

The process of ch3mical. 
physically, or biologicalty treattng 
the wastewater in an offsite 
permitted commercial hazardous 
waste facility. 

The process of applying 
wastewater directly on the land to 
~nfiltratton into the soil. - 
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To evaluate the feasibility 
and implementability of 
treatments for contaminated 
groundwater and leachate wells 

a USEPA Conducting Remedial lnvestigations/Fea~~biIih/ Studies for CERCLA Municipal Landfill Sites, 
EPA/540/P-911001, Office of Solid Waste and Emergency Response Directive 9355.3-1 1, February 1991 

b 40 Code of Federal Regulations (CFRI 268 Land D~sposal Restriction 
USEPA CERCLA Site Discharges to POTWs Trestability Manual, EPA154012-901007, Office of Solid Waste 
and Emergency Response, August 1990. 

R.lt).dbl 

T- 

Disposal 

Precsrr OpdorP." - 

Injection 

DO$- 

The process of hydraulically 
placing wastewater into the aquifer 
using either vertical or horizontal 
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To evaluate the feasibility 
and implementability of 
controls to prevent contact 
or runoff 

To evaluate the feasibility 
and implementability of 
treatments for contaminated 
soil and contaminants 

a USEPA Conducting Remedial lnvestigetions/FeasibiIi~ Studies for CERCLA Municipel Landfill Sites, 
EPAl540lP-911001. Office of Solid Waste and Emergency Response Directive 9355.3-1 1, February 199 1 

b 40 Code of Federal Regulations (CFR) 268 Land Disposal Restriction 
C USEPA CERCLA Site Discharges to POTWs Treatability Manual, EPAl54012-901007. Office of Solid Waste 

iv and Emergency Response, August 1990. 

Excavation 

Surface Water 
Controls 

Thermal Treatment 

Biological 
Treatment 

Phys~caf Treatment 

Disposal 

Dig up 

Erosion and 
runonlrunoff 
controls 

f hermal 
Destructron 

Thermal 
Desorption 

Aerobic 

Solidification1 
fixation 

Consol~dation 

RCRA TSDF 

This is the process of physically 
removing the hot spot, soil, or waste 
from the site. 

System of vegetation and site 
gradtng for preventing soil eroslon 
and storm water runonlrunoff. 

Thermal destruction is the process of 
oxidizing organic uslng high 
temperature. 

Thermal desorption is the process of 
us~ng low temperature to volatilize 
organics. 

Aerobic is the use of oxygen-utilizing 
microorganisms to biodegrade 
contaminants. 

Solidification is a physical process in 
which organic materials are bound to 
the surface of another. 

This is the process of consolidating 
the waste, soil, and other debris in a 
properly designed and constructed 
landfill. 

The process of chemical, physically, 
or biologically treating the 
contaminant, soil, and other debris in 
an offsite permitted commercial 
hazardous waste facility. 



implementability of controls to physically removing 

contaminants 

chemical, physically, 
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1 .O INTRODUCTION 

The EnSafe/Allen & Hoshall (E/A&H) Radiation Protection Program was developed to provide 

a means for occupational and environmental radiation protection for E/A&H workers who may 

encounter radioactive materials while working at the Naval Base Charleston (NAVBASE) in 

Charleston, S.C. The development of this program has been initiated to conform with federal 

radiation protection guidance and regulations, best industry practices, and the "as low as 

reasonably achievable" (ALARA) concept. ALARA is the fundamental radiation protection 

standard designed to protect individuals from exposure to ionizing radiation, given the a-priori 

assumption that any level of exposure to ionizing radiation, including background, may have 

some risk of producing biological effect on the human body. 

The potential presence of radioactive materials at NAVBASE result from past operational 

activities at the base, such as production during the naval nuclear propulsion program, as well 

as the geographical location which has been found to be rich in naturally occurring radioactive 

material (NORM). 

2.0 PURPOSE 

This document establishes a Radiation Protection Program for E/A&H/Allen & Hoshall (Ensafe) 

at NAVBASE in order to ensure that exposures to employees from ionizing radiation and 

releases of source, byproduct, and naturally occurring radioactive materials (NORM) and other 

radioactive materials to the environment are maintained ALARA. 

3.0 APPLICABILITY 

This program applies to all E/A&H employees or contractors while conducting field work at 

NAVBASE including, but not limited to waIkover investigations, drilling, well development, soil 

sampling, water sampling, and trenching. 
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4.0 POLICY 

Reasonable efforts shall be made to maintain radiation exposures and releases of radioactive 

materials ALARA, taking into account all relevant considerations including the state of 

technology as well as social and economic factors. 

5.0 REFERENCES 

Title 10, Part 20, Code of Federal Regulations (CFR), Standards for Protection Against 

Radiation. 

• Title 29, Part 19 10, CFR, Occupational Safety and Health Administration, Ionizing 

Radiation. 

NCRP Report No. 39, Basic Radiation Protection Criteria, 15 January, 1979. 

• International Commission on Radiological Units and Measurement (ICRU) Report 10A, 

1962, Radiation Quantities and Units. 

6.0 RESPONSIBILITIES 

The Safety Director shall be ultimately responsible for ensuring compliance with this procedure 

by all group personnel. 

The Radiation Safety Officer shall be responsible for ensuring that all personnel are informed 

about the radiation protection program and are adequately trained in radiation protection 

practices and procedures. 

Each employee of ElA&H shall be responsible for following the procedures outlined in this 

instruction, to report to hislher supervisor, or the radiation safety officer, any observed violation 

of these procedures, and to suggest, when noted, modifications that will improve work practices 

and lower individual and group doses. 
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7.0 DEFINITIONS 

Annual Limit on Intake (ALI). The quantity of a single radionuclide which, if inhaled or 

ingested in one year, would irradiate a person represented by reference man (ICRP Publication 

23) to the limiting value for control of the workplace. 

Area Terms 

Controlled Area. Any area to which access is controlled in order to protect individuals 

from exposure to radiation and radioactive materials. 

Radiological Area. Any area within a conlolled area where an individual can receive 

a dose equivalent greater than 5 mrem in 1 hour at 30 cm from the radiation source or 

any surface through which the radiation penetrates, or where airborne radioactive 

concentrations greater than 1/10 of the derived air concentrations are present (or are 

likely to be), or where surface contamination levels greater than those specified in 

Appendix F-1 of this Program are present. 

Derived Air Concentration (DAC). Quantity obtained by dividing the ALI for any given 

radionuclide by the volume of air breathed by an average worker during a working year 

(2400m3). 

As Low As Reasonably Achievable (ALARA) 

An operating philosophy and approach to radiation protection designed to control or manage 

exposures (both individual and collective to the workforce and general public) to as low as 

technological, economic, practical, and public policy considerations permit. As used in 10 Code 

of Federal Regulations (CFR) 20, ALARA is .not a dose limit but a process, which has the 

objective of maintaining dose levels as far below applicable limits as reasonably achievable. 
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Dose Terms 

Absorbed Dose (D). The energy imparted to matter by ionizing radiation per unit mass 

of irradiated material at the place of interest in that material. The absorbed dose is 

express in units of rad. 

Annual Dose Equivalent. The dose equivalent received in a year. Annual dose 

equivalent is expressed in units of Rem. 

Annual Effective Dose Equivalent. The effective dose equivalent received in a year. 

The annual effective dose equivalent is expressed in units of Rem. 

Collective Dose Equivalent. The sum of the dose equivalent of all individuals in an 

exposed population. Collective dose equivalent is expressed in units of person-Rem. 

Collective Effective Dose Equivalent. The sum of the effective dose equivalents of all 

individuals in an exposed population. Collective effective dose equivalent is expressed 

in units of person-Rem. 

Committed Dose Equivalent. The calculated dose equivalent projected to be received 

by a tissue or organ over a 50-year period after an intake of radionuclide into the body. 

It does not include contributions from external dose. Committed dose equivalent is 

expressed in units of Rem. 

• Committed Effective Dose Equivalent.(H, &. The sum of the committed dose 

equivalents to various tissues in the body multiplied by its weighing factor. It does not 

include contributions from external dose. Committed effective dose equivalent is 

expressed in units of Rem. 
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Cumulative Annual Effective Dose Equivalent. The sum of the annual effective dose 

equivalents recorded for an individual for each year of employment. 

• Dose Equivalent (H). The product of absorbed dose (D) in rads in tissue, a quaIity 

factor (Q), and other modifying factors (N). Dose equivalent (H) is expressed in units 

of Rem. H = QDN. 

Effective Dose Equivalent (I&). The sum over specified tissues of the products of the 

dose equivalent in a tissue (HJ and the weighing factor (WJ for that tissue, i.e., HE = 

W,H,. The effective dose equivalent is expressed in units of Rern. 

Shallow, Deep and Lens of Eye Dose Equivalent. The dose equivalent at the respective 

depths of 0.007 cm, 1.0 cm, and 0.3 cm in tissue. 

Weighing Factor (WJ. Is used in the calculation of annual and committed effective dose 

equivalent to equate the risk arising from the irradiation of tissue T to the total risk when 

the whole body is uniformly irradiated. The weighing factors as defined in ICRP 

Publication 26 and NCRP Report 91 are: 

Organs or Tissues Weighing Factor 

Gonads 
Breasts 
Red Bone Marrow 
Lungs 
Thyroid 
Bone Surfaces 
Remainder 

Note: 
1 "Remainder" means the five other organs 'or tissue with the highest dose (e.g . , liver, kidney, 

spleen, thymus, adrenal, pancreas, stomach, small intestine, upper large intestine or lower 
large intestine). The weighing factor for each Remainder organ or tissue is 0.06. The 
extremities, skin and lens of the eyes are excluded from the "Remainder" organs or tissue 
for assessment of effective dose equivalent. 
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Extremity. Extremity includes hands and arms below the elbow or feet and legs below the 

knee. 

Ionizing Radiation means any or all of the following: alpha particles, beta particle, gamma 

rays, x-rays, neutrons, high-speed electrons, high-speed protons, and other atomic and sub- 

atomic particles but not sound or radio waves, visible infrared or ultraviolet light. 

Monitoring. Actions intended to detect and evaluate radiological conditions. 

Non-Stochastic Effects. Effects such as the opacity of the lens of the eye for which the severity 

of the effect varies with the doses and for which a threshold may exist. 

NORM. Naturally occurring radioactive materials of the Uranium 238 and Thorium 232 decay 

chains found in nature and which emit ionizing radiation spontaneously. 

Occupational Worker. An individual who is either a E/A&H or EIA&H contractor employee; 

an employee of a subcontractor to a E/A&H contractor; or an individual who visits to perform 

work for or in conjunction with E/A&H or utilizes E/A&H facilities. 

Quality Factor (Q). A modifying factor that is employed to derive dose equivalent from 

absorbed dose. 

Radiation Worker. An occupational worker whose job assignment requires work on, with, or 

in the proximity of radiation producing machines or radioactive materials, and/or who has the 

potential of being routinely exposed above 100 .mrem per year, which is the sum of the annual 

effective dose equivalent from irradiation and the committed effective dose equivalent from 

internal irradiation. 
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Source Material means (1) uranium or thorium, or any combination thereof, in any physical or 

chemical form or (2) ores which contain by weight one-twentieth of one percent (0.05%) or 

more of (i) uranium, (ii) thorium or (iii) any combination thereof. 

Stochastic Effects. Malignant and hereditary disease for which the probability of an effect 

occurring, rather than its severity, is regarded as a function of dose without a threshold for 

radiation protection purposes. 

The Exposure (X) is the term reserved for the quantitative assessment of ionizing 

electromagnetic radiation fields. The exposure at a given place is a measure of the radiation 

based on its potential ability to produced ionization in air. The special unit of exposure is the 

Roentgen (R). 

The Rad is a measure of dose of any ionizing radiation to body tissues in terms of energy 

absorbed per unit mass of tissue. One rad is the dose corresponding to the absorption to 100 

ergs per gram of tissue. 

The Rem is a measure of the dose of any ionizing radiation to body tissue in terms of its 

estimated biological effect relative to a dose of one rad of 250 KeV x-ray. 

The Roentgen is defined as the measure of exposure equivalent to the capture of a charge of 

2.58 x lo4 CoulombslKg of dry air at standard temperature and pressure. 

Working Level (WL) is defined as any combination of radon daughters in one liter of air which 

will result in the ultimate emission of 1.3 x 16:million electron volts of potential alpha energy. 

Working Level Month (WLM) is defined as the exposure received by a worker breathing air 

at one working level concentration for 170 hours. 
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8.0 RADIATION SAFETY OFFICER 

A Radiation Safety Officer @SO) will be designated to safely control all aspects of occupational 

radiation protection at El A&H . 

Duties and Functions 

The Radiation Safety Officer is responsible for the establishment of safe working conditions 

according to current standards and for compliance with all pertinent federal, state and local 

regulations. The RSO has the authority as well as the responsibility, to investigate and advise 

on all work in matters of radiation protection. The RSO may designate Alternate Radiation 

Safety Officer(s) (ARSO), as necessary to fulfill duties and responsibilities. The specific duties 

of the RSO and ARSO include: 

Establishing, controlling, reviewing, and updating operating procedures to ensure 

conformance with applicable federal, state and corporate guidance. 

Providing technical assistance in the planning and execution of operations involving 

radiation safety considerations, in accordance with this guideline. 

Instructing personnel on proper radiation protection practices, safe working practices 

(noting the special case of the fertile female), and proper procedures in the event of an 

emergency. 

Enforcing operational procedures that ensure radiation exposures are held As Low As 

Reasonably Achievable (ALARA) . 

Ensuring proper use of radiation survey instruments and personnel monitoring devices 

and corresponding recordkeeping requirements. 
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Investigating known or suspected cases of excessive or abnormal exposures to ionizing 

radiation to determine causal factors and to take appropriate steps to prevent 

reoccurrence. 

Supervising and/or conducting radiation and contamination surveys and maintaining 

records of surveys and sampling, to include summaries of corrective measures 

recommended, initiated, and/or instituted or completed. 

Ensuring that suitable caution labels, signs, tapes, ropes, etc. are in place when required 

by federal state or local regulations or are indicated by safe practice. 

Qualifications 

Radiation Safety Officers and Alternate Radiation Safety Officers should be chosen from 

individuals who have received training in radiation protection. Training is to be commensurate 

with the RSO and ARSO assignment and in accordance with federal, state and local regulations. 

9.0 PERMISSIBLE DOSE LIMlTS 

The following dose limits (see Tables 1, 2 and 3) for occupational exposure to ionizing radiation 

are prescribed by 10 CFR 20. These dose limits are consistent with the recommendations of the 

International Commission of Radiological Protection and shall be considered the maximum 

allowable for all exposures, except for emergency conditions. 

Tabk 1 
Radiation Exposure Limits External plus Internal Rdstion - 

Qccupattmalty Exposed Employaes fi .em G~nerd 
Radiation Workers Qttrer Ernpfuyaes) Public 

Annual Effective Dose 
Equivalent to: 

Stochastic Effects 

Rem 

5.000 

Rem 

0.100 

Rem 

0.100 - 
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Tabla 1 
Radatlon Exposure Limits External plus Intarnal Ratlistion 

Non-Stochastic Effects 

Skin of Whole Body 

Extremities, Hands, Forearms, 
Feet and Ankles 

Other Organs not Mentioned 

Lens of Eye 

Unborn Child: Entire Period of 
Gestation 

Tabla 2 
Airborne Wtstiun thrived Alt Concentration [uCifc~Jt~'~  

222 Radon1*" 

226 Radium in Air 

232 Thorium in Air 

Natural Uranium in Air 

Natural Uranium in Air 

Qcmpatk#lally Expostud 
Radiation Workers 

50.00 

50.00 

50.00 

50.00 

15.00 

0.5 

- 

Table 3 - 
Annual Limits 6f Intake tu(=itf*' 

Occupational 
Exposure 

Radium 226 

Erqtloybwr 4,s. 
Other Employees) 

General 
Public 

Othet Employass 

2.0 
0.6 
0.7 

w 

Public: 

Ingestion 
Inhalation 
Ingestion 

2 x 10-l1 

9 1 0-l3 

4 x 

9 x lo-'4 

3 x 1 0-8 

3 x 

5 x 1 0 ~ ' ~  

0.2 mglm3*** 

2 x 10-l1 

1 x 10-lo 

9 x 1 0-l3 

4 x 10-l5 

9 x 1 0 - l ~  
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Table 3 
Annual Umb a# Intake lu(=ljf*' 

Thorium 232 0.7  Ingestion 
0.001 Inhalation 

Natural Uranium 10.0 Ingestion 
1 .O Inhalation 

Notes: 
I*) Other isotopes are listed in 10  CFR 20. 
( * * I  In equilibrium with its daughter products. 
* ACGIH/OSHA PEL for Chemical Effects for Soluble Forms. 

The hazards of radiation exposure during pregnancy shall be explained prior to employing fertile 

women in a potential radiation environment. Exposure of occupational pregnant females shall 

be less that 500 mrem (O.5Rem) for the duration of the pregnancy. 

Minors, defined as persons under 18 years of age, will not be employed for positions where the 

actual or projected dose equivalent received will exceed 100 mrem averaged over one year. 

10.0 PROCEDURE FOR RADIATION MEASUREMENT 

General Site Screening 

All surveys will be made using recently calibrated meters capable of measuring uR levels 

of exposure and gross beta-gamma radiation. Recent calibration implies calibration on 

at least an annual basis. 

The unit of measurement for exposure rate is uRIhr. The unit of measurement for gross 

beta-gamma measurements (contamination screening) is counts per minute (cpm). 

• Prior to initiating work or entry into unevaluated site areas, both general area exposure 

rate and beta-gamma measurements shall be taken. This may be accomplished while 
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traversing a site, such as during site walkovers, or in the immediate vicinity of a planned 

work area, such as a drilling location. 

Exposure rate and gross beta-gamma measurements shalt be taken independently at 

approximately 3 feet above ground level. Additional gross beta-gamma radiation 

measurements shall be taken at ground level if contamination in the area is suspected or 

if a significant increase (2X) over background is sustained using either instrument during 

screening conducted at the height of 3-foot. Higher gross beta-gamma readings at ground 

level are indicative of the presence of contamination. Similar readings at ground level 

and 3 feet are indicative of a radioactive source in the area or airborne radioactivity. 

All measurements and readings should be recorded on a radiological control survey 

record form (Appendix F-2) coupled with a site map of the respective work locations. 

This map need not be to scale but should present an accurate enough description that the 

location of a measurement can be accurately reproduced. 

Special rules and radiological control procedures are specified in Sections 12.0 and 13.0. 

This information coupled with the flow charts in Appendix F-3 provide guidance as to 

appropriate measures to be taken if action levels specified in Section 11.0 are exceeded. 

Contamination Surveys 

Contamination surveys should be performed for the purpose of classifying equipment or 

areas for restricted or unrestricted use as defined in Section 13 .O. 

Surveys will be made using recently calibrated meters capable of measuring alpha and 

beta-gamma surface contamination. Recent calibration implies calibration on at least an 

annual basis. 



Radiation Protection Program 
Naval Base - Charlesron, South Carolina 

October 1994 

Note: Alpha surveys are required only when alpha contamination is known or suspected 

or when releasing equipment or areas potentially contaminated with alpha emitters. 

Alpha surveys should be made with a zinc sulfide (ZnS) or equivalent detector to 

determine the presence of external alpha contamination. Due to the low alpha 

background, readings in excess of a few cprn are indicative of surface contamination. 

A high alpha background with a ZnS detector (> 1-2 cpm) is indicative of a light leak 

in the detector and should be repaired. 

The unit of measurement for contamination is cpm. 

All direct contamination measurements should be made as dose to, but not in contact 

with (within 118-inch) the suspected contaminated surface or equipment. Probe 

movement across large surfaces should be no more than 1 inch per second to obtain 

accurate measurements. 

Beta-Gamma measurements should be taken with a survey meter coupled with a GM 

pancake probe or equivalent. The instrument background should be subtracted from all 

readings to obtain net count rate. Statistical count rate fluctuations are normal. Positive 

indication of contamination is generally noted by an increase in count rate of more than 

four times the square root of the background (i.e. for background count rate of 50 cpm, 

approximately 80 cprn would be the meter reading required to be sure there was actual 

contamination present at 30 cprn net). Audible indicators should be used to rapidly 

detect qualitative changes in radiation levels prior to making analog scale readings. 

Net count rates (after subtracting background) should be converted to appropriate units 

of dpm/100cm2 prior to comparison- with the contamination limits specified in 

Appendix F-1. (See Footnote 2 of Appendix F-1.) The basic equation for determining 
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surface activity in units of the guidelines (dpd100 cm2) using a direct static 

measurement is as follows: 

SA = 
Net CPM 

E x (AI100) 

where: 
SA = Surface activity in dpmllOO cm2 
cpm = Gross counts minus background counts per minute 
E - - detection efficiency (default value is 10% efficient) 
A = probe active area (typicdly 16 cm2) 

• All positive direct contamination measurements should be followed by dry smear samples 

of 100 cm2 to determine the removable fraction. 

Dry smear samples should be taken at representative locations with 4.25 cm diameter (or 

equivalent) filter papers (Whatman #I). The smear samples should be obtained by 

applying moderate pressure with the tips of the first two fingers to the back of the filter 

paper and wiping the surface over an area of approximately 100 cm2. 

• Smear samples should be analyzed for gross alpha and gross betalgamma activity by 

utilizing an internal low background proportional counter or a scaler with either a zinc 

sulfide [ZnS(Ag)] crystal to evaluate alpha activity or a G-M tube and tray to measure 

beta-gamma activity. Since the smear is taken over 100 cm2 area, the "A/ 100" scaling 

term in the equation above can be neglected when determining dpm1100 cm2. 

• All measurements and readings should be recorded on a radiological control survey 

record form (Appendix F-2) coupled with a site map of the respective work locations. 

This map need not be to scale but should present an accurate enough description that the 

location of a measurement can be accurately reproduced. 
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Special rules and radiological control procedures are specified in Sections 12.0 and 13 .O. 

This infomation coupled with the flow charts in Appendix F-3 provide guidance as to 

appropriate measures to be taken if action levels specified in Section 11.0 are exceeded. 

Radiation Exposure Survey 

Surveys will be made using recently calibrated meters capable of measuring low level 

external exposure rates. Recent calibration implies calibration on at least an annual 

basis. . 

The unit of measurement for exposure monitoring is microroentgen per hour (uR/hr). 

• Radiation exposure surveys for employees should be conducted independently of 

contamination surveys. Positive contamination measurements should always be followed 

by radiation exposure surveys. 

Estimates of exposure rates in the work area should be made with a recently calibrated 

ion chamber or survey meter coupled with an energy compensated GM probe, sodium 

iodide detector, or equivalent instrument. Measurements should be made along work 

routes, at work positions and at representative locations at least 30 cm from the surface 

of the radioactive materials source. 

Exposure measurement will be made at the height of the reproductive organs or about 

3 feet from the ground. 

All measurements and readings should be recorded on a radiologicai control survey 

record form (Appendix F-2) coupled with a site map of the respective work locations. 

This map need not be to scale but should present an accurate enough description that the 

location of a measurement can be accurately reproduced. 
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a Special rules a d  radiological control procedures are specified in Sections 12.0 and 13 .O. 

This information coupled with the flow charts in Appendix F-3 provide guidance as to 

appropriate measures to be taken if action levels specified in Section 1 1.0 are exceeded. 

Personnel Monitoring/ Frisking 

When working in area were radiation has been detected, personnel shall be frisked for 

contamination each time an they exit an actual or potentially contaminated area or bas 

been working with radioactive material. 

Surveys shall be made using recently calibrated meters capable of measuring alpha and 

beta-gamma surface contamination. Recent calibration implies calibration on at least an 

annual basis. 

Note: Alpha surveys are required only when alpha contamination is known or suspected. 

• The unit of measurement for contamination is cpm. 

• All direct contamination measurements should be made as close to, but not in contact 

with (within 114-inch) the individual. Probe movement should be no more than 1 inch 

per second to obtain accurate measurements. Personnel frisking measurements should 

be taken with a survey meter coupled with a GM pancake probe or equivalent. The 

instrument background should be subtracted from all readings to obtain net count rate 

Monitor the hands first, then the top of head, shoulders, torso, legs and feet. Time taken 

should be approximately 1 minute. To monitor the bottoms of the feet, have the 

individual lean against a wall for balance while he/she lifts 1 foot at a time. 

Statistical count rate fluctuations are normal. Positive indication of contamination is 

generally noted by an increase in count rate of more than four times the square root of 
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the background (i-e. for background count rate of 50 cpm, approximately 80 cpm would 

be the meter reading required to be sure there was actual contamination present at 30 

cpm net). Audible indicators should be used to rapidly detect qualitative changes in 

radiation levels prior to making analog scale readings. 

• Contamination on an individual is generally limited to hands or feet and can be 

eliminated by removal of gloves or shoe coverings or by washing the affected area with 

soap and water. Special rules and radiological control procedures are specified in 

Sections 12.0 and 13 .O. This information coupled with the flow charts in Appendix F-3 

provide guidance as to appropriate measures to be taken if action levels specified in 

Section 1 1.0 are exceeded. 

Ambient Air Sampling 

Ambient air samples will be collected and analyzed when airborne radioactivity exceeds the 

Action Level (see Section X Action Level, airborne radioactivity). In addition, air samples may 

be collected at the discretion of the Project Health and Safety Officer. 

Surveys will be made using recently calibrated air samplers and counting devices. 

Recent calibration implies calibration on at least an annual basis. An approved counting 

laboratory may be used for analytical assessment of filters in leu of internal counting. 

Ambient air monitoring is to be performed in strategic locations to detect and evaluate, 

in terms of limits established in this program, levels of airborne radioactive materials at 

work locations that exhibit the presence of radioactive materials. 

Air sampling should be performed through use of a combination of methods including 

area samples at representative locations and personal air samplers worn by the worker. 
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All air samplers should utilize a flow pump to sample a specific volume of air which is 

routed through a high efficiency particulate filter, for a specified time interval. 

Air monitors utilized should be chosen so as to be capable of measuring one DAC when 

averaged over 8 hours (8 DAC Hours). 

All measurements and readings should be recorded on a radiological control survey 

record form (Appendix F-2) coupled with a site map of the respective work locations. 

This map need not be to scale but should present an accurate enough description that the 

location of a measurement can be accurately reproduced. 

11.0 ACTION LEVELS 

Gross beta-gamma Activity and Contamination 

Corrective andlor Preventative Actions should be considered to control radiation 

exposure, contamination, and/or the release of radioactive materials to the environment 

when using a Pancake GM detector or equivalent, readings at surfaces or off equipment 

equal or exceed the contamination limits specified in Appendix F-1. 

- Beta-gamma activity: Using a ratemeter coupled with a 16 cm2 pancake probe, 

a net count rate of approximately 150 cpm is about equal to 5000 dprn/100cn?. 

- Alpha activity: Using a ratemeter coupled with a 75 cm2 zinc sulfide probe, a net 

count rate of approximately 500 cprn is about equal to 1,000 dpm110 cm2. 

Special rules and radiological control procedures are specified in Sectiop 12.0 and 13.0. 

This information coupled with the flow 'charts in Appendix F-3 provide guidance as to 

appropriate measures to be taken if action levels specified in Section 11.0 are exceeded. 
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Exposure Rate 

Corrective, preventative andlor additional monitoring actions should be considered to 

control radiation exposure if ambient readings taken with a calibrated uR meter exceed 

50 uR/hr. 

The use of time, distance, and shielding concepts shall be employed to reduce exposure 

rates and exposures to levels M.. 

Though not required except as provided in section XV., the use of dosimetry should be 

considered for exposure rates above 50 uR/hr in work locations. 

• Radiation areas are defined and radiation area signs are required to be posted when the 

exposure rate may exceed 5,000 uR/hr at 30 cm from a source or equipment surface. 

(10 CFR 20). 

The action level flowchart presented in Appendix F-3 provides guidance as to appropriate 

measures to be taken when exposure action levels are exceeded. 

Airborne Radioactivity 

Ambient air monitoring shall be implemented in occupied areas with the potential to 

exceed 10 percent of any derived air concentration in Tables 1, 2 and 3, and in 

10 CFR 20. 

Airborne Radioactivity Areas are defined and posted when the levels of airborne 

radioisotopes exceed ten percent of the derived air concentrations of 10 CFR 20. 
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Radioactive Materials Presence 

Radioactive Materials Areas are defined and posted when the quantity of radioactivity 

present in an area exceeds the limits set forth in Appendix F-2 to 10 CFR 20. (100uCi 

for Ud. 

Radioactive materials signs or labels will be posted on contaminated equipment, radiation 

waste storage drums, etc. Signs and labels will be in accordance with ANSI N 12.1- 

1971 and ANSI, N 2.1-1971. 

Other 

• Monitoring should be initiated when the presence of radioactivity is suspected. 

An area where dosimetry is required shall be classified as a Controlled Area. 

12.0 RULES FOR HANDLING CONTAMINATED MATERIALS OR FREQUENTING 

CONTAMINATED ARJ3AS 

An area where contaminated materials are handled, packaged, and stored, or where 

contamination is present shall be considered Controlled Area for purposes of radiation 

protection, and should be defined by the placement of signs reading "Caution, Radioactive 

Materials," or other appropriately worded signs. 

Employees engaged in frequenting contaminated areas shall be provided with appropriate 

personal dosimetry, as necessary in compliance with federal, state and local regulation. 
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Areas where contaminated materials are handled, packaged or stored or where contamination is 

present shall be periodically surveyed to determine external exposure rates, fuced and removable 

contamination levels, and air concentrations. The frequency of radiation surveys should be such 

that the exposure of workers can be accurately predicted in order that they may be placed at 

minimum risk. 

Employees and contractors handling potentially contaminated materials or frequenting areas 

where contamiition is present shall: 

Receive training and instruction, consistent with the potential hazard encountered as 

specified in Section 17.0 of this program and 10 CFR 20, 29 CFR 1910 and applicable 

state regulations. 

Be prohibited from eating, drinking, smoking, chewing (tobacco) or engaging in other 

ingestion activities while at work within the restricted area and from engaging in such 

activities outside the controlled area until they have been deemed to be free of 

radiological contamination by survey. 

Be provided an area away from the contaminated material where they can thoroughly 

wash their hands and faces before engaging in ingestion activities or leaving work. 

Be specifically instructed to keep their hands away from their face and mouth while at 

work or when wearing protective gloves or other equipment. 

Ek trained in the use of and have available appropriate working calibrated survey meters. 
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Be instructed to work in such a fashion as to minimize the production of dust. Where 

possible, loose materials shall be wetted before handling or other dust control techniques 

shall be employed ' (i. e. HEPA-filtered vacuum and ventilation). 

Be instructed to take maximum advantage of process and engineering controls or to 

ensure that appropriate ventilation is used where available andlor necessary. 

Be instructed to work in such a manner that spilled material can be easily collected. The 

use of catch pans, floor covers, catch basins, etc., shall be maximized. 

• Be provided and required to wear the following items of protective equipment: 

- Safety Glasses with straps to hold glasses in place 

- Face Shield (if splashing is possible) 

- Impermeable Apron and/or Disposable Coveralls (depending on the nature of 

potential contact with the radioactive material). 

- Gloves, impermeable or cotton as appropriate for the material handled. (The 

selection of glove type shall be consistent with the ability of the matrix carrying 

the radioactive material to penetrate the skin and its chemical toxicity. The use 

of the glove for radioactive material protection is to provide a stopping media 

with good personal hygiene providing the final line of defense). 

- Respirator selection shall be consistent with the airborne concentrations of matrix 

material and radioactive materials present. Respiratory protection is required 

only when concentrations of radioactive materials cannot be held down, through 

use of process and engineering controls, to levels below the DAC. Respirator 

usage is optional for concentrations below the DAC, however, the ALARA 

principle will still apply for work which does not require respiratory protection. 
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- Respirator fit and usage shall be in compliance with the E/A&H Corporate 

Respiratory Protection Program and 10 CFR 20.1703. 

- Items of protective equipment shall be cleaned and disinfected at the frequency 

required in the E/A&H Corporation Respiratory Protection Program. 

Contaminated materials that are no longer needed shall be classified as Low Level 

Radioactive Waste (LLRW). 

- Low Level Radioactive Waste shall be collected in centralized posted locations 

and secured from unauthorized access and handling. Low Level Radioactive 

Waste may be stored in approved Type A containers. The container of choice 

shall be a plastic lined 55-gallon drum with a locking cover. 

• Contaminated materials shall be disposed of by transfer to a cognizant Navy authority. 

Disposal shall be in accordance with DOD, federal, and state regulations and 

requirements or, following decontamination as uncontaminated scrap or excess 

equipment. 

13.0 CONTROL PROCEDURES FOR CONTAMINATED EQUIPMENT AND AREAS 

Contaminated material and/or areas will be handled, moved, transported or frequented in such 

a way as to prevent the escape of loose radioactive material to the environment. 

Materials and areas will be placed into one of the two following categories: 

Restricted Use 

Equipment - Equipment with total fixed and removable surface contamination greater 

than the levels listed in Appendix F-1, shall be classified for Restricted use. Equipment 
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classed in this category shall not be removed until it has been decontaminated or 

identified as radioactive waste (unless it is being moved to a decontamination site). 

Equipment may be moved providing it is labeled, exterior surfaces are free of visible 

loose material and all openings are plugged to prevent loss of material, etc. Material 

falling into this category will be tagged to indicate its category. All movement and 

transportation shall be in accordance with State and DOT regulations. 

Areas - Areas with total fixed and removable surface contamination greater than the 

levels listed in Appendix F-1, shall be classified for restricted use and shall be controlled 

from a radiation protection standpoint by following the rules listed in section XI. above 

Unrestricted Use 

Unrestricted Use means that equipment and areas can be used, moved or frequented 

without limitations. Material and areas in this category will either be cleaned or be free 

of all visible loose materials. Clean is interpreted to mean that accessible surface 

contamination levels are less than those specified in Appendix F-1. Material and areas 

that fall into this category may be moved, used, or frequented without restriction. 

Records of surveys demonstrating radiological cleanliness shall be maintained for all 

items or areas released for unrestricted use. 

Out of service Restricted Use materials that cannot be cleaned to meet the Unrestricted Use 

criteria shall be tagged and stored. These materials shall then be moved to a centralized, secure, 

approved location. All material movements shall comply with the State and Dm requirements. 

Records will be maintained to document the following: 

Date of transfer. 

Items transferred. 
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Receiving person or agency. 

License/authorization if required to receive material. 

Ultimate destinatiorddisposal site. 

The posting of signs shall be in accordance with 10 CFR 20, 29 CFR 1910.9, and applicable 

state codes. 

14.0 DECONTAMINATION OPERATIONS 

Personnel working in a contaminated area or with equipment contaminated with radioactive 

material, in addition to complying with the previous section and any applicable E/A&H 

procedure, shall: 

At the end of each work daytshift, employees should be provided with sink and/or 

shower and shall be encouraged to wash thoroughly. Work clothing and protective 

equipment should be monitored for contamination as workers exit the work area 

(exclusion zone). Contaminated clothing and equipment shall be cleaned or collected for 

disposal with the radioactive waste. 

All employees shall be monitored for radioactive contamination and shall be "clean" 

prior to leaving work. 

4 Care shall be taken to collect all material removed and all liquids used in cleaning 

operations. Material so removed will be consolidated in a central location, protected 

from environmental hazard, and disposed of in an environmentally safe fashion. All 

disposal procedures shall be approved by the responsible regulatory authority. 
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15.0 WASTE DISPOSAL 

There are currently no authorized methods approved by the U.S. Nuclear Regulatory 

Commission or the U.S. Environmental Protection Agency for on-site disposal of radioactive 

materials, including technologically altered naturally occurring radioactive materials. 

Radioactive waste including contaminated equipment exceeding the limits in Appendix F-1 shall 

be disposed of by the Navy in accordance with DOD, federal and state regulations and 

requirements. 

16.0 DOSIMETRY 

Personnel Monitoring 

External beta-gamma Dosimetry 

- An approved personnel dosimetric device for employees of E/A&H is the film 

badge or TLD badge should radiation monitoring be required. 

- All individuals whose potential exposure of the whole body or body parts to 

ionizing radiation can exceed 10 percent of the limits set forth in Tables 1, 2 and 

3 (Section 9.0) shall be provided an appropriate personnel dosimetric device. 

Internal Dosimetry 

- All employees who work in areas where air, surface, or airborne contamination 

are present, and where the workers could receive 500 mrem annual effective dose 

equivalents from all intakes of radionuclides from occupational sources, or if any 

organ or tissue dose equivalent could exceed 5,000 mrem annual dose equivalent, 

may be monitored using internal dose evaluation programs such as urine bioassay. 

A monthly bioassay program is optional for all other personnel. 
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Required Records 

Records of exposure to ionizing radiation will be maintained utilizing forms acceptable 

to federal, state, and local regulators. These forms shall contain the following 

information: 

- Name 

- Date of Birth 

- . Age in Years 

- Social Security, Employee Number or other appropriate identification Number 

- Place of Employment 

- Occupation 

- Period of Exposure 

- External Exposure 

Beta or Skin Dose for Reporting Period 

Whole Body Dose for Reporting Period 

Cumulative Whole Body and Cumulative Skin Dose 

Extremely Dose (if appropriate) for Reporting Period and Cumulative 

- Internal Exposure 

Whole Body Count 

Urine Specimen 

Other 

- Remarks 

Radionuclide 

Organs at risk 

Bioassay technique 
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Bioassay result 

- The annual effective dose equivalent of an individual shall be determined by 

summing the annual effective dose equivalents from internally deposited 

radionuclides and from external exposure to ionizing radiation. 

Access to Exposure Records 

The record of exposure to ionizing radiation should be considered confidential- 

Distribution should be limited to the employee and to those individuals responsible for 

the health, safety and well-being of the employee. 

17.0 INSTRUCTION TO WORKERS 

Field staff shall be informed of the presence of radioactive materials; shall be instructed in 

precautions and procedures used to minimize exposure, and instructed in the purposes and 

functions of protective devices employed. The extent of these instructions shall be 

commensurate with potential radiological hazard. 

All potentially exposed E/A&H employees and contractors shall receive an orientation in 

radiation safety within 1 month of their initial assignment to and prior to potential exposure to 

radiation. Retraining shall be provided when there are significant changes to radiation protection 

policies and procedures which affect general plant employees and should be provided every 2 

years. Generic training (not specific to a facility) in all or some of the topics listed below may 

be waived provided; (1) this training has been received at another facility utilizing radioactive 

materials; (2) there is provision of proof-of-training in the form of a certification document 

containing the individual's name, date of training, and specific topics covered; and (3) an 

appropriate official has certified the training of the individual. The level of training is to be 
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commensurate with the employee's job assignment with the initial orientation including, but not 

limited to: 

The risk of low-level occupational radiation exposure, including cancer and genetic 

effects 

a The risk of prenatal radiation exposure 

Basic radiation protection concepts : 

- Regulatory and company radiation protection policies and procedures 

- Employee and management responsibilities for radiation safety 

- Emergency procedures 

- Dose-equivalent limits 

- Mode of exposure (internal external) 

Dose-equivalent determinations 

- Basic protective measures (time, distance, shielding) 

- Specific procedures for maintaining exposure as low as is reasonably achievable 

- Radiation survey instrumentation (calibration and limitations) 

- Radiation monitoring programs and procedures 

- Contamination control, including protective clothing and equipment and 

workplace design 

Personnel decontamination 

- Emergency procedures 

- Responsibilities of employees and management 
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18.0 EMERGENCY RESPONSE 

This outline provides emergency action guidance for determining appropriate actions for the 

rescue and recovery of persons and the protection of health and property in the event of an 

emergency which could involve radioactive material or radiation sources at NAVBASE, The 

emergency response flowchart in Appendix F-3 provides additional guidance for handling 

emergencies involving radioactive materials or radiation sources. 

General Considerations 

Controlling exposure to radiation during rescue and recovery actions is extremely 

complex. Multiple hazards and alternate methods are to be taken into account; and 

prompt, sound judgment and flexibility of action are crucial to the success of any 

emergency action. The risk of injury to those persons involved in the rescue and 

recovery activities should be minimized, to the extent practical. However, the control 

of radiation exposures should be consistent with the immediate objectives of saving a 

human life, and/or protection of health and property. 

To avoid unnecessarily restricting action, a rigid upper limit of exposure for lifesaving 

action is not specified; rather, judgment should guide proposed actions involving further 

radiation exposure. The evaluation should consider risk versus benefit, i.e. , weighing 

the risks of radiation insults, actual or potential, against the benefits (social, economic, 

etc.) to be gained. Essential elements in risk determinations include potential exposure, 

biological consequences related to the exposure, and the number of people involved. 

Any rescue action that might involve substantial personal risk from exposure to ionizing 

radiation should be performed by volunteers. When feasible, volunteers should be 

evaluated with respect to age and previous exposure history. Each emergency worker 
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should be advised of the known or anticipated hazards prior to participation by the person 

onsite having the emergency action responsibility. 

Whenever an emergency response is initiated, the E/A&H Radiation Safety Officer 

(RSO) or his designee shall monitor for the presence of radiation prior to any rescue or 

recovery mission, during such operations, and following to ensure control of 

contamination. 

Whenever contamination levels from radioactive material exceed those of Appendix F-1 , 

a full set of Personal Protective Equipment (PPE) to include, at a minimum, Tyvek suit, 

hood, booties, and gloves shall be worn. These PPE requirements may be waived by the 

On-Scene Commander if the emergency conditions warrant. 

In any emergency response, the RSO shall report to the On-Scene Commander what 

radiological hazard(s) exist and recommend incorporating GLARA techniques and the use 

of PPE to minimize personnel exposure and to minimize contamination potential, 

19.0 POSTING OF WORK PROCEDTJWS 

A copy of this procedure, or a letter stating where the employee may review these procedures 

will be prominently posted within E/A&H work locations where it can be easily seen by all 

employees. 

In addition, the name of the radiation safety officer and his phone number shall be similarly 

posted with an invitation to ask questions, make suggestions or to report violations of these 

procedures. 



APPENDIX F-1 

ACCEPTABLE SURFACE CONTAMINATION LIMITS 



Surface Radioactivity Guidelines 

Notes: 

Wide'' 

I I - Where surface contamination by both alpha and beta-gamma emitting nuclides exists, the limits established for alpha 
and beta-gamma emitting nuclides should apply independently. 

U-nat, U-235, U-238 and 
associated decay products 

Transuranics, Ra-226, Ra-228, 
Th-230, Th-228, Pa-231, Ac-227, 
1-125, 1-1 29 

Th-nat, Th-232, Sr-90, Ra-223, 
Ra-224, U-232, 1-1 26, 1-1 31, 1- 
133 

Beta-gamma emitters (nuclides 
with decay modes other than 
alpha emission or spontaneous 
fission) except Sr-90 and others 
noted above 

21 - As used in this table, dislmin (disintegration's per minute) means the rate of emission by radioactive material as 
determined by correcting the cpm observed by an appropriate detector for background, efficiency, and geometric 
factors associated with the instrumentation. 

31 - Measurements of average contaminant should not be averaged over more than 1 square meter. For objects of less 
surface area, the average should be derived for each such object. 

100 dpm a11 00  cm2 

1000 dpm 911 00 cmZ 

5,000 dpm 8-yl l00 cm2 

41 - The maximum contamination level applies to an area of not more than 100 cmZ. 

51 - The amount of removable radioactive material per 100 cmZ of surface area should be determined by wiping that area 
with dry fitter or soft absorbent paper, applying moderate pressure, and assessing the amount of radioactive material 
on the wipe with an appropriate instrument of known efficiency. When removable contamination on objects of less 
surface area is determined, the pertinent levels should be reduced proportionally and the entire surface should be 
wiped. 

300 dpm a l l  00 cm2 

61 - The average and maximum radiation levels associated with surface contamination resulting from beta-gamma emitters 
should not exceed 0.2 mradlh at 1 cm and 1.0 mradlh at 1 cm, respectively, measured through not more than 7 
milligrams per square centimeter of total absorber. 

20 dpm a11 00 cm2 

3,000 dpm a l l  00 cm2 200 dpm a1100 cm2 

15,000 dpm 8-y 1001cma 1,000 dpm &y 1 OO1cmZ 
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APPENDIX F-3 

RADIOLOGICAL SURVEY, ACTION LEVEL AND 
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APPENDIX G 

FOCUSED FIELD INVESTIGATION STUDY 





Focused FieM lnvestigahahon Strategy 
Naval Base Charleston 

October 1994 

FOCUSED FIELD INVESTIGATION STRATEGY 
STATE DEPARTMENT COMPLEX 
NAVAL BASE CHARLESTON, SC 

1.0 PURPOSE, 

Identify the human health risk(s), if any, associated with the presence of gaseous phase 

contaminants of potential concern (COPCs) in indoor air at buildings where internal 

accumulation is a possibility as a result of soil gas migration from external sources. 

2.0 BACKGROUND A.ND RECENT DEVELOPMENTS 

Congressional passage of House Rule 31 16 authorized the 01 January 1994 transfer of the Fleet 

and Mine Warfare Training Center building complex at NAVBASE to the US Department of 

State. The complex (Buildings 643, 645, 646/646A, 647 and 649) is bounded by Dyess Ave., 

Proteus St., Bainbridge Ave. and Holland St. Prior to occupation of the transferred buildings 

by the US State Department, a limited scope "focused" investigation is planned to evaluate the 

potential for impact on human health as a result of contaminants which may be emanating from 

SWMUs and AOCs in the vicinity of the building complex. The location of the buildings and 

the general surrounding area appears on Figure 1. 

Current Investigations 

NAVBASE is currently the subject of a RCRA Facility Investigation. The Fleet Mine and 

Warfare Training Center is located within the boundaries of investigation for Zone H. All 

sampling, analysis, data evaluation, and data reporting will be conducted in accordance with the 

five volume Final Comprehensive RFI Work Plan dated August 30, 1994 which was prepared 

specifically for the NAVBASE Charleston RFI. The Solid Waste Management Units (SWMU) 

and areas of concern (AOC) that are located. in the vicinity of the building complex being 

transferred to the State Department are listed in Appendix A. 



SWMU #13 
URRENT FIR 

FIGHTER 

SPOIL AREA 



Focused Field Investigation Strategy 
Naval Base Charleston 

October 1994 

Geotechnical Setting 

The general geologic setting of NAVBASE is described in Chapter 1.0 of the Final 

Comprehensive Sampling and Analysis Plan, August 30, 1994 prepared for the RFI. In that 

document, the text describes how some areas are known to be filled with material dredged from 

the Cooper River overlying the natural organic detritus associated with coastal lowlands. The 

buildings listed above have all been constructed on fill material. Visual evidence indicates that 

land subsidence occurs under buildings supported by pile foundations, This differential 

settlement has caused construction joints to open. 

Hydrogeologic Setting 

The preliminary results of the RFI elements in the vicinity of the State Department Complex 

indicate a groundwater high exists near the intersection of Bainbridge Avenue and Least Tern 

Lane, Figure 2 presents the preliminary piezometric surface contours. Preliminary data 

suggests short-term fluctuations in piezometric surface elevations of 0.02-0.29 feet in wells at 

the southern end of NAVBASE. In the immediate vicinity of the Fleet Mine and Warfare 

building complex data indicates piezometric surface fluctuations are less than 0.06 feet. Such 

short-term fluctuations are normally attributed to tidal fluctuations in the adjacent surface waters 

(Cooper River and Shipyard Creek). Fluctuations in piezometric surface and groundwater flow 

direction are frequently suspected of providing a mechanism for contaminant migration in 

groundwater and vadose zone gases. 

3.0 INVESTIGATIVE STRATEGY 

The generic term "Focused Field Investigationn or "FFIn was created to refer to the scope 

described below and has no regulatory meaning. The FFI will be used as a mechanism to 

expediently answer the question posed by the previously stated purpose. The data will be 

presented initially in a stand alone technical memo; however, since the scope of 
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Focused Field 1nvestigatzatzon Strategy 
Naval Base Charleston 

October 1994 

work is within the realm of the RFI process, the data generated will eventually be incorporated 

into the RFI for Zone H. The goals of the FFI are as follows: 

Identify the presencelabsence of indoor air contaminants. 

• Determine whether the source is internal or external. 

Evaluate human health risk or absence of risk associated with exposure to airborne 

parameters originating from external sources. 

In as much as the reports of gas emissions and adverse health affects are associated with the 

Base Exchange, the investigation will initially encompass an area including the Base Exchange 

and extending at least one block North beyond the State Department building complex, generally 

bounded, clockwise, by Hobson Ave. /Osprey St. /C B Ln. /northwest dike of the Spoil AreatWest 

Rd./Least Tern Ln./Bainbridge Ave./Halsey St./Hobson Ave. Figure 1 outlines the study area. 

The following paragraphs outline the focused investigation elements necessary to achieve the 

goals of the FFI. Some elements of the survey were completed during an initial phase of field 

activities conducted in February and March 1994. Previously collected data is also summarized 

in the appropriate sections below. 

3.1 Building Surveys 

Separated joints or cracks in floor slabs could constitute migration pathways for soil gases to 

enter occupied spaces ; therefore, each building within the study area was visually examined. 

Floor plans, acquired during the Base Realignment and Closure (BRAC) environmental baseline 

survey (EBS), were used to guide the surveys (expansion/construction joint locations) and to 

record the results. The buildings were inspected for floor separations, unsealed utility 

penetrations, and land subsidence under the buildings. During the initial phase, floor separations 

were used as sampling points for the evaluation of sub-floor emission sources and work space 

air quality. 



Focused Field Investigation Strategy 
Naval Base Charleston 

October 1994 

As a result of the building surveys, the following structures were recommended for air quality 

sampling: Building 36 (Barracks), Building NS84 (Naval Security Group Activity), Building 202 

(Fleet and Mine Warfare Instruction), Building 640 (Steamers-CPO Club), Building 643 (Fleet 

and Mine Warfare Training Building), Building 644 (Bowling Center), Building 645 (Fleet and 

Mine Warfare Engine Overhaul Facility), Building 656 (Exchange), and Building 657 (Sports 

Bar). 

3.2 Air Quality Study 

The proposed air sampling strategy is designed to maximize the likelihood of detecting airborne 

volatile and semi-volatile organic contaminants inside and underneath buildings identified during 

the surveys. Data from the previous phase of air sampling detected some anthropogenic 

compounds inside the buildings listed in the previous section. The data generated is summarized 

in Tables 1 through 8 below. A source for the compounds detected was not conclusively 

identified; therefore, an additional phase of sampling will be conducted in conjunction with the 

Zone H RFI. During the initial phase, Building 36 was being painted and therefore, was not 

samples. Samples will be collected during this phase. 

Data from the sampling efforts will be used to evaluate human health risks and determine 

whether COPCs, if identified, are emanating from an internal or external source. If the data 

suggests that an external source is present, source location and characterization will be conducted 

under the scope of the Zone H RFI. Key components are as follows: 

3.2.1 Sample Methodology - Air samples will be collected into evacuated stainless steel 

SUMMA canisters, sealed and shipped to a commercial laboratory for analysis. Vacuum flow 

regulators will be used to control the sampling period (these regulators can be set to collect an 

integrated composite sample over a prescribed period). Sampling procedures will adhere to the 

guidelines specified Section 8.3 of the Final Comprehensive Sampling and Analysis Plan. 
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3.2.2 Sample Period and Frequency - During the previous sampling event, samples were 

collected over a 24 hour time period. This sampling strategy was designed primarily because of 

the unknown influence of the tidal cycle on groundwater fluctuations. Since the tidal influence 

study has indicated the influence is minimal, an 8 hour sampling period is now proposed to 

emulate conditions during a typical daily work shift. Samples will be collected daily for 3 

consecutive days to assess short term variability in air quality. One ambient air sample per day 

will be collected to establish background conditions. Duplicate samples will be collected at a 

frequency of 1 per every 10 air samples collected. 

3.2.3 Sample Location - Air samples will be collected at three principal locations: 

a) Floor separationstpenetrations - with the objective of quantifying any sources of 

airborne contaminants at the potential points of entry within the buildings. 

b) The breathing zone in the most frequentlyidensely occupied areas of the buildings - to 

assess human exposures to airborne contaminants. 

c)  Void space between ground surface and building sub-floor. Sampling will be conducted 

arationsfpenetrations to provide the most 

rce for COPCs. This sampling is based on the 

cture would tend to accumulate in "dead air" 

prevent the necessity of a potential confined 

lished by ambient air sampling outside Building 656. 

3.2.4 samp)e Analysis and Sensitivity - Samples from both phases either were or will be 

analyzed using EPA Compendium Method TO-14; The determination of Volatile Organics in 

Ambient Air Using SUMMA Passivated Canister Sampling and Gas Chromatographic Analysis, 

having quantitation Iimits of 10 , ~ g / r n ~  or less for volatile compounds. 
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Note: These methods are also sensitive enough to likely detect airborne chemicals associated 

with retail products routinely present in the building, such as, scented soaps and toiletry items, 

cleaning products, skin care products, adhesive, felt markers and paints. 

3.3 Soil-Gas Survey 

Although the soil gas and geophysical survey completed in 1993 at the old landfill, SWMU #9, 

showed only isolated responses central to the landfill, a supplemental passive soil gas survey 

(Appendix B contains a map depicting the results) was conducted to further investigate the 

potential for contaminant migration and possible impact in the building area complex. Sample 

collection was performed in accordance with Section 8.3 of the Final Comprehensive Sampling 

and Analysis Plan. A grid pattern was established to define potential volatile and semivolatile 

contamination in the complex, as well as assess possible migration and/or dispersion pathways. 

The following section briefly describe the passive soil gas methodology and results. This 

information will be described in greater detail in the technical memo which will be produced at 

the completion of the air sampling. 

3.3.1 Soil-Gas Sample Collectors 

Installation - The PETREX sample collectors used consisted of a glass sample tube containing 

two or three ferromagnetic collector wires, coated with activated charcoal, serves as an 

adsorbent for volatile and semivolatile compounds. All glassware was cleaned in accordance 

with OSWER Directive 9240.0-05A, December, 1992, "Specifications and Guidance for 

Contaminant-Free Sample Containers", as applicable. Sample collectors were placed in the 

bottom of a narrow borehole dug with a hand auger or shovel approximately 18 inches in depth. 

(Boreholes for sample locations on asphalt were dug slightly deeper to avoid possible false 

semivolatile readings.) 

Following the installation of the sample collectors, the borehole was plugged with aluminum foil 

above the sampling device to create a void to trap the soil vapors. To protect the sampler, the 
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remainder of the borehole was filled with native material and a marker flag or stake placed next 

to the borehole. The sample collectors were left in for 3 to 5 days to adsorb soil gases over 

multiple tidal events. When sample collectors were removed from the ground, boreholes are 

filled to ground surface with excavation spoils or clean fill and an asphalt patch where necessary. 

Analysis - Once a sample from a sample collector at each designated sampling location was 

collected, the tube was sealed and shipped to a commercial laboratory for analysis. One of the 

wires from each sampler was analyzed by Thermal DesorptionIMass Spectrometry. For quality 

assurance purposes, the second wire in 5 percent of the samples was analyzed by Thermal 

Desorption-Gas ChromotographyIMass Spectrometry. Compound identification was based on 

molecular weight, compound fragmentation, and isotope distribution. The mass spectral signature 

was compared to a large library of mass spectra of commonly used chemical mixtures such as 

gasolines, diesels, industrial oils, solvents, plastics, etc. to assist in both compound and mixture 

identification. Sample results are reported in ion counts since the sampling method does not 

include a unit of volume. 

3.3.2 Soil-Gas Survey Results - Passive soil gas data results are predominantly qualitative 

information to be used as a guide in selecting optimum soil and groundwater sampling areas. 

The results are semi-quantitative in the sense that higher ion responses for a given compound 

are representative of higher concentrations in the subsurface given that geologic conditions are 

relatively consistent. Due to chemical differences between compounds including their ability to 

adsorb and desorb from the activated charcoal it is invalid to compare ion counts between 

compounds. Factors which may influence the passive soil gas results and need to be considered 

when interpreting the data include the presence of ground and surface water, microbiotic activity 

in soil, and ground cover - both natural and synthetic. 
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Areas where relatively high soil-gas responses were detected are listed as follows. 

Along the west and south sides of Building 656 (an oil spill has been reported in this 

area). 

Between Buildings 644 and 643 (oil and BTEX results were especially high in this area). 

Between Buildings 644 and 643 at the eastern end of the open area. 

In the vicinity of sample locations 4 and 5 at Building 645. 

The northeast comer of Building 640 in the vicinity of the front door. 

The west end of Building 640 in the vicinity of the loading dock. 

The north side of Building 84. 

The northwest corner of Building 202. 

The east side of Building 656 in the vicinity of the automatic teller machine. 

3.4 Tidal Influence Study 

Fluctuations in the piezometric surface over a relatively short time period may act as a 

mechanism to "flush" soil gas from the vadose zone. Continuous water level recorders were 

installed in several monitoring wells in the vicinity SWMU 9 to record the piezometric surface 

fluctuations over a 72-hour period (12 tidal cycles). The wells selected were located at various 

distances from the shoreline. Graphs depicting fluctuations in groundwater elevations versus 

time were generated and used to predict potential groundwater fluctuations under the buildings. 

These graphs will be presented in the FFI technical memo. The water level data was monitored 

and recorded in accordance with Section 10.6.3 of the Final Comprehensive Sampling and 

Analysis Plan. 

The groundwater level monitoring investigation identified the general relationship between tidal 

fluctuations and groundwater levels within the area between Shipyard Creek and Cooper River. 

Water level fluctuations attributable to tides were minimal across the area investigated and are 

not expected to provide a force capable of pushing vapor-phase contamination through cracks 

and floor partings into buildings. Total fluctuation due to tides only exceeded 0.10 foot in one 
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of the wells monitored. The well demonstrating the most fluctuation was approximately 150 feet 

from Shipyard Creek and directly adjacent to an area daily inundated by the tide. The minimal 

fluctuations in groundwater levels would not play a significant role in directing contaminants 

transported by groundwater in any direction other than that determined by the natural 

groundwater flow gradient. 

4.0 BASELINE RISK ASSESSMENT 

The potential for human health risks associated with COPCs emanating from sources external 

to the buildings will be evaluated based on the data collected during the FFI. The risk 

assessment will conform to the Risk Assessment Guidance for SuperJund, Human Health 

Evaluation Manual, Volume I,  USEPA/540/l-89/002, December 1989 (RAGS) and the 

Comprehensive Baseline Risk Assessment Work Plan prepared for the NAVBASE RFI. The 

scope of the risk assessment within the FFI will be limited evaluating current risks posed to 

workers and building visitors. The Navy recognizes that with the impending base closure future 

uses of buildings may change; however, the intent of the FFI is to assess immediate concerns. 

The baseline risk assessment to be performed for the entire Zone H will address potential future 

use scenarios. 

5.0 COMMUNITY RELATIONS PROGRAM 

The Public Affairs Officers (PAOs) of SOUTHDIV and Naval Base Charleston will continuously 

monitor the progress of the focused investigation and its results. Should the results justify public 

notification, or should media representatives make inquiries regarding the investigation, the 

PAOs will produce appropriate press releases, fact sheets, etc.. The community relations 

stepped approach is outlined below. 

Before field work began, information sessions were held and fact sheets provided to 

workers in the area of field investigationsfelected officials/RAB/media reps. Publicized 

information source at the Naval Base and location of the information repository which 

was established in 1993. 
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Provide updates throughout the field investigation, using the Installation Restoration 

Community Relations Plan as a guide. These updates will be in the form of media 

releases, fact sheets, paid advertisements, and community meetings. These updates will 

communicate to the public information on the progress of the field investigation, safety 

plans, results of tests, risk assessment and future actions. 

Copies of fact sheets, media releases, or other information released about the field 

investigation will be provided to EPA Region IV and SCDHEC simultaneously. 

Allow opportunities for public input during investigation to address concerns on a more 

frequent basis. 

6.0 SCHEDULE 

Figure 3 presents a preliminary schedule for the Focused Field Investigation. The Risk 

Assessment produced from the Focused Field Investigation will exclusively address the State 

Department building complex. This interim deliverable will be incorporated into the Baseline 

Risk Assessment at the completion of the Zone H RFI. 
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APPENDM H 

MATERIAL SAFETY DATA SHEETS 



Individual MSDS shall be included in the field copies of the Health and Safety Plan. 



APPENDIX I 

DIRECTIONS TO EMERGENCY MEDICAL FACILITIES 



DIRECTIONS TO THE CHARLESTON NAVAL HOSPITAL 

The nearest hospital to the site is the Charleston Naval Hospital. this hospital should be used 
for all life threatening medical emergencies. For other medical services please use Baker 
Hospital. 

Nearest Hospital 

Charleston Naval Hospital 
McMillan Road 
Charleston, South Carolina 

Emergency Room Telephone Number: (803) 743-70 1 1 
General Information Number: (803 743-7000 

Directions to Charleston Naval Hospital k o m  Main Gate of the Charleston Naval Shipyard: 

1) Refer to Figure 6-X, Map to the Charleston Naval Hospital. 

2) Exit naval base via the Main Gate (McMillan Gate). 

3) Proceed west, toward Rivers Road. 

4) At the intersection of McMillan and Rivers, the hospital is on the left. 
• Hospital entrance is just before the intersection. 

Hospital is approximately 112-mile from the Main Gate. 
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APPENDIX J 

HEALTH AND SAFETY PLAN FORMS 



PLAN ACCEPTANCE FORM 

PROJECT HEALTH AND SAFETY PLAN 

INSTRUCTIONS: This form is to be completed by each person working on the project site and 
returned to: Ensafe/ Allen & Hoshall , Memphis, Tennessee. 

Job No: 0029 - 00104 

Contract No: N62467-89-D-03 1 8 

Project: Zone H - Naval Base Charleston 

I have read and understand the contents of the above plan and agree to perfom my work in 
accordance with it. 

Signed 

Print Name 

Company 

Date 

J- 1 



EMPLOYEE EXPOSURE HISTORY FORM 

Employee: 

Job Name: 

Date(s) FromITo: 

Hours Onsite: 

Contaminants (SuspectedIReported): 

(See Attached Laboratory Analysis) 



PLAN FEEDBACK FORM 

Problems with plan requirements: 

Unexpected situations encountered: 

Recommendations for revisions: 



ACCIDENT REPORT FORM 

SUPERVISOR'S REPORT OF ACCIDENT 

TO 

DO NOT USE FOR MOTOR VEHICLE OR 
AIRCRAFT ACCIDENTS 

FROM 

TELEPHONE (~nc~uda area codst 

NAME OF INJURED OR ILL WORKER AND COMPANY 

WORKER'S SOCIAL SECURITY NUMBER 

DATE OF ACCIDENT TIME OF ACCIDENT EXACT LOCATION OF ACCIDENT 

NARRATlVE DESCRlmlON OF ACCIDENT 

NATURE OF ILLNESS OR INJURY 
AND PART OF BODY INVOLVED 

LOST TIME 

YES 
NO 

PROBABLE DISABILITY (Chmck one) 

FATAL LOST WORK DAY LOST WORK DAY NO LOST WORK DAY 
WITH DAYS WITH DAYS 
AWAY FROM WORK OF RESTR~CTED FIRST-AID ONLY o 

ACTIVITY 

CORRECTIVE ACTION RECOMMENDED (By whom and by when) 

NAME OF SUPERVISOR 

SIGNATURE 

TITLE 

DATE 
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