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PREFACE 
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SUMMARY 

The Phase II, Stage l Installation Restoration Program (IRP) 

Confirmation/quantification Survey for Maxwell Air Force Base (MAFB) 

investigated 10 disposal, storage, and surface water drainage sites. 

These included five former and present landfills, two Fire Practice 

Training Areas (FPTA) , one former drum storage area, the base surface 

water drainage system, and a former disposal site for electroplating 

wastes. The 10 sites were consolidated into 7 sites or study areas for 

the actual field survey and investigation (see Fig. S-l). 

A geophysical survey was performed at four sites to locate buried items, 

delineate the boundaries of the burial areas, and determine if any 

leachate plumes were evident in the shallow ground water. Piezometers 

were installed at each site to determine ground water gradients in order 

to specify the locations of upgradient and downgradient wells. Twenty 

shallow monitoring wells were installed and developed at six study site 

locations on MAFB. Wells, surface waters, and sediments were sampled 

and analyzed as indicated in Table S—1• 

Results from the screening tests [total organic halides (TOX), total 

organic carbon (TOC), pH, specific conductance, and dissolved solids], 

and the specific tests (metals, pesticides, phenols, cyanides, nitrate, 

sulfate, oil and grease, etc.) were used to determine if contamination 

existed in the shallow aquifer. Contaminants exceeding National Interim 

Primary Drinking Water Regulations (NIPDWR), National Secondary Drinking 

Water Regulations (NSDWR), and U.S. Environmental Protection Agency 

(EPA) criteria for the protection of freshwater aquatic life and human 

health were found at only a few locations. 
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Based on the results of this study, recommendations were made to: 

1. Discontinue monitoring at Sites 1, 4, 6, and 7; 

2. Continue the sediment sampling program; 

3. Expand the surface water monitoring program at Site 2 by three 

monitor stations; and 

4. Perform additional analyses at Sites 2, 3, and 5. 

A summary of recommendations, including sampling locations and 

parameters to be analyzed, is presented in Table S-2. 
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1.0 INTRODUCTION 

( 1.1 PROGRAM BACKGROUND 

This report describes Phase II of the Installation Restoration Program 

(IRP) for Maxwell Air Force Base (MAFB), Alabama. Phase II pertains to 

the confirmation and quantification of suspected contamination at former 

hazardous materials/waste storage or disposal sites. 

Due to its primary mission, the U.S. Air Force (USAF) has long been 

engaged in operations dealing with toxic and hazardous materials. 

Federal, state, and local governments have developed strict regulations 

to require that disposers identify the locations and contents of 

disposal sites and take action to eliminate the hazards in an 

environmentally responsible manner. The primary Federal legislation 

governing disposal of hazardous waste is the Resource Conservation and 

Recovery Act (RCRA) of 1976, as amended. Under Sec. 6003 of the Act, 

Federal agencies are directed to assist the U.S. Environmental 

Protection Agency (EPA), and, under Sec. 3012, state agencies are 

required to inventory past disposal sites and make the information 

available to the requesting agencies. To assure compliance with these 

hazardous waste regulations, the Department of Defense (DOD) developed 

the IRP. The current DOD IRP policy is contained in Defense 

Environmental Quality Program Policy Memorandum (DEQPPM) 81-5, dated 

Dec. 11, 1981, and implemented by USAF message dated Jan. 21, 1982. 

DEQPPM 81-5 reissued and amplified all previous directives and memoranda 

on the IRP. DOD policy is to identify and fully evaluate suspected 

problems associated with past hazardous contamination and to control 

hazards to health and welfare that resulted from these past operations. 

The IRP is the basis for response actions on USAF installations under 

the provisions of the Comprehensive Environmental Response, 

Compensation, and Liability Act (CERCLA) of 1980, as clarified by 

Executive Order 12316. 
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The IRP has been developed as a 4-phase program: 

Phase I—Initial Assessraent/Records Search 

Phase II—Confirmation and Quantification 

Phase III—Technology Base Development 

Phase IV—Operations/Remedial Actions 

Phase I, Initial Assessment/Records Search, is designed to identify 

possible hazardous-waste-contaminated sites and potential problems that 

may result in contaminant migration from the installation. 

Engineering-Science (ES) was retained by the Air Force Engineering and 

Services Center (AFESC) to conduct the Phase I investigation at MAFB 

(see Fig. 1.1-1 for location). This records search was completed in 

January 1984. 

Phase II of the IRP addresses the confirmation and quantification of the 

extent and magnitude of contaminant migration from sites identified in 

Phase I. Phase II, Stage 1 consists of a preliminary survey to confirm 

or rule out the presence and/or migration of contaminants. If the 

Phase II, Stage 1 work confirms the presence and/or migration of 

contaminants, then Phase II, Stage 2 field work would be conducted to 

determine the extent and magnitude of the contaminant migration. 

Environmental Science and Engineering, Inc. (ESE) conducted a 

contamination assessment under Phase II of the DOD IRP of former waste 

disposal and/or storage sites at MAFB. The study was performed in 

response to the findings of the IRP Phase I Records Search, which 

indicated the potential for contaminant migration from the sites. The 

contamination assessment consisted of a Phase II, Stage 1 preliminary 

survey to confirm or refute the presence of contaminants in 

environmental media at the site. 

1.2 INSTALLATION DESCRIPTION AND HISTORY 

MAFB is situated in Mantgoraery County, Ala. (Fig. 1.1-1). The 

installation is bordered by the city of Montgomery, Ala., on the east 
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and south and by the Alabama River on the north. Mixed residential and 

industrial land uses predominate south and west of MAFB. A public 

housing project and the central business district of Montgomery are east 

of the base. An extensive undeveloped floodplain lies north of the base 

along the Alabama River. 

MAFB's primary mission is to support the Air University (AU). The 3800 

Air Base Wing operates and maintains MAFB and provides logistic support 

and base services for AU organizations. 

The installation was originally a flight school begun in 1910 by 

Orville Wright with five student fliers and one mechanic, Wright's 

venture lasted less than a year, and the area which is now MAFB had 

little use until the outbreak of World War I. In 1918, the U.S. Army 

leased 300 acres and established the Montgomery Air Intermediate Depot 

primarily to provide engine and aircraft repair and maintenance support 

for six other airfields in the southeast. The leased acreage for the 

base was purchased in 1920. In November 1922, the Montgomery Air 

Intermediate Depot was renamed "Maxwell Field," Construction of the 

first permanent buildings on the base was completed in May 1928. 

In June 1931, the first troops from the Air Corps Tactical School 

arrived at Maxwell Field as part of the transfer of that facility from 

Langley Field, Va. In 1940, the facilities were used by the Southeast 

Air Corps Training Center to train officers and pilots. Both the Air 

Corps Tactical School and the Southeast Air Corps Training Center served 

as flight-training operations rather than maintenance and repair 

organizations. 

In 1946, AU was established and MAFB became the home of the Air Force's 

center for professional military education. AU provides instruction for 

more than 500,000 students annually. Active flying on MAFB is limited 

to a tenant reserve unit. 
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1.3 DISPOSAL/STORAGE SITES INVESTIGATED 

In Phase I, 10 former and active disposal and storage sites were 

evaluated using the USAF Hazard Assessment Rating Methodology (HARM) 

system. The sites selected for HARM evaluation were found to have 

received contaminants and/or to have the potential for contaminant 

migration. Information regarding the sites is summarized in 

Table 1.3-1, and approximate locations of these sites are shown in 

Fig. 1.3-1. Each site was evaluated according to the HARM system with 

respect to waste characteristics, contamination pathways, receptors, and 

waste management practices. The 10 sites were consolidated into 7 sites 

based on location. A numerical score was assigned to each site, and all 

the sites were ranked as shown in Table 1.3-2. This ranking served as 

the basis for the development of a Phase II contamination survey work 

plan. 

1.4 PROJECT STAFF 

Key personnel participating in the MAFB survey are listed below. 

Resumes of the project staff are included as App. B. 

J.D. Bonds, Ph.D., Chemist: 

J.J. Mousa, Ph.D., Chemist: 

G.K. Foster, B.S., Geologist: 

M.J. Geden, B.S., Geologist: 

J.H. Chalkley, M.S., 

Environmental Management: 

M.T. Park, M.S., Chemist: 

A.P. Hubbard, B.S.E. 

L.D. Tournade, B.A., Document 

Coordinator: 

Project Manager 

Quality Assurance (QA) Supervisor 

Site Geologist 

Sampling Team Leader 

Sampling Team, Geophysics 

Chemical Analysis Supervisor 

Project Engineer 

Document Production Supervisor 
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Table 1,3-2. Priorlcized Sice Listing 

Priority 

1 

2 

3 

4 

5 

6 

7 

Source: ESE, 1985. 

Site(s) 

Electroplating Waste Disposal Areas 

Surface Drainage System 

FPTA No. 2 and Landfill No. 3 

FPTA No. 1 

Landfills 4, 5, and 6 

C.E. Drum Storage Area 

Landfill No. 2 
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2.0 ENVIRONMENTAL SETTING 

2.1 TOPOGRAPHY 

MAFB is situated within the Fall Line Hills subdivision of the Gulf 

Coastal Plain physiographic province. This physiographic division is a 

narrow band of hilly uplands along the inner margin of the coastal 

plain, just south of the Fall Line. The Fall Line is the arbitrary 

boundary separating the Piedmont from the Coastal Plain. The Fall Line 

Hills subdivision is characterized by frequent rolling hills, extensive 

surficial dissection, nearly level plains, and mature streams. 

The topography of the main sections of MAFB is generally level, with an 

average elevation of 168 feet (ft) [National Geodetic Vertical Datum 

(NGVD), 1929]. The only major variation is created by the alluvial 

terraces of the Alabama River which form the northwestern boundary of 

MAFB. Maximum local relief at MAFB is approximately 35 ft along the 

banks of the Alabama River. 

MAFB is drained by overland flow to diversion structures and then to 

area streams, all of which terminate in the Alabama River. The western 

section of MAFB drains to West End Ditch, which flows around the 

southwestern installation boundary and joins the Alabama River about 

2 miles northwest of the base. The northern, eastern, and southern 

sections of MAFB drain to local streams and ponds which have outlets to 

the Alabama River. 

Flooding occurs on the northern, western, and southern portions of MAFB 

(ES, 1984). The 100-year flood limits portrayed in Fig. 2.1-1 are based 

on the City of Montgomery Flood Insurance Rate Map, published by the 

Federal Emergency Management Agency (1974), and roughly correspond to 

the record flood limits (1962) depicted in installation documents. 
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2.2 METEOROLOGY 

Temperature, precipitation, and snowfall data furnished by Det. 9, 24th 

Weather Squadron are summarized in Table 2.2-1. The mean annual 

precipitation (all forms) at MAFB is 52.1 inches, and the maximum 

'24-hour rainfall event is 6.3 inches. 

2.3 REGIONAL GEOLOGY AND HYDROGEOLOGY 

(Note: Much of this information is excerpted from the Phase I records 

search conducted by ES in 1984.) Geologic units ranging In age from 

Upper Cretaceous to Recent have been identified in the Coastal Plain 

deposits of Montgomery County. These units are typically unconsolidated 

materials consisting of gravel, sand, silt, clay, chalk, glauconite, and 

lignite, reposing on a Precarabrian crystalline basement complex. 

The Coastal Plain sediments form a southerly dipping wedge, with a point 

of origin at the Fall Line, which extends along most of the Atlantic 

coast. In Alabama, it extends through Elmore County, north of 

Montgomery. At the Fall Line, sediment thickness is no more than a few 

feet; however, at the Gulf of Mexico, these same strata attain 

thicknesses measured in thousands of feet. The thickness of all 

unconsolidated deposits at MAFB is 1,008 ft, as measured in U.S. 

Geological Survey (USGS) Test Well G-33, located approximately 1,000 ft 

west of the installation near U.S. Route 31. Individual geologic units 

within the Coastal Plain sediments tend to dip seaward at a shallow rate 

and thicken substantially. They are not known to be faulted or 

otherwise disrupted in the Montgomery area; however, past cycles of 

erosion/deposition may have created significant local variations in unit 

characters or lithology. 

The surficial geology of MAFB is dominated by Quaternary Terrace 

deposits which occur at ground surface and are approximately 40 ft thick 

at the USGS Test Well. The terrace materials consist principally of 

sands, silts, and clays in their upper extent and coarsen with depth 

(i.e., coarse sands and gravel are prevalent). The lithology of the 

terrace deposits at MAFB is reported as medium-grained to coarse, poorly 

sorted sand, sandy clay, and clay (upper extent of the•formation). 
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Terrace Deposits are highly variable across the upper extent of MAFB. 

Alluvial materials (chiefly poorly graded, fine sands and silts) 

characterize the surficial geology of lowland areas, floodplains, and 

.stream channels. These are recently deposited materials, associated 

with the development of area streams. The alluvium in the Alabama River 

Valley is reported to be as much as 90 ft thick. 

The major hydrogeologic units identified in the Phase I study as 

relevant to the assessment of MAFB are Recent Alluvium, Pleistocene 

Terrace Deposits, Eutaw Formation, Gordo Formation, and Coker 

Formation. These units are described in the following paragraphs and 

grouped according to the typical depths (shallow or deep) at which they 

may be encountered. 

The two shallow hydrogeologic units present in the study area are 

Recent Alluvium and Pleistocene Terrace Deposits. The alluvium consists 

principally of sand, silt, and clay deposited by the meandering streams 

(especially the Alabama River) of the area. The alluvial deposits reach 

a maximum thickness of 40 ft in the study area, adjacent to the Alabama 

River. Ground water occurs in the alluvium under water-table 

(unconfined) conditions. Recharge occurs by precipitation falling on 

any exposed portions of the unit and from the terrace deposits at higher 

elevations. Flow proceeds downslope with discharge directed to the 

Alabama River and the underlying Eutaw Formation, with which the 

alluvium is hydraulically connected. Much of the unit is at or below 

the level of the Alabama River because of recent increases in the normal 

pool elevation of the river. The alluvial aquifer is present along the 

northeastern boundary of MAFB, usually at elevations below 140 ft (NGVD, 

1929) within the river channel. Water levels within the unit are 

usually close to ground surface. 

The ubiquitous Terrace Deposits fora a significant shallow aquifer which 

is present beneath MAFB. The unit consists of gravel, sand, silt, and 

clay deposited by meandering streams (ancestral Alabama River) during 
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Pleistocene time. The unit occurs at ground surface and is 

approximately 40 to 50 ft thick across the study area. Ground water 

usually occurs in the unit under water-table (unconfined) conditions. 

, Recharge enters the unit primarily as infiltrating precipitation. MAFB 

is situated in the recharge area of this aquifer. Terrace Deposit 

ground water levels at MAFB range from 2 ft below ground surface to 

10 ft below ground surface. Ground water flow within the terrace 

materials is probably a subdued replica of the topographic surface. 

Water flow proceeds from higher elevations to lower elevations. 

Discharge is directed to area surface streams and the underlying Eutaw 

Formation. 

The deep hydrogeologic units present in the study area are, in order of 

occurrence, the Eutaw, Gordo, and Coker Formations of Upper Cretaceous 

age. The Eutaw Formation is a regional aquifer which has been 

extensively developed in the study area. The Eutaw crops out as an 

arcuate belt 2 miles wide and 11 railes long in northern Montgomery 

County, just east of MAFB. It extends beneath the installations, where 

it is uncomforraably overlain by approximately 40 ft of Pleistocene 

Terrace Deposits. It is estimated to be 150 ft thick at MAFB (Knowles 

al., 1963). Ground water occurs in the Eutaw under water-table 

conditions in the outcrop area and under artesian conditions elsewhere. 

The Eutaw is recharged by infiltration of precipitation in its outcrop 

zones and by downward leakage from Alluvial and Pleistocene Terrace 

Deposits. The magnitude of leakage from overlying strata is not known. 

Natural (prepumping) ground water flow in the Eutaw was most likely 

downdip to the south from the principal recharge zones. Extensive water 

resource development has altered this scenario locally; large-scale 

drawdowns in the potencióme trie surface of the unit probably direct flow 

Coward major pumping centers such as municipal wells. Eutaw Formation 

artesian water levels were reported to be approximately 150 ft mean sea 

level (MSL) at MAFB. The depth to water in the Eutaw is 10 ft below 

land surface in the well at MAFB Bldg. 1109. At MAFB, ground water flow 

in the Eutaw was postulated to be east toward municipal wells located 
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north of Montgomery. The Eutaw is capable, of producing large supplies 

[1,500 gallons per minute (gpra)] of water to wells. 

The Gordo Formation is also considered to be a regional source of water 

fmt is not as prolific as the Eutaw or underlying Coker. It is exposed 

in Autauga and Elmore Counties, north of Montgomery. In the study area, 

it is unconformably overlain by the Eutaw Formation. It generally 

occurs at a depth of 200 to 400 ft below land surface at the Montgomery 

west well field, located 2 miles southwest of MAFB. In Montgomery, the 

Gordo ranges in thickness from 250 to 300 ft and contains water under 

artesian conditions. Recharge occurs by infiltration of precipitation 

in the outcrop area (Autauga and Elmore Counties) and by leakage from 

overlying units. In 1385, some Gordo wells installed just north of 

Montgomery flowed naturally under artesian pressures. By 1953, such 

flow had ceased, and water levels declined to about 100 ft below land 

surface due to the extensive use of the Gordo as a water supply. No 

reliable, current data are available to describe ground water flow in 

the Gordo with respect to MAFB; however, the Gordo is capable of 

furnishing water at 200 gpm. 

The Coker Formation is a prolific aquifer of regional importance. The 

unit crops out north of Montgomery in Autauga and Elmore Counties and 

dips gently south. It unconformably overlies crystalline basement rocks 

and is, in turn, unconformably overlain by the Gordo Formation. At 

MAFB, the Coker occurs at an approximate depth of 500 ft below land 

surface and is estimated (interpolated from plate 3, Powell et al., 

1957) to be 600 ft thick at a test well just west of the installation. 

The unit is recharged primarily by infiltrating precipitation in its 

outcrop area. Reliable, current data describing ground water levels and 

flow directions are not available. It is known that past extensive 

development of the aquifer and recent use of surface water to offset 

ground water overdevelopment at first created large-scale lowering of 

Coker water levels and then permitted some recovery. The Coker is known 

to be an excellent water source, capable of producing 1,000 gpm of 

water (Engineering Science, 1984). The period over which this yield 

could be sustained was not provided in the Records Search report. 
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2.4 LOCATIONS OF ONSITE AND OFFSITE WELLS 

Formerly, MAFB obtained water resources from wells located on the 

installation. Three inactive wells are located on MAFB. At present, 

the installation obtains water from the municipal system of Montgomery. 

The City of Montgomery obtains its water supplies from ground and 

surface water sources. The surface water intake is located on the 

Tallapoosa River, near the confluence of the Coosa and Alabama Rivers. 

The municipal well system consists of 45 wells located west and north of 

the urban area. Six of the wells are located near the southeast corner 

of MAFB. Typically, city wells located west of the urban area are 

screened into both the Gordo and Coker Formations. Some wells located 

north of the city were reported to be screened into the Eutaw. It is 

unlikely that the terrace and alluvial deposits are used as water 

sources in the study area. 

2*5 HISTORIC GROUND WATER AND SURFACE WATER MONITORING 

Prior to the Phase II study, a ground water monitoring system consisting 

of three shallow wells was used to observe terrace-deposit water quality 

near the active landfill. Available information indicated water levels 

adjacent to the landfill ranged from 7 ft below land surface to 35 ft 

below ground, respectively. Moreover, the Phase I report mentioned that 

seepage into the open landfill trench was occurring at the time of the 

onsite Records Search survey. 

Discharge to the West End Ditch is expected based on the assumption that 

terrace-deposit ground water flow follows topographic influences. 

The Phase I report indicated that water resources obtained from the 

Eutaw, Gordo, and Coker Formations are generally very good. Wells 

screened into the upper extent of the Eutaw may encounter excessive 

amounts of iron locally. The Phase I study also indicated that the 

quality of water obtained from city wells is good; however, specific 

water quality analysis results for these wells were not available. 
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Base personnel routinely collect and analyze water samples from various 

surface drainage locations on MAFB in accordance with National Pollutant 

Discharge Elimination System (NPDES) Permit No* AL0003727 and AL0003719, 

respectively. The parameters for each sampling point have included 

flow, pH, oil and grease, suspended solids, temperature, and fecal 

coliform* Sampling point 0128NA001 monitors the influent of the surface 

drainage from a portion of the City of Montgomery to the east side of 

MAFB. Sampling point 0128NA003 on MAFB monitors surface drainage 

effluents exiting the installation. Sampling point 0128NA002 on MAFB 

monitors a drainage stream prior to discharge into an onbase lake. 

Sampling points 0128NA004 and 0128NA005 monitor surface drainage streams 

prior to discharge into the West End Ditch. None of the sampling points 

monitor West End Ditch directly. A review of the NPDES monitoring data 

for the period May 16, 1979, through March 31, 1983, indicated no water 

quality problems at the required sampling points. 

Beginning in May 1982, the number of parameters analyzed at sampling 

point 0128NA001 (influent to the base) was expanded to include cyanide, 

phenols, arsenic, cadmium, lead, and mercury. Monitoring data indicate 

that levels of arsenic [1.5 milligrams per liter (mg/1) maximum] and 

lead (1.3 mg/1 maximum) are present in the surface drainage entering the 

base* Levels of phenols and oil and grease are also indicated. Levels 

of cyanide, cadmium, and mercury were negligible or lower than 

detectable limits. The surface drainage flows through sampling point 

0128NA002 on the east side of the base and enters a series of onbase 

lakes which drain to the Alabama River. The source(s) of the off base 

contaminants has not been identified. 

2.6 DESCRIPTIONS OF DISPOSAL AND STORAGE AREAS 

The 10 disposal and storage areas described in the Phase I report were 

prioritized into seven sites (listed in Table 1.3-2). Some of the areas 

were grouped as sites because they are located close to one another and, 

therefore, are expected to share ground water flow patterns. Site 3 

incorporates Fire Protection Training Area (FPTA) No. 2 and Landfill 

No. 3* Site 5 incorporates Landfills 4, 5, and 6. 
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2.6.1 SITE 1—ELECTROPLATING WASTE DISPOSAL AREAS 

Electroplating operations were conducted at MAFB from the late 1940s 

through the early 1970s. From at least the late 1940s through the 

raid-19603, spent electroplating solutions were drummed and disposed of 

in areas (Site 1) near Hopper Lodge (Bldg. 1110) (Fig. 2.6-1). These 

solutions included copper, chromium, nickel, cadmium, and cyanide 

compounds. Approximately four to five drums of solutions were disposed 

of each year during peak plating operation years from the mid-1950s to 

the early 1960s. It is estimated that approximately 20 to 40 drums of 

solutions have been disposed of in the area of Site 1. 

The electroplating operations ceased in the early 1970s, and the spent 

solutions were transported to Kelly AFB for disposal in the mid-1970s. 

Trench landfilling was the disposal method used at Site 1. In the 

Phase I report, the typical trench was estimated to be 8 to 10 ft deep 

and 14 ft wide. The disposal areas reportedly have clay soil, and the 

areas are covered and closed. A parking lot covers a portion of one of 

the disposal areas. 

2.6.2 SITE 2—SURFACE DRAINAGE SYSTEM 

The surface drainage system at MAFB, designated as Site 2, Includes open 

drainage ditches which discharge to the Alabama River. The general 

drainage patterns on the base are shown in Fig. 2.6-2. 

The surface drainage system on the northern and western portions of MAFB 

received untreated industrial waste solutions from the 1940s through the 

early 1970s. These wastes included effluent from several washracks, 

rinse water from electroplating operations, unneutralized acids, and 

quantities of paint stripper. An internal USAF waste disposal survey 

was conducted by the Occupational Environmental Health Laboratory (OEHL) 

in March 1969 to assess industrial waste disposal practices at MAFB. 

Oil/water separators were installed in the early 1970s for the 

separation of oily wastes. Also, the practice of neutralizing acid 

wastes prior to discharge to the surface drainage system began in the 

early 1970s. 
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One of the major drainage ditches, West End Ditch, forms the western 

part of the southern boundary of i'iAFB, This ditch is owned and 

maintained by the City of Montgomery. The channel flows west and then 

north, eventually discharging into the Alabama River. At the time of 

the Phase II study, the city was lining the ditch with concrete along a 

portion of its length. 

2.6.3 SITE 3—FPTA NO. 2 AND LANDFILL NO. 3 

Landfill No. 3 is situated in the vicinity of FPTA No. 2 (Fig. 2.6-3). 

Household garbage, base trash (paper, wood, and scrap metal), and 

industrial nonliquid wastes such as waste paints, empty paint cans, 

paint booth sludges, and unrinsed pesticide containers were disposed of 

in this landfill from 1951 to 1956. Trench landfills were used over 

approximately 10 acres, with trenches averaging 10 ft deep by 14 ft 

wide. Daily cover was normally applied. The landfill area is closed 

and has been covered. Landfill No. 3 is located in a floodplain near 

West End Ditch, and the water table in the area is near the surface. 

In 1962, fire protection training activities were moved from FPTA No. 1 

to FPTA No. 2, Che area of the closed landfill (Fig. 2.6-3). Initially, 

the training area was constructed as a shallow, unlined pit about 

12 inches deep in the center and 35 ft in diameter. Protein foam, AFFF, 

and Halón® were used as extinguishing agents at this site. 

From 1962 through 1973, waste oils, waste fuels, waste solvents, and 

other ignitable wastes were used for training exercises. Drums of these 

waste materials were delivered to a holding area just north of the fire 

pit. Between 25 and 35 drums frequently were stored at this location. 

Some leakage from these drums is believed to have occurred. Prior to 

each exercise, the pit area was soaked with water, then the ignitaole 

materials were poured in the pit to conduct the training exercise. At 

the conclusion of the exercise, residue materials and water soaked into 

the pit area. Occasionally from 1962 to 1978, water and residual waste 

ignitable materials would overflow from the pit area to West End Ditch. 
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In 1978, a concrete liner, sump, oil/water separator, and evaporation 

pond system were constructed over the unlined fire pit area. This 

system is currently in operation. Residual fuel is separated and 

collected. Water is discharged to the evaporation pond and allowed to 

evaporate. The evaporation pond is unlined and has no discharge to 

surface waters. 

2.6.4 SITE 4—FPTA NO. 1 

Fire protection training exercises were conducted in the area currently 

used for disposal of landscape debris and construction rubble 

(Fig. 2.6-4). This site was used from the early 1940s to 1962. The 

training area consisted of a shallow, unlined depressed area no more 

than 12 inches deep in the center. Training exercises were typically 

conducted on weekends, and usually two to three exercises were 

conducted each day. High-pressure water was used to extinguish fires. 

Before each exercise, the pit area was soaked with water. Waste oils, 

waste fuels, waste shop solvents, and other ignitable wastes were stored 

on an embankment near the area of the fire pit. Between 10 and 20 full 

or partially full drums were stored at the site. Occasionally, the 

waste fuels and solvent would be washed out of the pit area during an 

exercise into a small pond located nearby. 

2.6.5 SITE 5—LANDFILLS 4, 5, AND 6 

Landfills No. 4, 5, and 6 have been grouped as Site 5. These landfills 

and the wastes they contain are described in the following paragraphs. 

Landfill No. 4 is situated on leased land adjacent to the installation 

boundary (Fig. 2.6-5). This landfill was operated from 1956 to the 

early 1970s as a trench landfill. Household garbage, base trash (paper, 

wood, and scrap metal), and industrial nonliquid wastes such as waste 

paints, empty paint cans, paint booth sludges, small quantities of 

solvent sludge, and pesticide containers were landfilled. Refuse was 

typically burned in the trenches before the daily soil cover was 
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applied. The landfill covered approximately 12 acres, with trenches 

averaging 10 ft deep by 20 ft wide. Landfill No. 4 is closed, covered, 

and revegetated. This landfill is situated in a floodplain near West 

End Ditch, and the water table in the area is near the surface. 

Landfill No. 5 is a 10-acre area situated on leased land south of 

Landfill No. 4 (Fig. 2.6-5). This landfill was operated from the early 

1970s to 1974 for the disposal of household garbage, base trash (paper, 

wood, and scrap metal), and industrial nonliquid wastes such as waste 

paints, empty paint cans, paint booth sludges, and pesticide containers. 

Landfill No. 5 was operated as a trench landfill, with trenches 

averaging 8 ft deep by 20 ft wide. Burning of refuse was not a practice 

at this location, and the site is currently closed and covered. This 

landfill is situated in a floodplain near West End Ditch, and the water 

table in the area is near the surface. 

Landfill No. 6 is a 15-acre leased site where disposal operations have 

been conducted since 1974 (Fig. 2.6-5). Trench landfilling is used for 

the disposal of household garbage, base trash, and industrial nonliquid 

wastes such as waste paints, empty paint cans, paint booth sludges, and 

pesticide containers. The average trench is approximately 5 ft deep by 

20 ft wide. Daily soil cover is applied to the active disposal cell, 

except during periods of wet weather. Approximately 10 acres of 

Landfill No. 6 are closed and covered; approximately 5 acres are active. 

This landfill is situated in a floodplain near West End Ditch, and the 

water table in the area is near the surface. 

In 1981, three monitor wells were installed at Landfill No. 6 and 

located as shown in Fig. 2.6-5. The monitor wells are 21 to 23 ft deep, 

and the depth to water in each well is 6 to 7 ft below land surface. 

Each monitor well is monitored by MA.FB on an annual basis for pH, 

specific conductance, chloride, and iron. 
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The locations of the ground rater monitor wells rare specified by State 

of Alabama personnel. No observation wells rare installed to determine 

ground water flow directions and to assure the rails rarç downgradient 

of the landfill area. Therefore, the ground water monitoring data 

available from the prior study may not be representative of the impact 

of Landfill No. 6 on the surrounding ground water. 

2.6.6 SITE 6—C.E. DRUM STORAGE AREA 

The Civil Engineering (C.E.) drum storage area (Fig. 2.6-6) has been 

used for the storage of waste paints and nonignitable mixtures of oil 

and water since the mid-1970s. As many as 80 to 90 drums of these 

wastes have been stored at this site at one time. Since the late 1970s, 

drums at the C.E. drum storage area have been placed on a concrete pad 

which drains to an oil/water separator. Before then, drums rare stored 

on the ground. In Phase I, it was reported there rare indications that 

some leakage had occurred, although no details rare given. 

2.6.7 SITE 7--LANDFILL NO. 2 

During the early 1940s through approximately 1951, the base operated 

Landfill No. 2 (Fig. 2.6-7) for the disposal of household garbage, base 

trash (paper, wood, and scrap metal), and industrial nonliquid wastes 

such as waste paints, empty paint cans, paint booth sludges, and 

unrinsed pesticide containers. Trench landfilling was practiced, and 

wastes rare covered daily. The trenches rare approximately 10 ft deep 

by 15 ft wide. The landfill encompasses about 20 acres and is currently 

closed and covered. The Landfill is situated in a floodplain near West 

End Ditch, and the water table in the area is near the surface. 

2.7 SUMMARY OF ENVIRONMENTAL SETTING 

The environmental setting data reviewed for this investigation indicated 

that the following items are relevant to the assessment of past 

hazardous waste management practices at MAFB. 
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o Study area mean annual precipitation is reported to be 

52.1 inches, and net precipitation was calculated to be 

approximately 8 inches, which represents the meteoric water 

available for infiltration. The 24-hour maximum rainfall event 

is 6.3 inches. 

o Many of the Phase II, Stage 1 study areas on MAFB are situated 

in zones flooded by a 100-year rainfall event, 

o Surface soils at MAFB tend to be moderately to poorly permeable 

but are underlain by highly permeable soils at shallow depths, 

o The Terrace-Deposit aquifer is present at ground surface at 

MAFB. Water levels in this unit are shallow (3.5 to 7 ft below 

ground surface). 

o The Terrace Deposits form the shallow aquifer in the study area 

and directly overlie and provide recharge to the Eutaw 

Formation, which is present at shallow depth (40 ft) below 

ground surface. The Eutaw Formation is a major regional 

aquifer. No separation exists between the terrace materials and 

the Eutaw. The water level in the Eutaw was measured at 10 ft 

below ground surface in a well at MAFB during studies not 

associated with the current project or other IRP projects, 

o Two major regional aquifers, the Gordo and Coker Formations, 

exist below and are in contact with the Eutaw Formation. The 

City of Montgomery obtains most of its ground water supply from 

these two aquifers. 

o Contaminants, including arsenic and lead, have been detected by 

previous studies entering MAFB through the surface drainage 

influent from a portion of the City of Montgomery on the east 

side of MAFB. 

Potential pathways for the migration of hazardous-waste-related 

contamination exist. Hazardous materials present at ground surface 

could be mobilized to the area’s shallow aquifer (Terrace Deposits) and 

subsequently discharged to local surface streams or transferred to the 

underlying Eutaw or Gordo Formations as recharge. 

s; 
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3.0 FIELD PROGRAM 

,3.1 DEVELOPMENT OF FIELD PROGRAM 

The MAFB Phase II, Stage 1 field program was developed based on findings 

and recommendations of the Phase I Records Search conducted by ES in 

1984, additional information obtained subsequent to the Records Search, 

and discussions with USAFOEHL personnel. A summary of the Phase II, 

Stage 1 monitoring and analysis work plan is given in Table 3.1-1. The 

complete scope of work outlined by OEHL appears in App. C. The quality 

assurance (QA) and safety plans applicable to Phase II, Stage 1 studies 

are found in Apps. D and E, respectively. In many Instances the work 

scope reflects modifications of Phase I recommendations enacted due to 

changes in contamination assessment. 

The MAFB Phase II, Stage 1 survey was designed primarily as a screening 

survey to determine whether contamination exists at the sites and is 

sufficient to warrant further monitoring. In addition to analyses for 

specific parameters, the survey utilizes general screening parameters 

such as pH, specific conductance, total phenolics, total organic carbon 

(TOC), and total organic halides (TOX) to detect thi presence of 

nonspecific classes of pollutants. The parameters pH, specific 

conductance, TOC, and TOX are often collectively referred to as ground 

water contamination indicators. For sites where values of screening 

parameters are high enough to indicate that a problem may exist, 

additional sampling and analyses are recommended to determine the extent 

of contamination. 

The Phase II, Stage 1 investigations at MAFB involved geophysical 

surveys, piezometer installation and monitoring, monitor well 

installation and ground water quality monitoring, surface water quality 

monitoring, and sediment sampling. This section details the field 

investigation methodology and program implementation at each disposal 

and storage site. 
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The boundaries at some of the disposal and storage sites were poorly 

defined at the surface, overgrown with vegetation, or covered with 

pavement. Geophysical surveys incorporating electromagnetic (EM) and 

magnetometer techniques were conducted at several sites to assist in the 

determination of site boundaries, to locate landfilled wastes, and to 

attempt the preliminary identification of leachate plumes originating 

from specific sites. 

Piezometers were installed around each disposal and storage site as 

observation wells in which ground water levels in the unconfined aquifer 

could be measured. Water-level data vrere used to determine ground water 

gradients and identify ground water flow directions. This information 

was used in determining appropriate upgradient and downgradient 

locations for monitor wells. Monitor wells were installed in upgradient 

and downgradient locations at each site for ground water quality 

monitoring to evaluate potential contaminant migration. In the shallow, 

unconfined aquifer, three or four monitor wells were installed at each 

site, and both organic and inorganic contaminants were monitored. 

Soil samples were collected during the installation of each piezometer 

and monitor well, and boring logs were developed describing the 

subsurface geology at each site. Soil samples were stored at ESE's 

Gainesville, Fla. laboratory for potential analysis, if subsequently 

collected ground water samples were found to be significantly 

contaminated . 

Surface water samples were collected at various points along the West 

End Ditch to evaluate water quality in the ditch and to assess the 

impact of runoff and ground water discharge from disposal and storage 

sites. Samples were collected and analyzed from locations within the 

West End Ditch near the point where the ditch enters MAFB and near its 

exit from the installation. 



Sediment samples v«re collected from small streams and ditches in the 

MAFB surface drainage system to evaluate the accumulation of 

contaminants in the sediment from surface runoff and ground water 

diacharge . 

3.2 METHODOLOGY 

3.2.1 GEOPHYSICAL SURVEY TECHNIQUES 

A geophysical survey was conducted at Sites 1, 3, 5, and 7 on MAFB using 

EM and magnetometer techniques. These instruments are commonly used to 

determine the areal extent of disturbed soils, the existence of buried 

metallic objects, and the existence of leachate emanating from landfill 

areas into the shallow ground water. 

EM instruments measure the resistance of the earth to the passage of an 

electrical current. EM data are usually read in conductivity rather 

than resistivity units. These two parameters are inversely related. EM 

techniques wDrk on the principle of induction. A transmitter coil in 

the instrument induces small currents in the earth. The receiver coil 

senses the magnetic fields associated with both the transmitter and the 

induced current. The ratio of the strengths of these fields is 

proportional to the conductivity of the earth. 

The magnetometer is a fluxgate gradiometer. An audible signal is 

emitted vrtien its two sensors detect a difference in magnetic field 

strengths. This indicates a strong local perturbation in the total 

magnetic field due to the presence of ferromagnetic objects. 

The magnetometer survey was performed using two different gain settings 

on the instrument which provide two different sensitivities, comparable 

to two different depths of penetration. 

The geophysical surveys ware conducted as follows: 

1. The study areas vere gridded and marked, and the location of 

the grid was noted on a map. 
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2. EM conduction and magnetometry surveys were conducted over the 

site referencing all data to the grid location. 

3. The data were analyzed in the field to determine the presence 

of gross anomalies and to interpret their cause. 

The EM conductivity survey was conducted to determine the location of 

contaminant plumes and buried metallic objects. The magnetometer was 

used to refine the location of ferrous metal objects. The 

implementation of these techniques is described in Sec. 3.3. 

3.2.2 PIEZOMETER INSTALLATION AND MONITORING 

Nineteen piezometers vere installed at six sites on MAFB. The total 

footage installed was 449.7 ft, which consisted of 239.7 ft of solid 

casing and 210 ft of slotted screen. Three piezometers each were placed 

at Sites 3, 4, 5, 6, and 7, and four piezometers were placed at Site 1, 

as described in Sec. 3.2. The sample numbering system used for the 

piezometers is described in App. F. 

The borings for all piezometers were completed using a Central Mine 

Equipment (CME) Model 45 drilling unit equipped with a hollow-stem 

auger with a 3.25-inch inside diameter and a 6-inch outside diameter. 

The unit was operated without water, except when necessary, to eliminate 

cave-in from the boring. The 2-inch polyvinyl chloride (PVC) well pipe 

and screen vœre installed through the center of the hollow drill stem 

and positioned at the appropriate depths. As the auger was withdrawn 

from the hole, the formation was allowed to collapse around the well 

screen and casing. This technique prevented collapse of the borehole 

that could have occurred had the auger been removed from the hole first 

and the vrell pipe introduced from the top of the empty hole. 

The subsurface material in the 0- to 25-ft-depth interval consisted of 

unconsolidated gravels, sands, silts, and clays. As a result, the bore¬ 

holes tended to collapse from a condition known as "running sand" when 
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the water table was reached. In this condition, hydrostatic pressure 

caused saturated soil to rise in the dry hollow-stem auger and impede 

drilling. The sand was typically flushed out by using a rotary bit and 

circulating drilling water. The total depths and the locations of 

screened intervals in each piezometer are discussed for each site in 

sec. 3.2. Cased depths vary from 15 to 39 ft, with all screens placed 

below the water table. The ESE Site Geologist maintained regular 

telephone contact with the Project Manager during the drilling program 

to malte recommendations for well placement when unique hydrogeologic 

conditions required that well placement or configuration differed from 

the Work. Plan. 

The piezometers penetrated the shallow water table to depths of 25 ft or 

less. The piezometers were Installed in a 6-inch borehole and consisted 

of Schedule 40 PVC pipe (2-inch inside diameter), with 0.010-inch slots 

(screen) in the bottom 10- or 15-ft interval. Pipe sections were joined 

by solvent welding. The bottom of the screen was capped before 

installation, and a vented cap was installed at the top of each 

piezometer. Filter packs, bentonite seals, and grout seals were not 

used in piezometer construction. Drill cuttings were backfilled around 

the screen and casing when placed in the borehole. This prevented 

contaminants from entering the ground water. A sketch of the well 

installation was Included on the boring log depicting the depths of the 

bottom of the boring, screen location, coupling locations, cave-ins, 

cutting backfill, and the height of riser above ground surface. 

Boreholes were drilled using procedures that ensured piumbness and 

cleanliness. Plumbness was obtained by careful leveling of the drill 

rig before drilling. Drilling was controlled to avoid wobble and 

chatter in the drill stem. 

At each piezometer site, installation began within 48 hours of the time 

the borings were completed and continued uninterrupted until completion. 

The screen and casing were carefully cleaned with unchlorinated water 
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prior to Installation In the hole. Solid casing extended from the 

screen to approximately 2.5 ft above land surface. 

It was assumed that the hydraulic gradient at each site was controlled 

by topography. Piezometers were located and installed in areas to 

verify this assumption. After the water-level elevations at each site 

were measured and surveyed (against other piezometers at the same site 

and not referenced against MSL), the piezometer casings and screens were 

removed. Each boring was grouted from the top of the collapsed portion 

to ground level using a grout mixture of 20 parts Portland cement to 

1 part bentonite mixed with unchlorinated water. At many sites the 

monitor wells were installed near the former piezometer locations 

because the calculations for optimum ground water flow direction 

indicated these locations were appropriate. 

Water-level measurements at the piezometers were obtained using the 

USGS wetted-tape method, which is accurate to 0.01 ft. The tape was 

rinsed with water from the approved source, wiped with a fresh cloth, 

and allowed to air dry between consecutive water-level measurements. At 

each site, static water-level measurements were obtained in all 

piezometers within a 1-hour period to ensure consistency among the 

measurements• 

The relative elevation of the ground surface at each piezometer was 

determined by land surveying. However, piezometer elevations at 

individual sites were not related to those at other sites. 

3.2.3 MONITOR WELL INSTALLATION AND SAMPLING 

Twenty, 4-inch-diameter, ground water monitor wells were installed at 

six sites on MAFB. Total footage installed was 535.3 ft, consisting of 

240.3 ft of casing and 295 ft of slotted screen. Three monitor wells 

each were installed at Sites 3, 4, 6, and 7, and four monitor wells each 

were installed at Sites 1 and 5. The sample numbering system used for 

Che monitor wells is described in App. F. 
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Borings for all ground water monitor wells were completed using a 

Mobile B-53 drilling unit equipped with a hollow-stem auger with a 

6-inch inside diameter and a 12-inch outside diameter. The unit was 

operated without water, except when required by soil conditions 

["Running Sand" encountered when augering below the water table in sand 

and gravel units (consisting of coarse, unconsolidated, unlithified 

materials) required that approved drilling water be maintained in the 

auger to inhibit the entry of materials when the bottom plug was removed 

to collect split-spoon samples]. The 4-inch PVC well pipe and screen 

were installed through the center of the hollow drill stem and 

positioned at the appropriate depths. As the auger was withdrawn from 

the hole, the annular space was backfilled with clean silica sand. This 

technique prevented collapse of the borehole that could have occurred 

had the auger been removed from the hole first and the well pipe 

introduced from the top of the hole. 

The augers were occasionally flushed out using a rotary bit and 

nonchlorinated water before the well casing and screen could be 

installed. The volume of drilling water lost to the formation during 

this procedure was recorded in the log. 

Subsurface materials encountered during drilling consisted of 

unconsolidated gravels, sands, silts, and clays. As a result, the 

boreholes tended to collapse when the boring reached the water table, as 

described previously. 

Split-spoon soil sampling was performed through the total depth of each 

borehole. Samples were collected every 2.5 ft for the first 10 ft and 

every 5ft thereafter. Intact split-spoon soil samples were sectioned 

and stored in labeled glass jars that were kept in cooled, insulated 

containers in the field and en route to ESE’s laboratory. Each 

,.container was marked with the sample depth interval, top and bottom of 

the sample, date, and time. The split-spoon sampler was cleaned with 

nonchlorinated water between each sample (i.e., each time a sample was 

removed from the tube)» 
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The soil samples were retained for potential analysis in case ground 

water at the site was found to be contaminated. If no contamination was 

found, soil samples were to be discarded following completion of 

P.hase II. 

The total depths of monitor wells and the locations of screened 

intervals are discussed for each site in Sec. 3.3. Well depths vary 

from 14 to 40 ft; screened intervals vary from 10 to 20 ft. The ESE 

Site Geologist maintained regular telephone contact with the Project 

Manager during the drilling program to make recommendations for well 

placement when unique hydrogeologic conditions required that well 

placement or configuration differed from the Work Plan. 

Typical monitor well construction in unconsolidated overburden material 

is shown in Fig. 3.2-1. The placement of the well in the boring was 

deemed appropriate if the ESE Site Geologist found the soil in the 

proposed screened interval to be saturated. 

The monitor wells were finished in the shallow, unconfined aquifer and 

were typically 30 ft deep. The wells were constructed of threaded 

Schedule 40 PVC pipe, with 0.010-inch slotted screen in the bottom 10- 

to 20-ft interval. A. filter pack was placed in the annular space 

between the screen and the borehole, a bentonite clay seal on the top of 

the filter pack, and grout In the upper annular space to the surface. 

The bottoms of the wells were capped before the screens were installed, 

and vented caps were Installed at the tops of monitor wells. Protective 

steel casings and locking caps were installed over the risers for 

security. 

If the screened interval consisted of clean sand or gravel, the 

formation was allowed to collapse around the well screen and filter 

material was added above the cave-in to the appropriate depth. If not, 

filter material was installed around the entire length and to the top of 

the well screen. Nonchlorinated water was added, as necessary, to 

assure that the bentonite pellets expanded to form a tight seal. 
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The bentonite-cement grout seal extended from the top of the bentonite 

seal to land surface# Grouting was performed in the presence of the ESE 

Site Geologist# The grout was pumped into the annular space under 

, pressure using a tremie pipe placed at the top of the bentonite seal to 

ensure a continuous grout seal. The aboveground protective casing was 

also sealed in the grout, identifying marks were inscribed on the 

casing, and protective posts were installed around the well. 

Coarse gravel, 0#5 ft thick and extending 4 ft radially from the 

protective casing, was placed on the ground surface at each monitor 

well# 

The following materials were used in well construction. 

1# Casing used in the well was threaded PVC Schedule 40, 4-inch 

nominal inside diameter. The well screen was factory slotted, 

with a slot width of 0.010 inch. An oversized slip-on cap was 

installed on each well. 

2. The grout mixture was 10 parts Portland cement to one-half part 

bentonite (by weight), with a maximum of 10 gallons (gal) of 

nonchlorinated water per 94-pound (lb) bag of cement. 

Bentonite was added after mixing the cement and water# 

3. Commercially available bentonite pellets manufactured 

specifically for well-sealing purposes were used in the seal. 

4. Sand used in the filter envelope around the well screen was 

selected for compatibility with the screen slot size and 

aquifer materials. 

5# A 6-inch aboveground protective steel casing was installed at 

each well, extending approximately 2.5 ft above land surface 

and seated 2.5 ft into the well seal grout. This casing was 

vented to the atmosphere via a lockable, hinged cap, which 

will prevent entry of water but is not airtight. This, and the 

oversized cap on the well, allows the well to remain at 

atmospheric pressure. A 0.25-inch-diameter drainage port was 

installed, centered 0.125 inch above the level of the internal 

monitor collar. Padlocks which open with the same key were 

used on all wells. 
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All well development data were recorded. Well development was performed 

as soon as possible after well installation, 

, Wells were developed by pumping with an electric, submersible pump (or 

a gasoline-powered, centrifugal pump) or by bailing with a PVC bailer 

until the water was as clear and the well as free of sediment as 

practical. Bailers were used for wells with yields that could not 

sustain the flow rate of the submersible or centrifugal pumps. No water 

was added to the wells during development. The pump or bailer was 

rinsed with the nonchiorinated drilling water and allowed to air dry 

prior to use in the next well. Well development data were recorded in 

the field in a tabular format and included the following: 

1* Well identification; 

2. Date of well installation; 

3. Date of development; 

4. Static water level before and 24 consecutive hours after 

development; 

5. Quantity of water lost during drilling and fluid purging, if 

water was used; 

6. Quantity of standing water in well and annulus (30-percent 

porosity assumed for calculation) prior to development; 

7. Specific conductivity, temperature, and pH measurements were 

taken and recorded at the start, twice during, and at the 

conclusion of development. Calibration standards were run 

prior to, during, and after each day's operation in the field; 

8. Depth from top of well casing to bottom of well; 

9. Screen length; 

10. Depth from top of well casing to top of sediment inside well, 

before and after development; 

11. Physical character of removed water, including changes during 

development in clarity, color, particulates, and odor; 

12. Type and size/capacity of pump and/or bailer used; 

13. Height of well casing above ground surface; and 

14. Quantity of water removed and time for removal. 
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Wells were allowed to equilibrate for at least 48 hours after 

installation of the protective casing and were developed until the 

following conditions were met. 

1. The well water was clear to the unaided eye. 

2. The sediment thickness remaining in the well was less than 

5 percent of the screen length. 

3. A volume of water was removed from the well equal to at least 

five well volumes (including the saturated filter material in 

the annulus) and a volume equal to that lost during drilling. 

A 1-pint sample of the last water obtained during development at each 

well was obtained and stored in an insulated container chilled to 

approximately 4 degrees Celsius (°C). This water was examined by the 

onsite geologist to determine if the well had been sufficiently 

developed to be used as a monitoring well. The cap and all internal 

components of the well casing above the water table were rinsed with 

well water to remove all traces of soil, sediment, and cuttings. This 

washing was conducted before and/or during development. 

All water-level measurements at monitor wells were obtained using the 

USGS wetted-tape method, which is accurate to Q.G1 ft. The tape was 

rinsed with water from the approved source, wiped with a fresh cloth, 

and allowed to air dry between consecutive water-level measurements. 

At least one complete set of static water-level measurements for all 

wells was made over a single, consecutive 10-hour period. 

Each monitor well was surveyed by a registered land surveyor to 

establish its map coordinates using the Alabama Plane Coordinate System, 

Western Zone, to an accuracy of at least one in 10 thousand (1:10,000). 

Additionally, elevations for the natural ground surface at each sampling 

well and the top of the PVC casing were determined to within 0.01 ft 

using the vertical datum established by USGS. The surveyor plotted the 

elevation of each monitor well (top of the PVC pipes) and its map 

coordinates on the MAFB base map (see App. G). 
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Ground water sampling began at MAFB after the new monitor wells hud been 

allowed to reach equilibrium. The following procedures were performed 

during sampling. 

1. The depth to water, total well depth, and length of the riser 

aboveground were measured. 

2. During the initial sampling of each monitor well, the depth to 

the water/sediment interface in the well was measured and 

recorded* 

3. Typically, five volumes of the water in the screen, well 

casing, and saturated annulus were purged by pumping or bailing 

before sampling* Fine soils at some of the well locations 

caused slow recharge rates. In such cases, reduction of well 

purging to less than five volumes was considered if excessive 

time would have elapsed attempting to collect one or two 

samples from low-yielding wells. The amount of fluid purged 

was measured and recorded. 

4. a* All wells were sampled using bailers constructed of inert 

materials (PVC)* No glue was used in the construction of 

these bailers. 

b. A dedicated bailer was supplied for each well and remained 

in the well after sampling. Each bailer was etched with 

the number of the sampling well. 

c. The pump and the hoses used for purging were thoroughly 

cleaned between sampling at each well using the 

nonchlorinated drilling water. 

d. After purging, each monitor well was sampled as soon as 

sufficient water returned to minimize the contact time 

between the water sample and the well casing. 

e. during sampling, all equipment was placed on polyethylene 

iheetlng to avoid contact with the soil. 

5. Conductivity, pH, and temperature were measured before 

sampling. 

The following data were recorded in a logbook for each well: 

1* Well number; 

2. Date; 
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3. Time; 

4. Static water level; 

5. Depth of well; 

6. Number of bailer volumes removed, if applicable; 

7. Pumping rate, if applicable; 

8. Time of pumping, if applicable; 

9. Drawdown water level; 

10. In situ water quality measurements such as pH, specific 

conductance, and temperature; 

11. Fractions sampled and preservatives; 

12. Weather conditions and/or miscellaneous observations; and 

13. Signature of sampler and date signed. 

Each sample was labeled for identification by laboratory personnel. The 

sample label included the project number, a unique sample number, time 

and date sampled, and sampler's initials. All samples were identified 

with non-water-soluble ink on ESE's standard preprinted and prenumbered 

labels immediately after collection. Information concerning 

preservation methods, sample matrix, and sample location number was 

included on the labels. Samples were shipped in coolers and were 

chilled to approximately 4°C from time of sample collection until 

analysis. 

3.2.4 DRILLING LOGS AND BORING PROCEDURES 

Before borings were drilled for installation of the piezometers and 

monitor wells, the ESE Site Geologist reviewed the proposed drilling 

locations with MAFB Civil Engineering to avoid drilling into buried 

utilities such as cables or pipes. Based on this review, MAFB Civil 

Engineering approved all locations and issued appropriate drilling 

permits. The ESE Site Geologist supervised the drilling and 

installation of all piezometers and monitor wells, maintained drilling 

logs, obtained soil samples, and observed the grouting of abandoned 

borings. 
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Drilling was performed by Law Engineering Testing Company (LAW) as 

subcontractor to ESE. In addition to drilling, LAW was responsible for 

the following requirements: 

1. Arrangement of access to all sites where drilling was proposed; 

2« Steam cleaning of all drilling equipment before entrance to 

MAFB; 

3. Arrangement with MAFB personnel for the storage of all 

well-drilling equipment and well-installation supplies in a 

clean and secure area; clean, unused equipment and supplies 

were temporarily stored on sheets of disposable polyethylene at 

each drilling location to eliminate contamination from the 

native soils; 

4. Obtaining unchlorinated water for drilling and well 

installation; portable tubs were used to hold drilling water 

during circulation; 

5. Recovery of all drill cuttings and disposal in the onbase 

hardfili area; and 

6. Cleaning of drilling tools between borings with unchlorinated 

water to remove all traces of soil, rock, or other potential 

contaminants. 

The ESE Site Geologist maintained drilling logs in a field notebook for 

all boreholes. The logs comprised a record of soil characteristics, 

lithology, piezometer and well construction, and personnel. Each boring 

was logged in the field notebook as it was being drilled. The following 

data were recorded in the boring logs: 

1* Depths, recorded in feet; 

2. Soil descriptions prepared in the field by the ESE Site 

Geologist in accordance with the Unified Soil Classification 

System; 

3. Descriptions of split-spoon samples, including: 

a. Classification, 

b. Unified Soil Classification System symbol, 

c. Secondary components and estimated percentage, 

d. Color, 

e* Plasticity, 
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£. Consistency (cohesive soil) or density (noncohesive soil), 

g. Moisture content, and 

ht Texture, fabric, and bedding; 

4. Descriptions of cuttings, including basic classification, 

secondary components, and other apparent parameters; 

5. Percent of secondary soil constituents, based on visual 

estimates; 

6. Length of sample recovered in each sampled interval for 

split-spoon samples; 

7. Blow counts, hammer weight, and length of fall for split-spoon 

samples; 

8. Estimated interval for each sample; 

9. Depth to water as first encountered during drilling and method 

of determination; distinct water-bearing zones (if any) below 

the first zone; 

10. When drilling fluid was used, fluid losses, quantities lost, 

and the intervals over which they occurred; 

11. Type of drilling equipment used, including rod size, bit type, 

pump type, rig manufacturer, and model number; 

12. Drilling sequence; 

13. Special problems; 

14. Start and completion dates of all borings; and 

15. Lithologic boundaries. 

3.2.5 SURFACE WATER SAMPLING 

Before surface water samples were collected, the following site-specific 

data were recorded in the field notebook: 

1. Site number or location 

2. Date; 

3. Time (24-hour system); 

4. Antecedent weather conditions, if known; 

5. In situ parameter measurements (temperature, conductivity, and 

pH); 

6. Fractions and preservatives; 

7. Any other pertinent observations (e.g., odor or fish); and 

8. Signature of sampler and date signed. 
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At the conclusion of each workday onsite, the Sampling Team Leader or 

designee reviewed each page of the notebook for errors and omissions 

before dating and signing each reviewed page. All field instrument 

calibrations were recorded in a designated portion of the notebook at 

the time of the calibration. Instruments were recalibrated as 

necessary• 

Each surface water sample was collected in a manner that minimized 

aeration and prevented oxidation of reduced compounds in the sample. 

The container was filled until it overflowed, and caution was taken to 

avoid air bubbles. Sample containers were tightly capped. Surface 

water sampling procedures and precautions for the volatile fraction 

collection were identical to the ground water procedures. 

Each sample was labeled for identification by laboratory personnel. The 

sample label included the project number, a unique sample number, time 

and date sampled, and sampler’s initials. All samples were identified 

with non-water-soluble ink on ESE's standard preprinted and prenumbered 

labels immediately after collection. Information concerning 

preservation methods, sample matrix, and sample location number was 

included on the labels. Samples were shipped in coolers and chilled to 

approximately 4°C from time of sample collection until analysis. 

3.2.ó STREAM SEDIMENT SAMPLING 

Before sediment samples were collected, the following site-specific data 

were recorded in the field notebook: 

1. Site number or location; 

2. Date; 

3. Time (24-hour system); 

4. Antecedent weather conditions, if known; 

5. In situ parameter measurements (temperature, conductivity, and 

pH); 

6. Fractions and preservatives; 

7. Any other pertinent observations (e.g., odor or fish); and 

8. Signature of sampler and date signed. 
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At the conclusion of each workday onsite, the Sampling Team Leader or 

designee reviewed each page of the notebook for errors and omissions 

before dating and signing each reviewed page. All field instrument 

, calibrations were recorded in a designated portion of the notebook at 

the time of the calibration. Instruments were recalibrated as 

necessary. 

Samples were collected in a manner that minimized aeration and prevented 

oxidation of reduced compounds in the sample. Each sample was labeled 

for identification by laboratory personnel. The sample label included 

the project number, a unique sample number, time and date sampled, and 

sampler’s initials. All samples were identified with non-water-soluble 

ink on ESE’s standard preprinted and prenumbered labels immediately 

after collection. Information concerning preservation methods, sample 

matrix, and sample location number was included on the labels. Samples 

were shipped in coolers and chilled to approximately 4°C from the time 

of sample collection until analysis. 

3.3 IMPLEMENTATION OF FIELD PROGRAM 

The actual work completed at each of the seven sites on MAFB is 

described. Site 2 is actually a collection of points onbase where the 

surface water and stream sediment samples were collected, and Site 1 and 

Sites 3 through 7 were those locations where the ground water quality 

was investigated through the installation and sampling of monitor wells. 

A description of the subsurface geology is included for those sites 

where well borings were made. 

3.3.1 SITE 1—ELECTROPLATING WASTE DISPOSAL AREAS 

The objectives of the investigations at Site 1 were to: 

1. Determine the physical extent of the disposal area and, if 

possible, the locations of the drums; 

2. Determine if the hydrogeologic conditions in the area adjacent 

to the site are conducive to contaminant migration; and 

3. Determine if contaminants are migrating from the area. 
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A detailed geophysical survey incorporating magnetometer and EM 

techniques was completed at Site 1 to delineate the horizontal extent of 

the burial area, to confirm the presence of the buried drums, and to 

locate any leachate plumes emanating from the site. The geophysical 

tracings for Site 1 are located in App. H. 

The results of the survey did not conclusively indicate that the drums 

of electroplating waste were buried in the area. The results did 

indicate the locations of many ferrometallic objects in the vicinity of 

the reported burial area. The monitoring well sites were selected based 

on the results of this survey and the information obtained from the 

piezometers. 

Four piezometers were installed at Site 1 to determine the configuration 

of the water table and predict the direction of shallow ground water 

flow at the site. The locations of the four piezometers are depicted in 

Fig. 3.3-1. The piezometer depths, screened intervals, relative casing 

elevations, absolute water levels, and relative water levels are given 

in Table 3.3-1. Borehole lithologies are described in the piezometer 

drilling logs located in App. I. Piezometer water levels suggested that 

ground water flow at Site 1 was from east to west and monitor well 

locations were selected accordingly. 

Four monitor wells were installed at Site 1 to evaluate the quality of 

the shallow ground water in the vicinity and to determine whether 

contaminants were migrating from the site. The locations of the four 

wells are depicted in Fig. 3.3-1. The monitor well depths, screened 

intervals, lithology of the screened intervals, depth to water, and 

number of split-spoon soil samples collected are given in Table 3.3-2. 

The depth to water for all monitor wells installed for this study is 

presented in App. J. Individual borehole lithologies are described in 

detail on the monitor well drilling logs in App. K.* 
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Table 3.3-1. Site 1 Piezometers 

Piezometer 

Number 
Depth 

(ft) 

Screened 

Interval 

(ft) 

Relative 

Casing 

Elevation 

(ft) 

Water 

Depth 

(ft) 

Relative 

Water 

Elevation 

(ft) 

PZ1-1 24 

PZ1-2 24 

PZ1-3 15 

PZ1-4 16 

14 to 24 0 

14 to 24 -13.82 

5 to 15 -13.16 

6 to 16 -14.09 

19.15 0 

6.00 -0.67 

7.06 -1.07 

6.02 -0.96 

Source: ESE, 1985. 
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Table 3.3-2. Site 1 Monitor Wells 

Well 
Number 

MW1-1 

MW 1-2 

MW 1-3 

MW 1-4 

Screened Depth to Soil Screened 

Depth Interval Water* Samples Interval 

(ft) (ft) (ft) Collected Lithology 

25 15 to 25 16.2 

14 4 to 14 5.5 

22.3 7.3 to 22.3 8.1 

21.5 6.5 to 21.5 7.4 

6 Gravelly quartz sand 

6 Silty, clayey quartz sand 

6 Gravelly quartz sand 

7 Gravelly quartz sand 

*Measured from top of PVG casing. 

Source: ESE, 1985. 
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The soils at Sice 1 generally consisted of unconsolidated clays, silts, 

sands, and gravels through the depths sampled. In most places, the 

upper 5 to 7 ft were comprised of sandy and silty clays, clayey and 

silty sands, and clayey silts of varying plasticity and consistency/ 

density. In MW1-2, these soils were underlain by a very plastic, stiff 

gray clay from 7 to 11 ft deep that maintained a locally perched water 

body in the overlying silt. Silty and clayey gray to brown sands 

existed below the clay unit to 15 ft and were underlain by another clay 

unit of similar character that persisted to a depth of 18 to 19 ft. 

More shallow water was perched above this second clay in the overlying 

sands. Beneath the second clay unit was a very dense, poorly graded, 

slightly clayey, micaceous fine to medium—grained sand, olive in color, 

that extended to a depth of at least 26.5 ft. The sand held very little 

recoverable water and seemed almost cemented* The soil below 5 to 7 ft 

at MW1-1, MW1-3, and MW1-4 was significantly different. The surficial 

material was underlain by dense, well graded, fine to coarse gravelly 

sands and sandy gravels that graded from gray in color near the top to 

yellow and brown at depth. Cobbles exceeded 2 centimeters (cm) in 

diameter. These sands and gravels were present to at least 25 ft at 

MW1-1, but at 18 to 24 ft in MW1-3 and MW1-4 graded into the dense, 

micaceous, olive-colored sand found at the bottom of MW1-2. Depths to 

ground water at Site 1 varied from approximately 3 ft at MW1-2 to 

13.7 ft at MW1-1. A geologic cross section of Site 1 is depicted by 

Fig. 3.3-2. 

Each of the four monitor wells was developed as described in 

Sec. 3.2.3 of this report. Details of the development effort are 

available in App. L. 

The elevations and horizontal coordinates of each of the wells were 

determined by a licensed surveyor as described in Sec. 3.2 of this 

report. The elevation and coordinate values for each well are listed on 

the map in App. G. 
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MWl-1 through MW1-A were sampled according to the procedure described in 

Sec. 3.2.3 of this report. The samples were analyzed for the parameters 

in List A, Table 3.3-3. Details of the sampling effort are available in 

App. M. 

3.3.2 SITE 3—FPTA NO. 2 AND LANDFILL NO. 3 

Site 3 consists of two areas: FPTA No. 2 and Landfill No. 3 (located 

within the landfill area) . 

The objectives of the investigations at Site 3 were to: 

1. Determine the horizontal extent of Landfill No. 3, 

2. Determine if the hydrogeologic conditions in the area adjacent 

to the site are conducive to contaminant migrationj and 

3. Determine if contaminants are present in ground waters from the 

area. 

A detailed geophysical survey incorporating magnetometer and 

electromagnetic techniques was used to delineate the horizontal extent 

of the disposal area and to determine whether any leachate plumes were 

emanating from the disposal area or the fire protection training area. 

The geophysical tracings for Site 3 are located in App. H. 

The results of the survey indicated the presence of metallic objects 

buried in the disposal area. No leachate plumes were detected by the 

study. The results of the study were used to decide the locations for 

the monitoring wells. 

Three piezometers were installed at Site 3 to determine the 

configuration of the water table and predict the direction of shallow 

ground water flow at the site. The locations of the three piezometers 

are depicted in Fig. 3.3-3. The piezometer depths, screened intervals, 

relative casing elevations, absolute water levels, and relative water 

levels are given in Table 3.3-4. Borehole lithologies are described in 

the piezometer drilling logs located in App. I. Piezometer water levels 
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Table 3.3-3. List of Analytical Parameters for MAFB Sampling 

List A 

Copper 
Nickel 
Cadmium 
Chromium 
Total organic carbon 

List B 

Copper 
Nickel 
Cadmium 
Chromium 
Total organic carbon 
Lead 

Cyanide 

PH 
Total dissolved solids 
Zinc 
Phenols 

Cyanide 

PH 
Total dissolved solids 
Zinc 
Phenols 
Oil and grease 
Arsenic 
Total organic halogens 
Mercury 

List C 

Total organic halogens 
Total organic carbon 
Phenols 
pH 
Copper 
Iron 

Oil and grease 
Nickel 
Cyanide 
Sul fate 
Total dissolved solid; 
Zinc 

National Interim Primary Drinking Water Standards (selected list) 

Arsenic 
Barium 
Cadmium 
Chromium 
Fluoride 

Lead 
Me-cur y 
Nitrate 
Selenium 
Silver 

Endrin 2,4,5-TP 
Lindane 
Methoxychlor 
Toxaphene 
2,4-D 

Source: ESE, 1985. 
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Table 3.3-4. Site 3 Piezometers 

Screened 

Piezometer Depth Interval 

Number (ft) (ft) 

Relative 

Casing Water 

Elevation Depth 

(ft) (ft) 

Relative 

Water 

Elevation 

(ft) 

PZ3-1 

PZ3-2 

PZ3-3 

27.7 17.7 to 27.7 0 

21.0 11.0 to 21.0 -8.77 

16.0 6.0 to 16.0 -11.95 

10.06 0 

7.79 -6.50 

4.02 -5.91 

Source: ESE, 1985. 
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suggested that ground water flow at Site 3 was from east to west, and 

monitor well locations were selected accordingly. 

'Three monitor wells were installed at Site 3 to evaluate the quality of 

the shallow ground water in the vicinity and to determine whether 

contaminants were migrating from the site. The locations of the three 

wells are depicted in Fig. 3.3-3, The monitor well depths, screened 

intervals, lithology of the screened intervals, and number of 

split-spoon soil samples collected are given in Table 3.3-5. Individual 

borehole lithologies are described in detail on the monitor well 

drilling logs in App. K. 

The soils on the western side of Site 3 were typified by silty clays, 

clayey silts, and plastic clays to a depth of about 9 ft. Beneath the 

clays and silts were 4 to 5 ft of silty, fine gray quartz sand and fine 

to coarse gray quartz sand in varying proportions. The gray sands were 

underlain by 0 to 3 ft of loose, poorly graded, fine to medium-grained, 

micaceous, yellow quartz sands, which in turn were underlain by at least 

11 ft of very dense, well-graded, fine to coarse, gravelly yellow sands 

and sandy gravels. Individual cobbles exceeded 5 cm in diameter. 

Beneath the yellow sands were moderately plastic, stiff, silty, 

micaceous, dark-olive clay that extended to an unknown depth. The soils 

on the eastern side of the site differed from those described above in 

that the surficial clays and silts were significantly thicker. Up to 

28 ft of this material, slightly sandy and silty in places, was found 

above the yellow sands and gravels encountered at about 13 ft to the 

west. Additionally, a small perched water zone was detected above a 

very plastic clay at 18 ft. A geologic cross section of Site 3 is 

depicted in Fig. 3.3-4. 

Water depths at Site 3 varied from about 15 ft below ground level at 

MW3-1 to as shallow as 2.4 ft at MW3-3. 
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Table 3.3-5. Site 3 Monitor Wells 

Well Depth 
Number (ft) 

Screened 
Interval 

(ft) 

Depth to 

Water* 

(ft) 

Soil 

Samples 

Collected 

Screened 

Interval 

Lithology 

MW3-1 37.3 27.3 to 37.3 17.7 

MW3-2 24.2 4.2 to 24.2 9.3 

MW3-3 25.2 5.2 to 25.2 4.7 

8 Gravelly quartz sand 

6 Fine to medium, micaceous, 
quartz sand and gravelly 

quartz sand 

6 Silt, fine sand, sandy 

gravel and gravelly 

quartz sand 

*Measured from top of PVC casing. 

Source: ESE, 1985. 
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Each of Che four monitor wells was developed as described in Sec. 3.2.3 

of this report. Details of the development effort are available in 

App. L. 

The elevations and horizontal coordinates of each of the wells were 

determined by a licensed surveyor, as described in Sec. 3.2.3 of this 

report. The elevation and coordinate values for each well are listed on 

the map in App. G. 

MW3-1 through MW3-3 were sampled according to the procedure described in 

Sec. 3.2.3 of this report. The samples were analyzed for the parameters 

in List G, Table 3.3-3. 

3.3.3 SITE 4—FPTA NO. L 

Fire protection training exercises were conducted in the area currently 

used for disposal of landscape debris and construction rubble (Hardfill 

Area No. 2), as shown in Fig. 3.3-5. 

The objectives of the studies at Site 4 were to: 

1, Determine if the hydrogeologic conditions at the site are 

conducive for contaminant migration, and 

2. Determine if contaminants are present in the ground water 

adjacent to the site. 

Three piezometers were installed at Site 4 to determine the 

configuration of the water table and predict the direction of shallow 

ground water flow at the site. The locations of the three piezometers 

are depicted in Fig. 3.3-5. The piezometer depths, screened intervals, 

relative casing elevations, absolute water levels, and relative water 

levels are given in Table 3.3-6. Borehole lithologies are described in 

the piezometer drilling logs located in App. I. Piezometer water levels 

suggested that ground water flow at Site 4 was from north to south, and 

monitor well locations were selected accordingly. 
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Table 3.3-6. Site 4 Piezometers 

Relative 

Screened Casing Water 
Piezometer Depth Interval Elevation Depth 

Number (ft) (ft) (ft) (ft) 

Relative 

Water 

Elevation 

(ft) 

PZ4-1 25 15 to 25 0 

PZ4-2 18.8 8.8 to 18.8 -8.23 

PZ4-3 26 16 to 26 -3.20 

22.60 -1.02 

13.35 0 

19.24 -0.86 

Source: ESE, 1985 



Three raonicor wells were installed at Site 4 to evaluate the quality of 

the shallow ground water in the vicinity and to determine whether 

contaminants were migrating from the site. The locations of the three 

wells are depicted in Fig, 3.3-5. The monitor well depths, screened 

intervals, lithology of the screened intervals, and number of 

split-spoon soil samples collected are given in Table 3.3-7. Individual 

borehole lithologies are described in detail on the monitor well 

drilling logs in App. K. 

The surficial soils at Site 4 had been removed at all drilling 

locations, but a cut in the side of an adjacent hill suggested that the 

missing soils were 1 to 5 ft of silt and clay underlain by sand and 

gravel mixtures. The soils actually sampled consisted of dense, well 

graded, fine to coarse, gravelly quartz sands and sandy gravels, varying 

from yellow to brown in color, and extending to an undetermined depth. 

Cobbles exceeded 7 cm in diameter. A geologic cross section of Site 4 

is depicted in Fig. 3.3-6. 

Ground water levels at Site 4 varied from about 10.9 ft at MW4-3 to 

15.8 ft at MW4-1. 

Each of the four monitor wells was developed as described in 

Sec. 3.2.3 of this report. Details of the development effort are 

presented in App. L. 

The elevations and horizontal coordinates of each of the wells were 

determined by a licensed surveyor, as described in Sec. 3.2.3 of this 

report. The elevation and coordinate values for each well are listed on 

the map in App. G. 

MW4-1 through MW4-3 were sampled according to the procedure described in 

Sec. 3.2.3 of this report. The samples were analyzed for the parameters 

in List C, Table 3.3-3. 
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Table 3.3-7. Site 4 Monitor Wells 

Screened Depth to Soil 
Well Depth Interval Water* Samples 
Number (ft) (ft) (ft) Collected 

Screened 
Interval Lithology 

MW 4-1 

MW4-2 

MR4-3 

26 16 to 26 18.3 

26 6 to 26 14.2 

24.5 4.5 to 24.5 13.6 

6 Gravelly, medium to coarse 
sand; and gravelly, fine to 
coarse quartz sand 

6 Medium to coarse gravelly 
sand and gravel and fine to 
coarse sand 

6 Gravelly, fine to coarse 
sand; medium to coarse sand; 

gravel 

*Measured from top of PVC casing. 

Source: ESE, 1985. 
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3,3.4 SITE 5—LANDFILLS 4, 5, AND 6 

Landfills 4, 5, and 6 were combined to form Site 5 (see Fig. 3.3-7). 

'The objectives of the investigations at Site 5 were to: 

1. Determine the physical extent of Landfills 4, 5, and 6; 

2. Determine if the hydrogeologic conditions in the area are 

conducive to contaminant migration; and 

3. Determine if the contaminants are present in the ground water 

downgradient of the landfill areas. 

A detailed geophysical survey incorporating magnetometer and EM 

techniques was completed at Site 5 to delineate the aereal extent of the 

disposal area and to locate any leachate plumes emanating from the site. 

The geophysical tracings are located in App. H. 

The results of the survey indicated the boundaries of the landfill area 

and the location of metallic objects. No leachate plumes were detected 

migrating from the landfill area. These data were used to select the 

locations of the monitor wells. 

Three piezometers were installed at Site 5 to determine the 

configuration of the water table and predict the direction of shallow 

ground water flow at the site. The locations of the three piezometers 

are depicted in Fig. 3.3-7. The piezometer depths, screened intervals, 

relative casing elevations, absolute water levels, and relative water 

levels are given in Table 3.3-8. Borehole lithologies are described in 

the piezometer drilling logs located in App. I. Piezometer water levels 

suggested that ground water flow at Site 3 was from southwest to 

northeast, and monitor well locations were selected accordingly. 

Four monitor wells were installed at Site 5 to evaluate the quality of 

the shallow ground water in the vicinity and to determine whether 

contaminants were migrating from the site. The locations of the four 

wells are depicted in Fig. 3.3-7. The monitor well depths, screened 
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Table 3.3-8. Site 5 Piezometers 

Screened 

Piezometer Depth Interval 
Number (ft) (ft) 

Relative 
Casing 

Elevation 
(ft) 

Re 1 a t iv e 
Water Water 
Depth Elevation 
(ft) (ft) 

PZ5-1 

PZ5-2 

PZ5-3 

23.5 13.5 to 23.5 <5 

19 9 to 19 -12.80 

18.6 8.6 to 18.6 -14.97 

18.69 0 

7.44 -1.55 

4.73 -1.01 

Source ï ESE, 1985. 
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intervals, lithology of the screened intervals, and number of 

split-spoon soil samples collected are given in Table 3.3-9. Individual 

borehole lithologies are described in detail on the monitor well 

'drilling logs in App. J. 

The soils at Site 5 generally consisted of unconsolidated clays, silts, 

sands, and gravels through the depths sampled. The upper 4 to 12.5 ft 

of soil were comprised of clayey sands, sandy and silty clays, and 

inorganic clays of varying plasticity and density/consistency. Beneath 

these surficial deposits were from 6 to 11 ft of poorly graded, silty, 

fine sands, slightly clayey and micaceous in places, very coarse in 

places, usually white to gray, and occasionally brown. This material 

was underlain by loose, well-graded, fine to coarse, yellow quartz 

sands, often very gravelly and dense, that extended to undetermined 

depths. A geologic cross section of Site 5 is depicted in Fig. 3.3—8. 

Water depths at Site 5 varied from approximately 1.6 ft below ground 

level at MW5-4 to about 12.5 ft at MW5-1. 

Each of the four monitor wells was developed as described in 

Sec. 3.2.3 of this report. Details of the development effort are 

available in App. L. 

The elevations and horizontal coordinates of each of the wells were 

determined by a licensed surveyor, as described in Sec. 3.2.3 of this 

report. The elevation and coordinate values for each well are listed on 

the map in App. Gi 

MW5-1 through MW5-4 were sampled according to the procedure described in 

Sec. 3.2.4 of this report. The samples were analyzed for the parameters 

in List A, Table 3.3-3. Additionally, one of the former monitor wells 

at the southeast corner of the present landfill (Landfill 6) was also 

sampled and analyzed for the same parameters. The other two former 

monitor wells were broken and could not be sampled. 
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Table 3,3-9. Site 5 Monitor Wells 

Well Depth 

Number (ft) 

Screened Depth to Soil 

Interval Water* Samples 

(ft) (ft) Collected 

Screened 

Interval 

Lithology 

MW5-1 25.4 15.4 to 25.4 15.0 

MW5-2 22¿5 7.5 to 22.5 8.3 

6 Gravelly quartz sand 

6 Fine to coarse quartz sand 

and clayey quartz sand 

MW5-3 28 8 to 28 9.9 

MW5-4 25.5 10.5 to 25.5 4.0 

7 Fine to coarse quartz 

sand; silty, fine to 

medium quartz sand; and 

silty, sandy clay 

6 Fine tn coarse quartz 

sand and clayey, silty, 

fine quartz sand 

*Measured from top of PVC easing. 

Source: ESE, 1985. 

3-47 



MAXWELL 06/86 

(H) NOI1VA313 

I 0, 
I « 

— (S CD 

O© ® _ DC ü 

-I O .h 

< K < 

«Œ =3 

-i c/) ,5 
uj S 
CE 

ifl 

UJ 
K 

W 

LL 
O 
Z 
g h* 
O to 

Si 
CO 
g uf 
Ûh r> 
O'» 

sSq 

,2>S| 
llüIj 

3-48 



3,3*5 SITE 6—C*E• DRUM STORAGE AREA 

The C.E. drum storage area has been used for the storage of waste paints 

and nonignitable mixtures of oil and water. 

The objectives of the investigations at Site 6 were to: 

1. Determine if the hydrogeologic conditions in the area are 

conducive to contaminant migration, and 

2. Determine if the ground water contains contaminants which could 

have originated from the storage area. 

Three piezometers were installed at Site 6 to determine the 

configuration of the water table and predict the direction of shallow 

ground water flow at the site. The locations of the three piezometers 

are depicted in Fig. 3.3-9. The piezometer depths, screened intervals, 

relative casing elevations, absolute water levels, and relative water 

levels are given in Table 3.3-10. Borehole lithologies are described in 

the piezometer drilling logs located in App. I. Piezometer water levels 

suggested that shallow ground water flow at Site 6 was from west to 

east, and monitor well locations were selected accordingly. The very 

subdued hydraulic gradient measured at the site was a reflection of the 

almost level topography typical of the immediate area. 

Three monitor wells were installed at Site 6 to evaluate the quality of 

the shallow ground water in the vicinity and to determine whether 

contaminants were migrating from the site. The locations of the three 

wells are depicted in Fig. 3.3-9. The monitor well depths, screened 

intervals, lithology of the screened intervals, and number of split- 

spoon soil samples collected are given in Table 3.3—II. Individual 

borehole lithologies are described in detail on the monitor well 

drilling logs in App. J. 

The soils at Site 6 generally consisted of unconsolidated clays, silts, 

sands, and gravels through the depths sampled. The upper 23 to 25 ft 

were comprised almost entirely of stiff, moderately plastic, silty, 
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Table 3.3-10. Site 6 Piezometers 

Screened 

Piezometer Depth Interval. 
Number (ft) (ft) 

Relative 
Casing Water 

Elevation Depth 
(ft) (ft) 

Relative 
Water 

Elevation 
(ft) 

PZ6-1 

PZ6-2 

PZ6-3 

31.5 16.5 to 31.5 0 

38.3 23.3 to 38.3 -0.29 

39 24 to 39 -1.51 

29.54 0 

29.30 -0.05 

28.16 -0.13 

Source: ESE, 1985. 
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Table 3.3-11. Site 6 Monitor Wells 

Screened 

. Well Depth Interval 

Number (ft) (ft) 

Depth to Soil 

Water* Samples 

(ft) Collected 

Screened 

Interval 

Lithology 

MW6-1 39.6 24.6 to 

MW6-2 39.7 24.7 to 

MW6-3 40 25 to 

39.6 29.0 9 

39.7 30.0 9 

40 29.5 9 

Gravelly, fine to coarse 

quartz sand; silty sand; 

sandy silt 

Gravelly, fine to coarse 

quartz sand; silty sand 

Gravelly, fine to coarse 

quartz sand; clayey silt 

*Measured from top of PVC casing. 

Source: ESE, 1985. 

ñ 
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slightly sandy, mottled, gray to brown clays. The clays contained up to 

5-percent organic matter in places that existed as small nodules and 

fracture infillings. Below the clays were 4 to 5.5 ft of silty, 

’micaceous, fine, gray quartz sands and clayey, micaceous gray silts that 

contained up to 5-percent organic matter. Beneath the fine sands and 

silts were dense, well-graded, fine to coarse, gravelly, yellow quartz 

sands that persisted to undetermined depths. Individual cobbles 

exceeded 2 cm in diameter. A geologic cross section of Site 6 is 

depicted in Fig. 3.3-10. 

The water depth at Site 6 varied from approximately 26.5 ft relative to 

ground level at MW6-1 to 27.5 ft at MW6-2*. 

Each of the four monitor wells was developed as described in 

Sec. 3.2.3 of this report. Details of the development effort are 

available in App. L. 

The elevations and horizontal coordinates of each of the wells were 

determined by a licensed surveyor, as described in Sec. 3.2.3 of this 

report. The elevation and coordinate values for each well are listed on 

the map in App. G. 

MW6-1 through MW6-3 were sampled according to the procedure described in 

Sec. 3.2.4 of this report. The samples were analyzed for the parameters 

in List C, Table 3.3-3. 

3.3.6 SITE 7-~LANDFILL NO. 2 

During the early 1940s through approximately 1951, the base operated 

Landfill No. 2 for the disposal of household garbage, base trash (paper, 

wood, scrap metal), and some industrial nonliquid wastes such as waste 

paints, paint cans, paint booth sludges, and unrinsed pesticide 

containers (Fig. 3.3-11). 
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The objectives of the investigations at Site 7 were to: 

1, Determine the areal extent of the landfill, 

2, Determine if hydrogeologic conditions favor contaminant 

migration, and 

3, Determine if contaminants are present in the ground water. 

A detailed geophysical survey incorporating magnetometer and EM 

techniques was completed to delineate the horizontal extent of the 

landfill and to locate any leachate plumes emanating from the site. The 

geophysical tracings are located in App. H. 

The results of the survey indicated the boundaries of previous 

landfilling activities and the locations of buried metallic objects. No 

leachate plumes were detected migrating from the disposal area. These 

data were used to select the locations for the monitor wells. 

Three piezometers were installed at Site 7 to determine the 

configuration of the water table and predict the direction of shallow 

ground water flow at the site. The locations of the three piezometers 

are depicted in Fig. 3.3-11. The piezometer depths, screened intervals, 

relative casing elevations, absolute water levels, and relative water 

levels are given in Table 3.3-12. Borehole lithologies are described in 

the piezometer drilling logs located ln App. I. Piezometer water levels 

suggested that shallow ground water flow at Site 7 was from 

east-northeast to west-southwest, and monitor well Locations were 

selected accordingly. 

Three monitor wells were Installed at Site 7 to evaluate the quality of 

Che shallow ground water in the vicinity and to determine whether 

contaminants were migrating from the site. The locations of the three 

wells are depicted in Fig. 3.3-11. The monitor well depths, screened 

intervals, lithology of the screened intervals, and number of 

split-spoon soil samples collected are given in Table 3.3-13. 

Individual borehole lithologies are described in detail on the monitor 

well drilling logs in App. K.. 
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Table 3.3-12. Site 7 Piezometers 

Piezome ter 

Number 
Depth 

(ft) 

Screened 

Interval 

(ft) 

Relative 

Casing 

Elevation 

(ft) 

Water 

Depth 

(ft) 

Relative 

Water 

Elevation 

(ft) 

PZ7-1 

PZ7-2 

PZ7-3 

23.5 8.5 to 23.5 0 

22 12 to 22 -4.27 

20.8 10.8 to 20.8 -5.75 

15.75 

11.55 

10.60 

0 

-0.07 

-0.60 

Source: ESE, 1985. 
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Table 3,3-13. Site 7 Monitor Wells 

Screened Depth to 

Well Depth Interval Water* 

Number (ft) (ft) 

Soil 
Samples 

Collected 

Screened 
Interval 
Lithology 

MW7-L 24.3 

MW7-2 22.3 

MW7-3 22 

14.3 to 24.3 15.8 

7.3 to 22.3 13.8 

7 to 22 12.7 

6 Fine to coarse quartz 

sand 

6 Fine to coarse, gravelly 
quartz sand and fine, 

silty sand 

6 Fine to coarse quartz 
sand and gravelly quartz 

sand 

*Measured from top of PVC casing. 

Source: ESE, 1985. 
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The soils at Site 7 generally consisted of unconsolidated clays, silts, 

sands, and gravels through the depths sampled. The surficial soils 

consisted primarily of 4.5 to 9.5 ft of clayey, silty sands; silty, 

(sandy clays; and clayey, gravelly sands of varying plasticity and 

density/consistency. Colors ranged from yellow and brown to gray. These 

soils were underlain by 4 to 9 ft of dense, silty, fine, gray quartz 

sands and dense, poorly sorted, fine to medium, gray quartz sands. 

These sands were occasionally yellow in color. Three to 7 ft of loose 

to dense, well graded, fine to coarse, gray quartz sands were found at 

subsequent depths, and below these were an unknown thickness of dense, 

well graded, fine to coarse, gravelly yellow quartz sands. A geologic 

cross section of Site 7 is depicted in Fig. 3.3-12. 

The depth to ground water at Site 7 varied from approximately 10.2 ft 

relative to ground level at MW7-3 to 14.8 ft at MW7-1• 

Each of the four monitor wells was developed as described in 

Sec. 3.2.3 of this report. Details of the development effort are 

available ln App. L. 

The elevations and horizontal coordinates of each of the wells were 

determined by a licensed surveyor, as described in Sec. 3.2.3 of this 

report. The elevation and coordinate values for each well are listed on 

the map in App. G. 

MW7-1 through MW7-3 were sampled according to the procedure described in 

Sec. 3.2.4 of this report. The samples were analyzed for the parameters 

In List G, Table 3.3-3. 
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4.0 RESULTS AND SIGNIFICANCE OF FINDINGS 

4.1 RELEVANT WATER QUALITY CRITERIA AND STANDARDS 

Pursuant to Sec. 1412 of the Public Health Service Act, as amended by 

the Safe Drinking Water Act (Public Law 93-523), the U.S. Environmental 

Protection Agency (EPA) has promulgated National Interim Primary 

Drinking Water Regulations (NIPDWR) (EPA, 1984a) and National Secondary 

Drinking Water Regulations (NSDWR) (EPA, 1984b). These regulations 

establish primary and secondary maximum contaminant levels (MCLs) for 

certain inorganic and organic substances in drinking water. The NIPDWR 

address contaminants which adversely affect health, while the NSDWR 

address contaminants that affect aesthetic qualities relating to the 

acceptance of drinking water. At considerably higher concentrations of 

the secondary contaminants, health Implications may also exist, as well 

as aesthetic degradation (EPA, 1984a; 1984b). 

The State of Alabama has adopted the Federal primary and secondary MCLs 

as Domestic Water Supply Criteria (at the point of withdrawal) for 

surface waters of the state (State of Alabama, 1982). 

Standards established by these regulations are not directly applicable 

to the surface waters or ground waters sampled during the MAFB Phase II, 

Stage 1 survey, as the regulations pertain to public drinking water 

systems. However, MCLs established by EPA regulations can be used to 

indicate the quality of the surface waters and ground waters relative to 

drinking water. The relevant MCLs established by EPA are shown in 

Table 4.1-1. 

EPA (1976) has also developed water quality criteria for the protection 

of human health and aquatic life, pursuant to Sec. 304 of the Clean 

Water Act. In 1980, EPA criteria (EPA, 1980) were updated for the 

64 toxic pollutants or pollutant categories named in Sec. 307A of the 
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Table 4.1-1. Relevant Maximum Contaminant Levels (MCLs) for Drinking 

Water* 

Parameter 

EPA Drinking 
Water Standards 

Arsenic 

Barium 

Cadmium 

Chromium 

Lead 

Mercury 

Nitrate 

Selenium 

Silver 

Endrin 

Lindane 

Methoxychlor 

Toxaphene 

2,4-D 

2,4,5-TP 

Copper 

Iron 

pH 

Total dissolved solids 

Zinc 

Primary Standards! (ug/1) 

50 

1,000 
10 
50 

50 

2 
10,000 

10 
50 

0.2 
4 

100 
5 

100 
10 

Secondary Standards** 

(ug/1 except for pH) 

1,000 
300 

6.5 - 8.5 

500,000 

5,000 

*MCLs are given only for parameters for which analytical results are 

reported in the MAFB Phase II, Stage 1 study. 

ÎEPA National Interim Primary Drinking Water Regulations. 

**EPA National Secondary Drinking Water Regulations. 

Source: ESE, 1985. 
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Clean Water Act, based on evaluation of new toxicological and environ¬ 

mental data and changes in the methodology of hazard/risk assessment. 

The 1980 criterion for mercury was additionally revised in 1981 (EPA, 

1981). The 1980 and 1981 EPA criteria supersede the 1976 criteria for 

the 64 toxic compounds, since the former were evaluated by more advanced 

methodology. The new EPA criteria considered the acute and chronic 

adverse effects of water pollutants on aquatic organisms, nonhuman 

mammals, and humans and have been designed to protect aquatic life and 

humans from effects of exposure to the pollutants. 

The level of protection afforded aquatic organisms by the 1980 and 1981 

EPA criteria is that most aquatic life would be protected and aquatic 

ecosystem functions would be preserved but that a few untested species 

might be adversely affected if the highest allowable concentrations 

persisted for long periods of time. The 1980 and 1981 EPA criteria 

specify concentrations both in terms of 24-hour averages and maximum 

concentrations not to be exceeded at any time. Since the sampling 

program in the MAFB Phase II, Stage 1 survey did not quantify 24-hour 

averages, assessment of potential effects on aquatic life has been made 

by comparison to EPA criteria, which are the maximum allowable 

concentrations at any time. 

The State of Alabama has promulgated water quality standards for the 

protection of aquatic life. The latest revisions of these standards in 

1982 are based on the 1976 EPA criteria (EPA, 1976) and the revised EPA 

criteria (EPA, 1930; EPA, 1981c), which relaxed some of the limits 

(notably mercury). Assessment of the significance of the effects on 

aquatic life due to contaminants at MAFB takes into account the new 

Federal criteria. The Alabama standards do not identify specific MCLs 

for toxic substances, only that such substances shall not be present in 

amounts that would be deleterious or interfere with designated 

beneficial uses. Federal criteria provide these guidelines. 
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Human-health criteria have been Incorporated by EPA Into the 1980 and 

1981 criteria, based on the carcinogenic, toxic, or organoleptic (taste 

and odor) properties o£ the 64 toxic pollutants. For noncarcinogens, 

the criteria have been based on the prevention of adverse health effects 

in humans due to toxicity. In the case of suspected or known carcino¬ 

gens, the criteria represent incremental increases in the cancer risk to 

exposed populations. In assessing the human-health significance of 

contaminants at MAFB, the incremental risk level chosen was 10 6. 

This level is the concentration of a specific contaminant, which is 

projected by the EPA risk analysis to potentially increase the incidence 

of cancer by no more than one case per 1,000,000 individuals. The 

applicable human-health criteria (for human consumption of water and 

organisms taken from water containing the contaminant), along with the 

criteria for the protection of freshwater aquatic life for the principal 

contaminants analyzed for at MAFB, are shown in Table 4.1-2. The 

methodology for development of the criteria for protection of both human 

health and aquatic life are summarized in EPA (1980). No sediment 

criteria have been developed. 

Ground water samples collected at MAFB were taken from the unconsoli¬ 

dated deposits underlying the study sites. Ground water in this 

formation could discharge to downgradient surface drainages and thus 

form a component of the surface water base flow. The surface waters of 

MAFB, natural drainages, and channelized natural drainages all discharge 

directly or indirectly into the Alabama River. The Alabama River, the 

reach adjacent and immediately downstream from MAFB, is classified for 

beneficial usage, including wildlife and aquatic life usage and 

propagation, and recreation (State of Alabama, 1982). 

The Alabama River in the reach adjacent and downstream of MAFB is 

commonly used for recreation, including sport fishing, and for limited 

commercial fishing. For these reasons, the following criteria have 

generally been considered the critical concentrations upon which 

assessment of significant contamination is based: (1) the maximum 
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drinking water contaminant level, (2) the criterion for protection of 

freshwater aquatic life, or (3) the criterion for protecting human 

health when both aquatic organisms and water are ingested. 

4.2 ANALYTICAL RESULTS 

Sample collections and in_ situ measurements were performed between 

Jan. 14 and Jan. 19, 1905. Samples were split and sent to the ESE 

laboratory in Gainesville, Fla., and the OEHL laboratory at Brooks AFB 

in San Antonio, Tex. Chain-of-custody data are presented in App. N. 

All proposed analyses were performed by the ESE laboratory. Analytical 

methods used and the detection limits are presented in Table 4.2-1. 

The detectable concentrations of various analytes in ground waters, 

surface waters, and sediments are found in Sec. 4.3. Representative 

quality assurance/quality control (QA/QC) data for the various analytes 

are presented in Tables 4.2-1 and 4.2-2. A summary of additional 

QA/QC control data generated during the various chemical analyses 

performed for this project are found in App. 0. 

4.3 GENERAL DISCUSSION 

Results of analyses on environmental samples collected during the MAFB 

Phase lia survey are discussed in terras of relevant water quality 

standards and criteria whenever possible. Ground waters sampled during 

the survey are not classified by any State of Alabama or Federal 

regulations. They will be compared to the NIPDWR and NSDWR MCLs, Of 

the parameters analyzed in this survey, MCLs are established for all the 

parameters listed in Table 4.1-1. 

Where MCLs are not available for direct comparison, EPA criteria for 

surface water nearest the site can be used to compare with ground water 

quality. This is an indirect comparison, and in order to estimate the 
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potential impact of ground water quality on the receiving surface water, 

the following factors must be taken into account: 

U Rate of migration of any contaminant from shallow ground water 

to the adjacent surface water, and 

2« Fate of the contaminant once it reaches the surface water 

(e.g., degree of dispersion or mixing, degree of dissolution, 

adsorption on sediments or vegetation). 

With the limited data available for the MAFB Phase II, Stage 1 sites, 

these factors cannot be quantified. Thus, if ground water 

concentrations of pollutants exceed adjacent surface water criteria, it 

cannot be said with certainty that the surface water will be adversely 

impacted. However, if ground water parameters are within adjacent 

surface water criteria, it can be stated with certainty that the surface 

water criteria will not be exceeded due to local ground water 

discharge. 

EPA water quality criteria are listed in Table 4.1-2 for metals, 

pesticides, cyanide, and phenolic compounds. EPA water quality criteria 

are not established for all compounds analyzed in the MAFB Phase II, 

Stage 1 survey. 

There are no criteria or standards for direct evaluation of TOX data. 

If used in a rigorous manner [e.g., Resource Conservation and Recovery 

Act (RCRA) ground water compliance monitoring], extensive background 

data are required to determine statistically whether monitoring well 

levels are significantly higher than background well levels. When used 

as a screening indicator, as is the case with the MAFB Phase II, Stage 1 

survey, such data are not available. 

Because TOX concentrations were found in all monitor wells, including 

the background monitor wells, the MAFB Phase II, Stage 1 TOX results may 

be indicative of background levels or may indicate a positive 

interference in the analysis. If an interference is responsible for the 

concentration indicated, this positive interference may be due to the 



presence of inorganic halides (e.g., chlorides) in the samples. 

Inorganic chlorides were not determined but are commonly found in ground 

water leaching from landfill areas. The TOX analysis was developed as a 

screening analysis for drinking water and was adopted by EPA for 

landfill monitoring. It has since been found that the TOX analysis is 

subject to positive matrix interferences, particularly inorganic halides 

(Dressman, 1984). Documentation on the magnitude of these interferences 

is not currently available in the literature. 

The analytical method for TOX consists of: 

1. Passing the sample through a carbon column to adsorb all 

organics, including halogenated organics; 

2. Washing the carbon column with a potassium nitrate solution to 

reduce the concentrations of inorganics, especially chlorides; 

3. Heating of the carbon column, including the adsorbed organics, 

to convert any chlorinated organics into inorganic chlorides; 

and 

4. Coulometrically measuring the concentrations of chlorides 

(compared to chlorinated phenol used as a standard). 

Theoretically this method should detect all organic halogens including 

organochlorine pesticides, chlorinated phenols, and volatile 

organohalogens. Although this method is designed to reduce the 

interference by inorganic halides, the possibility exists that some 

interferences can remain (i.e., if the water sample contains 10 mg/1 as 

chloride and the potassium nitrate rinse is 99.9-percent efficient, a 

positive TOX value of 10 ug/1 would be obtained). There are no data 

available to establish background levels of TOX in the MAFB area. 

Because the TOX method is used for screening and the identification of 

potential problems from high-level concentrations of organic solvents 

(e.g., tetrachloroethylene, trichloroethylene, etc.) leaching into the 

ground waters or surface waters from landfills, the detection of low 

levels of TOX may not be indicative of contamination. Because there are 

no standards promulgated for the direct evaluation of TOX, an arbitrary 
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concentration must be established to use as a guideline in determining 

if a potential contamination problem exists. The MCL for drinking water 

may be used to establish this arbitrary concentration. A drinking water 

'standard of 100 ug/1 for trihalomethanes (e.g., chloroform) has been 

established by EPA. This concentration would represent a TOX value of 

29.7 ug/1 (as converted from chloroform). If the assumption is made 

that the chloride concentrations in the samples are at least 10 mg/1 and 

a positive interference of 10 ug/1 can occur, a reasonable arbitrary TOX 

value of 40 ug/1 can be established as the guideline. The TOX value of 

40 ug/1 will be used in this report as an indicator of the potential 

presence of contaminants and the possibility that additional analyses 

may be required. 

Inspection of the MAFB data indicates that TOX analyses fall in the 

range of 10 to 88 raicrograms per liter (ug/1), with only five water 

samples exceeding 40 ug/1. Some or all of the TOX could be a result of 

positive interference. Because the data are insufficient to verify the 

presence of interferences or to quantify their magnitude, additional 

analyses (purgeable aromatics and organic halogens, EPA Methods 601 and 

602) will be required. 

TOC is a measure of both biodegradable and nonbiodegradable organic 

carbon in water. TOC can be used as an indicator for organic 

contaminants leaching from landfills, oil spills, etc. and contaminating 

surface water or ground water. There are no criteria or standards for 

direct evaluation of TOC data since the source of background organic 

carbon levels varies from site to site. Background TOC concentrations 

in natural water samples can vary widely, depending primarily on the 

rate of decomposition of organic matter in the soil. Background TOC 

concentrations at MAFB are probably in the range of 10 to 12 mg/1. TOC 

data for this survey are evaluated subjectively as an indication of 

general organic contamination. 
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4.3.1 SITE 1—ELECTROPLATING WASTE DISPOSAL AREAS 

Detectable concentrations of various analytes in the ground water from 

MW1-1, MW1-2, MW1-3, and MW1-4 are presented in Fig. 4.3-1. In 

, addition, all analytical data from the analysis of ground water at 

Site 1 is presented as Table 4.3-1. The entire data set for all ground 

water samples analyzed during this study is presented in App. 0. 

The pH values determined at this site vary from 4.8 to 6.6. NSDWR 

regulations specify that acceptable pH values should range between 6.5 

and 8.5, unless affected by natural conditions. A comparison of the pH 

values at Site 1 with values from other locations on the base indicates 

that the shallow ground water on MAFB tends to be acidic. Therefore, 

the pH values less than 6.5 are not indicative of contamination 

problems . 

Analyses for metals used in the plating process (e.g., Cd, Cr, Cu, Ni) 

and cyanides did not yield any concentrations above the detection limit. 

This does not assure that the metals are not present in the disposal 

area but only indicates they are not present in the ground water at this 

time. 

Concentrations of Zn varying from <3.0 ug/1 to 54.0 ug/1 were detected 

in the ground water. These concentrations are very low and are well 

below the 5,000-ug/l NSDWR MCL and the 180-ug/l maximum criterion for 

the protection of aquatic life, 

TOC values for the four wells vary from 2.5 to 5.1 mg/1. These data do 

not indicate the availability of any large sources of organic carbon in 

the disposal area at the time of sampling. Because the background TOC 

for MAFB probably ranges to a high of 12 mg/1, these samples at Site 1 

are indicative of background levels. 

Phenols ranged from 4 ug/1 in ground waters from MW1-2 and MW1-3 to 

7 ug/1 at MW1-4 and 12 ug/1 at MW1-1. These values are well below the 
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Table 4.3-1. Analytical Results for Ground Water Samples from Site 1 

Parameters GW1-1* GW1-2 GW1-3 GW 1-4 

pH, field (std units) 

Cadmium, diss. (ug/1) 

Chromium, diss. (ug/1) 

Copper, diss. (ug/1) 

Nickel, diss. (ug/1) 

Zinc, diss. (ug/1) 

Carbon, TOC (mg/1) 

Phenols (ug/1) 

Residue, diss. (mg/1) 

Sp. Cond., field (urahos/cra) 

Water Temp. (°C) 

Cyanide (ug/1) 

6.60 4.80 5,80 

NDt ND ND 

ND ND ND 

ND ND ND 

ND ND ND 

ND 21.0 54.0 

2,5 5.1 2.7 

12 4 4 

54 153 26 

75.0 203 95.0 

19.2 17.0 18.1 

ND ND ND 

4.90 

ND 

ND 

ND 

ND 

12.0 

4.4 

7 

80 

77.0 

17.5 

ND 

*GW1-1 indicates a ground water sample from Monitor Well 1 at Site 1. 
tND = Not detected. 

Source: ESE, 1985. 
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acute toxicity level, chronic toxicity level, and the human-health 

criteria established by EPA. 

The'specific conductance values indicate a specific conductance in MW1-2 

which is slightly higher than the other wells. MW1-2 is downgradient of 

the disposal site and could be expected to have an elevated conductivity 

if any contaminants are migrating from the disposal site# The entire 

data set for the chemical analyses performed is presented in 

App. 0. 

4.3.2 SITE 2—SURFACE DRAINAGE SYSTEM FOR MAFB 

Surface Waters 

Surface water samples were collected at four locations on MAFB. These 

locations along with detectable concentrations of various pollutants are 

shown in Fig. 4.3-2. The data foe all surface water analyses are 

presented as Table 4.3-2. The results of all surface water analyses 

completed at MAFB during this study are presented in App. 0. 

Arsenic (As) values varying from 6 to 30 ug/1 were detected in surface 

waters from the point where the West End Ditch enters MAFB to a point 

downstream of Sites 1,3, and 5. The As concentrations have been 

reported in previous surface water samples collected in other surface 

water drainage ditches (ES, 1984). The concentrations determined in 

this present study are below the 50-ug/l MCL established by NIPDWR. The 

As was determined as total As, and no attempt was made to detect 

concentrations based on valence state. If all the As were in the 

trivalent state, it would not exceed the criteria for the protection of 

freshwater aquatic life, but would exceed the human health standards. 

The source of As is unknown, but could originate either off or on MAFB 

since it is found in both offbase and onbase samples. 

Chromium (Cr) concentrations of <6 ug/1 to 8.1 ug/1 were determined. No 

attempt was made to determine the Cr concentrations with respect to 

valence state. Regardless of the valence state, Cr concentrations are 
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Table 4.3-2. Analytical Results for Surface Waters from Site 2 

Parameters/Sample Location SW2-1* SW2-2 SW2-3 SW2-4 

Arsenic, total (ug/1) 6.0 

Cadmium, total (ug/1) NDt 

Chromium, total (ug/L) ND 

Mercury, total (ug/1) ND 

Nickel, total (ug/1) ND 

Lead, total (ug/1) 26.1 

Zinc, tocÿ) (ug/1) 57 

Residue, diss. i.mg/1) 67 

Phenols (ug/1) 8 

Oil & Grease, IR (mg/1) ND 

TOX (ug/l-CL) 88 

Carbon, TOC (mg/l) 11,9 

Sp. Cond., lab (umho/cm) 63.0 

Cyanide (ug/1) ND 

23 30 25 

ND ND ND 

8.1 ND 7.5 

ND ND 0.7 

ND ND ND 

25.0 30.2 37.0 

117 66 110 

87 82 68 

8 6 11 

0.8 0.8 0.9 

80 82 45 

12.8 12.9 13.5 

96.8 82.8 63.0 

ND ND ND 

*SW2-1 indicates a surface water sample from Location 1 at Site 2. 

tND = Not detected. 

Source; ESE, 1985. 
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below the maximum concentration allowable under NIPDWR (50 ug/1) and the 

criteria for the protection of freshwater aquatic life (21 ug/1 for 

hexavalent and 2,200 ug/1 for trivalent). The low levels of Cr may be 

•from natural sources (clays at MAFB)* 

Mercury (Hg) was detected (0.7 ug/1) in sample SW-4 downstream from 

Sites 1, 3, and 5. This concentration is less than allowable under 

N1PDWR but exceeds concentration criteria for the protection of human 

health (0.14 ug/1) and freshwater aquatic life (maximum 24-hour average 

of 0.2 ug/1). Hg has not been reported in previous samples of surface 

water at MAFB. 

Lead (Pb) values vary from 25 to 37 ug/1. These values are less than 

the NIPDWR standard of 50 ug/1 and the 74-ug/l maximum concentration 

allowable for the protection of freshwater aquatic life. The Pb 

concentrations may represent background values. However, the surface 

runoff from an adjacent highway may contribute to the Pb concentrations. 

Pb concentrations have been reported in previous surface water samples 

from MAFB. 

Zinc (Zn) concentrations ranging from 57 ug/1 to 117 ug/1 were detected. 

These values are within the standards allowed and probably represent 

background concentrations of Zn. 

Phenol concentrations ranged from 6 ug/1 to 11 ug/1. These values are 

within the standards allowed and probably represent background 

concentrations. 

Oil and grease concentrations were determined to range from <0.1 mg/l to 

0.9 mg/l. No standards are available for this parameter; however, 

concentrations less than 1 mg/l are ususally considered to be background 

levels. 

TOX concentrations were determined to range from 45 ug/1 to 88 ug/1, 

with the highest cvoncentration found at the point where West End Ditch 

enters MAFB. The TOX concentrations determined are above the arbitrary 
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value of 40 ug/1, which was selected to designate a positive response. 

Therefore, these samples may contain chlorinated organic compounds as 

contaminants. Since these data are insufficient to verify the presence 

,of interferences or to quantify their magnitude, additional analyses 

tpurgeable aromatics and organic halogens (EPA Methods 601 and 602)] 

will be required. 

TOC concentrations ranged from 11.9 mg/1 to 13.5 tng/1. These 

concentrations approximate the background levels of 10 to 12 mg/1 

present at MAFB. These concentrations at or slightly above the 

background may reflect the influence of organics being washed from an 

adjacent highway. 

Sediments 

The concentrations of the various analytes found in the sediment samples 

are presented in Table 4.3-3. Many of these analytes are generally 

representative of background levels of the various constituents. It 

should be noted, however, that Hg concentrations of 0.47 microgram per 

gram (ug/g) and 0.21 ug/g were determined at sampling locations S2-4 and 

S2-11 (see Fig. 4.3-3). 

In addition, Pb concentrations at locations S2-3, S2-4, S2-6, S2-7 

S2-8, and S2-11 were determined to range from 77 to 380 ug/g. The 

source of the lead may be runoff from areas where MOGAS or AVGAS was 

used for fire training activities and disposed of in landfills. In 

addition, this stream flows adjacent to a highway, and surface runoff 

containing particulate lead from gasoline engines would enter the stream 

and be deposited in the sediments. The results of all sediment analyses 

completed as part of this study at MAFB are also presented in App. 0. 

In addition, the analytical results for all samples are presented in 

Table 4.3-4. 
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4.3.3 SITE 3—FPTA NO. 2 AND LANDFILL NO. 3 

The locations of the sampling points and detectable concentrations of 

various analytes at Site 3 are presented in Fig. 4.3-4. The pH values 

determined for these samples (5.2 through 5.9) are outside the range 

recommended (6.5 to 8.5) by NSDWR. The values seem typical for the MAFB 

ground water and probably represent background levels. 

Concentrations of barium (Ba), Zn, iron (Fe), nitrate (NO3), and 

sulfate (SO4) were detected in samples from Site 3. None of these 

parameters, except Fe in MW3-1, exceeded NIPDWR or NSDWR standards or 

the criteria for the protection of freshwater aquatic life or human 

health. Fe, detected at a concentration of 568 ug/1, exceeded the NSDWR 

standard of 300 ug/1. The concentrations determined are probably 

representative of background levels. 

Phenol values were determined to vary from <1 ug/1 to 6 ug/1. These 

values are probably representative of background levels. 

TOX values of 21 to 32 ug/1 were detected in ground waters at Site 3. 

These values do not necessarily indicate the presence of significant 

chlorinated organic compounds, as positive interferences may be 

represented• 

TOC concentrations range from 1.4 mg/1 to 3.5 mg/1. These concentra¬ 

tions are considered background levels for the site. 

Lindane was detected at concentrations of 0.17 and 1.3 ug/1 in 

downgradient wells 3-3 and 3-2, respectively. Analyses were performed 

using a second GC column to confirm the existence of lindane in the 

samples. The second column was used to confirm the presence of the 

lindane in the sample. Lindane concentrations were not calculated from 

the second column chromatogram because the second column is normally 

used only to confirm the presence of a compound. 
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Table 4.3-4. Analytical Results for Ground Water Samples from Site 3 

Parameters 

Sample Location 

GW 3-1 GW 3-2 GW 3-3 

pH, field (std units) 

Arsenic, diss. (ug/1) 

Barium, dise, (ug/1) 

Cadmium, diss. (ug/1) 

Copper, diss. (ug/1) 

Chromium, diss. (ug/1) 

Iron, diss. (ug/1) 

Mercury, diss. (ug/1) 

Nickel, diss. (ug/1) 

Lead, diss. (ug/1) 

Silver, diss. (ug/1) 

Zinc, diss. (ug/1) 

Nitrogen, NO2 ■ NO3 
(mg/l-as N) 

Sulfate (mg/1) 

Residue, diss. (rag/1) 

Phenols (ug/1) 

Oil & Grease, IR (mg/1) 

TOX (ug/l-CL) 

Carbon, TOC (mg/1) 

Endrin (ug/1) 

BHC,G (Lindane)(ug/1) 

Methoxychlor (ug/1) 

Toxaphene (ug/1) 

2,4-D, total (ug/1) 

2,4,5-TP/silvex (ug/1) 

Fluoride (rag/1) 

Sp. Cond., field (umhos/cm) 

Water Temp. (°C) 

Selenium, diss. (ug/1) 

Cyanide (ug/1) 

5.60 5.20 5.90 

NDt ND ND 

30 19 33 
ND ND ND 

ND ND ND 

ND ND ND 

568 70 91 

ND ND ND 

ND ND ND 

ND ND ND 

ND ND ND 

48.7 ND 17.8 

0.085 0.712 0.655 

41 14 43 

101 55 145 

6 ND 6 
ND ND ND 

32 25 21 

3.5 1.4 3.2 

ND ND ND 

ND 1.3 0.17 

ND ND ND 

ND ND ND 

ND ND ND 

ND ND ND 

0.15 ND 0.11 

91.0 67.0 264 

17.0 17.6 16.4 

ND ND ND 

ND ND ND 

*GW3-1 indicates a ground water sample from Monitor Well 1 at Site 3. 

tND a Not detected. 

Source: ESE, 1985. 
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The lindane values obtained are less than the 4-ug/l criterion 

promulgated under NIPDWR but exceed the concentrations recommended for 

the protection of human health* Tha detection of lindane is indicative 

of low-level ground water contamination, probably from items formerly 

buried in Landfill No* 3* 

4.3*4 SITE 4—FPTA NO. 1 

The locations of MW4-1, 4-2, and 4-3, along with detectable 

concentrations of various analytes, are presented in Fig. 4.3-5. In 

addition, the analytical results for all ground water samples from 

Site 4 are presented In Table 4.3-5* 

As with prior sites discussed, the pH values at Site 4 are less than the 

recommended range under NSDWR. This is indicative of the 

acidic-trending ground water found under the installation. 

Low-level concentrations of Ba, Fe, Zn, NO3, SO4, and phenols were 

detected at Site No. 4. The concentrations detected were all less than 

applicable standards or criteria and probably represent background 

levels. 

TOX concentrations ranging from 16 to 26 ug/1 were determined. These 

concentrations do not necessarily represent high concentrations of 

chlorinated organic compounds, since positive interferences may be 

occurring. 

TOC values ranged from 1.9 to 4.9 mg/1 and are not indicative of large 

sources of available organic carbon in the ground water. These 

concentrations are probably representative of background levels. 

4.3.5 SITE 5—LANDFILLS 4, 5 , AND 6 

The locations of MW5-1 through MW5-5, along with detectable 

concentrations of various analytes, are presented in Fig. 4.3-6. The 

analytical results for all ground water samples collected at Site 5 are 

presented in Table 4.3-6. 

¥. 
i 
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Table 4.3-5. 
Analytical Results for Ground Water Samples from Site 4 

, Parameters 

_Sample Location_ 

GW4-1* GW4-2 GW4-3 

pH, field (std units) 

Arsenic, diss. (ug/1) 
Barium, diss. ( ug/D 

Cadmium, diss. (ug/1) 

Copper, diss. (ug/1) 

Chromium, diss. (ug/1) 

Iron, diss. (ug/1) 

Mercury, diss. (ug/1) 

Nickel, diss. (ug/l) 

Lead, diss. (ug/1) 

Silver, diss. (ug/1) 

Zinc, diss. (ug/1) 

Nitrogen, NC>2 * NO3 
(rag/l-as N) 

Sulfate (mg/1) 

Residue, diss. (mg/1) 

Phenols (ug/1) 

Oil & Grease, IR (mg/1) 

TOX (ug/l-CL) 

Carbon, TOC (rag/1) 

Endrin (ug/1) 
BHC,G (Lindane)(ug/1) 

Methoxychlor (ug/i) 

Toxaphene (ug/1) 

2,4-D, total (ug/1) 

2,4,5-TP/silvex (ug/1) 

Fluoride (rag/1) 
Sp. Cond., field (umhos/cm) 

Water Temp. (°C) 

Selenium, diss. (ug/1) 

Cyanide (ug/1) 

5.60 5.50 5.20 

NDt ND ND 

74 32 22 

ND ND ND 
ND ND ND 

ND ND ND 

5 ND ND 

ND ND ND 

ND ND ND 
ND ND ND 

ND ND ND 

5.6 ND ND 

0.802 0.567 0.749 

80 60 150 

121 69 76 

8 1 3 
ND ND ND 

26 20 16 

4.9 1.9 2.8 
ND ND ND 

ND ND ND 
ND ND ND 

ND ND ND 

ND ND ND 

ND ND ND 

ND ND 0.12 

149 88.0 92.0 

19.0 19.9 17.1 

ND ND ND 
ND ND ND 

*GW4-1 indicates a ground water sample from Monitor Well 1 at Site 4 

TND = Not detected. 

Source: ESE, 1985. 
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Figure 4.3-6 
DETECTABLE CONCENTRATIONS OF 
VARIOUS ANALYTE.X IN GROUND WATERS 
AT SITE 5, LANDFILLS 4, 5, AND 6 

INSTALLATION 
RESTORATION PROGRAM 

Maxwell Air Force Base 

4-29 



Table 4.3-6. Analytical Results for Ground Water Samples from Site 5 

Parameters 

Sample Location 

GW5-Ï* GW5-2 GW5-3 GW5-4 GW5-5 

pH, field (std units) 

Arsenic, diss. (ug/1) 

Barium, diss. (ug/1) 

Cadmium, diss. (ug/1) 

Copper, diss. (ug/1) 

Chromium, diss. (ug/1) 

Iron, diss. (ug/1) 

Mercury, diss. (ug/1) 

Nickel, diss. (ug/1) 

Lead, diss. (ug/1) 

Silver, diss. (ug/1) 

Zinc, diss. (ug/1) 

Nitrogen, NO2 « NO3 
(rag/l-as N) 

Sulfate (rag/1) 

Residue, diss. (mg/1) 

Phenols (ug/1) 

Oil & Grease, IR (rag/1) 

TOX (ug/l-CL) 

Carbon, TOC (mg/1) 

Endrin (ug/1) 

BHC,G (Lindane)(ug/1) 

Methoxychlor (ug/1) 

Toxaphene (ug/L) 

2,4,5-TP/silvex (ug/1) 

2,4-D, Total (ug/L) 

Fluoride (rag/1) 

Sp. Gond., field (urahos/cra) 

Water Temp. (°C) 

Selenium, diss. (ug/1) 

Cyanide (ug/1) 

5.70 

NDt 

19 

ND 

ND 

ND 

60 

ND 

ND 

ND 

ND 

ND 

0.462 

18 

92 

3 

ND 

34 

1.4 

ND 

0.17 

ND 

ND 

ND 

ND 

0.14 

146 

16.7 

ND 

ND 

5.30 

ND 

41 

ND 

ND 

ND 

22 
ND 

ND 

ND 

ND 

10.6 
0.252 

27 

122 
2 

ND 

32 

3.4 

ND 

0.26 

ND 

ND 

ND 

ND 

ND 

186 

17.5 

ND 

ND 

5.70 

ND 

25 

ND 

ND 

ND 

199 

ND 

ND 

ND 

ND 

21.3 

0.597 

44 

150 

5 

ND 

36 

3.2 

ND 

1.3 

ND 

ND 

ND 

ND 

ND 

170 

18.1 

ND 

ND 

4.80 

ND 

26 

ND 

ND 

ND 

253 

ND 

ND 

ND 

ND 

ND 

1.03 

11 
63 

2 
ND 

49 

<1.4 

ND 

1.5 

ND 

ND 

ND 

ND 

ND 

79.0 

16.6 

ND 

ND 

4.60 

ND 

23 

ND 

ND 

ND 

<4 

ND 

ND 

ND 

ND 

3.8 

0.360 

30 

74 

3 

ND 

23 

ND 

ND 

0.34 

ND 

ND 

ND 

ND 

ND 

36,0 

16.1 

ND 

ND 

*GW5-1 indicates a ground water sample from Monitor Well 1 at Site 5. 

tND = Not detected. 

Source: ESE, 1985. 
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The pH values for ground waters at Site 5 vary from 4.6 to 5.7. These 

values are considered to be representative of the background pH. 

Concentrations of Ba, Fe, Zn, N03, S04. and phenols are detectable 

in many of the wells at Site 5. The concentrations detected are less 

than the standards for tilPDWR and NSDWR or the criteria for protection 

of freshwater aquatic life or human health. The concentrations detected 

are representative of background levels. 

TOX values range from 23 to 49 ug/1. The 49-ug/l concentration was 

detected in the well (MW5-4) immediately adjacent to and downgradient of 

the current landfill. This value may be indicative of the presence of 

chlorinated organic compounds as contaminants. Additional analyses (ERA 

Methods 601 and 602) will be required to confirm these results. 

TOC values at Site 5 vary from <1.4 mg/1 to 3.4 mg/1. These values are 

considered background and do not indicate a large availability of 

organic carbon in the ground waters downgradient from the site. The 

pesticide lindane was detected in the ground water samples from all five 

monitor wells at concentrations ranging from 0.17 ug/1 to 1.5 ug/1. 

This indicates low-level contamination of the ground waters at Site 5. 

The concentrations detected are less than allowable under NIPDWR 

standards; however, they do exceed the maxima recommended for the 

protection of human health. These waters are not used on MAFB as a 

source of drinking water, and no private potable wells are located 

downgradient of this site. 

4.3,6 SITE 6—C.E. DRUM STORAGE AREA 

The locations of MW6-1, MW6-2, and MW6-3 and detectable concentrations 

of various analytes in the ground water at Site 6 are presented in 

Fig. 4.3-7. The analytical results for all ground water samples from 

Site 6 are presented in Table 4.3-7. 
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Table 4.3-7. Analytical Results for Ground Water Samples from Site 6 

Parameters 

Sample Location 

GW6-1* GW6-2 GW6-3 

pH, field (std units) 

Arsenic, diss. (ug/1) 

Barium, diss. (ug/1) 

Cadmium, diss. (ug/1) 

Copper, diss. (ug/1) 

Chromium, diss. (ug/1) 

Iron, diss. (ug/1) 

Mercury, diss. (ug/1) 

Nickel, diss. (ug/1) 

Lead, diss. (ug/1) 

Silver, diss. (ug/1) 

Zinc, diss. (ug/1) 

Nitrogen, NO2 » NO3 
(mg/l-as N) 

Sulfate (rag/1) 

Residue, diss. (rag/1) 

Phenols (ug/1) 

Oil & Grease, IR (rag/1) 

TOX (ug/l-CL) 
Carbon, TOC (rag/1) 

Endrin (ug/1) 

BHC,G (Lindane)(ug/1) 

Methoxychlor (ug/1) 

Toxaphene (ug/L) 

2,4-D Total (ug/L) 

2,4,5-TP/silvex (ug/1) 

Fluoride (mg/1) 

Sp. Cond., field (umhos/cm) 

Water Terap. (°C) 

Selenium, diss. (ug/1) 

Cyanide (ug/1) 

5.90 

NDt 

50 

ND 

ND 

ND 

ND 

ND 

13 

ND 

ND 

26.7 

0.604 

14 

304 

3 

ND 

14 

15.7 

ND 

ND 

ND 

ND 

ND 

ND 

0.14 

430 

17.2 

ND 

ND 

4.80 

ND 
252 

ND 

ND 

ND 

ND 

ND 

23 

ND 

ND 

62.6 

3.78 

48 

262 

2 
ND 

24 

12.6 
ND 

ND 

ND 

ND 

ND 

ND 

ND 

241 

18.2 

ND 

ND 

5.70 

ND 

120 
ND 

ND 

ND 

ND 

ND 

25 

ND 

ND 

38.2 

1.50 

226 

224 

3 

ND 

36 

5.1 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

336 

18.3 

ND 

ND 

*GW6-1 indicates a ground water sample from Monitor Well 1 at Site 6. 
ÎND = Not detected. 

Source: ESE, 1985. 
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The pH values at Site 6 range from 4.8 to 5.9. These values are 

considered background for the site and are acceptable even though they 

are outside the 6.5-to-8.5-range specified under NSDWR. 

Ba, Zn, NO3, SO4, and phenols were determined at various concentrations 

in the samples. The concentrations were all less than the levels 

allowable under NIPDWR, NSDWR, and the criteria for the protection of 

freshwater aquatic life and human health. Nickel (Ni) concentrations 

of 13, 23, and 25 ug/l were detected in the samples. Although these 

concentrations are less than the criteria for the protection of 

freshwater life, the two higher values exceed the human-health criterion 

of 13.4 ug/l. No potable water wells are located downgradient of this 

area, and any ground water entering the Alabama River would probably be 

diluted to values conforming to the acceptable criteria range. These Ni 

concentrations may be representative of background concentrations, since 

no prior sources are known at this site. 

TOX concentrations at Site 6 vary from 14 to 36 ug/l and may be 

indicative of positive method interferences rather than ground water 

contamination by chlorinated organic compounds. 

TOC concentrations range from 5.1 to 15.7 mg/1. These concentrations 

are relatively elevated when compared to other TOC values in ground 

waters at MAFB. Although Site 6 formerly' received spillage from 

petroleum products directly on the soils, the elevated values possibly 

represent only limited migration of these petroleum products into the 

ground water because oil and grease values are less than 0.1 mg/1. 

These values would be indicative of other organic compounds in the 

ground water at this site. 

4.3.7 SITE /--LANDFILL NO. 2 

The locations of MW7-1, MW7-2, and MW7-3, along with detectable 

concentrations of various analytes, are presented in Fig. 4.3-8. The 

analytical results for all ground water samples from Site 7 are 

presented in Table 4.3-8. 
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Table 4.3-8. Analytical Results for Ground Water Samples from Site 7 

Parameters 

_Sample Location_ 

GW7-1* GW7-2 GW7-3 

pH, field (std units) 

Arsenic, diss. (ug/1) 

Barium, diss. (ug/1) 

Cadmium, diss. (ug/1) 

Copper, diss. (ug/1) 

Chromium, diss. (ug/1) 

Iron, diss. (ug/1) 

Mercury, diss. (ug/1) 

Nickel, diss. (ug/1) 

Lead, diss. (ug/1) 

Silver, diss. (ug/1) 

Zinc, diss. (ug/1) 

Nitrogen, NO2 ■ NO3 
(rag/l-as N) 

Sulfate (rag/1) 

Residue, diss. (mg/1) 

Phenols (ug/1) 

Oil & Grease, IR (mg/1) 

TOX (ug/l-CL) 

Carbon, TOC (mg/1) 

Endrin (ug/1) 

BHC,G (Lindane)(ug/1) 

Methoxychlor (ug/1) 

Toxaphene (ug/L) 

2,4-D Total (ug/L) 

2,4,5-TP/silvex (ug/1) 

Fluoride (mg/1) 

Sp. Cond., field (umhos/cm) 

Water Temp. (°C) 

Selenium, diss. (ug/1) 

Cyanide (ug/1) 

4.60 

NDt 

49 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

2.43 

4.80 

ND 

31 

ND 

3.1 

ND 

66 
ND 

ND 

5.90 

ND 

117 

ND 

ND 

ND 

7,200 

ND 

ND 

ND ND 

ND ND 

13.1 101 

1.37 0.581 

7 23 

51 71 

1 3 

ND ND 

12 30 

2.4 ND 

ND ND 

ND ND 

ND ND 

ND ND 

ND ND 

65 

136 

3 

ND 

10 
3.9 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

56.0 

18.5 

ND 

ND 

0.11 
102 
18.4 

ND 

ND 

1.09 

260 

19.9 

ND 

ND ND ND 

*GW7-1 indicates a ground water sample from Monitor Well 1 at Site 7. 

tND = Not detected. 

Source: ESE, 1985. 
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As „Ith the other sites previously discussed, the pH of ground waters at 

Site 7 is acidic and ranges from 4.6 to 5.9. Other detectable 

parameters including Ba, S04, Zn, N03, and phenols were found at 

concentrations within the acceptable limits under NIPDWR, NSDWR, and the 

criteria for the protection of freshwater life and human health. 

Concentrations of Fe at Site 7 varied from <4 ug/1 at MW7-1 to 

7,200 ug/1 at MW7-3. The higher value exceeds the concentration under 

NSDWR. NSDWR is primarily for aesthetic or organoleptic qualities and 

does not necessarily represent values which will cause potential human- 

health problems. The high Fe value is indicative of limited ground 

water contamination at the site* 

TOX concentrations range from 10 to 30 ug/1. These concentrations 

may represent positive interference or background and do not necessarily 

indicate the presence of significant chlorinated organic compounds in 

the shallow aquifer. 

The TOC values range from <1.7 to 3.9 mg/1. These values are 

representative of background TOC levels in the ground water at Site 2. 
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5.0 ALTERNATIVE MEASURES 

Three categories of alternatives are possible for the sites 

investigated : 

I. Take no farther action; 

II. Conduct farther monitoring to determine the need, if any, of 

cleanup; or 

III. Undertake corrective actions to mitigate any contamination. 

Category I (No Farther Action) is appropriate for sites where there is 

little, if any, evidence to indicate that the site is or will ever be a 

source of significant contamination. This is a difficult decision in 

that one can never be absolutely sure no problem will ever exist at a 

site. However, reasonable judgments must be made so that resources can 

be allocated to sites that have the highest potential for environmental 

or human-health problems. 

Category II (Additional Monitoring) is appropriate where insufficient 

evidence exists to place a site in either Category I or III. This 

category should be utilized with care since there is some risk that 

delay could allow contamination to spread and worsen the problem. That 

goal should be to gather enough evidence in a timely manner to resolve 

the question of whether or not the site should be cleaned up. 

Category III (Mitigation) is appropriate where there is clear 

indication that current or future human or environmental problems will 

exist. The priority for actions would depend on the magnitude of the 

threat and whether that threat was current or future. Mitigative 

actions may include (but are not limited to) removal, containment, 

treatment, or stabilization of the contamination. 
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Category II (Additional Monitoring) is judged to be the only appropriate 

alternative for three of the seven Phase II, Stage 1 sites at MAFB. 

These sites are: 

1. Site 2, Surface Drainage System (surface water and sediments); 

2. Site 3, FPTA No. 2 and Landfill No. 3; and 

3. Site 5, Landfills 4, 5, and 6. 

Criteria for recommending additional analyses for these zones are listed 

below. 

1. Results reported for one or more screening or specific 

parameters at one or more sampling locations within the zone 

are positive and indicate that contamination may exist within 

the zone ; 

2. Existing information, particularly the records search, 

indicates that the contaminants of concern may have been 

disposed of or spilled within the zone; and 

3. Available data for the site are insufficient to proceed to 

Category I (No Further Action) or Category III (Mitigativa 

Action). 

Recommendations for additional monitoring at the sites listed above are 

given in Sec. 6.0. 

Two alternatives were considered for the remaining four sites— 

Category II (Additional Monitoring) and Category I (No Further Action) . 

These sites include: 

1. Site 1, Electroplating Waste Disposal Areas; 

2. Site 4, FPTA No. 1; 

3. Site 6, C.E. Drum Storage Area; and 

4. Site 7, Landfill No. 2. 

The three criteria listed previously were used to decide whether these 

sites would be recommended for additional analyses or for no further 

action. 
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These sites were dropped from further consideration based on the fact 

that the first set of screening samples did not indicate the présence of 

contaminants in the ground water at the sites. 



6.0 CONCLUSIONS AND RECOMMENDATIONS 

6.1 CONCLUSIONS 

Most evidence of ground water and surface water contamination at MAFB is 

based on general screening analyses. These analyses have the advantage 

of relatively low cost, but they do not identify specific compounds. 

Analyses for phenolics and TOC measure classes of compounds, portions of 

which are synthetic organic compounds and portions of which are the 

result of the natural decay of organic matter. TOX is a measure of 

total organic halogens which are mostly synthetic. As discussed in 

Sec. 4.3.1, the TOX data suggest a positive interference most likely 

caused by inorganic halides. 

A conservative attitude requires that positive results be investigated 

via expanded sets of analyses. Since the suspected positive TOX 

interference can be neither verified nor quantified, this assumption 

also holds for TOX data. An exception to this approach to TOX can be 

made in cases where the Phase I records search and all other available 

information indicate that there were no significant quantities of 

halogenated organic compounds used, spilled, or disposed of at the study 

site . 

Indications of organic contamination in ground water require analyses 

for purgeable organics, base/neutral extractable organic compounds, and 

acid extractable organic compounds which are three groups of the EPA 

Priority Pollutant List. Approximately one-third of the base-neutral 

extractable organics are halogenated and, in theory, should be detected 

by the TOX analysis. Acid extractable organics are all phenolic 

compounds or creosols. The expanded set of analyses would again include 

metals, cyanides, and pesticides, based on the Phase I record search 

information and the screening analysis conducted in Phase II, Stage 1. 



Field measurement of pH and specific conductance for all water samples 

are included with recommended analyses since these are generally 

performed at no additional cost and can provide useful information. 

6.2 RECOMMENDATIONS 

This section presents recommendations for Phase II, Stage 2 work at MAFB 

on a site-by-site basis. One or both of the following criteria were 

used in selection of Phase II, Stage 2 sampling locations for specific 

zones : 

1. Phase II, Stage 1 sampling locations which indicated the 

greatest potential for contamination were recommended for 

further analyses; and 

2. Locations where samples were not collected during Phase II, 

Stage 1 and, based on the results obtained in the study, might 

provide additional useful information. 

6.2.1 SITE 2—SURFACE WATER DRAINAGE SYSTEM 

The surface water monitoring program should be expanded to include three 

additional sites. The new surface water monitoring sites are included 

in Fig. 6.2-1. Samples should be collected and analyzed for purgeable 

organics, base/neutral extractables, organics, acid extractables, 

pesticides, and metals to determine specific contaminants in the surface 

waters. A summary of the analyses recommend for Site 2 during the MAFB 

Phase II, Stage 2 study is presented in Table 6.2-1. New data should be 

examined and compared with previous data to determine if As 

concentrations are consistently higher at onbase locations. Field pH 

and specific conductivity should be determined during sampling. 

Additional data searching should be performed to determine the source of 

As and Hg in the surface water samples. Based on the results of these 

analyses, additional actions may be necessary. 

The sediment monitoring program should also be continued. Additional 

sediment sampling sites should be added to determine if the Hg and Pb 

concentrations are indicative of contamination or natural background. 
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The new sediment sampling sites should be located upstream of S2-1 

(1 new site), upstream of S2-4 (2 new sites), downstream of S2-6 (1 new 

site), downstream of S2-8 (1 new site), and downstream of S2-11 (see 

Figure 6.2-2). Based on the results of these analyses, additional 

actions may be necessary. 

6.2.2 SITE 3—FPTA NO. 2 AND LANDFILL NO. 3 

Ground water samples should be collected at MW3-1, MW3-2, and MW3-3. 

These samples should be analyzed for purgeable organics, base/neutral 

extractable organics, acid extractable organics, pesticides, Fe, Cd, Cu, 

Ni, Cr, and field pH and specific conductance. A summary of the 

analyses recommended for Site 3 during the MAFB Phase II, Stage 2 study 

are presented in Table 6.2—1. Based on the results of these analyses, 

additional actions may be necessary. 

6.2.3 SITE 5—LANDFILLS 4, 5, AND 6 

Ground water samples should be collected at MW5-1, MW5-2, and MW5-3. 

These samples should be analyzed for purgeable organics, base/neutral 

extractable organics, acid extractable organics, pesticides, Fe, Cd, Cu, 

Ni, Cr, field pH, and specific conductance. Based on the results of 

these analyses, additional actions may be necessary. 

A summary of the analyses recommend for Site 5 during the MAFB Phase II, 

Stage 2 study is presented in Table 6.2-1. 
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APPENDIX A—GLOSSARY OF TERMINOLOGY, ABBREVIATIONS, 

AND ACRONYMS 



APPENDIX A 

AFB 

AFESC 

Ag 

As 

AU 

Ba 

Cd 

C.E. 

°C 

CERCLA 

cm 

CME 

CN 

Contain! nation 

Cr 

Cu 

GLOSSARY OF TERMINOLOGY, ABBREVIATIONS, 

AND ACRONYMS 

Air Force Base 

Air Force Engineering and Service Center 

Chemical symbol for silver, a metal used in 

photographic emulsions and other industrial 

operations; toxic to humans and aquatic life at low 
concentrât!ons 

Chemical symbol for arsenic 

Air University 

Chemical symbol for barium 

Chemical symbol for cadmium, a metal used in 

batteries and other industrial applications; highly 

toxic to humans and aquatic life 

Civil Engineering 

degrees Celsius 

Comprehensive Environmental Response, Compensation, 

and Liability Act 

Centimeter(s) 

Central Mine Equipment 

Cheraicl symbol for cyanide 

Degradation of natural water quality to the extent 

that its usefulness is impaired; degree of 

permissible contamination depends on intended use of 
water 

Chemical symbol for chromium, a metal used in 

plating, cleaning, and other industrial applications; 
highly toxic to aquatic life at low concentrations, 

toxic to humans at higher levels 

Chemical symbol for copper 

A-l 



DEQPPM Defense Environmental Quality Program Policy 

Memorandum 

Det. 

Disposal of 
hazardous waste 

D0D 

Downgradient 

EM 

EPA 

ES 

ESE 

0 F 

F 

Fe 

F PT A 

ft 

gpm 

HARM 

Hazardous waste 

Detachment 

Discharge, deposit, injection, dumping, spilling, or 

placing of any hazardous waste into or on land or 

water so that such waste, or any constituent thereof, 

may enter the environment, be emitted into the air, 

or be discharged into any waters, including ground 

water 

Department of Defense 

In the direction of decreasing hydraulic static head; 

the direction in tfiich ground water flows 

Electromagnetic 

Ü.S. Environmental Protection Agency 

Engineering-Science 

Environmental Science and Engineering, Inc. 

degrees Fahrenheit 

Chemical symbol for fluoride 

Chemical symbol for iron, a metal commonly found in 

water as ã consequence of dissolution of geologic 

materials; relatively nontoxic 

Fire Protection Training Area 

Foot (feet) 

Gallon(s) per minute 

Hazard Assessment Rating Methodology 

As defined in RCRA, a solid waste of combination of 

solid wastes vfoich because of its quantity, 
concentration, or physical, chemical, or infectious 

characteristics may cause or significantly contribute 

to an increase in mortality or an increase in 
serious, irreversible, or incapacitating reversible 

illness; or pose a substantial present or potential 

hazard to human health or the environment fchen 

improperly treated, stored, transported, disposed of, 

or otherwise managed 



Hg 

IXA 

IRP 

LAW 

lb 

MAFB 

HAJCOM 

MCL 

rag/1 

MSL 

Chemical symbol for mercury 

Initial Installation Assessment 

Installation Restoration Program 

Law Engineering Testing Company 

Pound(s) 

Maxwell Air Force Base 

Major Command 

Maximum contaminant level 

Milligram(s) per liter 

Mean sea level 

MW 

NGV D 

Ni 

NIPOWR 

NO3 

Monitor well 

National Geodetic Vertical Datura 

Chemical symbol for nickel, a metal used in 

batteries, plating, and other industrial 

applications; highly toxic to humans and aquatic 

life 

National Interim Primary Drinking Water Regulations 

Chemical formula for nitrate, a common anion in 

natural water 

NPDES 

NSDWR 

OEHL 

Pb 

pH 

QA/QC 

RCRA 

Se 

National Pollutant Discharge Elimination System 

National Secondary Drinking Water Regulations 

Occupational and Environmental Health Laboratory 

Chemical symbol for lead, a metal additive to 

gasoline and used in other industrial applications; 

toxic to humans and aquatic life; bioaccuraulates 

Negative logarithm of hydrogen ion concentration; 

an expression of acidity or alkalinity 

Quality assurance/quality control 

Resource Conservation and Recovery Act 

Chemical symbol for selenium, a metal with numerous 

applications as a catalyst; toxic to humans and 

aquatic life 
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so4 Chemical formula for sulfate, a common anion in 
sea water 

IDS Total dissolved solids 

TOC 

TOE 

TOX 

2,4-D 

2,4,5-TP 

ug/g 

ug/1, 

USAF 

Total organic carbon 

Total organic extractables 

Total organic halogens 

2,4-Dichlorophenoxyacetic acid 

2,4,5-Trichlorophenoxyacetic acid 

Microgram(s) per gram 

Microgram(s) per liter 

'J.S. Air Force 

USGS U.S. Geological Survey 

Zn Chemical symbol of zinc, a metal with a wide variety 
of industrial applications, particularly corrosion- 
resistant; highly toxic to aquatic life, slightly 
toxic to humans at high dose levels 



APPENDIX B—RESUMES OF KEY PROJECT PERSONNEL 



JOHN D. BONDS, Ph.D. 
Senior Scientiat/Project Manager 

E5E 
PROFESSIONAL 

RESUME 

SPECIALIZATION 
Project Management, Atmospheric Chemistry, Water Chemistry, Industrial 
Hygiene, Quality Assurance, Hazardous Waste 

'recent EXPERIENCE 
Initial Assessment for Hazardous Wastes at Army Installations, Team 
Leader—'Comprehensive study at 48 Army installations to determine both 
past and present history with respect to the use of hazardous 
substances, quantities used, disposal methods and disposal sites. Also 
includes a current assessment of safety practices and compliance with 
regulations. 

Initial Assessment Studies for the United States Air Force, Team 
Leader—Comprehensive studies at 2 Air Force bases to determine both 
past and present history with regard to the use and disposal of toxic 
and hazardous materials. Conducted in accordance with the Department 
of Defense Installation Restoration Program policies. 

Initial Assessment Studies for the Naval Energy and Environmental 
Support Activity, Team Leader—Evaluating 2 Naval installations with 
regard to past hazardous waste generation, storage, treatment, and 
disposal practices. Investigations include records review, aerial and 
ground site surveys, employee interviews, and limited sampling and 
analysis including geophysical techniques. Determine extent of 
contamination at former disposal/spill sites, potential for contaminant 
migration, and potential effects on human health and the environment. 

Phase II Confirmation Studies to Determine the Presence and Migration 
of Hazardous Wastes from Military Installations, Team Leader—Five 
comprehensive field studies to determine the actual sites where 
hazardous substances were used, their current concentrations in soils, 
surface waters and groundwater, and an assessment of the quantities 
which may migrate from the installation. The study also included 
recommendations for decontamination operations. 

Determination of Hazardous Chemicals in Landfills, Project Manager— 
Several studies in which field sampling techniques and laboratory 
methods were developed to determine the existence and concentrations of 
explosive gases generated by landfill operations, priority pollutants 
escaping to the atmosphere and contaminating the groundwater. 

Preparation of Quality Assurance Guidelines for EPA Project Officers, 
Project Manager—Preparation of QA guidelines far use by EPA project 
officers in selecting contractors for projects requiring sampling and 
analysis. Also included guidelines for quality assurance audits of the 
field sampling and analysis portion of any awarded contract. EPA 
publication 600/9-79-046 entitled Quality Assurance Guidelines for IERL- 
Ci Project Officers was produced under this project. 
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J.D. BONDS, Ph.D. 

Page 2 

Air Compliance Testing of Industrial Sources, Project Manager—Various 
projects involving compliance testing at petroleum refineries, Kraft 

pulp mills, power plants, iron and aluminum smelting operations, and 

various other industries. 

Ambient Air Monitoring, Project Manager—Various projects to determine 

ambient air concentrations of sulfur oxides, particulates, nitrogen 

oxides, carbon monoxide, photochemical oxidants, priority pollutant 

organics, and hydrocarbons. 

EDUCATION 
Ph.D. 1969 Analytical Chemistry University of Alabama 

B.S. 1963 Chemistry University of Alabama 

U.S. EPA Air Pollution Training Institute: Quality Assurance for Air 

Pollution Measurement Systems—workshop graduate (1977) 

ASSOCIATIONS 
American Chemical Society 

American Industrial Hygiene Association 

Air Pollution Control Association 

REPORTS AND PUBLICATIONS 
More than 50 reports and publications on Installation Assessments, 

source air emissions, hazardous materials and quality assurance. 

k 
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MOFESSiOViAL 
RESUME 

«BOUGE POSTEE 

Geologist 

SPECIALIZATION 
Geology, Clay Mineralogy, and Portland Cement Chemistry 

RECENT EXPERIENCE 
United States Air Force, Maxwell AFB, Team Hydrogeologist— 

Served as hydrogeologist for the pre-performance survey and prepared 
detailed plans for the emplacement of monitor wells around hazardous 
waste disposal areas on the installation. 

University of Florida, Graduate Teaching Assistant—Responsible for X- 
ray analysis, clay mineralogy, and engineering geology. Also acted as 
Lab Instructor for clay mineralogy. 

Analex, Aurora, Colorado, Well-Site Geologist-Responsible for 
collecting and logging drill cuttings, monitoring downhole gases and 
drill rates, and observing DSTs and corings. 

Florida Mining and Materials Corp., Brooksville, Florida, Lab 

Technician—Responsibilities included testing and quality control of 
Portland cement raw materials and microscopic analysis of cement 
clinker. 

EDUCATION 

M.S. 1984 Geology/Clay Mineralogy 
B.A. 1980 Geology 

University of Florida 
University of South Florida 
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MICHAEL J. CEDEN, B.S. 

Hater Resources 
PROFESSIONAL 

RESUME 

. SPECIALIZATION 
Geophysical Investigation, Geologic Structure and Process, 

Geomorphology, Field Sampling and Techniques 

HECENT EXPERIENCE 
Ohio Super fund Site, Task Manager—Conducted a mult itechnique 

geophysical survey at an abandoned hazardous waste site in northeastern 

Ohio. Also supervised installation of monitoring wells. 

Solite Corporation, Project Geologist—Conducted a geophysical survey 

at a hazardous waste site in northeast Florida. Sampled surface and 

ground water and installed monitoring wells. 

Pinellas County, Subproject Manager—Geophysical survey of refuse-to- 

energy plant and active landfills. Design and installation of ground 

water monitoring wells. Aquifer testing and analysis through use of 

single well slug tests. 

Geophysical Investigations for Uncontrolled Disposal Site, Scientist 

Conducted investigations to locate buried drums using remote sensing 

techniques. More than 1,000 drums were located and excavated. 

Midwest Manufacturer, Project Scientist—Installation and sampling of 

ground water monitor wells to determine extent of ground water 

contamination. Aquifer testing and analysis through use of single well 

slug tests. 

Florida Manufacturer, Associate Scientist—Conducted multitechnique 

geophysical survey. Design, construction, aquifer analysis, and 

sampling of ground water monitoring system to determine extent of 

subsurface contamination. 

Aero Corportion, Associate Scientist—Construction, aquifer analysis, 

and sampling of ground water monitor wells to determine effectiveness 

of wastewater treatment process. 

Ida-Con Corporation, Associate Scientist—Design, siting, construction, 

and sampling of ground water monitor wells to test effectiveness of 

surface water retention ponds. 

Seminole Electric Cooperative, Project Scientist—Installation and 

aquifer testing of ground water monitor wells as part of siting study 

for new electric-generating station. 

Alabama Army Ammunitions Plant Ground Water Monitoring, Associate 

Scientist—Installation, development, and sampling of ground water 

monitor wells and piezometric clusters. 
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Georgia Pacific, Associate Scientist—Installation and development of 

ground water monitor wells and piezometric transects in Santa Fe Swamp, 

USATHAMA-Ft, Navajo, Ft, Wingate, Bluegrass, Phoenix, AAAP, Lima, and 

Savannah Army Depots, Associate Scientist—Compilation and preparation 

of field drilling data for entry into U.S. Army computer system. 

General Electric Company, Project Scientist—Monthly sampling of ground 

water monitor wells to monitor integrity of surface chemical retention 
ponds.. 

EDUCATION 

B.S, 1979 Earth Science Northeastern Illinois University 
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ALLEN P. HUBBARD, B.S.E. ,P.E. ODnCCeeir-fcik 
Department Manager, Hazardous Materials Engineeriiu 

RESUME 
SPECIALIZATION 

Hazardous Waste Management, Remedial Actions, Industrial Waste 
Operations Design and Permitting 

RECENT EXPERIENCE 

Environmental Audits and Records Search of U.S. Army Facilities 

fgPîpl T^am Sagger-Served for two years on this project Co Assist 
he U.S. Array in its Installation Assessment Program. Project teams 

conduct onsite environmental surveys which assess current and past 
waste management activities at military installations. Hazardous and 
toxic waste management is emphasized. The team engineer inspects 

trearmrl?1f°P®vl:-0nS’ P0L storaSe and transfer facilities, wastewater 
rlnnrd faclll^es- RCRA permitting and compliance, status, central 
Interviews comPllanceof.transportation, property sales and disposal, 

erviews are conducted with current and former employees. In aP 
following report, recommendations are presented for upgrading to comply 
ith state, federal, and army regulations. Sites included; Fort 

Mr Pher a" ' rl Harrison, IN¡ Fort Leavenworth, KS ¡ Fort 
cPherson, GA ; Fort Knox, KY; and Fort Bragg, NC. 

Hazardous Waste Delisting Projects, Project Manager/Engineer—Four 

Protects r°er: t0r^ee PlantS in steel finishing5 indus try. 
Projects included negotiation with state and federal agencies (in 

to exclude^is ted ' Samp^lns and analysis, and formal petition documents 

40 CFR P«t 260 22 RCRA re^lations according to 

Evaluation ^nd Conceptual Design of Solid Waste Management facilities 
fgr Coal-Fired Power Plants. Project Engineer-Part gf eT7~r^ 

°£ Ím66 COal:fired generating stations for Florida Power 
Invotv d Atfanl:lc Clt>' Electric, and Soyland Electric Cooperative 
Involved in estimating ash characteristics and quantities evaluating' 
FGD processes, and conceptual design of flyash landfills/ S 

R£RA Closure Plans for Hazardous Waste Treatment and Storage 

:fP . ,!T’ Pr°’ect ManaSer/Engineer—nevelnpod five separate 

i D^r ivpearrd£ous waste treacraent-stora^- 
inning ^ ^ ‘ TyP °f 0Peratlons included hazardous waste 

Inventory, Tampa Bav Area Revinna, P, 

51¾¾¾¾¾¾ 
long survey of all hazardous waste generators sod TSDFs lB,'theeTBARFCar 
area. Includes evaluation of hazardous wastes at sanitary land™ 
and site surveys of abandoned dumps. Objectives are interference of 

„-T6 Eeneretion rate from a partial sample and IncatUn of 
table areas for siting of offsite storage or treatment facilities. 
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Hazardous Waste Remedial Action/Decontamination Study, Alabama Army 

Ammunition Plant, Project Engineer—Project to develop and implement 

corrective measures for decontamination of buildings, process 

equipment, sewers and soil to control surface water and ground water 
contamination at U.S. Army ammunition plant. Developed ^decontamination 

alternatives with consideration of risk, cost and technical 

feasibility. 

EDUCATION 
B.S.E. 1979 Environmental Engineering University of Florida 

REGISTRATION 
EIT 1979 Florida 

ASSOCIATION 
American Society of Civil Engineers 

PUBLICATIONS 
"Operating and Monitoring Requirements for Hazardous Waste Land 

Treatment Facilities." Hearne, S.R., P.E., Hubbard, A.P., Hart, 

Robin, Ph.D. Proceedings from National Conference on Risk and 
decision Analysis for Hazardous Waste Disposal. 1981. Sponsored 

by Hazardous Materials Control Research Institute. 

"Delisting Hazardous Wastes at Industrial Plants—Procedures and Case 
Study." Hubbard, A.P., Frey, E.E., Ruen, M.J. Proceedings of the 

Industrial Wastes Symposia, 55th Annual Conference of the Water 

Pollution Control Federation. 1982. 
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JOHN J. MODSA, Ph.D. 

Quality Assurance Manager 

PROFESSIONAL 
RESUME 

SPECIALIZATION 
Quality Assurance, Environmental Sampling and Analysis, Analytical 

Chemistry, Water Quality Assessment, Environmental Fate and 

Assessment Studies, Trace Organic Residue Analysis, Gas 

Chromatography and High-Pressure Liquid Chromatography 

RECENT EXPERIENCE 
ESE Corporate Quality Assurance Manager—Responsible for auditing 

quality control, implementation of department and division level QC 

programs, providing independent peer review of project deliverables. 

Research and Development—Responsible for staffing, direction, 
review and technical quality of projects involving environmental/ 

fate studies, trace organic residue analysis, environmental sampling 

and analysis, special instrumental techniques and analytical methods 

development. 

Remedial Investigation and Feasibility Study for the French Limited 

and Sikes Pit Abandoned Waste Disposal Sites, Quality Assurance 

Manager—Prepared QA plans and performed quality assurance/quality 

control duties for field sampling, analysis, and report preparation. 

Environmental Contamination Assessment of Army Munitions 
Manufacturing and Storage Facilities, Laboratory Manager/Subproject 

Manager—Managed laboratory analyses for four environmental 
assessment studies conducted for U.S. Army Toxic and Hazardous 

Materials Agency. Work involved methods development certification 

and trace organics analysis in water, soil, and sediment samples. 

Sampling and Analysis of Boundary Monitoring Wells, Project 

Manager—Sampling and analysis of ground water for trace organics 

and inorganics at industrial explosives manufacturing facility. 

Supervised methods documentation and analysis. 

Analytical Methods Development for Hazardous Compounds in Water and 

Soil, Project Manager—Development of analytical method for seven 

organic compounds at part-per-billion and part-per-million level in 

water and soil. Includes development of HPLC screening method for 

organics in water. Compounds include hazardous munitions and 

related degradation products. 

Effluent Guidelines BAT Review-Printing and Publishing and Gum and 

Wood Industries, Project Manager—Supervised and coordinated 

laboratory analyses for priority pollutants in industrial 

wastewaters. 
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EDUCATION 

Ph.D. 1973 Analytical Chemistry University of Florida 

B.S. 1970 Chemistry (Summe Cum Laude) University of Houston 

ASSOCIATIONS 

American Chemical Society 

Society of Environmental Toxicology and Chemistry (SETAC) 
American Society for Testing and Materials (ASTM) 

Phi Kappa Phi Honor Society 
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ENVIRONMENTAL SCIENCE AND ENGINEERING, INC. 

MEREDITH T. PARK, M.S. 
Professional Resume 

Areas of Specialization 

Hazardous Waste; Analysis, Field Investigation, and Contamination 
Assessment; Inorganic Chemistry; Marine Chemistry 

Experience 

Staff Scientist, Chemsitry Division, ESE, Gainesville, Florida, 1984- 
Present. Atomic Spectroscopy Department Manager, ESE, 1979-1984. 

Department of Defense (POD) Installation Restoration Program 
(IRP), Project Manager—Responsible for project/task management 
as well as task technical support within the program structure. 
IRP is the DOD identification and control program for past 
hazardous materials released at military facilities under 
CERCLA. 

Rocky Mountain Arsenal, Environmental Program, Task Manager— 
Managing ongoing task involving analtyical methods development 
and subsequent analysis of environmental soil and sediment 
samples . 

West Virginia Ordnance Works Environmental Survey, Task 
Manager—Managing ongoing 10,000-manhour comprehensive 
environmental contamination survey for the above CERCLA 
(Superfund) site, ranked 86th on the National Priorities List 
(NPL). 

Sharpe Army Depot, Task Manager—Managing ongoing chemical 
analysis task for ground water contamination assessment. 

Maxwell Air Force Base, Environmental Survey, Task Manager— 
Managing ongoing 1,000 manhour environmental survey involving 
analysis of surface water, sediments, and hazardous wastes. 

Aberdeen Proving Ground Environmental Survey. Project Manager— 
Managed 1,500-manhour exploratory ground water and surface water 
contamination survey at Edgewood Arsenal, Maryland. 

Volunteer Army Ammunition Plant, Task Manager—Managed chemical 
analysis task involving testing of ground waters and soil 
samples. 

Atomic Spectroscopy Department Manager—Responsible for trace 
metals analysis for a wide range of samples. Also responsible 
for analtyical methods development by atomic absorption and 
inductively coupled plasma emission spectroscopy. 
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M.T. Park 
Page 2 

Environmental Assessment Studies for Oil Recovery Steamflood 
Pro.ject in Sumatra, Indonesia, Project Chemist—Conducted water 
quality analysis of an oil field steamflood project for Caltex 
Pacific Indonesia. Instructed local technicians in chemical 
analyses and laboratory techniques. 

Florida Acid Deposition Study—Responsible for trace metals 
portion of a multiyear study investigating acid rain. Analyses 
performed using inductively coupled plasma emission spectroscopy 
and atomic emission spectroscopy. 

Florida Institute of Phosphate Research—Responsible for 
providing analytical support for a research study of the 
limnology of reclaimed lakes in central Florida. Supervised 
analysis of water and sediment samples by atomic absorption (AA) 
and by inductively coupled argon plasma (ICAP) spectroscopy. 

Hazardous Waste Characterization for RCRA Compliance, Project 
Manager—Ongoing project providing analytical services for 
clients filing applications or fulfilling monitoring program 
requirements for RCRA compliance. Involves élutriation of 
samples and subsequent analysis for trace metals and pesticides. 

Laboratory Manager, Connell Metcalf and Eddy, Inc., Coral Gables, 
Florida, 1979 to 1980. 

Staff supervisor of biological and chemical techniques 
performing a wide variety of environmental analyses. Involved 
in multi-disciplined environmental community, benthic and 
planktonic community structure study for a nuclear power plant, 
and master planning and related environmental studies for 
Metropolitan Dade County marinas. Responsible for analysis of 
industrial effluents and process streams. 

Chemical Oceanographer, Everglades National Park, National Park 
Service, 1979. 

Responsible for development of an automated monitoring system to 
assess long-term changes in the estuarine and marine waters of 
the Everglades National Park and for developing computerized 
data management procedures. 

Marine Chemist, College of Marine Studies, University of Delaware, 
1978 to 1979. 

Supervisor of Marine Chemistry Laboratory with managerial and 
technical duties. Work included investigation of pathways of 
cadmium transport in terrestrial vegetation, research concerning 
nitrogen fluxes in estuarine systems, and the monitoring of 
drinking water for excessive nitrate levels. Responsible for 
report preparation and the drafting of proposals. 
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Analytical Chemist, Virginia Associated Research Campus, William and 
Mary College, 1976 to 1978. 

Involved in an environmental benchmark study designed to assess 
the potential environmental impact of oil exploration on the mid- 
Atlantic outer continental shelf. Developed analytical 
procedures for analyzing marine sediments and organisms by flame 
and flameless atomic absorption spectrometry. Responsible for 
data reduction and interpretation, and the preparation of 
progress reports to the funding agency (Bureau of Land 
Management, Department of the Interior). 

Research Assistant, U. S. Army Corps of Engineers, Port Hampton 
Roads, Virginia, 1975 to 1976. 

Conducted contract work involving water quality monitoring of 
the Craney Island Dredge Material Disposal Area. Work concerned 
with fate of trace metals in an estuarine environment. 
Responsible for project design, analytical quality control, and 
data interpretation. Acted as liaison between the University 
and Corps of Engineers. 

Laboratory Technician, Sanitation District Commission, Lamberts 
Point Treatment Plant Laboratory, Hampton Roads, Virginia, 1972 to 
1975. 

Performed wide range of chemical analyses, including 
determination for nutrients, fecal coliform, dissolved oxygen, 
carbon, and heavy metals. Gained experience with various means 
of instrumental analysis including spectrophotometry, organic 
carbon techniques, and atomic absorption spectrophotometry. 

Education 

M.S. 1976 Chemical Oceanography 
B.A. 1968 Chemistry 

Old Dominion University 
Duke University 

Affiliations 

American Chemical Society 
American Society of Limnology and Oceanography 
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Publications 

Adams, D.D. and Park, M.T.• 1976. Water Quality Monitoring of the 
Craney Island Dredge Material Disposal Area. Port of Hampton Roads, 
Virginia. April 1975 to March 1976. Technical Report, No. 29, 
Institute of Oceanography, Old Dominion University, Norfolk, 

Virginia. 189 p. 

Gaby, R., Langley, S.P., Park, M.T., and Curry, S.W. 1980. Key 
Largo Coral Reef Marine Sanctuary—Literature Survey and Water 
Quality Monitoring Program. National Oceanic and Atmospheric 
Administration, Office of Coastal Zone Management. 196 p. 

Newman, J.R., Novakova, E., Bergdoll, M.K., and Park, M.T. 1984. 
Ducks as Site Specific Bioindicators of Trace Metal Pollution. 
Presented at the Society of Environmental Toxicology and Chemistry, 

Fifth Annual Meeting, November 1984. 
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Julia H. Chalkley, M.S. 

Senior Associate Scientist/Geologist 

ESE 
PROFESSIONAL 

resume 

SPECIALIZATION 

Geology and Hydrogeology, Environmental Permitting, Environmental 
and Hazardous Waste Management 

RECENT EXPERIENCE 

Ground Water Monitoring Plan, Project Manager—Investigated existing 
ground water monitoring program for industrial facility including 
field sampling, recommended plan to correct deficiencies, and 
trained industrial personnel in field sampling techniques. 

Initial Installation Assessment, Naval Facilities, Team Geologist— 
Evaluation of two Naval installations with regard to potential for 
environmental contamination from past hazardous waste generation, 
storage, treatment, and disposal practices. Responsibilities 
included assessment of geohydrology of potential contamination 
sites, identification of pollutant migration pathways, and 
recommendation for further study. 

Phase II Confirmation Study, U.S. Air Force, Project Geologist— 
Field team leader for sampling of ground water monitor wells to 
determine extent of ground water contamination at abandoned and 
current disposal sites. 

Environmental Permit: Appication, Staff Editor and Reviewer—Prepare 
EPA Parts A and B applications for commercial hazardous waste 
dxsposl facilities, including facility designed for subsurface 
disposal of-hazardous wastes in solution-mined salt caverns, large 
industrial above- and below-ground landfill and incineration 
complex, and several facilities with treatment ponds and lagoons. 

”Valua^°n °f 5urface and Subsurface Hazardous Waste Disposal Sites. 
Staff Geologist—Performed investigations of subsurface' geology and’ 
geohydrology at potential deep well disposal sites, salt domes for 
use as mined repositories, and landfill sites. 

EDUCATION 

Environmental Management University of Houston 

Geol°gy Florida State University 

M.S. 1985 
B.S. 1980 
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LINDA D. TOUBNADE 

Senior Technical Writer and Editor 

ESE 
professjonal 

RESUME 
SPECIALIZATION 

Technical Writing and Editing, Publications Management, Document 
Coordination, and Historical Research 

REGENT EXPERIENCE 

Technical Editor/Document Coordinator for U.S. Army Toxic and Hazardous 

Materials Agency (USATHAMA) Waste Treatment Technology ~ ~ 

Contrae ts—Responsible for coordination and management of report 

production, including liaison with project manager and client in regard 

to client requirements, report organization, writing assignments, 

report format, quality control, word processing, graphics, 

printing/binding, and distribution. 

Subproject Manager for Environmental Contamination Survey of Sharpe 

Army Depot for USATHAMA—Responsibilities include monitoring and 

controlling document production budget, preparing cost and performance 

reports, editing, and document coordination of draft and final 

technical plans, management plans, and community relations plans, as 

well as presentation materials for regulating liaison meetings and 
public workshops. 

Technical Editor/Document Coordinator for Assessment of Contamination 

at Phoenix Military Reservation for USATHAMA— Edited and coordinated 

production of presentation materials, draft and final assessment 

reports, and draft technical and management plans for remedial action 
alternatives assessments. 

Technical Editor/Document Coordinator for Installation Assessment of 

U.S. Military Academy, West Point-—Responr.ible for editing and managing 

production of draft and final assessment reports detailing past and 

current use of toxic and hazardous materials at West Point and 
subinstallations . 

Subproject Manager for Installation Restoration Program Records Search 

for U.S. Air Force Installations—Researching history, mission, and 

organization of U.S. Air Force installations and writing sections for 

records search documents. Installations include Cape Canaveral Air 

Force Station, Patrick Air Force Base (AFB), Vandenberg AFB, Columbus 

AFB, and Andersen AFB. Additional responsibilites include editing 

sections authored by other team members, monitoring and controlling 

document production budget, and coordinating and managing report 
production. 
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EDUCATION 

B.S. 1985 Journalism/Technical University of Florida 

(Candidate) Communication 

ASSOCIATIONS 

- Society for Technical Communication, Secretary-Treasurer for North- 
Central Florida Chapter 
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APPENDIX C—SCOPE OF WORK AS OUTLINED BY OEHL 



16 JUL 1984 
INSTALLATION RESTORATION PROGRA* 

PHASE II - CX)NF IRRAT ION/QUANTIFICATION (STAGE 1) 

MAT# ELL AFB ALABAMA 

I. DESCRIPTION OF IORR 

The puxpo*e of this t**k it to undertake a field investigation at Marvell 

AFB Alabama (1) to determine the pretence or abience of contamination vithin 

the specified areas of investigation; (2) if contamination exists, determine 

the potential for migration of those contaminants in the various environmental 

media; (3) identify additional investigations necessary to determine the 

magnitude, extent, direction and rate of migration of discovered contaminants; 

and (4) identify potential environmental consequences and health risks of 

migrating pollutants. 

The Phase I IBP Report (mailed under separate cover) incorporates the 

background and description of the sites for this task. To accomplish this 

survey effort, the contractor shall take the following actions: 

A. General 

1. All exploratory well drilling and borehole operations shall be 

monitored with a photoionization meter or equivalent organic vapor detection 

device to identify potential generation of hazardous and/or toxic materials. 

In addition, drill cuttings shall be monitored for discoloration and odor. 

During drilling operations, if soil cnttings are suspected to be hazardous, 

the contractor will place them in proper containers and test them for EP 

Toxicity and Ignitibility. Results of monitoring shall be included in boring 

logs, A maximum of six samples shall be collected for EP Toxicity and 

Ignitibility testing. 

2. All water samples collected shall be analyzed on site by the 
contractor for pH, temperature and specific conductance. Sampling, maximum 

holding time, and preservation of samples shall strictly comply with the 

following references: Standard Methods for The Examination of Tater and 

Tastewster. 15th Ed. (1980), pp. 35-42; ASTM. Part 31. pp. 76-86, (1980), 

Method D-33 70: and Me thods for Chem ical Analysis of Taters and Tastes. EPA 

Manual 600/4-79-020, pp. xiii to xix (1979). All chemical analyses (water and 

soil) shall meet the required limits of detection for the applicable EPA 

method identified in Attachment 1. 

3. Locations where sediment ssmples sre taken or where soil explor¬ 

atory borings are drilled shall be marked with a permanent marker, and the 

location marked on a project map of the site. 

4. Field data collected for each site ahall be plotted and mapped. 
The nature, magnitude, and potential for contaminant flow within each zone to 

receiving streams and ground waters shall be estimated. Dpon completion of 

the sampling and analysis, the data shall be tabulated in the next RAD Status 

report as specified in Item VI below. 

5. Determine the areal extent of the aites by reviewing available 

aerial photos of the base, both historical and the most recent panchromatic 
and infrared. 
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6. Split all water and toil taaplea at part of the contractor'! 
specific Quality Ai sur anee/Qua 1ity Control (QA/QC) protocola and procedurea. 
One aet of aauplea ahall bo analyzed by the contractor and the other aet of 
aanplea ahall be forwarded for analyaia throufh overnight delivery to: 

USAF OEHL/SA 
Bldg 140 
Brooka AFB TX 78235 

The aaaplea sent to the USAF OEHL/SA ahall be accompanied by the 
following information: 

a. Purpoae of sample (analyte) 

b. Installation name (bate) 

c. Sample number (on containers) 

d. Source/location of sample 

e. Contract Task Numbers and Title of Project 

f. Method of collection (bailer, auction pump, air-lift pump, 
etc . ) 

g. Volumes removed before sample taken 

h. Special conditions (use of surrogate standard, special 
nonstandard preservations, etc.) 

i. Preservatives used 

This information shall be forwarded with each sample by properly 
completing an AF Form 2752 (copy of form and instructions on proper completion 
mailed under separate cover). In addition, copies of field logs documenting 
sample collection should accompany the samples. 

Chain-of-cuatody records for all samples, field blanks, and 
quality control duplicates shall be maintained. 

7. An additional 10% of all samples, for each parameter, shall be 
analyzed for quality control purposes, as indicated in Attachment 1. 

8. For ground water monitoring wells, comply with U.S. EPA Publi¬ 
cation 330/9-S1-002, NEIC Manual for Ground fatcr/Subsurface Investigations 
at Hazardous Waste Sites for monitoring well installation. Only screw type 
joints shall be used. 

9. Wells ahall be of sufficient depth to collect samples represent¬ 
ative of aquifer quality and to intercept contaminants if they are present. 
Well development shall proceed until the discharge water is clear and free of 
sediment to the fullest extent possible. 
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10. Elevfttion« of »11 nowly insttllod ■onitorioi veil« thtll be «ar- 
veyed with retpoot to bench ■■rk on bate to an accuracy of ^0,05 feet. Hori- 

lontally locate the new well» to an accuracy to +10 feet and record on aite 

n»P. 

11. Water levóla »hall be Meainrod at all contractor installed wells 

to the nearest 0.01 foot, and locations recorded on a project aap and specific 

site naps. 

12. All nonitor wells shall bo drilled using the following 

specif ica tiens : 

a. Each well shall be drilled with a 8-inch outside dianeter 

drill bit using hollow-stem auger equipment. Soil samples shall be taken 

every 2.5 feet to a depth of 10 feet, and then every 5 feet to a maxinu* depth 

of 25 feet, except at the C.E. Drum Storage Area where samples shall bo taken 

every 2.5 feet to ■ depth of 10 feet, and then every 5 feet to a naxinum depth 
of 70 feet. Samples shall not be analyzed in Stage 1, but will be retained in 

the event that contamination is detected in the ground water. These samples 

shall be collected using split spoon samplers. Total number of soil samples 

to be archived shall not exceed X67. Each pilot boring log and well com 

pletion summarie* shall be included in the Final Report (as specified in Item 

VI below). 

b. The average depth of each of these wells shsll be 25 feet; 

except for the C.E. Drum Storage Area, where the average depth shall be 70 

feet. Total footage of wells installed ahall not exceed 635 linear feet. 

Each well shall be constructed of 4-inch diameter Schedule 40 PYC casing using 

threaded, non-glued fittings. Each well shall be screened to 8 feet below the 

water-table surface, as it is encountered during drilling. Total screened 

casing shall not exceed 345 feet. The screen shall consist of 4-inch diam¬ 

eter, 40 PYC with 0.010-inch slots. The screen shall be capped at the bottom. 

All connections shall be flush-joint threaded. Each well shall be gravel- 

packed with a grain size distribution compatible with the screen and the 

formation. The pack will be emplaced from the bottom of the borehole to the 

top of the screen. Granulated or pelletized bentonite shall be tremied above 

the sand/gravel pack to a minimum thickness of five feet. Grout shall be 

emplaced from above the top of the bentonite seal to the land surface. Each 

well shall be completed with installation of a cap and locking hasp and shall 

be clearly numbered with an exterior paint. 

13. Each well shall be developed with a PVC or stainless steel bailer 

or electric powered submersible pump until clean of suspended solids. 

14. Wells shall be purged prior to sampling. Purging will bo com¬ 

plete when five well volumes of water have been displaced or until the pH, 

temperature, specific conductance, color, and odor of the discharge is noted 

to stsbilize. Purging operations shsll be conducted using a PYC or stainless 

steel bottom-dischsrge bailer or bladder pump. All sampling ahall be con¬ 

ducted using a 2-inch stainless steel lemmerer sampler, bailer, or bladder 

pump. As the first step of ground water sampling operations at each well, 

water level measurements shall be taken to the nearest 0,01 foot with respect 

to an established surveyed mirk-point on top of the well casing. 
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15 Sécond-coloJin oonfiniition «hall be required when detection 

limit, exceed value, identified in Attachment 1. for EPA Method. 509A and 

509B Second-column confirmation .hall be conducted on a -axi-um of 501. of 

the sample a collected foç there analy.es. Total number of sample, for Method. 

601 and 602 in Attachment 1 include these confirmation analyses. 

16. Sediment «amples will be collected u.ing a hand piston sampler. 

Total number of sediment sample, .hall not exceed 11. 

17. piexomcters .hall be installed for determination of ground wster 

flow. Total piezometer footage for this project shall not exceed 635 linear 

feet. 

B. In addition to items delineated in A above, conduct the following 

specific actions at the following sites on Maxwell APB : 

1. Electroplating Va.te Dispo.al Site 

a. Conduct a geophysical survey incorporating magnetometer and 

electromagnetic (BM) techniques to delineate the horizontal extent of the 

burial site, confirm th® location of buried drums, and locate any leachate 

plumes. 

b. Install a total of 4 piezometer« to determine the depth and 

configuration of the water table for predicting shallûw ground water flow. 

The average depth for each piezometer shall be 25 feet; therefore, total 

piezometer footage shall be 100 feet. 

c. Install one well upgradient and three wells downgradient to 

evaluate ground water quality. Total footage of wells shall not exceed 100 

feet. Screened casing shall not exceed 15 feet per well, for a maximum of 60 

feet, for this site. Each well shall be sampled once, for a total of 4 

samples. Analyze the samples for the parameters listed in Attachment 2, 

list A. 

2. Surface Drainage System 

a. A total of 6 sediment samples shall be taken fron the fest 

End Ditch, 3 adjacent to the electroplating waste site and 3 adjacent to 

landfills 4, 5 and 6. 

b. One sediment sample shall be taken from the ditch flowing 

across landfill 5 into the fest End Ditch. 

c. A total of 3 sediment samples shall be taken from the 

drainage ditch located southeast of the C.E. Drum Storage Area. 

d. One sediment sample shall be taken from the drainage ditch 

that empties into the lake in the northeast corner of the base, where the 

concrete lining discontinues. 

e. Analyze all 11 sediment samples for the parameters listed in 

Attachment 2, list B , excluding total dissolved solids. 

f. Analyze 4 surface water samples from various locations 
along West End Ditch for the parameters in Attachment 2, List B. 
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3. Ltndfill No. 3 âad FPTÁ No. 2 

t. Conduct » jôophyilctl »arvoy incorporating ■•gnatone tor and 

cioctromagno tic tochni(iuoi to delineate the horiiontal extent of the landfill 

and locate any leachate plmnea, 

b. Inatall a total of 3 piezometer* to determine the depth and 

configuration of the water table for predicting «hallow ground water flow. 

The average depth for each piezometer shall bo 23 feet; therefore, total 

piezometer footage shall be 75 feet. 

c. Inatall one well upgradiont and two well* downgradiont to 

evaluate ground water quality. Total footage of well« «hall not exceed 

75 feet. Screened casing «hall not exceed 20 feet per well, for a maximum of 

60 feet for thi* aite. Each well «hall be lampled once, for a total of 

3 aaaples. Analyze the «amples for the parameters listed in Attachment 2, 

list C. 

4. Fire Protection Training Area No. 1 

a. Install a total of 3 piezometers to determine the depth and 

configuration of the water table for predicting shallow ground water flow. 

The average depth for each piezometer shall be 25 feet; therefore, total 

piezometer footage ahall be 75 feet. 

b. Install one well upgradient and two wells downgradient to 

evaluate ground water quality. Total footage of wells shall not exceed 

75 feet. Screened casing shall not exceed 20 feet per well, for a maximum of 

60 feet for this site. Each well ahall be sampled once, for a total of 

3 aamples. Analyze the samples for the parameters listed in Attachment 2, 

list C. 

5. Landfill Nos. 4, 5. and 6 

a. Conduct a geophysical survey incorporating magnetometer and 

electromagnetic techniques to delineate the horizontal extent of the landfill 

areas and locate any leachate plumes. 

b. Install a total of 4 piezometers to determine the depth and 

configuration of the water table for predicting shallow ground water flow. 

The average depth for each piezometer shall be 25 feet; therefore, total 

piezometer footage ahall be 100 feet. 

c. Install one well upgradient and three wells downgradient to 

evaluate ground water quality. Total footage of wells shall not exceed 100 

feet. Screened eating shall not exceed 15 feet per well, for a maximum of 60 

feet for this site. Each well shall be sampled once, for a total of 4 

samples. Analyze the samples for the parameters listed in Attachment 2, 

List C. 

d. Sample each of the three existing wells to the south and 
east of Landfill No. 6 one time for a total of three samples (if the wells 
are accessible). Analyze the samples for the parameters listed in Attachment 
2, List C. 
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6. C.E. Dr OA Storage Arca 

a. Inatall a total of 3 

coofigaratioa of the water table for 

The average depth for each piezometer 

piezometer footage thall be 210 feet. 

piezometera to determine the depth and 

predicting ahallow groond water flow, 

»hall be 70 feat; therefore, total 

b. Inatall one well upgradiont and two well» downgradient to 

evaluate ground water quality. Total footage of well, .hall not exceed 210 

feet. Screened ca.ing «hall not exceed 20 feet per well, for a maximum of 60 

feet for thi. *ite. Each well .hall be sampled once, for a total of 3 

.ample.. Analyze the sample, for the parameter, li.ted in Attachment 2, 

lift C. 

7. Landfill No. 2 

a. Conduct a geophysical survey incorporating magnetometer and 

electromagnetic techniques to delineate the horizontal extent of the landfill 

area and locate any leachate plumea. 

b. In.tall a total of 3 piexometera to determine the depth and 

configuration of the water table for predicting .hallow ground water flow. 

The average depth for each piezometer shall be 25 feet; therefore, total 

piezometer footage shall be 75 feet. 

c. Inatall one well upgradient and two well* downgradient to 

evaluate ground water quality. Total footage of wells shall not exceed 

75 feet. Screened casing shall not exceed 15 feet per well, for a maximum of 

45 feet for this site. Each well shall be sampled once, for a total of 

3 .Amples. Analyie the .ample* for the parameters listed in Attachment 2, 

list C. 

C. Well Cleanup 

All well drill cuttings «hall bo removed and the general area cleaned 

following the completion of each well. Only those drill cuttings suspected as 

being a hazardous waste (based on discoloration, odor, or organic vapor 

detection instrument) shall be properly containerized (according to local 

civil engineering office requirements) by the contractor for eventual govern¬ 

ment disposal. The suspected hazardous waste shall be tested by the contrac¬ 

tor for EP toxicity and ignitibility. The contractor is not responsible for 

ultimate disposal of the drill cuttings. Disposal will be conducted by base 

personnel. 

D. Data Review 

Reaults of sampling and analysis shall be tabulated and incorporated 

in the Informal Technical Information Report (at specified in Item VI below) 

and forwarded to the USAF OEHL for review. Results shall also be forwarded 

ac available in the next monthly RAD status report. 
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E. Reporting 

1 A drift report define.tic, .11 findln,. of thi. field Uye.tig.- 

tion .hell be^prep.red Ld fore.rd.d to the OSAF O^fL ^ VI 
for Air Force review and coMent. Thi» report »hall include • di» “:;nL:s 

‘"äu:::',:«:::.:;:."'»”-«"--- and »oil analy»i» ro»ult», avaiiaoi-o ^wvujr » r/vl . ^ ... n«.AR nFHT 
.tory quality ...ur.no. information. The report .hall folio, the OSAF OEHL 

»applied format (mailed under »oparate cover). 

2 The recoemend.tion .action .ill »ddre«. each »ite and li.t them 
by cate,orle». C.te,ory I .ill con.i.t of .it.« .here no further action 
(including remedial action) l. required. Data for the., .it., are con.ider.d 
sufficient to rule out unacceptable health or anvironment.l rl.ha. Category 
II .ite. are tho.e requiring additional monitoring or .ork to quantify or 
further ...... the ertent of current or future contamination. 
aite. are .ite. that .ill r.qulre remedial action, (re.dy for IRP Ph..e IV 
action.). In etch c.e, the contr.etor .ill .umm.rire or pre.ent the 
of field data, environmental or regulatory criteria, or other pertinent infer 

■atlon »upportlng the»ô couclu*ion«. 

F. Meeting» 

The contractor/., project leader .hill attend one meeting .ith Air 
Force headquarter, and regulatory agency personnel to take p1*“ ‘‘ ‘ 
be .pecified hy the DSAF OEHL. The meeting ahall take place at Kaxaell AFB 

for » duration of one day (eight honra). 

II. SITE LOCATION AND DATES: 

Maxwell AFB AL 
Date to be established 

III. BASE SUPPORT: Maxwell AFB will provide the following base support: 

A. Secure permission from legal landowner of the area surrounding l.nd- 
fills A, 5» «ad 6 for soil boring and monitor well installations. 

B. Determine structural soundness of the bridge across the lest End Ditch 

between landfill» 3 and 4. 

C. Conduct site preparation between landfill» 4, 5, and 6 so that drill 

rig» can maneuver into position. 

2. Capt Mark D. Knuth 
DSAF Rgn Hospital Maxwell/SGPB 
Maxwell AFB AL 36112 
(205) 293-5848 

AV 875-5848 

rv. GOVERNMENT FURNISHED PROPERTY: None 

V. GOVERNMENT POINTS OF CONTACT: 

1. Maj Dennis D. Brownley 
DSAF OEHL/TSS 
Brooks AFB IT 78235 
(512) 536-2158 
AV 240-2158 
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VI In nddition to ..qunncn number. 1*. 5. .nd 11 m Att.ch»cnt 1 to h 

;nt ict. which .rc npp! Ictble to .1! ord.r., the / ‘ 
below .re .ppllc.ble to thU order. Also shown .re d.t. .pplic.ble 

order. 

. Forw.rd . copy ot the B D States Report to .11 government POC. Identified 

1b Section V. 

Sequence No. Bloch 10 Bloch U Block 12 Block 13 ^ 

3 O/Time * * 

On ft / H A U.r fK in u.w s< -in in» 

• Upon completion of analytical effort before submission of first draft report. 

•• Two draft reports will be required. After incorporating Air Force comments 
concerning the first draft report, the contractor shall supply the DSAF OEHL 
with one copy of the second draft report. Upon acceptance of the second 
draft, the USAF OEHL will furnish a distribution list for the remaining 24 
copies of the second draft. The contractor shall supply 50 copies plus the 

original camera ready copy of the final report. 
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Attaclment 2 

LIST OF ANALYTICAL PARAMETERS AT MAIffELL AFB 

Copper 

Nickel 

Cadmium 

Litt A 

Chromium 

Total Organic Carbon Zinc 

Cyanide Phenol« 

Total Di»«olved Solid« 

Copper 

Nickel 

Cadmium 

Chromium 

Ll«t B 

Total Organic Carbon L«»d 

Total Dissolved Solid* Cyanide 

Oil and Grease pH 

Total Organic Halogen* Zinc 

Phenol * 

Arsenic 

Mercury 

List C 

Total Organic Halogens 

Total Organic Carbon 

Oil and Grease 

Total Dissolved Solids 

Phenols 

pH 

Copper 

Iron 

Nickel 

Cyanide 

Sulfate 

Zinc 

Interim Primary Drinking Water Standards (selected list) 

Arsenic 

Bariw: 

Cadmium 

Chromium 

Fluoride 

Lead 

Mercury 

Nitrate 

Selenium 

Silver 

Endrin 

Lindane 

Methoxychlor 

Toxaphene 

2,4-D 

2,4,5-TP 
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J5 



APPENDIX D 

QUALITY ASSURANCE PLAN 

The purpose of che QA Plan is Co provide processes for conCrolling the 

validity of the data generated in all phases of the sampling and 

analysis efforts proposed under the scope of work. The procedures 

detailed as follows describe the general methodologies during the study 

and when implemented will provide documentation of the individual work 

elements and mechanism by which "data gaps'* can be controlled. It 

should be noted that procedures outlined below may not apply to all 

circumstances which may arise during the course and scope of the study. 

Deviation from these procedures will be noted in the field logbooks and 

discussed with OEHL personnel to determine corrective actions. 

Two types of audit procedures will be used by QA to assess and document 

performance of project staff—system audits and performance audits. 

These are performed at frequent intervals under the direction of the 

Project QA Supervisor. These audits form one of the bases for 

corrective action requirements and constitute a permanent record of the 

conformance of measurement systems to QA requirements. 

System audits are inspections of training status, records, QC data, 

calibrations, and conformance to Standard Operating Procedures (SOPs) 

without the analysis of check samples. System audits will be performed 

periodically on laboratory and office operations or on field operations. 

The development and approval of the project Work Plan constitutes the 

initial system audit for this study. 

The systems audit protocol is summarized as follows: 

1. Field Operations—The Project QA Supervisor will periodically 

check: 
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a. Field notebooks, logsheets, bench sheets, tracking forms, 

and report any inconsistencies and/or omissions; 

b. Field sampling plans; and 

c. Sample site briefing package. 

2. Laboratory Operations—The Project QA Supervisor will 

periodically check: 

a. Parameter and/or laboratory notebooks; 

b. Instrument logbooks; 

c. Sample log-in, dispensing, and labeling for analysis; 

d. Updating of QC criteria for spike recoveries; and 

e. Final approval of data from each sample lot. 

In addition, the Project QA Supervisor will monitor all 

analyses to assure complete adherence to approved analytical 

methods . 

3. Final Reports—The Project QA Supervisor will review all final 

reports and deliverables to OEHL. 

Performance audits will include evaluation and analysis of check 

samples. A performance evaluation sample from EPA will be analyzed 

periodically along with the regular samples. 

ESE's laboratory is certified for drinking water analysis by the Florida 

Department of Health and Rehabilitative Services according to the 

regulations set forth under the Florida Safe Drinking Water Act 

(Chapter 403.863, F.S.). ESE is also certified by the National 

Institute for Occupational Safety and Health (NIOSH) through their NIOSH 

Proficiency Analytical Testing (PAT) Program. 

ESE routinely participates in performance test sample programs 

administered by: 

1. EPA, Environmental Monitoring and Support Laboratory-Cineinnati 

(EMSL-CI); 

2. EPA, Environmental Monitoring and Support Laboratory-Research 

Triangle Park (EMSL-RTP); 

3. EPA, Region IV; 

4. Florida Department of Environmental Regulation; 

D-2 



5. Florida Department of Health and Rehabilitative Services; 

6. Alabama Department of Health; 

7. U. S. Army Corps of Engineers, South Atlantic Division; and 

8. American Industrial Hygiene Association (AIRA) (ESE is an 

AIHA-accredited laboratory). 

The results of these interlaboratory studies will be periodically 

evaluated by the Project QA Supervisor during the project as part of the 

performance audits. 

D.l WELL DRILLING 

Prior to drilling any test borings and installing any monitoring wells, 

each proposed drilling location will be cleared with the Base Civil 

Engineering Department to avoid drilling into buried cables, pipes, etc. 

The Civil Engineering Department will approve all locations. If 

required, appropriate drilling permits will, be acquired. 

Prior to commencement of any portion of the proposed drilling plan the 

drilling subcontractor wilt complete the following requirements: 

1. Arrange access to all sites where drilling of wells is proposed. 

2. Steam clean all drilling equipment prior to movement to Maxwell 

AFB. 

3. Arrange with Maxwell AFB personnel for the storage of all well¬ 

drilling equipment and v^ll-installation supplies in a clean 

and secure area. Ac each drill location, clean unused 

equipraent/supplies will be temporarily stored on sheets of 

disposable polyethylene to eliminate contamination from the 

native soils at the well location. 

The ESE Site Geologist will be present during drilling of all wells and 

will maintain drilling logs. Any abandoned borings will be grouted in 

the presence of the ESE Site Geologist. All grout will be mixed and 

installed according to standard specifications. 



The drilling will be performed under subcontract and will proceed as 

follows : 

1. Unchlorinated water for drilling and well installations will be 

obtained by the driller. Portable tubs will be used to hold 

drilling water during circulation, if required. 

2. All drill cuttings will be recovered and stored in 55-gallon 

(gal) drums. Disposal of the cuttings will be the 

responsibility of Maxwell AFB. 

3. Drilling will be conducted by the drilling subcontractor under 

the direct supervision of the assigned ESE Geologist. 

4. Between borings, the drilling tools will be cleaned with 

unchlorinated water to remove all traces of soil, rock, or 

other contaminants. 

D.2 BORING PROCEDURES AND SOIL SAMPLING 

The borings for all ground water monitoring wells will be completed 

using a truck-mounted portable drilling unit equipped with a hollow-stem 

auger device with a 6-inch (minimum) inside diameter and 8-inch 

(minimum) outside diameter. The unit is operated without water, unless 

necessary, and produces an 8-inch diameter borehole. The 4-inch PVC 

well pipe and screen are installed through the center of the hollow 

drill stem and positioned at the appropriate depths. As the auger is 

withdrawn from the hole, the annular space is backfilled with suitable 

packing material. This technique prevents collapse of the borehole that 

may occur of the auger is removed from the hole and the well pipe 

introduced from the top of the empty hole. 

Eight-inch boreholes extending to a minimum depth of 25 ft below ground 

surface will be excavated. The material at Maxwell AFB consists of 

unconsolidated gravels, sands, silts, and clays to this depth, and the 

boreholes may have a tendency to collapse. Continuous split-spoon soil 

sampling will be concomitant with boring, and most boreholes will be 

sampled through their expected depth of 25 ft. 



The split-spoon soil samples will be retained by the driller and 

subsequently stored by ESE. If ground water proves to be contaminated, 

the soil samples will be analyzed for the same pollutants; if not, they 

will be disposed of following completion of the Phase II program. The 

split-spoon samples must be of undisturbed soil and, therefore, the 

samples must be pushed ahead of the auger in all instances, and sampling 

must be continuous. 

Split-spoon soil samples will be sectioned and stored in labeled glass 

containers and kept in cooled, insulated compartments in the field and 

enroute to the laboratory at ESE. Each container will be marked with 

the sample depth interval, top and bottom of the sample, date, and time. 

The split-spoon sampler must be cleaned with approved, dechlorinated 

water between each sampling event (i.e., each time a sample is removed 
from the tube). 

Monitor well depths and screening lengths are discussed for each of the 

sites individually in Sec. 3. Well depths vary from 20 to 30 ft and are 

screened into and below the water table from 5 or 10 to 20 or 30 ft. 

The ESE Site Geologist will maintain regular contact with the major 

command (MAJCOM) during the drilling program and will make 

recommendations for well placement to MAJCOM in the event that unique 

geohydrologic conditions dictate variation of the plans presented in 
this document. 

D‘3 WELL-DRILLING LOGS AND DOCUMENTATION 

The driller and the ESE Site Geologist will both maintain accurate 

drilling logs for all boreholes excavated. The names of all persons 

present and involved in the drilling operation will be recorded in the 

logs. Each «11 will be fully described on a «11 log as it is being 

drilled. Transcription of the log from a field notebook to log form 

Win n0t be «PO« completion of each «11, information from 

the «11 logs will be transferred to OEHL. Data included in the logs 
are : 6 
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1. Depths will be recorded in feet and fractions thereof. 

2. Soil descriptions, in accordance with the Unified Soil 

Classification System, will be prepared in the field by the 

Site Geologist. 

3. Soil samples will be fully described on the log. For split- 

spoon samples, the description will include: 

a. Classification, 

b. Unified Soil Classification System symbol, 

c. Secondary components and estimated percentage, 

d. Color, 

e. Plasticity, 

f. Consistency (cohesive soil) or density (noncohesive soil), 

g. Moisture content, and 

h. Texture/fabric/bedding. 

Cutting descriptions will include basic classification, 

secondary components, and other parameters that are apparent. 

4. Numerical, visual estimates will be made of secondary soil 

constituents. If terras such as "trace," "some," or "several" 

are used, their quantitative meanings will be defined in a 

general legend. 

5. The length of sample recovered for each sampled interval for 

drive (split-spoon) samples will be recorded. 

6. Blow counts, hammer weight, and length of fall for split-spoon 

samples will be recorded. 

7. Rock core, if obtained, will be fully described on the log. 

Core description will include: 

a. Classification by rock type, 

b. Lithologic characteristics, 

c. Bedding characteristics, / '' • 

d. Color, 

e. Hardness, 

f. Degree of cementation, 

g. Texture, 

h. Structure, 
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i. Degree of weathering, 

j. Solution or void conditions, 

k. . Primary and secondary permeability estimates and rationale, 

and 

!• Length of core recovered and rock quality designation 

(RQD). 

8. The estimated interval for each sample will be specified. 

9. Depth to water will be indicated along with the method of 

determination, as first encountered during drilling. Any 

distinct water-bearing zones below the first zone also will be 

noted. 

10. When drilling fluid is used, fluid losses, quantities lost, and 

the intervals over which they occur will be recorded. 

11. The drilling equipment used will be described generally on each 

log, including such information as rod size, bit type, pump 

type, rig manufacturer, and model. 

12. The drilling sequence will be recorded on each log. 

13. All special problems will be recorded. 

14. The dates for the start and completion of all borings will be 

recorded on the log. 

15. Lithologic boundaries will be noted on the boring log. 

16. The boring logs will be submitted to the OEHL within 10 working 

days after each individual boring is completed. In cases where 

a monitoring well is inserted into the boring hole, both the 

log for that boring and the installation sketch will be 

submitted within 10 working days. 

Evaluation of the existing geologic and hydrogeologic data at Maxwell 

AFB indicates that the ground water sampling wells to be installed at 

Maxwell AFB may be screened totally within a saturated soil column. 

Although screening intervals may be proposed in other sections of the 

plan, the actual screened interval will be determined by evaluation of 

the geologic data obtained during the drilling operations. 

I m 
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D.4 DESCRIPTION OF GROUND WATER SAMPLING WELLS 

Fig. D-l shows a typical well configuration for a monitor well in 

unconsolidated, overburden material. The placement of the well screen 

in the saturated soil will be deemed appropriate if standing water is 

found in the boring at the well site after waiting overnight. 

The monitor wells will penetrate the shallow water table and, in general, 

will extend to depths up to 30 ft. The well will be installed in a 6- 

to 8-inch borehole and will consist of threaded Schedule 40 PVC pipe 

(which is resistant to low pH and cyanide-rich ground water), with 

0.010-inch slots (screen) in the bottom 5- or 10-ft interval, a gravel 

pack in the annular space between the screen and the borehole, a 

bentonite clay seal on top of the gravel pack, and grout in the upper 

annular space to the surface. The bottom of the well will be capped 

before installation, and a vented cap will be installed at the top of 

each monitor well. A protective steel casing and a locking cap will be 

installed for security reasons. 

D.5 GROUND WATER SAMPLING WELL INSTALLATION PROCEDURES 

When a boring is completed, the ESE Site Geologist will visually inspect 

the hole to ensure plumbness and cleanliness. Plumbness will be 

obtained by careful leveling of the drill rig prior to commencement of 

the drilling. Additionally, the drilling will proceed in an efficient 

and controlled manner to eliminate wobble/chatter in the drill stem. No 

problems are expected from artesian systems. 

All well installations will begin within 48 hours of boring completion 

and, once begun, will continue, uninterrupted, until completion. Any 

temporary casing used to maintain the borehole will remain in the hole 

up to and including the time of grouting. The well screen and casing 

will be carefully cleaned with unchlorinated water prior to installation 

in the hole. All well screens will have a solid bottom. Solid casing 

will extend from the screen to approximately 2.5 ft above land surface. 



KEY PADLOCK 

NOT TO SCALE 
SOURCE: ESE, 1984. 

Figure D*1 
TYPICAL MONITOR WELL CONSTRUCTION 

INSTALLATION 
RESTORATION PROGRAM 

Maxwell Air Force Base 
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Filter material will be installed around and to the top of the well 

screen. As the 5-ft bentonite seal is placed on top of the filter 

material, unchlorinated water from the approved source will be added, 

when necessary, to assure that the pellets expand to form a tight seal. 

Properly wetted bentonite pellets are the most time-effective form of 

bentonite for this application. 

The bentonite-cement grout seal will extend from the top of the 

bentonite seal to the land surface. Grouting will be completed as a 

continuous operation in the presence of the ESE Site Geologist. The 

grout will be pumped into the annular space under pressure using a 

tremie pipe placed at the top of the bentonite seal to ensure a 

continuous grout seal. The protective casing will be sealed in the 

grout. Identification and protective posts will be installed around the 

well to prevent damage to the wells by vehicular operation. A coarse 

gravel pad, 0.5-inch thick, extending 4 inches radially from the 

protective casing, will be placed at each water sampling well. 

The following materials will be used in v«ll construction: 

1. Casing used in the well will be threaded PVC Schedule 40, 

4-inch nominal inside diameter. The well screen will be 

factory slotted, with a slot width of 0.010 inch. A screw-on 

cap will be installed on each of the wells. The four monitor 

wells at the electroplating waste disposal site (Site 1) will 

be constructed of corrosion-resistant stainless steel able to 

withstand low pH and cyanide waste waters. 

2. Grout will be composed by weight of 10 parts Portland cement to 

one-half part bentonite, with a maximum of 10 gal of approved 

water per 94-pound (lb) bag of cement. Bentonite will be added 

after mixing of the cement and water. 

3. Bentonite pellets used in the seal will be a commercially 

available product designed for W2l1-sealing purposes. 

4. Sand material used in the filter envelope around the well 

screen will be selected to be compatible with both the screen 
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slot size and aquifer materials. A coarse sand is recommended, 

but, if the well is screened in a gravel horizon, coarser 

material should be used. 

5. A 6-inch protective iron casing will be installed around all 

wells. This casing will extend approximately 2.5 ft above land 

surface and will be seated 2.5 ft into the well seal grout. 

This casing will be vented to the atmosphere via a lockable, 

hinged cap. This cap will prevent entry of water but will not 

be airtight. In this manner, the well will be in open connec¬ 

tion to the atmosphere to allow for water level stabilization. 

A 0.25-inch diameter drainage port will be installed, centered 

0.125-inch above the level of the internal monitor collar. The 

same key will be used for all padlocks at the site. 

6. A sketch of the well installation will be included on the 

boring log and show, by depth, the bottom of the boring, screen 

location, coupling location, granular backfill, seals, grout, 

cave-in, and height of riser above ground surface. The actual 

composition of the grout, seals, and granular backfill will be 

recorded on each sketch. 

7. Well sketches will include the protective casing detail. 

8. After the grout seal has set (approximately 24 hours), it will 

be checked for settlement, and additional grout (of approved 

composition) will be added to fill any depressions. 

D.6 WELL DEVELOPMENT 

The initial development or the purging of the drilling fluid from 

monitor wells will be recorded and submitted to MAJCOM within 3 working 

days after development. The development will be performed, as soon as 

practical, after well installation. The following data will be recorded 

for development: 

1. Well designation. 

2. Date of well installation. 

3. Date of development. 

D-ll 
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4. 

5. 

6. 

7. 

8. 

9. 

10. 

11. 

12. 

13. 

14. 

15. 

Static water level before and 24 consecutive hours after 

development. 

Quantity of water loss during drilling and fluid purging, if 

water is used. 

Quantity of standing water in well and annulus ÜO-percent 

porosity assumed for calculation) prior to development. 

Specific conductivity, temperature, and pH measurements taken 

and recorded at the start, twice during, and at the conclusion 

of development. Calibration standards will be run prior to, 

during, and after each day's operation in the field. 

Depth from top of well casing to bottom of well. 

Screen length. 

Depth from top of wall casing to top of sediment inside wll, 

before and after development. 

Physical character of removed water, including changes during 

development in clarity, color, particulates, and odor. 

Type and size/capacity of pump and/or bailer used. 

Description of surge technique, if used. 

Height of well casing above ground surface. 

Quantity of water removed and time for removal. 

Development of wells will be accomplished with an electric-powered 

submersible pump until the water is clear and the well sediment-free to 

the fullest extent practical. Four-inch Schedule 40 PVC wells will not 

permit the use of a 4-inch submersible pump. A 3-inch pump will be 

available for use at Maxwell AFB. If well yields cannot sustain the 

flow rate of the submersible pump, a bottom discharge bailer will be 

used. Water will not be added to the veil to aid in development. The 

pump or bailer will be rinsed with the approved drilling water and 

allowed to air dry prior to use in the next well. Well development data 

will be recorded in the field in a tabular format. 

Well development will begin no sooner than 48 hours after completion of 

the mortar collar placement. Development will proceed until the 
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following conditions fire met: 

1. The well water is clear to the unaided eye. 

2. The sediment thickness remaining in the veil is less than 

5 percent of the screen length. 

3. At least five well volumes (including the saturated filter 

material in the annulus) have been removed from the rcll. 

4. A 1-pint (pt) sample of the last water obtain from the 

development process for each well is retained and stored in an 

insulated compartment maintained at 4 degrees Celsius (°C). 

This water was examined by the onsite geologist to determine if 

the well had been suitably developed to be used as a monitor 

well» 

5. The cap and all internal components of the vkII casing above 

the water table are rinsed with veil water to remove all traces 

of soil/sediment/cuttings. This washing will be conducted 

before and/or during development. 

D.7 WATER LEVEL MEASUREMENTS 

All water level measurements at the various veils will be obtained using 

the U.S. Geological Survey (USGS) wetted-tape method. This procedure is 

accurate to 0.01 ft. The tape will be rinsed with water from the 

approved source, wiped with a fresh cloth, and allowed to air dry 

between consecutive water level measurements. 

At least one complete set of static water level measurements for all 

wells will be made over a single, consecutive 10-hour period. Relative 

water levels in the wells will also be determined. 

D.8 SURVEYING 

Each water sampling well installed at Maxwell AFB during this study will 

be surveyed by a professional land surveyor registered in the state of 

Alabama . 

Each water sampling well will be surveyed to establish its map 

coordinates using the Alabama Plane Coordinate System, Western Zone, 
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with an accuracy no less than 1:10,000 (one in ten thousand). 

Additionally, elevations for the natural ground surface at each 

sampling well and the top of the PVC casing will be determined to within 

1/100 ft using the vertical datum established by USGS. 

The surveyor will plot each veil site on the Maxwell AFB base map 

(supplied by ESE). The elevations of both the top of the monitor veil 

(top of the PVC pipe) and of the ground surface at the veil at each site 

will be noted on the map adjacent to the point representing that 

location. Additionally, the map coordinates for each point will be 

included on each map or appended to the map in tabulated form. 

D.9 GROUND WATER SAMPLING 

Ground water sampling at Maxwell AFB will begin after the new monitor 

wells have been allowed to reach equilibrium (no less than 14 days after 

well development). The following procedures will be followed on the day 

of sampling: 

1. The depth to water will be measured from the top of casing. 

2. The well depth will be sounded and recorded. The depth of the 

water in the well will be calculated. 

3. During the initial sampling of a new monitor œil, the depth to 

the water/sediment interface in the veil will be measured and 

recorded . 

4. Samples will be taken after the fluid in the screen, well 

casing, and saturated annulus has been exchanged five times. 

In the event of low well yields (e.g., in the presence of 

fine-grained sediments and/or limited bedrock fracturing), some 

wells may have slow recovery rates. A decision to reduce the 

well purging to less than five volumes will be recommended by 

ESE only if excessive time would elapse attempting to collect 

one or two samples from low-yielding veils. This decision will 

be subject to approval by the USAF. The anount of fluid purged 

will be measured and recorded. Sampling will be accomplished 

by a bailer constructed of inert materials (PVC). No glue will 

be used in the construction of these bailers. 

m 
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5. To protect the wells from contamination during sampling 

procedures, the following guidelines will be followed: 

a. A separate bailer will be supplied for each well. After 

each bailer is used to sample each well for the first time, 

it will be allowed to remain in the well. Each bailer will 

be etched with the number of the sampling well. 

b. If a pump is used to purge the standing water from the 

well, the pump and the hoses will be thoroughly cleaned 

between the samples, using the approved drilling water 

source. All sampling, however, will be performed with the 

dedicated bailer. 

c. All sampling equipment will be protected from ground water 

contact by polyethylene plastic sheeting to prevent soil 

contamination from tainting the ground water samples. 

6. Conductivity, pH, and temperature wilt be measured prior to 

sampling. 

7. If the wells are flowing, a flow rate will be determined, and 

five volumes of water will be allowed to flow out of the well 

prior to sampling. 

Inert threaded PVC well casings will be used in this program. 

Adsorption of certain compounds on the plastic surface may affect the 

apparent ground water concentration. However, the following precaution 

will be taken to minimize adsorption of analytes by PVC. Each well will 

be purged and then sampled as soon as sufficient water returns. In this 

manner, the contact time between the water sample and the PVC will be 

kept to the shortest possible period. 

During the sampling of each monitor well, information regarding the 

sampling will be kept in a notebook. The following data will be 

collected : 

1. Well number; 

2. Date; 

3. Time; 
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4. 

5. 

6. 
7. 

8. 

9. 

10. 

11. 

12. 
13. 

Static water level; 

Depth of well; 

Number of bailer volumes removed, if applicable; 

Pumping rate, if applicable; 

Time of pumping, if applicable; 

Draw down water level; 

In situ water quality measurements such as pH, specific 

conductance, and temperature; 

Fractions sampled and preservatives; 

Weather conditions and/or miscellaneous observations; and 

Signature of sampler and date. 

Each sample will be carefully labeled so it can be identified by 

laboratory personnel. The sample label will include the project number, 

sample number, time and date, and sampler's initials. Alt samples will 

be identified with non-water-soluble ink on a standard preprinted and 

prenurabered label immediately after collection. Information concerning 

preservation methods, matrix, and sample location will be included on 

the label. Samples will be shipped in styrofoam ice chests and will be 

kept below 4°C from time of sample collection until analysis. 

D.10 SURFACE WATER SAMPLING 

Prior to surface water sampling, the following data will be noted and 

recorded in the field notebook: 

1. Site number or location; 

2. Date; 

3. Time (24-hour system); 

4. Antecedent weather conditions, if known; 

5. In situ parameter measurements (temperature, conductivity, and 

pH); 

6. Fractions and preservatives; 

7. Any other pertinent observations (odor, fish, etc.); and 

8. Signature of sampler and date. 
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At the conclusion of each day in the field, the Sampling Team Leader 

will review each page of the notebook for errors and omissions. He/she 

will then date and sign each reviewed page. 

All field instrument calibrations will be recorded in a designated 

portion of the notebook at the time of the calibration. Adverse trends 

in instrument calibration behavior will be corrected. 

The sample will be collected in a manner which will minimize its 

aeration and prevent oxidation of reduced compounds in the sample. The 

container will be filled until it overflows without air bubbles and then 

tightly capped. Special attention will be given to minimize air contact 

with the water sample. Sampling procedures and precautions for the 

volatile fraction collection are identical to the ground water 

procedures . 

Each sample will be carefully labeled so it can be identified by 

laboratory personnel. The sample label will include the project number, 

sample number, time and date, and sampler's initials. All samples will 

be identified with non-water-soluble ink on a standard preprinted and 

prenumbered label immediately after collection. Information concerning 

preservation methods, matrix, and sample location will be included on 

the label. Samples will be shipped in styrofoam-ice chests and will be 

kept below 4°C from time of sample collection until analysis. 

D.ll SOIL AND SEDIMENT SAMPLING 

Prior to soil and/or sediment sampling, the following data will be noted 

and recorded in the field notebook: 

1. Site number, location, or designation; 

2. Date; 

3. Time (24-hours system); 

4. Antecedent wather conditions, if known; 

D-17 



5. Any other pertinent observations (e.g., vegetation, substrate 

characteristics, etc.); and 

6. Signature of sampler and date. 

At the conclusion of each day in the field, the Sampling Team Leader 

will review each page of the notebook for errors and omissions. He/she 

will then date and sign each reviewed page, 

D.12 SOIL SAMPLING 

The soils collected during this study will consist of the split-spoon 

samples collected during the drilling of wells. These samples will be 

collected and placed in glass wide-mouth jars with Teflon®-!ined lids. 

Sample containers will be labeled with a preprinted label, chilled to 

4°C, and shipped to the laboratory for storage. These samples were 

analyzed in the Phase lia study. If contaminants are found, these 

samples are available for analysis in the Phase lib study. 

D.13 SEDIMENT SAMPLING 

1. All sediment samples will be collected with a hand piston 

sampler or other appropriate device. 

2. After sampling, depth of water at each sampling point will be 

measured and recorded. 

3. Sampling equipment will be thoroughly cleaned with water from 

an approved source and solvent rinsed with acetone and hexane 

and allowed to air dry. 

4. Sediment samples will be placed in glass containers with 

Teflon®-lined lids, shipped under ice, and stored at 4°C. 

D.14 LABORATORY 

The Laboratory Task Manager is responsible for implementing the 

laboratory QC procedures. The QA Supervisor will monitor the 

performance of the analysts and the Chemical Analysis Supervisor for 

implementation of proper QC checks and to final approve all data. 
fr- 
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For analyses conducted in this project, the following QC checks will 

apply: 

1. At least five standards for standard curve (three standards for 

organic analyses) [for gas chromatograph/mass spectrometer 

(GC/MS) analyses and metals analyses by inductively coupled 

argon plasma (ICAP) one calibration standard is run and a daily 

response factor is established after initial calibration], 

2. Correlation coefficient for curve is greater than 0.995, 

3. Percent recovery for spikes is within acceptance criteria as 

described below, 

4. Samples are within range of standards, 

5. At least 10 percent of the samples are replicates (except 

GC/MS), and 

6. At least 5 percent of the samples are spiked. 

D. 15 DATA ANALYSES AND REPORT REVIEW 

Peer review of all deliverable reports and data supporting this project 

will be performed by technically qualified individuals from each major 

discipline represented in the particular deliverable. Fig. D-2 is a 

sample Deliverable Review Form to be used in this project. 
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APPENDIX E 

SAFETY PLAN 

This element consists of the activities necessary to ensure the safety 

of all ESE and subcontractor personnel and the general public during 

onsite and laboratory activities. This will be done by indoctrination 

of all personnel in the requirements of the Maxwell AFB safety plan 

prior to site activities and by ensuring that all personnel are 

adequately trained; provision of adequate safety equipment; medical 

surveillance for personnel exposed to potentially toxic chemicals; 

provision for safe, legal sample transport and handling; provision for 

the safe conduct of field inspections, construction, and well drilling 

operations; and provision, as necessary, of exclusion areas and 

decontamination activities to prevent contamination migration impact to 

onsite personnel, the general public, or the environment. 

Principal physical hazards at Maxwell AFB during sampling and analysis 

involve the operation of the drilling rigs, operation of soil boring 

equipment, and operation of field testing equipment. 

Chemical hazards at the site involve the potential inhalation of or skin 

contact by solvents, plating wastes, and cyanides during the drilling 

operations and the sampling of ground water. Also, the potential for 

skin contact with sediments potentially contaminated with plating 

wastes and other nonspecific toxic materials is a concern at Maxwell 

AFB. 

& 
I 

It is anticipated that all sampling will be conducted using Level D 

protection. Level C protection {full-face canister masks equipped with 

organic vapor cartridges worn by samplers and drilling crew) will be 

required in these areas if organic vapors are detected in the atmosphere 

at breathing level during operations. 
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The decontamination assumptions for equipment such as drilling rigs 

which are costed into the proposed scope include the decontamination 

between borings or well installations using approved drilling water in 

an area provided by the Base Civil Engineer. It must be recognized, 

however, that although the above decontamination activities are 

considered to be sufficient to prevent hazard to the public health or 

onsite personnel, regulatory review of the work plan may result in 

additional requirements. These would impact the time requirement for 

decontamination of equipment, as well as introducing construction costs 

for building a separate decontamination wash rack, storage of drill 

cuttings, and providing for storage, treatment, and testing of the 

decontamination water. Additional costs would be required for such an 

upgraded decontamination program. 
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APPENDIX F 

PIEZOMETERS, MONITOR WELLS, SURFACE WATER, 

AND SEDIMENT SAMPLING LOCATION DESIGNATIONS 

SAMPLE NUMBERING SYSTEM 

The sample numbering system for piezometers and ground water monitor 

wells consists of the site number followed by the number indicating the 

order in which the wells were drilled at the study site (e.g., Well 3-3 

indicates the well was the third well drilled at study site number 3). 

The actual sample numbers assigned to the ground water samples collected 

from the monitor wells were selected by the ESE Laboratory data computer 

system and are unique numbers for the samples. The piezometer/monitor 

well numbers and the ground water sampling site designations and sample 

numbers are presented in Table F-l. 

The sampling location designations for the sediment sampling sites were 

arbitrarily selected and sequentially numbered from one to eleven. 

These sites and the numbers issued to the samples collected from these 

sites are listed in Table F-2. The site designation 2 is indicative of 

the fact that the entire drainage system of MAFB was declared Site 2 in 

the work plan. 

The sampling location designations for the surface water sites were also 

arbitrarily selected and numbered one through four. These sites and the 

numbers issued to the samples collected at these sites are listed in 

Table F-3. The surface water samples were collected in the surface 

drainage system on MAFB, which had been designated as Site 2 in the work 

plan . 

p 



Table F-l. Piezometer/Monitor Well Numbers and Ground Water Sampling 

Site Designations and Sample Numbers 

Site 

Piezometer/ Ground Water 

Monitor Sampling Site Ground Water 

Well Number Designation Sample Number 

1 

1 

1 

1 

3 

3 

3 

4 

4 

4 

5 

5 

5 

5 

5 

6 

6 

6 

7 

7 

7 

1 

2 

3 

4 

1 

2 

3 

1 

2 

3 

1 

2 

3 

3 

5* 

1 

2 

3 

1 

2 

3 

GW1-1 

GW 1-2 

GW 1-3 

GW 1-4 

GW3-1 

GW3-2 

GW3-3 

GW4-1 

GW4-2 

GW4-3 

GW 5-1 

GW5-2 

GW5-3 

GW5-4 

GW5-5 

GW6-1 

GW6-2 

GW6-3 

GW 7-1 

GW7-2 

GW7-3 

469200 

469201 

469202 

469203 

469500 

469501 

469502 

469503 

469504 

469505 

469507 

469508 

469509 

469510 

469511 

469512 

469513 

469514 

469515 

469516 

469517 

*This was an existing well which was arbitrarily assigned the 5-5 

designation. 

Source: ESE, 1985. 
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Table F-2. Sediment Sampling Site Designation and Sediment Sample 
Number 

Sediment Sampling Sediment 
Site Designation Sample Number 

S2-1 

S2-2 

S2-3 

S2-4 

S2-5 

S2-6 

S2-7 

S2-8 

S2-9 

S2-10 

S2-11 

469300 

469301 

469302 

469303 

469304 

469305 

469306 

469307 

469308 

469309 

469310 

Source : ESE, 1985. 



Table F-3. Surface Water Sampling Site Designation and Sample Numbers 

Surface Water 

Sampling Surface Water 

Site Designation Sample Numbers 

SW2-1 

SW2-2 

SW2-3 

SW2-4 

469400 

469401 

469402 

469403 

Source: ESE, 1985. 
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APPENDIX G—HORIZONTAL LOCATIONS AND ELEVATIONS OF 

MONITOR WELLS 



APPENDIX H—GEOPHYSICAL TRACING FOR SITES 1 3 5, AND 7 
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APPENDIX J 

Monitor Well Water Levels 

(1-15-85 through 1-19-85, initial sampling event) 

Well 
Designation 

MW1-1 

MW1-2 

MW 1-3 

MW1-4 

MW3-1 
MW3-2 

MW3-3 

MW4-1 

MW4-2 

MW4-3 

MW5-1 

MW5-2 

MW5-3 
MW5-4 

MW6-1 

MW6-2 

MW6-3 

MW7-1 

MW7-2 

MW7-3 

Depth to Water 

(ft)* 

16.2 

5.5 

8.1 
7.4 

17.7 
9.3 

4.7 

18.3 

14.2 

13.6 

15.0 

8.3 

9,9 

4.0 

29.0 

30.0 

29.5 

15.8 

13.8 

12-.7 

Stick Up (ft) 

2.5 

2.5 

2.7 

2.5 

2.7 

2.5 

2.3 

2.5 
2.5 

2.7 

2.5 

2.5 

2.5 

2.4 

2.5 

2.5 

2.5 

1.0 
2.7 

2.5 

Depth to Water 

(ft)t 

13.7 

3.0 

5.4 

4.9 

15.0 
6.8 
2.4 

15.8 - 

11.7 

10.9 

12.5 

5.8 

7.4 

1.6 
26.5 

27.5 

27.0 

14.8 

11.1 
10.2 

*Measured from the top of PVC casing. 

tMeasured from ground level. 

Source: ESE, 1985. 
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APPENDIX M—MONITOR WELL, SURFACE WATER, AND 

SEDIMENT SAMPLING LOGS 
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WELL SAMPLING DATA 

Well Sampling: 

Well Number^ ÓUJ I- I Tiiae_ 

Water Level in Well: 

1« Distance from top o£ pipe to ground 

Held length (before pumping)_ 

Wet length (before pumping)^_ 

2^1 
2. 

3. 

4. 

3. 

6. 
7. 

Distance to water Cbcfore pumping) 

Held length (after pumping) 

Wet length (after pumping) 

JJi-l 

Distance to water Cafter ptunping} _ 

Sampling Information: Sample Number * 

Depth of well_ 

.( ft} 

.(ft} 

.(ft} 

.(ft) 

.(ft) 

.(ft) 

(ft) 

1 

2 
m o, 

4. 

3. 

6. 

7. 

8. 

9. 

Diameter of well 
_Cft) 

Cinches ) 
Method of collection /bailer, hand pump,etc) 

Depth or interval from which sample taken fft) 

Appearance (clear, milk/, color) _ 

Approximate pumping rate: at start g_(^) 

Total time pumped 

Total volume pumped 

at finish 

¿s_' 
_Cgpm) 

(hri nun) 

Field analysis performed: 

Dissolved Oxygen 

?h_ 

1 

_mg/l 

Conductivity _Z£ uhmos/cm 

WTOiT.V-iMSCVS.aK.ti 



WELL SAMPLING DATA. 

Well Sampling: 

Well Number &IQ /- Z- Time Ift* 

Water Level in Well: 

!• Distance from top of pipe to ground 2.Í?* 

2. 
3. 

4. 

5. 

6. 
7. 

Held length (before pumping) 

Wet length (before pumping) 

Distance to water (before pumping) f** 5* 

Held length (after pumping)_ 

Wet length (after pumping)_ 

Distance to water (after pumping) 

Sampling Information: Sample Number ^fjgQ ft ft! 

_(£t) 

.(ft) 

_Cft) 

_(ft) 

.(ft) 

.(ft) 

Aft) 

1. 

2. 
m 

J. 

4. 

3. 

6, 

Depth of well JjL --(ft) 
Diameter of well_± _Cincàes} 

Method of collection ^V/eV fbailer. hand pump,etc) 

Depth or interval from which sample taken^_(ft) 

Appearance (clear, milky, color) 

Approximate pumping rate: at start 

at finish 

Total time pumped 

Total volume pumped^_ 

_(gpni) 

_Cgpm) 

(hr, min) 

Field analysis performed: 

Dissolved Oxygen_ 

PH_ 
jag/ 

Conduct ivity^ 

Temperature 

2^3 
rra 

Fractions Collected (circle) 

^uhmos/cm 

°C 

(P C7 
0 P Zj r 

M RP Cl RS 

T R UP N’F 

i«-?* 

Read and Understood By: 
s.. / ' 

Date Signed Dat 

M-2 



T.-
x-.

y,*
*.-
 

m 
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WELL SAMPLING DATA 

°*14 »fit oi* 4««s<*>>+9 
Well Sampling: 

Well Mumber Time 

Water Level in Well: 

1. Distance from top of pipe to ground 

2. Held length (before pumping) 

3. Wet length (before pumping) 

4. 

5. 

6. 

7. 

‘ Bistaa=e to water (before puaping) 8./ 
Held length (after pumping) 

Wet length (after pumping) 

Distance to water (after pumping)^_ 

sampling Information: Sample Number 

Depth of well  -âSL.a_ 

Diameter of well_ *f 

_Cft) 

-Cft) 

_Cft) 

.(ft] 

.(ft) 

.(ft) 

(ft) 

1. 

2. 
3. 

4. 

5. 

6. 

_(ft) 

(inches) 

a.thod of "U”=‘°°-Da;u^- h„d 
D«pth or incorval fra, »hlop ia^,le taim__tft) 

Appearance (clear, milky, color) 

Approximate pumping rate: at start S 

8. 

9. 

Total time pumped 

Total volume pumped 

Field analysis performed: 

Dissolved Oxygen 

^-s^a 

Conductivity^ 

Temperature ^ ^ ^ 

Fractions Collected (circle): CF 

^ y - 

at finish g Cgpm] 

.(¡if, min) 

mg/1 

0 V ¡ZJ ? 

Read and Understood 3v: 

Date 
Date : 

M-3 

Signed 



5 
i. 

J 
fcp* 

m 

WELL SAMPLING DATA 

OiLQNfiôrf ù>ve>5 CfO^Cf 
Well Sampling: 

Well Number^ Time_ «Vs 

Water Level in Well: 

1. 

2. 

3. 

4. 

3. 

6. 

7. 

Distance from top of pipe to ground^ 

Held length (before pumping] 

Wet length (before pumping) 

ï .¾ 

Distance to water (before pumping) 

Held length (after pumping)_ 

Wet length (after pumping)_ 

ZdL 

Distance to water (after pumping) 

Sampling Information: Sample Number âûzB. 

g/.gj 

4 
.âail^r 

Depth of well 

_Cft) 

.Cft) 

.(ft) 

.(ft) 

.(ft) 

.(ft) 

.(ft) 

(ft) 

Diameter of well (inches) 

3. Method of collection ("bailer, hand pump,etc) 

4. Depth or interval from which sample taken_(ft) 

3. Appearance (clear, milky, color)____ 

6. Approximate pumping rate: at start 

Total time pumped 

at finish 

Total volume pumped 

_(gpm) 

_(gpm) 

^(hr, min) 

Field analysis performed: 

Dissolved Oxygen 

?»_ 

mg/1 

Conductivity^ 

Temperature^ 

-7-Í 

rLi 

Fractions Collected (circle) : CF 

^uimos/cm 

• °C 

ô (J M RF Cl ! 
g>? T a î 0 P 

Read and,Understood 3y 

Signed 

RS 
UP 

•j * 4 

NF 

Date 
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WELL SAMPLING DATA 

Oll£AI*OO0 & IS 0014 
Well Sampling: 

Well Number /_ Time_ 

Water Level in Well: 

1. Distance from top of pip^ to ground^ ÆÆ 

i. 

3. 

4. 

3. 

6. 

7. 

Held length (before pumping) 

Wet length (before pumping) 

Distance to water (before pumping) 

Held length (after pumping) 

Wet length (after pumping) 

ZZiZ 

_(ft) 

_(ft) 

__(ft) 

(¿t) 

Distance to water (after pumping) 

Sampling Information: Sample Number VblSoo 

1. 

2, 

3. 

4. 

3. 

6. 

8. 

9. 

Depth of well *>7 3 

.(ft) 

.(ft) 

.(ft) 

(ft) 

Diameter of well 
## 

(inches) 

Method of collection (bailer, hand pump,etc) 

Depth or interval from which sample taken_ 

Appearance (clear, milky, color)_ 

Approximate pumping rate: at start 

at finish 

Total time pumped_. 

Total volume 

_(gpni) 

_(gpo) 

(hr, min) 

pompad / J 

Field analysis performed: 

Dissolved Oxygen 

PH_ 

mg/1 

ÏL.M 

Conductivity 

Temperature 

'ractions Collected (circle): 

_2 A Li U 
s/zjé l Date Signed D'at 

H-5 



- _ _ ... WELL SAMPLING DATA 
OiZ0 MA OOQ 6iN eats 

Well Sampling: 

Well Number 

¿fe» f*Z 

.A Irii Time 

Water Level in Well: 

1. Distance from top of pipe to ground 

2. Held length Cbefore pumping) 

3. Wet length Cbefore pumping)^_ 

¿.5 

Distance to water (before pumping) 

Held length (after pumping) 

Wet length (after pumping) 

I. Distance to water (after pumping} 

Sampling Information: Sample Number 

Jft) 

.(ft) 

.(ft) 

.(ft) 

.(ft) 

.(ft) 

(ft) 

1. 

2. 

3. 

4. 

5. 

6. 

Depth of well tV 2 
Diameter of well 

L -1 ; 

(inches) 

Method of collections;/^ (bailer, hand pump,etc) 

Depth or interval from which sample taken 

Appearance (clear, milky, color) C 
Approximate pumping rate: at start 

Cft) 

Total time pumped 

Total volume pumued 

at finish 

SL 

Field analysis performed: 

Dissolved Oxygen 

?H_ 

_Cgpm) 

_(3P^n) 

(hr, min) 

mg/1 

JÎA 

Conductivitya 

Temoerature 

Fractions Collected (circle): 

t)is/er 
Dat 9 

M-6 

C7 <p(¿) M 

? 0 ? (p 

/7. C9 
_uhmo s / cm 

cC 

R? RS 

0 
Lead and understood 3v 

oirned da: 2 



(X, .4- '.' C r 1' ^ L ' 1 

Well Sampling: 

Well Number 

WELL SAMPLING DATA 

- Time // Y? 

Water Level in Well: 

1. Distance from top of pipe to ground 

Held length (before pumping) 

Wet length (before pumping)_ 

^5“ 

2. 

3. 

¿ 

_(ft) 

_(ft) 

_(ft) 

Distance to water (before pumping)  (ft) 

3. Held length (after pumping) _  (ft) 

6. Wet length (after pumping)^_ 

7. Distance to water (after pumping) 

Sampling Information: 

1. Depth of well 

(ft) 

(ft) 

Sample Number 

_ 

Diameter of well 

re*', 

(inches) 

Method of collection 3V, fAV fbailer. hand pump,etc) 

Depth or interval from which sample taken rft) 

Appearance (clear, milky, color) fJti/V 

Approximate pumping rate: at start S 

at finish 5 

__ Total time pumped 

Total volume pumped jiJs 

_(spin) 

_Cs?®) 

(hr, nin) 

Field analysis performed 

Dissolved Oxygen 

pH_Cñ 
mg. -M 

Conductivity 

Temoerature 

zu y uhmos/cm 

C ^ - ''u 

Fractions Collected (circle): ($ CF M R? ~l ^ u 

Read . and l 

hás 
Date 

M-7 

? 

Read.and Understood 3v: 

Sirned 

. TirorawMiwaaMgnBMîtniBiiiifïïiw w»iMiuoign.*> 



WELL SAMPLING DATA 

(Si W gS *0«*) 
Well Sampling: 

Well Number ft ^ Time > 

Water Level in Well: 

1« Distance from top of pipe to ground 

Held length (before pumping) 

Wet length (before pumping) 

2. 

3* neu su. V L.iL i uoxu c« rj 11 inn i n iz i _ 

+&7Ï 
4. , Distance to water (before pumping) -frirlg 

Held length (after pumping) 

Wet length (after pumping)_ 

.(ft) 

(ft) 

-r (ft) 

Distance to water (after pumping) 

Sampling Information: Sample Number 

Depth of well_Zjg>_ 

Jftfr_Cft) 

_(ft) 

_(ft) 

__ (ft) 

1. 

2. 

5. 

4. 

5. 

6. 

7. 

a. 

9. 

(ft) 

Diameter of well (inches) 

Method of collection it? /bailer, hand pump,etc) 

Depth or interval from which sample taken 

Appearance (clear, milky, color)_ 

Approximate pumping rate: at start 3fc 

(ft) 

Total time pumped 

Total volume pumped IBP 

at finish 

50 

^(gpm) 

(j?m) 

(hr, min) 

Field analysis performed: 

Dissolved Oxygen 

pH-£-2. 

1& 

jng/1 

Conductivity^ -m. 
Temperatur- u-o 

^uhsws/ca 

• °C 

Fractions Collected (circle): CF 
P 

M RP 
T 

Cl 
R 

RS H 

Ò (¾¾1, 
Read and Understood 3v: 

Signed Date Date 
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WELL SAMPLING DATA 

OI»# A/A as «IH0SOOIS 
Well Sampling: 

Well Number Á êu i/+1. Time 17-1½ 

Water Level in Well: 

X. Distance from top of pipe to ground 2. S 

2. Held length (before pumping) 

3. Wet length (before pumping)^ 

_(ft) 

_(ft) 

_(ft) 

4. : Distance to water (before pumping) /¿/.2, Cft) 

5. Held length (after pumping) _ (ft) 

6. Wet length (after pumping)_(ft) 

7. Distance to water (after pumping) _(ft) 

Sampling Information: Sample Number Sò4 

X* Depth of well ? fr? (ft) 

Diameter of well Cinches) 

Method of collection J^LlÉûa (bailer, hand pump,etc) 

Depth or interval from which sample taken (ft) 

Iky, color)_ (clear, 

6, Approximate pumping rate 

Total time pumped 

at start^ JSL 
at finish 

i± 

1j2l 

8. Total volume pumped f*4ö Isa 

_(spm) 

_(spin) 

(hr, min) 

9. Field analysis performed: 

Dissolved Oxygen 

PH_ 

jng/1 

Conductivity 

Temperature^ 

Fractions Col 

dd ^uhmos/ca 

•°C 

lected (circle): (p ^ R? Cl RS H , 

P F (P T R Q 

Read .and Understood 3vr 

CF 

P 

/-/ ' / .- 

Signed Date 



A ^ _ T.fHLL SAMPLING DATA 
diM 

Well Sampling: 

Well Number &ÆÜ ^ Time jJiJLQ. 
Water Level in Well: 

1. Distance from top of pipe to ground 

2. 

3. 

2.5 

Held length Cbefore pumping) 

Wet length (before pumping) 

.(ft) 

.(ft) 

(ft) 

4. : Distance to water (before pumping) 

5. Held length (after pumping) 

6. Wet length (after pumping)_ 

l3i4-Cft) ¿fa 
7. Distance to water (after pumping) 

Sampling Information: Sample Number SOS 

1. 

3. 

3. 

6. 

a. 
9. 

Depth of well 2Jê. 

.(f*o 

.(ft) 

.(ft) 

.(ft) 

Diameter of well (inches) 

Method of collection (bailer, hand puaro.etc') 

Depth or interval from which sample taken_Xft) 

Appearance (clear, milky, color)^ -ariilvi_ 

Approximate pumping rate 

Total time pumped 

Total volume pumped 

Field analysis performed: 

Dissolved Oxygen_ 

PH_ 

at start 

at finish 

3. 

_(spin) 

_(gpin) 

(hr, min) 

/ue f 

». 
Jiig/1 

Conductivity^ 

Temperature_ n.i Buhiaos/ca 

_ ■ °C 
Fractions Collected (circle): CF 

P 

^ M RP Cl 

? d> T R 

XS H 

Read, and Understood 3v: 

Signed Dare 

M-10 
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WELL SAMPLING DATA 

012-3 1)4 010 4NÔ%ô^2^ 
Well Sampling: 

Well Number S*»| _ Time 

Water Level in Well: 

1. Distance from top of pipe to ground 

2* Held length (before pumping] 

3. ~Wet length (before pumping) 

4>. ; Distance to water (before pumping) 

5. Held length (after pumping)_ 

6. Wet length (after pumping] 

7. Distance to water (after pumping) 

Sampling Information: Sample Number 

1. Depth of well_ 

Jit) 

.(ft) 

.(ft) 

.(ft) 

.(ft) 

.(ft) 

(ft) 

2. Diameter of well 

(ft) 

¿inches) 
Method of collection t t. * 

i bail er. hand pump, etc) 

Depth or interval from which sample taken,_r5t) 
Appearance (clear, milky, color)_ 

Approximate pumping rate: at start Sf_(gpm) 

Total time pumped 

at finish 

Total volume pumped 

_(spa) 

(hr, min) 

Field analysis performed: 

Dissolved Oxygen 

pH 
mg/1 

Conductivity 

Temperature 

¿•r act ions Collected (circle) 

y- /Vgf 
- 7 

: O CF ^ (S N 

¢5 P.O ? (ï 

.uhaos/ca 

_ -0C 

M Cl XS t 

and Understood 3vt 

0 

JsOeM 

Date Signed 
Dar- 

M-ll 

iSS&HBEszsirissxaesam 



WELL SAMPLING DATA 

O IZB K) A OlO <S»|d 05002.1 
Well Sampling: 

Well Number_G»UJ 5» 2. Time_ 

Water Level in Well: 

1. Distance from top of pipe to ground 5L.£j> 

2. Held length (before pumping) 

3. Wet length (before pumping) 

^* ' Distance to water (before pumping) 

3. Held length (after pumping)_ 

6. Wet length (after pumping)__ 

7. Distance to water (after pumping) 

Sampling Information: Sample Number ffcgSgg 

1. Depth of well_ 

2. 

_(ft: 

_(ft: 

_(ft) 

.5-.2-5 T~oc (ft) 

__(ft) 

-_(ft) 

.(ft) 

Cf 

3. 

9. 

Diameter of well 4 
—--/inches) 

Method of collectionCbailer hand punp.etc) 

Depth or interval from which sample taken_rft] 

Appearance (clear, milky, color) eJPôtí.* _ 

Approximate pumping rate: at start 3 

Total time pumped 

Total volume oumned 

at finish 

mm 

_Cgpm) 

_Cgpni) 

.(>-, min) 

Iño 
Field analysis performed: 

Dissolved Oxygen 

pH_»Tí 
^mg/1 

Conductivity 

Temperature 
mh. 

.-tactions Collected (circle): (z) CF 

Q> p 

_uhmos/cn 

_ cC 

0 M R? Cl RS H 
d> T R ¿n? 

Read, ànd Understood 3v 

.gneu 

IVKirfi.’rsaiiSCeAWK.tKi'rw.-r 

M-12 



WELL SAMPLING DATA 

OMBHPtOtO <S»MeS002.1. 
Well Sanrplijig: 

Well Number A 3 Time / 

Water Level in Well: 

1. Distance from top o£ pipe to ground 2*5 (ft) 

2. Held length (before pumping) (ft) 

3. Wet length (before pumping] (ft) 

4. : Distance to water (before pumping) ^ (ft) 

3. Held length (after pumping)_(ft) 

6. Wet length (after pumping)_(ft) 

7. Distance to water (after pumping) (ft) 

Sampling Information: 

1. Depth of well 

j. 

4. 

5. 

6. 

9. 

Sample Number Sö9 

__ eft) 

2. Diameter of well Ml (inches) 

Method of collection_ .Jfiàââ_ ^(bailer, hand pump,etc) 

Depth or interval from which sample taken_(ft) 

Appearance (clear, milky, color)a 

Approximate pumping rate:, at start_ —t£_ 

7. Total time pumped 

3. Total volume pumped 

Field analysis performed: 

Dissolved Oxygen^ 

PH_■ 

Conduct ivity^ 

Temperature 

factions Collected (circle) 

Signed 
jik. 
Date 

at finish^ 

-2¿l_! 

IS. 
_.CspnO 
_CspaO 
Chr, mia) 

3^0 

ng/ 

U± 
1ÂJ. 

^uhmos/cm 

' -C 

CF (?) (S? M R? Cl RS H 

P (P ? d? T 3. (u) (3(Tf- 
Read and Understood By: 

Signed Date 

M-13 



d «9* Afl A a ^ WELL SAILING DATA 
tie AWdiO Q>N&% 0OL% 

Well Sampling: 

Well Number j| Time 

Water Level in Well: 

1. Distance from top o£ pipe to ground 

2* Held length (before pumping) 

3« Wet length (before pumping) 

ÜLSÆ. 

2.« 

4. 

5. 

6. 

7. 

Distance to water (before pumping) 

Held length (after pumping) 

Wet length (after pumping)_ 

Distance to water C^fter pumping} 

Sampling Information: Sample Number 

_Cft) 

_Cft) 

.(ft) 

.(ft) 

.(ft) 

.(ft) 

.(ft) 

1* Depth of well_ 

2. Diameter of well 

-2SLS. _Cft) 

(inches) 

3. Method of collaction_Pi#f«^ (bailer, hand pumpfetc) 

4- DePth or interval from which sample taken_fft) 
3. Appearance (clear, milky, color) 

6. 

8. 

9. 

Approximate pumping rate: at start 

at finish^ 

Total time pumped -HS^U 
Total volume pumped 

Field analysis performed: 

Dissolved Oxygen^ 

ph-" 

.(spin) 

.(gpm) 

,(hr, min) 

jng/l 

Conductivity^ 

Temperature. 

Fractions Collected (circle): © M R? a 

F ^ T R 

and Understood Bvr 

^uhaos/cm 

IS ZS 

Signed 
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Sampling; ft(j^ ■ S|-UÇ ólOS-S 

JêLAII Time * *-tltr Well Number Id#fl. || 

Water Level in Well: 

1. Distance from top of pipe to ground 

Held length Chefore pumping} 

Wet length [before pumping} 

2. 

3. 

4. 

6. 

7. 

Distance to water (before pumping} 

Held length (after pumping} 

Wet length (after pumping}_ 

.( ft} 

.(ft) 

.(ft) 

(ft) 

Distance to water (after pumping} 

Sampling Information: Sample Humber. 

!• Depth of well 

2. Diameter of well 

5. 

.(ft) 

Method of collectioaR^ TTTTT" T-“— 
. ^ailôr, hand pump,etc) 

/ eP °r interval fron whicb sample taken ^ 
S- Appearance (clear, milky, color)__ 

^-imate pumping rate: at start 
s. 

7. 

3 . 

9. 

*% at fia; 

Total volume pun 

Field analysis p 

Dissolved Oxygen 

?»- 

.(spin) 

.(spin) 

(hr, min) 

-1^1 faältd A S ÆUâyà&J 
ormed: £ / ^ ^ 1 * 

mg/l 

Conductivity 

Temperature 

Fractions Collected (circle 

MXir) 

16./. 

0 : ¢0 CF Ä ^ 

^uhaos/ca 

_ 0C 

M RP Cl RS H 

(P T ' ^ 

Reao^and Understood 3yr 

Signed 
Date 

^15 
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WELL SAMPLING DATA 

61X6 0 A OM 6 Mes ôôXS 
Well Sampling: ^ 

Well Number & m / Time 

Water Level in Well: 

1. Distance from top of pipe to ground 

Held length (before pumping)_ 

Wet length (before pumping)_ 

2JtL 
2. 

3. 

4. 

5. 

6. 

7. 

Distance to water (before pumping) 

Held length (after pumping)_ 

Wet length (after pumping)_ 

Distance to water (after pumping) 

Sampling Information: Sample Number *¿¿0 4 5*^ 2» 

1« 

2. 

3. 
4. 
5. 

6. 

8. 

9. 

Depth of well_ 

.(ft) 

.(ft) 

.(ft) 

.(ft) 

.(ft) 

.(ft) 

.(ft) 

(ft) 

Diameter of well V —(inches) 

Method of collection (bailer, hand pump,etc) 

Depth or interval from which sample taken (ft) 

Appearance (clear, milky, color) 

Approximate pumping rate: at starts 

at finish 

fù 

i0 

Total time pumped 

Total volume pumped. 

Æ3l 

_CSP®) 

Cg? nQ 
Ch?, nia) 

MA 
Field analysis performed: 

Dissolved Oxygen 

pH __SÆ 
mg/1 

Conductivity. 

Temperature. 

Fractions Collected (circle): M R? Cl 

5. 

Reac and. Understood By: 

Signed 

Í 

Dare 

M-16 
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^ líELL SAMPLING, DATA 

oiieNAôu Ct^moisib 
Well Sampling: 

Well Number^ Time / 
Water Level in Well: 

1. Distance from top of pipe to ground 

Held length (before pumping) 

Wet length (before pumping)_ 

■g-l& 

2. 
3. 

4. 

6. 

7. 

Distance to water (before pumping) 

Held length (after pumping) 

Wet length (after pumping)_ 

30 

Distance to water (after pumping) 

Sampling Information: Sample Number 

_Cft) 

_C£t) 

_Cft) 

.(ft) 

.(ft) 

.(ft) 

(ft) 

Depth of well_ -31» 7 
Diameter of well 

__.(ft) 

— _ (inches ) 

Method of collection fhaii^-r hand pUapfetc) 

Depth or interval from which sample taken__(ft) 

Appearance (clear, milky, color) 

Approximate pumping rate: at start 

Total time pumped 

Total volume pumped 

Field analysis performed: 

Dissolved Oxygen_ 

PH-*jjb 

at starts 

at finish 

_Cgpm) 

_(îpm) 
(hr, min) 

w 
mg/1 

Conduct ivity_ —ay/ 

Temperature fû 
Fractions Collected (ci tie): 0 M R? 

F T 

^uhmos/cm 

ac 

u a xs TT 

and Understood 3v: 

// 

Signed Date 

MmSftU!*SiOTS2mtt*«UB0f4 :. 
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WELL SAMPLING DATA 
oiifeMAeit $MU 
Well Sampling: 

Well Number Time // 7 g 
Water Level in Well: 

1. Distance from top of pipe to ground^ 

Held length (before pumping) 

Wet length (before pumping)_ 

¿LJL 
2. 

3. 

4. 

3. 

6. 

7. 

Distance to water (before pumping) 

Held length (after pumping) 

Wet length (after pumping)_ 

Distance to water (after pumping) 

Sampling Information: Sample Number^fe^f S 

1. 

2. 
m 

4. 
5. 

6. 

3. 

9. 

Depth of well 

jft) 

.(ft) 

.(ft) 

.(ft) 

.(ft) 

.(ft) 

.(ft) 

(ft) 

Diameter of well «/ (inches) 

Method of collectioa_^£t^^^___(bailer, hand pump, etc) 

Depth or interval from which sample taken _Tft) 

Appearance (clear, milky, color) 

Approximate pumping rate: at start _(gpm) 

at finish^ -JS_ _(spm) 

Total time pumped__ _to .(hr, min) 

Total volume pumped 

Field analysis performed: 

Dissolved Oxygen_ 

PH_ 

mg/l 

SLÜ 
Conductivity^ 

Temperature 
^3Cg 

factions Collected (circle) 

18-.¾ 

: ú) CF 

^uhmos/cm 

■ac 

M RP Cl 
r r3# T R 

RS H 

RWt and Understood By: 

Date Signed 

//- /,. ■ 

Date 

M-ia 
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WELL SAMPLING DATA 

Well Sampling : 

Well Number GjUJ 1 ~ \ Time /ÛÔ& 

Water Level in Well: 

1. 

2. 
3. 

4. 

5. 

6. 

7. 

Distance from top of pipe to ground 

Held length (before pumping)_ 

Wet length (before pumping) 

1 Distance to water (before pumping) 

Held length (after pumping)_ 

Wet length (after pumping) 

Distance to water (after pumping) 

/. &_eft) 

_eft) 

_ (ft) 

_(ft) 

__(ft) 

_(ft) 

_(ft) 

Sampling Information: Sample Number ^ÙA^St^ 

1. Depth of well —___(ft) 

2. Diameter of well_ V_(inches) 

3. Method of collection. (hailer. hand pump,etc) 

4. Depth or interval from which sample taken__Tft) 

3. Appearance (clear, milky, color) (*/&✓"_ 

6. Approximate pumping rate: at start !?_(^) 

at finish ^_ (ram) 

7. Total time pumped,__ (hr, min) 

3. Total volume pumped__tOb 

9. Field analysis performed: 

Dissolved Oxygen 

PH_ 

Conductivity_gfr _ufemos/cm 

M-19 



WELL SAMPLING DATA 

0«2^w*d»3 Gitie?0d4*t 
Well Sampling: 

Well Number Time 11 

Water Level in Well: 

1. 

2. 

3. 

4. 

5. 

6. 
7. 

Distance from top of pipe to ground 

Held length (before pumping) 

Wet length (before pumping) 

! Distance to water (before pumping) 

Held length (after pumping) 

Wet length (after pumping) 

Distance to water (after pumping) 

-JL-5_(ft) 
__(ft) 

_(ft) 

¿¿d_(ft) 

_(ft) 

_(ft) 

_(ft) 

sampling Information, 

1* Depth of well 

4. 

6. 

Sample Number 

1-Z.3 
(ft) 

(inches) 
Diameter of well V_ 

Method of collectionJ^J^a, (bailer, hand pump,etc) 

Depth or interval from which sample taken_f£t) 

Appearance (clear, milky, color)_ 

Approximate pumping rate: at start ^ (mmï 

Total time pumped 

Total volume pumped 

at finis h^ _Cgpm) 

t(hr, min) 

9. Field analysis performed 

Dissolved Oxygen^_ 

PH_ 

Conductivity 

Temperature 

Fractions Collected (circle): 

1SCL 

ß?/ 

á El 'j à b-, /II« 

^ ^ Date 

ji õ~? Ô T ã § <§ 
(d and Understood 3v: 

I / i /- 

Signed Date 
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WELL SAMPLING DATA 

Well Sampling: 

Well Number^ Time^ 

Water Level in Well: 

Distance from top of pipe to ground^ 

Held length (before pumping) 

'Wet length (before pumping)_ 

2.¾ 

Distance to water (before pumping) 

Held length (after pumping)_ 

Wet length (after pumping)_ 

•Z*-? 

1. 

2. 

3. 
4. 

3. 

6. 

7. Distance to water (after pumping) 

Sampling Information: Sample Number jJtrtS/l 
1. 

2. 
3. 

4. 

5. 

6. 

a. 
9. 

Depth of well 2,0. 

.(ft) 

.(ft) 

.(ft) 

.(ft) 

.(ft) 

.(ft) 

.(ft) 

(ft) 

Diameter of well (inches) 

Method of collection Cbailer. hand pumpfetc) 

Depth or interval from which sample taken_(ft) 

Appearance (clear, milky, color) 

Approximate pumping; rate: at start 

at finish 

(îP®) 

(spm) 

Total time pumped 

Total volume pumped 

_(hr, min) 

Field analysis performed: 

Dissolved Oxygen^ 

pH_^ 4¾ 

mg/1 

Conductivity 

Temperature^ _tftl 

uhmos/cn 

0C 

Fractions Collected (circle) cf rs 
? ? U 

Reac^and Under 

R? 

T 

Cl 

R 

RS H 

(g)@ 

stood 3v: 

Date 

M-21 
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ANALYSES 
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APPENDIX P—ANALYTICAL RESULTS FOR GROUND WATERS 

AND SURFACE WATERS 
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