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As part of the U.S. Navy's Installation Restoration Program, this 
Remedial Investigation (RI)/Feasibility Study (FS) work plan has been 
prepared for the Industrial Wastewater Treatment Plant (IWTP) Sludge 
Drying Beds (Site 32), Wastewater Treatment Plant (WWTP) Ponds (Site 
3 3 ) ,  and the miscellaneous IWTP Solid Waste Management Units (SWMUs; 
Site 35) located at the Naval Air Station (NAS) in Pensacola, Escambia 
County, Florida. These three sites comprise operable unit 10, referred 
to herein as the Group 0 sites. Site 13 (Magazine Point Rubble Disposal 
Area) is located immediately east of the Group 0 sites, along the 
eastern shore of the Magazine Point Peninsula. Given the proximity of 
Site 13 to the Group 0 sites, and the possible relationships of poten- 

L tial contamination between them, the proposed Phase I1 investigation of 
Site 13 will be performed in conjunction with the Group 0 investigation. 
This work plan has been prepared by Ecology and Environment, Inc., 
(E & E) for the Southern Division, U.S.  Navy, Naval Facilities 
Engineering Command, under Contract No. N62467-88-C-0200. 

The Group 0 sites occupy about 26 acres of the basal portion of the 
Magazine Point Peninsula. Land surface elevations in the vicinity of 
these sites are about 5 feet above mean sea level. The three sites are 
nearly level with a slight slope northward and eastward toward Pensacola 
Bay. On or immediately adjacent to these s i tes  are 23 shallow 
(approximately 15 feet deep), five intermediate (approximately 40 feet 
deep), and four deep (approximately 65 feet deep) groundwater monitoring 
wells, and seven (approximately 25 feet deep) groundwater recovery 
wells. 
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Two other sites are located immediately adjacent to the Group 0 sites. 
The southern portion of Site 11 (North Chevalier Disposal Area) occupies 
the shoreline and land along the southern end of Bayou Grande west of 
the Magazine Point Peninsula; and the northern end of Site 30 (Buildings 
649 and 755) occupies the mouth of the small creek, west of the Magazine 
Point Peninsula, that flows into Bayou Grande (see Figure 2-2). 

Historical analytical information indicates that groundwater 
contamination at the Group 0 site complex is primarily limited to the 
shallow and intermediate zones. 
contamination in these zones are located east of the former sludge 
drying beds and in the vicinity of the former surge pond. The primary 
contaminants of concern at the Group 0 site complex are metals, volatile 
organic compounds (VOCs), and acidlbase-neutral extractable organic 
compounds (BNAs). Although soil sampling at the sites has been limited, 
previous soil analytical results indicate that the areas underneath the 
now capped-off sludge drying beds and former surge pond are affected by 
VOCs and BNAs. In addition, the existence of other contaminated soil 
areas is possible given the nature of past site activities. The only 
known potential sources of this contamination are the past and/or 
present activities associated with the IWTP--the IUTP sludge drying beds 
and WWTP ponds are known to have received potentially hazardous 
materials (primarily phenols, solvents, and metal plating wastes). 
Consequently, the scope-of-work at sites 32, 33, and 35 will encompass a 
full-scale RI/FS effort. 

Two general areas of groundwater 

The Group 0 investigation will provide the quantitative data base 
necessary to support the screening and evaluation of potential remedial 
alternatives, as well as fully identify the horizontal and vertical 
extents of Contamination. 
follows : 

The main goals of the investigation are as 

o Determine the present physical condition(s) of the Group 0 
sites and identify the extent to which these conditions may 
be related to or affected by site contamination. 

2 
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Identify, to the greatest extent possible, all of the 
historical and current sources of contamination at the 
Group 0 sites, including those in addition to the former 
sludge drying beds and the former surge pond. 

Determine the source, nature, magnitude, and extent of 
potential surface water and sediment contamination in the 
small drainage ditch at the southern end of the Group 0 
site complex. 

Determine the source, nature, magnitude, and 
lateral/vertical extents of known/suspected areas of soil 
and groundwater contamination; 

Initiate the Risk Assessment and FS program for the sites. 

In order to meet the above objectives, the Group 0 RI will include the 
following tasks: 

Aerial photograph analysis and contaminant soilrce survey. 
Determine past and present site activities related to 
known/suspected contamination; 

Overall physical reconnaissance, organic vapor analyzer 
survey, radi . 
and evaluate current site conditions and 

- .  . .ation survey, and habitatjbiota survey. Assess 
Itermine the 

extent to which, if any, these conditions are related to or 
affected by knowdsuspected contamination; 

Soil/gas survey. 
and shallow groundwater contamination at the Group 0 site 
complex ; 

Determine the location of potential soil 

Surface water, sediment, and soil sampling. 
presence of and characterize the full spectrum of site 
contamination of these media: 

Determine the 

Installation of shallow and intermediate monitoring wells. 
Provide additional sampling locations within 
known/suspected areas of contamination in the shallow and 
intermediate zones (the limited extent of contamination in 
the deep zone does not require additional wells); 

Collection of groundwater samples from several existing and 
all newly installed wells. 
delineating the extent of and characterizing site 
contamination; 

Provide additional data for 

Biota and air sampling (if required by the results of the 
above tasks). 
media may be affected by site contamination. 

Assess the extent to which these receptors/ 

4 
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o Hydrologic assessment. Expand the current information on 
aquifer properties underneath the sites and determine 
groundwater flow rates and direction in each aquifer zone; 

o Engineering survey. Provide accurate identification of all 
site sampling locations and cultural and topographic 
features. 

Based on the results of the tasks identified above, during the RI E & E 
will initiate the appropriate Risk Assessment and FS activities. Risk 
Assessment activities will be directed toward identification of 
contaminants of concern, as well as identification of data gaps that 
must be eliminated to support the eventual completion of a Baseline Risk 
Assessment for the site. 

FS activities, which will be required for the Group 0 sites, will be 
directed toward the identification of any remaining data gaps that must 
be eliminated to support the eventual completion of a comprehensive FS 
for the sites. In addition, if  warranted, E & E will evaluate the RI 
results to identify whether any interim remedial measures (IRMs) are 
required and, if so, develop recommendations for implementation of these 
IRMs . 

The results of the Group 0 and Site 13 investigations will be incor- 
porated in a single RI report. In addition, all available and relevant 
information from the Phase I1 investigation of sites 11 and 30 will be 
included in the RI report. The RI report will provide all the 
information necessary for the development and completion of an FS. 

3 2 0 0 9 2 1  4 



1. INTRODUCTION 

The purpose of this work plan is to outline the procedures and 
methodologies to be used in conducting a Remedial Investigation 
(RI)/Feasibility Study (FS) at the Industrial Wastewater Treatment Plant 
(IWTP) Sludge Drying Beds (Site 32), Wastewater Treatment Plant (WWTP) 
Ponds (Site 33), and the miscellaneous IWTP Solid Waste Management Units 
(SWMUs; Site 35) located at the Naval Air Station (NAS) in Pensacola, 
Escambia County, Florida. (These three sites comprise operable unit 
10). Site 13 (Magazine Point Rubble Disposal Area) is located 
immediately east of the Group 0 sites, along the east shoreline of 
Magazine Point Peninsula. Given the proximity of this site to the Group 
0 sites, and the possible relationships of potential contamination 
between them, the proposed Phase I1 investigation of Site 13 will be 
performed in conjunction with the Group 0 investigation (see Ecology and 
Environment, Inc., [E & E] 1991~). 

This work plan has been prepared by E & E for the Southern Division, 
U.S. Navy, Naval Facilities Engineering Command, under Contract No. 
N62467-88-C-0200. 
and file documents provided by the Navy (see Table 1-1), and on 
information gathered by E & E during preliminary site inspections 
conducted during January 1989. 

The work plan has been developed based on information 

Historical analytical information indicates that groundwater in some 
areas of the Group 0 site complex is contaminated primarily with 
volatile organic compounds (VOCs) and metals. 
sources of this contamination are the past and/or present activities 
associated with the IWTP; the IWTP sludge drying beds and WWTP ponds are 
known to have received potentially hazardous materials, and 

The only known potential 
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contamination in the vicinity of these two sites has been documented. 
Consequently, the scope-of-work at sites 32, 33, and 35 will encompass a e full-scale RI/FS effort. 

The scope-of-work detailed in this work plan will be implemented 
utilizing the procedures described in the U.S. Environmental Protection 
Agency's (EPA's) 1991 document, Guidance for Conducting Remedial 
Investigations and Feasibility Studies under CERCLA (EPA 1991). 
procedures ensure a logical progression through the RI/FS and are as 
follows: 

These 

o Preliminary site assessment; 

o Scoping the RI/FS; 

o Site characterization; 

o Treatability investigations; 

o Development, screening, and detailed analysis of remedial 
alternatives; 

o Remedy selection and design; and 

o Record of decision. 

As a result of the extensive investigative work performed at the Group 0 
site complex over the past several years, the Group 0 investigation 
differs from the other NAS Pensacola site investigations by focusing on 
the formal confirmation and quantification of the full spectrum of site 
contaminants. The Group 0 investigation will provide the quantitative 
data base necessary to support the screening and evaluation of potential 
remedial alternatives, as well as fully identify the horizontal and 
vertical extents of contamination. The main goals of the investigation 
are as follows: 

o Identify the historical and current sources of contamina- 
tion at the Group 0 sites, including sources in addition to 
the former sludge drying beds and former surge pond; 

o Determine the source, nature, magnitude, and lateral and 
vertical extents of knowdsuspected areas of surface water, 
sediment, soil, and groundwater contamination; and 
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o Evaluate and select the most appropriate remediation 
techniques for the Group 0 sites. 

The results of the Group 0 and Site 13 investigations will be 
incorporated into a single RI report. 
relevant information from the Phase I1 investigations of adjacent sites 
11 (North Chevalier Disposal Area) and 30 (Buildings 649 and 755) will 
also be incorporated into the RI report. 
the information necessary for the development and completion of an PS. 

In addition, any available and 

The RI report will provide all 

The following will be used as guidance documents during performance of 
the RI/FS tasks: June 1990 Project Management Plan (PHP), June 1990 
Site Management Plan (SMP), July 1990 General Realth and Safety Plan 
(GRSP), and July 1990 Generic Quality Assurance Project Plan (GQAPP). 

The PMP, previously submitted to the Navy, defines the technical 
approach and schedule as well as the qualifications of personnel who 
will be directing and performing the RIIFS. 

incorporate and reference applicable technical and schedule sections, as 
appropriate, and will follow E b E ' s  project management guidelines (see 
Section 8). 

This work plan will 

The SMP, previously submitted to the Navy, defines the management 
procedures for field activities on both the site and program level. The 
management and implementation of all field activities conducted as part 
of the RI/PS of sites 32, 33, and 35 will follow the SHP, and any 
updated versions. Data Quality Objectives (DQOs), and all Applicable or 
Relevant and Appropriate Requirements (ARARs) have been considered in 
developing the initial phases of fieldwork described here, and will be 
updated and revised for any subsequent phases of fieldwork. 
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1.3 GENJWU. HEALTH AND SAFETY PLAN 

A comprehensive GHSP and individual site-specific safety plan (SSP) have 

been developed to provide readily available emergency information and 
preventative safety measures. The GHSP and the SSP comply with the 
Occupational Safety and Health Administration (OSHA) 1990 document, 

Guidelines for Hazardous Waste Operations. 

in Appendix A. 
The Group 0 SSP is presented 

The GHSP, previously submitted to the Navy, outlines health and safety 
procedures and protocols to be followed during all field investigations 
at each of the 39 sites on NAS Pensacola. The plan includes: standard 
operating procedures (site entry, decontamination, etc.); hazard 
communication and training (safety training, briefings, documentation, 
etc.); safety equipment and instrumentation (monitoring, personnel 
protective equipment, etc.); and hazard evaluation by contaminant class 
(metals, organics, etc.); and hazard evaluation for each task (drilling, 
sampling, etc.). The GHSP will be periodically updated, as required, 
during the course of this program. 

0 
The GHSP and SSP also define the toxicological properties and health 
hazards associated with each site. The SSP includes emergency action 
information pertinent to the safety of the field personnel and of the 
public (hospitals, ambulatory units, poison control centers, fire 
departments, and police/sheriff departments). The SSP also identifies 
first-aid and personal safety equipment and provides recommended site 
security precautions. 

1.4 GENERIC QUALITY ASSURANCE PROJECT PLAN 

A GQAPP has been prepared to outline and delineate all investigative 
procedures and policies. This comprehensive document will be referenced 
for all field and laboratory procedures for this program and was used to 
develop the Site-Specific Quality Assurance Plan (SQAP). 

1-7 



The SQAP, presented in Appendix B, provides site-specific quality 
assurance/quality control (QA/QC) measures used to obtain accurate and 
precise data for all site investigation activities. The SQAP addresses 
all phases of the investigation from development of the initial sampling 
plan through verification and reporting of the analytical results. All 
of the QA/QC procedures described in the GQAPP and SQAP are in 
accordance with applicable professional technical standards, EPA 
requirements, and specific Navy goals and requirements for this project. 
All samples will be collected, handled, packaged, preserved, and 
transported in accordance with the GQAPP and SQAP, and with Navy and EPA 
procedures. 
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2. SITE BACKGROUND AND SETTING 

2.1 SITE DESCRIPTION 

The IWTP Sludge Drying Beds (Site 32), WUTP Ponds (Site 33), and the 
miscellaneous IWTP SWMUs (Site 35) lie approximately 750 feet north of 
Chevalier Field (see figures 2-1 and 2-2). The Group 0 sites occupy 
about 26 acres of the basal portion of the Magazine Point Peninsula. 
Three sites are immediately adjacent to the Group 0 site complex: Site 
13 occupies the eastern border of the Magazine Point Peninsula, 
immediately adjacent to the IWTP; the northern end of Site 30 occupies 
the distal end of a small unnamed creek west of the Group 0 sites; and 
Site 11 occupies the shoreline and adjacent land area along the southern 
arm of Bayou Grande (see 
vicinity of the Group 0 sites are about 5 feet above mean sea level 
(MSL); the Group 0 sites are nearly level with a slight slope northward 
and eastward toward Pensacola Bay. Surface soils, in areas exposed at 
each of the three sites, are classified by the U.S. Department of 
Agriculture's (USDA) Soil Conservation Service as undifferentiated 
coastal soils bordering salt water: coastal dune land and beach tidal 
marsh (USDA 1955). On or adjacent to these sites are 23 shallow, five 
intermediate, and four deep groundwater monitoring wells, and seven 
groundwater recovery wells (see Table 2-1). 

Figure 2-2). Land surface elevations in the 

Land use at NAS Pensacola consists of various military housing, 
training, and support facilities as well as large industrial complexes 
for major repairs and refurbishment of aircraft engines and frames. 
Magazine Point Peninsula is primarily used for the IWTP facility but 
also houses several ordnance bunkers relatively close to the IWTP. 

majority of the peninsula north of the IWTP is restricted to public 

The 

The 
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SOURCE: U.S.G.S. 7.5 Mlnute Series (Topograplitc) Ouacirangle For i  Barrancas. Fla. 1970 and West Pensacoh. FIa. 1970. 
Pholorevised 1987. 
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Figure 2-1 LOCATION MAP - NAS PENSACOLA SITES 32,33, AND 35 



Figure 2-2 SITE MAP - NAS PENSACOLA, SITES 32,33, AND 35 
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WOll Total Dopth Scroonod Surtaeo TOC Dopth to 
Dosig- Xnstallation Construction DiaBe te t Dr il1.d Intorval ?iltor Pack Elovation Elevation 
nation Date Hat. c i a 1 (in) ( f t )  ( f t )  (ft) (ft B I I )  (ft B.1) 

maitoriog mils 

OM-8 3/84 

GM-9 3/84 

OH- 10 3/84 

GM-11 3/84 

GM-12R 4/88 

GH-13 3/84 

OM-14 3/84 

OM-6 2 8/85 

GH-63 8/85 

GM-6 4 8/85 

OM-6 5 

OM-66 

GM-67 

GM-68 

on-69 

Ow-70 

GM- 7 1 

an- 7 2 

GH- 7 3 

8/8 5 

8 / 0 5  

8/85 

8/8 5 

8/85 

8/85 

8/85 

8/85 

8/8 5 

PVC 

PVC 

PVC 

PVC 

PVC 

PVC 

PVC 

PVC 

PVC 

PVC 

PVC 

PVC 

PVC 

PVC 

DVC 

PVC 

PVC 

PVC 

PVC 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

12.0 

12.0 

12.0 

12.0 

15.0 

12.0 

12.0 

15.0 

65.0 

40.0 

65.0 

40.0 

15.0 

65.0 

40.0 

lS.5 

12.5 

12.5 

ls.o 

9.5 - 12.0 
9.3 - 11 .8  

9.5 - 12.0 
9.3 - 11.8 
11.0 - 14.0 
9.5 - 12.0 
8.9 - 11.4 
12.5 - 15.0 
6 1 . 5  - 6 5 . 0  

37.5 - 40.0 
62.5 - 65.0 
37.5 - 40.0 
12.5 - 15.0 
62.5 - 65.0 
3 1 . 5  - 40.S 
12.5 - 15.0 
10.0 - 12.5 
10.0 - 12.5 
12.5 - 15.0 

5.5 

5.3 

5.5 

5.5 

NA 

5.5 

5.0 

4.0 

56 . O  

35.0 

58 .O  

31.0 

8.0 

56.0 

32.0 

7.0 

7.0 

7.0 

7.0 

5.7 

5.0 

5.4 

5.5 

7.7 

4.7 

3.5 

5.0 

I .7 

4.6 

4.7 

5.5 

4.5 

1.9 

5.3 

5.1 

4.6 

5 . 3  

10.1 

6.12 

5.65 

5.83 

6.00 

9.83 

5.09 

4.56 

7.11 

6.97 

6.26 

6.67 

7.48 

6.38 

7.00 

7.85 

7.15 

6.76 

7.61 

12.36 

14I~~PIUH130S:T0220/197/8 
Koy a t  end of table. 



Woll Total Dopth Scroonod Dopth to Surfac. TOC 
Desiq- Installation Construction Di aao to r Dcillod fntorval Filtoc Pack E 1 O V 8  t i on Elovation 

(ft as11 (ft 181) nation Dato Ha to r fa 1 (in) (ft) (ft) (ft) 

GH-76 

GH-77 

GH-78 

GM-79 

GM-80 

GM-81 

GM-82 

GM-83 

GM-84 

PCD-1 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

3/90 

PVC 

PVC 

PVC 

PVC 

PVC 

PVC 

PVC 

PVC 

PVC 

PVC 

2 

2 

2 

2 

2 

2 

2 

2 

2 

4 

13.5 

13.5 

13.0 

12.5 

13.5 

12.5 

12.5 

12.5 

48 . O  

70.0 

11.0 - 13.5 
11.0 - 13.5 
10.5 - 13.0 
10.0 - 12.5 
11.0 - 13.5 
10.0 - 12.5 
10.0 - 12.5 

10.0 - 12.5 

43.0 - 48.0 
65.0 - 69.75 

~ 

6.0 

5.0 

8.0 

7.0 

8.0 

8.0 

7.0 

8 . 0  

38.0 

64.0 

7.1 

4.2 

5.5 

2.7 

4.2 

2.4 

2.4 

2.9 

10 .o 

NA 

7.88 

4.71 

7.02 

4.65 

4.63 

4.33 

4.45 

4.84 

11.84 

NA 

PCI-1 3/90 

PCS-1 3/90 

UG-1 1981 

Recovery W e l l s  

RW-1 10/8 6 

RW- 2 10/86 

RW- 3 10/86 

RW-I 10/86 

RW- 5 10/86 

RW-6 10/86 

RW-7 10/86 

PVC 4 

PVC 4 

Stainless Steel 2 

PVC 2 

PVC 2 

PVC 2 

PVC 2 

PVC 2 

PVC 2 

PVC 2 

45.0 40.0 - 44.75 39.0 

20.0 15.0 - 19.75 14.0 

10.4 

30 . O  

37.0 

37.0 

39.0 

39.0 

39.5 

39.0 

5.4 - 10.4 

15.0 - 30.0 

22.0 - 37.0 
22.0 - 37.0 
24.0 - 39.0 
24.0 - 39.0 
24.5 - 39.5 
24.0 - 39.0 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA NA 

NA NA 

7.6 

2.4 

3.3 

2.8 

5.0 

5.2 

3.7 

4.7 

8.48 

4.91 

5 . 8 8  

5.64 

3.44 

4.22 

2.66 

3.35 

14 [NASPlUH1305:TO220/197/8 
Koy: 

'GM-12 was originally installod in March 1984 but was daaagod and roplacod with GH-12R in April 1988. 
NA = Not available. 
PVC = Polyvinyl chlorido. 

Sourco: Ecology and Environmont, Inc.. April 1990; Goraghty and Hillor, Inc., 1985b, 1987b. 1988. 



access. 
the north, Pensacola Bay to the east, and NAS Pensacola industrial 
complexes to the west and south. The nearest residential area is on 
base, approximately 3,000 feet southvest of the IVTP. 

The IUTP is separated from residential areas by Bayou Grande to 

The coastal waters surrounding NAS Pensacola are classified as Class I11 
waters (NBESA 1983). The Florida Department of Environmental Regulation 
(PDER) defines Class 111 waters as nwaters to be used for recreational 
purposes, including such body contact activities as swiaming and water 
skiing; and for the maintenance of a well-balanced fish and wildlife 
populationn (PDRR 1990). 
include Bayou Grande, Pensacola Bay, and the surface drainage ditch 
south o f  the IVTP facility. Bayou Grande and Pensacola Bay are used for 
recreational purposes (i.e., boating and swimming) as well as commercial 
and sport fishing. 

Surface water bodies at or near the IWTP 

The NAS Pensacola is located in an area that typically experiences a 
mild, subtropical climate. This climate is a result of the latitude 
(approximately 30° North) and the stabilizing effect of the adjacent 
Gulf of Mexico (Volfe et al. 1988). 
Oceanographic and Atmospheric Administration (NOM) climatic table which 
presents the normals, means, and extremes of temperature, sky cover, 
humidity, precipitation, and winds in Pensacola. The average annual 
temperature ranges from 55' Fahrenheit (P) in the winter to 81' P in the 
summer. Although the annual temperature range is fairly stable, actual 
daily values can be more extreme, ranging from less than 7 O  F in the 
winter to more than 102' P in the summer. 
approximately half the days during the summer months and can cause a loo 
to 20' P drop in temperature in only a few minutes (Volfe et al. 1988). 

Appendix C contains a National -- 

Thunderstorms occur during 

-- 
Precipitation rates in the NAS Pensacola vicinity are relatively high 
with an average annual rainfall of approximately 60 inches. Rainfall 
amounts are highest in July and August during almost daily thunderstorms 
(averaging 7 inches per month), and lowest during spring and fall 

2-6 

I 

I 



(averaging 4 inches per month; Kennedy 1982). 
thunderstorms are common, producing as much as 3 to 4 inches of rainfall 
during a single hour. 
months, which reduces the potential recharge resulting from heavy summer 
rains. 
duration, producing less surface runoff and higher rates of infiltration 

High intensity 

Evaporation rates are also highest in the summer 

Spring and fall rains are generally less intense, but longer in 

and net recharge. 

Wind velocities are generally moderate except during thunderstorms 
(Carlisle 1960). 
southerly during the summer. 
produces a daily clockwise rotation of the surface wind direction near 
the coast, commonly known as the sea-breeze effect (Flood and Associates 
1978). Hurricanes and tornadoes are infrequent but can cause 
substantial damage to the nearshore environment. Six hurricanes have 
passed within 50 miles of Pensacola since 1980. 

Prevailing winds are northerly during the winter and 
An ocean-land temperature differential 

2.3 BIOLOGICAL RESOURCES 

The NAS Pensacola facility consists of approximately 5,800 acres and 
encompasses approximately 15 terrestrial and aquatic habitats. 
majority of the land on the eastern side of the facility is developed 
for military use or is designated as a historical or cultural resource. 
However, the NAS Pensacola installation has approximately 3,500 acres in 
natural or semi-natural (pine plantation) condition, primarily in the 
western portion of the facility. 

The 

2.3.1 Regional Biological Resources 
2.3.1.1 Terrestrial 

Vegetation. The primary vegetated communities of the NAS Pensacola 
facility can be considered one of two types: north Florida coastal 
strand communities, and sand pine scrub communities. The north Florida 
coastal strand communities are stabilized coastal dunes with a sand 
substrate, and are characterized by sea oats (Unilola paniculata), beach 
pennywort (Hydrocotyle bonariensis), beach morning-glory (Ipomoea 
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stolonifera) , twin live oak (Quercus geminata), yucca (Yucca aloifolia), 
and prickly pear cactus (Opuntia sp.) 
ranked by the Florida Natural Areas Inventory (PNAI) as locally 
restricted and vulnerable to extinction due to developmental activities. 
This cmunity type can have three to five distinct habitat types (Uolfe 
et al. 1988). 

This community type has been 

-- 

The sand pine scrub community occurs on older coastal dune formations 
with deep, fine white sand substrate. 
oak species (Quercus geminata, - Q. chapranii, Q. myrtifolia, and - 0. 
inopina), ground lichens (Cladonia spp.), and rosemary (Ceratiola 
ericoidcs) are some of the more characteristic plant species of this 
community. This conunity type has been ranked by PNAI as imperiled 
statewide because of its rarity and because of its vulnerability to 
extinction due to spme artificial or biological factor. 
distinct habitats may be recognized (Uolfe et e. 1988). 

Sand pine (Pinus - clausa), scrub 

Three to five 

Two other coaununity types may be found in the western portions of the 
NAS Pensacola facility. These are flatvoods and sandhill communities. 
Flatwoods occupy areas which were ocean bottoms in recent geologic 
times. 
palustris), slash pine (Pinus elliottii), and saw palmetto (Serenoa 
repens). 
creeks and drainage courses, but the overstory vegetation is usually 
replaced by pond cypress (Taxodium ascendens), black titi (Cliftonia 
monophylla), swamp titi (Cyrilla racemiflora), and other wetland 
species. Open wet savannah areas within flatwoods are dominated by the 
herbaceous species such as butterwort (Pinguicula spp.), pitcher-plants 
(Sarracenia spp.), bladderworts (Utricularia spp.), milkworts (Polygala 
spp.), and sundews (Drosera spp.; Wolfe -- et al. 1988). 

Dominant overstory species include longleaf pine (Pinus - 
Platwoods communities also occupy depressional areas and small 

Sandhill communities are found in dry soils vhich are lower in fertility 
than flatwoods soils. The overstory of this community type is dominated 
by longleaf pine (Pinus palustris), turkey oak (Quercus laevis), 
bluejack oak (a. - marilandica), post oak (Q. - stellata), and southern red 
oak (Q. - falcata). The understory is dominated by wild persimmon 
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(Diospyros virginiana) and Pensacola hawthorn (Crataegus lacrimata). 
The more abundant herbaceous plants found in sandhill communities are 
bracken fern (Pteridium aquilinum) and wire grass (Aristida stricta). 
These habitats were verified with walk-through surveys and ground 
truthing by the Navy in March of 1986 (Navy 1986). 

@ 

Preshvater Vetland Vegetation. 
underlying the NAS Pensacola facility is deep, porous sand often 
containing relatively impermeable clay lenses. 
annual rainfall, this geologic condition causes the formation of small 
areas of perched groundwater. 
groundwater seepage escapes into well defined stream channels, as found 
near Site 30 (Buildings 649 and 755). 
presence of perched groundwater conditions results in the formation of 
wetland bogs, as found near Sherman Field. 
characterized by herbaceous plant species as described in the sections 
above for flatwoods and sandhill communities. Most of these communities 
and other vegetative communities east of Sherman Field have been 
considerably altered by development on the base that has changed surface 
and/or groundwater flow (NEESA 1983). 

Much of the geological material 

In combination with high 

In areas with relatively steep slopes, 

In gently sloping areas, the 

Wetland or seepage bogs are 

@ 
Shrub bogs are found within flatwoods, downslope of herbaceous bogs. 
These evergreen bogs are dominated by black titi and/or swamp titi. 
Associated species include sweet pepperbush (Clethra alnifolia), dahoon 
holly (Ilex - cassine), and fetterbushes (Lyonia spp.; Wolfe -- et al. 1988). 

Intermittent streams found on NAS Pensacola have lost most of the 
original vegetation associated with this habitat. For example, at Site 
30, the stream flows from the mixed hardwood swamp into Bayou Grande has 
lost a considerable amount of vegetation along the stream banks and near 
Bayou Grande as a result of base development. 
development, hardwoods dominate the canopy around the stream. Such 
species as sweetbay (Magnolia virginiana), star anise (Illicium 
floridanum), and spiked cat brier (Smilax -- bona-nox) are dominants of 
seepage streams (Wolfe -- et al. 1988). 

In areas unaffected by 
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Biota surveys must be conducted for any wetland or stream habitat that 
is influenced by a site to determine which specific flora and fauna may 
be affected by site activities. 

Birds. 
with the area. 
species of concern (see Appendix D). 
a survey and found 23 species of birds on the NAS Pensacola facility. 
The Navy recorded moderate size rookeries of the great blue heron and 
found large numbers of nesting osprey in the southwestern portions of 
the NAS Pensacola facility. 
of habitats found around the facility and considering that the survey 
was conducted during a predominantly non-mating season, it is likely 
that there are more species of birds using the facility and surrounding 
waters as feeding and nesting sites than have been reported. 

A literature search reveals 250 possible bird species associated 
Thirteen of these species are endangered and seven are 

In krch 1986, the Navy conducted 

Because of the large number and diversity 

Reptiles and Amphibians. 
only four out of a possible 30 species of reptiles and amphibians 
associated with the area were identified on the NAS Pensacola facility, 
none of which are endangered. 
that the gopher tortoise (Gopherus polyphemus) is likely to occur in 
suitable habitats on the western portions of the facility (see Appendix 
D). A majority of the reptiles and amphibians that may be found on the 
facility can be expected to use the surface water bodies in some stage 
of their life cycle; therefore, any contamination of surface water 
bodies can be detrimental to resident populations of reptiles and 
amphibians. 

During the 1986 survey conducted by the Navy, 

A recent check of the FNAI files confirms 

2.3.1.2 Aquatic 

Freshrater. 
streams, svamps, and bogs found on NAS Pensacola. 
have been significantly altered for drainage control and base 
development. Some of the species associated with aquatic habitats are 
creek chub (Semotilus atromaculatus), mosquitofish (Gambusia affinis), 
and darters (Etheostoma sp.). 

Little is known of the flora and fauna inhabiting the 
These habitats may 

Birds, mammals, reptiles, and amphibians 
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that associate with aquatic habitats may also be found in and around 
those sites with surface waters (Uolfe -- et al. 1988). e 
Coastal Wetland. 
energy shores of Bayou Grande. 
saltmarsh cordgrass (Spartina alterniflora) or black needlerush (Juncus 
roemerianus). 
will be conducted to determine the extent of estuarine flora and fauna. 
Seagrass beds are reported to be present within Big Lagoon along the 
southwestern portion of the NAS facility. 
primarily of Thalassia testudinum, Syringodium filiforme, and Ralodule 
beaudettei. 
been historically mapped and very little is known of their composition, 
locality, or areal extent. Grass beds of unknown species composition 
extending along the north shore of Pensacola Bay in the 1950s 
disappeared by 1961. 
may elucidate past distributions of seagrasses (see Section 5.1.2). 

Estuarine wetlands occur principally along the low 
The habitat type is usually dominated by 

A biota survey of these and other potential habitat areas 

These grassbeds are composed 

Seagrass beds in the area surrounding the facility have not 

An examination of historical aerial photographs 

Plankton. The only existing study of the phytoplankton and zooplankton 
in the waters surrounding the NAS Pensacola facility was conducted by 
the Navy in March of 1986. 
low in producttvity (as compared to other Gulf coast estuaries), and 
mainly dominated by the diatoms Navicula tripuncata, Bacteriastrum spp., 

@ 
The phytoplankton has been characterized as 

Chaetocerus spp., Thalassionema nitzschoides, and Hemiaulus spp. The 
zooplankton is primarily dominated by Calonoid copepods and benthic 
invertebrate larvae. This study is very limited due to the fact that 
samples were collected with undefined methods and only during the early 
spring. In addition, this sampling protocol does not define population 
fluctuations that are characteristic of low population abundances 
commonly found in estuaries during the summer months. Examination of 
the zooplankton data results in the same conclusions. It should be 
pointed out that any contamination entering Pensacola Bay from either 
groundwater or surface water sources may be accumulated in the 
invertebrate larvae that predominate most estuarine water bodies. 
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benthos. Harine soft-sediment communities are found adjacent to the 
northern, eastern, and southern areas of the NAS Pensacola facility in 
Pensacola Bay. 
along the perimeter of the facility, surveys at nearby sites by 
FDER and the Navy have described the benthic communities vithin 
Pensacola Bay as a whole. 
Pensacola Bay and found that the sediments were dominated by polychaetes 
(Aricidea spp., Capitella spp., various spionids and Iiaploscoloplos 
spp.) and bivalves (Anodontia - alba and Tellina spp.) during most of the 
year (PDER 1988a; Navy 1986). Four of the PDER stations were located in 
the vicinity of the IUTP discharge pipe outfall (see Figure 2-2). One 
station vas located south of Bayou Grande and 100 yards offshore 
(background station), a second station vas sampled 200 yards offshore 
from the IVTP (station 2), a third station was established 100 yards 
offshore from the IVTP (station 3), and the fourth vas located just 
below the outfall (station 4). 
(E') vere highest at the background station (E' = 3.25); values for 
stations 2, 3, and 4 vere respectively 2.75, 2.13, and 2.33. Total 
density was highest at the background station (1,237 individuals) and 
decreased vith increasing proximity to the outfall (732, 598, and 189 
individuals). Species richness vas 15 at the background station, 10 at 
stations 2 and 4, and 9 at station 3: 
benthic community may have been negatively influenced by the sewage 
outfall. 

Although no intensive benthic surveys vere conducted 

FDER collected benthic samples in most of 

Shannon-Weaver Diversity Index Values 

The data indicate that the 

Samples collected by the Navy (1986) indicate a low density yet moderate 
diversity of benthic infuanal organisms when compared to other estuarine 
systems within and around the turning basin. 
the Navy's data cannot be made to other literature at this time because 
their data are not given in numbers per unit area. However, the Navy's 
data reveal that very few deep dvelling organisms reside in the areas 
around the turning basin, and a lack of deep dvelling benthic organisms 
may be an indication of a benthic community under stressed conditions 
(Luckenbach et al. 1988). 

A complete comparison of 

-- 
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Fish and Shellfish. 
bony fish species and seven cartilaginous fish species (Cooley 1978). 
The 13 most abundant species were spot (Leiostomus xanthurus), pinfish 

Early studies of Pensacola Bay have identified 180 

(Lagodon rhomboides), Atlantic croaker (Micropogonias undulatus), gulf 

menhaden (Brevoortia patronus), bay anchovy (Anchoa mitchilli), 

longspine porgy (Stenotus caprinus), silver perch (Bairdiella 

chrysoura), southern hake (Urophycis floridana), inshore lizardfish 

(Synodus foetens), gafftopsail catfish (Bagre marinus), sand seatrout 

(Cynoscion arenarius), and spotted hake (Urophycis regia; Heil 1989). 

Fish diversity was highest in the more saline waters near the NAS 
Pensacola facility during spring and summer. In the lower salinity 
waters of East Bay, diversity was lowest in summer and highest during 
the winter months. Fish population density was the highest in the more 
saline waters, with peaks throughout the summer (Cooley 1978). Moderate 
densities of the blue crab (Callinectes sapidus), shrimp (Penaeus 
duorarum, - P. setiferus, and - P. aztecus), and oysters (Crassostrea 
virginica) have been collected throughout Pensacola Bay (Heil 1989). 
Shrimp are caught in greater numbers near NAS because of the higher 
salinities. Blue crabs and oysters are more readily caught in the East 
Bay area. In fact, the only legal shellfishing areas recognized by the 
Florida Department of Natural Resources (FDNR) are in the East Bay area. 
Scallops (Aequipecten irradians) are collected only within grassbed 
areas. No information is available at this time on any locations where 
or if scallops may be collected by the general public at the facility, 
or the number harvested. The nearest seagrass beds to the NAS facility 
are located in the Big Lagoon along the southwest portion of the 
facility. 

0 

Sport and Commercial Fishing. 
occurs in Escambia county, accounting for 2% of the total Florida 
landings for 1980 to 1985 (Navy 1986). 
terms of total weight was the black mullet. 
important species of finfish was the red snapper. E 6 E examined the 
commercial landing data for Escambia County for 1987 and 1988 (Heil 
1989) and found that the most important commercial species by weight 

A moderate amount of commercial fishing 

The dominant finfish species in 
The most economically 

a 
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were: black mullet (24% of county landings), brown shrimp (21%), 
vermillion snapper (19.5%), red snapper (7.6%), porgies ( 4 . 7 % ) ,  and 
amberjack (4%). Other less important commercial fish that were caught 
were Spanish mackerel, sand seatrout, black grouper, spotted seatrout, 
bluecrabs, and squid. These data, as well as the Navy's data, also 
suggest that a significant tuna fishery may be developing in the 
Pensacola Bay area (0 pounds landed in 1983, 1,582 pounds in 1987). 

Sport Fisheries data are not available in the state of Florida at this 
time due to the lack of a state saltwater fishing license (Heil 1989). 
A telephone survey conducted by the U.S. Fish and Wildlife Service 
(USFVS) ranks the spotted seatrout as a primary fish species sought by 
fisheraan in 1987. Other species that were sought included: king 
mackerel, red drum, Spanish mackerel, grouper, red snapper, flounder, 
and sand seatrout. It is likely that the sport fishing catch equals or 
exceeds commercial landings for species sought by both interests (Navy 
1986). 

The estuarine system is a very important element in the life history of 
most of the commercial and sport fishing species sought. 
90% of all commercially valuable fish species are estuarine dependent 
during some phase of their life cycle. Shrimp, bluecrab, and shellfish 
are knovn to release larvae that feed in and around estuaries until 
settlement. During early life history stages, the juveniles reside 

within seagrass beds or other protected habitats until maturity. Any 
contamination of the water or sediments around NAS Pensacola could be 
detrimental to fish and shellfish population structure, or could be 
accumulated by the organisms residing near the facility. 

Betveen 65 and 

Harine -1s. 
NAS Pensacola facility; most of the 13 species of mammals reported for 
the northeastern Gulf of Mexico stay predominantly in Gulf waters. 
Atlantic bottlenose dolphin (Tursiops truncatus), however, has been 
sighted regularly off the NAS Pensacola facility. Manatees have been 
sighted irregularly, with one recent sighting in the area recorded by 
the FNAI in October 1988. 

Few mammals have been sighted within the area of the 

The 

A goosebeaked whale (Ziphius cavirostris) was 

3 2 0 0 9 3 2  
2-14 



reported stranded on Santa Rosa Island, and a pilot whale (Globicephala 
macrorhynchus) was found stranded on a beach near Pensacola (Navy 1986). 
Although no surveys of marine mammals have been conducted, it can be 

assumed that they are are quantatively ranked as uncommon to common in 
abundance within the waters surrounding the NAS Pensacola facility. 

0 

Threatened and Endangered Species. 
endangered species have been identified in the vicinity of the NAS 

Pensacola facility (see Appendix D). Many rare, threatened, and 

endangered species are associated with the wetland or bog habitats found 
on NAS Pensacola. A total of 57 occurrences for six plant species were 
recorded in an inventory conducted by FNAI (1988b) of the NAS Pensacola 
facility (see Appendix D). Host of these plants were found in the area 
around Sherman Field and habitats to the west. Any site remediation 
and. more importantly, any assessment of environmental endangerment must 
consider the water level requirements of rare and endangered plant 
species and the foraging activities of birds in the waters surrounding 
the NAS Pensacola facility, as well as animals nesting and feeding 
on the facility grounds. 
necessary to determine the presence of threatened or endangered species 
and potential pathways of contamination to these species. 

A number of threatened and 

Complete biota surveys may be animals 

@ 

2.3.2 Site-Specific Biological Resources 

The IWTP facility, primarily comprising sites 32, 33, and 35, occupies 
an area that is adjacent to both Bayou Grande and Pensacola Bay on the 
northeast side of NAS Pensacola. A coastal strand community surrounds 
the IWTP facility and possesses an overstory dominated by pines and 
scrub oaks and an understory dominated by a variety of species including 
saw palmetto, ground lichens, rosemary, and yucca. On-site vegetation 
has been considerably altered by construction of the IWTP facility. 

Within the confines of the IWTP facility, the dominant vegetation 
consists of cultivated grass species that are present in unpaved and 
unused areas. 
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The USFWS National Wetland Inventory Hap for Fort Barancas, Florida, 
indicates several aquatic and vetland habitats in the vicinity of sites 
32, 33, and 35. 
habitat (E2FL.M) located east of the IVTP; three palustrine forested 
(PF04A) wetlands to the south; and Bayou Grande and associated estuarine 
emergent (EZEHSP), scrub-shrublemergent (E2 - ss3 C ) ,  and 

forested/emergent (E2 

addition, there is a vide freshwater drainage ditch located 
approximately 500 feet south of the polishing tank. 
to contain a large population of Carolina lilaeopsis (Lilaeopsis 
carolinensis), a candidate for inclusion on the federal list of 
endangered and threatened plant species. 

These include Pensacola Bay and associated intertidal 

EX1 
PO4 P) wetlands to the west of the complex. In 

This ditch is known 

The unvegetated intertidal area of Pensacola Bay may be utilized by 
shorebirds as foraging and resting habitat. The abundant supply of 
benthic invertebrates within these areas typically attracts a variety of 
species including terns, sandpipers, gulls, plovers, villets, and 
sanderlings. Raccoon also may occasionally scavenge in these areas. 

The three forested wetlands south of the IWTP are most likely dominated 
by slash pine and characteristic associates such as sweet bay, swamp 
titi, and swamp tupelo (Nyssa biflora). Typical wildlife species common 
to these habitats include raccoon, possum, cottontail rabbit, 
red-bellied woodpecker, red-shoulder hawk, and eastern diamondback 
rattlesnake. 

Typical plant species of the estuarine emergent marshes and scrub-shrub 
wetlands include black needlerush (Juncus roemerianus), smooth cordgrass 
(Spartina alterniflora), southern cattail (Typha domingensis), and marsh 
elder (Iva - frutescens). 
myrtle (Hyrica cerifera) occur in the forested wetlands, landvard of the 
marsh and scrub-shrub habitats. 
these communities include wading birds, waterfowl, marsh wrens, fiddler 
crabs, marsh snails, periwinkle, isopods, amphipods, and raccoon. 

Slash pine, yaupon (Ilex - vomitoria), and vax 

Wildlife species frequently found in 
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All of the above habitats potentially may be affected by sites 32, 33, 
and 35. 

- 
2.4 SURFACE WATER HYDROLOGY 
2.4.1 General Occurrence and Significance of Surface Water 

The NAS Pensacola facility is located on a coastal peninsula bounded by 
Bayou Grande to the north, Pensacola Bay to the south and east, and Big 
Lagoon to the southwest. 
separated from the Gulf of Mexico by Santa Rosa Island and Perdido Key, 
both of which are barrier islands. 

Pensacola Bay and Big Lagoon are partially 

Surface soils consist primarily of permeable sands which allow rapid 
infiltration of precipitation. 
formation and constitutes the major source of recharge to the underlying 
Sand-and-Gravel Aquifer. 

. 

This direct infiltration limits stream 

There are no naturally occurring perennial streams on NAS Pensacola; 
however, there are approximately 10 naturally occurring intermittent 
streams and numerous man-made drainage pathways which include many 
stormwater outfalls. Discharge is mainly to the south into Pensacola 
Bay; however, some small intermittent streams discharge into Bayou 
Grande to the north from Sherman Field and Chevalier Field (U.S. 

Geological Survey [USGS] 1970a; 1970b). 

The southwestern and northern portions of NAS Pensacola contain areas of 
freshwater wetlands. 
the intersection of the water table with the land surface. These 
systems are defined by and dependent upon a dynamic water-cycle, with 
periodic inundation and exposure corresponding to seasonal fluctuations 
in the water table. 

These are particularly sensitive areas formed by 

The discharge of surface waters into Pensacola Bay, Bayou Grande, and 
the coastal wetland areas presents the potential for transport of 
contaminants into these systems. This could have a significant impact 
on seagrass and other sensitive plant communities, as well as on shell 
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fishing, recreational fishing, and swimming in these coastal zones. 
Discharges, either through the surface water or groundwater into wetland 
areas found on site could also have a significant impact on the biotic 
communities that are dependent on those habitats. 

2.4.2 Site-Specific Surface Water Eydrology 

The four surface water bodies that lie in close proximity to sites 32, 
33, and 35, include a small unnamed creek, an arm of Bayou Grande, 
Pensacola Bay, and a small surface drainage ditch south of the IWTP 
facility (see Figure 2-2). 
fresh-water, with its source being derived largely from groundwater 
seepage. This small creek flows to the north into the arm of Bayou 
Grande vhich is brackish or marine. The portion of the creek adjacent 
to the three sites, Bayou Grande, and Pensacola Bay are all subject to 
tidal fluctuations in water levels. The small drainage ditch appears to 
receive surface runoff from the southern portion of the site, and flows 
east tovards Pensacola Bay. 

The small unnamed creek is mainly 

Given that shallow groundwater in this area discharges into these 
surface water bodies and potentially into the drainage ditch south of 
the sites, any contamination associated with these sites MY impact the 
surface water. Rainfall runoff from contaminated soils could also have 
an impact on surface water quality. 

The whole of the Magazine Point Peninsula lies entirely within the 
100-year floodplain (Federal Emergency Management Agency 1987). 

2.5 PBISIOGRAPEY AND RBGIoNbL EYDROGEOUXY 

2.5.1 Physiography 

NAS Pensacola is located in the Gulf Coastal Lowlands Subdivision of the 
Coastal Plain Province physiographic division (Brooks 1981). The 5,800- 
acre facility is located on a peninsula bounded on the east and south by 
Pensacola Bay and Big Lagoon, and on the north by Bayou Grande. 
most prominent topographic feature on the peninsula is an escarpment or 

The 

2-18 



bluff which parallels the southern and eastern shorelines and on which 
Fort Barrancas was built. In the eastern portion of NAS Pensacola the 
bluff runs north-south just to the west of Chevalier Field. Seaward of 

the escarpment is a nearly level marine terrace with surface elevations 
of approximately 5 feet above MSL. The central part of the peninsula, 
located landward of the escarpment, is a broad, gently rolling upland 
area with surface elevations up to 40 feet MSL (USGS 1970a and 1970b). 
Sandy soils occur throughout the NAS Pensacola area. As a result, most 
of the rainfall infiltrates directly into the subsurface. Consequently 
there are few streams or surface water bodies on the peninsula. 

@ 

2.5.2 Regional Eydrogeology 

There are three principal hydrogeologic units of importance which 
underlie the NAS Pensacola. These are, in descending order, the 
Surficial Aquifer, the Intermediate System, and the Floridan Aquifer 
System. 
of these hydrogeologic units in northwest Florida is presented in 

A geologic cross-section illustrating the regional distribution 

Appendix E (see Figure E-1). e 
2.5.2.1 SurficiaUSand-and-Gravel Aquifer 

The Surficial Aquifer occurs from land surface to a depth of * 

approximately 300 feet at NAS Pensacola and is composed of a sequence of 
unconsolidated to poorly indurated clastic deposits (Wagner et al. 
1984). 
important source of water supply and is called the Sand-and-Gravel 
Aquifer (Southeastern Geological Survey (SEGS] 1986). Based on the 
total dissolved solids (TDS) content of groundwater from wells in 
southern Escambia County that tap the Sand-and-Gravel Aquifer (Clemens 
-- et al. 1989), the groundwater is classified as Class G-1 (FDER 1988b). 
The sediments making up this aquifer belong to all or part of the 
Pliocene to Holocene Series which, in this area, consist mainly of the 
Citronelle Formation overlain by a thin cover of marine terrace 
deposits. 
land surface and recharge occurs principally by the direct infiltration 

-- 
In this portion of Florida, the Surficial Aquifer constitutes an 

Given that the Sand-and-Gravel Aquifer is contiguous with 

' 1  . < 
. .  
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of precipitation, the aquifer is particularly susceptible to 
contamination from surface sources. In the NAS Pensacola vicinity, the 
Sand-ad-Gravel Aquifer is made up of three zones based on contrasting 
permeabilities. 
low permeability zone, and the main producing zone (Vilkins -- et al. 
1985). 

These zones are referred to as the surficia€ zone, the 

Surficial Zone. 
contains groundwater under water table or perched water table 
conditions. 
(Geraghty and Hiller, Inc. [G 6 HJ 1984; 1986) indicate that the 
surficial zone ranges in thickness between 40 and 70 feet and consists 
of tan and brown, fine- to medium-grained quartz sand (see Figure E-2 in 
Appendix E). 
variable depending on location and ranges from less than 1 foot near 
surface water bodies to more than 20 feet in areas of higher elevation. 
In general, the direction of groundwater flov is controlled by the 
topography and by discharge to surface vater bodies. 
shallov groundwater in the surficial zone moves toward areas of lover 
elevation and/or the nearest surface water body. Overall, the surficial 
zone has a high permeability. Numerous aquifer (slug) tests and 
laboratory permeability tests conducted on wells in or sediments from 
the surficial zone at NAS Pensacola (G 6 H 1986) yielded hydraulic 
conductivity values ranging from 16 to 96 ftlday. 
water flow velocities in the surficial zone will depend on site-specific 
hydraulic conductivities and horizontal hydraulic gradients; however, 
velocities would generally be expected to be high. 

The surficial zone is contiguous with land surface and 

The results of numerous borings conducted at NAS Pensacola 

Depth to the water table within the surficial zone is 

Consequently, 

Eorizontal ground- 

Low Permeability Zone. 
permeability sediments dominated by clay and silt-sized material (see 
Figure E-2). 
NAS Pensacola this zone is generally composed of gray to blue, sandy, 
silty, slightly fossiliferous (shelly) clay, and clayey sand ranging in 
thickness from 8 to 40 feet (G 5 ll 1984; 1986). 

Underlying the surficial zone is a zone of lover 

This zone is referred to as the low permeability zone. At 
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The results of laboratory permeability tests conducted on samples from 
this zone indicate that vertical hydraulic conductivities are low, 
ranging from 4.2 x lo-’ to 9.9 x lo-’ ft/day. 
permeability zone probably functions as a confining or semi-confining 
unit inhibiting the flow of groundwater between the surficial zone and 
the underlying main producing zone. 
encountered in at least 16 borings at widely spread locations throughout 
NAS Pensacola (G & M 1984; 1986). 
geophysical techniques would be required to confirm its presence at a 
given location, it is likely that this unit is ubiquitous at NAS 
Pensacola. 
NAS Pensacola; thus, no information is available regarding groundwater 
flow direction. 

Thus, the low 

The low permeability zone has been 

Although additional boring or 

Few if any wells are open to the low permeability zone at 

Hain Producing Zone. 
is called the main producing zone and consists mainly of sand and gravel 
interbedded with thin beds of silt and clay (see Figure E-2). The depth 
at which the main producing zone is encountered is somewhat variable, 
ranging from 60 to approximately 120 feet below land surface (BLS) at 
NAS Pensacola. This zone generally has the highest permeability 
characteristics due to thicker and more persistent sand and gravel beds, 
and is tapped by most of the major wells in the Pensacola area (Wilkins 
-- et al. 1985). NAS Pensacola has three supply wells which produce water 
from this zone; however, due to high iron content in the water, the 
wells are infrequently used (G & M 1986). The principal sources of 
water for NAS Pensacola are wells located at Corry Field, approximately 
3 miles to the north. The thickness of the main producing zone can be 
highly variable; however, i t  is estimated to be up to approximately 300 
feet at NAS Pensacola (Wilkins et al. 1985). Few wells are open to the 
main producing zone at NAS Pensacola. 
groundwater flow within this zone across NAS Pensacola has not been d- 
etermined. However, the regional flow direction is assumed to be 
generally southward under ambient conditions. 
wells would locally cause groundwater in this zone to flow toward the 
wells. 

The bottom portion of the Sand-and-Gravel Aquifer 

0 

-- 
As a result, the direction of 

Pumpage of the supply 
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As a result of the overlying low permeability zone, groundwater within 
the main producing zone occurs under confined or semi-confined 
conditions. 
Building 648), the water level elevation in a well open to the main 
producing zone is approximately 7 feet lover than that in an adjacent 
well open to the surficial zone (G 6 M 1986). This indicates that a 
downward hydraulic gradient exists between these two zones. Thus, a 
potential exists for vertical groundwater flow from the surficial to the 
main producing zone at this location. Eowever, in topographically lower 
areas on NAS Pensacola, at sites near Pensacola Bay and Bayou Grande, 
the opposite condition has been observed. 
elevations in the main producing zone are higher than those in the 
surficial zone, indicating an upward flow potential from the main 
producing zone in these lov lying areas. 
flow between the surficial and amin producing zones at NAS Pcnsacola is 
dependent on site location and land surface elevations. 

At one nested well location on NAS Pensacola (east of 

In these areas, water level 

Thus the overall potential for 

2.5.2.2 Intermediate System 

The lover limit of the Sand-and-Gravel Aquifer coincides with the top of 
a regionally extensive and vertically persistent hydrogeologic unit of 
much lower permeability. This unit is referred to as the Intermediate 
System. 
System generally lies within the sediaents termed Hiocene Coarse 
Clastics or corresponds to the top of the Upper Member of the Pensacola 
Clay and occurs at a depth of approximately 300 feet (Wilkins et al. 
1985). In general, the Intermediate System consists of fine-grained 
sediments and functions as an effective confining unit which retards the 
exchange of water between the overlying Sand-and-Gravel Aquifer and the 
underlying Floridan Aquifer System (SEGS 1986). For the most part, the 
entire sequence is poor to non-water bearing. However, relatively thin 
beds of sand exist within the unit which may yield small quantities of 
water. 
mately 1,100 feet thick and is composed of the lower portion of the 

In the vicinity of NAS Pensacola the top of the Intersediate 

-- 

In the NAS Pensacola area the Intermediate System is approxi- 
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Miocene Coarse Clastics, the Upper Member of the Pensacola Clay, the 
Escambia Sand Member of the Pensacola Clay, and the Lower Member of the 
Pensacola Clay, all of Miocene Age. 

2.5.2.3 Floridan Aquifer System 

Immediately underlying the Intermediate System and occurring at a depth 

of approximately 1,500 feet BLS at NAS Pensacola is the Floridan Aquifer 
System. 
Lower Miocene Chickasawhay Limestone and undifferentiated Tampa Stage 
Limestone. Groundwater within the Floridan Aquifer in this area is 
highly mineralized and is not used for water supply (Wagner -- et al. 
1984).  

The Floridan Aquifer in this area is composed of the Middle to 

2.5.3 Regional Geologic Structure 

Three distinguishable geologic structures influence the hydrogeology of 
the northwest Florida region. .These are, from west to east, the Gulf of 
Mexico Sedimentary Basin, the Chattahoochee Anticline, the Apalachicola 
Embayment, and the Ocala Arch (see Figure E-3 in Appendix E). 0 

In the central part of the study area, the Apalachicola 
Embayment (Pressler 1947) is the dominant geologic structure. 
This embayment is a relatively shallow trough that widens to 
the southwest. The sediments deposited in the embayment are 
gently downwarped about an axis that plunges to the 
south-southwest (Schmidt 1984).  Schmidt (1984) summarized 
previous studies of the structure and concluded that the 
embayment or low area existed in the Late Jurassic and Early 
Cretaceous and originated as a basement graben, and was filled 
in with sediments by the end of the Early Cretaceous. 
Middle Cretaceous, the area appears synclinal again, probably 
due to nondeposition in a current swept strait. 
Miocene until Recent, the depression slowly filled in and in 
Pleistocene to Recent times became covered by the prograding 
Apalachicola River delta (Schmidt 1984). 

By 

From Early 

North of the Apalachicola Embayment is a positive structural 
feature called the Chattahoochee Anticline. This broad 
elongate structural high crests in Jackson County, plunges to 
the southwest, and extends to the north into Alabama and 
Georgia (see Figure E-3). The origin of the Chattahoochee 
Anticline is uncertain. It may be only a relative high, 
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its occurrence due to subsidence of surrounding areas by 
sediment loading, or it MY represent a region of uplift 
extending down to pre-Mesozoic basement rocks (Schmidt and 
Scott 1984). 

The southern extension of the Chattahoochee Anticline lies 
between the Apalachicola Embayment and a larger, more 
regionally extensive negative feature called the Gulf of 
Mexico Sedimentary Basin. 
structural lows occurs in the Okaloosa County area (Clark and 
Schmidt 1982). It is because of the Gulf of Hcxico 
Sedimentary Basin that most of the strata in the western 
portion of northwest Florida dip to the southwest. (Barbdale 
1988) 

The transition between the two 

Consequently, given that NAS Pensacola is located west of the 
Appalachicola Embayment, the Gulf of Hexico sedimentary basin has been 
the primary structural influence for the regional geology of the area. 

2.5.4 Si te  iydrogeology 

Figure B-3 in Appendix E presents a generalized geologic cross-section 
of the surficial zone of the Sand-and-Gravel Aquifer in the Group 0 site 
complex area. In the vicinity of sites 32, 33, and 35, the surficial 
zone of the Sand-and-Gravel Aquifer is present from land surface to a 
depth of approximately 38 to 48 feet. The surficial zone, as identified 
from well cuttings and split-spoon samples collected during the 
installation of IWTP groundwater monitoring wells GH-62 through GH-69, 
and PCS-1, PCI-1, and PCD-1,. respectively, consists predominantly of 
white to light brown, fine- to medium-grained quartz sand (G & H 1987b; 
E & E 1991g). In the vicinity of sites 32, 33, and 35, 18 groundwater 
monitoring wells are open to the uppermost surficial zone ("shallow 
zone" wells, approximately 15 feet deep) and five groundwater monitoring 
vells are open to the lower surficial zone ("intermediate zone" wells, 
approximately 40 feet deep; E & E 1991g). 
shallow and intermediate zone vells indicate that the water table occurs 
approximately 1 to 4 feet BLS, depending on tidal influence and land 
surface elevation (G & H 1988a; 1988b; E & E 1991g). On the basis of 
studies conducted by E C E (1991g), the direction of groundwater flow 
within the shallov zone is shown in Figure 2-3. 

Water levels observed in the 

In the vicinity of 
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Figure 2-3 
WATER LEVEL ELEVATION MAP FOR THE SHALLOW ZONE (3/28/91) 

NAS PENSACOLA SITES 32,33, AND 35 
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sites 32, 33, and 35, groundwater flow in the shallow zone is toward 
either Bayou Grande or Pensacola Bay, depending on proximity to either 
water body. Groundwater flow in the intermediate zone, shovn on Figure 
2-4, is to the east towards Pensacola Bay. Additionally, the direction 
of groundwater flow within the surficial zone can locally be influenced 
by operation of a seven-well recovery system installed in the surficial 
zone in the vicinity of the IWTP by G 6 H (1987b) to treat contaminated 
groundwater (G & I4 1987a). 
the recovery system was operated at an average withdrawal rate of 1.86 
million gallons per month (G & H 19883). 
zone groundwater flow in the vicinity of sites 32, 33, and 35 was 
observed to be locally redirected to the recovery well system (G 6 H 
1988d). 
efficiency from December 1988 to July 1990. 
well system ceased in July 1990 but was resumed following pump repair in 
December 1991. 

From February 1987 through November 1988, 

During this period, surficial 

The groundwater recovery system operated at peak to moderate 
Pumpage from the recovery 

Table 2-2 presents a summary of groundwater flow rates for the 
Sand-and-Gravel Aquifer underlying the IWTP. Based on hydraulic 
conductivities calculated by E & E (1991a), the average estimated 
groundwater flow rate in the shallow zone is 0.0950 feetiday (fttday) or 
34.67 feetlyear (ftlyr), and 0.0027 ft/day (0.9855 ftlyr) in the 
intermediate zone (E & E 1991g). 

In the vicinity of sites 32, 33, and 35, the low permeability zone of 
the Sand-and-Gravel Aquifer immediately underlies the surficial zone and 
extends to a depth of approximately 55 to 60 feet BLS. Lithologies 
observed during installation of monitoring wells GH-63, GH-65, GH-68, 
and PCD-1 indicate the low permeability zone in the vicinity of sites 
32, 33, and 35 consists predominantly of gray, clayey silt-containing 
shell fragments. 
of the three sites that are open to this zone. 
direction of'groundwater flov vithin the low permeability zone is, at 
present, unknown. On the basis of observed lithologies, this zone 

No groundwater monitoring wells exist in the vicinity 
Consequently, the 

2 2 0 0 9 2 3  2-26 



. - ',',-,. FORMER , I SLUDGE '. I * DRYING 
-!! I BEDS 

SCALE 

0 600 FEET & 

e Figure 2-4 
WATER LEVEL ELEVATION MAP FOR THE INTERMEDIATE ZONE (3/28/91) 

NAS PENSACOLA SITES 32,33, AND 35 

2-27 



Avorage 

Eatintod Hydraulic Horizontal 
Transmissivity (TI Conductivity (IO Hydraulic 

( t t/&y I ft/d.y 1 Gradiont 

Averago Estimated 
Average Estimated Groundwater 

?low U t e  
( V I  

Shallow Zone 

57.07 

Intorwdiate Zone 

1.26 

23.15 0.00115 0.0950 34.67 

0.50 0.0015 0.0027 0.9855 

Deep zone 

33.00 13.52 0.00004 0.0019 0.6935 

14~11ASP~Ut11305:T0220/1111/14 

Noto: Averages calculatod using slug and pumping test results from ?larch 1990 aquifor testing 

Sourco: lcology and Environment, Inc., 1991d. 

(E & E 1990b). 

2-28 



appears to function as a confining or semiconfining unit that restricts 
groundwater flow between the surficial zone and the underlying main 
producing zone of the Sand-and-Gravel Aquifer. 0 
The main producing zone of the Sand-and-Gravel Aquifer directly under- 
lies the low permeability zone in the vicinity of sites 32, 33, and 35 
(G & H 1987b; E & E 1991g). 
approximately 55 to 60 feet BLS, and consists of gray, fine- to medium- 
grained sand to a depth of at least 120 feet. 

The main producing zone occurs at 

Monitoring wells GM-63, GM-65, GM-68, and PCD-1 are screened between 62 
and 70 feet and are open to the main producing zone ("deep zone" wells). 
Water level elevations in'these wells have been observed to be higher 
(approximately 0.3 to 0.9 foot) than the elevations in the nearby 
shallow monitoring wells, indicating an upward hydraulic gradient (and, 
therefore, a potential for groundwater flow) between the main producing 
zone and the surficial zone (E & E 1991g). 

The direction of groundwater flow within the main producing zone at 
these sites is shown in Figure 2-5. Groundwater flow appears to be 
generally toward the south, based on a small number of water level 
elevation measurements made on the monitoring wells open to this zone 
(E & E 1991g). An NAS Pensacola supply well (Well No. 2) is located 
approximately 0.75 mile west-southwest of sites 32, 33, and 35. This 
supply well is screened between 105 and 160 feet BLS, and thus is open 
to the main producing zone. The well is utilized by NAS Pensacola for 
backup water supply only during periods of peak demand. 
these periods of pumping, the direction of flow in the main producing 
zone at the IWTP would probably be directed toward the supply well. 
Based on a hydraulic conductivity calculated by E & E (1990f), the 
average estimated groundwater flow rate in the main producing zone is 
0.0019 ft/day (0.6935 ft/yr; E & E 1991g). 

0 

However, during 
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2.6 SITE EISTORY 
2.6.1 General 

The following site history narrative was prepared based on documents 
obtained by E 61 E and listed in Table 1-1. The IWTP Sludge Drying Beds 
(Site 32), WWTP Ponds (Site 33) ,  and miscellaneous IWTP SWHUs (Site 35) 
were constructed in 1971 during an upgrading of the existing IWTP to 

provide tertiary treatment of industrial wastes and secondary treatment 
of domestic wastes produced by NAS Pensacola (Naval Energy and 
Environmental Support Activity [NEESA] 1983). By the end of 1973, the 
IWTP was receiving and treating wastes generated by many of the 
industrial activities performed at NAS Pensacola. 

In 1979 during maintenance of a clogged industrial waste line, a pump 
failure occurred at the final industrial waste lift station causing an 
industrial waste spill of approximately 80,000 gallons into a nearby 
ditch (Site 30), which subsequently leads to Bayou Grande. The lift 
station is located approximately 2,000 feet southwest of the Group 0 
sites; therefore, the incident is unlikely to have affected the Group 0 
sites. However, the nature of the waste spilled is indicative of the 
types of waste treated at the IWTP. This spill, of unknown specific 
content, resulted in a minor fish kill (NEESA 1983). 
investigated by FDER and was considered a minor incident. 
required to pay a fine to FDER but no further investigation was required 
(Campbell 1991). 

The spill was 
The Navy was 

By 1981, the IWTP Surge Pond was designated a Hazardous Waste Surface 
Impoundment (HWSI) and was receiving an average daily inflow of 880,000 
gallons. 
of organic solvents, phenols, chromium electroplating wastes (which 
included cyanide and various heavy metals), and wastes from an on-base 

chemical conversion coating process for aluminum. Missimer and 
Associates, Inc., (M & A) estimated seepage from the surge pond to be 
potentially as high as 5,800 gallons per day (M & A 1982). 
ance with Resource Conservation and Recovery Act (RCRA) requirements, 

The wastewater was described as containing high concentrations 

In accord- 

four shallow monitoring wells were installed by M & A. Three of the a 
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monitoring wells (DG-1, DG-2, and DG-3) vere installed in the vicinity 
and immediately northwest of the surge pond. The fourth monitoring well 
(E-1) was installed approximately 1,800 feet north of the surge pond to 
function as a background monitoring vell (see Appendix P ) .  This well is 
not a true background well as it is hydraulically downgradient of the 
IVTP. 
Navy, EPA, and PDER during the preparation of the closure permit. 
Recent analytical results from well UG-1 indicate that groundwater in 
this area has not been impacted by the IWTP. 

However, the vell vas agreed upon as a background well by the 

It w a s  subsequently discovered that these wells had not been placed in a 
manner to meet compliance requirements. Therefore, under the guidance 
of the EPA, three additional downgradient shallow monitoring wells 
(DG-4, DG-5, and DG-6) were installed in 1983 by H & A at the toe of the 
dike surrounding the surge pond (see Appendix F). 
UG-1, DG-1, and DG-4 through DG-6 were subsequently designated as RCRA 
detection monitoring wells. 

Honitoring wells 

In October 1983, a sulfuric acid storage tank, located in the chemical 
storage area near the northeast corner of the surge pond, ruptured, 
resulting in a sulfuric acid spill of approximately 2,200 gallons. 
spill vas cleaned up using sand as an absorbent and lime as a 
neutralizing agent. Acid-contaminated sand vas placed in the southern 
cell of the sludge drying beds. The spill area was washed down with 
water onto sandy areas adjacent to the spill area, and the water was 
allowed to infiltrate (G & H 1988~). 
beds were removed from operation. 

The 

In 1984, the IVTP sludge drying 

In 1984, G & H initiated the first of two phases of a vater quality 
assessment program at the IVTP. During Phase I, the extent and degree 
of groundvater contamination present in the upper portion of the shallov 
groundvater system at the IVTP were investigated. G & H installed seven 
additional shallow monitoring wells (GH-8 through GH-14) adjacent to the 
former IUTP sludge drying beds and WVTP ponds. Samples were collected 
by G & H from the seven newly installed shallow monitoring vells (DG-8 
through E - 1 4 )  and the existing RCRA detection monitoring wells (UG-1, 
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DG-1, and DG-4 through DG-6) on three occasions between February and 
October of 1984 and analyzed for dissolved metals, cyanide, and volatile 
organic compounds (VOCs). In addition, each of the samples collected 
from the RCRA detection monitoring wells were also analyzed for base/ 
neutral and acid extractable organic compounds (BNAs). In accordance 
with the agreement between the Navy and the Northwest District FDER, a 
groundwater sample collected from monitoring well DG-6 was analyzed for 
Appendix VI11 parameters (now referred to as Appendix IX parameters), 
including pesticides and polychlorinated biphenyls (PCBs). 

On January 7, 1985, FDER issued the U . S .  Navy Public Works Department a 
temporary RCRA operation permit (permit no. HT17-68087) for the surge 
pond. 
issued in September 1987 (permit no. 8017-12-7026). 

This temporary permit was used until a permanent permit was 

In 1985, based on the results of the Phase I study, G & M conducted a 
Phase I1 investigation of the horizontal and vertical extent of 
groundwater contamination at the site. During the investigation, G & M 

installed 14 additional shallow groundwater monitoring wells (GM-62, 
GM-67, GM-70 through GM-73, and GM-76 through GM-83) in the vicinity and 
north of the IWTP. In addition, four intermediate wells (GM-64, GM-66, 
GM-69, and GM-75) and four deep wells (GM-63, GM-65, GM-68, and GM-74) 
were installed at the locations of shallow monitoring wells GM-62, 
GM-67, GM-70, and GM-76, respectively. The intermediate wells were 
screened in the lower portions of the surficial aquifer and the deep 
wells were screened in the upper portion of the underlying, confined, 
main producing zone of the Sand-and-Gravel Aquifer. 

In September 1985, groundwater samples were collected from monitoring 
wells DG-2, DG-3, GM-8 through GM-14, and GM-62 through GM-83 and 
analyzed for VOCs and BNAs. 

event are discussed in Section 2.6.2. 
The analytical results for this sampling 

In 1986, G & M implemented a Corrective Action Program at the IWTP to 
comply with the specific conditions in the FDER Temporary Operating 
Permit No. HT17-68087. The Corrective Action Program involved the 
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installation of seven recovery wells in the surficial aquifer to recover 
contaminated groundwater associated with the surge pond and sludge 
drying beds. 
wells to create a composite cone of depression in the shallow 
groundwater that would capture the contaminant plume and minimize the 
potential for inducing saltwater intrusion. 
saltwater intrusion was due to concern over introducing brackish water 
with high total dissolved solids and thus adversely impacting the 
biological treatment process used at the IWP. Operation of the 
recovery system began in February 1987. 

The system design involved in-line spacing of recovery 

The need to minimize 

Prior to startup of the recovery system, the five shallow and two 
intermediate monitoring wells located in the vicinity of the IUTP and 
the seven newly installed recovery wells were sampled and analyzed for 
VOCs and BNAs. The results of these analyses are discussed in Section 
2.6.2. 

During the week of January 20, 1987, EPA conducted a comprehensive 
groundwater monitoring evaluation. 
from seven shallow nonitoring wells (UG-1, DG-4, E - 6 ,  GH-12, GH-71, 
GH-73, and GH-80) and one main producing zone monitoring well (G)1-68), 
and analyzed for metals, VOCs, and BNAs.  The results of the analyses 
are discussed in Section 2.6.2. 

BPA collected groundwater samples 

On September 29, 1987, FDER issued the U.S.  Navy Public Works Center a 
permit to operate the surge pond as a RCRA MSI (permit no. 
H017-127026). 
continue to operate. In addition, as a specific condition of the RCRA 
operation permit, a quarterly groundwater monitoring program was 
initiated, with the first quarterly groundwater samples collected and 
analyzed in November and December of 1987. 

The permit required that the Corrective Act ion Sys tem 

In January and November of 1988 respectively, FDER issued the U.S. Navy 
Public Works Center closure permits for the following: polishing pond, 
stabilization pond, and the sludge drying beds (permit no. EF17-134657) 
and the surge pond (permit no. EF17-148989; FDER 1988c; 1988d). In 

2-34 
2 2 0 0 9 4 2  



accordance with the closure requirements stated in the permits, liquids 
were removed from each of the surface impoundments (ponds) and processed 
through the wastewater treatment plant. Naturally dewatered sludge 
remaining in these surface impoundments and sludge drying beds were 
removed and transported to a permitted hazardous waste facility near 
Emelle, Alabama. 
washed, and the remaining sediments were also removed and transported to 
the same permitted hazardous waste facility. In addition, the clay 
liner (soil cement liner for the surge pond) and/or subsoil beneath each 
waste unit was sampled for pollutants known or suspected to have been in 

The sides and bottom of each surface impoundment were 

the waste stream (FDER 1988c; 1988d). The analytical results of this 
soil sampling are presented in Section 2.6 .2 .  

These soil sampling analytical results indicated that only low levels of 
phenols were present in the clay liner and soils beneath the polishing 
and stabilization ponds. As a result, these two surface impoundments 
were given clean-closure status (Campbell 1991). However, several 
contaminants were detected in the soil samples collected from beneath 
the sludge drying beds and surge pond. Consequently, each of these 
waste units were capped with a low permeability material (clay for the 
surge pond and asphalt for the sludge beds), and a monitoring program 
was developed to ensure the effectiveness and integrity of the caps 
(Campbell 1991). 

In February 1988, shallow monitoring wells DG-1, DG-2, DG-6; 
intermediate monitoring well GM-75; and deep monitoring well GM-74 were 
plugged and abandoned to facilitate the construction of a surge tank (in 
the area of these wells) to replace the surge pond (G & M 1988a). These 
wells were properly abandoned in accordance with the guidelines of the 
Northwest Florida Water Management District (NWFWMD; G & M 1988a). 

In April of 1988, G & M investigated the source of acidic groundwater 
present at the IWTP in the vicinity of the inactive sludge beds. 
installed three temporary shallow and intermediate monitoring wells 
based on historic information regarding a 1983 sulfuric acid spill at 
the IWTP. 

G & M 

G & H measured groundwater pH and specific conductance in the 
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temporary monitoring wells; in a number of existing permanent shallov, 
intermediate, and deep monitoring wells; and in two recovery wells in 
the vicinity of the suspected acid spill area. 
the analyses, G 6 H concluded that only the intermediate 20ne of the 
surficial aquifer was affected by the acid spill at that time and that 
recovery well RU-5 was recovering the acid plume (G & H 1988~). 

Based on the results of 

In December 1988, G & H subaitted the second semi-annual report for the 
corrective action and compliance monitoring programs. 
that the recovery well system had pumped approximately 43 million 
gallons of contaminated groundwater and was pumping at a rate of about 
64 gallons per minute. The report concluded that the downward trend in 
VOC concentrations, the large volume of recovered water, and the 
groundwater flow maps indicated that the system was capturing 
contamination and abating further contaminant migration from the source; 
however, a recommendation was made to add five recovery wells to enhance 
the effectiveness of the system. 

G & H reported 

In Hay 1989, monitoring of the IVTP Corrective Action Program was 
transferred from G & H to E & E. 

During March 1990, E & E installed a monitoring well cluster (including 
shallow monitoring well PCS-1, intermediate monitoring well PCI-1, and 
deep monitoring well PO-1) adjacent to the former surge pond to replace 
the wells abandoned for the construction of the new surge tank. 
three new wells were included in the Hay 1990 quarterly groundwater 
sampling. 
maintenance of the recovery system and periodic groundwater sampling. 
Since the startup of the recovery system in 1987, numerous problems 
occurred primarily with the recovery pumps. 
continuously. In many instances the groundwater levels fell below the 
pump intakes, damaging the pumps and/or Rotors, and the pumps (or 
motors) then had to be replaced. 
the recovery system vas inoperative due to continuing maintenance 
associated with this problem. 
centrifugal pumps, motors, and associated piping at four of the recovery 

These 

The current work at the Group 0 sites includes the 

The pumps operate 

Between July 1990 and November 1991, 

In November 1991, E 6 E installed six 
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system locations (recovery wells RU4 through RW7). The recovery system 
in currently operable. A draw-down protector, which shuts the pump off 
if the water level in the well falls below the pump intake, is scheduled 
to be installed in some of the recovery wells. 
recovery wells RW1, RW2, and RW3 are also scheduled to be repaired and 
returned to service. 

The existing pumps at 0 

In compliance with the 1987 RCRA HWSI permit issued to the Navy for the 
Group 0 sites, E 6 E has conducted nine quarterly groundwater monitoring 
episodes at the Group 0 sites since May 1989. 
reports have been developed from these sampling efforts although the 
September 1991 quarterly analytical report included a brief narrative of 
the results (E 6 E 1991h). In general, several metals, VOCs,  BNAs, 
chloride, and sulfide have been consistently detected in several on-site 
monitoring wells. The analytical results for these sampling events are 
presented in Appendix G, and are discussed in conjunction with the 
analytical results of other previous investigations in Section 2.6.2.2. 
In accordance with the September 1991 FDER permit (no. HF17-170951) 
requirements, the monitoring program at the IWTP has been changed from 
quarterly to semi-annual monitoring. 
been eliminated from the monitoring program. 

No overall interpretive 

The Appendix IX analyses have also e 
Between October 1990 and February 1991, E 6 E conducted Phase I inves- 
tigations of adjacent sites 11, 13, and 30 (E 6 E 1991f; 1991e; 1991d). 
The results of these investigations are discussed in Section 2.6.2.3. 

2.6.2 Previous Analytical Results 
2.6.2.1 S o i l  

To fulfill the requirements of the closure permits issued for the former 
sludge drying beds and the former surge pond, the clay liner for the 

surge pond and the subsoil beneath the former surge pond, the sludge 
drying beds, and the polishing and stabilization ponds were sampled for 
several known or suspected contaminants (see Section 2.6.1). 

' .  
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The soil sampling analytical results indicated that only low levels of 
phenols were present in the clay liner and soils beneath the polishing 
and stabilization ponds (see Appendix G). 
surface impoundments were given clean-closure status (Campbell 1991). 
However, detectable concentrations of cyanide (0.3 mg/kg); 1,3-dichloro- 
benzene (18 pg/kg) ; lt4-dich1orobenzene ( 14 pg/kg) ; and toluene (10 
ug/kg) were present in the soils beneath the sludge drying beds. 
addition, detectable concentrations of cyanide (1.2 mg/kg); 
1,2-dichlorobenzene (28 ug/kg); 1,3-dichlorobenzene (67 pg/kg); and 
1,4-dichlorobenzene (10 ug/kg) were present in the soils beneath the 
surge pond (General Engineering Laboratories 1989a; 1989b). 

As a result, these two 

In 

2.6.2.2 Groundvater 

The following is a compilation and evaluation of the existing ground- 
water analytical data that have been collected at the Group 0 sites. 
These data have been collected as part of the various RCRA permit 
requirements the facility has operated under for the last eight years, 
and as part of efforts to characterize the nature and extent of contami- 
nation at the facility (see also Section 2.6.1). In consideration of 
the magnitude of the available groundwater analytical data and the 
numerous parameter suites that have been sampled for on a rewlar basis, 
this discussion will be divided into four major contaminant groups: 
metals, other inorganics, VOCs, and BNAs. For reference during the 
discussion, Appendix G presents summary tables for the sampling analy- 
tical results of the previous eight years. It should be noted that the 
majority of these tables list only those parameters that were detected 
during a specific sampling event, not the entire suite of parameters 
that were analyzed for during that event. 

Under the various RCRA permits, the IYTP site monitoring wells have been 
designated either as point-of-compliance (POC), corrective action (CA),  

or background (well UG-1 only). 
depth zones within the Sand-and-Gravel Aquifer: 
deep), intermediate zone (40 feet deep), and deep zone (65 feet deep; 
see Section 2.5). As part of the permit requirements, POC wells, CA 

The POC and CA wells monitor three 
shallow zone (15 feet 
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wells, and the background well have generally been sampled for different 
analytical suites. 
well designations and depths, the analytical suites the wells were 

sampled for, and the dates the wells were sampled. 

Tables 2-3 through 2-6 present on-site monitoring 

0 
Given the large number of parameters that have been detected in samples 
collected from these IWTP wells, this discussion will generally be 

limited to those parameters that have been detected at concentrations 
exceeding established groundwater standards. 
tables 2-7 through 2-22 present summary analytical results of all those 
parameters that have been detected at levels exceeding the applicable 
Florida Primary Drinking Water Standards (FPDWSs; FDER 1991b) in samples 
collected from one or more wells during one or more sampling events over 
the last eight years. 

To aid in this effort, 

Metals. 
metals; however, CA wells have been consistently sampled for sodium (see 
tables 2-3 and 2-4). Several metals have been detected at concentra- 
tions exceeding the applicable FPDWSs. These include sodium, cadmium, 
chromium, lead, arsenic, and mercury. It should be noted that during 
the July and October 1984 sampling events (see Table 2-3), samples were 
filtered prior to preservation in order to analyze for dissolved metals; 
during all other sampling events, samples were unfiltered and were 
analyzed for total metals. 

In general, only POC wells have been consistently sampled for 

Sodium was the most commonly detected metal at the IWTP, and has been 
detected at concentrations exceeding the FPDWS of 160 mg/L in samples 
collected from shallow zone wells PCS-1, GM-14, GM-71, GM-72, GM-76, and 
GM-77; intermediate zone wells PCI-1, GM-64, GM-66, GM-68, and GM-84; 
and deep zone wells PCD-1, GM-63, GM-65, and GM-68 (see Figure 2-2 and 
Table 2-7). Concentrations in the shallow zone samples ranged from 1.48 
mg/L (GM-77, May 1989) to 3,201 mg/L (GM-71, March 1989) and were 
consistently higher in shallow zone samples collected from well GM-76. 
Concentrations in the intermediate zone samples ranged from 3.8 mg/L 
(GM-64, May 1989) to 14,000 mg/L (GM-84, March 1991); and were 

consistently higher in intermediate zone samples collected from wells 
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T&l. 2-3 (Cont.) 

Mni to c ing well Sarpling Cat. (Plonthflecrr) 
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c 4 
N 
0 
0 
W 
a 
C-J 

h, 
I 
E 
h, 

-10 2-3 (Coat.) 

14( lW~~Ut1305:~220 /1127 /0  

w: 
a - Iron and unganoso only. - Includor cyanid.. 

= ~ a n g ~ o s e  only. 

N/A - Not applicablo. 
CA = Corcoctivo Action. 
OOC - Point of Co.pliurco. 
(S) = sh.llov. 
( 1 1  = Intorwdiato. 
( 0 )  - bop. 
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Monitoring Well Sampling m t o  (Mnthflear) 
W.11 (Depth) Designation 11/63 2/84 5/84 7/8 4 10/84 9/85 4/86 2/87 5/87 8/87 12/87 2/88 4/88 
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-1. 2-4 (coat.) 
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X' 
X' 
X' 
X' 
X' 
X 
X 

X' 
X' 
X' 

X' 
X' 
X' 
X' 
X' 
X' 
X' 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 

X' 
X4 
X' 

14(~~JuH1305:To220/1125/0 
It.y: 

' - Incluctos rultato. 

CA = Corrutivo Action. 
#)c: - Point of Coqlianco. 
1s) = Sh'llOW. 
(I) = Intotwdhto.  
( 0 )  I Doop. 

Sourco: Ecology and h v t r o w n t ,  Inc., 1991. 



hbl. 2-5 

nDni t o  r ing h m l l  S a r p l i n g  Dato ( M o n t h p o a r I  
Wall (Depth) Designation 11/83 2/84 5/84 7/84 10/84 9/85 4/86 1/87 2/87 5/87 8/87 12/87 2/88 4/88 

WPoc 
Poc 
Poc 
Poc 
Poc 
Poc 
Poc 
Poc 
Poc 
Poc 
W C  
Poc 
Poc 
Poc 
CA 
CA 
CA 
CA 
CA 
CA 
CA 
CA 
N/A 
CA 
CA 
N/A 
CA 
W- 
CA 
CA 
CA 
CA 
N/A 
N/A 
N/A 
ch 
CA 
CA 
Poc 
Poc 
Poc 

X' 
Xa 

X. 
Xa 
Xa X X 

X 
X 

X 
X 
X 
X 
X 
X 
X 
X 
X 
X 

X 
X 

X 
X 
X 
X 
X 
X 
X 
X 
X 
X 

X 
X 

X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 

X 

X 
X 

X X 

X 

X 

X 

X 

X 
X 

X 
X 

X X 
X 
X 

X X X X 

X 
X 
X 
X 

X X X 
X X X 

X 
X X X 

X 

X 
X X 
X X 

X 

X X X 

X 

14 [NASP 1~~i305:~0220/1124/0 
Koy a t  ond of table. 
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-10 2-5 (at.) 

14INRsP1UH1305:T0220/1124/0 
w: 
a = Phenols only. 

N/A = Not applicable. 
Ch = Corrective Action. 
WC = Point of Complianco. 
(S) = Shallow. 
(I) = Intermediate. 
(D) I Deep. 

Source: Ecology and Environment, Inc., 1991 

N 
I 
~ 
...... 

• 
~l. 

Key: 

a = 
NIl. a 

CA = 

(Coat., 

POe = Compliance. 
(SI = 
(II a Intersediate. 
(01 • Deep. 

• • 
14 (NASP)UH1305:T0220/1124/0 



t a l a  2-6 
C 3  
N 
0 --AbAmImmm 
0 - v x x x a x x  
C 3  Rd - S m  32. 33* IYD 35 
e- 
c3 

Monitoring w.11 Saqling h t o  (Month/Yoarl 
-11 (Dopth) Designation 11/63 2/84 S/8 4 7/84 10/84 9/85 4/86 2/8 7 S/8 7 8/87 12/87 2/88 4/8 8 

X 
X 

monitoring -11 S q l i n g  Ilrto WnthJYoar) 
tell (apth) Dosignation 6/88 8/88 11/80 3/89 5/89 8/89 11/89 3/90 5/90 6/90 11/90 3 /91  7 /91  10/91 

&3 .- 
I 
.*. 

IM-1 (SI CAJ- X X 
OG-4 (9)  mc 
W-6 (SI poc 
-66 (1) CA X X 

14~IIIUPIUIl305:M220/1126/0 
Wota: Appndix VI11 is tho Comor tit10 for Appondix Ix. 

w: 
CA = Corroctivo Action. 
RK: - Point of ~ o l p l i ~ c o .  
(21) - shallow. 
(I) = Intotwdirto. 
(D) Drip. 

kurco: Ecology and mvironnnt, Inc., 1991. 



Table 2-7 

S ~ I I A R T  or SODIUM c0ICmwxo.s xm a p o ~ ~ l y l u t l l  
SlVIpLES COLLLCTBD AT W P B l s A c o t A  SITES 32, 33, 35 

(All results in  mg/L) 

Sampling Date (Honth/Year) 
Monitoring 
Well 8/84 10/84 9/85 1/87 12/8 7 2/88 6/88 8 / 8  8 11/8 8 3/89 

GH- 1 4 
GH-6 3 
GH-6 4 
GH-65 
GH-66 
GH-68 
GH-69 
GM-71 
GM-72 
GM-76 
GH- 7 7 
GM- a 4 
PCS-1 
PCI-1 
PCD-1 

NR 
NS 
NS 
NS 
NS 
NS 
NS 
NS 
NS 
NS 
NS 
NS 
NS 
NS 
NS 

NR 
NS 
NS 
NS 
NS 
NS 
NS 
NS 
NS 
NS 
NS 
NS 
NS 
NS 
NS 

NR 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NR 
NS 
NS 
NS 

NS 
NS 
IS 
NS 
NS 
88 
NS 
18 
NS 
NS 
NS 
NS 
NS 
IS 
NS 

NR 
470 
330 
120 
640 
61 
510 
9.8 
79 
210 
53 
NA 
IS 
NS 
NS 

NR 
420 
200 
110 
670 
67 
500 
5.7 
42 
190 
43 
NA 
NS 
NS 
NS 

NR 
789 

86 
110 
527 
72 
56 1 
4 
44 
207 
40 
NA 
NS 
NS 
NS 

NR 
448 
142 
76 
465 
79 
591 
7 
73 
501 
303 
NA 
NS 
NS 
NS 

NR 
NR 
NR 
NR 
NR 
NR 
N R  
NR 
NR 
NR 
NR 
NR 
NS 
NS 
NS 

200 
515 
55 
100 
662 
57 
669 

3,201 
2,793 

22 
117 

4.450 
NS 
NS 
NS 

14INASP]UH1305:T0220/1131/17 
Key at end of table. 



h, 
I cn 
0 

Tablo 2-7 (Coat.) 

sampling Data (nonth/YoarJ 
Honitoring 
Woll 5/89 6/89 11/89 3/90 5/90 6/90 7/9 1 10/91 11/90 3/91 

OM-14 184 180 164 1 4-0 120 NS 130 56 25 3 1  
GM-63 604 449 479 560 510 550 560 480 500 480 
611-64 3 . B  105 241 320 210 310 290 320 320 380 
On-65 1 . 1 8  1,070 88 .9  1 2 0  180 180 92 93 96 92 
OH-66 6 .83  160 842 820 670 580 730 670 680 640 
611-68 69  600 693 77 8 1  90 84 8 1  89 84  
OX-69 879 618 693 690 600 620 610 580 610 570 
GH-71 258 I S  110 6 . 7  12 NS 150 6 . 2  3 .2  4.6 
an- 7 2 288 NS 21.4 17 13 1s 60 83 19 1 . 2  
on-76 3 9 . 1  us 136 100 64 ns 110 110 110 110 
OM-77 1.48 Its 46.5  44  28 NS 1,100 200 1 50 12 
an-84 10,200 4,470 5,540 4,300 4,400 ns 4,700 14,000 I S  19 
PCS-1 I S  NS NS NS 19 1.4 5 .2  220 6 . 1  15 
PCI-1 1s I S  NS n s  120 310 310 360 270 260 
PCD-1 NS NS NS 11s 130 160 190 180 180 180 

14ll(A01lM1305:20220/1131/17 
Not.: Bold numbora indicato valuo oxcooda l P W S  ot 160 q/L. 

Koy: 

NS = Monitoring woll did not oxiat, or oxiatod and uaa not sa~p1.d. 
NA - Monitoring woll aamplod but ramp10 not analyrod tor t h i s  paramotor. 
NR = No data roportod. 

Sourco: tcology and Environmoat, Inc., 1991 .  



e 

Table 2-8 

Samplinq Date (nonth/Year) 
Monitoring 
Well 7/8 4 10/84 9/85 1/87 2/87 5/8 7 8/87 12/87 2/88 6/88 8/88 

GM-66 NS NS NA NS NA NA NA NA NA ISA NA 

Monitorinq 
Well 

Sampling Date (Honth/YearJ 

11/88 3/89 5/89 8/89 11/89 3/90 5/90 8/90 11/90 3/91 7/9 1 10/91 

GM-66 NR -- NA NA NA 43 NA 31  NA 57 NA NA 

14[NASP]UH1305:TO220/1132/10 
Note: Bold numbers indicate value exceeds fPDWS o f  10 pq/L. 

Key : 

NS = Monitoring w e l l  did not exist, or existod and was not sampled. 
NA = Monitoring well samplod but sample not analyzed for this parameter. 
NR = No data reported. 
-- = Parameter not detected. 

Source: Ecoloqy and Environment, Inc., 1991. 



Ci, 
iu 
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(3 
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a 

b b  

h) 

I B  

Tab10 2-9 

Samplinq Qat. (Uonth/Yoar) 
Monitoring 
w.11 7/8 4 10/8 4 9 / 0 5  1/87 2/87 5/8 7 8/87 12/8 7 2/88 6/88 8/88 

011-66 NS NS NA I S  NA NA M M NA NA NA 

Saapling Oat. IHonth/loar) 
Monitoring 
w.11 i i / a a  3/69 5/09 8/89 11/89 3/90 5/90 1/90 11/90 3/91 7/91 l0/91 

Gn-66 NR NA MA IIA IIA 210 NA I40 NA 360 NA NA 

Note: Bold numbora indicato valuo orcooda ?PUIS o f  50 pg/L. 

Koy : 

NS 
#A 
NR I No data roportod. 

= Monitoring woll did not oriat, or oxiatod and uaa not ra8pl.d. - Uonitocing v.11 armplod but rampla not analyrod for thi! p a r a r t o r .  

Sourco: Ecology and Environ8ont, Inc., 1991. 



h, 
I 

VI 
W 

~u l l l up~  or w CO-TIOIS 18 mumm-rm 
SAllpLgS COLLSmED AT .As PEl#SACOLa SITSS 32, 33, MD 35 

(All results in pg/L )  

Saapling Date (Honth/Yoar) 
Monitoring 
w.11 1/84 10/84 9/8 5 1/87 2/87 5/87 8/87 12/87 2/88 6/88 8/08 

GM-66 US us UA us NA UA UA . UA NA UA UA 

Sampling Date (Honth/Yoar) 
Mon i t o r i ng 
Well 11/88 3/89 5/89 8/89 11/89 3/90 5/90 8/90 11/90 3/91 7/9 1 10/91 

CM-66 NR NA UA NA UA 2.6 UA NA UA 400 NA UA 

14[NASP~UH1305:T0220/1134/10 
Note: Bold numbers indicate value exceods PPDWS of 50 p g / t .  

Key : 

NS = Monitoring well did not oxist, or existed and was not sa8pled. 
NA = Monitoring well sampled but sarplo not analysed for this parameter. 
NR = No data roportod. 

Source: Ecology and Environment, Inc., 1991. 



Tab10 2-11 

swmur M mmc cacmmmog In mnmmwm 
SNCPLZS COLtrCrtD AT DAS PUSACOLA SITES 32, 33 ,  A 8 0  35 

(All rom~lts in p g / L )  

Saaplinq Oat. (Nonth/Yoar) 
nonitoring 
w.11 1/84 10/84 9/8 5 1/87 12/8 7 2/88 6/88 8/8 8 11/88 3/89 

ua-1 NA NA ns ns I A  I A  NA nA -- 

Saapling Dato iNonth/Yoar) 
Nonitorinq 
we1 1 5/8 9 8/89 11/89 3/90 5/90 8/90 11/90 3/91 7/9 1 10/9 1 

14~~AsP~~1305:T0220/1135/15 
Not.: Bold nurbora indicato valuo oxcood8 FPCMS o f  50 ug/L. 

Key : 

ns 
NA -- I Para~otor not dotoctod. 

I Nonitoring u.11 did not oxiat, or oxistod and was not #A.phd. 
I Nonitocinq uoll aarplod but amp10 not analyrod for thia paraaotor. 

Sourca: Ecology and gnvironmont, Lnc., 1991. 



Saapling Date (Month/Year) 
Monitoring 
well 7/84 10/8 4 9/85 1/87 12/87 2/88 6/88 8/88 11/88 3/8 9 

~~ ~~ 

GM-11 NS NS NS NS NS NS IS NS NS -- 

Saapling Date (Xonth/Year) 
Monitoring 
Well 5/89 8/89 11/89 3/90 5/90 8/90 11/90 3/91 7/9 1 10/91 

NA GM-11 -- 0 . 2 2  4.4 -- -- -- -- - NS 

14[NASPIUH1305:T0220/1136/15 
Note: Bold numbers indicate value exceeds PPDWS of 2 Mg/L. 

Key : 

NS = Monitoring well did not exist, or  existed and was not saaplmd. 
-- = Parameter not detected. 

Source: Ecology and Environment, Inc., 1991. 



iv 
c3 
0 
C,? 
G? 
cc, S m p l i n q  Dato (nonth/Yoar) 

Monitoring 
19.11 2/8 4 7/8 4 10/84 9/85 4/86 1/87 2/87 5/87 8/87 12/87 2 / 8 8  4/88 6/88 8/88 

w- 1 
w- 2 
w- 4  
w- 5 
DO-6 

OH-9 
ox-10 
GM-6 4 
On-66 
OH-69 
ox-75 

on-8 

NR 
NR 
NR 
NR 

NR 
NR 
NR 
NS 
NS 
NS 
NS 

-- 
NS 
I S  
NS 
NS 
NS 
NS 

32 
NS 
16 

¶ 
13 
NP 
21 
7 

19 
NS 
NS 
US 

NS 
1 

NS 
NS 
US 
NA 
NA 
IIA 

27 
3 
1 

-- 

NR 
NR 

NR 
NR 
NP 
NR 
NR 
NR 
NR 
NR 
NR 

-- 
NS 
IS 

no 

NS 
NS 
US 
US 
I S  
NS 
US 

-- 
-- 

NR 
NR 
NR 
NR 
NR 
NR 
NR 
nR 
NR 

146 
17 
IR 

NR 
NR 

NR 
NR 
WR 
NR 
NR 
NR 

-- 

- - 
NR 

IS 
NS 

NR 
NS 
NR 
NR 
IR 
NR 
IR 
111 
I# 

- 
US 
NS 
NS 

NS 
NR 
NR 
NR 
NR 
NR 
NR 
us 

- 
us 
IS -- - 
NS 
NR 
Nn 
nR 
NR 
NR 
NR 
IS 

Kay a t  and of tablo .  

, 



Tablo 2-13 (Cont.) 

Sampling Dato tWonth/Yoar) 
Monitorinq 
Well 11/88 3/89 5/89 8/89 11/89 3/90 5/90 8/90 11/90 3/91 7/9 1 10/9 1 

DG-1 
DG- 2 
DG-4 
DG-5 
DG-6 
GH-8 
OH-9 
OM- LO 
61-64 
OH-6 6 
OH-6 9 
OH-75 

NS 
NS 
-- -- 
NS 
NR 
NR 
NR 
NR 
NR 
NR 
NS 

NS 
NS 
NR 
NR 
NS 

7 -- 
-- 

4 
380 

14 
N S  

NS NS 
NS NS 
NS NS 
NS NS 
NS NS 
I 180 -- -- - - 
-- -- 

18O(J) 240(D) 
11 12 
NS NS 

IS 
NS 
NS 
NS 
NS 
71 -- 
-- -- 
180 
f L) 
NS 

N 
I 14[NA!3P]UH1305:T0220/1137/2 cn 
4 Note: Bold numbers indicato valuo oxcoods FPDWS of 1 ug/L. 

Koy : 

= Monitoring woll did not oxist, or oxisted and was not samplod. 
= Monitoring well sampled but ramp10 not analyrod for this paCaBOtOK. 
= No data reported. 
= Paraaeter not dotected. 
= Present below tho detoction Limit. 
= Estimated valuo; compound prosont below tho dotoction limit. 
= Concontration oxcoodod calibrated rang. of instrumont. 
= Compound analyzed at a secondary dilution factor. 

Sourco: Ecology and Environment, Lnc., 1991. 



Sampling Dato (Nonth/Yoar) 
Monitoring 
MOL1 2/84 5/8 4 7/8 4 10/84 9/85 1/87 2/8 7 5/87 8/87 12/87 2/88 6/8 8 8 / 8 8  

w- 1 NS 
Do-6 8 
an-@ NS 
GU-9 NS 
011-6 4 NS 
GM-66 NS 
GU-67 NS 
an-69 NS 

NS 
c 10 
NS 
NS 
NS 
NS 
NS 
NS 

800 
25 

(L) 
NS 
NS 
NS 
NS 

-- 

~~ ~- 

K O ~  at ond o f  t ab lo .  

NS 

US 
NS 
us 
NS 
NS 
NS 

I 

NR 
UR 
NR 
11 
NR 

446 

NR 
-- 

NR 
IIR 
NR 
NR 
NR 
NR 
NR 
NR 

NP 
NR 
NP 
NP 
NR 
NR 
NR 
NR 

NA 
IS 
NR 
lm 

9 
SO0 
NR 
1111 

NA 
NS 
NR 
NR 
IPR 
NR 
NR 
NR 



h, 
I wl 
W 

Tdl. 2-14 (Cont. ) 

Sampling Dato (Monthfloar) 
Monitoring 
Well 11/88 3/89 5/89 8/89 11/89 3/90 5/90 8/90 11/90 3/91 7/9 1 10/91 

DG-1 
DG-6 
OM-8 
GM-9 
GM-64 
GM-6 6 
GM-6 7 
OM-69 

NS NS NS 
IS NS NS 
NR 125 35 
NR 
NR 
NR 310 1,100 
NR 
NR 

-- -- 
-- -- 
-- -- 
-- -- 

NS 
NS -- -- 
I 

320(J) -- 
e 

NS 
NS 

NS 
NS -- 

-- 

IS 
IS 

-- 

NS 
IS -- 

14[NASP1UXl305:T0220/1138/6 
Not.: Bold numbers indicate valuo oxcoods CPDWS of 7 pg/L. 

Key: 

NS = Monitoring well did not exist, or existod and was not sarplod. 
NA = Monitoring well sampled but sarplo not analyzod for this pararotor. 
NR = No data reported. 
-- Parameter not detectod. 
( L )  = Present below the detection limit. 
(J) = Estimated value; compound presont bolow tho dotoction limit. 
( E )  = Concentration exceeded calibratod rang. of instrument. 

Source: Ecology and Environront, Inc., 1991. 



StOWUT M 1 , Z - D I ~ ~  -IOU Im 
-LIS COLLECTCD AT W ?-LA SITES 32, 33 ,  IUD 35 

( A l l  roaulta in r(JF) 

Sampling ~ a t o  (nonth/Yoar) 
Monitoring 
W.11 7/8 4 10/84 9/85 1/87 2/87 5/87 8 / 8  7 12/87 2/8 8 6/88 8/88 

~ ~~ -~ ~~ 

Sampling Dato (Month/Yoar) 
Monitoring 

11/00 3/91 7/91 10/91 w.11 11/80 3/89 5/89 8/89 11/89 3/90 5/90 8/90 

on-9 
en-64 

14~WAsPJvRl305:TO220/1139/10 
lot.: Bold numborr indicato valuo oxcoodr PPDWS o f  3 uq/L. 

Key : 

NS 
NA 
IR = No data roportod. -- = Paramotor not dotoctod. 

= Monitorinq woll did not oxiat, o r  oxiatod and uaa not aamplod. 
= Monitoring u o l l  ramplod but ramplo not analyrod f o r  thia paramotor. 

Sourco: Ecology and Environmont, lac., 1991. 



Tab10 2-16 

S w T  01 CEWRO1Opll C O D ~ T I O l S  I1 G E O n T E R  
S u l p L p S  COLLE-D AT .As PmSACOLb SITES 32, 33, Am 35 

( A l l  results in r g f i )  

Sampling Dato (flonth/Yoar) 
Monitoring 
Well 7/8 4 10/84 9/85 1/87 12/87 2/88 6/88 8/88 11/68 

Mi-1 NR 320 NS NS IS -- NS NS NS 

Sampling Date (flonth/Yoar) 
MOnitOKing 
well 3/89 5/89 8/89 11/89 3/90 5/90 8/90 11/90 3/91 7/91 10/92 

Mi-1 NS NS NS NS NS NS NS NS NS NS NS 

14[NASP1UH1305/T0220/1140/15 
Note: Bold numbers indicate va lue  excoeds PPDWS of 100 ug/L. 

Key : 

NS = Honitoring well did not exist, o r  oxistod and was not samplod. 
NR = No data reported. 
-- = Parameter not dotocted. 

Source: Ecology and Environment, Inc., 1991. 

, 



~ ~~ ~ ~~ ~~~~ ~ 

Sampling Dato (Month/Yoacl 
nonitocing 
w.11 2/84 7/8 4 10/84 9/85 1/87 12/8 7 2/88 6/88 8/88 11/80 

Mi-1 NA NR 425 IS us ns -- IS IS NS 
DG-6 tan I1R 9 IS - IS - IS NS NS 

Sampling Oat. (Nonth/Yoac) 
Monitoring 
WOll 3/89 5/89 8/89 11/89 3/90 5/90 1 / 9 0  11/90 3/91 7/9 1 10/9 1 

Do- 1 NS NS IS IS us IS US ns IS 1s IS 
W-6 NS NS NS IS ns IS ns NS IS IS us 

14(IA9~jUR130S:T0220/1141/tS 
Not.: Bold numbor8 indicato valuo oxcood8 13- OC 3 rg/L. 

Koy : 

us I Monitoring w o l l  did not oxist, o r  oxistod and u a i  not sr~plod. 
I A  I Monitoring uol l  ramplod but samplo not analy8.d for this paramotor. 
IO = Io data ~oportod. -- I PAr8mOtOr not d0t0ct.d. 
Sourco: Scology and tnvironmont, Inc.,  1991. 



h, 
I m 
w 

SWIARY or TRI<BI*IIU)STUB.P CO~-TIO.S 18 GROU.LMIVPR 

(AU rosults in cQ/L) 
SAMPUS COLtBCTED AT .As PP.SACOIA SITSS 32, 33, A.D 35 

~ 

Sampling Dato IMonth/YeacJ 
Monitoring 
Well 2/84 5/84 7/84 10/84 9/8 5 1/87 2/87 5/87 8/87 12/8 7 2/88 6/88 

UG- 1 
DG- 1 
DG- 2 
Mi-4 
DG-6 
GM-8 
GM-9 
GI¶-LZR 
GM-6 5 
GM-66 
GM-67 
GM-6 8 
GM-69 
GM-70 

NR 
NR 
NR 
NR 
58 
NR 
NR 
NR 
NS 
NS 
NS 
NS 
NS 
NS 

NR 
NR 
NR 
NR 
21 
NR 
NR 
NR 
NS 
NS 
NS 
NS 
NS 
NS 

-- 
-- 
NS 

20 

60 
NR 
NS 
NS 
NS 
NS 
NS 
NS 

-- 
-- 

NR 
20 
NS 
13 
32 

(L) 
NR 
NS 
IS 2 
IS 
NS 
IS 
NS 

- 

NS 
NS 
6 

NS 
NS 
NA 
NA 
NA 
4 

,600 
so 
10 
3 
7 

-- NR NR NR 
IS NR NR NR 
NS NR NR NR - NR NR NR 
-- NR NR NR 
NS NR NR NR 
IS 7 1 NR 
- NR NR NR 
NS NR NR NR 
NS 15,907 24,750 13,600 10, 
NS 78 8 NR 
- NR NR NR 
NS 8 6 NR 
NS NS NS NS .S .S 

-- 
IS 
NS 
NS 
NS 
NR 

NR 

300 

I 

-- 

-- 
- 
NS 

14[N~P]~l305:T0220/1142/5 

Key a t  end of table. 



Sanpling Dato (Honth/Yaar) 
Nonitoring 
w.11 8/88 11/88 3/89 5/89 8/89 11/89 3/90 5/90 8/90 11/90 3/91 1/91 10/91 

UG- 1 
Do- 1 
Do- 2 
w-4 
W-6 
an-. 
On-9 
GR-12R 
OH-6 5 
OM-6 6 
GH-6 7 
GN-6 1 
611-69 
OH- 7 0 

-- 
NS 
NS 

NS 
NS 
NS 
NS 

NA 
NS 
NS 

NS 

-- 

ns 

ns 

14(IUbP~UH130S:T0220/1142/5 
loto: Bold numbocr indicato valuo orcaads ?PWS of 3 pg/L. 

= Nonitoring uol l  did not oxirt, o r  oxistod And was not ranplod. 
= Nonitorinp uoll ramplod but ramplo not analyrod f o r  this paramotor. 
= No data roportad. 
= Paranotor not dotoctod. 
= Proront bolow tho dotaction linit. 
= Sutimatad vrlua; compound prosont bolow tho dotoetion limit. - Conpound also proront in mothod blank. 
= Excoods calibration limit. 

Sourco: Ccology and Cnvironmont, fnc., 1991. 



Tab10 2-19 

SulllupY O? l,l,l-TRICEI&#ROETEWE -1O.S IW GWU.DIATEE 
SMPLDS COLLECTED AT W PWSACOLh SITES 32, 33, AID 35 

(All rrsults  in rg/L) 

Sampling Dato (Honth/Yoar) 
Monitoring 
Well 7/84 l0/84 9/85 1/87 2/87 5/8 7 8/87 12/8 7 2/88 6/88 8/88 

DG- 1 110 5,900 N S  N S  NR NR NR ' NS I S  NS 
Mi-6 330 103 NS NR NR NR NS -- N S  NS 

NA I S  NR NR NR I S  NS NR NR cn-e -- -- 
GM-9 11,500 (L1 NA N S  3 56 NR NR 

-- 

-- -- -- - 

Sampling Oat0 (Honth/Yoar) 
nonitorrng 
Well 11/88 3/89 5/89 8/89 11/89 3/90 5/90 8/90 11/90 3/91 7/9 1 10/91 

DG-1 
DG-6 
GM- 8 
GM-9 

NS NS NS NS N S  N S  N S  I IS  NS N S  N S  NS 
NS NS NS NS N S  N S  N S  NS I S  N S  N S  NS 
NR 1,200 6 
NR -- -- -- -- - - - - -- I 

I -- - -- - - - -- - 
14[~ASP]UH1305/T0220/1143/11 

N o t e :  Bold numbers indicate valuo oxcoods PPDWS of 200 ug/L. 

Key: 

NS = Monitoring woll did not exist, or oxistod and was not samplod. 
NA = Monitoring w e l l  samplod but samplo not analyzod f o r  this pararotor. 
NR = N o  data reported. 
-- = Parametot not dotoctod. 
(L) = Prosent bolow tho dotoction limit. 

SOUCCO: Ecology and EnViKOnmOnt, Inc., 1991. 



Sagl in9 Oat. (llonth/Yoar) 
Wni tor ing 
-11 2/84 5/84 7/81 10/84 9/85 1/87 2/87 S/87 8/87 12/87 2/88 6/88 8/88 

Mil 
Do-2 
#i-3 
00-4 
nG-6 
an-8 
OK9 
-6 2 
OK63 
CW-64 
-6 
OK69 
an-8 1 
an-82 
QIc8 3 

Ns 
NS 
NS 
us 
6 
Ns 
US 
Ns 
Ns 
119 
Ns 
NS 
NS 
Ns 
Ns 

Ns - 
Ns Ns 
Ns Ns 
les - 

< 10 - 
115 - 
Ns 675 
Ns Ns 
w ws 
m Ns 
115 115 
Ns Ns 
Ns Ns 
Ns Ns 
Ns Ns 

so0 Ns 
Ns 17 
Ns 10 
11 Ns 
38 Ns 
tm tu 

4 rn 
119 6 
m 6 
ILI 9 
115 5 
Ns - 
Ns 78 
Ns 1s 
119 25 

119 
Ns 
Ns - - 
119 
Ns 
Ns 

us 
NS 
119 
119 
NS 
us 

m 

m 
m 

€m 
Im 
Iw 

IQ 
m 
Im 

8 
Iw 
us 

tm 

m 

41  

m 

m 
m 
Ns 
m 
ka 
tm 
23 
m 
la 
la 

ka 
us 
lls 
tm 

- 
ws 

AA 
m 

119 
NS 
Ns 

14[lasPl~l305:~220/1144/2 

Koy at ond of tablo. 



Table 2-20 (Cmt.) 

Sampling bat. (Monthflear) 
Monitoring 
well 11/88 3/89 5/89 8/89 11/89 3/90 5/90 8/90 11/90 3/91 7/91 10/91 

DG-1 
DG-2 
M i 4  
DG-6 
0 5 8  
GU-9 
GM-6 2 
GH-6 3 
GM-64 
-66 
GH-69 
GH-8 1 
Gl4-8 2 
Gl4-8 3 

Ns 
NS 
NR 
Ns 
NR 
NR 
NR 
NR 
NR 
NR 
NR 
NS 
NS 
NR 

NS 
Ns 
Ns 
NS 

138 

Ns 
Ns 
Ns 
Ns 
22 

Ns 
Ns 
NS 
Ns 

9 

Ns Ns 
NS Ns 
NS Ns 
NS Ns - 1(J) - - 

Ns 
Ns 
Ns 
Ns - - 

Ns 
NS 
Ns 
NS - - 

Ns 
Ns 
Ns 
Ns - - 

NS 
Ns 
Ns 
Ns 

NS 
NS 
NS 
NS 

- 
- - 
6 

Ns 
NS 
NA 

- 
- 
(L) 
Ns 
Ns 
NA 

- 
4 
US 
Ns 
Ns 

- - 
Ns 
Ns 
NA 

Ns 
Ns 
NA 

14[NASP1UH1305:T0220/1144/2 
Note: 

Key: 

NS = Monitoring -11 did not exist, or oxistod and was not sampled. 
NA = Monitoring well slqled but s a q h  not analyzed €or this paramotor. 

- = Parameter not detected. 
(L) = Present b l o w  the detection limit 
(J) = Estimated valuo; coapound prosont b l o w  tho detection limit. 

Source: Ecology and Environment, Inc., 1991. 

Bold nuplbers indicate valuo oxcoeds FPOWS of 3 uq/L. 

NR = NO data reported. 



Saapling Dato (nonth/Yoar) 
Monitoring 
w.11 2/8 4 5/84 7/8 4 l0/84 9/85 1/87 2/87 5/8 7 8/87 12/87 2/8 8 6/88 

w - 4  
W-5 
DG-6 

on-6 6 
OH-67 
611-69 

on-a 

nR ns I S  ns 2 NS - 
NS US IS 2 NS IS MR 

Nu 3.5 <lo no 2 I S  - -- -- -- -- I A  I S  - 
I S  I S  IS NS -- IS - 
NS IS NS I S  MR NS NR 
NS NS ns ns 3 NS 9 

Sampling Dato (l4onth/Yoar) 
noaitoring 
w.11 8/8 8 11/88 3/89 5/89 8/89 11/89 3/90 5/90 a/90 11/90 3/91 7/91 10/91 

w- 4  
Do-5 
W-6 
O H 4  
Ow-66 
Cn-6 7 
Ow-69 

14(Up?~U111305:T0220/1145/4 

loto: Bold nuaborr indicato valuo orcoodr W D V S  o f  1 yWL. 

Koy : 

19 - Monitoring woll did not oxirt, or oxiatod and war not ramplod. 
HA = Monitoring woll ramplod but ramplo not analyrod f o r  this paramotor. 
MR - No data coportod. - = PAKaDOtOr not d0toct.d. 
(L) = Prorant bolow tho dotoctioa l i m i t .  
( J )  = Ertimatod valuo; compound proront bolow tho dotoctioa limit. 

Sourco: Ecology and EnVirOnDOnt, Inc., 1991. 



-- 
SN 

-- 
SN 

-- 
SN 

SN 

SN 

SN 

885 

SN 

SN 

SN 

SN 

SP 

88 

SN 

SN 

SN 

SN 

-- 
SN 

-- 
et 

bt 

Sb 

-- 
s1 

SN 

OIL 

-- 
SN 

-- 
99 

SN 

E9 

SN 

SN 

SN 

088 

SP 

SN 

-- 
SN 

SN 

SN 

ON 

SN 

SN 

ELP 

YN 

SN 

VN 

SN 

SN 

SN 

SN 

SN 

SN 

YN 

821 

SN 

LZ'I 

SN 

SN 

SN 

SN 

SN 

SN 

s91 

SN 

SN 

SN 

SN 

SN 

OE 

Ob 

SN 

SN 

SN 

002 SN 

Otf YN 

OOO'P QN 

OLl SN 

SN OL 1 

SN 86 

SN 281 

SN L8E 

OC YN 

OSE'1 SN 

SN SN 

\IN SN 

QN SN 

SN SN 

r)9 SN 

SN 

021 LL 

002 SN 

YN SN 

SN SN 

-- 

SN 

SN 

SN 

SN 

SN 

SN 

9'LE 

SN 

SN 

SN 

L9-WD 

0 1 -WD 

6-WD 

z -9a 
S -9a 

b-9a 

9-fKI 

1 -9a 

8-WD 

6 9-WD 



Tab10 2-22 (Coat.) 

N 
I 
4 
0 

Sampling Dato (Month/YoarJ 

Honitoring 
WOLl 11/88 3/89 5/89 8/89 11/09 3/90 5/90. 11/90 11/90 3/91 7/91 I 10/91 

014-69 

On-8 

Mi- 1 

~~ 

NS 1 , 5 1 0  410 560 2 50 140 550 330(E) 200 390 390 300(E) 

NS 424 130 66 25 2 ,800 2,600 860 190 3,80O(EI 820 250 

NS NS NS NS NS NS NS NS NS NS NS MS 

Mi-6 NS NS NS NS NS NS NS IS NS NS NS IS 

NS NS NS NS NS NS NS NS NS NS NS Do-4 -- 
NS NS NS NS NS NS NS NS NS NS NS Mi- 5 -- 

Mi- 2 NS NS NS NS NS NS NS NS NS NS NS NS 

- (L I  (L) (L) (L)  an-9 NS 7 4(3) -- -- - -- 
an- 1 o NS 13 11 10 5 ( J )  (L)  (L) (L1 1LI (L) (L) 

011-67 NS 11 8( J )  4 l J l  8 ( J )  ( L )  (L) (L) (tl (L) 1 2  10 

- 

Noto: Bold numbors indicato valuo oxcoodr TPDWS of 1 5  rg/L. 

Koy : 

NS - Monitoring woll did not oxirt, o r  oxirtod and was not ramplod. 
NA = Monitoring woll 8ampl.d but ramp10 not analy8.d Cor thia paramotor. - - Paramotor not dotoctod. 
(L )  - Proront bolow tho dotoction limit. 
( J )  .I Ertimatod valuo; compound prosont bolou tho dotoction limit. 
( E )  - Concontration orcoodod calibratod rango of inrtrumont. 
SOurCO: Ecology And Environaont, Inc., 1991. 



GM-66, GM-69, and GM-84. 
from 1.78 mg/L (GM-65, May 1989) to 1,070 mg/L (GM-65, August 1989) and 
were consistently higher in deep zone samples collected from well GM-63. 
Overall, sodium concentrations tended to be higher in samples from 
intermediate zone wells. Overall, there have been no significant trends 
in sodium concentrations in any of the three depth zones. 

Concentrations in the deep zone samples ranged 

Cadmium, chromium, and lead were detected at concentrations exceeding 
the respective FPDWSs of 10 pg/L, 50 pg/L, and 50 pg/L in samples 
collected from intermediate zone well GM-66 (see tables 2-8, 2-9, and 
2-10, respectively). Cadmium concentrations ranged from 31 pg/L (August 
1990) to 57 pg/L (March 1991); chromium concentrations ranged from 210 
ug/L (March 1990) to 360 ug/L (March 1991); and lead concentrations 
ranged from 2.6 ug/L (March 1990) to 400 pg/L (March 1991). Overall, 
the trends in samples from well GM-66 indicate that these metals 
concentrations are increasing over time. 

Arsenic was detected at concentrations slightly exceeding the FPDUS of 
50 pg/L only in the sample collected from shallow zone well UG-1 (51 
pg/L, May 1990; see Table 2-11). Arsenic has been detected only once in 
this well during subsequent sampling, and the concentration was below 
the FPDWS. 

@ 

Mercury was detected at a concentration exceeding the FPDWS of 2 pg/L in 
only one sample, which was collected from shallow zone well GM-11 (4.4 
pg/L, November 1989; see Table 2-12). During subsequent sampling of 
this well, the mercury concentration has been below the detection limit. 

The Florida Secondary Drinking Water Standards (FSDUSs) for two metals 
(manganese and iron) have been exceeded in samples from several I W P  
wells. 
applicable FSDWS of 50 pg/L: 
DG-4, DG-5, DG-6, GM-8, GM-9, GM-10, GM-12R, GM-13, GM-14, and PCS-1; 
intermediate zone wells GM-64, GM-66, GM-69, GM-75, and PCI-1; and deep 
zone wells GM-63, GM-65, GM-68, and PCD-1 (see Figure 2-2 and Appendix 

Manganese has been detected at concentrations exceeding the 

shallow zone wells UG-1, DG-1, DG-2, DG-3, 

G). Iron has been detected at concentrations exceeding the FSDWS of 300 e 
2-71 



vg/L: shallow zone wells GH-8, GH-9, GH-10, GH-l2R, GH-14, GH-62, 
GM-67, and PCS-1; intermediate zone wells GM-66, GM-69, and PCI-1; and 
deep zone wells GM-63, GM-65, GM-68, and PCD-1 (see Figure 2-2 and 
Appendix G). 
higher in the intermediate zone samples, and there is no significant 
trend in concentrations of either metal over time. 

Overall, manganese and iron concentrations tended to be 

Other Inorganics. 
consistently for other inorganic parameters (e.g., sulfate, chloride, 
cyanide, and nitrate; see Table 2-4). Of these parameters, only sulfate 
and chloride have been detected at concentrations exceeding the 
applicable FSDWSs (FDER 1991b). 

In general, only the CA wells have been sampled 

Chloride was detected at concentrations exceeding the FSDWS of 250 mg/L 
in samples collected from shallow zone wells GH-71, GH-72, GH-76, and 
GH-77; intermediate zone wells GH-64, GH-66, GH-84, and PCI-1; and deep 
zone wells GM-63, GH-65, and PCD-1 (see Figure 2-2 and Appendix G). 
Sulfate was detected at concentrations exceeding the FSDWS of 250 mg/L 
in a sample from only one well, GH-66 (see Appendix G). Overall, both 
chloride and sulfate concentrations tended to be higher in the interme- 
diate zone samples, and there is no significant trend in concentrations 
of either parameter over time. 

Volatile Organic Compounds. In general, all of the POC wells and those 
CA wells located near the central portion of the Group 0 site complex 
were consistently sampled for VOCs (see Table 2-5). 
detected at concentrations exceeding the applicable FPDWSs (FDER 1991b). 
These VOCs included vinyl chloride; 1,l-dichloroethene; 1,Z-dichloro- 
ethane; chloroform; carbon tetrachloride; trichloroethene; l,l,l- 
trichloroethene; tetrachloroethene; and benzene. The following 
discussion of VOC concentrations excludes those parameters that were 
present below the detection limit. 

Several VOCs were 

Vinyl chloride vas detected at concentrations exceeding the FPDWS of 1 
pg/L in samples collected from shallov zone wells DG-1, DG-2, DG-4, 
DG-5, DG-6, GM-8, GH-9, and GH-10; and intermediate zone wells GH-64, 

3 2 0 0 9 8 1  
2-72 



GM-66, GM-69, and GM-75 (see Figure 2-2 and Table 2-13). The concentra- 

tions in the shallow zone samples ranged from 1 vg/L (DG-2, September 
1985) to 250 vg/L (DG-4, February 1988), and the samples which exhibited 
the consistently highest concentrations were from shallow zone well 
GM-8. 
pg/L (GM-75, September 1985) to 380 pg/L (GM-66, March 1989), and the 
samples which exhibited the consistently higher concentrations were from 
intermediate zone wells GM-66 and GM-69. Overall, vinyl chloride 
concentrations were highest in the intermediate zone samples, and the 
overall trend from March 1990 to the present indicates that concentra- 
tions are decreasing. 

The concentrations in the intermediate zone samples ranged from 1 

1,l-Dichloroethene was detected at concentrations exceeding the FPDWS of 
7 vg/L in samples collected from shallow zone wells DG-1, DG-6, GM-8, 
GM-9, and GM-67; and intermediate zone wells GM-64, GM-66, and GM-69 
(see Figure 2-2 and Table 2-14). The concentrations in the shallow zone 
samples ranged from 8 vg/L (E-6, February 1984) to 800 vg/L (DG-1, 
October 1984), and the samples which exhibited consistently higher 
concentrations were from shallow zone well GM-8. The concentrations in 
the intermediate zone samples ranged from 9 pg/L (GM-64, June 1988) to 
1,100 pg/L (GM-66, May 1989), and the samples which exhibited consis- 
tently higher concentrations were from intermediate zone well GM-66. 
Overall, 1,l-dichloroethene concentrations were higher in the intermedi- 
ate zone samples, and since May 1989, concentrations in the shallow and 
intermediate zones appear to have been decreasing. 

1,2-Dichloroethane was detected at concentrations exceeding the FPDWS of 
3 vg/L in samples collected from shallow zone well GM-9 (9,600 pg/L, 
July 1984) and intermediate zone well GM-64 (4 pg/L, June 1988; see 
Table 2-15). Since the dates referred to above, neither of the 
respective wells has yielded samples containing detectable levels of 
1,l-dichloroethane. 

Chloroform was detected at a concentration exceeding the FPDWS of 100 
pg/L in a single sample collected from shallow zone well DG-1 (320 pg/L, 
October 1984; see Table 2-16). Chloroform was sampled for in this well e 

2-73 



only once since October 1984, and was present below the detection limit 
(February 1988). 

Carbon tetrachloride vas detected at concentrations exceeding the FPDVS 
of 3 vg/L in shallow zone vells DG-1 (425 vg/L, October 1984) and DG-6 
(9 ug/L; see Table 2-17). 
wells only once since October 1984, and vas present below the detection 
limit (February 1988). 

Carbon tetrachloride was sampled for in these 

Trichloroethene was detected at concentrations exceeding the FPDVS of 3 
vg/L in samples collected from shallov zone wells UG-1 (also in the 
associated method blank), DG-1, DG-2, DG-4, DG-6, GH-8, GH-12R (also in 
the associated method blank), and GH-67; intermediate zone vells GH-66 
and GH-69; and deep zone wells GH-65 and GH-68 (see Figure 2-2 and Table 
2-18). Concentrations in shallow zone samples ranged from 6 vg/L (DG-2, 
September 1985) to 78 vg/L (GH-67, February 1987), and were consistently 
higher in samples from shallow zone wells DG-6 and GH-67. 
tions in intermediate zone samples ranged from 3 ug/L (GH-69, September 
1985) to 24,750 ug/L (GH-66, Hay 1987), and were consistently higher in 
samples from intermediate zone well GH-66. Concentrations in deep zone 
samples ranged from 4 vg/L (GH-65, September 1985) to 50 ug/L (GH-65, 
December 1987), and were consistently higher .in samples from deep zone 
well GII-65. Overall, the intermediate zone samples exhibited higher 
concentrations than either the shallov or deep zone samples. In gener- 
al, concentrations of trichloroethene in the intermediate zone samples 
appear to have increased since August 1988, whereas concentrations in 
the shallov and deep zone samples appear to have decreased over time. 

Concentra- 

l,l,l-Trichloroethane was detected at concentrations exceeding the FPDVS 
of 200 vg/L in shallow zone wells DG-1, DG-6, GH-8, and GH-9 (see Figure 
2-2 and Table 2-19. 
1984) to 11,500 vg/L (GH-9, July 1984). The highest concentrations of 
this VOC were detected in the DG series vells in 1984, but during subse- 
quent sampling of these wells (February 1988) the compound was present 
only below the detection limit. The concentrations of l,l,l-trichloro- 
ethane have decreased in both GH-8 and GH-9 samples, and since August 

Concentrations ranged from 6 ug/L (GH-8, October 
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1989 have been below the detection limit in samples from both of these 
wells. 

Tetrachloroethene has been detected at concentrations exceeding the 

FPDUS of 3 vg/L in samples collected from shallow zone wells DG-1, DG-2, 

DG-4, DG-6, GM-8, GM-9, GM-62, and GM-83; intermediate zone wells GM-64, 

GH-66, and GM-69; and deep zone well GM-63 (see Figure 2-2 and Table 
2-20). 

October 1984) to 675 ug/L (GM-9, July 1984), and were consistently 
higher in samples from shallow zone wells GM-8 and GM-9. 

in intermediate zone samples ranged from 4 ug/L (GM-69, November 1988) 

to 9 pg/L (GM-64, September 1985), and were consistently higher in 
samples from intermediate zone well GM-69. 

detected in a sample from deep zone well GM-63 during only one sampling 
event (September 1985), and has been present below detection limits in 
samples from that well since. In general, tetrachloroethene concentra- 
tions in shallow zone samples were higher than those in intermediate 
zone samples; however, the concentrations have decreased in samples from 
both of these zones since September 1985. 

Concentrations in shallow zone samples ranged from 4 pg/L (GM-9, 

Concentrations 

Tetrachloroethene was 

Benzene has been detected at concentrations exceeding the FPDWS of 1 

vg/L in samples coll,ected from shallow zone wells DG-4, DG-5, DG-6, 

GM-8, and GM-67; and intermediate zone wells GM-66 and GM-69’ (see Figure 
2-2 and Table 2-21). Concentrations in shallow zone samples ranged from 
2 pg/L (DG-4, October 1984) to 750 pg/L (GM-8, June 1988). Concentra- 
tions in intermediate zone samples ranged from 2 pg/L (GM-66, March 
1990) to 9 pg/L (GM-69, February 1987), and were consistently highest in 
samples from intermediate zone well GM-69. Overall, benzene concentra- 
tions in the shallow and intermediate zone samples have decreased over 
time, with the exception of the most recent shallow-zone well GM-8 

sample (July 1991), which exhibited a markedly higher benzene concen- 
t rat ion. 

Extractable Organic Compounds. All of the POC wells and those CA wells 
located near the central portion of the Group 0 site complex were 
consistently sampled for BNAs (see Table 2-5). The most consistently 
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detected BNA compounds belong to the dichlorobenzene group, including 
1,2-dichlorobenzene; 1,3-dichlorobenzene; and 1,4-dichlorobenzene (see 
Appendix G). 
established for 1 , 4-dichlorobenzene (75 vg/L; PDER 1991b). 1,4-Dichlo- 
robenzene was detected at concentrations exceeding the PPDVS in samples 
collected from shallow wells DG-1, DG-2, DG-4, DG-5, DG-6, GM-8, GH-9, 
GH-10, GH-67; and intermediate well GH-69 (see Figure 2-2 and Table 
2-22). The concentrations in shallow zone samples ranged from 7 pg/L 
(GH-9, March 1989) to 4,000 vg/L (GH-9, Harch 1985) and were consist- 
ently higher in samples from shallow zone well GM-8. 
in samples from intermediate zone well GH-69 ranged from 140 vg/L (Harch 
1990) to 1,510 vg/L (March 1989). In general, there is no significant 
concentration trend in either shallow or intermediate zone samples from 
intermediate zone well GM-69. Eowever, the concentrations of the 
dichlorobenzene isomers reviewed as a group were greater in samples from 
shallow zone wells than in samples from intermediate zone wells, and the 
overall trends in both of these zones is towards decreasing concentra- 
t ions. 

Of all the dichlorobenzene isomers, an PPDVS has only been 

The concentration 

2.6.2.3 Adjacent Site Results 

Site 11. E & E ' s  Phase I analytical results indicate that metals, total 
recoverable petroleum hydrocarbons (TRPHs), VOCs, polynuclear aromatic 
hydrocarbons (PAHs), and phenols were the primary contaminants in soils 
and groundwater in the portion of Site 11 near Bayou Grande (E & E 
1991f). 
east side of Bayou Grande, may be related to the Group 0 sites. 

These contaminants, detected in the soil and groundwater on the 

Site 13. Elevated levels of TRPHs, PAHs, and phenols were detected in 
Site 13 soils immediately east of the Group 0 sites, and elevated levels 
of VOCs and PARS were present in groundwater immediately northeast 
(hydraulically downgradient) of the IWTP (E 6 E 1991e). This 
contamination is likely directly related to a Group 0 source. 

Site 30. 
creek on Site 30 exhibited elevated levels of metals, TRPHs, PAHs, and 

Surface water and sediment in the northern portion of the 

3 2 0 0 9 8 3  2-76 



phenols (E & E 1991d). 
to the Group 0 sites, but is likely due to a Site 11 source. 

This contamination is not believed to be related 

2.6.3 Conclusions 
2.6.3.1 Soil 

The soils underlying the area of the former sludge drying beds and surge 
pond appear to be the most affected by historical and/or current IWTP 
activities. 
cally and/or currently processed at the IWTP, and the potential for 
leaks from treatment piping, etc., or spills of chemicals used in the 
treatment process (e.g., the former acid spill; see Section 2.6.1), 
there may be additional areas of affected soils. Currently, the 
presence and location of potentially contaminated soils, other than 
soils underlying the former sludge drying beds and surge pond, are 
unknown. Therefore, proposed soil sampling will be presented and 
discussed in Section 5.2.2. 

However, given the magnitude and types of wastes histori- 

2.6.3.2 Groundvater 

The analytical results discussed above indicate that, currently and 
historically, groundwater contamination is widespread in the shallow and 
intermediate zones at the Group 0 sites. Levels of contamination in the 
deep zone have historically been very low and limited in extent. 
Furthermore, none of the groundwater samples collected from deep zone 
wells in the past three years have exceeded the applicable FPDWS for any 
parameter (excluding sodium). 

Figures 2-6 and 2-7 show the locations of shallow and intermediate 
groundwater samples that exhibited contaminant concentrations (excluding 
sodium) at levels exceeding the applicable FPDWSs. There appear to be 
two primary areas of groundwater contamination in these zones: in the 
vicinity (primarily east) of the former sludge drying beds and in the 
vicinity of the former surge pond. 
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0 300 600 FEET . I 

* Shallow Groundwater Sample 
Collecled Whlch ExhlMted One 
or More Parameter Conceneadons 
Exweding the AppllcaMe F P D W  NOTE:Welk DG-1 m m g h  DG-9 

have been maned. (exdudlng sodlum) 
Figure 2-6 LOCATIONS OF SHALLOW GROUNDWATER SAMPLES HAVING 

CONTAMINANT CONCENTRATIONS EXCEEDING FLORIDA PRIMARY 
DRINKING WATER STANDARDS 

NAS PENSACOLA SITES 32,33, AND 35 3 2 0 0 9 t 4 
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* IntermedIaIe Groundwater Sample 

or More Parameter Concenmllons 
Exceeding h e  Applicable FPDWSs 
(excluding sodlum) 

Collected Whlch l3hlbltd One 

Figue 2-7 LOCATIONS OF INTERMEDIATE GROUNDWATER SAMPLES HAVING 
CONTAMINANT CONCENTRATIONS EXCEEDING FLORIDA PRIMARY 

DRINKING WATER STANDARDS 
NAS PENSACOLA SITES 32,33, AND 35 
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In general, the highest concentrations of metals (excluding sodium) that 

exceeded primary and secondary standards were detected in samples 
collected from wells located in close proximity to the former sludge 
drying beds and the former surge pond (see figures 2-6 and 2-7). 
that the majority of samples were not filtered prior to acid preserva- 
tion, some of these metals concentrations may be due to acid preserva- 
tive leaching of metals from suspended aquifer matrix material in the 
samples. Considering that cadmium, chromium, lead, arsenic, and mercury 
were detected at levels exceeding the applicable FPDVSs in individual 
wells, and that the CA wells have not been sampled for metals (excluding 
sodium) on a regular basis, the distribution of metals concentrations 
which are above groundwater standards cannot be determined. In addi- 
tion, it is unClear if the arsenic detected in well UG-1, located at the 
northern end of Magazine Point Peninsula, is related to the IUTP site 
activities. 
FSDVSs in the shallow and intermediate zones can only be approximated. 

Given 

The distribution of iron and manganese above the applicable 

The highest sodium concentrations in the shallow zone occurred 
immediately west of the surge tank and east of the former sludge drying 
beds; in the intermediate zone east of the former sludge drying beds and 
northeast of the polishing pond; and in the deep zone in the area 
between the intermediate and polishing pond (see Figure 2-2). As the 
site complex is bounded on the east and west by saltwater bodies, the 
sodium distributions probably reflect the presence of the saline/ 
freshwater interface in the shallow zone east and west of the site 
complex and an increase in saline water with depth in the central 
portion of the site complex. 

The distribution of chloride appears to be closely related to the 
distribution of sodium (discussed above), and clearly supports the 
likelihood that the highest concentrations of these two parameters 
reflect the presence of the salineifreshwater interface east and west of 
the site complex and an increase in saline water with depth. 

In general, the highest concentrations of VOCs in the shallow, 
intermediate, zone occurred east of the former sludge drying beds and 
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immediately east of the surge tank, corresponding to the location of the 
former surge pond (see figures 2-6 and 2-7). Although the shallow zone 
appears to have enough wells for preliminary characterization purposes, 
the nature and extent of groundwater VOC contamination in the 
intermediate zone cannot be adequately determined using the existing 
well network only. 
to decrease over time, which may reflect the effects of the groundwater 
recovery treatment system. However, with the exception of benzene and 
trichloroethene, the recent inoperation of this system (see also Section 
2.6.1) does not appear to have affected VOC concentrations. 

0 
In general, the concentrations of VOCs have tended 

In general, the highest concentrations of BNAs in the shallow zone 
occurred immediately east of the sludge drying beds and east of the 
present surge tank; and in the intermediate zone immediately east of the 
northern end of the sludge drying beds. Significant BNA levels, 
however, were detected in samples from intermediate zone wells located 
east of the southern end of the sludge drying beds, immediately west of 
the former surge pond, and in the area between the intermediate and 
polishing ponds (south of the former surge pond). e 
The sources of these contaminants are likely associated with the types 
of wastes that have been processed at the IWTP (primarily solvents, 
phenols, and metals). Although extensive data are available, the 
information is insufficient to determine the overall extent of 
groundwater contamination, principally occurring in the shallow and 
intermediate zones. In order to adequately characterize and delineate 
the full extent of groundwater contamination, additional sampling 
points, which are hydraulically downgradient of areas of known 
contamination, are needed in the shallow zone in the interior of the 
site complex (west, east, and north of the former sludge drying beds and 
east of the former surge pond). Selected intermediate zone sampling 
locations are required hydraulically upgradient, cross-gradient, and 
downgradient from areas of known contamination in order to determine the 
lateral extent of contamination in that zone. To determine the vertical 
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extent of groundwater contamination, intermediate wells should be 
located, to the greatest extent possible, adjacent to shallow wells. 
Additional groundwater sampling locations will be presented and 
discussed in sections 5.2.3 and 5 . 2 . 4 .  
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3. INITIAL EVALUATION 

The following section provides a general discussion of the overall 
environment of contamination/potential contamination, including 
contaminant sources, release mechanisms, migration pathways, and 
potential receptors, at the Group 0 sites. 
conceptual model (flow chart) of the exposure pathways at these sites; 
this model was developed based on an evaluation of the physical setting 
and site history. 

Figure 3-1 presents a 

The primary sources of contamination at the Group 0 site complex are the 
chemicals, contained in storage tanks, used in the industrial waste 
treatment process; the wastes and wastewaters formerly contained in the 
former sludge drying beds and surge pond (currently inactive); and the 
wastes and wastewaters contained in various, currently active IUTP 

structures that are part of the waste treatment process (including the 
surge tank, the polishing pond, and the intermediate pond). 

The chemical storage tanks (primarily containing sulfuric acid, sulfur 
dioxide, chlorine, caustic soda, alum, lime, and polymer) are located 
adjacent to the entrance road to the IWTP and north of the polishing 
pond (see Figure 2-2). The primary release mechanisms associated with 
these structures are spills related to accidental mishandling of the 
chemicals or storage tank leakage (see Section 2.6.1). Such releases of 
chemicals contaminate the immediately contacted soils; the generally 
permeable soils at the Group 0 site complex allow rapid infiltration to 
the shallow groundwater; and the groundwater in turn provides a viable 
contaminant migration pathway (see Figure 3-1). In addition, dust from 
affected soils and volatile emissions from affected soils or directly 
from process chemicals (e.g., sulfuric acid) may act as secondary e 
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release mechanisms; wind action further distributes the contaminated 
dust and particulate air emissions to potential receptors. a - 
The former sludge drying beds and surge pond are now closed, capped, and 

inactive. However, the contaminants in wastes and wastewaters that were 

introduced to these units prior to their closure have been detected in 
groundwaters underlying the site complex (see Section 2.6.2). 
groundwaters may now be acting as the contaminant migration pathway to 
potential receptors (see Figure 3-1). 
for the chemical contaminants from these units were presumably 
infiltration and percolation of liquid waste through the base of the 
surge pond, and percolation of contaminants via precipitation 
infiltration under the sludge drying beds. 
contaminant-laden liquids likely affected subsurface soils, creating 
that secondary source of contamination. 
(subsurface soils) is particularly significant now that both units have 
been capped and the precipitation infiltration release mechanism has 
been eliminated. 

These 

The primary release mechanisms 

This downward percolation of 

This secondary source 

@ The surge tank, the polishing pond, the intermediate pond, and several 
other smaller IWTP SWMUs are currently used in the industrial and 
domestic waste treatment processes, and complex underground and 
aboveground piping is utilized to connect these various treatment units. 
Consequently, the primary release mechanisms for contaminants from these 
units are leaks from the units themselves or piping leaks which release 
wastes and wastewaters. 
sources--soil and groundwater (see Figure 3-1). Except where the leaked 
materials contact paved surfaces, percolation of contaminants contained 
in wastewaters via precipitation infiltration through the permeable 
subsurface soils to the shallow groundwater is inevitable. Furthermore, 
contamination from piping leaks of surface and/or near surface soils 
could be secondarily released by stormwater runoff. 
at the site, although generally minimal due to permeable surface soils 
at the sites, may act as the migration pathway to potential receptors. 

These mechanisms create secondary contaminant 

Stormwater drainage 
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At the Group 0 site complex, stormwater drainage directs flow towards 
the small ditch draining the southern portion of the site complex, which 
drains to Pensacola Bay (see Figure 2-2). 

Potential receptors of contamination at the Group 0 site complex consist 
of IVTP personnel, site visitors, and terrestrial and aquatic biota (see 
Figure 3-1). If wind is the distributing agent, all of the potential 
receptors could be affected. 
water at the IWTP could potentially affect site personnel, site 
visitors, and terrestrial and aquatic biota to some degree. If the 
primary migration pathway is soil, the expected potential receptors are 
site personnel, site visitors, and terrestrial biota. Although 
groundwater contamination has been documented at the Group 0 site 
complex, these groundwaters are not utilized for consumption or 
irrigation. Thus, there are no direct potential receptors of 
contamination via groundwater at the Group 0 site complex. Eowever, 
analysis of groundwater flow directions (see Section 2 . 5 . 4 )  indicates 
that groundwater in the shallow zone may discharge to Bayou Grande and 
Pensacola Bay, and some component of this shallow zone flow MY also 
discharge to the small drainage ditch at the southern end of the 
complex. Therefore, groundwater may affect potential receptors at these 
discharge points. In addition, those surface waters which are near 
groundwater discharge points and/or stormwater drainage pathways (e.g., 
Pensacola Bay, Bayou Grande, and the drainage ditch) may directly affect 
all of the potential receptors to some degree. 

Contamination of sediment and surface 
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4. WORK PLAN RATIONALE 

This section of the Group 0 investigation work plan presents E & E ' s  
planned approach to the Group 0 site complex investigation. 
investigation will be directed toward the formal confirmation and 
quantification of the full spectrum of site contaminants--in addition to 
fully identifying the horizontal and vertical extents of contamination, 
the investigation will also supplement the quantitative data base 
necessary to support the screening and evaluation of potential remedial 
alternatives. 

The 

In general, E & E ' s  evaluation of analytical data collected as part of 
previous Group 0 site investigations indicates the following: a 

o Metals concentrations exceeding FPDWSs or FSDWSs were' 
present in the shallow and intermediate zones of the 
Sand-and-Gravel Aquifer in the area surrounding the former 
sludge drying beds and in the vicinity of the former surge 
pond. Although some of the metals occurrences may reflect 
the fact that turbid groundwater samples were not filtered 
prior to acid preservation, some contamination has likely 
occurred as a result of former waste treatment activities. 

o The occurrence of sodium appears to be related to the 
natural saline/freshwater distribution at the site complex 
and is closely related to the distribution of chloride. 

o VOC and BNA concentrations exceeding FPDWSs were present 
primarily in the shallow and intermediate zones of the 
Sand-and-Gravel Aquifer east of the former sludge drying 
beds and in the vicinity of the former surge pond. 

The sources of these contaminants are likely associated with the various 
IWTP processes primarily treating wastes such as solvents, phenols, and 
metals. Although extensive analytical data are available, there remain 
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significant gaps in the data for the Group 0 sites which need to be 
defined and addressed in order to complete the RI process. For the 
Group 0 sites, these data gaps are: 

0 

0 

0 

0 

0 

Lack of complete and detailed records of all historical and 
current site activities, and the extent to which these 
activities may be related to potential contaaination at the 
Group 0 site complex. 

Lack of comprehensive and specific understanding of current 
site conditions, including location and documentation of 
all current potential sources, primary and secondary 
release mechanisms, and potential receptors. 

Lack of data regarding the presence, nature, magnitude, and 
extent of potential surface vater and/or sediment 
contamination in the on-site drainage ditch, and the extent 
to which any potential contamination may affect the area of 
Pensacola Bay proximal to the outlet of the drainage ditch. 

Lack of sufficient data regarding the presence, nature, 
magnitude, and extent of potential soil contamination at 
the Group 0 site complex, other than in those areas 
directly underlying the former sludge drying beds and the 
former surge pond. 

Lack of sufficient data to characterize the full spectrum 
of groundwater contaminants and determine the full extent 
of groundwater contamination, primarily in the shallow and 
intermediate zones, at the Group 0 site complex. 

Given the data gaps stated above, the objectives of the Group 0 RI will 
be as follows: 

o Determine the present physical condition(s) of the Group 0 
sites and identify the extent to which these conditions may 
be related to or affected by site contamination. 

o Identify, to the greatest extent possible, all of the 
historical and current soiirces of contamination at the 
Group 0 sites, including those not related to the former 
sludge drying beds and the former surge pond. 

o Determine the source, nature, magnitude, and extent of 
potential surface water and sediment contamination in the 
small drainage ditch at the southern end of the Group 0 
site complex. 
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o Determine the source, nature, magnitude, and lateral/ 
vertical extents of known/suspected areas of soil and 
groundwater contamination; 

o Initiate the Risk Assessment and FS program for the sites. 

In order to meet the above objectives, the Group 0 RI will include the 
following tasks: 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Aerial photograph analysis and contaminant source survey. 
Determine past and present site activities related to 
known/suspected contamination; 

Overall physical reconnaissance, OVA survey, radiation 
survey, and habitatlbiota survey. Assess and evaluate 
current site conditions and determine the extent to which, 
if any, these conditions are related to or affected by 
known/suspected contamination; 

Soil/gas survey. Determine the location of potential soil 
and shallow groundwater contamination at the Group 0 site 
complex ; 

Surface water, sediment, and soil sampling. 
presence of and characterize the full spectrum of site 
contamination of these media; 

Determine the 

- Installation of shallow and intermediate monitoring wells. 
Provide additional sampling locations within known/ 
suspected areas of contamination in the shallow and 
intermediate zones (the limited extent of contamination in 
the deep zone does not require additional wells); 

Collection of groundwater samples from several existing and 
all newly installed wells. Provide additional data for 
delineating the extent of and characterizing site 
contamination; 

Biota and air sampling (if required by the results of the 
above tasks). Assess the extent to which these receptors/ 
media may be affected by site contamination. 

Hydrologic assessment. Expand the current information on 
aquifer properties underneath the site and determine 
groundwater flow rates and direction in each aquifer zone; 

Engineering survey. Provide accurate identification of all 
site sampling locations and cultural and topographic 
features. 
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The specific scope of work associated with each of the above elements is 
described in sections 5.1 and 5.2. In developing the specific scopes of 
work, the previous analytical results have been evaluated regarding all 
requirements of the Comprehensive Environmental Response, Compensation, 
and Liability Act of 1980 (CERCLA; Superfund) and Superfund Amendments 
and Reauthorization Act (SARA), as well as all other ARARs. For the 
Group 0 sites, these ARARs include, but are not limited to, the 

folloving: 

o RCRA; 

o Clean Vater Act (CVA); 

o Safe Drinking Vater Act (SDVA); 

o 40 CFR Parts 264, 265, 270, and 271 (Corrective Action for 
SWUs at Hazardous Vaste Management Facilities; Proposed 
Rule) ; 

o Chapter 17-3, Florida Administrative Code (FAC; Vater 
Quality Standards); 

o Chapter 17-301, PAC (Surface Waters of the State); 

o Chapter 17-302, FAC (Surface Vater Quality Standards); 

o Chapter 17-550, FAC (Drinking Vater Standards, Monitoring, 
and Reporting); and 

o Chapter 17-770, FAC (State Underground Petroleum 
Environmental Response). 

Based on the results of the tasks identified above, during the RI E 6 E 
will initiate the appropriate Risk Assessment and FS activities. Risk 
Assessment activities will be directed tovard identification of contami- 
nants of concern, as well as identification of data gaps that must be 
eliminated to support the eventual completion of a Baseline Risk 
Assessment for the site. 

FS activities, which will be required for the Group 0 sites, will be 
directed toward the identification of data gaps that must be eliminated 
to support the eventual completion of a comprehensive FS for the sites. 
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In addition, if warranted, E & E will evaluate the RI results to 
identify whether any interim remedial measures (IRMs) are required and, 
if so, develop recommendations for implementation of these IRMs. 
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5 .  RI/PS TASKS 

5.1 PBYSICAL SURVEY 

5.1.1 Contaminant Source Survey 

A detailed contaminant source survey will be performed at IWTP in order 
to obtain a comprehensive understanding of potential contaminant 
source(s) at the site. The survey will focus on existing information in 
NAS Pensacola files, previous investigative reports, and interviews with 
current and former employees of the NAS Pensacola facility. 
the information obtained from these sources, on-site past and/or present 
waste streams(s) and waste stream-related activities, on-site buildings 
and associated activities, on-site past and/or present underground 
utilities, and potential former and/or existing ambient sources of 
contamination will be delineated. 
will be conducted in close communication with the facility Installation 
Restoration (IR) coordinator as the survey may need to access 
repositories and/or individuals at several locations among the various 
tenant commands. 

Based on 

All background source survey work 

The identification of possible past and/or current waste streams, 
including volumes, disposal methods, and/or any leaks, that may have 
occurred at or impacted the site will be based on a review of the 
historical aerial photograph analyses and on-site field observations. 
The compilation of a list of former and existing on-site buildings/ 
structures and delineation of all associated activities will include the 
development of a detailed summary table and the provision of former and 
existing buildinglstructure plans, if available. The evaluation of 
former and existing underground utilities at the site will include 
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determining the former and current use of each utility structure. 
former and existing utilities will be shown graphically on a site map 
(see Engineering Survey, Section 5.2.8) based on the detail available in 
the data base. Finally, the identification of potential former and 
existing ambient contaminant sources will involve an evaluation of 
existing files and literature to determine whether any normal daily 
activities at each facility, such as aircraft operations, may have 
created potential, lov-level ambient contaminant source(s). 

All 

A t  the IVTP, specific contaminant source survey tasks, which focus on 
historical activities, will include identification of: 

o The location of all previous and current underground/ 
aboveground piping associated with the various stages of 
the waste treatment process; 

o The types of chemicals used currently and formerly in the 
waste treatment process; 

o The specific location, to the greatest extent possible, of 
all previous spillslleaks at the IVTP; 

o The location, to the greatest extent possible, of all 
historical outfalls associated with the treatment process; 
and 

o The location of all on-site underground storage tanks and 
the nature of the substances stored in each. 

5.1.2 Aerial Photograph Analysis 

Prior to the initiation of fieldwork, E & E will examine all available 
aerial photographs of NAS Pensacola for past and present conditions, 
features, and developments that may have direct relevance to the 
fieldwork methodology. The aerial photograph analysis task will involve 
assembling and stereoscopically analyzing historical photographic 
imagery and topographic maps available for the site areas. For the 
purpose of supporting the development of field investigation strategies, 
efforts will be made to obtain photographs of an appropriate scale that 
will allow for analysis of past and present surface conditions, 
drainage, and land use. Photographs shoving the history of site 
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activities will be analyzed to obtain information regarding the 

evolution of site features which may have affected hydrologic 

conditions. 
photographs will provide insight applicable to such tasks as field 
reconnaissance and monitoring well placement. In addition, the analysis 
of historical and current aerial photographs, performed in conjunction 

. The historical perspective gained by studying aerial 

with the geophysical investigation, will aid in accurately determining 
the extent of the formerly used area at each of the sites. 

5.1.3 Utilities Survey 

Prior to conducting any augering, boring, drilling, or excavation 
activities, E & E will locate all underground cables, pipes, utilities, 
or other obstructions that may become damaged or otherwise hinder 
fieldwork. The appropriate authorities (e.g., NAS Pensacola Public 
Works and Southern Bell) will be contacted to identify the location of 
all underground utilities in the site area. In addition, E 6 E will 
examine available maps and documents and will conduct a metal detector 
survey on site to determine the presence of any other potentially 

hazardous subsurface features. If appropriate and applicable, other 
surface geophysical techniques may be used to locate deeper obstructions 
not readily detected with a metal detector. 
underground utilities or obstructions will be marked with surveyors' 
flags, day-glow paint, or by other methods as appropriate. 

0 
The locations of all 

5.1.4 Overall Physical Reconnaissance 

A field reconnaissance survey will be conducted on and around sites 32, 
33, and 35. 
guides in locating surface features. 
regarding surface conditions, vegetation, and surface drainage patterns. 

Available aerial photographs and maps will be used as 
Visual inspections will be made 

During the reconnaissance survey, the field team will identify areas 
that present the most suitable conditions for the establishment of grid 
survey baselines. The use of a grid system as part of the field 
investigation is discussed in the following sections. 0 
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The reconnaissance survey team will utilize radiation and air monitoring 
equipment during walkovers of each of the three site areas, in 
accordance with sections 6.1.1 and 6.3.6 of the GQAPP. 
that any "hot spots" or other signs of contamination (e.g., stained 
soil) are located, the area(s) will be flagged and identified on a site 
map for future reference. 
will be mapped in detail and recorded in the field logbook. 

In the event 

All findings of the physical reconnaissance 

5.1.5 OVA Surface Emissions Survey 

During the establishment of the soil gas survey grid network (discussed 
in Section 5.1.8), an emissions survey will be conducted using an 
organic vapor analyzer (OVA) as air monitoring equipment. 
will be conducted in accordance with Section 6.1.1 of the GQAPP. 
Measurements will be made at each established grid point, and readings 
will be recorded in the field logbook. 

The survey 

5.1.6 Radiation Survey 

During the establishment of the soil gas survey grid network, a 
radiation survey will be conducted using a micro-R-meter and gamma 
scintillation detector. Both of these instruments detect gamma 
radiatien. The micro-R-meter reads in units of aicroRoentgens per hour 
and is useful in determining human exposure rates. The gamma 
scintillation detector reads in counts per minute. 
detected will be further investigated using a survey ratemeter with: 1) 
a pancake Geiger Huller probe--detects alpha, beta, and garma radiation; 
and 2) a zinc sulfide probe--detects alpha radiation at a higher 
efficiency than the Geiger Huller probe. 
in accordance with Section 6.3.6 of the GQAPP. Heasurements will be 
made at each established grid point, and readings will be recorded in 
the field logbook. 

Any hot spots 

The survey will be conducted 
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5.1.7 Babitat/Biota Survey 

During the physical reconnaissance, an E & E biologist/ecologist will 
determine the on-site terrestrial and aquatic habitats, and the 
surrounding habitats which may be affected by off-site contaminant 
migrations. During the walkover survey, rare, threatened, and 
endangered species and their potential habitats will be identified, and 
an evaluation will be made of general site conditions to support viable 
populations of plants and animals. A habitat/biota survey will be con- 
ducted for sites 32, 33, and 35, as well as an evaluation of the 
literature. If necessary, additional surveying will be conducted to 
identify known pathways and receptors in the site areas. 

5.1.8 Soil  Gas Survey 

A soil gas survey will be conducted at sites 32, 33, and 35. The 
previously investigated and closed asphalt-capped former sludge drying 
bed area will not be included in this survey; however, the asphalt-paved 

roadways will be included in the survey. 
in accordance with Section 6.5 of the GQAPP; the soil gas probes will be 
installed using a Geoprobe Model 8M van-mounted hydraulic sampling 
device or, if necessary, will be installed manually. Measurements will 
be made at each established grid point, and readings will be recorded in 
the field logbook. 

The survey will be conducted e 

Performance of the soil gas survey will initially require the 
establishment of a grid system over the study area. 
will be based on 50-foot centers. Two baselines (providing an x and y 
axis) will be located using a transit survey instrument and flagged at 
50-foot intervals. 
completed using a Brunton compass and tape measure. 
purposes, it is estimated that soil gas samples will be collected from 
approximately 275 locations (points). Because of the closure status of 
the former sludge drying beds, no soil gas points will be located in the 
asphalt cap over that area. 

The grid spacing 

The grid system for the study area will then be 

For planning 
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VOCs are possible soil and known groundwater contaminants; therefore, 
the soil gas survey should be an effective indicator of any areas of 
potential VOC contamination. 
will be used with other background data to identify any areas.of 
potential VOC soil or other areas of groundwater contamination. 
interpretation of these data will be used in the development of 
rationales for soil sampling and groundwater monitoring well placement 
strategies. Any potentially contaminated areas identified by soil gas 
readings vi11 be subject to confirmation by the proposed laboratory 
analyses. 

Data generated from the soil gas survey 

The 

5.2 SAMPLING AND ANALYSIS 

Figure 5-1 shows the proposed surface water and sediment sampling 
locations for the Group-0 site complex. Figure 5-2 shows the proposed 
shallow monitoring well locations, and Figure 5-3 shovs the proposed 
intermediate monitoring well locations. Table 5-1 summarizes the 
sampling and analytical requirements, including QA/QC samples, for the 
RI of the Group 0 sites. Tables 5-2 and 5-3 provide the specific 
rationale for each proposed Group 0 surface vater and sediment sample, 
and monitoring vel1 location, respectively, and for the analytical suite 
associated with each proposed sampling location. 
samples will be collected at locations determined based on the soil gas 
survey results . 

The proposed soil 

The sample location reference numbers listed in Table 5-2 correspond to 
the location numbers on Figure 5-1; the sample location reference 
numbers listed in Table 5-3 correspond to the location numbers on 
figures 5-2 and 5-3. The analytical suite designations used in tables 
5-2 and 5-3 correspond to the designations used and defined in Table 
5-1 

It is proposed to sample all newly installed wells for analytical suite 
A during the RI to provide a uniform, time-synchronous perspective on 
Group 0 groundwater conditions. This perspective will be critical to 
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* Reaway Well 

0 C i h a k w k b n ~ ~ ~ ~ n g  Welt 
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0 300 800 FEET 
1 1 

DeepMonltwlngWell 
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2 LocadonReference 
Number 

@ clustered weti ass 

+ Tentative Surface Water and 
Sedlment Sampling Lomuon 

Figure 5-1 TENTATIVE SURFACE WATER AND SEDIMENT SAMPLE LOCATIONS 
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Tablo 5-1 

If WLf.0 M D  -CU. v i  
W PtlsMXlu SXTKS 32, 33, A8D 35 

No. of Dupli- Trip Prosorva&ivo Tiold Unsato Analytical 
-dim Samplos catos Blanks Blanks Blanks Blanks Total. Suitoc' 

Sodimont 

f soil 

nR 
1111 
MR 

- 0 roundwa t 0 cg 24 3 
3 (1) 

(9) IOR m 
-- 

TOTAL 68 10 8 
(29) 1011 11R 

1 

1011 
- 

m 1 6 A 
m - fl),l B 
m m ( 2 )  D 

nR I 41 A 
m - (11.3 B 
RR m 2 E 
1011 RR (12) D 
nR I1R 2 r 

3 3 33 A - (11.3 B 
1111 RR ( 9 )  C 

1 4 [ ~ ~ P 1 ~ 1 3 0 5 : T 0 2 2 0 / 1 0 1 4 / 1 0  
Koy : 

'Tho numbor of salplos shown in paronthosos will bo analyzod for tho additional parantors 

bTrip blanks will bo analyzod for Appondix IX volatilo organic compounds ( V O C s )  only. 

indicatod. 

Prosorvativo 
blanks will bo analyzod for Targot Coapound List (TCL) VOCs, dissolvod Targot Analyto List (TAL) 
motals, and cyanido. 

CAn.lytical suit. dosignations aro as follows: 

A = TCL VOCs: TCL baso-noutral/acid oxtractablo organic compounds (BNAs): TCL posticidos and 
polychlorinatod biphonyls fPCBs); TAL wtals (total [i-o., unfiltorod] and dissolvod 1i.o.. 
milliporo-filtorod], wator only); cyanid.; gross alpha, bot., and gamma radioactivity: total 
organic carbon: total Njoldahl nitrogon (Tltll: rurfaco wator and sodimont only): grain sir. 
(sodiwnt only): hardnoss fwator only); and alkalinity (wator only). 

B = Appondix IX VOCs, BNAs, dioxins, posticidos, PCBs, organophosphorus posticidos, horbicidos, 
tot81 wtals, cyanido, and sulfido. 

C = Total suspondod solids, T M  (groundwator only), ammonia nitrogon, orthophosphato phosphorus, 
dissolvod oxygon fin fiold), 5-day biological oxygon dound ( B O D 5 ) ,  and chomical oxygon 
dound ( C O D ) .  

D - pH, alkalinity, porcont moisturo, grain sizo (soil only), BTU contont. ash contont, total 
organic halogons, sulfur, ignitability, and cation oxchango capacity. 

E = Grain sizo. 

r P Porrability. 

dSpocific constituonts oncompassed by the various chemical groups includod within tho above-listod 

'1111 = Not roquirod. 

'12 boring locations x 3 dopth intorvals = 36 samplos; and 2 locations x 1 doptb intorval = 2 

'7 oxisting wolls + 17 now on-sit. wolls ( 6  shallow, 10 intormodiato, and 1 doop) = 24 saaplos. 

Sourco: Ecology and Environmont, Inc., 1991. 

analytical suitos aro idontifiod in tabla 9-5 through 9-13 of tho GQAPP. 

sarp1.s. 
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RATIollALG FOR PROPOSED RI SWRFA- WATER 
Am SIEDI- -LE froCATIoaS 

IAS PERSACOLh SITES 32, 33. MD 35 

Location 
Roforonco Saaploa Location Ana lyt ice1 Analytical 
lurb.c(s) Typ.(e) Rat ionale Suite( s 1 R8tlOn8lO 

1-4 SW Primacy surface drainage A Charactecizo full 
SD pathway for southern spactrur of potential 

portion of site complex: contaminants 
direct connection with 
Pansacola Bay C, D Support potontial sit. 

ronodiation activitias 

B Satisfy RCRA raquire- 
( 1  only) aants 

Kay : 

'SW = Surface water: SD = sediment. 
bSpocific paraaetors includad within aach analytical suit. are qivan in Tablo 
5-1. 

RCRA = Resourca Consorvation and Racovory Act. 

Sourco: Ecology and Environment, Inc., 1991. 
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Tabla S-3 

Location 

Nuabor(s) Typo ( s 1 Location Rational. 
Rof oronco samp1. , Analyt ika1 

suitor Analytical Rational. 

1 SOW 

2 ,  3 ,  4 ,  5 SOW 

6 

7 ,  8 

9 ,  10 

SOU 

SOW 

SOW 

11 (Rocovory SOW 
no11 3, roo 
Figuro 5-11 

13 ,  1 4 ,  15  IOV 

Dotormino tho prosonco, naturo, and A 
oxtont of porriblo shaliow groundwator 
contamination .art (hydraulically 
downgradiont) of formor rurgo pond. 

DOtOrBlnO tho proronco, naturo, and A 

of formor rludgo dryinq bods. C 

DOtOrdnO tho prosonco, naturo, and A 
oxtont o f  possiblo shallow qcoundwator 
contamination .art of formor rurqo 
pond--hiqh VOCa and BNM dotoctod in C 
thi8 acoa--and noar aroa of tormor 
acid spill. 

oxtont of porsiblo shallow groundwator 
contamination hydraulically downqradiont 

( 4  only) 

Dotormino tho prosonco, naturo, and 
oxtont of possiblo shallow qroundwator 
contamination wost (hydraulically 
downqradiont) o t  formor rurqo pond. 

A 

Dotormino tho proronco, naturo, and A 
oxtont of porriblo shallow qroundwator 
contamination woat (hydraulically 
downqradiont) of formor sludqo C 
dryinq bods. ( 9  only) 

Dotormino tho prosonco, naturo, and A 
oxtont of porriblo shallow qroundwator 
contamination north (hydraulically 
domqradiont) of formor rludgo C 
dryinq bods. 

Chacactociro full SpOCtrUD of 
potontial contaminants. 

Charactoriro full SpOCtrUm of 
potontial contaminants. 

Support potontial sit. romodiation 
planning activitios. 

Chacactoriro full apoctrum of 
potontial contaminants. 

Support potontial aito comodiation 
planning activities. 

Charactoriro full spoctrum of 
potontial contaminantr 

CharaCtOCi80 full SpOCtru8 O f  
potontial coptaminants. 

Support potontial sit. romodiation 
planning activitioa. 

chacactoriao tuii apoctrum o f  
potontial contaminants. 

Support potontial sit. romodiation 
planninq activitios. 

Dotormino tho oartorn oxtont of poasiblo A Charactoriro full rpoctrur of poton- 
intormodiato dopth grouadwator contarina- tial contamiamnta. 
tion. Pcoporod wolls aro locatod down- 
gradiont of formor rludgo dryinq bods, C Support potoatial rito romodiation 
formor surgo ponds, and htOCB0diat0 ( 1 4  and 1 5 )  planning activitios. 
and polishing ponds. 

Koy at ond of tablo. 



Tablo 5-3 (Coat.) 

Location 
Reference Sample 
Numbor(s) Type ( s 1 Location Rational. 

Anal yt iga 1 
Suitos Analytical Rationah 

12, 17 IGW 

IGW 16 

18 

19, 20  

2 1  

2 2  

IGW 

IGW 

IGW 

DGW 

Determine the southern extent of 
possible intermediate depth ground- 
water contamination. Proposed wells 
are located cross-gradient from 
intermediate and polishing ponds. 

A 

Determine the presence, nature, and A 

cally downgradient) of the former surge B 

extent of possible intermediate dopth 
groundwater contaminatioh oast (hydrauli- 

pond. 
C 

Determine the western extent of possible A 
intermediate depth groundwater contamina- 
tion. Proposed well is located hydrauli- 
cally upgradient from intermediate pond. 

Determine the western extent of possible A 

cally upgradient of former sludge drying C 

intermediate depth groundwater contamina- 
tion. Proposed wells are located hydrauli- 

beds. (19 only) 

Charactoriro full spoctrum of 
potential contaminants. 

Charactorize full spoctrua of 
potontial contaminants. 

Satisfy RCRA requirements. 

Support potential site remediation 
planning activities. 

Characterize full spectrum of 
potential contaminants. 

Characterize full spectrum of 
potential contaminants. 

Support potential sit. remediation 
planning activities. 

Charactorire full spectrum of 
potential contaminants. 

Determine the northern extent of possible A 
intermediate depth groundwater contamina- 
tion. Proposed well is located hydrauli- 
cally cross-gradient from former sludge 
drying beds. 

Determine the presence, nature, and extent A 
of possiblo deep zone groundwater contamina- 
tion. Proposed well clustered with a shallow 
and intermediate well locatod cross- C 
(shallow) and down-(intermediate) gradiont 
of the former surge pond. 

Characteriro full spectrum of 
potential contaminants. 

Support potential sit. remediation 
activities. 

14(NASP~UHl3OS:T0220/1120/12 
Key: 

'SGW = Groundwater sample from shallow monitoring well; IGW = groundwator sample from intermediate monitoring well; 
bDGW = groundwater sample from deep monitoring well. 

VOC = Volatilo organic compound. 
BNA Extractable organic compound. 
RCRA = Rosource Conservation and Recovery Act. 

Source: Ecology and EnViKOnB.nt, Inc., 1991. 

Specific parameters includod within each analytical suit. aro givon in Table 5-1. 



properly evaluate the groundwater migration pathway. 
during Phase I1 field activities at NAS Pensacola Site 1, soil borings, 
shallov monitoring wells, and intermediate monitoring wells will be 
completed at three background locations across the base (B 6 E 1991b). 
The analytical results from these background locations will help provide 
a perspective on the occurrences of potential contaminants at Group 0, 
as well as aid in evaluating the impact of potential base-wide ambient 
contaminant sources. 

In addition, 

Table 9-1 indicates that one sample from each medium vi11 be 
additionally analyzed for analytical suite B (Appendix IX parameters). 
It should be noted that for these samples, suite A analyses will be 
performed only for parameters not encompassed by Appendix IX (e.g., 
gross alpha, beta, and gamma radioactivity). Furthermore, it should be 
noted that trip blanks will not be analyzed for the full Appendix IX 
suite of parameters, but only the Appendix IX VOCs. Finally, it should 
also be noted that the number of required trip blanks shown on Table 5-1 
reflects the total number of trip blanks required to be collected for 
both the suite A and B samples. 

As noted above, tables 5-2 and 5-3 provide specific rationales for 
proposed surface water, sediment, and groundwater sampling locations and 
analyses. In general, sampling locations are selected based on an 
existing data evaluation in accordance with one of the following 
criteria: 

o Area of known contamination; 

o Area of potential contamination; or 

o Known or suspected area of no contamination. 

Sampling locations selected according to the first criterion are 
required to identify the full spectrum of potential on-site 
contaminants, as well as the maximum levels of occurrence. Locations 
selected according to the second criterion are required to delineate the 
distribution of contamination on site and in the site vicinity. 

5-14 
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Locations selected according to the third criterion are required to 

confirm that the extent of contamination has been completely delineated. 
The specific, detailed rationales provided in tables 5-2 and 5-3 for 
each sampling location or group of locations clearly meet one or more of 
the three general criteria defined above. 

All three of the above criteria must be met in order to complete a 
Baseline Risk Assessment and Feasibility Study for the site. Further- 
more, in most instances, meeting the above criteria requires that the 
collected samples be analyzed for the full suite of parameters in 
analytical suite A. However, in some cases (e.g., evaluation of site 
surface soils to determine the extent, if any, to which airborne 
particles act as a contaminant migration pathway), a more limited 
analytical program (e.g., grain size only in soils collected at the 
surface) is warranted. 

Finally, to support potential remediation planning activities for this 
site, selected samples from each medium also must be analyzed for those 
parameters which directly control the viability of various remedial 
alternatives (see analytical suites C and D, Table 5-1). 

5.2.1 Surface Water and Sediment Sampling 

During the investigation sampling, surface water samples will be 
collected at four locations, and corresponding sediment samples will be 
collected at the same four locations. As shown on Figure 5-1, three of 
the surface water and sediment sampling locations are located at regular 
intervals in the small drainage ditch at the southern end of the Group 0 
site area. 
be collected at the outlet of the ditch to Pensacola Bay. Surface water 
samples will be collected in accordance with Section 6.9.1 of the GQAPP. 
Surface water samples collected at locations in surface water bodies 
where the water is shallower than 1 foot will be collected at the 
surface using a glass or stainless steel beaker or similar sampling 
device. Samples collected from water deeper than 1 foot will be 

The fourth combined surface water and sediment sample will 
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collected within 1 foot of the bottom using a Kemmerer or similar 
sampling device. During collection of surface water samples, the 
surface water pH, temperature, specific conductance, dissolved oxygen, 
and turbidity will be measured and recorded in the field notebook. In 
addition, the water depth and tidal stage for each sample will be 
recorded in the field notebook. 
conducted in accordance with Section 6.10 of the GQAPP. 

Equipment decontamination will be 

Sediment samples will be collected in accordance with Section 6.9.2 of 
the GQAPP. Sediment samples will be collected from the surface to 0.4 
foot below the surface at each location. Sediment samples will be 
collected using either a stainless steel trowel, a bucket-type mud 
auger, an Eckman dredge, or other coring device. The composition of 
sediment materials retrieved will be recorded in the field notebook. 
Equipment decontamination activities will be conducted in accordance 
with Section 6.10 of the GQAPP. 

All four surface water and all four sediment samples will be analyzed 
for the analytical parameters included in analytical suite A (see tables 
5-1 and 5-2). In addition, one of the four surface water samples and 
one of the four sediment samples will be analyzed also for the Appendix 
IX parameters included in analytical suite B (sample location 1 [surface 
water] and sample location 3 [sediment]); two of the four surface water 
samples will be analyzed also for the parameters included in analytical 
suite C (sample locations 1 and 4); and two of the four sediment samples 
will be analyzed also for the parameters included in analytical suite D 
(sample locations 1 and 4; see Figure 5-1 and tables 5-1 and 5-2). 

The number and types of sediment field QA/QC samples to be collected 
were determined in accordance with Section 11.1 of the GQAPP. 

5.2.2 Soil Sampling 

During the soil boring and monitoring well installation activities 
(Section 5.2.3), soil samples will be collected at 12 locations across 
the Group 0 sites. These locations will be based on an evaluation of 

5-16 
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the soil gas survey results. 
hollow-stem auger methods, and soil samples will be collected using 
split-spoon samplers in accordance with Section 6.6.2 of the GQAPP. 
each soil boring location, composite samples will be collected from each 

of the following depth intervals: 0 to 0.5 foot BLS, 0.5 foot to 2.5 
feet BLS, 2.5 to 5 feet BLS, and then every 5-fOOt interval to the water 
table. 
water table is assumed to be 5 feet BLS over the entire area of the 
Group 0 sites. 
above, two surface soil sampling locations will be selected based on the 
OVA surface emissions survey results (see Section 5.1.5). These two 
surface soil samples will be analyzed to determine the extent, if any, 
to which airborne particles may be a contaminant migration pathway. At 
each of these two locations, a surface soil sample will be collected by 
compositing material from the surface to a depth of 4 inches. During 
drilling of the proposed deep well, two 2-foot Shelby-tube samples of 
the low permeability zone will also be collected. 

Soil borings will be completed using 

At 

For the purpose of estimating sample numbers, the depth to the 

In addition to the 12 soil sampling locations described 

All soil sampling, compositing, and lithologic logging activities will 
be performed in accordance with Section 6.6 of the GQAPP. Equipment 
decontamination will be performed in accordance with Section 6.10 of the 
GQAPP . 
Thirty-six of the 40 soil samples will be analyzed for the parameters 
included in analytical suite A (12 sample locations; see Table 5-1). 
Two of the 40 soil samples (not included in the 36 discussed above) will 
be analyzed for grain size (analytical suite E). 
the 40 soil samples (not included in the 36 discussed above) will be 
analyzed for permeability (analytical suite F). Furthermore, one soil 
sample will be analyzed also for analytical suite B (Appendix IX 
parameters), and 12 of the 38 soil samples will be analyzed also for the 

remediation parameters included in analytical suite D. 

In addition, two of 
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5.2.3 Permanent Honitoring Well Installation and Development 

A total of 17 permanent monitoring wells will be installed at the Group 
0 sites. These wells will be located and designed to supplement the 
existing data regarding the lateral and vertical extents of groundwater 
contamination. 
are as follows: 

The number and target completion depths of these wells 

o Six shallow wells, all of which will be approximately 20 
feet deep. 

o Ten intermediate wells, all of which will be approximately 
40 feet deep. 

o One deep well, which will be approximately 65 feet deep. 

Figures 5-2 and 5-3 show the locations of the proposed shallov, 
intermediate, and deep-depth monitoring wells at the Group 0 site 
complex, and Table 5-3 provides the detailed rationale for the selection 
of each of the monitoring well locations and target depths. 

To further characterize the nature and delineate the extent of any 
surficial zone contamination, and to detect the presence of any floating 
product at the Group 0 sites, the six shallow wells will be completed 
into the upper portion of the surficial zone of the Sand-and-Gravel 
Aquifer such that the well screen brackets the water table. Two of the 
six shallow monitoring wells will be installed in locations based on the 
soil gas survey results. 
installed to investigate the vertical extent of possible groundwater 
contaminants, particularly any dense non-aqueous phase liquids (DNAPLs) 
at the Group 0 sites. The 10 intermediate wells will be completed into 
the lower portion of the surficial zone immediately above the first 
confining/semi-confining unit. All of the intermediate wells will be 
clustered with one proposed or existing shallow well to assist in 
delineating the vertical extent of any contamination at that location, 
as well as to determine the vertical hydraulic gradients between the 
monitored zones (see figures 5-2 and 5-3). 

The intermediate and deep wells vi11 be 

The deep zone well will be 



completed into the upper portion of the main producing zone of the 
Sand-and-Gravel Aquifer. e 
The shallow wells will be installed using hollow-stem auger methods and 
will be constructed of 4-inch-diameter,, flush-threaded, polyvinyl 
chloride (PVC) casing terminating in 10 feet of 0.015-inch, 
factory-slotted screen. 
construction material is presented in Appendix H. 

The justification for using PVC as a well 

To prevent the downward migration of possible shallow contaminants 
during drilling, the intermediate and deep wells will be installed using 
either hollow-stem auger or hydraulic rotary methods through 
8-inch-diameter, PVC surface casings. The surface casing will be 
grouted in place and allowed to set 24 hours prior to drilling the well 
borehole to the target depth, in accordance with Section 6.7.4 of the 
GQAPP. The intermediate and deep wells installed through the surface 
casings will be constructed in the same manner as the shallow wells. 
All drilling and finished monitoring well construction will be conducted 
in accordance with sections 6.7.2 and 6.7.3 of the GQAPP. 
all Group 0 newly installed wells will either be protected above surface 
grade with a steel surface casing and locking wellhead cover, or, in 
heavily traveled or paved areas, will be protected at surface grade with 
a flush-mount security cover and locking cap. In conjunction with the 
drilling of the well boreholes, continuous split-spoon samples will be 
collected to the target completion depth of the wells, in accordance 
with Section 6.7.2.3 of the GQAPP. Where wells are constructed in 
clusters, split-spoon samples will only be collected during drilling of 
the deepest well. 

In addition, 

After installation, each of the new monitoring wells will be developed 
using a submersible pump and/or bailer, in accordance with Section 6.7.5 
of the GQAPP. Development waste will be contained in 55-gallon drums, 
labeled, and moved to a storage area on NAS Pensacola, as directed by 
the Navy (see also Section 5.2.10). 
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All drilling equipment will be decontaminated prior to use and between 
installation of each well in accordance with Section 6.10 of the GQAPP. 
All borehole cuttings and drilling fluids will be stored in 55-gallon 
drums, labeled, and moved to a storage area on NAS Pensacola, as 
directed by the Navy (see also Section 5.2.10). 

5.2.4 Groundvater Sampling 

During the investigation, groundwater samples will be collected from 
existing monitoring wells GH-70, GH-71, GH-72, GH-76, GJ4-77, and GH-78, 
the existing recovery well RU-3, and the 17 newly installed monitoring 
wells on the Group 0 site complex (see figures 2-2, 5-2, and 5-3). 
Purging and sampling of each well will be conducted in accordance with 
sections 6.8.2 and 6.8.3 of the GQAPP, respectively. Equipment 
decontamination activities will be conducted in accordance with Section 
6.10 of the GQAPP. 

All 24 groundwater samples will be analyzed for the paraaeters included 
in analytical suite A. In addition, one of the 24 samples (sample 
location 16; see Figure 5-3) will be analyzed also for the Appendix IX 
parameters included in analytical suite B, and nine of the 24 samples 
(sample locations 4, 6, 9, 11, 14, 15, 16, and 19) will be analyzed also 
for the parameters included in analytical suite C (see figures 5-2 and 
5-3 and tables 5-1 and 5-3). 

All shallow monitoring wells will be checked for floating and/or sinking 
immiscible hydrocarbons with an oillwater interface probe. 
intermediate and deep monitoring wells will be checked for sinking 
immiscible hydrocarbons with an oilhater interface probe. 

All 

The number and types of groundwater field QA/QC samples to be collected 
were determined in accordance with Section 11.1 of the GQAPP. 
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5.2.5 Biota Sampling 

0 Formal biological sampling proximate to the Group 0 sites will be 

conducted during the ecological risk assessment activities at sites 40 
(Bayou Grande Area) and 42 (Pensacola Bay). 
on-site biological sampling at the Group 0 site complex is required, a 
separate biological sampling plan will be prepared which outlines sample 
locations, sampling methodologies, analytical parameters, etc. 

If the need for specific 

5.2.6 Air Sampling 

Formal air sampling will be performed, only as required, based on the 
results of the soil gas survey, the OVA surface emissions survey, and 
the surface soil grain size analyses. 

5.2.7 Hydrologic Assessment 

The main objective of the RI hydrologic assessment is to further 
delineate the complexities and zones of the underlying aquifer at the 
Group 0 site complex. The hydrologic assessment at the Group 0 site 
complex will include a wellhead elevation survey of all the newly 
installed permanent monitoring wells; static water level measurements in 
all the on-site wells and on-site and/or adjacent surface water bodies; 
detailed pumping tests of two existing recovery wells and one proposed 
intermediate well; short-term specific capacity and/or slug tests on all 
the newly installed permanent wells; and measurement of currents, wind, 
and/or stream flow at appropriate surface water locations. 

0 

All of the on-site existing and newly installed monitoring wells will be 
surveyed during the engineering survey (Section 5.1.8) and referenced to 
a USGS benchmark, in accordance with Section 6.7.6 of the GOAPP. In 
addition, staff gauges will be placed in all surface water bodies on 
site and will be surveyed relative to the same datum as the wells. 

At the Group 0 site complex, static water levels will be measured in all 
the existing and proposed on-site wells and in the water bodies on at 
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least four occasions: 
wells; once approximately two to four weeks after sampling to obtain an 
estimate of the short-term temporal variability in water levels; once 
during a low tidal phase; and once during a high tidal phase. 
measurements taken during opposing tidal phases vi11 be collected on the 
same day in order to evaluate tidal influences on vater level elevations 
at the Group 0 sites. 

once during the sampling of the newly installed 

The 

Limited aquifer testing will be conducted on the Group 0 sites utilizing 
one existing recovery vel1 (RW-5; see Figure 2-2) and all of the newly 
installed monitoring wells. 
intermediate well (proposed well location no. 16; see Figure 5-3), the 
aquifer testing will consist primarily of multi-well pumping tests. 

For the one recovery well and one proposed 

The procedure for the proposed multi-well pumping tests involves 
withdrawing groundwater at a constant, known rate from a designated 
production well (i.e., RW5 and the proposed intermediate well) until the 
pumping water level stabilizes, and simultaneously measuring the effect 
of this pmping/withdrawal on water levels in designated adjacent 
monitoring wells. 
monitoring wells open to depth zones other than the production well will 
also be monitored to observe the pumping effects (e.g., intermediate and 
deep wells adjacent to the recovery wells will be monitored during the 
recovery well pumping tests). 
will be conducted for a minimum of eight hours, or until observable 
drawdowns in adjacent observation wells have occurred and stabilized. 
Additionally, the recovery of the water levels in the production and 
observation wells will be monitored after the pump is turned off until 
the water level equilibrates to the initial static level. Drawdown and 
recovery data from each pumping test will be plotted to produce time 
versus drawdown graphs which will be used to calculate estimates of 
hydraulic conductivity (K), transmissivity (T), and groundvater flow 
velocity (V) for each of the monitored depth zones. 
technique used to calculate these aquifer properties will account for 
the conceptual model of the hydrogeologic conditions at the site; 

To assess the potential for vertical leakage, 

At the Group 0 sites, these pumping tests 

The analytical 
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however, commonly used techniques for determining these parameters are 
presented in Theis (1935), Cooper and Jacob (1946), Jacob (1963), and 
Lohman (1972). 

For all newly installed monitoring wells, the aquifer testing will 
consist primarily of performing short-term specific capacity tests on 

wells that are capable of sustaining a measurable yield. 

capacity testing at the Group 0 sites will be conducted immediately 
following the development of the newly installed wells, after the water 

levels have fully recovered and stabilized. The procedure for specific 
capacity testing involves measuring the initial static water level in 
the well and then withdrawing groundwater from the well at a constant 
rate for a designated period. 
noted, and the pump is turned off. The water level recovery in the well 
is then recorded continuously over time until the water level 
equilibrates to the initial static level. In addition to measuring 
drawdown in the developing well during the specific capacity testing, 
water levels will be measured in adjacent shallow, intermediate, and/or 
deep monitoring wells to determine the extent to which the respective, 
monitored zones may be hydraulically connected. 

The specific 

The water levels during pumping are 

e 
Injection or withdrawal-type slug tests will be performed on newly 
installed wells that are not capable of sustaining a measurable yield. 
The procedure for slug testing involves measuring the initial static 
water level in the well and then injecting or withdrawing a known volume 
from the well, using a solid stainless steel cylinder, to create an 
instantaneous change in water level. The water level is then recorded 

continuously over time until the water level equilibrates to the initial 
static level. 

The purposes of the specific capacity and slug testing are to obtain 
site-specific, single-point, first estimate values for hydraulic 
conductivity (K), transmissivity (T), and groundwater flow velocity (V) 
for each of the monitored depth zones. 
aquifer parameters utilizing these types of aquifer test results are 
presented in Cooper -- et al. (1967), Lohman (1972), and Bouwer and Rice 

Techniques for determining these 
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(1976). During each of these tests, a calibrated tape and/or electronic 
data logger will be used to monitor and record the water levels in the 
well(s) being tested or observed. 

At each surface water sampling location in the small drainage ditch, the 
prevailing current direction and velocity, vater depth, and tidal phase 
will be recorded during the sampling. In addition, in order to evaluate 
tidal effects on this water body, these measurements will be recorded at 

these same locations during high tide, low tide, and mid tide. In 
addition, stream velocity, discharge, and stream elevation data for the 
drainage ditch will be recorded at the same time that water levels are 
measured in the on-site monitoring wells. A rain gauge will be 
installed at or near the site and monitored regularly over the course of 
the fieldwork. 

5.2.8 Bngineering Survey 

A comprehensive engineering survey will be conducted to accurately 
identify all site sampling locations and cultural and topographic 
features. 
both horizontally and vertically. 
be surveyed relative to a spot elevation benchmark located in the 
northern portion of the site complex, or a USGS benchmark located on 
Chevalier Field which is located south of the Group 0 sites. 
latitude and longitude coordinates will be used in the survey to 
illustrate any data points located offshore. 
utilities, aboveground structures, and improvements (such as pavement) 
will be located. 
source survey (Section 5.1.1) will be incorporated into this survey. 
The survey also will delineate topographic variability using contour 
intervals of 2 feet. 
integrated with any existing computer-aided design (CAD) base MPS so 
that all updated, site-related information can be precisely and 
efficiently added to the base map. 
will include the addition of previous data point locations (i.e., 

All sampling and monitoring well locations will be identified 
All monitoring well elevations will 

Loran or 

In addition, any 

Any pertinent information found during the contaminant 

All engineering survey information will be 

The development of a CAD base map 
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coordinates of latitude and longitude). The survey drawing will be 
produced in mylar and blueline copies; the CAD file for the drawing will 0 be kept on diskette. 

5.2.9 Field Quality Assurance/Quality Control 
5.2.9.1 Documentation 

Field activities and sample management will entail certain strict 
documentation requirements as described in Section 7 of the GQAPP. 

5.2.9.2 Field QA/W Samples 

Samples collected for laboratory analysis (both screening and nonscreen- 
ing) during all phases of fieldwork will require the preparation of 
field QA/QC samples as described in Section 6.12 of the GQAPP. The 
estimated numbers of required field QA/QC samples are shown in Table 
5-1. 

5.2.10 Decontamination And Waste Hanagement Procedures 
5.2.10.1 Decontamination Procedures 

All equipment decontamination procedures for sites 32, 33, and 35 will 
be performed in accordance with Section 6.10 of the GQAPP. 

5.2.10.2 Waste Management Procedures 

Investigation-derived wastes will be handled in accordance with the 
procedures described in the EPA guidance document Management of 
Investigation-Derived Waste During Site Inspection (EPA 1991b). 
water generated during monitoring well purging and development 
activities on sites 32, 33, and 35 will be containerized and then 

discharged into the WWTP, or will be containerized, labeled, and moved 

to a storage area on NAS Pensacola, as directed by the Navy. 

All 
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Any excess soil auger cuttings generated by soil boring or monitoring or 
will be containerized, labeled, and moved to a storage area on NAS 
Pensacola, as directed by the Navy. 
Other investigation-derived wastes, such as potentially contaminated 
clothing and disposable materials, will be containerized, labeled, and 
moved to a storage area on NAS Pensacola. 

Laboratory QA/QC procedures are designed to ensure the accuracy, 
precision, completeness, representativeness, and comparability of all 
analytical data. 
and GSMP. 

data quality and requisite laboratory QAIQC. 
in detail in the GQAPP and GSHP. 

Laboratory QA/QC has been addressed both in the GQAPP 
All phases of fieldwork will incorporate a different level of 

These levels are discussed 

5.4 GROUNDVATBR HODBLING 

Following completion of the hydrologic assessment, E b E will use the 
data generated in the previous field investigative tasks to conduct 
limited computer modeling of groundwater. The two scenarios that will 
be considered to assess the potential for off-site Contamination 
include : 

o Estimated future plume movement without any remedial 
actions/effects (e.g., No Further Action); and 

o Estimated total time periods required to extract 
contaminants from the aquifer in order to meet previously 
established standards for drinking water (ARARs) for a 
total contaminant mass at variable pumping rates. 

Using hydrogeologic data generated from previous tasks, the flow 
velocity fields will be calculated for both remedial and nonremedial 
scenarios utilizing the three-dimensional, finite-difference groundvater 
flow model HODFLOW. 

the two-dimensional, solute transport model RANDOHWALK to estimate 
The flow velocity fields will then be entered into 
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cleanup times for the remedial scenarios and plume movement rates for 
the no remedial action scenario. 

HODFLOW was selected based on its capability in simulating groundwater 
e 

flow in two or three (if necessary) dimensions. 
as the solute transport model because of its capability in simulating 
various contaminant transport mechanisms and its relative ease in 
creating grid configurations. Both models have been successfully 
applied to hazardous waste site cleanups and have been extensively field 
veri f ied . 

RANDOMWALK was selected 

To obtain a prediction of plume extent without remediation, E 6 E will 
illustrate contaminant transport simulations for the current time and 
for one, five, and ten years into the future. Additional simulations 
will include different remedial pumping scenarios for both organic and 
inorganic contamination. E & E then will use information generated by 
these computer simulations for remedial alternative development. 

5.5 BASELINE RISK ASSESSKEN" a 
As part of the Remedial Activities Investigation, a baseline risk 
assessment will be conducted to determine the level of effort required 
in the FS for remedial actions. This baseline risk assessment will be 
initiated during the later stages of the investigation, and the results 
will be included in the report. The baseline risk assessment will 
provide an evaluation of the potential threat to human health and the 
environment, in the absence of any remedial action, by providing the 
basis for determining whether or not remedial action is necessary and 
the justification for performing any remedial actions. The risk 
assessment will be performed in accordance with EPA's 1989 documents, 
Risk Assessment Guidance for Superfund: 
Evaluation Manual (Part A), and Volume I1 - Environmental Evaluation 
Manual (Interim Final). 

Volume 1 - Human Health 

The baseline risk assessment identifies and characterizes the toxicity 
and levels of hazardous substances present in the media of concern 

I 5-27 



- (e.g., air, groundwater, soil, surface water, sediment, or biota), the 
environmental fate and transport mechanisms within the media of concern 
(e.g., physical, chemical, 'biological degradation processes, and 
hydrogeological conditions), the potential human and environmental 
receptors, the potential exposure routes and the extent of actual or 
expected exposure, the extent of impact or threat (i.e., risk 
characterization), and the level or levels of uncertainty associated 
with all of the above. 
level of effort required to conduct the baseline risk assessment. The 
conclusions of the baseline risk assessment will determine the level of 
effort required in the risk assessment to be conducted during the FS. 
The baseline risk assessment can be divided into four tasks: 
contaminant identification, exposure assessment, toxicity assessment, 
and risk characterization. 

The complexity of the site will determine the 

5.5.1 Contaminant Identification 

The main purpose of this step is to screen available information on the 
hazardous vastes present at the site and to identify contarinants of 
concern for subsequent focus during the risk assessment process. 
identification of contaminants of concern will be conducted in 
accordance with the previously referenced risk assessment guidance 
document (EPA 1989). 

The 

5.5.2 Exposure Assessment 

This subtask involves the identification of actual or potential 
pathways, characterization of potentially exposed populations, and 
determination of the extent of exposure. Identification of potential 
exposure pathways helps to conceptualize the migration of contaminants 
from an existing source to an existing or potential point of contact. 
An exposure pathway may consist of four elements: 
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1) A source mechanism of chemical release into the 
environment; 

2) An environmental transport medium (e.g., air, groundwater, 
biota); 

3) 

4) An exposure route to the population from the contact 

A potential contact point with the medium of concern; and 

point . 
The purpose of this analysis is to provide decision makers with an 
understanding of both the current risks and potential future risks if no 

action is taken. Therefore, as part of this evaluation, a reasonable 
maximum exposure scenario that reflects the type(s) and extent($) of 
exposures that could occur should be developed based on the expected 
future use of the site. 

The final step in the exposure assessment is to integrate the 
information and develop a quantitative estimate of the expected exposure 
levels resulting from the actual or potential release of contaminants 
from the site. 

5.5.3 Toxicity Assessment e 
This step considers:. (1) the types of adverse human or environmental 
effects associated with contaminant exposure; (2) the relationship 
between the magnitude of exposure(s) and the adverse effects; and (3) 
related uncertainties such as the evidence for a particular chemical's 
potential carcinogenicity in humans. Typically this process relies 
heavily on existing toxicity information and rarely involves the 
development of new data on toxicity or dose-response relationships. 
Existing toxicity information in the Integrated Risk Information System 
(IRIS)  will be utilized during the toxicity assessment process. 

5.5.4 Risk Characterization 

In the final stages of the baseline risk assessment, a characterization 
of the potential adverse effects to human health or environment of each a 
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derived scenario is developed and summarized. By integrating informa- 
tion developed during the exposure and toxicity assessments, estimates 
of risk can be developed to include carcinogenic risks, noncarcinogenic 
risks, and environmental risks. 

To characterize environmental risks, the potential exposures to the 
surrounding ecological receptors must be identified, and the potential 
effects associated vith such exposure(s) must be determined. Important 

factors to examine include disruptive effects to populations (plant and 
animal) and the extent of perturbations to the ecological community. 

The following data vi11 be obtained for each site as part of the 
baseline risk assessment: 

Distance to the closest residence (on or off NAS 
Pensacola); 

Type of barrier, if any, to prevent access; 

Approximate population within 0.25 mile of the site 
(including NAS Pensacola); 

Sensitive land uses in the vicinity of the site (e.g., 
schools, hospitals, retirement homes, etc.); 

Activities (recreational and/or occupational) vhich take 
place near the sites, and the estimated number of people 
involved ; 

Records of any environmental and/or health complaints 
regarding the sites; and 

Log of any actions taken by a health unit regarding health 
issues, complaints, and concerns.) 

The results of the baseline risk assessment may indicate that the site 
poses little or no threat to human health or the environment. In such 
cases, the FS should be appropriately scaled down or eliminated. 
results of the Remedial Activities Investigation and baseline risk 
assessment will serve as the primary basis for documenting a N o  Further 
Action decision. 

The 
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It should be emphasized that all the tasks conducted as part of the 
baseline risk assessment will be performed on an interactive basis 
between the various disciplines required (i.e., hydrogeologists, 
chemists, risk assessors, etc.), the Navy, and the reviewing regulatory 
agencies (i.e., FDER and EPA) and that the goal of these tasks is to 
produce appropriate, sufficient, and high quality data to complete the 
baseline risk assessment. 

5.6 TREATABILITY STUDY 

As indicated in Table 5-1, a number of the analyses to be performed on 
the samples collected during the investigation may be required in 
support of a potential treatability study. However, the proposed 
analyses are preliminary and will likely be adjusted based on the 
results of the investigation and the baseline risk assessment. 
Characterization of samples in terms of parameters listed in Table 5-1, 
together with treatability tests, will provide the basic data required 
for the evaluation of physical, chemical, and biological remedial 
technologies. 

incineration tests, solubility tests, soil leaching tests, and 
coagulation-flocculation jar tests. 

Some of the treatability tests that may be examined are 

5.7 PEASIBILITY STUDY 

The FS will be initiated toward the end of the investigation. Further 
details on the specific tasks to be performed as part of the FS will be 
described in detail after the fieldwork has been completed. However, i t  

is anticipated that where contaminated media are identified on site, the 
general approach described below will be followed. 

As part of the initial FS scoping activities, E & E will prepare a 

summary of field data collected during the RI to compare and evaluate 
the concentrations of the contaminants of concern against the cleanup 
criteria developed. 
summary of contamination for each of the scenarios identified during the 

E & E will prepare a qualitative and quantitative 
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risk assessment evaluation. These summaries will serve as a basis for 
screening, development, and evaluation of remedial action technologies. 

5.7.1 Screening of Applicable Remedial Technologies 

E & E will screen and develop applicable technologies for each medium 
for the remediation of any on-site contamination. In the process of 
screening applicable technologies, E 6I E will consider all AR4Rs and 
identify problems? and determine pathways of contamination using a 
receptor-oriented approach based on the potential threat to public 

health, public welfare, and the environment. In this summary, pathways 
will be outlined for each medium of concern. 
appropriate general response action such as contaminant removal, 
treatment, disposal, and so on, and the applicable remedial technologies 
for each. The identification of technologies will be based on technical 
selection criteria and E 6 E ' s  engineering judgment. 

E 61 E will identify an 

5.7.2 Assessment of Applicable Remedial Technologies 

During the assessment process, E 6 E will consider the relative 
applicability of each technology for each medium of concern (e.g., air, 
surface water, sediment, soil, and groundwater). The general approach 
will be to screen or eliminate those remedial technologies that may be 
difficult to implement? rely on unproven technologies, or MY not 
achieve the remedial objectives established in the earlier stage of the 
RI/FS within a reasonable time period. During the screening process, 
E & E will review all site-related data to identify conditions and waste 
characteristics that may limit or promote the use of certain remedial 
technologies. Criteria such as environmental, institutional, and public 
health impacts, and technical feasibility will be applied. A discussion 
of the applicable technologies will be provided for each general 
response action. 
present in soil and groundwater and the potential for air, surface 
water, and sediment contamination exists, E & E will review available 
technology for each media including in situ on-site, and off-site 

For the Group 0 sites where known contamination is 
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treatment approaches. In general, the applicable technologies for each 
medium will probably include, but may not be limited to: a 

Air. Capping, collection and adsorption, collection and 
thermal oxidation, and controlled dispersion. 

Surface Water. Pollution source control, self 
purification, enhanced biological degradation, chemical 
precipitation, physical filtration, physical-chemical 
adsorption, aeration, air stripping, and chemical 
oxidation. 

Sediment. 
degradation, thermal oxidation, fixation, stabilization, 
and disposal. 

Soi l .  Excavation, hydraulic barrier containment, physical 
barrier containment, aerobic and anaerobic biological 
degradation, thermal oxidation, fixation, and 
stabilization. 

Dredging, aerobic and anaerobic biological 

Groundwater. 
recovery, existing IWTP treatment, enhanced biological 
degradation, chemical precipitation, filtration, physical- 
chemical adsorption, sparging, air stripping, chemical 
oxidation, and thermal destruction. 

Physical or hydraulic barrier containment, 

' The discussion will include comments, as appropriate, concerning the 
reliability and implementability of the technology. 

5.7.3 Risk Assessment 

Based on the results of the baseline risk assessment conducted during 
the Remedial Activities Investigation, E & E will perform a detailed 
risk analysis to determine the acceptable levels of risk. This will 
allow the Navy to balance the increase in costs associated with each 
alternative against gains in safety. The risk analysis will include 
consideration of site contaminant toxicity, transport mechanisms, 
persistence in the environment, and impacts on human health and the 
environment. 

. 
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5.7.4 Development and Evaluation of Remedial Action Alternatives 

During the preceding task, remedial technologies will be assessed 
independently without consideration to potential advantages or 
disadvantages of technologies applied in combination. 
individual technologies which have passed the initial screening process 
will be assembled into remedial action alternatives for the site. Each 
alternative, consisting of an individual technology or a combination of 
several technologies, represents a workable number of technologies that 
together adequately address all site problems. During the assembly and 
evaluation of the alternatives, criteria including technical 
feasibility, environmental and public health, institutional impacts, and 
comparative costs will be considered. 

In this task, 

5.7.5 Selection of Reconended Remedial Action Alternatiws 

During this task, E C E will select a single remedial action alternative 
for the remediation of the site. 
preceding task will be compared using technical, environmental, and 
economic criteria. 
environnental effects, technical aspects, the extent to which 
alternatives comply with ARARs, community effects, and other factors 
when comparing alternatives. 
uniformly to each alternative along with any additional criteria that 
may result from the Navy project coordination. E 6 E will discuss the 
selected alternative in a statement of the relative advantages of the 
alternative over the other alternatives considered. 

The alternatives assembled during the 

E 6, E will consider present worth of total costs, 

E C E will apply these evaluation criteria 

5.8 REPORT 

Following completion of the RI, E & E will prepare a formal RI report to 
summarize the results of the Group 0 site complex investigation as well 
as the results of the Site 13 (Magazine Point Rubble Disposal Area) 
Phase I1 investigation. The baseline risk assessment will be included 
as a separate section in the RI report. 
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In addition, following any treatibility studies and FS work, formal 
reports will be produced for these efforts. 
detailed narratives associated with the respective tasks. 
For all reports, E C E will prepare a 90% draft, for submittal to the 
Navy only, which summarizes the activities and results of the 
investigation tasks performed. Upon receipt of comments from the Navy 
concerning the 90% draft reports, E & E will prepare a 100% draft report 
for the Navy and EPA, FDER, and Technical Review Committee (TRC) review. 
The EPA/FDER/TRC review comments will be incorporated into draft final 
reports which will be resubmitted to the EPA/FDER/TRC for final 
approval. The draft final report will then become final if no further 
comments are received from the EPA/FDER/TRC. 

These reports will include 

The RI report will be written as an independent document, complete in 
its own right, and fully supportive of the conclusions which it 
contains. Where appropriate, public participation issues will be 
summarized, as will interim remedial measures necessary to protect 
against continued degradation of conditions at the site(s). Information 
used in analyses, but supplemental to the analytical results, will be 
provided in a series of appendices. 

Monthly progress reports during all field activities will be submitted 
to keep the Navy apprised of fieldwork status and site conditions. 
Current and planned activities, as well as cost tracking, will be 
provided. 
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6.  DOCWENT REVISION 

Periodic updating of all administrative documents (GQAPP, SMP, HSP, 
PHP, and work plan) will be necessary due to changes in site conditions 
and/or program conditions or requirements. 
undergo the same review process (e.g., Navy and EPA/FDER/TRC) as the 
original documents. 

Revised documents will 
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7. PROJECT SCHEDuLg 

Figure 7-1 shows the project schedule for the RI. 
for the investigation is subject to the schedule in the Federal 
Facilities Agreement Site Management Plan (FFASMP). 
FFASMP will be updated yearly. 

The length of time 

The schedule in the 
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8. PROJECT WAGEWBNT 

Project management will be an ongoing process throughout this 
investigation. 
status reports, coordination of schedules, mobilizations, and other 
project incidentals with the Navy, management of project staff, 
coordination with the E & E support groups (e.g., publications, 
laboratory), and ongoing project review by E C E technical managers and 
directors. 
the PHP submitted to the Navy. 

This process includes preparation of monthly project 

These project management steps are described in detail in 
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SITE-SPECIFIC SAFETY PLAN 
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522 
ecology and onvironnwnt. inc. 

S I T E  S A ~ E T Y  P L A ~  

I I Vorsion 988 

Projoct Titlo: I W I T  RIPS Projoct No.: UH1305 

TDD/p.n No. : 

Projoct r4umg.r: John 8.rksd.h Projoet Dir.: Rick Rudy 

lacation(s): Wasto Wator Troatm~nt Facility (Uswrp; Sitos 32, 33, and 35) 

Propared by: A.ly mitty Date Proparod: Docombor 16, 1991 

Agproval by: Sybil Nowchurch Date Approvod: Docednr 16, 1991 

Sit. safoty Officor Roview: 

scop./Objoctivo of Work: Fioldvork will includo physical survoys, soil gas survoy, soil salplinq, and qround- 

-tor saaplinq. 

Date Roviowod: 

progosod Dato of Fiold Activities: 

mckqround Info: Corploto: [ X ] Preliminary analytical [ 1 

March 1992 

data availablo 1 

Docuuntation/Sumary : 

Ovorall Chmmical Hazard: a 
Ovorall Physical Hazard 

Serious 1 
I X  

Serious [ 
Low I 

Modorat. 
vkknO*m 

Modorate 
uhknown 

I 
1 

X I  
1 

8.  

wasto Typ.(s): 

Liquid I x I Solid 1 X 1 Sludqo [ 1 GaS/vApor [ X 1 

Quractori~tic(s): 

Flamblo/ [ X 1 
Iqnitabl. 

[ I  volatilo I X 1 Corrosivo f 1 Acutoly 
Toxic 

Pxplosivo [ 1 Roactive I 1 Carcinogon [ X 1 Radioactive' [ 1 

Othor : 

Physical Hazards : 

Overhoad [ X 1 Confinode [ ] Below I 1 Trippall I X 1 

Puncturo [ 1 BU t3l I I Cut I 1 Splash [ X I  

Spaco Grad. 

miso 1 x 1  Other: Sites are areas near active air fiolds. 

*R.quiros corplotion of additional form and special approval from tho Corporato Health/Safoty group. Contact 
RSC or nQ. 
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Sit. I i is torg/kscript ion and Unusual ?.rturos (soo -ling Plan for b t a i l o d  doscription): 

35 woro corutructod i n  1971 &ring upgrading of  tho WRP t o  provid. t o r t i a r p  t r u t m t  of inhutrial vasto 

and sommdmry t r u t m t  of  a s t i c  mstr p r e  by 105 hauaeola. 

Sit08 32, 33, and 

Or&trt  a t  t b o o  sitrs is h a  t o  k 

c0ntadmt.d w i t h  mcs and r t a l s .  

Lautiom of Ch.ricals/79.st.s: Sukurf.c. 

IMxxy, mus, wmit) 20-100 pp~ 

mu, SYHt I 0-3 DOI I Ibthballs 

I Arovtic 

s o l v m t  3 Aromtic 

U u r ,  rough 260 p p ~  

dLp doprossion 300 p p  

Mxay, mus, wait 2.9 

h t i g r u ,  hood 0.17 p01 

*de -US, COW¶ 0.05 ppm 

Mad. vomit, MUS 2-30 ppm 

200 ppm 

100 ppm 

300 

1 " "  S r w t i s h  

71 Chrorira Inh, Ing 

Noto: Coglo to  and at tach a W a r d  Evaluation Shoot for  mjor known contaminant. 
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0. S ~ S W S T Y ~ p L A A  

Site Control: Attach map, use back of this page, or sketch of site showing hot zone, contamination reduction, 
zone, etc. 

periwter idontifiod? [yosl Site socuredl I no 1 

WDrk Areas D.signated7  OS] zone(s) of Contamination Identified? I no 1 

Porsonnel Protection (TLD badges required for all field personnel): 

Anticipated Lave1 of Protection (Cross-roforonco task n h r s  to Section C):  

Modifications: Based on IUfupVA readings, level 0 for task 1 only. 

glovos and boots, and safety glasses for tasks 2 through 6. 

Modified level D with tyveck, neoprene 

APR available with cartridges when level C upgrade 

is nocessary. 

o U w l  D: O2 <19.52 or >252, explo ivo atmosphere ,102 LEL, organic vapors above background levols, 
particulates >-mg/m , other 

o2 ~19.5% or >2511, explosive atlosphero ,2511 LEL3(California-202), unknown organic vapor (in 
breathing zone) 11 ppm, particulates >-rmg/m , other 

9 

o Love1 C: 

o Level B: 0 ~19.5% or >25%, explosive atmosphere >25% LEL3(California-202), unknown organic vapors (in 

o Low1 A: 0 <19.5% or ,252, explosive atmosphere >25% LEL (California-202), unknown organic vapors 

2 breathing zone) >5 ppm. particulates >-mg/m , other 

,300 ppm, particulates >- mg/m , other . 
Air Monitoring (daily calibration unless otherwise noted): 

I Frequency of 
Contaminant of Interest (area, personal) I Sampling 

Honitoring 

I I Area I -  I Continuous I 
I mdiation I I 

(Expand if necessary) 

Docontamination Solutions and Procedures for Equipment, Sampling Gear, etc.: . 
Trisodium phosphate wash, tap water rinse, isopropanol rinse, organic-free water rinse, and allow to air dry.  

Teflon irplewnts used for the colloction of samples for motals analysis will include a 10% nitric acid solution 

rinse after the tap water rinse and will be followed by a tap water rinse, isopropanol rinse, and organic-free 

water rinse. 
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Porsoaaml D.coa Protocol: 

dll b &ubltb.ggod and d w  for disposal. 

folloving ..ch &y8s fiolduork. 

DKon Solution lbnitoring Proc.QIros, i f  Applicable: 

at.. upwind of th. s.qling zorm. 

Boot and glow n a b  - trisodium to wail w i t h  clun -tor rinao. wrp.nd.b 10s 

? i d d  por8omol w i l l  b k o  a bppiaic abouor, off aito.  

Dmcantamimtion w i l l  bo porfocmd in a mll-cnntilatod 

Special Sit. wpmt, ?aciliti.s, or Proc.duros (Smitary I ac i l i t i o s  .nd Lighting 
lbmt Hoot 29 QR 1910.120): 

~~ 

Qorloral spill Control, if appliubl.: n/A 

During a11 handling of s..plos, a11 f iold tur I. .krs will y u r  aurgical glorns. 

s . q l o  pro~orcntion with acids. 

10s w i l l  k wm during 

*All mtr ios  into exclusion aono roquico buddy S y s t r  US.. A l l  E c e field staff p a r t i c i p t o  in r d i C . 1  
monitoring progru 4 h v o  coqlotod applicable training por 29 QR 1910.120. 
mts roquiramta  of 29 Cra 1910.134, md AllSI 288.2 (1980). 

neapintory protoetion progru 
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a. B831;81cIIllloRlRRQ 

(Us. supplemental shoots, if nocossary) 

uK3u.mEsumas 

(Obtain a local tolophono book from your hotol, if possib1e.I 

A.bulmc. On 8.S. - 904-452-4138, Off Bas. - 911 
Hospital Em~rqoncy moa IWM Dispensary - Building 3600 - 904-452-2733, Baptist Hospital 904434-4811 

(Lifo Flight) 

Poison Control Contor 

Polico (includo local, county sheriff, stat.) 911 

Fir0 Dopartmot 911 

~~ ~ 

U.S. Coast Guard Eurgoncy - 904-453-8178, Gonoral Information 904-4534282 
L.boratoq E L E ASC 1-7164314360 

rod. Expross 1-800-238-5355 

Cliont Contact U.S.  Navy South.cn Division, Enginoor-In-Chargo, 1-803-743-0571 

Site Contact N&S Ponsacola Environmental Coordinator, W. Dowayno Ray - 904-452-4515 

SIZE- 

Sit0 Emmrgoncy Evacuation Alarm mthod N/A 

-tor supply sourc. on sit. 

Tolophono Location, Lhub.c To bo dotorminod on sit. 

Collulac Phone, if available To bo dotorminod on sit. 

Radio 

othor On-site wacehouso number to bo dotorminod 

-cnmlxTs 

1. Dr. Raymond Harbison 1Univ. of Florida) ................. 1501) 221-0465 or (904) 462-3277, 3281 
AlAChUa, Florida 1501) 370-8263 (24 hours) 

2. Ecology and Environmont, Inc.. Safoty Director 
Paul Jonmairo ........................................... 1716) 684-8060 (office) 

(716) 655-1260 (horn) 

3. Rogional Offico Contact .................... S.t?owchurch... 878-2336 (homo) 

877-1978 (offico) 

4. Offic~ ~ a g e r  ................................ R.Ru dy...... 893-7245 (homo) 
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1. 

2. 

3. 

-- 
Tnonty-four hour -ring sorvico: 1501) 370-8263 

Unt t o  roport: 

- stat.: "this is .n .rrgoncy." 

- Your MDO, roqion, urd sit.. 

- hlophono nrpkr to  roach you. 

- Your location. 

- ILI. of potson in jurd  or orposod. 

- - tun  of onrg.ncy. 

- M i -  t~kon .  

If a toxicologist doos not roturn your cal l  vfthin 15 rtartos,  ull tho follaviag porsau ia ordor -til 
cartact is rd.: 

A. 24 hrr btlh - (7l6t 604-6940 
b. Corporato Safofq Diroctor - Paul Joauiro  - how (I (7161 655-1260 
C. MSiSturt C O W .  SAfOty 0ffiC.r - St- Sh0Cl.n - b (I (716) 680-0084 

MrKtioO. t o  hospital I i n c l u d .  u p )  from sit06 32, 33, md 35 

ms- - r o l l w  Taylor Road wst t o  mncu~ m d .  Turn lof t  oat0 Raun R o d  m d  follow it south 

to  tho intotwction w i t h  Turnor Stroot. Turn lof t  on Tumor Stroot. 'Ib. ms W m r y  is loutod an Turnor 

Stroot in Suildiag 3600. 

&@td - Take -c- Road ( ~ V Y  B l v d . )  mrtb to O r i t  th. b.H. UVY Blvd. kco~l.. 98 .nd C L I ~ V O ~  

to  tho omt. 

procood .ppror. 1 u to  Corvmtos St. (thy. 90). 

8 blocks uad turn lof t  (north) onto E stroot. 

Follow Navy Blvd.pvU. 98 east appro.. 3 u t o  Paco Blvd. Turn lo f t  (north) on Paco Blvd. .ad 

Turn r i a t  on Cocvurtoslgvp. 90 .ad follow this road for .bout 

Tho hospital is .bout 6 blocks north o. tho lof t .  

ross routos w i l l  bo locatod if omorgauy oxit c o u t r  b u o r  B.rg.ncy Egross Rout06 t o  Got Off-Sit. Emorgoncy og 

blockd bu construction, otc. 
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ECOLOGY AND ENVIRONMENT, INC.. 
' S T A N b A R U  OPERATING PROCEDURES FOR 

EMERGENCIES DUE T O  HEAT A N D  HEAT STRESS MONIT0Kl '~C 

Fle ld  operatlons dur lng  the  summer months can crea te  a varlety ctf  har-  
ards to tlie employee. kieat cramps. heat extraustion, and h.eat stroke 
Can be experlenccd and,  If not rcmedled. can threa ten  l l l e  or health. 
Therefore,  It Is Important that all employees be  able to re-:ognlze 
symptoms of these conditions and be  capable of  a r res t ing  the  problem 
as qulckly as  posslble. 

THE EFFECTS OF HEAT 
r 

As t he  result  of normal oxidatlon processes within the  body,  u pre-  
dlctable amount of heat  1s generated. I f  the heat  Is liberated a s  It 
I:, f o r m e d ,  there Is no change In body temperature. I f  the neat  1s 
l iberated more rapldly, the body cools to a point a t  which the  produc-  
tlon of heat  Is accelerated ana  ttie excess is available to bri:tg the  
body temperature back to normal. 

Interference with the  elimination of  heat  leads to its accumulation 
and thus to the  elevation of body temperature. A s  a resul t ,  t i i t  per- 
son Is sald to have a fever. When such a condition exis ts ,  1). pro- 
ducer  a vlclous cycle In w h i c h  crrtaln body processes speed LIT# and 
generate addltlonal heat. Then the body must ellniinate not on;.! the 
normal b u t  also the  addltlonal quantltles of heat. 

Heat produced withln the  body Is brought  to the  surface  largely by the  
bloodstream and escapes to the cooler surroundlngs  b y  conduct.cir arid 
radlatlon. I f  air  movement or  J breeze s t r i k e s  the body,  ac'dollonai 
hem1 I s  lost  b y  convactlan. H o w e v e r ,  when t h e  temperature of t??*. sur- 
rounding air  becomes equal to or rises above t h a t  of the body,  all of  
the heat must be lost b y  vaporization of  the moisture or swei c from 
the skin surface.  A s  the air becomes more humid (contains mol'? mois- 
t u r e ) ,  vaporlzatlon from the skin s l o w s  down. T h u s ,  on a d a y  w . w n  the  
temperature Is 9 5  l o  100°F. w i l l \  liigh humidity and little .:r no 
breexe, condltlons a re  ideal for the  retention of  heat w i t l i l i  the  
body. I t  I S  on such a day o r .  more comnioiily, a succession nl such 
days ( a  heat wave) that medical emergencies due to heat a re  1:l:eIy to 
Occur. Such einergencles are classified in three categories : heat 
cramps, heat exhaustion, and heat s troke.  

HEAT CRAMPS 

Heat cramps usually affect people who work in hot environnrei-is and 
perspi re  a great  deal. Loss of salt from tlie body causes very  ra in fu l  
cramps of tlie leg and abdominal muscles. Heat cramps also m a y  i'c!sult 
from drinking iced water or other drinks either too quickly or iri too 
large a quant l ty .  

i 

Heat  Cramp Symptoms. The syniptoms o i  heat cramp are :  

1 



Muscle cramp5 In legs and abdomen, 

P aln accomp any Ing the  cr airrp s , 

Fain tnerr , a n d  

P roluse pt t rp  Ira tlon. 

Neat cr;Una Emerqtncy Care. Remove the p a t l e n t  to a cool place. 
hlm ,Ips of llquids such  as "Catorade"  o r  I t s  equlvalent. 
U d  pressure tr, the cramped muscle. 
If there 1s any I nd l ca t l on  of a nmre ser ious probleni. 

C lve  
Apply mn- 

Remove the patient to a hospital 

HEAT EXHAUSYlON 

Heat axhaust lan occurs In l nd l v l dua l s  worklng In hot cnv l ronments ,  and 
may b- rssoc la ted w l t h  heat  cramps. Heat exhau r t l on  Is caused by the 
POOlIng of b l ood  In the vessels of  the skln. The heat  la t r anspo r t ed  
from the Interlor of the b o d y  to the sur face  by the blood. The blood 
vesseh In the s k i n  become d i la ted  and a la rge  amount of blood IS 
pooicd'ln 'the rkln. T h i s  conditlon, plus the blood pooled In the 
loner ac t teml t les  when an l n d l v l d u a l  1s in an upright pos l t lon,  may 
lead bo an Inadequate r e t u r n  of blood to the h e a r t  arid even tua l l y  to 
p h y r l c a l  collapse. 

Hcat'Exhaurtlon Symtorns. T h e  symptoms of heat  exhaus t ion  are: 

0 Weak pulse;  

0 Rapid and usual ly shallow b rea th i ng ;  

e Cencra l l red  weakness: 

Pale, clammy akln; 

e P ro fuse  pe rsp i r a t l on ;  

0 Dl r t l ness ;  

e Unconsciousness; a n d  

0 Appearance of h a v l n g  fa in ted  (the pat len t  responds  to the 
same t reatment  admin is tered in cases of fa ln t lng ) .  

Heat Exhaustlon Emcrqency  C u e .  Remove t h e  p a t i e n t  to a cool p lace 
and  relltove as much clotning as posslble. A d m i n i s t e r  cool w a t e r ,  
"Catorade," o r  Its equivalent.  I t  posslbie,  fan the p a t l e n t  colatin- 
ua l l y  to remove heat  by convect ion,  but do not allow ch i l l i ng  or cve r -  
coollng. T r e a t  the pa t i en t  for shock, a n d  remove h im to a medlcal 
fac l l l ty  I f  the re  is  any i nd lca t lon  of a more serious problem. 

HEAT STROKE 

Heat s t r oke  i S  a p ro found  d i s t u r b a n c e  of the  hea l- regu la t ing  mnctia- 
nlSm. associated w i t h  high fever  and collapse. Sometimes this coridl- 
t l O n  resu l t s  in convuls ions,  unconsciousness, a n d  even death. !3li 'ect 



exposure to sun,  poor air clrculatlon, poor physical condltlon, and 
odvonced age (over 40) beor dlrectly on the tendency to heat stroke. 
I t  I S  a serlou-s threat to llfe and carries a 201 mortallty :ate. 
A leohol lcr aro e x t r em el y s us cep t fb le. 

Heat Stroke Symptoms, The symptoms of heat stroke ore: 

0 Sudden onret; 

0 Dry, hot, and fluslwd skin; 

0 Dllated pupils; - 
0 Early loss of conscIourncss; 

0 Full and fast pulse: . .. ..--- .. 
0 Breathing deep at first. later shal low and even almost 

ab sent ; 

Muscle twltchlng, growing Into convulrlons: urd 

a Body temperature reaching 10s to 106.F or higher. 

H88t Stroke Emcrqency Care, Remember that  thlr Is a t rue  emtrge’icy. 
Tr8nrportatlon ta mcdlcol facility should not be delayed. Remove 
the patlent to a cool environment I f  porrlble, and remove as much 
clothing as possible. Assure an open airway. Reduce body temperature 
promptly-preferably b y  wrapping In a w e t  sheet or  else b y  dourlny the 

* body with water. I f  cold packs are available. place them under the 
arms, around the ‘neck, at the ankles, or at any place where t:lood 
vessels that lie close to the skin can be cooled. Protect the psiient 
from Injury dur lng convulsions. especially froin tongue biting. 

AVOIDANCE OF HEAT-RELATED EMERGENCIES 

Please note that ,  In the case of heat cramps or heat exhau.iiion, 
“Catorade” or Its equivalent i s  suggested as p a r t  of the trearment 
regime. The reason for t h i s  type o l  liquid refreshment Is that such 
beverages wll l  return much-needed electrolytes to the system. !Yilhout 
these electrolyte¶, body systems cannot function properly, thi r eby  
increasing the represented health hazard. Therefore, when persmncl 
a r t  working In sltuatlons whtre the ambient teriiperatures and huriidlty 
are hlgh--and especially in situations where protectlon Levels X B, 
and C are required--the site safety off icer  must: 

s Assure that all employees drink plenty of fluids [“Cator- 
ade” o r  its equivalent); 

0 Assure that frequent breaks are scheduled so overheating 
does not occur; and 

0 Revise work schedules, when necessary, to take advan- 
tage of the cooler parts of the day ( i .e . ,  5:OO a.m. to 
1 : O O  p.m., and 6 : O O  p.m. Lo nightfall). 

320102G 
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I f  protcctlvs clothing niust be worri, espcclally Levels A and 8 ,  the 
suggested guldcllnes for atiibletr t tempera Lure atid iiiaxlniuiii wearltrg t h e  
par axcurslon are: 

Maximum Wearing T ime 
Ambient Temaeraturc ( O F )  Der Excurslon (Mlnu tes)  

Above 90 15 

as  to 90 30 

80 to 85 60 

70 to"80 90 

60 to 70 t t o  

SO to 60 180 

One method of measurlng the effectlvcness of employees' r e s  t-recovery 
raglme Is b y  monlbrlng the heart rate. The " O r o u h a  guldclins" Is one 
such method: 

0 During a three-minute period, count the pulse rate for the - last 30 seconds of the first minute, the las_l 30 seconds 
of the second mlnutc, and the 30 seconds of the thlrd 
mlnu te. 

Double 'the count. 

I f  the recovery pulse rate during the last 30 seconds of the i ' t t . s t  
minute is at 110 beats/minute or less and the deceleration between !lie 
f h t ,  second, and thlrd minuter is at leas t  10 beats/inlnute, She 
work-recovery regime Is z ~ r i p t a h I $ .  I f  the employee's rate Is ;ttu!ve 
that rpcclfled, a longer rest  period Is requlred, accompanied b>* an 
Increased In take of fluids. 

4 



Mallinckrodt 
Material Safety Data 

Wal l inck rd t  protido the lnformrtioncontrinr4 herein In good faith but 
makes no representation u to iu iomprehrnsireness or rccurrcy. 
Individualr rcccit ing this inlormarlon must erercisc their independent 
judment in determining iu rppropriatenrsa for a parclcular purpose. 

blrlllnchrodt makes no reprarntrtloru. or w r n m t l a .  tlther ea\- or 
Implled. olmerrhm(rbil1iy. lllncu lor I prrtlculrr purpou 4th 
thrinlormrlionsrtleorch htrrlnortotheprodurt touhkhtht Inlomrtlon 
r t l e n .  Accordlngli. hlallinchrodi -Ill no1 bc rnponriblr lor  drmmga 
raultln) from msr olor rrllrncr upon thlr Inlormrtlon. 

to 

Emergency Phone Number: 314-982-5000 btallinctradt. Inc.. Science MKII Division. P.O. Boa 5f. Puic. KY  lwMl .  

ISOPROPYL ALCOHOL 
PRODUCT IDENTIFICATION; 
Synonyms: 2-propanol; SeC-prop$ alcohol; isopropanol 

Formula CAS No.: 6761  0 

I\folecular Weight: 60.10 

Chemical Formula: (Cli3)2 CIIOH 

l iuardour lngrcdients: NOI applicable. 

PRECAUTIONARY MEASURES 

W A I U H F D  OR ISlL4LED. AITrc15 CESTRIL SERVOCS 
n s x w  CICSES IRRITATIOY. 

Keep amay from heat, sparks and flame. 
Keep container closed. 
Cre r i t h  adequate ventilation. 

WUL\lSC! FIAI1WIBI.C I.IQL1D. lC4R\tFcZ IF  

Aboid breaihing m p .  
Wash thoroughly after handling. 
A\nid contact with q c s ,  skin and clothing 

EMERGENCY/FIRST AID 

I f  rpallorvrd. gk t  rater to drink. Induce vomiting i f  medical help 
i s  not immediately aailable. Ncvcr gi.r anyrhing by mouth to an 
unconscious penon. I f  inhaled. remow to fresh air. If not 
breathing, give ar t i f i c ia l  respiration. I f  breathing i s  difficult, 
give orygen. In care of contact, immediately flush skin or eyes 
u i ih  plenty of rater for at leas t  15 minutes. In  a l l  carer c a l l  a 
phjrician. 
SEE SECTI0.V S. 

DOT Hazard Class: Flammable Liquid 

SECJlON 1 Phvslcal Dale 

Appearance: Clear, colorleu liquid. 

Odor: Rubbing alcohol. 

Solubility. Infinite in  water. 

Boiling Point: 82.C (IWF). 

Melting Point: 8QC (-128'F). 
Specific gnvity. 0.79 

Vapor Density (Air - 1): 2.1 J 

Vapor Prusurc (mm 118): 33 @ 2VC (68.F) 
Evrpontion b t e :  ( n - W A C  - 1) 2.83 

SECHON 2 

Fire: 
Flammable Liquid 
Flashpoint: 12'C (WF). (closed cup). 
Autoignition tempenlure: 3 W C  (7SVF). 
Flammable limits in air, % by mlume: 

Fire and E d o s i o n  In format lon 

lel: 2.4 ucl: 12.0. 

Explosion: 
Above flash point, vapr-air mixlures are explosive aithin 
flammable limits noted above. Contact with strong oxidizers may 
cause f i re or explosion. 

F i re  Extlngtilshlng Media: 
Water spny, dry chemical, alcohol form, or  carbon dioride. 
Water spny may be used to keep fire exposed containers ~001.  

Special Information: 
I n  the went of a fire, wear full pmtectivc clothing and 
MOSlt-approved self-contained breathing apparatus with lul l  
facepiece operated in  the prusurc demand or other positive 
pressure mode. Water may be used to flush spills away from 
c x p s u r c s  and to dilute spills to non-flammable mixtures. Vapors 
can flow along sudaccs  to distant ignition source and flash 
back. 

SECllON 3 Rtsctlvftv D a b  

Stnbiliv. 
Stable under ordinary conditions o l  w and stongc. H e a t  and 
sunlight e311 conlribute to instability. 

Hazardous Decomposition Products: 
Toric gases and 

fire involving impropyl alcohol. 
such as carbon monoxide may be released in 

Hazardous Pol~mcrlral ion: 
Will nof occur. 

lacompatibilitlcs: 
Heat, flame. strong oxiducn, acetadehjde, chlorine, ethjlene 
oxide. hydrogen-palladium combination. hydrogen perodde-sulfuric 
acid combination, potassium tctt-butoxide, hlpahlomus add. 
isocpnatu, nitrolonn. phosgene, oleum and perchloric acid. 

Remmr all sources or ignition. Ventilate area o l  leak or 
spill. Clean-up pemnnel require protcctiVr clothing and 
respintoy protection from mpon. Small spills may be 
absorbed on paper towels and evapontcd in a fume hood. Allow 
enough time lor fumes to clear hood, then i p i r c  paper in  a 
suitable location away from combustible materials. Contain and 
recover liquid for rrclamation when p i b l c .  bwr rpilk. 
and lot sku can be collected as hurtdous waste and atomized 

' 

in a suitable RCRA a p p m d  combustion chamber, o r  absorbed 
with vcnniculire, d y  und, earlh or similar material for 
disposal as hwtdous -SIC in a RCRA appmtd  facility. 

Ensure compliance 4 t h  local, state and fedenl regulations. 

, 

NFPA RatinRs: Ilcalth: 1 Flammabiliry. 3 Reactivity 0 

Effective Date: 07-13-87 Supersedes 03-13-85 ISOPROPYL ALCOHOI, 
I 



07-13-87 Supersedes 09-13-85 I L J U I A \ U A  A L t LLLVi A * , 

SECllOY 5 l l c i l t h  Harard Inlormatinn 

A. EXPOSURE / HEALTH EFFECTS 

Inhelation: 
May c a w  irritation of the nose and throat. ErFQSurc to high 
concentntions has a narcotic effect. producing slmptoms of 
drouxineu, headache, staggering. uncons;iousncss and possibly 
death. 

Ingestion: 
May cause drooxincss, unconsciousness, and death. 
Gastrointestinal pain, cnmp,  nausea, vomiting. and diarrhea may 
also result. The single lethal dose lor a human adult - about 250 
mls (S.U Sixth Edition). 

Skin Contact: 
lfas a defatting action of the skin that can cause irritation. May 
cause irritation uith a stinging effect and burning sensation. 

Eye Contact: 
Vapon may im ' ta te  the eyes. Splashes may cause severe 
irritation. p r i b l c  comer1 bums and qt damage. 

Chmnic Expstrre: 
Prolonged contact r i t h  skin may cause mild irritation. dr)ing. 
cncLing. cr contact dermatitis may dewlop. 

Aggnvation n l  Pr tcx is t ing  Conditions: 
P c n c n s  oith prc-cvisting skin disordcn or eye problems or 
impaired respintory function mry be mnrc tusceptihle to the 
effects of the substance. 

B. RR!XAlD 

Inhrlat ion: 
Remove to fresh air. If not breathing, give artificial 
respiration. If breathing is difficult, 0'" oxygen. ca l l  a 
phpician. 

Ingest Inn: 
Give water  to drink. Induce vomiting if medical help not is 
immediately avlilable. Never g k  anphing by mouth to an 
unconscious petion. Get medical attention immediately. 

Skin Exposure: 
Remove any contaminated clothing. Wash skin with soap or mild 
detergent and water for a t  least I S  minutes. Get medical 
attention i f  irritation dewlop or persists. 

Eye E.qmsure: 
Wash eyes with plenty of-qter lor a t  least 15 minuter, lifting 
lower and upper cjzlids occasionally. Get medical attention 
immediately. 

C. TOXICITY DATA (RTECS, 1982) 

On1 rat LDSO: S U O  mJkg. Skin nbbit  LDSO: 13 
gm/kg. Inhalation nt LOO: ldooo ppm/8tf. Mutation references 
cited Aquatic Todcity ntingTLm96: IOOO-10 ppm. 

,, 

SECllON 6 OccuDnllonal Control  h l e a s u r q  

Alrborne Exposure Limits: 

- 0 S l i A  Pcrmiuiblc Exposure Limit (PEL): 

-ACGI l I  Threshold Limit Value (TLV): 
4 0 0  ppm (lW.4); SO0 ppm (SEL). 

400 PP" F A ) .  

Ventilation System: 
A system of local and/or general exhaust is recommended to keep 
employee cxpcsurcs below the Airborne Erposure Limits. t w l  
exhaust ventilation i s  gcncnlly pre lemd because i t  can control 
the emisions of the contaminant at  i ls source, p m n t i a g  
dispcnion ol i t  into the genenl mrk am. Please refer to the 
ACGlH document, 'Industrial Ventilation, A Manual o l  
Recommended Pncticu', most recent edition, for details. 

Personal Resplrnton: (NIOSH Approved) 
If the TLV is exceeded a full lacepiece chemical cartridge 
respinlor may be worn, in gcnent, up to the mudmum use 
concentration specified by the respintor supplier. Nternathrly, 
a supplied a i r  full lacepiece respintor or airlined hood may be 
worn. 

Skln Protection: 
Wear impervious protective clothing, including boots, gloves, lab 
m a t ,  apron or c w e n l l s  to prevent skin contact. 

Eye h t e c t i o n :  
u w  chemical ulefy gogglu and/or a lul l  face shield where 
splashing is pouible.Contact l c n w  should not be m m  when 
wrk ing  with this material. 
quickdrench kcilitics in work am. 

Maintain eyc v u h  fountain and 

I d  lnfonnatlon onee and SDCC SECTION 7 St 

Pmtcct against ph)rical damage. Store in a cool. dry 
well-ventilated location, away from any area where the fire hazard 
may be acute. Outside or detached storage is  prefemd. S c p r a t e  
from oxidizing materials. Containers should be bonded and p u n e e l  
lor tnnslen to r m i d  static sparks. Stongc and UK areas should 
be No Smoking areas. Use non-sparking type tools and equipment. 

............................................................ 
ISALC 



Material Safety Data 
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lbe Inrwmrtion set ruth htnlr u to [he product 1. rhlch the tnrormnth 
rrkn. Accordingly. Slrlllnclvdt r U I  aol bc rsponrlble for damago 
raultlnn Aorn w d o r  rrlllncr upon this Inkrmnttoa. 

Individurb receiving thb infomiation mudt exercLe their independent 
judgment in determining it9 appropriateness fora particular purpose. 

NITRIC ACID, 70% 
N C"\PRODUCT IDENTIFICATION: 
0 
-Synon)ms: Aqua Fonk; Azotic Acid; Nitr ic Acid 70% 

cFormula U S  No.: 7697-37-2 

wMolccular Weight: 63.00 
r v  

Chemical F o ~ ~ u I J :  !IN03 

Ilararctous Ingrrdientr: Not Applicable 

PRECAUTIONARY MEASURES 
DLSCER' mohc  OKJDILER COSTACTWITI~ 
OTItER .\CITfbU4L MAY U U S E  F l R L  
C O R R O S n t  UQt.10 AID .MIST CAUSE SCI'ERE BLRUS TI3 A L L  

I31L4LED. I\>LAIATIOH .MAY CAUSE LbSC DA\L4Ct 
BODY nssLx .WY ne FAMI. IF SWAIJBH'ED. tun\wm IF 

Do not gct in c y u ,  on skin, or on clothing. 
A 4 : !  >.raihing mist. 
Use only siih adequate ventilation. 
Wash thoroughly after handling. 
Keep from contact with clothing and other combustible matcrialr 
Do not store near combusiiblc materials. 
Siore in a tightly clmcd container. 
Remmc and wsh contaminated clothing promptly. 
This subslance is clluified as a POISON under the Federal Caustic 
Poison Act. 

EMERGENCY/FI RST A I D  

In case of contact, immediately flush skin or eyes 4 t h  plenty of 
water for at  least 1S minutes. If rvrllourcd, DO NOT INDUCE 
VOSfrnSG! Give large quantities of mter  or milk i f  amilable. 
,Ycvcr give anything by mouth to an unconscious pcnon. I f  inhaled, 
remove to fresh air. II not breathing. d v e  r d i f i c i a l  
respiration. I f  breathing i s  difficult. P;vc oqgen.  In 111 cases 
r i l l  a physician. 
iEE SECllON 5. 

DOT Hazard Clalr: Oxidizer 

SECll@N I Pbvslcel Data 

Appearance: Q u r ,  colorlus to slightly~llow 
liquid. 

Odor: Suffoa~ing acrid. 

Slubiliy. infinite in mtcr. 

Boiling Point: IZZT(2WF)  
Melting Point: -UT ( - Z I F )  
Specific Gtaviy 1.41 

Vapor Density (Air - 1): 2-3 approdmalely 

Vapor Pressure (mm 110): 62 @ 2O'C (WF) 
Evaporation b t c :  No infonnatioa round. 

SEClloN 2 

Flrc: 
Not combustible, but substance k a strong oxidizer and iu heat 
of reaction with reducing agenu or combustibles may aw 
ipition. (in react with metals to release flammable h y d w a  

pr 

Erploslnn: 
Rcacu crplcskly with combustible organic or rudily oddiublc 
materials such as: alcohols, turpcntinc, charcoal, organic 
refuse, metal powder, hjdrogcn sulfide, ctc. 

Flre Ertingulshing hlcdla: 
If indvcd in a firc, use w t c r  spray. 

Special Informstton: 
Increases the flammability of combustible, organic and readily 
oudiuble materials. In the cvcnt of a lire, wear full 
protcctivr clothing and MOSII-apprwcd &Ifcontained breathing 
apparatus with lull facepiece operated in the pressure demand or 
other positirc preuure mode. 

'* 

Fire and Esdosioa hformalhn 

SECJIONJ R& lvltv D U  

Stability 
Stable under ordinary conditions d use and stotagc Containers 
may burst d e n  heated. 

Ihn.ardour Dccomposltioo Productr 
When huted to duvmpi lhn ,  cmila lode nitrogen o d d a  k m u  
and hflmgen nittale.. Will mC( with water or steam to produce 
hut  and todc and currcrk fumes. 

Hazardous Polymcrlrstioo: 
Will not occur. 

lnwmpntibiliticr 
A dangerously pomrful orddzng agcnl, conccnlnlcd nitric acid 
is incompatible with mart subuncu, rrpcdally strong base& 
metallic powden, crrbidy h f l r g o  sulfide, turpentine, and 
combustible organics 

SECIlON 4 LceklSoIll Diswwl Informrtioq 

Isolate or enclose the a m  of the leak or rpilL Oua-up 
pemnncl should r u r  p r o ~ e a k  clothing and respintory 
quipmcnt suitable for todc or comiVr fluids or v r p n .  
Small Spills: Flush vith water and ocutnluc with alkaline 
malerial ( d r  ash, lime, ctc.). S M r  with excess water. 
Larger spills and lot sber: Neulnluc with alkaline material. 
pick up 4 t h  obsdxnt material (sand, unh. vcnniculitc) and 
dispose in I RCRA-rpptved vuk facility or sewer the 
ncutnlizcd s l u q  with CIC~U wter i f  locll ordinances allow. 
Provide forced vcniilation to diuiple fumcr 

Reportable Quantity (RQ)(CWA/CERClA) : loo0 Ibc 

h u r t  compliance with lool ,  state and l c d e d  regulrtionr 

NFPA Ratings: Ifcalih: 3 Flammabilitr 0 Reactivity: 0 Other: Oddizer 

Ellcctivt Dare: 10-21-86 Supersedes 09-04-85 NITRIC ACID, 70% 



Effective( e: 10-21-86 Supersctles O9-W-85 I 
NITRIC ACID, 70% 

S E m O N  5 Itcallh I fsurd Informallon 

A. EXPOSURE / HEALTH EFFECrS 

lohalstloo: 
Cormrk! Inhalation dvapn can cause breathing dificultia 
and l u d  to pneumonia and pulmonary edema. r%ich may be f a l d  
Other r)mptoms may include coughin& choking. and irritation of 
the n- thrort. and Npintoty tnct. 

lngc J t ton: 
Cormrire! Swalloving nitric acid can cause immediate p i n  and 
bums of the mouth, throat, esophagus and gastmintotinal tnct. 

Sklo Cantact: 
C o m r k !  Can o w  rcdney pin, and m e r e  skin bums. 
Conccntntcd solutions c a w  deep ulccn and stain skin a )tllw 
or )zllc7w-brovn mlor. 

Eye Contact: 
Comxk! Vapon JS irritating and may cause damage to the 
cyu.  Splashes may ausc m~r bums and permanent eye damage. 

Chmnlc Expmure  
Long-tern elporurr to mnrcntnted vapon may cause emrion of 
teeth. Long t e r m  crpotures seldom Ormr due to the corrraht 
propcrtiu of the acid. 

Aggrcvatlon o f  Rc-cxJstlnp Chndttlonr: 
Pcnonr with prc-caisting rlrin dhrdcn or c p  disease may be 
more suvtptiblc to the ef feaJ of this substance. 

B. FIRSTAID 

lnhsla tioo: 
Remove to fruh air. If not breathing, 
nxpintion. If breathing k diflhlt, ri.+ oxygen. calf 1 
phpicia n. 

logedlon: 
DO NOT INDUCE VOhtmh'G! Give lam quantitiu of 
wlter  or milk i f  Milable. Ncvrr g k  anyhing by mouth 10 

i n  unconscious penon. Get medical attention immediately. 

Skln Exposure 
In ose of contact. immediately flush skin vith plenty of n l e r  
for a t  leut lS minutes vhilc rcinoving contahhated clothing 
and show. Wash clothing before rew .  Thoroughly clan s h w  
bcfom reuse. Get medical attention immediately. 

Eye &xposu& 
Wash eyes vith plenty of water for at least lS minutu. lifting 
1-r and upper cp l ids  oauionally. Get medical attention 
immediately. 

C. TOXICITY DATA (RTECS. 1982) 

inhalation ( b t )  LUO: 244 ppm 
(N02)/30M 

artificial 

. 

SECTION6 Occuw l iOOBl  CODtrOl h f C O S U l T l  

AJrbornc Exposure U m l t r  
- 0 S t I A  Permissible Expaure Limit (PEL): 

-ACC,IIi Threshold Emit Value (Tf.V): 
2 PPm CnCrA) 

2 ppm P A ) ;  4ppm ( m L )  

Ventllatloo System: 
A s p m  of lad and/or genenl CI~JUSI 
employee crpoturu bclov the Airborne Erporum Urnits. Lac4 
exhaust wntilation is gencnlly preferred because it can contd  
the emissions of the contaminant at iq sourn, preventing 
dispcnion d i t  into the general wrk area. P l u ~  d e r  to the 
ACGlH document. 'Industrial Ventilation, A MJnU.1 d 
Recommended Pncticu'. m a t  recent edition. for details. 

Personal Rcsplrrtorx (NIOSH Appmved) 
If the TLV u exceeded, vLIr a supplied air. full-facepiece 
respintor. airlined h d ,  or sclfcontained breathing a p p n t u ~ .  
Nitric acid is an oxidizer and should not come in contact with 
artridges and cannisters that contain ondiublc materials. such 
u actbted chrrrorl. 

ruommcndcd to keep 

SUO htcctloo: 
W a r  impervious protcctk clothing, including boou, 3-S. lab 
m a t ,  apron or mtnlb to p m n t  s k h  contact. 

Use chemical safety &a and/or i full face shield d e =  
splashing is porriblc.Contad lenvr should not be m m  d e n  
wo&ng 4 t h  this material. 
quickdrrnch fadi t iu in wrk area. 

' €ye h t e c t l o n :  

Maintain el= -msh lountain and 
4 

I d  loformallon SECllON 7 S l o r ~ p r r  od SDU 

Keep in a tightly clacd container. storcd in a cool. 
dv, vrntilated a m .  Protccl from physical damage and dircct 
sunlight. 
moisture. 

Isolate from incompatible subsuncu Protect fmm 

............................................................. 
h7T R A  

. .  
\ 

.. . . 



Chemical ?act Sheet .  Version 3 

XnPNES 

The information in  t h i s  sheet applies t o  workplace e.posore r e s u l t i n g  fram pcocessangr 
maaufacturinq, s t o r i n g  or hurdlinq and i s  aof deripned f o r  the poprJation a t  l a r g e .  
geae ra l i r a t&on  beyond occup.uoaa1 exposures sbould no t  be made. 
practice is t o  maintain c o n u n t r a t i o n a  of all c h r r d s  a t  levels aa low as i s  p r a c t i c a l .  

-: Xylene, ChS 1330-20-7; l r 3 - D i v t h y l b e n t e n e r  meta-xylene8 C U  108-38-3; 
l , 2 - D h t h y l b e n t e n e r  ortiro-rylener CXS 95-47-6: 184-Oiwtbylberuene8 plra-xyleaer 
10442-3. 

Any 
The best a n d u s t r i a l  hygiene 

-: nixed aromatic hydrocarbons, p X y l o l ,  o-Xylol, r l y l o l  .ad others. 

m t  Used u an intermediate in t h e  maufacrute of dyes; found b r a l v e n t  m%xturesr Certa in  
fns8czicad.s and a v i a t i o n  furl; deqreaainq a d  c l e u ~ i n q  aqent; rau macer ia l  f o r  
terephthalic acid.  Used i n  p h a r u c e u t i u l  synthesis and raw mater ia l  f o r  phthalic 
anh yr ides. 

v: 
(14%) 

Clear, colorless l i q u i d  whicb m y  form crystAls a t  tmpcraeures  below 57OF 

W :  Strong; p leasant .  * ?  bv Qdnr : 20 p p .  

BLhaPiar i n  u: Xylene i s  not soluble i n  water8 it will f l o a t .  
UBV- at 

... - - -: Average 8 hour exposure -- 100 p p .  

-: Averaqe 10 hour &y/40 hour week -- 100 p p .  . 
-: Average 8 bour exposure -- 100 p p .  . .  

- m: the heal th  effects a d  s tandards  f o r  a l l  tbe xylenes are  similar. 
Tr- -: 

-: Exposure t o  wapor con be i r r i t a t i n q  t o  t h e  nose and th roa t .  
vapor ac concentra t ions  above 200 p p  or 3-5 manutes c a n  lead t o  xylene i n t o x i c a t r o c .  
S p p t a u  include headache, ditraners and nausea. If erpoaure sbould cont inuer  cent ta l  
nerrous system depression charac te r i r ed  by shallou breatbrnq and weas p u l s e  can occur. 
L m m h  of 230 ppp for  15 manutes may cause  lrqhrheadednesr without  loss of equtl ibrrun.  
Reversible 1Lv.r and kidney damage i n  man h a s  fol lowed exposure t o  sudden high 
U)nc*ntrationr of vapor. Such h&gh levels may also gave r i s e  t o  lung congestion. 
Exposure t o  extremely h ~ q h  concentra t iona (108000 p-1 o f  xylene vapors can lead t o  a 
Strong MrCofiC c f f e c r  wrth symptoms of  s l u r r e d  S p e e C t . ,  stupor and coma. 

U: Contact w i t h  vapor or l i q u r d  can c a u s e  dryAnq and de fa t t rnq  u h s h  may lead t o  
i t  r i cation.  

I n h a l a t i c n  of 

u: vapor and l i q u i d  may be i : r i t a t inq  t o  the  eye and e y e l i d s  a t  l e v e l s  of 100  p p  to r  
15 mmutes. 

tnnrr-e;an: Swallovinq l i q u i d  xyleno w i l l  b r ing about an immediate burninq sensataon i n  
t h e  8out!ri and t h r o a t .  I r r i t a t i o n  of t h e  stomach and i n t e s t i n e  can qive  rise eo snarp  
stomach pains. Sympcoms arm the s a m e  as inha la t ion ,  except chat lunq conqearron w i l l  not  
u r u l l y  develop. 
LPrm F-: 

Inha la t ion  of xylene vapor and s k i n  contact  w i t h  l i q u i d  a r c  t h e  tu0 most probable routes 
Of lonq cera  exposure. Symptoms of inha la t ion  a r e  a i r f i n e i s ,  headache and nausea. Lon$ 
term exposure has been associa ted  with l i v e r  and kidney damaqe, i n t e s t i n a l  t:sC 
dis turbances  and c e n t r a l  nervous system depression.  T h e s e  cf feccs are  r e v e r t i b l e  ana 
disappear once the  chemical has been removed. Prolonged contact  r i c h  s k i n  can l ead  t o  
i r  r i ea t ion .  

'Prepared by the  Bureau of Toxic Substance Assessment. Nev York S t a t e  Deparccent of Health. 
For an explanation of t h e  terms and abbr tviaciona used, see 'Toxic Substances: Bow Toxic rs 
Toxic' ava i l ab le  from the  N e w  York S t a t e  Departsent of Heal t t ! .  

2 2 0 1 0 2 3  



EMERGEXCY AND FIRST AID INSPXUCTIONS - 
Tnhalatian: Hove person t o  f r e s h  a i r  a$ g ive  a r t i f i c i a l  r e s p i r a t i o n  i f  b rea th ing  

U: Wash with. soap  and v a t e r  f o r  a t  l e a s t  5 minutes. Seek medical a t t e n t i o n  i f  

m: Wash with water for  a t  l e a s t  15  minutes. Seek medical a t t e n t i o n .  

m: Do not t ry  t o  induce vomiting. Seek medical a t t e n t i o n  immediately. 

haa stopped. 

necessary . 
Seek medical a t t e n t i o n  i f  necessary .  

: nay r e q u i r e  s u p p o r t i v e  mcasuxea f o r  pulmonary edema. 

Liquid and vapor a r c  both flammable. Vapor czln sp read  t o  a source  of 
i g n i t i o n  and f l a s h  back. I g n i t e s  a t  84OP (300Cl. 

: Uppcr -- 71, Lower 0- 1.11. 

-: PO=, d r y  cbanical or  carbon dioxide.  

: Oxidiz ing a g e n t s  sucS a s  permanganate and c h l o r i n e .  

Canditianq t o  * : Any source  of i g n i t i o n .  

w: P r o t e c t  c o n t a i n e r a  a q a i n s t  p h y s i c a l  damage. S t o r e ,  i f  
ssible, outdoors  o r  i n  a d e t a c h d  bui lding.  I f . i n d o o r s ,  a s t a n d a r d  flanmable 

. !?quid s t o r a g e  room should be used. 

w: c Proper v e n t i l a t i o n  of s t o r a g e  a r e a  and work a r e a .  Sink, 
showers, eyewash s t a t i o n s  should be a v a i l a b l e .  

clant-als): If can ta r ,  with xylene is l i k e l y ,  weaf r u b w r  gloves ,  ChWiU!, 
goggles and impervious p r o t e c z i v e  c l o t h i n g .  

v. l ev*  ! q  un t o  1 , O Q O  use  a supp l ied- ai r  r e s p i r a t o r ,  a 
se l f- conta ined  b rea th inq  a p p a r a t u s ,  a chemical c a r t r i d g e  r e s p i r a c o r  w i t h  
o r g a n i c  vapor u r t r i d g e s  or a powered a i r- p u r i f y i n g  r e s p i r a t o r  v i t h  o rgan ic  
vapor c a r t r i d g e s .  Tpt 1 cv P I S  t C  ')c ~-00 use a suppl i e d- a i r  r e s p i  racor  
opera ted  i n  cont inuous  flow mode. 1 e v U  un *C I  5 0 0 0  D= use a qas mask 
with an o rgan ic  vapor c a n i s t e r ,  a se l f- con ta ined  b r e a t b m q  a p p r a t u s  wick a 
f u l l  f acep iece  o r  a s u p p l i e d- a i r  r e s p i r a t o r  w::h a f u l l  f acep iece .  ,Fer l ~ ~ ? * l e  

E r m a -  of u s e  a sel f -concained breachinq appara tus  w i t h  
full facepiece opera ted  i n  a p o s i t i v e  p ressure  mode or a Type C supp l ied- a i r  
r e s p i r a t o r  with an a u x i l i a r y  se l f- con ta ined  Srea th inq  a p p a r a t u s ,  both with a 

uae a gas mask wi th  an o rqan ic  vapor c a n i s r e r  or an escape 
se l f- con ta ined  br eathinq appara tus .  

e b* s u e d  i t  Cor . nr- p i I a r i q C  

use a Type C supp l ied- a i r  r e s p i r a t o r  with f u l l  f acep iece  
oparaccd i n  a p o s i t i v e  p r e s s u r e  mode. p a t  l e v a l e  i b o v ~  10,00(1 ~ r n  o r  t $ce < -  

fu l l  facep iece  and opera ted  i n  a p o s i t i v e  p r e s s u r e  mode. Far eq-e f rom & 

G e t  a l l  workers out of s ~ i l l  area .  A f t e r  p u t t i n g  o n  p r o t e c z i v e  c l o t h i n q  and 
equipment, spread absorben t  m a t e r i a l  on s p i l l  a rea .  Sweep and place  absorsee t  i n t o  
f i b e r  c a r t o n  concainer .  Toc f i n a l  d i s p o s a l  concact your ceqional  o f f i c e  OK t h e  New 
York S t a t e  Deparunent of Environmental ConservaTion. 

For more inf  ormation: 
Contact  t h e  I n d u s t r i a 1  E y q i e n i s t  'or Safety  O f f i c e r  a t  your warks i t e  o r  the  New 
York S t a t e  Department of Heal th ,  Bureau o r  'foxic Substance Assessment, 2 
Univers i ty  Place ,  Albany, New York 12203. 
croyElscl pdpur ,.,dw;* 4 , l b . l  0.11~111.1 ,,,,.',,I 



Chemical Fact Sheet - Version 2 

BEBmAUu 
The in format ion  i n  t h i s  sheet a p p l i e s  t o  workplace exposure r e s u l t i n g  from 
processing,  manufacturing,  s t o r i n g  or handl ing and is no t  designed f o r  t h e  
popula t ion  a t  l a t g e .  Any g e n e r a l i z a t i o n  beyond occupat iona l  exposur es should 
no t  be made. The best i n d u s t r i a l  bygicne p r a c t i c e  is t o  main ta in  
concen t r a t ions  of all chanicals a t  levels as low as i s  p r a c t i c a l .  

-: Naphthalint; CAS 91-20-3. 

Ttadc: White tar, glotb balls, moth f l a k e s  and others. 

nsCq: Hoth repellent, i n s e c t i c i d e :  i n  t h e  manufacture of p h t h a l i c  a c i d ,  
a n t h r a n i l i c  a c i d ,  dyes, r e s i n s ,  lampblack and o the r s .  

-: White flakes, cakes or powder. 

# 0.03 p p .  Q~Qz: Mothball-like . e v  . .  

: Inso luble .  

-: Moderate rate  of change from a s o l i d  d i r e c t l y  t o  a gas. 

- 
-: Average 8 hour exposure -- 10 ppa. 

: None e s t ab l i shed .  

c.4 t u :  Average 8 hour exposure -- 1 0  p p .  

.. 
-: Levels above 10 ppn may cause headache, nausea, exces s ive  
sweating and vomiting.  

Skin: Hay cause i r r i t a t i o n .  If hype r sens i t i ve  t o  naphtha lene ,  s e v e r e  
i r r i t a t i o n  may occur . 
m: Levels  above 15 ppe may cause i r r i t a t i o n .  Direct c o n t a c t  may c a u s e  
s eve re  i r r i t a t i o n ,  i n j u r y  t o  t h e  cornea and a b l u r r i n g  of v i s i o n .  

-: Inges t ion  of lf2 gram ( U 6 0  ounce) may m u s e  nausea ,  vomit inq,  
abdominal pain,  i r r i t a t i o n  of t h e  bladder ,  and brown o r  b l a c k  c o l o r a t i o n  of  
t h e  ur ine.  The symptozs usually disappear a f t e r  a feu days. Animal 
s t u d i e s  i n d i c a t e  that t h e  probable l e t h a l  dose f o r  an adu l t  is S t o  15 
grama ( Y 1 6  t o  112 ounce).  

-: 

Repeated i n g e s t i o n  of 1f2 gram doses may cause clouding of t h e  eye. 
I n h a l a t i o n  of l e v e l s  above 10 p p  may cause headaches, nausea,  vomiting anc 
a f e e l i n g  of genera l  discomfort .  Chronic skin problems a r e  r a r e ,  except  ir. 
cases  of h y p e r s e n s i t i v i t y .  

a *Prepared by t he  Bureau of Toxic Substance Assessment, Nev York S t a t e  
Department of Health. For an explana t ion  of t h e  terms and a b b r e v i a t i o n s  used, 
see 'Toxic Substances:  How Toxic is  Toxic' a v a i l a b l e  from the  New York State  
Department of Health . 



Tnhalatianr nove person t o  f r e s h  a i r .  Give a r t i f i c i a l  r e s p i r a t i o n  or oxygen a s  required.  

skip: Remove chanically s o i l e d  c lo thinq.  Wash affected area  f o r  a t  l e a s t  5 minutes. S e t s  

m: 
b Q r - t g s n :  Give person p l e n t y  of water, inc ludinq one g l a s s  v i t b  about 1/6 ounce of balrn5 

soda. Seek medical a t t e n t i o n  immediately. Mug: Never force  an unconscious person :: 
dr ink. 

Seek medical a t t e n t i o n ,  i f  necessary,  

medical a t t e n t i o n ,  if necessary.  

Wash w i t h  l a r g e  amounts of water f o r  a t  l eas t  15 minutes. See an eye doctor 
immedfatel y . 

: nay r e q u i r e  emesis or g a s t r i c  lavage,  s a l i n e  c a t h a r t i c ,  and p r o t e i n  
demulcents. Oils may sped absorption.  Occurrence of hcrPolysis may r e q u i r e  transfus:: 
Hemodialysis may be requ i red  i n  case of acute  renal  f a i l u r e .  Deter,ion of a l p h r n a p h t r .  
in ur ine  may be necessary f o r  d e f i n i t i v e  diaqnoais.  

Gc?rcral? Flammable. I g n i t e s  a t  88OC (1740P). 

: Uppar - 6 8 ,  lower -- 0.98. 

: Wates, carbon dioxide ,  dry chemical or foam. Direct v a t e r  or  rFray on b u r n i r .  
naphtbaleaa can Cause v i o l e n t  and excess ive  foaminq. 

RE9FNt"Y 

Onditfan- ta W: Eigh temperatures. 

Reaczs v i o l e n t l y  with s t ronq oxidi:inq aqents  (permanganate, 
dichromate) . Reacts exp los ive ly  with d in i t rogen  pentoxide. 

P 

w: W S t o r e  i n  a cool, dry place away from sources  of heat and i g n i t i o n .  

&Jgjq.*P!- : Use with local  exhaust v e n t i l a t i o n .  Sinks,  showers and eyevash st3t i  

P r o t e a  con ta ine r s  f run damaqc. 

should be ava i l ab le .  

If COntaCf is l i k e l y  wear chemical goggles, face s h i e l d ,  p l a s t i c  or rubber footwear,  c; 
and gloves. 

Pcn+cr-iYc (7 ne- fq- br s--arararw* < * r i  cn! 2 

Ey ' * v r l S  !ID u s e  a chemical c a r t r i d g e  r e s p i r a t o r  v i t b  1 0 0  am 
orqanic vapor c a r t f i d q e a  and d u n t  and m i s t  f i l t e r s ,  a suppl ied- air  r e s p i r a t o r  or a 
se l f- conta ined b rea tbmq apwracus .  Por 1 C V - 1 -  U D  3 5 0  use a suppl ied- arr  
r e sp i ra to r  o p r a t e d  i n  continuous f low mode or a powered-air pur i fy ing r e s p i r a t o r  v i t k  
organic vapor c a r t r i d g e s  and d u s t  and m i s t  f A t e r a .  ,Par ~ P V C ~ =  u'c) r d  5 0 0  a m  u s e  a 
chemical c a r t r i d g e  r e s p i r a t o r  v i t h  organic  vapor c a r t r i d g e s  and h i g h- c f  fzc iency 
p a r t i c u l a t e  Filters, a supplied- air  t eapr ra to r  vich a f u l l  facepiece or a se l f -con ta ize  

operated i n  a pon i t ive  pressure  mode or  a combination Type C supplied- air  r e s p i r a t o r  v: 
an a u x i l i a r y  se l f- conta ined breathing apparatus ,  bocb wi th  a f u l l  facepLece and operace 

use a g a s  mask v i t h  2 
organic vapor c a n i s t e r  and high- ef f i c i ency  p a r t i c u l a t e  f r l t c r  or an escape self-conrat:  
breathing apparatus.  par f 4- u s e  a se l f- conta ined breathing apparatus  w i t h  a 
f u l l  facapieca operated i n  a pos i t ive  pressure  mode. 

breathrnq appr ra tus  with a full facepiece.  par l w e  I T  abov e 5 0 0  a m  o r  !?+P : p  a p e r e  -; - 
u a e  a self-concained breathing apparatus  w i t h  a f u l l  facepiece  

i n  a p o s i t i v e  pressure  mode. par  rqrylr - -  (-- 

Get a l l  vorkerr  out of t h e  s p i l l  area.  Wearing proper p r o t e c t i v e  c lo thinq and e q u t p e n t  5. 
i n t o  a f i b e r  carton. Pot f i n a l  disposal Contact your  regional  o f f i c e  of the  New York Sta r -  
Departaent of Environmental Conservation. . 

For mora inforrpation: 
Contact the  I n d u s t r i a l  Hygienist or  Safety  Of f i ce r  a t  your v o r k s i t e  o r  the N e w  York St: 
Deportment of Uerlth,  Bureau of Toxic Substance Assessment, 2 Universi tv Place,  Albanv. -. , 



I Chenical Pact Sheet' Version 2 - 
The i n f o m a t i o n  i n  t h i s  s h e e t  a p p l i e s  t o  worksace exposure r e r u l t i n q  fram 
processing,  aanufacturing, s t o t i n q  o r  bandlinq and is not designed f o r  the 
populat ion a t  large.  Any g e n e r a l i z a t i o n  beyond occupat ional  exposures should not 
be made. Tbe best i n d u s t r i a l  hygiene prac t ica  is t o  maintain concent ra t ions  of a l l  
chemicals a t  levels as low as i s  prac t i ca l .  

--N: Chloroc thylew , chlor08thene, e thylene monochloride, 
monochloroethene, mnochloroethylene;  C S  75-01-4. 

: VC, VCX, Troviduar,  and others.  

OSU: I n  t h e  manufacture of plastics, as a r a f r i g e r a n t ,  and i n  organic  syn thes i s .  - 
-: Colorless  gas; may be l i q u i f i e d  by r e f r i q e r a t i o n  or p re s su r i za t ion .  

pdar: Fain t ,  sweet, ether- like . p -: 4000 p p .  . .  

. S l i g h t l y  soluble.' -: Rapid. 
R I T  

dSBA: Average 8 hour exposure -- 1 p p .  

p r  c m c !  : L o v e a t  r e l i a b l y  d e t e e a b l e  l e v e l .  
. .  w: Averaqe 8 hour exposure -- 5 p p .  

Sbe'f ?-% - :  

-: Exposure a t  8 , 0 0 0  p p  for  5 minutes can  cause a f e e l i n g  of 
i n t o r i u t a o n ,  t r r e d n c r s ,  drowsiness, abdominal pain,  nmbness and t i n g l h q  LZ 
f i n g e r s  and toes, pains  in ]o in t s ,  couqhrnq, snee t inq ,  i r r i c a b i l i t y  and loss of 
a p p e t i t e  and weight .  

u: 
i r r i t a t i o n  and rash. Absorption is possible through t h e  skin. 

m: Can cause severe  and immediate i r r i z a t i o n .  

Contac, w i t h  l i q u i d  may cause f r o s t b i t e ;  c o n t a c  w i t h  vapor may c a u s e  

4 : None found. 

-. rl, 

May cause d u b - l i k e  swel l ing  and shorteninq of f i nqe r  t i p s .  
thickened and s t i f f  u i t h  coarse ,  w h i t i s h  patches. 
l e g s  may suffer damaqe. Liver and spleen damage may occur. Not all symptoms 
disappear a f t e r  exposure stops. 

V i n y l  Shlor ide h a s  caused l i v e r  Cancer i n  occupat ional ly  exposed ind iv idua ls .  

Skin may become 
Bones and ) o i n t t  of a r m  a d  

'Prepired by t h e  Bureau of Toxic Substance A s s e s s m e n t ,  New York S t a t e  Deparmtnt  cf 
Bealth. For an explanat ion of t h e  terms and abbrev ia t ions  used, see .Toxic 
Substances: 
Health . How Toxic is Toric' ava i l ab l e  from :he N e w  Yotk  S t a t e  Deparcnent of 



Inhalatfan: nave person t o  f r e s h  a i r .  Give a r t i f i c i a l  r e s p i r a t i o n  or oryqcn as required.  
Sbek mdi& attention. 

u: Ranove soaked clothing. 
alnur8s. Seek medical attention i f  necessary.  

Lyu: 

m: Seek inmediata medical a t ren t ion .  

Wash a f f e c t e d  area with  soap and water f o r  a t  least 5 

Wash v i t b  running water f o r  a t  least  1 5  minucea. Seek medical a t t e n t i o n .  

fTpr 7 .y 

Grncrat: Flammable. Pm.3 may travel long d i scancar  and f l a s h  back. I g n i t e s  a r  -108OF 
(-780C). 

: uppor - 37\ ,  Lover -- 3 % .  

-: Stop  f lw  of gas. Use water t o  keep f i r e  exposed c o n t a i n e r s  cool. 

w. t b  & v u :  High temperatures  may cause breakdown t o  phosqcne ana hydroch lo r ic  

Long contics  with  arr may re r r r l t  i n  formation of uns table  pGroxides 

acrd. avoid S ~ U Z C ~ S  of ign&tion.  

uhrch u a  u p l o r i n .  
: 

Corrosive to  iron a t  hrqh temperatures  i n  t h e  prrs8ncr  or' water. 
W P F N  P w v m  P 

L Proeec, aqrinst physical damage. Outazde or detached s t o r a g e  
Indoors,  score i n  a coal,  dry, wal l -ven t r l a t cd  area  away f:om sources  of 

r n n t r n t a  : Provide v e n t i l a t i o n  o r  process enclosures .  Sinks ,  shovers and eyewasn 

p re fe r red ,  
i qn i ti o n. 

rtatrono should be readily avatlablc.  

m: Coqglro, g l o v e s  and impervious c lo tn rnq  shoulc  be warn i: contact w r t h  v r n y l  
chloride is poasible. 

rnT rC ivr par d r  --- S h l -  ? cv* I  = use  a se l f- conta ined br eathrnq appara tus  v:::. 
a f u l l  taceprtcr operated in a p o s i t i v e  p ressure  mode or a supplied- arr res1racor  with ar. 
a u x i l i a r y  se l f- con ta ined  breathing a p p r a t u s ,  both w i t h  a f u l l  facepiece  and o g r a t e d  2.: i 
poai t iv .  p r e s s u r e  mode. E n r  --nr: f rom a contaminated a r e a  use a qas m a s k  providrns  
p r o t r c , i o n  r q a r n s t  v i n y l  c h l o r i d e  or  an e s u p c  se l f -conrained breathinq apparatus .  

a- 

m r m - t i m - c  m u  r i r i t c  ayn Tr:uc 

Cec a l l  workers ouf of the s p i l l  area. Put on resp i racor  and o the r  prorec=ive  c l o t h r n q .  
Establrrh ven ta la taon  co keep levels below e x p l o s i v e  l i m i t .  Remove possiS1e s o u r c e s  oL 
iqn i t ion .  nova lcakrnq cylrndrrs t o  & place i n  o w n  a ~ r .  for f i n d  disposal conracz you: 
regional o f f i c e  of t h e  New York S t a t e  Oeporment of Environmental Conservation. 

For more inf  omation: 
. 

Contact t h e  t adus t r i a l  Eyqicnis t  or  Safety Officer a t  your worksite or the Bcv York S t a c e  
0.prrrs.nt of Rcalth, Bur cau of  Toxic Subs tance  h s sc s smen t ,  2 Untvers i ty  Place, Albany, 
N*v York 12203. 

recycled' poper 



Version 2 

?be information i n  Chi8 sbeet  appl ies  t o  workplace expo8ute r u u t i n q  f 101 procesrinq. 
unufaaur inq,  storinq or  handlinp and is not designed fo r  t he  population a t  l r rqe .  
9enera l i ra t ion  beyoad occupational exposures shouAd not be made. me beat r n d r u t r a a l  hyqiene 
p r a c r i u  is t o  maintain concentrarions of all Ebaiuls a t  levels as 1- as i s  p r a c t i c a l .  

-: B ~ N O ~ .  ptsenyl hydride. cycloheuuiene; CAS 71-43-2. 

-8 Benzol.. Delltelenm. Carbon O i l r  Carbon Wphtha. nineral  Naphtha, llOcor bmnzo1. 

m r  I n  rho manufacture of atYreae, phenol. b t e r g r n t s ,  organic c b a a c a l a .  percrudes. 

& ~ y  

r icracion benzenm. Phmne. Pyrobenzol a d  ochers. 

plmiu and rrsins. synthe t ic  rubber. aviat ion fwl. p a a r r a c e u t i u l s ,  dyes. explosives. 
ga801irmr flavora and prfmes, paincr and 0acin98. O u d  i n  the i n d w r a u  processing of 
nylon. c e r t a i n  food products and photographic cbemials. - 

-: Colorless l l q u i d .  

m: Stronq. pleuant .  

& b x ! ! g :  S l i g b d y  soluble. f loats .  

-s Rapid. 

-8 Average a bour exposure luit  - 1 0  p p .  

-: 1 P P .  

' AtXfBllwarrrndcdtfrit:  Average 8 bour exposure l i m i t  -- 10 p p .  

-: 

.- Densene u y  produu bocb nerve and blood effrcta.  I r r i t a t r o n  o f  tbr nose. 
tbtort .ad lunqa u y  e a r  (3.000 PPI may & t d e r a t d  for only 30 t o  t u  manucesJ. 
congertion u y  occur. hlecvrn e f f8ar  may indud. an exaqqeraced f e d ~ n 9  of well-beanq, 
excitmmnc, hr.d.cam, ditziamss and slurred r p u L  Ar bAqh levels. a l o u d  breatnmq an0 
death m y  re8rJt .  DeaC&,hu occrrrred a t  20.000 p p  for 5 to  1 0  manuses. or  1 . 5 0 0  p p  f o r  
30 r inwer .  

SLin: ILri tacion may occur. with C d m S 8  and b l i s t e r ing  i f  nor promptly r roved .  Benzene 

ef f m r .  

Lunq 

- &a p w l y  a0.orb.d. Weole body exposure for  30 minutes h u  been reported v i t a  no herLth 

. Lxu: Ray U u r e  s w o r e  i r r i t a t i o n .  

fnarstiea: Kay sure i r r i t a t i o n  of mutb. tbroac and stomach. Symptoms are  r i u a r  t o  
those 1irt.d under. inbrlataon. One tablespoon MY caure collapre.  b ronda t r a ,  pneumonia 
and death. 

-w: 
Ray auu 1088 of apprtit., nausea. r r i q h t  l o u ,  fataque, muscle weakness, headache. - 
d i t r i n r u .  nervousnes8 and irritabiliry. n i l d  anemia h u  k e n  reporrea f r o o  exposures of 
25 ppI for  several  yearn md 100 p p  for 3 m n u m .  A t  l e v e l s  berueen 100 ana 200  p p  f o r  
p r i o d s  of 6 mnth r .  or mre .  sever. i r r eve r s ib l e  blood c a ~ q e s  and da8aqe t o  l i v e r  rnQ 
heart  u y  occur. T a p o r a r y  partial paralysar h a s  h e n  reportmi. 

Benzene ir a h w n  human urciaoqen.  Exposure h u  k e n  l inked t o  increased C 1 S K  of 
several forms of leukemia. Periodic blood testa of occupatzonalAy eIgo88d inoividualr  
rbould k conducted. 

.Prep.r.d by the Bureau of T o x i c  Substance Aasesurac, Nlv York Stace Deparuenc of R e d t E .  

Toxic. avail.01e from the Nor York Stat .  D e p r t ~ e n t  of 8 e d t h .  
?Or an OXpLaMtiOll O f  tb. C e L B 8  and abbreviation# U8.d. see " r O X i C  SuUcurces: MOW TOXAC i S  



Pcr.-rnc 
rutq~mp FTQC- k-rn T ~ - z - -  

-: Remove t o  frerh a i r .  Give a r t i f i c i a l  r e s p a r a t i o n  O K oxyqen i f  

u: R a o v e  s o i l 4  c l o t h i n g  immediately. Wash tborouqhly  v i t h  soap and v a t e r  

m: 
fnacltian: Do not try t o  induce vomiting. Seek medical a f t e n t a o n  immediately. 

aocercary. Seok medical ac ren t ron .  

for a t  l r a s t  5 minutes. Seek atdiul  a t t e n c r o n ,  i f  necessary .  
0 

Irrigate ryes vltb Vatez f o r  a t  l ea s t  1 5  minutes. Seek medical a t t e n t i o n .  

I Severe  exposure may raquire auppor t rve  measures f o r  pulmonary 
rdu.. 

w: ?lauahlee vapor may apread cons idorah le  d i s t a n c e  t o  a source of i q n i t i o n  
and f l u h  back. Ignites ac -1lOC (120?). 

U Q p r  - 7.18, k n e t  - 1.3%. 
-: Carbon dioxide*  dry chamical or foam. 

BEuzzuz 
- ! U r  Coneact w i t h  s t r o n g  o x i d i z e r s ,  or i r o n  i n  t h e  presence of 

cb lor ine  OK bcor ina .  

t Exposure t o  sources  of i gn r t ion .  
-PF*vP 

- - -  I P r o t o a  c o n t a i n e r s  aqainat p h y s i u l  daoaqe. Storas. 
p r e f e r r e d  La an outdoor or detached bur ld ing.  I f  Storaqo 1s rncloor. UIO a 
r t anda rd  flammable l i q u i d  storaqe roam. 

Us. only with e f f i c i e n t  v e n c i l r t r o n .  

.. 
t - 

- M: 4 P  d - v m  1 w - 1 5  use a se l f- conta ined br earning 
app8ratus  u i t b  a f u l l  f acep iece  and o p r a t e d  a p o a r t r v e  PKeSSUKt mode o r  a 
conbinacaon T y p  C SUQplAea-.Ar r r s p r r a t o r  wrth an auxilrary se l f - con ta ined  
bteathrnq apP.racu8, boch with  full t i C e Q L t C ?  and o p r a r c d  LA a p o s i t i v e  
p r e s s u r e  mode. Far r n - r - u r n m  3 c- use a  as aasr w i t n  o rqanrc  
vapor UIUSC~K or an escape se l f -concarneo br crthinq appara tus .  

e -- 

?P -2a5 r e  W R  CDT? C 

kt rll u o r k a r l  out O f  SprU area .  
encoranq s p i l l  area f o r  clean-up. Spread absorbent  macer ia  on s p i l l ,  sweep up and 
keep contarnod i n  f i b e r  carton t i g h t l y  rralsd. For f i n d  dzsposa1,concAc: ~ U K  
C 8 9 i O M 1  O f  tic8 of tba N c r  YOKE Stace  Dcpartarnr of Cnvaromcncd  ConoeKvation. 

For mar lntormation: 

Put on p r o c e c i v c  c l o t h r n q  and r q u p e n c  when 

Contact  t b a  I n d u s t r i a l  ByqienlSt O f  S a f e t y  O f i i C e K  a t  your WOKksita OK t h e  N e w  
York Strce Depdrtrpent of ned l th ,  Bureau 02 Toxic Substance Aaoessmenr, 2 
O n i v r r r r t y  Placm, Albany, N e w  Yorr 12203. 

........ * ..... 1 . e .  \.,...,,...'.., . .  



Version 7 
ZQUEriE 

?he informat ion in t h i s  shee t  a p p l i e s  t o  workplace ergosure r e s u l t i n g  from process ing,  
manufacturing, s t o r i n g  OL handling and is not designe fo r  the populauon  a t  l a r g e .  m y  
9 e n e r a l i r a t i o n  beyond occupat ional  exposures should n o t  k Bade,  The krt i n d u s t r i a l  hy- 
giene pracc ice  is t o  maintain concen t ra t ions  of all  & r i a l s  a t  l e v e l s  as lou an is prac- 
t i a  , 

v: nethylbenzene, metbylbenzolr phenylmetbure, t o l u o l ;  CAS 108-81-3. 

-: nethacider krtisal I and otherr .  

llsrar Used in t h e  aianufactaue of benzoic ac id ,  b.nrrldebyder erplo8iresr dyes and 
rdb e8iV.8. 

m: clear, c o l o r l e s s  l i q u i d .  

m: Strong, p l8asant .  

i n  W:  O n l y  a very small amount v i r 1  m i x ,  the rest w i l l  f loat.  

-: Liquid evapora tes  very rfovly. 

-: Average 8 hour exposure l i m i t  -- 200 p p .  

-: Average 8 hour exposure -- 100 p p .  

-: Average 8 hour uposure - 100 p p .  

SI&&-: 

B: 100. EW 8.porure can a w e '  dfz;iness, drowsiness and h r l l u c i m t i o n r .  100-200 
p p  can came depres8ion.'200-500 p p  c8n u u u  headaches, MUIIA, 108s'of a p p e t i t e ,  lost 

from exposur8 t o  10,000 p p  for rn unknown time. 

a: Can a w e  drynes8 and i r r i t a t i o n ,  Absorption m ~ y  cauac o r  increase t h e  s e v e r i t y  of 
rynptaa listed above. 

pw: Can cause i r r i t a t i o n  a t  300 pp.. 

-: Caa Uuae a burning sensa t ion  i n  t h e  Bouth and stomach, upper abdominal pain, 
cough, hoarsenes8, headacher nausear loas of a p p e t i t e ,  1031 of energy, loss of 
coord ina t ion  and coma. 

. of energy, 1088 of coord ina t ion  and coma. In a d d i t i o n  t o  the abover death has resulted 

-: 

Levels bel- 200 p p  may produce headacher tiredness and nausea. 
r y . p t o ~ 8  m y  inc lude  insoania, i r r i t A b i l i t y ,  d ixz iners ,  some loss of mmory, rosa of 
a p p t i t e ,  a f e e l i n g  of drunkenass and dis tu rbed  m e n s t r u t i o n .  
cause heart p a l p i t a t i o n s  and losa of coordination.  
t apor tad  but are probably d w  t o  contamination by benzene. 
believed t o  go away uban exposure stop.. 

Prom 200 t o  7 5 0  p p  

Weir up t o  l r S O O  ppn may 
Blood e f f e a r  and aneaia  have been 

no8t of these e f f e a s  a r t  

h@pUed by the Bureau of T o r i c  Submtancr Assessment, New Yotk S t a t e  Department of Health. 
?or .II erplarrrc$on of the terms and abbrev ia t ions  uaedr see "roxic S u b t a n c e s :  R o u  Toxic is 
TOXiC. a v a i h u 8  f r a  the Hew York S t a t e  DeprKment of Health. 

2 2 0 1 0 3 3  



Talucnc 

a m: Get perron t o  f z e s s r t i f i c i a L  r e s p i r a t i o n ,  if 

u x  

mr 

t 

necessary. Seek medical a t t e n t i o n ,  if necessary. 

a t  l e a 8 t  5 8inuter. Sedc medical a t t en t ion ,  i f  necessary. 

a t t en t ion .  

medical a t t en t ion .  W: Never force an unconscious person t o  dcink. 

ac id  l e v e l s  above 5 qlP/liter urine. 
i n  hlood. 

Taka o f t  clothing soaked with l iqu id .  

Wash uith l a r g e  amounts of water for a t  l e a s t  1 5  minutes, 

nosh contaminated area with soap and water fo r  

Seek immediate medical 

Do not induce vomiting. Give one or two ounC83 of mineral o i l .  Seek immediate 

& @ @ ! l :  Exposure t o  to luene a t  l e v e l s  greater tben 200 ppp may r e s u l t  i n  h ippur ic  
A f t e r  elevated exposure, toluene may a l s o  be detected 

erncralr llammable l iqu id .  m e a  oay spread a considerable d is tance  and f l a s h  b a c k .  Will 
i g n i t e  a t  I . l O C ,  4WP.  

x Upper L i m i t  -- 7.O\, tovet L f r i t  -- 1.271. 
-s Water spray,  carbon dioxide,  dry c h m i c a l  OK foam- - 
- 1 -  tn M: Reacts v i o l e n t l y  with ch lo r ine ,  prmonganate and dichromate. 

CandCtia.rla +n .Ilvaidr Sourcaa of igni t ion.  

@ -: Store outdoors or i n  a d e & d  building,  i f  porsible. If indoors,  
stfOf* in a standard flammable l i q u i d  s to rage  room or cabinet. Protect con ta ine r s  from 
phy s i  -1 damage. 

should be readily avai lable .  
-cc'4 : Use i n  well-vantflated area. Q u a s h  s t a t i o n s ,  s i n k s  and showers 

be A y)ro=r L - 0 1 -  : 
If di rec ,  contact  is l i k e l y ,  wear viton,  W A ,  NBA or polyethy lene  clothing.  

-ve -: m - 1 -  UCI t o  l o o a  use a chemical c a r t r i d g e  r e s p i r a t o r  wi th  
organic vapor cartridges, a 3uppliedd-air r e s p i r a t o r ,  a s t l f- conta ined breaching apparatus 
or a powered ai r- pur l fyinq respr ra to r  with organic vapor a r t r i d q e s ,  UD r b  

,000 38p use a gaa mask w i t h  an organic vapor c a n i s t e r ,  a supplied- air r e s p i r a t o r  wi th  a 
f u l  facepiece,  a r8lf-contain8d breathinq a p p a r a t u s  with a f u l l  faceprccr or  a 
supplied-aLr resp&rator o p r a e e d  i n  continuoua flow mode. U lcvc1 z D v e  ?OW D m  or 2~ 

operated i n  a pos i t ive  pressuro mode or  a Typ. C supplied-air r e sp i ra to r  w i t h  an a u r i l l a r y  
self- contained breathing apparatus, both w i t h  a f u l l  Lacepiect and o p c a t e d  in a p o s i t i v e  
pressurc mode. Tor *=e 
Canister  or an escape se l f- conta ined  breathing apparatus. 

use a self- contained breathing apparatus u & t h  a fu l l  facepiece  - use a gas mask v i t h  an organic  vapor 

Get all workerr out of the  spa11 area. 
Spread u n d  or ocher absorbent material  ovez l i q u i d  t o  absorb it. Shovel i n t o  b u c k e t s ,  
take t o  a plac8 i n  the o w n  a l r .  Wash area of s p i l l  with soap and water. Por f i n a l  
d i a p o u l  contaec your reqrorul  of f ice  of  thr N.Y.S. DcparQnlrnt of bviroruntnra l  Conservation. 

l o r  nor e in f  ormationr 
Contact t h e  I n d u s t r i a l  B y q i e n i a t  or  Safety  O f f l c c r  a t  your WOrkSltR o r  t h e  New York S t a t e  
Departanent of Health, Bureau of Toxic Substance Assessment, 2 University Place,  Albany, 
New York 12203. 

P u t  on a r e s p i r a t o r  and other p r o t c c t i v t  c lo tbinq.  

recycled paper 
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The i n fo rma t ion  i n  t h i s  s h e e t  a p p l i e s  t o  workplace exposure  r e s u l t i n g  from 
ptOCeS8ing, manufacturing, s t o r i n g  or handling and is no t  designed f o r  t h e  
popu la t ion  a t  l a r g e ,  Any g e n e r a l i z a t i o n  beyond occupat iona l  exposures  should  n o t  
be made. The best i n d u s t r i a l  bygiene p r a c t i c e  is t o  main ta in  c o n c e n t r a t i o n s  of d 
c h a i c a l s  at levels as lw as is p r a c t i c a l ,  

v: Ethane t r ichl or i d e  : be ta-t r i c h l o r  octhane ; 1,2,2-t r i chl o r  oe thane  ; 

m 
vinyl t r i c h l o r i d e ;  NCI-CO4579; CAS 79- 00- 5.  

m: Beta-T. 

m: As a n  in t e rmed ia t e  i n  the produc t ion  of v i n y l i d i n e  c h l o r i d e ;  as  a s o l v e n t  fc: 
fats, waxes, and n a t u r a l  r e s i n s ;  and as a component of adhes ives .  

PBYST@.LTN 

-: Colorless l i q u i d .  

w: Chlorof orm-like, sweet. 

-: Moderate. Vapors are heav ie r  than  a i r  and tend  t o  s i n k -  

: O n l y  s l i g h t l y  so lub le :  s inks .  

1 " 

-: Average 8 hour exposure  -- 1 0  pm. 

: Average 10 hour day/40 hour week -- 1 0  ppp. 

: .Average 8 hour exposure -- 10 p p ,  

-: 

-: I n h a l a t i o n  may produce headache, l a s s i t u d e ,  d i z z i n e s s ,  
i ncoord ina t ion ,  lou blood p r e s s u r e ,  i r r e g u l a r  h e a r t  beat, coma and d e a t h  frcr, 
r e s p i r a t o r y  a r r e s t ,  Exposure t o  vapor concen t r a t ions  near  2 0 0 0  ppn f o r  
5 minutes c a u s e s  c e n t r a l  nervous system depress ion  and a n e s t h e t i c  e f f e a s .  
Symptoms a r e  nasal i r r i t a t i o n ,  drowsiness  and equ i l i b r ium disturbances,  Deat.: 
may result from 13,600 ppp f o r  2 hours. 

-: Hay m u s e  i r r i t a t i o n  and chemical burns i f  al lowed to remain on t h e  ski:. 
for a pcolongcd per iod ,  nay be absorbed through t h e  s k i n  to cause or i n c r e a s e  
t h e  s e v e r i t y  of symptoms l i s t e d  above, 

,=: nay c a u s e  i r r i t a t i o n ,  

'an: Hay c a u s e  effects s i m i l a r  t o  those  l i s t e d  under i n h a l a t i o n .  Liver  
and kidney damage have occur red  i n  animals.  Laboratory s t u d i e s  with animals  
s u g g e s t s  t h a t  t h e  probable  l e t h a l  dose for humans is a b o u t  12 ounces. 

I n h a l a t i o n  may c a u s e  l i v e r  and kidney damage. Has caused cancer  i n  l a b o r a t o r y  
animals .  Whether i t  does so i n  humans is unknown. 

'Prepared by t h e  Bureau of Toxic Substance Assessment, New York S t a t e  D e p r t a e n =  c 
Health. For an explana t ion  of t h e  terms And a b b r e v i a t i o n s  used, see .Toxic 
Substances:  How Toxic Is Toxic., a v a i l a b l e  from t h e  New York S t a t e  Deparznent of 
Health. 
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w: nave t o  f r e s h  a i r  and perform a r t i f i c i a l  r e s p i r a t i o n  i f  necessary .  

gL19: 8 - 0 ~ 8  contaminated c lothing.  Wash s k i n  with soap or mild d e t e r g e n t  and p l e n t y  of v a t e r  

Keep w a n  and 
a t  rest.  Get medical a t t e n t i o n .  

l o r  a t  l e u t  1 5  minuter. Seek medico1 a t t e n t i o n  i f  necessary. 

mr Wash with water f o r  15 minutes. Seek medical a t t e n t i o n .  

m: Do not induce vomitinq. Seek medical a t t e n t i o n  inrmediately. 

-: Not flammable under normal cond i t ions . '  

ErnloaiPc!: Upper - 15.5b, lower -- 6 .0 t .  (High energy i g n i t i o n  source r e p i r e d . )  

-: Water fog, foam,' carbon dioxide,  dry chemical. - 
P a  Avau: ? i re  and arp lo8 ion  may r e s u l t  from r e a c t i o n  v i t h  s t r o n q  o x i d i z e r s  such as 

peroxides  and pesmanqanator; s t r o n q  c a u s t i c s  such as potassium hydroxide and sodium 
hydroxide and c h m i c a l l y  a e i v e  metals such a s  aluminum, magnesium pOvderr, and 
potassium. Liquid will a t t a c k  some forms of plastic,  rubber and coa t inqs .  

fumes, hiqhly t o x i c  hydrogen c h l o r i d e  gas and small m o u n t s  of phosqane and carbon 
monoxide fumes are evolved. Open f l u e s ,  welding a r c s  or other  hiqh temperature  sources  
which induce thermll  decomposition should be avoided. 

: When decomposed by hot metals, u l t r a v i o l e t  r a d i a t i o n ,  a c i d s  o r  ac id  

m r  Store i n  a coo l ,  dry and dark place .  Do not s t o r f  i n  alumdnum 
containers .  Concaminated c l o t h i n q  should be placed i n  closed c o n t a i n e r s  u n t i l  L t  can be 
d f s a r d e d  o r  'cLeaned. . 

b8 e a s i l y  ava i l ab le .  

Splash-proof qogqles, impervious c l o t h i n q ,  g loves  ( n o t  l e a t h e r )  , and face  shield.  Wash 
c l o t h i n g  k f o r e  reuse: i t  may not  be poss ib le  t o  clean contaminared l e a t h e r .  

a f u l l  facspiece  and o p r a t e d  i n  a p o s i t i v e  p ressure  mode or  a combination Type C 
supp l ied-a i t  r e s p i r a t o r  w i t h  an u x i l a a r y  se l f- contained breathing a p p r a t u r ,  both v r t h  a 

se l f -con ta lned  bteathinq apparatua  w i t h  a f u l l  facapiece  operated an a p o s i t i v e  press::e 
mode. F a r =  use a g a s  mask providing p r o t e c t i o n  a g a i n s t  organic  vapors or an e s a F e  
srl  f-contained bc eathinq apporatus.  

w. n*.r r s + o l  q: Provide proper v e n t i l a t i o n .  Sinks, showers and .eyewash s t a t i o n s  should 

E' 7 .  {.- D r  eiih- i i n a  jad pn qiPecrinc C b h t , O - - )  I C  : 

. par pny d r t r n a P  l e v r  J.s use a sel f -conta ined b rea th ing  a p p r a t u s  vi:k 

full facepiace and o p r a r r d  i n  a p o s i t i v e  p ressure  mode. Far f i r p  fim- use a 

PQPFhllQFS W.~SR cprr T c ivy\ r c 

Warn o ther  vorkers o f  s p i l l .  P u t  on proper p ro tecz ive  c lo th ing  and equipsent.  V e n t i l a t e  t h e  
area. nop, vipa or rook up imediare ly  an absorbent mate r ia l  such a s  v e r m i c u l i t e  or  dry sand 
and move t o  safe place out-of-doors. Contain l r q u i d ,  t r a n s f e r  to closed metal conta inecr .  For 
f i n d  disposa l ,  CQntaCt your regional o f f i c e  of t b e  Nev York S t a t e  Department of Envrroments: 
Conservation. 

For moce information: 
Contact t h e  I n d u s t r i a l  t lyqienist  or  Safety  Of f ice r  a t  your vorksite or t h e  New York S t a t e  
Deplrtlnent of Health, Bureau of Toxic Substance A s s e s s m e n t ,  2 Untvers i ty  Place, hlbany, 
New York 12203. 
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The tnf orortion i n  t h i s  sheet app l i e s  t o  workplace rxpoaur e rerul t i nq  f tom processing I 
. . ~ u f a c t u r i a q ~  s t o r i n g  or hurdling and i s  not desiqned f o r  the  population a t  large.  m y  
qone ra l i t a t i on  beyond occupational exposures should not be u d e .  The best i n d u s t r i a l  hygiene 
prac t i ce  is t o  maintain concentrat ions of all &emicals a t  l e v e l s  a. low as is pracz ica l .  

-*l: Ethylene dichloride;  1,2-ethylene d ich lor ide ;  1,2-4ichlotoethane; 
alpha, b e u d i c h l o r o e t h u r e ;  syd ich lo roe tbane ;  dichloroethylene; C U  107-06-2. 

-: Crmn 1500 EDC. 

-8 An a lead scavenger in qr so l ine ;  i n  anti-knock m i r t u r e s ;  f tmiqant f o r  gra in ,  upholstery 
and carpets; as a &greaser, u a solvent  f o r  fa t s8  o i l s ,  waxes, gums, and r e s ins ;  i n  t he  
manufacture of acetyl a l u l o 8 e ;  present  i a  paint  rmovers, ue t t i nq  and penet ra t ing  
ageataO soaps ..ad scourinq coapouads; i n  tobacco extract; as plastic Cement and others. 

-: Clear, color less , .  oily l iqu id .  

pdpt: Sueetiah. 

-: Rapid. 

-: S l i g h t l y  1 0 l U h l 8 r  sinlu. 

: 6 ppp. -e . .  Bv OdaL 

-: Averaqe 8 hour exposure - 50 p p ~ .  

: Average 10 hour day/40 bour week - 1 p p .  

-: Averaqe 8 hour exposure -- 1 0  p p .  

w: 

. .  

t o  S O  p p  may uuu weakness, t r e d l i n q r  headaches, a b d o m i n a l  cramps, l i v e r  and kidney 
d a ~ q e ,  and f l u i d  build up in lungs,  nay c a u s e  coma and death a t  high l eve l s .  

skin: Prolonged contact  may c a u s e  i r r i t a t i o n  and skin rashes. 

&=a: m y  cause  rodaess, pain, and blurred vision. Vapor can daaaqe t h e  cornea. 

-am: Ingest ion of 2 ouncas bas resulted i n  nausea, v a i t i n q ,  f a in tnes s ,  drowsiness, 
d i f f i c u l t y  breathing, prle skin,  in r8rna l  bleedinq, kidney damaqe, and death due to 
respiratory - faflurm. Other poss ib le  symptas may incLude a b d o m i n a l  dwmisr severe  
beadache, 18ehdrgyr lowered hlood pressure,  d ia r rhea ,  shoc&, p b y r i u l  col lapse ,  and corn. 

Lw*s up 0 
. -: Levels o f  10 t o  30 p p  may c a u s e  d i r t i n e s s ,  nausea, and vomiting. 

-: 

?lay uu8e eye, nose and t b r o a t  i r r i t a t i o n ,  nausea, vomitinq, l o s s  o f  a p p t i t e ,  n e m e  
b r m q 8 r  l i v e r  and kidney damage. T h i s  substance has been det8cmined t o  cause cancer i n  
labora tory  U r f U s .  Whetbor it does so in b u m a s  is not known. 

'Ptepr8d by the Bureau o f  Toxic Substance Assessment, Ncu York S t a t e  Departpent of Eealttr. 
?or an explanation o f  the  term8 and abbreviat ions used. s e t  -Toxic Subatancts: H o w  Tox ic  Is 
Toxic', available from the N e w  fork  Stare Departaenr of Health. 

2201055 



-: Move t o  f r e s h  a i r .  Give oxygen o r  a r t i f i c i a l  r e s p i r a t i o n  a s  

m: Remove contaminated c l o t h i n g .  Wash a f f e c t e d  a r e a s  with soap and water. See  

-: 

necessary. Seek medical  a t t e n t i o n .  

medical a t ten t ion .  

a t t  enti on 
Wash wi th  plenty of water  lifting e y e l i d s  occasionally. Seek medical 

w: If conscious, give plenty of water and induce vomiting.  Seek medical 
attention, 

-: Highly flammable. Flashbacks’  can occur a long vapor t r a i l .  

a v e  UmUs: Upper -- 15.9%, lower -- 6.23. 

--g: Dry chemical,  foam, carbon  dioxide.  Water can be used t o  cool f i r :  
exposed con ta ine r s .  

trlry 

& t * t i d l q  ta w: Reacts v i o l e n t l y  wi th  s t r o n g  c a u s t i c s  such as lye or  p o t a s s l  
hydroxide and o x i d i z e r s  such a s  potassim permanganate; may r e a c t  w i t h  ami? .  
t o  form compounds s e n s i t i v e  t o  mechanical  shock,- Explosions have occurred. o n  
c o n t a c t  w i th  d ime thy laminopropy la ine  o r  with  mixtures  of l i q u i d  ammonia. 

t a  : Heat, s o u r c e s  of i g n i t i o n ,  May produce h igh ly  t o x i c  fumes 
w m e a t e d .  

-: D r y ,  explosion-proof room, s e p a r a t e d  from o x i d i z e r s .  

: Use i n  c lo sed  system, if p o s s i b l e .  Provide adequate  
v e n t i l a t i o n .  Use spark-proof tools and e l e c t r i c a l  equipaent .  Sinks , showers 
and eyewash s t a t i o n s  should be r e a d i l y  a v a i l  ab1 e . 
s n + t u :  Pacesh ie ld ,  Viton gloves and p r o t e c t i v e  c lo th ing .  

: f a t  any d e t e e e l e  l e v ~ b  use se l f- con ta ined  b rea th ing  
appa ra tus  wi th  a f u l l  f acep iece  ope ra t ed  i n  a p o s i t i v e  p r e s s u r e  mode o r  a 
combination Type C supp l i ed- a i r  r e s p i r a t o r  and an a u x i l i a r y  Se l f- conta ined  
b t e a t h i n q  appa ra tus ,  both with a f u l l  f acep iece  and o p r a t e d  i n  a p o s i t i v e  
p r e s s u r e  mode. par es-e f r o m  a con+ amina+ed a T P ~  use a gas mask w i t h  a n  
o r g a n i c  vapor c a n i s t e r  or an escape se l f- con ta ined  breathing apparatus. 

fvp  CY u a  ( W d  not be q u t n t e d  e t  f a r  D ~ Q W ~  h U t  ,and en u p o r  - _  i - 

Warn o t h e r  workers of spill. P u t  on proper  p r o t e c t i v e  c l o t h i n g  and equipment. 
E l imina te  a l l  sources  of i g n i t i o n .  V e n t i l a t e  a r e a ,  absorb  on v e r m i c u l i t e  o r  othe:  
s u i t a b l e  m a t e r i a l .  C o l l e c  l i q u i d  i n t o  s e a l a b l e  c o n t a i n e r s .  S m a l l  amounts can be 
al lowed t o  evapora te  out of doors  O K  i n  a l a b o r a t o r y  hood. For d i s p o s a l  of larce 
amounts, c o n t a c t  your r eg iona l  o f f i c e  of t h e  New York S t a t e  Department of 

- Environmental Conservation.  m For more informat ion:  - 
Contact  t h e  I n d u s t r i a l  Hygien is t  o r  S a f e t y  O f f i c e r  a t  your works i t e  o r  t h e  N. 
York S t a t e  Department of Health ,  Bureau of Toxic Substance Assessment, 2 
Univers i ty  Place,  Albany, Neu York 12203. 
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Version 2 

Tb. info-tion i n  t h i s  sheet  a p p l i e s  t o  workplace exposure r e s u l t i n g  f r a  processing,  
v n u f a c t u r i n g ,  s t o r i n g  or h n d l i n g  and i s  not designed Cot t h e  population a t  large .  M y  
g e n e r a l i z a t i o n  kyond occupational exposures should not be u C e .  The kn i ndus t r i u  hygiene 
p t a c r i c a  i s  t o  maintain concentra t ions  of 3 1  c h r i c a l s  a t  levels as lou as is pracz ica l .  

D i c b l o r a e t h a n e ,  Ih thy lene  dichloride; CAS 75-09-2. 

-: S o l a m t i n e ,  Aerofbene W, Nockotel, Saethine, 830 and others .  

mt The 1-d i s  used as a salvenf, d e g r e u i a q  aad J e m i n q  f l u i d ,  aerosol 
ptopel lat ,  a n e s t h e f i c  and re f r ige ran t .  A h a  used i n  print CIOVert, blowing a q e n t s  in 
foams, i n  the procass of d e u f f e i a a t i n g  coffee urd extraczion of spices .  - 
y: Clear, colorhrs l i c s u i C .  

gpPr: Sueeti8b ( l i k e  c b l o r o i o m  or etherl. : 214 ppn. 

-At: S l i g b t l y  soluble (1.32 g/100 q water], r r a i n d e r  v i r 1  rink. 

-: Liquid evaporates rapidly.  

-: Average 8 hour e rporu te  limit - 500 p p .  

-: P d U c .  exposure t o  t h e  lowest f e a s i b l e  level. . .  

: Averaqe 8 bout exposure - 100 PPI. 
(Proposed f o r  change i n  1988: 50 p p J  

S r T  'f-. 

-: na t  1.n. chlor ide '  is cbanqed ts carbon monoxide i n  t h e  human body. This  is a 
p a r t i c u l a r  T y hazardour condi t ion f o r  those w h o  h v e  a h i s t o r y  of hear t  crouble o r  those 
who a r e  also exposed t o  carbon nonoride. See carbon monoxide f a c t  shctc .  These p r o c n s  
sbould taka e x t r a  precautions.  

w: 
* and coordination. Etfeccs of hrgher concentra t ions  include rtupot , d i t x i n e s s ,  C h e s E  p in ,  

arm and leq pains,  loss  of feeling, loss of a p p t i f e ,  hoc f l a s h e r  and death. 

prisi U8y be i r r i t a t i n g  if confined on che skin  by gloves or c lothing,  nay be aosorbec 
s l w l y  tbrough t h e  sk in  t o  cause  symptol~s l i s t e d  under Lnhaht ion.  

Tyu: Ray cause  p i n .  l r r i t a t i c n  and burns. 

m a :  Accidental inqercron of p r i n t  removerz containing methylene chlor idc  as t h e  
r u i n  ingredient  have reportedly caused headache, nausea, vomiting, v i s u a l  d i c t u r t a n c e ,  
prerencc of blood i n  t h e  ur ine ,  and unconsciousness. 

Levels of 300-700 p p ~  f o r  3-5 b u r s  h u  caused s l i g h t  loss of ruscLe c o n t r c l  

L a n c s r m s :  
Same rympar as above. Prolonqed exposure a n  muse chanqes i n  blood, hallucinations and 
decreased response t o  v i s u a l  and aud i to ry  stirnulacran. Some lonq term exposu t t s  have also 
resulted i n  bnaqe t o  tbe l i v e r .  Cost of the  e f f c n s  will d i u p p a r  a f t e r  exposure 
s tops .  lu thylene ch lo r ide  U U S 8 d  gene t i c  e f f e c t s  in c e r t a i n  b a c t e r i a  and caused birth 
a e f e c r r  in chickens. I n  l abora to ry  s tud ies ,  methylene chlor ide  has also been  shown t o  
U u m  CUlOCI i n  mice and racs. Whether .ethylene chlor ide  Cuses b i r t h  d e f e c t s  o r  tumors 
i n  humans i s  not known. 

oQrep.red by the  Bureau of Toxic Substance Assessraent, Few York S t a t e  Department of  Health. 
For an explanation o f  t h e  terms and abbrevia t ions  used, bee 'Toxic Sutrtanccs:  How T o x ~ c  2-r 
Toxic' a v a i l a b l e  from t h e  New York S t a t e  Dcpartaent of Healch. 
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m: 

-: 
AxumzAw QuLQsdWrinducrv-  . Seek m c d i u l  a t t e n t i o n .  

Remove perron t o  f r e s h  a i r .  Give a r t i f i c i a l  r e s p i r a t i o n  o r  oxygen if breathrnq 
bas at0pp.d. 

a t t e n t i o n  i f  nace r ~ r y .  

S.tk medical a t t e n t i o n  immediately. 

Wash with l a rge  amounts of soap and water f o r  a t  least  5 minutes. 

Wa8b with uatez  for a t  least  15 minutes. Seek medical a t t e n t i o n .  

Seek medical  

?a e-: Gastric lavaqa with  3- 51 sodium bicarbonate.  P r m p t  hemodidysis  if blood 
methanol l e v e l  is above 5 0  mq/dl or  if the re  is evidence of ac idos i s .  
rupportavc medsures and 1008 oxygen u n r i l  the  carbGxyhtmoqlobin l e v e l  is sat is facrory 
( l a s s  than 108 i n  an o c h e n i s e  heal thy p a t i e n t ) .  

Provide rout ine  

-: 

Prala_ian: - O p p r  -- 61.6%; laver -- l f . f \  i n  oryqen. 

Considered non-flwmablr, bur w i l l  burn in high concen t ra t ions  such as near s p i l l s  
01 i n  c l o u d  spacea. I g n i t e s  a t  6240C (1224oF). 

Candftlans to : Avoid heat ;  decomposes t o  h i g h l y  poisonous gases (phosgene).  

-1.1 t D  S v U :  Avoid contact with a k a l i  metals ( e a m p l t :  sodium O f  potasSiUUI); 5UCh 
Contacz may cause an explosion. 
c0pp.1, e s p o c i u l y  a t  high temperacures and if the metals a r e  w e t .  Can is impervious and 
reristanc t o  methylene ctrloride. Improper g loves  or c lothrnq can prevent evaporation and 
promote skin  contact. 

m e  v Fauwttmcnt. f a r  I c u  use a sel f- contained breatbrcg a p p r a t u s  w i t h  
i full t acse i rca  o p r a t e d  i n  a p o s i t i v e  pressure mode or  a combination Type C suppl&ea-r l :  
r e s p i r a t o r  u i f h  an a u x i l i a r y  self- conrained breathing apparatus,  both v l t h  a full 
facapiace  and operated in a p o s i t i v e  pre  i s  imp.NLous and c e s % s t ~ n c  t o  methylene 
ch lor ide .  Xmpropr gloves or c l o t h i n g  c a n  prevent evoporarion and promoce skin COntaC=. 
Check w i t h  mdnutaczurer's s w c i f i c a t i o n  or your supervisor .  

W < V D  * a b 1  c 1-3 use a se l f- con ta ined  breathing apparatus wi:5 
a f u l l  t a c e ~ i e c e  operated i n  a p o s i t i v e  p r e s s u r e  mode O r  a CombLnation T y p  C supplAca-a:: 
respirator w i t h  an a u x i l i a r y  self- conrained brearhrnq apparatus,  both  w i t h  d full 

organ ic  vapor m n i s t e r  or an escape self- contained breathing apparatus. 
uae a self- contained breathing a p p r a t u s  w i t h  a fdl facepiece oprrated i n  d p o s i t i v e  
pressur  t mode. 

Hatbylent chlor ide  w i l l  corrode i ron,  s t a i n l e s s  steel ana 

Check with  manufaaure r ' s  o p c i f i c a c i c n  o r  your supem isor. 

' f a c t p i e c e  and operated i n  a p o s i t i v e  pressure mode. par *=paor use a gas mask w i t h  an 

W - Q - 3  n c e  

Gec a11 workers out of the s p i l l  acea. Aeeove all sources of combustion. Vent i l a te  the  
rea.. If you must entec the area ,  w a r  protect ive  clochinq and c q u i p n e n t .  I ince  methylene 
chloride 1s eXCr.IDely volatile, mosf will evaporate.  For f i c a l  d i s p o s a l  contac: your reSLcncl  
O f f l C 8  of the New York S t a t e  0cpart;nsnt of Enviromcnral Conservation. 

For more inf ormation: 
Contact the  I n d u s t r i a l  Rygienist  or Safety Officer a t  your worksite o r  t h e  h'eu York S t a t e  
DeparuPent of Health, Bureau of Toxic Substance Assessment, 2 University Place, A l b a n y ,  
New York 12203. 

recycled papar 
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Section 3.0 -- Project Summary 
L 

Work Plan Group: 0 

Site No.: 32,33, and 35 
Site Name: IWTP/WUTP Complex 
Site Description: A complete site description and history are presented in 

Section 2.0 of the attached work plan. 

Physical Survey (check all that apply): 
- X Overall Physical Reconnaissance' - X Habitat/Biota Survey 

- X OVA Surface Emission Survey 
- X Radiation Survey - X Hydrologic Assessment 

Geophysical Survey (check all that apply): 
- Electromagnetic Conductivity: - Ground Penetrating Radar 

EM-34 - EM-31 - 
- Magnetometry 
- Very Low Frequency 

- Seismic Refraction 
- Seismic Reflection 

CharacterizationIBxtent Delineation (check all that apply): 
- X Field Analyses 
- Soil Headspace Analyses 
- X Soil Gas Analyses 
- X Laboratory Analyses: 

PLANNED " B E R  OF SAMPLES 
4 - Surface Water 

Sediment 
Soil 

4 
44 
- 
- 
460 
23 
10 

Soil Gas Duplicates - 92 
10 Trip Blanks 

Field Blanks 4 

- Soil Gas 
Groundwater - 
Duplicates - 

- 

1 - Preservative Blanks 
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4 Rinsate Blanks - 

X 
X 

X 
X 

- 
- 
- 
- 

X 
X 
- 

X - 

CATEGORIES OF ANALYSES 
Purgeable Aromatics - X Pesticides 
Purgeable Halocarbons - X Polychlorinated Biphenyls 
Base/Neutral Extractables 
Acid Extractables Hydrocarbons 

Polynuclear Aromatic Hydrocarbons - X Metals 
Dioxins - X Cyanide , 

Organophosphorus Pesticides 
Herbicides 

Total Recoverable Petroleum - 

Additional analytical categories are identified below: 

- X Gross Alpha 
X Gross Beta - 
X Gamma Scan - 
- X Total Organic Carbon 
X Grain Size 
- X Alkalinity 
- X Total Suspended Solids 

(water only) 
- X Total Kjeldahl Nitrogen 
X Ammonia Nitrogen - 
- X Orthophosphate Phosphorus 

- x PH 
X Percent Moisture 
X Hardness (water only) 
X BTU Content 
X Ash Content 
X Total Halogens 
X Sulfur 

- 
- 
- 
- 
- 
- 
- X Ignitability 

X Cation Exchange Capacity 
X Sulfide 
- 
- 
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'v 
- X Dissolved Oxygen (in field) 
- X 5-day Biological Oxygen Demand 
- X Chemical Oxygen Demand 

Section 4.0 -- Project Organization and Responsibility 

The overall organizational structure for this site is discussed in Section 4.0 
of the GQAPP. Site-specific designated personnel and their responsibilities 
are listed below: 

Site Hanager: 
Team/Task Leader(s): To Be Determined 
Field Support Personnel: 

Biographies for those personnel listed above which are not included in the 
GQAPP are included in Appendix A of this document. 

Section 5.0 -- QA/QC Objectives for Heasurement Data 

Criteria for reporting the accuracy, precision, and completeness of data are 
presented in Section 5.0 of the GQAPP. Detection limits for screening and 
quantitative analyses are presented in Section 9.0 of the GQAPP. Procedures 
used to assess data accuracy, precision, and completeness are presented in 
Section 14.0 of the GQAPP. All analytes (including field parameters), sample 
media, and method numbers relevant to the investigation of this site are 
listed in the following table, which also identifies any modifications to the 
accuracy (A), precision (P), completeness (C), and detection limit (DL) 
criteria specified in the above-referenced GQAPP sections. 

*v 
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Analyte Hedia Hethod No. A P C DL 

Laboratory Analyses 

Volatile Halogenated 

Volatile Aromatic 
Hydrocarbons s/w 
Hydrocarbons s/w 

Gross Alpha s/w 
Gross Beta s/w 
Gamma Scan s/w 
TCL Purgeables + xylene s/w 
TCL BNAs s/w 
TCL Pesticides & PCBs s/w 
Dioxins s/w 
Organophosphorus Pesticides S/W 
Herbicides s/w 

TAL Metals: 
Aluminum 
Antimony 
Arsenic 
Barium 
Beryl 1 ium 
Boron 
Cadm i um 
Cal c i um 
Chromium 
Cobalt 
Copper 
Iron 
Lead 
Magnesium 
Manganese 
Mercury 
Nickel 
Se len i um 
Silver 
Sod i urn 
Thallium 
Tin 
Vanadium 
Zinc 

s/ w 
s/w 
s/w 
s/w 
s/w 
s/w 
s/w 
s/w 
s/w 
s/w 
s/w 
s/w 
s/w 
s/w 
s/w 
s/w 
s/w 
s/w 
s/ w 
s/w 
s/w 
s/w 
s/w 
s/w 

EPA 8010/601 

EPA 80201602 
EPA 900 
EPA 900 
EPA 901.1 
EPA 82401624 
EPA 8270/625 
EPA 80801608 
EPA 8280 
EPA 8140 
EPA 8150 

(modified)/509B 

EPA 6010 
EPA 6010 
EPA 7060 
EPA 6010 
EPA 6010 
EPA 6010 
EPA 6010 
EPA 6010 
EPA 6010 
EPA 6010 
EPA 6010 
EPA 6010 
EPA 7421 
EPA 6010 
EPA 6010 
EPA 747117470 
EPA 6010 
EPA 7740 
EPA 6010 
EPA 6010 
EPA 7841 
EPA 282.2 
EPA 6010 
EPA 6010 

N/M N/M N/M N/M 

N/M N/M 
N/M N/M 
TBD TBD 
TBD TBD 
N/M N/M 
N/M N/M 
N/M N/M 
TBD TBD 
N/M N/M 

N/M 
N/M 
TBD 
TBD 
N/M 
N/M 
N/M 
TBD 
N/M 

N/M 
N/M 
TBD 
TBD 
N/M 
N/M 
N/M 
TBD 
N/M 

N/M N/M N/M N/M 

N/M N/M N/M 
N/M N/M N/M 
N/M N/M N/M 
N/M N/M N/M 
N/M N/M N/M 
N/M N/M N/M 
N/M N/M N/M 
N/M N/M N/M 
N/M N/M N/M 
N/M N/M N/M 
N/M N/M N/M 
N/M N/M N/M 
N/M N/M N/M 
N/M N/M N/M 
N/M N/M N/M 
N/M N/M N/M 
N/M N/M N/M 
N/M N/M N/M 
N/M N/M N/M 
N/M N/M N/M 
N/M N/M N/M 
N/M N/M N/M 
N/M N/M N/M 
N/M N/M N/M 

N/M 
N/M 
N/M 
N/M 
N/M 
N/M 
N/M 
N/M 
N/M 
N/M 
N/M 
N/M 
N/M 
N/M 
N/M 
N/M 
N/M 
N/M 
N/M 
N/M 
N/M 
N/M 
N/M 
N/M 

- 

3 2 0 1 0 4 ;  
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c Analy te Media Method No. A P C DL 

Cyanide 
Sulfide 
TOC 
Hardness 
Alkalinity 
Total Suspended Solids 
Total Kjeldahl Nitrogen 
Nitrogen-Ammonia 
Orthophosphate Phosphorus 
5-day Biological Oxygen 

Chemical Oxygen Demand 

Percent Moisture 
Grain Size 
BTU Content 
Ash Content 
Total Halogens 

Demand 

PH 

Sulfur 
Ignitability 
Cation Exchange Capacity 

Field Parameters 

PH 
Specific Conductance 
Temperature 
Dissolved Oxygen 

s/w 
s/w 
s/w 
W 
W 
W 
s/w 
s/w 
s/w 
W 
W 
W 
S 
S 
S 
S 
S 

S 
s/w 
S 

W 
W 
W 
W 

EPA 9010/335.2 
EPA 376.1 
EPA 415.1 
EPA 130.2 
EPA 310.1 
EPA 160.2 
EPA 351.3 
EPA 350.2 
EPA 365.2 

SM 507 
EPA 410.4 
EPA 150.1 
ASTM D-2216-80 
ASTM D-422-63 
ASTM D-2015-77 
ASTM D-482 
ASTM D-808-81 
EPA 325.3 

EPA 1010 
EPA 9081 

ASTM D-129-64 

150.1 
120.1 
170.1 
EPA 360.1 

N/M N/M N/M N/M 
N/M N/M N/M N/M 
N/M N/M N/M N/M 
N/M N/M N/M N/M 
N/M N/M N/M N/M 
N/M N/M N/M N/M 
N/M N/M N/M N/M 
N/M N/M N/M N/M 
N/M N/M N/M N/M 

N/M N/M N/M N/M 
N/M N/M N/M N/M 
N/M N/M N/M N/M 
N/M N/M N/M N/M 
N/M N/M N/M N/M 
N/M N/M N/M N/M 
N/M N/M N/M N/M 
TBD TBD TBD TBD 
TBD TBD TBD TBD 
N/M N/M N/M N/M 
N/M N/M N/M N/M 

75-125 35 95% 100mg/kg 

N/M N/M N/M N/M 
N/M N/M N/M N/M 
N/M N/M N/M N/M 
N/M N/M N/M N/M 

Notes: S = Soil and/or sediment 
W = Groundwater and/or surface water 
N/M = No modifications from GQAPP 
TBD = To be determined. 
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Section 6.0 -- Fieldwork and Sampling Procedures 

Fieldwork and sampling procedures are presented in Section 6.0 of the GQAPP. 
Modifications to these procedures are described below: 

No Modifications 

Section 7.0 -- Sample Custody 

Sample custody procedures are presented in Section 7.0 of the GQAPP. 
Modifications to these procedures are described below: 

No Modifications 

Section 8.0 -- Calibration Procedures and Frequency 

Calibration procedures and frequency are presented in Section 8.0 of the 
GQAPP. Modifications to these procedures are described below: 

No Modifications 

Section 9.0 -- Analytical Procedures 

Screening and quantitative analytical procedures are presented in Section 9.0 
of the GQAPP. Site-specific accuracy, precision, completeness, and detection 
limit criteria are presented in Section 5.0 of this SQAPP. Modifications to 
any other of the analytical procedures are described below: 

No Modifications 
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L 
Section 10.0 -- Data Reduction, Validation, and Reporting 

Data reduction, validation, and reporting procedures are presented in Section 
10.0 of the GQAPP. Modifications to these procedures are described below: 

No Modifications 

Section 11.0 -- Internal Quality Control Checks 

Internal quality control check procedures are presented in Section 11.0 of the 
GQAPP. Modifications to these procedures are described below: 

No Modifications 

Section 12.0 -- Performance and System Audits - 
Performance and system audit procedures are presented in Section 12.0 of the 
GQAPP. Specific audits planned for this site investigation are listed below: 

Audit Type Prequency/Date Description 

To Be Determined 
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Section 13.0 -- Preventive Haintenance 

Preventive maintenance procedures are presented in Section 13.0 of the GQAPP. 

Modifications to these procedures are described below: 

No Modifications 

Section 14.0 -- Procedures Used to Assess Accuracy, Precision, and 
Completeness of Data 

Procedures used to assess the accuracy,. precision, and completeness of data 
are presented in Section 14.0 of the GQAPP. Modifications to these procedures 
are described below: 

No Modifications 

Section 15.0 -- Corrective Action 

Corrective action procedures are presented in Section 15.0 of the GQAPP. 
Modifications to these procedures are described below: 

No Modifications 

Section 16.0 -- Quality Assurance Reports to Management 

Quality assurance report procedures are presented in Section 16.0 of the 
GQAPP. Modifications to these procedures are described below: 

No Modifications 
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s, Appendix A -- Additional Personnel Biographies 

Personnel assigned to this site investigation whose biographies do not appear 
in the GQAPP are listed below; biographies for these site personnel are 
presented on the following pages. 

To Be Determined 
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APPRNDIX c 

LOCAL CLIHATOLOGICBL DATA 

c-1 



LOCAL.CLIMATOLOG1CA.L DATA 

N 0 R bl A LS , M 1;: A N S: , A N 1) E Xrl' H 1:: 11 E S 
I'I'USACOU. FLORIDA 

151 
a1  

26 

2b 

5 

23 

23 
23 
23 

76 

ib 

20 

20 

2b 
2b 

26 
26 
1 7  

24 
24 
24 
24 

- 

26 

2b 

2b 

26 

26 

2b 

19 
19 

tipaL 

JCV - 
57 4 
43 9 
5 3  7 

a5 
tQ73 
25 

WTb 

'32 

33 

64 

5 .2  

1 1  3 
7 7  
11.0 

7 6  

O C  

2.; 

) E  

0.C 
0.t 

0 .  i 
O.(  

15.1 

8; 
84 
61 
71 

I_ 

-- 
- 

- 
- 

- 
3 . 4  
7.b 
178 
0 .3  
138 
4 .2  
198 

0.  

0. 
- 

8. 

i 
I si 

luof: 
JAtJ 

b0.5 
42. 7 
5 1 . 7  

80 
1972 

I995 

445 

3 3  

48 

b.3  

7 . 9  
7.2 

15.9 

9 .7  

0 .1  

1 .5  

5 .9  

0 .0  
0.2 

7 . 1  
0 .0  

1016.7 

74 
81 
b; 
71 

4 . 4 1  
13.41 

197€ 
9.b( 
I981 
5 .W 
197f 

2.! 
197: 

l . !  
197' 

9 .  

2, 
3l 

198 

WBAN: 13999 

OEC YEAR + 'EL' Y A l i  FI'R -. --. 

b3.b 44.0 1 5 1 . 4  57.2 Li 
54.2  '10 4 5 8 . 0  

9 . 2  

0 0  

4 3  

b 2 

3 0  

3 7  

b . 3  

0 .0  
0.0 

3 . 3  

0 . 1  
0 .0  

0 . 0  
0.0 

4 .0  
0 .0  

015.5 

81 

68 
58 
- 

4.90 
1l.bb 

19bb 
1.07 
1780 
4.70 
1982 

1.9 
1973 

1 .3  
1973 

9.4 

- 

16 
35 

1904 

1 .  I 
20.3 

171 
1 . b  
197 
5 . 1  
I77 

0 .  

0.  

- 
b.[  

0; 
3! 

197' 

1. IS 
9.50 
1982 
0.51 
1980 
4.52 
1964 

1 
1909 
1 

1989 

9.0 

- 

10 
34 

1388 

5.66 
12.96 
1979 
0.87 

11.10 
1979 

1967 

4 . 4 5  
15.5; 

1964 
9 . 3  

7.5 
196' 

isei 

L 
IEHPfRAlURE O f :  

Norma Is 
- D a i l y  t lag ioum 
- 0 a i l y  Minimum 
-yonth1 y 

E s trcnes 
-Record Highest 
- 'car  
-:+cord Lowest 
- ' e a r  

NORMAL OLGREL DAYS: 
Heal ing Ibasa bS°F' 

Cool ;ng ibas. b5OF : 

x OF PossieLE SUNSHINE 

91 
13?0 

106 
JUL 1980 

5 
JAN 1385 

ii 
1399 

--I--t - 

- 
4 . 4  

14 0 
8 5  
8 . 5  

4 9  

0 0  

2 . 0  

1.9 

0 . 3  
0 . 0  

0.0 
0 .0  

0 1 4 . 4  

80 
84 
55 
b9 

- 
- 

- 
3.52 

14.84 
1985 
0.oc 
197E 
5.8E 
1986 

0.C 

0.c 

HEAN SKY COVLR Itmnthsl 
h ( J l  5 4 5 . 5 1  5 . 5  ~ Sunrise - ~ u i s ? t  

MEAN nunem OF DAYS. 
6 .  1 

3 . 1  
b.3  

15.7 

9 . b  

0 .0  

1 . 5  

4 .8  

0.0 
0.1 

1 . 4  
0.0 

lb .  7 

01 
83 
64 
75 

- 
- 

5.  7 

107.5 
120.9 
136.9 

109.3 

0.1 

70.0 

35.2 

55.8 
0.2 

17.0 
0.0 

3 6  
l !  0 
10 4 

7 . 3  

9 .9 

S.b 

1 . 9  

2 . 1  
0 . 0  

0 . 0  
0.0 

011.1 

84 
86 
59 
67 

- 
- 

7 3  
14 7 
9 9  

I O  0 

0 9  

1 0 . 4  

9 . 5  

13 (J 
0 . 9  

0 .0  
0.0 

Sun. i sc to Sunse t 
-Clear 
-Par t I y C I w d y  
- i loudy 

Prcc ip i  t a t i o n  
.01 inches or more 
Snor.lco p e l l e t s  
1 0 inches or more 

1Curdws lorms 

. 114 -;I. or I ss 
~c-oaraturo  *f 

Hcavv fog V i s i b i l i ! ,  

i m u n  
90' and above 
32O and below 

32' md b.10~ 
0' ond below 

-Minimum 

AVG. STATION PRLSS. lmbl L 

8 . 7  
8 . 2  

13.9 

10.3 
9 . 8  

10.9 

14 4 

0 . 2  

14.8 
0.c 

0 0  
0 . 0  

b . 4  

0 . ;  

8.0 
0.0 

0.0 
0.0 

11.9 

83 
88 
b l  
72 

- 
- 

- 
b .  75 

15.71 
1981 
0. Y 
198d 

1961 
lO.O{ 

O . (  

0.t  

- 
7.1 

II 
5 

197' 

113.0 =I= 1012.6 012.' 

81 
8 
b 
7 

- 112.5 

87 
90 
bb 
74 

- 1013.7 

RELlr 1 IVL HUtllOi I Y  1%) 
Hour 00 

Mow 18 
2:; y: IL0c.l lima 

02 

60 
.10 

85 . , 

PRLCIPllAllON 1Inch.s): 
Water Equivalent 

-Norma I 
* -Mailmum Monthly 

-Year 
- M i n i m u m  Monthly 
-Year 
-Maximum in 24 h r y  
-Year 

krum.lce p e l l r t s  
-?lamimum Monthly 
-Yew 
-Marimum in 24 hr? 
'Y.K 

3.87 
10.31 

1787 

1788 
5 .01 
1981 

0.c 

0.C 

0.08 

- 
8.( 

2' 

197. 
3; 

5 . 7 5  
17.b8 

9.86 
1375 
6.71 
197C 

O.(  

O . (  

iwe 
7.04 

1 4 . 1 4  
1787 
7.77 
I989 
5.32 
1787 

0 .0  

0.D 

- 
6 . 7  

05 
35 

1979 

b l . l b  
20.3b 

JUL I919 
0.00 

DCT 1978 
11.10 

HnR 1979 

AN 1;;; 
1.9 

TCB ,1913 

I 
1980 

1 
1980 

9.7 

- 

0.f 

0.f 

9 . '  7 . I  

3 
3, 

197, 

10 
32 

1983 

21 
3 

197 

I ! ! l  5.. brfarence Notes on Page b8. 
P.9. 3 

Source: National Oceanographic and Atmospheric Administration 1989. 
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APPBNDIX D 

TERE4l"ED AND ENDANGKRBD FLORA AND FAUNA 
ASSOCIATED WITH NBS PENSACOLA 

,.--.. 

D- 1 



U 
I w 

Sciontitic Ram0 
stmtus Bas. 

Eabit8t lQmfrC(0r  C M )  u s m  StAtUS Couon n.10 

FISIIES 

Aciponsor oxyrhynchus 
Ammocrypta rsprolla 
Ethoostoma histrio 
Fundul us j onk i ns i 

Moxostoma carinatur 
Lepisostous spatula 

AMPIIIBIANS AND REPTILES 

Alligator mississippiensis 
Carotta carotta carotta 
Chelonia mydas mydas 
Dermocholys coriacea 
Drymarchon corais coupori 
Erotmocholys imbricata 
Gopherus polyphomus 
Graptonys pulchra 

--- 

Lepidocholys kerpi 

nacroclemys tommincki 
Ran. aCeOlata 8OSOpUS - 

tuulmts 

nustoh vison lutonsis 
Peromyscus polionotus 

trissyllopsis 
Trichochus aanatus 

latirostris 

-- 

Atlantic sturgeon 
Crystal dartor 
!{a ro lquin da r to r 
Salt marsh topminnow 
Alligator gar 
Rivor rodhorso ’ 

American AlliqAtOr 
Loggorhoad turtlo 
Greon turtlo 
Leathorback turtlo 
Eastern indigo snako 
Ilawks b i 1 1 tu r t 10 
Gophor tortoieo 
Alabama map turtlo 

Atlantic ridley 
Florida gophor frog 
Alligator snapping 

turtlo 

florida mink 
Pordido Key boach 

West Indian manatoo 
moueo 

Ursus aroricanus Lloridanus Florida black boar - 

n 
U 
U 
P 
U 

U 

R 
n ?  
n z  
n 
P 
n ?  
P 
U 

n ?  
P 
SR 

U 
N/A 

x 

N/A 

ssc 
T 

ssc 
ssc 
ssc 
ssc 

ssc 
T 
E 

E 

T 
E 

SSC 

ssc 

E 

ssc 
ssc 

T 

E 

T 

UR 2 Gulf coast, ostuarino 
UR 2 rrosh wator 

frosh wator 
Salt, ?rosh, brackish wators 
Brackish, frosh, salt wator 
Frosh wator 

T(S/A) 
T 

E 
E 
T 
E 

UR 1 

E 
UR 2 

UR 2 

Swamps, marshos, ponds 
Harino, coastal 
Marin., coastal 
narino, coastal 
Opon aroas noar w a t o r  

Marin., coastal 
Sandy coastal plains 
Suamps. stroams, marshes, 
ponds 
Marino, coastal 
Sand hill communitios 
Swamps, marshor, ponds 

UR 2 Torrosttial habitats 
E Boach dunos 

E Atlantic and Gulf coasts 

UR 2 Titi awamps 



BIRDS 

Charadrlur aelodur 
Charadciua alorandrlnua 
Dondrolda doalnlca 

Dendro ica k I c t 1 andi I 
Haomatopua palliatua 
Eqrotta cufoacenr 
Egrottr caoruhr 
Eqrottr thulr 
Grua canadonala pratonala 
Ialco poroqrinus tundriua 

ralco rprrvorlua paulua 
Haoaatopus prlllatur 
I1allaootua leucocephalua 
Pandion haliaotur 
Polocanua occldmntalia 
Plcoidoa boroalia 

a todda r dl 

- - 
- 

veraivora bachrrnii 
Caapephlluo princlpalia 

Storna antlllarur 
Nycteria aroricrna 
Roatrhamua aoclablllr 

- 

INVERTEBRATES 

Copria gophorl 

Piping Plovoc P 
Snowy plovor P 
Stoddard'a yollou- 0-u 

Kirtland's warblot U 
Arorlcan oystorcatchor U 
Roddlrh oqrot P-u 
Littlo bluo horon P-u 
Snowy egret P-u 

Arctic porogrlno' n 

throatod uarblor 

Ilorlda aandhlll crane U 

falcon 
Southoastorn keatr.1 R 
Amorlean oyatorcatchoc P-U 
IaLd oaqle ' P-u 
Oaproy 1 
Brown pollcan R 
R~d-cockad~d 0-u 
voodpockor 
Iachmrnn'a uarblor U 
I ~ ~ r y - b l l l ~ d  U 

Loart torn U 
Wood stork U 
Snall kite U 

uoodpocker 

Scarab bootlo P 

T 
T 

L 
S I C  
ssc 
ssc 
S I C  

T 
L 

T 
ssc 
T 

ssc 
S I C  

T 

C 
e 

T 
L 
E 

T Open dry, sandy boachea 
UR 2 Opon dry, randy boacher 
UR 2 Woodod habltats 

c Wooded habitats 
CoaataL habltats 

Ult 1 ~rorhuator/coaotal wetlrnda 
~reahwator/coaatal uotlandr 
Itoahwator/coaatal uotlandr 
rroahwater uotlanda 

T Wintors on coaats -. 

UR 2 Open plno lorosts, cloarlnqs 
Opon coastal boachos 

e Plne torerta/coaatal habitat 
r o a r  uator 

AC Xanqrovo treosr coaats 
E Cavity noata/old pino rtanda 

e Wooded habitats 
E Wooded habitats 

Coastal habitats 
I ~rorhwator/coastal uotlands 
e treahwator/eorstrl uotlands 

UR 1 Aaroclatod u/aopher Tottoire 



U 
I cn 

aaro 6 status 
Scioatific Mano couoa naro status P G M C ( o r  FDA) US- Eabitat 

PLANTS 

Chryropsis gossypina 
cruisoana 

Drorora intornodia 
tpigaaa roponr 
Kalnia latifolir 
Lilaoopris carolinensis 
Liliua iridollao 
Pinguicula planifolia 
Polygonolla nrcrophylla 
Rhododondron austrinun 
Sarraconia leucophylla 
Sirracania + 
Stewrrtia aalacodnedron 

- 

Cruise's goldon-astor 0 

Spoon-loavod sundew R 
Trailing arbutus U 
Mountain laurol U 

Carolina lilaoopsir R 
Panhandlo lily U 
Chapman's buttorwort U 
Largo-loavod joiptwood R 

Whito-top pitchorplant R 
Orange azalea U 

Sweet pitchorplant U 

Silky camellia U 

E 

T 
e 
T 

E 
RE 

T 
E 
E 

E 
E 

UR 1 

UR 2 
UR 2 
UR 2 

UR 1 
UR 5 

-. 
UR 2 

Coastal dunos 

Aquatic habitats 
Dry, acid, sandy soil 
Rich, aoist, shady woods 

Black, lucky so i l s  

Sand pino-oak scrub 
Moist, woody habitats 
Opon acid bogs 
Acid bogs/slash pin. woods 
Slop06 of wooded ravinor 

E f 

T I 

UR 1 = 

UR 2 = 
UR 5 

FDA P 

FGF'WFC = 
USFWS 

Endangorod 
Threatened 
under review, f o r  Foderal listing with substantial ovidonco in orfstonco indicating at loast somo 
degroe of biological vulnorability and/or throat. 
Under crview, insufficient biological data avrilablo. 
Candidate spocies, but taxa has proven to bo nor. widosproad than was proviourly boliovod and/or 
thoro specios that are not subjoct to any idontifiablo throat. 
Florida Department of Agriculture. 
Florida G a m  and Freshvator Fish Commission. 
U.S. Fish and Wildlifo Sorvico. 
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APPENDIX B 

ADDITIONAL GEOLOGIC INFORMATION 
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Figure E-1 GEOLOGiC CROSS-SECTION OF HYDROGEOLOGIC UNITS IN NORTHWEST FLORIDA 
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APPENDIX F 

HONITORING AND RECOVERY WELL LOCATIONS 
IN THE VICINITY OF NAS PENSACOLA SITES 32, 33, AND 35 
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Figure 2 . 4  f c L  I E l4T tl A Ll  E : f A I  
A V  

tocations of Monitor Wells Naval F a c i l i t i e s  
and Recovery Wells. E n g i n e e r i n s  Command, 

Southern D i v i s i o n  

1 

9 

GERAGHTY R MILLER, INC- 

• 
~-----------------------.. ..., 

Locations 
\Olells. 

GERAGHTYtt 

(J RW-3 

CL NT tI M 

EXPLANATION 

o RECOVERY WELL 

• SHALLOW MONITOR WELL 
112-15 FT BLSI 

~ INTERMEDIATE MONITOR 
WELL 140-''8 FT BLS) 

• DEEP MONITOR WELL 
(85 FT BLSI 

o INDICATES WELL 
60 ABANDONED 02-23-88 

lrmm1:m~~:r-IOle: CLUSTERED WELL SITES 
ARE CIRCLED 

Engineering 

'NC. 
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APPENDIX G 

PREVIOUS ANALYTICAL RESULTS 

PRESBRTBD BY SAnPLING EVENT 1981 TEROUGH 1991 
NAS PBNSACOLA SITES 32, 33, AND 35 

SunnsRY TABLES FOR GROUNDWATBR AND SOIL 

t 
G- 1 



lUSSIHER AND ASSOCIATES, INC. 

1981 AND 1982 

(GROUNDWATER) 

a 



HAZARDOUS WASTE SURFACE IMPOUNDMENT 

N A V A L  AIR STATION 

PENSACOLA. FLORIDA 

SEMI-ANNUAL GROUND WATER 

MONITORING PROGRAM 

AND 

OUTLINE OF A GROUND WATER 

ASSESSMENT PLAN 

JANUARY 

1983 

PREPARED BY 

MISSIMER AND ASSOCIATES. INC. 
CONSULTING HYDROLOGISTS. GEOLOGISTS. 

AND ENVIRONMENTAL SCIENTISTS 

CAPE CORAL. FLORIDA 

3202056  



Date 

?H 

Specific Conductance, 
umhos/cm 

1981-1 
WATER QCALI@DA'I'A e 

HWSI, MONITOR WELL: DG-1 

Indicators of Ground Water Contamination Standard 

11/24/81 2/17/82 5/ 12/82 a w 8 2  
Mean - Variance Deviation 

7.8 6.90 6.90 6.44 
7.8 '6.95 6.85 6.40 
7.8 7.00 6.90 6.45 
7.8 7.00 6.92 6.40 

.25 .50 7.02 

1400 490 820 360 
1400 495 
1420 496 

815 
795 

364 
362 

1410 497 830 360 

Total Organic Carbon, 
PPm 

Total Organic Halogen, 
PPb 

43.0 25.5 38.5 26 
46.2 22.3 32.8 25 
42.7 23.2 38.5 25 
40.8 24.4 37.6 24 

53.0 
50.0 
58.0 
50.0 

8 12 13 
11 11 14 
10 10 13 
7 13 11 

769. 162,861. 404. 

32.2 

21.5 

68.7 8.3 

331. 18.2 



Date 

W h l  or ide 

Iron 

Manganese 

Phenols 

* Sodium I u 
Sulfate 

1981-1982 
WATER QLIALITY DATA 

HWSI, MONITOR \JELL: DG-l 

Parameters Establishing Ground Water Quality 

11/24/81 2/17/82 5/12/82 8/3/82 

97.5 34 88 55 

.ll .32 5.13 1.40 

.006 .175 .22 .081 

.05 . 1 2 4  .026 .003 

136 55 77 28 

< 1  12.7 14.6 66 

*ppm unless otherwise shown. 



Date 

Arsenic,  ppm 

Barium, ppm 

Cadmium, ppm 

Chromium, ppm 

Fluoride, ppm 

Lead, ppm 

Mercury, ppm 

Nitrate ,  ppm 
3- 
I Selenium, ppm * 

S i l v e r ,  ppm 

Endrin, ppb 

Lindane, ppb 

Methoxychlor, ppb 

Toxaphene, ppb 

2 ,  4 4 ,  PPb 
2 , 4 ,  5-TP S i l v e x ,  ppb 

Radium, pCi/L 

Gross Alpha, pCi/L 

Gross Beta, pCi/L 

Turbidity, NTU 

Coliform Bacteria ,  
cls/lOO m l  

1-1982 
U A L l n  DATA 

EPA Interim Primary Drinking Water Standards 

11/24/81 
< .001 
.019 

,004 

.023 

< .01 
< .003 
4.0005 

t.01 

4.001 

2/17/82 
< ,002 
<.01 

<. 005 
4.001 

.35 
(.02 

<.0002 

. 3 4  

< .001 

5/12/82 
<. 001 
<.01 

<. 002 
.009 

.12 
< .02 
i .  0005 
.15 
(.001 

8/3/82 
< *  001 

<.01 

(.002 

.019 

. s  
< .02 
(. 0005 
.12 
(.001 

.002 < .005 ( .  001 <. 001 
< .033 (.042 < .07 <.035 

4.004 <. 0052 <.  009 4.004 

< 124 <.012 <. 254 4.110 

(. 6 C. 157 < 2.0 41.0 

C 1  (.14 < . 5  <. 10 
(.01 <. 014 < . O S  (. 01 
.4 1.9 .4 1.2 

4.6 6.3 < 2.7 2.2 

18.2 7.8 5.3 7.7 

34 21 4.7 < .1 
> 1600 > 80 < 2  25 



A 7 0 A - A ; .  - 
WATER QUALITY DATA 

D8tr 

PH 

~ Spec i f  i c  Conductance , 
mhos / cm 

? 
cn 

Total  Organic Carbon, 
PPm 

Total  Organic Halogen, I PPb 

HWSI, MONITOR WELL: DG-2 

Indicators of Ground Water Contamingtion 

11 /24 /01  2/17/02 5/12/82 8 / 3 / 8 2  

7.5 6.62 6.60 6.40 
7.5 6.62 6.60 6.40 
7.5 6.68 6.65 6.42 
7.5 6.70 6.55 6.40 

810 300 965 
964 

800 300 960 
964 

970 
1000 800 320 
1000 
1000 805 310 

40.0 32.5 . 3 5 . 0  28 
28.8 35.2 25 

25 
32.6 

27 .0  32.6 
26 

31.3  
32.6 28.0 33.2 

65.0 10 13 1 2  
62.0 11 14 14 
70.0 1 2  13 13  
68.0 9 15 14 

Mean - 

6.79 

7 6 7 .  

30.8  

2 5 . 9  

Variance 

. 10  

75,528. 

16 .5  

546.  

Standard 
Deviation 

.42 

.275. 

4.1 

23.4 



I .  . 

' Date 

I .*Chloride 

Iron 

Manganese 

Phenols 

? Sodium 
OI 

Sulfate 

1981-1982 
WATER QUALITY DATA 

HWSI, MONITOR !JELL: DG-2 

Parameters Establishing Ground Water Quality 

11/24/81 2/17/82 5/12/82 8/3/82 

125 119 35 102 

.36 .03 9.13 2.45 

,015 < .005 13 .30 

,005 .015 .048 .048 

101 80 25 99 

( 1  ( 1  ( 1  68 

*ppm unless otherwise shown. 



1981-1982 
WATER QUALITY DATA 

Hk'SI, 140NITOR WELL: DG-2 
EPA Interim Primary Drinking Water Standards 

* 
I 4 

Date 

Arsenic,  ppm 

Barium, ppm 

Cadmium, pprn 

Chromium, ppm 

Fluoride,  ppm 

Lead, ppm 

Mercury, ppm 

Ni tra te ,  ppm 

Selenium, ppm 

S i l v e r ,  ppm 

Endrin, ppb 

Lindane, ppb 

Methoxychlor, ppb 

Toxaphene, ppb 

2 ,  44, PPb 
2 , 4 ,  Si-TP S i l v e x ,  ppb 

Radium, pCi/L 

Gross Alpha, pCi/L 

Gross Beta,  pCi/L 

Turbidity,  NTU 

11/24/81 2/17/82 5/12/82 8/3/82 
< .001 (.002 <. 001 <. 001 
.048 <. 01 (. 01 <.01 

,003 <. 005 <. 002 4.002 

.018 <. 001 .013 .012 

<.01 .32 ,078 .5 

,004 <. 02 <. OQ <. 02 
<. 0005 <. 0002 <. 0005 <. 0005 
<.01 .24 .32 .13 

<. 001 <. 001 <. 001 <.OOl 

<, 001 <. 005 (. 001 <. 005 
<. 033 <. 042 4.07 <. 035 
<. 004 4.0052 (. 009 4.004 

(. 124 <. 012 C254 . <. 110 
<. 6 <. 157 (2.0 4 1.0 

c 1 <, 14 <.5 < . l o  
< *  01 <. 014 <. 05 (.01 

.4 1.8 . 3  . 3  

7.3 5.8 (1.1 . 1.4 

17.5 10.5 4.1 10.6 

48 34 5.0 <' .1 

Coli e~~ Bacter ia ,  1600 < 80 4 2  15 
c 100 m l  i 



a- ' 1981-19 IP 

Date 

?H 

Specific Conductance, 
umhos/cm , 

Total Organic Carbon, 
PPm 

Total Organic Halogen, 
PPb 

WATER QUALITY DATA 

HWSI, MONITOR WELL: DG-3 

Indicators of Ground Water Contamination Standard 

11/24/81 2/17/82 5/12/82 8/3/82 
Mean Variance Deviation 

7.6 6.75 6.85 6.10 
7.6 6.85 6.90 6.12 6.86 .20 .52 
7.6 6.88 6.90 6.15 
7.6 6.90 6 .8.8 6.10 

980 
980 
1000 
1000 

37.0 
31.0 
31.0 
31.6 

52.0 
47.0 
41.0 
41.0 

810 
815 
810 
800 

21.0 
21.5 
18.0 
20.0 

10 
11 
11 
14 

800 
815 
800 
8 10 

47.0 
42.3 
36.4 
41.6 

13 
11 
14 
12 

800 
800 
802 
804 

58. 
50. 
49. 
47. 

14 
12 
11 
11 

851. 6432. 80. 

36.4 140.3 11.8 

20.3 214.0 14.6 



Date 

Arsenic, ppm 

Barium, ppm 

Cadmium, ppm 

Chromium, ppm 

Fluoride,  ppm 

Lead, ppm 

Mercury, ppm 

Ni tra te ,  ppm 

Selenium, ppm 

S i l v e r ,  ppm 

Endrin, ppb 

Lindane, ppb 

Methoxychlor, ppb 

Toxaphene, ppb 

2,  4 4 ,  PFb 
2 , 4 ,  S-TP S i l v e x ,  ppb 

Radim,  pCI/L 

1981- 1982 
WATER QUALITY DA A 

HMI, MONITOR WELL: IX- T 
EPA Interim Primary Drinking Water Standards 

11/24/81 2/17/82 5/12/82 8/3/82 
(.001 c.002 c.001 d .  001 

. O S 3  <. 01 <. 01 1.01 
,003 <. 005 4.002 4.002 

.018 (. 001 .011 .034 

(.01 .38 .08 1.3 
.005 <. 02 <.02 < . 0 2  

<, 0005 . ooou <, 0005 <. 0005 
<. 01 .37 .26 .28 
(. 001 ( .001 <. 001 < .001 

<. 001 <. 005 <. 001 .002 

<. 033 (. 042 (. 07 < .035 

<.004 <. 0052 coo9 (, 004 

<. 124 <. 012 (. 254 (. 110 
(. 6 <. 157 < 2.0 < 1.0 
<. 1 <. 14 < . 5  <.lo 

<. 01 4.014 < .05  <. 01 
.1  3.6 .2 .1 

Gross Alpha, pCI/L 10.2 7 . 3  2.1 .2 

Gross Beta, pCi/L 9.7 14.7 9.8 9.7 

Turbidity ,  NTU 56 26 9.4 (.1 
Golf form Bacteria  , 
Oz/lOO lnl 

1600 ( 2  

4~ 
( 2  



Date 

*Chloride 

Iron 

Yanganes e 

* Phenols 

0 Sodium 
I 
r 

Sulfate  

1981-1982 
lJATE R QUAL1 TY DATA 

HWSI, MONITOR WELL: DG-3 

Parameters Establishing Ground Water Quality 

11/24/ai 

223 

.Ol 

,009 

.005 

126 

< 1  

2/17/82 5/12/82 8/3/82 

161 160 245 

.026 4.3 .65 

< .005 .061 .029 

.006 .006 .006 

94 145 140 

13.6 10.2 20 

*ppm unless  otherwise shown. 



1 

Date 

PH 

Specific Conductance, ! umhos/cm 

? 
P 
F 

Total  Organic Carbon, 
PPm 

Total  Organic Halogen, 
PPb 

1981- 1902 
WATER QUALlTY DATA 

HWSI, MONITOR WELL: U G- 1  

Standard Indicators of Ground Water Contamination 

11/24/81 2/17/02 5/12/82 8/3/02 
Mean Variance Deviation - 

7 . 1  
7 . 1  
7 . 1  
7 . 1  

500 
530 
530 
530 

26.0 
27.5 
29.2 
24.0 

57.0 
70.0 
65.0 
60.0 

6.05 
6.12 
6.28 
6.40 

264 
266 
266 
268 

27.5 
24.5 
24.0 
25.0 

14 
LO 
11 
13 

6.30 
6.32 
6.30 
6.35 

320 
315 
320 
310 

30.0 
27.6 
32.0 
31.6 

13 
1 2  
14 
10 

5.55 
5.50 
5.50 
5.52 

340 
344 
345 
342 

25 
20 
24 
26 

13 
1 2  
14 
11 

6.29 

362. 

2 7 . 0  

2 5. 

.56 .32 

9408. 100. 

6.56 2.6 

491. 2 2 . 1  



Date 

*Chloride 

Iron 

Manganese 

Phenols 

Sodium 

Sulfate 

* 
I 
P 
h, 

1981-1982 
WATER QUALITY DATA 

H\iS I , 140N I TOR \JELL : UG- 1 

Parameters Establishing Ground Water Quality 

11/24/81 2/17/82 5/12/82 8/3/82 

114 60 54 60 

.08 ,014 14.5 1.66 

.002 < .oos .064 .007 

.005 ,002 .01 < .001 

68 31 35 29 

17.4 15.1 16.0 31 

*ppm unless otherwise shown, 



1981-1982 

C 
N 
0 
!-- 
a 
m 
r3 

? 
F w 

Date 

Arsenic, ppm 

Barium, ppm 

Cadmium, ppm 

Chromium, ppm 

Fluoride,  ppm 

Lead, ppm 

Mercury, ppm 

Nitrate ,  ppm 

Selenium, p p  

S i l v e r ,  ppm 

Endrin, ppb 

Lindane, ppb 

Methoxychlor, ppb 

Toxaphene, ppb 

2 D  4-DD ppb 
2 , 4 ,  5-TP Silvex, ppb 

RadiUm, pcI/L 
Gross Alpha, pCI/L 

Gross Beta, pCI/L 

Turbidity,  NTU 
p-?iform Bacteria, 

O1s’lOO m1 

VkTER QUALITY DATA 
HWSI, I4ONITOR.WELL: UG-1 

&PA Interim Primary Drinking Water Standards 

11/24/81 2/17/82 5/12/82 8 /3 /82  

< . 0 0 1  c.  002 < .OOl < .001 
<. 01 <. 01 <. 01 <.01 
4.001 . <.005 <.002 < .002  

.018 <. 001 .023 ,012 

<. 01 . 3 1  .08  . 5  

4.003 <. 02 <. 02 <.02 

<. 0005 <. 0002 <. 0005 < .0005 

<.01 . 2 1  .18 . 1 3  

<. 001 <. 001 <. 001 <. 001 

4.001 <. 005 <. 001 < .001 

<. 033 <. 042 (.07 .035 

0 

4.004 <. 0052 <. 009 < .004 

<. 124 <. 012 4 . 2 5 4  <. 110 

<. 6 <. 157 t 2 . 0  < 1 . 0  

< . 1  4.14 < . 5  < . l o  
<. 01 <, 014 <.os 0 1  

. 2  . 4  . I  . 6  

3.2 2 . 8  < ‘ I S  1 . 6  

8 . 6  5 . 0  4 . 2  5 . 3  

36 32 9.2 < . 1  

36 22 14 60 



DRAFT 

HISSIWER AND ASSOCIATES, INC. 

NOVEMBER 1983 

(GROUNDWATER) 

• 

• 

• 

MISSIMER AND 

NOVEMBER 

(GROUNDVATER) 

INC. 



TAB 

HAZARDOUS WASTE SURFACE IPIPOUNDPIENT 
SEMI- ANNUAL GROUND WATER MONITORING PROGRAM 

NOVEMBER, 1983 SAMPLING 

E 1. RESULTS OF LABORATORY ANALYSES: INDICATOR PARk!T&RS AND 
PARAMETERS THAT ESTABLISH GROUND WATER QUALITY (former 
r e p o r t e d  as mean of f o u r  r e p l i c a t e  measurements)  

W e l l  N u m b e r s  
. a e  t e r 

7 b t ~ l  Organic 
Carbon 

7d~1 Organic 
za log en _. 

S p e z i f i c  

Ir 03 

4 an: Lanese 

BConduc t a n c e  

C h l o r i d e  

S u l f a t e  

Phsnol 

Unit 

PPm 

- 

PPb 

-- 
umhos / cm 

PPm 

PPm 

PPm 

PPm 

PPm 

PPm 

DG- 1 - 
27.0 

16.0 
.r 

7.70 

750. 

1.03 

0.11 

50. 

93. 

Cl. 

0.60 

DG- 4 - 
66.2 

12.5 

7.60 

770. 

6.13 

0.11 

65. 

91. 

el. 

0.42 

DG- 5 - 
12.8 

11.5 

7.50 

800. 

0.98 

0.07 

75. 

93. 

c1. 

0.75 

DG- 6 - 
39.8 

23.0 

8.29 

981. 

0.36 

0 . 1 1  

120. 

132. 

<1. 

0.84 

UG- 1 - 
4.6 

7.5 

6.81 

260. 

2.03 

0.02 

45. 

24. 

1.2 

0.01 

31 

2 2 0 1  O G 3  



DRAFT 

HISSIJ¶BR AND ASSOCIATES, INC. 

FZBRUARY 1984 

(GROUNDWATER) . 



GROUND WATER ASS€SSN€NI PLRN 
HAZARDOUS WASTE SURFACE IMPOONDHENT 

NAYAL AZR STATION, PENSACOLA, FLORIDA 

MISSIMER A N D  ASSOCIATES. INC. 
CONSULTING HYDROLOGISTS. GEOLOGISTS. 

AND ENVIRONMENTAL SCIENTISTS. 

CAPE CORAL FLORIDA 



c 

Pa r a n  tor W- 6 u0-1 

Total Mota16 

Antimony 

Arsonic 

80 ryll ium 

Cadmium 

Chromium 

coppor 

Load 

morcury 

Nick01 

Solonium 

si1v.r 

Thalliur 

Zinc 

Phonols 

Cyanid. 

Vinyl Chlorido 

Chloroothano 

1,l-Dichloroothano 

1,l.l-Trichloroothano 

Trichloroothylono 

~onxono 

90 

1 9  

<1 

8 

367 

SO 

200 

0.2  

327 

<1 

3 

30 

337 

7850 

<1 

7 

43 

670 

130 

50 

3.5 

<so 

<1 

<1 

2 

162 

44 

60 

1.1 

145 

<1 

<1 

40 

302 

27 

<1 

t l  

<1 

<l 

<I 

<1 

<l 



Para~tor W-6 u0-1 

1.1-Dichloroothylono 

Totrachloroothylono 

1.2-Trans-D~chloroot~lono 

Toluono 

Qlorobonsono 

Phon01 

2-Chlorophonol 

l,3-Dichlorobonsono 

1,4-Dichlorob.nsono 

1,2-Dichlorobonsono 

Iaphthalono 

Di-FButyl-Phth.l.t~ 

P-Chloro-il-Crosol 

0 

6 

32 

550 

6 

2170 

0.7 

16.5 

37.6 

213 

159 

0.26 

25.2 

<1 

<1 

t1 

2.0 

<I 

1-05 

<I 

<5 

t5 

<5 

<5 

t5 

<5 

~ 

Sourco: n i s m i r r  and A.sociatos. Inc., 1964. Doc. Ilo. 32:17 



DRAFT 

GKRAGBTP AND HILLER, INC. 

JULY AND OCTOBER 1984 

(GROUNDWATER) 
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CARROLL WOOD VILLAGE EXECUTJVE CE!VTER 
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0 
B 

(EPA k - c m w  m 
Ikalth Criteria) T 
Floc ide R imr y 

Tabla 1. Results of Dissolved Hetals Analyscs h a n  the Wmitor Wclls, July and Octdrr, 1984. n 

-< 
and Sccadary 

Cnnrtitucnt Pioncec bboratory (10/31/84) Drinking Water 
(WJ'l)  ffi-5 DG-6 ai -8  a - 9  a-in w i i  0.1-12 a - 1 3  M-14 Standards 

Antimony (a) <0.005 

Arsenic (As) <0.005 

Dnriun (k) - 
fkrylliun (Re) <O.Ol 

Gwhiun (03)  <O.OOl 

Oiraniun (Cr) <0.025 

Comr ICu) 0.034 

b a d  (I%) <0.005 

mqancse (rn) - 
ncrcury (llg) <0.0002 

Nickel (N i )  (0.05 

Sclcniun (Se) <0.005 

Si lve r  (MI <0.01 

l?=lliun (Tl) <O.W5 

Z l n c  (Zn) CO.01 

Cyanide.. 0.019 

<0.005 

<o ,005 

- 
<0.01 

(0.001 

(0.025 

(0.025 

<0.005 

- 
<0.0002 

<0.05 

<0.005 

co.01 

<0.005 

co.01 

0.024 

<o.nos 

<o .005 

- 
<O.Ol 

<0.001 

<0.025 

<0.025 

<0.005 

- 
<0.0002 

<0.05 

<0.005 

<0.01 

<o .005 

<0.01 

0.022 

(0.005 

<0.005 

- 
<0.01 

<0.001 

<O .025 

<0.025 

<0.005 

- 
<0.0002 

<o .os 

<0.005 

<0.01 

<0.005 

<0.01 

0.058 

<o .005 

<0.005 

- 
<0.01 

<0.001 

<0.025 

<0.025 

<0.005 

- 
<0.0002 

<0.05 

<n.oos 
<0.01 

<0.005 

0.076 

0.022 
o.02oa 

<0.001 

0.1 

- 
0.001 

0.006 

0.005 

0.03 

0.270 

<0.0002 

- 
<0.001 

0.002 

0.025 

- 

- - 
<0.001 <0.001 

<0.1 (0.1 

- - 
0.004 0.004 

0.016 0.017 

0.006 0.008 

0.03 0.04 

0.339 0.200 

0.0010 <0.0012 

- - 
<0.001 <0.001 

0.003 0.004 

- 
0.034 0.038 

- - 

- 
<0.001 

<0.1 

- 

0.001 

0.001 

- 
0.02 

- 
<0.0002 

- 
<0.001 

0.001 

- 
- 
- 

- 
0.009 

<0.1 

- 
0.002 

0.002 

- 
0.03 

- 

<0.0002 

- 
<0.001 

0.001 

- 
- 
- 

- 
<0.001 

<0.1 

- 
0.001 

0.004 

- 
0.02 

- 

<o .0002 

- 
<0.001 

(0.001 

- 
- 
- 

- 
<0.001 

<0.1 

- 
0.003 

0.003 

- 
0.03 

<o .0002 

- 
<0.001 

0.002 

- 
- 
- 

N/S 

0.05 q / 1  

1 lq/l 

-~ ~~~ 

= Dqplicate analysts perfotmd. 

Secondary standard (EIfective July 1, 1985) 

= 

a 

'* 

N/S No Florida standard established. 

All samples contald high levels of sulfide thich may cause interferences for these analyses. 

- 
--\ 

>J N/S 1 

0.01 mg/l 

0.05 q / l  

1 .o mg/l' 

0.05 mg/l 

0.05 mg/l' 

0.002 Rq/l 

N/S 

0.01 mq/l 

0.05 mg/l 

W S  

5.0 W/l* 

(0.02 W/l)  
N/S 



‘Table 2. volatile Orgnic -8 Oatactal in the 17-3 and 17-4 ?S m i t o r  bklh (tbthod 601) 

Florida 
Primary L 
Sccondilry 
Drink iw- 

Qllorofonn 

Chloroethanc 

1,l-Dichloroethan 

tk*lhylcN dtlotirk? 

1,l-Dictiloraethcne 

1.2 Dicliloroethene 

1,2-DlChlO~~tbt~ 

1, l , 2 , 2  mtracllloro- 
ettune 

1.1,l-Tckhoroethan 

TrlchJoroethem 

N t r r h l o r o e t h e m  

Vinyl chloride 

Chlorobanzene 

Dichlorobenzene 

TR 

5 

660 

TR 

TR 

TR 

MI 

6 

TR 

TI) 

4 

21 

10 

TR 

46 

250 

TR 

TR 

TR 

TR 

TR 

TR 

TR 

TR 

7 

19 

65 

100 ppb 

N/S 

N/S 

200 ppb 

3ppb 

3Fpb 

1PPb 

N/S 

H, - m d c t a t d  
Yn trace 
N/S no standard 
A l l  rourts in e. 



Table 3. Volatile Organic Cnnpouds Detect 9 in the ERN )(onitor Wclls (mthod 624) 

Florida Primary 
Drinking-Water 
Standards 

Pioneer Lab -ridge Analytical (7/19/84) Pioneer Laboratory [J0/31/84) 
Canpoud (2/9/84) DS-6 ffi-1 DC-4 ffi-5 DC-6 UCi DC-1 -4 ffi-5 [x;6 UG-1 

- 1.1-Dichloroethanc 670 1500 850 37 1500 ID 2750 1025 525 1225 N/s 
- - 1,l-Dichloroethene 8 Nl ED to m 19 800 TR 25 N/S 

1,2-Dichloroethylene 32 tal ND ND t0 19 75 TR 16 N/S - - 
- - - - - - Ca~bon 7ktrachloride 425 TR 0 9 TR N/S 

t@ 5900 8 - 103 N/S l,l,l-Trichloroettune 130 110 61 26 330 

1,1,2,2-Tetra~hlO~~than 800 16 TR 33 TR N/S 

- 
- - - - - - 

- Trichloroethene 58 ND M) H) TR(20) H, 20 13 32 3PPb 

lktrachloraethene 6 m H) H) H) H) 500 11 TR 38 TR 3PPb 

O11orobmzene ND Nl 13 tm" ND H) 160 3 45 7 - N/S 

2Chloro ethylvinyl ether TR N/S - - - - - - - - 
Vlnyl chloride 

P 
0 Chloroetbne 

- H) 10 20 ND N) H) 32 16 9 13 N/S 

- - - 43 180 20 w )  H) H) 72 37 N/S 

- - - - - - - ChloroLonn 250 m TR 5 100 ppb 

Benzene 3.5 m H, HI H) H) TR 2 2 2 TR 1 Ppb 

m1 ucne 550 160 210 TR(6) 170 H) 600 14 18 35 TR N/S 

- Ethylbenzene tal TR(2t H) H) ED 6 9 4 15 N/S 

Total xylene EID Nl 43 H) ND Nl N/S 

2 -Ilex D n o n e  Nl 160 110 TR(7) 240 ND N/S 

hthyl ethyl ketone H) 11,000 H) 540 10,200 w)  - N/S 

N/S Acetone Nl 4,700 H, H) H) H) - 

f luoroethane H) H) 75 110 8,000 H) N/S 

Hcthylcre chloride tm H) H) 450 ND ND TR TR TR TR TR N/S 

- - - - - 
- - - - 
- - - 
- - - - 

1,2-Dichloro, 1,1,2 h i -  - - - - 
.. _. 

N) nonedetected 
TR - trace 
ELS = no stardard 

Concentrations in ppb 

Note: Table inclcdes only armpwrdr uhich were detected. 



B.IW-H.U t ra 1 Ex t rrlcroblcr 
~ D i c h l o r o b e n t e n e  

1.4-Dichlorohnzen 

1,2-Dichlorabentena 

l , 2 , 4 - n  ichlorobmzene 

Napttlalene 

I-(r?thyl napthalcne 

01 -n-octyl -phthalate 

l k N & l O K m t h a W  

B i r ( 2  ethy1helryl)plthalatr 

50 ED 

3.1 

0.3 ppb 

No Standard 

371 ppb 

No Standard 

230 ppb 

230 

230 ppb 

13 ppb 

143 ppb 

20 PPb 
13.9 PpI 

160 epI 

4.4 ppb 

10 PPI 

tal - none&?tectd 
7W trace 

Carmtrations in Fpb 

Note: Table inclucr only &t.ctd aDysudr 

?? 

3” 
c, 



DRAFT 

GERAGHTY AND muat, INC. 

SEPTEHBER 1985 

(GROUNDVATER) 



Table 2. Rasu l t s  of Organic coylounds Detected l n  the Sliallou Wells 
(concent ra t  ions In w/I) 

Ccnpwlrl IX-2 ffi-3 (34-0 (rl-9 M-10 Gl-62 W-67 (24-70 QI-71 (31-72 04-76 G'4-71 04-78 a - 7 3  W-80 01-81 IN-82 tr(-03 

20 
2, 4-dicl~LorophenoL - 
pchloro-m-cresol - 
Baso-Neutral mtractables 
1,24&chLocabenzeiie 330 
\ , 3 4 i c h l o r t A m z e n e  
1, I4icl \ lombsnterw,  
Di-n-butyl-phthalate 
Di-n-octyl-phthalate 

Ub1atlle ~ ~ n l c s  
01 Iordwnzcrw 
CIi loroethane 
1, I-dicliLoroethane 
Ethy Lhenzene 
Methylene chlorlde 

c1 1,1,2,2-tetrachloro- 

Tetracl i lomethy Lerw 
'lh I uelwf 
tr ich Lomet hy lene 
V i n y l  ailaricb 
I ,  2-trans-ciichloco- 

ethane 

ethylarwa 

330 
170 

11 - 
6 

28 
240 

3 
88 

27 
17 
81 

6 
L 

- 

- 14 - 13 - 30 

25 - - - 

Note: GM-11, GM-12, GM-13, GM-14, and GM-73 were a l s o  analyzed 9 / 8 5  but had no de tec t ab le  
concentrat ions of parameters. 



Table 3. Results o€ Organic Canpounds Detected in the Intermediate and Oeep Wlls 
'(concentrations in -/I) 

Intermediate 
campound a-64 (31-66 GI-69 GI-75 

Acid Extractables 
Phenol 

Base Neutral Extractables 
Di-n-butylph thalate 
1,24 ichlorohenzene 
1, 3-d ichlorobenzene 
1,4-d ichlorobenzene 
Naphtha lene 

Volatile Organics 
N 1,1,2,2-tetrachloroethane 

Te t rachlorrxl thylene 
Chlorobenzene 
1, I-dichloroethane 
1, ldichloroethylene 
To 1 uene 
\,2-trans-dichloroethylene 
Trichlorwthylene 
Vinyl chloride 
Benzene 
Ris(chlormethy1)ether 

N 

- 

- 
- 
- 

- 

8 
5 
16 
14 
160 
5 

882 
2600 
27 
- 
- 

- 

- 
620 
1400 
1350 
11 

- 
- 
- 
47 

8 

3 
3 
3 

- 
- 

- 

GM-63 (34-65 01-68 GI-74 

- =  none detected 

(206/3 1 ) 



DRAPT 

U.S. ENVIRONMENTAL PROTECTION AGENCY 

JANUARY 1987 

(GROUNDWATER) 



SAPIPLE TYPE OF 
STATION sApI@E 

NAS-1 Ground Water 

NAS-2 Ground Water 

NAS-3 Ground Water 

NAS-5 Ground Water 

NAS-6 G round Water 

NAS-7 Ground Water 

NAS - a Ground Water 

NAS - 9 Was teva ter  
( i n d u s t r i a l )  

NAS- 10 Wastewater 
( i ndus t r i a l )  

NAS- 11 Wastewater 
( i n d u s t r i a l )  

NAS - 12 S ludge 
( i n d u s t r i a l )  

3201 0 7 1  

TABLE 1 
SAMPLE LOCATION DESCRIPTION 
PENSACOIA NAVAL AIR STATION 

PENSACOLA, FLORIDA 

Monitoring Well UG-1.  located north of 
the WWTP. 

Monitoring Well GX-80, located north of 
the  WWTP. 

Monitoring W e 1 1  GX-68, located a t  the  
north east corner of the sludge drying 
be&. 

Monitoring Well GX-71, located north 
east of the v(rTp. 

Honitoring Well DG-k, located a t  the 
north east  corner of the surge pond. 

Monitoring Well DC-6. located a t  the  
south v e s t  corner of  the surge pond. 

Monitoring W e l l  GX-73. located a t  the 
north e a s t  corner of the polishing 
lagoon. 

Monitoring Well GX-12, located on the 
north si& of the intermediate pond. 

Composite sample consis t ing of NO grab 
samples of i ndus t r i a l  in f luen t  a t  1035 
and 1255 hours. Sample co l lec ted  from 
channel p r i o r  t o  coaminutor f o r  
ex t rac tab le  organic analysis .  

A grab sample co l lec ted  a t  same locat ion 
as NAS-9, but  only f o r  v o l a t i l e  organic 
analysis .  

Same as NAS-10, but  co l lec ted  a t  a 
d i f f e r en t  t i m e .  

F i l t e r  press  sludge from indus t r i a l  
treacmenc system process. Hetals 
analysis  only. 



Table 1 
(continued) 

NAS - 13 

NAS - 14 

HAS - 15 

NAS - 16 

NAS - 17 

NAS - 18 

Sludge 
(aerobic digester)  

Wastewater 
( c l a r i f i e r )  

Water 

Sludge 

Water 

Sludge 

Sludge col lected from aerobic digester .  
Sludge generated v ia  the biological 
treatment of both industr ia l  and 
domestic wastewater. Metals analysis 
only. 

Effluent from c l a r i f i e r  located i n  
industr ia l  treatment system. Analyzed 
for  extractable and vola t i le  organic 
compounds. 

Water sample collected from phenol pond 
and analyzed for extractable and 
vo la t i l e  organic compounds. 

1 

Sludge sample collected from phenol 
and analyzed for  metals. 

Water sample collected from polishing 
pond and analyzed for extractable and 
vola t i le  organic compounds. 

Sludge sample collected from polishing 
pond and analyzed for metals. 
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DRAFT 

GERAGETY AM) HIUER, INC. 

HAY 1988 

(GROUNDVATER) 



t Voca 

Bono 

Ctot 

Cbano 

Can. 

C f o r n  

Dlebono 

11Dlano 

12DLano 

11DLono 

12Dlona 

Cbono 

tot one 

To1 

m u u s  or MICAN~C CUMPOUND AHALYSES 
WASTEWATER TRFATHEIIT PLANT 

NAS PENSACOIA, FLORIDA - Total Volatllo Organlc Compounds - Bonrono - Carbon Totraohlorldo - Chlorobonxano - Chloroethano - Chloroform - Dlchlorobonxonaa - 1.1-Dlchloroothana - 1,2-Dlchloroathano - 1,l-Dlchloro.thono - tr~n~-l,2-Dlchlorootl1ano - Cthi l  Bonrono - Tatrachloroathono - Tolueno 
111Trlana - 1,l.l-trlehloroothano 
Ye. - trlchloroothono 
vc - Vlnyl Chlorldo 
Nd 

1 Bnoa - total h r a  Noutral Crtractablaa 

T Aar - Total Aeld Cntractablmr 
(Date) - Sumplod aocordln# to opmratln# pomlt 

- Mono Dotoetod or Beleu Qu8ntltatlon LWOLD 

(I) - Shallou moiiltor wall. about 13 It doap 
(1) - Intormedlato nonltor wall, about 40 It deep 
(D) - Daop monltor woll, about 65 I t  deep 

NOtli A l l  blank ontrlor doslanrta that tho compound v a s  bolow the datoctlon 
LLaIt or b o l w  q u o n t l t a t l m  Lowla.  

DATA REVISEOt H A Y  I?, l9II 



MONITOR WELL DO-2 ( 8 )  
Conccntratlonn In us/I (ppb) 

VOLATILE ORGAWIC CWPOUHDS 

23-Feb-811 well abandoned 

la - sample also eontalned 011 u / I  marliylena chlorlda and 27 u[/l 1,1,2,2-tetr~cRloroathane 
I b  - sample also eontalned 6 ulfl total nylenen 
le - reported In base/neutral crtrnctabla analytical results 

BASE NEUTRAL EXtRACTA11LES 

U 
I 
c-’ 
W 

f a  - sample also contained 11 tat11 dl-n-butyl phthalnra 

’ ACID EXTRACTAILES 

D a t e  
Sunpled f Aer 2.~-DlmatIiyphenol Phenol 

12-Sep-85 7110 760 20 + 
(01-Dee-87) I NDI I 
23-Fcb-88 I well abandoned I 



MONITOR WELL OM-9 ( 8 )  
Concontratlonr In ti811 (ppb) 

VOUTlLE ORGANIC COMPMINDS 

;[ - * ~ m p l *  a l a 0  contolnod (10 ur/l aothylona cblorldo and 6 u@/ l  I.1.2.2-totr~chlorooth~no 
ramplo a l r o  contalnod 243 urll dlbronoehloromothana and 321 tir11 trlchlorfluormothano 

IC - not reported 
Id - rcporcod In barelnoutral omtrrctablo analyclcal rorultr 
I* r a w l o  contatnod 54 u r l l  acotonoi ortlnatod valuoi rurpoctod laboratory enntanlnatlon bared on rovlau of q A / q C  data 

n rn w 

3: 
4 
”: 

lASC NEUTRAL CXTMCTABLCS 
k 

m 
P 
9 
- 
-1 

ACID CXTRACTAlLES 

la 0 r.npl* also contolnod 50 u#/l p-ehloro-n-orerol 



MONITOR WELL OM-62 ( 8 )  
Concentrattons In 110/1 (ppb) 

VOI.AT1I.E ORGANIC CCUWOUtIDS 

I' - sample also contmlned 21  ua/l meth~lcne ehlorldm mnd 23 u a / l  1,1,2,~-tetrmcl1loro~thmna 
I b  - reported In baselneutral entractable mnalytleal results 

BASE 18EUTRAI. EXTRACTARIXS 

CI 

3: 
-1 
4 ACID EXTRACTAlLES 

U 
I 
P B cn 

r r m 

n 
7J 

z - 



MONITOR WELL GM-63 (D) 
Coneent ra t lonr  In  ue/l ( p p l )  

VO1.ATlLE ORGANIC C(w(pM)IIDS 

- racnple a l r o  c o n t r l n e d  9 ug/l 1 . 1 , 2 , 2 - t ~ t r r e l ~ l o r o ~ t t ~ a n ~  
Ib - reported In b a r * / n * u t r a l  amtroctabko anmlytlcal resu l t#  

BASE NEUTRAL tMTMCTA9LtS 

P 
ACID CXTRACTAII.LS I 

P 
Q, 

ACID CXTRACTAII.LS I 
P 
Q, 



e 
MONITOR WELL aM-64 (I) 

Concentrations ln u8/1 (ppb) 

VOLATILE ORGANIC COHPOUtlDS 

t - 4  

P 
F;; 

1. - sample also c0ntaLn.d 14 ul/l 1,1,2,2-tetrachloroethane 
I b  - reported In baselneutral extractable analytical rcrults 

BASE NEUTRAL EXTRACTABLES 

/ a  - sample contalned 610 u(/l dl-n-butyl phthalate 
Ib - somple also contalned 12 ur/l bLs (2-echylhmxyl) phthalat., 10 r i m / l  1,2-dLchlorobcnrenm estlmatcd value bared on revlev of QAlW data 

ACID EXTRACTABLES 

2,4-Dlnethylphenol Phconl 

ND( I 
(02-Dec-El) ND I 



MONITOR WELL GH-65 (D) 
Concontratlonr Ln u e l l  (ppb) 

VOLATILE ORGANIC COMPOUNDS 

T *oar 
12-Sop-85 b 

(26-Cob-88) 25 IC  

(01-Doc-81) 501b 

Ben. Ctet Cbena Can. 
I 

I .  50 
I .  

I I 

1’ - reported In baaelnoutraI ortractable analytical rorultr 
Ib - ropllcato A (fleld ropllcato of CH-65) contalnod no VOCr 
l e  - ramplo contolned 23 u8/1 acotonet artlratad raluol murpocted laboratory contmmlnatlon bared on rovlow of QAlW data 

Data 
S.np1.d 
12-Sop-B5 
(Ol-Doc-#l) 
(26-Cob-88) 

1 Bnor 1,2-Dlahlorobanaen~ 1,3-Dlclhlorobenr~ne 1,4-DLchloroben8ene Naphthalena 1,2,4-trlohlorobenrana 
WD 
ID 
)(D 

ab Dbta  
S u p l e d  T A08 2,4-Dlrth~lphanoL ?hano1 
12-sop-85 WD 

(Ol-Doc-rn7) ID h 



Q 
rn 

- z n 

MONITOR WELL OM-66 (I) 
Concentrations In uell (ppb) 

VOI.ATILE ORGANIC MnWOUllDS 

1. - sample also contalned 8 u / I  1.1.2.2-tetcachlorocthana 
/b - conccntraclon *rcaaded caflbratcd ranee of lnrtrumcnt 
I C  - reported In baselneutral extractable mnalytlcml results 

BASE NEUTRAL EXTMCTABLES 

1. - sampla contalned 23 u r / l  dl~thylphchalato 
l b  - sample also contalned 29 u # / l  pyrcnec 11 ur/l 1,2-dlehlorobcnxcna and 10 uell naphthalene esclmated values bared on revlaw of PAlW data 

ACID EXTRACTABLES 

03-Fcb-87 ND I 
(01-Dec-87) 30 30 



MONITOR WELL OW-67 ( 8 )  
Concwtrntlonr In ui/l (ppb) 

VOLATILE ORGANIC COHFOUHDS 

D.t. 
Sampled 

1. - reported In brrelneutral amtractable analytleal rerultr 
BASK NEUTRAL LXTMCTAlLtS 

T Aer 2.4-Dlmethylphrnol 

ACID CXTRACTMLES 

O l - T e b - l ?  

(01-Dee-87) 
ND 
ID 



HONITOR WELL OM-68 (D) 
Conecntratlons ln u&/L (ppb) 

V0LATII.E ORGANIC CWOUHDS 

- reported In bar-/neutral ext tactabl -  analttlcal rerultr 

BASE NEUTRAL EXTRACTABLES 

ACID EXTRACTAWES 



C 3  
N 
0 

o 
4 
W 

L- 

0 

Q 
3: 
-1 < 

P 

E w  h) 

7 

m ‘ P  

12-Sop-05 

03-Cab-87 

(01-Doc-81) 

MONITOR WELL OH-69 (I) 
Concontratlonr In ur/ l  (ppb) 

VOLATILE ORGANIC COMPOUNDS 

)ID 

#D 
WD 

6,050 232 5,700 110 

(01-Doc-07) 4 50 6 240 93 I C  89 22 

(24-Cob-08) 686Ib 5 510 69 I C  76 5 I 3  

I D  - ramplo o l r o  contalnad 85 u / I  dlbromochloromothana 
Ib  - rampto elro contatnod 8 uef l  totml ny1an.a - r.port.d ln basalneutral amtrectablm analytical rorultr 

DASC NEUTRAL EXTRACIAILLS 

ACID CKTMCTABl.ES 

I bat. I I I 
S.nplad 1 T Aor 1 2.4-Dl~thylplianol [ rhono1 



e 
HONITOR WELL GH-74 (D) 

Concentrations in ua/l (ppb) 

VOLATILE ORCANIC CoHpOUfIDS 

i :  - sample contained 22 u#/l acetone1 cstlmatcd value:  suspected laboratory contamlnatlon harcd on rcv lcv  of QA/QC data - reported In bare/neutral crtrBcteble analytic~L results 
BASE NEUTRAL EXTRACTABLES 

7 
N 
W ACID EXTRACTABLES 



MONITOR WEtL aM-75 (I) 
Coneontrmtions in u e / 1  (rrb) 

VOLATILE ORGAMIC cowowns 

I Zl-Fib-fJl I woL1 obondonod I 
Im - runplo also contatnod 1 u[/l b l r  tchloroaethyl 
Ib - reported In bmr./noutrml oatrrctmblo mnoLyt1e.l rorults 

other 

.ME NEUTRAL CXTMCTADI.ES 

Y 
Id 
eP 

Io - sunplo also contatnod 94 u[/l b l r  0-mthylhrryl) phthrlrto 

ACID CXTMClAlLES 

Sunplod T Aor 2.4-Dlmethylphonol Phenol 
12-Sip-05 WD 

(01-Dec-87) 110 110 

2.4-Dlmethylphonol 
12-Sip-05 I WD) I 

(Ol-~ec-87) [ 1101 1101 



Q 
rn 

MONITOR WELL OM-84 (I) 
Concentratlons In u#/l (ppb) 

VOLATILE ORGANIC COHPOUIIDS 

I *  - r m p l e  r i a 0  contalned 7 u#/l mcth Iene chlorldo 
I b  - reported Ln basalneutral crtracta~le analytical results 
I C  - ranrple contalned 31 u e l l  acetonoi ertlmatod valuei ruspacted laboratory eontanlnatlon based on review o f  pA/pC data 

BASE NEUTRAL EXTRACTABLES 

I *  - sample contalned 71 u # / l  blr(2-ethylhery1)phth.l . t .  

A C I D  EXTRACTABLES 

D a t e  
Sampled T Aer 2,4 -Dlme t h i  1 phenol 

25 -AD r - 8 6  ND 
- 

( 0 2 - D e e- 8 7 )  ND I 



T Vocr 
Dana 

Ctat 

Cbana 

Can. 

Cfom 

Dlcbana 

IIDlano 

12Dlrna 

11DIana 

12Dlrna 

Cbana 

Tatana 

To 1 

RESULTS OF ORGANIC CWPWND ANALYLCS 
UASTEUATLR TRLATMNT PIANT 

WAS PEHSACOLA, FLORIDA - Total Volatlle Or8anla Corpoundr - Drnrana - Carbon totraohlorlde - Chlorobrnaana - Chloroathana - Cliloroforr - Dlchlorobanranar - 1.1-Dlchloromthana - 1.2-Dlchloroathrna - 1.1-Dlchloroathano - tranr-1.2-Dlchloroathana - Ethyl Drnamno - Tatrrchloroathana - Tolurna 
IllTrlrnr - 1.1.1-Trlchloroathrna 
Tea - Trlchloromthona 
vc - Vlnyl Chlorlda 
Md 

T Bnrr - Total Bora Wautrrl Entractablaa 

t Aea - Total Aold Lntractablaa 
(Data) 

($1 - Shallov monltor vall, about IS It deep 
( 1 )  - Intarudlata monltor vall. about 40 It damp 
(0) - Darp monltor vall, about 65 ft deep 

- Won. Omtactad or  B r l w  Quantltatlon Lavala 

- Srlplad accordhe to oporacln# paalt 

NOTCr A I 1  blank antrlar daal8nata that the aorpound vaa balov the datactlon 
llmlt or beLou quanrltatlon 1.raLr. 

DATA R E V l S E D i  MAY I T ,  1908 



MONITOR WELL U G- 1  ( 8 )  
Concentrations in u l / l  (ppb) 

VOI.AT1I.E ORCAllIC u))fPOlIlIDS 

1. - sample also contalned e 5  u # / l  2-chloroetliylvlnyl ether, < I 0  u1/1 methylene chlorlde end <S u1/1 l,l,2,2-tetr~chloroeth~no 
l b  - reported In barelneutral ertractablo analytlcal resultr. 

BASE NEUTRAL EXTRACTABLES 

0 rn 
;a 

X 
k 

-? 
3 r r rn 
*;o - 
2 n 

1. - sample contalned 27 u l / l  b l r  (2-ethylhexyl) phthalate 
/b - sample contalnrd 10 u r / l  b l s  (2-ethylhenyl) phthalate 

ACID EXTRACTABLES 

~ 

ND I I 
INORCANICS 

(22-Feb-88) I 151 



MONITOR WELL DO-1 ( 6 )  
Coneoncraclonr In ulll (ppb) 

VOLATILE ORGANIC UMPOUNDS 

_ _  ~~ ~~ 

0.t. 
Suaylod T 8nor 1,2-Dlchlorobenrena 1,S-Dlchlorobonrono 
17-Jul-84 1.1551* 330 110 

~ ~~ ~~~ 

23-Fob-88 Iu.11 abandonad I 
f a  - ramplo olio eontotnod 160 u8Il 2-hononon0, 11,000 ua/l utliyl othyl Lotono and 4,700 u /I eeocono 
/b  - ramplo o l i o  concalned 800 u / I  1,1,2,2-tetrochlorooth~no end t10 urll rothylonm chlorl!. 
I C  - romplo alro contalnod 14 u l t l  acotonei ortlratod valuo bored on rovlov of QAlqC data 
Id - reported In barolnoutrol ontractablo analytlcol rorultr 

~ ~~ 

1,4-Dlchlorobonrene Naphchdmno 1,2,4-Trlohloroban~on~ 
200 260 3 

DASE NEUTRAL EXTRACYADLES 

31-Oct-84 
(22-Feb-88) 
23-Feb-88 

3+1 I 
N D ~  

uoll abandoned 

~~ ~~~ ~~ - ~- 
(22-Fob-88) 8 8 4  43 15 I 
PI-Fob-88 [ uoll abandoned I 

la - a u p l e  . I r e  eontalnod 2 urll aeonephthono and 50 ul/l 2-wthyl naphtholonm 
I' - ramplo alro contalnod 8 u#/ l  dl-n-~ctyl-phtlc.lota and 630 o#/l nltrolenaono 
I C  - aamplo  a r l o  contolnod 20 iq/l  blr (2-othylhonyl) p l i t l i ~ l ~ ~ ~  

ACID TXTMCTAILCS 

2,4-Dlrothylphonol 1 ?honol 
17-Jul-84 1 3.8lOlal 4801 

I I 

Z: - ranplo a l r o  contalnod 24 u#/l 2-chloro honol, 3 uill 2.4-dlchlorophenol and 3.300 u@/l 2-mthyl plionol - r.mpl* contalnod 35 ua/l 2-ehlorophonof 

INORGANSCS 



k 
3: 

. .  

-1 n 

MONITOR WELL DO-4 
Concentratlonr ln ur/ l  (ppb) 

VOLATILE ORGANIC COHPOUItDS 

/ a  
Ib 
le 

- sample alro contalned 43 ur/l total rylencs 110 urll 2-hcranone and 75 ur / l  1,2-dlchloro-1,1,2-trlfluoroetliane - ramplo also contalned <10 u /I nothylone chiorlde and 16 u@/l 1.1,2,2-tetrachloroeth.n. - sample also contalned 87 urfl 2-butanon*, 21 ug/l 4-methyl-2-pentanon0, 34 ur / l  total xylenes, and 130 u a l l  aeotono (ertlnuted value, 
rurpocced laboratory contanlnatlon bared on revlcu of QAIQC data) 

Id - concentrrtlon eacoedad callbraced ranre of lnrtrument 
I *  - reported ln barelneutral entractable analyclcal r e r u l t r  
If - ertlmrtcd vrluci holdlng tlmo ercoedcd 

BASE NEUTRAL EXTRACTABLES 

G U - q  

1,2-Dlchlorobcnrcn~ I, 3-Dlchlorobenzene 1.4-Dlchlorobcnzene 1,2,4-Tclchlorobenzeno 

~ ~~ ~ 

(03-Dec-87) 4 1 3 q  270 33) 63 97 

(23-Fcb-88) I 342/c( 180 24 4 5  17 

1. - *ample also contolned 11 ur / l  dl-n-octyl- hthalace 
Ib - aample also contalned 10 ua/l 2-nethylnapRthalene 
I C  - r m p l e  also contalned 16 ul/l 2-methylnaphthalene 

ACID EXTRACTABLES 

17-Jul-84 I I I 

(23-Fcb-88) 4 4 1 ~ 1  I I 
la - rample a l s o  contalned 42 u g l l  2-chlorophenol 
Ib - rriuple also contalned 12 u g / l  2-chloro henol,  37  u I1 2-mothylplieno1, and 65 u u l l  4-methylphenol 
IC - rrniplc contalned 12 ur/I  2-mathylpheno! and 32 ur/t 2.4-dlme~hylphcnol 

INORGANICS 

(23-Fcb-88) 190 



MONITOR WELL Da-5 ( 6 )  
Concontratlonr ln u#/l (ppb) 

VOI.ATILE ORGANIC COHPOUllDS 

- ramplo alro contalnod 450 11111 mathylono ehlorldo, 7 ur/l 2-heranone, 5 4 0  ua/l mothy1 othyl kotono and 110 ur/l acotono 
I b  - lampla alro contalnod < l o  u / I  mathylono clilorlda and <5 u@/l 1.1.2,2-totrachloraotl~ano 
I C  - rampla alro contalnod 60 u#!l acatona (rrtlnatod valuo bared on rovlou o f  QAlQc data) and 7 u&/l total nylonor 
Id - roportod In baralnoutral ortractablo analytleal rorultr 

DASL l lEUTML EXTMCTADLES 

Date 
SMp1.d T Bnar l,2-Dlohlorobanxano 1,3-DLchlorobonxono l,4-Dlchlorobanxono Naphthalono l,Z,4-Trlohlorobonxono 

I 6  

- ramplo also contalnod <lO u / I  dl-n-octyl-phthalic. - ramp10 almo concalnad 15 u#!l 2-aothylnaphthalono 

ACID CXTMCTMLES 

2.4-Dluthylphonol 

I I I (23-Fob-BD) I WDl I I - r.nplo contalnod 1) u#/l 2-chlorophonol 

INORGANICS 



MONITOR WELL DG-6 ( 8 )  
Concentraclonr In ua/l  (ppb) 

VOLATI1.E ORCAIIIC COHPOUIIDS 

23-Frb-88 I urll abandoned I 
- sample also contained 2 b O  ug/l 2-henanone, 10,200 u111 methyl rthyl kotone and 1.000 u g / 1  acetone - samplm a l s o  contrlned (10 ua/l methylene chlorlda and 33 u a l 1  1,1,2,2-t~trechloroothano 

IC - rrportrd In baselnrutral e n t r a c r a b l o  rnalytlcal r e s u l t s  

BASE NEUTRAL EXTRACTAILES 

m 
I 
m 

;i - Jampl* a l ~ o  contalned 2 U ) / l  henrchloroethana and 80 u & / l  2-methyl naphthalene - sample also contained 26 u@/ l  dl-i,-occyl-phthalace 

ACID EXfRACTABI.ES 

2,4 -Dlmethy 1 phenol Phenol 

(22-Feb-88) IID I 
23-Frb-88 v e l 1  abrndoned 

la  - samplr also eonta1n.d 30 uell 2-chloroplirnol, 2 u a / l  2.4-dlchlorophenol and 3.300 ug/l 2-methyl phenol 
l b  - sanqi le  also contalned 1 4  u # / I  2-chloroplirnol 

1 IlORCAllICS 

MA 23 -Fe b-88 abandoned 



HONITOR WELL OM- 75 (I) 
Concontratlonr In urll (ppb) 

VOLATILE ORGANIC CWOUNDS 

- ramplo also concalnod 1 urll bla (chloromothyl othor - reporrod In basolnoutral ontractabl* analytical roaultr 
BASE WEUTML CXTMCTABLES 

ACID EXTRACTADLCS 

(01-Doc-87) 170 

( 22-re b- 8 8 )  ND] I 
23-rab-88 u o l l  abandoned 



GERAGRTY AND n r u w ,  INC. 
DECEMBER 1988 

(GROUNDWATER) 



RESULTS 01 AWAIfSCS 
WASTEWATER TRCATMCWT ?LAW 

NAS ?tNSA00(.A, CIDRIDA 
T Vocr 

Bono - Banxono 
Ctot - Carbon Totcachlorlda 
Cbona - Chlorobonaono 
Can. - Chloroothana 
Cform - Chlorofom 
Dlcbona - Dlchlorobanxonor 
IIDlano - 1.1-Dlchloroothano 
12Dlana - l,2-Dlchloroathrno 
1lDLano - 1,l-Dlchloroathano 
12Dhno - trana-1.1-Dlshloroothono 

Cbono - Ethyl Banaona 
Tatone - Tatrochloroathona 
to 1 - Toluano 
llltrlano - I,l,l-Trlchlocoathano 
Tco - Trlchloroathono 
vo - VInyl Chlorldo 
Nd 

WA - Not Analymod 
T Bnar - Total Bar. Wautrol Intrmotabloa 

t Aor - Total A o l l  Crtractablor 

(Dato) 

f S )  - Shrllov lonltor v o l l .  about If ft damp 

( 1 )  - Intormodlota monltor vall, .bout 40 ft damp 

(0) - Doap aonltor ~ 0 1 1 ,  about 15 It deep 

- TotaL Volatllo Orlanlc  Compound* 

- Nono Datoctod or B o l w  Quantltatlon Lorola 

- S q l d  accordlng to oporotlnl paalt 

l lOTtr  A l l  blank ontr1.r doalgnato that tho congound u a a  balov tho dotoctlon 
Lklt Or k l O U  wUHCbI.tLW bOVOl# .  

DATA REVlSEDi DECEMBER 8 ,  1916 



MONITOR HELL UG-1 (S)  

~ ~~ ~~~ ~ 

3 1 -0c t - 8 5 211. 

(22-feb-88) IO/b 

(02-Juri-88) ND 
( 1 5 - Au( - 08) ND 
(08-HOV-88) ND 

t 

> 1 ; 

VOLATILE ORCAnIC COMPOUNDS 

Concentratlons Ln ria11 (ppb) 

(02-Jun-88) 

(1 5-Au8-88) 

(00-Nov-88) 

(22-Feb-88) ND 
(02- JUII-88) ND 
(lS-Au$-Ol) ND 
IOl-Hav-Sl\ rolc 

NO 
ND 
ND 

/: - ~ . m p l *  also contelnd <5 u#/l 2-ehloroethylvlnyl ether, (10 us/l methylene chloride and <5 ua/l 1.1,2,2-tetrachloroethan~ 

l e  - sunpie contained 50 u8l l  acetone, ruipected laboratory contamlnatton bared on revlev of QA/W data. 
- reported ln bara/nautcal ertraetablo analytical rerults. 

B A S  NEUTRAL EXTRACtABLCS 

Concentratlons Ln I I ~ I L  (ppb) 
M 
I 
w 
0 

ACID EXTRACTMLES 

Concentrattons In ua/ l  (ppb) 

ND I I I 
I I 

(22-Feb-88) I ND I 



(Nonltor Wall UO-I contlnuad) 

(02-Jun-86) 

(15-Au8-08) 
(Ol-Nav-l6) 

INORGANIC8 

Concmntrmtlonm In .u/l ( p p )  

8 22 

s I2 
NA NA 



HOHITOR WELL 036-2 (S) 

VOLATILE ORGANIC co)(poVUDS 

Concentratlons In ua/l (ppb) 

I 23-Ceb-88 luell abandoned I - sample also contalned 88 u / I  methylene chlorlde and 27 uall l,l,Z,Z-tetrachloroethane - samplm also contalnmd 6 uafl total xylenms 
IC - reported ln baselneutral extractable mnalytlcal rmsults 

UASE NEUTRAL EXTRACTABLE$ 

Concentratlons In u#/l (ppb) 

m 
I I I 

23-Ceb-88 Iuell abandoned 

la - s q l e  also contalned 11 ua/l dl-n-butyl phthalatm 

ACID EXTRACIMLES 

Concentratlons In u#/l (ppb) 



HONITOR WELL QH-9 (S) 

Pat. 
S.ng1.d I B n w  l,2-Dlchlorob~nrmne l,S-Dlohlorobmn8~nr 
12-5ap-@5 9,490 1,200 2,290 
. - -F*b-B7 919 262 I09 
1 B-AuB - B 7 WD 

17 11 

VOLATILE ORCAIIIC CO)fPOUWDS 

Concantrrtlanr In uall Inobl 

1,4-DIohlorobmn8~ne I~phtbdmna 1,2,4-trloblorob~nr~n~ 
4,000 
127 17 

C d 
N 
0 

0 
CJ.2 
-4 

c-r 

m 
I 
U 

W 

Dat. 
5up l*d  
12-S*p-89 
03-?*b-B7 

Z: - aanple ala0 contmln*d <IO ui/l rthyl*nm chlorlde and 6 u / I  1,1,2,2-t~traehloro~th~n~ - a m p l a  alae contm1n.d 241 UB/I dlbronochloromthanm and 4 7  U B / ~  trlchlorfluorommthan* 
I C  - net raportad 
Id - reported l n  bar*/n*utral *airrotable analytical raaciltr 
I *  - a m p l a  contained 54 U B / ~  re*tan*o artlnatad vaLu*o ruap*ct*d Iabaratary sontamlnatlon brved on r *v lav  of QA/qC data 

Am8 2,4-Dlwthylph*nol ?heno1 
'101. , 20 

I D  

BALE NEUTRAL CXTMCTABLL5 

Cona*ntratlona ln u r / l  (rrb) 

ACID EXTMCTAILLI 

Cono*ntrmtlon8 ln UB/I (ppb) 



tr1 
I .... 

A 

• (Honltor Well GH-' continued) 

INORGANICS 

Concentretlon. 1ft .. /1 (p~) 

Dete 
S....,hd sod 1 ... Chloride 

(Ol-Dec-87 ) 2.1 
(24-feb-88) 1.8 

(20-Jun-88) , 
(l7-Au,-88) 2 

• • 
2.' 
1.8 

; 
4 



MONITOR WELL GM-62 (S) 

VOIAATILC OROANIC ~ O U t l D S  

Concentratlens In u# / l  (ppb) 

1. - ranple a l a 0  eonralned 21 u$/l r t h  lene ehlorlde and 23 u#ll 1,1,2,2-tatraehloraothane 
1’ - reported In barelneutral ertrastabIe analytloal results 

BASE NEUTRAL ~ T R A C T A D L I I  
Concentratlens In uill (ppb) 

ACID CXTMCTAILCS 

Concentratlona ln UB/L (ppb) 



MONITOR WELL CH-63 (D) 

VOLATILS ORGANIC COWOUHDS 

Conecntratlonr In 118/1 (ppb) 

!i - ramplo also contalnod 8 ug/l 1,1,2,2-totraehloroothano - reported Ln barolneutral ortractablo analytical rorultr 
BASE NEUTRAL EXIRACIMLES 

Conecntratlonr in ur/l (ppb) 

m 
I 
c. 
tn 

ACID EXIRACIMLES 

Conecntratlonr In ug/L (ppb) 

IHORCAHICS 

Conecntratlonr Ln nu/l (ppm) 

Date 
Sunpled Chlorlde 

(02-DCC-87) I 4701 030 

(23-Feb-88) I 4201 
(02-Jun-88) I 709 

(16-Aua-88) I 448 



MONITOR WELL GH-64 (1) 

VOLATILK ORGANIC C O W W I D 5  

Concentratlona ln u # / l  (ppb) 

- ranple a180 contalned 1 4  u#/l 1,1,2,2-tetrachloroethane 
Ib - reported In barelnautral extractable analytloal rerulta 

BASB NEUTRAL EXTRACTAILIS 

Concentrattons ln ua/l (ppb) 

la - ample contalned 610 u / I  dl-n-butyl phthalate 
Ib - r u p l e  aka0 eontalned f2 u# / l  bL8 (2-ethylheryl) phthalate1 10 u8/1 1,2-dlohlorobenaena ertlrated value bared on revLou o f  QIIlQC data 

ACID UTRACTAILBS 

ConaentratLonr ln ua/l (ppb) 

I W A N 1 C S  

Coneentrettonr tn m/l  (ppm) 



HONJTOR WELL GM-65 (D) 

VO1.ATII.E ORCAHIC CUWOUNDS 

Concentratlons In  IS#/^ (ppb) 

1' - reported ln barelneutral extractable analytical results 
/b  - fleld repllcate of CM-65 contalned no VOCs 
I C  - sunple contalned 25 u#/l acetone) ertlmated va1u.l suspected laboratory contamlnatlon based on revlew of QAIQC data 

BASE NEUTRAL EXTRACTMLES 

Concentrations In ulll (ppb) 

M 
I 

, e  
CD 

ACID EXIRACTABLES 

Concentrations In url l  (ppb) 

~~ 

(01-Dee-87) I I 
INORGANICS 

Concentrations in m#/l (ppm) 

Date 
Sunpled Sodlrn Chlorlde 

(01-Dee-87) 1 1201 180 

f24-Pcb-88) I 1101 180 

(20-Jun-88) 110 

(IS-Aua-88) I 76 



HONITOR WELL GH-66 ( I )  

I D  

WD 
2Jlr 

2) 
4 d b  

29 
124 

VOLATILE o n c m c  cottroums 
Concentratlonr in ~ ~ 1 1  (pnb) 

1J 10 
I1 10 
17 12 
40 15 69 

Zt - rampla alro contalnod 0 u / I  1,1,2,2-tatrrchloroathana - concantrat Lon oreaodad catlbratod ran8a of Instruant 
I C  - raportod Ln baralnautral artrrotabla analitlcal rarultr 

~~ 

D.C. 
Suplad 

12-L.0-0s 

BASE WIUTML EXTMCTMLES 

Concantratlonr Ln ua / l  (ppb) 

~~~ ~ 

t Aaa 2,4-Dlmeth~lphanol ?honol 
ItD 

Dato  
Suplod 

12-sap-89 
0)-Tab-87 
10-Au8-87 
(01-Dac-87) 
(24-Tab-88) 
(02-Jun-88) 
(11-he-80) 

1. - ramplo contalnod 23 u# / l  dlathilphthalato 
Ib - racnpla ala0 cont~lnod 29 ug/ l  pvronoi I1 u8/1 1,i-dlchlorobmnrana and 10 u # / l  naphthalona ortlmatad valuar baaod on r o r l o u  eI QAIQC data 



(Honltor Well CH-66 continued) 

(01-Dee-67) I 6401 S30 

(24-~.b-06) I 6701 620 

(02-Jm-66) I 527) 540 

( i 7 - ~ ~ - 8 6 )  1 4651 460 

W 
I 
N 
0 

. .. 

• • • Well eontlnued) 

INORCAJlIC5 

Concentratlon. 1n _,,1 (PpM' 

Data I I 5....,lecl 50d1_ Chlodda 

I 1401 5)0 

(U~Fab-II' 1 6701 I 

(02-Jun-8I) I 5211 I 

r~11-AU,-8~d~ ___ ,_,_,L-I ____ --=~ 

o 



HONITOR WELL OH-67 (S) 

VOLATILE ORGANIC COMPOUNDS 

Conc*ntrotlons In ur / l  (nrb) 

1. - reported ln  borolnmutrol *rtt.ctoblm an.Lytlco1 r e s u l t s  

BASC ICUTRAL CXTMCTABLCS 

Conecntrotlons ln u a / 1  (ppb) 

I I I I 
(17 -Aua-88 ) l  NDI 

ACID CXTMCTABLCS 

Concmntrat lonr  In ua/ l  (ppb) 



(Hodtor Well CH-67 eontlnumd) 

(01-Dee-87) 

(24-Ceb-00) 
102-Jun-lll 

I NORCANXCS 

Concentrmtlons In wll ( p p )  

5s 68 
130 200 

2 4  29 

M 
I 
N 
N 



MONITOR WELL 6H-68 (0) 

VOLATILE ORGANIC CowlOVNDS 

Concentrmtlons In urll (ppb) 

Cd 
N 
0 

0 
c .? 
To 

L-r 

m 
I 
rd  
lAJ 

1. - reported ln bmsa/nmutrml mrtrmctmbla mnolytlcml resultr 
DASE NEUTRAL GXTMCTAILLS 

Concmntratlonr In ur/t (ppb) 

I (24-Fob-IO) I llol I I I I I 

ACID EXTRACTAILIS 

Conemntrmtlonr In Ur/l (ppb) 

Date 
Impled 1 Aor 2,4-Dlnthylphanol Phanol 

(02-Jun-IO) I 131  



MONITOR WELL GH-69 ( I )  

VOLATILE ORGANIC COMPOUNDS 

Conccntratlonr Ln uu/l (ppb) 

la - sunple also contolned BS u / I  dlbrdmaehlorwthon8 
I b  - r q l e  alio eontalncd I us71 toto1 rylcncr 
IC  - reported In bare/neutral ertraetoble analytlcnl rerults 

BASE ncusim EXTRACTABLES m 
I Conecntrotlonr Ln ua/l (ppb) 
N 
h 

ACID WTRACTABLES 

Coneentrottons Ln ug/l (ppb) 

I (01-Dee-87) I _ .  I I e 



(Ilanltor Yell CH-69 contlnued) 

INORGANICS 

Concentcatlons Ln y / 1  (ppm) 

ChlorUo 
(01-DOC-87) 
(24-Feb-88) SO0 

(02-Jun-80) 

m 
I 
N 
u1 

(Monitor CH-" continued) 

lNORCANICS 

Concentr.,lon. In .. /l (p~) 

DUe ! ._l .. -... - Chl.~". 
, ... _ .... , 5101 120 

(U-'."-II) 500' UO 
(02-Jun-lI) 5ul 720 

(l7-AuS-II) "11 715 

U1 

• • • 



HONlTOR WELL GM-71 (S) 

VOLATILE ORGANIC COHPOUNDS 

Concentrations In u n l l  (DDb) 

BASE NEUTRAL EXTRACTMLES 

Concentrations in ua/l (ppb) 

ACID EXTRACTABLES 

Concentrations In u a / l  (ppb) 

Dare 
Sampled Phenol 

m 

cn 
I NORCMICS 

Concentrations In m a l l  ( p p )  

(24-Feb-88) I 5.71 11.0 

(01-Jun-00) I 4 1  5 

( 1 6 - h a- 0 0 )  7 10 

A 



MOH1TOR,.WELL 61-12 (S) 

L 
Date 

S.rp1.d L o d l u  Cklmrldm 
(03-Dee-81) 19 98 

0 

VOLATILE ORCAWIC COWOUWDS 

Concenrrmtlonr ln urll  (ppb) 

BASE NEUTRAL EXTMCTADLCS 

Concentrmtlonr ln u @ / l  (ppb) 

ACID EXTMCTAIJLC.9 

Concentratlons ln u8/l (ppb) 

2,4-D11moth~lphenol ?hen01 

I NORCANICS 

Concmntrattonr Ln m8/1 (ppa) 



e 

12-sep-8s 

(01-Dee-87) 

23-Feb-88 

0 

101 I 10 

NO 

vel1 abandoned 

HONITOR WELL GH-74 (0) 

VOI.ATILC ORGANIC CaMPOUNDS 

Concentrations in ua/L (mob) 

1 23-Feb-88 I vel1 abandoned I - sample contalnrd 22 ue/l ac*ton*l estimated value1 suspected laboratory contunlnatlon bared on cevlev of QA/pC data 
/b - reported In bara/nautral ortractabla analytical rarults 

BASE NEUTRAL E X T M C T M L B S  

Concentrarkonr in ue/L (ppb) 

m 
I 

t.J 
m 

ACID E X I R A C I M L E S  

Coneenttatlonr In urll (ppb) 

lNORCAN I CS 
Concentrattons In mg/l ( p p) 

(22-Feb-88) I 120 

23-Fmb-88 lWell abandoned 



NONITOR HELL 61-75 (1) 

Data 
Sunplad 
12-sap-85 

(01-Dac-81) 
(22-Feb-88) 
(22-lab-88) 

VOLATILE ORGANIC CaWOUNDS 

Concantrattons In ua/ l  (ppb) 

1 V o w  Bane Ctat Cbena Cane Cforr Dlcbena LlDlmr 12Dlana 11Dlana 12Dlene tbenr Tarma To1 IllIclana 
581' ss l b  1 1 

170 110 /b 44 16 

160 160 /b 

170 1701 /bl I 
I 

Data 
Sampled 
1 2 - S a ~ 8 5  

~~ ~~~ ~ 1 23-Fab-88 I vel1 abandonad 

1' - rupla a l r o  contalnad 1 u(/l blr (chloromthyl) other 
lb - r8ported In barelnautrat ertractabla malytlcal rarultr 

~ 

I 

T Aar 2,4-DLrth~lph~nol ?hen01 
no 

BASE NEUTRAL LXTIUCTABLII 

Concantratlonr In ug/l (ppb) 

(12-tab-88) 
23-tab-88 

12 - sap- 85 WD I 
h, (01-D~c-07) 184 100 16 30 38 
u) 

(22-Feb-88) 24 24 
(22-Feb-88) 761' 22 
13-tab-88  all abandonad 

HDl I 
uel1 abandonad 

1. - a q l a  a l a e  contalnad 54 ugll blr (2-mthylharyl) phthalata 

AClD U T M C T M L E I  

Conoantratlonr ln ua/i fppb) 

INollCAHICI 

Concantratlonr In -/l (ppm) 

I (22-Feb-88) I 0.065 
I 23-tab-88 Iuall abandoned1 



HONITOR WELL GH-76 (S) 

VOLATILE ORGANIC CO)(POUWDS 

Concentr*tlon* In ui/l (ppb) 

BASE NEUTRAL EXTRACTMLES 

Coneentratlonr in ur/l (ppb) 

ACID EXfRACTABLES 

Concentrations in u@/l (ppb) 

m 
I I I 

W 
0 

1 NOUGANICS 

Concentrations In wll (ppm) 



MONITOR HELL OW77 (S) 

Date 
Sunpled 
12- Sep- 1s 

T Voca Bono C t o t  Cbrna C a m  Cfonn Dlcbene 1lDlano 12Dlana 1lDlene 12Dlmo Cbrno Totono To1 llllrlono 
16 1s 1 

. 

Dato 
Sampled T Aer 2,4 -DLM t hi1 plw no 1 Phenol , 
12-s.p-cJs m . 

BASE NCUTML KXTMCTAILES 

Concentrations In ur / l  (ppb) 

ACID EXTMCTMLBl 

Coneentratlonr ln ua/l (ppb) 

ImMCAntCS 

Coneentratlonr ln w/l  (ppm) 
I bat. I I I 

(01-Juri-81)) 401 4 4  

(16-Au@-1l)I 3031 610 



HONITOR WELL CH-78 (S) 

VOLAT1I.E ORGANIC COMPOUNDS 

Concentrntlonr ln 08l l  (ppb) 

BASE NEUTRAL CXTRACTMLES 

Concentrattons in ur / l  (ppb) 

Concentratlonr In m a l l  (ppn) 

(03-Dec-87) 

(23-Fcb-88) 
(01-Jun-88) 

(16-Aug-88) 



13ONITOR UELL (313-79 (S) 

'? 

VOLATILE ORGANIC COHPOUWDS 
Concentratlonm ln ua/l  (ppb) 

Data 
Sunpled T Aer 2,&-Dl~thylphenol ?hen01 
12-S~P-85 I D  

BASE NEUTRAL EXTMCTABLLS 

Concentr~tlonr In u e / l  (ppb) 

ACID BXTMCTADLLS 

Conconttatlons ln U B / l  (ppb) 

I I I 
W 
W 

I WORGMICS 

Concentrations In w/l  ( p p )  



m 
I 

W 
h 

MONITOR WELL GH-83 

VOLATlLL ORCMIC C0)IpOUIIDS 

Concantrattons Ln u#/l (ppb) 

la - s w t a  also contained 159 u#/l mathil*nc chlorlda mnd 38 ua/ l  1,1,2.t-c~traehloro~tha~a 

BASE n c u r m  EXTRACTMLES 

Concantrattons in ual l  (ppbj 

ACID E%TRACTMLES 

Concantrattonr in ua/ l  (ppb) 

2,4-blnath~Lphenol Phenol 

INORCANICS 

Concentrattons tn a8ll ( p p )  

(23-Feb-88) I 
(01-Jun-88) I 221 



MONITOR WELL GM-84 ( I )  

1 @-At11 -1 7 
(02-Dee-67) 
(24-Fob-SO) 
(20-Jun-06) 
(17-AUO-10) 

W 
I 

W 
u1 

ND 

WD 

MD 

nD . 
I D  

VOLATILE ORGANIC C W W I D S  

Concentrrtlons In urll (DDb) 

Date 
Sunplod 

29-Apr-66 
(02-DOC-87) 

- aarplo also contalnod 7 u@/l moth Iena chlorlda - reported ln basalneutral rrtractatle analytical raaulta 
IC - rampla contalned 31 u#/l acetonat ertlmatod valuei ruapectod laboratory eontamlnatlon based on ravleu of Q A I p C  data 

T Aer 2,4-Dlwthylphonol ?hen01 
MD 
ND 

BASE MCUTML EXTMCTA8LCS 

Cancentratlans In ur/l ( m b )  

ACID CXlMCTADLCS 

Coneontratlonr In um/l (ppb) 



T Vocr 

Beno 

Ctet 

Cbene 

Cane 

Cforn 

Dlcbene 

11DLane 

12Dleno 

1lDlene 

12Dleno 

&bono 

Totone 

To1 

RESULTS O t  ANALYSES 
WASTEWATER TREATH€" PLANT 

NAS PENSACOLA. FLORIDA - Total Volatlle Organlc Canpounds - Benzene - Carbon Tetrechloclde - Chlorobonrona - Chloroothana - Chlorofor~ - Dlchlorobonronos - 1.1-Dlchloroothane - 1,2-Dlchloroothrne - 1,l-Dlchlocoethone - tranr-1,2-Dlchloroethene - Ethyl Dcnzene - Tetrachloroethcne - Tolueno 
IllTtlano - l,l,l-Trlchloroethane 
Ice - Trlchloroothena 
vc - Vlnyl Chlorldo 
Nd 

NA - Not Anelyred 
1 Dnos - Total Dare Noutral Extreatabler 

T Aor - Tote1 Acld Extrectables 
(Dace) 

( S I  - Shallow monltor well. ebout 13 ft doop 

(1) - Intennedlato monltor v o l l ,  about 10 ft deep 

(D) - Deep monltor vell. about 65 ft deep 

- Nono Dotectod or Below puantltatlon Lovels 

- Sampled accordlng t o  operatln8 pemlt 

NOTE: A l l  blank entrler derlgnate that tho conpound vas below the detection 
llnlt or belou quontltatlon levels. 

DATA REVISED: DECEMBER 0 ,  1980 



C 3  
1'3 
0 

0 
L- 
c .T) 

b-8 

7 
I 
h 

(02-Jun-SO) 
(lS-Ati@-OO) 
(DO-MOV-BB) 

MONITOR WELL UG-1 (S) 

MD 

MD 
4 0 l C  

VOLATILE ORGAMIC COWWMDS 

Coneentratlonr In t l # / l  (ppb) 

Data 
S.rp1.d 
17- Jul -04 

I Aor 2, l -DLrth~lph.nol  
*I I 

z ;  - *BmplO r l r o  contalned 45 uo/l 2-chloroethilvln 1 othor, 410 ua/l wthylene chlorlde and 45 u # / l  1,1.2,2-tetrachloroethane 

la - ample contalned 40 u ~ / l  aootone, rurpeeted laboratori eontulnatlon bared on revlev of QA/QC data. 
- reported In baro/nourral entroetablo anelitlcaI rarulrr. 

(02-Jun-BO) 
(15-Au@-EB) 
(oo-Mov-oo) 

BASE WEUTML EXTMCTAOLIS 

Conccntratlonr In ti811 (ppb) 

MD 

WD 

MD 

I 
~ ~ ~ ~ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

I 
~~ 

(~S-AUB-EO) I MDI 
(oo-wov-oo) I MD I I I I - ramplo eontalnad 1 7  ur/l bla (2-ethylhenil) phthalate - a m p l e  contalned 10 u ~ l l  blr (2-echiIhmnyl) phthalate 

ACID EXTRACTADLIB 

Concentratlonr ln u#/l (ppb) 



... .. 

(03-Dee-67) 
(22-reb-06) 
(02-Jun-68) 

(Hodtor UeLL UC-1 contlnued) 

5.4 s.0 RA 

4.6 9.0 0.019 

6 22, 
(15-Aul-88) I 51 121 
(08-Nov-88) I WA MA1 

? I 



HONITOR WELL DG-1 (S) 

Dato 
laqlod 
17-Jul-84 

VOLATILC ORGANIC CWPWIIDS 

Coneantratlons ln ur/l (prb) 

T Aoa 2,4-Dlrthylphonol Chon01 
S.8lO/al &BO 3 

I 23-F*b-88 Iva l l  abandonad 

Ib - ramp18 also contalnod BOO u / I  l,1,2D2-totrachloroathana and <lo ur/l rthylona chlorl!. 2; - a u p l a  a180 contalnmd 1 4  u@!l acotonoi ortlutod raluo baaad on rarlou of QAIQC data 

I - ramplo also contalnad 160 u ~ / l  2-h*ranonaD 11,000 u#/l rthyl ethyl katona and 4,700 u / I  acaton* 

- r*port*d In bara/noutral ortractabla analytical r*rultr 

Sl-Oat-B4 
(22-Fob-BO) 
23-Fob-BB 

BASE WCUtlUL C X I M C T M L C S  

Sdbl I 
llDl 

vel1 abandonod 

Coneontratlonr In urll (ppb) 

- sunpl* also contalnad 2 u#/l rconaphth*no and SO urll 2-rthyl naphthalano 
l b  - *ampla a l r o  concalnod 0 urll dl-n-octyl-phthalrto and 638 urll nltrob*nrono 
l a  - s-lo a a l o  eontalnad 20 u@/l blr (2-othylharyl) phthalata 

ACID CXTMCTABLES 

Concantratlonr ln UB/l (ppb) 

I' - 8.npla also  contaln*d 24 u # / l  2-chloto h8nOl. S urll 2,4-dlchlorophonol and 3,300 ui/l 2-rthyl phenol 
Ib - a.ngla contalnod 35 u#/l 2-chlorophano! 



(Honltor Well Do-1 contlnued) 

INORGANICS 

Concentratton9 In na/l (pp.1 

I 23-Fcb-88 IveL1 abandoned1 

• • • (HoRltor lieU contlnu.d) 

INORGANICS 

Concentr.tlont In m,'l (ppm) 

Date 
s....,led Han,ane •• 

(22-Feb-ll) 0.119 

23-F.b-1I vell abandoned 



HONITOR ME11 00-4 (S) 

(02-Jun-88) 
(17-Au8-88) 
(08-HOV-88) 

VOLATILE ORGANIC CMPOUMDS 

Concantratlonr Ln urll (ppb) 

uall dry due to oparatlon of dauatarln8 ryrten - 
MD I I I I I I I I I I I I I I I I 
71 7 

17-Jul-84 
Jl -0ot -84 

(OJ-Dao-87) 
(2J-tab-88) 
(29-Apt-00) 
(02-Jun-88) 
(17-AUB-88) 
(08-nov-0)  

1. - rampla ala0 eontmlnad 4) u#/l total rylanra 
l b  - rampla ello contalnad (10 u / I  rthylana chiocldr and I6  uoll 1,1,2,2-tatrrchloroathana 
IC - sunpla r l r o  contalnad 07 u.71 2-butanonr, 21 urll 4-~thyt-2-pantanona, J4 ug/l total rylanar, and 130 u d l  acetone (artlutad valua, 

ruspactad laboratory oontulnmtlon barad on ravlau of Q A l p C  data) 
ld .I concantratlon arcaadrd callbratrd ranaa of lnrtrmant 
I* - rrportad In baralnautral artractabla analytical results 
If - artlnDtad valual holdln 
18 - rampla also contalnad l!O ulll rtyrana and 680 ur/l total rylanaa 

110 uill 2-haranona and 7S u#/l 1,2-dlchloro-l,l.2-trlfluoroath.n. 

tlra arcmadad 

MD 
7161. 194 J8 90 J8 J 
4 7 d b  270 3J 6J 97 
J42lC 180 24 45 17 
620ld J24 46 88 128 - 

wall dry dua to oprratlon of dauatrrlna ayrtar 

MDI I I 1 I 
I NO1 

BASE HEUTML CXTMCTAILCS 

Concantratlonr In U B / ~  (rpb) 



(Monitor well DC-4 continued) 

(23-Fcb-88) 

(29-Apr-m) 

(02-Jun-88) 

ACID WTMCTAILCS 

ConcentracLons Ln u#/ l  (ppb) 

0.1901 N O T  A M A L Y L E D  
0.25 MA MA 131  0.29 MA MA( 106 HA I52 I I I I 

Vel1 dry due to operatlon of deuaterln# system 

-Y 
I 
u) 

I '  

;t - nmmpla elno contained b2 u # / l  2-chlorophenol 

!c - snmla contained 12 u r l l  2-methrl~henot mnd 32 u#lf 2,b'-dlnethylphenol 
- rnmple elso contmlned 12 u # / l  2-chloro henol, 37 u I1  2-methylphenol, and 65 u#/L 4-methylphenol 

I noRca I cs 
Concentrations ln m a / l  (ppm) 

(O8-Nov-88)( 0.22 



MONITOR WELL DO-5 (S) 

1,2-Dlchlorobaname 1,3-DLchlorobanaane 
161 3 

VOLATILE ORGANIC COMPOUNDS 

Concentratlonr In u ~ l l  (ppb) 

1,4-Dlohlorobenaena NaphthaLana l,Z,~-trlohlorobon8eno 
6 

I 1 1 1 1 

31-Oct-04 
(23-?*b-@1) 

{: - rmmple a l r o  contalned 430 urll mthylana chlorlda, 7 ua/l Z-h*ranone, 340 u@/l r t h  1 ethyl ketone and 110 um/l aoetono 

l e  - remple *Lao contalnad 60 u ~ l l  acetone (ertlratad value bered on revlav of QAlQC data) and 7 ui/l total rylenee 
Id - reported ln barelneutral artractabla analytleal raoulte - r-1. also contalned t10 u /I mthylene chlorlda and <S u ~ l l  1,1,2,2-tetraehloroet~ene 

1,2101a 701 00 170 250 
1371b 4a 14 24 56 

BASE NEUTRAL EXTRACTABLE1 
Concontratlonr In ui/l (ppb) 

(02-Jun-lO) 
(16-Aug-00) 
(01-Nov-80) 

BID 
WD 
ND 

Date 
S u p l e d  
17-Ju1-U 

T Aem 2,4-DLwth~lphenol ?honol 
1 

ID 

ACXD RTMCTABLLS 

(23-?*b-01) 
(02-Jun-00) 
(16-Aua-Ob) 

Concantratlono ln um/l (ppb) 

ND 
ND 
ND 

I 1 

I* - r m p l .  eontalned 15 u)/l 2-chloroph*nol 



.., 
I 

I-' 
I-' 

• (Honlto~ Well DC-5 contlnued) 

INORCANICS 

Concent~atlon. In mall (ppm) 

Dat. 
Sampled Hanlan ••• 

(2l-Feb-ll) 0.147 

(02-Jun-ll) 0.01 

(l'-Aul-II) 0.02 

(Ol-Nov-SI) 0.13 

• • 



HONITOR WELL DO-6 (S) 

31-Oet-84 
(22-Fob-88) 
23-Fab-88 

VOLATILE ORCAnlC COMPOUNDS 

Concantratlonr In u#/l (pph) 

;: - a m p l a  alro contalnad 13 ua/l rthylano chlorlda 

;: - rampla .Lao contalnad <lo  u8/1 mathylano ehlorlda and 33 u8ll 1,1,2,2-totr~chloroathano - r u p l o  alro eontalnad 240 u#/l 2-horanona, 10,200 u#/l mothy1 ethyl kotono and 8,000 u8/1 acatona - roportod In bara/noutral aatractabla analytical rarultr 

1,9941el ,331 711 112 7621 

ND I 1 I I I 
wal l  abondonad 

BAS1 NEUTRAL CXTMCTAILCS 

Concontrrtlonr In tiell (ppb) 

I I I 

ACID IXtMCtABLCS 

Coneontratlonr In urll (ppb) 

16-Mar-84 I 1,7831.1 7301 1000 
17-Jul-84 I 3.4121bl rol 6 

la - smmpla a l r o  contalnod 33 u@/l 2-ehlorophanol, < I O  u / I  2,4-dlehlorophanol and <10 u8ll Ib - ramplo also contalnad 30 unll 2-ehlo~ophrnol. 2 u#/f 2,4-dlchlorophanol and 3,300 u@/l !-mathy1 phenol 
le - r u p l a  a l r o  oontalnod 14 u8/1 2-ehlorophonol 

entrehlor~phrnol 



• 

• 
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HONITOR WELL On-76 ( I )  

Dace 
Sunplod 
12-Sop-05 

(Ol-Doe-6?) 
(22-Cob-00) 
(22-Fob-00) 
23-Cab-06 

VOLATI1.L ORGANIC COHPOUWDS 

Cancontratlonr ln rig/l (ppb) 

T Bnoa 1,2-Dlohlorobontono 1,3-Dlehlocobonxono I,4-Dlchlorobonrana Naphthalono 1,2.4-TrLohlorobonrana 
10 

104 100 16 30 36 
24 24 

?6/ *  22 
wol l  abrndonad 

1. - aamplo also eontalnod 1 ugll blr (chloromothyl) *char 
/b - reported In basolnoutral axtractabla analytleal rosulta 

12-Sap-OS 
(OL-DOO-O~) 
(22-Fob-60) 
23-rob-00 

BASK NEUTRAL CXTRACTABLLS 

Cancontratlonr ln ur/l (ppb) 

HD 

170 170 
WD 

wall abandonad 

AClD tXTMCTAIL8S 

Conoontratlona In ugll (ppb) 

I MORGAN ICS 

Coneontratlanr In .u/l (pp) 

I 2J-Cob-00 IwaLL abandonodl 



DRAFT 

GERAGETY AND HILLER, INC. 

llARcB 1989 

(GROUNDVATER) 



0. rrD0t.r OM-0 on-9 *lo -11 QM-12R OM-13 OM-14 011-6 2 011-63 

Total notala 

Arsonic 
Barium 
crdDiuB 
C h r O D i U  
I con 
hnqrnoao 
si1v.r 
Sodium (D9/t) 
t i n e  
chlocido (mq/L) 

Cyanid. 

Vinyl Chlorido 
Chlo roothano 
Acotoao 
l,l-Dichloroothoao 
1,l-Dichloroothaao 
Trans l,2-Dichloroathoao 
1.1,l-Tc~chloroothrno 
Trlchloroothoao 
Boasono 
totrrchlocoothoao 
Toluono 
chloroboaxono 

1,3-Dichlorobon~ono 
l,4-Dichlorobonxono 
1,2-D~chlorobonsono 
UpLth.l.80 
-thy1 Ethyl totono 

AntiDOlly 

suirrt. mg/L) 

total ~ 1 O n O 8  

- 
4 
00 

3 
30 

21,000 
100 

6.3 
60 
32 
so 

- 

- 
1 
17 

12s 
.1,200 

1,200 
56 

130 
21 
3 

33 
437 
424 
452 
22 
21 

- 

- 
- 

- 90 
0.2  - 

10 - 
3,700 150 

90 120 
0.1 - 
6.3 60 
20 20 
13 S6 
170 136 

- 10 

60 
S 

l o o  30 
20 140 - 0.6 
23 12 
40 - 
25 11 
12 39 - 9.0 

- - 
- - - 

$00 koy at .ad of trblr. Doc. lo. 32:02 



WOll numbor 

ParaBOtOr On-6 4 a - 6  5 Ox-6 6 OH-67 a - 6  8 a-69 -71 Ox-72 

Total Rotala 

Arronic 
Bariur 

Antirony 

CadBiIlB 
chKOBiUB 
Iron 
nanganos 
Silvoc 
Sodium (Bg/L) 
Zinc 
Chlorido (rg/L) 

Cyanido 
SU1f.t. (Bg/L) 

Vinyl Chlorido 
Chloroothano 
Acotono 
l,1-Dichloroothono 
1,l-Dichloroothano 
Trans 1,2-Dichloroothono 
l,l,1-Trichloroothano 
Trichlocoothono 
Bonrono 
Totcachloroothrno 
Toluono 
Chlorobonrono 
Total Xylonos 
1,3-Dichlorobonrono 
1.4-Dichlorobonrono 
1,2-Dichlocobon~ono 
Naphthalono 
Mothy1 Ethyl Kotono 

I - - - - - - 
669 

807 
I 

- 

14 
25 - - 
79 - 
I 

3 
4 
3 - 

, -  

980 
1 , 510 
1 , 360 
- 

So. koy at ond of tablo. Doc. no. 32:02 



Oarantor an-74 011-76 on-77 ow71 on-79 an-1 3 on-84 W-1 

Total not418 
Antimony 
Arsenic 
Barium 
c4dmiuB 
Chromium 
Iron 

si1v.r 
Sodium (mg/L) 
tine 
Chlorido (r9/L) 
su1t.t. (mg/L) 
Cyanid. 

Vinyl Chlorido 
Chlorooth.ao 
Acotono 
l,l-Dichloroothono 

Trans l.2-Dichlorootbono 
1,1,l-Trichlorooth~ao 
Tr~chlorootbono 
B.na.n. 
Totr~chloroothono 
ro1u.n. 
Chlorobonrono 

1,3-Dichlorobonr~no 
1,4-Dichlorobonrono 

Iaphthalono 
-thy1 Ethyl totoao 

X4nqUBO8e 

l.l-Dich10~00than0 

Total x~(yLOnO8 

1,2-Dichlo~ob0a~0ae 

Key: 
Dash (-) indic8t.a compound not dotectod. 

Sourco: aoraghty 4nd Hillor, 1919 Doc. lo. 32:02 



GENERAL ERG- LABORATORIES 

JULY 1989 

(SOIL) 



I I  GENERA, ENGINEERING LABOLATORIES 
Eovironmcntal Engineering and An8lyticnl Services 

Molly F. Gnac 
Pmidml 

Vicc Relidan 
XRuirUr im No. 9103 

C Grrar P.E. PhD. 

CERTIFICATE OF ANALYSIS 

U i h C  TridlEnviromnentalResponse 
PO Box 19529 
Howton,TX 77224 

Date: 07nOls9 

R e l d  By: 

, IC/FC:TRQITRQ,l Page No.: I 
Sample ID.: S A  

composite Gitc 

Lab LD.: 89060902 89060903 

DatcReceived: 06/14/89 06/14/89’. 

06/13/89 Wl 9 

SaxnpkTypc: 15 15 

Collected b y  GEL GEL’ - 
r Deemon L h t  Method 

yanide, total 
H - lab 
admim 
hromim-Hexavaierrt 
ickel 
P Tox Extraction - Solid 
2-Dichlorobentene 
3-D- ocnc 
,CDichlolrobenenc 
MorObenzare 
Ihlwfc?xm 
blutne 
khlorotthane (1,l) 
‘inyl Chloride 
)ichlorocthylene (1,l) 
’richloroethane (l,l,l) 
iichlar#thylene 
dethyltne chloride 
Len- 
:ylcne, Total 
‘kcsol 
- r i c h i m f l u ~ e  
k h l o m d i f l ~ ~ e  
.CDimethylphcnol 
knol by GCYMS 
ample RtpAcid Compounds 
iaphthalcne 
ample Prtp-BIN Compounds 
Ioisturc Content (loss @ 105C) 
ample Prep - Compositing 

,102 ppm 

4 5 0  ppm 
4.20 Ppm 
4.00 ppm 

1.89 @ 23C 

YeS 
<lo ppb 

.lo Mb. 
4 0  ppb 
e10 ppb 
e10 ppb 
4 0  ppb <lo ppb 
4 0  ppb 
4 0  ppb 
4 0  ppb <lo ppb 
4 0  ppb 
4 0  ppb 
d.0 ppm 
e10 ppb 
4 0  ppb 
t16500-pph 
46500.ppb.r 
Y# 
GI 65O.ppb 
YCS 
1 w t z  
Yes 

,6;1ppb. 

4.10 ppm 
8.16 @ 23C 
4.50 ppm 
4.20 ppm 
4.00 ppm 
YeS 

<I ppb 
4 0  ppb 
4 0  ppb 
<lo ppb 
4 0  ppb 
4 0  ppb 
4 0  ppb <lo ppb 
4 0  ppb 
4 0  ppb 
4 0  ppb 
<IO ppb 
4 0  ppb 
4.0 pprn 
4 0  ppb 
4 0  ppb 
430 ppb 
4 3 0  ppb 
Yes 
4 3 0  ppb 
YCS 
14 wt% 
YCS 

4 . 1  Ppm 
N/A 
4.50 ppm 
4.20 ppm 
<1.00 ppm 
NIA 
4 0  ppb 
<IO ppb 
4 0  ppb 
4 0  ppb 
4 0  ppb 
<lo ppb 
4 0  ppb 
<lo ppb 
4 0  ppb 
<IO ppb 
4 0  ppb 
<lo ppb 
4 0  ppb 
4 0  ppb 
4 . 0  pprn 
4 0  ppb 
4 0  ppb 
430 ppb 
430 ppb 
N/A 
430 ppb 
N/A 
NIA 
NIA 

3352 
150.1 
6010 
7195 
6010 
1310 
8240 
8240 
0240 
8240 
8240 
8240 
8240 
8240 
8240 
8240 
8240 
8240 
8240 
8240 
8270 
8240 
8240 
8210 
8270 
3550 

-8270 
3550 
8240,8270 
EVA v 



DRAFT 

ECOLOGY AND ENVIRONHRNT, INC. 

HAY 1989 

(GROUNDWATER) 



Chlorido (.g/L) 

Chloroothano 
hcetono 
1.1-Dichloroothano 
l,l-Dichlorootbono 
1,2-Dichlotoothono (total) 
Cblorobonrono 
trichloroothono 
totrachloroothono 
tolurna 
T0t.l xy1.n.r 
1,3-Dichloroboarono 
1~4-Dichlorobonrono 
l,Z-Dlchlorobonton~ 
2-Hothylphonol 
2,l-Dimothylphenol 
Nephtbalono 
2-ltothylnaphthaleno 
Dibansoturan 
Iluoroao 
bir(l-Bthylb.ry1) pbth8l.t. 

69 8 79 10 , zoo 

1 20 790 

J-CBti8at.d VB1U@, co8pound proroot bolou dotoction limit ' 

D-Compound 8100 proront i n  mthod blank at rimi1.r conconteation 
Aaalyrod f o r  VOCr and DMAm only 



SWn4ART )uALRICAL PESULTS FOR 
CORRECTIVE-ACTIOI IIO8ITORIM W E L U  

( A l l  results in mg/L)  

Compound 
S a ~ p l o  80. (Location) 

P3fwo71 P3fwQ72 P3two76 P3-77 P3nr070 P3twO79 P3No83 P32wsll-6 

( a - 7 1 )  (Cur-71) (Cur-76) (Cur-77) (Cur-78) (-79) (Cur43) (m-6 

Sodium 

Chloride 

258 288 39.1 1.48 0.58 0 .11  0 . 8 6  1.89 

4,400 4,600 4 1  120 5.3 6.6  47 200 

Note: These samples analyzed for eodiu8 and chloride only 



h C i U B  

Cb r o d  um 
Iron 
Hangan080 
H i c k 0 1  
Sodium 
zinc 

Chlorido 
sui c 1 to 

Acotono 
1 , l  Dichloroothmo 
1,2 Dichloroothoao ( t o - 1  

l,l,l-tricblorootb~ao 
Trichlorootbono 
totrrchlotoothono 
Chlorobonroao 
1,3-DichAorobonsono 
1,4-D~chlorobonrono 
I,~-Dich~orobonrono 
Ir4-Dimothylphonol 
I,4-DicLlorophoaol 
l,2,4-tricbloroboarono 
laphthaloao 
bi.(2-Cthylb0~yl) pbthrl&tr 
Di-n-octyl phtbalato 
totramotbylbutyl pboaol 
Diuthyl othyl gkonol 
D~chloroboarono iromor 

93.4 4 5 . 4  
26.1 -- 

32,400 3,190 
115 13.7 

15,500 9,210 
54.3 12.3 

-- -- 

9,700 
20,000 

16,000 8,800 
150,000 170,000 

16 22 

551 4 50 
3 1  98 
38 -- 

18,000 184,000 - 14.6 

- -- 

29,000 240,000 
56,000 200,000 

I , -- 

J-Crtimatod v.1~0, compound proront bolow dotoetion limit 
a-Compound a h o  proroat i n  mothod blank at mimilrr contoatration 



Sampl. no. (Location) 
COBpOUnd P3fvo08 P32W006Da P 3 2 U S M B O l D  P32t1JTB02~ P3ZUM01 P32WE~602 P3fwlbOl P3TwpBOlc 

( - 8 )  (on-81 

eariua 93.4 93.0 -- -- I -- e -- 
coppor I - -- -- - -- 25.0 - 
Ch corium 26.1 25.6 - - - -- - - 

46 I con 32,400 32,000 -- -- -- -- - 
nangan.s. 115 115 - - - -- -- - 

-- 226 61.8 -- 399 Sodium 15,550 15,500 -- 
- 10.1 -- 31.2 27 Zinc 54.3 61.9 -- 

1,l Dichloroothano 
1,2 Dichloroothono (total) 
l,l,l-Trichloroothano 
Chloroothano 
Trichloroothono 
Total Xylonos 
Totrachloroothono 
Tr~chlorofluoroaothano 
Trimthy1 bonrono 
"alkylated' bontono 
1,3-Dichlorobonrono 
1,4-Dichlorobonrono 
1,2-Dichlorobonzon~ 
2.4-Dimothylphonol 
2,4-Dichlorophonol 
l,2,4-~r~chlorobonrono 
19aphthalono 
bi~(2-Etbylhr~yl) phthalAt0 
Di-n-octyl phthalate 

170 
35 
6 

-- 
22 
I 

DUpliCAtO SABplO O f  P32WOO8 

Analyrod for aotala and cyanido only 

J-Esti~atod v a l u o ,  compound proront bolou dotoction liait 8 

bAnalytod f o r  VOCs only 
C 

8-Coapound AIS0 praaont in mothod blank At 8imil.C concontration 
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' Compound 

Sodium (mq/Ll 

chlorido (mq/Ll 

Vinyl Chlocido 
Chloroothrno 
Hothylona Chlorido 
Acotono 
Carbon Dirulfido 
1.1-Dichloroothano 
1,l-Dichloroothono 
Vinyl Acotato 
1,2-Dichlocothono (total) 
2-Butanono 
Chlorobonrono 
Iontono 
Tcichloroothono 
Totrachloroothono 
Toluono 
Total Xylonom 
Phon01 
2-Chlorophenol 
l,3-Oishlorobonrono 
1.4-Dichlorobonrono 

J-Estiratod valuo, compound promoat bolou dotoction llrlt 
B-Coapound also pcosont in mothod blank at similar concontratlon 
*Anrlysod Cor VOCs and I I A s  only 



Tablo c-2 (Continued) 

Compound 

l,2-D~chlorobonrono 
?-no thy 1 phon01 
4-nothylphoaol 
2,4-Dimothylphonol 
Uapthalono 
2-Hothylnaphthalono 
Aconaphthono 
Dibonrof urano 
tluorono 
8utylbonxylphthalato 
bis (2-Ethylhoryl) phthalato 

J-Estimatod valuo, compound pcosont bolow dotoction limit. 
8-Compound also prosont in mothod blank a t  similar concontration. 
*Analyxod for VOCa and 8NAs only. 



1 : 1  
d 

0 1  
- 1  d 

0 0 0  
0 0 1  

0 0  
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0 
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1 x 1  
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.a 
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o m  
O d  
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0 0 0  
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I t 1  m a  
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0 0 0  
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* m  
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0 0 0  
0 0 1  
0 0  . .  
150 

0 
c1 

. .  
1 5 -  

d 

. 
U 
I 



C0mpou.d 

Barium 
c a m  iur 
Chromium 
Iron 
~angrnasa 
na rcu ry 
Sodium 
Zinc 

chlorida 
Sulfata 
Cyanide 

Vinyl Chlorido 
nathylana Chlocido 
Acatona 
Carbon Di sul Cida 
1,l Dichloroathana 
Chlorotorm 
Vinyl Acotato 
Chloroathana 
Trichloroothono 
total xylanaa 
Bonxana 
Tatrachlocoathono 
Chlorobancana 
Tatrarathylbonxana 
Toluana 
Phonol 
2-Chlorophonol 
1,3-Dichlorobanxana 
1,4-Dlchlorobonrano 
1,2-Dichlorobanrana 
Waphthalana 
bis (2-Ethylharyl) phthalato 

8 1  
5.4 
13 
14,000 
100 

6,800 
37 

7,000 
200,000 

-- 

-- 
I 

t hrplicato sample or D~ZWOOO J-Estimatad value, compound prasant balow datoction limit 
Duplicata of srmpla P32W069, analyxad 8-Compound a l so  prasant in mathod blank at airilar concantration 
for sodium, chloridas, VOCs and BWAs only 
Analyrad tor vocs only 
Analyxod tor matals, cyanide, and VOCs only 

C 



?ab10 B-2 (Cortinlud) . 

Cbl o r id, 
SU1f.t. 
Cyanid. 

Vinyl Chlorido 
Ic.thyloao Chlorldo 
Acotoao 
Crrboa Diaulfldo 
1,1 Dichloroothrao 
Chlorotorm 
Vinyl Acotato 
Cbloroothraa 
Tricbloroothoao 
Totrl Xyloaoa 
Ioasoro 
Totrrcbloroatbono 
Cbloroboaaoao 

Toluoao 
rhoaol 
2-Chlorophoaol 
l,3-Disblorobor1soao 
1,4-D~calorobonsono 
1, a - e A a h 1 O c ~ a . l .  
Irphthrloao 

Totramothylbon8ono 

bir  IZ-Bthylb~~yl) phtbrlato I 

DupliC.tO ramp16 O r  P32WO08 J-Batimatod value, compound proaoat bolou dotrstioa 1hit 
B-Compound also prorent i n  mothod blank at aimllar coacoatratios Duplicate of aa.ph P32W069, anrlysod for 

aodium, chlorldas, VOCr and BYAS only 
rarlysod for VOCa only ' halysod for mota10 rad cyanid. only 
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Table C-2 

SUIWARX IUALXTICAL RESULTS FOR 
CORBtCTIVE-ACTION MORITORING WELLS 

(All results in uq/L unless noted) 

S.wl0 RO- ( b C 8 t i O n )  

P3=62+ P32WO63 P32WQ64 P 3 m 6 5  P32WO66 P32WO67 P32WO68 P32WQ69 P32W84 
(-62) (-63) (-64) (-65) (631-66). (-67) (631-68) (-69) (W¶-84) 

Compound 

Sodium (nq/L)  479 88.9 842 50.6 693 693 5,540 

Chloride (mq/L) 840 180  570 35 130 7 , 8 0 0  

Vinyl Chloride 
Chloroethane 
Methylene Chloride 
Acetone 
Carbon Disulfide 
1.1-Dichloroethane 
1.1-Dichloroethene . -  

Chlorobenzene 
Trichloroethene 
Tetrachloroethene 
Toluene 
Total Xylene8 
1.3-Dichlorobenzene 
1.4-Dichlorobenzene 
1,2-Dichlorobenzene 
2-Me t hy 1 pheno 1 
4-Methylphenol 
2,4-Dimethylphenol 
Naphthalene 
bis(2-Ethy1hexyl)phthalate 
Di-n-butylphthalate 
2.4-Dichlorophenol 
2.4-Dinethylphenol 
2-Methylnaphthalene 
Acenapthene 
Dibenzofuran 
Fluorene 
Di-n-octylphthalate , 

-- 

J .8 )  

J.8) 

*Analyzed for VOCs and BNAs only 
J-Estimated value, compound present below detection limit 
3-Compound also present in method blank at similar concentration 
:-Detected concentration exceeded calibration range of analyzinq instrument 
i dash (---) indicates compound not detected 



Tabla C-2 (Continued) 

Compound 

Chlo r id. 

~ ~ 

110 27.4  136 4 6 . 5  4 .24  3 . 1 3  2 4 . 7  138 

240 57 180 52 1 0  5 . 6 0  5 3  200 

Bote: These saaplos analyzed for sodium and chlorido only.  



Barium 
Iron 
?&ad 
U8nganero 
norcury 
Sodium 
Zinc 

Chloride 
Sulfato 
Cy8aide 

kthylono chloride 
Acotono 
Carbon disulfide 
htrachloroethono 
Chlorobenzrno 
1.3-Dichlor?bonzono 
1.4-Dichlorobenzono 
1.2-Dichlorobrnroae 
bis(2-Ethylhoxy1)phthalate 
Di-n-butylphthalate 
Tetr8wthylbutyl phenol 
C8 rbon t e t r achl o r i do 
Trichloroothone 
Tolueno 
Total Xylenes 

- 
368 - - - 

9,420 - 
13,000 
18,000 

70 

4,550 - 
94 - 

6,840 
12 

8.300 
40,000 

38 47 
3,860 724 - - 

72 123 - - 
2 ,470  5,970 - 15  

- 
48 - 
21 

4 . 1  
27,300 I - 

2,600 12,000 
13,000 37,000 

41,000 8 

3 8 , 0 0 0  31 
990 

44 

611 - 
325 - 
460 
I 

700 
000 

20 

1 -- 
I 

6 - - 
BJ 

11 23 
430 314 - --- 
44 179 -- - 

3,830 164,000 
12 - 

7,000 190,000 
30,000 18,000 

40 220 

I 
J-Lstiratod value, compound proront bolow detoction liait 
M o r p o u n d  also present in method blank at siailar concontration 
A dash 1-1 indicator compound not dotectod 



Table E-2 

S u l o u B I  AWiLX'TIuU. RESULTS FOR FIELD QA/QC S M L E S  
(All results in ug/Ll 

C o m u a d  

Barium 
Iron 
Manqanose 
ne rcu cy 
Sodium 
Zint 

Chloride 
SUlt a t e 
Cyanide 

Vinyl Chloride 
Methylene Chloride 
Acatono 

lorof orm 

Total Xylenes 
Totrachloroethene 
Chlorobenzene 
Toluene 
1,3-Dichlorobenzeno 
1,4-Dichlorobenzene 
1.2-Dichlorobenzene 
bis (2-Ethy1hexyl)phthalate 
Tetramothylbutylphenol 

8 1  

4,550 
94 -- 

6,840 
12 

8,300 
40,000 

80 

1fJ 
1fJ 
35fB 
3(J 

25 
25 
36 
5(J --- 31(J) 

42 
620 
122 
--- 

5,860 
-- 

12,000 
3 6 , 0 0 0  

--- 

Duplicate sample of P32WO08 
Duplicate of ramp10 P32WO10, analyzed for sodium, chlorides, VOCs and BNAs only 
Analyzed for VOCs only 

a 

C 

An8lyzed for met8lS. cy8nide, 8nd VOCS only 
J-Eatimatod value,' qompound present bolow detection limit 
8-Compound also presont in method blank at similar concontration 



Tablo E-2 (Continuod) 

S-Y ARALXTICAL RESULTS ?OR ?I- QAjQC SllllpLES 

(All rosults in ug/L) 

sarp1. RO. (Location) 
Compound P3-01 P3-02 P3-03 P32W?BOl P32WPB01a 

Barium 
Cadmium 
Chromium 
Iron 
Manganese 
Mercury 
Sodium 
Zinc 

Chloride 
Sulfate 
Cyanido 

Vinyl chloride 
Methylene chloride 
Acetone 
Carbon disulfide 
Chloroform 
Trichloroethene 
Total xylenes 
Tetrachloroethene 
Chlorobenzene 
Toluone 
1,3-Dichlocobenzeno 
1,4-Dichlorobonzene 
1.2-Dichlorobonzano 
bisl2-ethylhexy1)phthalate 
Di-n-butylphthalate 

a Duplicate sample of P32WO08 
Duplicate of sample P32W069, analyzed for sodium, chlorides. VOCs and BNAs only 
Analyzod for VOCs only 
Analyzed.for meta,ls and cyanide only 

C 

J-Estimated value, compound present bolow detection limit 
&Compound 8lSO presont in method blank at similar concentration 
E-Detected concentration exceoded calibration range of analyzing instrument 
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Sodium 

Chlotfdo 

6.7 17 100 44 8 .6  4 .5  14 130 

9.6 12 110 52 12  5.2 21 52 

Uoto: Tboso sa~p1.s ana1ys.d tor sodium and chlorido only. 
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1.2 
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25,600 
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60 
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870 
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180 - 

13,000 - 
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2so 
l2 

4,000 - 
15,060 
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- 26 
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- 

23 
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30 

180 
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Moqocnrd also prosant fn wthod blank 
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recycled paper 
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Sodim 

200 520 24 140 810 7,600 Ohlorid. (-1 840 

- 
240 

5 

600 

550 
670 
(I1 



sodim 12,000 13,000 64,000 28,000 9,200 3,700 10,000 130,000 

a l l o d 6  ( . q F I  10 10 61 29 11 5.2 1s 140 

mtmr Thoom s . q l n  um1y.d for sodium .ad chlorlda only. 
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JUSTIFICATION FOR THE USE OF POLYVINYL CHLORIDE 
AS HONITORING WELL CONSTRUCTION HATERIALS AT NAS PENSACOLA 

1.0 I#TROW(=TION 

The U.S. Environmental Protection Agency (EPA) Region IV has 

expressed concern regarding the use of polyvinyl chloride (PVC) well 
construction materials for permanent monitoring well construction at 
Naval Air Station (NAS) Pensacola. This justification report, prepared 
by the U.S. Navy, Southern Division, Naval Facilities Engineering 
Command, addresses the eight EPA information requirements to justify the 
use of PVC as an alternative well construction material for groundwater 
monitoring wells. A copy of the EPA information requirements is 
presented in Attachment A. The ideal monitoring well construction 
material should be regarded as that which consistently delivers the most 

representative groundwater samples for the site or sites of concern. 
The Navy believes that, based on the types and concentrations of the 
constituents detected thus far at NAS Pensacola, site hydrogeology and 
geochemistry, and proven well construction practices, PVC is the best 
overall material for monitoring well construction at NAS Pensacola. 

2.0 - EPA INFORHATION RBQUIREMENTS 

EPA Region IV requires that a justification be submitted when PVC 
is recommended as the well construction material. 
discussion of each of the information requirements for the justification 
of PVC as the well construction material. Each subsection addresses one 
of the eight requirements identified by EPA. The discussion that 
follows each information requirement includes site-specific conditions 
and project objectives that relate to the use of PVC well materials. 

The following is a 

2.1 The Data Quality Objectives (DQOs) for the Samples To Be Collected 
from Wells with W C  Casing per EPA/540/G-87/003, Data Quality Objectives 
for Remedial Response Activities. 

The DQOs will provide a quantifiable degree of certainty regarding 

data that will be utilized during development and implementation of all e 
[NASP]UH8000:28 1 



Remedial Investigation, Feasibility Study, and Remedial Design/Remedial 
Action activities. 
control procedures are designated in the NAS Pensacola Generic Quality 
Assurance Project Plan (GOAPP), prepared by Ecology and Environment, 
Inc. 
affect the quality of the analytical or hydrogeologic data collected 
during the investigation. 

Level IV analytical and quality assurance/quality 

The use of PVC well construction materials will not adversely 

2.2 Thc Anticipated Compounds and Their Concentration Ih.gut 
The analytical screening and Target Analyte List/Target Compound 

List results collected to date have shown that trace to moderate 
concentrations of metals, total recoverable petroleum hydrocarbons, 
volatile organic compounds, polynuclear aromatic hydrocarbons, phenols, 
and pesticides are present in the groundvater at various sites at NAS 
Pensacola. Attachment B provides a summary of the highest 
concentrations of constituents detected that exceed the Florida Primary 
Drinking Water Standards (FPDWSs) or the Florida Secondary Drinking 
Water Standards (FSWSs) at one or more sites. As will be discussed 
below, none of these constituents would be expected to have an adverse 
effect on PVC well materials, and, in comparison to other well 
construction materials, PVC well materials are not expected to adversely 
impact the analytical data collected during the investigation. 

2.3 "be Anticipated Residence Time of the Sample in the V e l 1  
Section 6.8.2 of the NAS Pensacola GQAPP specifies that a minimum 

of three well volumes of standing water will be purged prior to ground- 
water sample collection. Furthermore, purging will continue until the 
groundwater field parameters of temperature, pH, and specific 
conductance have stabilized for three consecutive measurements. The 
collection of the groundwater sample then occurs immediately after 
purging; therefore, the maximum residence time of the sample in the well 
should be approximately 15 minutes or less. 

2.4 The Aquifer's Productivity 
Aquifer tests performed on the Sand-and-Gravel Aquifer at NAS 

Pensacola indicate that permeabilities range from moderate to low. 

[NASP]Wi8OOO:28 
2 3 0 1 1 4 ;  

2 



Hydraulic conductivities range from 0.20 to 44.36 feet per day and 
average 17.78 feet per day. 

2.5 The Reasons for Not Using Hybrid Vells of PVC Casings and Stainless 
a 

Steel Screens. 
The use of hybrid wells having stainless steel screens and PVC 

casings offers no significant advantage at NAS Pensacola over wells 
constructed entirely of one material. 
screen is installed to bracket the water table, because of the 
prevailing shallow depth to water at NAS Pensacola, averaging about 5 to 
10 feet below land surface, only a relatively small length of well 
casing would be constructed of PVC. Furthermore, because the deeper 
monitoring wells are expected to have a considerable amount of standing 
water in the well casings, the water would still be in contact with PVC. 
Thus, hybrid wells yield no advantage whatsoever. 

In a shallow well where the 

As a result, the use of hybrid wells is not perceived by the Navy 
as an acceptable or appropriate well construction practice at NAS 
Pensacola. 

2.6 Brief Discussion of Adsorption/Desorption Characteristics of the 
Compounds and Elements of Interest for the Type of PVC To Be Used. 

The recommended rigid PVC well materials would be Schedule 40 and 
would conform to ASTM D-1785. 
casing materials has revealed that purging and sampling equipment 
selection and variations in purging and sampling procedures have a 
greater influence on sample integrity than do well construction 
materials. 
are representative of the overall findings of this type of research. It 
should be noted that these papers were not selectively chosen to support 
the use of PVC well materials. 
current research on chemical interference of well materials currently 
being conducted by the U.S. Army Corp of Engineers, EPA, and state water 
surveys. Complete copies of these papers are included in Attachment C. 

Parker -- et al. (1990) reported that with increased residence time (1 

A review of published literature on well 

The following is a summary of four of these studies which 

This literature represents the most 

to 1,000 hours) all common well materials exhibit some form of sample 

[NASP]UH8000:28 3 



alteration depending on the chemical constituents in the groundwater. 
It was concluded that, in a sampling program which will analyze for 
trace Htals and organic compounds, PVC is the best choice for well 
materials. 

Barcelona and Eelfrich (1986) reported that proper purging of the 
well has a greater effect on sample quality than do well casing 
construction materials. In wells that were properly purged, PVC 
consistently detected higher, more representative levels of organic 
compounds than did stainless steel or Teflon. 

Jones and Hiller (1988) studied the effects of organic compound 
adsorption and leaching on PVC (thermoplastic), stainless steel, and 
Teflon (fluoropolymer) well casing materials. It w a s  concluded that, 
for organic compounds, no clear advantage exists regarding the use of 
one particular well casing material over the others. 
results, Jones and Hiller determined that well purging procedures, 
saapling device selection and composition, and sample storage devices 
are probably of greater influence on sample integrity and representa- 
t iveness . 

Based on these 

Ecwitt (1989) evaluated the release of metal analytes from two 

Teflon was the least reactive material tested and did not 
common, stainless steel alloy types (304,  316), PVC, and Teflon well 
casings. 
leach any metals. PVC was the next least reactive material. Concen- 
trations of leached metals from PVC decreased with tine of exposure. 
Stainless steel, both 304 and 316, exhibited by far the highest 
concentrations of metals able to be leached. 
would be the optimum material for use in monitoring only trace concen- 
trations of metal analytes in groundwater. 
alternative because its influence appears to be predictable and small. 
The two varieties of stainless steel should be avoided for monitoring 
systems designed to detect low levels of metals. 

Based on this, Teflon 

PVC is an acceptable 

These four papers illustrate that all materials have the capacity 
to affect the representativeness of the groundwater sample in some way. 
However, given the concentrations and variety of contaminants 
anticipated at NAS Pensacola and the designated sampling procedures, PVC 
would clearly be the optimum choice for well construction materials. 
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2.7 
Val1 Would Require a Larger Annular Space. 

Whether an Anticipated Increase in Thickness of the Monitoring Well 

No increase in the diameter of the borehole would be required 
because the outside diameter of the PVC and stainless steel well casings 
are the same for both the 2-inch and 4-inch inside diameter well 
casings. 

2.8 The Type of PVC To Be Used and, If Available, the Hanufacturer's 
Specifications. Additionally, Assurance that the PVC To Be Used Does 
Not Leach, m k ,  React, or Otherwise Interfere with the Contaminants 
Being Monitored Within the Limits of the Doos. 

' 

The PVC used for well construction will be rigid Schedule 40 PVC in 
conformance with ASTM D-1785 standards. 
joint, threaded ends that conform to ASTM F-480-81. The specific 
manufacturer has yet to be determined. 

The casing will have flush- 

The Navy cannot assure that the PVC will not leach, mask, react, or 
otherwise interfere with the contaminants being monitored. However, 
based on the information presented in Section 2.6 and the available 
analytical results, the Navy believes that the use of PVC well materials 
will provide data quality equal or superior to that obtained using 
stainless steel materials. 

a 
3.0 CO#CLUSIONS 

This justification was prepared by U. S. Navy, Southern Division, 
Naval Facilities Engineering Command in response to EPA Region IV 
concerns regarding the selection of well construction materials for NAS 
Pensacola. The eight EPA information requirements to justify the use of 
PVC well materials have been presented and discussed relative to actual 
site conditions. The evaluation of well materials considered the DQOs, 
expected contaminants and concentrations, sampling procedures, hydrogeo- 
logy and geochemistry, and common and accepted well construction 
practices. Consideration of all these factors strongly supports the use 
of PVC well construction materials for the installation of permanent 
monitoring wells at NAS Pensacola. 

[NASP]UH8000:28 5 



4.0 

Barcelona, M.J. and J.A. Helfrich, 1986, Vel1 Construction and Purging 
Effects on Ground-Vater Samples, Environmental Science and 
Technology, V. 20, pp. 1179-1184. 

Ecology and Environment, Inc., Hay 1989 through September 1991, 
Quarterly Reports on Groundwater Monitoring Wastewater Treatment 
Facility, Naval Air Station Pensacola, Pensacola, Florida. 

, 1990, Generic Quality Assurance and Project Plan, 
, Contamination Assessments and Remedial Activities, Naval Air 
Station Pensacola, Pensacola, Florida. 

1991a, Contamination Assessment/Remedial Activities 
Investigation Interim Data Report, Sanitary Landfill (Site l) ,  
Naval Air Station Pensacola, Pensacola, Florida. 

, 1991b, Contamination Assessment/Remedial Activities 
Investigation, Vaterfront Sediments (Site 2), Naval Air Station 
Pensacola, Pensacola, Florida. 

, 1991c, Contamination Assessment/Remedial Activities 
Investigation Interim Data Report, North Chevalier Disposal Area 
(Site ll), Naval Air Station Pensacola, Pensacola, Florida. 

, 1991d, Contamination Assessment/Remedial Activities 
Investigation Interim Data Report, Scrap Bins (Site 12), Naval Air 
Station Pensacola, Pensacola, Florida. 

, 1991e, Contamination Assessment/Remedial Activities 
Investigation Interim Data Report, Magazine Point Rubble Disposal 
Area (Site 13), Naval Air Station Pensacola, Pensacola, Florida. 

, 1991f, Contamination Assessment/Remedial Activities 
Investigation Interim Data Report, Dredge Spoil Fill Area (Site 
14), Naval Air Station Pensacola, Pensacola, Florida. 

, 1991g, Contamination AssessmentIRemedial Activities 
Investigation Interim Data Report, Pesticide Rinsate Disposal Area 
(Site 15), Naval Air Station Pensacola, Pensacola, Florida. 

, 1991h, Contamination Assessment/Remedial Activities 
Investigation Interim Data Report, DDT Mixing Area (Site 2 4 ) ,  Naval 
Air Station Pensacola, Pensacola, Florida. 

, 1991i, Contamination Assessment/Remedial Activities 
Investigation Interim Data Report, Supply Department Outside 
Storage Area (Site 26), Naval Air Station Pensacola, Pensacola, 
Florida. 

, 1991j, Contamination Assessment/Remedial Activities 
Investigation Interim Data Report, Buildings 649 and 755 (Site 30) 
Naval Air Station Pensacola, Pensacola, Florida. 

6 



1991k, 1990 Groundwater Flow Rate and Direction Determina- 
tion Report for the Industrial Wastewater Treatment Plant, Naval 
Air Station Pensacola, Pensacola, Florida. 

Geraghty and Miller, Inc. (G & M), 1984, Verification Study, Assessment 
of Potential Ground-water Pollution at Naval Air Station Pensacola, 
Pensacola, Florida. 

, 1986, Characterization Study, Assessment of Potential 
Ground-water Pollution at Naval Air Station Pensacola, Pensacola, 
Florida. 

Hewitt, A.D., 1989, Leaching of Metal Pollutants from Four Well Casings 
Used for Ground-Water Monitoring, U.S. Army Cold Regions Research 
and Engineering Laboratory, Special Report 89-32. 

Jones, J.N. and G.D. Miller, 1988, Adsorption of Selected Organic 
Contaminants onto Possible Well Casing Materials, Ground-Water 
Contamination: Field Methods, ASTM STP 963, A.G. Collins and 
A.I. Johnson, Eds., American Society for Testing and Materials, 
Philadelphia, pp. 185-198. 

qarker, L.V., A.D. Hewitt, and T.F. Jenkins, 1990, Influence of Casing 
Materials on Trace-Level Chemicals in Well Water, Groundwater 
Monitoring Review, V. 10, No. 2, pp. 146-156. 

(NASP]UH8000:28 7 



• 
ATl"ACiiMBlft A 

EPA IBPOIUlATION RBOUlBBIIBlft'S 

• 

• 
A-I 

320114J 



• 
:1:. 

• 

---

• 

"c"c:::2a.i:.iOJl !tes=':':':ame:rts :0::- JuS::'::'catiOll of C~tive 
WeJ.l C:lSi:1C' !!a:t:e!:'~ a' 5 :::r C=cunc::wa'i:e::- Moci:odnq Well ~c::iOJl 

EPA. Rac;!.=n rv ~=s tha:t ~tl!l: mc:.:.-:C'-::-:1q walls be 
c:::m.:!t::".:c-..ed or Fa; :1 1 eBS steel (304 c= 326 - :f--s'i: Qo.i.ca) or 
:iq"I..ci PVC mee1:i::q NSF Standarc:! 14 (-NS!' 'we" - seccnd. Cz.o.ica). 
Whic:!:l. o~ ~ well casing materials to be usad <!.epem!s ~ w.b.:ic!L 
wcuJ.d C:="':" t:!le mest rep-.... s~ve ~tar sample. A 
j~!.ca-=:.cn Dmst. be sul:m.:.'i:'i:ad when mc==-==.ing wel.l.s c=us-_-"":e:ed. 
of ~c ::a.-:.rials a...-e p:oposec! :or t1SQ i:: c:ollec:~ samples for 
o:qa ... .: C a.:c.a.l7S=-s. Fcllcw!.=:1q are 3P1' s i.:::fc:::Ia.t.i.on =eq::.L.~-s 
=0= j'C:Jit:': ~I~"9' ~ "'Q w;e 0:E ?VC as i::!le well cas.i:lq :a.teri.a..l. :0= 
g::o,o-"'wa,-e- mo~t==i::q ~ls. 

., --
2. 

3. 

4 • 

s. 

c. 

7. 

s. 

':!:.e Da-::& gae' .::~ Objec:--:'"teS {!:QO} fer -;"'e s~les to l:e 
o::llec-..eci ":_0111 wells wi= !1VC casi."'lC; ~e: ~.A/540/G-Si 100:3, 
Da:::::t CBa.l..i.i:7 Cb~ee:.i.ves :0:: Remedial 'Re~c!!Se A.c:~"":'-=ies. 

~!:.e =~~ sc:.s === =-= ~si::q l::. .... ==..:..:::. wl2.l..ls c: ?T1C c~i.:lqs a::i 
s-...:!.i::.l.ess S"::eo-l. sc::::ee:s. 

=::'e= ~3C:SS:!aC= Q~ £ciso~':'=::./·c!ese~':'c::. c~a-ac::e::.s~cs c: 
-:=s =~C---=C:S a::: el==s::::s c: ::':::e.:es: ;::= -:~e ~~ cf ?'tIC -=: 

....-~ .. -------
:e 
asS-':=3--e -~-------

';"'-:-:.a:=L~ w:..~ -;:e c:=--",2 ... .;-a..::s ::ei.::q ==u::.-==:ee. ~:..-".- .... _p 

l~-:::s c: :e :lC2CS. 

~A a.ccep::"'..,ce 0: ?VC well C2.Si:q 
a.pp::~! c: e.':a.-: c=uii:q =a~e:::'a.l i 
fer ~e, :e =cl.l~...::.C; cc:c:i=.-;icns 

~ta:::'a!s ~oes :o~ ccns::~t~tQ 

'i:.~e::a=o:e, .:.I :VC .is accep:ec!. 
shall a:ppl.y: 

1.. ':!:.Q ~C=Z~ accepts t.=.e :::'sks 1"!:a~ -:.1:e u:se of a.lte::-...ate 
::a:::sr:".a.l.s =or g:cunc.wa:::a:: mQllltor~q Illa.? ca::se i.:r.::er::e...-ences 
0:' i.::~c=~ci.e:s i.:1. -:::e c!:.e::ti.ca.!. ana.l.ys;:'s 0: sampLes :rom. suc..O. 
~-ells. ~..ll c::mpounc.s :ounc: i.: sam:;:lt!s collec:--ed. frem tile 
well wi.!..!. be con:sicie.re<i to o:.i.<;': "'atei: t:e a~i::e: being 
alCn~:o=ed. 

". 



uo· .. v·"." 

.. 

, 
iU"'e::::ati..,. WtlU 9a#i,pq Md,'! <com;. , 

;. 2.'"· ~ sz:ch accepcance applies to ~ impl ...... t:a::.cm ~ t!:&a 
s;ec!..:f'-8Cl ar.: WC=k Plan az:J.y, aD:! C1y c:rt:b: use cf alte!='&:a 
... 1'" • ...:~ fen: ~ mcni"':zr:...Dq ~ J)e ~ br D.:L 
aepa:z:aly. . 

3. ky major ame::C2t"1:s or _ev=.sicms -= ~ ::e:fe..--ncw! !I!'Z Wm:k 
Pla:::. cr the i:teac..c I)QOS cr ~ we:3&: pJ.a: JlJAY =-qn.;:a 
=-assessment cf the ~ ~c:: usa of a.ltar=:a"'. mat~-&!.s 
by ZI'A. 

4. nt1 rese--ns the rlc;b::: 1:0 :ar..sa ~ ~~-m; cia.ta 
~ ~ ~ c::ot:.S"C--.:c--ac! c~ &l. ... -=a .... aaa:c:e::-=..&ls 
~ -==:sa SJr8C:::",,:': ec! i: 4."'e ~..a: ~ 5C!' ~ such ==-=--=--:.cn ~-&!.s cg~ c::.iW5a -"'e g:cc::d wa:a:-
1IICn.i.~~!.:lq data. to :fa.i.l to !D881: t:w :ec:ess&-~ J:)QCs. 

T!:. !..:::!:=at:..:.c:: t= jur.::~ ~ e3 ~e ai! ?'1C ",-ell C35,;"q c:::uJ.c! 
be i:::::::;:C::3.taC ~-= ~'!e wo:k p.lan and be i::1c~'7'a ~== a.U 
s.i.:es whe-~ l'VC c:asi::.q wi!..: ~e :ued. 

=:v - ;.ll :!..alc! wc:~ anci labc:a:::.:::: ~~.:...--es .zc.s: ==llc-...r i:P.!. 
~= IT St3l:C;;-:' 0pe:::'2lt.:.::q P:-..ceC::... ..... Qc&l.:.ty .ks-_-:a:ac:e 
Vac·-s' 3 (SOPQi\K) _ ~ SO~ ter ~ ..-::c:eCu--a5 ~ c:a.-..ec:. 
?.c=a:-.!' 19~~, a:C t:e s~ :cr ~,,_.! p::=cpc-::ss i.s 
ca-:e:! sapts=er lSSgO. 3I:y ~-&.~ == !:EIA ~q':'c: ::v 
SOPQ::l! ::n:.s: Pel just:~ ~.:.ac:. :.: :..-=.~ ~ ~a ar..-_oE'_ by ~.A • 

., 
-; 1591. 

'")'")011"''1 v;"" d\.l 

• 

• 

• 



1 

SUMARY OF CONSTITUENTS DETECTED ABOVE TEE FPDVS/FSDVS 
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Parameter Haximum Concentration Detected Standard 
(lJg/L) (lJg/L) 

Arsenic 

Cadmium 

Chromium 

Copper 

Lead 

Iron 

Hanganese 

Mercury 

Silver 

Sodium 

Benzene 

Tetrachloroethene 

l,l,l-Trichloroethene 

1,l-Dichloroethene 

Vinyl Chloride 

Radiu-226 (pCi/L) 

800 

8,300 

6,700 

22,000 

30,300 

341 

3.4 

180 

1,270,OOO 

810 

500 

2,500 

1,300 

3 10 

16.1 

50 PPDWS 

10 PPDWS 

50 PPDWS 

1,OOO PSDWS 

50 PPDUS 

300 PSDWS 

H) PSDWS 

2 P P W S  

50 PPDWS 

160,OOO PPDWS 

1.0 PPDWS 

3.0 PPDVS 

200 FPDWS 

7.0 FPDVS 

1.0 PPDWS 

5.0 FPDUS 

Key : 

FPDWS = Florida Primary Drinking Water Standard. 
PSDUS = Florida Secondary Drinking Water Standard. 
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Influence of Casing Materials on 'zkace-Level 
Chemicals m Wen Water 

by Louise t! P a r k ,  Alan D. Hcwirr, and TXonus * .  E Jenkins 

Introdpetioo 
The U.S. Environmental Protection Agency's 

P A % )  RCRA Ground Water Monitoring Technical 
Enforcement Guidance Document (T'EGD) (US. EPA 
i9sQ) states that only nuorocuboa resins or stainless 
steel (SS) d n g s  sbould be used for monitoring volatife 
arpnicZm tbc samtcdtonc Tbe O r i g h l  draf~ drhir 
docnmcnt (US. EPA 1985) suggested chat Tcflorr. or 

mg at R U U  dtcr 'Ibc EPA w l ~  coDccillcd tb8t many 

ing amid atha a&a the quality of tbe pound water 
or did not bave tbt long-tam structural cb.ncterinie 
muired of RCIU rnonitotihg wells. With respect to 
the EP-fint c011cexn. a review dche literature pub 
Wed prior to 1986 did not reveal substantial evidence 
10 suppor~ the position taken by the EPA in either cdi- 
tip of this document (Parker tt d. 1989). 

the possiik 
inrerraioru between welt cuing materials rad mcul 
spcdcr. Tbcre is colisidenblc evidcnac, homver. that 

nniakrrnctJ 304 be used for dl pound water moiljtoII 

of tbc crrirrg mterials \tKd for p m d  ~ C Q  mOojt011 

Few studies brve rpcci5crlly 

rorption dwub by p m c  and glass coauincn a n  



form, vichlorofluoromethane. trichloroethylene. 1.1.1- 
ui&lorMthane, 1.1 2-trichloroethane. and tetrachloro- 
ethylene) in aqueous solution and found slow lostes of 
te~chloroethylcne (25-50 percent in six weeks). 

Reynolds and Gillbam (1986) tested both PVC and 
materials for sorption of trace levels (ppb) of five 

h&genated organics. They found rapid sorption of 
tetrachloroethylene by P'EE, slow sorption of lJJ- 
tricblorathaae, 1,12~-tetnchloroethane and hexa- 
chloroethane. and no sorption of bromoform. They also 
found slow sorption of 111 the analyes except trichloroe- 
thane by WC While 50 percent of the tetrachloroe- 
thylene was sorbed by the PVC in five weeks, the same 
mount  was sorbed by PlFE io only eight hours. They 
amju ted  loss of these organics to absorption and devel- 
oped a model where uptake of the compound proceeds 
by sorptioddissolution into the polymer surface. fol- 
lowed by diffusion into the polymer matrix. However. 
Reynolds and Gilham (1986) could not predict which 
organic chemicals wen most nrsceptible 10 absorption. 

~ Syks  et ai. (1986) compared sorption of several 
organics by PVC, SS, and well cash& The casing 
materials were equilibrated for seven days (5 C) in ana- 
lyre solution. placed in fresh analyre solution, and tbcn 
tested for losses due to sorption after one and 24 hours. 
After 24 hours they did not find any significant losses 
for any of the casing materials. 

While these studies indicate that sorption of some 
organics may be a significant problem for plastic casing 
over the long t m n .  only the study by Miller (1982) 
examined desorption during the fm two weeks. In that 
study, he observed some desorption (25 percent) of the 
teuachloroethylene that had betn previously sorbed by 

Casing materials may also leach a variety of organic 
substances. In two studies (Miiler 1982.Parker and Jenk- 
ins 1986), analytical interferences in leachates from PVC 
well casings were sought but none were found. Curran 
and Tomson (1983) also examined the leachates from 
five plastics, including W C  and FIE.  They found that 
PTFE leached the fewest contaminants and that non- 
glued PVC was a close second While it k possible tbat 
organic substances such as lubricants used during manu- 
facture or inks from printing could leach from stainless 
or plastk casings, no information currently available in 
the literature contirms this. 

It is interesting to note that despite the literature 
that is available regarding sorption of organics by PTF€, 
anides have recently been publisbed that claim it is 
supdm for sampling organic substances (e.& Bryden 
and Smitb 1989). 

"be purpose of the studies .conducted by the authors 
was to detennine the suitability of four well casing mate- 
rials (pvc. - SS304, and SS316) for monitoring 
inorganic and organic solutes in ground water. To do 
tbir, two separate nudies were conducted. one for inor- 
ganic~ and one for organics. 

the Pvc casings. 

General Comments on the Inorganic and 
Organic Studies 

Two-inch (inner) diameter well casings manufac- 
tured speafically for ground water monitoring were 
used in all studies. These casings were purchased spcd- 
fically for the studies and were stored in a cool, dry 
room prior to use. Precautions were taken while the 
casings were being cut to prevent contamination from 
grease, dirt, oil. solvents. and excessive handling. The 
ground water used in the studies was obtained from a 
domestic well (249 feet [tam] deep) in Weathersfield 
Vermont. No attempt was made to maintain the native 
dissolved oxygen level. As a general guideline for eval- 
uating our results, we considered any change in concen- 
tration (relative 10 the control samples) of 10 percent 
in an eight-hour period to be the maximum change toler- 
able. 

Inorganic Study 
Experimental 

Mixed metal solutions were prepared by spiking 
ground water with arsenic (As), cadmium ((3). chro- 
mium (Cr) and lead (Pb) at two concentrations: 50 and 
I00 pg/L (ppb) for As. Cr, and Pb. and 10 and 2 &L 
for Cd. The higher concentrations are the current maxi- 
mum concentration limits se! by the EPA for drinking 
water (U.S. EPA 1986b). Prior to treatment. the ground 
water used in this study was analyzed and found 10 
contain no detectable amounts of any of these metals 
at the sensitivity levels used for analysis. To simulate a 
wider range of ground water conditions. the tests were 
run at the natural pH (7.8) of the well water plus a 
lower pH (5.8) and a1 two levels of organic carbon. Ha 
(reagent grade) was added to lower the pH and 5 mg/L 
(ppm) of humic acid usas added to raise the organic 
&on content. A complete (2') factorial experiment 
was used to test the effect of these treatments (concen- 
tration of metals. pH and organic carbon content) 
(Table 1). 

Because the wail thicknesses vaned between the 
plastic and the two stainless steel casings. the casings 

TABLE 1 
Matrix Design for Inorganic Sddy 

T d  Memi O ~ c u b o n  
ComiSdoo Conreotrstions' pH Added' 

~ 

1 
2 
3 
4 

5 
6 
7 
8 

high 
high 
high 
high 
lOW 

lOW 

low 
low 

7.8 no 
7.8 Y e  
sa no 
5.8 Y e  
7.8 no 
7.8 Y e  
5.8 no 
5.8 . yes 

. -. 



were CIR 10 different kngths sa hat  the surfact area of 
ea& mas cons~tnt (80 an3 clrt w c t k  w m  rinsed 
n'tb ddonircd viler and air-dried before use. Individ- 
ud *n oring wen then placed in 12SmL 
pvaW jars containing IOOmL of tesa solutioqthe ratio 
dcabgroriroc area to aqueous volume -0.82 d l  
a L  Sidarjars lbrt coallined tbe tcst solutions witbout 
my asiags were used for convol Samples Tbe sample 
vessels yctt eover4 fiored at 24C urd kept from 
natural l igb~  Dupiiates were m for acb combination 
ofwirMer and each casing mawrid. 

Saazp& dqwu ( t5mL)  were taken from a c b  con- 

placed io drra U m L  polyezbylme vials rod rddified 
to a pH dlcsr tha 1 with niuk add to prevent q t i o n  
by tbc oonuincn. Memi concmmtions were obtained 
by graphite turaoce aomic absorption ~pecvo~opy 
(Pcrtia-Eha model 703 atomic a t m o w  tpecuo- 
photometer coupled with a PE model 2200 b a t e d  
grapbitc atomizer). The concentrations of met& given 
io chis d y  were measured as total. 

The mcul concentrations were normaked by divid- 
ing tbe dues obtained far sample solutions that wn- 
mined well casings by the values found for quivalent 

**tu, 4, a24 d t z b o ~ n .  '~bc rlisu0t;rll~ere 

controls This rllowed rbe ~ J U  for botb wnccnm- 
iiom 10 k urrlyed by I single andysis of w i . n c ~  
(ANOVA). Thus, it was possible IO s i m u l u n e d y  left 
for :be effea of solute emcentration. pH and organic 
carbon a1 a& sample timc for ea& casing material. If 
a asins exerted MS inhpcact on anrlytc coaccaation, 
the expmed value vortld be 1.00. An ioCrrrre in the 
ratio indicates tbat ..E mD casing released meul into 
the solution, while a dccrtrre in the ratio indicates hat  
mclrlwrsrorbed by IhtE13iag 

R e s u h s d  Dkrardrrm 
ApproJimrtely half of tbe srpinlttt fieel casings 

s b m d  sigk'of sudbce n t s ~  In some case (SS 316 at 
a low pH), suflidht oxidation oaamed to form a 
hydroUt'inr0 oddt pdpitatc '2hit precipitate u1s 
never o w e d  m the con00l samples or t h e  with 
PVC or PTFE casings. &Me the autbon rt.iizt hat  
rusting of the suides asings is yay Condition-JPecific 
the test conditionr sbdd be genenlly rqmscntltive 
of W o w  wellr. Also. it was noticed tbrr tbe casings 
had nut& some during storage prior to any testing. 

Table 2 gives tbe aorrmlited mean dues and stan- 
dard devbtiont for each a d y e .  well casing and time 

4.0 PVC 
PTFE 
su(w 
SS316 

bo Pvc 
PIFE 
SS04 
=I6 

24.0 Pvc 
PZFE 
Ss301 
sss16 

72n wc 
FIFE 
Ss3M 
S3l6 

1.01 f 
1.01 f 
1.06 f 
1.04 = 
1.13 = 
1.03 = 
1.17 = 
114 = 
1.u f 
1-03 z 
1.16 = 
130 = 
1.16 = 
1.m z 
1.12 t 
136 z 
1-14 z 
1.02 = 
1.03 f 
125 f 

am 
a01 1 

ami 
a037 

ais 
a49 

a036 

0.054 

aan 
0.016 
a14 
a47 

QaM 
om7 

QbB 

-9 
Qop 

o.& 

a12 

ai4 
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In genenl. tben was no change in arsenic concentration 
for the sample solutions containing either the PVC or 
FTFE casings during the 72-hour test period (figure 1). 
and no consistent pattern of effects was evident from 
the ANOVA The reason As did not interact with these 
casings may be because As exists in natural m*aters in 
tbc anionic form (Fowler e! d 1979). Masse et al. (1981) 
found that anions do not strongly associate with plastic 
(polyethylene and PTFE) surfaces. which a n  known for 
their cation cnchanp capaaty. Tbe samples containing 
the stainlets steel casings, on the other hand. showed a 
10 percent decrease in aqueous arsenic concentration 
relative to the controls after 24 hours (Figure 1). It 
appean that there was no funher lost of this analyte 
after 24 hours Althougb these results cannot be used 
to predict exactly what losses might occur under field 
conditions. it is doubtful that this loss was rapid enough 
to impact water quality measuremenu (losses were less 
than 10 percent after eight hours). 

The results for Cd a n  quite different After only 
four hours, Cd concentrations in the samples containing 
PVC and strinless stecl casings had increased by more 
&an 10 percent (Figure 2). with the most leaching occur- 
ring in the samples containing the SS 316 casings. Cad- 
mium may have been added to the PVC as a W stabi- 
lizer (wilson et d 1982). and may have been added to 
the stainlets steel to enhance resistance to chloride 
cracking (Sedricks 1979). The concentration of Cd in 
the samples containing W C  casings leveled off after 
ugbt hours. m 0 V A  revealed that pH had a significant 
effect (at tbe 93 percent confidence Icvd) far this casing. 
Altbougb tbc same anlout of cd leached in ail the 
samples (approximately 05 mgh), concentration was 
also dgniticant (at tbc 95 pertcat confidence level), but 
oaly because relatively more was leached in the low- 
coaccnmtion samples Concentrations in samples con- 
taining SS 304 casings decreased after eight horn and 
after 72 hours had returned to the same levels that were 
found in the control samples. Again. more Cd leached 
in b e  low pH samples. Cd was leached m m  rapidly in 
samples containing SS 316 casings. There was a large 
diKnpaacy ktweea duplicate treatments for the sam- 

L -1 

CADMIUM t 
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0 20 40  60 eo 
T i m  (hrl 

F i i  2 Trrodr h man admium coocentnth lor low d 
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F5gmm 3. Trends in menn chromium cooceoxntiw for fou 
r d l a s i q n u t a t k  

pits that contained stainless steel casings. With the 
exception of the fim set of samples (t=OJ br), the 
relative standard deviations ranged from 12 to IS per- 
cent for samples containing SS304 and from 47 to 
68 percent for those containing SS 316. In contrast, the 
standard deviations for samples antahing W C  and 
PTFE casings were consistently below 6 percent 
Becaw the variance in tbe samples containing SS 316 
was so large, then was no consistent detcaablc &ea 
of pH for t b e ~  casiap However, surface oxidation 
appeared to be the major source of this varianoc With 
respect to the leaching of metal stab&= from W C  
pipes, the literature indicates tbat loss can be a surface 
phenomenon that can be reduced or eliminated by either 
washing (with detergent) or soaking in dilute mined 
add before use (Packham 1971). It may be that the lots 
of Cd from W C  casings can ?Is0 be reduced by a similar 
treatmeas although we did not test this possiiility. 

There was no measurable sorption of chromium by 
the FEE, PVC and SS 304 asings (Figure 3). Absence 

. 



of interaction with the plastic casings may be due to 
chromium speciation. In solution. chromium exias pre- 
dominantly as dichromate and chromate (Cr?O;:.. CrO.:.) 
md. as mentioned previously. anions are not as likely 
to exchange with plastic surfaces. However. lost of chro- 
mium was rapid enough (13 percent after eight hours) 
for SS 316 casing material to be of concern for pound 
water monitoring. Loses were greater at the higher pH; 
Cr speciation is known to be affected by pH and may 
be responsible for some of these differences. Surface 
oxidation was greater at the lower pH. which likely 
conniuted to the larger variability. Also, for those sam- 
ples where a hydrous iron oxide preapitate was formed, 
co-precipitation may have contributed to the loses from 
solution. Again, the nandard deviations were consider- 
ably greater for the samples containing the stainless 
ne4 casings. Humic adds apparently increased the sa- 
bility of aqueous G. perhaps by acting as a complexing 
agent (Stumm and Morgan 1970s). 

Lead was by far the most actively sorbed metal spe- 
des. While all sample solutions containing casing mate- 
rials showed some loss of Pb with time (Figure 4). PTFE 
was the lean aaive surface and SS304 was the m m  
active. The loses for samples containing PTFE casings 
do not appear to be of concern with respect to ground 
water monitoring: losses were only 5 percent after 
24 hours. However. losses for samples containing PVC 
and stainless casings are of concern: 1oss;)s were 10 pcr- 
cent after only four hours in the samples containing 
PVC casings and 20 percent in those containing stainless 
casings. Although loss was initially rapid in samples 
containing SS 316 casings. it leveled off after eight hours. 
The standard deviation was higher for the samples con- 
taining SS316 casings than for the other casings. For 
both stainless steel casings. there was less sorption of . 
Pb at the lower pH where hydrogen ions may have 
compered for sorption sites. Added humic malerial ap- 
parently acted as a complexing agent in solution. making 
lead less prone to sorption. Concentration had no consis- 
tent effea. 

Undoubtedly, there were shifts in the chemical equi- 
libria of the well water solutions from the time the well 
water was collcced until the end of the experiment. 
Ground water that is removed from an anoxic environ- 
ment and exposed to oxygen-rich air may undergo redox 
and precipitation readons (Stumm and Morgan 1970b). 
Alto, lowering the pH shifts the carbonate equilibrium 
in solution from predominantly bicarbonate species 
toward carbon dioxide (Manahan 1972) and a m  shifts 
in G speciation. Clearly, such changes would alter the 
trace me& speaes distribution. Thcse possible changes 
were not monitored in this eqmiment. 

For further details on this ponion of the study, refer 
to Hewitt (1989). 

Organic Study 
ETpcrimenul 

The four well casing materials were a h  tested for 
sorptioddesorption of low levels of 10 organic sub. 
stances The substances tested were hcxahydro-13$- 
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4 T& b m a n  l a d  coaccotnlio. lor fou wen as- 
iot-- 

trinitro-l$$-triuine (RDX), 1.33-trinitrobenztne 
(TNB), cis- and trans-1.2-dichloroethylene (CDCE and 
TDCE), m-nitrotoluene (MNT). trichloroethylene 
(TCE). chlorobenzene (CLB), and 0-, p- and m- 
dichlorobenzene (ODCB. PDCB, MDCB). The criteria 
used for sclcaing these analyes included being an EPA 
priority pollutant, molecular structure, solubility in 
water. K,,,, value, and retention time (using reversed- 
phase high perfonnancc liquid chromatography [HPLCJ 
analysis). HPLC analysis of the ground water used in 
these studies revealed no detectable levels of any of 
these substances. 

For these experbentt. casings were cut into 11- to 
IJmm-long sections, which were then cut into quarters. 
Again. the length was varied so that the surface area 
could be maintained constant. The casings were washed 
in solutions of detergent and deionized water, rinsed 
many times with deionized water. drained and left to 
air dry. Two pieces of each type of casing were placed 
in JomL glass vials that were fiiled with the aqueous 
test solution so there was no head space. and capped 
with Teflon-lined plastic caps. Mals with test solution 
but no well casing material served as controls These 
controls allowed us to eliminate any effecu such as those 
that might be due to the vials or caps. The ratio of casing 
surface area to soiution volume was 0.79 an:/& The 
ratio of solution volume to volume of casing material 
was approximately lal. 

In the 5nt cxperirnenk the test solution was pre- 
pared by adding known amounts of each of the organic 
solutes directly to 2.2 L of well water in a glass-stoppered 
bottle, which was stirred overnight. The final concenm- 
tion was approximately 2 mg/L for each organic conttitu- 
cot. The solution also contained 40 mg/L of Heat ,  
which was added to prevent biodegradation of the 
o r p i &  Separate vials were prepared for each sample 
time so that the test solution could be discarded lfrer 
sampling; there were three replicate samples for each 
material and time. Contact times were 0 hours, one 
hour. eight hours, 24 hours, 72 h o w  (three days), 168 
hours (seven days), and approximately 1000 hours (six 

Ma an aliquot was removed for kialysis from cacb 

Time lhrl 

weeh). 



'ICABLE 3 
Iyonn?liz+d' Average Concentntions of Organic Andyte for the Four Well Casings with T i e  
h a l y e  Trrrtpent 1 H o w  a H O ~  U H o w  72 Hmn 168Hoon 1000Houn 

RDX m 1 .a I .00 1.00 1.02 0.91 0.99 
PVC 1 .m 1.00 0.98 1.00 1 .m 1.00 
SS304 0.99 0.99 1.01 1.02 - 1.10 0.98 
SS316 1.01 0.99 1.01 1.02 1.11 1 .00 

TNB PEE 1.01 1.00 lxx, a98 0.95 1.01 
PVC 1.01 1.00 0.98 1.02 1 .or 1 .a2 
ssuw a99 1.00 1.00 1.m 1.07 1.00 
SS316 1.02 039 1.01 - 1.07 1.06 1.02 

a2DcE P n E  1.01 0.96' 0.96' 0.94 0.91 ' 0.79' 
W C  1.00 0.99 0.95' 0.96 0.95 0.90 
Ss304 0.m 1 .00 1 .00 0.96 1 .04 0.98 
SUI6 0.95 0.99 1.00 1 M 0.98 0.99 

PVC I .00 0.98 0.93' 1.M 0.83 0.83 
Ss304 0.95' 1 .00 1 .00 0.96 1.11 1 .00 
SP16 I .00 0.99 1.00 1.12 1.03 1.00 

M N T m  I .a3 1.00 0.99 0.99 0.90 0.90- 
PVC 1.02 I .00 0.98 I .a 0.99 0.94 
Ss304 1 .00 1.00 I .O1 1.00 1.08 1.07 
SS316 I .a 1 .00 1 .02 I .a 1.10 0.99 

TCE PEE 1.00 0.W 0.85' 0.78' 0.60' 0.40' 
WE 1.01 0.98 0.94- 0.99 0.9' 0.88. 
sS300 0.96 1.00 1.01 0.96 1 .04 0.99 
SS16 I .00 0.99 1.00 1 .oo 0.98 1.00 

CLB FIT€ I .O1 0.93' 0.90' (Mu' 0.74' 031' 
PVC 1.01 0.98 0.95' 0.98 0.94' 0.86' 
SSm 0.98 1 .00 1.00 0.97 1 .a 0.99 
SO16 0.99 0.99 1.01 1.04 0.98 0.99 

nmcE PTFE 1 .00 0.92' 0.888 0.83 0.66 056' 

1 M 
1.02 
0.98 
1.01 

asno 
0.95 
a w  
0 s  

1.00 
1&2 
039 
1J3 

0.88. 
0.94' 
1.00 
1.m 
0.77- 
0.92- 
1.00 
1.00 

am 
am' 
1.00 
1.00 

o m  
0.98 
0.99 
1 .a 
0.64' 
0.97 
0.98 
1.04 

0.66' 
0.97 
0.99 
1.04 

0.68' 
0.93 
1.04 
0.98 

0.47. 
0.88' 
I .M 
0.97 

0.48- 
a8IT 
1.02 
0.96 

0.43' 
036' 
I .m 
1:00 

036' 
0.W 
1-02 
1.02 

036' 
480. 
1.02 
1-01 
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of the 1000-hour samples, the Vials were emptied and 
rhc pi- of casing were rinsed with approximately 
40mI.d fresh well water to remove any residual solution 
adhering to the surfaces. The casing pieces were then 
placed in new vials. and fresh unspikcd well water was 
added. Tbe vials were capped with new ups and allowed 
to equilibrate for three days. Aliquou were then taken 
from thesc samples and ladyzed to detamine if desorp- 
tion had occurred. 

In the second experiment 20 g/L of NaQ was also 
added to the test solution to dctennine the effec! of 
increased ionic strength on the rates of sorption. Samp 
ling t ime were the same except that the lm samples 
were taken after approximately 1200 hours (seven 
-1. 

All analytical determinations were made by 
reversed-phase high performance )iquid chromato- 
graphy. A modular tynem was employed that consisted 
of a S p e m  Physics SP 8810 isocntic pump. a Dynatcch 
LC-241 autosampler with a 1WpL loop injector, a Spec- 
tra-Physics SP8490 variable wavelength UV detector set 
at 210 nm, a Hewlen-Packard 3393A digital integrator, 
and a Linear model 555 sVip chan recorder. Separdons 
w m  obtained on a tscm x 4.6mm (5 wn) LC-18 column 
(Supelco) eluted with 13 mUmin of 62/38 (vhr) metha- 
nol-water. Baseline separation was achieved for all 10 
analytcs. Detector response was obtained from the 
di@ral inteptor operating in the pqpk hei&t mode. 
Analytical preasioo ranged from 0.4 to 3.98 percent. as 
determined by the pooled standard deviation of uipli- 
cate initial measurements 

For each analyre and sample time, a one-way analysis 
of variance (ANOVA) vas performed to determine if 
the well casing material had a significant effea on ana- 
lyre concentration. Where significant differences were 
found, Duncan's multiple range test was performed to 
determine which samples were sigruficandy different 
from the controls. 

Before the two experimenrt described previously 
were performed. a preliminary leaching study was con- 
ducted to dererrninc if any substances that could inter- 
fere with the analytical determinations leached from the 
casing materials. For this study, nvo pieces of each type 
of well casing were placed in each of two vials. The vials 
were filled with fresh well water so that there was no 
headspace, capped and allowed to sit for one week An 
aliquot was taken from each vial and analyred. No 
detccoble peaks were observed in any of the samples. 
Rcmltr .ad Dixurdoo 

Tbe data for the first experiment arc s-d 
in Table 3, where the nolmalizcd concentrations for 
solutions containing well casings arc given as a function 
of time. Neither type of nainlcss steel casing affected 
the concentrations of any of the analytes in solution. 

tions that contained plastic casings. W e  the rate of 
loss Mered dramatically from analyte to analyte, losses 
were always greater for P I E  than PVC 

For RDX and "B there was no lost of analyte 
from solutions containing either plastic casing, even 

HOWWCI, signili~ant lots Of solute did occut in the ~ 0 1 ~ -  

after 1000 hours. Tbcre was some lots of MKT in the 
sample solutions tbrt contained PTFE crdnp but the 
1 0 s  only k a m e  signniticant after 1000 horn (1Opuctat 
loss); there was no loss with the PVC arins mcZ 
was lost much more readily in samples conuining 
asinp than was its isomer pair, CDCE (Egurc 5). me 
solid lines shown in this figure rad Figures 6.9 were 
fined manually.) figure 6 shows the losses of TCE for 

the three DCB isomers and CLB in the samples that 
contained PTFE Casings. n e  order Of loss was PDCB 
and MDCB > ODCB > CLB. While the rate of loss did 
not exceed 10 percent in eight hours for any of the 
previous solutes, it is noted that losses of PDCB and 
MDCB w&- 16pcrcent in eight bows and thus were 
rapid cnougb t o k  of concern with respect to ground 

the four weu CaSiri~Rgure 7 shows the rate of 1 0 s  of 

1.2 1 1 1 1 1 I I I 1 1 

1 1 I 1 I I I 

r i  5 Sorptio. of CDCE .ad TDCE by nrr d crrisp 
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TABLE 4 
Results of Desorption Study 

Coacentmioa in m e  8her chm day quilibrrtion 

w M 8 t r r b l  RDX mB CDCE fDCE MNT TCE CLE ODCB PDCB MDCB 

Teflon N D N D  0.20 0.43 0.075 0.47 0.28 038 030 035 
ND ND 031 0.45 0.016 0.48 018 03s 034 036 
N D N D  0.074 0 0 0 

PVC m N D  0.079 0.15 0.046 a14 '0.10 U S  0.17 0.18 
N D N D  0.080 0.14 0.046 0.14 0.10 0.15 0.16 02l 
ND hP O.OS0 0.15 0.043 0.13 a11 0.16 0.16 0.20 

water monitoring. For PVC, losses never reached 
10 percent in eight hours for any of tbe organics tmed, 
and thus the authors believe that PVC is dearly superior 
to PTFE for wells where water samples wiU be analyzed 
for organic constituents. 
To detennine if the loss of organic solutes was revers- 

ibie, the pieus of casing that had been exposed to test 
solution for 1000 houn w m  rinsed and then exposed 
to frsb well water for three days. Measurable quantities 
of all the organics were recovered where significant 
loses had been observed (Table 4). Tln~, loss was due 
to sorption and was at least partially reversible. 
Ahhougb this experiment did not give us information 
on the kinetics of desorption, the amount of analyte 
desorbed after three days generally paralleled the 
amount sorbed. However, PDCB and MDCB were a sorbed IO the greatest extent while TCE and TDCE 
were desorbed to tbe greatest extent Therefore. it may 
be that diffusion out of the polymer is more rapid for 
mdla molecllles. 

In the second experiment NaQ %*?as added to raise 
the chloride concentration above lo00 mg/L Hi@ chlo- 
ride concentrations are known to corrode 304 stainless 
nceL Specifidy, tcSu were performed to determine if 
rusting would alter the sorptivity of the stainlest nee1 
surfaces. it is ais0 possible that sorption on plastic mate- 
rials would change with increasing ionic strength of the 
test solution. 

W e  addition of NaQ caused rapid &g of both 
stainless steei casings ( 4 4  hr), it did not cause sorption 
of any of the organic solutes by tbem. In addition, the 
iOucased ionic strength had no detectabie effect on the 
rate of ~rpu 'oo  by eitber planic cabng (for example, 
.Figures 8 and 9). These two figures aim demonstrate 
tbe exdent reproduability af the results from these 
two expcrimenfs. 

Modeling the Sorption proccSr 
These organic studies dearly demonstrated that the 

1 0 s  of organic chemicals from solutions exposed to plas- 
tic casing materials is via some reversible sorption pro- 
ccg, However. it was uncertain whether this loa was 
due to sorption on the surface or whether that was 

penexration into the polymer ma- Tbe rate of s o p  
tion was found to be slow, with no establithed equilii 
rim after hundreds of bo- One explanation for this 
slow rate was that penetration into the polymer was 
OcEUnipg, with tbe rate controlled by slow diffusion 
within the bulk polymer andlor the rate of penetration 
into the small pores on the polymer surface. If it is 
assumed that this is the case, the process can be 
kinetidy modeled by treating the plastic casing as an 
immisciile liquid phase in cootau with water and relat- 
ing the degree of panitionkg for individual malytcs to 
their ocraaolhvater panition toeffiaenu (L). While 
there arc immiscible liquids other than octanol that are 
better structural mod& for P'ITE or PVC the most 
extensive coilection of panition caeffiaents b available 
for OCtanoL 



Yf it is rnumed that sorption is a reveniblc praccrt. 

kl 

k2 
&st& * (1 1 

and b fim order in both diredons. tbcn the rate cqw- 
tioa QO k written as (Gould 19S9): 

when & is tbe initial concentration of solute A in 
aqueous sohtion. 

Optimal vrluet for a and b were obtained for each 
solute exposed IO FIFE by application of tbe Gauss- 
Newton method of non-bcrr cur~e f i b 8  using the 
measured c ~ n ~ c n ~ a t i o ~  at 1.8.24.72.128, and 1000 
born (Parka e: d. 1989). Using detCrmiacd vaJues for 
a and b, tbe authon simultaneously solved Equations 

kz. B e a u x  the procclr described b assumed :o be .  
revenible and tint order, the ratio of tbe rate comanu, 

4 and 5 for ~ c b  Solute to ob& eninUtes of kl a d  

k& is the quilibrim COISUXI& & 
when tbc eight values of ICq ucn prontd K Log 

I<, six of tbc eight points appeared to fail oa a straight 
b e .  wbile tbe points for MNT and ODCB did am (E- 
gure 10). Tbe p o o ~  ti: for MNTmd the Jack ofsignific?at 
sorption form and RDX CUI be explained by the 
tendency of nitro-containing organic moiccllles to form 
strong hydrogen bonds, which keeps them in solution. 
W e  o c t a d  an be a donor in bydrogcn b&g, 
lTF€ canna nut. if tbe atatbon predia puritioaiog 
ioto P I E  for thee m d d c s  based an their 0ayrOU 
M t Q  co&icknu the amount of so- for these 
typa dcompouads win be overenknrted 

Tbe poorprcdiaion for o m  Qn be c%p&intd by 
the well-docpnreated 'ortho &a" whicb is a complex 
combination d elcaronic e d  steric interactions that 
often results in orrho di-rubrtituted aromatic molecules 
khtving mucb ditrenatly than the meu- and p.n-iso= 
mcn. 

A Mar model pndiabg the lots of d y e  for 
PVC was not created because the prccnt sorbed was 
ymdl when compucd witb the experimental emor a d  
this would produce an uaacccptabk degree of unw- 
minty i tbe calculated rate c0nsxant.s. 

Therefore, it b concluded that for bydropbobic 

*w r 
organic molecules thu are not subject to hydrogen 
bonding, tbe nlrthsbipprcsegtedi0 Fu\nc 10- be 
used to estimate the e q d i i i u m  p u t i t i d g  of an ana- 
lye between the aqueous phase and PfFZ I: is 
apead tbar losses ia m wellr wdd OCCUT for some 
time until qui l i iurn witb tbe water is achieved. 

W e  IC, will determioe tbe equilibrium conccotra- 
tiom of c?cb d y t t  ia Ibt water a d  plutic phases, it 
is the mrpinrde of kl that wiIl dctermioc how quickly 
vsriout rarlytcs arc depleted. Far tlrua pianar mole- 

to tbe otber analyes This m y  cxplrin the rapid 1 0 s  

adnp observed by Miller (1982) and Reylrolds and 
Gillbrm (1986). 

Beawe &e rate ofmzption rppean 10 be bm or&. 
tbe relative conccnnatiar (anrccamtion at a given time 
relative to its initial oncentration) it bdcpcadmt of 

loss at a @ea exposure time is ctpeaed to be indepen- 
dent of conccnvotioa as was also predicted by tbc 
model of RiyaolQ and Giilhnm (1986). We did not 
tozLfirm this, bowever, by amduniOg the test a: several 
cooccopItjooz 

For funber cktaik on the organic portion of this 
study* refer to Parker et d. (1989). 

Summary m d  Corrcbrsions 
t slummxy, the iaorpnic sludy indicated that three 

oftbe metals (Ar, G and Pb) were sorbed by one or 
morcoftbeasiagmalahkSpeaficrlly,~sorbed 
by S316  casings, As w a  torkd by both 304 urd 316 
ruinless stcel aring. rod Pb was sorbed by an four 
asingr On the other bad, Cd leached hum the stain- 
less steel and PVC asings, dtbougb subsequeat sorg 
ti00 lomrd awctnmtionr in the samples canuining 
suinlcss steel casings. W e  sorption of k was d m  
eaougb that it L probaMy aot of concan for p o m d  
water monitoring, the changes in h e  Cr, Cd and pb 
coactanations arc of ~ncem.  Botb SS 304 and 316 CUI 
i n s  were subject to nrrbcc oxidation, prrtumrbb by 
p h d c  rctioa which appuenlly provided active si- 
for sorptioo and release of major a d  miwr COM~N-. 

arla like TCE. the ut quire hi@ Wmputd 

of tetrrchlotoetbylenc &om tolutiont coatlining PTFE 

initial concwtntion (castellan 1964).Thra, tbe pactnt 



enu. Sorption and leaching of metal species u*as affected 
m some the ground water amposition (PH 
and. organic &on content). SpeciCi~lly. there was 
mom ! e r e g  of a l e s  sorption of Pb at the lower 
pH. om ralu indicate humic material may have 
acted as a comp1-g agent. making lead and chromium 
Iw prone 10 mrption. chemid interactions a= w d  
a the only aiterion, pTFE is dearly the W candidate 
for monitoring metJ speda in pound water. PVC 
would bc a g& s a n d  choice beclW iU pcrfOrznance 

--I 

Was --denbly &n# than either ss u)4 OT ss 316 c1s- 

mnuut, the organic -die d ~ l y  indicated that 
ar;ls the poor- choice of the four well caring 

mt&& tested. PTFE casings sorbed dl the chlorin- 
ated compounds and one nhoaromatic compound, and 
1- of PDCB and MDCB were rapid enough to be 
of concern for ground water monitoring. W C  carings 
?Is0 sorbed some d the same compounds, but always 
at rates that were considerably slower than those 
observed for PTFE casings. The rates of these losses on 
PVC were slow enough that they did not appear to be 
of concern for ground water monitoring. Thcrc was no 
loss of any of the organic solutes in the presence of 
either type of SS casing. 

The desorption study showed that the loss of 
organics from aqueous solution is due to a sorption 
process that was reversible. or a4 least panially so. 
Desorption from contaminated casing could potentially 
result in falsely high concentrations of analytes if the 
concentrations of the analytes in the ground water were 

The loss of hydrophobic organic constituents in the 
samples containing PTFE casings could be conelated 
with the substance's K, values. However. this correla- 
tion overestimates lose for hydrophilic organic sub- 
stances. 

There arc several effeas that make extrapolating 
these ten data to a real monitoring situation difficult 

Casings were tested and not well sueens. The rate 
of sorption could be substantially greater in the 
screened portions of the well because the surface area 
of the screened ponion would be greater. 
This experiment was conducted under static condi- 
tions The effect of sorption under real conditions 
would be mitigated to some degree. depending on 
the rate of ex&ange of water beween the aquifer 
and well casing. 
Clearly, choosing one casing material for samples 

that will be analyzed for both trace metals and organics 
involves compromise. However. based on the results of 
the tests that the authors have performed to date, PVC 
app- 10 be the best compromise choice of the four 
casing materials tested. 

and Organic Solutes, the effect of low dissolved oxygen 
on intera&Om beween the metak and well casings, 
and the suitability Of Other materials for ground water 
monitoring. 

10 drop. 

L 

Future S t U d i e t  will examine leaching of inorganic 

't 

Acknowledgments * 
Funding for this work was provided by the US. 

Amy Toxic and Hazardous Materials Agency, Martin 
H. StuU Project Monitor. The authors also wish IO 
thank Robcn Forest and Dennis Lambert. CRREL. for 
their care and diligence in cutting the casings for the 
organic studies, and Dr. Clarence Grant (professor 
emeritus, University of New Hampshire). John Sanda 
(staff geologist, Office of the Chief of the US. Army 
Corps of Engineers), and Dr. CM. Reynolds (soil scien- 
tist with the authors' laboratory), for their useful com- 
menu on our manuscript. Spedal thanks are given to 
Dr. Pam& Black CRREL. for his assistance with the 
mathematical analysis. 

References 
Barcelona, MJ. and J.A. Helfrich. 1986. Well construc- 
tion and purgrng effects on ground-water sampics. 
Environmental Science and Technology, v. 20, 
p ~ .  1179-1184. 

Batley, G.E. and D. Gardner. 1977. Sampling and stor- 
age of natural waters for trace metal analysis. Water 
Research, v. 11. pp. 745-756. 

Bryden, G.W. and LR. Smith. 1989. Sampling for envi- 
ronmental analysis. Pan 1: Planning and pre?aration. 
American Loboratory July 1989. pp. 30-39. 

Castellan. G.W. 1964. Physical Chemimy. Addison-Wes- 
ley Publishing Company Inc.. Reading. Massa- 

Cuman, CM. and M.B. Tomson. 1983. Leaching of trace 
organics into water from five common plastics. 
Ground Water Monitoring Review, v. 3. pp. 68-71. 

Eichok G.G.. A.E. Nasel and R.B. Hughes. 1965. 
Adsorption of ions in dilute aqueous solutions on 
glass and plastic surfacer Analyrical Chemistry, v. 37. 
pp. 863-868. 

Fowler. B.A.. R.S. Braman. K.Y. Chcn. P A  Gildcrhus. 
P.V. Hodson, M. Kau. J.C. Kent. U Kine J.M. 
MeKim, LW. Nicholson. D.R.M. Passino. and W.R. 
Penrose. 1979. Arsenic A Review of che EPA Red 
Book Qualiry Criteria for Water (R.V. Thurston. RC 
Rotso, C.M. Feneroff Jr., T.4. EdsaU and Y.M. Baker 
Jr, e&.) Water Quality Section. American Fisheries 
Society, Bethesda Maryland pp. 19-33. 

God& ES. 1959. Mechanism and Smcnrre in Organic 
Chemimy Holt, Rinehart and Wmton. New York, 
p. 167. 

Hewit!, AD. 1989. Influence of Well Casing Composi- 
tion on Trace Metals In Ground Water. U.S. m y  
Cold Regions R e s d  and Engineering Laboratory, 
Special Repon 89-9, Hanover. N.H. 03755-1290. 

Houghton, RL and M.E. Berge~ 1984. Effects of well- 
casing composition and sampling method on 
apparent quality of ground water. In F o u h  Natwml 
Symposium on Aquifer Restoration and Ground 
Water Monitoring, May 23-25. pp. 203-213. 

Manahan, S.E. 1972 Environmental Chemisuy. Wdard 
Grant Press. Boston, Massachusetts. 

Masse, R, FJ.MJ. Maessen. and J J.M. De Goeij. 1981. 

chwtu .  p. 603. 

' 



Loss of silver. arsenic. cadmium. selenium and zinc 
b'aCa from distilled ""ater and artificial sea-water by 
sorplioD OD various container surfaces. ANI/ytiu elti· 
ma Aaa, v. 127. pp. 181·193. 

Miller. G.D. 1982. Uptake and release of lead. duo
JDium. ad uace IncJ volatile orpnics ~posed 10 
syatbctic weD casinp. In PrOCftdinp 01 1M s«oruJ 
N".". Symposilurr on Aqui/~ Ruzo,flliDn I11III 
GrorIIIIl w.,~ MonbDrinl. May 26-28. pp. 236-245. 

Packham, R.F. 1971. The leachin, of loxic substaDces 
from unpJasUcized PVC water pipe: Pan m-The 
measurement of emactabJe lead ill PVC pipes. w..,. 
T......., IIIIIl ~ v. 20., DO. 2. pp. 152-164 • 

Parker. LV. and T.F. JenkiDs.I986. Suitability ofpolyYi
ayI dlIoridc weD casiDp for mOllitorin, mUDiDcms ill 
poUDd water. Grow W..,. Mtmilo,in, ReviIw, v. 
6, no. 3, PI'- 92·98, 

Parker. LV .. T.F. Jenkins and P.B. Black. 1989. Evalua
tioa of Four WeD CasiDI Materials for MoniloriDl 
SeJec:ledTrace·Level Oraanics in Ground WalCl: U.s. 
Army Cc*I ReJioDS Resean:b and EnaiDeeriD, Lab
GraIOJ)'. CRREL Report 89-18. Hanover. NoH. 03755-
1290. 

Reynolds. G.W.and R. W. GiUbam.l986. Adsorption of 
baJoaaated organic compounds by polymer mate
rials CDIDIDODJy used in ,round water monitors. In 
ProufIlUrp olIM Second CuuuIitmIAm.riaJn Con
lBaa 011 Hyd,olcolop BlUff/, AIbmtI, CtuuuIIz. 
JUDe 25-29. 1985. Published by the National Water 
WeD Association. DubliD. Ohio. 

Robcnsoa. D.E. 1968. The adsorption of trace elemenlS 
ill sea water aD various container surfaces. AlUIlytial 
CJUmiaI AQr, v. 42. pp. 533·536. 

Sedriks. JoA. 1979. UJ"OsWn 01 SlIlinlas Sluis. 10hn 
Wiley and Sons Inc.. New York. p. 146-

Shcndribr. AD .. V. Dbarmarajan. H. Walker-Mcnic:k, 
and P.w. West. 1976. Adsorption charaacristics of 
traces of barium. beryllium. cadmjum. mlDpncsc. 
lead aDd ziDc aD selected surfaces. AlUIlytiu Chimial 
Acm. .. 84. pp. 409-417. 

siumm,. w. ad JJ. Morpa. 197Oa. Aq'" CMminry. 
Wilcy-1D&encieDce. New York. pp. 238-299. 

ShImID. W. aDd JJ. Moram 19'7t1t. AqlUllic CMminry. 
WiJcy-lDtencicnce. New York. pp. 6-12. 

Sykes. A.1... LA.. McAltister. and J.B. Homolya. 1986. 
SorpDoa al orpmcs by monitoriD, weD COIIStJ'UCIion 
DWeriaIs. GrowuJ W.,.,. MoniuJrin, Rn~ v. 6, 
DO. 4. PI'- "'-17. 

U.s. &viroJuDeDtai Protection AICDCY- 1986a. RCRA 
GroaDd-Water· MonitoriDl Technjral EDfon:cmeDi 
Gnjd,nce I)ocumeDL U.s. GOVenuDeDi PriJniDl 
0tIic&, 'WIIbiDJlOD. DC 2Oot02.. 

U.s. EDviroaIeDtai Protccbcm AICDCY. 1986b. Quality 
Criteria for Watcr.l986. Office atWater ad Hazard
ous Materials. U.S. EDviroDmeDtal ProlectioD 
Aacnq. WashiDat01l. DC. 

WiJsoD. D.c.. PJ. Youna. B.C. Hudsoa aDd G. Baldwin.. 
1982. LeadaiDl of cadmium froID pipDCDlCd plasbc:s 
ill a IaDcIfiD site. EnvironmDlllll Sdmu MIl Tedurol-
00 .. 16. pp. 560-566. 

320Jl~7 

Biopaphic:aJ Sketdles 
LIItIIa V. I'.,u, b • NNIII'd pllp;OJI malin III 

1M u.s. A,.,. CIIIil R., .. R~ IUIIl &,i"cm.r 
~~ (CRREL) (7Z Ly.~ Rd., H ... ,,~ NH 
037$$-1290). SA. real __ B.A. ill .it:nlbio!OO • 
fro- 1M ~ '" N~ B •• "';~ ad w AI.$. 
ill / __ .~Jr- 1M ~GII 0/ Food 
Sdaa all Nlllrid_ III ,. U.;"'*1 0/ AlIUM-
a..r& B ....... ns ....... Iad_ ...",.",..l1li 
.u:robIoloD .. ·Ct .. """, Sk b • ___ 0/ ,. 
AGWSE ... "- ... UIIw ill ASTJI s..bco..,;n« 
DIUI _ Groltllll w.... .. V .... z..ll1NS1ip... 

Ala D. BMtI ,. .... NSNId pllyaau sdatlsl 
III CIUlEZ:rn q.. R&. B~ NB 03755-1290). 
H~ _. BoA: ill dN.."Jr- ,. U-..mty o/N~ 
B_,."". .. _ JLS. III dN.iaI oc., ",.lrfJro-
,. U .... " ofc...:rlar& His -- -Jiaurtst IDe 
bulrr-Jc~ .... o...", .... ea.inr! 
ofia ....... n __ F.J __ b.~d~_.~ 

rn L~ Rd., B".... NB tU7SS-1290). H~ reed ... 
lib &.S. be ell .. ,.., IN- ,. UlliNtsity of Alismurl 
III SL Lollis, IUs JLS. ill '*-"'111 ,. UaiNnity 0/ 
Col."." ad lib PA.D. ill eM.mr, til .. UlliNrSity 
0/ N~ HIllllpsJdr& Hb ,..,.,a btlD'Gl is a"i,. .. 
.aIIIlatdydaJ .. """ 

• 

• 



(known, ir w n  IM easily ranked and compared with other 
known chemicals or any arbitrary standards. The avail- 
&lity of the pnlram in micmampukr form make the I "ULjnC uppli(:uliility easy. 

1 A filial ctmmenL: the deveIoomenl(1I a stiitatrle intier 
Ifor anvjmnmental risk has bean widely discussed in ule 
fitenturn (3.4, J2). An index ia a suitable scalar function 

h e  VCC~K distance components with the best chemicab 
j bving the lowest index. Since an index is a scalar quan- 
tity, prnhlems concerned with the noncomparability of 

' rhemiais cannot arhe since the chemicals can aiwap be 
ranked and represented as a chain in a Hasse diagram. 
Unfortunately, the choice of a panicutar index affects the 
results (7). 

r\ simple esample can clarify the previous arguments: 
Let C' and C" he the vector distance components of a 
hemicnl C and let F = c'+ 1C"be the choaen index. The 
.:hemica1 C? previously ainsidered has the armponenta C; 

for the chemical C3. C'j = 3, C", '1. and F, * 3 + 2 X 
2 o 7 .  AS F ,  < F:, the chemical CR would he considered 
3ari.r ~ l i u r ~  C2 Ccinverse(y, if the inder were (; = 2V' + 
C". then < G, and C2 would have f~ be consided safer 
than C,. The conclusions are opposite to each other. They 
depend only on the index chosen. k a consequence. every 
time the definition of an index cannot he firmly grounded 
on a theoretical hash the reyulta can ha completely hiased, 
and the index hecoma hiased toward a subjective meaning. 

: 2 and c''2 .'I: thU8. Fz 2 + 3 X 3 = 8. Ansioyously, 

IWNW NO. I .  ~w(I&:I: t IO~I-W: 3. ia17-47.6: ~ 6 1 1 a 3 ;  

16. ;oi.:19-4; 17. tzt.31-9: 18. IOO-IX-R 19.87-86-5; I, 1~39.2: 

S. 8 2 4 W  6. M 5 - 0 :  7 . 5 S X - k  Y.W;Wki: 9.62-53-3, IO. 10647-8; 
II. LXGFi-7fi-3; 12.92-874 13. 634.71-934 1491-94-1: IS. 108-95-2: 

1984. 1J, ',w3?11. 
(4) Serac. W. Y.; 13utlingar. F. E.; Mualler, P. IC J. Roctvriui. 
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Well Construction and Purging Effects on Ground-Water Samples 

Michael J. Barcelona and John A. Holfrlch 
Water Survey Oivision. Illinois Oepanment of Energy and Natural Resources. Champaign. Illinois 6 1820-7407 

1 Multiple well installations of selected w i n g  materials 
1i.e.. polv( tecratluoroethylene) ( PTFE). 304 stainless steel 
MI, ontl polytvinyl chloride) (PVCI)I wem mnstructed and 
jamitled to determine if well purging and cunwuction 
procedures would significantly hias chemical constituent 
determinations in ground water. Water quality results 
irom six monthly sampling d a t a  indicate that proper 
purging ut' stagnant water from monitoring wells and iso- 
lation of cement seals are essential for the collection of 
representative chemical data. Significant differences in 
purged m p l a  taken from PTFE. SS. or PVC wells were 
oluerved for coral organic carbon and volatile halocarhnns, 
which may be linked to the materials' interaction with 
ground water. The well casing interferences were no& 
predictably high or low for any of the materials. 

lntrnductinn 

The effects uf well construction pracedum and sampling 
Protocols on the reliability of ground-water chemistry in- 
vcstiqauons have been the subiecc of a number of mearch 
elforu in ihe past 10 ycan. The published literature ha3 

dealt mainly with the potential error intrwluced by water 
sampling or analysis ( 1-31 a id  by the selection d macerials 
that are appropriate for specific monitoring applications 
( 4 ,  5). .A recent iidilicaLiiin tletails I)rocediires Iiv which 
ground-water surspliiig Im)ioctiis inuy I 1 0  ~IeveIo~wiI  L o  
coniroi sysirmuiic wirces I I I  siriiiple ctillecticrn 16). Tlieve 
errorv include artifacts of well siting or consi.rtiction. well 
purging. niid sample retrieval from ilie well. In genetul. 
sample collection errom camor bo accounted for by tta- 
ditional laborawry quality control measures. Also. large 
sampling errors coupled with analytical erron of similar 
severiry can result in  the collection of gmssly h i d  data. 

Item11 wrrk lirw ~liowii tliuc Iwiteiliial Yilinpling Iiiu (fur 
to Iwitlr siimpling me:chuaknls iriid 1lexii)le tuliing inalerials 
is of the same circler (it' inrignitiitle (i.e.. * 5 - ? ~ % )  413 IIIIU- 

lytical errors for vollitile ttrpmic c:limpocltltls i 7. 9). 'r11-e 
results support (lie tired tur very ccrrei'ul cunsitlurution t i l  

volaLiliwiitin. wrpiioir. uiid (1euorl)tioii effects in the se- 
lection of sumiiliriC: piimps or ttiliinl: for grcitiirtl-wtiier 
investigations. 

'l'he dfects of drilling h i d s .  grouts. or well casiw in- 
teractions with the geologic formation or ground water are 



th.n placed to 4 the baa hole from surface water influx 
A t  du 2. the -ti- d or sand/gravel heaved up ahve 
the screened intern1 fmm 6 to 15 R Tliese inscallatioms 
were completed by pl.cinq a cement seal from the top ni 
the heaving murial to the land surface. 
The welb at both l o a t i o ~  were developed within a 

week of the construction date by use of filtered. coin- 
p d  air ( 170 cfm) a d  proaduta  described previouqiv 
(3). The w e h  at site 2 did noc require further dwdoprnmr 
work Although the wdls a t  site 1 were developed a i  
interval for a peritxl of 12-15 months. turbid water s m -  
plea were encountered un a11 sampling daw due to ~lrc 
presence of cement f i n s  

Well Purging and Sampling. ff yclnulic aindiictivitv 
testing waq done on all of the wells aL each lcmtioir 111 

mtabliah their hydraulic perrormancc. The well purginr 
requiremenu - to isohta stagnant water in die wveil 
bore were determined by a previouaiy publiahed rnechnl 
(6). Poriuve-dbplacemant lrledder pump3 corutnrctctl c l i  

scainlsn nuel and YrFE with YI'FE delivery cubing w r c  
u t i l i i  for well purging and umplina operations (UEU 
Weil W i d ) .  Tbe pumps were driven hv a ainqfe COR- 

troller through a gaa maaiiold. which permirtd a simul- 
taneous supply of drive gas (air or N?) to each pump. 
Pump intakes were set at the top of the screened interval 
for both purping and sampling operations. 

Tlie experimental d u b  inclucld the rneasurcmc~i~ 14 
the well purging parameten [pH. Eli. tcmpemrurc. ; r i d  
conductivitv ( W 1  I bv use of an in-line tlow-rhroctuii 
clccvodc cell prior tn w d l  purginq. Staqnant water :vm 
then collected for NO?-, S". F&+, LOPI owanic c;lriuw 
t"OC3, nlknlinitv, ywf deeted wdaciie omnic  ampn~~nh.  
After mllecticwr of these samples, Lhe rmtprits d the lninitn 
were c6co~ecled to lhe manifold of a flow-t hmugh cin:. 
tmde cell to monitor the progresa of purging the wit; 
simultnneoualy. Pumping m u  during well p u q m r  -.w* 
controlled between W) and IoO mL-rnin 1, mti f p *  

Iwaina wm continued until the levels nf the well pirc in t  
prrnmacer stahilized to within epprnrimateiv ~ I I I R  Ilr-t-r 
n minimum oi 4-5 L pumped - 25% of L well V ~ I ~ I I I I I F I  

All adjacent welb were purged of an equal w h i r  t i  

rtngnnnt wncer hefore mmplinR. Tire volume tlclwiidl.ti 
on a i u  hycirologic abnditioru aiid tnemuml Irvilrncilic. . 
mnduaivida Once -11 purrinp w m  cumplemi. pwrrplln 
m m  wefe ftduced to 1UHOO mL-min-'. and samples vw) 

taken for the following p.rameccn in nrder: elknliiiirv. 



difference clienye 
SWnnn' P U W ~  I + .  -1 (IaEtUr oli 

Uiuolvd Yernwu Irnn. my.L", site 2 ((1/6/IJ5) 

PVC I).lEI 0.1 B 0.15 +S 
0.a + 12 ss Il.l1'P u:?S 

PVC 0.04 4.57 3.53 +I13 
ss 1 2 3  4.37 3.14 +%ti 

Diwolvd Sulfide. rng4-l. Site I 17/9/85) 

PVC m a  0.212 0.194 +4 ss n . w  0.012 0.002 +1.2 
PrFE l).lxIl 0.172 0.141 +4.5 

I'VC 0.308 0.047 0.261 -0.85 
ss 0.024 o.;im 0.360 +IS 
II'FE 0.166 0.230 0.064 +o.S 

'Yethod detection limit = 0.02 mq.L-' (accuracy 90% (-10% 
x a i .  precisiun *IS% d l .  'Methid detectinn limit - O.ti10 my- 
1. ' (nccurncy w)% I-?U% bior). precision f'S% ndl. 

TOC. vointile orgonic compounds. dissolved inorganic 
,mstitiaenu. and acid and hue/ neutral organic com- 
pt,ti i ich~. I'ri!ssiin~ lilhfiein crt'nnrnpla for tfimwlvccl con- 
.iiiiiciii tlrteriiiiaiuiioris WUY ~irrt i irr i ied in tile Mil. TO(: 
J I I ~  voinule oryanic compound aamplea were collected in 
;Il-mL glass vials, sealed without head apace by PTFE- 
:ined aeptum caps. 

Analy t ica l  ~ferhodologies and Qual i t y  Control. 
drganic and inorganic chemic91 constituenu were deter- 
mined hy USEPA-recommended methods (1 I .  13). Total 
urganic carbon (TOC) determinations were performed by 
i methodology descrihed previously (13). Field determi- 
naiions uf alkalinity were pertormed by potentiometric 
titrotion. and the rnuh  were analyzed by Gran end-point 
iiiulvsis Imcedures. On each sompling dare. a 3eries oi 
lield auudrrrls and blanks were used to dccouni for 
!ransport and storage erron. which supplemented the daily 
mly t icn l  procedure control standards for both laboratory 
irid field methods. Replicate 3amples were analyzed a t  
iiitervah during a idy t i co l  jessions to establish the pre- 
cision iind accuracy of the water chemistry da ta  

Ilrsdtr nrrd Discussion 
Well Parging. StaKnant water aamples anolvzed for 

pli.  d l l i n i t y .  reduced inorganic constituents IS"-. Fec 11) 1, 
rnct orqanic cotistituents showed higher temporal (Le.. 
month to month) variability than did ?he samples obrained 
d t e r  proper well purging. In most cases. well purging 
miiltcci in ihe stnli i l iznlion of the arms enliitian chemis1.w 
Iiitruinricrs (Le.. li ti. f&, It alkalinity) olttiotign the 
oiiicentraiions stiifted in varying degrees. For example, 
IIL r i te 2, ulkaliniry levels in stognant water samples were 
gcimriillv -5% lower tiinn il iare mewuretl in wuirr 
w i i t h  lifter puq+ng. Tho uverap mugnirutle of ilie 
dkalinitv differences between samples from SS or PVC 
wells was not significantly different over the course of thr 
study. 

In general. the levels of reduced chemical constituents 
[Le.. Fet II) ,  SL-1 shown in Table [I  would be expected to 
Iw lower in the stagnant water in monitoring wells than 
ill ground water olltained fmm the formation ut'ter ptlrcing. 
'l+e ectunl concentrotion differences observed between 
stagnant and purged samples retlected this trend. f-fow- 
ever. the mamitude of the di f ferenm was qulte varinhle 
J I I ~  may have been intluenced by well w i n g  materials and 
small-scale heterogeneida in water quality. even in well9 

qiymdiriit 

Juwn;radien t 

tlpgndirnt 

lhmgnJirn t 

were riynifiantiy differenl at least a t  the reducing 
downgradient location. Upon purging, however. ferrous 
iron valum in srmpIev from both upgradienr and down- 
gradient Itwntionr increaned sulwntitially, arid the for- 
matiolr wu&r volues froiii h th  seb o f  Pvc and ss wells 
were q u a l  within experimental ermr. It wauid seem from 
Lh- olwervatiom that either PVC or SS well awing w~tilcl 
bapprogr ia te  for ferrous iron determinatiorls if purging 
is complete. Typical results for dissolved sulfide, ilii er- 
ample of wiiicli is shown in the lower portion ~if'l'irlile 11. 
retlecl sttinewhut random clinnges on peqitiy. I'lrrre 
changes do iiiii consistently cormpond Lo potential well 
cosing eifecu or the introclucriun i ~ f  more reducing fur- 
mririoii wiilrr. Iliillier, it scems t l i i i i  vor idd i iv  well nlrrve 
I IIO clt:fcn.t i c c o  l i t i t i t  ~ i i i t l  ~iiicilvt irmi lirwisicm aiii ru*iilt t'nm 
riuiirrul Iietenigenrities in wnier clieiiiisiry fur some 
chemical consticuenu. These average chemical differences 
in reduced species between stagnant water samples and 
those obtained after purging were irequenily a inctor of 
5 gretlier than the errors involved in eiilier the rampliiry 
u.r analytical procedures. Also. purging-related varierions 
i n  '1'OC were oliservetl tn iticreose or decrease by &O% 
in all wells over the range id t.2O-:!O.O my of C.1,". ?io 
consisrent trends in 'l'OC .IY a function of purgiiig could 
be awociatecl w i th  the different casing materials. Purging 
a purticrrlar well rlt either si& irequeiitly resulted in greater 
ililferriii:rs iii wnier tlurlit.v t l i i i i i  WIIS oltsrrvetl 1irtwecii 
ripgratlieni uiicl tlowngruilieiit ground lwurionr. hpriiprr 
well purging can olwioislv cause gross liias in ground-water 
monitoring results that h r  exceeds that due V, marerials'i 
r i f ecu  or sanipiiiig mechanisms. 

Cement Gmut Contaminution. Ilespite rhe fact chnt 
a11 ttie drilliriy and well cornplerioii operaiions were held 
constant. die wells at  site 1 exhibited significant wnter 
quality tliffereiicw in 1 ) I J l h  sl;ryiruni ; r i i c i  hrmai i i i i i  wurer 
rampley tliat cotiitl  i ioi Iw uitriliutrd to wel l  piirgiiig tir 
casing mitterinls. For example. upgradient and dowagrs- 
dient wells a t  site 1. with the exception of the downgra- 
dient 1VC well. exhibited pH value3 in excess t r i  I:! pH 
i r i i i& .  uric1 i l ie d k d i i i i i y  wtis priiricirily ussc~iured with 
liyclrtrxvl ion. 'l'lie clowrigrrrcliri i i  I'W: well yicltlLrl tor- 
riinrioii SUIII~J~Y w i th  1111 vuliirs Iiciweeii 7 uiitl 8 pti i t i i iw 
(mostly hicurl)onute ulkalinity). uric1 the sugnntii wuter 
vulues rniigccl Vriiiii ti tri I 2  IiH iiiiiw. 

r\ncciliiral reli.rciic:cs III tiiotiitoriiig wcll coiiiiiiniiirit i c l l i  
by cement gnus have Iiren reported ( f 4. 'I'he usrrnl 
symptom that has been observed is very high solution pH 
(i.e.. LO- I:! ptI  iiniu). even alter exhniisiive well develop- 
ment. 111 this siudv a ii)tal oi' I:! sanrpling iiwtllllatiolis \viis 
constructed. and the bore holes were sealed jl)ove Lhe 
screen alld gravel puck. as well dS a t  the s:ur(ase with 
m d l s l i r i f i  kLlye-ci)inl)ciisuiiii~ crineiii nrixtiirc. .l*llr grollt 
3 r d ~  were i~lirtnlucecl us iIiicIc aiurriey i t i t t i  sLliiiijitlg wilier 
in the IlaJle utter the well tiad lieen ct)tisrructetl, , 

site 1. ei ther  native geochemical conditions i)c dit- 
terenrid dettlinq O t  the cement mixture prevented the 
grout from setting Up properly. n e  wells at LhlJ dlte 
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'['he TOC results at  site 2 showed a similar pattern: liow- 
ever. the differences in samples frnm the individual well 
casing materials were not statistically siqniticant when 
compared to rhe anaiyticai and sampling errors. 

At site 1. levels of 1.1-dichlornehane (LlDCE) and 
lis- 1.2.dichlomethvlene (cl2DCY) after purging also were 
higher generally in the samples from the downgradient 
Tellon and stainlcu s e i  wells than in those from the PVC 
well (Figure 2a.c). The error ban on the figure represent 
:wo standard deviations from the mean determined by 
inalvsis at' replicate sampla and standards. In rhcse cases. 
h e  'dminlers steel" results were rrignificanily higher (at 
the 0.0S level) than either the 'retlon or the PVC data. 
'l'hae concentratian levcis are all quite low hut in the 
rwwe of quantimtion of the purge and trap analytical 
methodology. Theret'ore. systematic differences in ob- 
1erved trace organic compound distributions may arise 
irum the sorptive effects of polymeric well casings as 
urmpared to scainlas steel. The samples from the dif- 
icrcntly cased wells a t  site 1 showed more net difference 
)n purgeable organic compounds than any single well 
ahowed over the study period. 

Overall. the levels of L.1-dichloroethane at site 2 (Figure 
2b.d) were 10 tim- above the levels measured at site 1. 
In cccntrst wiih the other results, levels ot' purgeable or- 
g o e r a  in samplw from the IVC well were cilrisistentlv 
hiqher than thaw in rampies from either the stainlevs steel 
well or the g d r i v e  sampler. I t  is unlikely that the paired 
wells actually intercepted ground water ot' different mi- 

crticonstitiicnt quality. 9s they were thished onlv - 1 m 
(4 ft) apurt. Yet. the I'VC iind dtuinlerrs steel resuits for 
t LDCE differ Iry a tactor oi '1. This is more thun IO timer 
greater than the  precision errrablished for analytical tle- 
terminations o f  tliese compounds. This order oi mareri- 
als-related el'fect could resulr in svstemaiic under- or ov- 
erestimates of the ertenL u i  ground-water contamination. 
under some conditions. This type oi error cannoL be ac- 
counted for in statiscical comparisons oi data irom up- 
gradient and downgradient locationv unless an "inert" 
artifact-free well casing material can he identified. 

The olrservarions noied for $ice 2 above are also sup- 
ported hy tlie levels oL' total volutile halocarbons in ihe 
PVC and stainless steel wells before and after purging. 
With the exception I I ~  the Septemkr 5 sampling date, 
the stagnant levels t r l  volaiile holowrboas from the I'VC 
well are nearly a factor ut' '1 or more greater than tlioae 
from the stainless $tee1 installation (see Table IVI. On 
the average. tlie PVC well yielded samples with higher tot31 
levels of volutile hrlocnrhons than did the atainlr*s sieal 
well. I t  may he that under these conditions the sorpiive 
unci leaciiing propertiw o f  PVC tend LO maintain a higher 
l)ackgrociiicl level 4 1 i  cirguriic ct~nipcrurlcls in gruuiiti wilier 
exposed to this material relative to suinleaa aieel. 

Conoltrsionx 

is ewentid to 
data- 

The [)urging t j l '  stagnant water from monitoring wells 
collection of reliable pound-water qualirv 

this study. the variations in water chemisiry IJn 
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Jerry N. Jones1 and Gary D.  Millefl 

Adsorption of Selected Organic 
Contaminants onto Possible Well Casing 
Materials 

REFERENCE: Jones. 1. N. and Milk,. 0. D.. "Almplckr  .I Stkcid Or&c ContwnlnraU 
on10 P d b k  WcU Culng MrlerU,'' Ground. W o w  Cmomlnoritm: Field Mrrhds. ASTIl  ST? 
WJ. A. 0. Collins d A. 1. Johnson. E&.. Anwricu Sockty for Teain# ud Mrkriil~. Philrdelphis, 
1988, p ~ .  185-198. 

ABSTRACT: la d e r  to UWIS ud nonitof @he 1- d IIUI'I wcivhks 01 ~muncl-*rkr quality. 
the arIum. coaccntntion. d bchrvla d pdlutanta In the subdace R*IU be dttmnincd. To do 
this. h i s  m c c o u y  lo collect r p n r r u i v c  umpkr of wucr fmm &e srbruhcc cnv*mmcnt. 
IdcrHy. Ihc mrterirl chovn as r well cash8 fa  d a i n #  wells should MW add a mmvc 
constilucnls from the 8rwnd.wUcr umpk colkclcd. 

Thc objcclivc of this study w u  to dclcminc i f  s p c i k  w o r # d c s  drab a d  wbsequcnlly 
k w h  from various well c r s i q  mrtedrls upon crpourm (0 those cpecik pdlutmIs for specified 
periods of time. 7hc types of well carinis rtudii included thennoplash. stainless steel and 
Iwroplrsiics. 0 1  the pollur~ncs studied. only I-nilrophcbol md 2.4.6-trichlompkcnd showed 
rpptccirble rd&uption for all well culnl  IIN~CI~DII. Subrepucv kochiag d pollutuWs w r ~  IYW 
observed in my Rwrsunbk quantities. 

Variables which may cause biased intcrpftlrtionr in ground-water quality monitorin# pograms 
can k clasri/ied into two main sroups. coniminmt d i u r i b u t h  sad sample intcgrity J I j. 

Contaminant distribution is concerned with the discributicm and exkm of mC sampling n r t w d .  
Each monitorins well rcpreuntr a measurement of / m J n d - W ~ I W  qualily 8l a specific location. 
'Iherefure. the pmper evalurlion nf #rwd-wr ie r  chcmiatry dvm k w  rn area ir ikpmlent u p  
the cullcctivc Intctpretath of aiqk well dB14 over the enlire are. wf concern. 

In maintaining sample integrity during ground-water sampling it Is essential thai wntcr srmplcs 
be collected in a manncr thal will clearly indicate ~hc ~CIUBI subsurfmct cmtaminrnl concentrations. 
I h i s  ntry scent to k I rclaiively simplc task. but in fucl it i s  very cimipliciltrtl. Soitr of the mom 
familiar processes which may cause a loss in sample inlegrity we: 

I. Contrniination of the geologic material mu thc intake zone of the mtmiitrring wcll os a result 

2. Contamination by materials used in installation of thc monitoring well. 
3. Conlaminalion by sampling materials. 
4. Sample degassing and volaiiliulion. 

of wcll drilling BJ conslruction. 

Chcmiit. U. S. Environmental h t c a k m  Agency, R. S. Ken Envinmmcntrl Revuch L.bOrrtay. Ada. 
OK 74120. 

Asslstsnt director and n r u c h  pnqnrn cdlnrtoc .  Hrzudous Waste Rtwrmh and Informatior Ccnw. 
Strlc Wrler Suncy Division of Illinois DCpMIIUnl of EcKr8y ~ n d  Naturrl Resoums, Chsmpsip. IL 61120. 
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Orgrnk Adrorptlon mad kmehlr8 

Tkc dsorption and kwhing of orgmk compoundr with vuiour contrimr rnd potcntirl well 
crrlng mrterirls have k e n  studied to I much k r r r  entent Uun b v e  inorgrnicr (that is. IIUC 

mctrls). Orgrnkr ue adsorbed by ffgmk matter in paoua mcdir 1/01 ud to r rmrlkr d c p  
011 minerrl wrfwcr [ / / I .  Orgrnicr CM rlro k odaorkd by r nnge of mm-mrdc rurfuer IO 
hthk wrl l  rrdii# inmtrrlrl. I'tw rariiiplr, thr nLtqrlkin id clkhkn~II~Jnnyltrkhlini~ilia~ 
mw) nnlo moil rurfrccs. IncludinR rtrlnlcis ~tccl .  hr i  ken  dcrumnlcd 1/11. A m l c r  cirmple 

(.)) 

(-.J 
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l- S. CCIIIIMII"Ioa' ........ moaphell. 
~ 6. c. ........... by IIumu fac'ors. 
OJ 
...- arou .. • .... InOI'IIIori .... II. muSl be drilled .nd Inll.lled employln. techniques Ihll mlli,lle 

poIIIIdII ..... 1...... 01 .... aquif.r IIId diu. IIICIeISl .... prob.Wllly 01 obt.inln. lruly 
n,.....lIIl1lw pou ..... ." umple.. I. ,'Mnl. monllorln ... II cI.in •• thould III mlde or 
1IIIICri1i .............. u.pected conllmlunlt. II I. Ihi objccllvCl or Ihl. reaelfch 10 Inn"i,lle lhe 
.............. 01 poilu ....... llh • broad nil" of soIubillliel. III COnIIC' wilh poIenlill well 
culn. IIIIICriIIa IhII III InOIIllkcly 10 be used for monllorln •• round,wICer conllminalion. 

MM ..... .. 1dI .. .... 

AdsorpdoIlI ... IIIIanIIce of • SUbtllllCl (adsorbICe) 0lIl0 lhe lurface 01 .nother subllinee. 
................... AbIOI,II011. 0II1h1 0IhIr iliad. II ........ " .. Ion 01_ .ubsl.nee IlblOfbale) 
............. 1InICIUrI oIlIIOdIcr subsluce. c .. 1ed .... Ibsorbelll Ill. Slact botll of !he .. proces ... 
..... ..., occw ............... y. !he Ie,. ........ Is ofIc ........ eneompua IIoch ldaorpIioIIaad 
.......................... npan ...,.I0Il ud IOI'pIIoa ... used IYllOllymously Iince lhe 
...... ' ............. 01 poIlUI.nI remov" I. COIIIldered .. be lurface removil or NlOf,lIon 
(JI. 
n. .... 0I1OIubi1lly II die IDOII Ilpllc ... faclor I. dc"rmlni"lhe lIItelllilY or !he lyophobic 

NIUII 0I1IIe IOIuIe for .... IOIvelll. The more • subll.nce IIkei lhe .oIvelll IYliem Ihydrophyllc). 
1M leu likely" II to be ~. CoIIvenely •• hydrophobic (Wiler dillikin.) lubsl.nce will 
_lilt .. , be ........ ,... ..... 1OIuIIOII. 'I1Icrcrore. _ would .Ipeel •• lnver .. rel.llonlhlp 
........ ......., IIId ......... ~llIy IIId NlOfbablllly relillonslltpa will. however. vary 
~ ...... cI ..... 01 COIIIpOIIIIda ............. how.III .. adlOl'plloa Incre'''1 .I,h Increilin. 
OCIIIIDI·.IIU paniIIoIa CCIIflclc ... 110& oIadlOl'pllon COllIIIIII} and Ihil 'hi oct.noI,w.ler panilion 
cocfllclellllllly be • more 1I,.Ule.1II qu .... ily IhinlOlublllly due 10 • broider ."IIc.lion 141. The 
IlpllcaII ... lI .... pnlpCrlles of che ..... 1UCh I. pK. IOlubllllY. or panilion eoarllclcnl .... 
penlcullll, alpllcallla .......... 1M .......... ilia 0I1dsorpc1on lSI. 

A ICCOIId prilllllJ "v'" fore. for adlOl'pllOll ... ulll 110m .n .'lInlly 01 lhe lolule lor lhe IOlid. 
'I1IIs .,...., 0I1OIuIa for .... IOIId .... y be COIIIldered In Ihree Iypc. 01 .dsarpllon phenomen.: 

I. 1!IecIricII ...... 01 !he IOtuc ....... ldIorbeal (elc ...... ). 
2. v .... W .... • ... (pII,sIc"). 
J. AdMrpdoII 01 ....... lIun (c"'IIIIIOI',lIon). 

A ......... 10 .1actrIcII IIIrIClIoa 01 1M 1OIu .... !he adsorbenl I. oft.n called elch.n.e 
.......... f ............. ra ... of I0Il .. ch ..... Eac ....... adlOlJllloll Is lhe procell by 
wIIIcIII ... 01 ....... COIaIl''''' II spccilc char,ed .11e. 011 ,he lurfac. of !he .dlorbellt 

AdsorpIIOII" 10 v .. dcr Will.' forca Ia ICmwcI physical adlOfplloll •• hlch repre .. nll C ... I 
.......... adaadIccI moIacuII II lICIt ft .. d ... IpCcllc lurfac •• lIe buI I. free .. move aboUI 011 
!he adlOl'pllOllllllaface. 

a...IicII .dlOl',lIoa occun whe .. Ihe ......... and IdaorIIcIll chemically InlCl'ICl. Molecuics 
wIIIcIII ........ 1' ............ II1II f ... 10 _w IbouI .... adlOlplloll 1alCrf1Ct. 

PII, ... IIhorplIOll ....... lly pmIoml .... II low ICmperllure. and II characlerlzed by low 
....... 01 ...... I0Il. CoII ..... ly. chemic" .dsorpll. predomln.I .... hl.her lempcralure. due 
10 chemic .. mel'" proceedIn. more ra,ldly II hl.h lempcrllurCl. 

MOIl IdlOfJllioll proccalll lie • re.ull 01 • combluliOl of .11 Ihree forms of .dsorpIlon .nd 
lI0I'IIIII1, II II lICIt .U, .. dlllln,ul'" bel .... chemlc.1 ... ph,slc.1 .dlOfJlllon 161. 

M •• , 'aclOl'l I.lluene, IIIlI)rllllllll. 1'hI.. 'acllN. lit! dllCulied In ,,1.111111 II. II" IlIlIlIwl"l 
.encrll c.I •• orIe.: 

• 

JONE8 

I. SII.fllCt •••• 
Z. Nllure oIlhe NlOfbal •. 
J. pH. 
4. Temperalure. 
5. t.tlled IOlul ... 
6. Nllure 01 the IdlOrbent. 

MILLER ADSORPTION OF 

Bee.u .. IdlOlplion Is •• urface phenomenon. the cal.1II 01 adsorption I. I runclinn of !he 
av.ilable Nsor,live surface ..... Therefore. !he more Incly divided and lhe more porous lhe 
IOIld. lhe .re.ler IIOmIIlly !he amaunI oIadlOlplioll. 

A. prevloull, SIlled. Ihc lOIuWllly 01 ... IDIIIII Ia. 10 ..... c ....... CGlllRlIliIl, lac.." lor 
adlOfpllon prOCCl .. I. The efrcell IIIIICd relltlw .. 1OIub1l1l,·adIOI'pIlon rel.llonships c.n be secn 
by c:onceplu.llzln. 1l1li10IIII for. oIlO1u1c·lOIw ... IIIrICliOll .11 .. o¥cICOIIIC belore adlOl'plloll 
c.n occur. The 111OII.er .... soIUIC·lOIwII 1I1nC11oII. !he pc ... r .... soIubIllly; 'herefore •• lmallcr 
.mouaI 01 adIOI'pIioft oceun . 

In .. ncr.l. die 101utI1I1I, 01..., 1Cric. 01 or ... 1c compouads I. _lief _re .... wllh Increll"', 
chlln lell,llI. The Ion.er c ..... compcIIlIIda decn ..... aoIuWIII, bee ...... 1 more carboll lIoml 
Ife added. lhe cornpDUllds become more hydrocarbon· Ilk •• TIll. prillClple I. "lied I. Tllube·. 
rul ••• lIlch "YI Ihil "Idsorpclon lrom .. aqucou. IOIUlIOll hIe,..1II U • homotoaou ... ric. Is 
.scended" 161. 

PoIarit, 01 adIOrbalC I. IIIOChcr flClor Inlluncin. 1Ihorpc1Oll. A ....... rule lor pmllclin, die 
.lIecli 0I1OIuIC poIuII, 011 adIOIpIioII II ...... polar ..... W ,..,., .......... wlllell I. 1lIOII 
pol.,. SImpI, SIlled ... adaorpllOll ..... IdsorbI ......... or ,...., ..racu prel., poIIr ....... . 
IIId IIIIIIpoIar lIIffacll prefer ................ '71 ........... ". polar 1IIlIiIcIIIt ..... ..... 
lend 10 be !DOn IOlubIc I •• Iler ..... _polar IOIUICI. 

The pH 01 • soIUlIon .... y .1.nllIc.llIl, InlluellCl .... calClII of adlOl'pllon 01 or •• nlc poIlUlanl1 
Irorn .. IqIICCIIII 1OIul1Oll. I.. ....... .......I0Il 01 Iyplal .,... poI ....... s frDIII .... r Ia 
Inc:re.aId willi dccraula. pH 1". 

Temper .... ,. II .lIOIhcr flClor which c .. itlftuence adlOlplloll. AdlOlpllon reacllonl In norm.lly 
1I00hermk; 'herefore. IhI .1"aI 01 adlOlpllOll ...... lly lacre .... u lhe ICmpclllUl'l dec,. .... 
161· 

Mlled soIUIC, I •• IOtucioll CN "10 aI._IeIllI, .ffect ... 11l1li 01 adsorpIlOII 01 poll ...... 
0lIl0. surfac •. The poIIUI.1II1 ma, ....... , llIh_ ........... .., act IIlIItvcl, ... pc .. ...,. 
or .... , InlCrf ... willi OM IIIOIIIcr. 111III11IIy ...... """I0Il 01 ........ anct IIIICI. 10 ...... 
IIIc • ..., 0I1dsarpdaII ........ c au ' '_ .................................. II 
!hi pollut ... cOllCe.., .. '" wIIIcII pIOv" ...... via. foca 10 ...... adsorpIioII of !he w .... . 
subsllncCl ...... pre .. nce of odIar 101 ..... Ia .. 1qUCOIII .......... c .. advcncl, .ffecl .... adsorpIlOII 
of Ihi InI compoulllll". 

The phy.lcochemlc.1 IIlIure 01 the adlorbelll CIII h.w profCIIHIII e"CCII on both the ral. ... 
IIlenl of .dlOlJlllon. Every solid I •• poIenll.11Idsorbc1l1 bul .IIIICICI dillerelllly dcpc .. in. upoll 
phy.Ic.1 'lnIclurc. chemic" .urf," chlrlclCrladc •• and •• vlroamcalll condidona. 

Or •• Mc Adsorptloft IIId lA.hl •• 

The adlorpllon .nd leachln, or Ot',anf( compcKlndl various conlalMr alld potenllal 
culn, maleriall hIVe been • lelser ulent thu Mn II'IOf.anicl (that trke 
melall), Of.anf(1 are ad$Ofbed orllnk miller porc>'Jl medl. 1/01 a.nd I Imiller ~ f1'« 
on minerai III!rteCi 1111. Or,lnlca CUI .ho t4t0fbed I ran,. man·m.oc luri.eel 
,,",III'" w.1I ,' •• 111, 111.1,,1.1. ."" •• ,lIIrl •• lhe "'.'''1"h.n .. , .. khh"tI .. ,I ..... n'II'k·hll'".I" .... 
'OIn) nnlo molt luriaCel, IncilldinA 11.lnlen 11 •• 1, h .. been docutnCnlell Ano~he, .umll" 

• • 
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ir bu iomUgul0l d he hemt ion of m-cresol with IWO lypcs of plrstk tublng Ill). lndustrlrl 
grade polyvinyl cblwidc (PVC) tubing and Bcv-a-line very high temperature (VHT) tubing were 
capored 10 an n-cred co~aion for vuying knaths of time up to two hours. fhe mcrcrol was 
progreuively lorc IO the PVC tubing in amounts propanional to the increasing contact time. while 
no measunble bu of n-msol to the VHT,tubing occuncd. 

Rcseuchm haw dcccnnlnd that orgrnlc contamination ranging from I to So00 ppb by weight 
w u  dctectd in "orgmk frm" water whkh hrQ flowed throulh tuks of polycthylcnc. pdypro. 
pyknc. black hlcr, s u  formulalions of Pvc. and a plastic guden hose IMJ. Among the 
contaminant8 found fIom PVC were o-cresol. naphthalene. butyloctylfumarrtc and butyl-chlo- 
w c t r ( c .  Tho mount of plasticizers in P v c  tubing is approrimrtcly 40% by weight and reprcrcnts 
M essentially iaclhrulbk supply of contrminalion. Should this supply of plasticizers evcntually 
k dcplctcd. he conlunidon will decrease but the tubing will have lost i ts fleribility and will 
herefom necd to be r e p l d .  However. in the case of relatively rigid polyethylene and polypropylene 
tuks, k w u  found Lu cbc lubes may cvcnlually become noncontaminating. I t  should be noted 
dur rigid PVC well cuing contains a much smaller content of plasticizers and i s  thus much less 
likely to kwb Owtuninuua into contutin8 water. 
bt ooc mnl hbaUory apcflmenl, "orgmic free" water W U  pUKd rhrough five types.of 

plutk tubing, k l u d i q  polypropylene. polyethyknc, polyklrafluoracthylcne (TFE). vinyl chloride 
md vinyl acetate copolyma. PVC (with glue). utd PVC (non-glued) [/SI. The results indicate 
low kvelr of krchatu from a11 the tubing tested cxcepl TFE. which disclosed no Icachatcs. 
Between one ud five contuninants wen found leached into the water from nonglued PVC, 
polyethylene. ud polypmpykne at less than 0.5 ppb. Numerous contaminants were found leached 
hwn glued PVC rad Tygoa. Two organic chemical spikes, naphthalene and para-dichlorobenune. 
were no( d a c d  ( w h l )  slgnificantly by any of  the tubing crccpt Tygon. 

A went k l d  ud labonmy study included assessment of the potential for contamination of 
#mund-water umpkc by rk PVC primers and one PVC adhesive 116). Tetrahydrofuran (TIIF). 
methylethylkcloac (MEK). methylisobutylkctone (MIBK). and cycloheranone were found to be 
k h c d  into the water sunounding bonded joints. Even though a well was developed after 
installation md brikd prior to sampling. detectable levels of these compounds were found in well 
water KVCMI monk after installation. After immersion of freshly cemented PVC pipe for five 
drys, up to 110 ppm of MEK was found. After five washings and a 24-h equilibrium, the 
concenrnlioo d MEK w u  rcduccd to aboutO.J4 ppm. Similu trends were noted for the other 
three pollutant8 rtudicd dlhwgh the presence of each constituent and their relative concentrations 
v u i J  slgnilkratly between solvent brands and manufacturers. All four compounds could k 
brralucui h o  moaitmng wells by one 01 morc of the brands of adhesive, Concentralions of 
contaminant8 declined significantly with succcrrive washes with deionized water. from a mean 
local conccnmlloa of 77000 ppb after flve days of lorking to a mean total of S91 ppb after k i n g  
wuhcd four mam limes with deionized water and soaked for an additional 24 h. 

Field umpling with a PVC biller consouclcd wvcral weeks before sampling resulted in samples 
with low kvels of MP ud MEK. With a PVC bailer constructed 30 min prior to sampling, 
16000 ppb cyclohcxrrronc. 3800 ppb MEK and 1400 ppb THF w e n  found in a ground water 
umple. Conluninanu in PVC solvents CUI muk the pmence of other volatile priority pollutants 
thu eluk frocn thc chromatograph at r imi lu retention times. For crunple. MEK and 2.3- 
dichlorocthuw, cyclohcranom and komoform. and THF and I ,  I-dichloracthmc all co-elute with 
rhc Envirwunaul hlcction A ~ C I ~ C Y  (€PA) analytical protocol. Al l  the% problems can most 
simply k ckumvenlcd by uiing well casings and bailers constructed with threaded joints 1/61. 

While PVC is  h e  w t  common type of synthetic well casing material in use. other synthetic 
materials b v e  been uwd o( could k used. including rcrylonitrilc butadiene styrene (ABS), 
rt)lcat-rubbw (SR), polyethylene. polypropylene. TFB. and polyvinylidcne fluoride (PVDF). 
When umpling for oqmic contuninants. the generally recommended order of choice of well 
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caslng and sampling rnalcrlrlr Is glair, TW, tlrlnlcai ateel, pdyycc+yk~. plyrtltykm. rml 
otkr  plastics. IIICIJ~S. and tubkr 1/21. However, the same rereuchcra inJicatcd tha cktailcd 
erpcrimental data on materials selection UL simply no( availabk. 

The leaching of residual vinyl ch)oridc monomer (RVCM) has k e n  an area of concern and 
intense investigation since the discovery of a link between vinyl chloride mononw and 8 rue 
furm or liver cancer (hemmgiosarconu) in humana. 'thmugh a massive research c l f w  a limit of 
IO.ppia HVCM was crtrblirhed based on thc conclush thol vinyl chlcnirk ntigcdtitn, frcini the 
wull uf non~inul 25.4.mm-diameter ( I  in.) Schedulc 40 PVC pipc (ctntaining lt~-ppptrc HVCM) 
into stagnant water retained in the pipe will be undetcctabk at a 2.0.ppb sensitivity in analysis. 
Today at least 98% of the PVC manufactured in Nmh America contains lcsr than IO-ppm RVCM 
and most contains less than I ppm RVCM 1/71. 

The water kwhability of components of PVC and CPVC piper has k e n  investigated in another 
recent study 1/81. ThC erlrrct water was rna@d fOr I number of volatile and crtrrtablc 
compounds and data indicate h a t  the following orgmks were consistently fwd in significant 
concentrations: 

VOLATILE OROANm CEMENT SOLVENTS 

MEK 
TllF 
Cycloheranonc 
DMF 

Dichlommcthanc 
Cubon leerhloridc 
Tetrrhlorathrne 
Trichloroethcne 
Toluene 

The cement solvents were found in the ppm range but concentrations decrcascd rapidly with 
rinsing. The volatile organics were typically found in the I to IO ppb rattle e r c e p  for toluene. 
which typically was detected under I ppb. 'Ihesc Icvcls will no4 neccsruily k found when cement 
solvents ue avoided. 

lnvcstigations of water leached from PVC d CPVC pipes with and without cemented joints 
were performed in another study 1/91. This testing was to dctcrminc whether leaching of chlorofom, 
and carbon tetrachloride was caused by the solvent cementing of pints. Chloroform was not found 
in the leachate from either PVC or CPVC. However, cubon teuachloritk was fuund at very low 
concentrations in the leachate from the CPVC pipe. 

Schedule 40 PVC. polyethylene. and plypmpykne well casing materials were carmined by 
k i n g  erposcd under batch conditions to two metal pollurmts and s i r  volatile organic pllutmts 
120). Under the conditions of the crpcriment h was generally found that Schedule 40 PVC caurcd 
fewer monitoring intcderenccs with volatilc organics than did polyethylene or pnlypropylenc. 
Also. no crtractablc pollutantr were leached from the well  caiin8 matcrirls umkr the conditions 
of the study. 

Well Casing materials can b i u  ground-water umplina cffons by Idsorption of constituents. 
which resultr in lesser concentrations In the sample than in the ground water. by leaching of 
adsorbed constituents. leaching of casing constituents, and by permcation of constituents thmugh 
the well casing from outside. The latter three mechanisms can 111 result in higher concentrations 
of chemicals in the sample lhan in the gmund water. Then M virturlly no published field data 
comparing the adsorption of leachin8 that occurs with different well casing materials and there 
arc only limited laboratory data. Most of the research i s  with tubing M pipin@ that may have more 
plasticizers than well caring materials. Some research used Iaboralory water and high-purity 
chemical contaminants that ut not indicative of field conditbnr, and no researchers have found 
a way to simulate field ramplin8 conditions in the hbaralory for compurtive study of well casing 
influence. Generally recommended lists of well casing materials hrvc been published with the 
acknowledgment that they u e  no( bued on detailed crperimentd data. 



P m t d u n  

wt// c ~ l r 8  Morrrblr 
The p8+*lu well crilnp mrtcrlrls used In tlils itudy were chosen kcrutc  of their rvrilabiliiy 

itid r e p  t In BrwnJ water quality monltriring prqrrmi.  Ihey were: 0 

C .J 1DO GROlJND.WATIA CONTAMINATION 
[>,j 

C,..' 
t- a...., Well CMIItt ..... r .... 
~ ... Well elll ... could be flbriellccl from .Imost .ny mal.rlal. Under Improper eondilioni. many 
CJ 01 ...... ....m ... could COIIIribuIe 10 billccl .nMIIICI·wlI.r nmpIl •• el .... r Ilvou .... chorpllon 01' 

leachl •• 01 COIIIImI ...... 11Ie w.11 culn. ma .. rlal. ulecl.d '01' Ihll Iludy Ir. repr ... nliliv. of 
..... ...,.. el ..... 01 mallltal. lhal ha.,. I .... tory 0' U .. III .round.w.ler monllorln. or I,. IIk.l, 
candida ... for II .. nallonwlde In I.mplln •• round w.l.r fOl' OI',lRic cOIIIlminlllon. 

'''',it, 
PIuIicI fall ... IWO -.tar c ....... c .. 1ecl1hennoIau ud I ........... lcl. Thermo .... Ir. 

.... pi .... YdIIcIt. OIICI Ihapcd. CIllllOl be resh.ped ,,' .. If r.helled. Thermopl.lllci cn be 

.................... II, ............ cooIiIIa. nil .. Iowl Ihcrmopl."Ic. 10 be .lIil, molded 
or .11rIICW InIo plpel ucI III In •• Il/l. 

..... pllIIIca 1lIOII COI'IIIIOIII, ulld II .round·w.ler monllOl'ln. f.11 Inlo lhe lhermoplasllcs 
call:1OfJ .... llelude III. 

aerylotlkrlle bulldlc ... "yce ... (ABS) 
polyvinyl ellloride (PYC) 
lIyrene·ruW!er (SR) 
poI,.lhylelll fPE) 
poIypropyl.1II (PP) 
poly .. u.ftuoraelhyletIC (TellOlt-TfE) 

• ThcrmopI ... icI IN cell ...... 10 .lccute.1 ucI elecuochemlc.1 elf.cI. and In .nerilly cell"alll 10 
lIack lIy lIIunll, occunin. chemical compoundl. for Ihl. cellon. Ihcrmoplillici have be •• 
IIlCallv.l, uaccl II InOIIlOrin. Inor._1e .rouad.wII.r eonSlllucn .. In B.c.u.c lhermopl •• lic. 
III "" IIIICCpl_ 10 IIIICk b, or •• ale compoundl. however •• llr.me cu. mu.1 be eacrclud la 
1IMIIIiIortIII ............. or._ poIIuIMIl II. pre ..... 

Itt"., 
The .... commoal, u .. d metal. I. pound'WIle. IIIOIII.orln. ut 1I'0Il .... Iale •• IIcel. br .... 

.Iu ....... and copper 1/1. M ... I weI e.Ii,,1 (predomlftltllly Iron .ad ... Ialell "cel) ue v.ry 

..... .... rI.ld; IIowtve •• lhey c .. COIIIImI .. I •• rourMI·W.II. 'ampIe. II I number 0' wIY', 
MellI COII •• I· .... c. lit leaclted ".. metal w.1I c .. In.. lIdO lilt w ... , .uppl,. Melalllc 
lNICriall will .. so .. \tall la walt. Iht b,·procIuc .. 01 dclCriorllloa procel'" IUC" •• olldllion 
.... convaIoa. AI ,..vloual, ctilClIIItd ..... 1 well Cllirl. Clft 1110 ItrVl I ....... OI'bln •• urflC' 
f\lf • wide v ..... , of or .. ic and Inor ... 1e .round wile, con •• I •• III •• 

G'-II 

Wllea coulclerla. latrine... .1.11 h .. bcen aIIowa 10 be .... Illller.1 of choice for u.. In 
umpUn. WIIIr for 0fI- compcMIIICIIllll. la IpllI or k' allu .... Iul Clft serve I u .. rul purpou 
.... varaI ..... II tilt IImpIIII ............ 01 .. 1 II coulderllll, Ie ......... 1.,. Ih ... other 
mIIIriaIs 011II1II ... __ I _1Ia1 TfE MIl Is ...... ,ON 1lIOII u .. luI .. lample eOlll.I .. , ma.e,I.1. 
Due '0 ill In.IlIty.lIowevCl •• 1 ... 1.Il0l used 10 malt. w.II c .. ln,l. 

Proc.dure 

w,n 'Mhr, Itt.,,,.,, 
clIln, miterili. 

"ound 
thl. ....ere 

monltorinl rroRrlm., 
beclu.e their 1~llIlblllty 
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I. PVC-40 CpoIyvln,1 chloridc-5chldule 40) 
PVC·IO CpoIyvlllyl cIIIorkla-Scllldldt 10) 

1. ABS (acrylonllrile bul.icM .. ,ceM' 
4. T.fton Cl Iypell 

I. TfE.--teulnuoroclhylent 
b. PfA-pcrnuorollkol, 
c. fEP-nuorlnlled .. hyleM propylene 

5. S •• inicil IIcel (J04, 
6. Kynu (PVDf - poIyvin,lidcnc ftuoridc) 

I'oI,l·i .. yl ,Alorid, ('V'~PoI""" chJortcIt Is procIuced by nct·1CHftII poIymcriuliort 01 YIa,1 
chlorlclt (CH.-cHCI) ....... ,till ..... IIIUCtUn Is -ctI.--atO-CH.-cHCHlll. The IU.· 
pension .Ich ror PYC u. 1GrIIII1J, cellulole .1IIm or poI,via,1 .1cohoI. and the poIymerlUlioa 
c.III,... u. Iyplc.", or ... 1c peIOlldct. 8cMh I,,.. or mlllrial nu, Gecur 1ft ...... 1 residual 
qulnti.ies In the lnilhed polymer. 11Ie perolldcl will cIc"adc 10 oIhc, CCllllplIIndl Il.fl. 

lhe production procellinvolvel.he comblftliloa of PVC celin wllh .,..Iuu, 'ypcAllr Idabilizcn. 
lubrIc.nt •• pl.ment •• "lien. "Ge ...... lids. and pIa •• IcIze" f.uch II lilillium dln.ide. cilellllll 
carboni ... f.lly acld-me •• 1 ..... ollcllzcd poI,. ... y ... wu) •• 11 01 which In poIenlial IOUrce. or 
Ie.ched poIIU'I .. 1 1211. 

Aery'OII/"I', ,,,,_1'111 S"" .. , lA'S~ABS II .he .ame .I¥CIIO • _Iquc rlmlly of en.lacerl". 
poI,me ... The acl'Oll," II c\crIvtd I ... the ....... of die ...... _n IIIId 10 produc. the 
poI,me .. ; acrylonltrll. (CH.- C- N) .......... (CH.-at-CH-CH". IIId ","" (vla,l· 
ben .. III'. 11Ie .hree·monomer .,...... Clft be tailored 10 net.product ... by v..,.. the nrios 
In which lhe, In combined. Aerylortkrile COIIIIiINIet ..... "II1II11, ..... 1 cell"lne •• 1ad a.ln. 
rc.I,.ne.; bu.adlcae Imparts Iow.llmperIlU,. properl, ...... loa. 1OU,1Ine .... nd Impac. I.cen •• h; 
.ad ",cetIC addl IUI .. r (.IosI). fi.Id .. ,. IIId pIOCtI ......... 114,. The Iddiclvcs lor AIS arc 
Iimllu.1O Ihoac lor oIhc, pol, ..... : .......... 1uIIricaIItI. pia .... lIII'IIIt ... T,picall,. AIS 
u ... cuboa black II • pl.me .. . 

S,m .. /". S",I 'JOf)-S.II.ltu ..... h oII.a chose. II. well e ............ a1 due 10 k." .... 11I 
and re.lllance '0 ru"ln. IIId corrosloa. SI.InIt ...... 1 ........ pull ...... however. 10 leach he.v, 
me •• 11 liiio .he .... 011 ••• vlnllUnCaI. These laclucle cInnI •• alekel. moI,bde.u ... Iroa • 
.llInlum. coblh. and lun ....... There I •• 110 Iht ..... 111111., 01 • InM a.1de CaIIln. dcVlJopial. 
Oter ......... ., ..................... CM ... M ............. ell ......... ,fcc ........ 
adaOlJllIol capac'" IlJI . 

F'IIOr""..,ICI-Fl_opll"lc. In pI."lel ...... _ poI,mera ....... rrom nlOllOmCr. cOlll .... ln. 
_ or more Iloma 01 ftuorlae. All ftuoropll"le. III nude II, .,.. rlCllclllnlllllld pol,meriUlioa 
ar cap"'ymc.II... 01 IIw tIKIIIOrIICII_ Fhaoc"- ,,1"1e. Ire ,hlllC made lrom pcrftuoro 
monomen. The ftuorocubon pllllicI .... for .hll IhId, were IClr.,I-...hylelll (TfE,. 
luort .... d tlhylcnc ,..",ltlll copoI,mer (fEP) ...... ,.rtIuoroalkol, realn (PfA'. Anodic, 
.......... ltBopIudc e .... 10 ...... , Wal poI,yJa,11cIcM ftuorlclt (pYDF-nor • ftuorocllllon). 
The ftuoropl"licl we .. ceadil, .v.II ... 1e and Tfl lid FEr hi.,. • hlllory of usc i. ,RJlltId-w .... 
lIIOII\lorin. pro.,am.ll61. 

fluoroplll'Ic •• Ind especial I, lluorocarboll plll.lci. h.v. unique "openlc. which Incluclc hlah 
resl ... ne. 10 hu.h chemicil .nvlronmenll .nd hl.h lempera.urel. u .. ful.ltcuic.1 propcni .... GOd 
meehaale.1 propcnic •• low we.llbll\l,. and low cotf.elcllli 01 friction. 

TClraftuoroclh,leM (yFE) II made In lUI" qultlll.lci ...... 11 other ftuoropl."ic. combined. 
TfE h ••• n .lIcepllonlll, low c:oellicient 01 frlc ........ praducea lhe .",ISllck propcnlcl of III i .urflce. In fec. II hi' lhe low ... cnelftcle'" 0' Irlc.lon of In, IOlId Ilil. Tff. Ind fEP hlVl been 

• • 
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lued u well cuing rad materids for pwd-wr l c r  monitodnl wells and ue conskrcd by 
lolly to be idcrl mnuiJs fa  monitoring well consuuction (261. 

F lwh tcd  clbykoo popylcne (FEP). in general. has propcnics similu (0 those of TFE. FEP 
& ao( u u TFE rad P strength popcnka dccreue MCC rapidly with increasing tcmpcrature. 
FEP r e U h  nor( of I& cloccrkd properties of TFE. Is irsolubk In csuntially all orgrnic IOIVCNI, 

M w r o r l k o r y  =in (PPA). h u  mcchmkrl p o p n i e s  at elevated temperatures similu to TFE 
d mucb bel&# Ih. FEP. PFA is  rbout cqud to TFE in swngth, hudneu. and weu rcsiuancc. 
le resistance to chcmkdr is similu to that of FEP. 

P u l y v i n y l i  flwridc (PVDF) is rligh~ly k r s  dense and has a lower melting point than TFE. 
la swngth and rrrLu0ec to weu. however, PVDF i s  generally similu to TFE 12q. 

d & M h  C d W  a#Mk rta#C@S. 

P d l v r ~ l r  Ewlwed 
Pollulla(c wd for ChL study were chosen from compounds that, according to the Iitcralure. 

have beer and uc moll l i c l y  to k found in g d  water. These compounds u e  al l  priority 
pollucmrr 4 uc ku volatile and more polu than those examined in prcvious studies (20.29I. 
Another conridtnlkm ia choosing the p o l l u l ~ l s  i s  heir wide range of solubilities in water. Table 
I l i s u  the p o l l u b ~  cvrhuted md heir rdubilitks in water. 

&pOSWe S O h d O N  

Solutionr d for e x p i n g  the well casings to the pollutants were made from laboratory water. 
md nonpolhtd and poUurcd ground water. A l l  t h e  of these types of water were inoculated with 
the p o l l u l ~ I ~  rad Ihs well cuings were @wed in the approphtc vials for the appropriate 
crperimcarrrioa. 

L.boruay water frsc d interferences (orpnic fm) was prepared with a Bunstcad Nanopurc 
U Cuvidgc Syucm followed by a Bunstead Orgrnkpure Water Purification System. 

The nonpollulcd pound water was rakcn from Byrd's Mill Spring in Nttsdown. Oklahoma. 
ByrJ's Mill Spring i s  thc source of drinking water for the town of Ada, Oklahoma. Dyrd's Mil l  
water has bcta crtcnrivcly rnalytcd by penonnel of the Robcn S. Ken Environmental Research 
Lboruwy. U.S. @nvtwuncntal Protection Agency, in Ada. Oklahoma. Table 2 gives data 
88lher~d on Byrd'a Mill Spring water 1301. 

Tho polluled gmnd water was taken from the notiherstem pan of Okhhnma in the T u  Creek 
waturhd UU. Since November 1979 the T u  Creek watershed has received highly minerallzed 
wid mine d ivhugu fnm, floodcd underpound lead-zinc mines of the Picher Field in Ottawa 

TABLE I-Polluton~s rvoluored. 
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1.2 su 
5 m8'L 
2 mg/L 

n m V L  
47 m& 

325 myL 
340 myL 
600 p W c m  
345 m& 
co.01 nyh 
1.1 In* 
0.010 m#/L 
0.015 nyh 
1 nyL 
4 m f i  
0.5 pVL 
I .3 pVL 
0.6 cVL 
0.1 pVL 
0.7 pVL 
0.7 p)rL 
1.3 pVL 
0.9 pvL 
1.3 pVL 
0.7 PUL 

County, Okllhomr. Thc pH of the specific sunpks used for the uudy was 2.95. Table 3 gives 
average data on number of polluted ground-water sampks taken for air study lJ /J .  

The caposure solutions were made by fin1 weighing the compounds (0 .OMO to 0.0300 8) into 
a conical-bottom reaction vial. Thc solid compounds dissolved in h e  liquid compounds ad room 
tempenlure. To make the working exposure solution. 3.5 pL (3.5 pg) of the stock solution was 
injected into a 2-litre borosilicate fluk filled with either "organic free." Byrd's hlill. or Tar Cmck 
wafer (final conecnfration Is approximtely 2.30 ppb). A pound-glass stopper was then inserted 
into the flask. cilmlnatlng hcadspacc. to p v c n t  bra of mnrc vnlatllc cnmpiunds. The solution 
was then stirred for 40 h in the abFncc of Ilght and then used In the mrpcctive cnperimental 
tasks. 

Anolyrirnl bfrrhodolo~irs 

Atomic Absorprion and Emission Specrroscopy--The metals UI~I~CI for the T u  Creek samplcs 
were p e r f d  on a Spcctnspan Ills D.C. Argon Plasma Emission Spectrometer with Dynamic 
Background Compensator. 7he low-kwl (<0.100 ppm) metals analyses were completed on a 
Perkin-Elmer XKNl Atomic Abrorption Spcctrophocomcter cquiFped with Y Mc&l #I) lfcafcd 
Graphite Atomizer. 

Hilh-Pe~ormance (Pressure) Uquid Chromafotraphy (HPLCj-The HPLC analyses were 
complctcd on a modulu unit mrdc by BccLmm. lk pumpa were Bcckman Model I IO. a d  a 
tlitachi Modcl 100-40 variable-wavclcngth ultraviolet (UV) Ipttrophocometcr was used as Ihc 
detection system. The HPLC column w u  a Bcckmn Ultrasphere O.D.S. reverse-phase column 
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TABLE I-Darbjnr far  Crrrl-pdlurrd #rouiid w f r r  fh i t l#ruud kirlrl 
~ 

Nunibcr d Stadrid 
Consiiiwrw Saniples Mean Dcviriinn -- __ 

SpeCIIlC conJucuKc II If159 44 I 

pH (SO) II 1 5  0 4  

bl (111811.) 4 1 I O  17 I 
Zinc (Illyl.) 4 88 8 IO6 
Cdiiiivm tri& 4 0 Jh2 0 I I l J  

Chmiuni (myL) . I  0014 

((r i iJdcm) 

Disrolved oay8cn (myL) 9 I 5  2 4  

bad (ing~L) I 0 I 9 9  0 081 

FhoflJc (WL) 8 6 0  OM 

Miniiiium Llaiimuin 

i i j n  4510 
.- .-. . - 

1 9  1 1  
I .4 8 9  

92 111 
36 I10 
0 260 0 4JU 
0 121 0 282 
0 014 0 014 
6 0 0  7 19 

Mine diuhu)c from a lu(e subsidence pit Clkd wiih mine wrier located in L e  wuihwsl p u l  of 
C ~ ~ ~ n c r r c .  OK. 

with J-pin particle size. l l ~  culuiiiii diiixnsiiws were 4 (i iiiiii i i i r i t le diaiiwer hy 25 c i i i  in l~ i igt l i  
'Ihc chroinalography w u  pcrforincd using an irwratic 60% aceionittile roluiiun with a I l r iw raie 
of 2.0 nillniin, and at a wavelcngrh of 226 nm. 

Et iwc tbn  and Elurion PmcrdurrJ- An adapiriioii uf a iiiiniculuiiin pruccdurc fir conceniration 
of organics froiii ayucous solution as rcporlcd in the lilcralurc war uscd to siiiiplily the coiicciiiraiion 
procedure 1JZ.311. ' h e  baric ~IIKC~UIC involves extrrctiiig h e  oiyanics frciiii a H)miit saiiiplc hy 
passing the smiplc through a miiiicolunin ('I'FE. 1 .Z to I I iiiiii Ivy 25 iiiiii) conlaiiiing I 5 0 3 0  
mirture of XAD2:XADI resins. lhc surkd orgaiiics ale ilicn eluted into 2 nil. of a 159:85% 
acciunc:hcrane roluiion for analysis. 

Enpcrlmcatrl Work 

Adsurption (Uprahrj Eiprrinurir 

llw ob@tIw d ~ h c  duwp~icrn crpricncm was IO d c t c n i h  what ~CICCMJ~C id IIK pnllwrclts 
in ihe ncutral pll ground water (unplluled froiti Uyrd's Mill Spiiig). capused ti) the well  casings, 
would be r d m k d  on10 ilu surface 4 the well casiiigs. 

Seynrnts measuring 7.62 cin (3  in.) uf each well casing wcic capred  to lhc pillulaiilr in 4 0  
mL kuosilkale glass exposum clianikrs wiih TFE-lined caps. HaicIKs of expiriires wcic srinplcd 
initially. after one. ha. and six weeks for a b ~ a l  of ihrec baichcr of 36 vials plus eight initial 
samples. Duplicliic caporum chambers were p p u c d  for each well  casing and ihe chaiiihcrs were 
surihccd upon sampling io cliniinaic head r p c c  IS a variable. 

The dsorplion crpcrimcni resulis are given In Tahk 4 .  l'hc rcnults are indicative nl adnnrptiun 
dier ur weeks dcrporun; however. the obrcned prccn~ages of adsorption nccuricd within ihc 
first week of crposum. fhcn were no appreciable changes in adrocpiion prccniagcs froin the first 
week io the tinth week crccpt fur 2.4.6-trichloroplicn11l (TCF). 1CI' adrorkd partially after one 
week and totally adsorkd rficr three weeks as iiidicatcd 

Thlr crprimcni Indicates that for ihe crpcriincnirl conditions a i d  coiiip~unds used ilie 'I I-'E 
well caritits rnithl k lerr likely In adsoib pilliitanls. A( thew coiiccnlraiion levclr. however, the 
TFEr oiid P\'p.40 aiid 110 cxliihiied very l i t t le dilfcicncc iii ilie uiiii)unts of aolrtirplicin 
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Lrurhini (Rdrarr)  Eiprrimrnl 

Ihc objcclivc of the leaching (rekasc) crpcriment was IO dclcnnine what putlion. i f  m y .  of the 
atltorlwtl ~ ~ i l l i i t ~ i i t ~ .  r f ~ e r  a six.wcck crpusure pcriucl. would kach (w he rclcatctl hack into 
wviKt)iiiaiiiiiiated ~)iiiuiitI water. 

Eapriiivntal JcsiEn and analytical methods were ~hc r a m  l is  for ~hc  admrplion erpcrimcnl. 
ilie only difference k i n g  that after the well casings were exposed and allowed IO d r r b  pullutanls 
fur s i r  weeks the contaminated ground water was r c p l ~ e d  with mmpollutcd grwd water Thc 
water from Ihc capsure chambers was hen sampkd inilially, after I h. 4 h. 24 h. 4 days. and 14 
days. 'Ilicsc saiiipler were analyzed to allow an assessrncnt of thc rate of re leas^ of plluianir 
back into  lie rioiictiniaiiiinated ground water. 

As can be seen froin Tahle 5, very little leaching nf adrotbed pollulanlr octurlly trcuned uwr 
the 14.day p r in l .  PVC.81) and PVA-IFE were Ihc only well casings exhibiting any Ieachitig and 
buth kachcd naplilhaknc. FOI all p r r t k a l  purpo~~ .  only zero to'true aitwuntr ul IIK surbed 
pullulants were released into nonconianiinatcd g i ~ n d  water. 

Adrurprion Sirr Eiprrimrnr 

1 1 ~  ohjcciivc uf Ihe adsorption site crpcrimcni was lo determine If a propvrtiunrlly grcatcr 
aiiu~un( of adsorption uccuned at IIK rougl~r.  cut ends of PVC.80 well caring than a1 the siiiooth. 

~ 

Casini Material 

PVC 40 
PVC.80 
AUS 
Sirinkss i iccl 
TeOin P I A  
Tenun I IP 
lcllon 1 Ili  
Krnri PVIW 

- - 

2.4.6.Td~hb10- 
4.Niit~phcnd ____-- 

u 0' 
u 0 
4 I' 0 
0 0 
0 0' 
0 0 
0 u 
0 0 

llthalaic Diethyl Nafithrlcnc 

0' u 
0' UI 
u 11. 
0' U 
w I(#) 
0 u 
0' 0 
0' 0 

. _ .  - 

- 1 wo.wcch Iracl i in~ pciitd aftcr six.wrck rdwrption. 
tliliie rdstullcd 
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TABLe 6-4trrmc udJorplion Jpdrvranrs in lowpH (J.4) pollurrd pound warrr: 

2.4.CTrichloro Diethyl 
Cuing Llucrid 4.Niuodwnul dmol' Phthalate Nanhihalcnc Accnaahihcnc 

PVC.40 IS 0 0 loo ' 46 

ABS 60 0 16 72 40 
PVC.W 100 0 0 2 1  0 

Painlot t t a l  13 28 48 0 18 
TellwPFA 0 0 29 90 0 
Tcfiu0.m 0 I1 47 17 0 
TelMTFE I? I 4  I S  0 64 
KynwPVDF 31 28 38 0 21 

Sii-wak caporun. 

finished surfrcc of the well casing mrtcrirl. To make this determination. segments of PVC-80 
were threaded at u c h  end, filled with exposum solution (Irborrlory WJ~CI). and capped. 

The srmple8 rndyzul  were exposed for one week in the threaded caposure chanibcrs. After 
computing Ihc surface ucu rvailabk for both the adsorption m d  the adsorption site erpennicnt 
i t  w u  fwnd th8l Ihc pcrrcntagc rdsorkd per squire ccntinictre WJS indcpendeni (within 5 to 
10%) of the 8urface ucr of the rough ends of the well casing matcrirl exposed in the first rdsorptiun 
eaperimcnt. 

I h c  ruugh edges were only a small percentage ( 3  lo 5%) of the total suifacc areas avrilablc f o r  
drorpion. Since lhc extent of rdsorption is function of the rvri labk adsorplivc surface area. 
the obrned adraplion pcreentagcs arc no1 surprising 161. I t  was nccessary. however, lo iliakc 
this dclcrminrlion so hi consistent adsorption. no matter what rile and exlent. could bc shown 
throughout the entire length of the well casing segments. 

Low-pll AdsorprionlLeoching E tprrimrnr 

Thc objective of the low-pH rdsorplionl~crching caperimcnt was lo determine the differences 
in rate and extent of dsorplion using a low-pH (3.0) polluted ground water. l h i s  ground water. 
as staled previously. w u  taken from rc id  mine drrina~e in the Trr Creek uer of nortbcrstern 
Oklahonia. 

Dalr from the low-pll expcflincnl arc given in Trbles 6 and 7. The data indicate thrl. with the 
exception of ABS. 8ll h e  other well casing8 showed less adsorption in the low.pll C011l8minJtCd 
ground water thrn in the ncu l r r l -p l~  nonconlmiInalcd ground water (see 1'ableS 4 and 6). A 
possible caplrnrtion could k rirongcr binding and niorc prcfercntial coniplcairig of thc cipcriiiiental 
pollulmls with other polluunls in the cotilaminaled ground wrtcr. 

Another mom probable crplanrlion is the consideration of the pK vrlucs of the pollutants in 

TABLE 7-Ptrrtn1a#t ofpdlurona lrorhed Jprcmro#r adsorbed In low.pH (3.0) pollurrd  round wrw. 

Cuing Materid 4-Niuog(wnol 
2.4.6-T1ichlwo. Diethyl 

Phthalate Naphihalcnc Accnaphthcnc ---__ 
PVC40 0 0 0 loo 0 
Stiinlcti ticel 0 0 0 0 0 
Teltw TCE 0 0 0 0 0 - 
' ' fwoweek lrachln8 pdnd iftrr i ia .vcck miltwptliin 
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nlr t ion to the pl i  of thc told 8olulion. A definite relationship between the calcnl of adsorptinn. 
pl l . pK has been shown. with a maximum adsorption occunin# whcn Ihc pi1 ir appiiiaiiiialcly 
equal to the pK 151. If the p l l  i s  d c c r c r ~ d  funher. the hydrogen ion concentralion incrcorcs and 
ulrotption tends to dccrerse. suggesting a replaccmcnt of the adsorbed conipound by the more 
preferentially rdsorkd hydrogen ions. 

Conclurlons 

General conclusions from this capcrimcntalion rnd I review of the literature of previous sludics 
ore: 

I .  In the neutral- and low-pH ground waters. only 2.4.6.tri-chlorophcnol rnd 4-nitrophcmI 
showed rppcccisbk rdsorplion in all well casings. 

2. k rch ing  of rdsorkd pollutants did not occur lo 8 mcosurrbk ealcnl in any of the well 
casing/pllutant systems. 

3. l'hc ri le m d  cxlenl nf adsorption were nu( nlersurrbly different on the rilugh cut ciids of the 
vcll casings thrn on the smouth finished surfrccs. 

4. Lcrs rdwrption uf pollutants was cahibitcd k r  low.pll contaniinatcd p u ~ i i l  WIICI t l i m  k i r  

the neutral-pll noncontaniinatcd ground water. 
5. Ilicrc i s  no clear advrntrge to the use uf one particular well caning inatcrial nvcr tltc others 

for organics nionitorcd in this study. 
6. Probably of grcatcr influcncc to sample integrity and representativeness than wcll casing 

niatcrisl sclcction arc tlic well purging procedures. sampling device selection and coitipsition. 
and santplc storage devices. 

7. Solvents sliuuld k avoided for joining sections of casing materials in nHwitorinC ucl ls .  
8 .  Ihe atnoun! of adsorption generally correlates with the solubility of thc clicitiical iiidcpcndcnt 

of the well casing material. 
9. Other influencing frclors which have not k e n  8SKSlcd may also bias ranipling cffons. The 

most iinp)rlant of these m y  k biological growth on the casing surface. which can then uptake. 
transforin, and release contaniinants. 
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Leadring of Metal PolIatants From Four Well Casings 
Used for Ground-water Monitoring 

PjTRODUCIION 

Ground-water monitoring r q u h s  the instab 
tian o f d u i t s  to mnsferwater to thenafrcr for 
callcctian Four commoniy used Well casings are 
made from 2-in ( 5 - d  diameter polpi@dd~- 
xide WO, stainless steei 304 (SS 3041, staides 
sted 316 (ss 316) urd polyteuduodylare 
(PEE) pipa. Represents- sampling of ground 
waterrquiresthatmrtcri.lcmployedinthe~~- 
rated zone do not innuextee the concentration of 

Only a few studies have rep& the influence 
of wdl-crrkrg materials on the concenmtions of 
jnoagmicsubstances in ground -tar during wa- 
ter quality analyses. S e v d  studies have demon- 
strated th8t thest xnatcriat btaidus S t e e L  W C  
and FIFE) sorb apptcdablc quantities of certain 
ionic (Ei33rolr ct 3.1965, Mille 1982, 
Hewin 1989). Evidence also exists showing that 
mer& are released into ground water hopl stain- 
less s t d  and PVC pipes CHoughton and Berger 
1984. Bardona and Hclfrich 1986, Hewitt 1989). 
Therelease of metal analyta by stainless Mci has 
kca associated with i& corrosion, which in same 
mstameshasbeen abed to produaa hydrous 
iron m a t e  (Barcelona and Hclfridr 1986, 
Hcwitt 1989). 

Rauitly,ahboratory-twdM 
tdngtheeffcctsof+-watucompodtionon 

G md Pb), pH and total organic arbon were 

inattothvazhbles, whereas both PVC and stain- 

rrukrirt leached and sorbed some of the me& 
i n t d u c d  into the ground wata. In addition, 
mad staidas a d  casing hens developed 

anrtytaofinterest 

the wdl casings ated above mewitt 1989). kr this 
ocpaimart two mcen~t ions of meals (k, cd, 

iam&xedasgmuad-waterdutbntnrirbia R e  
sulb dtbb ocpcriaart indicated that PXFE m 

larstedweIlcuingrwere-Thartwo 

surface oxidation, which meoduced a d o m  
sowee 66 variation by providing release m& 
nisntsandacrivtritesforsoxpion WCwasalow- 
IevdsourceforCdandproviddsorprionritesfor 
Pb.SbkJessrtcc l316~~alow-level~forCd 
md provided won sites far As, G and Pb. 
Stainless steel 304 was also a low-level source for 
Cd and provided sorptionsites for& and Pb. The 
ottartofthe~onorrekaseofmetalswas often 
influenced by the solution vuiabia  This study 
conduded that the &as s t d  casings were the 
least suitable for monitoring the metals studied 
(k, Cd, G and Pb) in the ground water solutiolu 

AconrumntstudydancatCRREL(Pukcretd. 
1989)loakedatground-watersolutionsspikedwith 
arganiccoznpoundsexposedtothesameforpweIl 
adng In contrast to the results for metals, eight 
(ds and hu~-l2dicfrl0rocthylenc, m-nimtolu- 
r n ~  txichloroethylene, CNOrobexuene, e,p and 
mdichlorobauene)ofthetrnorganiccampounds 
studiedsoorbcd morequackly and to a geater extent 
onto PTFE than WC and did not sorb onto the 
stainless st& The same d k  were obtained 
when the ground water was treated with 20  g 
NaWL to test b eff- of i& strength. Thx 
findings support the cartier work of Reynolds and 
ciuhm (1985) who obwrvd rapid sorption of 
trcracfjarocthylene by PIFE well cluing. Thy 
suggested that PIFE is the least desirable material 
k a w d  casing when argrnic compounds are 
monitored in ground water. 

Thc resulb of these two Ictmt CRREL studia 
OImitt 1989, Parker et 3 1989) and suppor?hg 
evidenceiathelimmledtothesuggcrtiantht 

W d l ~ g S f o o ~  gnnurdw8tahrboth 
inaguricud orgmic andytes Barker e t 3  1988). 

icrcfring churcraistia of thee four w e n a g  

WCmrykthebestcompromiseamongthaefour 

The objedve of this study is to examine metal 

materials in ground water. Leaching studies that 

2 2 0 1 1 6 4  



compare these four well casings have not been 
reported in the literature. The results of this experi- 
m a t  will determine which casings are the most or 
the leut susceptible to leaching the metals. The 
d y t c s  analyzed included all of the metab on the 
Environmental Protection Agency's priority pol- 
lutant list, along with copper. e 
MATERIALS AND METHODS 

Mat& 
Ihc WC and stainless steel well casings were 

obtained from Johnson Well Soccn, and the PT€€ 
wasobtainedfromMP,IneWwd&gtwue 
speci6aUymanufaaund for ground-watermoni- 
toring. The casings all had approximately a 5-cm 
inner-wall diameter and were cut in lengths of 
approximately 2 em. The ocad length of the rings 
depended on the wall thickness and diameter of 
thepipebecausewewanted tomaintainaconstant 
suxface area of 80 em'. Cut surfaces composed 17% 
ofthe area for the FTFE and PVC weU casings and 
9% for the stainless steels. 

Precautions were taken during pipe milling to 
prevent exposure to grease, dirt, oil and solvents, 
and to avoid excessive handling. After milling, the 
individualwcll-zsingringswererinsed withdeion- 
ized water (Millipore, Type 1) and air dried before 
behg placed into the ground-water-filled sample 
containers. During rinting we made no attempt to 
remove surface discoloration or ink on the pipes; 
we used them as we had received them from the 
manufacturer. This limited cleaning was consistent 
with commonly employed field protocols: The 
wd-casing seaions were handled with plastic 
gloves and nylon forceps after milling. Two sec- 
tions of the SS 316 pipe were not used because 
excessive surface rust had formed. In general the 
stainless steel well casings appeared to have devel- 
oped moremt during the 9-month storage period 
than t h ~ y  had when h t  obtained. All experimen- 
tal work was performed in class 100 deanrooms. 

Polypropylene jars (69 mm od x 62 mm height, 
125mL,Model61~~7 ,~om~Sdent i f i c )  served 
as the sample containers. The jars were soaked in a 
10% v/v concentrated, redistilled HNO, (G. Fred- 
rick Smith [GFS]) daonized water solution, then 
rinsed with and soaked for several days in deion- 
izedwaterprior touse Othermataials, suchas the 
7Sdsamplealiquot bottles <polyethyIae,Nagle), 

pipette tips (EppendotO, and the 2-L glass bottles 
(reagent grade "0, bottles, Baker), were deaned 
similarly. 

Test design 
Tests for the release of metals from PVC, PTFE, 

SS 304 and SS 316 welkasings were done in tripli- 
cate by exposing sections of each to ground water 
for periods of 1,5,20 and 40 days. Three sample 
containas with no well casings w e d  as controls 
for each of the exposure periods. The containers 
withand without wtu casings were @led with 98 
mL of ground watq collected from a 76-rndccp 
domesticwellsystemin Weatherfield,Vexmon~60 
containers, 12 with a single section of each of the 
fourwcll-casingcandidates (12x4)and 12controls, 
made up the expezixaenta! san?le set.!?. The w d -  
casingrings weresubmergedin theground-water- 
filled sample containers creating a pi d c e -  

experimental design provides a surfacearea-to- 
solution ratio similar to that of well casings in 
ground-water monitoring wells below the satu- 
rated zone; however, !he ratio is much lower than 
that which exists for well sueens. 

Samples were prepared by transfeningweighed 
amounts of ground water into each jar from a single 
2-L glass bottle. The jars were selected randomly 
for the experiment because the ground water was 
transported in three separate 2-L g l w  bottles. The 
pH and conductivity of the ground water from all 
of the bottles was 7.8 and 240 x l(r2 mho/m, re- 
spectively. Ground water collected from this source 
previously showed similar pH and conductivity 
levels (Hewitt 1989). While the well casings were 
exposed to the ground water, the jars were sealed 
with a cap and stored in the dark at 24OC. Mer the 
well-casing sections had been removed from the 
jMattheendofeachtimeintervaLtmLofconcen- 
bated HNO, (GFS) was added to the ground water 
to bring the pH below 1.0. Studies have shown that 
aadification belowpH 1.5 iseffccnvempreventing 
the loss of trace met& from natural waters (Sub 
ramanian et at 1978). The addified, ground-water- 
fiud jars were recapped, hand-swirled for 10 sec- 
onds, then left at rest for at least 72 hours before we 
transferred a 5-mL aliquot to a 15-mL sample vial 
(polyethylene, Nagle) for the subsequent determi- 
nation of Ag, As, Ba, Cd, Cu, 0, Pb and k 

The entire experimental setup was duplicated 
for the analysis of Hg, except that we determined 
Hg immediately after the ground-water-filled jar 
was addifid. 

In a prekmurary experiment, ground water 
stored in the polypropylene jars was spiked with 

area-teaqueous-volume ratio ofO.8 an r /an3.  his 
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Table L Recovery of Cd, Cr and Pb (4.90 p@ 
horn gound water stored in the sample jars and 
dowed to quilibnte for 6 days before being 
addificed with 2 mL of concentrated "0,. 

m 4.93 loo= c7 963 
4d1  963 M lai2 

A-r 
=o-v 95.1% 97.22 

For the determination of Se, a dhix d e r -  
O M S  mg Pd urd Om mg MfOJ03) -was added 

1- Ofthir group, onIy As ud Sedaamirut- 
t iorurquireddeuteriumbnckground~ 'n 
MacrvywasdetamhdbyColdVaperAtamic 

Absorption (CVMLWe employed a 48-mL ali- 
quot forthe Hg dctaminatiom,fotlowinga modi- 
SedHatdtandOlt(1968)pmcedure.Aliquocrof48 
mL of ground water were reduced with 2 mL of 
1O%r/v~chloddemdthcnspargedwith 

deigned to enhance detation climcd md Ato- 
man 1960). The opciai afl was positioned in the 
light path dthePEmodd4oe AAZ 

Maclpywu dttaznhd thesameday that well 

jarstolimitvol.tiliutionofHgfromsaiuti~(cOyne 
and Cdhs 1972. Lo and Wai 1975) and to avoid 
-P= - tion usodrrted with storage in 
poly cant.iners (Cragin 1979). W of the other 
meals were detamined within 2 week after the 

Analysis procedures were designed to achieve 
detection limits of 1 dk or less of the present domes- 
tic water quality lev& set by the EP.4 (TabAe 2). 
Sclarirtm,detaminedbygraphitefumace,wasthe 
oniymetalwitha detection limit sli@itiyabovc this 
level Cable 2). Method Detecrion Limits (MDLS) 
wereestablishedfollowingtheproccdureo~tlined 
in the Federal Repter (19W for the arulysis of a 
sample in a given solution The MDL estimate 
repires that a minimum of seven replicate deter- 
minationskmadeof ananalyteconcentrationthat 
is one to five tima the estimated detection level. 

Lo that thedurrkrg telnpmnare& be- to 

H g - h  lir. Ttw d d H g  m p  @ throue 
8 MNQO,), mtCr M F  b.p ht0 M OptiCrl Ctn 

C & I ~  WC~C ranwed h ' p ~ ~ d - ~ a t ~ - a e d  

~aporurcpcnod. 

Table 2 EPA intexim primary 
dxinking wrtu quality levels 
a9831 and the method detec- 
tion limits (MDU. 
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Table 3. Summary of ANOVA and LSD determinations for average arulyte concentrations (pg/U. 
Makrirt with cOmmOn underibhg are not different at the 95% confidence level as determined by the LSD. 

U 6.0 6.6 7.1 7J 
a s - W  

u 5.9 6.1 7.4 113 
asD-zt, 

40 PTFE PVC Connd StWII SS16 

b. U~rorniun 

I Conaol RFE W C  S304 S 1 6  
0.3 022 123 1.60 6.06 

[1sD = 9.76) 

20 

(1SD-m 

40 

(LSD-152) 

d. coppa 

PVC Control PTFE sf316 
9.4 10.7 11.9 121 35.8 

mFE: PVC Control sf301 sf316 
7.8 9.9 10.1 11.0 126 

The MDL is obtained by multiplying the standard 
deviation bf the replicate measurements by the 
appropriate onesided t-statistic conesponding to 
n-I degreesoffmdomatthe99QconfideneeIevd. 

Eachsample aliquot with a determined d y t e  
concaraationabovctheMDLwas~~cdatleast 
twin. M y t e  cancarhations were based on the 
average peak hcighe from a strip chart recording. 

Aqueous calibration standards fox Ag, As, Cd, 
Cr, Cu, Pb, Hg and Se were prepared by diluting 
1ooO-mg/Lcati6eda~absorptionstodcsolu- 
~FierSdm~cCorp.).ABastodcstadard 
was d e  by ditrolving a weighed amount of 
Ba(N0 (Baker, Reagent Grade) in daonized 
water. & orkngstandards were prepared in daon- 
bed watcr addi6ed to 2% v/v with HN03 (Cm. 

Calibrations were established by determining 
three different concur&ation standards in txipli- 

catcStandardswwrandomlyintroduced through- 
out the course of sample analysis, and all of the 
calibration cu~vcs were linear over the ConcMm- 
tion range examined. To see if the intercepts were 
si@cantly Merent from zero, we compared the 
residuals for the models with an intercept and for 
the modeis with zero intercept using the F-ratio at 
the 95% confidence level W y t e  concentrations 
inthcsamplcsandcon~~wucdttcrmincdbascd 
on theslope and intercept only if the intercept was 
deemed signil5cant Othenvise, a zem-intercept 
hearmadd was anp&pd. 

To~leachingofmetaL~mthenufaccsof 
thefourwell-casing materials, an analysis ofvari- 
an= &NOVA) was performd on those metals 
(Ba G, Cu and Pb) that had been consttently 
found above the.~tab~hcdMDLforthefourwcll- 
casing materials and the conk01 If a significant 
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RESULTS 

Buipm 
The analysis of the May cxposurc samples 

showed that all of the ground-water-filled vessels 
containing pipe sections had aqueous Ba concen- 
trations that were significantly greater than that of - 
the control; however, all of the d u e s  were low 
(Tab& U. ThC subsequent orponrn mods do 
nolfollow this pattan but instead established that 
SS 516 was the only m a t e d  that consistently 
comibuted rignrficant levels of Ba to the solution 
rclativc to the other samples and the control (Fig. 
l~ .Thtavcngein~ascinaqu~concmtrat ion 
for the pound water cxpoacd to SS 316 was about 
70% compared to the control After5 days of expo- 
sure, ground water in contact with SS 316 devd- 
oped aqueous Ba concentrations that a d e d  1% 
of the drjnking water quplity level csablished by 
the =A None of the other well casings tested 
pmduadaqucowhconcentrarioruth.torcccded 
1% of thc EPA drinking water @ty CritCrion or 
were signidcandy different from the control after 
tbrinithlocponurpaiod. 

PVC but becomes resorbed onto the well casing 
with b e .  Stainless steel 316 contriita approxi- 
mately an order of magnitude (more than 10% of 
theEPA dtinidngw8taqualityIevel in somecased 

ads. 
mom cd than wc for rquivalent expcmam pai- 

chromipnr 
Bcpard the fday cxportrrc, thtwdysis consis- 

ten@ d m  that both stllkJCu steel well 
caring3contrbuteddgnificrntlygreaterquanlitia 
of G to the pound wrrtcr tiun the ~ d o o  the 
otbamrrtai.btestedcfrbir3b).Thaemetdwcll 
casings, dongwi~WCincrmsedG~tra- 
tions in the ground water a w e  1% ofthe EPA 
dzbddng wa* quality (Fig. IC). The extent of 
dlecreonmnm8 . tioncolningbomthePVCwas 
three to five timaless than that coming from the% 
304, which usually showed the highest avaagc 
contaminrtion for a ear exposum paid8 the ex- 

TheANOVAand~testsfaild todistinguish 
any Merenee betwm the m a t e  for the May 
apanrrr because of the large \&ation among the 
the three S5 316 samples If SS 316 b removed, the 
analysis shows both W C  and SS 304 to contribute 
dgni6canttygnaterquandtiesofG tothesrourtd 
water than do the control and FI€E. The d y  
mataial that showed a consistent h n d  was sf 304 

ofGwithtimcThroughouttheolpuimcnt there 
was no signrficant diffcnnce for G between the 
conuol and the PTFE wdl casing. 

Lead 
The first two exposam periods showed PVC to 

leach the greatest amount of Pb and to be si@& 
cantlydi€ferentfromtheconwland~Thctwo 
longest expcmue periods showed that SS 304 
W e d  the grutestamormt ofPb to ground watcr; 
however, the lcvct obwnted in solution for sf 304 
wereanlystattticaUydiEftrmtfromtherestforthe 
M y  acposurr p a i d  Cable 3c). The avcrage 
~obtrinedforbothdthesainlcusteeismd 
f o r P V C c o l u i s t c n t i y d e d l % o f t h e E P A ~ -  
ing water quality standard (Fig. Id). 

l'hemost distindve trend was thedeutast in 

ccptionking thei;ritial ocponwperiod. 

Fig. IC), which ueated inueasing concartrrtians 

Pb with incr&Ilg timc of exposum for Pvc Fig. 
1dzBotkrainlesssted~casin~shawcddght 
deueasesinPblrvdrafteraquemsconcenmtion 
nuccbIumn obtained. ThCPb thatwas Mthny 
rdcwd wls ruorbed by thc W C  and stainless 
S t e d W d l c a S i n g s ~ ~ t t h e ~ ~ t h e r e  
was nodgni6cant differaueaxrmg thecontral,SS 
316 and PEE 
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for approximately 24 hours prior to being trans- 
fd hto test - Ground water collected in this 
fashion is aerated at the faucet and exposed to an 
oxygcn-rieh environment every time the lid of the 
container is removed. Handling the ground water 
in this manner most likely changed the oxidation 
potential, faciiitrting oxidation reactions (Stumm 
md Morgan 1970). We made no attempt to simu- 
ktc the natural pund-water redox state or to 
quantitativtly assess the chemical quiliiria that 
existed during the m e  of this txpvMenb 
Ihat was Virt’blc nut on 11 of24 sections of the 

stainless steel pipes cfrbla 4. Each pipe d o n  
was Qfcfuuy armined prior to submersion and 
after removal from the ground water. In this ex- 
paiment and in a previous one (ncwitt 19891, 
oxidation on the stajnless steel was predominantly 
found on thewaIl. Uoxida tion i s  providing sites for 
sorption or release mechanisms, then the freshly 
cut surfaces were most likely not a major factor in 
the behavior of these two materials. Fresh surfaces 
on the W C  pipe i s  not M expuimental artifact 
since PVC well screen is made by slotting the pipe. 

It was apparent from the values determined for 
the control samples that the three 2-L glass bottles 
used to transport the ground water had different 

concentrations of aqueous Cu (Appendix A). The 
range of aqueous Cu concentrations most likely 
reflect the residencetimeof theground waterin the 
household and w d  plumbing. Three distinct pop 
ulations of Cu concentration were determined for 
the controls at the 99% confidence level (X  = 
9.W.0, n zs 4; 3 = lOl22, n = 5; )4 - 16.lm.h n 
.I 3). Differences be?ween adjacent mean concen- 
trations were established by testing against the 
maximum variance determined for all of popula- 
tions &e, 3% md 

Thegroupsestab A 2  bythethrccCupopula- 
tions were then twed to determine if any of the 
other metals zoUnd.above ik MDL were also sig- 
nificantly different Table 5 presents the averages 
andstandarddeviationsforthemetal groupsbased 
on the Cu populations for the controis. Only Pb 
shows the same increasing mean concentration 
trend as the Cu groupings; however, the averages 
for the adjacent Pb groups were not significantly 
different at the 95% or even the 80% confidence 
level when analyzed in the same manner as theCu 
populations. This analysis establishes that only Cu 
was significantly influenced by the sample prepa- 
ration procedure. ML.dng the ground water from 
the three collection bottles would have eliminated 

a 

Table 4. Physical state of stainless steel pipes after exposure to 
ground wrta. 

1 2 3  4 5 6 7  8 9 1 0 1 1 1 2  

Table 5. Average metal concentrations for the controir 
based on the p u p s  established by the CP populations 
( P W .  

StaWicdly different at the 99% corJidara kvd. 

8 



thisutifaaThclevd ofCulcrchcdfrom theSS316 
fuormdcdthediffmncrk~established 
popuktions 

The d t s  of rhis d y  support ourpmriou, 
wdc (Hewitt 1989) showing that m is the 1- 
fc.ctiw material, whereas both W C  urd stainless 
s t d  well caskre influaxe ~ e o u s  concene8- 
tioru of metals in laboratorp ground-water &- 
tiom A in the fkrt study, the variance among the 
staides steei replicates was oftal tht patest, 
indicrting that thk r m t d  h ~ l e  t o p  
dudry random aror. Both studies found that SS 
316 and W C  leach and sorb Cd; in addition, these 
two n38taialS. along with ss 304, sorb Pb. Studies 
in the funare A d d  be c o n d u d  under anoxic 
condikns to seeif oxidation ofthestainless rteeiis 
simply an artifact of theseocpaiments. If d o n  
of stainless steel is a h t  under redudng d- 
tions, then we mi@t expecf less random vaziation 
and less of an Muencc on the metal dyte in 

Arummvy of the results (Tablc6) clearly shows 

contamination under these expaimentai d- 
tianr When W C  leach& meta3s (Pb, G and Cd) 
du! d e d  1% ofthe EPA drinhgwata qual- 
fty sprdfications into solution, there was alwavs a 
8end showing a decrease in concamation &th 
b e  daponvc nlis would Ngga that the 

of Pb, G and Cd from PVC L a surface 
process and is d Mort likely dle him rele8se 
could be deueased by marc axtarmv -edcraing 
before~pipaarcused.Thesaxncstatanentdoes 
not apply to the staides steelwall asingr In the 
M oflemdaed Cu kom SS 316 d lachcd Cr 
~ S S 3 0 1 , t h e ~ c i o a r o f t h e s e p u h b c o n -  

ground-water solutioru 

thatthestainlessstdwerethegrcrtestlourcaof 

~ i n a e a s e d w i t h t i m e o p c r 4 o d a p I I t i s ~  
&le th.t stainltsstcct could supply thae am- 
lytes toground water ovaan oacnded paid of 
time, perhaps the entire life ofthecasing. 

- .  

CONdUSION 

Among the four types of well casinp tested, 
PlFE was the only material that did not leach any 
of the nine met& examined. Thc other materials 
te!sraiinthjscxpaMau - Bvc.SS 304 and SS 316) 
a m p m i d  laborrawg ground-wata samples 
by contributing anal- of interest (Ba, Cd. G, Pb 
andcu). Investigationswhaconly tracemetakare 
of interest should use FlF€ below the saturated 
zancPVCwouldbetheappmpriateucondchoicc 
since its inauencc on metal anaiyte appears pre 
dictable and smaK In t o n m ,  the two stainless 
steel materials &odd be avoided. 
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