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1.0 INTRODUCTION 

Geraghty & Miller, Inc., (G&M) was retained by the Southern Wood Piedmont (SWP) 

company to sample the soils in the Wilmington landfarm areas. Ground-w3.ter samples were also 

collected from four ground-water monitor welis, one upgradient and three downgradient from 

the land farm areas. The purpose of the sampling was to provide baseline data with which to 

conduct a risk assessment. This risk assessment was to evaluate whether a "concentration of 

residual pentachlorophenol (PCP) and major constituents of creosote is reached which will 

protect public-health and the environment," according to the terms of the Administrative Order 

of Consent Agreement (North Carolina Department of Human Resources, 1985), paragraph 10. 

This report presents a brief history of the land farming operations at the site, a discussion 

of the site environmental setting, the sampling and analysis methodologies used, and a discussion 

of the results . 

• • 1387•"'1' 
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2.0 SITE HISTORY AND ENVIRON1\1ENTAL SETTING 

This section gives of brief description of the history of the site and landfarming 

operations and a review of historical land farm sampling data. Land use for the surrounding area 

and regional/local geology and hydrogeology are also discussed. 

2.1 SITE HISTORY 

SWP and its predecessors leased and operated a wood-treatment facility in Wilmington, 

North Carolina, from approximately 1932 to 1983. In 1932 the North State Company leased 

the property previously operated by Liberty Shipyards. The North State Company purchased 

and sold non-treated wood from 1932 to 1935. In 1935, the Taylor Colquitt Company leased 

the property to establish a wood-preserving facility to treat piling and poles with creosote. ITT, 

• of which SWP is a subsidiary, acquired the company in 1969. SWP added chromated copper 

arsenate (CCA) to the wood treatment process in the early 1970s, and PCP in the late 1970s. 

Each of the three preservatives (creosote, PCP, and CCA) were stored on-site in tanks adjacent 

to the wood treating facility. Additional creosote storage was in the southwestern property 

comer. In 1983, the SWP facility ceased its wood-treatment operations and began closure 

procedures. 

• 

2.2 HISTORY OF LANDFARMING OPERATIONS AND PREVIOUS SAMPLING 

At the northwest comer of the SWP facility property, a 5-acre area was bermed and 

ditched following the removal of existing rails and crossties and divided into two land farm ar~s: 

Landfarm 1 (LF1), and Landfarm (LF2). Figure 2-1 shows the landfarm areas. This area was 

formerly used to store treated wood . 

1387•"1' 
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During the period of July 1984 through April 1990, soil and material originating from 

the spoil pile area was applied at regular intervals. Over this period, approximately 17 different 

soil amendments occurred in LF1 and 20 in LF2. Each amendment consisted of a 2-inch-thick 

layer of spoil pile material that was added to the surface of the land farms. During the land farm 

operation, irrigation water, 10-10-10 fertilizer, and chicken and turkey manure were added to 

promote and enhance microbial growth and polycyclic aromatic hydrocarbon (PAH) degradation . 
. 

The two landfarm areas were tilled to a depth of 4 inches weekly, promoting biological and 

photochemical treatment of residual chemicals. 

Prior to the Geraghty & Miller sampling, soil samples were routinely collected and 

analyzed during the operation of the land farm. A total of 37 sampling events occurred for LF1 

and 59 for LF2. For each sampling event a composite soil sample was collected at each of the 

following depth intervals: 0 to 3 inches, 9 to 12 inches and 21 to 24 inches. A composite 

sample consisted of four subsamples, a subsample from each quadrant of a landfarm area. Soil 

• sampling was initiated in September 1985 for LF2 and November 1985 for LFI. 

• 

The soil samples were analyzed for total nitrogen, total phosphorus, chloride, total 

organic carbon, soil pH, PAHs, PCP, phenol, and microbial counts by the Mississippi State 

University Forest Products Research Division (MSUFPRD) Laboratory in State College, 

Mississippi. A discussion of the results of routine soil sampling is provided in Section 2.3, 

Land farm Historical Data Review. 

The quality of ground water in the two landfarmed areas was monitored during the 

landfarm operations. Four monitor wells were installed between September 5 and 10, 1985, on 

the perimeter of the Iandfarm area. Ground water from the upgradient (MW-6) and three 

downgradient (MW-7, 8, and 9) monitor wells was initially collected biannually and 

subsequently annually and analyzed for PCP and the major constituents of creosote. Composite 

soil samples were also taken directly from the spoil pile and analyzed for PAH constituents . 
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2.3 LANDFARM HISTORICAL DATA REVIEW 

The MSUFPRD analytical data of PAHs in soil taken from two landfarm areas (LF1 and 

LF2) between 1985 and 1990 were reviewed to determine the efficiency of the landfarm 

bioremediation activities. Total PAH concentrations substantially declined following applications 

of discolored spoil pile soil material to the two landfarm areas. As expected, the degradation 

rates varied between the different PAHs. PAHs with two aromatic rings were found to degrade 

more rapidly than PAHs with four or more aromatic rings. These findings are in agreement 

with the literature which showed the degradation rates to be dependent upon the molecular size 

and structure of the PAHs. According to MSUFPRD, PAHs detected in the landfarms can be 

divided into three groups based on the observed half-lives: (a) PAHs with half-lives of 10 days 

or less, (b) PAHs with half-lives of 10 to 100 days, and (c) PAHS with half-lives of more than 

100 days (Table 2-1). PAHs with half-lives ranging from 10 to 100 days comprised the majority 

of the PAHs that were detected in the soil samples obtained from LF1 and LF2 . 

Generally the PAH concentrations measured in the surficial soil samples (i.e., 0 to 3 

inches) exceeded the concentrations measured in the 9- to 12-inch and 21- to 24-inch layers 

within the two landfarm areas. The comparatively lower levels that were detected in the deeper 

layers may be explained in two ways: First during the initial period of landfarm operation the 

deeper soil samples were collected from the indigenous substrate soil, not soil from the spoil 

pile. It is also conceivable that the deepest soil sampling interval (i.e., 21- to 24-inches) 

consisted predominantly of indigenous substrate soil even during the final stages of the land farm 

operation. The depth of the landfarm material on October 10, 1990 ranged from 12- to 30-

inches. Secondly as a result of frequent spoil applications soil below 0 to 3 inch contained spoil 

pile material which was applied at an earlier date. These earlier applications would be subject 

to a longer period of bioremediation and enhanced removal of P AHs. For the above reasons, 

evaluation of the data for short-term degradation rates was limited to the 0- to 3-inch soil layer . 

1387swp 
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Three 4- to 6-months periods each consisting of 3 to 4 sampling events not interrupted 

by the addition of soil pile material were used to assess the short-term degradation of PAHs in 

LF1 and LF2. The first period began with the addition of affected (discolored) soil to LF1 and 

LF2 on June 5, 1986. The addition resulted in increased total PAH concentrations in samples 

collected eleven days latter on June 16, 1986. Figures A1 and A2 in Appendix A show total 

concentrations of PAHs grouped by their half-life spans at different sampling periods. 

Subsequent samples taken on August 4, October 1 and December 1, 1986, in LF1 and on August 

4 and October 1, 1986, in LF2 exhibited a gradual decrease in total PAH concentrations. Total 

concentrations of PAHs with half-lives of less than 10 days and of PAHs with half-lives of 10 

to 100 days were reduced after 2 to 4 months following June 16, 1986. Degradation of total 

PAHs with half-lives greater than 100 days was also observed but to a much lesser extent. 

Higher total PAH concentrations were detected in LF2 as compared to LF1 (Figures Aland A2, 

Appendix A) . 

On August 25, 1986, and on August 25 and November 11, 1986, chicken and turkey 

manure was added to LFl and LF2, respectively. These manure additions appeared to have 

enhanced the biodegradation of PAHs. An evaluation of degradation rates of individual PAHs 

in LF1 indicated that acenaphthene, acenapthylene and 1-methylnaphthalene were completely 

degraded within 2 months after June 16, 1986, (Figures A3-A5, Appendix A). Fluorene, 

dibenzofuran, biphenyl, 2-methylnaphthalene, naphthalene, carbazole, benzo(a)pyrene, and 

benzo(g,h,i)perylene were degraded within 4 months after June 16, 1986, (Figures A6-A13, 

Appendix A). Anthracene, phenanthrene, fluoranthene, pyrene, benzo(a)anthracene and 

chrysene, however, were found to persist at low concentrations after 6 months starting June 16, 

1986, (Figures A14-A19, Appendix A). Although the degradation of individual PAHs in LF2 

are not shown here, the trends were similar to individual PAHs in LFl. 

Results for phenol and PCP in LFl are shown in Figure A20 and A21, respectively. 

Figures A22 and A23 represent soil concentrations of phenol and PCP in LF2. The results in 
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Figures A20-A23 show persistence at low soil concentrations after 6 months starting June 16, 

1986. 

The second sampling period that was evaluated extended from November 9, 1987, to 

April20, 1988, in LFl and November 10, 1987, to April 28, 1988, in LF2. Soil samples were 

collected for laboratory analyses on November 16 (1987), January 19 (1988), March 1 (1988), 

and April 11 (1989) from LF1 and LF2. The soil samples that were collected on November 16, 

1987 exhibited increased concentrations of total PARs following spoil pile soil application on 

November 9 (1987) in LFI and November 10 (1987) in LF2 (Figures A24 and A25, 

respectively, Appendix A). Total PAR concentration detected during the second sampling period 

were comparatively higher than those measured during the first sampling period (compare Figure 

A1-A2 of first sampling period and Figure A24-A25 of second sampling period). Samples 

collected from LF1 on November 16, 1987 and January 19, March 1 and April 11, 1988 

exhibited a gradual decrease in total PAR concentrations (Figure A24, Appendix A) whereas the 

total PAR concentratiuns measured in LF2 decreased drastically (Figure A25 , Appendix A). 

After 6-month of landfarm treatment following spoil pile soil application, PARs with half-lives 

of less than 10 days were almost completely degraded. Lower concentrations of PARs with 

half-lives of 10 days or greater were detected on March 1 and April 11, 1988, in LF1 and LF2 

and on January 19, 1988, in LF1 compared to the levels initially measured on November 16, 

1987 in both LFl and LF2. 

. 
Results of PCP from the second sampling period in LF1 and LF2 are presented in 

Figures A26 and A27, respectively. PCP was not detected in soils collected from LF1 in 

January and April 1988 (Figure A26, Appendix A). PCP was detected at a relatively constant 

concentration in every sample collected form LF2 (Figure A27, Appendix A). 

The third period extended from June 15 to October 4, 1988 for LF1 and June 20 to 

October 4, 1988, for LF2. Soil samples were collected on June 21, August 15 and September 

27, 1988. The results are shown in Figures A28 and A29, Appendix A. Total PAR 
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concentrations in LFI and LF2 decreased with time, a similar trend observed in previous 

sampling periods. PAHs with half-lives less than 10 days were completely degraded after 3 

months whereas PAHs with intermediate and long half-lives persisted throughout this period 

(Figures A28 and A29, Appendix A). Greater reduction in PAH concentration, however, was 

observed on September 27, 1988. 

PCP concentrations in the third sampling period in LFI and LF2 are depicted in Figures 

A30 and A3l(Appendix A), respectively. PCP was not detected in soil samples collected from 

LFl ·after 2 months but was found in soil samples taken from LF2 (Figures A30 and A31, 

Appendix A). 

2.4 SURROUNDING LAND USE 

The SWP facility, which measure~ approximately 1,000 feet east to west by 1,600 feet 

north to south, lies within an industrialized area of Wilmington, North Carolina. Industry in the 

vicinity includes the Hess Fuel Tank Farms separated from the SWP property by a ditch on the 

north side and the Poctank, Inc., plant separated by an undeveloped lot on the south side of the 

SWP property. The major roads in the vicinity of the plant are Greenfield and Surrey Street. 

Greenfield Street runs in an east-west direction and dead ends into the center of the facility. 

Surrey Street runs in a north-south direction and is situated east of the property. The Cape Fear 

River borders. the property on the west. 

2.5 REGIONAL AND SITE GEOLOGY AND HYDROLOGY 

The Wilmington site is located in the Coastal Plain Physiographic Province of North 

Carolina, a region underlain by Cretaceous and Cenozoic marine and non-marine sedimentary 

sequences. Approximately 1500 feet of Coastal Plain sediments overlie pre-Mesozoic crystalline 

basement rock in the Wilmington area (NCGS, 1985). The site is directly underlain by the 

Cretaceous-age Pee Dee Formation (NCGS, 1985), which consists predominantly of 
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unconsolidated, dark green to gray, clay-rich, marine sand and which may contain calcareous 

sandstone ledges (Soh! and Owens, 1991). 

Five soil borings were advanced at the site to a maximum depth of approximately 50 feet 

by Soil and Material Engineers, Inc., during 1981 and an additional four borings (to a maximum 

depth of 20 feet) were drilled by Law Environmental in 1985. Lithologic logs (presented in Soil 

and Material Engineers, 1981, and Law Environmental, 1985) indicate that a surficial layer of 

sandy fill material or sand is present at the site, which varies from less than 1 foot to 18 feet 

in thickness. This layer, which appears to be thickest in the northern part of the site, is 

described as consisting of fine to medium sand, with wood, roots, or other material occasionally 

found. Below this sandy material is a layer consisting of dark brown, organic-rich silt or peat, 

which may contain traces of fine sand, roots, and wood fragments. This layer ranges in 

thickness from 5 to 19 feet.in the soil boring locations, and apparently increases in thickness 

toward the Cape Fear River to the west. Fine to medium sands extend from below the organic 

rich layers to a depth of 42 to 45.5 feet, below which a gray marl is encountered (Soil and 

Material Engineers, Inc., 1981). 

Based on their observations, Soil and Material Engineers (1981) concluded that the 

dominant direction of shallow ground-water flow at the site was to the south, parallel to the 

Cape Fear River. Water table maps prepared by Law Environmental (1985) indicate westward 

to southwestward flow (toward the river) near the Land farm areas, and generally southward flow 

at the eastern part of the site. Tidal influences may cause temporary alterations or reversals in 

these flow directions. Hydraulic conductivities ranging from 3 X 10"5centimeters/second (em/sec) 

to 10·6 em/sec were determined based on in-situ monitor well tests, and an average ground-water 

flow velocity of 0.10 feet/year was calculated (Law Environmental, 1985) . 
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3.0 INVESTIGATIVE METHODS 

A soil and ground-water sampling program, separate from the routine sampling described 

in Chapter 2.0, was designed to provide a baseline of current conditions within the two 

landfarmed areas (LF1 and LF2). The soil sampling locations and depths were selected to 

assess the presence of wood-preserving constituents (the list previously monitored by the 

MSUFPRD) and nutrients. The soil samples were coilected in the landfarmed material and 

underlying substrate in accordance with standard operating procedures presented in the Work 

Plan (Geraghty & Miller, 1990). Ground water samples were collected from the four monitor 

weiis bordering LFl and LF2. All samples were analyzed by U.S. Environmental Protection 

Agency (USEPA) methodologies for the nutrients and selected semi-volatile organic compounds 

(SVOCs). In addition, two composite surficial soil samples were coilected and analyzed to 

assess the presence of polychlorinated dibenzodioxins (PCDDs) and polychlorinated 

• dibenzofurans (PCDFs) and their respective chlorinated homologues and 2,3, 7 ,8-congeners. The 

analytical procedures for PCDDs and PCDFs were conducted in accordance with USEPA 

methodologies. All field records and analytical data were reviewed and validated by a Geraghty 

& Miller Quality Assurance Officer. 

• 

3.1 SOIL SAMPLING 

·Soil samples were coilected at five locations from the two land farmed areas on October 

10, 1990, as illustrated in Figure 3-1. At each location, three samples were collected within the 

Iandfarmed material and one sample was taken from the underlying substrate. Soil samples were 

analyzed for pH and the expanded list of wood-preserving constituents and nutrients (Table 3-1), 

including those previously monitored by the MSUFPRD and additional constituents (see Section 

3.3, Expanded List of Constituents). Table 3-2 lists the analytical methods . 
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A small-diameter ( <4-inch), stainless steel, hand-held bucket auger was used to 

determine the depth of the substrate layer at each sampling location prior to collecting soil 

samples. Following this preliminary activity, the auger was decontaminated with a laboratory

grade soap solution and rinsed three times with distilled water. The depth of the landfarmed 

material in LFl and LF2 ranged from 12 to 30 inches and 12 to 27 inches, respectively. Three 

soil samples within the landfarmed material were collected at each sampling location by means 

of a hand-held bucket auger. Each borehole consisted of a sample taken at the surface, in the 

center of the landfarmed material and above the substrate layer. 

The upper and lower sections of the individual soil cores were removed and discarded 

to prevent potential contamination between subsequent samples. The Iandfarmed soil was black, 

friable and had a moist consistency. Bricks and glass were encountered at the landfarmed 

material-substrate interface at several borehole locations. A faint creosote odor was also noticed 

at a few sample locations. The samples were placed in stainless steel bowls and thoroughly 

mixed prior to being stored in sample containers on ice at 4 °C. Following the collection of the 

samples and the removal of the intermediate soil layers, the bucket auger was decontaminated 

with a laboratory-grade soap solution and rinsed three times with distilled water. A 3-foot 

length of polyvinyl chloride (PVC) pipe was inserted into the boreholes prior to the collection 

of the substrate samples. The upper 6 inches of the substrate were first removed using a 2-inch

diameter probe and discarded. The sampling equipment was decontaminated prior to collecting 

the substrate samples. The samples were thoroughly mixed in a stainless steel bowl and stored 

in a sample container on ice at 4 °C. 

Additional surficial soil samples (0- to 6-inch) were collected on October 9, 1990, for 

PCDD and PCDF analyses (Table 3-3). The soil cores were taken with a hand-held bucket 

auger at each of the five borehole locations in LFl and LF2 and composited into two samples. 

The samples were thoroughly mixed and stored in containers on ice at 4 oc. The bucket auger 

was decontaminated using the procedures previously described prior to and following the 

collection of each se1: of subsamples . 
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Four surficial (0- to 6-inch) soil samples were collected with a sampling scoop on 

October 19, 1990, for grain- and particle-size determination and organic matter analysis. The 

individual soil samplt::s were thoroughly mixed and placed in sample coniainers. The results of 

these analyses are included in Appendix B. 

3.2 GROUND-WATER SAMPLING 

The three downgradient (MW-7, MW-8, and MW-9) and upgradient (MW-6) monitor 

wells on the perimeter of LFl and LF2 were sampled on October 9, 1990. These samples were 

analyzed for pH and the expanded list of wood-preserving constituents and nutrients (Table 3-1), 

including those previously monitored by the MSUFPRD and additional constituents (see Section 

3.3, Expanded List of Constituents). 

Plastic sheeting was placed around the wells to protect the sampling equipment from 

potential contamination prior to determining the well depth and water elevations using an 

electronic water-level meter. The wells were evacuated and sampled with disposable 

polyethylene bailers in accordance with standard operation procedures outlined in the Work Plan 

(Geraghty & Miller, 1990). The pH and conductance of the ground water were monitored and 

recorded. The ground-water samples were placed in sample containers and stored on ice at 4 oc. 
The sampling logs completed during the ground-water sampling activities are presented in 

Appendix C. 

3.3 EXPANDED LIST OF CONSTITUENTS 

During an investigation of soil quality in the former treated and untreated wood storage 

area in 1991, several inorganic and semi-volatile organic constituents that were not included in 

the MSUFPRD list of wood preserving constituents were detected in site soils. Some of these 

additional constituents, included in Table 3-1 (without asterisks), were included in the analytical 

method used to analyze the 1990 landfarm soil and ground-water samples (EPA Method 8270), 
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but had not been reported by the laboratory because they had not been requested. To determine 

whether these additional organic constituents were also present in the landfarm soil and ground

water samples collected by Geraghty & Miller in 1990, Geraghty & Miller requested that these 

additional constituents be reported by Savannah Laboratories in 1991. The laboratory complied 

with the request. 

3.4 LABORATORYANALYSESANDQUALITY ASSURANCE/QUALITYCONTROL 

PRACTICES 

All soil and ground-water samples collected during the 1990 sampling event were 

analyzed by Savannah Laboratories Environmental Services, Inc., located in Savannah, Georgia, 

for nutrient (total nitrogen, total phosphorus, total organic carbon, and chloride) and wood

preserving constituents in accordance with USEPA-approved methodologies (Table 3-2). Several 

field quality control samples were collected during the soil sampling program to assess field 

. techniques and laboratory performance. These samples included a rinsate blank (RB-1) and a 

field (FB-1). Sample RB-1 was collected using the decontaminated bucket auger and stainless 

steel bowl following the collection of sample LF1BU. Concurrently, sample FB-lwas taken. 

The quality control samples were prepared in accordance with procedures described in the Work 

Plan and analyzed for the list of constituents presented in Table 3-1. 

The two composite surficial soil samples collected for PCDD and PCDF determination 

and their respective tetra-, penta-, hexa-, hepta- and acta-chlorinated homologues and 2,3,7,8-

congeners, including 2,3,7,8-TCDD and 2,3,7 ,8-tetrachlorodibenzo-p-furan (TCDF) (Table3-3), 

were analyzed by Triangle Laboratories, Inc., located in Research Triangle Park, North 

Carolina, in accordance with the USEPA-approved methodology 8290. 

The four surficial soil samples (LFl-B, LF1-D, LF2-B, and LF2-D) collected for grain

and (sieve) particle-size and organic mater (loss on ignition, American Society Testing and 

Materials [ASTM] method) determination were analyzed by Law Environmental, Inc., located 
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in Kennesaw, Georgia. The silt and clay fractions for sample LFl-D were determined using the 

hydrometer method. 

3.4 CHAIN OF CUSTODY 

Samples collected in the field remained in the presence of a project representative at all 

times until they were shipped to the analytical laboratory. The transfer of the samples to the 

laboratory was accomplished by means of chain-of-custody forms. Activity documentation logs 

completed during this investigation are presented in Appendix B, and chain-of-custody forns are 

included in Appendix D. The placement of the custody seals ensured the integrity of the 

samples and prevented potential tampering. 

3.5 DATA VALIDATION 

The purpose of this section is to evaluate the field data for its adherence to the approved 

sampling Work Plan and to ensure the completion of required documentation. Additionally, the 

analytical laboratory data were reviewed for the completeness of the data package deliverables 

and the achievement of project-specific data quality objectives. 

All field activities were appropriately documented as illustrated by the sampling logs 

presented in Appendix B. Field (FB) and rinsate blanks (RB) for nutrient and wood-preserving 

constituent analysis were taken at a frequency of 1 for every 40 samples collected using 

procedures described in the Work Plan. Field and rinsate blank sample results are shown in 

Table 3-4 Total organic carbon was detected at a concentration of 2.4 mg/L in FB-1. This 

constituent was not found in RB-1. 

The requested detection limits for the wood-preserving constituents analyzed in the soil 

samples were not achieved for 31 out of the 40 samples collected. Samples LFlDM and LF2AL 

were diluted due to matrix interferences whereas the dilution of the remaining samples was 
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attributed to PAH concentrations above the calibration range of the gas chromatography/mass 

spectroscopy (GC/MS) detection system. The matrix spike analyses were conducted on sample 

LFIAS. These dilutions accounted for the absence of surrogate recoveries. Estimated 

constituent concentrations were reported for levels below the detection limits where applicable. 

The remaining quality control (QC) data, however, were within established control limits. 

The two surficial soil samples LFl and LF2 were analyzed for PCDD and PCDF by high 

. resolution GC/MS in accordance with the USEPA Method 8290. The samples were diluted and 

reanalyzed due to hexa-, hepta- and acta-chlorinated dibenzodioxin and furan isomer 

concentrations above the calibration range of the mass spectrometer detection system. The data 

reported herein represent a combination of the two analyses. The isomers 2,3,4,6,7,8-

hexachlorodibenzofuran and octa-chlorodibenzodioxin were detected in the laboratory method 

blank. The concentrations found, however, were acceptable under TLI guidelines. Quantitative 

interferences were reported for a number isomers in the method blank, and samples LFl and 

• LF2. The concentration of the affected analytes may be considered qualitative. 

• 

All soil, ground-water, and quality control samples collected were analyzed within the 

required holding times. With the exception of the deviations reported herein, all quality control 

samples we~e found to be within established control limits. The enclosed data (Appendix D) are 

valid and met the data quality objectives stated in the Work Plan . 
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4.0 SAMPLING RESULTS 

4.1 SOIL SAMPLE RESULTS 

The wood-preserving constituent, pH, and nutrient results for soil samples collected from 

LF1 and LF2 are presented in Tables 4-1 and 4-2, respectively. These data tables present the 

expanded constituent list which includes additional semi-volatile data reported by the laboratory 

in 1991. Table 4-3 summarizes the PCDD and PCDF data for the two composite samples. 

Sample results are identified with a unique sample ID consisting of the landfarm (LF1 or LF2), 

the location (A through E), and the sampling depth (U [upper], M [middle], L [lower], or S 

[substrate]). For example, sample LF2BU was the upper sample collected from location Bin 

LF2. Laboratory data reports and the 1991 supplemental data are included in Appendix D. 

• A total of 15 semi-volatile organic compounds (semi-VOCs) were detected above their 

• 

respective practical quantitation limits (PQLs) in the landfarm samples. Thirteen are PAHs: 

naphthalene; 1-methylnaphthalene; 2-methylnaphthalene; acenaphthene; fl~orene; phenanthrene; 

anthracene; pyrene; benzo(a)anthracene; chrysene; benzo(a)pyrene; benzo(g,h,i)perylene; and 

fluoranthene. Two of the constituents are heterocyclic organics: carbazole and dibenzofuran. 

An additional 5 constituents were detected in the landfarm samples, but the concentrations were 

below the PQLs: benzo(b,k)fluoranthene (the laboratory could not resolve the two isomers and 

reported them together); indeno(1 ,2,3-cd)pyrene; dibenzo(a,h)anthracene; pentachlorophenol, 

and tetrachlorophenols (the laboratory did not resolve the tetrachlorophenol isomers and reported 

them together). The first 3 constituents are PAHs. Compounds detected below PQLs are"]"

qualified on the data tables. 

Anthracene, a 3-ring PAH, had the highest concentration of the semi-VOCs: 900 

milligrams per kilogr~~ . .n on a dry weight basis (mg/kg dw) in the upper sample from location 

C in LF2. Fluoranthene and pyrene occurred in the second-highest concentrations: up to 500 
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mg/kg dw each in the lower sample from location D in LF2. Generally, there was no 

observable trending in constituent concentrations between the upper, middle and lower samples 

from the landfarm area. For example, pyrene occurred in concentrations of 51, 66, and 500 

mg/kg dw for the upper, middle, and lower samples, respectively, from location Din LF2. The 

same constituent occurred in concentrations of 130, 36, and 41 mg/kg dw for the upper, middle, 

and lower samples, respectively, from location C in LF2. Analyses of variance (ANOV A) 

performed on the data indicate no significant difference in constituent concentrations between 

the upper, middle, and lower samples. Concentrations of constituents in the substrate samples, 

however, were significantly lower than those occurring in the overlying landfarm material 

samples, indicating minimal vertical migration of constituents. Five of the ten substrate samples 

had no detectable semi-VOCs. 

Both composite samples had detectable concentrations of PCDDs and PCDFs. The 

concentrations for each class of PCDFs ranged from 0.09/0.10 (LF1/LF2) micrograms per 

• kilogram (J.tglkg dw) total tetrachlodibenzofurans to 147/164 (LF1/LF2) J.tg/kg dw total 

heptachlorodibenzofurans. The concentrations for each class of PCDDs ranged from 0.14/0.17 

(LF1/LF2) J.tglkg dw total tetrachlodibenzodioxins to 621/932 (LF1/LF2) J.l.g/kg dw total 

octachlorodibenzodioxins. 

• 

4.2 GROU1\TD-WATER SAMPLE RESULTS 

The wood-preserving constituent, pH, suspended solids; and nutrient results for ground

water samples collected from monitor wells MW-6, MW-7, MW-8, and MW-9 are presented 

in Tables 4-4. None of the wood-preserving constituents were detected in any of the ground

water samples . 
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Table 2-1. Half-Life Categories for Polycyclic Aromatic Hydrocarbons (PAHs) Monitored by 
the Mississippi State University Forest Product Division, Southern Wood Piedmont 
Landfarm Area, Wilmington, North Carolina. 

Less Than 10 Days 

Acenaphthylene 
Acenaphthene 
Biphenyl 
Dibenzofuran 
Fluorene 
1-Methylnaphthalene 
2-Meth y Ina ph thalene 
Naphthalene 

Reference: USEPA, 1989 . 
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10 to 100 Days 

Anthracene 
Carbazole 
Fluoranthene 
Phenanthrene 

GERAGHTY & MILLER. INC. 

GreaterThan 100Days 

Benzo(a)anthracene 
Benzo(a)pyrene 
Benzo(g,h,i)perylene 
Chrysene 
Pyrene 
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Table 2-2. List of Wood-Preserving Constituents and Nutrients Monitored by the Mississippi 
State University Forest Product Research Division, Southern Wood Piedmont 
Landfarm Area, Wilmington, North Carolina. 

1387swp 

Wood Preserving Constituents 

Acenapthylene 
Acenaphthene 
Anthracene 
Benzo(a)anthracene 
Benzo(a)pyrene 
Benzo(g,h,i)perylene 
Biphenyl 
Carbazole 
Chrysene 
Dibenzofuran 
Fluoranthene 
Fluorene 
2-Methylnaphthalene 
1-Methylnaphthalene 
Naphthalene 
Oil 
Pentachlorophenol 
Phenanthrene 
Phenol 
Pyrene 

Nutrients/Other 

Chloride 
Total nitrogen 
Total organic carbon 
Total phosphorous 

GERAGHTY & MILLER. INC. 



• Table 3-1. Expanded List of Constituents Analyzed for in Landfarm Soil and Ground-Water 
Samples Collected in 1990 at the Southern Wood Piedmont Facility, Wilmington, 
North Carolina. 

• Base Neutral Acid Extractable Constituents 

Naphthalene* 
2-Methylnaphthalene* 
1-Methylnaphthalene* 
I, !-Biphenyl* 
Acenaphthylene* 
Acenaphthene* 
Dibenzofuran * 
Fluorene* 
Phenanthrene* 
Anthracene* 
Carbazole* 
Pyrene* 
Benzo( a)an thracene * 
Chrysene* 
Benzo(a)pyrene* 

Benzo(g,h,i)perylene* 
Pentachlorophenol* 
Fluoranthene* 
2-Chlorophenol 
Phenol 
2,4-Dimethylphenol 
Trichlorophenols 
o-Cresol 
m- & p-Creosol 
p-Chloro-m-cresol 
Tetrachlorophenols 
2,4-Dinitrophenol 
Benzo(k)fluoranthene 
Indeno(l ,2,3-c,d)pyrene 
Dibenzo(a,h)anthracene 

• • Nitrogen Series 

• 

Total Kjeldahl Nitrogen-N* 
Nitrate + Nitrite-N* 
Total Nitrogen* 

• Total Phosphorus* 
Total Organic Carbon* 
Chloride* 

• pH* 

* 1990 Mississippi State University Forest Product Research Division (MSUFPRD) Constituent 
List (also included polychlorinated dibenzodioxins and polychlorinated dibenzofurans). Data 
for other constituents (1990 sampling program) were requested in 1991. 
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Table 3-2. U.S. Environmental Protection Agency Methods of Analysis for Soil and Ground 
Water, Southern Wood Piedmont Landfarm Area, Wilmington, North Carolina. 

1387 ... -p 

Constituents 

Polycyclic aromatic hydrocarbons 
Other Semi-VOCs (phenols, furans, carbazole) 
Total kjeldahl nitrogen 
Nitrate and nitrite 
Total phosphorus 
Total suspended solids 
Total organic carbon 
Chloride 

GERAGHTY & MILLER. INC. 

Method 

SW-846 8270 
SW-846 8270 
351.2 
353.1 
365.1 
160.2 
415.1 
325.2 
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Table 3-3. Polychlorinated Dibenzofurans and Polychlorinated Dibenzodioxins Analyzed at the Southern Wood 
Piedmontl.andfarm Area, Wilmington, North Carolina. 

Constituents 

Tetrachlorodibenzofurans (total) 
2,3 ,7 ,8-Tetrachlorodibenzofuran 

Pentachlorodibenzofurans (total) 
1 ,2,3, 7 ,8-Pentachlorodibenzofuran 
2,3,4,7 ,8-Pentachlorodibenzofuran 

Hexachlorodibenzofurans (total) 
1,2,3,4,7,8-Hexachlorodibenzofuran 
1,2,3,6, 7, 8-Hexachlorodibenzofuran 
2,3 ,4,6, 7 ,8-Hexachlorodibenzofuran 
1 ,2,3, 7 ,8,9-Hexachlorodibenzofuran 

Heptachlorodibenzofurans (total) 
1 ,2,3,4,6, 7 ,8-Heptachlorodibenzofuran 
1 ,2,3,4, 7 ,8, 9-Heptachlorodibenzufuran 

Octachlorodibenzofurans (total) 

Dioxins 

Tetrachlorodibenzodioxins (total) 
2,3, 7 ,8-Tetrachlorodibenzodioxin 

Pentachlorodibenzodioxins (total) 
1,2,3, 7 ,8-Pentachlorodibenzodioxin 

Hexachlorodibenzodioxins (total) 
1 ,2,3,4,7 ,8-Hexachlorodibenzodioxin 
1 ,2,3 ,6, 7 ,8-Hexachlorodibenzodioxin 
1 ,2,3, 7 ,8, 9-Hexachlorodibenzodioxin 

Heptachlorodibenzodioxins (total) 
1 ,2,3,4,6, 7 ,8-Heptachlorodibenzodioxin 

Octachlorodibenzodioxins (total) 

1387s"'p 

Abbreviations 

TCDFs (total) 
2,3,7,8-TCDF 

PeCDFs (total) 
1,2,3,7,8-PeCDF 
2,3,4,7 ,8-PeCDF 

HxCDFs (total) 
1,2,3,4,7,8-HxCDF 
1,2,3,6,7,8-HxCDF 
2,3,4,6,7 ,8-HxCDF 
1 ,2,3, 7 ,8,9-HxCDF 

HpCDFs (total) 
1 ,2,3 ,4,6, 7 ,8-HpCDF 
1 ,2,3,4,7 ,8,9-HpCDF 

OCDF 

TCDDs total 
2,3, 7 ,8-TCDD 

PeCDDs (total) 
1,2,3,7 ,8-PeCDD 

HxCDDs (total) 
1 ,2,3 ,4, 7 ,8-HxCDD 
1,2,3,6,7,8-HxCDD 
1,2,3,7,8,9-HxCDD 

HpCDDs (total) 
1,2,3,4,6,7,8-HpCDD 

OCDD 
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Table 3-4. Analytical Results for Quality Control Samples Associated with Ground-Water . 
Samples Collected in 1990, Southern Wood Piedmont Site, Wilmington, North Carolina. 

Sample Identification #: RB-1 

Constituents (mg/L) 

Semi-Volatile Orl!anic Constituents (8270) 

Naphthalene 
1-Methylnaphthalene 
2-Methylnaphthalene 
1,1-Biphenyl 
Acenaphthylene 
Acenaphthene 
Dibenzofuran 
Fluorene 
Phenanthrene 
Anthracene 
Carbazole 
Pyrene 
Benzo(a)Anthracene 
Chrysene 
Benzo(a)pyrene 
Benzo(g,h,i)perylene 
Pentachlorophenol 
Fluoranthene 
2-Chlorophenol 
Phenol 
2,4-Dimethylphenol 
T richlorophenols 
Creosol (ortho) 
Creosol m&p 
P-chloro-m-cresol 
Tetrachlorophenols 
2,4-Dinitrophenol 
Benzo(b,k)fluoranthene 
lndeno( 1 ,2,3-cd)pyrene 
Dibenzo{a,h)anthrancene 

Total Organic Carbon · 
Chloride 

RB Rinsate blank. 
FB Field blank. 
ND Compound was not detected . 

NA pH was not analyzed. 
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ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
NO 
ND 
ND 
NO 
NO 
NO 
NO 
ND 
ND 
NO 
NO 
NO 
NO 
NO 
NO 
NO 

NO 
NO 
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FB-1 

ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
NO 
NO 
NO 
ND 
ND 
NO 
ND 
ND 
ND 
ND 
ND 
NO 
ND 
ND 
NO 

NO 
2.4 
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Table 4-1. Analytical Results for Soil Samples Collected in 1990 Within the River Landfarm 1 and Underlying Substrate at the Southern Wood 
Piedmont Site, Wilmington, North Carolina. 

Sample Id~tification # /1 LFIAU LF1AM LF1AL LFIAS 
9100A 91008 9100C 91000 

Constitu~ts (mglkg dw) 

Semi-Vobtile Organic Compounds (8270) 

Naphthal~e 

2-Methylnaphthalene 
1-Methylnaphthalene 

1,1-Biphenyl 
Acenaphthylene 
Acenaphthene 
Oibenzofuran 
Fluorene 
Phen:J.Ilthrene 
Anthracene 
Carbazole 
Pyrene 
8enzo(a )Anthracene 
Chrysene 
Bcnzo( a )pyrenc 
Benzo(g,h,i)perylene 
Pentachlorophenol 
Fluor:J.Iltherie 
2-Chlorophenol 
Phenol 
2,4-0imethylphenol 
Trichlorophenols 
Creosol ( ortho) 
Creosolm&p 
P-chloro-m-cresol 
Tetrachlorophenols 
2,4-0initrophenol 
Benzo(b,k)fluoranthene 
ldeno{ 1,2,3-cd)pyrene 
Oibenzo(a,h)anthracene 

Nitrogen Series 

Total Kjeldahl Nitrogen-N 
Nitrate+ Nitrite-N 
Total Nitrogen 

Total Phosphorous 
Total Organic Carbon 
Chloride 
pH 
Percent Solids % 

3.8J 
4.0J 
NO 

NO 
NO 
NO 
S.OJ 
14 
25 
88 
26 
44 
20 
22 
19 
8.8 
NO 
58 
NO 
~0 

NO 
NO 
NO 
NO 
NO 
NO 
NO 
3SJ 
!OJ 

4.2J 

1600 
NO 
1600 

830 
35000 

NO 
6 

82 

NO 
NO 
ND 
NO 
NO 
NO 
NO 
NO 
3.9J 
3.4J 
NO 
13 

5.81 
9.5 
7.3 
S.OJ 
NO 
13 

NO 
NO 
NO 
NO 
NO 
NO 
NO 
ND 
NO 
l9J 
5.2J 
2.2J 

soo 
6.7 
507 

560 
18000 
ND 
6.6 
90 

NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
6.2J 
3.7J 
NO 
80 
39 
59 
32 
16 

NO 
80 
NO 
NO 
NO 
NO 
NO 
ND 
NO 
NO 
NO 
IOOJ 
17J 

1.51 

1200 
ND 

1200 

900 
25000 

ND 
6.8 
90 

ND 
ND 
ND 
ND 
NO 
ND 
NO 
ND 
NO 
NO 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
NO 
NO 
ND 
ND 
NO 
ND 
ND 
NO 
NO 
NO 
NO 
NO 
ND 

58 
ND 
58 

40 
ND 
ND 
7.3 
94 

LFI8U LFIBM LF18L LF18S LF1CU LF1CM 
9101A 91018 9101C 91010 9102A 91028 

4.4J 
S.9J 
ND 
ND 
NO 
ND 
6.71 
4.9J 
36 

230 
46 
so 
19 
27 
20 
7.4 
ND 
19 

NO 
ND 
NO 
ND 
ND 
NO 
NO 
ND 
NO 
43J 
!OJ 

4.3J 

1600 
ND 
1600 

1100 
32000 

29 
6.5 
82 

12 
lS 

NO 
ND 
NO 
NO 
11 
27 
41 

200 
90 
27 
8.6 
15 
9.4 
NO 
NO 
34 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
19J 
4.9J 
2.7J 

1600 
16 

1616 

840 
26000 

28 
6.5 
84 

NO 
NO 
NO 

NO 
NO 
NO 
NO 
NO 
NO 
4.6J 
NO 
20 
10 
18 
10 

3.91 
NO 
20 
NO 
NO 
NO 
NO 
NO 
NO 

·NO 

NO 
NO 
271 
5.2J 
2.31 

7500 
8.2 

7508 

450 
15000 

26 
7.7 
90 

ND 
NO 
NO 
ND 
NO 
ND 
NO 
ND 
NO 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
NO 
NO 
NO 
ND 
NO 
NO 
ND 
NO 
ND 
NO 
ND 
ND 
NO 
ND 

88 
ND 
88 

42 
120 
NO 

8 
95 

4.8J 
ND 
ND 
ND 
NO 
ND 
6.61 
20 
130 
29 
43 
ISO 
32 
42 
24 
10 

ND 
140 
NO 
ND 
NO 
NO 
ND 
NO 
ND 
NO 
NO 
491 
11J 

S.OJ 

1900 
8.1 

1908 

1000 
39000 

35 
6.6 
70 

ND 
ND 
NO 
ND 
NO 
ND 
ND 
NO 
8.1 
58 
9.6 
11 

ND 
8.9 
ND 
ND 
NO 
8.9 
NO 
ND 
NO 
NO 
ND 
NO 
ND 
NO 
ND 
14J 
3.3J 
1.61 

1100 
ND 
1100 

620 
23000 

NO 
6.7 
88 

I Represents Landfann I location (A. 13, C, D, or E) depth sampled (U, M, L. or S). 
J Estimated concentration bdow the practical quantitation limiL 

NO Compound was not detected . 

un...., 
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• Table4-1 . Analytical Results for Soil Samples Collected in 1990 Within the River I..andfann 1 and Underlying Substrate at the Southern Wood 
Piedmont Site, Wilmington, North Carolina. 

Sample ldmtification # /1 LF1CL LF1CS LFIDU LFIDM LFIDL LFIDS LF1EU LF1EM LF1EL LFIES 
9102C 91020 9103A 91038 9103C 91030 9104A 91048 9104C 91040 

Constituents (mglkg dw) 

Semi-Volatile Org:mic Compounds (8270) 

Naphthalene NO NO NO NO NO NO 3.61 NO NO NO 
2-t..!dltylnaphthalene NO NO NO NO NO NO NO NO NO NO 
1-Methylnaphthalene ND ND ND NO NO NO NO NO NO NO 
1,1-8iphenyl NO NO NO NO .NO NO NO NO NO NO 
Acenaphthylo:~te NO NO NO NO NO NO NO NO NO NO 
Acenaphthme NO NO NO NO NO NO NO NO NO NO 
Oibenzofuran NO NO NO ND ND NO NO ND ND NO 
Fluorene NO NO 5.01 NO NO NO 6.01 NO NO NO 
Phenanthrene 13 ND 11 ND 14 6.51 20 4.61 ND NO 
Anthracene 6.81 NO 35 4.7J 3.61 3.01 70 5.01 NO NO 
Carbazole NO NO NO NO NO NO 23 NO NO NO 
Pyrene 110 NO 28 9.5 68 23 41 6.01 6.51 NO 
8enzo(a)Anthrac:ene 42 Nb 11 3.41 18 13 21 7.4 NO NO 
Chrysene 59 NO 17 7.3 40 19 22 8.1 3.7J NO 
8enzo(a)p)Tme 22 NO 16 7.3 16 5.91 18 8.1 3.51 NO 
8enzo(g,h,i)perylene 6.51 NO 6.31 4.81 1.41 NO NO NO NO NO 
Pentachlorophenol NO NO ·NO ND NO NO NO ND ND NO 
Fluoranthene 120 NO 29 9.5 71 24 51 4.41 6.81 NO 

• 2-Chlorophmol NO NO NO NO NO NO NO NO NO NO 
Phmol NO NO NO NO NO NO NO NO NO NO 
2,4-0imethylphenol NO NO NO NO NO NO NO NO NO NO 
Trichlorophenols NO NO NO NO NO NO NO NO NO NO 
Creosol ( ortho) NO NO NO NO NO NO NO NO NO NO 
Creosolm&p NO ND NO NO NO NO NO NO NO NO 
P-chloro-m-cresol NO NO NO NO NO NO NO NO NO NO 
Tetrachlorophenols NO NO NO NO NO NO NO NO NO NO 
2,4-0initrophenol NO NO NO NO NO NO NO NO NO NO 
8o:t1Zo(b,k)Ouoranthene 681 NO 311 141 521 181 291 1201 9.11 1.11 
ldeno(1,2,3-<:d)p)Tcne 9.31 ND 8.01 4.91 8.71 4.1J 8.11 141 2.01 NO 
0 ibenzo( a,h )anthracene 4.71 NO 4.31 1.61 3.91 1.81 3.21 4.21 0.161 NO 

Nitrogen Series 

Total Kjclcbhl Nitrogen-N 1300 67 1600 1000 330 1500 1400 NO 470 NO 
Nitrate+ Nitrite-N ND NO 7 6.9 NO NO NO NO NO NO 
Total Nitrogen 1300 67 1607 1007 330 1500 1400 NO 470 NO 

Total Phosphorous 250 66 630 530 240 340 980 640 320 88 
ToL:I.I Organic Carbon 21000 NO 34000 17000 26000 25000 30000 21000 8000 NO 

Chloride 77 NO NO NO NO ND 40 27 NO 21 

pH 6.5 6.8 6.3 6.3 6.6 6.9 6.4 6.7 7.1 7.3 

Percent Solids% 88 90 86 90 86 87 88 88 91 97 

Represents Landfann 1 location (A, B, C, 0, or E) depth sampled (U, M, L, or S). 

1 Estim:lted concentration below the practical qu:mtitation limit. 

NO Compound was not detected. 
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• Table4-2 . Analytical Results for Soil Samples Collected in 1990 Within the Office Landfarm 2 and Underlying Substrate at the Southern 
Wood Piedmont Site, Wilmington, North Carolina. 

Sample Identification # /1 LF2AU LF2AM LF2AL LF2AS LF28U LF28M LF28L LF28S LF2CU LF2CM 
9105A 91058 9105C 91050 9106A 91068 9106C 91060 9107A 91078 

Constituents (mg!kg dw) 

Semi-Volatile Organic Comeounds (8270} 

Naphthalene NO NO NO 0.331 NO 30 NO NO ND 5.11 
2-Mcthylnaphthalcnc ND 10 ND ND ND 41 ND ND ND ND 
1-Methylnaphthalene ND NO NO ND NO 20 NO NO NO NO 
1,1-8ipheny1 ND NO NO NO NO NO NO NO NO NO 
Acennphthy1ene ND NO NO NO NO NO NO NO NO NO 
Acenaphthene ND 28 ND ND 49 ND NO NO ND ND 
Dibenzofuran ND 26 ND ND 19 20 5.61 ND ND 3.81 
Fluorene 22 91 NO ND 42 57 12 NO 12 NO 
Phenanthrene 34 200 ND 0.49 82 86 24 ND 99 17 
Anthracene 100 280 ND 0.361 350 400 66 NO 900 72 
Carbazole 45 200 ND ND 100 160 30 ND 270 23 
Pyrcne 26 200 4.11 2.0 55 23 78 0.60 130 36 
8enzo(a)Anthracene 20 110 NO 1.2 33 13 21 0.21J 43 19 
Chrysene 21 120 3.61 1.9 35 18 31 0.351 58 22 
Denzo(a)pyrcne 16 46 ND 1.3 24 30 41 0.301 41 16 
Denzo{g,h,i)pcrylcnc 7.8 17 ND 0.71 12 ND 16 ND 17 13 
Pentachlorophenol ND ND ND ND ND NO ND ND ND NO 

• Fluoranthene 35 300 5.01 2.3 92 27 82 0.63 110 38 
2-Chlorophenol ND ND ND NO ND NO ND ND ND ND 
Phenol ND ND ND NO NO ND ND ND ND NO 
2,4-0imethylphenol ND ND ND ND NO NO ND NO ND NO 
Trichlorophenols ND ND ND ND NO ND ND ND NO NO 
Creosol ( ortho) ND ND ND ND ND NO ND ND NO NO 
Creosol m&p ND ND ND ND NO ND NO ND ND ND 

P-chloro-m-cresol ND ND ND ND ND ND ND ND ND ND 

Tetrachlorophcnols ND ND ND ND NO ND ND ND ND ND 
2,4-0initrophcnol ND ND NO NO ND NO ND NO ND NO 
Dcnzo(b,k)fluoranthene 331 891 6.21 2.61 431 241 171 0.781 431 5.11 
ldcno{l,2,3-cd)pyrcne 8.6J 18J I.IJ ND liJ NO ND O.l&J 11J 141 
Oibenzo(a,h)anthraccne 3.91 NO NO ND NO NO ND ND 5.31 6.21 

Nitrogen Series 

Total Kjeldahl Nitrogen-N 1400 1400 170 llOO 1700 1400 900 920 2200 340 

Nitrate+ Nitrite-N NO ND NO NO NO NO ND ND NO NO 

Total Nitrogen 1400 1400 170 llOO 1700 1400 900 920 2200 340 

Total Phosphorous 1100 290 120 800 920 970 390 61 740 90 

Total Organic Carbon 37000 51000 3700 26000 36000 34000 31000 230 36000 24000 

Chloride 26 51 NO NO ND NO ND NO NO NO 

pH 6.3 6.3 6.6 5.1 6.2 5.8 6.7 7.2 6.2 7.0 

·Percent Solids % 84 79 92 73 85 84 86 88 86 91 

• 1 Represents Land farm 2 location (A. D, C, 0, or E) depth sampled (U, M. L, or S). 

1 Estimated concentration below the practical quantitation limit. 
NO Compound was not detected. 
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• Table4-2 . Analytical Results for Soil Samples Collected in 1990 Within the Office Landfann 2 and Underlying Substrate at the Southern 
Wood Piedmont Site, Wilmington, North Carolina. 

Sample Identification # /1 LF2CL LF2CS LF2DU LF2DM LF2DL LF2DS LF2EU LF2EM LF2EL LF2ES 
9107C 91070 9108A 91088 9108C 91080 9109A 91098 9109C 91090 

Constituents (mglkg dw) 

Semi-Volatile Organic Coml:!ounds (8270} 

Naphthalene ND ND ND 3.11 11 ND 3.51 ND 2.11 ND 
2-Mcthylnnphthalenc ND ND 9.5 ND 11 ND ND ND ND ND 
1-Methylnnphthalene ND ND ND ND ND ND ND ND ND ND 
1,1-Biphenyl ND ND ND ND ND ND ND ND ND ND 
Acenaphthylene ND ND ND ND ND ND ND ND ND ND 
Acennphthcne ND ND ND ND 24 ND ND ND ND ND 
Dibenzofuran ND ND ND ND 20 ND 3.11 ND ND ND 
Fluorene ND ND 37 ND 54 ND ND 6.11 ND ND 
Phenanthrene 6.01 ND 70 12 130 0.401 19 14 5.7 ND 
Anthracene ND ND 170 15 290 0.97 70 50 14 ND 
Carbazole ND ND 67. 4.61 75 ND 24 17 1.91 ND 
Pyrene 41 ND 51 66 500 2.2 34 34 30 ND 
Benzo(a)Anthracene 18 ND 18 27 100 1.0 13 13 11 ND 
Chrysene 32 ND 22 40 150 1.4 18 19 16 ND 
Benzo(a)pyrene 11 ND 19 33 65 0.97 18 15 12 ND 
Bcnzo(g,h,i)perylene 4.21 ND 7.9 34 14 0.47 8.1 7.11 8.6 ND 

• Pentachlorophenol ND ND ND ND 201 0.801 ND ND ND ND 
Fluoranthenc 47 ND 74 65 500 2.3 36 36 32 ND 
2-Chlorophenol ND ND ND ND ND ND ND ND ND ND 
Phenol ND ND ND ND ND ND ND ND ND ND 
2,4-Dimethylphenol ND ND ND ND ND ND ND ND ND ND 
Trichlorophenols ND ND ND ND ND ND ND ND ND ND 
Creosol ( ortho) ND ND ND ND ND ND ND ND ND ND 
Creosol m&p ND ND ND ND ND ND ND ND ND ND 
P-chloro-m-crc:sol ND ND ND ND ND ND ND ND ND ND 
Tetrachlorophenols ND ND ND ND 1.21 ND ND ND ND ND 
2,4-Dinitrophenol ND ND ND ND ND ND ND ND ND ND 
Benzo(b,k)fluoranthenc 381 ND 1.41 821 991 2.31 351 321 311 ND 
Ideno( 1,2,3-cd)pyrene 231 ND ND 191 191 0.531 9.61 8.31 9.41 ND 
Dibenzo(a,h)anthracene 151 ND ND 8.01 9.41 0.231 4.41 3.21 3.91 ND 

Nitrogen Series 

Total Kjeldahl Nitrogen-N 520 67 1300 1400 290 190 190 1400 520 90 
Nitrate + Nitrite-N ND ND ND ND ND ND ND 12 ND ND 
Total Nitrogen 520 67 1300 1400 290 190 190 1400 520 90 

Total Phosphorous 200 49 910 250 130 580 1200 940 370 53 
Total Organic Carbon 13000 580 36000 49000 44000 4700 35000 31000 20000 . 490 

Chloride ND ND 63 99 85 64 27 ND ND ND 
pH 7.5 7.7 6.5 5.9 5.8 5.6 6.0 6.1 6.7 7.5 
Percent Solids % 87 86 83 85 78 77 88 87 80 91 

• Represents Land farm 2 location (A. B, C, D, or E) depth sampled (U, M, L, or S) . 
1 Estimated concentration below the practical quantitation limit. 
ND Compound was not detected. 
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• Table 4-3. Dioxin and Furan Concentrations for Composite Soil Samples Collected in Landfarms 1 
and 2 at the Southern Wood Piedmont Site, Wilmington, North Carolina. 

Parameters Land Farm 1 Land Farm 2 

Furans (uglkg*) 

Tetrachlorodibenzofurans (total) 0.09 0.10 
2,3, 7 ,8-Tetrachlorodibenzofuran 0.02 0.02 

Pentachlorodibenzofurans (total) 0.92 0.87 
1,2,3,7,8-Pentachlorodibenzofuran 0.06 0.06 
2,3,4, 7 ,8-Pentachlorodibenzofuran 0.06 0.06 

Hexachlorodibenzofurans (total) 31.4 34.4 
1 ,2,3, 4, 7 ,8-Hexachlorodibenzof uran 0.71 0.76 
1,2,3,6,7,8-Hexachlorodibenzofuran 0.24 0.21 
2,3,4,6, 7 ,8-Hexachlorodibenzofuran 0.16 0.14 
1,2,3, 7 ,8,9-Hcxachlorodibenzofuran 0.04 0.05** 

Hcptachlorodibcnzofurans (total) 147.0 164.0 

• 1,2,3,4,6,7,8-Heptachlorodibenz.ofuran 59.5 66.0 
1,2,3,4,7,8,9-Heptachlorodibcnzofuran 0.77 0.96 

Octachlorodibenzofurans (total) 63.2 83.3 

Dioxins (uglkg*) 

Tetrachlorodibenzodioxins (total) 0.14 0.17 
2,3, 7,8-Tetrachlorodibenzodioxi n 0.004** 0.008 

Pcntachlorodibenzodioxins (total) 0.48 0.65 
1 ,2,3, 7 ,8-Pentachlorodibenzodioxi n 0.03 0.05 

Hexachlorodibcnzodioxins (total) 16.4 22.5 
1,2,3,4, 7 ,8-Hexachlorodibcnzodioxin 0.10 0.18 
1,2,3,6, 7 ,8-Hcxachlorodibenzodioxin 1.3 1.8 

1,2,3, 7 ,8,9-Hexachlorodibenzodioxin 0.22 0.89 

Heptachlorodibenzodioxins (total) 461 573 

1,2,3,4,6, 7 ,8-Heptachlorodibenzodioxin 65.5 98.7 

Octachlorodibenzodioxins (total) 621 932 

• * J.lg/kg = micrograms per kilogram. 
** Estimated Maximum Possible Concentration 

1387swp 
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• Table4-1. Analytical Results for Ground-Water Samples Collected in 1990 From the Upgradient Monitor Well (W-6) and 
Three Do\'mgradient Monitor Wells (W-7, W-8, and W-9) Located on the Perimeter of Landfarms I and 2 at the 
Southern Wood Piedmont Site, Wilmington, North Carolina. 

Sample Identification # MW-6 MW-7 MW-8 MW-9 

Constituents (mg!L) 

Semi-Volatile Organic Compounds (8270) 

Naphthalene ND ND ND ND 
2-Methylnaphthalene ND ND ND ND 
1-Methylnaphthalene ND ND ND ND 
1,1-Biphenyl ND ND ND ND 
Acenaphthy1ene ND ND ND ND 
Acenaphthene ND ND ND ND 
Dibenzofuran ND ND ND ND 
Fluorene ND ND ND ND 
Phenanthrene ND ND ND ND 
Anthracene ND ND ND ND 
Carbazole ND ND ND ND 
Pyrcne ND ND ND ND 

• Benzo( a )Anthracene ND ND ND ND 
Chrysenc ND ND ND ND 
Benzo(a)pyrenc ND ND ND ND 
Benzo(g,h,i)perylene ND ND ND ND 
Pentachlorophenol ND ND ND ND 
Fluoranthene ND ND ND ND 

Nitrogen Series 

Total Kjeldahl Nitrogcn-N 11 7.2 10 6.7 
Nitrate+ Nitrite-N ND ND ND ND 
Total Nitrogen II 7.2 10 6.7 

Total Phosphorous 1.0 0.47 0.51 0.35 

Suspended Solids 68 130 220 30 

Total Organic Carbon 13 22 26 20 

Chloride 530 210 110 120 

ND Compound was not detected . 
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U Upper soil sample taken approximately 3" below Iandfann surface. 
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L Lower soil sample taken within the bottom 6" of the Iandfanned material. 

S Substrate sample taken approximately 6" below the base of the Iandfarmed 
material . 
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• Figure AI. 
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Total PAH Concentrations by Half-Lives in 0- to 3-Inch Soil Samples Collected in 
Landfa.rm 1 Between Subsequent Soil Applications Made on June 5 and December 
16, 1986 
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Figure A2. Total PAH Concentrations by Half-Lives in 0- to 3-Inch Soil Samples Collected in 
Landfarm 2 Between Subsequent Soil Applications Made on June 5 and ·October 
30, 1986 
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• FigureA3. 
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Acenaphthene Concentrations in 0- to 3-inch Soil Samples Collected in La.ndfarm 1 
Between Subsequent Soil Applications Made on June 5 and December 16, 1986 
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• FigureA4 . 
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Acenapthylene Concentrations in 0- to 3-Inch Soil Samples Collected in Landfarm 1 
Between Subsequent Soil Applications Made on June 5 and December 16, 1986 
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• FigureA5. 
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One-Methylnaphthalene Concentrations in 0- to 3-Inch Soil Samples Collected in 
Landfann 1 Between Subsequent Soil Applications Made on June 5 and December 
16, 1986 
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• FigureA6. 
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Fluorene Concentrations in 0- to 3-Inch Soil Samples Collected in Landfarm 1 
Between Subsequent Soil Applications Made on June 5 and December 16, 1986 
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• FigureA7. 
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Dibenzofuran Concentrations in 0- to 3-Inch Soil Samples Collected in Landfarm 1 
Between Subsequent Soil Applications Made on June 5 and December 16, 1986 
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Biphenyl Concentrations in 0- to 3-lnch Soil Samples Collected in Landfarm 1 
Between Subsequent Soil Applications Made on June 5 and December 16, 1986 
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• FigureA9. 
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Two-Methylnaphthalene Concentrations in 0- to 3-Inch Soil Samples Collected in 
Landfarm 1 Between Subsequent Soil Applications Made on June 5 and December 
16, 1986 

8,-----------------------------------------~ 

4 

2 

\0 
00 -\0 --\0 

\0 
00 -~ 
00 

SAMPI..;EDATE 

\0 
00 ---0 -

\0 
00 ---('I 

1ZJ1WOMEf 



' 
• FigureA10. 
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Naphthalene Concentrations in 0- to 3-Inch Soil Samples Collected in Landfarm 1 
Between Subsequent Soil Applications Made on June 5 and December 16, 1986 · 
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Carbazole Concentrations in 0- to 3-Inch Soil Samples Collected in Landfarm 1 
Between Subsequent Soil Applications Made on June 5 and December 16, 1986 
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• Figure A12. 

• 

0 

• 

Benzo(a)pyrene Concentrations in 0- to 3-Inch Soil Samples Collected in Landfann 
1 Between Subsequent Soil Applications Made on June 5 and December 16, 1986 

1121 BZAPY 

\() \() \() \() 

o::l o::l o::l o::l - - ·- -\() -.:- - -- - - -0 ('l - o::l - -\() 

SAMPLE DATE 

GFR AGHTY f-< ~fll T FR TN\ 



I 

Figure A13. Benzo(g,h,i)perylene Concentrations in 0- to 3-Inch Soil Samples Collected in 

• 
Landfann 1 Between Subsequent Soil Applications Made on June 5 and December 
16, 1986 . 
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• FigureA14. 
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Anthracene Concentrations in 0- to 3-Inch Soil Samples Collected in Lmldfarm 1 
Between Subsequent Soil Applications Made on June 5 and December 16, 1986 
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• FigureA15. 
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Phenanthrene Concentrations in 0- to 3-Inch Soil Samples Collected in Landfarm 1 
Between Subsequent Soil Applications Made on June 5 and December 16, 1986 
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Fluoranthene Concentrations in 0- to 3-Inch Soil Samples Collected in Landfarm 1 
Between Subsequent Soil Applications Made on June 5 and December 16, 1986 
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• FigureA17. 
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Pyrene Concentrations in 0- to 3-Inch Soil Samples Collected in Landfann 1 
Between Subsequent Soil Applications Made on June 5 and December 16, 1986 
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1,2-Benzo(a)anthracene Concentrations in 0- to 3-Inch Soil Samples Collected in 
Landfann 1 Between Subsequent.Soil Applications Made on June 5 and December 
16, 1986 
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• J:'igure A19. Chrysene Concentrations in 0- .to 3-Inch Soil Samples Collected in Landfann 1 
Between Subsequent Soil Applications Made on June 5 and December 16, 1986 
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Figure A20. Phenol Concentrations in 0- to 3-Inch Soil Samples Collected in Landfarm 1 
Between Subsequent Soil Applications Made on June 5 and December 16, 1986 
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Figure A21. Pentachlorophenol Concentrations in 0- to 3-Inch Soil Samples Collected in 
Landfann 1 Between Subsequent Soil Applications Made on June 5 and December 
16, l986 
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• . Figure A22. 
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Phenol Concentrations in 0- to 3-Inch Soil Samples Collected in Landfann 2 
Between Subsequent Soil Applications Made on June 5 and October 30, 1986 
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FigureA23. Pentachlorophenol Concentrations in 0-· to 3-Inch Soil Samples Collected in 
Landfann 2 Between Subsequent Soil Applications Made on June 5 and October 
30, 1986 
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Figure A24. Total PAH Concentrations by Half-Lives in 0- to 3-Inch Soil Samples Collected in 
Landfarm 1 Between Subsequent Soil Applications Made on November 9, 1987 
and Apri120, 1988 
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Figure A25. Total PAH Concentrations by Half-Lives in 0- to 3-Inch Soil Samples Collected in 
Landfann 2 Between Subsequent Soil Applications Made on November 10, 1987 
and April28, 1988 
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• Figure A26. Pentachlorophenol Concentrations in 0- to 3-Inch Soil Samples Collected in 
Landfann 1 ~etween Subsequent Soil Applications Made on November 9, 1987 
and April20; 1988 
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Figure A27. Pentachlorophenol Concentrations in 0- to 3-Inch Soil Samples Collected in 
Landfann 2 Between Subsequent Soil Applications Made on November 10, 1987 
and April28, 1988 
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Figure A28. Total PAH Concentrations by Half-Lives in 0- to 3-Inch Soil Samples Collected in 
Landfann 1 Between Subsequent Soil Applications Made on June 15 and October 
4, 1988 

6/21/88 8/1 5/88 9127188 

SAMPLE DATE 

r.FR Ar.J-fTY f'.} ~HT T FR T'f\.'r 

• H.L. <1 0 days 
[21 H.L. 10-100 D 
mf H.L.>lOOD 



• 

• 

• 

Figure A29. Total PAH Concentrations by Half-Lives in 0-'- to 3-Inch Soil Samples Collected in 
Landfann 2 Between Subsequent Soil Applications Made on June 20 and October 
4, 1988 
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Figure A30. Pentachlorophenol Concentrations in 0- to 3-lnch Soil Samples Collected in 
Landfann 1 Between Subsequent Soil Applications Made on June 15 and October 
4, 1988 
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FigureA31. Pentachlorophenol Concentrations in 0- to 3-Inch Soil Samples Collected in 
Landfann 2 Between Subsequent Soil Applications Made on June 20 and October 
4, 1988 

12~---------------------------------------, 
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october·Jo, 1990 

Geraghty & Miller, Inc. 
Koger Center Glenwood 
3724 National Drive 
suite 228 
Raleigh, North Carolina 27612 

ij~!---
., ~I ..... 
: i ~ ~ 0 ••• :' --· 

Attention: 

Subject: 

Mr. Charles E. Whipkey 

Physical Testing of Soils 

... ,, 
0 ~·--

------------- -- -- -. . 
LAW EHVJRONMEHTAL INC. 

112 WNNPARK DAM 
KENNESAW GEOffiiA 30144·5599 
404-421·3400 

Geraghty & Miller, Inc. Project NC09001 
Law Environmental, Inc. Job No. 41-8935.01 

Lab No(s). 00456-00459 

Dear Mr. Whipkey: 

Testing has been completed for the four samples received on 
October 24,1990. Shipment was via Federal Express. 

Please find the data summarized on the attached forms. The 
information provided applies only to the samples tested. 
Reproduction of the reports in part for distribution outside of 
your company is permitted only with authorization from Law 
Environmental, Inc. 

The excess samples will be returned to you. 

If we can be of further assistance please contact us at 
(404)425-7879. 

Sincerely, 

LAW ENVIRONMENTAL,INC. 

Michael A. O'Kelley 
Physical Laboratory Supervisor 

MACK/mao 
Enclosures 
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LAW ENVIRONMENTAL. INC. 
300 CHASTAIN CNTR BLVD, SUITE 315 
KENNESA~, GEORGIA 30144 
404·425·7879 

PARTICLE SIZE 
& PHYSICAL 

DISTRIBUTION 
PROPERTIES 

CLIENT O•r•ghtu ~nd Millar, Inc. 

~724 National Or.,St•. 228 

~09 NO. 41-89~5.91 DATE Octobar 39, 1999 

LAB N0-~0~9~4~5~6~----------- PAGE~~---------------

19 a 

99 

,_ ee 
:I: 
Cl 

t;1 79 
3 

~ 69 

a: 
w se z 
H 

u. 49 
1-z 
~ 39 
a: 
w 
a. 29 

19 

e 

Ral•igh, North Carolina 27612 PRO~ECT __ ~G~M~P~r~o~J~··~c~t~N~C~2~7~6~1~2~---------------------

SAMPLE IO ~L:F~l~-~8~--------------------------------

U.S.STANOARO SIEVE SIZES 

3 11 2 11 1" 3/401 3/801 #4 1110 1120 #40 1160 11100 11200 

I I I '· I I I I ! I ! I I 
I I I• I I ~ I I I I I 
I I I I I •I I I I I I I I I 
I I I• I . I I I I I I I I 

I I I I ,. I .II I I i\ I II I I 
I I I I I i\1 I I I I I 

I I I I ' I I I I 
I I I I I I I 

I I I I 
I I I 'I\ I I I I 
I I I I I I \ I I I I 
I I I I I I I 
I I I I I I 1\ I . I i 
I I I 

I I I \ I I I 
I I I I I \ I I I I I 

I I I I I I I I I 

I I I I 1\ I I ! 
I I I I '\.. I I I 
I I I I I I I 
I I I II I I I I I 
I I 

I 
I I I I I I i 

199 19 1 9.1. 

PARTICLE SIZE IH MILLIMETERS 

COBBLES 
FINE 

1 II II 
I ., II 

'li II I 
I ·!I I I I 
I ·IIi II I I 

:II I 
!II I I 
•II I 
If I I I 
Ill 
!II 
;r 

:! I 
II 
II I 
Ill I 

I Ill 
I til II 
I IIIII 
I til I 

e.a1 

SILT & CLAY 

I " I II 
I II 

' !I 
I II 
I II 
I II 
I I 

I 
I 
I 
I 

I 

I I 
I I 
I I 
I I 

I 
I I 
I I 

e. 991 

I I 0 

19 

29 ~ 
C) 
H 

30 ~ 

>-
49 Q] 

a: 
w 

50 Ul a: 
<I 

se 8 
1-

79 ffi 
u 
a: 

89 & 

99 

1 ee 

U.S,STANOARO SIEVE SIZE PERCENT 
PASSING 

HYDROMETER POROSITY<~>--------------------------

SIEVE SIZE 
EFFECTIVE SIZE Cmm>. ___________________ __ 

SIEVE NO. COEFFICIENT OF UNIFORMITY ____________ __ 
COEFFICIENT OF CURVATURE ____________ ____ 
LIQUID LIMIT ___________________ ~N~P ____ __ 

PLASTIC LIMIT NP 
PLASTICITY INDEX NP 
CLASSIFICATION SILTY SAND CSM) 

WATER CONTENT <~>---------------------
CRY DENSITY CPCF) _____________________ _ 
SPECIFIC GRAVITY ____________________ __ 

HYDRAULIC CONDUCTIVITY 
Ccm/••c - 29C) ______________________ _ 

TEST PROCEOURES:ASTM 0422, 02487. 

AL, INC. 



I 
~ -- LAW ENVIRONMENTAL INC -- • ! . • . - --- SUITE 315 - - 300 CHASTAIN CNTR BLVD, - -7 -: KENNESA~. GEORGIA 30144 
~ 

404·425·7879 

PARTICLE SIZE DISTRIBUTION 
- & PHYSICAL PROPERTIES 

CLIENT O•r•ght~ •nd Mill•rz Inc. .JOB NO. 41-8935.91 DATE Octcbar 39 2 1999 

3724 N•ticn•l Dr. 2 St•· 228 L.AB NO. 99467 PAGE 2 

R•l•i~hz North C~rolin• 27612 PRO.JECT GM Proj11ct NC27612 

SAt1PLE ID LF2-B 

U.S. STANDARD SIEVE SIZES 

3" 2" 1" 3/4" 3/8" #4 #10 #20 #40 #¢0 #100 #200 
199 

I r. I I I ! II I 
e 

I 0 

J II I 1 I I I I II I I 
I I 9a 

I I _I I I II I ! 
19 

I I 

I I I I I I I ! I II I I 
29!;: .... ae 

I ' I q I J: I I I I I a 
Cl I I 

I I 1\• I I I I I I 1 1-4 
H 79 39 ~ w I' ' I i ! I 3 I I I 

I 
I 

I I I. I I I I I I I >->- sa 49 m m I I , \ _I I I I I I a: a: I I I I I I I I I I I I w w sa 
II 1 I I 

59 Ul z I I I a: 
1-4 

I \ I I 
<t u. 4a I I I I 

69 8 
1- I I• I 

I \ I I I I I I 
% I I _\ I I il I .... w 39 I I I 

79 in 0 I I I, II I I I I I a: I 0 w I I \ I I I I a: a. 29 ee ~ I I I I ~ I I I I I I I 
I I ..... 

I I I 19 
•I I !I I I 

99 I I 
e 

I I 
I I I I I I II I I 199 

199 19 1 9 • .1 e.e1 e.ee1 
PARTICLE SIZE IN MILLIMETERS 

I GRAVEL 1 SAND I SILT Z. CLAY 
J 

COBBLES I COARSE I MEDIUM L co. MEDIUM L FINE I 

U.S.STANOARO SIEVE SIZE PERCENT HYDROMETER POROSITY 00 

SIEVE SIZE PASSING PARTICLE EFFECTI:VE SI:ZE Cmm) 
SIEVE NO. DIAMETER COEFFICIENT OF UNIFORMITY 5.3 

MILLIMETERS MILLIMETERS; COEFFI:CIENT OF CURVATURE 1. 6 
3" .. 1§ e ._ll_se_ LI:QUID LIMI:T NP 

2 69 9.929 PLASTIC.LIM:IT NP 

1-1/2 37.5 e.ees PLASTI:CITY :INDEX NP 
CL.ASSIFI:CAT:ION POORLY GRACED SAND 

1. 25 e. e_e2 
with SI!:.,I (SP-SM) 

3/4' 19 e.ee1 LIATER CONTENT (") 
1/2 12.5 CRY DENSITY CPCF) 

3/8 9.5 .1e9.e SPECI:F:IC GRAVXTY 

#4 4.75 98.6 HYDRAULI:C CONDUCTIVITY 
Ccm/••c - 2BC> 

#19 2.ee 97.2 TEST PROCEDURES:ASTM 04221 02487. 
#29 9 859 91.2 

#48 9.425 67.3 
#88 8.258 3e.e "l ENVIRO~AL, INC. 

~ ::= ...=. 
#188 8.158 18.2 

.. 1/.D(L ~ 
r:= --

#288 a.a75 12 • .1 ~ / 
.;' 



I 
LAW ENVIRONMENTAL l~C -- 1 1 . . . ---- 300 CHASTAIN CNTR BLVD, SUITE 315 - -- '= - KENNESA~, GEORGIA 30144 y .. 

~ 
404·425. 7879 

PARTICLE SIZE DISTRIBUTION 
& PHYSICAL PROPERTIES 

CLIENT Ger•ght!.l and Millerz Inc. .JOB NO • 41-9935.91 OATE Octcb•r 39z 1999 

3724 Nation•! Or. 2 St•• 228 LAB NO. 09468 PAGE 3 

R•l•ighz North Car-olin• 27612 PRO.JECT GM Project NC27612 

SAMPLE ID LF1-D 

U.S. STANDARD SIEVE SIZES 

3 11 2" 1" 3/4 11 3/811 #4 #10 #20 #40 #¢0 #100 #200 
190 

I I, ~ I I I I I I I I I I I I I J9 
p I I ' I I I I i I I I i I 110 99 

I I I. I I I I I I I ' I I ! I I 
I I• I I I I I I I I I I I 

20!;: ,_ 8e 
I I 1\ i I I I ! II :t I I I I i I a 

Cl I I• I 
I I I I I I I I I ~ 

H 70 39 g: w I' ' I I I I :3 I I I I I 
I I h I I I I I I I I >->- 60 49 .a:J Ill I' '\ I j I I I 

a: I tl ' I I I I 
a: 

I I I w w se 
I s0 Ul :z h I I I I I a: .... <I u. I I' I \ I I I 0 49 69 0 ,_ I It I I I \ I I I I I :z 

i' I \ I I I 1-w 39 I I I 
79 ffi 0 I I, I 

" 
I I I I a: I 0 w I' I I \ I I I a: 

Q. 29 89 ~ I I I I ' I I I I I 
It I I I I I 19 
1: I I ! I 

90 
I I I 

9 I h I I I I i I I I I 199 
199 19 1 9.l. 0.01 9.991 

PARTICLE SIZE IN MILLIMETERS 

COBBLES GRAVEL I SAND I SILT Z. CLAY I COARSE I MEDIUM I CO. MEDIUM 1 FINE I 

U.S.STANDARD SIEVE SIZE PERCENT HYDROMETER POROSITY (~) 

SIEVE SIZE PASSING PARTICLE EFFECTIVE SIZE Cmm) 
SIEVE NO. 

r-MILLIMETERS> 
DIAMETER COEFFICIENT OF UNIFORMITY 

MILLIMETERS, COEFFICIENT OF CURVATURE 
3" 76 e.959 LIQUID LIMIT NP 
2' 69 e.929 PLASTIC LIMIT NP 

1-1/2 37.6 9.995 PLASTICITY INDE>C NP 
CLASSIFICATION SILTY SAND CSM> 

1" 26 e.902 

3/4 19 9.991 UATER CONTENT <~> 

1/2 12.5 CRY DENSITY <PCF) 
3/8" 9.6 199.0 SPECIFIC GRAVITY 

#4 4.75 98.6 HYDRAULIC CONDUCTIVITY 
Ccm/••c - 29C) 

#19 2.00 96.4 TEST PROCEOURES:ASTM D422. 02497. 
#29 9.859 99.5 

• _#49 0.425_ 65._6 
#89 9.259 39.,. '"l ENVIRONMENTAL, INC. ~ #199 9.l.59 29.7 1/. D ·t / /£,__ ~ee 8.876 14.6 

......... .... 'l 

L """'==-""' , 



I ~ -- LAW ENVIRONMENTAL INC -- ! 1 . ! . - --- 300 CHASTAIN CNTR BLVD, SUITE 315 - -- -- ., KENNESAU, GEORGIA 30144 .. 
~ 

404·425·7879 

PARTICLE SIZE DISTRIBUTION 
& PHYSICAL PROPERTIES 

CLIENT G•r•ght!.J and Millar- 1 Inc. .JOB NO • 41-8935.91 DATE October 39! 1999 

3724 Nation•l Dr. 1 st •• 228 LAB NO. 99469 PAGE 4 

R•l•iszh 1 North C~rolin• 27612 PRO.JECT GM Project NC27612 

SAMPLE ID LF2-D 

U.S. STANDARD SIEVE SIZES 

311 2" 1" 3/411 3/811 #4 #10 #20 #40 #60 #100 #200 
199 

I I I, I .--...1 I 
I I II le 

I I' I I I I I II 1
1a 99 

I r I I I il I I I 

I II I I I I I I 
29 ~ 1- 89 

I I 1\ I I I i J: I I' I I Cl 
Cl J I I• I I \I I I I I I I H 
H 79 39 ¥1 IU I I' I \ I I I 3 I I I 

I I I· I I I I I I I I ,.. ,.. 69 49 II] II] I I 1 1\ ! I 
a: I I \ •II I I 

a: 
I I IU w sa z I I I I I I I 

59 Ill a: 
H 

I \ I a: IL. I I I I 
69 8 49 

l I I I \ I I 1- I I z I I I _\ I I I I .... 
IU 39 I I I 

79 ffi u I I I I I I a: I I 
I 

I u w I I I \ I I c: 
Q. 29 89 ~ I I I I ' I I 

I I I I 19 
I I I I 99 

I I I 

I I I I I I I I I I 9 199 
199 19 1 9.1 0.01 9.991 

PARTICLE SIZE IN MILLIMETERS 

COBBLES I GRAVEL I SAND I SILT %. CLAY I I COARSE I MEDIUM I co. I MEDIUM I FINE I 

U.S.STANDARD SIEVE SIZE PERCENT HYDROMETER POROS:ITY (~) 

SIEVE SIZE PASSINO PARTICLE EFFECT:IVE SIZE <mm> 
SIEVE NO. 

MILL:IMETERS 
DIAMETER COEFF:IC:IEHT OF UNIFORMITY 

MILLIMETERSJ COEFF:ICIEHT OF CURVATURE 
:J" 75 9.859 LIQUID LIMIT NP 

2" 59 9.929 PLAST:IC LIMIT NP 

1-1/2" :37.5 e.ees PLASTIC:ITY INDEX NP 
CLASS:IF:ICATION SILTY SAND <SH> 

1 25 e. e_8g_ 

3/4' 19 8.991 WATER CONTENT <~> 

1/2 12.6 DRY DENS:ITY CPCF> 
:J/8 9.5 189.8 SPECIFIC GRAVITY 

#4 4.76 99.6 HYDRAULIC CONDUCT:IVITY 
(cm/••c - 29C) 

#18 2.88 97.9 TEST PROCEDURES:ASTH 0422 1 D2487. 
#29 8.859 91.7 • ::: 9.425 66.6 

9.269 :37.1 L;t ENVIRONL, INC. 0 #188 _8_.159 18_._6 

I. cr/ ~-#299 9.9_75 ~ 
/ 

" 
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T)ate 
,age 

• 
10/31190 

1 

Lab Number 
Project No. 

Project Name 

90-7131-01 
4142 

LAW ~~IRONM~7AL NATIONAL LABORATORIES 
TEST DATA REPORT 

Project Information 

Cust. No. 
GERAGHTY & MILLER NC0-9001 

Manager: MIKE O'KELLY 

Station ID 
Matrix 

Type 
Collector 

Remarks 

LF1-B 
so 
GRAB 
c 

--- Sample Information ---

Sampled Date/Time 
Received Date/Time 

Received From/By 
Chain of Custody 

Number of Containers 

--- Test Data ---

I I 
10/24/90 12:45 
JM/KOP 

0 
1 

-·arameter ••••••••• o •••••• o •••••• o o o o o o • Method. o o • Units PQL •• o o o • o Results 0 • 0 Test Date Analy 

-- INORGANIC CHEMISTRY RESULTS 
r .oss on Ignition • 

• 

ASTM wt% 4.8 10129190 GW 

Signed 



r 

Date 
Page 

• 
10/31/90 

1 

Lab Number 
Project No. 

Project Name 

90-7131-02 

LAW ~~IRONMENTAL NATIONAL LABORATORIES 
TEST DATA REPORT 

--- Project Information ---

4142 Cust. No. 
GERAGHTY & MILLER NC0-9001 

Mariager: MIKE O'KELLY 

Station ID 
Matrix 

Type 
Collector 

Remarks 

LF2-B 
so 
GRAB 
c 

--- Sample Information ---

Sampled Date/Time 
Received Date/Time 

Received From/By 
Chain of Custody 

Number of Containers 

--- Test Data ---

I I 
10/24/90 12:45 
JM/KOP 

0 
1 

Parameter ••••••..•.•.•••••.••••••..••.• Method .••• Units PQL •.••••• Results ..• Test Date Analy 

-- INORGANIC CHEMISTRY RESULTS 
Loss on Ignition 

• 

• 

ASTM wt % 5.7 10/29/90 GW 

Signed 
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Date 
Page 

• 
10/31/90 

1 

Lab Number 
Project No. 

Project Name 

90-7131-03 

LAW ~~VIRONMENTAL NATIONAL LABORATORIES 
TEST DATA REPORT 

--- Project Information ---

4142 Cust. No. 
GERAGHTY & MILLER NC0-9001 

Manager: MIKE O'KELLY 

Station ID 
Matrix 

Type 
Collector 

Remarks 

LFl-D 
so 
GRAB 
c 

--- Sample Information ---

--- Test Data 

Sampled Date/Time 
Received Date/Time 

Received From/By 
Chain of Custody 

Number of Containers 

I I 
10/24/90 12:45 
JM/KOP 

0 
1 

Parameter •••••••••••••••••••••••.•••••• Method •••• Units PQL ••••••• Results •.. Test Date Anal~ 

-- INORGANIC CHEMISTRY RESULTS 
Loss on Ignition AS 'I'M wt % 4.8 10/29/90 GW 

• 

• 
Signed 



Date 
Page. 

• 
10/31/90 

1" 

Lab Number 
Project No. 

Project Name 

90-7131-04 

LAW ~~VIRONMENTAL NATIONAL LABORATORIES 
TEST DATA REPORT 

--- Project Information ---

4142 Cust. No. 
GERAGHTY & MILLER NC0-9001 

Manager: MIKE O'KELLY 

Station ID 
Matrix 

Type 
Collector 

Remarks 

LF2-D 
so 
GRAB 
c 

--- Sample Information ---

Sampled Date/Time 
Received Date/Time 
· Received from/By 

Chain of Custody 
Number of Containers 

Test Data ---

I I 
10/24/90 12:45 
JM/KOP 

0 
1 

Parameter •••••.•.•.•.••••••••••.•.•.... Method •••• Units PQL ••••••• Results ... Test Date Analy 

-- INORGANIC CHEMISTRY RESULTS 
Loss on Ignition 

• 

• 

ASTM wt% 46 10/29/90 G'tl 

Signed 
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November a, 1990 

I ,-. 1. 
~ . ., ·. 
._,;-- ··- .. 

Geraghty & Miller, Inc. 
Koger center Gleenwood 
Suite 228 
3724 National Drive 
Raleigh, North Carolina 27612 

Attention: 

Subject: 

Mr. Charles E. Whipkey 

Physical Testing of Soils 

----------- -- -- -. . 
LAW EHYIRONMENTAL INC. 

112 roh'NPARK DIVVE 
I<EINESAW GE0031A 30144·5599 
404-4 21·3400 

Geraghty & Miller, Inc. Project NC09001 
Law Environmental, Inc. Job No. 41-8935.01 

Lab No(s). 00458 

Dear Mr. Whipkey 

We have completed the hydrometer analysis for your sample. Please 
find the report form attached. Because we have already performed 
a sieve analysis on this sample the cost will only be for the 
hydrometer portion, $58.00. The invoice will be prepared shortly. 

The information provided applies only 
Reproduction of the reports in part for 
your company is permitted only with 
Environmental, Inc. 

to the samples tested. 
distribution outside of 
authorization from Law 

The excess samples will be returned to you. 

If we can be of further assistance please contact us at 
(404)425-7879. 

Sincerely, 

LAW ENVIRONMENTAL,INC. 

/ILJJ. Df~ 
Michael A. O'Kelley 
Physical Laboratory Supervisor 

MACK/mao 
Enclosures 
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LAW ENVIRONMENT .\L. INC. 
300 CHASTAIN CNTR BLVD, SUITE 315 
KENNESA~. GEORGIA 30144 
404·425. 7879 

PARTICLE SIZE 
& PHYSICAL 

DISTRIBUTION 
PROPERTIES 

C~IENT G•r•ghtu •nd Mill•r, Inc. 

:3724 N•ticn•l Or.,St•. 228 

~OB NO. 41-89:35.01 

LAB N0-~9~9~4~6~8~----------- PAGE~~~---------------

100 

90 
I 

.... e0 
I: 
Cl 
M 70 w 
3 

>- 6e Ill 

0: 
w z 5e 
M 
u.. 

40 
1-z w 
0 :30 
0: 
w 
a. 20 

10 

e 

R•l•igh, North Carclin• 27612 PRO~ECT __ ~G~M~P-r~c~J~··~c~t~N~C~2~7~6~1~2~--------------------

SAMP~E IO ~L~F~l~-~0~--------------------------------

U.S.STANOARO SIEVE SIZES 

3" 2" 1" 3/4" 3/8" #1. #10 #20 #40 #MJ #100 #200. 

I I 
I I I II II I I II Ia 

I I ! I I I II II I I II 119 
•I I il I I I II I I I I I 

I I I I I I I I II I I I I il I 
29 ~ . I I " I ' I I I I I I I I I II I I Cl 

I I 
I 

I ,,, I I I I I I I H 

:39 ~ I I \ I I I I I I I 

I I 
I 

I I ' 
I I ! I I I )-

4e Ill 
I I I\ I I I I 

' I I I I 
0: 

I I I w 
59 Ul 

I I I I I I a: 
I I \ I I I 

<t 
I I I 

69 8 I I I \ I I I I 

I I ' I I 1-
I I I 

79 Gi I I ·\ I I I I ' u 
I I \ I I I a: 

89 & I II _, I I I 
I I :-... I 

I I 
99 

I I I 
I 

I 
I 

I I I I I II I I .- 100 
100 .19 1 e.1 0.e1 0.0e1 

PARTICLE SIZE :IN MI~~IMETERS 

I COBB~ES GRAUEL I SAND I 
SI~T & C~AY I COARSE MEDIUM I co. MEDIUM FINE I 

U.S.STANOARD SIEVE SIZE 

SIEVE SIZE 
SIEVE NO. 

lMI~LIMETERS, 

:3" 76 

2' se 

1-1/2 :37.5 

1 26 
::J/4 19 
1/2 12.5_ 

3/B' 9.5 

#4 4.75 

_ #10 2. ee _ 

_ #20 0. 860 _ 

#40 0.426 

#80 0.269 
#108 _8.150 
J'288 8.075 

PERCENT 
PASSING 

11.5 

~7 

4.9 

:3.2 

1ee.e 

98.5 

96.4 

90.5 

66.5 

39.7 

20.7 
14.5 

HYDROMETER 

PARTIC~E 
DIAMETER 

MIL~IMETERS, 

e. 95'!_ 

e. e_ge 

e.e05 

9.902 
e.0e1 

POROSITY <X> ________________________ ___ 

EFFECTIVE SIZE Cmm>~-------------------
COEFFICIENT OF UNIFORMITY ____________ _ 
COEFFICIENT OF CURVATURE ____________ __ 
~IQUIO ~IMIT NP 
P~AST:IC LIMIT NP 
PLAST:ICITY INDEX NP 
~ASSIFICATION SI~ TY SAND (511) 

UATER CONTENT CX) ____________________ _ 

DRY DENSITY CPCF>----------------------
SPECIFIC GRAVITY ____________________ ___ 

HYDRAU~IC CONDUCTIVITY 
(cm.l'••c - 20C) ______________________ _ 

TEST PROCEOURES:ASTI1 D422, D2487. 

·• 
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APPENDIX C 

Ground-Water Sampling Logs 

GERAGHTY & MILLER. INC. 
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~·GERAGHTY ·--=~ .... ;: 

AI'& MILLER. INC . 
.JefF.n~,·,nmtntol Str~tl't\ 

WATER SAMPLING LOG 

Project/No. tJ (_0 ~ 0 0 ( Date (o 1~/c,a 
Site Location ~(....;'? - (..o./• I""''"" 5 f-o "\ 
Site/Well No. ,}tt..J- G. ( ~) Rep. /Field Blank No. 

Weather flc:"·'df , r~ Sampling Began !(R'/0 Ended 1730 
Description of Measuring Point (MP) "To C . .' 

------------~-------------------------------------
MP Elevation ---~6C~·~~~~~~~~s~f~- Water Level Elevation---~~~·~~~~-------

~cuation pata 

Height of MP 

Depth of Well Below MP 

Held 

Wet 
-------- Depth to Water Below MP 

Water Column in Well ------
Casing Diameter _______ ____ Gal. /ft. 

Gallons in Well 

Evacuation Volume X '3 

Gallons ;.0 G,o 

pH 6.o2 i.e~ 
Spec. Conductance J3.S:O Jqso 
Temperature @oF) J.3 ~~ 

?-I . ~b 
3.?0 

= 1 ~. 10 

X f2 • I ~ 

= 0... .t:t D 

= 
9.Q 

baO~ 

aos-o 
<&6-5 

"'-

Sampling Data/Field Parameter= 

-;.o 

Color ------------------------ Odor ---------- Appearance ~S~J_:~~~_H_·~y~C~I~~-~-J~y 
Comments: 
Spec. Cond. (umbos/em) ~JOO pH ,_,:;.... T(@'on 

Sampling Method 'D: Sp-51!-.k lA.. '\$4.." lc. r 
Analyses Container Type (Lab ~G&M _____ ) Preservative 

Koo I I L;k.r A,...,~ (; t.._~~ "I o c. 

TN ,-? ?-. t;"u ~I ?lc..r.f-;c_ 1-\"'l.So 4 

r~~ /oo 
__ , ?c ..... c..J..;c. I.( u c. 

'T"OC. '2 So ...... ?fc..r;. + ;c_ I~ \.. ~ o 'f 

Remarks: c..\- '?..s-o ,._ \ ?lc..t;.7ic.. '-1 "c. 

Sampling Personnel: (- C:>. i<- v.....,r:~r d 

!7Jo 



r 

• 

• 

• 

~-Gf::f{AlJH 1 I 
Al'c:.; MILLER.I~C. 

,At! F.nvlfllntrtrtrtal o\tr•rrt• 

WATER SAMPLING LOG 

Project/No. ______ ~fV~G_0 __ 7~o_o~l ____________ __ 
Site Location S'-'? - VV'r /,..,:'\ <: lo ..... 

Site/Well No. 1"'7W- 9 ~Rep./Field Blank No. ,...z 

Date 

Weather ~...,.,.-,.../ $0'$ Sampling Began 1 }oO Ended J'l3o 
Description of Measuring Point (MP) 'fPc.. 

-------~------------------
MP Elevation --~&~·~4~1 ____ __ Water Level Elevation ~2~-0~'--------

Evacuation Data 

Height of MP 

Depth of Well Below ~~ 

Held Depth to ~ater Below MP 

Wet Water Column in Well 

Casing Diameter 

Gallons in Well 

Evacuation Volume 

Gallons 

Gal. /ft. 

X 

<?-.0 "-\ 

= 
X 

= 

= 

pH 5-1~ 5- "1 Co 

Spec. Conductance 

Temperature (~oF) 

5'50 

'?-~ 

6oo 
?."?> 

J.. \ . '-ld-

Lf 0 '{ 8 
lb . q 4 
~ . !(., 

·J- .I I 

b 
5-8~ 

£9"0 
~., 

-

Sampling Data/Field Parameter= 

Color N ~ Odor ____ ..;...;,... ______ _ ~v\r:~ Appearance 

Comments: 

~.0 

Spec. Cond. (umhos/cm) l oO pH h-"S T@oF) 

Sampling Method \), >f'0 ~-~k. ):,.._'"i ~ 

Analyses 

"'co\ 

Container Type (Lab __ G&M ___ ) 

0 TO c.. 
(.\

Remarks: 

Sampling Personnel: 

I L: ~_r 0 

A-,...,~r 6/c.... ~~ 

""'r )" - / ?.fc., S 1- I~ 

fO() ,., I ?t~/- rc.. 

'2..SO "'"'' 

Preservative 
'-i oc.. 



---
I 

.AWGERAliH l 'r 
AFc:.; \-tiLLER. I:"JC . 

.l8tf F. n v'""'"''"'al .\ trvll't 1 

•• 

• 

••• 

WA'l'ER SAMPLING LOG 

Projec~/No·------~~~/_C_0 __ ~~-o_~_\ ______________ _ Date '" ;,;c;~ 
Site Location ~"""? '-' • \""' ,·,.. 5 /-o-
Site/Well No. Mw-8 (~) Rep./Field Blank No. 

I "'"" We a ~her c 0 v~ ,, Sampling Began HtJs- Ended I s-3 u 
Description of Measuring Point (MP) ---------~~~~-~---------------------
MP Elevation ~. e {, I nos J Water Level Eleva~ion '\ I "'I I _ ..... 2:!'~· .!....,;:;_17_n-~S""-.!_ 

Evacuation pat~ 

Height of MP 

Dep~h of Well Below MP ~' . "-1 J._ 

Held Dep~h to Water Below MP t..J .l 'i 
Wet Water Column in Well = l t. b ~ 
Casing Diameter Gal./ft. X • I c.. 
Gallons in Well = ')... b l "-' 'J.. 6 
Evacuation Volume X ~ = 
Gallons :6·0 '-i. v G·" 
pH 5.7b s. 73 '5, f]( 

Spec. Conductance (Ooo G,oo (aoo 
Temperature (°C/°F) 'J-~ ?-:, ?.3 

Color 

Comments: 

Sampling pata/Field Parameter~ 

Odor t; vI F·, c!..e.. Appearance -----------
0 r <) e- ·,c.. (.. I ar..- 1-- .:~ 

Spec. Cond. (umhos/cm) too pH 5 tJ7 T~oF) 
sampling Method --------•~u~·~~~e-~ __ >_~ __ b_~~---13~~-·-·-~~------------------
Analyses Container Type (Lab _G&M ___ ) Preservative 

t.-(00\ \ L.~0 A,...b-c.f c;. , ... ~~ .. , . (. 
TrJ T? ")...;"~ ~I ?l-~ l t'c. 1-11. ~" 

,-ss ,.,. D ,... I ? 1 ... c, I lc.. t.{ • c. 

c-ro c.. 7..)0 
_, ?{-.sl:c:. 1-1 l So '1 

c \- ~s-o .....,.{ ?cc.c;+ rc. '-1 ~, 
Remarks: 

Sampling Personnel~ 



I .A.,GERAGHTY 
Al't:t? MILLER. INC. Af F. n l'lfunmt n rat .'i rrr11·t\ 

?age 

WATER SAMPLING LOG 

• Project/No. ________ A_J_t __ 0_1 __ o_o __ / ______ ~-------

Site Location 6'-"? - ~ ;\""'"' ~"' 5').,"' 
Date 

Site/Well No. ll1w-l (~)Rep./Field Blank No. 

0
. Aa,-c.._~ I ~C. Weather """"' ""'-r- Sampling Began I->:,-" Ended It 3D 

Description of ~easuring Point (MP) Jro( 
-----~~~-----------------

MP Elevation b · bCz Water Level Elevation 1 17 

Eyacuation pata 

Height of MP 

Depth of Well Below MP "l. \.., b 

Held Depth to Water Below MP Lf.:,o 

Wet Water Column in Well = ll. c 8 

Casing Diameter Gal. I ft. X 0. \ 10 

Gallons in Well = ?-·13 ~ 

Evacuation Volume X -; = 
Gallons ?-0 '-(. c ,.0 

• pH S.9r .5.8'1 cP.O~ 

Spec. Conductance ~0.; t3oo 8.Do 

Temperature (°C/oF) ~~, ?-3 :;1..:3 

Sampling pata/Field Parameter= 

Color 13~ __., Odor § ... J (-.·i.e Appearance C. f .. -.1 ,.t 
Comments: ~ ~ Y 
Spec. Cond. (umhos/cm) {OtJO pH G./5' TC@oF) '?-'-f 
Sampling Method !2' ~ po ~c..lo~ "V., .... : {.g__r-

Analyses Container Type (Lab G&M Preservative 

~DC)\ \ Llw A-'"'"' /......lz.r (:,./c.«:.\, l( '' 

IJ.../ rP ?- ~(.) .....,! pt,~ I- ;t.. dt.~cJ .. 

T~c; I o "' 
_, p (c..(. 1- •c. "{ "c 

'(CC.. ~ro ....... ( pi~ ~ ... c. t+'l.s~..., 

C..l- '2.. s- C) 
_, 

?1-~f-,.:. ~"c. 

Remarks: 

Sampling Personnel: 

• 



I 

• 

APPENDIX D 

Analytical Laboratory Reports and Chain-of-Custody Forms 

• 

• J387s01p 

GERAGHTY & MILLER, INC. 
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S L SAVANNAH LABORATORIES 
& ENVIRONMENTAL SERVICES, INC • 

• 5102 LaRoche Avenue • Savannah, GA 31404 • (912) 354-7858 • Fax (912) 352-0165 

Ms. Sandra Watson 
Southern Wood Piedmont (SP) 
P. 0. Box 5447 
Spartanburg, SC 29304 

CC: Mark Radecke 

REPORT OF RESULTS 

LOG NO: S0-12806 

Received: 10 OCT 90 

Project: Wilmington, NC 

Page 1 

LOG NO SAMPLE DESCRIPTION , LIQUID SAMPLES SAMPLED BY 

12806-1 
12806-2 
12806-3 
12806-4 
12806-5 

MW-9 (# 9112) 10-9-90 
MW-8 (# 9113) 10-9-90 
MW-7 (# 9114) _10-9-90 
MW-6 (# 9115) 10-9-90 
TB-1 10-9-90 •----------

ARAMETER 

Semi Volatiles 
Naphthalene, mg/1 
2-Methylnaphthalene, mg/1 
1-Methylnaphtha1ene, mg/1 
1,1-Bipheny1, mg/1 
Acenaphthylene, mg/1 
Acenaphthene, mg/1 
Dibenzofuran, mg/1 
Fluorene, mg/1 
Phenanthrene, mg/1 
Anthracene, mg/1 
Carbazole, mg/1 
Pyrene, mg/1 
Benzo(a)Anthracene, mg/1 
Chrysene, mg/1 
Benzo(a)pyrene, rng/1 
Benzo(g,h,i)pery1ene, mg/1 
Pentachlorophenol, mg/1 
Fluoranthene, mg/1 
% R Surrogate-2FP (CL 21-100) 

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

• 

12806-1 

<0.010 
<0.010 
<0.010 
<0.010 
<0.010 
<0.010 
<0.010 
<0.010 
<0.010 
<0.010 
<0.010 
<0.010 
<0.010 
<0.010 
<0.010 
<0.010 
<0.050 
<0.010 

46 % 

12806-2 

<0.010 
<0.010 
<0.010 
<0.010 
<0.010 
<0.010 
<0.010 
<0.010 
<0.010 
<0.010 
<0.010 
<0.010 
<0.010 
<0.010 
<0.010 
<0.010 
<0.050 
<0.010 

36 % 

12806-3 

<0.010 
<0.010 
<0.010 
<0.010 
<0.010 
<0.010 
<0.010 
<0.010 
<0.010 
<0.010 
<0.010 
<0.010 
<0.010 
<0.010 
<0.010 
<0.010 
<0.050 
<0.010 

42 % 

12806-4 

<0.010 
<0.010 
<0.010 
<0.010 
<0.010 
<0.010 
<0.010 
<0.010 
<0.010 
<0.010 
<0.010 
<0.010 
<0.010 
<0.010 
<0.010 
<0.010 
<0.050 
<0.010 

25 % 

Client 

12806-5 

<0.010 
<0.010 
<0.010 
<0.010 
<0.010 
<0.010 
<0.010 
<0.010 
<"0 .010 
<0.010 
<0.010 
<0.010 
<0.010 
<0.010 
<0.010 
<0.010 
<0.050 
<0.010 

30 % 

Laboratory locations In Savarmah, GA • Mobile, AL • Tallahassee, FL • Deerfield Beach, FL 



I 

S L . SAVANNAH LABORATORIES 
& ENVIRONMENTAL SERVICES, INC • 

• 5102 LaRoche Avenue • Savannah, GA 31404 • (912) 354-7858 • Fax (912) 352.0165 

LOG NO 

12806-1 
12806-2 
12806-3 
12806-4 
12806-5 

Ms. Sandra Watson 
Southern Wood Piedmont (SP} 
P. 0. Box 5447 
Spartanburg, SC 29304 

CC: Mark Radecke 

REPORT OF RESULTS 

SAMPLE DESCRIPTION , LIQUID SAMPLES 

MW-9 (# 9112} 10-9-90 
MW-8 (# 9113) 10-9-90 
MW-7 {# 9114) 10-9-90 
MW-10 (# 9115} 10-9-90 
TB-1 10-9-90 

.:~~~=~-------------------- ---==~~::: 
Z R Surrogate-PHL {CL 10-94} 26 Z 

12806-2 

22 % 
50 % 
45 % 
55 % 
46 % 

Z R Surrogate-NBZ (CL 35-114} 46 % 
% R Surrogate-2FBP (CL 43-116) 46 % 
% R Surrogate-TBP (CL 10-123) 58 % 
% R Surrogate-TPH (CL 33-141) ~0 % 
Date Extracted 10.16.90 
Date Analyzed 10.18. 90 

Nitrogen Series 
Total Kjeldahl Nitrogen-N, mg/1 6.7 
Nitrate + Nitrite-N, mg/1 <0.050 
Total Nitrogen, mg/1 6.7 

Total Phosphorus, mg/1 0.35 
Suspended Solids, mg/1 30 
Total Organic Carbon, mg/1 20 
Chloride, mg/1 120 

• 

10.16.90 
10.18.90 

10 
<0.050 

10 
0.51 

220 
26 

110 

LOG NO: S0-12806 

Received: 10 OCT 90 

Project: Wilmington, NC 

12806-3 

64 % 
65 % 
64 % 
50 % 
66 % 

10.16.90 
10.18.90 

7.2 
<0.050 

7.2 
0.47 
130 

22 
210 

12806-4 

38 % 
56 % 
59 % 
72 % 

. 65 z 
10.16.90 
10.18.90 

11 
<0.050 

11 
1.0 

68 
13 

530 

Page 2 

SAMPLED BY 

Client 

12806-5 

34 % 
54 % 
50 % 
67 % 
69 % 

10.16.90 
10.18.90 

<0.10 
<0.050 

<0.10 
<0.050 

<5.0 
<1.0 
<1.0 

Laboratory locations In Savannah, GA • Mobile, AL • Tallahassee, FL • Deerfield Beach, FL . 
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S L SAVANNAH LABORATORIES 
& ENVIRONMENTAL SERVICES, INC • 

• 5102 LaRoche Avenue • Savannah, GA 31404 • (912) 354·7858 • Fax (912) 352-0165 

LOG NO 

12806-6 
12806-7 
12806-8 
12806-9 
12806-10 

Ms. Sandra Watson 
Southern Wood Piedmont (SP) 
P. 0. Box 5447 
Spartanburg, SC 29304 

CC: Mark Radecke 

REPORT OF RESULTS 

SAMPLE DESCRIPTION , REPORT FOR LIQUID SAMPLES 

Method Blank (MB) Result 
Lab Control Standard (LCS) Result 
LCS Expected Value 
LCS % Recovery 
LCS % Recovery Limits 

LOG NO: S0-12806 

Received: 10 OCT 90 

Project: Wilmington, NC 

Page 3 

SAMPLED BY 

Client 

~~~:=~--------------------Semi Volatiles 

12806-6 12806-7 12806-8 12806-10 12806-9 

• 

Naphthalene, mg/1 
2-Methylnaphthalene, mg/1 
1-Methylnaphtha1ene, mg/1 
1,1-Biphenyl, mg/1. 
Acenaphthylene, mg/1 
Acenaphthene, mg/1 
Dibenzofuran, mg/1 
Fluorene, mg/1 
Phenanthrene, mg/1 
Anthracene, mg/1 
Carbazole, mg/1 
Pyrene, mg/1 
Benzo(a)Anthracene, mg/1 
Chrysene, mg/1 
Benzo(a)pyrene, mg/1 
Benzo(g,h,i)perylene, mg/1 
Pentachlorophenol, mg/1 
Fluoranthene, mg/1 

<0.010 
<0.010 
<0.010 
<0.010 
<0.010 
<0.010 
<0.010 
<0.010 
<0.010 
<0.010 
<0.010 
<0.010 
<0.010 
<0.010 
<0.010 
<0.010 
<0.050 
<0.010 

71 

103 
101 

114 
105 

118 
105 
119 

77 
.96 

100 71 % 39-140 % 

100 103 % 36-140 % 
100 101 % 46-118 % 

100 114 % 54-140 % 
100 105 % 40-140 % 

100 118 % 29-140 % 
100 105 % 17-168 % 
100 119 % 25-160 % 

100 77 % 9-103 % 
100 96 % 26-140 % 

Laboratory locations In Savannah, GA • Moblle, AL • Tallahassee, FL • Deerfield Beach, FL 
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S L SAVANNAH LABORATORIES 
& ENVIRONMENTAL SERVICES, INC • 

• 5102 LaRoche Avenue • Savannah, GA 31404 • (912) 354-7858 • Fax (912) 352-0165 

Ms. Sandra Watson 
Southern Wood Piedmont (SP) 
P. 0. Box 5447 
Spartanburg, SC 29304 

CC: Mark Radecke 

REPORT OF RESULTS 

LOG NO: S0-12806 

Received: 10 OCT 90 

Project: Wilmington, NC 

Page 4 

LOG NO SAMPLE DESCRIPTION , REPORT FOR LIQUID SAMPLES SAMPLED BY 

Method Blank (MB) Result 12806-6 
12806-7 
12806-8 
12806-9 
12806-10 

Lab Control Standard (LCS) Result 
LCS Expected V~lue 
LCS % Recovery 
LCS % Recovery Limits 

411'-~~~=~-------------------- ---=~~~::: 
Nitrogen Series 

12806-7 

----------
Total Kjeldahl Nitrogen-N, mg/1 <0.10 5.0 
Nitrate + Nitrite-N, mg/1 <0.050 0.89 
Total Nitrogen, mg/1 <0.10 

Total Phosphorus, mg/1 <0.050 10.4 
Suspended Solids, mg/1 <5.0 360 
Total Organic Carbon, mg/1 <1.0 6.3 
Chloride, mg/1 <1. 0 211 

• 

12806-8 

----------
5.0 

0.93 

10 
399 
6.1 
222 

Client 

12806-9 12806-10 

---------- ----------
100 I 90-110 I 

96 % 90-110 % 

104 % 75-125 % 
90 % 60-140 % 

104 %· 60-140 % 
95 % 90-110 % 

Laboratory locations In Savannah, GA • Mobile, AL • Tallahassee, FL • Deerfield Beach, FL 
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S L SAVANNAH LABORATORIES 
& ENVIRONMENTAL SERVICES, INC. 

• 5102 LaRoche Avenue • Savannah, GA 31404 • (912) 354-7858 • Fax (912) 352..()165 

LOG NO 

12806-11 
12806-12 
12806-13 
12806-14 
12806-15 

Ms. Sandra Watson 
Southern Wood Piedmont (SP) 
P. 0. Box 5447 
Spartanburg, SC 29304 

CC: Mark Radecke 

REPORT OF RESULTS 

SAMPLE DESCRIPTION , REPORT FOR LIQUID SAMPLES 

Matrix Spike (MS) Result/Dup 
MS Expected Value 
MS Z Recovery/Duplicate 
MS Z Recovery Limit 
MS Z RPD (Limit) 

LOG NO: S0-12806 

Received: 10 OCT 90 

Project: Wilmington, NC 

Page 5 

SAMPLED BY 

Client 

PARAMETER 12806-11 12806-12 12806-13 

·;~;~-~~i~~~i~~---------------
12806-14 12806-15 

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

• 

Naphthalene, mg/1 
Acenaphthylene, mg/1 
Acenaphthene, mg/1 
Phenanthrene, mg/1 
Anthracene, mg/1 
Carbazole, mg/1 
Benzo(a)Anthracene, mg/1 
Chrysene, mg/1 
Benzo(a)pyrene, mg/1 
Pentachlorophenol, mg/1 
Fluoranthene, mg/1 

Nitrogen Series 
Total Kjeldahl Nitrogen-N, 
mg/1 

Nitrate + Nitrite-N, mg/1 
Total Nitrogen, mg/1 

Total Phosphorus, mg/1 
Suspended Solids, mg/1 
Total Organic Carbon, mg/1 
Chloride, mg/1 

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

103/98 
118/120 
105/109 
11~/116 
113/111 
157/175 
121/120 
112/111 
119/122 
127/125 
100/112 

4.18/4.18 

.183/.184 

.514/.509 

124/126 
4.65/4.93 

----------

100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 

4.0 

0.20 

0.50 

100 
5.0 

----------

103/98 z 39-140 z 5.0(<40)% 
118/120 % 36-140 % 1.7(<40)% 
105/109 % 46-118 % 3.7(<31)% 
115/116 % 54-140 % 0.87(<40)% 
113/111 % 40-140 % 1.8 (<40)% 
157/175 '% 
121/120 % 29-140 % 0.83(<40)% 
112/111 % 17-168 % 0.90(<48)% 
119/122 % 25-160 % 2.5(<40)% 
127/125 z 9-103 % 1.6(<50)% 
100/112 % 26-140 % 11(<40)% 

105/105 % 75-125 % 0(<40)% 

91/92 % 75-125 % 1.1(<30)% 

103/102 % 75/125 % 0.98(<30)% 

124/126 % 60-140 % 1.6(<40)% 
93/99 % 75-125 % 6.3(<30)% 

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

Laboratory locations in Savannah, GA • Mobile, AL • Tallahassee, FL • Deerfield Beach, FL 



S L . SAVANNAH LABORATORIES 
& ENVIRONMENTAL SERVICES, INC • 

• 5102 LaRoche Avenue • Savannah, GA 31404 • (912) 354·7858 • Fax (912) 352-0165 

Ms. Sandra Watson 
Southern Wood Piedmont (SP) 
P. 0. Box 5447 
Spartanburg, SC 29304 

CC: Mark Radecke 

REPORT OF RESULTS 

LOG NO: S0-12806 

- Received: 10 OCT 90 

Project: Wilmington, NC 

Page 6 

LOG NO SAMPLE DESCRIPTION , REPORT FOR LIQUID SAMPLES SAMPLED BY 

12806-16 Methods Client 

PARAMETER 

Semi Volatiles 
Naphthalene 
2-Methylnaphthalene 

•
1-Methylnaphthalene 
1,1-Biphenyl 
Acenaphthylene 
Acenaphthene 
Dibenzofuran 
Fluorene 
Phenanthrene 
Anthracene 
Carbazole 
Pyrene 
Benzo(a)Anthracene 
Chrysene 
Benzo(a)pyrene 
Benzo(g,h,i)perylene 
Pentachlorophenol 
Fluoranthene 

Nitrogen Series 
Total Kjeldahl Nitrogen-N 
Nitrate + Nitrite-N 

Total Phosphorus 
Suspended Solids 
Total Organic Carbon 
Chloride 

Methods: EPA SW-846 & 40 CFR Part 136 

• 8.W.~ 
J. W. Andrews, Ph. D. 

12806-16 

8270 
8270 
8270 
8270 
8270 
8270 
8270 
8270 
8270 
8270 
8270 
8270 
8270 
8270 
8270 
8270 
8270 
8270 

351.2 
353.1 
365.1 
160.2 
415.1 
325.2 

Laboratory locations In Savannah, GA . • Mobile, AL • Tallaha~see, FL • Deerfield Beach, FL 



J·~utiTY 
Alf& l'ir.LER, INC. 

Je!Envlronmental Services 
Laboratory Task Order No. rJ I 8 .CHAIN-OF-CUSTODY RECORD 

Project Number --L.N:l!.:co=..ct..!.:o-o~_.._l ___ _ I SAMPLE BOITLE I CONTAINER DESCRIPTION I 
Project Location c ,t.) Cl '"'i u5="t"'U t-l , }JC:.. 

lOTAL 

-re,-\ L ro/~J9o 1 \ \ \ \ 5 
5 
5 

/'tiiS L lOJqJ"tO I I I \ l s 

Sample Code: L = Liquid; S = Solid; A = Air 

Relinquished by: ~~.ae.. 
Received by: ___ _ 

Total No. of Bottles/ 
Containers 

Organ~zat~on: ~==:~ 1 -:r::no lOJ9}CfO U=~: crc ~al Intact? 
Organization: ~:if~ Date tcJ I (o I ~ll Time Jfl: 30 o-.,... ~ No N/A 

Relinquished by: ____ ....._ ____ Organization: ---------- Seal Intact? 

~R~ec~eive~d~by~:==============~;;==~O~r~g~an~iza:t~io~n:~==================~~D~a~w===I===I==Ti~lm~e:-::-::-::-::-::-::-::-::-::-::-~~~:s_N~o~-~1~ 
Special Instructions/Remarks: »-~ ~h... sp- c L{J• :s- 1.._~+- + ec: f" • ........ 

"f.!·~ 

Deliverv Method: 0 In Person 0 Lab Courier D~her~~----------
sPEc•FY 



S .L SAVANNAH LABORATORIES 
• & ENVIRONMENTAL SERVICES, INC. 

5102 LaRoche Avenue • Savannah, GA 31404 • (912) 354-7858 • Fax (912) 352.0165 

Ms. Sandra Watson 
Southern Wood Piedmont (SP) 
P. 0. Box 5447 
Spartanburg, SC 29304 

CC: Mark Radecke 

REPORT OF RESULTS 

LOG NO: S0-12822 

Received: 11 OCT 90 

Project: NC09001 Wilmington, NC 

Page 1 

LOG NO SAMPLE DESCRIPTION , SOLID OR SEMISOLID SAMPLES SAMPLED BY 

----------- -------------------------------------------------- ----------------------
12822-1 
12822-2 
12822-3 
12822-4 

LF1BL 
LF1BU 
LF1BM 
LF1BS 

{# 
(# 
(# 
(# 

9101C) 10-10-90 Client 
9101A) 10-10-90 
9101B) 10-10-90 
9101D)·10-10-90 

•==~====----PARAMETER 

LF1ES {# 9104D) 10-10-90 

12822-1 12822-2 12822-3 12822-4 12822-5 

• 

Semi Volatiles 
Naphthalene, mg/kg dw 
2-Methylnaphthalene, mg/kg dw 
1-Methylnaphthalene, mg/kg dw· 
1,1-Biphenyl, mg/kg dw 
Acenaphthylene, mg/kg dw 
Acenaphthene, mg/kg dw 
Dibenzofuran, mg/kg dw 
Fluorene, mg/kg dw 
Phenanthrene, mg/kg dw 
Anthracene, mg/kg dw 
Carbazole, mg/kg dw 
Pyrene, mg/kg dw 
Benzo(a)Anthracene, mg/kg dw 
Chrysene, mg/kg dw 
Benzo(a)pyrene, mg/kg dw 
Benzo(g,h,i)perylene, mg/kg dw 
Pentachlorophenol, mg/kg dw 
Fluoranthene, mg/kg dw 
Z R Surrogate-2FP (CL 21-100) 

<7.3 
<7.3 

··<7 .3 
<7.3 
<7.3 
<7.3 
<7.3 
<7.3 
<7.3 
4.6J 
<7.3 

20 
10 
18 
10 

3.9J 
<37 

20 

* 

4.4J 
s;9J 
<7.4 
<7.4 
<7.4 
<7.4 
6.7J 
4.9J 

36 
230 

46 
50 
19 
27 
20 

7.4 
<37 

19 

* 

12 
15 

<7.8 
<7.8 
<7.8 
<7.8 

11 
27 
41 

200 
90 
27 

8.6 
15 

9.4 
<7.8 

<39 
34 

* 

<0.35 
<0.35 
<0.35 
<0.35 
<0.35 
<0.35 
<0.35 
<0.35 
<0.35 
<0.35 
<0.35 
<0.35 
<0.35 
<0.35 
<0.35 
<0.35 

<1.8 
<0.35 

97 % 

<0.34 
<0.34 
<0.34 
<0.34 
<0.34 
<0.34 
<0.34 
<0.34 
<0.34 
<0.34 
<0.34 
<0.34 
<0.34 
<0.34 
<0.34 
<0.34 

<1. 7 
<0.34 

88 z 
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CC: Mark Radecke 

REPORT OF RESULTS 

LOG NO: S0-12822 

Received: 11 OCT 90 

Project: NC09001 Wilmington, NC 

Page 2 

LOG NO SAMPLE DESCRIPTION , SOLID OR SEMISOLID SAMPLES SAMPLED BY 

12822-1 
12822-2 
12822-3 
12822-4 
12822-5 

LF1BL 
LF1BU 
LF1BM 
LF1BS 
LF1ES 

(# 
(# 
(# 
(# 
(# 

9101C) 10-10-90 Client 
9101A) 10-10-90 
9101B) 10-10-90 
9101D) 10-10-90 
91040) 10-10-90 

• 
PARAMETER . 12822-1. 

----------------------------- ---------~ ----------
12822-2 12822-3 12822-4 12822-5 

• 

% R Surrogate-PHL (CL 10-94) 
% R Surrogate-NBZ (CL 35-114) 
% R Surrogate-2FBP (CL 43-116) 
% R Surrogate-TBP (CL 10-123) 
% R Surrogate-TPH (CL 33-141) . 
Date Extracted 
Date Analyzed 

pH, units 
Nitrogen Series 
Total Kjeldahl Nitrogen-N, 
mg/kg dw 

Nitrate + Nitrite-N, mg/kg dw 
Total Nitrogen, mg/kg dw 

Total Phosphorus, mg/kg dw 
Total Organic Carbon, mg/kg dw 
Chloride, mg/kg dw 
Percent Solids, Z 

* 
* 
* 
* .. * 

10.23.90 
11.01.90 

7.7 

7500 

8.2 
7500 

450 
15000 

26 
90 z 

* 
* 
* 
* 
* 

10.23.90 
11.01.90 

6.5 

1600 

<2.0 
1600 
1100 

32000 
29 

82 % 

* 
* 
* 
* 
* 

10.23.90 
11.01.90 

6.5 

1600 

16 
1600 

840 
26000 

28 
84 % 

87 z 
94 z 

104 % 
81 % 

103 % 
10.23.90 
11.01.90 

8.0 

88 

<2.0 
88 
42 

120 
<20 

95 % 

80 % 
91 % 

101 % 
90 % 
89 % 

10.23.90 
11.01.90 

7.3 

<15 

<2.0 
<15 

88 
<0.50 

21 
97 % 

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

L:~hnr:~tnrv lncatlon~ In Savannah. GA • Mob11e. AL • Tallahassee, FL • Deerfield Beach, :FL 



S L . SAVANNAH LABORATORIES 
• & ENVIRONMENTAL SERVICES, INC. 

5102 LaRoche Avenue • Savannah, GA 31404 • (912) 354·7858 • Fax (912) 352-0165 

Ms. Sandra Watson 
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P. 0. Box 5447 
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CC: Mark Radecke 

REPORT OF RESULTS 

LOG NO: S0-12822 

Received: 11 OCT 90 

Project: NC09001 Wilmington, NC 

Page 3 

LOG NO SAMPLE DESCRIPTION , SOLID OR SEMISOLID SAMPLES SAMPLED BY 

----------- -------------------------------------------------- ----------------------
12822-6 
12822-7 
12822-8 
12822-9 
12822-10 

LFlEM (# 9104B) 10-10-90 
LFlEL (# 9104C) 10-10-90 
LFlEU (# 9104A) 10-10-90 
LF1CU (# 910ZA) 10-10-90 
LFlCM (# 9102B) 10-10-90 

Client 

~~~~~~~~-~~~~~~~~~~~~~~~~~-~~~~~~~~=~-~~~~~~~~=~-~~~~~~~~=~ 12822-9 12822-10 

• 

Semi Volatiles 
Naphthalene, mg/kg dw 
2-Methylnaphthalene, mg/kg dw 
1-Methylnaphthalene, mg/kg dw 
1,1-Biphenyl, mg/kg dw 
Acenaphthylene, mg/kg dw 
Acenaphthene, mg/kg dw 
Dibenzofuran, mg/kg dw 
Fluorene, mg/kg dw 
Phenanthrene, mg/kg dw 
Anthracene, mg/kg dw 
.Carbazole, mg/kg dw 
Pyrene, mg/kg dw 
Benzo(a)Anthracene, mg/kg dw 
Chrysene, mg/kg dw 
Benzo(a)pyrene, mg/kg dw 
Benzo(g,h,i)perylene, mg/kg dw 
Pentachlorophenol, mg/kg dw 
Fluoranthene, mg/kg dw 
% R Surrogate-2FP (CL 21-100) 

<7.4 
<7.4 
<7.4 

··<7 .4 
<7.4 
<7.4 
<7.4 
<7.4 
4.6J 
5.0J 
<7.4 
6.0J 
7.4 
8.1 
8.1 

<7.4 
<37 

4.4J 

* 

<7.2 
<7.2 
<7.2 
<7.2 
<7.2 
<7.2 
<7.2 
<7.2 
<7.2 
<7.2 
<7.2 
6.5J 
<7.2 
3.7J 
3.5J 
<7.2 

<36 
6.8J 

* 

3.6J 
<7.5 
<7.5 
<7.5 
<7.5 
<7.5 
<7.5 
6.0J 

20 
70 
23 
41 
21 
22 
18 

<7.5 
<38 

51 

* 

4.8J 
<9.4 
<9.4 
<9.4 
<9.4 
<9.4 
6.6J 

20 
130 

29 
43 

150 
32 
42 
24' 
10 

<47 
140 

* 

<7.4 
<7.4 
<7.4 
<7.4 
<7.4 
<7.4 
<7.4 
S.BJ 
8.1 

58 
9.6 
11 

3.7J 
8.9 

6.5J 
<7.4 

<37 
8.9 

* 
----------------------------- ---------- ---------- ---------- ---------- ----------
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CC: Mark Radecke 

REPORT OF RESULTS 

LOG NO: S0-12822 

Received: 11 OCT 90 

Project: NC09001 Wilmington, NC 

Page 4 

LOG NO SAMPLE DESC~IPTION , SOLID OR SEMISOLID SAMPLES SAMPLED BY 

----------- -------------------------------------------------- ----------------------
12822-6 
12822-7 
12822-8 
12822-9 
12822-10 

LF1EM 
LF1EL 
LF1EU 
LF1CU 
LF1CM 

(# 
(# 
(# 
(# 
(# 

9104B) 10-10-90 Client 
9104C) 10-10-90 
9104A) 10-10-90 
910ZA) 10-10-90 
9102B) 10-10-90 

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

•:~~==~-------------------- ---==~===~ ---==~===~ ---==~===~ ---==~===~ --==~====~ % R Surrogate-PHL (CL 10-94) * * * * * 
% R Surrogate-NBZ (CL 35-114) * * * * * 
% R Surrogate-2FBP (CL 43-116) * * * * * 
% R Surrogate-TBP (CL 10-123) * * * * * 
% R Surrogate-TPH (CL 33-141) ' • * * * * * 
Date Extracted 10.23.90 10.23.90 
Date Analyzed 11.01.90 11.01.90 

pH, units 6.7 7.1 6.4 6.6 6.7 
Nitrogen Series 
Total Kjeldahl Nitrogen-N, mg/kg dw <15 470 1400 1900 1100 
Nitrate + Nitrite-N, mg/kg dw <2.0 <2.0 <2.0 8.1 <2.0 
Total Nitrogen, mg/kg dw <15 470 1400 1900 1100 

Total Phosphorus, mg/kg dw 640 320 980 1000 620 
Total Organic Carbon, mg/kg dw 21000 8000 30000 39000 23000 
Chloride, mg/kg dw 27 <20 40 35 <20 
Percent Solids, mg/kg dw 88 % 91 % 88 % 70 % 88 % 

• 
~ 
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Page 5 

LOG·NO SAMPLE DESCRIPTION, SOLID OR SEMISOLID SAMPLES SAMPLED BY 

12822-11 
12822-12 
12822-13 
12822-14 
12822-15 

LF1CL (# 9102C) 10-10-90 
LF1CS (# 9102D) 10-10-90 
LF1AU (# 9100A) 10-10-90 
LF2AM (# 9100B) 10-10-90 
LF1AL (# 9100C) 10-10-90 

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

Client 

411'-~~=~~-------------------- --=~~~~=== --=~~::::~ --=~~~~==~ 12822-14 12822-15 

• 

Semi Volatiles 
Naphthalene, mg/kg dw 

. Z-Methylnaphthalene, mg/kg dw 
1-Hethylnaphthalene, mg/kg dw 
1,1-Biphenyl, mg/kg dw 
Acenaphthylene, mg/kg dw 
Acenaphthene, mg/kg dw 
.Dibenzofuran, mg/kg dw 
Fluorene, mg/kg dw 
Phenanthrene, mg/kg dw 
Anthracene, mg/kg dw 
Carbazole, mg/kg dw 
Pyrene, mg/kg dw · 
Benzo(a)Anthracene, mg/kg dw 
Chrysene, mg/kg dw 
Benzo(a)pyrene, mg/kg dw 
Benzo(g,h,i)perylene, mg/kg dw 
Pentachlorophenol, mg/kg dw 
Fluoranthene, mg/kg dw 
Z R Surrogate-2FP (CL 21-100) 

<7.5 
<7.5 
<7.5 
<7 .5 
<7.5 
<7.5 
<7.5 
<7.5 

13 
6.8J 
<7.5 
110 

42 
59 
22 

6.5J 
<38 
120 

* 

<0.36 
<0.36 
<0:36 
<0.36 
<0.36 
<0.36 
<0.36 
<0.36 
<0.36 
<0.36 
<0.36 
<0.36 
<0.36 
<0.36 
<0.36 
<0.36 
<1.8 

<0.36 
92 z 

3.8J 
4.0J 
<8.0 
<8.0 
<8.0 
<8.0 
5.0J 

14 
25 
88 
26 
44 
20 
22 
19 

8.8 
<40 

58 

* 

<7.3 
<7.3 
<7.3 
<7.3 
<7.3 
<7.3 
<7.3 
<7.3 
3.9J 
3.4J 
<7.3 

13 
5.8J 

9.5 
7.3 

S.OJ 
<37 

13 

* 

<7.3 
<7.3 
<7.3 
<7.3 
<7.3 
<7.3 
<7.3 
<7.3 
6.2J 
3.7J 
<7.3 

80 
39 
59 
32 
16 

<37 
80 

* 
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REPORT OF RESULTS 

LOG NO: S0-12822 

Received: 11 OCT 90 

Project: NC09001 Wilmington, NC 

Page 6 

LOG NO SAMPLE DESCRIPTION , SOLID OR SEMISOLID SAMPLES SAMPLED BY 

12822-11 
12822-12 
12822-13 
12822-14 
12822-15 

LF1CL 
LF1CS 
LFlAU 
LF1AM 
LF1AL 

(# 
(# 
(# 
(# 
(# 

9102C) 10-10-90 Client 
9102D) 10-10-90 
9100A) 10-10-90 
9100B) 10-10-90 
9100C) 10-10-90 

•:~~=~-------------------- --==~::::: 
12822-12 12822-13 12822-14 12822-15 

• 

% R Surrogate-PHL (CL 10-94) * 
% R Surrogate-NBZ (CL 35-114) * 
% R Surrogate-2FBP (CL 43-116) * 
% R Surrogate-TBP (CL 10-123) * 
% R Surrogate-TPH (CL 33-141) , * 
Date Extracted 10.23.90 
Date Analyzed 11.01.90 

pH, units 6.5 
Nitrogen Series 
Total Kjeldahl Nitrogen-N, 
mg/kg dw 

N;trate + Nitrite-N, mg/kg dw 
Total Nitrogen, mg/kg dw 

Total Phosphorus, mg{kg dw 
Total Organic Carbon, mg/kg dw 
Chloride, mg/kg dw 
Percent S9lids, % 

1300 

<2.0 
1300 

250 
21000 

77 
88 % 

83 z * 
91 z * 

107 % * 
82 % * 
87 % * 

10.23.90 10.23.90 
11.01.90 11.01.90 

6.8 6.0 

67 1600 

<2.0 <2.0 
67 1600 
66 830 

<0.50 35000 
<20 <20 

90 z 82 % 

* 
* 
* 
* 
* 

10.23.90 
11. 01.90 

6.6 

500 

6.7 
500 
560 

18000 
<20 

90 % 

* 
* 
* 
* 
* 

10.23.90 
11.01.90 

6.8 

1200 

<2.0 
1200 

900 
25000 

<20 
90 z 
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Page 7 

LOG NO SAMPLE DESCRIPTION , SOLID OR SEMISOLID SAMPLES SAMPLED BY 

12822-16 
12822-17 
12822-18 
12822-19 
12822-20 

LF1AS (# 91000) 10-10-90 
LF2BU (# 9106A) 10-10-90 
LF2BM (# 9106B) 10-10-90 
LF2BL (# 9106C) 10-10-90 
LF2BS (# 91060) 10-10-90 

Client 

-~~~~~~~~-~~~~~~~~~~~~~~~~~-~~~~~~~=~~-~~~~~~~=~~-~~~~~~~=~~ 12822-19 12822-20 

• 

Semi Volatiles 
Naphthalene, mg/kg dw 
2-Methylnaphthalene, mg/kg dw 
1-Methylnaphthalene, mg/kg dw 
1,1-Biphenyl, mg/kg dw 
Acenaphthylene, mg/kg dw 
Acenaphthene, mg/kg dw 
Dibenzofuran, mg/kg dw 
Fluorene, mg/kg dw 
Phenanthrene, mg/kg dw 
Anthracene, mg/kg dw 
Carbazole, mg/kg dw 
Pyrene, mg/kg dw 
Benzo(a)Anthracene, mg/kg dw 
Chrysene, mg/kg dw 
Benzo(a)pyrene, mg/kg dw 
Benzo(g,h,i)perylene, mg/kg dw 
Pentachlorophenol, mg/kg dw 
Fluoranthene, mg/kg dw 
% R Surrogate-2FP (CL 21-100) 

<0.35 
<0.35 
<0.35 
<0.35 
<0.35 
<0.35 
<0.35 
<0.35 
<0.35 
<0.35 
<0.35 
<0.35 
<0.35 
<0.35 
<0.35 
<0.35 

<1.8 
<0.35 

97 % 

<7.7 
<7.7 
<7.7 
<7.7 
<7.7 

49 
19 
42 
82 

350 
100 

55 
33 
35 
24 
12 

<39 
92 

* 

30 
41 
20 

<7.8 
<7.8 
<7.8 

20 
57 
86 

400 
160 

23 
13 
18 
30 

<7.8 
<39 

27 

* 

<7.6 
<7.6 
<7.6 
<7.6 
<7.6 
<7.6 
5.6J 

12 
24 
66 
30 
78 
21 
31 
41 
16 

<38 
82 

* 

<0 •. 37 
<0.37 
<0.37 
<0.37 
<0.37 
<0.37 
<0.37 
<0.37 
<0.37 
<0.37 
<0.37 

0.60 
0.21J 
0.35J 
0.30J 
<0.37 

<1.9 
0.63 
96 % 

----------------------------- ---------- ---------- ---------- ---------- ----------
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REPORT OF RESULTS 
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LOG NO SAMPLE DESCRIPTION , SOLID OR SEMISOLID SAMPLES SAMPLED BY 

12822-16 
12822-17 
12822-18 
12822-19 
12822-20 

LF1AS (# 9100D) 10-10-90 
LF2BU (# 9106A) 10-10-90 
LF2BM (# 9106B) 10-10-90 
LF2BL (# 9106C) 10-10-90 
LF2BS (# 9106D) 10-10-90 

•:~~~=~-------------------- --==~====~ Z R Surrogate-PHL (CL 10-94) 86 Z 
Z R Surrogate-NBZ (CL 35-114) 95 % 
% R Surrogate-2FBP (CL 43-116) 101 % 
Z R Surrogate-TBP (CL 10-123) 92 Z 
Z R Surrogate-TPH (CL 33-141)· 100 Z 
Date Extracted 10.23.90 
Date Analyzed 

pH, units 
Nitrogen Seri,.es 

11.01.90 
7.3 

Total Kjeldahl Nitrogen-N, mg/kg 
Nitrate + Nitrite-N, mg/kg dw 
Total Nitrogen, mg/kg dw 

Total Phosphorus, mg/kg dw 
Total Organic Carbon, mg/kg dw 
Chloride, mg/kg dw 
Percent Solids, Z 

• 

dw 58 
<2.0 

58 
40 

<0.50 
<20 

94 % 

12822-17 

* 
* 
* 
* 
* 

10.23.90 
11.01.90 

6.2 

1700 
<2.0 
1700 

920 
36000 

<20 
85 z 

12822-18 

* 
* 
* 
* 
* 

10.23.90 
11.01.90 

5.8 

1400 
<2.0 
1400 

970 
34000 

<20 
84 % 

12822-19 

* 
* 
* 
* 
* 

10.23.90 
11. 01.90 

6.7 

900 
<2.0 

900 
390 

31000 
<20 

86 z 

Client 

12822-20 

86 z 
92 z 
98 z 
98 z 
94 z 

10.23.90 
11.01.90 

7.2 

920 
<2.0 

920 
61 

230 
<20 

88 % 
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LOG NO SAMPLE DESCRIPTION , SOLID OR SEMISOLID SAMPLES SAMPLED BY 

12822-21 
12822-22 
12822-23 
12822-24 
12822-25 

LF2EU (# 9109A) 10-10-90 
LF2EM {# 9109B) 10-10-90 
LF2EL {# 9109C) 10-10-90 
LF2ES (# 9109D) 10-10-90 
LF2AU {# 9105A) 10-10-90 

411te~~:~~-------------------- --==~===== Semi Volatiles 
Naphthalene, mg/kg dw 
2-Methylnaphthalene, mg/kg"dw 
1-Methylnaphthalene, mg/kg dw 
1,1-Biphenyl, mg/kg dw 
Acenaphthylene, mg/kg dw 
Acenaphthene, mg/kg dw 
Dibenzofuran, mg/kg dw 
Fluorene, rng/kg dw 
Phenanthrene, rng/kg dw 
Anthracene, rng/kg dw 
Carpazole, rng/kg dw 
Pyrene, mg/kg dw 
Benzo(a)Anthracene, mg/kg dw 
Chrysene, mg/kg dw 
Benzo(a)pyrene, mg/kg dw 
Benzo(g,h,i)perylene, mg/kg dw 
Pentachlorophenol, mg/kg dw 
Fluoranthene, mg/kg dw 
% R Surrogate-2FP {CL 21-100) 

3.5J 
<7.4 
<7.4 

:•<7. 4 
<7.4 
<7.4 
3.7J 
<7.4 

19 
70 
24 
34 
13 
18 
18 

8.1 
<37 

36 

* 

12822-22 

<7.5 
<7.5 
<7.5 
<7.5 
<7.5 
<7.5 
<7.5 
6.1J 

14 
50 
17 
34 
13 
19 
15 

7.1J 
<38 

36 

* 

12822-23 

2.1J 
<4.1 
<4.1 
<4.1 
<4.1 
<4.1 
<4.1 
<4.1. 
5.7 
14 

1.9J 
30 
11 
16 
12 

8.6 
<21 

32 

* 

12822-24 

<0.36 
<0.36 
<0.36 
<0.36 
<0.36 
<0.36 
<0.36 
<0.36 
<0.36 
<0.36 
<0.36 
<0.36 
<0.36 
<0.36 
<0.36 
<0.36 

<1.8 
<0.36 
106 % 

Client 

12822-25 

<7.8 
<7.8 
<7.8 
<7.8 
<7.8 
<7.8 
<7.8 

22 
34 

100 
45 
26 
20 
21 
16 

7.8 
<39 

35 

* 

~-
L 
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LOG NO SAMPLE DESCRIPTION , SOLID OR SEMISOLID SAMPLES SAMPLED BY 

LF2EU (# 9109A) 10-10-90 12822-21 Client 
12822-22 
12822-23 
12822-24 
12822-25 

LF2EM 
LF2EL 
LF2ES 
LF2AU 

(# 
(# 
(# 
(# 

9109B} 10-10-90 
9109C) 10-10-90 
9109D) 10-10-90 
9105A) 10-10-90 

----------------------
•:~~~=~-------------~------ __ ::~::::: 12822-22 12822-23 12822-24 12822-25 

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

-. 

% R Surrogate-PHL (CL 10-94) * 
% R Surrogate-NBZ (CL 35-114} * 
% R Surrogate-2FBP (CL 43-116) * 
% R Surrogate-TBP (CL 10-123) * 
% R Surrogate-TPH (CL 33-141) · .• * 
Date Extracted 10.23.90 
Date Analyzed 

pH, units 
Nitrogen Series 
Total Kjeldahl Nitrogen-N, 
Nitrate + Nitrite-N, mg/kg 
Total Nitrogen, mg/kg dw 

11.01.90 
6.0 

mg/kg dw 190 
dw <2.0 

19.0 
Total Phosphorus, mg/kg dw 
Total Organic Carbon, mg/kg dw 
Chloride, mg/kg dw 

1200 
35000 

27 
88 % Percent Solids, % 

* 
* 
* . * 
* 

10.23.90 
11.01.90 

6.1 

1400 
12 

1400 
940 

31000 
<20 

87 % 

* 
* 
* 
* 
* 

10.23.90 
11.01.90 

6.7 

520 
<2.0 

520 
370 

20000 
<20 

80 % 

87 % * 
99 % * 
97 % * 

103 % * 
101 % * 

10.23.90 10.23.90 
11.01.90 11.01.90 

7.5 6.3 

90 1400 
<2.0 <2.0 

90 1400 
53 1100 

490 37000 
<20 26 

91 % 84 % 

Laboratorv locations In Savannah, GA • Mobile, AL • Tallahassee, FL • Deerfield Beach,. FL 
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REPORT OF RESULTS 

LOG NO: S0-12822 

Received: 11 OCT 90 

Project: NC09001 Wilmington, NC 

Page 11 

LOG NO SAMPLE DESCRIPTION , SOLID OR SEMISOLID SAMPLES SAMPLED BY 

----------- -------------------------------------------------- ----------------------
12822-26 
12822-27 
12822-28 
12822-29 
12822-30 

LF2AM 
LF2AL 
LF2AS 
LF2CM 
LF2CU 

(# 
(# 
(# 
(# 
(# 

9105B) 10-10-90 
9105C) 10-10-90 
9105D) 10-10-90 
9107B) 10-10-90 
9107A) 10-10-90 

. ~RAMETER 12822-26 12822-27 12822-28 

~----------------------------
Semi Volatiles 

• 

Naphthalene, mg/kg dw 
2-Methylnaphthalene, mg/kg dw 
1-Methylnaphthalene, mg/kg dw 
1,1-Biphenyl, mg/kg dw 
Acenaphthylene, mg/kg dw 
Acenaphthene, mg/kg dw 
Dibenzofuran, mg/kg dw 
Fluorene, mg/kg dw 
Phenanthrene, mg/kg dw 
Anthracene, mg/kg dw 
Carbazole, mg/kg dw 
Pyrene, mg/kg dw 
Benzo(a)Anthracene, mg/kg dw 
Chrysene, mg/kg dw 
Benzo(a)pyrene, mg/kg dw 
Benzo(g,h,i)perylene, mg/kg dw 
Pentachlorophenol, mg/kg dw 
Fluoranthene, mg/kg dw 
% R Surrogate-2FP (CL 21-100) 

<8.3 
10 

<8.3 
<8.3 
<8.3 

28 
26 
91 

zoo 
280 
200 
zoo 
110 
120 

46 
17 

<42 
300 

* 

<7.1 
<7.1 
<7".1 
<7.1 
<7.1 
<7.1 
<7.1 
<7.1 
<7.1 
<7.1 
<7.1 
4.7J 
<7.1 
3.6J 
<7.1 
<7.1 

<36 
5.0J 

* 

0.33J 
<0.44 
<0.44 
<0.44 
<0.44 
<0.44 
<0.44 
<0.44 

0.49 
0.36J 
<0.44 

2.0 
1.2 
1.9 
1.3 

0.71 
<2.2 

Z.3 
84 % 

Client 

12822-29 1282Z-30 

5.1J 
<7.3 
<7.3 
<7.3 
<7.3 
<7.3 
3.8J 
<7.3 

17 
7Z 
23 
36 
19 
22 
16 
13 

<37 
38 

* 

<7.6 
<7.6 
<7.6 
<7.6 
<7.6 
<7.6 
<7.6 

12 
99 

900 
270 
130 

43 
58 
41 
17 

<38 
110 

* 
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LOG NO SAMPLE DESCRIPTION , SOLID OR SEMISOLID SAMPLES SAMPLED BY 

12822-26 
12822-27 
12822-28 
12822-29 
12822-30 

LF2AM 
LF2AL 
LF2AS 
LF2CM 
LF2CU 

(# 
(# 
(# 
(# 
(# 

9105B) 10-10-90 Client 
9105C) 10-10-90 
9105D) 10-10-90 
9107B) 10-10-99 
9107A) 10-10-90 

----------- -------------------------------------------------- ----------------------
•

ARAMETER 12822-26 

---------------------------- ----------
12822-27 12822-28 12822-29 12822-30 

• 

% R Surrogate-PHL (CL 10-94) * 
% R Surrogate-NBZ (CL 35-114) * 
% R Surrogate-2FBP (CL 43-116) * 
% R Surrogate-TBP (CL 10-123) * 
% R Surrogate-TPH (CL 33-141) ~ * 
Date Extracted 10.23.90 
Date Analyzed 

pH, units 
Nitrogen Series 
Total Kjeldahl Nitrogen-N, 
mg/kg dw 
Nitr~te + Nitrite-N, mg/kg dw 
Total Nitrogen, mg/kg dw 

Total Phosphorus, mg/kg dw 
Total Organic Carbon, mg/kg dw 
Chloride, mg/kg dw 
Percent Solid.s, % 

11.01.90 
6.3 

1400 

<2.0 
1400 

290 
51000 

51 
79 % 

* 
* 
* 

'* 
* 

10.23.90 
11. 01.90 

6.6 

170 

<2.0 
170 
120 

3700 
<20 

92 % 

74 z 
76 % 
92 z 
83 % 
72 z 

10.23.90 
11.01.90 

5.1 

1100 

<2.0 
1100 

800 
26000 

<20 
73 % 

* 
* 
* 
* 
* 

10.23.90 
11.01.90 

7.0 

340 

<2.0 
340 

90 
. 24000 

<20 
91 % 

* 
* 
* 
* 
* 

10.23.90 
11.01.90 

6.2 

2200 

<2.0 
2200 

740 
36000 

<20 
86 % 

' .. h,. .. .,f,_..,, ,,..,..,.u,....,.,. Jn ~:ov:onn:oh r.-1 • MnhifP.. AL • Taffahassee. FL • Deerfield Beach; FL 
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LOG NO SAMPLE DESCRIPTION , SOLID OR SEMISOLID SAMPLES SAMPLED BY 

----------- -------------------------------------------------- ----------------------
12822-31 
12822-32 
12822-33 
12822-34 
12822-35 

LF2CL 
LF2CS 
LF2DS 
LF2DU 
LF2DL 

(# 
(# 
(# 
(# 
(# 

9107C) 10-10-90 Client 
9107D) 10-10-90 
91080) 10-10-90 
9108A) 10-10-90 
9108C) 10-10-90 

•
PARAMETER 

-----------------------------
12822-31 12822-32 12822-33 12822-34 12822-35 

-·· 

Semi Volatiles 
Naphthalene, mg/kg dw 
2-Methylnaphthalene, mg/kg dw 
1-Methylnaphthalene, mg/kg dw 
1,1-Biphenyl, mg/kg dw 
Acenaphthylene, mg/kg dw 
Acenaphthene, mg/kg dw 
Dibenzofuran, mg/kg dw 
Fluorene, mg/kg dw 
Phenanthrene, mg/kg dw 
Anthracene, mg/kg dw 
Carbazole, mg/kg dw 
Pyrene, mg/kg dw 
Benzo(a)Anthracene, mg/kg dw 
Chrysene, mg/kg dw 
Benzo(a)pyrene, mg/kg dw 
Benzo(g,h,i)perylene, mg/kg dw 
Pentachlorophenol, mg/kg dw 
Fluoranthene, mg/kg dw 
Z R Surrogate-2FP (CL 21-100) 

<7.5 
<7.5 
<7.5 

··<7 .5 
<7.5 
<7.5 
<7.5 
<7.5 
6.0J 
<7.5 
<7.5 

41 
18 
32 
11 

4.2J 
<38 

47 

* 

<0.39 
<0.39 
<0".39 
<0.39 
<0.39 
<0.39 
<0.39 
<0.39 
<0.39 
<0.39 
<0.39 
<0.39 
<0.39 
<0.39 
<0.39 
<0.39 
<2.0 

<0.39 
97 z 

<0.42 
<0.42 
<0.42 
<0.42 
<0.42 
<0.42 
<0.42 
<0.42 
0.40J 
0.97 

<0.42 
2.2 
1.0 
1.4 

0.97 
0.47 

0.80J 
2.3 

94 % 

<7.9 
9.5 

<7.9 
<7.9 
<7.9 
<7.9 
<7.9 

37 
70 

170 
67 
51 
18 
22 
19 

7 .9. 
<40 

74 

* 

I 

11 
11 

<8.5 
<8.5 
<8.5 

24 
20 
54 

130 
290 

75 
500 
100 
150 

65 
14 

20J 
500 

* 
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LOG NO SAMPLE DESCRIPTION , SOLID OR SEMISOLID SAMPLES SAMPLED BY 

LF2CL (# 9107C) 10-10-90 
LF2CS (I 9107D) 10-10-90 
LF2DS (# 9108D) 10-10-90 
LF2DU (# 9108A) 10-10-90 
LF2DL (# 9108C) 10-10-90 

411J~~~=~-------------------- --=~~~~=== 
% R Surrogate-PHL (CL 10-94) * 
% R Surrogate-NBZ (CL 35-114) * 
Z R Surrogate-2FBP (CL 43-116) * 
Z R Surrogate-TBP (CL 10-123) * 
Z R Surrogate-TPH (CL 33-141) • * 
Date Extracted 10.23.90 
Date Analyzed 11.01.90 

pH, units 7.5 
Nitrogen Series 
Total Kjeldahl Nitrogen-N, mg/kg dw 520 
Nitrate + Nitrite-N, mg/kg dw <2.0 
Total Nitrogen, mg/kg dw 520 

Total Phosphorus, mg/kg dw 200 
Total Organic Carbon, mg/kg dw 13000 
Chloride, mg/kg dw <20 
Percent Solids, Z 87 % 

• 

12822-32 

90 % 
92 % 
95 z 

107· % 
101 z 

10.23.90 
11.01.90 

7.7 

67 
<2.0 

67 
49 

580 
<20 

86 z 

.12822-33 

76 % 
90 % 
94 z 
96 z 
92 z 

10.23.90 
11.01.90 

5.6 

190 
<2.0 

190 
sao 

4700 
64 

77 z 

----------------------
12822-34 12822-35 

---------- ----------
* * 
* * 
* * 
* * 
* * 

10.23.90 10.23.90 
11. 01.90 11.01.90 

6.5 5.8 

1300 290 
<2.0 <2.0 
1300 290 

910 130 
36000 44000 

63 85 
83 % 78 % 

Laboratory locations In Savannah, GA • Moblle, AL • Tallahassee, FL • Deerfield Beach,-FL 
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LOG NO SAMPLE DESCRIPTION , SOLID OR SEMISOLID SAMPLES SAMPLED BY 

12822-36 
12822-37 
12822-38 
12822-39 
12822-40 

LF2DM (# 9108B) 10-10-90 
LF1DL (# 9103C) 10-10-90 
LF1DU (# 9103A) 10-10-90 
LF1DM (# 9103B) 10-10-90 
LF1DS (# 91030) 10-10-90 

Client 

•

PARAMETER 12822-36 

----------------------------- ----------
Semi Volatiles · 

12822-37 12822-38 12822-39 12822-40 

• 

Naphthalene, mg/kg dw 
2-Methylnaphthalene, mg/kg dw 
1-Methylnaphthalene, mg/kg dw 
1,1-Biphenyl, mg/kg dw 
Acenaphthylene, mg/kg dw 
Acenaphthene, mg/kg dw 
Dibenzofuran, mg/kg dw 
Fluorene, mg/kg dw 
Phenanthrene, mg/kg dw 
Anthracene, mg/kg dw 
Carbazole, mg/kg dw 
Pyrene, mg/kg dw 
Benzo(a)Anthracene, mg/kg dw 
Chrysene, mg/kg dw 
Benzo(a)pyrene, mg/kg dw 
Benzo(g,h,i)perylene, mg/kg dw 
Pentachlorophenol, mg/kg dw 
Fluoranthene, mg/kg dw 
% R Surrogate-2FP (CL 21-100) 

3.7J 
<7.8 
<7.8 

·-<7. 8 
<7.8 
<7.8 
<7.8 
<7.8 

12 
15 

4.6J 
66 
27 
40 
33 
34 

<39 
65 

* 

<7.6 
<7.6 
<"1.6 
<7.6 
<7.6 
<7.6 
<7.6 
<7.6 

14 
3.6J 
<7.6 

68 
18 
40 
16 

7.4J 
<38 

71 

* 

<7.6 
<7.6 
<7.6 
<7.6 
<7.6 
<7.6 
<7.6 
5.0J 

1.1. 
35 

<7.6 
28 
11 
17 
16 

6.3J 
<38 

29 

* 

<7.3 
<7.3 
<7.3 
<7.3 
<7.3 
<7.3 
<7.3 
<7.3 
<7.3 
4.7J 
<7.3 
9.5 

3.4J 
7.3 
7.3 

4.8J 
<37 
9.5 

* 

<7.6 
<7.6 
<7.6 
<7.6 
<7.6 
<7.6 
<7.6 
<7.6 
6.5J 
3.0J 
<7.6 

23 
13 
19 

5.9J 
<7.6 

<38 
24 

* 

Laboratory locations In Savannah, GA • Mobile, AL • Tallahassee, FL • Deerfield Beach, FL 
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LOG NO SAMPLE DESCRIPTION , SOLID OR SEMISOLID SAMPLES SAMPLED BY 

12822-36 
12822-37 
12822-38 
12822-39 
12822-40 

LF2DM (# 9108B) 10-10-90 
LF1DL (# 9103C) 10-10-90 
LF1DU (# 9103A) 10-10-90 
LF1DM (# 9103B) 10-10-90 
LF1DS (# 9103D) 10-10-90 

•:~~=~-------------------- --=~~~~==~ --=~~~~==~ 

•• 

% R Surrogate-PHL (CL 10-94) 
% R Surrogate-NBZ (CL 35-114) 
% R Surrogate-2FBP (CL 43-116) 
% R Surrogate-TBP (CL 10-123) 
% R Surrogate-TPH (CL 33-141). 
Date Extracted 
Date Analyzed 

pH, units 
Nitrogen Series 
Total Kjeldahl Nitrogen-N, 

mg/kg dw 
Nitrate + Nitrite-N, mg/kg dw 
Total Nitrogen, mg/kg dw 

Total Phosphorus, mg/kg dw 
Total Organic Carbon, mg/kg dw 
Chloride, mg/kg dw 
Percent Solids, % 

* 
* 
* 
* 

10.23.90 
11.01.90 

5.9 

1400 

<2.0 
1400 

250 
49000 

99 
85 % 

* 
* 
* 
* 
* 

10.23.90 
11.01.90 

6.6 

330 

<2.0 
330 
240 

26000 
<20 

86 % 

12822-38 

----------
* 
* 
* 
* 
* 

10.23.90 
11.01.90 

6.3 

1600 

7.0 
1600 

630 
34000 

<20 
86 % 

Client 

12822-39 12822-40 

---------- ----------
* * 
* * 
* * 
* * 
* * 

10.23.90 10.23.90 
11.01.90 11.01.90 

6.3 6.9 

1000 1500 

6.9 <2.0 
1000 1500 

530 340 
17000 25000 

<20 <20 
90 % 87 % 
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LOG NO SAMPLE DESCRIPTION , LIQUID SAMPLES SAMPLED BY 

12822-41 RB-1 Client 
12822-42 FB-1 

PARAMETER 12822-41 12822-42 

Semi Volatiles 

1• Naphthalene, mg/1 
2-Methylnaphthalene, mg/1 
1-Methylnaphthalene, mg/1 
1,1-Biphenyl, mg/1 
Acenaphthylene, mg/1 
Acenaphthene, mg/1 
Dibenzofuran, mg/1 
Fluorene, mg/1 
Phenanthrene, mg/1 
Anthracene, mg/1 
Carbazole, mg/1 
Pyrene, mg/1 
Benzo(a)Anthracene, mg/1 
Chrysene, mg/1 
Benzo(a)pyrene, mg/1 
Benzo(g,h,i)perylene, mg/1 
Pentachlorophenol, mg/1 
F1uoranthene, mg/1 
% R Surrogate-2FP (CL 21-100) 
% R Surrogate-PHL (CL 10-94) 
% R Sur~ogate-NBZ (CL 35-114) 
% R Surrogate-2FBP (CL 43-116) 
% R Surrogate-TBP (CL 10-123) 
% R Surrogate-TPH (CL 33-141) 
Date Extracted 

..• 

<0.010 
<0.010 
<0.010 
<0.010 
<0.010 
<0.010 
<0.010 
<0.010 
<0.010 
<0.010 
<0.010 
<0.010 
<0.010 
<0.010 
<o.oio 
<0.010 
<0.050 
<0.010 

45 % 
53 % 
87 % 
92 % 
62 % 
83 % 

10.23.90 

<0.010 
<0.010 
<0.010 
<0.010 
<0.010 
<0.010 
<0.010 
<0.010 
<0.010 
<0.010 
<0.010 
<0.010 
<0.010 
<0.010 
<0.010 
<0.010 
<0.050 
<0.010 

40 % 
51 % 
91 % 
83 % 
71 % 
81 % 

10.23.90 

(--~~~~-~~=:~~~--------------- ---------- ---------- 11.01.90 11.01.90 

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

- . . 
• na,.rlialrl Ra:~~h · r:t 
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LOG NO SAMPLE DESCRIPTION , LIQUID SAMPLES SAMPLED BY 

12822-41 RB-1 Client 
12822-42 FB-1 

PARAMETER 12822-41 12822-42 

----------------------------- ---------- ---------- ---------- ---------- ----------
Suspended Solids, mg/1 

~!otal Organic Carbon, mg/1 
~hloride, mg/1 

<5.0 
<1.0 
<1.0 

<5.0 
. ·2.4 
<1.0 

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

·~· 

• 
Laboratory locations In Savannah, GA • Moblle, AL · • Tallahassee, FL • · Deerfield Beach,_ ·FL 
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LOG NO SAMPLE DESCRIPTION , LIQUID SAMPLES SAMPLED BY 

12822-43 TB-2 10-10-90 Client 

PARAMETER 

Semi Volatiles 

• 

Naphthalene, mg/1 
2-Methylnaphthalene, mg/1 
1-Methylnaphthalene, mg/1 
1,1-Bipheny1, mg/1 
Acenaphthylene, mg/1 
Acenaphthene, mg/1 
Dibenzofuran, mg/1 
Fluorene, mg/1 
Phenanthrene, mg/1 
Anthracene, mg/1 
Carbazole, mg/1 
Pyrene, mg/1 
Benzo(a)Anthracene, mg/1 
Chrysene, mg/1 
Benzo(a)pyrene, mg/1 
Benzo(g,h,i)perylene, mg/1 
Pentachlorophenol, mg/1 
Fluoranthene, mg/1 
% R Surrogate-2FP (CL 21-100) 
% R Surrogate-PHL (CL 10-94) 
% R Surrogate-NBZ (CL 35-114) 
% R Surrogate-2FBP (CL 43-116) 
% R Surrogate-TBP (CL 10-123) 
% R Surrogate-TPH (CL 33-141) 
Date Extracted 

·· .• 

. Date Analyzed 

·----------------------------- ----------

12822-43 

<0.010 
<0.010 
<0.010 
<0.010 
<0.010 
<0.010 
<0.010 
<0.010 
<0.010 
<0.010 
<0.010 
<0.010 
<0.010 
<0.010 
<0.010 
<0.010 
<0.050 
<0.010 

52 % 
61 % 
92 % 
87 % 
41 % 
87 % 

10.23.90 
11.01.90 

' .. h ....... ~ ...... , ,,.,,..,.ff,.,n-. '" ~::ov::onn::on r.~ • Mobife. AL • Tallahassee, FL • Deerfield Beach; FL 
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LOG NO SAMPLE DESCRIPTION , LIQUID SAMPLES SAMPLED BY 

12822-43 TB-2 10-10-90 Client 

PARAMETER 

Nitrogen Series 

• 

Total Kjeldahl Nitrogen-N, 
Nitrate + Nitrite-N, mg/1 
Total Nitrogen, mg/1 

• 

Total Phosphorus, mg/1 
Suspended Solids, mg/1 · 
Total Organic Carbon, mg/1 
Chloride, mg/1 

mg/1 

-----·----

12822-43 

<0.10 
<0.050 

<0.10 
<O.J.O 
<5.0 
<1.0 
<1.0 

I 1lhnrntnro fnr.:ftlnn~ in ~:fV:fnn:lh. C::Jl • MnhifP.. AI. • Tallaha~el!. FL • Deerfield Beach. Fl.. 
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LOG NO 

12822-44 
12822-45 
12822-46 
12822-47 
12822-48 

Ms. Sandra Watson 
Southern Wood Piedmont (SP) 
P. 0. Box 5447 
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CC: Mark Radecke 

REPORT OF RESULTS 
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SAMPLE DESCRIPTION , QC REPORT FOR SOLID/SEMISOLID SAMPLED BY 

Method Blank (MB) Result (Soil) Client 
Lab Control Standard (LCS) Result (Soil} 
LCS Expected Value (Soil) 
LCS % Recovery (Soil) 
LCS % Recovery Limits (Soil) 

•
ARAMETER 

----------------------------
12822-44 12622-45 12622-46 12622-47 12622-46 

Semi Volatiles 
Naphthalene, mg/kg dw <0.33 2.6 3.3 79 % 39-127 % 
2-Methylnaphthalene, mg/kg dw <0.33 
1-Methylnaphthalene, mg/kg dw <0.33 ---
1,1-Biphenyl, mg/kg dw <0.33 
Acenaphthylene, mg/kg dw <0.33 
Acenaphthene, mg/kg dw <0.33 3.0 3.3 91 z 31-137 % 
Dibenzofuran, mg/kg dw <0.33 
Fluorene, mg/kg dw <0.33 3.3 3.3 100 z 25-150 z 
Phenanthrene, mg/kg dw <0.33 2.7 3.3 62 z 54-120 z 
Anthracene, mg/kg dw <0.33 2.6 3.3 79 % 40-125 % 
Carbazole, mg/kg dw <0.33 
Pyrene, mg/kg dw <0.33 2.6 3.3 79 % 20-150 % 
Benzo(a}Arithracene,·mg/kg dw <0.33 3.5 3.3 106 % 29-112 % 
Chrysene, mg/kg dw <0.33 3.5 3.3 106 z 17-166 % 
Benzo(a)pyrene, mg/kg dw <0.33 3.8 3.3 115 % 25-160 % 
Benzo(g,h,i)perylene, mg/kg dw <0.33 4.1 3.3 124 % 10-130 % 
Pentachlorophenol, mg/kg dw <1. 7 12.6 17 74 % 17-109 % 
Fluoranthene, mg/kg dw <0.33 2.6 3.3 79 % 26-137 % 
% R Surrogate-2FP (CL 21-100) 93 %. 96 % 25-121 % 

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

•• 
Laboratorv location~ In Savannah. GA • MnhlfP.. Al. • 

.· . 
Taflaha~~~¥>·. F=l. 
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LOG NO 
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SAMPLE DESCRIPTION , QC REPORT FOR SOLID/SEMISOLID SAMPLED BY 

Method Blank (MB) Result (Soil) 
Lab Control Standard (LCS) Result (Soil) 
LCS Expected Value (Soil) 
LCS % Recovery (Soil) 
LCS % Recovery Limits (Soil) 

Client 

----------------------
•:~~:=~--------------~----- --==~===~~ 

12822-45 12822-46 12822-47 12822-48 

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

• 

Z R Surrogate-PHL (CL 10-94) 
% R Surrogate-NBZ (CL 35-114) 
% R Surrogate-2FBP (CL 43-116) 
% R Surrogate-TBP (CL 10-123) 
% R Surrogate-TPH (CL 33-141) • 
Date Extracted 
Date Analyzed 

pH, units 
Chloride, mg/kg dw 
Nitrogen Series 

91 % 
101 % 
104 % 

99 % 
·:.g7 % 

10.23.90 
11.01.90 

<20 

Total Kjeldahl Nitrogen-N, mg/kg dw <15 
Nitrate + Nitrite-N, mg/kg dw <2.0 
Total Nitrogen, mg/kg dw 

Total Phosphorus, mg/kg dw 
Total Organic Carbon, mg/kg dw 

<15 
<25 

<0.50 

6.1 
4600 

4.79 
18.7 

389 
270000 

6.1 
4440 

5.0 
20 

375 
230000 

90 % 24-113 % 
101 % 23-120 z 
120 % 30-115 z 
106 % 19-122 % 

71 % 18-137 % 

100 % 90-110 % 
105 % 90-110 % 

96 % 90-110 % 
94 % 75-125 % 

104 % 90-110 % 
117 % 52-134 % 

Laboratorv locations In Savannah. GA • Mobil~. AL · ~ Tallahassee, FL • Deerfield Beach,· FL 
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SAMPLE DESCRIPTION , QC REPORT FOR SOLID/SEMISOLID SAMPLED BY 

Matrix Spike (MS} Result/Dup (Soil) 
MS Expected Value (Soil) 
MS % Recovery/Duplicate (Soil) 
MS % Recovery Limit (Soil) 
MS % RPD (Soil) 

Client 

.PARAMETER 12822-49 12822-50 12822-51 12822-52 12822:...53 

----------------------------- ---------- ---------- ---------- ---------- ----------
Semi Volatiles 
Naphthalene, mg/kg dw 2.8/2.7 3.3 85/82 % 39-127 % 3.6(<32)Z 
Acenaphthene, mg/kg dw 2.9/3.0 3.3 88/91 % 31-137 % 3.4(<19)% 
Fluorene, mg/kg d~ 3.1/2.9 3.3 94/88 % 25-150 % 6.6(<33}% 
Phenanthrene, mg/kg dw 3.1/2.9 3.3 94/88 % 54-120 % 6.6(<21)% 
Anthracene, mg/kg dw . 2.7/2.8 3.3 82/85 % 40-125 % 3.6(<25}% 
Pyrene, mg/kg dw 3.4/3.2 3.3 103/97 % 20-150 % 6.0(<36}% 
Benzo(a)Anthracene, mg/kg dw 3.3/3.1 3.3 100/94 % 29-112 % 6.2(<32)% 
Chrysene, mg/kg dw 3.1/2.9 3.3 94/88 % 17-168 % 6.6(<48)% 
Benzo(a)pyrene, mg/kg dw 3.1/3.2 3.3 94/97 z 25-160 % 3.1(<38}% 
Benzo(g,h,i)perylene, mg/kg dw 3.1/3.1 3.3 94/94 % 10-i30 % 0(<56)% 
Pentachlorophenol, mg/kg dw 18/18 17 105/105 % 17-109 z 0(<47)% 
Fluoranthene, mg/kg dw 3.4/3.2 3.3 103/97 % ·26-137 % 6.0(<33)% 
% R Surrogate-2FP (CL 21-100) 95/93 z 25-121 % 
% R Surrogate-PHL (CL 10-94) 85/86 % 24-113 % 
% R Surrogate-NBZ (CL 35-114) 98/99 % 23-120 % 
% R Surrogate-2FBP (CL 43-116) 97/103 z 30-115 % 
% R Surrogate-TBP (CL 10-123} 103/103 % 19-122 % 
% R Surrogate-TPH (CL 33-141) 106/105 % 18-137 % 

pH, units 
Chloride, mg/kg dw 108/109 100 108/109 % 75-125 z 0.92(<30)% 

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

• 
Laboratory.locatlons In Savannah, GA • Mobile, AL • Tallahassee~ FL • Deerfield Beach~ .FL 
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SAMPLE DESCRIPTION , QC REPORT FOR SOLID/SEMISOLID SAMPLED BY 

Matrix Spike (MS) Result/Dup (Soil) 
MS Expected Value (Soil) 
MS % Recovery/Duplicate (Soil) 
MS % Recovery Limit (Soil) 
MS % RPD (Soil) 

Client 

.• PARAMETER 12822-49 

-------~---------~----------- ----------
Nitrogen Series 

12822-50 12822-51 12822-52 12822-53 

---------- ---------- ---------- ----------
Total Kjeldahl Nitrogen-N, 5.04/4.9 5.0 101/98 % 99 % 3.0(<30)% 
mg/kg dw 

Nitrate+ Nitrite-N, mg/kg dw 22.7/22.7 . 20 114/114 % 75-125 z 0(<30)% 
Total Phosphorus, mg/kg dw 103/108 125 82/86 % 75-125 % 4.8(<40)% 
Total Organic Carbon, mg/kg dw. .---

• 
Laboratory locations In Savannah, GA • Moblle, AL· • Tallahassee, FL • Deerfield Beach, ·FL 
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LOG NO SAMPLE DESCRIPTION , REPORT FOR LIQUID SAMPLES SAMPLED BY 

12822-54 Method Blank (MB) Result (Liquid) Client 
12822-55 Lab Control Standard (LCS) Result 
12822-56 LCS Expected Value (Liquid) 
12822-57 LCS % Recovery (Liquid) 
12822-58 LCS % Recovery Limits (Liquid) 

•
ARAMETER 12822-54 12822-55 12822-56 12822-57 12822-58 

----------------------------
Semi Volatiles 
Naphthalene, mg/1 
2-Methylnaphthalene, mg/1 
1-Methylnaphthalene, mg/1 
1,1-Biphenyl, mg/1 
Acenaphthylene, mg/1 
Acenaphthene, mg/1 
Dibenzofuran, mg/1 
Fluorene, mg/1 
Phenanthrene, rng/1 
Anthracene, rng/1 
Carbazole, mg/1 
Pyrene, mg/1 
Benzo(a)Anthracene, mg/1 
Chrysene, mg/1 
Benzo(a)pyrene, mg/1 
Benzo(g,h,i)perylene, mg/1 
Pentachlorophenol, mg/1 
Fluoranthene, mg/1 
% R Surrogate-2FP (CL 21-100) 
% R Surrogate-PHL (CL 10-94) 
% R Surrogate-NBZ (CL 35-114) 
% R Surrogate-2FBP (CL 43-116) 

• 
Z R Surrogate-TBP. (CL 10-123) 
% R Surrogate-TPH (CL 33-141) 

<0.010 
<0.010 
<0.010 
<0.010 
<0.010 
<0.010 
<0.010 
<0.010 
<0.010 
<0.010 
<0.010 
<0.010 
<0.010 
<0.010 
<0.010 
<0.010 
<0.050 
<0.010 

56 % 
47 % 
82 % 
83 % 
59 % 
83 % 

0.050 

0.060 

0.090 

0.050 

o.oso 

0.10 

100 % 

120 % 

90 % 

42 % 
27 % 

103 % 
101 % 
105 % 
118 % 

46-118 % 

26-127 % 

9-103 % 

25-121 % 
24-113 % 
23-120 % 
30-115 % 
19-122 % 
18-137 % 

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

Laboratorv locations In Savannah, GA • Mobile, AL • · Tallahassee, FL : • · Deerfield Beach, ·FL · 
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LOG NO SAMPLE DESCRIPTION , REPORT FOR LIQUID SAMPLES SAMPLED BY 

12822-54 Method Blank (MB) Result (Liquid) Client 
12822-55 Lab Control Standard (LCS) Result 
12822-56 LCS Expected Value (Liquid) 
12822-57 LCS % Recovery (Liquid) 
12822-58 LCS % Recovery Limits (Liquid) 

411£~~~=~-------------------- --==~====~ 
12822-55 12822-56 12822-57 12822-58 

---------- ---------- ---------- ----------
Nitrogen Series 
Total Kjeldah1 Nitrogen-N, mg/1 <0.10 5.45 5.00 109 z 90-110 % 
Nitrate + Nitrite-N, mg/1 <0.050 0.191 0.20 96 % 75-125 % 
Total Nitrogen, mg/1 <0.10 ---

Total Phosphorus, mg/1 <Q.10 1.58 .1.50 105 % 90-110 % 
Suspended Solids, mg/1 <5.0 380 399 95 % 60-140 % 
Total Organic Carbon, mg/1 <1.0 6.5 6.12 106 z 60-140 % 
Chloride, mg/1 <1.0 230 222 104 z 90-110 z 

• 
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LOG NO SAMPLE DESCRIPTION , REPORT FOR LIQUID SAMPLES SAMPLED BY 

12822-59 Matrix Spike (MS) Result/Dup (Liquid) Client 
12822-60 MS Expected Value (Liquid) 
12822-61 MS % Recovery/Duplicate (Liquid) 
12822-62 MS % Recovery Limit (Liquid) 
12822-63 MS % RPD (Limit) (Liquid) 

.:~~~~~-------------------- --=~~~~=== Semi Volatiles 
Acenaphthe~e, mg/1 
Pyrene, mg/1 
Pentachlorophenol, mg/1 
% R Surrogate-2FP (CL 21-100) 
% R Surrogate-PHL (CL 10-94) 
% R Surrogate-NBZ (CL 35-114) 
% R Surrogate-2FBP (CL 43-116) 
% R Surrogate-TBP (CL 10-123) 
% R Surrogate-TPH (CL 33-141) 

Nitrogen Series 
Total Kjeldahl Nitrogen-N, 

mg/1 
Nitrate + Nitrite-N, mg/1 

Total Phosphorus, mg/1 
Suspended Solids, mg/1 
Total Organic Carbon, mg/1 
Chloride, mg/1 

• 

0.05/0.05 
0.06/0.06 
0.09/0.10 

3.95/4.34 

0.19/0.19 
0.43/0.42 

100/99 
4.74/4.63 

12822-60 

----------
0.050 
0:050 
0•10 

4.00 

0.20 
0.50 

102.5 
5.0 

12822-61 12822-62 12822-63 

---------- ---------- ----------
100/100 % 46-118 % 0(<31)% 
120/120 % 26-127 % 0(<31)% 

90/100 % 9-103 % 11(<50)% 
42/47 % 25-121 % 
27/30 % 24-113 % ----

103/112 % 103/112 % 
101/99 % 30-115 % 

105/108 % 19-122 % 
118/134 % 18-137 % 

99/109 % 75-125 % 9.6(<30)% 

95/95 z 75-125 z 0(<25)% 
86/84 z 75-125 z 2.4(<25) % 

98/97 z 60-140 z 1.0(<40) z 
95/93 z 75-125 % 2.3(<25) % 

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

Laboratory loeatlons In Savannah, GA • Mobtle, AL • Tallahassee, FL·.: · .•. · Deerfield Beach, . FL 
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LOG NO SAMPLE DESCRIPTION , REPORT FOR LIQUID SAMPLES SAMPLED BY 

12822-64 Report Completion Date Client 

PARAMETER 12822-64 

Date Reported 11.13.90 

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

• Methods: EPA SW-846 
* Because of high levels of components, these 

samples had to be diluted. Thus, surrogates 
were not recovered • 

• 
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I 

S L . SAVANNAH LABORATORIES 
& ENVIRONMENTAL SERVICES, INC • 

• 5102 LaRoche Avenue • Savannah, GA 31404 • (912) 354-7858 • Fax (912) 352-0165 

Ms. Sandra Watson 
Southern Wood Piedmont (SP) 
P. 0. Box 5447 
Spartanburg, SC 29304 

CC: Mark Radecke 

REPORT OF RESULTS 

LOG No:· S0-12822 

Received: 11 OCT 90 

Project: NC09001 Wilmington, NC 

Page 29 

LOG NO SAMPLE DESCRIPTION , QC REPORT FOR SOLID/SEMISOLID SAMPLED BY 

12822-65 Methods Client 

PARAMETER 

Semi Volatiles 
Naphthalene 

• 

2-Methylnaphthalene 
1-Methylnaphthalene 
1,1-Biphenyl 
Acenaphthylene 
Acenaphthene 
Dibenzofuran 
Fluorene 
Phenanthrene 
Anthracene 
Carbazole 
Pyrene 
Benzo(a)Anthracene 
Chrysene 
Benzo(a)pyrene 
Benzo(g,h,i)perylene 
Pentachlorophenol 
Fluoranthene 

pH 
Nitrogen Series 
Total Kjeldahl Nitrogen-N 
Nitrate + Nitrite-N 

Total Phosphorus 
Total Organic Carbon 
Chloride 

.. 

12822-65 

8270 
8270 
8270 
8270 
8270 
8270 
8270 
8270 
8270 
8270 
8270 
8270 
8270 
8270 
8270 
8270 
8270 
8270 

. 150.1 

351.2 
353.1 
365.1 
415.1 
325.2 

----------------------------- ---------- ---------- ---------- ---------- ----------
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"LOG NO SAMPLE DESCRIPTION , QC REPORT FOR SOLID/SEMISOLID SAMPLED BY 

• 

• 

12822-65 Methods Client 

PARAMETER 

Suspended Solids 

Methods: EPA SW-846 
ND c Not Detected 

J. W. Andrews, Ph. D • 

.. 

12822-65 

160.2 

Laboratory locations In Savannah, GA ·• Mobile, AL • ·Tallahassee,· FL • Deerfield Beach,.FL · 
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·Project Number __,tJ'"'-c..;;_o.;;,._:..~o-o=-=-.!.\____ I SAMPLE BOTTLE I CONTAINER DESCRIPTION 
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Sample Code: L = Liquid; S = Solid; A = Air 
Total No. of Bottles/ 
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1 
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·Project Number IJcoc:ro-ol I 

Project Location· l Al ~ } cnt""8 h-.o • ~ C- ijlJ 
~ 

) 

laboratory S-v o.o aQ.\o \ ah ~-cp 1 
'b i r.J 

Sampler(s)/Affiliation h. @.e-t?EJ::u.\!" 6-~ M ("" ~ 
,.,, I<\JM fo~o m Gq;M ~ . If (..0.. · Datemme 

SAMPLE IDENTITY Code Sampled Lab ID 

Lf~Ct-\/'~IO'l {) s JOU~.f1oD 1~ I 

l,~ l c. u 9Jc51 j\. s fcrl,r~oao \ 
Lf!a.C. L 9Jo1 c s \Of' oJ~·o 114 I 
f...F!l c. .3/0Jlo1 !> 5 L OI":'Jt'iO 

i I' I I 

Lf.?. ns, q\O~ .C s 10 ':~ ~,-o I . 
I'Z.l s 

L.f-.2..3) u lcilab A .5 lCf~l,~ "10 I~B~ \ " LFlDL c=Jto-l>C .5 lb/1~~60 I 
LP..tOM/qt~~e s J OfiOJ<:IO 

1'2.'2.1\ I 
L~) ''OL/9t03·C .s '~1 ld 10 

J3t I .. 
lo/jrb}o L~\ Pu 9103/l s I 

L~ \ t> t\/91CBC $ \011~~0 
13t t I 

LFi 3:)·.S ouo2-.t ·..s 1~{t1oJ1t> I f 

Sample Code: L = Liquid; S = Solid; A= Air 

.CHAIN-OF-CUSTODY RECORD 

SAMPLE BarTLE I CONTAINER DESCRIPTION 

.... 

Total No. of Bottles/ 
Containers 

Relinquished ~; ~Cl.f.o..t...e. 2 r2..-...L. .. e...a_ Organization: ~~~';a:~~Q_ to}t a} ""tO 19: w 
Received by: c..v-\~ ' f'\"'"'(J ~ Organization: Date{Q l l£ l 'IQTime LO :cJD 

Relinquished by: Organization: 
Received by:. Organization: Date l l Time 

Special Instructions/Remarks: ~.("~~ ~~b:. I;) ~ a • -d- ~00\ cL-.vec.l 
" 

-to I'A«'f ~ ~k.. e..Lk. 1o(1.~ (..,o , ~ 

I 

lOTAL 

\ 
I 

l 
I , 
I 
I 
I. 
I , 
) 

I 

12. 

~1 1ntact? No N/A 

Seal Intact? 
Yes.No N/A 

Delivery Method: 0 In Person ~ Common Carrier F~ C'}Cp~ 0 Lab Courier 0 Other ______ _ 
SPECIFY SPECIFY 



• 
• ..A ... cA\GHTY. 
A.,-&~LER,INC. 

.illlfEnvlronmtntal Services 
Laboratory Task Order No. fJ It\ .CHAIN-OF-CUSTODY RECORD Page 1. of__l_ -

Project Number Nc:.osrrol I SAMPLE BOTTLE I CONTAINER DESCRIPTION l 
Project Location \ .. th' \ C!'.:l'"'\.0h•"' 1 t-Jc._ 

oc/ 
I 

_, 
........ 

Laboratory So~ o-\"\"' c.." Lc-\r..~-e.':\ (f.::t Cl v_ 

Sampler(s)/Affiliation \-t, ·R,,.,_t,) E'C(.(..I::' 5~ M !'"f> (. f.o 
'!> I WM €0fC-t:J m= Gq~A 'l/ Datemme . 

t,~~ A~ SAMPLE IDENTllY Code Sampled Lab 10 ·~ lOTAL 

LF.9. Bo/9\cb~ 5 to/10/'iO 1~~').')_ I I 
LF..?.BM 9tob f> .5 I <:>) \ O/<t o l ( 

LF9. C> L/"\0~ c. 5 lO}l0/40 I ( 

LC:l.BS I q ·~ ~ .5 
lO/\O}'fQ I l 

t,F.!tt' o/9\CFJt.. 5 lC}\O}t1C . 
I ( 

L FQ. E' 1'\ OJ IO'l.O :s 10/I0/'10 \ I 
L.F,t~,_f 91oCJc. s 10/ lO/') () \ I 
L.Pl.E.S ~I09D 5 

I b/ \ o}ljO I I 
LF.?.P- U/CftoS~ 5 to)\o);;o \ I 
LC: ~M" 9 lOt[) s toJlOJ'lO \ I 
L~AL/ CJIOSC. s lt1hoJ'10 \ I 

LF!UrS( G\ IO(.t ~ 
lOJ\.0/')CI \ I 

: 

Sample Code: L = Liquid; S = Solid; A= Air Total No. of Bottles/ 
'~ Containers 

Relinquished bY.: I L-1 -:e. o ,o_ -' · ... P. Organization: ~~~~L-~~eA -rf".C!.. IO}tC:J)iC 19:<:~ ~at Intact? 
Received by: ·r e-w\~ .... ._... 1:/()--.;._>,.:_ Organization: Date /b I II I qr) Time to: ac..l No N/A 

Relinquished by: Organization: Seal Intact? 
Received by: Organization: Date l l Time Yes No N/A 

Special lnstructlons/Remarl<s:MH.'t # . ' -S'th:- .~c. ~Au. t. .... r-. . ·~ a 

0Aiivmv Method: 0 In Person !:»Common Carrier £~t .. f!ro~ d Lab Courier 0 Other---~---,..,..r,....r-v 



· ~·~UHTY 
A~& ~LER, INC. 

.A/Environmental Services 
Laboratory Task Order No. N / l"l .CHAIN-OF-CUSTODY RECORD 

Project Number NCo3q-o\;-'---:::rrr-----r-SA=M:.!!.P-=jl.=.E...:B:.:::O~Il:.::L=.E.;.../..!:::C~O!.!NT..!!..'A.!!!IN.;.::E:!..R!....!D:::.!:E::!:S~C7Rt~PT!.!:IO~N~-r----.----Jl :1; uV 

·Project Location hl~,,....,...~ .... cSttn 1 t.JC- ~ .:>. 

labOratory .:'3o.V'e..O.N::.h \ obs.htv."eC\ (/ 6 /..f/ 
Sampler(~)/ Affiliation 1:>, guM l=oe.o !!to: ~,u.. - ~ ~ 

t-\, f'?Pil>FC.~~ G4M SJ( j 
Datemme t.; .f? 

.:t' / ... 
SAMPLE IDENTilY Code Sampled Lab ID ~ 

\ .. F \ c. u ~nou s ~~~·.;_~~ ~:f). \ 

Lt=l c. M q\Ol.J! s 1 ~l\~1b0 \ 
LFI C.L. C\Jo'l.C. 5 \0~~~~\0 \ 
Lr:\ c.s /9102-t s li~IOJ<"10 -, !S() l 

LF I p. \)I <'-\\<n* 5 ~~~F{6D l 
.. 

Lf\ ~ t'-\ 'l~lCOl> s \0 ~~.~~c I \ 

\...f\ ll L 9IOCC. 5 r~~J~\Jo Jo
1 I 

LFI A ..S 91CIOI s 11~~~/i_O I 

Sample Code: L = Liquid; S = Solid; A = Air Total No. of Bottles/ 
Containers 

Relinquished by: W ~ £ llcd. .... o~- Organization: -~~~~1.!.l.D-.Ll.4rb..t.--x;.f1~~~~ ..... .L.,p.,..,...ld-r-.:!:b~C!... IOIIO/~o IG! CI"D 
Received by: ·CP\7\.\t.. Li'\~wt>~ Organization: S:\/1i~f\2(i( Ltfi$ ) Date(!) II/ 1qOTime /(}:OtJ 
Relinquished by: __________ Organization: ----------
Received by: Organization: Date I I Time. _____ _ 

Special Instructions/Remarks: >e leo' : r S..>.:r:e .6~ 
. )<pol WPAH'~ f+1 -In~ 

10fAL 

I 

I ~al Intact? 
l(?esJ No N/A 

Seal Intact? 
Yes No N/A 

Deliverv Method: 0 In Person 0 Lab Courier Daher ________ ~-----
!'PFC:IFY 
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I. fl.. 
. , 

!TRIANGLE LABORATORIES, INC., [PSTHF 1] 
... ,. ., .... 

PCDD/PCDF/PBDD/PBDF SAMPLE TRACKING & MANAGEMENT FORM 

GENERAL INFORMATION 

TLI PROJECT NUMBER: I 1 (pft>f.t.l 

OTHER TLI PROJECTS: 1 ___ , 1___ Cl lent Code: _.....;.D=<-K=---'H'--_. · f 
(" • JD'J • Detectlonltmltsreq.i-/Op(J 

cusToMER Nameutidhttn.' Woo ft.(A.r.ta:fP.o. No.: ____;:;5-.:.....:..I...J4~J::::.. __ _ 

RECEIVING DATE: /Q I jQ I 1 0 Client's Project No: AJf.IJ900/ 
. J Collection Date: 

Sample orgin: Wcfrrt.Lfii. C,1•.J, /Vt 
~ I 

TURN·AROUND TIME: Hardcopy ~ Days 

Circle one: TSCA/FIFRA/FDA/other GLP/non GLP 

DUE DATE: _tl_ I _QJ_ I _!1L 

o1 5o c./ 

of SAMPLES: ~ -- El CfiD -~ 
MATRIX TYPE Wo Samples]: Soil [~] \later [ ] Ash [ 

Sludge [ ] Pulp [ ] Paper [ 
\lipes [ ] Oil [ ] Chemical [ 
Fish [ ] Blood [ ] Adipose [ 
Milk [ ] MHS [ ] Other: 

. . . . .. 

/~ of original extract sent to GC/MS 

Portion (unspiked) given to Organics 
(amount/initial/date) 

ORGANICS TLI PROJECT NUMBER: 

SAMPLE FORTIFICATION 

Solution ID: 
Before Extraction: 
Before Cleanup: 

USB·I 
['~ 
[ ] 

USB·C 
[ ] 
[lj'". 

13C·DBF BS·I Other: ----

Concentration: {1j_ ngi~L Volume: 

The XAD·2 resins or the PUF cartridges were prespiked with ~~·f_the 
surrogate carbon-labeled standards (USB·S & USB·C: TLI 1 ~ --r- ), 

Qi~ 
-.--.. 
~ DB-225 OLATION PULP LOW 

Mono-Octa Tetra only· Unchlorinated 

Others 

Others ------

] 
] 
] 
] 

INFORMATION ENTERED BY: PROJECT COORDINATOR INITIALS/DATE:~~ 1~·/0·16 
104 B/27/90 



f. 

[PSTHF 10] I TRIANGLE LliBOR!\TDRii!:s, •. :me .... ,... .. .. 

1 1 
(p(p {p / 

PROJECT COMMUNICATION TRACKING SHEET 

Use this form to record all exchanges of information between production 
units as well as personnel handling this project. Decisions, corrective 
actions and recommendations must also appear on this tracking document. 

Date Name Comment I Decision I Resolution I Action I Observation 

l..!:::::===============================or:\1 102 4/15/90 



I I~~ ~r<- -.·,; P..J i 
l r,'-• ..• ,.._, 

. o.J 

rmv 1 n 1990 

• TRIANGLE LABORATORIES 1 INC L .I.. • .... ·• _ ..... ~:s~~F ~~ •.... 

PCDD/PCDF/PBDD/PBDF SAMPLE TRACKING & MANAGEMENT FORM 

SAMPLE PREPARATION LABORATORY INSTRUCTIONS 
(continued) 

TLI PROJECT NUMBER: 

ample SizeCTo be extracted): L Other: 

Semple Extraction: ~ ~ EtOH Tol/EtOH 
sep. Fun. Jar sos Lyoph/Soxhlet F.lsh 

ASHE Front/Beck Helves Combined yes ~ 

II 
Filter Semple after Fortification yes ~ 

Extract Solid end Filtrate Separately yes ~ 

II 
Combine both Extracts before Cleanup yes 6) 
Other:---- (see Special Instructions) 

II 

II Impregnated: § no 

II 
®@ SOg 

~ Sil1ce Gel 
A950 

@Y 
Other: 

II 
Percent Moisture: 

II 
® no Percent lipids: yes ~ 

II oual ity Assurance I Oual ity Control Samples 

II 

II 

Laboratory Method Blank (TLI Blank): ~ no ~ 

Duplicate COUP): 10 
10 

Matrix Spike (MS): 10 

Matrix Spike Duplicate (MSD): 10 

MS Solution 10: USB-MX BS-HX Other: 

MS Solution Cone.: __ ng/ul 

HS Solution Vol.: UL 

yes GJ 
yes (5} 

yes t9 

INFORMATION ENTERED BY: PROJECT COORDINATOR INITIALS/DATE /"J:C t0-·10··7t. 

REV 104 8/27/90 



II 

II 

TRIANGLE LABORATORIES 1 INC. [PSTHF 4] 

r 
PCDD/PCDF/PBDD/PBDF SAMPLE TRACKING & MANAGEMENT .. F.ORM .• .... ,,,.) 

HIGH-RESOLUTION MASS SPECTROMETRY LABORATORY INSTRUCTIONS 

TLI PROJECT NUMBER: 

Recoverv Standards 

Solution ID: ~ 13C·OBD Others:-------

Concentration: f(j) pg/ul Volune: -~()J""-= __ uL 

Volume of Pure Solvent 

HRGC/HRMS Method 

@) 551 1613 BROMO 00/DF Other:----

System Definition 

Octa Tri·Octa €~ Tetra Other: 

Confirmation Analyses Required ...--~·) 
~ no 

Oupl icate Injection required on =----~fv..:.f¥1!....!--------

INFORMATION ENTERED. BY: PROJECT COORDINATOR INITIALS/DATE: }(b::. lD '10-fo 

RUN TYPE 

l·CAL date 

CON·CAL File 

RETCHECK File 

For GC/MS Files 

CON-CAL File 

RETCHECK File 

For GC/MS Files 

CON-CAL File 

RET CHECK File 

For GC/MS Files 

FULL-SCREEN ANALYSES 

___ to. __ _ 

___ to __ _ 

CONFIRMATION ANALYSES 

I I 

___ to __ _ 

___ to __ _ 

INFORMATION ENTERED BY: GC/MS CLERK INITIALS / DATE: 

i.!:::==========================oEv 105 8/27/90 



I 
rmv 1 9 1990 

TRIANGLE LABORATORIES, INC. -1[' 1H·f' ·:~'PSTHr Sl '-------------------....1 If I J:\ """ •• f .• _,. 'I,._ 
. . 

I,, 1 1\lll~ 

PCDD/PCDF/PBDD/PBDF SAMPLE TRAqKING & MANAGEMENT FORM 

II 
REPORT GENERATION AND DATA REVIEW INSTRUCTIONS 

II 
TLJ PROJECT NUMBER: l.[o{p(p/ 

8 no Type: A AA@c 

® 
11 

Report Results on Dry·Uelght Basis: 

Analyte Concentration Units: ppt pg ng ppq 

II Toxic Equivalent Factors: yes 8 
NCASI Report Format: yes e 

IQU~TY ASSURANCE 1 QUALITY coNTRoL REQUIREMENTs! 

INFORMATION ENTERED BY: PROJECT COORDINATOR INITIALS / DATE: A~tc IO-JO~f6 
104 8/27/90 



... -.> 
·~· 

\:-:.) 
~.,!",\[ 'i •:\ ~~·~n , .. 

TRIANGLE LABORATORIES, INC. [PSTHF 7) 
..... ··- ..... . .. •• I " -··. ,, .... . -· ... ·- · · · ·'~''"PCDDIPCDFIPBDDIPBDF SAMPlE PREPARATIOU TRACKIUG & MANAGEMENT FORM l1 t:0{"&1 I 5WP -

EXTRACTI~U DATE: £o/Jo[1Upiking Dates: 
SAMPlE IUFORMATIOU co fttl'lt?o {OIIOI.!l. 0 I I I I I I 

!\.JET TLI Gross Sarrple USB· I 

~~~ 
IUSB·S USB·S I USB· c lusS:c USB·~ 

~· 
USB·HX :usB·HX Sple ~~~t ( ,$ lAB Sample 10 l.'eight Size Vol. Vol. ExiCl Vol. ExiCl Vol. Volune Extr. left 

uo: g I mL !) L 

"' 
L In it. \I L In it. \I L \.1 L In it. y/n g 

0 TLI A~- J'p 
~s 

\oJ v\ 1/oo,J M\.t ,_ .,._. 'too,J 
t{~ / 

\ '37-~ (p-( 531,() /f.6"J. /OOA.,fl "'J v~ /CiJ,1 0 M.ll y q .t{ (. V\·t~ 

·') 4 So, I {I,{Oa, 
l<f.S 

1/oo,.J y lq.~o 0.. '31 - d. ~ - "J... I iJO ~ Wl.t Mtf 15.2.'1, 
0 ; I 

•Gross ~eight of sarrple container plus sample before a llquot removal. 
0 I I "r.~"~ ()./hq !rfl 

LABORATORY ID: ~~ [_._.-M ~ ~ Indicate Below the TL I entlflcatlon Number 
of the Sarrple Fortification Solutions: erp II Ma.r q I f.tiJ 

t-~--*1 
USB·! : JJ;/-7- I lf-~K USB·Ac,S ./ffl ... g .. /8 

3ftt}<t't 
.. .,.:,._2 ~ USB·S : USB·HX : 
~, 

/'' USB·C : Other : 
(.).\ ~ Ll lr ·~ " jOT # (solvents):~ 

~ j} q o4? ~-fo 
for extraction 

INITIALS OF BOTH THE SPIKER AND OBSERVER MUST BE ENTERED. fractionation: 
~~· 104 8/27/90 



• 
.,. ..... 1·:-;· : 
I •• J 

I·.:-:.,..'-'·--· ... ~ ... :~:..;::-.• 
··' 0 -"·~ ; 

•. ,,-,,., ., ,, ..... t""~ 

; ·. :; '! .!. :J i:.: .::u TRIANGLE LABORATORIES, INC. tPSTMF 81 

i:. .......... .:,::.·.~ :.:··::.\ •• ~CDD/PCDF/PBDD/PBDF SAMPLE TRACKING & MANAGEMENT F0~..__1 {p=--=(p:.....::~:;;.../=------'' 

WET TLI Client 
LAS Sample 10 Sample ID 
No: 

._ 

~ 3'7- :Lft.- :t L Ffhl q fl I 

Reason for ReeKtraction: 

SAMPLE INFORMATION 

GC/MS File Nome Confirm 
Colum: n.,[L_ S ·@tno 

// 

Confirm File Name 
Colum: ~ 

!USB·RS 
S lvolune 

lsoln 10 

USB•RS 
Initial 

date 

ANALYSIS COMMENTS 

!.b=========================================::R'E-,·vv 104 8/27/90 = 



... --~ . -i. ... . "".:_ ;) :·:; ··=·· ';..,''·- ... ' I .,/ .. ·.. ·: '. . .. . . ._, 
''""J .. ,., ...... ""Q TRIANGLE LABORATORIES, INC. [PSTMF 9] i \:..; ~ i. ~1 i:.., .:· 

PCDD/PCDF/PBDD/PBDF SAMPLE TRACKING & MANAGEHENT FORM ,, (o{o(p/ I SuJP E~J~;{Ri:. L' i . .: ~ .... ·': •. •. ~ • I ,. 

' SAMPLE EXTRACT INFORMATION 

I WET TLI EXTRACT CHAIN OF CUSTODY 
·LAB Sarrple ID 
. uo: FROH \JET LAB TO MASS SPEC LAB TO ARCHIVE 

DATE AND TIME INITIAL DATE AND TIME INITIAL DATE AND TIME INITIAL ICCW!ENTS 
SAMPLE RELEASED SAMPLE ACCEPTED SAMPLE ARCHIVED 

0 1-rll .. 1P /(·J r7/?o 1.9. ', 0 6 i<+.s 
10(1~('10 SB 

"-' 23'20 
' I II 

I 1'37 --:lt.. -1 

:1 l ~ '-b-- ,lf " v 
-, !,....- ,:,. 

~-:v 104 8/27/lo = 



TRIANGLE LABORATORIES, ~NC 
.Y..J>.SS SPE='!'ROY.ETER R:JN SHEET . 

. J , l " c..r· ... ' \,lA .. 
• '-:~ _-, -·t.;_ !:.- ·~ .... _;_.._,.... F . A I . L \ i.:; . ·- "---

~E ~D: )M,-ft.nz•' IJJ!Jd) p!f • .J nur,J . TLI PROJ'ECT ID: 1 {p wr.o.J 
SPECTROSCOPIST: I MS f7(! 1 

11 Shl!PLE ID: I r::::LE NAME: OPI:RATOR: I DATE 
I 

TIHE I CO:t-1MENTS ! 
! 

1-

:6 c;o3 734 CiJ ;c/;(l!_b_c 71 z !{I(!rf!C 
(l_ (! (J_j) s 1 oj7el "3 !/C.. • i Lj30l 

TLL /BIItNI- $003789 Ci:J I i22 '7 

~FI /tiltO {/ 
. 

9{) 
I 

i328 i 

lf-tfql!( q; i-1-~t:_. _1/ IV ~1 
. .... 

I 

I 

I! I 

I 

. I I 
I I 

- I r-z-.. :-~ tTj!~-.l l~\,\~~ r~· ri~i' I L' ·' · ; : ·._' ,. :' -; · ~ _t f 

F:!~ •:.---·: ... -'- .11::,~ 

_j_ "- ..1~11 

I I•U ................... 

- .. 

REV 2 12/1/88 

I! 

li 



I TR~ANGLE LABORATOR~ES, ~NC 
Y..A.SS SPECTROMETER RUN SHEET 

CoN Fi 1~/Vl AT~oJJ ~rJA -'/SE-<; 

~~0: .5 tui_) TLI PROJECT J:D: l~ ~t:l 
;0/:).;/q(j SPECTROSCOPIST: I MS f. 7c1 t.A.-· 

SAHPLE ID: FILE NAME:' OPERATOR: DATE TI:ME COMMENTS 

/{1]!~Hi u. c:; 0 -:L-:;;. 9 ::; SIJ. /CJ/1,/'i Cj -; . 
[1 -·' 

II c~CeJJ 98 -~· ·~ (01 j 

l-F I /3) 1/0 L.f q()-;; 3ot 1-f' (J. 1/Q -;:u-!} n ;(::"_, ct. z 
I 

o7 ·- /7 3 -;_~ LF-f /Cf/1 l .... ) P. ~~ 

I 

I I 
I 
I 
I 

I I I 

I I !-:"'. F 
: l' '' rP ~~-' rr Y7.1G ~l'fi.l .. ~:'~ . 8 1~. 

I::\ t; -· ~~!·'::H. 

~I 
HU IJ l tl I·;:JU 

II UIVIi Uf·!idtil! hl i·.,li\11{~ 

REV 2 12/1/86 



I 

• 

Vial + 
Moisture 

Sample Client Sample 
Number ID \~eight 

------ -------- ---------
1 LF\/ql\0 27.4108 
2 LFI I q I\\ 27.2169 

• 

• 

% Moisture Calculation 
Project Number: 6~61 

Dry Vial + 
Empt~· Hoisture 
Vial Sample 

Height \~eight 

------- -----------
13.2100 25.3972 
13.6488 25.1431 

l·, .. L'' '· "'~~:-. ii: 't:·,· L!""[·;fl ..• \ . .. ·," •.... , .. ,., r l 
!ii~ . . ., t l 
~· ~~ 

·~·..J: 

rlf)'/1 0 OJ 
H.:\ .L iJ 1990 

Er"''L; .. · • · · .v 11Uid1!L,; 11 ,L . 
. I I I,,(,,.,) 

Dry 
Actual Actual 

% Sample Sample 
Moisture Height Weight 
--------- ------ ------

14.18 11.0200 9. 4 G 
15.28 11.1000 9. 40 



• • • ••• . .. 

-~, ·" ··0 I'EitCEIIr liO I rOJ.t_l!·: v ; 2 ........ 0 : . 
·Q~~:ItC.T 

1:..::::' 

(Q_(p ~ 
.. .. ..., -. S\fo r · . 

' //;:.; ... ·) ..•. :: ~·'. ,: :: ;.. i .·is 
J 

.. '-II • ::\'..,, ···-·· ···-
I 

{\ 
. : ... .. 

IJ r. IJ _J~.!!L (A-U)/CXIOO 
· .. ;: . z: ; .. ..... !.~~== ·~· .... 

" <-- --> 
)f\111' LE i :U. ·. vIAL I Sf\III'LE Ill' VIAL HEr 111'. FlltSr IJitY SECOIID 1 II I HIJ 117.0 I.OSr ~1120 --- -- - - - -- - - ---- ------------- --------------· ---------- ---------· ------------ {Oj,-i(q,"",)- ·-------- ·---------· -------------

I 

lOfl!/ Ov~IA. 1ll/1~i 4 o· .. .. 
.Lr;{_to /1o · {OUQfq Q . \NV, .: wv ... . 0~ 9:5 I c.' -
: .. 

j_ . _;17. 416 ~ l3~~16D 25.42 (;j) 2£.l{O 2L 2. '5. 3 "• ""12 . 
j d-71~1 (otq l:1.16tf3'g' .26.1 V!> 2, 2 5 .11-f q, I.[ 2 5, fl·\ ~ ( -·· 

-
. 

-
- -
- . 

' -----· 
... 

- . 
-

- . . 
. 

.. . 

-



.A 1.:-_llllllli.{, , '""'. ITi 
AY~LER, INC. 

AfE,virollmclltal Scn·icn 
Laboratory Task Order No. NIP- • ~CH~,I!JrQG-C.USTODY RECORD 

I' 

Project Number tJC.OClOO I r ,, .. SAMP.LE. BQfTLE./: CONTAINER DESCRIPTION 

({ :1 0~ 
,.. i:lt~:d\va; .L ... ;i••·- • • ... 

Project Location ..Lui.~UJ. G-To u~c;:.._ 

Laboratory "Jlt(A- u G-l.b' 
.. f 

LA- C>OIC..f"r ro 1:..: ~ -::;::.<J c.. 1_/JJl 
Sampler(s)/ Affiliation t-'\ - fl.. "' t> rc. c..c.t:r' Gil•"'- f e.()..._&, ~Ci 

ol'u!J 
b, ~~~~ .. n 'Dr 0f-.•""'- -a 'A, 

( IJ -"",... .. 
Daremme If rJ! C),., ... 

SAMPLE IDENTilY Code Sampled Lab to C(r nt 

LFI I 0.\\0 .s to/9/90 I 

LF2.. I 9\l' s lol9/'io r 

Sample Code: L = Liquid: S = Solid: A= Air Total No. of Boltlesl 
Containers 

Relinquished by: ~?-e_ ~ (1?- ... .J...... ... ~ Organ~zal~on: ~~~~ I0/-,]9o I~ :c.'"t) 

Received by: Dale I I Time , Organtzahon: 

Relinquished by: Organization: · • "'/;;j;6 I :;l:of~PI'i . ~- 1L ,J- ·Date~ l {_n l Z?ltme Recetved by: --,.A-K.A~ .,.~ Organization: p{i?.dj-J~- ~-rr~ f.::: 
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l:a4 ,. , •' .... • ·•·• L.•• • ~ ·•· ... ' ..... ..) 
Two soil samples were received from SOUTHERN WOOD PIEDMONT in 
good condition October 10, 1~90 and stored in a refrigerator at 
4°C. The samples were extracted and analyzed according to 
procedures described in the Triangle Labs User Manual provided 
with this data package. Any particular difficulties encountered 
during the sample handling by Triangle Labs will be discussed in 
the QA/QC remark section below. 

Quality Assurance/Quality Control Samples 

A laboratory method blank -- identified as the TLI Blank is 
prepared along with the batch of samples. 

OA/QC Remarks 

The release of this particular set of SOUTHERN WOOD PIEDMONT 
analytical data by Triangle Labs was authorized by the Quality 
Assurance Officer who has reviewed each sample data package 
individually following a series of inspections/reviews conducted 
at two other levels of the data production line. When applica
ble, general deviations from acceptable QA/QC requirements are 
identified below. Commerits on the effect of these deviations 
upon the validity and reliability of the results can be obtained 
from the User Manual (Data Quality Objectives; Section 5). 
Specific QA/QC Problems Associated with this Particular Project 
are: 

Sample Preparation Laboratory: None 

Mass Spectrometry: None 

Data Review: 

The 234678-HxCDF and OCDD isomers were found in the TL! Blank at 
levels less than one-third the. calculated theoret{cal method 
quantitation limit (TMQL) for the associated samples. Blank 
contamination levels of one-third TMQL or less are acceptable 
under TLI guidelines, as discussed in section 5.1.3.2 of the Data 
User's Manual. 

ILl Blani,, Sqmp1es LFi/9i 10 (Ti...I ~ 37-26-1) and LF.2/'311 'i (TL::;: ~ 
37-26-2) present QC ion instabilities as a result of quantitative 
interferences (on DB-5 and DB-225 analyses). The affected 
isomers are flagged "Q" on the report. Affected analytes may be 
overestimated or underestimated due to this interference. Quan
titative interference is described in section 5.1.2.4.1 of the 
Data User's Manual. 

These samples have been diluted and reanalyzed on DB-5 column due 
to s~turation in the original analysis. 

Samp 1 e LF2/9111 ( DI L) ( TLI ~ 37-26-2) has been reana 1 ~·zed on DB-5 
column due to arcing, present in the HpCDF mass channel. 
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Addendum to Section 4.6 of the Data User's Manual 

Effective December 15, 1989, Triangle Laboratories has adopted a 
new procedure for calculating the analyte specific detection 
limits. Under this new policy two representative noise height 
determinations are summed and multiplied by an empirically deter
mined factor before the detection limit equation given in Section 
4.6 of the Data User's Manual is applied. The effect of this 
procedure is to increase DB-225 analyses detection limits by a 
factor of 3.5, and DB-5 analyses detection limits by a factor of 
5. This procedure will result in a more accurate estimate of 
detection limits. 

The revised formula for DB-225 analyses is: 

oa-225 2.5 * (3.5 * Ha;) * Qaj 
DLai = -------------------------

Aaj * RRF * W 

3 • 5 * Ha i = An o i s e 

The revised formula for DB-5 analyses is: 

o a - 5 2 • 5 * ( 5 * Ha i ) * Qa j 
DLa; = -----------------------

Aaj * RRF * W 

5 * Ha i = An o i s e 

The symbols are defined in Section 4.6 of the Data User's Manual. 

As an example, consider a DB-225 confirmation analysis of a 10 g 
sample. The internal standard spike is 2000 pg, the 13C12-
2,3,7,8-TCDF internal standard area is 12000 area units, the RRF 
is 1.215 and the noise height is 11 units. The 2,3,7,8-TCDF 
detection limit is: 

DB-225 2.5 * (3.5 * 11j ~ 2000 
DLTCDF = ------------------------- = 1.3 ppt 

12000 * 1.215 * 10.0 

Should SOUTHERN WOOD PIEDMONT have any questions or comments to 
formulate regarding this data package please feel free to contact 
us. 

For Triangle Laboratories, 

~L,& 
QA ProJeCt Offiter 
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S L SAVANNAH LABORATORIES 
& ENVIRONMENTAL SERVICES, fNC. 

~yk., 

A c. c:l ,ho noo..l CoYnfo~ nc\ f"! S""-1 +s 
l'2.~zz. Jt:: s -4= :zg .:t- ?Y. 

-rJ...o.,k.<, 
Glor-:~ 

THE ENCLOSURE IS BEING SENT TO YOU WITHOUT A PERSONAL 
LEITER SO THAT IT MAY REACH YOU EXPEDITIOUSLY . 
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S L SAVANNAH LABORATORIES 
& ENVIRONMENTAL SERVICES, INC • 

• 02 LaRoche Avenue • Savannah, GA 31404 • (912) 354-7858 • Fax (912) 352-0165 G & rv~ F0J ..... :~~-~·: .. : . 

• 

• 

March 12, 1992 

M·r. Mark Radecke 
GERAGHTY & MILLER, INC. 
3724 National Drive 
Suite 228 
Raleigh, NC 27612 

Dear Mark: 

Benzo(b,k)fluoranthene cannot be separated for orders S0-12822 and 
S0-12806. 

Sincerely, 

Gloria Fulwood 

Laboratory locations In Savannah, GA • Tallahassee, FL • Mobile, AL • Deerfield Beach, FL • Tampa, FL 
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TRIANGLE LABORATORIES, Hill! 1 n l'J90 
Page 1 of 2 

PCDDIPCDF 2378X ANALYSIS (b) 10131190 

FILE NAME •••• : S903789 
CONCAL (VER).: S903783 
PROJECT NUMBER: 16661 
ANALYST •••••• : CP 
SAMPLE SIZE •• : 9.000 g 
DATE RECEIVED.: I I 
SPIKE FILE ••• : SPX23710 

Lil.;~i..: .... JL.IIii.L '·· :.:.L::.i 

CLIENT ID •••• : SWP TLI NUMBER •••• : n/a 
SAMPLE ID •••• : TLI BLANK 
!CAL DATE •••• : 10113190 
ANALYSIS DATE: 10118190 
SAMPLE MATRIX: n/a SAMPLE ORIGIN: nla 
DATE COLLECTED: I I 

SHIPMENT NO ••• : n/a 
------------------------------------------------------------------------------------------------------------------------------------------------------------
NAME CONC(ppb) NUMBER DL EMPC RATIO RT FLAGS 
------------------------------------------------------------------------------
2378-TCDD NO 0.008 
12378-PeCDD .NO 0.005 
123478-HxCDD NO 0.005 
123678-HxCOO NO 0.003 
123789-HxCOD NO 0.005 
1234678-HpCDD NO 0.005 
OCDD 0.01 0.94 51:49 

2378-TCOF NO 0.005 
12378-PeCOF NO 0.005 
23478-PeCOF NO 0.005 
123478-HxCDF NO 0.003 
123678-HxCOF NO 0.003 
234678-HxCOF 0.002 1.15 41:15 .Q_ 
123789-HxCDF NO 0.005 
1234678-HpCOF NO 0.003 
1234789-HpCDF NO 0.005 
OCOF NO 0.01 

TOTAL TCDD NO 0.008 
TOTAL PeCDD EMPC 0.002 
TOTAL HxCDD NO 0.005 
TOTAL HpCDD EMPC 0.002 

TOTAL TCOF NO 0.005 
TOTAL PeCOF NO 0.005 
TOTAL HxCOF 0.002 1 1.15 .Q_ 
TOTAL HpCOF NO 0.003 
------------------------------------------------------------------------------r:v '.::_/M.}"l(J: X237_RPT rev:3.03 

} 
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TRIANGLE LABORATORIES, INC. 
PCDDIPCDF 2378X ANALYSIS (b) QAIQC SUMMARY 

Page 2 of 2 
10131/90 

FILE NAME •••• : S903789 
CONCAL (VER).: S903783 
PROJECT NUMBER: 16661 
ANALYST •••.•• : CP 

CLIENT ID •••• : SWP TLI NUMBER •••• : nla 
SAMPLE ID •••• : TLI BLANK 
ICAL DATE •••• : 10113/90 
ANALYSIS DATE: 10/18/90 

SAMPLE SIZE •. : 9.000 g 
DATE RECEIVED.: I I 
SPIKE FILE •.• : SPX23710 

SAMPLE MATRIX: n/a SAMPLE ORIGIN: n/a 
DATE COLLECTED: I I 

SHIPMENT NO ••• : n/a 
------------------------------------------------------------------------------------------------------------------------------------------------------------
SURROGATE RECOVERY SUMMARY (TYPE B ) 
--------------------------------------------------------------------------------------------------------------------------------------------------------NAME 

37Cl-TCDD 
13C12-PeCDF 234 
13C12-HXCDF 478 
13C12-HxCDD 476 
13C12-HpCDF 789 

CONC (ppb) 

0.57 
0.96 
0.84 
1 0 0 
0.90 

% REC. 

50.9 
86.2 
75.3 
90.8 
60.6 

ALTERNATE STANDARDS RECOVERY SUMMARY (TYPE B ) 

RATIO 

1. 54 
0.53 
1.20 
0.44 

RT 

31:13 
36:09 
40:17 
41:26 
47:07 

FLAGS 

--------------------------------------------------------------------------------------------------------------------------------------------------------NAME 

13C12-HxCOF 789 
13C12-HxCDF 234 

CONC (ppb) 

0.92 
1. 2 

INTERNAL STANDARDS RECOVERY SUMMARY 

% REC. 

82.8 
110 

RATIO 

0.53 
0.51 

RT 

42:24 
41:14 

FLAGS 

--------------------------------------------------------------------------------------------------------------------------------------------------------
NAME CONC (ppb) % REC. RATIO RT FLAGS 

f3C12-2376-TCDF 0.57 51.1 0.80 30:24 
13C12-2378-TCOO 0.58 52.6 0.84 31:12 
13C12-PeCDF 123 0.84 75.6 1.57 35:11 
13C12-PeCDD 123 1. 1 98.5 1.55 36:38 
13C12-HxCDF 676 0.61 73.3 0.52 40:26 
13C12-HxCDD 678 1. 1 102 1.16 41:34 ~ 
13C12-HpCDF 678 0.83 75.1 0.46 44:53 
13C12-HpCOD 678 0.87 78.0 1.05 46:26 
13C12-0CDO 1.4 63.1 0.90 51:49 

l(v X237_RPT rev:3.03 
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8-File/Header Change& 

Transcription N .n\b \ 
• 

Hanual Integrations ~ 

Dbase Corrections \ 

Initial 

G-~· 
~\) 

~ 
~(.. 

Page No. 
10/26/90 

1 L~sting of S9037898.dbf 

Date 
\D( o \j% 
1 oJoJ/ttd 
Jc>)i/1~ 
10(3//~ 

Hatched GC Peaks I Ratio I Ret. Time 
Hatch Hatch 

H_Z Omit Ratio Rl. Area Rat RT REL_Rl 
Who/ 
Why 

304 

304 

316 

.316 

320 

320 

328 
328 

332 

332 

340 

340 

• 352 

352 

0.49 27:22 
0.50 27:44 
1.54 29:02 
1.29 29:42 
0.95 30:16 
0.80 30:26 
1.57 30:43 
0.37 31:01 

\..!-27 31:25 
f"'\{""2-24 33:48 
u~.s1 34:22 

*** Total *** 
0.70 29:58 
0.80 30:24 
0.76 30:54 

*** Total *** 
28:54 
29:46 
30:22 
31:56 
33:02 
33:49 
34:54 
35:11 

0.00 31:13 
*** Total *** 

0.83 31:00 
0.84 31:12 

*** Total *** 

1.48 34:03 
1.63 34:41 
1.57 35:11 
1. 73 35:34 
1.54 36:09 
1.66 37:30 

*** Total *-** 

104.87 
49.36 
41.47 
75.01 
53.55 

113.20 
73.37 
47.10 
40.22 
78.17 
33.52 

709.84 

566.91 
103609.61 

823.99 
105000.51 

63.49 
26.44 
44.28 

100.13 
33.84 
36.08 
53.29 

447.37 
804.92 

62£.41.29 
62641.29 

112842.11 
61556.12 

174398.23 

52.33 
15.50 
69.16 
25.08 

162.07 

934.43 
590.58 

61925.59 
2445.00 

82596.86 
1228.90 

149721.36 

F F 
F F 
F F 
F F 
F F 
T T 
F F 
F F 
F F 
F F 
F F 
t1 of Peaks: 

T F 
T T 
T F 
# of Peaks: 

F F 
F F 
F F 
F F 
F F 
F F 
T F 
T F 
# of Peaks: 

T T 
# of PeaKs: 

T T 
T T 
t1 of Peaks: 

F F 
F F · 
F F 
F F 
t1 of Peaks: 

T F 
T F 
T 1 
T F 
T T 
T F 
~ of Peaks: 

0.900 
0.912 
0.955 
0.977 
0.996 
1.001 
1.010 
1.020 
1.033 

1.u2\ Rw 
l.130J 

11 

0.986 
1.000 
1.016 

3 

~::;;l r "'r 
0. 973 ...:::> •• \ "\J 

1.024 

i:~~n9 ~"' 
1.119 
1.12 . 

8 

1.001 
l 

0.994 
1.000 

2 

o.899~ ~w 
0.964J ,._\ 
0.969 ~ ~ 1\l 
1.037 

4 

0.968 
0.986 
1.000 
1.011 
1.027 
1.066 

6 

_3 
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Page Ho. Listing of S903789B.dbf r:o'J1 o 2 rn . - v .... o 
10/26/90 

Hatched GC Peaks I Ratio I Ret. Time 

• Hatch Hatch Who/ .. 
H_Z Omit Ratio RT. Area Rat RT REL_RT Why ••: 

356 ..D Q;.o2 35:10 34.55 F F 0.96~,"" 
~~- 77 35:22 148.33 F F 0. 96:. 

356 ** Total *** 182.88 ~ ot Peaks: 
ye.e..{( 

368 0.71 35:22 129.01 F F 0.965 
1.55 36:38 42342.85 T T 1.000 
1.87 37:18 294.25 F F 1.018 

368 *** Total *** 42766.11 # of Peaks: 3 

374 \)-;:::, 0.93 39:42 22.82 F F 0. 9S2C::- ~ ·. N 
v'f... ~ r.eei.I.S 41:15 ~£,-z.6bA. -P'i T 1.020 

\) G.47 41:22 23.87 F T 1.02n ~:N 
0.54 41:35 17.62 F F 1.028 

374 x:** Total X:** 358.17 it of Peaks: 4 

384 0.58 38:4 7 229.31 T F 0.959 
0.59 38:59 453.68 T F 0. 964 
0.53 40:17 105800.51 T T 0.996 
0.52 40:26 116899.36 T T 1.000 
0.51 41:14 154126.85 T T 1.020 CL 
0.53 42:24 97789.58 T T 1.049 

• 384 *** Total *** 475299.29 # of Peaks: 6 

390 DU-94 41:15 50.22 F F o.99~<; N 
0.66 41:36 35.04 F T 1. 001 ~ 

.35 42:00 32.82 F T 1.010 
\) __,;> 1. 02 42:24 15.38 F F 1.020--c::=- Rw 

390 *** Total *** 133.46 ~ of Peaks: 4 

402 1.20 41:26 70009.15 T T 0.997 
1.18 41:34 102028.43 T T 1.000 Q... 
1.21 42:03 101557.82 T T 1.012 

402 ~:** Total *** 273595.40 # of Peaks: 3 

408 DG.78 
44:53 80.45 F T 1.00v~ N 

2.06 45:32 53.58 F F 1.014 ~ 

408 *** Total *** 134.03 # ot PeaKs: 2 

418 0.46 44:53 88238.21 T T 1.000 
0.56 46:26 70.58 F F 1.035 
0.44 47:07 72427.26 T T 1.050 
1.26 48:45 186.40 F F 1.086 

418 *** Total *** 160922.45 # of Peaks: 4 

424 \)~ 4.39 44:54 69 . .46 F F 0.967~ f'\OT ~-\ex. 
1.38 45:21 165.17 F F o.977 N 

• \) _.--'111. 94 46:27 85.06 F T 1.ooo~S~\o.. 
D u-31 47:07 61.93 F F 1. OlTI f\D\ 

1.11 49:24 29.33 T F 1.06 
424 :t. Total *~~* 410.95 # ot Peak5: 5 y. 
436 1.05 46:26 66155.25 T T 1.000 



I 

Page Ho. 
10/26/90 

LlStlng of S9037898.dbf 

Hatched GC PeaKs I Ratio I Ret. Time .H_Z 
436 

458 

458 

470 
470 

Omit Ratio RT. 

*** Total *** 

2.31 49:51 
1.40 50:43 
0. 94 51:49 

*** Total *** 

0.90 51:49 
*** Total *** 

*** End ot Report *** 

• 

• 

Area 

66155.25 

32.99 
25.26 

4 80.25 
538.50 

50926.01 
50926.01 

Hatch 
Rat 

# of 

F 
F 
T 
# of 

T 
# of 

,_. 

f.':~·! • n . • ... I'" .. ) 
'· . 

Hatch Who/ 
RT REL_RT Why 

Peaks: 1 

F 0.962 
F 0.979 
T 1.000 

PeaKs: 3 

T 1.000 
Peaks: 1 

5 
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I· .. I ·' •.• ·-··' .• ••.• :•: .• h ~-~ 

r ··~ ,, 1 " .. ~ '0 .J . ;- -· .... ,_ ,;' 

• Page 1 Listing of S90~789l.dbt Fl.le 
10/26/90 Raw Hass, Retention Time and Data Area ..... . .. 
H_Z mm:ss Data. Area •••.• mm:ss Data. Area ••.•. mm:ss Data. Area ••.•. mm :ss Data. Area .•..• 

I 

202 10:28 9.41 13:31 22.40 16:50 15.0~ 18:41 9.94 
10:49 12.81 14:14 22.83 16:57 20.48 18:49 7.06 
10:57 48.91 14 :31 16.09 17:12 17.65 19:02 32.32 
11:13 21.12 14:52 60.VI 17:22 20.66 19:15 39. u. 
11:24 19.79 15:25 16.31 17:30 71.13 19:23 44.53 
12:04 27.31 15:50 3£.55 17:55 38.35 19:32 7.08 
12:18 9.59 H·:22 25.01 18:12 33.06 20:12 24.94 
12:27 11.00 16:3-4 10.54 18:18 46.88 20:20 137.88 
12:50 18.83 16:42 7.65 18:3~ 36.56 20:35 18.29 

204 10:28 4 9. so 13: 2(. 33.30 H-:40 18.83 18:56 29.08 
10:50 46.07 13:42 22.08 16:·n 13.99 19:24 30.28 
11:12 38.39 14:09 39.59 17:11 68.68 19:33 17.7Z> 
11:25 7.14 14:21 14.25" 17:22 48.70 19:42 9.42 
11:37 23.78 14:31 30.17 17:31 42.07 19:51 11.73 
12:12 44.31 H :55 25.02 17:41 11.02 20:08 13.36 
12:24 14.93 15:25 46.20 17:59 48.67 20:56 38.37 
12:35 16.20 15:49 9.38 18:08 17.22 21:16 16.96 
12:52 38.83 16:04 10.33 18:27 12.89 
13:08 26.96 16:14 12.66 18:50 22.51 

• 238 17:29 75.80 18:34 64.87 20:33 19.63 21:50 29.21 
17:43 10.87 18:44 63.15 20:59 73.96 22:03 39.31 
17:59 7.24 18:58 7. 76 21:09 27.95 22:23 45.48 
18:11 21.31 19:11 19.27 21:27 28.37 
18:19 11.73 19:21 32.88 21:38 51.02 

240 17:28 67.42 18:45 101.78 20:57 167.79 21:59 93.14 
17:41 110.04 19:03 69.86 21:05 266.25 22:08 131.06 
18:13 16.66 19:19 37.13 21:19 36.65 
18:29 118.87 19:33 83.37 21:36 111.88 
18:38 30.60 20:35 200.87 21:43 86.80 

252 18:34 125.08 20:35 102.27 21:28 46.29 22:08 65.57 
18:47 46.04 20:55 38.16 21:37 57.01 22:53 69.23 
19:03 104.30 21:03 164.91 21:46 9.40 23:01 31.37 
19:32 98.17 21:20 41.21 22:00 100.20 23:11 57.27 

254 18:32 14.11 19:31 13.82 20:49 13.63 22:53 8.22 

18:42 8.85 19:39 21.62 21:16 16.47 23:12 13.91 

18:54 19.83 20:14 15.39 22:09 28.82 
19:10 12.07 20:41 13.89 22:40 17.53 

270 22:01 7.67 23:18 12.44 24:51 14.23 
22:10 9.07 23:31 15.54 24:58 19.65 
22:53 10.52 2-4:25 11.82 25:08 17.68 

• 272 21:50 11.?.8 22:3£, 9.05 25:04 17.13 25:41 16.93 
22:16 11. 3t. 23:28 18.•W 25:16 ?,2 .48 26:08 10.21 ~ 

286 23:32 23.90 2-4:44 12.92 25:14 35.56 26:20 8.21 
23:56 14.16 24:57 11.86 25:44 20.19 26:38 21.84 
24:10 18.27 25:07 7.60 26:04 13.71 26:44 19.85 
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0 00 

Page 2 Llsting ot S903789I.dbt F1le (.'''"!" () . . - :. 
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10/26/90 Raw Hass, Retention Time and Data Area 

• H_Z mm:ss Data. Area ••••• mm:ss Data.Area ••••• mm:ss Data.Area .•.•• mm:ss Data. Area ••••• 

288 25:30 9.74 

218 11:14 12.15 13:34 40.55 15:14 34.80 18:32 42.91 
11:29 13.73 14:04 21.86 15:45 42.37 18:39 76.79 
11:59 34.45 14:15 17.58 17:22 55.35 19:26 69.66 
12:10 19.35 14:36 34.95 17:32 22.26 19:4~ 8.8~· 

12:30 43.21 14:47 31.82 18:00 45.59 20:12 63.24 
12:47 63.18 15:06 48.19 18:14 55.68 

220 11:19 18. o~. 14:26 45.09 16:31 27.67 18:35 19.76 
12:22 13.06 14:36 51.73 16:57 44.23 19:55 ~.9. 34 
13:03 45.24 14 :52 47.91 17:25 60.46 20:15 38.00 
13:49 49.74 15:26 46.40 17:29 26.59 21:23 16.23 
14:00 19.12 15:47 20.92 17:44 54.39 
14:11 51.44 16:14 16.36 18:11 69.46 

304 27:22 34.33 29:17 38.36 31:13 35.71 33:08 9.44 
27:35 11.90 29:42 42.29 31:18 11.81 33:38 12.46 
27:44 16.55 30:00 26.86 31:25 22.53 33:48 54.08 
28:09 10.26 30:16 26.10 31:59 8.67 34:07 12.54 
28:19 15.15 30:26 50.28 32:25 7.37 34:22 26.63 
28:34 10.18 30:43 44.80 32:36 17.36 
29:02 25.17 31:01 12.61 32:57 9.25 

• 306 27:22 70.54 29:09 51.87 30:56 27.12 32:40 24.4 9 
27:39 9.92 29:30 13.03 31:03 34.49 33:05 21.94 
27:46 32.81 29:36 25.49 31:26 17.69 33:20 37.33 
28:05 22.86 29:41 32.72 31:36 48.70 33:30 79.28 
28:15 12.08 29:47 32.17 31:49 20.41 33:50 24.09 
28:37 24.61 30:17 27.45 32:02 9.27 34:12 114.28 
28:56 17.29 30:27 62.92 32:16 71.52 34:22 6.89 
29:02 16.30 30:45 28.57 32:22 32.17 

320 27:23 14.89 29:39 22.86 31:56 53.74 33:49 23.56 
27:31 15.56 29:46 9.10 32:07 46.43 34:03 34 .43 
27:41 26.72 30:22 15.32 32:42 9.03 34:24 8.33 
28:17 19.12 30:45 54.36 33:02 11.05 34:34 18.46 
28:38 6.80 31:00 19.15 33:20 10.98 ~.4 :4 5 32.59 
28:54 46.48 31:27 37.43 33:28 7.04 34:54 22.57 
29:14 6.05 31:4 7 20.08 33:37 10.24 35:11 185.79 

322 27:16 46.49 29:11 25.77 31:19 75.42 33:32 47.65 
27:47 29.01 29:32 10.29 31:33 23.87 33:44 17.92 

28:22 26.18 29:47 17.34 31:54 46.39 033:51 12.52 
28:30 11.59 29:57 30.24 32:02 26.84 34:13 22.57 

28:42 27.74 30:08 9.48 32:51 9.61 34:37 33.18 
28:46 15.25 30:23 28.96 33:01 22.79 34:56 30.72 
28:54 17.01 30:35 46.68 33:08 37.35 35:11 261.58 

• 29:03 17.58 30:41 23.33 33:25 47.09 

340 31:24 8.72 33:36 19.25 35:04 20.61 37:36 7 .-41....-
31:37 15.69 33:54 7.62 35:26 31.15 I 
32:04 8.46 34:05 53.32 36:29 9.97 
32:33 7.60 34:16 12.15 36:38 8.32 
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Page List1ng of S903789I.dbf File NOY 1 9 
'J 

3 ]=''10 
10/26/90 Raw Hass, Retention Time and Data Area 

..,:; 

• H_Z mm:ss Data.Area ••••• mm:ss Data.Area ••••• mm:ss Data. Area •• •;·:: ·-mm.:ss_.09;t:.~. f\.r~.~.~.:, .. 

36.64 33:53 35:21 7.68 I 36:29 342 31:38 7.88 I 15.11 
31:58 7.82 34:D5 15.84 35:38 19.93 
32:07 10.05 3-4 :4 5 10.14 36:08 10.38 

356 33:26 7.58 35:10 25.95 36:09 7.55 36:38 13.43 
34:14 26.-41 35:22 64.46 36:19 8.78 37:39 9.4 7 
34:37 6.83 35:46 10.30 36:29 6.85 

358 3.4:26 13.07 35:11 8.60 35:38 6.62 37:16 6.03 
34 :42 6.38 35:22 83.87 36:00 11. 2£, 

316 29:36 76.64 29:58 2~4. 05 30:24 46044.15 30:5.4 356.98 

318 29:58 332.86 30:24 57565.46 30:54 467.01 

328 31:13 62£ . .41. 29 

332 31:00 51051.07 31:12 28029.69 

334 31:00 61791.04 31:12 33526.43 

352 34:03 557.41 35:11 37873.31 36:09 50114.24 37:30 766.68 
34:41 365.95 35:34 1550.25 36:38 203 . .45 

• 354 34:03 377.02 35:11 24052.28 35:49 28.85 37:13 62.36 
34:42 224.63 35:34 894.75 36:09 32482.62 37:30 4 62.22 

368 35:22 53.38 36:38 25738.52 37:18 191.69 

370 34:05 30.60 . : 35:22 75.63 36:38 1660.4.33 37:18 102.56 

374 38:54 11.32 39:42 11.02 41:00 8.51 41:41 6.83 
39:05 8.64 39:50 11.86 41:05 6.07 4 2:0.4 19.60 
39:12 17.39 39:57 10.94 41:15 146.92 42:25 9.68 
39:26 11.06 40:19 8.75 41:22 14.21 
39:31 7.8i 40:25 21.89 41:35 6.18 

376 39:00 16.82 41:15 146.94 41:31 6.55 42:40 6.47 
39:43 11.80 41:24 9.66 41:34 11.44 

390 39:07 6.50 40:25 23.40 41:15 37.47 42:00 23.03 
40:17 28.02 40:48 6.34 41:36 13.87 42:24 7.76 

392 38:15 6.16 40:35 7.81 41:34 21.17 42:22 7.62 
39:51 6.93 41:15 12.75 41:55 9.30 42:4.9 10.53 
40:28 17.57 41:20 10.79 42:00 9.79 

384 38:47 84.38 40:17 36559.46 40:52 309.08 42:24 33751.59 
38:59 168.29 40~26 39837.25 41:14 52311.55 • 386 38:48 144.93 40:17 69241.05 41:14 101815.30 
38:59 285.39 40:26 77062.11 4 2:2.4 64037.99 7i 
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Page 4 L1st1ng of S903789I.dbt File P~v 1 (I ,ij - .. ~ 
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10/26/90 Raw Hass, Retention T1me and Data Area 

• H_Z mm:ss Data. Area .•••. mm:ss Data. Area ..•• ~ mm:ss Data.Area ••• ~. mm:ss Data.Area ••••• 

402 41:26 38239.94 41:34 55327.00 42:03 55527.58 

404 40:35 34.33 41:26 31769.21 41:34 46701.43 42:02 46030.24 

408 43:42 13.51 45:32 36.08 47:33 15.26 
44:53 35.16 45:52 14. ?9 48:09 10.72 

410 .43:17 22.72 44:26 23.41 45:30 17.50 47:48 10.94 
43:46 16.12 44:54 45.29 .46:42 21.75 48:01 9.25 
44:00 12.83 45:13 9.59 47:25 12.-48 

418 43:26 13.82 .4 5:54 62.!37 46:44 9.77 47:50 221.01 
44:53 27789.44 46:26 25.39 .47:07 22050.70 48:45 104.08 

420 .43:35 11.00 46:02 47.93 47:07 50376.56 
44:53 60448.77 46:17 50.70 48:31 63~05 
45:31 804.60 46:26 45.19 48:46 82.32 

424 44:01 1.4. 93 45:21 95.79 .47:07 .47.57 
44:54 56.58 46:27 56.12 .4 9:24 15 . .45 

426 44:54 12.88 45:33 20.44 47:07 14.36 .4 9:25 13.88 
45:21 69.38 46:27 28.94 48:40 15.07 • 436 .46:26 33871.35 

438 46:02 13.57 46:26 32283.90 47:07 272.23 

442 50:12 9.29 52:03 18.63 53:58 11.66 
51:45 11.91 53:17 9.19 

444 49:07 23.92 50:41 10.48 54:09 11.03 
49:48 26.22 52:08 19.67 

458 49:51 23.01 51:49 232.14 54:57 15.50 
50:43 14.73 53:4 2 19.65 

460 49:52 9.98 50:43 10.53 51:50 248.11 

470 51:49 24087.58 52:33 390.-41 53:15 60.16 

472 .49:53 12.48 50:54 12.43 53:06 146.68 53:37 21.88 
50:35 11.64 51:49 26838.43 53:19 34.83 

*** End of Report *** 

• 
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Ref 1 tass 292~9825 Pe~ tql 
Helgt £~34 vcUs Sp::."' 200 ~ 

nate 
Data flle nate 

o.+--+-----1 RescJ..tt.loo 
~lUber 
Ionlzatloo tocle 
Swltchtro 
Ref I masses 29219825 J 

~~R2S3 Jm 
B 3S4 K 334 
c. 300 L 338 
D · 316 R 348 
E 318 H 342 
r 32e o 352 

nt---+---~ G 322 P 354 
H 328 Q 356 
I 331 R 358 

O:sse3789 
10000 

2 
EI• 

\U.TOC£ 
416197Se 
S3S8 
T 378 
U. 376 
v 418 

Charnel I 338~9792 Peak top 
Helgtt 3~9/ vcUs Span 200 pp«1 

[ •••t I J '[' ,, ' .• 
;• I H .. j i I'; L. J Ill L . ' ..... I ,, 

lol J h o\.) 

-
)' 



at: 2' A= ES2:~ ·a: -~.sets C: ~.8387 D: 315.9419 [: 317.~ 
TEXt :TLJ BLRf. TLI11SSS1 
1001 J Sl ,11 ,G2 

i'9 

60 

5e 

4B 

s-o 

2a 

1C ~~ c 
28=00 30=00 32:00 

• 

• 

58.00 
12229 

ENt'ifWilidi..rHJiL l.r 1 hi,,J 

] 



~~,;c,t~ lt~·lti,;l·W lc:t4 I~ ~t.!•J :;_p:~ 
GR c' r: 3IS:SSB5 G: 321.89$ H: 327.8847 J: 339.9?32 ,J: 331.9368 
i~ =TLI B'Jft TLII1SOS1 

•rSl,II, 
5e 

29:24 29:30 29:3S 

• 

• 

1.00 
39.8882 

Verified by (GC/MS) : l!1fB /O·t(·(i"D 

Verified by (Int. OC) :Jk lo fu b 
-!-1-xcw~'~ 
< ~T/l~Cs>L 
. ~~C~o(~o 

. 
lc 



\/·:Jw,..... ,o~uvl vv j,~·~., 'w ~~• ~ ............ , 
IGR 3 • f: 391.~127 G: 392.9768 H= 491.B558 I: 403.B5..'9 J: 4~.9729 
ie>±=Tll BlRK TLII1SSS1 

100 J Sl,I1,G2 • 

50 

• 

• 

1.&3 
12220 

1.00 
18485 

,-...... '"'"' -- ~-. • · . · · ~ ·· ' J"' ..... r• ,--· ·-·-, . I J·" •; .. • • .• I I 

l
. ;' . ·: ... :; :, ,:; J ;,., ..... , .. •• 
. . . : ··• ,~ .. - ....... '":j . ... •. '~ 
::. ..• ·~' J!l u l: . ··'....;.;~ 

tJOV 1 D 1090 

[ ~:''IR ., ''"1 ,. ·1·1· •j ~ lUi'JI; t:i i\L ,-,,·:ri,f'''' 
• '. •h) 

}_; 



..... ·- ·- -· ... 
1 Cf: 4' J': 41S.S220 £: 423.1/SS r= 425.7737 G= 43e.S729 H: 435.stg~. 

ie>± =Tll BtfH~ TLIUSOSl 

i I I I I II I I I I I I 

• 

• 

1.00 
2585S 

1.00 
S355 

1.00 
4411 

. r:::-: t:-..,_-::-·. ;::· F· -~ .. -~ '· ··, i -, 

1
.. . . . . ·, : .... ... ; . . . J 

·. • ·.• . -. , •. I I 11./ 1 .··'.' . .. !-,··,iJ0 . . . 
·~ t~. 

UOV 1. D IS90 . 

[ ~ 1 \'ID·\~fr ,. .. J. 
'• ntH.:;;.,:~~..:r L·1L liTI\US 



~~~7~ 16-<ti·SO 12:24 ~ . CEi•) &rJS:Da5US. 
~ 3' D= 3S5:8S18 E= 389.81$ f: ·391.8127 G: 392.9i'Se H: 481.8558 
iext:TLI EtfH: TL111SSS1 . 

. I . I I e I I I I 

IOO:J St,lt,G2 0 0 ' t 0 0 I 

~~~o'si,lt,G2 . . . . M . , .... , . . . , i' .... 
~~~s st,h,~ , . . . . , . .L- , . , . 
cl o o r o o o I o o 1 o 1 ~ o o 

lOiJ~ C Sl, 11 ,G3 

el oo oooroooo o 100 oo 1 o oo oojo Mr,, oo op ~roo ooq o ,b., oooo 

38=30 ss=oo 39=38 40=ee 40=38 41 :ea 41:38 4c:oo 42:se 

• 

• 

1.00 
11478 

1.00 
14537 

1.00 
1222e 

1.00 
il52S 

1.00 
5477 

1.00 
10767 

.... ... ... . ····-··., ~;_ , ... ,·.; .. ·s 



~r Sl,ll,G3 

lOOt Sl,l I 

50] 
e~~~~~~~----~~~~~~~ 

1001H Sl I 1,04 l 
50 

o . 
._·-·---·-·~.~~-·-·----~1'--·~~~-·--~~ lOOiP Sl ,ll 104 

50~ 

6~ 
I I I I I I I I I ....... l ....... , e 1 o 

44:ea 4s:ea 48=00 

• 

• 

1.89 
18485 

1.00 
5597 

1.00 
·6018 

1.00 
3319 

EIJVIRON fd El JT/\L I! IFill i'lS 



~B Sl,Il,~ 

~~ 

1:~~~~ 
100-sl S1,il,~ I . 'l. I I 

1

, • I. • '1 .• 
eJ~~~, 

1~]~:~=~~ 
10:]:~~ 
1e:~~~~ 

38=30 39=00 39:30 40=00 40:38 41:00 41 :3B 42=00 42=38 

• 

• 

1.00 
44.2872 

1.00 
78.3294 

1.00 
17.8745 

1.00 
23.4SSS 

1.00 
53.5874 

1.ee 
18.8805 

[ .,.,/ . 
,,~ RlJPi~··:,·:l,'l , .. 

".t:_ ~~~-- j•J I ••/ ~· . • ••• u 

t7 



~::89 18-{ti·S& 12=24 7dS (tl•) ~:OO!l,G 
GF ~I O: 419:8220 [: 423.7766 f: 4"!J.77rJ G: 43e,9729 H: 4~.81S9 
i~ ·ill Btffi( TLII1SSS1 

411f st,ll,G4 

e.,,....." . ,.,. ..,_,..~.. .. ,.._. . • . .... 1 ' ",, 
I 0 I I I I I I I I 

10e E si,h,G4 I I I I I I I I I I 

l:i N Sl, !t ,G4 ' . ' ' ' ' ' ' ' ' ' ' '! I I I I I I 

... ., 
ei ......... !l~"·~r~L•L .. ~-1 .. U.kl_J,.Hl ~- ... 1 _.. .• ~ s y;; •'W'r,--, rr1r•~ lPW¥,.,.,..."""'+1Milff9' ........ ~~ 

• 

• 

1.00 
159 

1.00 
32.9433 

1.00 
57.4477 

[ilVHW!'JMEirlt,L i~iT/\IB!> 



f · ~9B37S9 l870Cl-9B Sir=Voltage 7BS Sys= DBSUS 
Sa~ple 1 Injection 1 Group 2 Mass 3B3.9B16 
lext=TLI BLAHK TLII16661 

I. __,.· ~-··; -. . . 
-<,\ ' ' • • .I { ' ,. • 

l 
.. 0 • • ..... " ., 

•• 0 0 ... 

f'0V 1 o •n .... O ·. 
lU - ;;) lw,:l 

;·-· 
.... ', .. Hor": 

. ····· ..... ,,. 

28=8B 29=18 38=28 31:38 32=48 33:58 35=88 36=18 37=28 
5993789 1B-OCT-9B Sir=Voltage 7BS Sys= DBSUS 
Sa~ple 1 Injection 1 Group 2 Mass 385.8987 
Text=TLI BLAHK TLII16661 

1 BB · Hor11: 86 

8 ~~.0#~~f~~'flt{v,~~~~~~ I I I I I I I i i 

2B=BB 29=18 3B=2B 31=38 32=4B 33=5B 35=BB 36=1B 37:2B 
5983789 18-0CT-SB Sir=Voltage 785 Sys: DBSUS 
Sa~ple 1 Injection 1 Group 2 nass 315.9419 
Text=TLI BLAHK TLI116661 

~1~~~~~~~~~!~~, ~~--~~--~~~~~.~6 ---Ho~~~-=~~:1_47-8 
28=BB 29=18 39=2B 31=39 32=4B 33=5B 35=BB 36=1B 37=2B 

S9B3789 18-0CT-99 
SaAple 1 Injection 1 
Text=TLI BLANK TLI~16661 

] 
I I 

28:88 29= 18 

Sir=Vollage 7BS Sys: DBSUS 
Group 2 fiass 317.9389 

~ 
I I 

Nor~= 14199 

l I I""> ? I 

3B:2B 31 =3B 32=48 33=5B 3S=BB 36=18 37=28 
5983789 18-0CT-98 Sir=Voltage 7BS Sys: DBSUS 
SaAple 1 Injection 1 Group 2 Mass 375.8364 
Text=TLI BLRHK TLII16661 

i I I I I 

32=4B 33=5B 35=BB 36= 1B 37:28 



I • S9H3729 1B-OCT-9B 5Lr=Voltage /BS Sys: DB5US 
·sa~ple 1 lnjeclLon 1 Group 2 "ass 319.8965 
iext=TLI BLRHK TLI116661 

f; . . . . . . . '·. l ....• l!')~ ,. . .. :· ; ,, 
t!OV 1 9 1G!)O ·.·, 

28=BB 29= 18 3B:2B 31 =3B 32=48 33=SB 35=BB 36= 1B 37=2B 
59B3789 18-DCT-99 5Lr:Voltage /BS Sys= DBSUS 
Sa~ple 1 JnjeclLon 1 Group 2 Mass 321.8936 
Text=Tll BLAHK Tlli166S1 

]~~--~~~~w~ 
28;BB 29; 1B 3B;2B 31 ;3B 32;48 . 33;SB 35;BB 36; lB 3/;2B . 

S9B3789 18-0CT-SB SLr=Voltage 785 Sys= DBSUS 
Sa~ple 1 Injection 1 Group 2 Nass 327.8847 
Text=TLI BLAHK TLIIlSSSI 

~o~~--~~--~~----~~~~L~~--~~--~~~~--~~ ~-H~o~-A=----~45~37 
28=BB 29=1B 3B=2B 31=3B 32=4B 33=5B 35=BB 36=1B 37=20 

S9B3/B9 18-0CT-99 Sir=Voltage 7BS Sys: DBSUS 
Sa~ple 1 Injection·! Group 2 nass 331.9368 
Text=Tll BLAHK Tllft16661 

1BB Nor~t= 1222B 

D ·....._~ ..,.--...-1 --r--1 ----r--1 .ww-,.--k ' ___,_I -----ra ____,._1 ~~ o, _._I 

28=BB 29=1B 30=2B 31=33 32=4B 33=5B 35=BB 36=1B 37=2B 
S9B3789 18-DCT-9B Sir=Voltage 7BS Sys: DBSUS 
Sa"ple 1 lnjectLon 1 Group 2 Mass 333.9338 
Text=TLI BLANK Tlll16661 

] ~A 
I I I I I I I I • 28=BB 29= lB 3B=2B 31:38 32=4B 33=5B 35=BB 

Nor~= . 15226 

i 2 

36=1B 37=2B 

~. 



! . S9B3789 18-0CT -9B Sir: Voltage 7BS Sys: DBSUS 
Sa~ple 1 Injeclton 1 Group 2 "ass 339.8597 
Text=Tll BLANK TLII1E661 

I. ·. ; . ! •• -. : ; ,. '· ,_ .,.,. , • .; • . , . . . . - . , ' , I'<~ ~ ,. 
l . ~ ' ,, .... 

f •n~, 1 o 1!'11n ... ..j 
• U 'I u ....;.-:'J 

·j· r::'··r. . · , NorA:. . .. 36 

el_..J~J~""""'~~:'riN· IV~. v-r'V'I~.- fw.r ............ '·"'":·" 

28=88 29=18 30=2e 31=3B 32=4B 33=58 35=B8 36=18 37:28 
S9B3789 18-0CT-98 Sir:Voltage 7BS Sys: DBSUS 
Sa~ple 1 Injection 1 Group 2 ~ass 341.8567 
Text=TLI BLAHK TLI116661 

lBB 

0 ~WI-'~~ ..... .,.uu.or•\.vv.l.~~W-""N.'"" 
I I I I I I 

Nor~= 28 

I I I 

2B=BB 29=18 3B=2B 3J:3B 32=4B 33:SB 3S=BB 36=1D 37:28 
5983789 18-0CT-98 Sir=Vollage /BS Sys: DBSUS 
SaRple 1 Injection 1 Group 2 Mass 351.9UUB 
Text=TLI BLANK Tllll6661 

~0~ 
I I I I I I l. I' I 

11526 

1 

28=BB 29: lB 3B=2B 31 =3B· 32=4B 33=5B 35=BB 36: lB 37=28 
5983789 18-0CT-98 Sir=Voltage 7BS Sys: DBSUS 
SaPlple 1 Injectlon 1 Group 2 Mass 353.8978 
Text=TLI BLANK TLII16661 

] 
I I 1 1 I lv I' I 

7259 

I 

28=88 29: lB 3B=20 31 =3B 32=4B 33=58 35=BB 36= 18 37=2B 
SSB37BS 18-0CT-9B Sir=Voltage 7BS Sys= DBSUS 
Sa'lple 1 Injection 1 Group 2 Mass 489.7974 
Text=TLI BLAHK TLI116661 

1 Be Norr~: 12 

0~~~~!\~~~~~~~Jl\lr~ 
• 28;BB 29; 19 3B;2B 3(39 32;49 33;59 . 35;BB 36; 18 37;26 

~\ 



I • 59837~9 18-0CT -99 Si.r=Vollage /95 Sys: DBSUS 
Sa~pl~ 1 Injection 1 Group 2 fiass 355.8546 

· Texl=TLI BLRHK Tlltl6661 

L . . ! . . ·f.. =i 

r 1~1/1 . .i ·,~: n 1'"'')0 .. - i} ... ..; 

r··· .. 
:: •. : •..• H. or•=·· '- !:13· 

" ' '·' ••• J;. J 

'.lllt~~~w~~~-.A, 
B~-----~~-----~--~-------~--~~-------~--~-----~~----~-

28=BB 29: lB ·3B=2B 31 =3B 32=4B 33=59 35=9B 
5983789 18-0CT-98 Sir=Voltage 7HS Sys: DBSUS 

• 
Sa~pte 1 Injection 1 Group 2 Mass 367.8949 
Text=TLI BLAHK TLII16661 

IBD 

e 
2B=BB 29:19 3B=2B 31 =3B 32=49 

S9B3789 18-0CT-SB Str=Voltage 7BS Sys= DBSUS 
Saflple 1 Injection 1 Group 2 Mass 369.8919 
Text=TLI BLANK TLII1666l 

lOB 

33=5B 35=BB 

36=19 37=29 

Horf\: 5477 

36= lB 37=2B 

HorR= 3661 

2B=BB 29: lB 3B=20 31 =3B 32:49 33:59 35:BB 36= lB 37:29 



I . S~e3J~~ JH-U~I-~H ~lr·Vollage /HJ ~ys: U~JUJ 
Sa~ple 1 lnjectton 1 Group 3 Mass 373.B2BB 

l .. -.• 

Text:TLI BLAHK TLII16661 

~1~~-\W~W\~~~~ ' ' 
3B:HB 3B=3B 39=88 39=30 4B=BB 48=38 4l=BB 

S9B3789 18-0CT-SB Sir=Voltage 7BS Sys: DD5US 
Sa~ple 1 lnjeclton 1 Gt·oup 3 flass 375.8178 
Text=TLI BLANK Tlll16661 

Hor~= 45 

I I 

39=3B 4B=B8 41=3B 42=BB 42=38 
S9B3789 18-0CT-98 
SaAple 1 Injectton 1 
Texl=TLI BLAHK TLI116661 

Sir:Vollage 7BS Sys: DBSUS 
Group 3 nass 383.8639 

.;j~~~~~,--~,--~,~tv\~~--· ~~~~~~,--~,N-orA~=~~-lB/-67 
38=BB 38=3B 39=BB 39=3B 4B=OB. 4B=3B 41:88 41=39 42=8B 42=3B 

5983789 18-0CT-90 
Sa~ple 1 Injection·! 
Text=TLI BLAHK Tllft16661 

1:0~ I I 

3B=DB 38:38 · 39:BB 
5983789 18-0CT-98 
Sa~ple 1 Injection 1 
Text=TLI BLAHK TLIC16661 

Sir=Voltage 7BS Sys: DBSUS 
Group 3 Mass 385.B61B 

I .M. IR. 
39·30 4B:BB 4B=3B 41:BB 41=3B 

Sir:Voltage 7BS Sys= DBSUS 
Group 3 fiass 445.7555 

Nor~= 21192 

I .1\ 
42=BB 42=3B 

10B rorft: 18 

[!j~~~V~Aw~~~~~~~4·~~~ .. 
~B:~B 3B:3B 39=BB 39=3B 4B:BO 4B=3B 41=BB 41=3B 42=BB 42:38 



I • S9B37e9 18-0CT -9B Sir=Vottage 7BS Sys: DBSUS 
Sa~ple .1 lnjeclion 1 Group 3 ftass 389.8156 
1£xt=TLI·B~RNK Tlll16661 

[ ;!! ;'iH •• •• , cg ... . :, or11 · · d ! j • ··-··I, 1 .... /., • • •L. j 

e+---~~--~----~--~----~--~~~~----~~~~--
3B=BB 3B=3B 39=9B 39:3B 4B=BB 4B=3B 4J:BB 41=39 42=BB 42=3B 

5993789 18-0CT-9B Sir=Voltage 7BS Sys: DBSUS 
Sa~ple 1 Injection 1 Group 3 Mass 391.8127 
Text=TLI BLRHK TLlll6661 

lBB Nor": 23 

D+---~----~----~--~--~~----r---~----~--~~~ 
3B=BB 38=30 39=BB 39=3B 4B=BD 4B=3B 41=BB 41:3B 42=BB 42=3B 

• 
5963789 18-0CT-98 Sir=Voltage 7BS Sys: DBSUS 
SaAple 1 Injection 1 Group 3 Mass 4Bl.BSS8 
Text=Tll BLANK JLII16661 

lBB or~: 19485 

e~--~----~----~--~--~~----~~~~~~~~p---
3B=ge 38=3B 39:00 

5983789 1B-OCT-9B 
Sa~ple 1 Injection l 
Text:TLI BLANK TLI116661 

·39=38 4B=BB 4B=3B 41=BB 
Str=Voltage 7BS Sys: DBSUS 
Group 3 nass 4B3.B529 . 

42=BB 42=3B 



. S9B3/g9 1B-OC1-9U ~tr~Voltage /~S ~ys= Utl)U~ 
SaAple 1 Injection 1 Group 4 ~ass 487.7818 rmv 1 9 1~90 

·· . ..,~ 

Te~l:TLI BLRHK Tlll16661 

~l .. -- ;·-::·· ~..., ;"" .. •;· . -0 - 'i =: . - ~-.. - - : .. ; - 7 
43=18 44=28 45:38 46=48 47=58 49=88 58=18 
S9B3789 1B-OCT-9B Sir=Voltage /BS Sys= DBSUS 
SaAple 1 Injection 1 Group 4 flass 499.7789 
Text=TLI BLAHK TLI11SSS1 

1 BB · Nor11: 55 

0 ~~ ..... ~-:-:·-~~,..,.,..»..I'IIN. ~~-";:.--::-..J...."-"·~:·'+-<1-• ........ ~;~-~~ ~ ~· 
43=18 44=28 45=38 '46=48 47=58 49=88 58=18 51:28 52=38 53=48 54=58 
5983789 J8-0CT-9B 
SaAple 1 Injection 1 
Text=TLI BLAHK TLII16661 

~l 'l. 43:19 44 =29 45=38 
SS037B9 18-0CT-SB 
SaAple 1 Injection 1 
lext=lll BLANK TLI~16661 

] l 
I I I 

q3= lB 44 =2B 45=38 
5983789 18-0CT-99 
Sa~ple 1 Injection 1 
lext=Tll BLAHK 1ll116661 

SLr=Voltage 7BS Sys: DBSUS 
Group 4 Mass_417.8253 

'~ ' I I 

46=49 47=58 49=BB 59= IB 
Sir=Voltage /BS Sys: DBSUS 

Group 4 ~ass 419.8228 

'fl' ' ' 46=4B 47=59 49=BB 5B=1B 
Sir=Voltage /BS Sys: DBSUS 
Group 4 ~ass 479.7165 

tlorA= 5597 

I I I I 

51 =2B 52=39 53=48 54=59 

Nor11= 12159 

I I I I 

51=28 52=38 53=4B 54=59 

1 Be Hot"= 13 

~,N/I·t'lt~~ ... ~~~.u.~~~-'1/!M 
e . . . . . . . . . . , . . 

• ~3=19 44=29 45=3B 4E=4e 47=58 49=BB 5B=1B 51=20 52:3B 53=4B 54:50 



1 • !i~u:U~~ 1 H -Ull-!ili ~ Lr = vouage JH~ · ::.ys; uoJu~ 
Sa~ple 1. Injection 1 Group 4 ~ass 423.7766 
Text:Tll BLANK Tl11166Gl 

•• J. 

NOV 1 9 1::20 ··:.J· 

• 
[ r.'\'/f' ,.,. 11 

I .(L•Itirii:_,,· j ·L 
II 1 · HorR: ·· · '33 _, 

8~----~--~----~~~----~--~--~~--~~--~~~ 43:1B 44=2B 45:39 

lDB 

S9B37B9 lB-OCT-99 
Sa~ple 1 Injection 1 
Text:TLI BLRHK TLI116661 

46:48 47:59 49:8B 5B: 19 
Sir:Voltage 7BS Sys: DB5US 
Group 4 Mass 425.7/37 

51:29 52:3B 53:49 54:59 

Nor11: 19 

0~----~~~~--~--~----~--~--~~--~--~~~~ 
43: 1B 44 :2B 45:39 4E:4B 4/:50 49:99 59:19 51:29 52:3B 53=4B 54=59 
5983789 18-0CT-98 Sir:Voltage /DS Sys: DBSUS 

• 
Sa~ple 1 Injection 1 Group 4 Mass 435.8169 
Text=TLI BLANK TLII16661 

IDO NorPI= 6918 

8~----~~~--~~--------T---~----~~~--~~---r 43:1B 44:2B 45:3B 46:49 47:5B 49:BB 59:19 51 =29 52:39 53:49 54=59 
5993789 1B-DCT-9B Sir:Voltage 7BS Sys: DBSUS 
Sa~ple 1 Injection 1 Group 4 Mass 43/.B14B 
Text:TLI BLANK TLII16661 

1B3 NorA: 5699 

•
r. 

43= 10 44 =20 45=3B 46=4H 47=59 49=BB 59:19 52:3B 53=4B 54=5B 



I • 59837.99 18 -OCT -9B 5 Lr: VoLtage 7BS Sys: DBSUS ·. 
SaAple 1 Injectio~ 1 Group 4 Mass 441.7428 
lext=lll BLANK ll111E661 ( I r• '1 "' (l • . : : ,, .. ,,, ···") 

'..., • .L (,; '""' ... ;!,) 

• !···· . . 
• .. , · '· H 17 · or : ....... . .. ...... ) 

8B 

:: h~~Jw~r!·\JN/~J\~~1~~\~J\~~~i~ !~v~4MJJ,~~ ~~w~~~ · ~Jt~rh 
20 

a~--~--~----~--~--~--~--~----~--~--~ 
4l1D 44=2B 45=30 46=4D 47=50 49=BB 5B=1B 51 =2B 52=38 53:.4B 54=5B 

lBD 

BB 

S9B3789 18-0CT-90 SLr=Vollag£ 7BS Sys: DBSUS 
Sanple 1 Injection 1 Group 4 nass 443.7399 
Text=TLI BLANK TLI116661 

ti ~~M~~~~~~~~~~~ 
2B 

HorJ\: 16 

0~--~--~--~~--~--~--~--~----~--~--~ 
43=18 44=2B 45=30 
S9B3789 18-0CT-90 
SaAple 1 Injection I 
lext=TLI BLANK lll~16661 

46=40 47=58 49=BB 58=1B 51=28 
Sir=Voltage 7BS Sys: DBSUS 

Group 4 fiass 513.6775 

52=38 53:4B 54=58 

Nor : 17 



I ~ S9B37B9 18-0CT -9B Sir:·Voltage /BS Sys: OB5US 
~aAple 1 Injection I Group 4 ftass 45?.7377 
Te~l·Tll BLANK Tlll1666i 

I. ·-~ ~ . . . 
0 • • .. 

t/ . 
. j 

NOV 1 D 1C~O 

I: ' :~ ... 

El:\'mHor;111: ". i 57 
· ··- ...... •·· ••• i •. v 

43:18 44 =28 45=3B 46=49 4/=58 49=88 SB= lB 51 =28 52=39 53=4B 54=58 
S9B37B9 18-0CT-SB Str=Voltage /BS Sys: OBSUS 
Sa~ple 1 Injection 1 Group 4 "ass 459.7348 
Texl=Tll BLANK Tll1166El 

lBO Nor~= 45 

B~----r---~----~--~~--~--~~~~--~--~~--~ 
43= lB 44 =2B 45=30 46=48 4/=SB 49=89 SB: lB 51 =2B 52=39 53=48 54 =59 
5983789 18-0CT-98 Sir=Voltage 7BS Sys: OBSUS 

• 
Sa~ple 1 lnjectton l Group 4 Mass 469.77/9 
Text=TLI BLAHK TLI116661 

100 Nor11= 3991 

0~~----~~----~--~----~--~----~~~------~~ 43=1B 44=2B 45=38 46=4B 47=5B 49=BB 5B=1B 51 =2B 52=3B 53=4B 54=5B 
S9B3789 18-0CT-99 Str=Voltage 7BS Sys: DB5US 
SaAple 1 lnjeclton 1 Group 4 Mass 471.7759 
Text=TLI BLAHK Tlll16661 

IDO Nor~= 3319 

45:38 47:59 49:BB SB: lB 51 =2B 52:3B 53:49 54=59 
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• 

1.00 
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1.00 
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1.00 
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• 

• 

FILE NAME •••• : S903791 
CONCAL (VER).: S903783 
PROJECT NUMBER: 16661 
ANALYST •••••• : HSK 
SAMPLE SIZE •• : 9.400 g 
DATE RECEIVED.: 10/10/90 
SPIKE FILE ••• : SPX23710 

, ... 
i 

TRIANGLE LABORATORIES, INC. 
PCDD/PCDF 2378X ANALYSIS (b) 

CLIENT ID •••• : SWP 
SAMPLE ID •••• : LF2/9111 
!CAL DATE ••.• : 10/13/90 
ANALYSIS DATE: 10/18/90 
SAMPLE MATRIX: SOIL 
DATE COLLECTED: 10/09/90 

. . : . 
r '' • I ·: (\ •r"' ,. 'l 

•.•• ; .=.. ;:- 1 ....... J 

Page 1 of 2 
11/16/90 

TL! NUMBER .••• : 37-26-2 

SAMPLE ORIGIN: WILMINGTO 

SHIPMENT NO ••. : NC09001 
------------------------------------------------------------------------------------------------------------------------------------------------------------
NAME CONC(ppb) NUMBER DL EMPC RATIO RT FLAGS 

2378-TCDD 0.008 0.75 31:31 
12378-PeCDD 0.05 1.53 36:49 
123478-HxCDD o. 18 1.29 41:35 
123678-HxCDD 1 0 8 1.21 41:43 
123789-HxCDD 0.89 1.22 42:10 fJi. 
1234678-HpCDD 48.7 1 0 01 46:31 ..:L 
OCDD 137 0.93 51:57 2-L3 

2378-TCDF 0.02 0.80 30:40 
12378-PeCDF . 0.06 1.54 35:23 
23478-PeCDF 0.06 1. 53 36:20 
123478-HxCDF 0.76 1. 12 . 40:26 
123678-HxCDF 0.21 1. 12 40:36 
234678-HxCDF 0.14 1.22 41:24 _f3_ 
123789-HxCDF EMPC 0.05 
1234678-HpCDF 21.3 0.93 45:00 s 
1234789-HpCDF 0.96 0.93 47:11 
OCDF 52.1 0.97 52:10 .d.. 

TOTAL TCDD 0.17 9 0.21 0.77 
TOTAL PeCDD 0.65 10 0.76 1.55 ..a. 
TOTAL HxCDD 22.5 7 22.5 1.24 
TOTAL HpCDD 1.18 2 1. 01 ...2... 

TOTAL TCDF o. 10 8 0.12 0.78 _Q_ 
TOTAL PeCDF 0.87 9 1. 58 
TOTAL HxCDF 11. 1 9 24.1 1.16 __s:_ 
TOTAL HpCDF 56.4 4 . 0. 92 _s_ 

------------------------------------------------------------------------------
l"?fLf .!!_;~: X237_RPT rev:3.03 

1 



f. 

• 

• 

• 

L ... - .. ,, ~IIJ ,, 

. NOV 1 9 1G90 ·~ . 
TRIANGLE LABORATORIES, INC. Page 2 of 2 

PCD~/PCDF 2378X ANALYSIS (b) QA[Q,C~·;~~~-~~~~- 1 iiL I· • 
1 

~ 1/16/90 ........ '"' 
FILE NAME •••• : S903791 
CONCAL (VER).: S903783 
PROJECT NUMBER: 16661 
ANALYST ••••.. : HSK 
SAMPLE SIZE .• : 9.400 g 
DATE RECEIVED.: 10/10/90 
SPIKE FILE .•• : SPX23710 

CLIENT !D •••• : SWP 
SAMPLE ID •••• : LF2/9111 
ICAL DATE ••.. : 10/13/90 
ANALYSIS DATE: 10/18/90 
SAMPLE MATRIX: SOIL 
DATE COLLECTED: 10/09/90 

TLI NUMBER •••• : 37-26-2 

SAMPLE ORIGIN: WILMINGTO 

SHIPMENT NO ••• : NC09001 
============================================================================== 
SURROGATE RECOVERY SUMMARY (TYPE B ) 
--------------------------------------------------------------------------------------------------------------------------------------------------------
NAME 

37Cl-TCDD 
13C12-PeCDF 234 
13C12-HxCDF 478 
13C12-HxCDD 478 
13C12-HpCDF 789 

CONC (ppb) 

0.57 
0.67 
0.62 
0.72 
0.41 

% REC. 

53.1 
62.7 
58.4 
67.9 
38.3 

ALTERNATE STANDARDS RECOVERY SUMMARY (TYPE B ) 

RATIO 

1.53 
0.53 
1.19 
0.46 

RT 

31:30 
36:19 
40:25 
41:34 
47:10 

FLAGS 

--------------------------------------------------------------------------------------------------------------------------------------------------------
NAME 

13C12-HxCDF 789 
13C12-HxCDF 234 

CONC (ppb) 

0.58 
0.65 

INTERNAL STANDARDS RECOVERY SUMMARY 

% REC . 

54.1 
61.0 

RATIO 

0.52 
0.51 

RT 

42:32 
41:24 

FLAGS 

--------------------------------------------------------------------------------------------------------------------------------------------------------
NAHE CONC (ppb) % REC. RATIO RT FLAGS 
----------------------------------------------------------------------------
13C12-2378-TCDF 0.54 51.0 0.78 30:39 
13C12-2378-TCDD 0.60 56.5 0.84 31:29 _Q_ 
13C12-PeCDF 123 0.69 64.4 1.56 35:22 
13C12-PeCDD 123 0.75 70.9 1. 58 36:49 
13C12-HxCDF 678 0.62 57.9 0.51 40:35 
13C12-HxCDD 678 0.68 63.9 1. 17 .41:42 
13C12-HpCDF 678 0.48 44.7 0.47 44:59 
13C12-HpCDD 678 0.50 46.7 . 1. 03 46:30 
13C12-0CDD 1. 3 59.5 1.02 51:57 

X237_RPT rev:3.03 
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• 

• 

B-File/Header Changes 
Hanua1 Integrations 
T ra nsc ription 
Dbase Corrections 

Page No. 
1D/26/90 

1 

· Initial 
.<u 
,:'.., 

~" 
~ 

Listing ot S903791B.dbf 

• • • • j~: •I if , ...... '' I \ 

j:'~·.· ... '. ''_;: (-:-. ·: -~·· .. : 
Date. '-··· .J 

Jo/~1/'U) r !8V 1 D [~·J 
lol'Q]I "&.> 

~11/~0 ['' 
~"\61 Jio "· '·•·~·-···-" "·- • ·• ....... ; 

Hatched GC Peaks I Ratio I Ret. Time 

H_Z Omit 

304 

304 

316 

316 

320 

320 
320 
328 

328 

Hatch Hatch Who/ 
Ratio RT. Area Rat RT REL_RT Why 

0.87 27':54 
0.75 28:11 
0.91 28:30 
0.72 28:49 
0.81 29:07 
0.86 29:31 
0.77 29:.53 
0.69 30:09 
0.80 30:40 

a
.oo 31:10 
.17 31:24 

0 .88 32:04 
.10 32:50 

-b o. 71 33:05 
*** Total *** 

0.40 29:46 
0.77 30:06 
0.78 30:39 
0.73 31:08 

*** Total *** 

00.41 
vO 0.33 

1.83 
1.31 
0.63 
0.76 
0.77 
0.77 
0.82 

27:45 
28:04 
28:15 
28:42 
29:Q5 
29:24 
30:06 
30:20 
30:51 

0.88 31:.13 
0.78 31:21 

c.k: J...Z,g j7~ 31 : 31 
0.99 31:40 
0.69 31:53 

.fo.14 32:06 
l[o.35 32:15 

{

2.26 32:35 
2.07 ?.4:00 
2.16 34:33 
0.85 35:02 
** Total *** 
,1L "31 i4:1 

0.00 31:30 
0.00 32:18 

*** Total *** 

884.08 
1615.07 
1955.42 
2229.67 
1766.73 
1021.37 
2071.00 
757.60 

2146.10 
220.73 
160.75 
96.06 
75.83 

2168.23 
17168.64 

204.05 
601.07 

119376.82 
1085.25 

121267.19 

146.99 
117.92 

50.69 
636.31 
505.60 
686.90 

4611.74 
3032.84 

519.05 
1704.44 
2130.59 ~8 
~5.11 

607.66 
815.04 
249.67 
166.16 

90.67 
158.02 

98.00 
296.38 

17259.78 
a"3D•ii 

75491.82 
116.44 

75608.26 

T F 
T F 
F F 
T F 
T F 
T F 
T F 
:r F 
T T 
F· F 
F F 
F F 
F F 
T F 
~· of Peaks: 

F F 
T F 
T T 
T F 
# of Peaks: 

F F 
F F 
F F 
F F 
F F 
T F 
T F 
T F 
T F 
T F 
T F 
;-r r 
F F 
T- F 
F F 
F F 
F F 
F F 
F F 
T F 
~ of Peaks: 
-( ( 
T T 
T F 
# of Peaks: 

0.910 -~ 
0.920 
0.930 
0. 940 
o.95o-a 
0. 9£.3 
0.975 
0.984 
1.001 
1.011 
1.024 )# 
1.046 
1.071 
1.079.1(11"" 

14 

0.971 
0.982 
1.ooo -a 
1.016 

4 

0.881?;)-
0.891 -~ ~"'-' 
0.897 
0.912 
0.924 
0.934 
0.956 
0.963 
0.980 
0.992 
0.996 
1.001 
1.006 
1.013 
1.020 S",/ 
1.024 
1.035 
1.080 
1.097 t?v 
1.113 

2Q, 
1 

~~~ (~lai j-iP 
I•Otv-f 

1.001 -Q 
1.026 

2 



Page No. 2 Listing of S9037918.dbt 
r . ~ . , .. ,.. 

I 
) 

10126190 

• Hatched GC Peaks I Ratio I Ret. Time 
Hatch Hatch Who/ 

H_Z Omit Ratio RT. Area Rat RT REL_RT Why 

332 0.81 31:13 130087.96 T T 0.992 
0.84 31:29 76227.81 T T 1.ooo -R 

332 *** Total *** 206315.77 ~ of Peaks: 2 
7,40 \ .~ '?>;. i\!> ' ~'{ •'\ f f ,11& 
340 p 3.56 32:50 55.22 F F 0. 928 51\.1 

1.59 33:04 42107.40 T F 0.935 
1.56 ~ 34:30 5979.54 T F 0.975 -~ 

a:_\<-~~ 35:23 B90s1.!9 ~c,fl!t-!7 T T 1.000 
1. 71 35:35 285.55 T F 1.006 
1.55 35:45 4407.19 T F 1.011 
1.53 36:20 5244.03 T T 1.027 
1.60 36:36 7716.21 T F 1.035 tf 

./) 3.20 36:58 92.42 F F 1. 04 s...; 
1.60 37:40 463.45 T F 1.065 

340 **-* lota3 *** 74355.20 ~ of Peaks: 10 
?'lo \.S'\' S";od Uo'b\.~ 

"( ,: .'faq 

352 1.12 34:52 379.62 F F 0.986 
1.56 35:22 60807.82 T T 1.000 
1.39 35:44 1181.89 T F 1.010 
1.53 36:19 69208.41 T T 1.027 
1.58 37:40 1251.33 T F 1.065 

352 *** Total *** 132829.07 ~ ot Peaks: 5 

• 356 1.45 34:31 3808.63 T F o.938" -a 
1.61 35:02 6198.99 T F 0.952-G 
1.31 35:21 5384.48 F F 0.960 
1.44 35:32 4902.36 T F 0.965 
1.44 35:46 3409.65 T F 0.971 
1.67 36:00 2567.99 T F 0.978 
1.53 36:08 8812.14 T F o.981 -a 
1.28 36:23 1243.89 F F 0.988 
1.54 36:34 653.86 T F 0.993 
1.53 36:49 3078.92 T T 1.000 
1.63 37:01 3266.94 T F 1.005 
1.63 37:29 1928.61 T F 1.018 

356 *** Total *** 45256.46 ~ of Peaks: 12 

368 0.24 35:26 987.79 F F 0.962 
1.58 36:49 35149.19 T T 1.000 
0.57 37:28 397.58 F F 1.018 

368 *** Total ::t::t::t 36534.56 ~ of Peaks: 3 

374 1.27 38:05 481.50 T F 0.938 
1.14 38:56 146350.10 T F 0.959 
1.16 39:08 478782.90 T F 0.964 
1.03 39:36 . 4672.70 F F 0.976 
0.99 39:50 863106.69 F F 0.982-.S 

• .12 40:26 60412.52 L.\'l.~·'!l T T 0. 996· 
Ci'- ... 0.':'-9·9'.1'1"' 4 0 : 3 6 2-Z009.06 p -ri T 1.000: 

lp flo-/-
1.10 41:01 2005.59 t(}41~ T F 1.011 
~\.\1. 41:20 ~3f.!.. 60 ""'" T xr- l.01f(~ 
,66,,~,_ 41:24 1HJb'1: 92 Cl> L\~ .~ T T 1.020 ... 

:d 0.27 41:52 53.59 F F 1.032 -yJ 
_lJ.1..- )'.,ltl g£,&.... "1 'f'(o--\. ~uOt~ 

ku ll>h,J~Jl 



I ; _ .. · .,_, 
- ·-.J t::s ~B ! 

I 

Pag~ No. 3 L1st1ng ot S903791B.dbt r··ov 1 D r·~o 11\. .!. ...., .: 

10/26/90 
Hatched GC PeaKs I Ratio I Ret. Time 

• Hatch Hatch.~ .......... ., • .who.f. ,.j,,..; 
H_Z Omit Ratio RT. Area Rat -RT REL_RT Why 

.0\f 
374 f"-u c t- .1:-:-93 42:32 2367.22 F T 1.048 

1.13 42:40 14228.76 T .YJ: 1.05!"~ 
374 *** Total *** 1620939.15 # ot Peaks: 13 

384 0.63 38:56 90.79 F F 0.959 
0.49 39:07 174.47 T F 0.964 
2.01 39:51 226.17 F F 0.982 
2.13 40:11 85.26 F F 0.990 
0.53 40:25 49546.74 T T 0.996 
0.51 40:35 55874.32 T T 1.000 
0.51 41:24 51622.85 T T 1.020 
0.52 42:32 38633.03 T T 1. 048 

384 *** Total *** 196253.63 ~ of PeaKs: 8 

390 1.23 39:42 417629.96 T F 0.952 
2.59 40:11 579.02 F F 0.964 
1.26 40:25 39139.85 T F 0.969 
1.24 40:45 290338.51 T F 0.977 
1.21 41:00 89612.28 T F 0.983 
1.29 41:35 7940.94 T T 0.997 
1.21 41:43 82202.74 T T 1.000 
1.22 42:10 35164.71 T T 1.011 ~ 

• ~-·· 
42:30 75.64 F F l.Olu 

.75 42:36 27.29 F F 1.022 (< 

.40 42:50 42.44 T F 1. 027 &I' 

390 *** Total *** 962753.38 # of Peaks: 11 

402 2.06 39:17 175.50 F F 0. 942 
1.19 41:34 31650.90 T T 0.997 
1.17 41:42 38490.56 T T 1.000 
1.20 42:10 61378.22 T T 1.011 
3.05 42:35 321.89 F F 1.021 

402 *** Total *** 132017.07 # of Peaks: 5 

408 0.93 45:00 1249245.57 T T 1.000 .- s 
0.92 45:34 1354849.00 T F L013 -s 
0.88 46:31 11938.44 T F 1.034 
0.93 47:11 33932.54 T T 1.049 

408 *** Total *** 2649965.55 # ot PeaKs: 4 

418 0.4 7 44:59 31730.63 T T 1.000 
1.34 45:34 1806.47 F F 1.013 
0.59 . 45:54 2729.12 F F 1.020 
0.46 47:10 20718.06 T T 1.049 
3.96 48:06 188.94 F F 1.069 

418 *** Total *** 57173.22 # of Peaks: 5 

• 424 1.00 45:25 1853232.19 T F 0.977 S' 

1.01 46:31 1302374.31 T T 1.000 s 
{;:) .2.29 50:18 274.10 F F 1.082 ,..,t\ 

424 *** Total *** 3155880.60 ~ ot Peaks: 3 

436 1.34 45:26 1269.40 F F 0.977 



f ~· .... ; : !j 
v 

r·•O'J 1 n r::J 
Page Ho. 4 Llsting ot S903791B.dbt ~i) .L '" 

10/26/90 
Hatched GC Peaks I Ratio I Ret. Time r"' , .. 

• Ln • J\""l•i.J!-tf t 1\.._ ... ···'···· Hatch Hatch Who/ 
H_Z Omit Ratio RT. Area Rat RT REL_RT Why 

436 1.03 46:30 23947.27 T T 1.000 
0.91 47:06 86.19 T F 1.013 

436 *** Total *** 25302.86 tl of Peaks: 3 

442 0.97 52:10 1407661.61 T T 1.004 -'5 
442 *** Total *** 1407661.81 # of Peaks: 1 

.458 0.93 51:57 3130535.76 T T 1.000 -S 
-4 58 *** Total *** 3130535.76 fl of Peaks: 1 

470 0.-4 5 50:24 46.46 F F 0.970 
1.02 51:57 28978.41 T T 1.000 
0.64 53:37 70.91 F F 1.032 

.4 70 *** Total. *** 29095.78 # of Peaks: 3 

:t.:t.:t. End of Report :t-** 

• 

• 
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• Page 1 Listing of S903791l.dbf File 
. 10/26/90 Raw Hass, Retention Time and Data Area ... .. . .. . ~ ....... . . . .... 

H_Z mm:ss Data. Area ••.•• mm:ss Data.Area .••.. mm:ss Data. Area ••••• mm:ss Data.Area .•••• 

202 10:44 106.60 I 15:31 336.48 18:19 153.84 19:51 366.33 
I 

11:25 48.95 I 15:39 171.72 18:30 280.04 20:03 233.47 
I 

13:32 227.80 I 16:21 271.83 18:38 4 99-25 20:23 32719.90 
I 

14:03 32.60 I 17:14 1382.78 19:15 3721.38 I 

14:45 41.33.: 18:07 94.01 19:27 920.52 

204 11:41 12.41 13:40 22.06 17:34 36.62 20:12 104.39 
11:53 13.61 13:56 13.95 17:44 14.10 20:23 1048.53 
12:31 22.85 16:18 £,2. 06 18:36 8. 72 20:32 19.14 
13:19 24.36 17:15 25.55 19:15 85.94 
13:31 36.64 17:26 8.38 19:28 234.16 

238 17:30 23.00 18:28 123.73 19:21 33.54 20:20 24.39 
17:48 1.4. 77 18:42 175.~8 19:30 70.17 21:27 32.49 
17:56 19.39 18:59 89.83 19:46 59.39 
18:05 28.15 19:11 39.20 20:00 90.11 

240 17:25 87.86 18:19 98.34 19:21 100.08 20:00 97.30 
17:31 124.19 18:29 85.87 19:29 56.65 20:07 36.18 
17:43 23.19 18:39 193.22 19:37 78.03 20:20 55.59 

• 18:03 106.65 19:11 42.02 19:44 80.80 

252 18:17 22.68 19:30 132.77 20:48 27.65 22:37 146.51 
18:40 91.23 19:39 550.87 21:19 21.94 22:53 568.62 
18:47 168.79 19:57 52.76 21:30 119.05 
19:00 41.38 20:05 58.41 21:57 84.82 
19:21 96.86 20:25 134.41 22:03 72.60 

254 18:16 7.37 19:47 52.11 20:57 9.20 22:34 11.35 
18:40 22.25 20:01 30.05 21:13 8.34 22:53 37.73 
18:59 20.86 20:22 39.55 21:37 28.83 
19:26 45.14 20:33 65.33 21:52 22.07 
19:39 59.85 20:44 8.19 22:25 29.15 

270 22:47 11.02 24 :01 276.35 24:53 105.45 25:31 11.60 
23:33 4 54 8.43 24:23 210.26 25:05 220.17 25:48 11.49 
23:51 195.87 24:38 153.94 25:22 30.99 26:17 17.80 

272 22:43 40.75 24:09 79.26 24:52 100.91 25:42 47.27 
23:35 4216.58 24:23 167.68 25:04 217.26 26:00 7.41 
23:59 203.21 24:36 221.08 25:26 22.36 

286 23:33 3328.22 24:26 260.57.: 25:06 63.18 25:49 42.24 
23:56 -109.65 24:45 107.88 25:14 19.83 26:01 133.24 
24:04 74 .4 7 24:51 115.53 25:34 181.73 26:28 30.66 

• 288 23:34 3003.92 24:26 223.85 25:18 63.34 26:27 26.83 

23:57 161.49 24:44 125.82 25:34 152.84 r 
24:07 64.77 24 :51 136.91 25:44 58.25 
24:17 46.55 25:06 83.41 26:02 146.02 

218 11:40 49.96 16:10 8. 70 18:40 60.19 20:24 72.04 
14:27 36.03 16:2.4 .4.4.20 18:58 42.79 20:42 63.83 
1':. • .& 1 07-70 1 7: AA 8.87 19 :A 7 3~·- 55 



I. • :. :· , • ~ I_ •I 
I 

Page 2 L1st1ng of S903791l.dbf File r ·-. ( "! ,... ..... , 
I . .. ~. •. ... 0 J 

10/26/90 Raw Hass. Retention Time and Data Area 

• H_Z mm:ss Data.Area ••••• mm:ss Oata.Area ••••• mm:ss Data. Area ••••• mm:ss Data. Area ••••• 

220 11:41 17.51 15:36 37.90 17:18 48.51 19:25 136.00 
12:33 85.33 15:45 41.01 18:07 34.80 20:31 92.59 
14:23 29.92 16:10 28.23 18:27 9.56 21:04 33.01 
14:58 24.38 16:23 29.08 18:50 63.93 21:28 79.61 

304 27:44 7.13 29:07 788.31 30:40 956.95 32:36 31.16 
27:54 410.98 29:31 472.08 31:10 110.52 32:50 7.04 
28:11 690.98 29:53 901.09 31:24 86.53 33:05 901.85 
28:30 933.83 30:09 308.80 32:04 62.65 33:27 28.62 
28:49 933.83 30:26 14 2. 84 32:12 68.36 

306 27:07 27.42 29:30 549.29 31:12 110.21 32:51 68.79 
27:56 4 73.10 29:53 1.169.91 31:24 7<1.22 33:05 1266.38 
28:10 924.09 30:08 448.80 31:52 37.47 33:54 15.59 
28:30 1021.59 30:22 178.56 32:02 33.41 34:11 :t4 .07 
28:49 1295.84 30:40 . 1189.15 32:18 12.17 
29:07 978.4 2 30:58 18.13 32:44 11.96 

320 27:38 22.93 29:05 195.48 30:51 234.19 32:06 30.64 
27:45 42.59 29:24 295.73 31:13 797.12 32:15 42.72 
28:04 29.51 29:48 9.99 31:21 935.67 32:35 62.88 
28:15 32.79 30:06 2094.84 31:31 246.22 34:00 106..49 

. 28:27 23.13 30:20 1319.13 31:40 301.91 34:33 66.98 

• 28:42 361.42 30:38 37.33 31:53 332.40 35:02 135.96 

322 27:46 104.40 29:24 391.17 31:31 188.89 34:01 51.53 
28:05 88.41 30:06 2716.90 31:-40 305.75 34:34 31.02 
28:14 17.90 30:20 1713.71 31:53 482.64 34:53 10.78 

- 28:32 14.31 30:51 284.86 32:06 219.03 35:02 160.42 
28:43 274.89 31:13 907.32 32:16 123.44 
29:06 310.12 31:21 1194.92 32:36 27.79 

340 31:42 15.13 34:30 3640.26 35:45 2680.46 37:40 284.86 
32:50 43.11 3-4 :59 3733.56 36:20 3169.65 
33:04 25871.13 35:23 4909.01 36:36 4753.99 
33:38 6.92 35:35 180.10 36:58 70.40 

342 31:50 11.81 33:42 14.71 I 34:53 2195.79 36:36 2962.22 I 

32:07 10.81 33:53 6.82 I 35:22 3095.18 37:00 22.02 I 

32:23 9.36 34:01 12.59 I 35:35 105.45 37:10 20.85 I 

32:48 12.11 34:10 6. 77 ·: 35:45 1726.73 37:40 178.59 
33:04 16236.27 34:30 2339.28 36:20 2074.38 

356 32:40 17.90 35:21 3055.09 36:08 5330.94.: 37:01 2024.86 
34:08 16.90 35:32 2890.55 36:23 697.73 37:12 31.32 

34:31 2251.98 35:46 2011.36 36:34 396.27 37:29 1193.91 

35:02 3826.34 36:00 1605.57 36:49 1862.24 37:46 7.17 

• 358 32:44 63.00 35:02 2372.65 36:00 962.42 36:49 1216.68 

33:20 9.63 35:21 2329.39 36:08 3481.20 37:01 1242.08~ 

34:31 1556.65 35:32 2011.81 36:23 546.16 37:28 734.70 ( 
34:49 29.98 35:46 1398.29 36:34 257.59 





c .. I ·, ;;,_.- -·· .... ''" · I .- JL Jf 
L·'' -.~ .•: . 

·:.) 

Page 4 L1sting of S903791I.dbf File rmv 1 9 e2o 
~0/26/90 Raw Hass, Retention Time and Data Area 

• ['''' .. ·ILJh,;, ... lt:looliL 1. ,.,1.,:) 
H_Z n1m:ss Data.Area ••••• mm:ss Data.Area ••••• mm:ss Data.Area ••••• mm:ss Data.Area ••••• 

404 39:17 57.26 41:47 17775.39 42:35 79.57 
41:34 14426.58 42:10 27961.41 

408 44 :11 31.41 45:34 649227.06 47:11 16359.05 
45:00 601292.44 46:31 5574.38 

410 45:00 647953.13 45:34 705621.94 46:31 6364.06 47:11 17573.49 

418 43:09 13.50 44:59 10182.37 46:38 56.31 48:06 150.88 
43:27 23.54 45:34 1036.11 47:1.0 6539.16 
44:32 12.23 45:54 1015.59 47:39 34 .16 

420 43:35 21.11 4 5:54 1713.53 47:56 20.98 
44:58 21548.26 46:31 74 .84 48:05 38.06 . 
45:34 770.36 47:10 14178.90 48:27 10.57 

424 45:25 926831.25 46:31 653660.31 49:53 51.29 50:18 190.81. 

426 43:14 51.48 46:31 648714.00 49:58 150.84 
45:25 9264-00.94 47:37 2651.67 50:16 83.29 

436 45:26 726.48 45:56 24.99 46:30 12169.86 47:06 41.15 

• 438 45:26 542.92 46:09 9.00 47:07 45.04 
45:52 42.75 46:30 11777.41 47:15 37.11 

442 52:10 692202.81 53:35 1087.37 53:53 811.43 

444 52:09 715459.00 54:14 209.86 54:32 220.64 

458 51:57 1504856.38 

460 51:55 1625679.38 

470 50:24 14.33 51:28 16.92 53:00 51.97 53:37 27.59 
51:10 14.11 51:57 14638.56 53:28 23.29 

472 50:22 32.13 52:53 43.01 53:35 43.32 
51:57 14339.85 53:09 25.84 

*** End ot Report *** 

• 
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_ \ f B= 3G3.9a1S C: ~.89S7 D= 315.9419 E: 317.9389 f: 319.~ 
ie11=Lf2/Slll·TLI116SS1 
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5nj )l ~ - " I~ }' A ·r ,,-- v "-J v \.r 
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33:15 33=30 33:45 34:00 34:15 
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c;; 4 0:'419.822S E= 423.7766 f: 425.7737 G= 4)3.9729 H= 435.8189 
T~ tf2191,11 TLIU6SS1 

tl R Sl 111 1G4 

58. 

9· \-. \. \. 

lOOr Sl,ll,G4 
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f . 5993791 18-UCT-93 5tr=~oltage ~~~ ~ys· uoJu~ 
Sa~ple 1 lnjecllon 1 Group 2 ftass 3B3.9B16 ttr.•tl n 1,..-" .... 1 '• '!\ ... .: 'J 

1ext=LF2/9111 TL1116661 

~t ·~~~ .. :36 
28=88 . 29= 18 38=28 31 =38 32=48 33=58 3S=BB 36:18 37=28 

5983791 18-0CT-98 Sir=Voltage 7BS Sys: DBSUS 
SaAple 1 Injection 1 Group 2 nass 385.8987 
Text=lF2/9111 TL1116661 

lDD 

okJlMJ:w 
I I I 

28=88 29:18 38=20 31 =38 32=46 
S9B3791 18-0CT -9H Sir=Voltage 7BS Sys: DBSUS 
Sa111ple 1 Injection 1 Group 2· nass 315.9~19 
Text=lF2/9111 TLI116661 

~B~ 
I I I A I I I 

28=BB 29=1B 3B=2B 31 =3B 32=48 
S9B3791 1B-OCT-9B Sir=Voltage 7BS Sys: DBSUS 
SaRple 1 Injection 1 Group 2 Mass 317.9389 
Text=LF2/9111 TLII16661 

IBJ 
0 I I 

A 
I I I 

2B=BB 29= lB 3B=2B 31 :3B 32=49 
5993791 18-0CT-9B Sir=Voltage 7BS Sys: DBSUS 
SaPlple 1 Injection 1 Group 2 Mass 375.8364 
Text=LF2/9111 TLI116661 

Hor"= 294 

I I 

33:56 35=68 

NorA= 1B274 

I , 0 I I 0::. I 

33=59 35=BB 36= lB 37=29 

HorR= 13BB5 

I I 
e, 

I ,:, I 

33=59 35=BB 36= 1B 37=2B 

lBB HorA= 24 

. ~~~..JM~Y.J..X,..M.;J,JW~I.""'f.Ni~~.v.WJJA~~~~w.oJ!u.JiJ 
c I I I ' l I I I I I I 

• 2B=BB 29= lB 30=28 31 =3B 32=4B 33=5B 3S=BB 36: 1B 37=2B 



( . 588~791 1B-OCT-9B Str:Voltage 7BS Sys: UH~U~ 
SaAple 1 Injection 1 Group 2 "ass 319.8965 
Text·:Lf2/9111 Tlll16661 

·B~ , 
8~ 

28:88 29; 18 38=28 31·38 32=48 33=58 
5983791 18-0CT-98 
Sa~ple 1 Injection 1 
Text=LFc/9111 TLII16661 

Sir:Vollage 785 Sys: DBSUS 
Group 2 ftass 321.8936 

JOB 

e L __ ---;- -
I I I I 

28:80 29= 1B 38=28 31:38 32=48 
S9B379J 18-0CT-98 Str=Voltage 7BS Sys= OBSUS 
SaAple 1 Injection 1 Group 2 nass 327.8847 
Texl:lf2/9111 TllllGSGl 

I 

33=58 

r·rn'/ 1 •• ~,; - t (\ ,,.., ~:1 - ·-· '~. ~ 

Nor": · ... ·367 

I 

35: B.B 

Nor~= 448 

I I I 

3S:BB 3S: 18 37:28 

~:B~~--~.~--~~----~• --~~~--~~----~~--~~~~~No~~~-=~-~~,56~13 
28:83 29:18 3B=2B 31=33 32=4B 33:58 3S=BB 36=18 37=28 

5933791 18-0CT-98 Sir=Voltage 7BS Sys= DBSUS 
Sa~ple 1 Injection 1 Group 2 Mass 331.9368 
Text=Lf2/9111 TLII16661 

1 :a~..l-----...,---_.,...., ---.---=-A..l.oi~~-___,.---~· ---r-~-.....-H-o,..-rPI_= _--r-: 1-s9-3 
28=88 29=18 3B=2B 31=3B 32=48 33=58 3S:BB 36=18 37=28 

S9B3791 18-0CT-98 Sir:Voltage 7BS Sys: DBSUS 
Sa~ple 1 Injection 1 Group 2 nass 333.9338 
Text=Lf2/9111 TLII16661 

IBn NorA= 14974 

.. al~---2B-r-;B-B---2~9;-1B---3-U~;2B--~A~3~~:3-B---32~;4-B~-3~3;-SB---3~5;-BB~-3~6;~1B---3-7~;2B--
. d.' 



f . 5893791 18-0CT -9B Si.r=Voltage /BS Sys= DBSUS 
SaAP,le 1 Injection 1 Group 2 flass 339.8597 
Texl=Lf2/9111 TL1116661 

' 
'. 

. • I . ..; IJ i 
·.J 

r'':'/1 !) "1"""'!:--... .., • - t:,. _ ... 'J 

~8~~--~.--~,----~·--~~----~.~A~.~.--~.~~~.~A~H~~·~~··-·-···~.s--846. 
28=88 29=18 38=28 31=38 32=48 33=58 35=88 36=18 37=cB 

S9B3791 1B-OCT-9B Sir=Voltage 7BS Sys: DBSUS 
Sar.ple 1 Injection 1 Group 2 Mass 341.8567 
Text=lf2/9lll TLII1666l 

1:8~~--~~~--~~----~·-----rr--~~~~~~~.--A-~~~~~~0~H~o~~~~=~.--~,3-15_5, 
2B=BB 29=16 3B=26 31=38 32=48 33=58 35=80 36=18 37=28 

S9B379J IB-OCT-9B Sir=Voltage 7BS Sys= OBSUS 
Sa~ple 1 Injection 1 Group 2 nass 351.9BBB 
Text:Lfc/9111 TLI116661 

~8~~--~--~~--~--~--~--~~~~.~a~.-N~o~~~--~96--62 
2B;BB 29; 1B 3B;2B 31 ;3B 32;4B 33;5B 35=BB 36= lB 37;2B 

S9B3791 18-0CT-SB Sir=Vollage 7BS Sys: DBSUS 
Sa~ple 1 Injection 1 Group 2· Mass 353.B97B 
Text=Lfc/9111 TL1116661 

IOOA Horl 6134 

c~~--~--~----~~--~--~----~--~~R~~!~--~ 2B;BB 29;1B 3B;2B 31;3B 32;4B 33;SB 3S;BB 36;1B 37;2B 
S9B3791 18-0CT-SB Sir=Voltage /BS Sys: DBSUS 
Sa~ple 1 Injection 1 Group 2 nass 4B9.7974 
Text=Lfc/9111 TLII16661 

lDD Nor~t= 18 

~..Jv,..~>l<\11~~~~ .e 2B;~B. 29;1B 30;20 31;30 3~;4B 33;59 35;BB. 36;18. 37;20. 



I . SSB3791 18-0Cl·9B Str=Voltage /BS ~ys= Ctl3U~ 
Sa~ple 1 lnjeclton 1 Group 2 Mass 355.8546 
lext=lf2/9111 Tllll6661 

r ,,.,, "! " .... -o •••. ; ~ \.' 1 ..... ~ .. ! 

B 
28=89 29:18 3B=2B 31:39 32=4B 33=58 35=BB 36= lB 37=2B 

S9B3791 19-0CT-98 Str=Voltage 7BS Sys: DB5US 
sa~ple 1 Injection 1 Group ·2 Mass 357.8516 
Text=lf2/9111 TLII16GG1 

ten No n= 712 

e 
28=BB 29= 1B 3B=2B 31 =3B 32=48 33:59 35=BB 36:18 37=29 

5983791 1B-OCT-9B Sir=Voltage 7BS Sys: DB5US 

• SaRple 1 Injectlon 1 Group 2 "ass 367.8949 
Text=lf2/9111 TLII16661 

lBB HorA= 4623 

B 
28=BB 29: lB 3B=2B 31=30 32=4B 33=58 3S:BB 36= lB 37=2B 

5993791 18-0CT -9B Sir:Voltage 7BS Sys= DBSUS 
SaRple 1 Injection 1 Group 2 fiass 369.8919 
Text=Lf2/9111 TLI116661 

lBB HorA= 2935 

2B=0B 29:10 3B:2B 31=3B 32:4B 33:59 35:BB 36:1B 37:2B 



f . 5983791 18-0CT-98 Str=Voltage 70S ~ys: UtlJU~ 
Sa~ple 1 Injectlon 1 Group 3 nass 373.8288 
lext=lf2/9111 lllll6661 

~1 , AlL , fl .~ , '= I 

· Nor": · · · · · ·59996 .; 

I I 

3B=B8 38=38 39=88 39=38 4B:B8 48=38 41=88 41 =38 42=BB 42=38 
5983791 18-0CT-90 Str=Voltage 7BS Sys: DBSUS 
Sa~ple 1 Injection 1 Group 3 Mass 375.8178 
Text=lf2/9111 lli116S61 

1 DB Hor~: 65836 

D~ -f------r--1 ~.1\A~. fL~. >C) ---,,~o-..,.-1 -r--1 __,,_ 

3B=B8 38=3B 39=BB 39:30 4B:BB 48=38 4l=BB 41=38 42=BB 42=36 
5983791 18-0CT-SB Str=Voltage 7BS Sys: DBSUS 
SaAple 1 Injection 1 Group 3 Mass 383.8639 
Text=lf2/9111 Tlii16SS1 

~:B~ ' , 
38=88 38=38 . 39=88 

5983791 18-0CT-SB 
Sanple 1 Injection 1 
Text=lf2/9111 TllllSSSl 

] ' ' 
38:88 38:38 39:80 

5983791 18-0CT-98 
Sa~ple 1 Injection 1 
Text=lf2/9111 TLII16661 

' '.Nl' 39=38 48=88 48=3B 41=88 
Sir=Voltage 785 Sys: DBSUS 

Group 3 Mass 385.8618 

I I .M. T 

39=3B 48=83 48=38 41 =88 
Str=Voltage 7BS Sys: DB5US 

Group 3 "ass 445.7555 

.A 
Nor~t= 3823 

fl. I 

41=38 42=88 42=38 

.A 
Hor~= 7585 

I A. 
41 =38 42=88 42=30 

Nor11= 28 



f · S8B3791 lB-OCT-99 Sir=Voltage 7BS Sys: DBSUS 
Saftple 1 Injection 1 Group 3 ftass 389.8156 
1ext=LF2/Slll Tl1116661 t·'r"'! .. " ·- . ; . • : J • • ., 

...... - ..:. ~ I .... ,.J 

· ·· · · · · ... Nor~= 51847 .... ' ... . : 

B~--~~--~--~~~~--~~~~~--~~--~--~---
38=98 38=3B 39:99 39=39 49=99 49=39 41:99 41=39 42:99 42=3B 

S9B3791 lB-OCT-SB Sir=Voltage 7BS Sys= DBSUS 
Sa~ple 1 Injection 1 Group 3 "ass 391.8127 
Text=lf2/9111 TLIIlGGGl 

100 tlor11: 42673 

n~--~~--~--~~~~--~r-~~~--~~~~~~---
3B=no 3B=3B 39=BB 39=39 4B=BB 4B=3B 41=BB 41=3B 42=99 42=39 

' 5983791 1B-OCT-9B Sir=Voltage 785 Sys: DBSUS 

• 
SaAple 1 Injection 1 Group 3 ~ass 4B1.B55B 
Text=LF2/9111 TLII16661 

Hor : 7749 

o~--~----~~~~--~~--~--~----~~~~~~~-
3B=BB 38=3B 39=BB 39=30 4D=BB 4B=3B 41=DB 41=3B 42=BB 42=3B 

S9B3791 1B-OCT-9B Sir=Voltage 7BS Sys: DBSUS 
Sa~ple 1 Injection 1 Group 3 nass 493.8529 
Text=LF2/9111 TLII16661 

lBO Nor : · 6472 

/tl 
·~B+=B-B---38~=3-B~3-9~=BB~--39~=3-B~-4B~=B_B __ 4_B~=3B---4~1=~BB---4~1:~3B~=492=~BB~=4~2:3_B ___ 



f . S9B~791 18-DCT -99 
sa~ple 1 lnjectl"on 1 
Text:lf2/9111 Tll116661 

~l I u 
43=18 44=28 45=38 
5993791 18-0CT-99 
Sa~ple 1 Injection 1 
Text=Lf2/9111 Tll116661 

tnn~ 

0 I I u 
43= 18 44=20 45=38 
5993791 1B-OCT-9B 
sa~ple 1 Injection 1 
Text=Lf2/9111 Tlll16661 

Sir:Voltage 7BS Sys= UUSUS 
Group ~ flass 4B7.7818 

I ~ I I I 

46=48 47:58 49=88 58= lB 
Str=Voltage 7BS Sys: DBSUS 
Group 4 Mass 499.7789 

I 
0 

I I I 

46=48 47=5B 49=BB SB= 18 
Sir=Voltage 785 Sys: DBSUS 

Group 4 ~ass 417.8253 

~] 
I I L ., ll I '"" r 

43: lB 44=2B 45:39 46=49 47=59 49=BB SB: lB 
5993791 18-0CT-99 Sir=Voltage 795 Sys: DBSUS 
Sa~ple 1 Injection 1 Group 4 Mass 419.8228 
Text=Lf2/9111 TLI116661 

] 
I I l. ~ I L. I j 

43: lB 44=2B 45=39 46=48 47=59 49=BB 59: lB 
5993791 18-0CT-98 Sir=Voltage 7BS Sys: DBSUS 
SaPtple 1 Injection 1 Group 4 fiass 479.7165 
Text=Lf2/9111 TLII16661 

] t~., ~- ; • 
• q3;1B 

I I I 

44=2B 45=38 46:48 47=50 49=Be SB= lB 

.• , i .. : t!; 
,; 

I t'~'J! (\ ,,,~;·•:] 
f.., - ·"' '-~ 

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

i.. ••.. __ . . . • •. HorRF ....... 59779 

I 
A_ 
'I I I 

51 =28 52=38 53=48 54=58 

HorPi= 65399 

I 
A... 

I I I 

51 =2B 52=3B 53=4B 54=5B 

NorA= 2999 

I . c= I I j 

51=2B 52=3B 53=4B 54=5B 

Hor11= 438B 

j 'F I I I 

51 =2B 52=39 53=48 54=59 

Hor11= 257 

_.. 
I 

/l 
I I I 

51 =28 52=3B 53=48 54=59 

J~ 



4 . 5983791 18-0:T -9B Str=Voltage /BS ~ys= UH:lU::~ 
Sar.ple 1 Injection 1 Group 4 nass 423.7766 
lext=lf2/911~ Tll1166Sl 

n 

I o 

43: lB 44=29 45=38 
5983791 1B-OCT-9B 
Sa"ple 1 lnjectton 1 
lext=lf2/S111 TLIIIS661 

lDO 
. 

B I 

43=18 44=29 45=38 
S9B3791 18-0CT-SB 

• 
Sanple 1 Injection 1 
Text=Lf2/9lll TLI~l6661 

lD 

\. 
46=49 47=59 49=BB SB: 19 

Sir=Voltage 795 Sys= DBSUS 
Group 4 fiass 425.7737 

I I 

46=48 47=58 49=BB 5B= 19 
Sir=Voltage 785 Sys= DBSUS 

Group 4 flass 435.8169 

·• . .i 

r· 

L .. · .~ .... ~ ....... •IHor;.-: ...... _ 64736 

o I 

51=29 52=39 . 53=48 54=58 

Norf\= 65534 

. . 
51=2B 52=3B 53=4B 54=59 

Norr~= 2232 

n~--~----~--~~--~--~----~-#~~~~--------~ H=le 44=2D 45=3B 46=40 47=50 49=BB 50=18 51=28 52=30 53=40 54=58 
5903791 18-0CT-SD Str=Voltage 7BS Sys= DB5US 
Sa~ple 1 Injection 1 Group 4 Mass 437.B14B 
Text=Lf2/9111 TLii16661 

lOB Nor~= 2221 

44=28 45=30 46=4B 47=59 49=89 SB= 10 51 =2B 52=39 53=4B 54=58 



f 
S9B3791 1S-OCT-9B Str=Voltage 7BS Sys= DBSUS 
Sa~ple 1 InjectLon 1 Group 4 "ass 441.7428 
1exl=LF2/9111 lllllSSSl 

, ... 
··~'f1 n 1'"'="":~' 1.·:..;·. ~ t..l a~..:,u 

. · . .J 

• .... . 
l.t •. . : • ~-. \. .. . 'I. H I J · · · · or,.:·· · · 65513 

EB 

4e 

2B 

0~~--~--~~--~--~----~--~~~~~~~--~--~ 
43:10 44=20 45=3B . 46=4B 47=50 49=BB SO=lB 51=2B 52=3B 53=4B 54=59 
5983791 18-0CT-98 Sir=Voltage /BS Sys: DBSUS 
Sa~ple 1 Injection 1 Group 4 Mass 443.7399 
lexl=LF2/9111 TLII166GJ 

lB Norr~= 65256 

BB 

2B 

D~----~--~~--~--~----T---~~--~~~~--~--~ 
43=1B 44=20 45=3B 

lOB 

80 

60 

S9B3791 18-DCT-SB 
SaAple 1 Injection 1 
1ext=Lf2/9111 1Lli166Gl 

46=4B 47=5B 49=BB SB: 1B 
Sir=Voltage 7BS Sys= DBSUS 

Group 4 nass 51-3.6775 

51=2B 52=3B 53=4B 54=5B 

Horfl: 89 



lP-~CJ-9~ ~Lr=~oLtag£ ~~~ ~y~· u~~u~ 
l1 ~ction 1 Group 4 . nass 457.737} 
11- TLI 116661 .... f HJJ- r.-: r--·, 

. . . 

Ef1~'1R8f!i:l;::j :-,·~·' ,-:,·: ::1 ~~ 
•. ,_ • I •' ••u 

Hor~= 63571 • 
1_., • .. I ··' 

""~~ 

li. J., I ',; • ,,J 

=29 45=39 46=~9 ~7=5B 49=BB 5B=1B 51:29 52:39 53=4B. 54=5B 
1 OCT-9B Sir=Voltage 7BS Sys: DBSUS 
Injection 1 Group 4 Mass 459.7348 
1' TLII16661 

NorPI: 65534 

45=39 46=48 47=59 49=BB SB: 18 51 =2B 52=3B 53=4B 54=59 
1t1·0CT -9B SLr=Voltage /BS Sys: DBSUS J-,on 1 Group 4 Mass 469.7779 
: 16661 

NorPI: 1966 

- ----~--~----~--~----~--~~~~~~----~ ·LB 45=3B . 4E=4B 47=50 49=BB SB=IB 51=2B 52=30 53=4B 54=58 
1q·OCT-9B Sir=Voltage 7BS Sys: DBSUS 

0ection 1 Group 4 Mass 471.7759 
111 TLI 116661 

Nor~= 196B 

!=• 45=3B 46=4B 47=50 49=BB SB=lB 51=2B 52=3B 53=4B 54=5B 

---



f (rT•' SIJs:[WJS J~Si 18·0CT -~ 14:34 ~~ H· 'i,, s:ii/ I: 338.9732 J: 331.93SS .,.; .2 f: 319.89tS G: 321.oJ.JO . ""'' . 
;;· . :Lfc/9111 lliCIE:6S1 

• 

• 

1.00 
100 

1.00 
1es 

1.00 
11903 

r:: !:- ,·7· :;··!: -:-:_,_. :.- ... 
. :· ' . :·. 

i . ' . • ... 
L. 

..J 

[r,.,.,." 1' ., .. , "/\L ' ... ! 1· .. • l,!\t:i'.l\1..,; I /~r~·: ;:.) 

-..... -



• 

• 

1.00 
1015 

1.00 
545 

1.00 
SSS2 

: -• •· • •' I J li'J1 : .. ·· · · · '·· .. tin 
l~ '"-J 

(·'n'/-: n ·'·""lQ ··VI .!. \J l...,~ 

r;'"!'•'ll'"'•t• ''''l'' t.:;, • .n.:l.!.i·· f,·•l :,,:., . .-.,· ·" 
-·· . '• , • •. J 



: ~! is-ocT-~ 14=34 7BS CEJ•) Sus=OO&.G 
: .. , R: 333.8557 H= 341.€567 0: 351.9000 p: 353.S97e Q: 355.518 
ie.-r =LFC:/9111 TLII160Sl 

• 

• 

iu .'Y\ 
""'.10 

J I I 

35=00 

\_ 
I I I I I , ' I 1 I I I I I 1 $ I I 

35:39 36=00 38=39 
I I 

37=00 

1.00 
1615 

1.00 
545 

1.00 
9SS2 

C:i 'f.'iON•i '~.- -.1 •• ··I· I /IlL •·· -·. u-rr.l· •.in 
,, ··'-' 



"! 
; 

.• J 
! . 

• 

• 

\. 

1.00 
1815 

1.00 
545 

r!"•''t·· ~ ..... '-•. .. ,, ·l~ •..• f : ... 

• .,". ,.·; ·l ''L ... 
.• ·-. ' I II ''• : ,·, [· . . , 

o I • I f ~ ..J 



.~. 

r 

• 

• 

1.00 
2216 

1.00 
2Zl6 

1.00 
38..~ 

I ': 'o • I~ • ·-~-~· ... , ·.~· .. ~ - c_ .. ·! ... ··., ,; .. ·~ !~-\ . 
l.· 0 ..... l 0.0 :. ; • 

/'n• 1 · · .. · ,.: 
•IJ il ..t. (I 1''0• o'•o..l 

v .. .:.{) 



4e=se 41=eo 41=30 42=ea 42=30 43=eo 

• 

• 

1.00 
2216 

1.00 
2216 

1.00 
3320 

\.· 

. . ::·~· '~ :"oj• ;:·~ ~--" 
. :· .. .. . . ... ..... . . 

. : : . ·. 
0 ; ., 

. •.• i. 
: .. · 

t·I(''J.. ·:··J· •• .;· .i. [) ;: .. ~;l 
.......... fJ 

C'.'l'IRurrP·::. . . ·•·•:..:J li{ . . .I 
• /.1 J /I ',;j 



3SM.98 
1.2238 

·--~ .. c s1,11, r 
j 

r.·, J .,_..! 
~ 

• 

• 

40:39 41 :eo 41:39 

1.00 
"IS 

1.00 
2216 

1.00 
W.B 

r::-'l'f ' ~ .. • h Ot".tJ·· 1 • · · 
~ ;fJ..:.!/tt·L · . 

I I.J • '... • 
• ',, i •\) 



• 

• 

40=~ 41 =eo 41 =39 42=00 42=30 43=00 

1.00 
1543 

1.00 
1325 

1.00 
3820 

F: ~-- ~ -~:· ;_~_~·; ~ i~-~:)' !: :·:. ~-; 
. . . 
!· ... .. _j 



J 
48=30 41 =eo 41 =30 

• 

•• 

A= 6SSS.5e 

R = 6245.64 
= 1.8..C!94 

42:00 42=30 43=00 

1.00 
3&1 

C:\'HWHMEiJ 1/\L i,,· . ..-t.l'·"' 
• I '' I,,) 

3' 



• 

• 

• 

·• . . . . ::I 
J 

•••.. ,~ !\ :··"•1 
i .•.. .; · . .: . ._. t- ... :.J 

TRIANGLE LAEORATORIES~: -INC!·'·'··· o~.!.. l.i: [,L:~Page 1 of 2 
PCOO/PCOF 2378X ANALYSis· (b) 11/15/90 

FILE NAME .••• : T904958 
CONCAL (VER).: T904955 
PROJECT NUMBER: 16661 
ANALYST ...••. : SB 
SAMPLE SIZE .. : 9.400 9 
DATE RECEIVED.: 10/10/90 
SPIKE FILE ..• : SPX23710 

CLIENT ID .••• : SWP TLI NUMBER •••• : 37-26-2 
SAMPLE ID ..•. : LF2/9111 (OIL) 
!CAL DATE •..• : 10/16/90 
ANALYSIS DATE: 11/13/90 
SAMPLE MATRIX: SOIL SAMPLE ORIGIN: WILMINGTN 
DATE COLLECTED: 10/09/90 

SHIPMENT NO ... : NC09001 
------------------------------------------------------------------------------------------------------------------------------------------------------------
NAME 

2378-TCDD 
12378-PeCDO 
123478-HxCDD 
123678-HxCDD 
123789-HxCDD 
1234678-HpCDO 
OCDO 

2378-TCDF 
12378-PeCOF 
23478-PeCDF 

·123478-HxCOF 
123678-HxCOF 
234678-HxCDF 
123789-HxCDF 
1234678-HpCOF 
1234789-HpCOF 
OCDF 

TOTAL TCDD 
TOTAL PeCDD 
TOTAL HxCDD 
TOTAL HpCOO 

TOTAL TCDF 
TOTAL PeCDF 
TOTAL HxCOF 
TOTAL HpCOF 

CONC(ppb) NUMBER 

NO 
EMPC 

0.30 
1. 9 
1.3 

98.7 
932 

NO 
0.07 

NO 
0.91 
0.24 

EMPC 
NO 
66.0 

1. 1 
83.3 

EMPC 
0.67 

14.3 
573 

ND 
1. 2 

34.4 
164 

3 
6 
2 

4 
6 
3 

DL 

0.02 

0.01 

0.03 

0.04' 

0.01 

EMPC 

0.06 

0.45 

0.04 
1. 2 

14.4 

1. 3 
34.8 

RATIO 

1.29 
1.22 
1. 28 
1.05 
0.88 

1. 58 

1. 22 
1.35 

0.97 
1.12 
0.94 

1. 57 
1. 26 
1.04 

1.62 
1.20 
1.02 

RT 

41:27 
41:35 
42:04 
46:29 
51:57 

35:11 

40:18 
40:27 

44:55 
47:10 
52:12 

FLAGS 

------------------------------------------------------------------------------
X237_RPT rev:3.03 

1 



I 
t 

• 

• 

• 

. . . . . 
TRIANGLE LABORATORIES,.INC. 

. . .. . 

r'."'! 1 (' .. ., . - .. _ 

: . :: . . ·· .. : .. 
•.•.• '"I 

! • ...... ·.J 

PCDD/PCDF 2378X ANALYSIS (b) QA/QC SUMMARY 
Page 2 of 2 

11/15/90 
.... . 

FILE NAME •••• : T904958 
CONCAL (VER).: T904955 
PROJECT NUMBER: 16661 
ANALYST •••••• : SB 

CLIENT ID •••• : SWP TLI NUMBER .•.• : 37-26-2 
SAMPLE ID ..•. : LF2/9111 (OIL) 
ICAL DATE .••• : 10/16/90 
ANALYSIS DATE: 11/13/90 

SAMPLE SIZE .. : 9.400 g 
DATE RECEIVED.: 10/10/90 
SPIKE FILE .•• : SPX23710 

SAMPLE MATRIX: SOIL SAMPLE ORIGIN: WILMINGTN 
DATE COLLECTED: 10/09/90 

SHIPMENT NO ... : NC09001 
------------------------------------------------------------------------------------------------------------------------------------------------------------
SURROGATE RECOVERY SUMMARY (TYPE B ) 
--------------------------------------------------------------------------------------------------------------------------------------------------------
NAME 

37Cl-TCDO 
13C12-PeCDF 234 
13C12-HxCDF 478 
13C12-HxCDD 478 
13C12-HpCDF 789 

CONC (ppb) 

o. 77 
0.71 
0.59 
0.67 
0.36 

% REC. 

72.7 
67.1 
55.4 
62.9 
33.5 

ALTERNATE STANDARDS RECOVERY SUMMARY (TYPE B ) 

RATIO 

1. 49 
0.51 
1.21 
0.40 

RT 

31:11 
36:07 
40:16 
41:26 
47:09 

FLAGS 

--------------------------------------------------------------------------------------------------------------------------------------------------------
NAME 

13C12-HxCDF 789 
13C12-HxCDF 234 

CONC (ppb) 

0.62 
0.59 

INTERNAL STANDARDS RECOVERY SUMMARY 

% REC. 

58.2 
55.0 

RATIO 

0.52 
0.51 

RT 

42:24 
41:15 

FLAGS 

--------------------------------------------------------------------------------------------------------------------------------------------------------
NAME CONC (ppb) % REC. RATIO RT FLAGS 

13C12-2378-TCDF 0.81 76.4 0.85 30:21 
13C12-2378-TCDD 0.83 78.2 0. 77 31:10 
13C12-PeCDF 123 0.64 60.2 1. 50 35:09 
13C12-PeCDD 123 0.59 55.0 1. 47 36:37 
13C12-HxCDF 678 0.51 48.3 0.51 40:26 
13C12-HXCDD 678 0.48 44.9 1. 40 41:35 Q r:.s~ 
13C12-HpCDF 678 0.42 39.3 0.46 44:54 
13C12-HpCDD 678 0.39 36.7 1.15 46:28 
13C12-0CDD 0.99 46~4 1.17 51:56 ~.v 

------------------------------------------------------------------------------
11/P fj_J!r.ft_o: X237_RPT rev:3.03 





I ,. · .. . ~ ' ... . · ... 
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• Page No. 2 Listing of T9049588.dbt 
11/14/90 ['' I 

Hatched GC Peaks I Ratio I Ret. Time 
'··1

1 •-•••·Jr-•••••l. 1. 1 •• ,1 ... , 

Hatch Hatch Who/ 
H_Z Omit Ratio RT. Area Rat RT REL_RT Why 

356 *** Total *** 1057.09 # of Peaks: 11 

368 1.47 36:37 5-19.82 T T 1.000 
368 *** Total *** 549.82 tl of Peaks: 1 

374 1.09 38:46 2569.86 T F. 0.959 
1.17 38:58 9195.60 T F 0.964 

[2.16 39:27 42.80 F F 0. 976] ..s . ,,J 
y 2.46 39:27 41.17 F F 0.976 

1.17 39:41 28953.17 T F 0.981 
~ 1.22 40:18 1254.38 T T 0.997 

;;.....,)> 1.-&±-1·;~ 40:27 .688.93 3GI -r:F T 1.000 
(<. • 0 ~· ..-, 1. 02 41:11 486~21 F T 1.019 rJ 

.(lk+JT-? 1.41 42:26 47.33 T T 1.049- s. 
1.21 42:32 260.48 T i(p 1~ l.oS"~ 

374 *** Total *** 43239.93 # of Peaks: 10 

384 0.51 40:16 992.13 T T 0.996 
0.51 40:26 1045.01 T T 1.000 
0.51 41:15 1034.41 T T 1.020 • 0.52 42:24 978.50 T T 1.049 

384 *** Total *** 4050.05 # of Peaks: 4 

390 1.27 39:34 8128.57 T F o.9s2 s.tJ 
y ..., 0.31 39:56 33.14 F F 0. 960-

1.25 40:16 769.60 T F 0.968 
1.27 40:37 5540.13 T F 0.977 
1.23 40:51 1718.12 T F 0.982 
1.29 41:27 213.82 T T 0.997 
1.22 41:35 1656.17 T T 1.000 
1.28 42:04 820.15 T T 1.012 

.1) - 1. 74 42:11 26.67 F T 1.014-S -n/ 
390 *** Total *** 18906.37 # of Peaks: 9 

402 1.21 41:26 666.76 T T 0.996 
1.40 41:35 751.00 T T 1.000 
1.25 42:03 1496.79 T T 1. 011 G. P-5.., 

402 *** Total *** 2914.55 # of Peaks: 3 

408 0.97 44:55 80306.62 T T 1.000 
0.98 '45:31 82164.18 T F 1.014 ,N/f 

J) -1.44 46:28 282.36 F F 1.035-
1.12 47:10 889.77 T T 1.050 

408 *** Total *** 163642.93 # oi' Peaks: 4 

• 418 0.46 44:54 665.73 T T 1.000 
0.28 45:54 63.62 F F 1.022 
0.40 47:09 442.12 T T 1.050 l_ 
0.46 48:18 28.89 T F 1.076 

.. us *** Total *** 1200.36 # of Peaks: 4 

424 1.03 45:22 252355.41 T F 0.976 
1.05 46:29 52514.15 T T 1.000 



I 

• Page Ho . 
11/14/90 

Listing of T904958B.dbf 

Hatched GC PeaKs I Ratio I Ret. 

H_Z Omit . Ratio RT. Area 

424 **'* Total *** 304869.56 

436 1.15 46:28 ..463.06 
0.84 46:44 26.77 

436 *** Total *** 489·. 83 

442 0.94 52:12 41400.75 
0.67 53:48 57.82 

442 *** Total *** 41458.57 

458 0.88 51:57 438953.61 
458 *** Total *** 438953.61 

47o R.;&--~ 1.17 51:56 598.29 
470 *** Total *** 598.29 

*** End of Report *** 

• 

• 

Time 
Hatch 

Rat. 

~ of 

T 
F 
# of 

T 
F 
tt of 

T 
il of 

tT· 
~ of 

o • .. • f '• • I 

r ·~:'• "! ('\ !" ••.• 
.• ...., tJ .:. •J t •• ... !J 

1' •• 

i ••. l ... •,, ,I -· 1 e J • ._ I •i 

Hatch Who/ 
RT REL_RT Why 

PeaKs: 2 

T 1.000 
F 1.006 

PeaKs: 2 

T 1.005 
F 1.036 

Peaks: 2 

T 1.000 
PeaKs: 1 

T 1.000 
PeaKs: 1 

.. . ; 

; .: .... J 
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• Listing of T90495BI.dbf File 
. .• 

Page 1 
11/14/90 Raw Hass. Retention Time arid Data Area 

H_Z mm:ss Data. Area •..•• mm:ss Data. Area ••••• mm:ss Data. Area •••.• mm:ss Data. Area ••••• 

202 10;38 14.03 14:37 12.41 16:47 15.16 19:37 13.78 
10:59 20.21 1-4:44 22.06 17:08 33.60 19:49 21.48 
12:10 29.49 14:52 46.66 17:23 45.63 20:06 47.16 
12:31 19.71' 15:38 14.81 17:40 29.54 20:54 9.60 
13:27 25.88 15:47 11.77 17:48 35.78 21:03 11.72 
13:45 9.61 16:05 23.19 17:57 17.51 
14:00 24.86 16:21 30.38 18:30 18.77 
1-4:22 11.01 16:35 20.82 18:54 11.76 

204 10:30 25.02 13:20 15.25 16:11 25.92 18:46 23.82 
10:46 16.96 13:52 36.93 16:20 19.24 19:11 23.42 
11:11 25.72 1-4:03 36.65 16:28 7.28 19:30 32.30 
11:41 10.17 1-4:20 57.08 16:42 32.36 19:38 20.34 
12:16 16.93 14:28 11.91 17:04 8.03 19:54 51.90 
12:28 12.96 14:37 10.18 17:1-<l 8.96 20:05 8.31 
12:36 13.06 14:47 14.70 17:40 8.07 20:17 37.56 
13:01 19.68 14:55 8.56 18:30 39.28 20:40 14.30 
13:13 37.47 15:24 55.34 18:38 41.00 20:56 17.75 

• 238 17:23 11.59 19:01 19.24 20:35 9.60 21:46 10.57 
17:29 14.57 19:18 23.31 21:15 10.69 22:09 10.68 
17:46 26.76 19:40 10.44 21:25 10.94 

240 17:38 22.79 18:16 8.08 19:38 8.01 20:49 19.38 
17:44 21.87 18:29 22.40 20:24 33.99 22:18 13.29 
18:00 32.27 19:22 18.33 20:36 7.89 

252 18:09 41.13 19:00 13.45 19:51 15.96 22:10 27.48 
18:17 13.89 19:16 34.58 20:46 26.19 22:23 43.75 
18:37 98.43 19:28 45.01 21:42 65.42 22:46 43.55 
18:50 20.95 19:42 79.56 21:51 9-4.96 

254 18:37 15.95 19:55 19.66 21:0-4 15.75 21:39 9.61 
19:00 8.20 20:31 9.01 21:11 17.18 21:55 29.90 
19:38 11.97 20:57 23.22 21:22 21.90 22:51 12.12 

270 22:06 12.29 23:08 15.01 24:45 10.28 
23:00 8.41 24:34 11.71 

272 24:06 21.13 24:26 9.29 24:41 19.93 

286 23:13 7.14 24:44 7.02 :·25:28 12.12 25:57 7.17 

218 11:39 55.66 15:06 63.94 17:12 128.42 20:09 32.22 

• 12:16 34.40 15:33 67.85 l7 :27 48.24 20:34 112.99 

12:52 67.21 15:~8 74.51 17:41 89.94 21:00 61.30 
13:35 44.67 15:58 62.92 18:40 125.86 

~ 14:22 123.28 16:36 90.68 19:20 169.47 
14:47 52.63 16:53 27.62 19:56 40.79 

220 11:24 20.91 13:06 43.56 14:40 37.90 16:13 30.05 
11:40 19.53 13:17 11.76 14:5 7 33.75 1!.:2£, 4 5.07 



I J.L: .:>J. oo. 14 J.4!LJ. ::>I • .£"1 I J.j.::J::J .. ..J •• U I I ..a.u.u-. 
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• Page 2 Listing of T904958l.dbf File 
11/14/90 Raw Hass. Retention Time and Data Area 

H_Z mm:ss Data. Area .•••• mm:ss Data. Area ••••. mm:ss Data .Area ••.•. mm:ss Data.Area •.••• 

220 18:15 40.46 20:02 22.97 20:43 40.98 21:15 50.81 
18:38 9.27 20:31 31.99 21:02 15.44 21:39 53.00 

304 27:09 20.19 28:35 11.66 31:17 10.12 33:21 10.98 
27:24 7.36 28:53 1-4.24 31:30 17.10 34:15 7.67 
27:44 14.83 29:16 7.28 32:15 12.54 
27:56 7.90 29:41 11.84 32:.43 8.96 
28:20 13.27 30:25 23.93 33:02 10.08 

306 27:09 28.45 28:58 -41. 58 30:36 9.83 33:-4 5 10.18 
27:16 9.75 29:17 11.29 32:02 12.52 33:57 6.80 
27:42 6.31 29:35 11.62 32:21 9.39 34 :OS 14.98 
27:55 27.16 29:41 13.74 32:39 14.89 
28:22 35.26 29:52 9.58 32:55 8.80 
28:35 30.22 30:24 31.35 33:16 7.63 

320 28:29 7.07 30:08 19.70 31:11 6.55 34:14 33.61 
29:06 8.08 30:55 7.44 31:58 7.28 34:21 7.01 
29:51 37.36 31:03 11.90 32:20 7.65 34:43 14.12 

• 322 28:52 7. 77 .: 30:04 24.79 31:15 7.78 32:35 10.70 
29:10 10.17 I 30:57 15.42 32:01 6.64 32:45 7.27 I 

29:52 30.22 I 31:04 28.31 32:18 20.40 34:11 49.40 I 

340 31:18 9.53 34:08 345.02 35:11 81.84 36:23 102.91 
32:41 447.42 34:31 8.08 35:24 9.04 36:38 18.50 
33:05 14.85 34:40 24.55 35:34 58.64 37:27 20.01 
33:58 13.38 34:48 28.00 36:09 44.25 

342 32:19 11.15 34:08 204.71 35:52 9.56 38:10 16.10 
32:41 280.64 34:45 45.76 36:06 27.29 
33:12 6.95 35:11 36.88 36:23 34.19 
33:22 6.62 35:34 36.01 37:18 9.11 

356 32:39 8.87 34:13 261.6-4 35:3.4 35.36 36:38 17.09 
32:56 11.60 34:49 78.19 35:47 28.90 36:49 24.37 
33:11 7.95 35:09 39.91 35:55 63.58 36:57 6.14 
33:33 9.61 35:20 41.04 36:12 8.98 37:19 20.26 

358 32:39 14.74 3-4 :4 9 28.68 36:11 9.74 37:41 10.36 
32:50 6.61 35:07 25.72 36:20 7.70 38:06 7.55 
33:06 7.80 35:20 25.14 36:37 29.55 
34:11 171.07 35:35 44.16 36:47 22.12 
34:33 17.48 35:57 60.33 37:18 26.55 

• 316 30:21 1076.68 

318 30:21 1267.93 
;-

328 31:11 1434.90 I 
332 30:57 787.02 31:10 637.97 
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• Page 4 List1ng of T904958l.dbf File 
. 11/14/90 Raw Hass, Retention Time and Data A[~~HWf!iJ~!IT/\L 1\FFAlr.S 

H_Z mm:ss Data .Area ••.•• mm:ss Data.Area ••••• mm:ss Data. Area ••••. mm:ss Data.Area ••••• 

436 46:28 247.36·: 46:44 12.21 47:02 13.78 

438 46:28 215.70 46:44 14.56 

442 48:12 10.70 51:30 14.03 53:33 51.41 
48:23 10.63 52:12 20022.12 53:48 23.29 
49:1-4 15.86 53:03 74.05 54:11 10.71 

444 -4 9:53 10.84 52:11 21378.63 53:18 53.73 53:37 15.·41 
50:33 9.43 53:00 82.01 53:27 26.41 53:50 34.53 

458 51:57 205505.03 53:27 213.17 54:15 17.77 
53:01 247.39 I 53:36 241.84 ,I 

460 51:57 233448.58 53:23 558.43 

470 51:14 9.67 52:11 11.73 52:53 16.40 
51:56 323.01 52:28 15.98 

472 49:57 17.10 51:56 275.28 

• *** End of Report *** 
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·T~S58 . 13-mY-93 22:44 te-2005 CEI•) &.J$:[6513 
~ 3 f: 391.8127 G: 392.9768 H= 4a1.8558 J: 483.8529 J: 4)3.9729 

•=I.FJ/9111 llii1SSS1 
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T004558 . 13-tm-93 22=44 79·2008 · CEI+) . Sus=tWJS 
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1984958 13-HOV-98 

• 
Sa11ple 1 Injection 1 
lext=Lfl/9111 TLII16661 

Sir=Voltage 7B-25BS Sys: DBSUS 
Group 2 nass· 3B3.9B16 

!• • '1 I I r '. • • • ...... . -. . . . . : 
•• ··• r I • ot 

1B3 Hor~= 9 

e ~~~~~v~J!~~J~~~~~~~t~Hw 
26=SB cB=BB 29=1B 3B=2B 3l=3B 32=49 33=5B 3S=BB 36=1B 37:28 

T9B4958 13-NOV-98 Sir:Vollage 7B-25BS Sys: .DBSUS 
Sa~ple l Injection 1 Group 2 nass 385.8987 . 
Text:Lfl/9111 Tll116661 

188 

26=SB 2B=BB 29=1B 
T9B4958 13-HOV-98 
Sa~ple 1 Injection 1 

• Text=Lfl/9111 TLII1SSS1 

IBB 

3B=2B 31=38 32=48 33:SB 
Sir=Voltage 7B-25BS Sys: DBSUS 
Group 2 nass 315.9419 

Hor~= 12 

35=BB 36: IB 37=20 

HorPI= 245 

8~~~~~~----~------~~----~~-¥~--~~~~~ 
26=SB 28=BB 29:1B 

18B 

T9B4958 13-NOV-SB 
Sa~ple 1 Injection 1 
Text=lfl/9111 TLit16SS1 

3B=28 31=38 32:4B 33=5B 
Sir=Voltage 7B-25BS Sys: DBSUS 

Group 2 Mass 317.9389 

35=BB 36: 1B 37=28 

Horn= 269 

B~----~--~----~--~----~----~~~~--~--~----26=58 2B=BB 29=18 
T9B4958 13-NOV-SB 
Sa~ple 1 Injection 1 

• Text=lfl/9111 Tlli16661 

1BB 

OL ,!1. 0 I 1! t 

3B:2B 31=38 32:49 33=5B 
Sir=Voltage 7B~2SBS Sys: OBSUS 

Group 2 fiass 375.8364 

3S=BB 

I ./. J. t I r ' ' ,), . ! I, . r. ! " 

36=1B 37=2~ 

tlorPl: 12 

r 



.. 

T984958 '13-HOV-98 Sir:Voltage 78-2585 Sys= DB5US 

• 
Sa~ple 1 Injection 1 Group 2 nass 319.8965 
Text=Lfl/9111 TLIIlSSSl 

[!''\'.m:' .,. . 
• • • & ' .... :. ' .. ; a.·=. I.J 

• I •• • • ,; 

19B Hor~= 17 

8~~~~~~~~~~~~~~~~~~~~~~~~~~ 
26=58 28:88 29=18 3B=28 31=38 32=48 33=58 35=88 36=18 37=2B 

1BB 

T9B4958 . 13-HOV-98 SLr=Voltage 7B-2SBS Sys: DBSUS 
SaAple 1 Injection 1 Group 2 ~ass 321.8936 
Text:Lfl/9111 Tlii166S1 

39=28 31=3B 32=49 33=SB 
Sir=Voltage 7B-2SBS Sys: DBSUS 

Group 2 ~ass 327.8847 

NorA: 

35=9B 36:18 37=2B 

12 

9~----~--~----~--~----~----~~~----~--~--~ 26=59 28=BB 29=1B 

1BB 

T9B4958 13-HOV-98 
Sa·~ple 1 Injection 1 
Text:Lfl/9111 TLIIlSSSl 

3B=2B 31=38 32=48 33=SB 
Sir=Voltage 7B-25BS Sys: DBSUS 

Group 2 ~ass 331.9368 

3S=BB 36= lB 37=28 

Hor111: 191 

B~~~~~~--~~~~~~~~--~~~~~~~~~~ 
26=5B 2B:BB 29=19 3B=2B 31=38 32=4B . 33=58 35=BB 3S=1B 37=2B 
T9B4958 13-HOV-98 Sir=Voltage 7B-25BS Sys: DBSUS 
Sa~ple 1 Injection 1 Group 2 Mass 333.9338 

• Text=lfl/9111 TLII16661 

Hor111: 244 



I .. 
•• • •• 1 ·: • ! ~I • ·~ 

T9B495B 13-HOV-98 Sir=Volta9e 7B-25BS Sys: DB5US . ( 
,,., "! 0 ,,.- .... 
.._. ~ ·J ..... ,J 

SaAple 1 Injection 1 Group 2 ftass 339.8597 
~ Text=lFI/9111 Tlii166Sl .......... ·' 

IBB Horl'= 197 

B~--~~--~--~~~~----Y-~~~~~~-9~--~~-
26=59 2B=BB 29=1B 39=2B 31=39 · 32=49 33=59 35=BB 36=18 37:2B 

T9B495B 13-NOV-99 Sir:Voltage 79-2585 Sys: DBSUS 
Sa~ple 1 Injection 1 Group 2 Mass 341.8567 
Text=lfl/9111 TLIII6661 

IHH Hor~= 67 

B~~~~~~~~~~~~~~~~~~~~~~~~~~ 
26=59 28:99 29=1B 

T9B495B 13-HOV-98 
Sa~ple 1 Injection 1 

~ Text=lfl/9111 Tlll16661 

1BB 

3B=2B 31=3B 32=49 33=59 
Sir:Voltage 78-2585 Sys: DB5US 
Group 2 nass 351.9BBB 

3S=BB 36=19 37=23 

Norfl= 148 

B~~--~----~~------~--+---~~--~~~~--~---26=59 2B=BB 29=1B 

1BB 

1984958 13-NOV-SB 
SaAple 1 lnjecti.on 1 
Text=lfl/9111 TLI1166Gl 

39=28 31=3B 32=49 33=58 
Sir=Voltage 78-2595 Sys: DBSUS 

Group 2 ~ass 353.8979 

35=BB 36= 18 37=2B 

HorR: 116 

8~----~~~~--~---+----~--~~~~---Y~--~--~ 26=59 2B=9B 29:18 3B=2B 31 =3B 32=48 33=59 35=BB 36= IB 37=20 
1994958 13-HOV-98 Sir=Voltage 7B-2SBS Sys: DBSUS 
Sa~ple 1 Injection 1 Group 2 Mass 4B9.7974 

~ Text=Lfl/9111 TLII16661 

1BB HorR: B 

p ~L~~}J.t__LJJ}w<LJ_,L!JJ-J~~J~u~JclwcJJ1 )-



I 

T9B495B 13-HOV-SB Sir=Volta9e 7B-25BS Sys: DBSUS · 

• 
Sa~ple 1 Injection 1 Group 2 ftass 355.8546 
lext:lFl/9111 llltlSSSl 

B 
26=59 2B:9B 29:19 39:29 31:39 32:49 33=5B 

T9B49SB 13-HOV-99 Sir=Voltage 78-2595 Sys= DBSUS 
Sa~ple 1 lnjecti.on 1 Gr~up 2 ~ass 357.8516 
Text=lFl/9111 Tlii1SSS1 

BB 
68 
48 ., 

26=58 28=89 29= 1B 3B=2B 31 =39 32=4B 33:59 
T9B495B 13-HOV-99 Sir=Voltage 79-25BS Sys: DBSUS 
Sa"ple 1 lnjecti.on 1 Group 2 Mass 367.8949 
lext=Lfl/9111 ll111SSS1 

18 

.' . 
. · .· .. 

0 ... 0 0 

r ,, .. , .. (I •..•. • ~ .. .:.. ._; i_'e; 

,.... .. . .. . . 
i.... • : . '._· ~ : ; ... ~ • ' ~ L , ....••.. I 

Hor"= 74 

35=9B 36=19 37=29 

Hor": 41 

35=8B 36=1B 37=29 

Nor : 72 

B~~~~~~~~~~~~~~~~~~~~~~~~~~ 

60 
4B 
20 

26:59 28=89 29=19 
T9B495B 13-HOV-99 
sa~ple 1 lnjecli.on 1 
Text=Lfl/9111 TLII16661 

.39=28 31 =3B 32=49 33=59 
Sir=Voltage 79-2595 Sys= DBSUS 

Group 2 Mass 369.8919 

35=BB 36=19 37=29 

Hor. : 61 



I ,. :;· " .. ': ·. >~ .. !· ··.' .. · . 
. . . . ... 

1984958 13-HOV-98 Slr:Voltage 78-2585 Sys: DB5US 

• 
Sa"ple 1 Injectlon 1 Group 3 ftass 373.8288 
Text=lFI/9111 Tli116SS1 

r .,. 'I .. (\ ..... 
. \; \: l .. . " 

• lv,. •' 

:· . ... , ...... 
• ""• • I' eL., I •• • o •• • • .; 

1BB Hor~= 3843 

B+-~~----~~~~~~----~---r----~--~--~~---
38:39 39=BB 39=3B 4B:BB 4B=3B 41:BB . 41=38 42=BB 42=3B 43=BB 

TSB4958 13-HOV-SB Sir=Voltage 7B-2SBS Sys= OBSUS 
Sa~ple 1 Injection 1 Group 3 nass 375.8178 
1ext=LFI/9111 1LI116661 

lBO Horn= 321B 

e~~~~--~~--~~~----~----~~----~--~~---38=38 39=BB 39=3B 4B=BB 4B=3B 41:BB 41=3B 42=BB 42=3B 43=BB 
1984958 13-NOV-SB Slr:Voltage 78-25BS Sys= DBSUS 

• 
Saftple 1 Injection 1 Group 3 ftass 383.8639 
Text:Lfl/9111 TLII16661 

lBB Hor~t= 94 

B~--~--~~----~~~~~~~~~~~--~~~~---
3B=3B 39=BB 39=3B 4B=BB 4B=3B 41=BB 41=38 42=BB 42=3B 43=BB 

lBB 

1984958 13-HOV-9B Sir=Voltage 7B-25BS Sys: DBSUS 
Sartple I Injection 1 Group 3 nass 385.8618 
Text=Lfl/9111 TLII16661 

4B=BB 4B=3B 41=BB 41=33 
Sir:Voltage 7B-25BS Sys= DB5US 

Group 3 r.ass 445.7555 

Hor111: 

42=9B 42=3B 43=BB 

173 

188~ . ~~: 5 

d II~ 1 .. llldL~. k.~ ~~~~~JL, .Jtl~.LJ»}v!JivJJL.LJL . . ~· 



f 

1984958 13-HOV-99 . Sir=Voltage 79-259S Sys= DBSUS . 

• 
Sa~ple 1 Injection 1 Group 3 ftass 389.8156 
Text=lfl/9111 TLII1666l 

lBB 
BB 
69 
49 
2B 

.J 
r •r:'/ -: " -.~. ') 
I.,; \: .L • .. ' I ....... 

,. 
i.... . ............ ···- a ••• ,,i .... .J 

HorR= 1134. 

B+---~--~~~--~~~~~~--~~~~-'~~~----~---
38=38 . 39=BB 39=3B 4B=BB 4B=3B 41=BB 41=3B 42=BB 42=3B 43=BB 

1984958 13-NOV-99 Si~=Voltage 7B-25BS Sys: DBSUS 
Sa~ple 1 Injeclton 1 Group 3 ~ass 391.9127 
Text=lfl/9111 TLII1SSE1 

Hor11= 937 

-3B=3B 39:89 39=39 49=BB 48=39 41=BB 41 =39 42=B9 42=3B 43=BB 
1984958 13-HOV-SB Slr=Voltage 7B-25BS Sys= DB5US 
Sa"ple 1 Injection 1 Group 3 "ass 481.8558 
Text:lfl/9111 TLII166Sl 

NorA= 178 
BB 
6B 
4H 
2B 
D 
38=3B 39=BB 39=3B 4B=BB 4B=3B 41 =BB 41=3B 42=BB 42=39 43=BB 

1994958 13-HOV-SB Sir=Voltage 7B-25BS Sys: D85US 
Sa~ple 1 Injection 1 Group 3 ~ass 483.8529 
Text=lfl/9111 TLII16661 

ca Hor11= 134 

6B 
4B .M 2e 

,r 
~ 

. 
~ 



f ,. 

T9B495B 13-NOV-99 Slr=Voltage 79-25BS Sys: DBSUS . 

• 
Sa~ple 1 Injection 1 Group 4 ftass 487.7818 
Text=LFI/9111 TLIIIGGS1 

lBB 

B 
44=29 45=39 46=49 47=59 49=99 59= IB 

T9B4958 13-HOV-99 Slr=Voltage /B-2585 Sys= OBSUS 
Sa~ple 1 Injection 1 Group 4 ~ass 4B9.77B9 
Text=lfl/9111 TLII16661 

lB8 

B 
44=29 45=38 46=49 4/=SB 49=BB 59=1B 

T9B495B 13-HOV-SB Slr:Voltage 7B-2SBS Sys= OBSUS 
Sa~ple 1 Injection 1 

• Text=LFI/9111 TLII16661 
Group·4 nass 417.8253 

lBB 

B 
44=2B 45=3B 46=4B 47=5B 49=BB ·sB=lB 

T9B4958 13-NOV-SB Sir=Voltage 7B-25BS Sys= DBSUS 
Sa~~tple 1 Injection 1 Group 4 Mass 419.B22B 
Text=Lfl/9111 TLII1S66l 

lBB 

44=2B 45=39- 46=49 47=58 49=BB 5B=1B 
T9B49SB 13-HOV-SB Sir=Voltage 7B-25BS Sys: DBSUS 
Sa~ple 1 Injection 1 Group 4 Mass 479.7165 
Text=Lfl/9111 TLII16661 • lBC 

J .~ ~ .. k uJ L ,, J., .11 U lJ.I! "I l.h" .l.n J. .. l 1.. A~ 

51 =29 

51 =29 

51=2B 

51:29 

-·· .. . . · ........ 
··.J 

r-.. . •. . . . . 
...... . . .... ~ ·•-·l i' .~ ' .••... .• .~ 

NorR= B93B 

52:39 53=49 54=59 

Horn= SBB2 

52=3B 53=49 54=59 

Nor11= 63 

52=3B 53=49 54=58 

Horft: 98 

52=39 53=49 54=59 

Nor~= 9 



f 

1994958 13-HOV-99 
Sa~ple J Injection 1 

~ lext=Lfl/9111 TllllSSSl 

lBB 
BB 
EB 
49 
28 
B 

19B 
BB 
EB 
49 .e 

lBB 
BB 
so 
4B 
2B 
B 

flaB 
se 
4B 
2C 

44:28 45:39 
1994958 13-HOV-99 
Sanple l Injection 1 
Text=lfl/9111 TllllS661 

44:29 45=39 
T9B495B 13-HOV-9B 
SaAple 1 .Injection l 
lext=LFI/9111 TLII1SS61 

44:28 45:38 
1994958 13-NOV-99 
SaP!ple 1 Injection 1 
Text:LFI/9111 Tlii1S661 

r: .... • ' ! ,. 0 J ,. ' 

..... : 

.. .J 

Sir=Voltage 7B-25BS Sys: DB5US . t:~·~tl 0 L~J 
Group 4 nass 423.7/66 

,... . . . ' 
·-·. . ••.• -· .. '. ··- ; ., •• ,, ••• J 

Hor~= 29843 

46=49 47=59 49=BB SB=lB 51=2B 52=3B 53=4B 54=5B 
Sir=Vollage 7B-259S Sys: DB5US 
Group 4 ftass 425.7737 

Nor~= 28896 

46=48 47=59 49=BB SB=lB 51=29 52=39 53=49 54=5B 
Str=Voltage 7B-25BS Sys: DBSUS 

Group 4 "ass 435.8169 

46=48 47=5B . 49=BB 5B=1B 51=28 52=39 53=49 · 54=50 
Sir=Voltage 7B-25BS. Sys: DBSUS 

Group 4 "ass 437.814B 

NorA= 43 

. . ·"· . ' .t . • .. !. I .... k 1,.,/ .. .!I ·' . . 1. ·' I 
• ...... 1\ .... ,t . .' ·' ,. 



f . . 
'· : • :··! .. • . ; I' i 

• . . • • : I : , .. ,, 
•f 
..J 

1994958 13-NOV-SB Sir=Yoltage 78-2585 Sys: DB5US . [''"I'! !) ~ v,~, .. .; · . .:.. ~ ,_ .... u 
Sa~ple 1 Injection 1 Group 4 nass 441.7428 

~ Text:Lfl/9111 TLII1SSS1 . 
I •• d- .. ; . ;,I, . ..J 

19 Hort~= 2914 

BB 

6B 

~B 

2B 

B 
44=29 45=39 46=49 47=5B 49=9B 59= IB 51:29 52=3B 53=49 54=5B 

T9B495B · 13-HOV-SB Sir=Voltage 7B-25BS Sys: DBSUS 
Sa,qple 1 Injection 1 Group 4 nass 443.7399 
Text=LFI/9111 ll111S661 

1BB Horfl: 3139 

• 
6B 

4B 

2B 

B 
44=29 45=3B 46=4B 47=59 49=BB SB= lB 51 =2B 52=3B 53=4B 54=5B 

T9B495B 13-HOV-SB SLr=Voltage 7B-25BS Sys: DBSUS 
sa,.ple 1 Injection 1 Group 4 nass 513.6775 
lext=lFI/9111 TLII16661 

tee Hor11= 15 

BB 

• 48 

2B 

- 1 .• 



I 
'· ... ' 

I 

./ • I 
,,..,." 

T9B495B 13-HOV-SB SLr=Voltage 79-25BS Sys: DBSUS · .. , .. ,: ~ \' ...... J 
i ,,..; ·. -

• Sal'iol~ 1 Injection 1 Group 4 ftass 457.7377 
i\\'q \IH' Text=lfl/9111 Tli11SSS1 c:':~~~m!l·:·:~nM. , .,.\ .· . .). 

lBB HorR= 34974 
BB 
EB 
48 
2B 
B 

44=28 45=38 46=4B 47=58 49=BB 58= IB 51 =28 52=3B 53=49 54=58 
T9B4958 13-HOV-98 Sir=Voltage 78-2595 Sys: DBSUS 
Sa•~ple 1 lnjecti.on 1 Group 4 ~ass 459.7348 
Text=LFI/9111 TLII16ES1 

lBB Horft= 37748 
BB 
68 
4B 

~ 
44=28 45=38 46=48 47=58 49=BB SB= 1B 51 =2B 52=3B 53=4B 54=50 

T9B495B 13-HOV-98 Sir=Voltage 7B-25BS Sys: DBSUS 
SaRple 1 Injection 1 Group 4 Mass 469.7779 
Text=LFI/9111 TLII16661 

1HB Nor~t= 61 
BB 
EB 
4B 
29 
B 

44=28 45=39 46=49 47=58 49=9B 5B=1B 51 =2B 52=33 53:48 54=59 
T9B495B 13-HOV-99 Sir=Voltage 7B-2SBS Sys: DBSUS 
Sa"ple 1 lnjectlon 1 Group 4 ~ass 471.7759 
Text=LFI/9111 TLII16661 

• NorA= 49 

4B 
2B 

.'1 
,?-
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• '004~ . 13-fUtl-93 22=44 79-2&15 CEI•) &Js:tem · 
~ 2 R: S39.8!ID H: 341.8$7 O: 351.£(9) P: 353.8979 Q: 3$.854S 
·en =lFI/9111 llli1S6S1 

• 

• 

.. 
I 

. .... .. . 
t.ee ,. 

1 ·~'I .. n . . 13.92S3 ..... ~ .i. ~· 1 .... : 

£1~'\'[D(l(.P ·r . 
'" .... "ri.·. ·-·J .. ,, ..... ·····J 

1.99 
13.92S3 

1.00 
13.9263 



I •. . 
ltl34~ 13-fm-93 22=44 78~ . CEI•) Sqs:OO!it3 

1'£! 2 g: li5.854S R= ~.851S· S: 337.SS49 T: ~.8919 u: 315.m4 
!)! :Lfl/9111 llli1SSS1 . 

.Q 51 •11~ A = 21.51 

58 

58 

58 

e 
~=~ 37=00 37=~ ~=00 ~:~ 

• 

• 

1.~ 
8.5884 

1.00 
7.11£6 

1.00 
72.1835 

39=00 

.... ... . .. 
: . L . : r· ; .. ~ -. 

.. .. ~ : : ·; ! 
,,, .... ,.,. · ... J 
,,,.; :; J.. D ~~ ... , ·-J 

-~· 

:···· ... . - . ., . 
.... • .. • • "'.:. : • 0 i' •l .... ,. 

·· - .• /, • ._ /l!·n/111• . . ' ' . ~..) 

ttt6 1',. F 
( I ,. (.., 



.. . 
T~~ 131f1tl-93 22=44 78·2005 CEI+) &Js:W 
12 Q: '16,854S R: lV.8516 S: $7.8949 T: ~.8919 U: 315.~ 
ext :Lfl/9111 TLII1SSS1 . 

.0 Sl11111i! 

• 

• 

1.&3 
8.&* 

1.&3 
7 .11!J5 

1.£43 
72.1~ 

! . . 
I 

i.. 

[ •. l . 'lf::tn • 

.. 
... :0 

._,. . 
•..• ' .. 

.. i.l'··•/ft'''···· 
'-

1
' I 1 '• / : r -·I Iii., i ·• 

. '·····J 



I . . 
.~~. 13-fl1t'-93 22=44 i'8-!m CEI•) Sr,Js:W 
~ 3 A: ·373.8m3 B: 315.8178 C: 333.9339 D= !5.0018 £: ~.81$ 
·m. :Lfii91111llllSSS1 

.R Sl 1~ • 200.22 

48:~ 41 :£t3 41 :~ 42:00 42:~ 43:00 

• 

• 

t . . . ., - ... 
:: . . . . = i! ~ .:· . ; . -· 
I . I • :. . . . . . ' . ; . . . . . 

I . 

{·•r; ·1 .. . 
·~,;, : (\ 1.·-:-,.. . . . - .... . 

""'' ;... 

[ ... , .. ''Jr:IJJ·'· 
•• l • !1, •• . I ! 

• '•• ... I • • ' ••• ,..._, 



I , . 
. 14£68 • 13-ffR-93 22=44 78-a5 CEI+) &Js·Im..S 
G! 3 A: 373.8200 8: 315.8178 C: :m.9339 D: ~.9318 £: 389.81$ 
-!Xt :Lfl/9111 lli11SSS1 

: 248.42 . 

• 

• 

:00 

1.(13 
52.2729 

1.~· 
~.2729 

1.&3 
52.2729 

r: .. f··· . : . - . r; ·. r 
I! . t, . . j • .. :. ' . 

(
.;: ·' ·. ·· .... {r:. };'. ;.·.' ,··.~ .. 
. . 

.• ~ 

r,,.. .. . 
... J v : (l 7 ... ·a · .. _ - (,.' . 

"-·\.. 

C.'t'/!WJII~t! ~"~IJ '' · · IlL · · -·· I /'• ;·/1'. . •• ··1 •.. .,: 

3 



I ! • 

.~~ 13i£H-93 22:44 78-a:m CEI+) &Js:IB!iJS 
~ 3 A: ·373.8288 B: ~.8178 C: 383.8639 D: !5.Eo31B [: ~.8156 
ext:LFII9l11llii1SSS1 

• Sl-- l.te 
18.9375 

1.00 
18.9375 

1.00 
18.9375 

4a:38 41:00 41:38 42:00 42:38 43:00 

• 

• 

["'I '!f.,"·•if,Jr..lr·r.f1 ., ..• 
······~:~·lt·. f\l l't·'·Jil'''" f{LJ -· · •'- : I I ,J 

~ I" ~() 
\l~l~-' 



I ... .. 
. »1£68 - 131111'-93 22=44 ?a-as CEI•) ~=aats 
~ 4 0= 469.7}79 P= 471.7i53 Q: 479.7165 R= 513.677j 
-!Xt=LFII91111UI1SSS1 

= 2$.61 

51=38 52=ee 52=38 53:ee 53:39 54=ee 

• 

• 

1.&3 
68.7743 

1.9B 
48.~ 

.. 
'· ; 

! . . . 
• 

~ ,,~., ... 
I.· . .: \: : l1 "'!':· ... ,l ····-' 

- -_, i._,., •j 

t·· "1'/r:. . , 
·- •• ~ • • • : f ·I .• ; f o, 

• ·-·.: '· ... 1/·' L I 
I I I:: . ,•:;; :.·;, 

. ..... 
::5" 
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TRIANGLE LABORATORIES; INC. Page 1 of 2 
PCDD/PCOF 2378X ANALY~IS (b) , 11/15/90 

FILE NAME •••• : S904212 
CONCAL (VER).:.S904209 
PROJECT NUMBER: 16661 
ANALYST •..••• : TM 
SAMPLE SIZE •• : 9.460 g 
DATE RECEIVED.: 11/10/90 
SPIKE FILE ..• : SPX23710 

.... ... , ......... . . ., ....... . 

CLIENT ID •.•• : SWP TLI NUMBER .••• : 37-26-1 
SAMPLE ID •••• : LF1/9110 COIL) 
ICAL DATE ••.. : 10/15/90 
AI:AL YSIS DATE: 11/08/90 
SAMPLE MATRIX: SOIL SAMPLE ORIGIN: WILMINGTN 
DATE COLLECTED: 10/09/90 

SHIPMENT NO •.. : NC09001 
------------------------------------------------------------------------------------------------------------------------------------------------------------
NAME CONC(ppb) NUMBER OL EMPC RATIO RT FLAGS 

2378-TCOO NO 0.03 
12378-PeCDO NO 0.04 
123478-HxCOO EMPC 0.11 
123678-HxCOD 1. 3 1.30 41:53 
123789-HxCOD 0.61 1.32 42:20 .ec... 
1234678-HpCDD 65.5 1. 07 46:46 
OCOO 621 0.86 52: 16 _B._ 

2378-TCDF NO 0.02 
12378-PeCOF EMPC 0.07 
23478-PeCOF EMPC 0.08 . 
123478-HxCDF o. 77 1.15 40:35 
123678-HxCDF 0.24 1.25 40:45 
234678-HxCOF . o. 41 1.27 41:28 .a_ 
123789-HxCDF NO 0.04 
1234678-HpCOF 59.5 0.95 45:12 
1234789-HpCDF EMPC 1.0 
OCOF 63.2 0.90 52:32 

TOTAL TCDD EMPC 0.04 
TOTAL PeCDO 0.72 4 0.91 1. 63 
TOTAL HxCDD 16.4 6 16.5 1. 29 
TOTAL HpCDO 461 2 1.05 

TOTAL TCDF NO 0.02 
TOTAL PeCDF 0.98 3 1. 3 1. 74 
TOTAL HxCDF 31.4 8 31.5 1. 19 
TOTAL HpCDF 147 2 148 0.95 
---------~--------------------------------------------------------------------

Mlf JULL/:19. X237_RPT rev:3.03 
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TRIANGLE LABORATORIES, INC. 
r ., .. , -: 0 •... -,, 
, .. ; ~ · . .' 1. .. ·J 

PCDD/PCDF 2378X ANALYSIS (b) CA/QC SUMMARY . . 

Page 2 ·of 2 
11/15/90 

FILE NAME •••• : S904212 
CONCAL (VER).: S904209 
PROJECT NUMBER: 16661 
ANALYST ..•••. : TM 

CLIENT IO ..•• : SWP TLI NUMBER •••• : 37-26-1 
SAMPLE IO •••• : LF1/9110 (OIL) 
!CAL DATE ..•• : 10/15/90 
ANALYSIS DATE: 11/08/90 

SAMPLE SIZE .• : 9.460 g 
DATE RECEIVED.: 11/10/90 
SPIKE FILE ... : SPX23710 

SAMPLE MATRIX: SOIL SAMPLE ORIGIN: WILMINGTN 
DATE COLLECTED: 10/09/90 

SHIPMENT NO ... : NC09001 
------------------------------------------------------------------------------------------------------------------------------------------------------------
SURROGATE RECOVERY SUMMARY (TYPE B ) 
--------------------------------------------------------------------------------------------------------------------------------------------------------
NAME 

37Cl-TCDD 
13C12-PeCDF 234 
13C12-HxCDF 478 
13C12-HxCDD 478 
13C12-HpCOF 789 

CONC (ppb) 

0.91 
'1 • 1 
0.63 
0.73 
0.55 

% REC. 

86.4 
108 
59.6 
69.4 
52.4 

ALTERNATE STANDARDS RECOVERY SUMMARY (TYPE B ) 

RATIO 

1.53 
0.52 
1. 07 
0.43 

RT 

31:32 
36:27 
40:34 
41:43 
47:26 

FLAGS 

--------------------------------------------------------------------------------------------------------------------------------------------------------
NAME 

13C12-HxCDF 789 
13C12-HxCOF 234 

CONC (ppb) 

0.74 
0.65 

INTERNAL STANDARDS RECOVERY SUMMARY 

% REC. 

70.0 
61.7 

RATIO 

0.54 
0.51 

RT 

42:42 
41:33 

FLAGS 

--------------------------------------------------------------------------------------------------------------------------------------------------------
NAME 

13C12-2378-TCDF 
13C12-2378-TCDD 
13C12-PeCDF 123 
13C12-PeCDD 123 
13C12-HxCOF 678 
13C12-HxCOD 678 
13C12-HpCDF 678 
13C12-HpCDD 678 
13C12-0CDD 

CONC (ppb) 

0.84 
0.98 
0.95 
1.1 
0.56 
0.72 
0.55 
0.53 
1.5 

% REC. 

79.0 
92.3 
89.7 

105 
53.2 
68.3 
52.4 
50.1 
72.7 

RATIO 

0.83 
0.84 
1. 43 
1.55 
0.49 
1.30 
0.41 
1.05 
0.99 

RT 

30:42 
31:30 
35:29 
36:56 
40:44 
41:52 
45:11 
46:45 
52:16 

FLAGS 

X237_RPT rev:3.03 



• 8-Fil.e/Header- Changes 
Manual Integr·atJon~ 

1 ran<:-cnpt1on 
Dbase Con·ect1om, 

I" t:·;~-:- Uv. 
11/ HJ/9(: 

1 

imtJB] 

L.LstHl~.l oi S90ti 7128 .dl>f 

. . ' 

.. ... .. · ,. 

r ·. -.· .. , ~.:.. " . 1:.: ~! 

:· 

M.:ttchnrl GC Peal\!=. I Rc::t.J.o f Ret. T l•T•o:? 

Match 11atcl1 Wtlo/ 
M_Z Omit l~atlC• rn. Area r::at RT REL_RT ~·lhy 

• 

30.1 

3Ho 
316 

320 

320 

328 

328 

.: •. : ... 2 

332 

• Z..oiO 

7.f.:58 
j) 0.8Z. 30:44 ~

1.60 

0.75 32:19 
0. 97 Z.2: ~.';J 

'J) - 0 .4 j 34 : 2 ' 
:t.~:... 1 01.il1 ~·;:j: * 

0.83 30:42 
:::~:* Total :tu 

9 -1.95 
1.42 

[

0.81 
1.30 
1.43 

j) 0.~~ 
1.11 

U
.60 
.28 

\) 4-• I 

29:11 
30:13 
30:26 
:.o: 4 2 
31:16 
31:24 
32:38 
?·4: 25 
34:33 
35~27 

*** Total :u:t: 

0.00 31:32 
0.00 31:53 

n:::t Total ~~:t 

0.79 31:17 
O.R4 31:30 

**.t Total *** 

1. 7£. 
1.~8 

1. 77 
~K.~ o.s6 

1.00 
1> -0.37 

~~-0-- 1.10 
2.00 

Co. f.£, 
:!) O.(,J 

1.43 
1.39 
J. 53 
~I . (,(., 

32:59 
34:25 
~5:08 

35:30 
35: ~.4 
36: o~. 

-3£.:2(: 
::!-& :44 
37:3) 
37:49 

:=;s::2'? 
z.s: ~.o 

58.44 
54. (~9 
21.59 
£,1 . r.~ .. 
73.90 

770.47 

7.f.06.87 
3RO£..f.7 

50.73 
] 03.97 

50.93 
21.47 
21.07 
50.57 
18.30 
16.63 
37.82 
54.U .. 

426.65 

1395.Z.8 
977. 18 
JlO.t.:. 
lii .OS 
701.53 

25.£:7 

i24. 2(, 

'27. 08 
2'?.'?1 

-~.~ ?' ... ~;.~...,~ .... t.. 

174r .. l.:"· 
C~l . 1 7 

2•i5J..lf· 
7/.Cl:' 

F F 
1 T 
T r 
F F 
F F 
:t1 Clt" P.::aa~·.s: 

T T 
·.fl of P~a~~s: 

F F 
F F 
T F 
F F 
F F 
F F 
F F 
F F 
F F 
F F 
-II o1 Peaks: 

0.944] 
l. 001 s. ,.J 
1.053 
1.074 
1.121-~.w 

5 

1.000 
1 

o.n6- s . .-J 
0.959 

~:H;U s." 
0.997 
1.03 

1.09~1 
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~.JO 3~.:2'? 

2.·$5 35:40 
l.SD 35:53 

p -1.£,7 3!.:07 
1 .. 57 3t~:H. 
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~.o. f;i 
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10~·.17 

2492 .0(1 
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0.97b 
1. ono 
1.019-r.l/f 
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17. f.t. 

30. ;,c:. 
lt.. 23 
3! •. 06 
97.94 

17 ;40 
H:~10 

19:13 

J ·i: 02 
14 :27 
J 4 : •l:. 

1 ~: l•i 
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lA . .:.O 
17.8£. 

74. (·=· 
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79.93 
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:?.4 :25 
34:49 

35:23 

35:01 
35:07 

35:38 
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40:00 23£.85.57 41:07 l1.'70 42:25 11.21 
40:26 57.62 41:11 31.98 42:43 50.28 
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TRIANGLE LABORATORIES; INC. Page 1 of 2 
PCDD/PCDF 2378X ANALYSIS(b)···· .. : ............. ~ 11/15/90 

FILE NAME •.••• : S903790 
CONCAL (VER).: S903783 
PROJECT NUMBER: 16661 
ANALYST ..••.. : CP 
SAMPLE SIZE •• : 9.460 9 
DATE RECEIVED.: 10/10/90 
SPIKE FILE ... : SPX23710 

CLIENT ID •••• : SWP 
SAMPLE ID ••.• : LF1/9110 
!CAL DATE .••• : 10/13/90 
ANALYSIS DATE: 10/18/90 
SAMPLE MATRIX: SOIL 
DATE COLLECTED: 10/09/90 

TLI NUMBER •.•• : 37-26-1 

SAMPLE ORIGIN: WILMINGTO 

SHIPMENT NO .•. : NC09001 
------------------------------------------------------------------------------------------------------------------------------------------------------------
NAME CONC(ppb) NUMBER DL EMPC RATIO RT FLAGS 

2378-TCDD EMPC 0.004 
12378-PeCDD 0.03 1. 56 36:55 
123478-HxCDD 0. 10 1.24 41:41 
123678-HxCDD 1.3 1. 22 41:49 
123789-HxCDD 0.22 1. 23 42:15 
1234678-HpCDD 19.6 1.00 46:34 .5_ 
OCDD 56.3 0.92 52:00 ~ 

2378-TCDF 0.02 0.74 30:47 
12378-PeCDF 0.06 1.67 35:29 
23478-PeCDF 0.06 1. 59 36:26 .JL 
123478-HxCDF 0.71 1.15 40:32 
123678-HxCDF 0.24 1. 16 40:41 
234678-HxCDF 0.16 1.18 41:31 A 
123789-HxCDF 0.04 1.15 42:37 
1234678-HpCDF 9.7 0.92 45:05 s__ 
1234789-HpCDF 0.17 0.88 47:14 
OCDF 28.4 0.96 52:13 _s_ 

TOTAL TCDD 0.14 7 0.17 0.75 
TOTAL PeCDD 0.48 11 1.51 ]I 
TOTAL HxCDD 15.2 8 15.2 1.20 5 
TOTAL HpCDD 49.1 2 1. 00 _s_ 

TOTAL TCDF 0.09 8 0.11 0.76 :a TOTAL PeCDF 0.92 10 0.92 1.54 
TOTAL HxCDF 3.9 9 13.8 1.16 _s_ 
TOTAL HpCDF 25.4 3 25.6 0.91 _:S... 
------------------------------------------------------------------------------

17{/.5.. !.U!D~: X237_RPT rev:3.03 
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TRIANGLE LABORATORIES, ~NC.i;:]'J l D ~=~~J ····~age 2 of 2 
PCDD/PCDF 2378X ANALYSIS (b) QA/QC SUMMARY 11/15/90 

,. ······ 
L, .... ;., ....... : . ~L· /· 0, ·' 

•I • • • I I l ,J : ; ~= • • •J 

FILE NAME •.•• : S903790 
CONCAL (VER).: S903783 
PROJECT NUMBER: 16661 
ANALYST •.•••• : CP 
SAMPLE SIZE .. : 9.460 g 
DATE RECEIVED.: 10/10/90 
SPIKE FILE ... : SPX23710 

CLIENT ID •••• : SWP 
SAMPLE ID ••.• : LF1/9110 
!CAL DATE ..•. : 10/1~/90 
ANALYSIS DATE: 10/18/90 
SAMPLE MATRIX: SOIL 
DATE COLLECTED: 10/09/90 

TLI NUMBER •••• : 37-26-1 

SAMPLE ORIGIN: WILMINGTO 

SHIPMENT NO ... : NC09001 
------------------------------------------------------------------------------------------------------------------------------------------------------------
SURROGATE RECOVERY SUMMARY (TYPE 8 ) 
============================================================================ 
NAME 

37Cl-TCDD 
13C12-PeCDF 234 
13C12-HxCDF 478 
13C12-HxCDD 478 
13C12-HpCOF 789 

CONC (ppb) 

0.84 
0.92 
0.95 
1.1 
0.66 

% REC. 

79.7 
87.3 
89.8 

101 
62.6 

ALTERNATE STANDARDS RECOVERY SUMMARY (TYPE 8 ) 

RATIO 

1. 53 
0.52 
1.19 
0.44 

RT 

31:40 
36:26 
40:31 
41:40 
47:13 

FLAGS 

--------------------------------------------------------------------------------------------------------------------------------------------------------
NAME 

13C12-HxCDF 789 
13C12-HxCDF 234 

CONC (ppb) 

0.86 
0.92 

INTERNAL STANDARDS RECOVERY SUMMARY 

% REC . 

81.0 
87.1 

RATIO 

0.50 
0.51 

RT 

42:36 
41:30 

FLAGS 

--------------------------------------------------------------------------------------------------------------------------------------------------------
NAME 

13C12-2378-TCDF 
13C12-2378-TCDD 
13C12-PeCDF 123 
13C12-PeCDD 123 
13C12-HxCDF 678 
13C12-HxCDD 678 
13C12-HpCDF 678 
13C12-HpCDD 678 
13C12-0CDD 

Ofd 

CONC (ppb) 

0.66 
0.85 
0.84 
1 • 1 
0.85 
0.98 
0.69 
0.76 
1.5 

% REC. 

62.1 
80.4 
79.3 

109 
80.3 
93.1 
64.8 

·12.3 
69.6 

RATIO 

0.78 
0.81 
1. 53 
1. 58 
0.52 
1.18 
0.46 
1.03 
0.98 

RT 

30:47 
31:38 
35:29 
36:55 
40:40 
41:47 
45:02 
46:33 
52:01 

FLAGS 

X237_RPT rev:3.03 
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8-File/Header Changes 
Manual Integrations 
Transcription 
Dbase Corrections 

Page No. 
10/26/90 

1 

Imtial 

Listing of S903790B.dbf 

.... 
: . ·. ~ 0. .. .. 

..... '-·. • •. ; I 
Date : · 
~1.,,4l,J ..... r·~··'J-= () ~-······· . .J 

IOl 'V~(.I ...... .:.. " 1 .... :.J 

I bi-.,J"O 
\0 \"Ml4«l-· •1 ,,.., "'·, •...• 1. . 

L •••.• il.i~ •. i·''li,''IL / ...... !" •j(' -· .. , ..... . 

Hatched GC Peaks / Rat1o / Ret. Time 

H_Z 

304 

304 

316 

316 
~ZD 
320 

320 
"JZ.O 
328 

328 

332 

332 

340 

Omit 
Hatch Hatch 

Ratio RT. Area Rat RT 

0.56 28:00 
0.68 28:17 
0.77 28:34 
0.79 28:53 
0.68 29:13 
0.85 29:39 
0.63 29:54 
0.75 30:15 
0.92 30:32 
0.74 30:47 
0.78 31:20 
0.91 31:31 

J/)[0.28 31:49 
71 33:16 

\0 27 33:32 
05 33:43 

*** Total *** 
0.78 30:14 
0.78 30:47 
0.71.. 31:18 

*** Total *** 
,{,( 1('J\O 
0.71 29:13 
0.62 29:30 
0. 78 30: 11... 
0.91 30:26 
0.72 31:00 
~ lP 31:20 
0.69 31:30 

~~}=: ~1·9\ 31:-41 
0.85 32:01 
0.59 32:46 

IT
.34 33:42 
.49 34:12 

·0 .8s 34:42 
.87 35:09 

*** Total *** 
,tfV Z~i'-13 

0.00 31:23 
0.00 31:40 

*** Total *** 
~ ~. 31:20 

0.81 31:38 

*** Total *** 
0 2.34 31:19 

1692.34 
2873.19 
3874.59 
4718.60 
4475.07 
2559.68 
3826.49 
2103.48 

509.74 
4362.84 

513.24 
437.64 
139.53 

5448.09 
189.74 
243.23 

37967.49 

2302.09 
291917.80 

2473.14 
296693.03 

1Sl·(1 
1072. OS 
1231.30 
9664.73 
4312.32 
1469.45 
-:MC7 .16 <;o ,~.(, 

2955.45 
~0 lbr,D,"3 
1319.34 

313.01 
58.44 

608.93 
360.45 
628.00 '"\"'\\

1
" 

27097.23 ~ 
~ \'351.S 
433.95 

227727.67 
228161.62 

-z.._L,(C. TI 
2752~1. 77 
218048.20 
493919.97 

40.80 

F F 
T F 
T F 
T F 
T F 
T F 
F F 
T F 
F F 
T T 
1 F 
F F 
F F 
T F 
F F 
F F 
~ of Peaks: 

T F 
T T 
l F 
ft of Peaks: ,.. ( 

T F 
F F 
T F 
F F 
T F 

..f:/T F 
T F 
;;.F T 
T F 
F F 
F F 
F F 
T F 
T F 
# of Peaks: 
\ t= 
T F 
T T 
t of Peaks: 

T ..f'( 
T T 
# of Peaks: 

F F 

Who/ 
REL_RT Why 

0.910-~ 
0.919 -Q 

0. 928 -~ 
0. 938 -:-~ 
0. 949--?-
0. 963 .:..£~£, 
0.971-c.l. 
o. 983 -a 
o.992 -a 
1.000 
1. 018-(.! 
1.024~ 

1.034~~ 
1.0£1-
1.089~ ~,.... 

1.095 
16 

0.982 
1.000 -CI 

1.017 
3 

f,oob 
0.924 
0.933 
0. 956-Q. 
0.962-
0.980 -Q 
0.991 ~ 
0. 99(. 
1.002 
1.012 
1.036 

u:r~ l.llu 
14 

tttO 

0.992 
1.001 

2 

0.991 
1.000 

2 

0.883 ~_,.) 

3 
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Page No. 2 Listing of S903790B.dbf ('"'/ ~ .., ' 
10/26/90 

.... - · .. .. .I 

• Hatched GC Peaks I Ratio I Ret. Time 
Hatch Hatch Who/ 

H_Z Omit Ratio RT. Area Rat RT REL_RT Why 
; 

340 £5.43 31:32 47.79 F F O.Bmv 
-b 1. 54 31:38 21.31 T F 0.891 

2.26 32:51 219.17 F F 0. 9Lt• 
1.56 33:16 113417.32 T F 0.9?18 -~ 

..0 6.99 33:57 76.87 F F 0. 95i >J 
1.57 34:40 12262.45 T F 0.977 
1.33 34:49 1144.90 T F 0.981 
1.58 35:00 10244.35 T F 0.986 
1.51 35:22 5078.26 T F 0.997 
1.67 35:29 12930.20 T T 1.000 
1.24 35:42 670.89 F F 1.006 
1.55 35:51 9537.08 T F 1.010 

.0 2.94 36:11 26.23 F F 1.020'5"../ 
1.59 36:26 12245.51 T T 1.027-~ 
1.57 36:41 21266.48 T F 1.034 -~ 
3.06 37:04 248.89 F F 1.045 
1.51 37:46 1261.75 T F 1.064 

340 *** Total *** 200740.25 # of Peaks: 18 

352 1.45 35:00 996.54 T F 0.986 
1.53 35:29 150619.29 T T 1.000- G. 
1.63 35:50 2491.58 T F 1.010 • 1.53 36:26 193853.65 T T 1.027 
1.54 37:45 3534.99 T F 1.064 

352 *** Total *** 351496.05 # of Peaks: 5 

356 !/) 0.48 32:47 295.96 F F o.sa8~"" 
1.57 . 34:40 7397.86 T F 0.939-~ 

1.54 35:06 13059.96 T F o.952 -a 
1.35 35:27 9954.70 1 F 0.960 
1.55 35:38 7433.02 T F 0.965 
1.54 35:52 6630.43 T F 0~972 

1.54 36:13 22786.14 T F '0.981-tlt 
1.56 36:29 2347.26 1 F 0.988 
1.43 36:40 877.45 T F 0.993 
1.56 36:55 6291.59 T T 1.000 
1.60 37:07 7157.32 T F 1.005 
1.35 37:34 3612.61 T F 1.018 

356 *** Total :t_** 87844.30 # of Peaks: 12 

368 0.38 35:27 551.26 F F 0.960 
1.58 36:55 108306.59 T l 1.000 
1.56 37:34 918.87 T F 1.018 

368 *** Total U* 109776.72 # of Peaks: 3 

374 1.14 Z,9:01 425148.26 T F 0.959 
1.00 39:13 869382.69 F F o. 964 -~ 

• 1.12 39:40 11563.58 T F 0.975 
0.98 39:56 1157617.75 F F 0.982-5 

~ 1.15 40:32 172380.56 T T 0.997 
1.16 40:41 61516.91 T T 1.000 
1.28 41:06 5889.81 T F 1. 011 
1.13 41:25 39004.88 T ;(f 1. 01(,-1 
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Page No. 3 Llstlng ot S903790B.dbt ''~: l "~-' '··· J 
10/26/90 

Hatched GC PeaKs I Ratio I Ret • Time 

• Hatch Hatch Who/ , ... , ..... ~ 
H_Z Omit Ratio RT. Area Rat RT REL_RT Why 

374 p 1.18 41:31 29211.93 T T 1.021 
0.92 41:51 508.87 F F 1.029 

'IY...,\\0 
./) 0. 88 42:02 69.32 F -F 1.03<1 s..V 

J 1.15 42:37 5875.95 T T 1.048 
1.16 . 42:44 42431.17 T .rr=:- l.OSJ'S' 

374 ***' Total *** 2820601.68 ~ of Peaks: 13 

384 0.99 38:59 242.62 F F 0.959 
1.16 39:13 524.81 F F 0. 964 
0.52 4-0:31 166989.98 T T 0.996 
0.52 40:40 169774.90 T T 1.000 
0.51 41:30 161637.20 T T 1.020 
0.50 42:36 126704.03 l T 1.048 

384 *** Total *** 625873.54 ~ of Peaks: 6 
vo l.'lh on \1"'- ~0 "~".'\. i f- J, O(l 

390 0.13 38:05 588.74 F F 0.911. 
1.07 39:48 789321.41 T F 0.953-)!SfS" 
1.22 40:29 96515.63 T F 0.969 
1.13 40:50 707897.62 T F 0.977 
1.22 41:05 245985.41 T F 0.983 
1.24 41:41 14374.73 T T 0. 99~-f 

01<-1.22 41:49 180860.36 i T 1.001-A< 

• ~0.94 42:30 394.19 F F 1.01~J ~"" 
~ 0.44 42:43 40.83 F F 1.022 

390 *** Total :I:** 2035978.92 # of PeaKs: \rolr 
<";'10 \\\.-; '!1-',1~ 1.. ~'bib ,,"l- "f "'( 

402 1.19 41:40 103458.99 T T 0.997 
1.18 41:47 122975.65 T T 1.000 
1.20 42:15 134606.41 T T 1. 011 -~ 1 ~'51.. 

402 *** Total *** 361041.05 # of Peaks: 3 

408 0. 92 45:05 1828749.44 T T 1.001- s 
0.93 45:38 1897536.75 T F 1.013 -G 
0.66 46:34 30904.72 F F 1.034 
0.88 47:14 86732.31 T T 1.049 

408 **:t· Total *** 3843923.22 tt ot Peaks: 4 

418 0.46 45:02 100995.79 T T 1.000-
1.30 45:38 5094.47 F F 1.013 
0.50 45:57 6704.31 T F 1.020 
0.65 46:35 284.82 F F 1.034 
0.44 47:13 74411.68 T T 1.048 
0.97 48:10 837.17 F F 1.070 

418 *** Total *** 188328.24 # of PeaKs: 6 

. 424 1.00 45:29 2689020.38 T F 0. 977 -· s 
1.00 46:34 1789214.87 T T 1.000 .....; 

• p 1.38 50:08 1050.78 F F 1.077 p.v---
424 *** Total *** 4479286.03 # of Peaks: 3 -l:o 
436 1.44 45:29 3235. P.4 F F 0.977 ...__.., 

0.83 45:55 105.51 F F 0.986 
1.03 46:33 81233.24 T T 1.000 
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Page No. 4 Listing of S903790B.dbf r • ·• • r -: ... . 
I , ~ . .! f, . ; 

10/26/90 

• Hatched GC Peaks I Ratio I Ret • Time 
Hatch Hatch Who/ 

H_l Omit Ratio .RT. Area Rat RT REL_RT Why 

436 *** Total *** 84574.59 ~ of Peaks: 3 

442 0.96 52:13 1982768.00 T T 1.004-.;, 
1.12 S4:03 2816.04 F F 1.039 

442 *** Total *** 1985584.04 fl of Peal<s: 2 

470 1. 70 50:13 .24. 94 F F 0.965 
0.57 51:02 26.26 F F 0.981 
0.98 52:01 74412.50 T T 1.000- 5 

470 *** ·Total *** 74463.70 :II of·Peaks: 3. 

*** End of Report *** ~ 33~g.bo~ T - _..s 
0 ·'l;).. 5~-00 I /-~ 

4~CG 
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Page 1 
10/26/90 

'. 

List1ng of S903790l.dbf Fiie , ... , 

.. I 
: ' , 

,J 

Raw Hass, Retention Time and Oata.Ar:e~ .. ,.,,;_ ......... j 

H_l mm:ss Data.Area..... mm:ss Data.Area..... mm:ss Data. Area ••••• mm:ss Data.Area ••••• 

202 10:25 
10:33 
10:55 
11:03 
11:26 
13:31 

204 10:25 
10:39 
11:14 
11:29 
11:59 
12:20 
12:30 
12:38 
12:.49 

238 17:35 
17:52 
18:01 
18:09 

2.40 17:27 
17:36 
17:50 

252 18:.41 
18:59 
19:32 

254 18:40 
19:23 

270 21:41 
22:16 
22:51 

272 22:52 
23:31 
23:40 
24:03 

286 23:37 
23:51 
24:03 

288 23:37 
24:03 
24:29 

218 14:18 
15:33 
16:13 

60.07 
15.50 
27.15 
50.02 
46.61 
67.90 

21.46 
38.40 
12.92 
42.24 
18.13 
14.87 
42.11 
21.36 
21.95 

176.81 
98.75 

113.05 
87.45 

292.62 
323..45 

I 37.4 . .42 

.401.32 
44.11 

508.25 

27.09 
26.64 

26.91 
14.68 
66.47 

80.49 
2458.44 
2351.81 
344.46 

3592.50 
146.26 
111.88 

14:55 
15:33 
15:59 
16:20 
17:01 
17:13 

13:04 
13:28 
13:45 
14:58 
15:33 
15:41 
16:05 
16:13 
16:38 

18:18 
18:31 
18:40 
19:00 

18:03 
18:28 
18:41 

19:40 
19:57 
20:06 

19:38 
19:56 

23:39 
24:03 
24:26 

24:26 . 
24:40 
24:56 
25:08 

24:12 
24:29 
24:54 

3343.27 24:53 
80.71 25:09 

353.51 25:22 

34.92 16:27 
118.93 16:39 

55.80 16:54 

85.02 
23.31 
59.40 

120.00 
31.17 

1902.94 

28.30 
42.30 
37.77 
37.83 
26.81 
15.31 

8.66 
34.08 
35.18 

63.36 
164.62 
486.32 

60.78 

1052.84 
151.08 
300.52 

513.26 
16.72 

181.02 

85.11 
48.42 

5106.84 
294.10 
361.57 

433.15 
463.88 
194.17 
574.98 

16.13 
301.19 
270.54 

18:29 
18:37 
19:05 
19:15 
19:29 
19:50 

16:48 
16:57 
17:06 
17: l4 
17:30 
17:40 
18:04 
18:15 
19:00 

19:27 
20:01 
20:22 
21:06 

19:00 
19:28 
19:42 

20:18 
20:51 
21:07 

20:05, 
20:16 

24:41 
24:56 
25:08 

25:22 
25:31 
25:.4-8 
26:05 

25:09 
25:21 
25:38 

245.46 25:37 
123.85 26:06 
57.12 26:32 

~6.36 17:46 
98.23 19:31 
68.08 20:10 

83.21 
232.25 
210.62 

10115.42 
915.05 
716.49 

26.13 
23.34 
62.37 
85.54 
96.69 
42.54 
32.35 
2.4 . 53 
32.88 

162.69 
166.23 

21.97 
337.91 

128.39 
625.03 
255.87 

162.38 
38.33 
41.91 

27.79 
37.85 

390.41 
166.96 
550.18 

54.66 
35.07 
21.21 

8.14 

84.26 
41.49 

229.94 

272.60 
237.89 
43.96 

20:04 
20:23 
20:55 

19:15 
19:28 
19:43 
20:02 
20:10 
20:23 
20:35 
20:55 

21:19 
21:27 
21:52 
22:21 

20:03 
20:22 

21:16 

20:29 
20:53 

26:16 
26:22 

26:16 

25:56 
26:06 
26:19 

69.23 21:35 
128.14 
109.89 

575.05 
193866.37· 

10844.85 

249.50 
106.54 

21.67 
92.52 

222.67 
6364.32 

51.84 
394.12 

55.14 
34.26 

-484.53 
34.09 

577.23 
66.40 

14.55 

7.85 
38.45 

15.78 
16.16 

56.70 

7.65 
194.24 

14.92 

119.89 



r . : 

Page 2 Listing of S903790l.dbf File r~~-.,: 0 
... ., • - !J 

'!.· .... 

I, I 

10/26/90 Raw Hass, Retention Time and Data Area 

• H_Z mm:ss Data. Area ••••• mm:ss Data. Area ••••• mm:ss Data.Area:· ••• ~ mm:ss·Data~Area~ •••• 

220 11:16 28.64 15:03 76.19 16:08 7.91 20:33 102.56 
11:34 41.07 15:18 ;·.7 .28 16:58 113.58 21:00 148.92 
11:53 19.83 15:31 112.02 17:15 25.51 21:34 118.46 
13:11 55.68 15:4 2 115.77 17:43 - 56.94 21:52 67.07 
14:34 25.02 15:53 69.12 19:30 169.47 

304 28:00 605.90 29:54 1477.06 31:42 30.82 33:32 40.84 
28:17 1165.16 30:15 898.62 31:49 30.82 33:43 10.69 
28:34 1689.98 30:32 244.55 32:19 9.14 33:53 25.21 
28:53 2076.80 30:47 1853.39 32:.42 95.84 
29:13 1811.15 31:20 224.49 32:56 44.89 
29:39 1175.29 31:31 208.92 33:16 2255.05 

306 27:08 25.31 29:13 2663.92 31:01 62.09 32:48 9.75 
27:46 130.60 29:39 1384.39 31:09 139.61 33:07 59.33 
28:00 1086.44 19:54 2349.43 31:18 288.75 33:1£. 3193.04 
28:16 1708.03 30:16 1204.86 31:32 228.7Z 33:31 148.90 
28:36 2184.61 30:32 265.19 31:47 108.71 33:44 232.54 
28:53 2641.80 30:49 2509.45 32:02 74.29 33:59 43.64 

320 27:51 69.27 29:53 27.25 31:41 531.59 34:12 199.81 
28:11 6.90 30:14 4229.59 32:01 604.40 34:42 165.39 
28:49 515.70 30:26 2053.39 32:25 18.94 35:09 291.42 

• 29:13 445.22 31:00 613.67 32:46 115.76 
29:30 473.57 31:20 953.31 33:42 '14.87 
29:45 32.97 31:30 1206.10 33:59 36.68 

322 27:56 137.62 29:40 71.26 31:48 349.78 33:43 43.57 
28:07 105.76 30:14 5435.14 32:01 714.94 33:54 157.75 
28:34 14.33 30:26 2258.93 32:44 197.25 34:12 409.12 
28:46 643.37 30:58 855.78 32:58 18.07 34:41 195.06 
28:59 86.38 31:20 1033.85 33:04 59.57 34:58 87.55 
29:13 626.83 31:30 1749.35 33:15 57.47 35:09 336.58 
29:28 757.73 31:41 585.01 33:22 134 .10 

340 31:19 28.59 33:16 69064.41 35:00 6266.78 36:11 19.58 
31:32 40.36 33:42 £,5.96 35:22 3054.10 36:26 7522.27 
31:38 12.91 33:57 67.25 35:29 8090.95 36:41 12978.15 
32:18 6.52 34:40 7488.54 35:42 371.05 37:04 187.58 
32:51 151.91 34:49 653.70 35:51 5795.49 37:46 759.48 

342 31:18 12.21 33:16 44352.91 35:00 3977.57 36:26 4723.24 
31:31 7.43 33:45 34.84 35:22 2024.16 36:41 8288.33 
31:38 8.40 33:57 9.62 35:29 4839.25 37:04 61.31 
31:47 14.44 34:05 13.32 35:40 299.84 37:46 502.2i 
31:55 18.04 34:40 4773.91 35:51 3741.59 
32:51 67.26 34:49 491.20 36:09 6.65 

• 356 32:47 95.77 35:08 7908.56 36:13 13821.11 37:07 44 Q£,. 94 

33:56 8.80 35:27 5712.18 36:29 1429.87 37:34 2073.22 
34:40 4513.74 35:38 4522.05 36:40 516.21 
34:51 36.26 35:52 4016.13 36:55 3838.50 



r . 
.} r .,~., .. ~ ~ ~·· .... , 

,J l ;;· I~·· J 
Page 3 List1ng ot S903790l .dbt Fi'le 
10/26/90 Raw Mass, Retention Time and Data Area 

• .. 
H_Z mm:ss Data. Area ••••• mm:ss Data. Area ••••• mm:ss Data. Area... • • mm :ss Data. Area ••••• 

358 32:-48 200.19 35:27 4242.52 36:13 8965.03 36:55 2-453.09 
3-4:40 2884.12 35:38 2910.97 36:29 917.39 37:07 2750.38 
35:08 5151.40 35:52 2614.30 36:40 361.24 37:34 1539.39 

316 29:52 214.80 30:14 1011.70 30:47 128225.55 31:18 1055.40 

318 30:14 1290.39 30:47 163692.25 31:18 1417.74 

328 31:23 433.95 31:40 227727.67 

332 31:20 123464.13 31:38 97250.98 

334 31:20 152407.64 31:38 110797.22 

352 35:00 590.13 35:50 1543.13 37:45 2141.75 
35:29 91092.96 36:26 117368.03 

354 35:00 406.41 35:50 948.45 37:45 1393.24 
35:28 59526.33 36:25 76485.62 

368 35:27 152.06 36:55 66298.05 37:34 559.97 

• 370 35:27 399.20 36:54 4 2008.54 37:33 358.90 37:45 29.02 

374 39:01 226401.06 40:41 33069.75 41:47 195.59 42:18 23.97 
39:13 435555.72 41:06 3305.09 41:51 244.10 42:21 13.44 
39:40 6115.86 41:15 475.83 41:58 25.61 42:37 3142.07 
39:56 572359.69 41:25 20728.52 42:02 32.35 42:44 22811.38 
40:32 92352.74 41:31 15807.68 42:07 23.33 

376 39:01 198747.20 40:32 80027.82 41:31 13404.25 42:37 2733.88 
39:14 433826.97 40:41 28447 .16' 41:50 264.77 42:44 19619.79 
39:40 5447.72 41:06 2584.72 41:55 188.20 
39:55 585258.06 41:25 18276.36 42:04 36.97 

390 38:05 66.57 40:50 375531.50 41:49 99Z11.80 42:43 12.51 
39:48 408279.25 41:05 135098.17 42:13 36098.40 
40:22 602.81 41:29 827.61 42:30 190.71 
40:29 52957.75 41:41 7957.45 42:35 203.14 

392 38:07 522.17 40:50 332366.12 41:41 6417.28 42:32 203.48 
39:48 381042.16 41:05 110887.24 41:49 61548.56 42:44 28.32 
40:29 43557.88 41:32 34 2. 65 42:16 29305.22 42:48 6.40 

384 38:59 120.49 39:56 433.97 40:31 56927.87 41:30 54590.52 
39:13 282.29 40:13 60.42 40:40 57729.91 42:36 42427.23 

386 39:00 122.13 40:31 110062.11 41:29 107046.68 

• 39:13 24 2. 52 40:40 112044.99 42:36 84 276.80 

402 41:40 56112.88 41:47 66628.79 42:15 73374.01 

404 41:40 A 7346.11 41:4 7 56346.R6 42:15 61232.40 



r , ..... ,, "! o .. ,, ··u 
( • .:..; •J .!.. '-"'-! 

Page 4 Listing 01 S903790I.dbf File .. ,., . 
10/26/90 Raw Hass, Retentibn Time and Data Area·····::.;: :r.:L t\fTA!RS 

• H_Z mm:ss Oata.Area ••••• mm:ss Data.Area ••••• mm:ss Data.Area ••••• mm :ss Data. Area ••••.• 

-408 -43:25 162.23 -4 5:38 913277.81 -4 7 : 1-4 40539.87 
45:05 876836.81 46:34 12313.11 

.uo 45:0-4 951912.63 45:39 984258.94 46:34 18591.61 4 7:14 46192.44 

418 43:12 12.4 2 45:38 2875.60 46:35 111.75 
44:12 13.42 4 5:57 224 9.36 47:13 22576.09 
45:02 31921.17 46:17 46.78 48:10 411.61 

420 43:30 12.83 45:2.8 2218.87 4 7 :·13 51835.59 
44:00 20.48 45:57 4454.95 48:11 425.56 
45:02 69074.62 46:33 173.07 48:46 19.59 

424 45:29 1343708.75 46:34 895721.25 50:08 608.78 

426 45:28 1345311.63 46:34 893493.62 50:10 442.00 

436 45:29 1911.16 45:55 47.70 46:33 41253.74 

438 45:30 1324.68 45:55 57.81 46:33 39979.50 -47:20 176.-40 

4-42 52:13 973396.69 53:40 2840.78 54:03 1490.42 54:30 305.79 

• 444 52:13 1009371.31 54:03 1325.62 5-4:3-4 99.89 

458 48:25 72.11 -4 9:08 33.71 52:02 1942984.25 

460 51:57 2097182.25 

470 49:51 13.16 51:02 9.55 52:59 83.03 
50:13 15.70 52:01 36840.71 53:18 65.30 
50:22 22.08 52:45 126.22 53:43 43.97 

472 50:15 9.24 52:01 37571.79 .52:53 62.39 53:22 48.56 
51:04 16.71 52:39 196.98 53:04 62.82 

:t.:t.:t. End of Report :t.:t.:t. 

• ) 



• 

• 

Ref. tass ~.9825 Pet tq> 
tklgt 6.43 v:l..ts ~ 200 W' 

flle nate · D85US 
flle na~e D=S933700 

..,....--+-~ Rescl.ltloo 1~ 
~ruOO" 2 
Ioolzattoo IOOe EI• 
S!Jitching . \U.Toct: 
Ref. masses 292.9825, 41S.97S0 

Iii:~ A 293 J 332 S 368 
B 384 K 334 T 379 
c 300 l ~ u 376 
D 316 ~ 340 V 419 
E 318 H 342 
r 32e o 352 

f--!f-~ G 322 P 354 
H 328 Q 356 
I 331 R 358 

Chamel I ~.9792 Pe~ top 
Heigt 4.38 vcUs SJm 200 ~ 

·'·; .. '·. 
-· .. . . . . ; . . : 

. ~.J 
\./ t I,.., •.} A ~ ":'" • . .-, 

c·..) i. ·~ iv .. :.J 

[ . ' '' 11'0'1' .... , 1 
• r L ; :•·'!"'' '"';·I 1.1L:.ail11 1.1 .J, ,,.) 

) 



29:12 29:18 

• 

• 

29:38 29:36 

1.00 
81.~1 

1.00 . 
1e5 

: .... . . 
..... 

.. , 

... ·'' .. 
·. . - ~ ~ 

("''}; n .. ,. ·:, ,..., - v l....,, . .J 

i . 
.. _; 

[ .. ,,:e·,~~~- .. , ."L .. ,..~ .. ,,," 
•• •a:&\JI:a.,_., In /.rt'i.I.!J 

Verified by (GC*-_,;A '[ o ·I~ 
pl.) 

Verified by (lnt OC): (f/j ft)j?n( 

b~ 3 -r-4- tf?tVt-~ 
1P< to(za(1o 

~~oa£-

~ 7l!iJ roj2-1A 



38=30 39=00 39=30 40:ea 49=3!3 41 =eo 41 =30 42=00 42=33 

• 

• 

1.00 
24431 

1.00 
17612 

. .... . . .. ; ' . -. 
. . ' . . . . I . 

..J 

[ ...... ~: ·l;;· ···: .~1 ... L ,.. ;.I:'" .... ",,.,\.tt~ol.r•_.l ,, .J: ,, •• J 

1 . 



• 

• 

1.00 
27S57 

1.00 
9S71 

• • • •• • , •• I • 

I 

.J ,, .. J .. n .,, .. ~, 
t,:.; l u i--..J 

r·''"OQ'v···;j'~'lll .-··r·;r:,,~ 
L ... l.\ l.,.t_. "' l.a: •• a ..... 



f ~/iJ lHJCi-~ J3:a~;~ ~t.!"'J · ~·~ 
tf. 3 o::385.este E= m.st&S r= ss1.e127 o: m.sroe P.: 481.~ 
i~t=lf11911B TLI116SS1 

. ~ I: I I : 

1~a-=J st,it,G2 
I I I I I 

(!~ : 
I I J I I I I I 1ea_o'si,h;G2 I I I I • I 

e~~~--~--~--~~~~n~ 
trojs St1l11G2 ~ 

0· ~---~--·--~~~·--~-~~--~~--~~·~I-· ~I ~·~I ~-1~1 
lCJ!C S1 1l1 1G3 v 
9 I I I II Ill II I I" II II II II I I II I II .II .\11 I II II ~I I II I II II I A... 

38:30 39:00 39:31) 40:00 40=30 41 =00 41 =30 42=00 42=313 

I I I I I I I I I ,; I ' 

• 

• 

t.ea 
~77 

1.00 
41679 

1.00 
24431 

1 .ea 
. 25521 

1 .ee 
14884 

1.00 
12904 

:-. • • • 0 

.. • .. • • 0 • • : 

... .J 

4. 

\ . 



~:r St,!t,G4 - •• 

e] I 

f I I I I I j I I I I j 5 I 

44:00 4S:OO 48:00 

• 

• 

. MJ ..... 

, c;- 0 I I • 

,, '''~'''''''' 

1.00 
17612 

1.00 
S278 

1.00 
7459 

1.00 
4182 

..... 
I 

J ,. ,., ... ).,. " ,,· .. , 
i.:..;· .i.. v l ......... :.J 



I! wW;>N ,c-v,r-vu ',)'~"' 1w "~' ·•• "~ """.....,.. 
~ 3 D=: 385.8619 £: 389.8156 f: 391.8127 G: 392.9763 H= 491.8558 
i~:Lf11311e TLI11SSS1 . 

·~is Sl,ll~G2 AA. L;,...JIAA-" .• Ld:NY\~, I I ~ I :.=;.; I I~ I 

I:L~~~~~ 
l(t;J_ L St, i1 1G2 

~~~!g-·s~i,~il,-·~-· ·-·-·~·~·~-.·~·~·~.~~·~·-·~i¢<~·~~~o-. ·--· 
el , I o •• UktA01w.. 

160-A S1 ,11 ,G3 

IO:!E$f,Il;Gj' /ill, o' ·f ~ 'I'' ooo;;-oo' o o I'"'' to o'>oo 

" ' " 0\ o " " I " " 0\ 0 ' " 0\ 00 " ,JlA " o I o < {)., I ' "" 0\ " 00 0 
38:39 39:00 39:313 40:00 40:W 41:69 41:38 42:00 42:38 

• 

• 

1.00 
446 

1.00 
592 

"1.00 
1873 

1.00 
2004 

1.00 
SS337 

1.ee 
~ 

,.. .. 

.. j 



59o33?38 JS-oci-99 13=28 70S (Ei•) &ls=OOiiS 
lt 4 0=~419.8228 E= 423.7766 f: 4~.m7 G= 438.9729 H= 435.8169 
i£Xt:Lf11911B TLII166Sl 

aOO A S1,Il,G4 
.. flj 

e~~~~~~~~.-~~~~~~ 

~~r~· ~.~ rJL 
50 

B._~--~~--~----~--~~--~ 
IBBjA Sl, 1,~ 

~~ .... ,.,,,,,,,,, ,,,,,,,,,,~ ... , .. , 
«=00 ~:00 ~:00 00=00 ~=00 ~=00 

• 

• 

1.00 
6e284 

1.00 
64753 

1.00 
. 65534 

1.00 
S374S 

: ~ . . ·~ 

• • • : • J ; 'l 
• • • t ;, " •• / • : i I 

••.. "} .. !"' ~ •,. J 
i.; . .:.. ".J i_ ..... : 

'• j ., 

'~""·L i\•:r:r.t•l~ ·-·. . .. . . .... -·: • , . '.l . ' ~1' , .. ) 



C · 5983730 1&·DCT-9B Sir=Voltage 7BS Sys= DBSUS 
sa·~ple 1 Injection 1 Group 2 "as~ 3B3.9B16 
Text=lf1/911B Tll116661 

28=8B 29=1B 
5993/SB 1B-DCT-9B 
Sa~ple 1 Injection 1 
Text=Lfl/9118 TLII16661 

Sir=Voltage 7BS Sys: DBSUS 
Group 2 flass 385.8987 

I 4 I C i I I 

28=8B 29=18 3B=28 31=3B 32=48 33=58 
S9B3/9B 18-DCT -9B Sir.=Voltage 7BS Sys: DBSUS 
SaAple 1 Injection 1 Group 2 Mass 315.9419 
Text=Lfl/9110 Tlll16661 

r •r·., ~ " .. -. .: : •. ,. . ; 

Hor~= 682 

ttl:i~~--~~----~·----~.-Jl~~~--~~~--~~~----~•~o--No~~A~"~-2~•B6~7/ 
2B=BB 29=1B 39=28 31=3B 32=48 33=58 35=BB 36=1B 37=2B 

S9B379B 1B-OCT-9B Sir=Voltage /BS Sys: DBSUS 
Sa~ple 1 Injection 1 Group 2 Mass 317.9389 
Text=Lf1/911B TLII16661 

I:O~~----.~--~~----~.~A4-~•----~·----~·----~.--~.--No~~A~0 --~~6-31~B 
28=8B 29=18 3B=2B 31=3B 32=4B 33=5B 35=BB 36=18 37=29 

S9B379B 1B-OCT-9B Sir=Voltage 7BS Sys: DBSUS 
Sa~ple 1 _Injection 1 Group 2 "ass 375.8364 
Text=Lfl/9119 TLII16661 

18B . 

0~~~··~0~' 
tt 28=BB 29=1B 30=2B 31=3B 32=4B 

Nor~= 22 

~~hi'~ 
I I I 

33=58 35=BB 36= lB 37=2B 

1 



I · 59B379B 18-0CT-9B Str=Voltage 7BS Sys: DBSUS 
Sa~ple 1 Injection 1 . Group ~ Mass 319.8965 
Text=lfl/9115 1LII16661 

•]_ .~=~· 
2B=B6 29=1B 3B=2B 31=3B 32=4B 33=SB 

S90379B 18-0CT-90 Sir=Voltage 70S Sys= DBSUS 
SaAple 1 lnjeclLon 1 Group 2 Mass 321.8936 
Text=Lfl/9116 TLI116661 

I 

~9= 1B 
S9B379B 1B·OCT-9B 
Sa~ple 1 Injection 1 
Texl=lf1/911B Tlll16661 

~' J I I I 

3B:2B 31 =30 32=4B 33=59 
Sir=Voltage 7BS Sys: DBSUS 
Group 2 ~ass 327.8847 

I 

35=BB 

: • > ; ! . · .. : i 1 : : • \ 
o 1 • \ ~ • J I I I . . . . . : 'J 

~ ·:·:~· : n r::::J ... ..~ -
Hor~= . SS~" 

I ' ' . J 
. : f I ••• • ·' • ' •• • . 

HorP~= 72~ 

I I 

36: IB 37=2B 

• ]..~.-_""T'"I ---r• ---r~ --~A~-"T"'". --"T"'"· --"T"'"· --Ho-r-~~-= -...--4r-•IE----7s 
28=EB 29=19 30=29 31=33 32=49 33=59 35=BB 36=1B 37=2B 

5983790 18-0CT-90 Sir=Vollage 70S Sys: DBSUS 
Sa~ple 1 Injection 1 Group 2 Mass 331.9368 
Text=lf1/9110 Tll116661 

~:~~~----~·-------~~------r-·---=~A~A~.----~.----~·----~·~---Nor-~A-=~e-2~·44--31 
2B=BB 29=1B 30:2B 31=3B 3~=4B 33=5B 35=BB 36=1B 37=2B 

5983790 1B-OCT-9B Sir=Voltage 7BS Sys: DBSUS 
Sa~ple 1 Injection 1 Group 2 nass 333.9338 
Text=Lf1/911B TLI11E661 

NorA= 3B292 

I I j I I 

28=99 29=1B 38=23 31=3B 32=4B 33=50 35=BB 36: lB 37=28 



f · S~379B 18-0CT-98 Sir=Voltage /BS Sys: DBSUS 
Sa~ple 1 Injection l Group 2 r.ass 339.8597 
Text=LF1/911B lll116661 

,.,. •!..,. n ·•· .. • 
I ... I - •.· ·~·· J 

~:~~~--~~----~~ ~--~~----~~-----~~4~~~~--~~~~-~~~dLA~H~o~~n~~A~·-1~:) __ 99 
'2B=BB 29=18 3B:2B 31=38 32=48 33:58 35:BB 36=18 37=28 

S9B379B 18-0CT-SB Sir=Voltage 7BS Sys: DBSUS 
Sa~ple 1 Injection 1 Group 2 Hass 341.8567 
Text:Lfl/9118 Tll116661 

] ~ 
HorA: 8399 

I I I I I I IL r>---d\ 6 I " A I 

28=BB 29: 1B 30:20 31:35 32:48 33:58 3S=BB 36=18 37=28 
S9B379B 18-0CT-98 Sir=Vollage /BS Sys: DB5US 
sa~ple l Injection 1 Group 2 ~ass 351.9BBB 
Text=lf1/9119 TLII16661 

.] Ho1 25521 

I I I I I ~ ' I I I 

28=BB 29: 1B 38=29 31=38 32:48 33=58 35=BB 36: lB 3/=2B 
S9B379B 18-0CT-98 Sir=Voltage 7BS Sys: DB5US 
Sanple 1 Injection 1 Group 2 "ass 353.89/B 
Text=lf1/911B TLI116661 

] Norl 16889 

I I I I I ! I I I I I 

2B:BB 29= lB 3B:2B 31 :3B 32=4B 33=58 35=BB 36: 1B 3/=28 
S9B3/9B 18-0CT-98 Sir=Voltage 785 Sys: DBSUS 
sa~ple 1 lnjectlon 1 Group 2 Mass ~89.7974 
Text:Lfl/911B TLII16661 



c I 

• 19B 
-

5983799 18-0CT-98 
Sa"ple 1 Injection 1 
lext=lFl/9118 Tll116661 

Str=Voltage /BS Sys: DBSUS 
Group 2 nass 355.8546 

I ·~··, .. " : .... , 
•. ., • - •J : ....... . 

Hor~= 2BB4 ...... 

n -1-.,_--:--__,_---,--..__,....,.._____,..~~~A~~ A~fL 

B 

• 
lUB 

e 

108 

cB=BB 29=18 
S9B3/9B 18-0CT-9B 
Sa~ple 1 Injection 1 
lexl=lfl/9110 TLII166Gl 

2B:9B 29= IB 
5983798 18-0CT-98 
Sa111ple 1 Injection 1 
Text=Lfl/9119 TLII16661 

2B=DD 29= lB 
S9B379B 18-0CT-90 
SaPiple 1 lnjecli.on 1 
Text:Lf1/911B Tll116661 

30=2B 31 =3B 32=4B 33=58 35=BB 36: lB 37:2B 
Sir=Vollage 7BS Sys: DBSUS 

Group c Mass 357.8516 

Nor.~: 13BD 

38=29 31=3B 32=49 33=59 3S:BB 36= lB 37=28 
Sir=Voltage 7BS Sys: DBSUS 

Group 2 Mass 367.8949 

Hor11: 14BB4 

3B=2B 31 =30 32=48 33=59 35=DB 36: 1B 37=20 
Si.r·: Voltage 785 Sys: DBSUS 
Group 2 nass 369.8919 

Nor11: 8952 

31 =39 33:59 35 =BB 36= 19 37 =29 



I ' S9B379B IB-OCT-9B Sir=Voltage 7BS Sys: DBSUS 
Sa~ple I Injection 1 Group 3 "ass 3/3.B2BB 
1ext=lFl/911H llll16661 

,., ... , ..-: 0 ;:··"'•• 
I . .; J .:.. ·-· I ... . ) 

·:
8

~ I 0 M I .ll. ~ I 

· · ·HorrP · '·· · ; 69397 

~ I I c;>. 

3B=BB 38=3B 39=BB 39=38 4B=BB 4B=3B 41=BB 41=38 42=88 42=3B 
S9B379B lB-OCT-90 Sir=Voltage 7BS Sys: DBSUS 
Sa~ple 1 . Injection 1 Group 3 Mass 375.8178 
Texl=lf1/9118 Tll1166El 

Hor~= 65296 1

:
8

~ I fill. OR 0 ~ I I I I =;tr 

38=88 38=38 3S=BB 39=38 4B=BB 48=38 41=88 41=38 42=BB 42:38 
5993799 .18-0CT-90 Sir=Voltage 7BS Sys= DBSUS 
Sa~ple 1 Injection 1 Group 3 nass 383.8639 
Texl=lfl/9119 TLII16661 

.~:1 I 0 

3B=BB 38=3B 39=9B 
S9B379B 18-0CT-SB 
Sa~ple 1 Injection 1 
Text=LF1/911e TLII16661 

] I 0 

3B=BB 38=30 39=BB 
S9B379B 18-0CT-SB 
Sa~ple 1 Injection 1 
Text=LFI/911B TLII16661 

I I OM. A 
39=3B 4B=BB 49=3B 41=9B 41=3B 

Sir=Voltage 7BS Sys= DBSUS 
Group 3 Mass 385.861B 

I I 
0 M I of\ 

39=3B 4B=BB 4B=3B 41=BB 41=3B 
Sir=Vollage 795 Sys: DBSUS 

Group 3 Mass 445.7555 

NorA= 129B4 

I /\ 
42=B9 42=3B 

Norll= 24788 

I 
!\~ I 

42=98 42=3e 

1 UB Horll: 23 

~\t~~J\ty.v.l.J-l~~vk).~,JwvJ~ 
• ~B=BB 38;3B 39;BB 39;3B 4B;BB . 4B;3B . 41;BB 41;3B 42;BB 4c;3B 

.) 



r 
SSG379B 18-DCT-9B Sir=Voltage 7BS Sys: DBSUS 
Sa~ple 1 lnjeclLon 1 Group 3 "ass 399.8156 
lext=LF1/911B Tll116661 

• f , ••• ' "": " ' •• ' 

i .-; J .:. ·... : ..... 

·· · · · · · · · Nor,.: · · ·· .. · 639BS· 

D+---~--~~----~~~~~~~~~~~~~~~~~--
3g=BB 38=30 39=BB 

tae 

59B379B 18-0CT-SB 
SaAple 1 Injection 1 
Text=lfl/911B Tlli1GGG1 

39=3B 4B=BB 4B=3B 41=BB 
SLr=Voltage /BS Sys: DBSUS 

Group 3 Mass 391.8127 

41: 3B 42=BB 42=3B 

Norn= 64991 

B~--~--~~----~~~--~~~~~~~~~~~--~---
3B=BB 38=3B 39~BB 39=3B 4B=BB 4B=3B 41=BB 41=3B 42=BB 42=3B 

5983798 1B-OCT-9B SLr=Voltage 785 Sys: DBSUS 
~ Sa~ple 1 Injection 1 Group 3 Mass 4B1.B558 

Text=Lfl/9118 TLII16EG1 

18B NorA= 17612 

B+---~--~~----~--~--~~----~--~4-~~~~~---
38=88 3B=3B 39=B8 

18B 

S9B379B 18-0CT-9B 
Sa~ple 1 lnjectLon 1 
Text=Lf1/9118 TLII16661 

39=3B 4B=BB 4B=3B 41=BB 
Sir=Voltage 7BS Sys: DBSUS 
Group 3 Mass 483.8529 

41 =3B 42=BB 42=3B 

Hor111: 144BB 



I I 5983799 18-0CT-9~ Sir:Voltage 7BS Sys: DBSUS 
Sa~ple 1 Injection 1 Group 4 "ass 497.7818 
1ext=Lf1/9118 lll116661 

••r.· ~ n ·i·'" ... , 
I, .. ;.} .:. ··' 1 •..• :J 

. .i 

tt:i~~.~~~~~~~~~~~~~~~~~~.~~~----~~-i··~f\~·~·-Ho-rR_=·-~.·-··_··s-B2~B~ 
43=1B 44=28 45=3B 46=49 47=5B 49=BB 58=18 51 =28 52=38 53=48 54=5B 

S9B379B 18-0CT-9B Sir=Voltage 7BS Sys= D85US 
SaAple 1 Injection 1 Group 4 nass 489.7789 
Text=Lfl/9118 TLI116661 

IBP. HorM: 65534 

J-L-,--1 --r-1 --'-NL~......;:;::-· ,__, ~!>-----,.1---r-1 -...,.-~ --r-1 ___.:.....:::1\~___,~~--r-· 
43:18 44=28 45:30 46=48 47=58 49=BB SB=lB 51=2B 52=3B 53=48 54=56 
.S9B379B 18-0CT-SB 
Sa~ple 1 Injection 1 
1ext=LF1/911B TLI116661 

Sir=Voltage 7BS Sys: DB5US 
Group 4 flass 417.8253 

lBB HorA: 6278 

• et -'-T--____,-I ...,_,.._! ~r" <"=1---,1~~~1 -----r--1 --e---r-Ie-.........--r--1 ___,._, ...---,-----..1 ~I 
43= IB 44 =28 45=3B 46=4B 47=5B 49=BB SB: 1B 51 =2B 52=3B 53=49 54=5B 
S9B379B 18-0CT-98 Sir=Voltage 7BS Sys: DB5US 
Sa~ple 1 Injection 1 Group 4 Mass 419.8228 
Texl=LF1/911B TLI116661 

43: 1B 44=2B 45=30 
S9B379B 1B-OCT-9B 
SaAple 1 Injection 1 
Texl=LF1/911B TLII16661 

•], • l ·= T 

43= IB 44=28 45:38 

1 fl 1 I I 

49=BB SB: lB 
Sir=Voltage 7BS Sys= D85US 

Group 4 ~ass 479.7165 

1 I I 

4S:4B 49:BB SB: 19 

HorPi= 14238 

I i I I 

51 =20 52=3B 53=4B 54=5B 

NorA: 1264 

I .(\- 1 I I 

51 =2B 52=3B 53:48 54:5B 



I . 59B379B 18-DCT-98 Str=Voltage /BS ~ys· U~ju~ 

• 

Sa~ple 1 Injection l Group 4 nass 423.7766 
Text:lf1/911B Tlli16SG1 

0 
43:19 44=29 45:38 46=4B 47=5B 49=BB SB: 19 

SS037SB 18-0CT-SS SLr=Vollage 7BS Sys: DBSUS 
Salliple 1 Injection 1 Group 4 nass 425.7737 
Text=lfl/9118 TLI116661 

lBB n 

-

B ~ "' . 
43: lB 44=29 45=3B 

1BB 

1BB 

S9B379B 18-DCT-98 
Sa~ple 1 Injecti.on 1 
Text:Lfl/911B TLII16661 

S9B379B 18-0CT~SB 
Sa~ple 1. Injection 1 
Text=Lf1/911B TLifi16661 

I . 
46=49 47=5B 49:89 59:18 

Str=Voltage 7BS Sys: DBSUS 
Group·4 nass 435.8169 

Sir=Voltage 7BS Sys: DBSUS 
Group 4 nass.437.814B 

.i 

...... · · · ···· Hor":- · ·· · · ··64753 

51:29 52=39 53=49 54=59 

HorPI: 65534 

j "-I 

51:29 52:39 53=49 54=5B 

NorJJ= 7459 

Hor~= 7526 

• 0~----~--~~~~--~----~--~~~T-~~----~--~ 43: lB 44 =2B 45=3B . 4G=4B 47=5D 49=BB SB= lB 51 =2B 52=3B 53:4B 54=58 



I I S~B379B 18-0CT-SB Str=Vollage 7BS Sys: DBSUS · 
SaRple 1 Injection 1 Group 4 nass 441.7428 '"" 
1ext:lfl/911B lll116661 

.J . '-~. ~ •\ .· .. :' 
I 
•.. 1 . ·J : •... ,J 
··J -

.lBB r· •• ". l ' . H • 
'-•· 4 ........ ; ····~-·· • •• • • •• • or"· 65534 

BB 

6P. 

4B 

2B 

0 
43= lB 44:2B 45;3B 46:4B 47=59 49=BB 5B: 18 51:29 52:39 53=48 54=59 
59B379B 1B-OCT-9B Sir:Voltage 7BS Sys: DBSUS 
Sa111ple l lnjecli.on I Group 4 nass 443.7399 
Text=lfl/911D Tlll16661 

lOB NorA= 65521 

BB 

.EB 
40 

(0 

[1 

43= IB 44=2B 45=39 · 46:4B 47=53 49:BB sa= IB 51 =20 52=3B 53:48 54=58 
S9B379B IB-DCT-9B Str=Voltage 7BS Sys: DBSUS 
SaAple I Injection 1 Group 4 nass 513.6775 
Text=lfl/911B TLifi16661 

185 NorA= 133 

BB 

se 

40 

20 
~~ ee 

~3: IB 44=2B 45=3B 4G:~B 47=58 49=BB 59= 1B 51 =2B 52=39 53=49 54=59 

d~ 



I • 5923798 1B-DCT-9B Sir=Voltage /BS Sys: DBSUS '.' 
sa·Plple 1 Injection 1 firoup 4 Mass 457.737/ 
lexl=Lfl/9118 TLI116661 .. .. · .. ' .. 

,.J 

. . 
Hor~= 63746 

0~--~~--~--~~--~--~----~--~~~~~~--~~ 
43=19 44=28 45=38 46=4B 47=5F 49=88 5B=1B 51=28 52=38 53=48 54=58 
S9B379B 18-0CT-98 Sir=Voltage 785 Sys: DBSUS 
SaAple 1 Injection 1 Group 4 Mass 459.7340 
Text=Lf1/911B Tlll166Sl 

lBH Hor11= 65534 

8~----~--~----~--~--~--------~~----~~~~~ 
43= lB 44=29 45=3B 46=48 47=SB 4S:BB 59:19 51 =2B 52:3B 53:4B 54=SB 
5963798 18-DCT-98 Sir:Voltage 785 Sys: DBSUS 

• 
SaFlple 1 Injection 1 
Text:Lfl/9118 TLII16661 

Group 4 Mass 469.7/79 

IBB HorPI= 4886 

B~----r---~--~~--~--~----~--~--~~--~----~ 43=10 44=20 45=38 46=4B 47=50 49=BB 5B=IB ·51=28 52=38 53:48 54=5B 
5903790 18-0CT-90 Sir=Voltage 7BS Sys: DBSUS 
Sa~ple l Injection 1 Group 4 Mass 471.7758 
Text=lf1/911B TLI116661 

lOB NorA= 4182 



~ S! 1l1 1G2 

; 
.J 
·"1. ,,J 

J 

A = 11Si'9/ .49 
I 

e~--~----~~~~~~----~--~ 
t rlO~ I~ Sl '11 ,G2 A = 144930 .Sa J If= e.Be53 

J 

e~1~~~~}~~~~~~ 
39:39 31 =eo 31 =~ 32=00 32=38 33=ee 

• 

• 

1.00 
24431 

1.00 
30292 

. ~ . . . 
. 
~ .· ....... , ~ . ' I . . 0 ··.· .. , . 

• '-"' .; ..:. ·... ! , ... . _i 

, ...... 
'·· o o o ~ .' o, o - : I I o'l.. , I 

0 •••• :. ·, 



1~ is-ocr-oo 13:28 79S CEI•) &Js:m&s 
~ 4 ": 40J.7m H: 459.7348 0: 489.7179 p: 471.7rJJ Q: 479.71&5 
•txt:Lfl/9118 TLII1SS61 

• 

• 

1.00 
65534 

, ,,. . .. 
I,\; .J :i.. !) i· . ' - . ~, ... .) 

£:.::.-.~ ... :... . .. ;,_ '·· . ' .... ) 

3 



f.C37~ lS-oci-~ 13:28 7eS CEI•) Stp:0051.5 
•. : 2 · f: 319;89S5 G: 321.e33S H= ~7.S847 I: 3313.9732 J: 331.93SS 
1~:. =Lr1/Bi1e TLit1SS61 

., 
t,J 
I_; I 

1,62 A= 2327.$ 

~J\~!Yl{\H\f~.~ 

~----~~~~--~--~----~--~ I.. I "l I 1 .. ~ .. ·~~!.,., ~ I ,L• .. 

.. J /1 ~ •"' . \ •.1\.·-· 

c.~l----~· -·-·-·~·~,J~.~~}~\~.-·~1--' ~·~·~'~'~'~'' 
30:3B 31:00 31 :3fl 32=00 32:39 33:00 

• 

• 

1.00 
267 

1.00 
354 

1.00 
24431 

- . ·- . . . - .• . 
. .. 

..... ·- . . . . ' . : 
i ... . .• 

. · . ..) ..... · 

3, 



, ... ) StJE:(ar3 e~~ l~·O:i·W ~~~~~ H· .. ~., ;;_;; J: ~.S732 J: 331.S"JS8 ..• ~. ~· ~ o::;:~ ~: ".:l.wJb .. ~1.1 oV."il . • r .... 1 .. ·•v....... "' 
itt.:=Ltl/Slte TLIIlSSOl 

• 

1.00 
1M 

1.00 
135 

1.00 
24431 

. ·- . .. . .... . . . 
0 •• .' . . ~ 

r 't"':•! ~ " '("\-,, ... ; ... ..:.. --" I ... , J 

·.i 

[ .• , 'H't1fV I -~I 1" ''L 'r:r:r.• l)f' •· .a.,.., ·•·•·-·1 J. I.J: •• a •• v 



!OlJ S1 111 1G2 

tr~ ~ 
J~ ~ 

(!~ 

• 

• 

30:38 31 :OO 31:38 32=00 32=38 33=00 

1.00 
194 

1.00 
135 

1.00 
24431 

.... - .... .. .. 
. .' . :· . '"'\ 

r ·~· 'J .. D ~ .... _ .. : 
4 • .; • .£.. ; ~~ ~ J 

r··pm·'Ji' ~, r· . 
... ':' t: I nn_r/1AL t1fF/tlf?S 



)\J Sl ,11 ,62 , 
• ; 

:-;. ~ 

'J~~,v~ 
~:~ ~:oo ~:w ~:oo ~:~ m=oo 

• 

• 

1.00 
131 

1.00 
131 

1.00 
131 

'·''"''.I .,. I •~ ... ·l ; !1 ,_ .......... l .. 
- .... i, . ..,; 

! .. • ,.,_ .. ... . . .. . . · . .. ,"":. ', . • ... ; .,. f;J]", 
• ·•·-. f.l t'J·r·· ..... ! . ··li,, ,, - ' .: . : -~ 

-,. --



. ~37:{J lS-ocT-se 13=28 7eS CEI•) Su::0051JS 
,. j ·A: 373;0208 8= 375.Si78 C: 3S3.8S39 D= 3S5.SSlB [: ~.€15S 

Text :Lf'l/911B Tllll6SS1 

= 19324.se 

~ = !6~9.72 A 
r \!.!537 ' ( 

: 
1.-= 1

1 )~I I 

40:30 41:00 

• 

• 

1.00 
4505 

1.00 
12904 

•. r. .. • 
. ' 

r '(;"} -: ('\ 'j'"-·' · .. J •• .., .. v 
- ........ J 



~51,11, 
13961.08 

t'J~ 
~ . 

[• ~ 

= 11100.14 

42:30 

• 

• 

43:00 

1.00 
4~ 

1.00 
4505 

1.00 
129M 

r • .... 

~-· 

I· ... 

-, 



• Sl,Il,GJ 
i 
1 

;::-.! i 
""J 

J_J . .. 
l: ·,---

100' F Sl,ll ,~ 

~~1H S1 1Il,G3 

J 
~· I ...... 
·.•.:J 

I 

e1 

• 

• 

A = 1SS4S.45 

. 
40:39 41:00 41=30 42:00 42:30 43:00 

1.ee 
3803 

1.00 
17612 

r:c/ 1 n ..... . 
- • ...~·I • ., 

'·· ..,1 , ..... 
..... : 0 '(•' •••• ..... ::· •: 



~SI,Il, 

~H 
~j 

J 

·c~!-:H SI,ll,G3 
j 

so1 
) 

= 15SS3.82 

12093.35 
1.23S4 

c~~~~~--~~~~~~ 
4B=30 41=00 41=30 42:00 42=38 

• 

• 

1.00 
4~ 

1.00 
3863 

1.00 
17612 

\.• 

I ,, ... , .. 
"~·I:Q··.·· - . l~,.~· 

: .,, .. , .. .. 
&. •• ..: · .• ~ ... :. • • 

•. a-..,";.. . .,. ,1 I 
.... } I:..._ ~~ f:!. ~ • 

I •I •. '.•! ) (\ 
I ' '•• • ....) 

-... -



• 

• ~~~Ill~~~ . 

• 

. . ·. r ! • • • ·• 

0 ., •, 'J A ;) •' ·•,- ,., 

i ,.~ ... · l_ \.. I"'~ i.J 

I 

' .) 



I 

• 

• 

• 

i' .. r. :.· ·:. 

TRIANGLE LABORATORIES, riNOP~i'tr"-"1'!\l J'{:i"'\PaQe 1 of 1 
CONFIRMATION ANALYSIS (DB"..!~'2'5't 11111 ._:~ " \ .. ,, .. .r 11/15/90 

FILE NAME •••• ~ U902306 
CONCAL (VER).: U902298 
PROJECT NUMBER: 16661 
ANALYST ••.••. : HA 
SAMPLE SIZE •. : 9.460 g 
DATE RECEIVED.: 10/10/90 
SPIKE FILE ••• : SPC2NF10 

CLIENT ID .•.• : SWP 
SAMPLE I'D .••. : LF1/9110 
!CAL DATE •.•. : 09/21/90 
ANALYSIS DATE: 10/21/90 
SAMPLE MATRIX: SOIL 
DATE COLLECTED: 10/09/90 

TLI NUMBER •••• : 37-26-1 

SAMPLE ORIGIN: WILMINGTO 

SHIPMENT NO ••• : NC09001 
------------------------------------------------------------------------------------------------------------------------------------------------------------
NAME 

2378-TCDD 
2378-TCDF 

TOTAL TCDD 

TOTAL TCDF 

CONC(ppb) NUMBER 

0.02 
0.004 

0.08 

0.02 

9 

6 

SURROGATE STD. RECOVERY SUMMARY (TYPE B) 

DL EMPC 

0.09 

0.04 

RATIO RT 

0.73 18:51 
0.70 20:01 

0.74 

0.74 

FLAGS 

--------------------------------------------------------------------------------------------------------------------------------------------------------
NAME CONC (ppb) % REC. RATIO RT FLAGS 

37Cl-TCDD 1.2 116 18:48 

INTERNAL STANDARDS RECOVERY SUMMARY 
============================================================================ 
NAME CONC (ppb) % REC. RATIO RT FLAGS 
----------------------------------------------------------------------------
13C12-2378-TCDF 
13C12-2378-TCDD 

1. 2 
1. 2 

113 
112 

0. 77 
0.78 

20:01 
18:47 

C2NF_RPT rev:3.01 



•• 

8-File/Header Changes 

• 

Hanual Integrations 
Transcription 
Dbase Corrections 

Page Ho. 1 

ln:itial 

7% 
l~f}) 

Listing of U9023068.dbf 

/· ......... -.- tJ 3 'f . . . .,... 

I 
; . . . ~ r: •1 r• J • - • 

• , .: ,. I ,. I ••: ., 

. ' . -· '-·4·: I '; . • • ' (..," c "\. 
L' "-' • -,_ (. I f l 0 I • ., t/11' :/ 

- • .J <: .'.': \ 
, · ....... i : .. 
f~av ., D ~o~a' ·v ...... 

10/29190 
Hatched GC Peaks I Ratio I Ret. Time 

Who/ 

• 

• 

Hatch Hatch 
H_l Omit Ratio RT. Area Rat RT 

304 

304 

316 
316 

320 

320 

328 

328 

332 

332 

0.66 16:40 
0.39 17:15 
0.62 17:35 
0.46 17:48 
0.48 18:12 
0.67 18:41 
0.79 18:59 
1.10 19:11 
0. 81 19 :·28 
~·f/19:48 

& ~ Q......4..SO~Cl0:01 
0.58 20:12 
0.41 21:56 

.:D -1.02 22:12 
*** Total *** 

0.77 20:01 
*** Total *** 

0.75 16:31 
0.76 16:48 
0.71 17:32 
0.42 17:46 
0.70 17:59 
0.76 18:22 
0.95 18:35 

*"'---=- &:-9e0·1)18: 51 0.70 19:41 
0.86 21:02 

J) -o. 4 9 22: 11 
*** Total *** 

0.00 18:30 
0.00 18:48 

*** Total *** 

0.77 
0. 78 
0.80 

18:29 
18:47 
19:01 

:t.:t.* Total *** 

*** End of Report *** 

) :J.o 0. ~9 

0-6~ 

79.67 
173.56 
186.07 

94.09 
69.50 
59.65 
64.94 
21.66 
58.18 

11~ ?g.. (q"J,. 

.93. 43 f:Z 1 
27.43 
21.25 
16.79 

1078.50 

26834.43 
26834.43 

26.67 
7i .58 

100.02 
98.89 

317.84 
59.01 
28.79 
~2 '7,fl..:1_3'f 
35.43 
19.57 
24.56 

990.66 

2857.34 
16932.10 
19789.44 

2297.58 
16348.32 
14047.60 
32693.50 

T 
F 
F 
F 
F 
T 
T 
F 
T 
y -rr 

/F 
F 
F 

F 
F 
F 
F 
F 
F 
F 
F 
F 
F 
T 
F 
F 
F 

# of Peaks: 

T T 
~ of PeaKs: 

T F 
T F 
T F 
F F 
T F 
T F 
F F 

T,f T 
T F 
T F 

. F F 
# of PeaKs: 

T F 
T T 
41 of Pea~~s: 

T 
T 
T 

F 
T 
T 

41 of PeaKs: 

F F 

REL_Rl Why 

0.833 -0. 
0.862 
0.878 
0.8BS· 
0.909 
0.933 
0.9.48 
0.958 
0.973 - Gl 
0.989 
1.000 
1.009 
1.096 
1.109 - /!. . vJ 

14 

1.000 
1 

0.87S•- Q 
0.894 
0.933 
0.946 
0.957 
0.978 
0.989 
1.004 
1.048 
1.120 f? 
1.1e1- f'·W 

11 

0.985 
1.001 

2 

0.984 
1.000 
1.012 

3 

\.o\~ 

.-
{. 0~ 



I' ..... ''0 
t·'f:"J 1 !) 1°~0 

•"..J" - """"""' 

Listing of U902306l.dbf File 
[.:·; ,::..;.~.J2;iTl\L 1\Ffl\IRS 

Page 1 
• 10/29/90 Raw Hass, Retention Time and Data Area 

H_Z mm:ss Data. Area .•.•• mm:ss Data. Area .•.•• mm:ss Data. Area ••••• mn1:ss Data.Area .•..• 

304 16:40 31.67 18:12 22.64 19:28 26.11 21:01 9.48 
17:15 49.06 18:41 24.00 19:48 34.36 21:!>6 6.23 
17:35 71.24 18:59 28.76 20:01 29.01 22:12 8.48 
17:48 29.54 19:11 11.36 20:12 10.07 

306 16:40 48.00 18:12 46.86 19:48 77.92 21:55 15.02 
17:16 124.50 18:41 35.65 20:01 64.42 22:12 8. ::a 
17:24 46.92 19:00 36.18 20:10 17.36 
17:35 114.83 19:11 10.30 20:22 9.89 
17:49 64.55 19:28 32.07 20:38 5.18 . 

316 20:01 11655.46 

318 20:01 15178.97 

320 16:31 11.39 17:46 29.37 18:51 96.04 21:02 9.04 
16:48 33.55 17:59 130.71 18:57 113.48 22:11 8.13 
17:19 4.41 18:22 25.55 19:41 14.59 
17:32 41.49 18:35 14.06 19:50 11.73 

322 16:31 15.28 17:45 69.52 18:35 14.73 19:41 20.84 

• 16:48 44.03 17:59 187.13 18:50 106.26 21:01 10.53 
17:32 58.53 18:22 33.46 19:04 34.29 22:11 16.43 

328 18:30 2857.34 18:48 16932.10 

332 18:29 998.08 18:47 7189.04 19:01 6228.01 

334 18:29 1299.50 18:4 7 9159.28 19:01 7819.59 

*** End of Report *** 

• 3 
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r.:F;'!'i11-=e~: u;;:g"'o:vz>-'3"o"G"'""A-=c:::q::-: ;;2;-l. _=:o::-.c;:;;T;;:-=<g>ro;-:;l.-.:6:-;: "A4;;27: z;:;:on-~M::c:a:-:s=-=s:-=i3:no"'i3-. ~9 oi'i"J.j"j6::--<s;;::M;;::o"<-;;2-, "'i3\) 1s54s:;;UB'i'ii'j(r:;l'5z~a-, TJ.crs-, -=-3'>.1 oii):-r:PiiiKD:n7(a9-, 2-:;-, sE",1o".'s"'o"'t=-,•l."S76 on--:. o",'o'.-;;o;;:;o:a:,-, "'F..,, F;:;-)r------.,/~ · 
Sample Text:LFI/110 TLif1661 File Text:TRIANGLE LABORATORIES,INC.:::DB225 CONFIRM::: 

100 A7. 2E5 1.5E5 

80 A3.17ES 

60 
A2.88E5 

A2.90ES 8.9E4 

40 5.9E4 

20 3.0E4 

0 O.OEO 
12:00 13:00 14:00 15:00 17:00 19:00 20:00 21:00 22:00 23:00 TIME· 

Fi1e:U902306 Acq:21-0CT-90 16:42:20 Mass 315.9419 SM0(2,3) BSUB(128,15,-3.0) PKD(9,2,5,0.50t,1185.0,0.00\,F,F) 
Sample Text:LFI/110 TLif1661 File Text:TRIANGLE LABORATORIES,INC.:::DB225 CONFIRM::: 

100 Al. 7E8 

80 

60 

40 

20 

0 O.OEO 
12:00 13:00 14:00 15:00 16:00 17:00 18:00 21:00 22:00 23:00 TIME 

File:U902306 Acq:21-0CT-90 16:42:20 Mass 317.9389 SM0(2,3) BSUB(128,15,-3.0) PKD(9,2,5,0.50\,1125.0,0.00\,F,F) 
Sample Text:LFI/110 TLif1661 File Text:TRIANGLE LABORATORIES,INC.:::DB225 CONFIRM::: 

100 1.6E7 
::: 

80 1.2E7 C.) 
-~· -

60 9.3E6 
,~ 

r.::> 

40 
;- -·' 6.2E6 <CJ 

~ .l 
0 

20 3.1E6 .. , 
·-

0~~~-r~~-r~~-r~~~~~-.,-~-.~~-.,-~-r~~--~~~~~~~~~~~~~~~~~~~T-~~+ O.OEO .. 
12:00 13:00 14:00 15:00 16:00 17:00 18:00 21:00 22:00 23:00 TIME 

,.---

l... 



• • "'-"rlJ< '1"'11 ~51990 . 
:42:20 Mass 9. 
File Text:TRIANGLE 

A9.04E4 

SiS}\ 

2.5ES 

1.3E5 

0~~-T~~~~~~~~~~~-.~~~~.-~~~~~~~~~~~~~~~~~~~~~~~~~O.OEO 
13:00 14:00 15:00 16:00 17:00 18:00 19:00 20:00 21:00 22:00 TIME 

File:U902306 Acq:21-0CT-90 16:42:20 Mass 321.8936 SM0(2,3) BSUB(128,15,-3.0) PKD(9,2,5,0~50%,1278.0,0.00\,F,F) 
Sample Text:LFI/110 TLif1661 File Text:TRIANGLE LABORATORIES,INC.:::DB225 CONFIRM::: 
100 A1. 7E6 3.3E5 

Al. 06E6 
50 1.7ES 

Al. 64E5 
O;-~~-r~.-~~~~~~~~~~~~4-~~~~~~~~~~-r~~~~~~~~~~~~~~~~~O.OEO 

13:00 14:00 15:00 16:00 18:00 19:00 20:00 22:00 TIME 
File:U902306 Acq:21-0CT-90 16:42:20 Mass 327.8847 SM0{2,3) BSUB(128,15,-3.0) PKD(9,2,5,0.50\,1017.0,0.00\,F,F) 
Sample Text:LFI/110 TLif1661 File Text:TRIANGLE LABORATORIES 1 INC.:::DB225 CONFIRM::: 
100 Al. 9E8 3.1E7 

50 1.6E7 

0;-~~~~-.,-~~-T-.~~~~-.~,-~~-.~,-~~~~~~~~--~~~~-.~~~~-.~~~~-.~4-0.0EO 
13:00 14:00 .15:00 16:00 17:00 18:00 19:00 20:00 21:00 22:00 TIME 

File:U902306 Acq:21-0CT-90 16:42:20 Mass 331.9368 SM0(2,3) BSUB(128,15,-3.0) PKD(9,2,5,0.50\,666.0,0.00\,F,F) 
Sample Text:LFI/110 TLif1661 File Text:TRIANGLE LABORATORIES,INC.:::DB225 CONFIRM::: 
100 A6. 3E7 1.5E7 

50 7.7E6 

O,_~~~~~,-~~-T-.~~~~-.~~~~-.~,-~~~~~~r,~~~~~~-.~~~~-.~~~~-.~4-0.0EO 
13:00 14:00 15:00 . 16:00. 17:00 18:00 19:00 20:00 21:00 22:00 TIME 

File:U902306 Acq:21-0CT-90 16:42:20 Mass 333.9338 SM0(2,3) BSUB(128,15,-3.0) PKD(9,2,5,0.50%,169S.O,O.OO\,F,F) 
Sample Text:LFI/110 TLif1661 File Text:TRIANGLE LABORATORIES,INC.:::DB225 CONFIRM::: 
100 A7. 2E7 1.9E7 

!~-

50 9.6E6 

0;-~~~~-.~~~~-.~~~~~~,-~~~~,-~~~~~~~~~~~~~-.~~~~-.~~~~~~4-0.0EO ·• 
13:00 14:00 15:00 16:00 17:00 20:00 21:00 22:00 TIME 

, .... __ 

(".) 
..:....: 
,...... 
~ 
_, r 
r C) ;. 

r ") --0 
....... 

. • .. 
l..~;.:. 



• • u L V. • • tUJ.-

• \v...Jf' ~ "~ - • 

·· · ~ ,:C/MS) : __ 17\- 1 u. ~1: ~-> 

F~ e:U902306 Acq:2l-OC1-90 16:42:20 Ha88 03.9016 
Sample Text:LFI/110 TLIIl66l File Te.Tt:TRIANGLE LABORATORIES,INC.:::DB225 CONFIRM::: 

lOO Lf:-1{111 () fh. 1~\\£\0 9:33 

90 

80 

70 
9:12 9:21 

60 

50 9:41 2.0E3 

40 1.6E3 

30 1.2E3 

20 8,1E2 

10 4.1E2 

O.OEO 
9:54 10:00 TIHE 9:48 

0·+-~~-T~-.~~~~-.~~~~-.--~~~-.~~~~~~--~~r,~~~~r,~~~~~~~--~~~~~~~~ 
9:00 9:06 9:12 9:18 9:24 9:30 9:36 9:42 

File:U902306 Acq:2l-OCT-90 16:42:20 Ha65 319,8965 
Sample Text:LFI/110 TLI#1661 File Text:TRIANGLE LABORATORIES1 INC.:::DB225 CONFIRM::: 

100 9: 6 8,6E3 

90 7.7EJ 

80 6,9E3 

70 6.01!!3 

60 9:41 
9:49 5.21!!3 

r-----------------------------------------------------------~T2t _________________________________ ~·------------------~~----------l 
so 4.3E3 .:_::; ... ·-3.4E3 I ._. 40 

(.~ 
30 2,6E3 

. : l.) 

1.11!!3; 
. ) 

\..""..::. 20 

lO B. 6E2 :· l. :: 
(.. 

O.OEO 
9:54 lO:OO TIHE 



• • • 
LABORATORIES,INC.:::DB225 CONFIRM::: 

100 3.4£5 

so 1.7£5 

oq_~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~-,~~~~~~~~~~~~~~~~O.OEO 
14:00 15:00 16:00 17:00 22:00 23:00 TIHE 

Fila:U902306 Acq:2l-OCT-90 16:42:20 Ha~~ 305.8987 
Sample Taxt:LFI/llO TLIIl661 Fila Text:TRIANGLE LABORATORIES1 INC.:::DB22S CONFIRM::: 

100 4.9£5 

50 17:35 2.5£5 

21:47 22:11 22· ~ 
01~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~-r~~~~~~~~~~~~~~~~·~~~O.OBO 

14:00 15:00 16:00 17:00 18:00 19:00 20:00 21:00 22:00 23:00 TIME 
Fila:U902306 Acq:21-0CT-90 16:42:20 Ha88 315.9419 
Sample Taxt:LFI/llO TLII166l File Text:TRIANGLE LABORATORIES1 INC.:::DB225 CONFIRM::: 

l::] 
1~~oo '1s~oo '15~oo :11~oo .lf 

20:00 
Fila:U902306 Acq:2l-OCT-90 16:42:20 Ha~~ 317.9389 
Sample Text:LFI/llO TLII1661 File Text:TRIANGLE LABORATORIES1 INC.:::DB225 CONFIRM::: 

l::l 
l~~oo lS~oo l6~oo l7~oo l8~00 

.~: 
20:00 

Fila:U902306 Acq:2l-OCT-90 16:42:20 Ha8~ 375.8364 
Sample Text:LFI/110 TLII166l File Text:TRIANGLE LABORATORIES1 INC.:::DB225 CONFIRM::: 

20•57 1.5£4 100 19:01 
15:08 21:41 

,., - .. . -··-
:: ~j 
C.; 
::.~ :-. c 
i.~ <:.. 
:..::: ...... 

;c 
r .) 
t:..? 



100 

50 

Acq: -OCT
Text:LFI/110 TLII1661 

19:11 

HtJ"" • 
Text:TRIANGLE LABORATORIES,INC.:::DB225 CONFIRM::: 

19:48 
19:53 

20•02 1.2£5 

20:26 

20:5 

0 0, OEO 
19:00 19:06 19:12 19:18 19:24 19:30 19:36 19:42 19:48 19:54 20:00 20:06 20:12 20:18 20:24 20:30 20:36 20:42 20:48 20:54 21:00 TIME 

File:U902306 Acq:2l-OCT-90 16:42:20 MtJ"3 305.8987 
Sample Text:LFI/llO TLII1661 File Text:TRIANGLE LABORATORIES,INC.:::DB225 CONFIRM::: 

19:22 19:29 
19:18 19:33 

19:11 

19•48 
19:53 20:02 

20:10 20:22 
r 'lr'l.......,_2o:l7 

1. 7E5 
• 

8,3£4 
. 20:3 

'\./.......__.,_.,-Jr-J 20: 4 4 
o o.ozo 

19:00 19:06 19:12 19:18 19:24 19:30 19:36 19:42 19:48 19:54 20:00 20:06 20:12 20:18 20:24 20:30 20:36 20:42 20:48 20:54 21:00 TIME 
File:U902306 Acq:2l-OCT-90 16:42:20 HtJ3" 315.9419 
StJmple Text:LFI/110 TLII1661 File Text:TRIANGLE LABORATORIES,INC,:::DB225 CONFIRM::: 

100 
19:53 

1.31:,7 

50 • 6.4£6 

0 O.OEO 
19:00 19:06 19:12 19:18 19:24 19:30 19:36 19:42 19:48 19:54 20:00 20:06 20:12 20:1~ 20:24 20:30 20:36 20:42 20:48 20:54 21:00 TIME 

File:U902306 Acq:21-0CT-90 16:42:20 MtJ33 317.9389 
Sample Text:LFI/110 TLIIl661 File Text:T.RIANGLE LABORATORIES,INC.:::DB225 CONFIRM::: 

100. 
19:53 

20.,t01 ,1. 71!:1 

• 

50. _8,3B6 

0~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~0.0£0 
19:oo 19~06 19~12 19~18 19~24 19~30 19~36 Hl-42 19~48 19:54 2o:oo 2o:o6 20~12 20:18 20:24 20~3o 20:36 20~42 20~48 20:54 21:oo riHI:, 

File:U902306 Acq:21-0CT-90 16:42:20 MtJ33 375,8364 
Sample Text:LFI/110 TLII1661 File Text:TRIANGLE LABORATORIES,INC.:::DB225 CONFIRM::: 

100 

50 19:20 
19:10 

. 19:32 19:3819:4 19:52 
-

20:09 
20:05 

1.5£4 

20:31 20:40 
20:46 

7.6£3 

0 0.0£0 
19:00 19:06 19:12 19:18 19:24 19:30 19:36 19:42 19:48 19:54 20:00 20:06 20:12 20:18 20:24 20:30 20:36 20:42 20:48 20:54 21:00 TIME 

. . 
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• 
• 

• 

' -• • • • 
r 
• • --• 
' 
• 
• • 
• 

• ..... 
• 

• 
• 

• 
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• 

• 

• 
• 
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--.. ) 
~--. ·-
I I 

~ 

-· • • , t:) • 
• .) r c...;, 

• 

·-• • 

l. ~ --...... 



F~ a:U Acq: -OCT- MIJ:t:t • 

Sample Taxt:LFI/110 TLII166l Ta.Tt:TRIANGL£ LABORATORIES1 INC.:::DB225 CONFIRM::: 

100 17•59 2.9E5 
• 

18:51 

50 
17:32 

16:30 

0·+---~--~~~~~~~~~~~--~ 
15:00 16:00 17:00 

Fila:U902306 Acq:2l-OCT-90 16:42:20 Ha:r:r 321.8936 
Sample Text:LFI/110 TLI#l66l Fila Text:TRIANGLE LABORATORIES1 INC.:::DB225 CONFIRM::: 

100 

50 

100 

50 

16:40 
16:30 

17•58 

18:22 

18:30 
0·~~---~~~---~~~---~~-r~~~~~---r-~~---r-~~ 

15:00 16:00 17:00 18:00 19:00 
Fi1a:U902306 Acq:21-0CT-90 16:42:20 Ha:r:r 331.9368 
Sample Te.Tt:LFI/110 TLI#l661 Fila Taxt:TRIANGLE LABORATORIBS1 INC.:::DB225 CONFIRM::: 

100. 

50. 

• 

19·01 

18:47 

20:00 21:00 

• 

1.4.!5 

3, 71:5 

1.8B5 

3,3E7 

l. 7E7 

O,OEO 
22:00 'J'IHE 

r-1. 8.!7 

• 

r , 
• 
• • 
• 

• -( 0·1-~---~~~---~~~---~~-r~~~~~---r-~-T---r-~~18:28 ~ 
15:oo l6:oo 11~00 18:oo 

~~r-~-T---~~-r~~~~~---r-~~---~~-r~~+0-0!0 : 
19:oo 2o:oo 21:oo 22:oo riME : 

r File:U902306 Acq:21-0CT-90 16:42:20 Ha:r:r 333,9338 
Sample Taxt:LFI/110 TLI#l66l Fila Taxt:TRIANGLE LABORATORIES1 INC,:::DB225 CONFIRM::: 

100. 

50. 

0 
15:00 

18:29 

19•01 

18:47 

• 

r-2.3.!1 

1-1 • .21!7 

• --• 
• r·-
~ 

• • 
•• 
• • • • -·• 
• c..: 

• 

• 

-.. _ 
C) 
c..: 

-· ro 
r.:J 
Q 

• 

• 

• • l_ 



F~ e: U Acq: -OCT- Ha:J:J • 
Sample Text:LFI/110 TLII1661 Te.Tt:TRIANGLE LABORATORIES,INC.:::DB225 CONFIRH::: 

100 2.9£5 

18:51 

18:22 
50 18:57 1.41!5 

17:32 17:46 • 

0·~~~~~~~~~~1~7;:~1~9~~~~~~~~~~~~~~~~~~~~18:06 18:12 ;:~~~~~~~
1

~
8

~=:
3

:
6

~~~~~~~;:~~ '-\ O. OEO 
17:00 17:06 17:12 17:18 17:24 17:30 17:36 17:42 17:48 17:54 18:00 18:06 18:12 18:18 18:24 18:30 18:36 18:42 18:48 18:54 19:00 TIME 

File:U902306 Acq:21-0CT-90 16:42:20 Ha:J~ 321.8936 
Sample Text:LFI/110 TLI#l661 File Text:TRIANGLE LABORATORIES,INC.:::DB225 CONFIRH::: 

100 3. 7£5 

• 

• • 

• • 

50 
17:32 17:4 18:35 

17:19 18:14f~~~~~~~~~~~~~~~~~::~~ 0 ::;: O. OEO 
17:00 17:06 17:12 17:18 17:24 17:30 17:36 17:42 17:48 17:54 18:00 18:06 18:12 18:18 18:24 18:30 18:36 18:42 18:48 18:54 19:00 TIME 

File:U902306 Acq:21-0CT~90 16:42:20 Ha:J~ 327.8847 
Sample Text:LFI/110 TLI#l661 File Text:TRIANGLE LABORATORIES,INC.:::DB225 CONFIRH::: 

100_ 

so_ 

O·~~~~~TT~~~TT~~~TT~~T?~~~~~~TT~~~~~~~~rM~~~~~ 
17:00 17~06 17~12 17~18 17~24 17~30 17~36 17t42 17~48 17t54 18t00 18~06 18~12 18tl8 18~24 

18:30 .!.., \ 
18~30 18~36. 18~42 18~48 18~54 

File:U902306 Acq:2l-OCT-90 16:42:20 Ha~~ 331.9368 • 

Sample Text:LFI/110 TLI#l66l File Text:TRIANGLE LABORATORIES,INC.:::DB22S CONFIRH::: 

100 
• 

• 

so 
• 

18:28 

100 
• 

so . 

~3.31!7 

... 1. 7E7 

O.OEO 
19:00 TIME 

1.31!7 

6.5£6 

1. 71!7 

8. 41!6 

• 

r, 
• • • • • • • 

• . . ~ 
~ ~J 
C"; -. .. .. -. • --r. ": -.... ---· :..> 

r-

-. -·· - . • • •••• 
• • ·-18: 29 :~.::: 

Ol~~~~~rn~~~~~~~~~~~~~~~~~~~~~rn·~~~~~~~~~~~~~~~~~~~O.OEO -~ 
17:oo 17:06 17:12 17:18 17:24 17:30 17:36 17:42 17:48 17:54 18:oo 18:06 18:12 18:18 18:24 18:30 18:36 18:42 18:48 18:54 19:00 riME ·J 

- .., -

• 

• 

• 
• 

-· r c;, 
! ") • • c:. 

• 

l. 



• • • 
Htt:J:J • 

Text:TRIANGLE LABORATORIES1 INC.:::DB225 CONTIRH::: 

100 3,4E5 

so l. 71!5 

0'4-~~~--~-T~~~~~~r-~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~O,OE.O 
14:00 15:00 16:00 17:00 18:00 19:00 20:00 21:00 22:00 TIME 

File:D902306 Acq:21-0CT-90 16:42:20 Ha:~:~ 315.9419 
Sample Text:LFI/110 TLI#1661 File Text:TRIANGLE LABORATORIES1 INC,:::DB225 CONFIRH::: 

l::l 
1~~oo 15~oo' ·16~oo '11~oo' '19~od '19~od 

F11e:U902306 Acq:21-0CT-90 16:42:20 Ha:~:~ 319.8965 
Sample Text:LFI/llO.TLI#1661 File Text:TRIANGLE LABORATORIES1 INC.:::DB225 CONTIRH::: 

100 

50 

.11' 
20:00 21~00 

r,., 6, 41!6 

I o. OEO 
22:00 TIHE. 

2.9E5 

1.41!5 

oq_~~~~~--~~~~~~~~~~~~~~~~~~_;~~~~~~~~~~~-T~~~~~~~~~~_;~~~~O.OE.O 
14:00 15:00 16:00 17:00 21:00 22:00 TIHE. 

File:0902306 Acq:21-0CT-90 16:42:20 Ha:~:~ 331,9368 
Sample Text:LFI/110 TLI#l661 File Text:TRIANGLE LABORATORIES1 INC.:::DB225 CONFIRH::: 

jl' 
18:28 
I I 

19:00 

!::1 
1~~oo' '15~oo' ·16~oo' '11~oo 1

:::: !' 
0,01!0 c 1

22;00 TIHB : . 
F11e:D902306 Acq:21-0CT-90 16:42:20 Ha:~:~ 292,9825 
Sample Text:LFI/110 TLII1661 File Text:TRIANGLE LABORATORIES1 INC,:::DB225 CONTIRH::: 

16,~ 17:o.o. 1hB 18:a 19:B19:n20:182o:n n·n 2.~: 

1.21!7 

:28 . ; :.: 

. 0. OEO t -; 
1

16~00 17:00 18:00 19:00 20:00 21:00 22:00 TIME 

100 L 15.28 5:=. ~= ~ 
14:00 15:00 

-

l.. ·-



• 
F~le:U902306 Scans:1-1908 Acqu~red:21-0CT-90 
Mass 303.9016 Experiment:DB225 
File Text:TRIANGLE LABORATORIES,INC.:::DB225 

• • 
16:42:20 Ion~zat~on:EI+ Funct~on:Voltage SIR 70SE » 

CONFIRM::: 
100 1.2E5 

80 9.7E4 

60 7.3E4 

40 4.9E4 

20 2.4E4 

O~r---~--~--~--~~--~--.----.~~--~~--~--,----r--~--~~--.---,----.--~~O.OEO 
18:00 19:00 20:00 21:00 TIME 

File:U902306 Scans:1-1908 Acquired:21-0CT-90 16:42:20 Ionization:EI+ Function:Voltage SIR 70SE ~ 
Mass 305.8987 Experiment:DB225 
File Text:TRIANGLE LABORATORIES,INC.:::DB225 CONFIRM::: 
100 1.7ES 

80 1.3ES 

60 9.9E4 

40 6.6E4 

20 3.3E4 

0~~--~--,----r--~--~--~----.-~~--.---~---r--~--~----~--.---~--.---~O.OEO 
18:00 20:00 21:00 TIME 

File:U902306 Scans:1-1908 Acquired:21-0CT-90 16:42:20 Ionization:EI+ Function:Voltage SIR 70SE ~ 
Mass 315.9419 Experiment:DB225 
File Text: TRIANGLE LABORATORIES, INC. : :. : DB225 CONFIRM::: 
100 1.3E7 

80 1.0E7 

60 7. 7E6 ~ 

40 5.1E6 

20 2.6E6 

0~~--,---.----.---T---,--~~--r---.---,----r~-r--~--~----r---.---.---.---~O.OEO: 
18:00 19:00 20:00 21:00 TIME 

-

~. l ·-·-.. .:: 

. r·, 
I 

'- ; 



• • • 
F~le:U902306 Scans:1-1908 Acqu~red:21-0CT-90 
Mass 303.9016 Experiment:DB225 

16:42:20 Ion~zat~on:EI+ Funct~on:Voltage SIR 70SE ~ 

File Text:TRIANGLE LABORATORIES,INC.:::DB225 CONFIRM::: 
100 A6.395E5 1.2E5 

80 9.7E4 

60 7.3E4 

40 4.9E4 

20 2.4E4 

0~.---~--~---r---.--~----.---.-~~--.----.--~--~--~----.---~--~--.---~O.OEO 
20:00 21:00 TIME 

File:U902306 Scans:1-1908 Acquired:21-0CT-90 16:42:20 Ionization:EI+ Function:Voltage SIR 70SE ~ 
Mass 305.8987 Experiment:DB225 
File Text:TRIANGLE LABORATORIES,INC.:::DB225 CONFIRM::: 
100 A7. 871E5· 1. 7E5 

80 1.3E5 

60 9.9E4 

40 6.6E4 

20 3.3E4 

0~~--~--~--~--~--~--~~--.-~~--~--~---r--~---,----~--.---~--~--~O.OEO 
18:00 20:00 21:00 TIME,.., 

File:U902306 Scans:1-1908 Acquired:21-0CT-90 
Mass 315.9419 Experiment:DB225 
File Text:TRIANGLE LABORATORIES,INC.:::DB225 
100 

80 

60 

40 

20 

16:42:20 ·Ionization:EI+ Function:Voltage SIR 70SE ~:~ 

CONFIRM::: 
1.3E7 

1.0E7 

7.7E6 

5.1E6 

=-j 
~ .. . 

2. 6E6 c.' 

0~.---~--~---r--~--~----r---~--~--.----.~~--~~~----.---~--~--.---~O.OEO 
18:00 19:00 20:00 21:00 TIME 

\ . ' 

lnl . 



• 
F~le:U902306 Scans:l-1908 Acqu~red:21-0CT-90 
Mass 319.8965 Experiment:DB225 
File Text:TRIANGLE LABORATORIES,INC.:::DB225 

• • 
16:42:20 Ion~zat~on:EI+ Funct~on:Voltage SIR 70SE ~ 

CONFIRM::: 
100 2.9E5 

80 2.3E5 

60 1.7E5 

40 1.1E5 

20 5.7E4 

0~~~~~~~~~~==;=~,---~~;=~~--~--~~~~~~~~~~~~~~~0.0EO 
18:00 19:00 

File:U902306 Scans:1-1908 Acquired:21-0CT-90 
Mass 321.8936 Experiment:DB225 
File Text:TRIANGLE LABORATORIES,INC.:::DB225 
100 

20:00 21:00 TIME 
16:42:20 Ionization:EI+ Function:Voltage SIR. 70SE ~ 

CONFIRM::: 
3.7E5 

80 A1.358E6 3.0E5 
60 2.2E5 

40 1.5E5 

20 7.4E4 

0~~~~~~~~~==~~.---~~~~~~~-.--~~~~~~~~~~~~~0.0EO 
18:00 21:00 TIME I 

File:U902306 Scans:l-1908 Acquired:21-0CT-90 16:42:20 Ionization:EI+ Function:Voltage SIR 70SE ~ 1 
Mass 331.9368 Experiment:DB225 :::; 

) File Text :TRIANGLE LABORATORIES, INC.:: :DB225 CONFIRM::: -~ 
100 19•01 1. 8E7 .. 

80 

60 

40 

20 

18:47 1.5E7 

1.1E7 

7.4E6 

3.7E6 

0~~--~--~~~~~~_,-==,~~r---~--,---~---.---.--~----r---~--~--,----r-O.OEO 

:;.~ 

:-:: 
(, 

18:00 19:00 20:00 21:00 TIME 

.. -, .. , 
"'··· -. ·-
-· t C) , ) 

(..:.;) 

l. ... 



• • • 
F~le:U902306 Scans:l-1908 Acqu~red:21-0CT-90 16:42:20 Ion~zat~on:EI+ Funct~on:Voltage SIR 70SE » 
Mass 319.8965 Experiment:DB225 
File Text:TRIANGLE LABORATORIES,INC.:::DB225 CONFIRM::: 
100 

80 

2.9ES 

2.3ES 

60 i.7ES 

40 l.lES 

20 S.7E4 

0~~~~~~~~---~---~==~==~~~~~---.----.-~~~~~~~~~~~~~~0.0EO 
18:00 

File:U902306 Scans:1-1908 Acquired:21-0CT-90 
Mass 321.8936 Experiment:DB225 
File Text:TRIANGLE LABORATORIES,INC.:::DB225 

21:00 TIME 
16:42:20 Ionization:EI+ Function:Voltage SIR 70SE » 

CONFIRM::: 
100 3.7ES 

80 3.0ES 

60 2.2ES 

40 l.SES 

20 7.4E4 

0~~~~~~~~~:_~~~==~~~~~---~~---~~~~~~~~~~~~~0.0EO 
18:00 19:00 20:00 21:00 TIME 

File:U902306 Scans:1-1908 Acquired:21-0CT-90 16:42:2Q Ionization:EI+·Function:Voltage SIR 70SE ~ 
Mass 331.9368 Experiment:DB225 
File Text:TRIANGLE LABORATORIES,INC.:::DB225 CONFIRM::: 
100 19·01 1.8E7 

. " 

.. 
... 
:: •• 1 
,.:..; 

l. 



• 

• 

• 

·I 

-' 
f o••' I 1 7\ 'Qi'f\ 
•. ; J -- .J h •• :.) ':: ~ ~· 

TRIANGLE LABORATORIES, INC. Page 1 of 1 
CONFIRMATION ANALYSIS (DB-2.2SJ:,..,,;,,,..::,c 1.\L i.l"; ,·.~.;1~1/15/90 

FILE NAME ..•. : U902307 
CONCAL (VER).: U902298 
PROJECT NUMBER: 16661 
ANALYST ••.•.• : JA 
SAMPLE SIZE •. : 9.400 g 
DATE RECEIVED.: 10/10/90 
SPIKE FILE ... : SPC2NF10 

CLIENT ID •••• : SWP 
SAMPLE ID .••• : LF2/9111 
ICAL DATE ..•. : 09/21/90 
ANALYSIS DATE: 10/21/90 
SAMPLE MATRIX: SOIL 
DATE COLLECTED: 10/09/90 

TLI NUMBER ..•• : 37-26-2 

SAMPLE ORIGIN: WILMINGTO 

SHIPMENT NO .•• : NC09001 
============================================================================== 
NAME CONC(ppb) NUMBER DL EMPC RATIO RT FLAGS 

2378-TCDD 0.03 0.75 18:51 
2378-TCDF 0.005 0.86 20:00 

TOTAL TCDD 0.14 6 0.16 0.80 _Q. 

.. TOTAL TCDF 0.03 7 0.05 0.79 

SURROGATE STD. RECOVERY SUMMARY (TYPE B) 
--------------------------------------------------------------------------------------------------------------------------------------------------------
NAME CONC (ppb) % REC. RATIO RT FLAGS 

37Cl-TCDD 1. 1 101 18:48 

INTERNAL STANDARDS RECOVERY SUMMARY 
--------------------------------------------------------------------------------------------------------------------------------------------------------
NAME 

13C12-2378-TCDF 
13C12-2378-TCDD 

11/ff 

CONC (ppb) 

1. 0 
0.97 

% REC. 

96.1 
91.1 

RATIO 

0. 77 
0.74 

RT 

19:59 
18:48 

FLAGS 

C2NF_RPT rev:3.01 



I 

• 

• 

• 

B-File/Header Changes 
Manual Integrations 
Transcription 
Dbase Corrections 

Page Ho. 
10/29/90 

1 

lnitial 

Listing of U902307B.dbf 

,v-- :> -
. ~·.:l ~-. ~· ..... ·. (_ 52-0~ . . . . 
..... ' . '• 

..... ·.._} 

r •!".-'J 1 (\ •![,::''jl 
'4\.J' " l ....... u 

r""l~"'"''" ,,.,,Tf\L , .• L .. ~ .·.vhhll.:.a1 /\rfi\I~~S 

Hatched GC Peaks I Ratio I Ret. Time 
Hatch Hatch Who/ 

H_Z Omit Ratio RT. Area Rat RT REL_RT Why 

304 

304 

316 
316 

320 

320 

328 

328 

332 

332 

0.79 
0.56 
0.62 
0.73 
0.73 
0.84 
0.82 
0.75 
0.55 
0.39 
0.86 
0.39 

.f'l.17 
:P~.65 

16:43 
17:15 
17:34 
17:48 
18:11 
18:41 
19:00 
19:12 
19:23 
19:48 
20:00 
20:12 
21:54 
22:11 

*** Total *** 

0.77 19:59 
*** Total *** 
0.75 16:46 
0.97 17:32 
0:87 17:45 
0.81 17:58 
0.86 18:22 
0.54 18:36 

~ G-:fft-0· 7{18 : 51 
1. 05 19:49 

*** Total ***-

0.00 18:30 
0.00 18:48 

*** Total *** 

#-? 0.53 
0.74 
0.77 

18:28 
18:48 
19:03 

*** Total *** 

*** End of Report **-* 

0·7Li 

ofJJ 
\9: D) 

l or ~3cr 

52.:16 
157.84 
144.62 
88.72 

129.89 
69.80 
67.92 
18.78 
63.53 
98.23 
94.80 
19.33 
13.82 
13.47 

1032.91 

16300.13 
16300.13 

55.49 
87.28 

102.76 
358.52 
52.01 
32.08 

257.34 ~~1::. 
50.49 

995.97 

1009.80 
10533.61 
11543.41 

776.45 
9492.65 

10047.67 
20316.77 

T F 
F F 
F F 
T F 
T F 
T F 
T F 
T F 
F F 
F F 
T T 
F F 
F F 
T F 
ft of Peaks: 

0.837 -Q 
0.863 
0.879 
0.891 
0.910 
0.935 
0.951 
0.961 
0.970 - Q 
0.991 
1.001 
1.011 
L096/LQ.w 
1.1106'-

14 

T T 1.000 
~ of Peaks: 1 

T F 
F F 
T F 
T F 
T 
F 
T 
F 

F 
F 

~~ 
F 

~ of Peaks: 

0.908 _Q 
Q-:-9.4--9- C). Cj 3 !. 

Ck-9 6--l- 0· c\Lj, {, 
n...on 0·'1~-=l
(L9"f 0·"":} ~ 
L 007 t7 • '\~'\ 
l 071 l•oo~.::> 
1.073-

8 

T t( F 1~ o-'184 
T /( .1:. 018 { ()S'O 

~ of Peaks: 2 

F /( F !-:-BOO cD. Cfg'f 
T T l:-:-813- { -~ 
T k( ~ I·~/')/ 
~ of Peaks: 3 

T /. 0/2-- -Q 

f F 



~ ~':""' 0 oO 
Oo. "\ . . . ~ 

0 • 

( 0 oO 0 J 1 ( 
"0~·) 

o.i 
-- ... 0 a I~'·:. 

• Page 1 Listing of U902307l.dbf File 
10/29/90 Raw Hass, Retention Time and Data Area ,.,,,,,,_,, 1.:~ j\"' ~:.r·)n 

.J. ·····J 
H_Z mm:ss Data. Area ..••• n1n.: ss Data. Area ..••• mm:ss Data. Area ••••• mm:ss Da~a.Area ••... 

·.o 

304 16:43 22.94 18:11 54.81 19:23 22.66 20:26 6.12 
17:15 56.96 18:41 31.83 19:48 27.80 21:54 7.45 
17:34 55.22 19:00 30.53 20:00 43.92 22:11 5.31 
17:48 37.54 19:12 8.02 20:12 5.44 

306 16:43 29.22 18:11 75.08 19:47 70.43 21:53 6.37 
17:15 100.88 18:41 37.97 20:00 50.88 22:11 8.1£, 
17:24 40.27 19:00 37.39 20:10 13.89 
17:35 89.•W 19:12 10.76 20:22 7.20 
17:48 51.18 19:22 40.87 20:37 4. 05 

316 19:59 7106.94 

318 19:59 9193.19 

320 16:35 8.35 17:45 47.77 18:36 11.19 19:37 16.93 
16:46 23.82 17:58 160.15 18:51 114.28 19:49 25.81 
17:32 42.94 18:22 24.05 19:04 122.53 

322 16:46 31.67 17:59 198.37 18:50 143.06 19:49 24.6£\ 

• 17:32 44.34 18:22 27.96 18:58 156.26 21:01 6.50 
17:45 54.99 18:35 20.89 19:40 27.85 

328 18:30 1009.80 18:48 10533.61 

332 18:28 267.36 18:48 4026.83 19:03 4358.68 

334 18:28 509.09 18:47 5465.82 19:02 5688.99 

:t.:t.:t. End of Report *** 

• --



• • ?.cp 
OCT. ?SHlOO 

~--===~~~~~~~~~~~~~~~~~~~~~~~~~~----~~ F e:U902307 Acq:21-0CT-90 17:32: 4 Mass 303.9016 SM0(2,3) BSUB(128,15,-3.0) PKD(9,2,5,0.50\,576.0,0.00\,F,F) 
Sample Text:LFl/9111 TLit 16661 File Text:TRIANGLE LABORATORIES,INC.:::DB225 CONFIRM::: 
100 AS. 2ES 

80 A5.48ES 
1.2ES 

9.7E4 
A2.78ES 

60 A3.18E5 7 .3E4 A2.29ES 
40 4.9E4 

20 2.4E4 

0 O.OEO 
12:00 13:00 ·. 14:00 15:00 18:00 19:00 20:00 21:00 22:00 23:00 TIME 

Fi1e:U902307 Acq:21-0CT-90 17:32:44 Mass 305.8987 SM0(2,3) BSUB(128,15,-3.0) PKD(9,2,5,0.50t,l362.0,0.00\,F,F) 
Sample Text:LFl/9111 TLit 16661 File Text:TRIANGLE LABORATORIES,INC.:::DB225 CONFIRM::: 
100 Al. lE 1.6ES 

80 A7.51ES 1.3ES 

60 A2. 92ES 9.SE4 
40 6.3E4 

20 3.2E4 

0 O.OEO 
12:00 13:00 14:00 15:00 16:00 17:00 18:00 19:00 20:00 21:00 22:00 23:00 TIME 

File:U902307 Acq:21-0CT-90 17:32:44 Mass 315.9419 SM0(2,3) BSUB(128,15,-3.0) PKD(9,2,S,O.S0\,1374.0,0.00\,F,F) 
Sample Text:LF1/9111 TLit 16661 File Text:TRIANGLE LABORATORIES,INC.:::DB225 CONFIRM::: 
100_ A7. 1E7 ,...7.4E6 

80. 

60. 

40 

20. 

t-5.9E6 

t-4.4E6 

F-2.9E6 

F-l.SE6 

04---~~~--~~~~~~--~~~~~~~~~~~--~~~~~~--~~~-r~~--~~~~~~--~ 
12:oo 131oo 14~oo 1s:oo 16:oo 11:oo 1s:oo 19:oo 2o:oo-. 211oo 221oo 

O.OEO 

File:U902307 Acq:21-0CT-90 17:32:44 Mass 317.9389 SM0(2,3) BSUB(128,15,-3.0) PKD(9,2,5,0.50t,924.0,0.00\,F,F) 
Sample Text:LF1/9111 TLif 16661 File Text:TRIANGLE LABORATORIES,INC.:::DB225 CONFIRM::: 
100_ A9. 9E7 

80_ 

60_ 

40.: 

20_ 

23:00 TIME 

..-9.6E6 

I-7.6E6 

5.7E6 

_3.8E6 

_1.9E6 

O.OEO 

["1 . . . -: ··.: 
(.; -. -. !:'. 

! : --
;:.-· 
r-

;: ··~ . 
: :·: 0,~~~~~~~~~~--~~~~~-r,-~~~-r~~--~~~-r~-r~rT~~-r~-r,-~~~-r~~~~ 

13~oo 14:oo 1s:oo 16:oo 11~oo 18~oo 19~oo 2o~oo 21~oo 22:oo 23:00 TIME:··:; 12:00 
\.) 

r. 

-..,._ 
0 
< 
~ 

0 

-· ~ t.J 
) ....... 

' l. 



• ••••• 

2.9ES 

50 1.5E5 

0,,_~~~~.-T-~~~~~~~~~~-+~+-~~~~~~~~~~~~~~~~~~~~~~~~~~~O.OEO 
13:00 14:00 15:00 16:00 17:00 18:00 19:00 20:00 21:00 22:00 TIME 

File:U902307 Acq:21-0CT-90 17:32:44 Mass 321.8936 SM0(2,3) BSUB(128,15,-3.0) PKD(9,2,5,0.50t,1641.0,0.00t,F,F) 
Sample Text:LF1/9111 TLif 16661 File Text:TRIANGLE LABORATORIES,INC.:::DB225 CONFIRM::: 
100 Al. 8E6. 3.9E5 

50 1.9E5 

04-~~~~~~~~~~~~~~~~~~~~~9F*=~~~~~~~~~~~~~~~~~~~~~~~O.OEO 
13:00 14:00 15:00 16:00 17:00 18:00 19:00 21:00 22:00 TIME 

File:U902307 Acq:21-0CT-90 17:32:44 Mass 327.8847 SM0(2,3) BSUB(128,15,-3.0) PKD(9,2,5,0.50%,1077.0,0.00%,F,F) 
Sample Text:LF1/9111 TLif 16661 File Text:TRIANGLE LABORATORIES,INC.:::DB225 CONFIRM::: 
100 Al. 5E8 2.0E7 

50 1.0E7 

0·~~~~-r,-~~~~~~~-r~.-~-r,-~~-r~~~~~~~~-r~~~-..-~~~~~~~~-r,-~~ O.OEO 
13:00 14:00 15:00 16:00 17:00 18:00 19:00 20:00 21:00 22:00 TIME 

File:U902307 Acq:21-0CT-90 17:32:44 Mass 331.9368 SM0(2,3) BSUB(128,15,-3.0) PKD(9,2,5,0.50\,1179.0,0.00\,F,F) 
Sample Text:LF1/9111 TLif 16661 File Text:TRIANGLE LABORATORIES,INC.:::DB225 CONFIRM::: 
100 A4. 6E7 1.1E7 

50 5.4E6 

0~~~~~--.-~~~~~~.-~~-.--~~~-.--~~-.-.~~~~~~~--~~-.--~~~-..-~~~-r~ O.OEO 
13:00 14:00 15:00 16:00 17:00 .. 20:00 21:00 22:00 TIME 

File:U902307 Acq:21-0CT-90 17:32:44 Mass 333.9338 SM0(2,3) BSUB(128,15,-3.0). PKD(9,2,5,0.50t,1380.0,0.00\,F,F) . ' 
~-. 

Sample Text:LF1/9111 TLil 16661 File Text:TRIANGLE LABORATORIES,INC.:::DB225 CONFIRM::: ·-
100 AS. 9E7 1.4E7 ··-~..) 

6.9E6 =-c~ 
.I 

50 
... ..:. 

04-~~-r-r,-~~~~~~~-r~~~-r.-.-~-r.-~~-r~~~~~~~~-.--~~-r.-~~-r-r~~-+ O.OEO 
13:00 14:00 15:00 16:00 17:00 20:00 21:00 22:00 TIME 



• • Lev . •. ,v.lf · ci·~ 

Verified by (GC/MS) : )11-J ... tr-~" 
'ile:U902 0 Acq:2l-OCT-90 l :3 : 4 Ma~~ 3 3.90 6 
>ample Text:LF1/9111 TLII 16661 File Text:TRIANGLE LABORATORIES1 INC.:::DB225 CONFIRM::: 

zoo 9:40 

90 
9:21 

80 

70 

60 

50 9:12 
2.4E3 

40 1.9E3 

30 1,4E3 

20 9,4E2 

10 4. 1E2 

0•4-~~T-~~~~_;~-r~~~~~~~~~-r~~~~~~~~~-T-r~~~~~~~~~~-T-r~~~~~~~~-r~~+O.OEO 
9:00 9:06 9:12 9:18 9:24 9:30 9:36 9:42 9:48 9:54 10:00 TIHE 

File:U902307 Acq:21-0CT-90 17:32:44 Ha8~ 319,8965 
Sample Text:LF1/91ll TLII 16661 File Text:TRIANGLE LABORATORIES,INC.:::DB225 CONFIRM:::> 3•.:2.. ~~ ~O 

u :. 0. 7:0 f.;_ t 3 • 5'" X b.f ~ :§;42 f1' 1,,b--
' lo K 9:45 

100 6.1E3 

90 5,5E3 .. 
80 

9:33 
4.9E3 

9:55 
70 9:21 4,3E3 

60 3, 7E3 

50 3,1E3 

40 2.41!3 . 
~ 

30 1.BE3 
. 
I 

20 l.2E3 -. 
10 

0 
9:00 9:06 

( .. ... 

i.....·. 



100 

50 

Acq: -OCT
Te.rt:LFl/9111 TLI# 

: Jia3:J • 
File Text:TRIANGLE LABORATORIES1 INC.:::DB225 CONFIRM::: 

16:43 

17•35 
17:4818:11 

18:41 0:00 
• 

19:22 0:12 20:35 20:59 
:3 8:24 14:59 15:27 15:54 

O·~~~~q-~~~~ 
14:00 15:00 16:00 17:00 18:00 19:00 

F1le:U902307 Acq:21-0CT-90 17:32:44 Ha~~ 305.8987 
Sample Text:LF1/91ll TLII 16661 File Text:TRIANGLE LABORATORIES,INC.:::DB225 

• 
10 16:43 17 14 

18 12 
7 47 

CONFIRM::: 

19 47 

14:00 15:00 16:00 17:00 18:00 19:00 20:00 
F1le:U902307 Acq:21-0CT-90 17:32:44 Ha~~ 315.9419 
Sample Text:LFl/9111 TLI# 16661 File Text:TRIANGLE LABORATORIES1 INC.:::DB225 CONFIRM::: 

100 19•52 
• 

50 

20 28 

1.4£5 

7.2El 

22:10 

• 

• ... ~.OE5 

9.9E4 

... • 

8.2£6 

4 .lE6 

04-~~~~~~~~~----~~r-T-~~-...-~~~~-T-T~-.~~~~r-~....-~-...-~~~-r~-T~~~-,----~~~~~-...-~~~~~~O.OEO 
14:oo 15:oo 16:00 17:oo l8:oo 19:00 2o:oo 21:oo . 22:oo 23:00 ·riME 

F1le:U902307 Acq:21-0CT-90 11:32:44 Ha~~ 317.9389 . 
Sample Text:LFl/9111 TLI# 16661 File Text:TRIANGLE LABORATORIES1 INC.:::DB225 CONFIRM::: 

100 19•52 l.lE7 

• 
50 5.5E6 - . • • 

• 

• 

-
• 

• 

.. ~ ..... 
• 

0·4-~~~~~-r~~~~~-.~~~~~-r~~~~~-.~~~~~-,~~~~~~~~~r-r-r-r-~~~~~~~~~~~+O.OEO 
14:oo 15:oo 16:oo 17:oo 18:oo l9:oo 2o:oo 21:oo 22:oo 23:oo riHB i 

File:U902307 Acq:21-0CT-90 17:32:44 Han 375.8364 ; 
Sample Text:LF1/9111 TLI# 16661 File Text:TRIANGLE LABORATORIES1 INC.:::DB225 CONFIRM::: : -
10 

15 06 

141 14:51 

14 00 15 00 

15:32 
15 52 

1 

36 11 
18 34 

18 

; 
19 00 -... ~.lEI : 

--
19 51 

19 19 20 49 21:14 21:40 22: 1-.r..OEl •• 

. -
~------------------------------------------------------------------------------------------------------------------------------------------------------------------------------~ . 

• 

• 

--CJ 
~ 

I ' 
c.;::. 

-· I C) 
• ) 
~.-:..-

• 

• • ........ 



• • • 
: Mli:J:J 

16661 File Text:TRIANGLE LABORATORIES1 INC.:::DB225 CONFIRM::: 

100 l.OES 

50 5.1E4 

0 O.OEO 
19:00 19:06 19:12 19:18 19:24 19:30 19:36 19:42 19:48 19:54 20:00 20:06 20:12 20:18 20:24 20:30 20:36 20:42 20:48 20:54 21:00 TIME 

File:U902307 Acq:21-0CT-90 17:32:44 Ha:J:J 305.8987 
Sample Text:LF1/9111 TLI# 16661 File Text:TRIANGLE LABORATORIES1 INC.:::DB225 CONFIRM::: 

100 1.21!5 

50 6. 0£.1 

O~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~O.OEO 
19:00 19:06 19:12 19:18 19:24 19:30 19:36 19:42 19:48 19:54 20:00 20:06 20:12 20:18 20:24 20:30 20:36 20:42 20:48 20:54 21:00 TIME 

File:U902307 Acq:21-0CT-90 17:32:44 Hli:J:J 315.9419 
Sample Text:LF1/9111 TLI# 16661 File Text:TRIANGLE LABORATORIES1 INC.:::DB225 CONFIRM::: 

1::] 11\/\ (:::: 
0 ~ O.OEO 
19~ob' 19~o6' 19~12' 19~18'19~24'19~3b' 19~36'19~42' 19~~o~b6'2h~i2'2h~18'2h~24'2h~3b'2h~36'2a~42'2a~48'2h~54'21;oo rrHE 

File:U902307 Acq:21-0CT-90 17:32:44 Ha:J:J 317.9389 
Sample Text:LFl/9111 TLI# 16661 File Text:TRIANGLE LABORATORIES1 INC.:::DB225 CONFIRM::: 

100 B 1
·,., 

50 · • 5.5E6 

0 · O.OEO 1.1 ••. i9lo~· i9ll2'i9ll8' i·~··· i·~··· i9li~·i·~··· ,.~~~o·· ··~1····~1····~··· ,.~ ... ,.~, .. ,.~ ... ,.~ ... ,blSl' ,,I ...... 
File:U902307 Acq:21-0CT-90 17:32:44 Ha:J:J 375.8364 
Sample Text:LFl./9111 TLI#1666l File Text:TRIANGLE LABORATORIES,INC.:::DB225 CONFIRM::: 

100 2.1U 

50 l.OU 

19:48 19:54 20:00 20:06 20:12 20:18 20:24 20:30 20:36 20:42 20:48 20:54 

r·, 
: ; 
··.~ . ' (j --· A"-- C.) : .. - ~ < r .. . , 

:....: f-1 
-i ~ > r- rn 
?"~ ' .:) c;, 
:.-:-: .... c 
C..? 



• • • 
: Ma:J:J 

16661 File Text:TRIANGLE LABORATORIES1 INC.:::DB225 CONFIRM::: 

100 3.2E5 

50 1. 6.1!5 

21:0021:18 21:37 20:09 
0'4-~~~~~~~--~~~~~~~~~~~~~~~~~~~~~-r~~~~--~~~~=;~~~~~~~~~~~~~O.OEO 

15:00 16:00 11:00 18:00 19:00 20:00 21:00 22:00 TIHI! 
File:U902307 Acq:21-0CT-90 17:32:44 Ha:J:J 321.8936 
Sample Te.~:LFl/9111 TLI# 16661 File Text:TRIANGLE LABORATORIES1 INC.:::DB225 CONFIRM::: 

100 4 .51!5 

so 2.2ES 

21:17 20:20 
0~--~~~~~~--~~~~~~~~~~~~~~~~~,-~~~~~~~~~~~~~~~~~~~ o.o.eo 

15:00 16:00 17:00 18:00 19:00 20:00 21:00 22:00 TIME 
F1le:U902307 Acq:21-0CT-90 11:32:44 Ha:J:J 327.8847 
Sample Text:LFl/9111 TLI# 16661 File Text:TRIANGLE LABORATORIES1 INC.:::DB225 CONFIRM::: 

r::::: 
O.OEO 1

22;00 'l'IHE 

1::] 
l~~ool ·I 16~00 1 

I 17~00 1 
1B·2·

1

Jr .<"?==, I I 

19:00 I 20~00
1 

I 18~00
1 

File:U902307 Acq:21-0CT-90 17:32:44 MtJ:!6 331.9368 
Sample Text:LFl/9111 TLI# 16661 File Text:TRIANGLE LABORATORIES1 INC.:::DB225 CONFIRM::: 

r::: 
o.ozo 1

22;00 TIME I 18~00
1 

19•03 

Al\. 
19:00 

1::] 
1~~00 1 1 l6~oo' 1 17~00 1 I=; 

F1le:U902307 Acq:21-0CT-90 17:32:44 Ha:J:J 333.9338 
Sample Text:LFl/9111 TLI# 16661 File Text:TRIANGLE LABORATORIES1 INC.:::DB225 CONFIRM::: 

r=:. 
0.01!0 : 

22:00 TIME I 16~00
1 

I 18~00 I 

19•03 

A] 
19:00. '2o~oo' 

1

21~00° 

-

--.., . ' . ·-
:.~ 

: . .:;) 
. r. .. 

·' \,.'...:, 

..... 



• 

FJ. e:IJ M Acq: -OCT
Sample Text:LF1/9111 TLI# 

100 

50 

17:19 
0·-h-~...,.,.~,....,.,;o~.,.;:: 

: Ma3:J , 
File Text:TRIANGLE LABORATORIES,INC.:::DB225 CONFIRM::: 

• 

17:31 

17:00 17:06 17:12 17:18 17:24 17:30 17:36 17:42 17:48 17:54 18:00 !8:06 18:12 
File:U902307 Acq:21-0CT-90 17:32:44 Has6 321.8936 
Sample Text:LFl/9111 TLI# 16661 File Text:TRIANGLE LABORATORIES,INC.:::DB225 CONFIRM::: 

• • 

100 

so 
17:33 17:45 

• 

• 

• 

18:51 

18:22 
18:30 18:36 

18:30 18:36 18:42 18:48 18:54 

l8:SO 

3.2E5 

1. 61!:5 

o.or:o 
19:00 TIME 

4.51:5 

2.2C:5 

18:22 18:35 

O·~...,......"'T""".,.,...,.~.....-;=;;:::;:: ::;:1~7~: 2~2~~~..:::;::;:; =;o,;::;::;::;::::~:;:;:;~~.........,.~ ;=:;:::;:T'T=T'.,.::;::;::;::;:::;:::;::::;:; ~..,...;.;::;::;:,..;:;::::r=: :::;::;::::::::;::;::;:;::;;::r:;::~_,... ........... .,..;;~~ 0 • 0 EO 
17:00 17:05 17:12 17:18 17:24 17:30 17:36 17:42 17:48 17:54 18:00 18:05 18:12 18:18 18:24 18:30 18:35 18:42 18:48 18:54 19:00 riME 

File:U902307 Acq:21-0CT-90 17:32:44 Has6 327.8847 
Sample Text:LFl/9111 TLI# 15661 File Text:TRIANGLE LABORATORIES,INC,:::DB225 CONFIRM::: 

100_ 
• 

so_ 

18;.,48 

r ' 

••• 

_2.21!7 

18:29 ' 
01~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~+0.~0 

17:00 11:06 11:12 11:18 11:24 11:30 17:36 17~42 17:48 17:54 l8r00 18~06 lB~12 18rl8 18U!4 1Br30 18b6 18~42 1Br48 18~54 19:00 TIME 
• 

File:U902307 Acq:21-0CT-90 17:32:44 Hass 331.9368 
Sample Text:LFl/9111 TLI# 16661 File Text:TRIANGLE LABORATORIES,INC.:::DB225 CONFIRM::: 

• 

• 

100 8.3E6 
• 

• 

so 4 .21!:6 

0'~~~~~~~~~~~~~~~~~~~~~~~TT~~~~~~~~~~~~~1~8~:~2~7~n~~~~~~~~~~~~O.OEO 
17:00 17:06 17:12 17:18 17:24 17:30 17:36 17:42 17:48 17:54 18:00 18:06 18:12 18:18 18:24 18:30 18:36 18:42 18:48 19:00 TIME 

F1le:U902307 Acq:2l-OCT-90 17:32:44 Has6 333,9338 
Sample 'rext:LFl/9111 TLI# 16661 File Text:TRIANGLE LABORATORIES,INC,:::DB225 CONFIRM::: • 

100 1.1E7 

50 5.31!:6 

• 

.. ., • • - • - -• • -- • - •• - •• 
( -~ • -• - . 
I 
• - . --- • --• 
-• -. • 18:28 

O•-!-r'T"T"',.......,......,.."P"'T"T"T"'~..,...,...T"T""~"'"'T"'...,.......,...,...T"T""~"'r"'T"~~,......~"TT~~TT"~I"'T"T~.-.-..,..,..~,.......,......,...,..,.., .... ~~..;::; =;::::;=poM"'"''i"T:;::;::,...,...,.~T"'T"",..,..:;:::;::r:;::;:;~f- 0 • 0 1!:0 .' · ~ 
17:00 17:06 17:12 17:18 17:24 17:30 17:36 17:42 17:48 17:54 18:00 18:06 18:12 18:18 18:24 18:30 18:36 18:42 18:48 18:54 19:00 TIME: .• 

L-------------~------------------------------------------------------------------------------------------------------------~= .. ' .. 
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• 

• • 

• 

••• 

•• • 
~· ., 
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!-' 
0 

- • , c; 
• J 
G 

• 

• 

-
• 

• • • ..... 



• • • 
: Ha"" • 

16661 File Text:TRIANGLE LABORATORIES1 INC.:::DB225 CONFIRM::: 

100 1.4£5 
16:43 

50 7.21!4 

14:59 
0·~~~~~~~~~~~~-¢~-¢~~~~~T-~~~~~-.~~~~~~~~~~~~--r-~~~~~~~~~~~~O.OEO 

14:00 15:00 16:00 17:00 18:00 19:00 20:00 21:00 22:00 TIME 
File:U902307 Acq:21-0CT-90 17:32:44 Ha"" 315.9419 
SM!ple Text::LF1/9lll TLI# 16661 File Text:TRIANGLE LABORATORIES, INC.:: :DB225 CONFIRM::: 

]1 
20:00 

1::1 . ' . 
l4:oo 15:oo ·l6~oo '17~00 '18~00 '19~oo 

r-~· 4.1£6 

I o.oso 
22:00 TIME 

File:U902307 Acq:21-0CT-90 17:32:44 Ha"" 319.8965 
Sample Text::LF1/9111 TLII 16661 Fi1e·Text:TRIANGLE LABORATORIES1 INC.:::DB225 CONFIRM::: 

100 3.21!5 

50 1.6£5 

21:46 
0·~~~~~--~r-~~~~~~~~~~~~~~~Zr~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~O.OEO 

14:00 15:00 16:00 17:00 18:00 19:00 20:00 21:00 22:00 TIME 
File:0902307 Acq:21-0CT-90 17:32:44 Ha"" 331.9368 
SMtple Text::LF1/9111 TLII 16661 File Text:TRIANGLE LABORATORIES1 INC.:::DB225 CONFIRM::: 

1::1· 
1~~001 

'15}oo' 
1

l6}oo '11~oo' 

1i}f 
""'? I 

19:00 
File:0902307 Acq:21-0CT-90 17:32:44 Ha"" 292.9825 
SM!ple Text:: LF1/9111 TLII ,16661 File Text: TRIANGLE LABORATORIES, INC.:: :DB225 CONFIRM: : : 

100 
14:30 15:17 15:45 16:07 

50 

1:::: 
O.OEO 1

22:00 TIHE . 

2.11!7 

1.11!7 -

... -

·-
1-.1 

..... ···-



• • • 
F~le:U902307 Scans:1-1908 Acqu~red:21-0CT-90 17:32:44 Ion~zat~on:EI+ Funct1on:Voltage SIR 70SE » 
Mass 319.8965 Experiment:DB225 
File Text:TRIANGLE LABORATORIES,INC.:::DB225 CONFIRM::: 
100 3.2E5 

80 2.6ES 

60 1.9E5 

40 1.3E5 

20 6.4E4 

0~~~~~~~~~~~~~--~~~~~--~~~~~~~~~~~~~~~~0.0EO 
18:00 19:00 20:00 21:00 TIME 

File:U902307 Scans:1-1908 Acquired:21-0CT-90 17:32:44 Ionization:EI+ Function:Voltage SIR 70SE » 
Mass 321.8936 Experiment:DB225 
File Text:TRIANGLE LABORATORIES,INC.:::DB225 
100 

80 
A1.462E6 

18:00 19:00 
File:U902307 Scans:1-1908 Acquired:21-0CT-90 
Mass 331.9368 Experiment:DB225 
File Text:TRIANGLE LABORATORIES,INC.:::DB225 
100 19. 03 

80 

60 

40 

20 

18:47 

CONFIRM::: 

20:00 
17:32:44 Ionization:EI+ Function:Voltage SIR 70SE » 

CONFIRM::: 
1.3E7 

1.1E7 

7.9E6 

5.3E6 

2. 6E6 

i'1 
: : . : .. . .. 

c. j -. •.. 
:- . 
r .• .... 
••• .ll 

r-

·-. 

0~~--~--~~~~~~~~~r-~~--~--~--~--~--~--~r---r---~--,----r--~O.OEO 
21:00 TIME .; 19:00 20:00 18:00 

-

-

.. 

C': ·~ ··' 

-·' , ,., . ) ... 
~ 



• • • 
F~le:U902307 Scans:1-1908 Acqu~red:21-0CT-90 17:32:44 Ion~zat~on:EI+ Funct~on:Voltage SIR 70SE » 
Mass 319.8965 Experiment:DB225 
File Text:TRIANGLE LABORATORIES,INC.:::DB225 CONFIRM::: 
100 

80 

60 

40 

20 
_.... 

o~~~~~~~~~nT~~~~~~~~~~~~~~~~~~~ 
18:12 18:24 18:36 18:48 19:00 19:12 19:24 19:36 20:00 20:12 20:24 20:36 20:48 

File:U902307 Scans:1-1908 Acquired:21-0CT-90 17:32:44 Ionization:EI+ Function:Voltage 
Mass 321.8936 Experiment:DB225 
File Text:TRIANGLE LABORATORIES,INC.:::DB225 CONFIRM::: 
100 

80 

;. 60 

40 

20 

SIR 

o~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~L 
18:12 18:24 18:36 18:48 19:00 19:12 19:24 19:36 19:48 20:00 20:12 20:24 

2.4E5 

1.9E5 

1~5E5 

9.7E4 

4.9E4 

O.OEO 
TIME 

70SE ,.. 

3.0E5 

2.4ES 

1.8E5 

1.2E5 

6.0E4 

O.OEO 
TIME 

File:U902307 Scans:1-1908 Acquired:21-0CT-90 17:32:44 Ionization:EI+ Function:Voltage SIR 70SE ,.. 
Mass 331.9368 Experiment:DB225 
File Text:TRIANGLE LABORATORIES,INC.:::DB225 CONFIRM::: 
100 19.03 

80 

60 

40 

20 

1.3E7 

1.1E7 

7.9E6 

5.3E6 

2.6E6 

O~~~~~~rr~~~TT~~~~~TTTrrn~~TT~rrrn~~TT~rr~~~~~rn~~~ O.OEO 

r1 
: : 
"·: 
~-::;; 
c.: -· ·-· :: : 
r -~ -. .... _ 

! 

-~ --
-=-· --

18:12 
· .. 

TIME; 

-

c:-~ . ' -:....: 
~--~ 

~ 

-· r r, 
' ) 
~ 

'--



• • 
F~le:U902307 Scans:1-1908 Acqu~red:2l-OCT-90 
Mass 319.8965 Experirnent:DB225 

17:32:44 Ion~zat~on:EI+ Funct~on:Voltage SIR 70SE » 

File Text:TRIANGLE LABORATORIES,INC.:::DB225 CONFIRM::: 
100 3.2ES 

80 2.6ES 

60 1.9ES 

40 1.3E5 

20 6i4E4 

0~~~~~~~~~~~----~----~~~~~==~~~~~~~~~~~~~~~~0.0EO 
18:00 19:00 20:00 TIME 

File:U902307 Scans:1-1908 Acquired:21-0CT-90 
Mass 321.8936 Experirnent:DB225 

17:32:44 Ionization:EI+ Function:Voltage SIR 70SE » 

File Text:TRIANGLE LABORATORIES,INC.:::DB225 CONFIRM::: 
100 4.5ES 

80 3.6E5 

60 2.7ES 

40 1.8ES 

20 9.0E4 

Oi-~~~~~~~~~~~----~----~~~~~==~L-~~~~~~~~~~~~~~~O.OEO 
18:00 19:00 20:00 21:00 TIME 

File:U902307 Scans:1-1908 Acquired~21-0CT-90 17:32:44 Ionization:EI+ Function:Voltage SIR 70SE » 

r·-: 
Mass 331.9368 Experiment :DB225 .::.r" 

File Text:TRIANGLE LABORATORIES,~C.:::DB225 CONFIRM::: 
1.3E7 . . 100 19.03 . 

80 1.1E7 c. -
7.9E6 -r .. 18:47 

-· --
60 

40 

20 

5.3E6 t . 
2. 6E6 

O.OEO . 
: -0~~---T----~~~==~----r~~~~---~------r------r---~-----r----r-----~--~---~---~----~ 

18:00 20:00 21:00 TIME ,, 

-

~ 
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(.~: .._ 
,~ 

l .... -
(1:, 
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.. ··-t-... ..... P. 0. Box 5447 
SpartanbJrg, S. C. 29304 

Phone 803/576-7660 

Southern Wood Piedmont Company 

Mr. R. Douglas Holyfield 
Division of Health Services 
Solid & Hazardous Waste Management Branch 
P. 0. Box 4484 · 
Wilmington, NC 28406 

Dear Doug, 

November 27, 1905 

Enclosed you \·fill find a copy of the grid system used to detennin.e the· 
area:s for soil removal and encapsulation at Southern Wood Piedmont's (SHP) 
Wilmington site. · 

I trust this is sufficient, however, if there are any questions, 
please do not hesitate to call . 

·' 

2173T/ms 
cc: T. M. Davis ~ Baldwin 

H. 0. Phillips - Wilmington 

Sincerely, 
Southern Wood Piedmont 

~ 
Douglas E. Latham, P.E. 
Assistant Environmental l4anager 

. . ... ~' _____ .. 
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To: 
From: 
Date: 
Re: 

MEMORANDUM 

File 
Stuart F. Parker, Jr., Hydrogeologist 
December 20, 1994 

_.LtA '8· rf 
Southern Wood Piedmont Co, Wilmington 
NCD 058 517 467 
Source Area Dimensions 

I 
Ref. 18 

SFP utilized various methods and sources to estimate the volumes and/or surface areas of 
the various contaminant source areas designated during the SIP investigation. Methods are 
summarized below: 

1) Track & Treating Areas: The Treating Area dimensions were estimated to be 250 x 200 
ft. = 50,000 sq.ft., using Fig. 4 of ETENirogroup's Phase III Report (Ref. 7). The Track Area 
was assumed to be about 1 acre = 43,560 sq. ft. The depth of excavation in each area was 
reported by Chuck Davis to be about 4ft (Ref. 57). Volume therefore= 93,560 sq. ft. x 4ft.= 
374,240 cu. ft. = 13,861 cu. yd. 

2) Buried Creosote Ditch: The ditch was reported in the PA Letter Report (Ref. 10) to 
be 5 ft. x 25ft. x 500ft. = 125000 sq. ft.area = 62,500 cu. ft. volume (3215 cu. yd.). 

3) Landfann Areas: The landfarming areas were reported by Geraghty & Miller (Refs. 
12-13) to be 5 acres in area. 

4) Non-treated wood storage (NTA, NTB): Based on Geraghty & Miller's descriptions and 
illustrations (Ref. 14), the two areas measure approximately 750ft. x 750ft., and approximately 
525 x 750ft., or 956,250 sq. ft. (21.95 acres) total. The sampled depth interval is approximately 
6 in. J'herefore the combined volume of the areas is 478,125 cu. ft. or 17,208 cu. yd. 

5) Treated wood storage(TWS): Based on Geraghty & Miller's descriptions and 
illustrations (Ref. 14), the area measures approximately 300 x 900ft. and was sampled to a depth 
of 1.5 ft. 
The area is therefore approximately 270,000 sq. ft. (6.2 acres), the volume is 270,000 ft. x 1.5 
ft. = 405,000 cu. ft. = 15,000 cu yd. 

6) Creosote Tank Storage Area: . This area, based on the Geraghty & Miller report; 
measures· approximately 120ft. x 80ft., and was contaminated to about 1 ft. deep (Refs. 7, 9). 
The volume is therefore 21,600 cu. ft. or 800 cu. yd. 

7) Chromated Copper Arsenate (CCA)area: 93 cu.yd.ofsoils were treated at the area and 
another 98 cu. yd. were removed (Ref. 19). 
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SOIL SURVEY OF NEW HANOVER COUNTY, NORTH C~ROLINA 

BY ARLIN WEAVER, SOIL CONSERVATION SERVICE 

Soils Surveyed by Arlin Weaver, Clarence Brandon, and W. Everette Lynn, Jr., 
Soil Conservation Service 

United States Department of Agriculture, Soil Conservation Service, in 
Cooperation with the North Carolina Agricultural Experiment Station and 

the New Hanover County Board ot Commissioners 

Introduction 
New Hanover County 1s m the southeastern part of 

North Carolina (see opposite page). The county is 118,656 
acres, or about 185 square miles, in size. According to the 
1970 census, the population of the county was 82,996. 
Wilmington, the county seat, had a population of 46,169. It 
is one of the major ports along the Atlantic Coast. 

New Hanover County is in the lower part of the 
Coastal Plain physiographic province. Elevation ranges 
from sea level to 60 feet. Most of the county is level to 
gently sloping, but short breaks separate the uplands 
from the flood plains and marshes. 

New Hanover County is mainly industrial. There has 
been rapid, widespread urbanization over most of the 
county in recent years. Only a small percentage of the 

average daily maximum is 88 degrees. The highest tem
perature on record, 104 degrees, was recorded on June 27, 
1952. 

Growing degree days, shown in table 1, are equivalent 
to "heat units." Starting in spring, ~owing degree days 
accumulate by the amount that the average temperature 
each day exceeds the base temperature (50 degrees F). 
The normal monthly accumulation is used to schedule sin
gle or successive plantings of a crop between the last 
freeze in spring and the first freeze in fall. 

•

county is used for farms and pasture. 

General Nature of the County 

Of the total annual precipitation, 32.86 inches, or 61 
percent, usually falls during the period April through 
September, which includes the growing season for most 
crops. Two years in 10, the April-September rainfall is 
less than 26.51 inches. The heaviest 1-day rainfall during 
the period of record was 7.49 inches at Wilmington on 
September 27, 1958. Thunderstorms number about 45 
each year, 27 of which occur in summer. 

This section gives general facts about New Hanover 
County. It briefly discusses climate; water supply; settle
ment and development; transportation and industry; and 
community facilities. 

Climate 

New Hanover County is hot and humid in summer, but 
the coastal area of the county is frequently cooled by sea 
breezes. Winter is cool but has occasional brief cold spells. 
Rains occur throughout the year but are usually heaviest 
late in summer and early in fall. Annual precipitation is 
adequate for all crops. 

Table 1 shows temperature and precipitation data for 
the county, as recorded at Wilmington for the period 1952 
to 1974. Tables 2 and 3 show probable dates of the first 
and last freeze and the length of the growing season. 

In winter the average temperature is about 47 degrees 
F, and the average daily minimum is 37 degrees. The 
lowest temperature on record, 10 degrees, occurred at 
Wilmington on December 13, 1962. In summer the 
average temperature is about 79 degrees F, and the 

• 

Snowfall is rare. In 36 percent of the winters, there is 
no measureable snowfall, and in 59 percent the total 
snowfall is less than 2 inches. The heaviest snowfall ever 
observed in 1 day was more than 11 inches. 

The average relative humidity in midafternoon in 
· spring is less than 55 percent, and during the rest of the 
year it is about 58 percent. Humidity is higher at night in 
all seasons, and the average at dawn is about 83 percent. 
The percentage of possible sunshine is 65 percent in 
summer and 59 percent in winter. The prevailing 
direction of the wind is from the south-southwest. 
Average annual windspeed is 9.2 miles per hour. Average 
windspeed is highest, 10.9 miles per hour, in April. 

Every few years a hurricane crosses the county. 

Water Supply 

Ground water is obtained from three geologic forma
tions that are associated with three geologic ages. These 
are the Pee Dee Fonnation of upper Cretaceous Age, the 
Castle Hayne Limestone Fonnation of Eocene age, and 
the surficial sands of post-Miocene age. 



•• 

• 

NEW HANOVER, NORTH CAROLINA i 

main limitations in the use and management of this soil. 
If drained, this s_oil is suited to most locally grown crops . 
The main crops are corn, soybeans, tobacco, and peanuts. 
Minimum tillage and crop residue management aid in 
maintaining organic-matter content. This soil has good 
tilth and can be worked over a wide range of moisture 
content, but tillage is delayed during wet · seasons. 
Drainage is needed for most uses. Capability subclass 
Ille; woodland group 3w. 
·· DO-Dorovan soils. These nearly level, very poorly 
drained soils are in bays and in long, broad areas of tidal 
and stream flood plains. All of the· acreage is used for 
woodland and as wildlife habitat. The native vegetation is 
red maple, willow, tupelo, cypress, sweetgum, ash, Amer
ican cyrilla, and greenbrier. 

Typically the surface layer is black muck 4 inches thick. 
The underlying layer, to a depth of 64 inches, is black or 
very dark gray muck. 

Included with these soils in mapping are small areas of 
Johnston soils and Tidal marsh. A few small areas of soils 
that have thin, continuous mineral layers are also in

·cluded. 
The organic-matter content in the surface layer is very 

high. Permeability is very slow, available water capacity 
is very high, and shrink-swell potential is low. Reaction is 
very strongly acid or strongly acid throughout, unless the 
soils are limed. The seasonal high water table is at or 
near the surface. These soils are frequently flooded for 
very long periods. 

Flooding and high organic-matter content are the main 
limitations in the use and management of these soils. If 
these soils are drained and tilled, the organic matter 
decomposes and the soil subsides. Capability subclass 
VIIIw; woodland group 4w. 

JO-Johnston soils. These nearly level, very poorly 
drained soils are on flood plains of the major streams. 
Areas are commonly long and narrow. Most of the acre
age is forested, and some small areas have been filled and 
used for industrial and residential sites. The native 
vegetation consists of pond pine, tupelo-gum, ash, 
water oak, cypress, red maple, sweetgum, American 
cyrilla, waxmyrtle, and gallberry. 

Typically, the surface layer is 42 inches thick. It is 
black loam in the upper part and black sandy loam in the 
lower part. The underlying layer, to a depth of about 64 
inches, is light gray sand. 

Included with these soils in mapping are small areas of 
Pamlico, Dorovan, and Murville soils. A few small areas of 
soils that are less acid than these Johnston soils are also 
included. 

The organic-matter content of the surface layer is high. 
Permeability is moderately rapid, available water capacity 
is high, and shrink-swell potential is low. Reaction is very 
st:ongly acid or strongly acid throughout, unless these 
SOils are limed. The seasonal high water table is at or 
near th~ surface. These soils are frequently flooded for 
long penods. 

A seasonal high water table 'and flooding are the main 
limitations in the use and management of these soils. 
These soils subside if drained and tilled. Capability sub
classes Vllw, where undrained, and IVw, where drained; 
woodland group 1 w. . 

Ke-Kenansville fine sand, 0 to 3 percent slopes. This 
well drained soil is on broad smooth flats on the uplands. 
Areas are commonly large in size and irregular in shape. 
Most of the acreage is cultivated. The rest is forested or 
is used for residential or industrial sites. The native 
vegetation consists of longleaf and loblolly pines; white, 
red, black, turkey, water, and bluejack oaks; hickory; dog
wood; holly; and sassafras. 

Typically, the surface layer is grayish brown fine sand 
3 inches thick. The subsurface layer is fine sand 30 inches 
thick. It is is pale brown in the upper part and mottled 
very pale brown in the lower part. The subsoil is fine 
sandy loam 17 inches thick. It is strong brown in the 
upper part and reddish yellow in the lower part. The un
derlying layer, to a depth of 80 inches, is yellow loamy 
fine sand. . 

Included with this soil in mapping are a few small areas 
of Norfolk and Lakeland soils. Some small areas of soils 
that are less acid throughout are also included. · 

The organic-matter content of the surface layer is very 
low. Permeability is moderately rapid, available water 
capacity is low, and shrink-swell potential is low. Reaction 
is very strongly acid or strongly acid throughout, unless 
this soil is limed. The seasonal high water table is at a 
depth of more than 6 feet. 

Leaching of plant nutrients, moderately rapid permea
bility, droughtiness, low available water capacity, and soil 
blowing are the main limitations in the use and manage
ment of this soil. This soil is well suited to most locally 
grown crops. The main crops are corn, soybeans, peanuts, 
tobacco, and truck crops, such as squash, lettuce, cucum
bers, cabbage, snapbeans, and corn. Winter cover crops, 
minimum tillage, and crop residue management aid in 
maintaining organic-matter content and conserving 
moisture. Soil blowing is a concern in the management of 
this soil. The blowing sand often causes damage to young 
plants. This soil is droughty during periods of low rainfall. 
Some supplemental irrigation, soil conditioners, and fertil
izers are needed for lawn grasses, shrubs, and trees. 
Capability subclass lis; woodland group 3s. 

Kr-Kureb sand, I to 8 percent slopes. This excessive
ly drained soil is on long, broad ridges on the uplands. 
Areas are generally broad and long. Most of the acreage 
is forested. The rest is used for residential and industrial 
sites. The sparse native vegetation on the higher eleva
tions is turkey oak, scattered longleaf pine, a few bluejack 
oaks, and scattered dwarf myrtle and huckleberry. Much 
of the area is barren of any vegetation, except for mosses 
and lichens. On the lower slopes, the vegetation increases 
in density and includes various oaks, scattered hickory, 
holly, and brackenfern. 

Typically, the surface layer is dark gray sand 3 inches 
thick. The subsurface layer is light gray sand 23 inches 
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areas are flooded ,daily by tides. Further inland the sea
water is diluted with freshwater. Some areas are pro
tected from the seawater by long expanses of sand dunes 
that do not have inlets from the ocean. ·The water table is 
at or above the surface most of the time. Most of the 
acreage is used as natural habitat for shore and water 
birds, and some areas are used for shellfish gardens. 
Many areas are being dredged, filled, and converted to 
summer cottage sites and recreational areas. The domi
nant vegetation in areas that are flooded daily by salt
water is smooth cordgrass. Further inland, in areas that 
are flooded by seawater that has been diluted by fresh
water, the vegetation is a mixture of smooth cordgrass 
and black rush. 

Typically, the surface layer is black clay loam about 18 
inches thick. The underlying layer is very dark gray and 
black silty clay loam to a depth of more than 60 inches. 

Included with these soils in mapping are areas along 
the Intracoastal Waterway that are sandy because of the 
deep dredging. 

The organic-matter content of the surface layer is high. 
Reaction is neutral to mildly alkaline. In the areas flooded 
by saltwater, sulfur content is 80 to 130 parts per million 
and salt content is 1 or 2 percent. Capability subclass 
VIIIw; woodland group not assigned. 

To-Torhunta loamy fine sand. This nearly level, very 
poorly drained soil is on broad smooth flats and in slight 
depressions on the uplands. Areas are small to large in 
size and irregular in shape. Most of the acreage is 

• 

forested. The rest is used for residential and industrial 
. sites. The native vegetation consists of loblolly pine, pond 

pine, bay trees, red maple, water oak, gum, waxmyrtle, 
and gallberry. 

Typically, the surface layer is 20 inches· thick. It is 
black loamy fine sand in the upper part and very dark 
gray loamy fine sand in the lower part. The subsoil is 
mottled light gray fine sandy loam 26 inches thick. The 
underlying layer, to a depth of 64 inches, is mottled light 
gray fine sand. 

Included with this soil in mapping are small areas of 
Stallings, Murville, and Pantego soils. 

The organic-matter content of the surface layer is 
medium. Permeability is moderately rapid, available 
water capacity is medium, and shrink-swell potential is 
low. Reaction is extremely acid to strongly acid 

:; .throughout where this soil has not been limed. The 
·· high water table is at or near the surface. This 

is frequently flooded_for long periods. 
seasonal high water table and flooding are the main 

.!i1!!1lil1Jlitati,ons in the use and management of this soil. Most 
shrubs, and trees are generally easily 

~ ..... UI.J:~Illea and maintained. Some shrubs and trees may 
unsuited to this soil because of wetness. Capability 

Vw, where undrained, and IIIw, where 
~met~: woodland group 2w. 

r-Urban land. Urban land consists of areas where 
original soil has been cut, filled, graded, or paved so 
most soil properties have been altered to the extent 

that a soil series is not recognized. These· areas are now 
used for shopping centers, factories, municipal buildings, 
apartment comP.lexes, or parking lots, or for other pur
poses where bmldings are closely spaced or soil is covered 
with pavement. 

Included in mapping are a few small areas between 
buildings where the soil has not been altered. Also in
cluded are parks and other areas within the city of 
Wilmington. Some of the areas between buildings are 
used for small lawns, gardens, and shrubbery. Capability 
subclass and woodland group not assigned. 

Wa-Wakulla sand, 1 to 8 percent slopes. This 
somewhat excessively drained soil is on broad smooth 
flats on the uplands. Areas are small to large in size and 
irregular in shape. Most of the acreage is forested. The 
rest is used for residential and industrial sites. The native 
vegetation on the higher elevations consists of longleaf 
pine, loblolly pine, post oak, bluejack oak, turk~y oak, 
dwarf huckleberry, and myrtle. On the lower elevations, 
the vegetation increases in density and includes hickory, 
holly, water oak, blackjack oak, and a few dogwood trees. 

Typically, the surface layer is grayish brown sand 2 
inches thick. The subsurface layer is light yellowish 
brown sand 28 inches thick. The subsoil is strong brown 
loamy sand 18 inches thick. The underlying layer, to a 
depth of 64 inches, is strong brown sand. 

Included with this soil in mapping are a few small areas 
of Kureb, Baymeade, Kenansville, Lakeland, and Rimini 
soils . 

The organic-matter content of the surface layer is very 
low. Permeability is rapid, available water capacity is 
very low, and shrink-swell potential is low. Reaction is 
strongly acid or medium acid throughout where this soil 
has not been limed. The seasonal high water table is 
below a depth of 6 feet. 

Droughtiness, slope, and rapid permeability are the 
main limitations in the use and management of this soil. 
Supplemental irrigation and fertilizers are generally 
needed to establish and maintain lawn grasses, shrubs, 
and trees. Capability subclass Ills; woodland group 3s. 

Wo-Woodington fine sandy loam. This nearly level, 
poorly drained soil is on broad smooth flats on the 
uplands. Areas are small in size and irregular in shape. 
Most of the acreage is forested or is used for residential 
and industrial sites. The native vegetation consists of 
loblolly pine, longleaf pine, pond pine, sweetgum, water 
o .. k, willow oak, poplar, waxmyrtle, eastern baccharis, 
American holly, gallberry, and sweet pepperbush. 

Typically, the surface layer is very dark gray fine 
sandy loam 7 inches thick. The subsoil, to a depth of 65 
inches, is mottled light brownish gray fine sandy loam in 
the upper part. The middle part is mottled gray fine 
sandy loam, and the lower part is mottled very pale 
brown fine sandy loam. 

Included with this soil in mapping are small areas of 
Wrightsboro, Lynchburg, Seagate, and Stallings soils. 

The organic-matter content of the surface layer is low. 
Permeability is moderately rapid, available water capacity 
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Month 

January----

Average 
daily 

maximum 

55.9 

February---, 58.3 
I 
I 

Harch------l 64.3 
I 
I 

April------: 73.7 
I 
I 

Hay--------: 80.8 
I 
I 

June-------: 86.2 
I 
I 

July-------l 89.0 
' I 

August-----: 88.3 
I 
I 

September--: 83.7 
I 

' October----: 75.5 
' I 

November---: 66.5 
I 

' December---: 59.1 
' ' ' ' Year-----: 73.4 

SOIL SURVEY 

TABLE 1.--TEHPERATURE AND PRECIPITATION DATA 

Temperature 1 Precipitation! 

2 years in : 
: ____ ~l~O~w~i~ltl_h~a~v~e~-~-~--- Average : 

Average Average' : number oflAverage 

2 years in 10 
will ~ave--

' daily daily Maximum : Minimum growing : 
minimum temperatureltemperature degree : 

higher : lower days2 : 

I I 

35.3 

37.1 

43.0 

51.6 

60.1 

67.2 

71.2 

70.5 

65.2 

54.6 

43.7 

37.4 

53. 1 

'45.6 

47.7 

53·7 

62.7 

70.5 

76.7 

80.1 

79.4 

74.5 

65.0 

55. 1 

48.3 

than-- ' than-- • 
I I 

77 

79 

84 

91 

95 

99 

98 

98 

94 

89 

82 

78 

99 

17 

19 

26 

34 

43 

53 

61 

60 

50 

33 

25 

18 

15 

57 

69 

180 

381 

636 

801 

933 

911 

735 

465 

162 

115 

5,445 

3.41 

3.66 

4.09 

Less : Hare 
than--lthan--

1.94 

2.40 

2.25 

4 .61 

4.80 

5.58 

3.07 1.36 4.46 

4.09 2.27 : 5.57 
' ' 5.63 2.84 : 7.89 
: 

7.72 4.47 l10.36 

6.80 4.10 9.21 

5.55 2.66 7.90 

3.16 1.07 4.84 

3.19 1.28 4.73 

3.17 1.59 : 4.44 
' ' : 

53.54 47.28 l59.60 
' 

Average : 
number oflAverage 
days withlsnowfall 
0.10 inchl 
or more 

7 

7 

8 

5 

6 

8 

10 

9 

6 

; 

; 

6 

82 

l!l 

.4 

1.0 

·3 

.o 

.o 

.o 

.o 

.o 

.o 

.o 

.o 

.4 

2.1 

1Recorded in the period 1952-74 at Wilmington, N.C. 

2A growing degree day is an index or the amount or heat available ror plant growth. It can be calculated 
by adding the maximum and minimum daily temperatures, dividing the sum by 2, and subtracting the temperature 
below which growth is minimal ror the principal crops in the area (50 degrees F) . 
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1. 

3. 

4. 

Locate your area of interest on 
the "Index to Map Sheets" (the 
last page of this publication). 

Locate your area of interest 

on the map sheet. 

List the mapping unit symbols 

that are In your area. 

·"a'"" ·• ""'"'• ., ....... -----

HOW TO :Uc 
. -

2. Note the number of the map 

sheet and turn to that sheet. 

Symbols 

AsB 
~~~~~~~~~~-----BaC 

Ce 
Fa 
Ha 
WaF 
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S SOIL SURVEY 
Turn to "Contents" or "Index to Soil Mapping Units" 

which lists the name of each mapping unit and the 

page where that mapping unit is descrjbed. 

See "Summary of Tables" (following the 

Contents) for location of additional data 

on a specific soil use. 
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---~ 
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'··~;· --

---. ---····-
..... ·· ........__ ·: ...... _._ ~ 
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7. 

Consult "Contents" for parts of the publication that will meet your specific needs • 

This survey contains useful information for farmers or ranchers, foresters or 

agronomists; for planners, community decision makers, engineers, developers, 

builders, or homebuyers; for conservationists, recreationists, teachers, or students; 

for specialists in wildlife management, waste disposal, or pollution control. 



This is a publication of the National Cooperative Soil Survey, a joint effort 
of the United States Department of Agriculture and agencies of the States, 
usually the Agricultural Experiment Stations. In some surveys, other Federal 
and local agencies also contribute to individual soil surveys. The Soil Conserva
tion Service has leadership for the Federal part of the National Cooperative 
Soil Survey. In line with Department of Agriculture policies, benefits of this 
program are available to all who need the information, regardless of race, 
color, national origin, sex, religion, marital status, or age. 

Major fieldwork for this soil survey was completed in the period 1970-72. 
Soil names and descriptions were approved in 1973. Unless otherwise indicated, 
statements in the publication refer to conditions in the county in 1972. This 
survey was made cooperatively by the Soil Conservation Service, the North 
Carolina Agricultural Experiment Station, and the New Hanover County 
Board of Commissioners. It is part of the technical assistance furnished to the 
Lower Cape Fear Soil and Water Conservation District. 

Soil maps in this survey may be copied without permission, but enlargement 
of these maps could cause misunderstanding of the detail of mapping and 
result in erroneous interpretations. Enlarged maps do not show the small areas 
of contrasting soils that could be shown on a larger mapping scale. 
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Foreword 

The soil survey of New Hanover County can help you and your communi
ty to plan and to use wisely one of our most precious natural resources-the 
soil. 

This soil survey is intended for many different users. It can help a 
homebuyer or developer determine soil-related hazards or limitations that af
fect homesites. It can help land-use planners determine the suitability of areas 
for homes or onsite sewage disposal systems. This survey can help a farmer 
estimate the potential crop or forage production of his land. It can be used to 
determine the suitability and limitations of soils for pipelines, buildings, land
fills, recreation areas, and many other uses. 

Many people assume that soils are all more or less alike. They are 
unaware that great differences in soil properties can occur, even within sbort 
distances. Soils may be seasonally wet or subject to flooding. They may be too 
unstable to be used as a foundation for buildings or roads. Very clayey or wet 
soils are poorly suited to septic tank absorption fields. A high water table 
makes a soil poorly suited to basements or underground installations. 

These and many other soil properties that affect land use are described in 
this soil survey. This publication also shows the location of broad areas of soils 
on the general soil map and the location of each kind of soil on detailed maps 
at the back. It provides descriptions of each kind of soil in the survey area, 
describes soil-related hazards and limitations, and gives much information on 
the suitability and potential of each soil for specific uses. 

We cannot explain here all the ways this soil survey can help you. If you 
need additional information or assistance in using this survey, please call your 
local office of the Soil Conservation Service or the Cooperative Extension Ser
vice. The soil conservationist or soil scientist assigned to the Lower Cape 
Fear Soil and Water Conservation District or the county extension direc
tor can assist you. 

We believe that this soil survey, along with other resource information, 
will enable you to have a better environment and a better life. The widespread 
use of this publication will greatly assist all of us in the conservation, develop
ment, and productive use of our soil, water, and related resources. 

Soil Conservation Service 
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SOIL SURVEY OF NEW HANOVER COUNTY, NORTH CAROLINA 

BY ARLIN WEAVER, SOIL CONSERVATION SERVICE 

Soils Surveyed by Arlin Weaver, Clarence Brandon, and W. Everette Lynn, Jr., 
Soil Conservation Service 

United States Department of Agriculture, Soli Conservation Service, In. 
Cooperation with the North Carolina Agricultural Experiment Station and 

the New Hanover County Board or Commissioners 

Introduction 
New Hanover County 1s m the southeastern part of 

North Carolina (see opposite page). The county is 118,656 
acres, or about 185 square miles, in size. According to the 
1970 census, the population of the county was 82,996. 
Wilmington, the county seat, had a population of 46,169. It 
is one of the major ports along the Atlantic Coast. 

New Hanover County is in the lower part of the 
Coastal Plain physiographic province. Elevation ranges 
from sea level to 60 feet. Most of the county is level to 
gently sloping, but short breaks separate the uplands 
from the flood plains and marshes. 

New Hanover County is mainly industrial. There has 
been rapid, widespread urbanization over most of the 
county in recent years. Only a small percentage of the 
county is used for farms and pasture. 

General Nature of the County 

This section gives general facts about New Hanover 
County. It briefly discusses climate; water supply; settle
ment and development; transportation and industry; and 
community facilities. 

Climate 

New Hanover County is hot and humid in summer, but 
the coastal area of the county is frequently cooled by sea 
breezes. Winter is cool but has occasional brief cold spells. 
Rains occur throughout the year but are usually heaviest 
late in summer and early in fall. Annual precipitation is 
adequate for all crops. 

Table 1 shows temperature and precipitation data for 
the county, as recorded at Wilmington for the period 1952 
to 1974. Tables 2 and 3 show probable dates of the first 
and last freeze and the length of the growing season. 

In winter the average temperature is about 47 degrees 
F, and the average daily minimum is 37 degrees. The 
lowest temperature on record, 10 degrees, occurred at 
Wilmington on December 13, 1962. In summer the 
average temperature is about 79 degrees F, and the 

average daily maximum is 88 degrees. The highest tem
perature on record, 104 degrees, ·was recorded on June 27, 
1952. 

Growing degree days, shown in table 1, are equivalent 
to "heat units." Starting in spring, growing degree days 
accumulate by the amount that the average temperature 
each day exceeds the base temperature (50 degrees F). 
The normal monthly accumulation is used to schedule sin
gle or successive plantings of a crop between the last 
freeze in spring and the first freeze in fall. 

Of the total annual precipitation, 32.86 inches, or 61 
percent, usually falls during the period April through 
September, which includes the growing season for most 
crops. Two years in 10, the April-September rainfall is 
less than 26.51 inches. The heaviest 1-day rainfall during 
the period of record was 7.49 inches at Wilmington on 
September 27, 1958. Thunderstorms number about 45 
each year, 27 of which occur in summer. 

Snowfall is rare. In 36 percent of the winters, there is 
no measureable snowfall, and in 59 percent the total 
snowfall is less than 2 inches. The heaviest snowfall ever 
observed in 1 day was more than 11 jnches. 

The average relative humidity in midafternoon in 
spring is less than 55 percent, and during the rest of the 
year it is about 58 percent. Humidity is higher at night in 
all seasons, and the average at dawn is about 83 percent. 
The percentage of possible sunshine is 65 percent in 
summer and 59 percent in winter. The prevailing 
direction of the wind is from the south-southwest. 
Average annual windspeed is 9.2 miles per hour. Average 
windspeed is highest, 10.9 miles per hour, in April. 

Every few years a hurricane crosses the county. 

Water Supply 

Ground water is obtained from three geologic forma
tions that are associated with three geologic ages. These 
are the Pee Dee Formation of upper Cretaceous Age, the 
Castle Hayne Limestone Formation of Eocene age, and 
the surficial sands of post-Miocene age. 

1 



2 SOIL SURVEY 

Settlement and ne,·elopment 

New Hanover County was established on November 27, 
1729. The original area included what is now Onslow, 
Bladen, Duplin, Pender, and Brunswick Counties. New 
Hanover County has had its present boundaries since 
1875 (3). 

Early economic activitites in the county were based on 
two main natural resources, the soil and the forest. The 
most important sources of income were naval stores of 
tar, pitch, and turpentine, which were derived from the 
abundant supply of longleaf pine in the area. Lumber, 
shingles, barrel staves, and other products came from the 
large expanse of various trees in the county. 

Transportation and Industry 

Overland access to the county is provided by four 
major highways-U.S. 421 and U.S. 117 from the north, 
U.S. 17 from the east and west, and U.S. 74-76 from the 
west-and by the Seaboard Coast Line Railroad from the 
west, north, and east. 

The manufacturing plants in the county provide a wide 
variety of products and services, such as clothing, elec
tronic equipment, chemicals, pile fabrics, concrete, fertil
izer, boilers and related equipment, automotive parts, 
shipbuilding, and ship repair. 

Wilmington is North Carolina's major deepwater port 
and is open to navigation 24 hours a day. Cruise ships 
that travel to the West Indies and South America 
frequently leave and return to Wilmington. Large quanti
ties of paper products, tobacco, cotton goods, fertilizer 
materials, lumber, foodstuffs, and other commodities are 
handled regularly for export. Petroleum products are 
regularly shipped in large quantities into Wilmington for 
distribution. Bulk storage for approximately 8,000,000 
barrels of petroleum is available. Imports handled are 
mostly nitrates, molasses, sugar, hardwood, softwood, and 
burlap. The port is capable of handling ten ships at a 
time. 

There are about 15 shopping centers in the county and 
more than 60 hotels and motels. 

Community Facilities 

Many public elementary and high schools, along with 
eight private schools, are located throughout New 
Hanover County. Cape Fear Technical Institute offers a 
large number of 2-year courses and specializes in the field 
of marine technology. The University of North Carolina 
at Wilmington is a fully accredited, tax-supported institu
tion. A private business college is also located in the coun
ty and provides training in business administration, ac
counting, and secretarial science. The county also has 145 
churches and 3 hospitals. 

Tourist attractions include the famed Greenfield and 
Airlie Gardens, Fort Fisher, Battleship Memorial U.S.S. 
North Carolina, and Blockade Runner Museum. Several 
golf courses are located in the county. 

How This Survey Was Made 

Soil scientists made this survey to learn what kinds of 
soil are in the survey area, where they are located, and 
how they can be used. The soil scientists went into the 
area knowing they likely would locate many soils they al
ready knew something about and perhaps identify some 
they had never seen before. They observed the steepness, 
length, and shape of slopes, the size· of streams and the 
general pattern of drainage, the kinds of native plants or 
crops, the kinds of rock, and many facts about the soils. 
They dug many holes to expose soil profiles. A profile is 
the sequence of natural layers, or hmjzons, in a soil; it ex
tends from the surface down into the parent material that 
has been changed very little by leaching or by the action 
of plant roots. 

The soil scientists made comparisons among the profiles 
they studied, and they compared these profiles with those 
in counties nearby and in places more distant. They clas
sified and named the soils according to nationwide, 
uniform procedures. The soil series and the soil phase are 
the categories of soil classification most used in a local 
survey. 

Soils that have profiles almost alike make up a soil se
ries. Except for different texture in the surface layer, all 
the soils of one series have major horizons that are 
similar in thickness, arrangement, and other important 
characteristics. Soil series commonly are named for towns 
or other geographic features near the place where they 
were first observed and mapped. Baymeade and Kureb, 
for example, are the names of two soil series. All the soils 
in the United States having the same series name are es
sentially alike in characteristics. 

Soils of one series can differ in texture of the surface 
layer and in slope, stoniness, or some other characteristic 
that affects use of the soils by man. On the basis of such 
differences, a soil series is divided into phases. 
· After a guide for classifying and naming the soils had 

been worked out, the soil scientists drew the boundaries 
of the individual soils on aerial photographs. These photo
graphs show woodlands, buildings, field borders, trees, 
and other details that help in drawing boundaries accu
rately. The soil map in the back of this publication was 
prepared from the aerial photographs. 

The areas shown on a soil map are called mapping 
units. On most maps detailed enough to be useful in 
planning the management of farms and fields, a mapping 
unit is nearly equivalent to a soil phase. It is not exactly 
equivalent, because it is not practical to show on such a 
map all the small, scattered bits of soil of some other kind 
that have been seen within an area that is dominantly of 
a named soil phase. 

Some mapping units are made up of soils of different 
series, or of different phases within one series, and some 
have little or no soil. 

While a soil survey is in progress, samples of soils are 
taken as needed for laboratory measurements and for en
gineering tests. Existing ratings of suitabilities and 

• 
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limitations (interpretations) of the soils are field tested 
and modified as necessary during the course of the sur
vey, and new interpretations are added to meet local 
needs. This is done mainly through field observations of 
behavior of different kinds of soil for different uses 
under different levels of management. Also, data are as
sembled from other sources, such as test results, records, 
field experience, and other information available from 
State and local specialists. For example, data on yields of 
crops under defined practices are assembled from farm 
records and from field or plot experiments on the same 
kinds of soil. 

But only part of a soil survey is done when the soils 
have been named, described, interpreted, and delineated 
on aerial photographs and when the laboratory data and 
other data have been assembled. The mass of detailed in
formation then needs to be organized so to be readily use
ful to different groups of users, among them farmers, 
managers of woodland, engineers, planners, developers 
and builders, homebuyers, and those seeking recreation. 
Presenting the detailed information in an organized, un
derstandable manner is the purpose of this publication. 

General Soil Map 
The general soil map at the back of this survey shows, 

in color, the soil associations in the survey area. A soil as
sociation is a landscape that has a distinctive pattern of 
soils in defined proportions. It typically consists of one or 
more major soils and at ·least one minor soil, and it is 
named for the major soils. The soils in an association can 
occur in other associations, but in different patterns. 

A map showing soil associations is useful to people who 
want to have a general idea of the soils in a survey area, 
who want to compare different parts of that area, or who 
want to locate large tracts that are suitable for a certain 
kind of land use. Such a map is a useful general guide for 
broad planning of a watershed, a wooded tract, or a wil
dlife area or for broad planning of recreational facilities, 
community developments and such engineering works as 
transportation corridors. It is not a suitable map for 
detailed planning for management of a farm or field or 
for selecting the exact location of a road or building or 
other structure, because the soils within an association or
dinarily vary in slope, depth, stoniness, drainage, and 
other characteristics that affect their management. 

The soil associations in this survey area are described 
on the pages that follow. 

1. Dorovan-Johnston association 

Very poorly drained soils that have a muck, loam, or 
sandy loam surface layer and a muck or sand underly
ing layer; in areas that are flooded by streams or tides 

This association consists of long, broad and narrow 
areas on the flood plains of the Cape Fear and Northeast 
Cape Fear Rivers. Some of the areas are subject to daily· 
and seasonal tidal flooding. 

This association makes up 6 percent of the county. It is 
60 percent Dorovan soils and 30 percent Johnston soils. 
Soils of minor extent make up 10 percent of the associa
tion and are chiefly Pamlico, Murville, Lynn Haven, Tor
hunta, and Woodington soils. 

The nearly level Dorovan soils are very poorly drained. 
The surface layer is black muck. The underlying layer is 

·black or very dark gray muck. 
The nearly level Johnston soils are very poorly drained. 

The surface layer is black loam in the upper part and 
black sandy loam in the lower part. The underlying layer 
is light gray sand. 

The major soils in this association are used for forest, 
and some small areas have been ·filled and used for indus
trial and residential sites. 

A seasonal high water table, flooding, and high organic
matter content are the main limitations in the use and 
management of the major soils in this association. 

2. Kureb-Baymeade-Rimini association 

Excessively drained and well drained soils that have a 
sand and fine sand surface layer and a sand, fine sandy 
loam, and loamy fine sand subsoil or underlying layer; 
on uplands 

This association consists of nearly level to sloping soils 
on the uplands. These soils are in the broad areas 
between the major streams. This association is dissected 
by many small streams and depressions. 

This association occupies 25 percent of the county. It is · 
25 percent Kureb soils, 20 percent Baymeade soils, and 8 
percent Rimini soils. Soils of minor extent make up 47 
percent of this association and are chiefly Lakeland, Leon, 
Lynn Haven, Murville, and Wakulla soils. 

The nearly level to sloping Kureb soils are excessively 
drained. The surface layer is dark gray sand. The subsur
face layer is light gray sand. The underlying layer is 
brownish yellow sand in the upper part and pale brown 
sand in the lower part. 

The nearly level to gently sloping Baymeade soils are 
well drained. The surface layer is dark gray fine sand. 
The subsurface layer is light gray fine sand in the upper 
part and very pale brown fine sand in the lower part. The 
subsoil is strong brown fine sandy loam in the upper part 
and strong brown loamy fine sand in the lower part. The 
underlying layer is mottled white and very pale brown 
fine sand in the upper part and very pale brown fine sand 
and loamy fine sand in the lower part. 

The nearly level to gently sloping Rimini soils are ex
cessively drained. The surface layer is dark gray sand. 
The subsurface layer is light gray sand. The subsoil is 
dark reddish bown sand in the upper part and dark 
brown sand in the lower part. 

The major soils in this association are used for forest 
and for residential and industrial sites. 

Very low available water capacity, moderately rapid 
and rapid permeability, leaching of plant nutrients, 
droughtiness, and soil blowing are the main limitations in 
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the use and management of the major soils in this as
sociaion. 

3. Wrightsboro-Onslow-Kenansville association 

Somewhat poorly drained to well drained sails that have 
a fine sandy loam, loamy fine sand, and fine sand sur
face layer and a sandy clay loam, clay,fine sandy loam, 
sandy loam, and clay loam subsoil; on uplands 

This association consists of nearly level to gently slop
ing soils on broad, smooth flats on the uplands. 

This association occupies 7 percent of the county. It is 
22 percent Wrightsboro soils, 20 percent Onslow soils, and 
15 percent Kenansville soils. Soils of minor extent make 
up 43 percent of this association and are chiefly Seagate, 
Stallings, Norfolk, Pantego, and Torhunta soils. 

The nearly level Wrightsboro soils are moderately well 
drained. The surface layer is grayish brown fine sandy 
loam. The subsurface layer is very pale brown fine sandy 
loam. The subsoil is mottled brownish yellow sandy clay 
loam in the upper part and mottled light gray clay in the 
lower part. 

The nearly level Onslow soils are moderately well 
drained and somewhat poorly drained. The surface layer 
is gray loamy fine sand. The subsurface layer is mottled 
dark brown and yellowish brown loamy sand in the upper 
part and mottled light yellowish brown loamy fine sand in 
the lower part. The subsoil is mottled light yellowish 
brown sandy clay loam in the upper part, mottled pale 
brown sandy loam in the middle part, and light gray clay 
loam in the lower part. 

The nearly level to gently sloping Kenansville soils are 
well drained. The surface layer is grayish brown fine 
sand. The subsurface layer is fine sand that is pale brown 
in the upper part and mottled very pale brown in the 
lower part. The subsoil is strong brown fine sandy loam 
in the upper part and reddish yellow fine sandy loam in 
the lower part. The underlying material is yellow loamy 
fine sand. 

The major soils in this association are used for cultiva
tion, pasture and forest and for residential and industrial 
sites. 

A seasonal high water table, moderate and moderately 
rapid permeability, leaching of plant nutrients, droughti
ness, low available water capacity, and soil blowing are 
the main limitations in the use and management of the 
major soils in this association. 

4. Kenansville-Craven-Lakeland association 

Moderately well drained to excessively drained soils that 
have a sand, fine sand, or fine sandy loam surface layer 
and a fine sandy loam, clay loam, clay, and sand subsoil 
or underlying layer; on uplands 

This association consists of nearly level to sloping soils 
on broad smooth flats on the uplands and on broad long 
ridges. The areas are dissected by many small 
drainageways. 

This association occupies 3 percent of the county. It is · 
45 percent Kenansville soils, 20 percent Craven soils, and 
15 percent Lakeland soils. Soils of minor extent make up 
20 percent of this association and are chiefly Leon, Nor
folk, Onslow, and Wrightsboro soils. 

The nearly level to gently sloping Kenansville soils are 
well drained. The surface layer is grayish brown fine 
sand. The subsurface layer is fine sand that is pale brown 
in the upper part and mottled very pale brown in the 
lower part. The subsoil is strong brown fine sandy loam 
in the upper part and reddish-yellow fine sandy loam in 
the lower part. The underlying layer is yellow loamy fine 
sand. 

The nearly level to gently sloping Craven soils are 
moderately well drained. The surface layer is dark gray 
fine sandy loam. The subsoil is mottled yellowish brown 
clay loam in the upper part, mottled light brownish gray 
clay loam in the middle part, and mottled light gray clay 
in the lower part. The underlying layer is mottled light 
gray sandy clay loam. 

The nearly level to sloping Lakeland soils are exces
sively drained. The surface layer is grayish brown sand. 
The underlying layer is sand that is yellowish brown in 
the upper part and brownish yellow in the lower part. 

The major soils in this association are used for cultiva
tion, for forest, and for residential and industrial sites. 

Low available water capacity, leaching of plant 
nutrients, permeability, soil blowing, erosion, seasonal 
wetness, and droughtiness are the main limitations in the 
use and management of the major soils in this association. 

5. Tidal Marsh-Newhan association 

Tidal Marsh and excessively drained soils that are sandy 
throughout; on flats and dunes along the seashore 

This association consists of nearly level to gently slop
ing soils on dunes, commonly near beaches and waterways 
along the coast, and on flats between the coastal dunes 
and the interior uplands and along the Cape Fear River. 

This association makes up 13 percent of the county. It 
is 53 percent Tidal Marsh and 25 percent Newhan soils. 
Soils of minor extent make up 22 percent of this associa
tion and are chiefly Urban land. 

The Tidal Marsh is nearly level. The surface layer is 
black clay loam. The underlying layer is very dark gray 
and black silty clay loam. 

The gently sloping Newhan soils are excessively 
drained. The surface layer is grayish brown fine sand. 
The underlying layer is light gray fine sand and sand. 

Tidal Marsh is used as natural habitat for shore and 
water birds. Some areas are used for shellfish gardens. 
Many areas are dredged, filled, and converted to summer 
cottage sites and recreational areas. The Newhan soils are 
used as sites for year-round homes and summer beach 
cottages and as industrial and recreation sites. 

Wetness and tidal flooding on the Tidal Marsh and 
permeability and droughtiness on the Newhan soils are 
the main limitations in the use and management of these 
soils. 

• 
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6. 1\lurville-Seagate-Leon association 

Very poorly drained to somewhat poorly drained soils 
that have a fine sand and sand surface layer and a fine 
sand, sand, sandy loam, and clay loam subsoil; on 
uplands and stream terraces 

This association consists of nearly level soils in flat or 
slightly depressional areas on rims of depressions and on 
broad smooth flats. 

This association occupies 46 percent of the county. It is 
26 percent Murville soils, 13 percent Seagate soils, and 13 
percent Leon soils. Soils of minor extent make up 48 per
cent of this association and are chiefly Kureb, Lynn 
Haven, Onslow, Pamlico, Rimini, and Wakulla soils. Also, 
in areas adjacent to the towns, Urban land has been 
mapped with Baymeade, Kureb, Leon, and Seagate soils. 

The nearly level Murville soils are very poorly drained. 
The surface layer and subsoil are black fine sand. The un
derlying layer is pale brown. It is fine sand in the upper 
part, sandy clay loam and sandy loam in the middle part, 
and fine sand in the lower part. 

The nearly level Seagate soils are somewhat poorly 
drained. The surface layer is dark gray fine sand. The 
subsurface layer is light gray fine sand. The underlying 
layer is fi!le sand that is dark brown in the upper part, 
brown iil the middle part, and light gray in the lower 
part. The subsoil is mottled brownish yellow sandy loam 
in the upper part and light gray clay loam in the lower 
part. 

The nearly level Leon soils are poorly drained. The sur
face layer is very dark gray sand. The subsurface layer is 
light gray sand. The subsoil is dark reddish brown sand. 
The underlying material is light gray sand. 

The major soils in this association are forested or are 
used as residential and industrial sites. 

A seasonal high water table and leaching of plant 
nutrients are the main limitations in the use and manage
ment of the major soils in this association. 

Soil Maps for Detailed Planning 

A mapping unit represents an area on the landscape 
and consists of a dominant soil or soils for which the unit 
is named. Most mapping units have one dominant soil, but 
some have two or more dominant soils. A mapping unit 
commonly includes small, scattered areas of other soils. 
The properties of some included soils can differ substan
tially from those of the dominant soil or soils and thus 
greatly influence the use of the dominant soil. How the 
included soils may affect the use and management of the 
mapping unit is discussed. 

In most areas surveyed there is land that has little or 
no identifiable soil and supports no vegetation. This land, 
called miscellaneous areas, is delineated on the map and 
given a descriptive name. Urban land is an example. 
Areas too small to be delineated are identified by special 
symbols on the soil maps. 

The acreage and proportionate extent of each mapping 
unit are given in table 4, and additional information on 
each unit· is given in interpretive tables in other sections 
(see "Summary of Tables"). Many of the terms used in 
describing soils are defined in the Glossary. 

Soil Descriptions and Potentials 

Ba-Bayboro loam. This nearly level, very poorly 
drained soil is on broad, smooth flats and in slight depres
sions on the uplands. The areas are small in size and ir
regular in shape. Most of the acreage is forested, and only 
a small acreage is used as residential areas. The dominant 
vegetation in the wooded areas consists of loblolly "pine, 
pond pine, sweetgum, tupelo-gum, sweetbay, water oak, 
wax-myrtle, gallberry, greenbrier, and switchcane. 

Typically, the surface layer is black loam 16 inches 
thick. The subsoil is about 56 inches thick. The upper part 
is very dark gray sandy clay loam, and the lower part is 
mottled gray clay loam. 

Included with this soil in mapping are soils that are un
deriain by clay at a depth of 4 to 6 feet. 

The organic-matter content of the surface layer is 
medium. Permeability is slow, available water capacity is 
high, and shrink-swell potential is moderate. Reaction is 

The kinds of soil (mapping units) shown on the detailed strongly acid or very strongly acid throughout, unless the 
soil maps at the back of this publication are described in soil is limed. The seasonal high water table is at or near 
this section. These descriptions together with the soil the surface. Many areas are commonly flooded for brief 
maps can be useful in determining the potential of soil periods. 
and in managing it for food and fiber production, in A seasonal high water table, flooding, moderate shrink
planning land use and developing soil resources, and in s:-vell potential, and slow permeability ~re t~e mai~ lim.i~
enhancing, protecting, and preserving the environment. t10~s m the use and management of th1s s~Il .. If th1s so!l1s 
More detailed information for each soil is given in the · dramed, most lawn grasses and some vanebes of shrubs 
section "Planning the Use and Management of the Soils." are easily established. Some shrubs and trees, such as 

Preceding the name of each mapping unit is the symbol camellias and dogwood, may be difficult to establish 
that identifies the unit on the detailed soil map. Each because of wetness. Capability subclasses Vlw, where un
mapping unit description includes general facts about the drained, and IIIw, where drained; woodland group 2w. . 
soil and a brief description of the soil profile. The poten- Be-Baymeade fine sand, 1 to 6 percent slopes. Th1s 
tial of the soil for various major land uses is estimated. well drained soil is on flats and low ridges that are on the 
The principal hazards and limitations are indicated, and uplands and in small areas that are along drainagewa~s 
the management concerns and practices for the major but are not subject to flooding. The areas are irregular m 
uses are discussed. shape. Most of the acreage is used as residential and in-
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dustrial sites, and the rest is forested. The dominant 
vegetation is longleaf pine, turkey oak, bluejack oak, post 
oak, dwarf waxmyrtle, dwarf huckleberry, and pineland 
three-awn. This vegetation increases in density on the 
lower slopes along with additional species, such as 
hickory, American holly, red oak, black oak, and bracken. 

Typically, the surface layer is dark gray fine sand 3 
inches thick. The subsurface layer is fine sand 33 inches 
thick. It is light gray in the upper part and very pale 
brown in the lower part. The subsoil is 22 inches thick. It 
is strong brown fine sandy loam in the upper part and 
strong brown loamy fine sand in the lower part. The un
derlying layer, to a depth of 78· inches, is mottled white 
and very pale brown fine sand in the upper part and very 
pale brown fine sand and loamy fine sand in the lower 
part. 

Included with this soil in mapping are a few small areas 
of Norfolk, Kenansville, Seagate, and Wakulla soils. 

The organic-matter content of the surface layer is very 
low. Permeability is moderately rapid, available water 
capacity is very low, and shrink-swell potential is low. 
Reaction is strongly acid to slightly acid throughout, un
less the soil is limed. The seasonal high water table is at a 
depth of more than 4 feet. 

Very low available water capacity, moderately rapid 
permeability, leaching of plant nutrients, droughtiness, 
and soil blowing are the main limitations in the use and 
management of this soil. If supplemental irrigation is not 
used, available moisture capacity in this soil is generally 
inadequate for the establishment and maintenance of 
most lawn grasses, shrubs, and trees. Soil conditioners 
may also be needed. Capability subclass Ills; woodland 
group 3s. 

Bh-Baymeade-Urban land complex, 1 to 6 percent 
slopes. This mapping unit is on the flats and low ridges of 
the upland and in small areas that are along the 
drainageways but are not subject to flooding. It consists 
of Baymeade soils and Urban land that are in areas so 
small and so intermingled that is was not practical to map 
them separately. About 35 to 45 percent of this mapping 
unit is Baymeade soils, and 30 to 50 percent is Urban 
land. The percentage of Urban land in the mapped areas 
is greater near the towns. 

Typically, the surface layer of a Baymeade soil is dark 
gray fine sand 3 inches thick. The subsurface layer is fine 
sand 33 inches thick. It is light gray in the upper part and 
very pale brown in the lower part. The subsoil is 22 
inches thick. It is strong brown fine sandy loam in the 
upper part and strong brown loamy fine sand in the lower 
part. The underlying layer, to a depth of 78 inches, is 
mottled white and very pale brown fine sand in the upper 
part and very pale brown fine sand and loamy fine sand 
in the lower part. 

The Urban land part of this unit consists of areas 
where the original soils have been cut, filled, graded, or 
paved so that most soil properties have been altered to 
the extent that the soils cannot be identified. These areas 
are used for shopping centers, factories, municipal 

buildings, apartment complexes, or parking lots, or for 
other purposes where buildings are closely spaced or the • 
soil is covered with pavement. Slope is generally modified 
to fit the site needs, and it generally ranges from 0 to 6 
percent. The extent of site modification varies greatly. 
Many areas are relatively undisturbed, but other areas 
have been cut and filled. 

Included with these soils in mapping are small areas of 
Kureb, Leon, Seagate, Rimini, Lakeland, Murville, Lynn 
Haven, and Torhunta soils. 

The runoff of the Urban land is greater than that of 
the Baymeade soils because of the impervious cover of 
buildings, streets, and parking lots. 

Very low available water capacity, moderately rapid 
permeability, leaching of plant nutrients, droughtiness, 
and soil blowing are the main limitations in the use and 
management of these soils. If supplemental irrigation is 
not used, available water capacity in this soil is generally 
inadequate for the establishment and maintenance of 
most lawn grasses, shrubs, and trees. Soil conditioners 
may be needed. Capability subclass not assigned; 
Baymeade part in woodland group as, Urban land part 
not placed in a woodland group. 

Bp-Borrow pits. Borrow pits consists of small areas 
where the soil has been removed and is used as a fill 
material around bridges, industrial sites, and other struc
tures. Areas range in size from about 2 to 15 acres, but 
most areas are less than 5 acres. Most areas have not 
been reclaimed, and areas that are revegetated were done 
so by volunteer stands of grasses and trees. Capability 
subclass and woodland group not assigned. 

Cr-Craven fine sandy loam, 1 to 4 percent slopes. 
This moderately well drained soil is on broad, smooth • 
flats on the uplands and on short side slopes along 
drainageways. Areas are small in size and irregular in 
shape. Most of the acreage is used for residential or in-
dustrial sites. The rest is used for pasture or is forested. 
The native vegetation is American holly, various oaks, 
hickory, loblolly pine, sweetgum, sweetleaf, sweet pepper-
bush, waxmyrtle, and gallberry. 

Typically, the surface layer is dark gray fine sandy 
loam 8 inches thick. The subsoil is 48 inches thick. The 
upper part is mottled yellowish brown clay loam, the mid
dle part is mottled light brownish gray clay loam, and the 
lower part is mottled light gray clay. The underlying , 
layer, to a depth of 64 inches, is mottled light gray sandy 
clay loam. 

Included with this soil in mapping are a few areas of 
soils that have a sandy loam and loamy fine sand surface 
layer. Also included are small areas of soils that have a 
sandy surface layer, and a few small areas of Norfolk, 
Onslow, and Wrightsboro soils. 

The organic-matter content of the surface layer is low. 
Permeability is slow, available water capacity is medium, 
and shrink-swell potential is moderate. The seasonal high 
water table is at a depth of 2 to 3 feet. 

The clayey texture of the lower part of the subsoil, ero
sion, seasonal wetness, and slow permeability are the 

• 
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main limitations in the use and management of this soil. 
If drained, this soil is suited to most locally grown crops. 
The main crops are corn, soybeans, tobacco, and peanuts. 
Minimum tillage and crop residue management aid in 
maintaining organic-matter content. This soil has good 
tilth and can be worked over a wide range of moisture 
content, but tillage is delayed during wet seasons. 
Drainage is needed for most uses. Capability subclass 
Ille; woodland group 3w. 

DO-Dorovan soils. These nearly level, very poorly 
drained soils are in bays and in long, broad areas of tidal 
and stream flood plains. All of the acreage is used for 
woodland and as wildlife habitat. The native vegetation is 
red maple, willow, tupelo, cypress, sweetgum,' ash, Amer
ican cyrilla, and greenbrier. 

Typically the surface layer is black muck 4 inches thick. 
The underlying layer, to a depth of 64 inches, is black or 
very dark gray muck. 

Included with these soils in mapping are small areas of 
Johnston soils and Tidal marsh. A few small areas of soils 
that have thin, continuous mineral layers are also in
cluded. 

The organic-matter content in the surface layer is very 
high. Permeability is very slow, available water capacity 
is very high, and shrink-swell potential is low. Reaction is 

•

ery strongly acid or strongly acid throughout, unless the 
oils are limed. The seasonal high water table is at or 

near the surface. These soils are frequently flooded for 
very long periods. 

Flooding and high organic-matter content are the main 
limitations in the use and management of these soils. If 
these soils are drained and tilled, the organic matter 
decomposes and the soil subsides. Capability subclass 
Vlllw; woodland group 4w. 

JO-Johnston soils. These nearly level, very poorly 
drained soils are on .flood plains of the major streams. 
Areas are commonly· long and narrow. Most of the acre
age is forested, and some small areas have been filled and 
used for industrial and residential sites. The native 
vegetation consists of pond pine, tupelo-gum, ash, 
water oak, cypress, red maple, sweetgum, American 
cyrilla, waxmyrtle, and gallberry. 

Typically, the surface layer is 42 inches thick. It is 
black loam in the upper part and black sandy loam in the 
lower part. The underlying layer, to a depth of about 64 
inches, is light gray sand. 

Included with these soils in mapping are small areas of 
Pamlico, Dorovan, and Murville soils. A few small areas of 
soils that are less acid than these Johnston soils are also 
included. 

The organic-matter content of the surface layer is high. 
Permeability is moderately rapid, available water capacity 
is high, and shrink-swell potential is low. Reaction is very 
strongly acid or strongly acid throughout, unless these 
soils are limed. The seasonal high water table is at or 

•

near the surface. These soils are frequently flooded for 
ong periods. 

A seasonal high water table and flooding are the main 
limitations in the use and management of these soils. 
These soils subside if drained and tilled. Capability sub
classes VIIw, where undrained, and IVw, where drained; 
woodland group 1 w. . 

Ke-Kenansville fine sand, 0 to 3 percent slopes. This 
well drained soil is on broad smooth flats on the uplands. 
Areas are commonly large in size and irregular in shape. 
Most of the acreage is cultivated. The rest is forested or 
is used for residential or industrial sites. The native 
vegetation consists of longleaf and loblolly pines; white, 
red, black, turkey, water, and bluejack oaks; hickory; dog
wood; holly; and sassafras. 

Typically, the surface layer is grayish brown fine sand 
3 inches thick. The subsurface layer is fine sand 30 inches 
thick. It is is pale brown in the upper part and mottled 
very pale brown in the lower part. The subsoil is fine 
sandy loam 17 inches thick. It is strong brown in the 
upper part and reddish yellow in the lower part. The un
derlying layer, to a depth of 80 inches, is yellow loamy 
fine sand. 

Included with this soil in mapping are a few small areas 
of Norfolk and Lakeland soils. Some small areas of soils 
that are less acid throughout are also included. 

The organic-matter content of the surface layer is very 
low. Permeability is moderately rapid, available water 
capacity is low, and shrink-swell potential is low. Reaction 
is very strongly acid or strongly acid throughout, unless 
this soil is limed. The seasonal high water table is at a 
depth of more than 6 feet. 

Leaching of plant nutrients, moderately rapid permea
bility, droughtiness, low available water capacity, and soil 
blowing are the main limitations in the use and manage
ment of this soil. This soil is well suited to most locally 
grown crops. The main crops are corn, soybeans, peanuts, 
tobacco, and truck crops, such as squash, lettuce, cucum
bers, cabbage, snapbeans, and corn. Winter cover crops, 
minimum tillage, and crop residue management aid in 
maintaining organic-matter content and conserving 
moisture. Soil blowing is a concern in the management of 
this soil. The blowing sand often causes damage to young 
plants. This soil is droughty during periods of low rainfall. 
Some supplemental irrigation, soil conditioners, and fertil
izers are needed for lawn grasses, shrubs, and trees. 
Capability subclass lis; woodland group 3s. 

Kr-Kureb sand, 1 to 8 percent slopes. This excessive
ly drained soil is on long, broad ridges on the uplands. 
Areas are generally broad and long. Most of the acreage 
is forested. The rest is used for residential and industrial 
sites. The sparse native vegetation on the higher eleva
tions is turkey oak, scattered longleaf pine, a few bluejack 
oaks, and scattered dwarf myrtle and huckleberry. Much 
of the area is barren of any vegetation, except for mosses 
and lichens. On the lower slopes, the vegetation increases 
in density and includes various oaks, scattered hickory, 
holly, and brackenfern. 

Typically, the surface layer is dark gray sand 3 inches 
thick. The subsurface layer is light gray sand 23 inches 
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thick. The underlying layer, to a depth of 8!1 inches, is 
brownish yellow sand in the upper part and pale brown 
sand in the lower part. 

Included with this soil in mapping are small areas of 
Lakeland, Baymeade, Rimini, and Leon soil;;. Some small 
areas of soils that are generally at an elevation of less 
than 25 feet are also included. These soils have mixed 
mineralogy. 

The organic-matter content of the surface layer is very 
low. Permeability is rapid, available water capacity is 
very low, and shrink-swell potential is low. Reaction is 
neutral to very strongly acid throughout, unless 'this soil 
is limed. The seasonal high water table is at a depth of 
more than 6 feet. 

Very low available water capacity and rapid permeabili
ty are the main limitations in the use and management of 
this soil. This soil is very droughty. Irrigation, soil condi
tioners, and fertilizer are needed if lawn grasses, shrubs, 
and trees are to be established. Capability subclass VIIs; 
woodland group 5s. · 

Ku-Kureb-Urban land complex, 1 to 8 percent 
slopes. This mapping unit consists of areas of Kureb soils 
and Urban land that are too small and too intermingled to 
be mapped separately. About 30 to 40 percent of the acre
age is Kureb soils, and about 30 to 35 percent is Urban 
land. The percentage of Urban land in the mapped areas 
is greatest near towns and around shopping centers. 

Typically, the surface layer of a Kureb soil is dark gray 
sand 3 inches thick. The subsurface layer is light gray 
sand 23 inches thick. The underlying layer, to a depth of 
89 inches, is brownish yellow sand in the upper part and 
pale brown sand in the lower part. 

The urban land consists of areas where the original soil 
has been cut, filled, graded, or paved so that most soil 
properties have been altered to the extent that a soil se
ries is not recognized. These areas are now used for 
shopping centers, factories, municipal buildings, apart
ment complexes, or parking lots, or for other purposes 
where buildings are closely spaced or soil is covered with 
pavement. Slope is generally modified to fit the site needs 
and commonly ranges from 0 to 5 percent. The extent of 
site modification varies greatly. Many areas are relatively 
undisturbed, but in the process of smoothing, high areas 
have been cut down and low areas have been filled. 

Included in mapping are small areas of Lakeland, 
Baymeade, Leon, and Rimini soils. A few small areas of 
soils that have slopes greater than 8 percent are also in
cluded. 

Runoff from Urban land is greater than that from 
Kureb soils, because of the impervious cover of buildings, 
streets, and parking lots. 

Very low available water capacity and rapid permeabili
ty are the main limitations in the use and management of 
this unit. It is very droughty. Irrigation, soil conditioners, 
and fertilizer are needed if lawn grasses, shrubs, and 
trees are established. Capability subclass not assigned; 
Kureb part in woodland group 5s, Urban land part not 
placed in a woodland group. 

La-Lakeland sand, 1 to 8 percent slopes. This exces
sively drained soil is on broad, long ridges on uplands. 
Areas generally are large in size and irregular in shape. 
Most of the acreage is forested. The rest is used for re
sidential and industrial sites. The native vegetation on the 
higher elevations is dominantly turkey oak, bluejack oak, 
and sand post oak. Some scattered longleaf pine, dwarf 
myrtle, and huckleberry trees are also in these areas. 

Typically the surface layer is grayish brown sand 2 
inches thick. The underlying layer, to a depth of 80 
inches, is sand that is yellowish brown in the upper part 
and brownish yellow in the lower part. 

Included with this soil in mapping are small areas of 
Kureb, Baymeade, and Wakulla soils. 

The organic-matter content of the surface layer is very 
low. Permeability is very rapid, available water capacity 
is low, and shrink-swell potential is very low. Reaction is 
medium acid to very strongly acid throughout where this 
soil is not limed. The seasonal high water table is at a 
depth of more than 6 feet. 

Low available water capacity, leaching of plant 
nutrients, and soil blowing are the main limitations in the 
use and management of this soil. The soil is very 
droughty. Irrigation, soil conditioners, and fertilizers are 
needed if grasses, shrubbery, and trees are established . 
Capability subclass IVs; woodland group 3s. 

Le-Leon sand. This nearly level, poorly drained soil is 
on rims of depressions, on smooth flats, and in indefinite 
patterns on the uplands and stream terraces. Areas are 
irregular in shape and are 5 to 250 acres in size. Most of 
the acreage is forested. The rest is used for residential 
and industrial sites. The native vegetation consists of lon
gleaf pine, pond pine, sweetbay, water oak, winterberry, 
gallberry, bracken, and, in the more nearly open areas, a 
dense cover of pineland three-awn and creeping blueber
ry. 

Typically the surface layer is very dark gray sand 3 
inches thick. The subsurface layer is light gray sand 13 
inches thick. The subsoil is dark reddish brown sand 24 
inches thick. The underlying layer, to a depth of 64 
inches, is light gray sand. 

The organic-matter content of the surface layer is very 
low. Permeability is rapid in the surface layer, moderate 
to moderately rapid in the subsoil, and very rapid in the 
underlying layer. Available water capacity is low, and 
shrink-swell potential is very low. Reaction is strongly 
acid throughout, where this soil has not been limed. The 
seasonal high water table is at or near the surface. 

A seasonal high water table and leaching of plant 
nutrients are the main limitations in the use and manage
ment of this soil. Most lawn grasses, shrubs, and trees are 
easily established and maintained. Some soil conditioners 
and liberal amounts of fertilizer may be needed in· most 
areas. Capability subclass IVw; woodland group 4w. 

Lo-Leon-Urban land complex. This mapping unit is 
on rims of depressions, on smooth flats, and in indefinite 
patterns on the uplands and stream terraces. It con
sists of areas of Leon soils and Urban land that are 

• 

• 

• 
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too small and too intermingled to be mapped sepa
rately. About 35 to 45 percent of the mapping unit is 
Leon soils, and about 30 to 50 percent is Urban land. 
The percentage of Urban land is greater near towns. 

Typically, the surface layer of a Leon soil is very clark 
gray sand 3 inches thick. The subsurface layer is light 
gray sand 13 inches thick. The subsoil is clark reddish 
brown sand 24 inches thick. The underlying layer, to a 
depth of 64 inches, is light gray sand. 

Urban land consists of areas where the original soil has 
been cut, filled, graded, or paved so that most soil proper
ties have been altered to the extent that a soil series is 
not recognized. These areas are used for shopping cen
ters, factories, municipal buildings, apartment complexes, 
or parking lots, or for other purposes where buildings are 
closely spaced or soil is covered with pavement. Slope is 
generally modified to fit the site needs. The extent of site 
modification varies greatly. Many areas are relatively 
undisturbed, while other areas have been cut or filled. 

Included in mapping are small areas of Seagate, On
slow, Rimini, Murville, Lynn Haven, Kureb, Lakeland, and 
Baymeade soils. 

The runoff of the Urban Land part of this mapping 
unit is greater than that of the Leon soils because of the 
impervious cover of buildings, streets, and parking lots. 

• 

A seasonal high water table and leaching of plant 
nutrients are the main limitations in the use and manage
ment of this complex. Most lawn grasses, shrubs, and 
trees are easily established and maintained. Some soil 
conditioners and liberal amounts of fertilizer may be 
needed in most areas. Capability subclass not assigned; 
Leon part in woodland group 4w, Urban land part not 
placed in a woodland group. 

Ls-Lynchburg fine sandy loam. This nearly level, 
somewhat poorly drained soil is on broad, smooth flats on 
the uplands. Areas are small in size and irregular in 
shape. Most of the acreage is used for residential or in
dustrial sites. The rest is mainly forested. The dominant 
native vegetation consists of longleaf pine, loblolly pine, 
water oak, willow oak, red maple, waxmyrtle, short gall
berry, tall gallberry, and sweet pepperbush. 

Typically, the surface layer is grayish brown fine sandy 
loam 6 inches thick. The subsoil, to a depth of 64 inches, is 
very pale brown sandy clay loam in the upper part. The 
middle part is mottled, brownish yellow, light gray, and 
yellowish red sandy clay loam, and the lower part is mot
tled, light gray, brownish yellow, reddish yellow, and yel
low clay loam. 

Included with this soil in mapping are small areas of 
Rains, Stallings, Onslow, Woodington, and Wrightsboro 
soils. 

The organic-matter content of the surface layer is low. 
Permeability is moderate, available water capacity is 
medium, and shrink-swell potential is low. Reaction is 
strongly acid or very strongly acid throughout if this soil 

• 

has not been limed. The seasonal high water table is 1.5 
feet from the surface. 

Wetness is the main limitation in the use and manage
ment of this soil. Most lawn grasses, shrubs, and trees are 
easily established and maintained. Capability subclass 
Ilw; woodland group 2w. 

Ly-Lynn Haven fine sand. This nearly level, poorly 
drained soil is in broad, almost level to flat or depres
sional areas on uplands. Areas are irregular in shape and 
small to large in size. Most of the acreage is forested. The 
rest is used for residential and industrial sites. The native 
vegetation consists of longleaf pine, pond pine, red maple, 
water oak, American cyrilla, greenbrier, fetterbush, and 
pineland three-awn. 

Typically, the surface layer is black fine sand 18 inches 
thick. The subsurface layer is gray fine sand 6 inches 
thick. The subsoil is 34 inches thick. It is sand that is 
black in the upper part, black and dark brown in the mid
dle part, and dark brown and brown in the lower part. 
The underlying layer, to a depth of 75 inches, is pale 
brown sand in the upper part and light brownish gray 
sandy loam and dark greenish gray sandy clay in the 
lower part. 

Included with this soil in mapping are small areas of 
Murville, Leon, and Torhunta soils. 

The organic-matter content of the surface layer is low. 
Permeability is rapid in the surface layer and moderate 
and moderately rapid in the subsoil. Available water 
capacity is low, and shrink-swell potential is very low. 
Reaction is strongly acid to extremely acid throughout 
where this soil has not been limed. Unless this soil is ar
tificially drained, the seasonal high water table is at or 
near the surface during periods of heavy rainfall. This soil 
is frequently flooded for brief periods. 

A seasonal high water table is the main limitation in 
the use and management of this soil. Most lawn grasses, 
shrubs, and trees are fairly easily established and main
tained. Some shrubs and trees, such as camellias and dog
wood, .may be unsuited because of wetness. Capability 
subclasses Vllw, where ponded, and IVw, where drained; 
woodland group 3w. 

Mp-Mine Pits. Mine Pits consists of strip mines in 
. the northern part of the county where soil material has 

been removed to a depth of 10 to 30 feet and the underly
ing marl has been removed to a depth of 20 to 70 feet. 
Active mining is still underway. 

Some areas are covered with water, and other areas 
are continually pumped to keep the water level low 
enough for mining operations. Some areas are partially 
filled with water and covered with native vegetation, such 
as typha, sedges, and other annual weeds and grasses.· 

Reclamation of these areas is planned so that they may 
be used for recreation and as wildlife habitat. A few of 
these areas have been reclaimed and put to practical use. 
Capability subclass and woodland group not assigned. 

Mu-Murville fine sand. This nearly level, very poorly 
drained soil is in flat or slightly depressional areas. Areas 
are irregular in shape and range from small to very large. 
Most of the acreage is forested. The rest is used for re
sidential and industrial sites. The native vegetation is Ion-
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gleaf pine, pond pine, red maple, water oak, redbay, 
sweetbay, American cyrilla, greenbrier, and pineland 
three-awn. 

Typically, the surface layer is black fine sane! 8 inches 
thick. The subsoil is black fine sand 37 inches thick. The 
underlying material, to a depth of 70 inches, 'is pale brown 
fine sane! in the upper part, sandy clay loam and sandy 
loam in the middle part, and fine sand in the lower part. 

Included with this soil in mapping are small areas of 
Lynn Haven, Leon, and Pamlico soils. Also included are 
small areas of soils that have a much thicker subsoil than 
the Mun:Ue soils. 

The organic-matter content of the surface layer is low. 
Permeability is rapid in the surface layer ancl moderately 
rapicl in the subsoil. Available water capacity is low, and 
shrink-swell potential is low. The seasonal high water 
table is at or near the surface. This soil is frequently 
flooded for brief periods. 

A seasonal high water table and rapid and moderately 
rapid permeability are the main limitations in the use and 
management of this soil. Most lawn grasses, shrubs, and 
trees are fairly easily established and maintained. Some 
shrubs and trees, such as camellias and dogwoods, may be 
unsuited because of wetness. Capability subclasses Vw, 
where drained, and Vllw, where ponded; woodland group 
2w. 

Nh-Newhan fine sand. This excessively drained soil 
is on dunes, commonly near beaches and waterways along 
the coast. Slopes are 2 to 6 percent. Most of the acreage 
is used for year-round homes and summer beach cottages 
and as industrial and recreation sites. The native vegeta
tion consists of scattered waxmyrtle, eastern bac
charis, yaupon, live oak, seaoats, cordgrass, marsh 
elder, beach pea, and hydrocotyle. 

Typically, the surface layer is grayish brown fine sand 
2 inches thick. The underlying layer, to a depth of 72 
inches, is light gray fine sand and sand. 

Included with this soil in mapping are small areas of 
Tidal Marsh and all of the coastal beach (figure 1, at end 
of section). 

The organic-matter content of the surface layer is very 
low. Permeability is very rapid, available water capacity 
is very low, and shrink-swell potential is low. Reaction is 
neutral to mildly alkaline throughout. The seasonal high 
water table is at a depth of more than 6 feet. 

Very low available water capacity and very rapid 
permeability are the main limitations in the use and 
management of this soil. Many species of shrubs are 
suited to this soil. Establishing and maintaining shrubs 
require soil conditioning and supplemental irrigation. 
Capability subclass VIlis; not placed in a woodland 
group. 

No-Norfolk fine sandy loam, 0 to 4 percent slopes. 
This well drained soil is on broad, smooth flats on the 
uplands. Areas are irregular in shape and are 5 to 50 
acres in size. Most of the acreage is forested or is used as 
residential and industrial sites. The rest is cultivated. The 
native vegetation is water oak, red oak, black oak, post 
oak, hickory, dogwood, and holly. 

Typically, the surface layer is grayish brown fine. sanely 
loam 7 inches thick. The subsurface layer is pale brown 
loamy fine sand 5 inches thick. The subsoil is 58 inches 
thick. It is yellowish brown sandy clay loam in the upper 
part, mottled brownish yellow sandy loam in the middle 
part, and mottled yellowish brown sandy clay loam in the 
lower part. The underlying layer, to a depth of 120 inches, 
is mottled light gray clay in the upper part; mottled red, 
light gray, and yellow sandy loam in the middle part; and 
very pale brown stratified sand and loamy sand in the 
lower part. 

Included with this soil in mapping are some small areas 
of Kenansville, Wrightsboro, Craven, and Stallings soils. 
Also included are soils that are less acid throughout than 
this Norfolk soil. 

The soil is low in natural fertility and low in organic
matter content. Permeability is moderate, available water 
capacity is medium, and shrink-swell potential is low. The 
seasonal high water table is more than 6 feet below the 
surface. 

Slope, surface runoff, and a hazard of erosion are the 
main limitations in the use and management of this soil. 
This soil is well suited to all locally grown crops. The 
main crops are corn, soybeans, tobacco, and peanuts 
(figure 2, at end of section). Winter cover crops, minimum 
tillage, and crop residue management aid in controlling 
runoff and erosion and maintaining tilth and organic
matter content. Conservation practices, such as maintain
ing drainageways in sod, establishing terraces and diver
sions, and rotating crops, also aid in conserving soil and 
water. Most lawn grasses, trees, and shrubs are easy to 
establish and maintain. Capability subclass lie; woodland 
group 2o. 

On-Onslow loamy fine sand. This nearly level, 
moderately well drained and somewhat poorly drained 
soil is on broad smooth flats on the uplands. Areas are ir
regular in shape and small in size. Most of the acreage is 
used as residential and industrial sites. The rest is 
forested (figure 3, at end of section). The dominant native 
vegetation is longleaf pine, loblolly pine, oaks, holly, 
hickory, dogwood, blackgum, waxmyrtle, sweet pepper
bush, gallberry, and huckleberry. 

Typically, the surface layer is gray loamy fine sand 7 
inches thick. The subsurface layer is 10 inches thick. It is 
mottled dark brown and yellowish brown loamy sand in 
the upper part and mottled light yellowish brown loamy 
fine sand in the lower part. The subsoil is 47 inches thick. 
It is mottled light yellowish brown sandy clay loam in the 
upper part, mottled pale brown sandy loam in the micldle 
part, and light gray clay loam in the lower part. 

Included with this soil in mapping are small areas of 
Norfolk, Lynchburg, and Seagate soils. 

The organic-matter content of the surface layer is low. 
Permeability is moderate, available water capacity is 
medium, and shrink-swell potential is low. Reaction is 
very strongly acid or strongly acid throughout where this 
soil is not limed. The seasonal high water table is at a 
depth of about 2 feet. 

• 

• 

• 
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A seasonal high water table and moderate permeability 
are the main limitations in the use and management of 
this soil. This soil is well suited to all locally grown crops. 
The main crops are corn, soybeans, peanuts, and tobacco. 
Winter cover crops, minimum tillage, and crop residue 
management aid in maintaining organic-matter content. 
This soil has good tilth and can be worked over a fairly 
wide range of moisture content, but tillage is delayed dur
ing wet seasons. Some crops, such as tobacco, require 
drainage. Most lawn grasses, shrubs, and trees are fairly 
easily established and maintained. Capability subclass 
Ilw; woodland group 2w. 

Pm-Pamlico muck. This level or nearly level, very 
poorly drained soil is in broad, flat bay areas on uplands 
and along flood plains. Most of the acreage is forested. 
The rest is used for residential and recreation sites. The 
native vegetation consists of pond pine, bay trees, 
cypress, gum, red maple, American cyrilla, greenbrier, 
and gallberry. 

Typically, the surface layer is very dark brown muck 3 
inches thick. The underlying layer, to a depth of 60 
inches, is very dark brown and black muck in the upper 
part and very dark grayish brown and gray sand in the 
lower part. 

Included with this soil in mapping are small areas of 

•

Dorovan, Johnston, Murville, and Torhunta soils. 
The organic-matter content of the surface layer is very 

high. Permeability is moderate, available water capacity is 
very high, and shrink-swell potential is low. The seasonal 
high water table is at or near the surface. This soil is 
frequently flooded for very long periods. 

Wetness is the main limitation in the use and manage
ment of this soil. If the soil is drained, and if it is exces
sively dry, the burning of organic material and subsidence 
are limitations in the use and management of this soil. 
Unless this soil is drained, it is unsuited to use as re
sidential and recreational sites. If this soil is drained and 
tilled, the organic matter decomposes and the soil sub
sides. Capability subclasses Vllw, where undrained, and 
IVw, where drained; woodland group 4w. 

Pn-Pantego loam. This nearly level, very poorly 
drained soil is on broad, smooth flats and in slight depres
sions on the uplands. Areas are irregular in shape and 
small to large in size. Most of the acreage is forested. The 
rest is used for residential and industrial sites. The native 
vegetation is loblolly pine, pond pine, sweetgum, 
tupelo-gum, sweetbay, water oak, ash, red maple, 
waxmyrtle, greenbrier, switchcane, and bracken. 

Typically, the surface layer is black loam 16 inches 
thick. The subsoil, to a depth of 100 inches, is gray sandy 
clay loam in the upper part and mottled gray clay loam in 
the lower part. 

Included with this soil in mapping are small areas of 
Bayboro, Rains, and Woodington soils. Also included are 
some small areas of soils that have a combined surface 
layer and subsoil less than 60 inches thick. 

• 

The organic-matter content of the surface layer is 
edium. Permeability is moderate, available water capaci-

ty is medium, and shrink-swell potential is low. Reaction 
is strongly acid or very strongly acid throughout where 
this soil has not been limed. The seasonal high water 
table is at or near the surface. 

A seasonal high water table and moderate permeability. 
are the main limitations in the use and management of 
this soil. Most lawn grasses and some varieties of shrubs 
and trees are easily established and maintained. Some 
shrubs and trees, such as aucuba, camellia, and dogwood, 
may not be suited to these soils because of wetness. 
Capability subclasses Vlw, where undrained, and 
Illw, where drained; woodland group lw. 

Ra-Rains fine sandy loam. This nearly level, poorly 
drained soil is on broad smooth fJ"ats and in slight depres~ 
sions on the uplands. Areas are irregular in shape and 
small in size. Most of the acreage is forested. The rest is 
used for residential and industrial sites. The native 
vegetation consists of loblolly pine, American holly, 
sweetgum, poplar, blackgum, water oak, willow oak, wax
myrtle, sweet pepperbush, and gallberry. 

Typically, the surface layer is black fine sandy loam 5 
inches thick. The subsoil is 59 inches thick. It is gray fine 
sandy clay loam in the upper part, mottled gray clay loam 
in the middle part, and mottled light gray clay in the 
lower part. The underlying layer, to a depth of 68 inches, 
is mottled light gray fine sandy loam. 

Included with this soil in mapping are small areas of 
Torhunta, Pantego, Woodington, Lynchburg, and 
Wrightsboro soils. 

The organic-matter content of the surface layer is low. 
Permeability is moderate, available water capacity is 
medium, and shrink-swell potential is low. The reaction is 
very strongly acid or strongly acid throughout where this 
soil has not been limed. The seasonal high water table is 
at or near the surface. This soil is frequently flooded for 
brief periods. 

A seasonal high water table and flooding are the main 
limitations in the use and management of this soil. In 
areas that are drained, most lawn grasses, shrubs, and 
trees are easy to establish and maintain. Some shrubs and 
trees, such as camellias and dogwood, may be unsuited to 
this soil because of wetness. Capability subclasses Vw, 
where undrained, and Illw, where drained; woodland 
group 2w. 

Rm-Rimini sand, 1 to 6 percent slopes. This exces
sively drained soil is around the rims of bays and on 
broad smooth flats on the uplands. Areas are irregular in 
shape and small in size. Most of the acreage is forested. 
The rest is used for residential or industrial sites. The na
tive vegetation consists of scattered longleaf pine, turkey 
oak, sand post oak, scattered dwarf myrtle, and 
huckleberry. 

Typically, the surface layer is dark gray sand 3 inches 
thick. The subsurface layer is light gray sand 53 inches 
thick. The subsoil, to a depth of 80 inches, is dark reddish 
brown sand in the upper part and dark brown sand in the 
lower part. 
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Included with this soil in mapping are small areas of 
Lakeland, Kureb, and Leon soils. Also included are small 
areas of soils that have slopes of more than 6 percent. 

The organic-matter content of the surface layer is very 
low. Permeability is moderate, available water capacity is 
very low, and shrink-swell potential is low: Reaction is 
strongly acid or very strongly acid throughout where this 
soil has been limed. The seasonal high water table is 
below a depth of 6 feet. 

Droughtiness and leaching of plant nutrients are the 
main limitations in the use and management of this soil. 
Irrigation, soil conditioners, and fertilizer are needed to 
establish lawn grasses, shrubs, and trees. Capability sub
class VIs; woodland group 5s. 

Se-Seagate fine sand. This nearly level, somewhat 
poorly drained soil is on broad, smooth flats on uplands. 
Areas are irregular in shape and are small to large in 
size. Most of the acreage is used for residential and indus
trial sites. The rest is wooded. The native vegetation con
sists of turkey oak, post oak, red oak, water oak, longleaf 
pine, loblolly pine, waxmyrtle, gallberry, and pineland 
three-awn. 

Typically, the surface layer is dark gray fine sand 8 
inches thick. The subsurface layer is light gray fine sand 
4 inches thick. Below this to a depth of 36 inches is fine 
sand that is dark brown in the upper part, brown in the 
middle part, and light gray in the lower part. The subsoil, 
to a depth of 66 inches, is mottled brownish yellow sandy 
loam in the upper part and light gray clay loam in the 
lower part. 

Included with this soil in mapping are small areas of 
Onslow and Leon soils and a few small areas of soils that 
are poorly drained. 

The organic-matter content of the surface layer is low. 
Permeability is rapid to a depth of 36 inches and 
moderately slow below. Available water capacity is low, 
and the shrink-swell potential is low. Reaction is medium 
acid to very strongly acid throughout where this soil has 
not been limed. The seasonal high water table is about 1.5 
to 2.5 feet below the surface. 

A seasonal high water table is the main limitation in 
the use and management of this soil. Supplemental irriga
tion and soil conditioners may be needed to establish 
lawns, shrubs, and trees. Capability subclass Illw; 
woodland group 3w. 

Sh-Seagate-Urban land complex. This mapping unit 
is on broad, smooth flats on uplands. It consists of areas 
of Seagate soils and Urban land that are too small and 
too intermingled to be mapped separately. About 35 to 45 
percent of the mapping unit is Seagate soils, and about 30 
to 50 percent is Urban land. The percentage of Urban 
land is greater near towns. 

Typically, the surface layer of a Seagate soil is dark 
gray fine sand 8 inches thick. The subsurface layer is 
light gray fine sand 4 inches thick. Below this, to a depth 
of 36 inches, is fine sand that is dark brown in the upper 
part, brown in the middle part, and light gray in the 
lower part. The subsoil, to a depth of 66 inches, is mottled 

brownish yellow sandy loam in the upper part and light 
gray clay loam in the lower part. 

Urban land consists of areas where the original soils 
have been cut, filled, graded, or paved so that most soil 
properties have been altered to the extent that a soil se
ries is not recognized. These areas are now used for 
shopping centers, factories, municipal buildings, apart
ment complexes, or parking lots, or for other purposes 
where buildings are closely spaced or soil is covered with 
pavement. Slope is generally modified to fit the site 
needs. The .extent of site modification varies greatly. 
Many areas are relatively undisturbed, other areas have 
been cut down, and still other areas have been filled. 

Included in mapping are small areas of Leon, Onslow, 
Rimini, Torhunta, Murville, Lynn Haven, Kureb, 
Baymeade, and Lakeland soils. 

Runoff is greater on Urban land than on the Seagate 
soils because of the impervious cover of buildings, streets, 
and parking lots. 

A seasonal high water table is the main limitation in 
the use and management of this complex. Supplemental 
irrigation and soil conditioners may be needed to establish 
lawns, shrubs, and trees. Capability subclass not assigned; 
Seagate part in woodland group 3w, Urban land part not 
placed in a woodland group. 

St-Stallings fine sand. This nearly level to gently 
sloping, somewhat poorly drained soil is on broad smooth 
flats and on low ridges on the uplands. Areas are small in 
size and irregular in shape. Most of the acreage is 
forested or is used for residential and industrial sites. The 
native vegetation consists of longleaf pine, water oak, wil
low oak, sweetgum, blackgum, red maple, waxmyrtle, and 
gallberry. 

Typically, the surface layer is dark gray fine sand 8 
inches thick. The subsurface layer is light yellowish 
brown fine sand 6 inches thick. The subsoil, to a depth of 
68 inches, is mottled light yellowish brown fine sandy 
loam in the upper part. The middle part is mottled light 
gray and light brownish gray fine sandy loam, and the 
lower part is mottled pale yellow loamy fine sand and fine 
sandy loam. 

Included with this soil in mapping are small areas of 
Leon, Lynn Haven, Seagate, and Rimini soils. 

The organic-matter content of the surface layer is low. 
Permeability is moderately rapid, available water capacity 
is medium, and shrink-swell potential is low. Reaction is 
strongly acid or very strongly acid throughout where this 
soil is not limed. The seasonal high water table is 1.5 to 
2.5 feet below the surface. 

A seasonal high water table is the main limitation in 
the use and management of this soil. Most lawn grasses, 
shrubs, and trees are fairly easily established and main
tained if supplementary irrigation is occasionally used 
during long dry spells. Capability subclass Ilw; woodland 
group 2w. 

TM-Tidal Marsh. This land type is on the nearly level 
flats between the coastal dunes and the interior uplands 
and along the Cape Fear River near Wilmington. Many 

• 

• 

• 
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·areas are flooded daily by tides. Further inland the sea
water is diluted with freshwater. Some areas are pro
tected from the seawater by long expanses of sand dunes 
that do not have inlets from the ocean. The water table is 
at or above the surface most of the time. Most of the 
acreage is used as natural habitat for. shore and water 
birds, and some areas are used for shellfish gardens. 
Many areas are being dredged, filled, and converted to 
summer cottage sites and recreational areas. The domi
nant vegetation in areas that are flooded daily by salt
water is smooth cordgrass. Further inland, in areas that 
are flooded by seawater that has been diluted by fresh
water, the vegetation is a mixture of smooth cordgrass 
and black rush. 

Typically, the surface layer is black clay loam about 18 
inches thick. The underlying layer is very dark gray and 
black silty clay loam to a depth of more than 60 inches. 

Included with these soils in mapping are areas along 
the Intracoastal Waterway that are sandy because of the 
deep dredging. 

The organic-matter content of the surface layer is high. 
Reaction is neutral to mildly alkaline. In the areas flooded 
by saltwater, sulfur content is 80 to 130 parts per miiiion 
and salt content is 1 or 2 percent. Capability subclass 
Vlllw; woodland group not assigned. 

• 

To-Torhunta loamy fine sand. This nearly level, very 
poorly drained soil is on broad smooth flats and in slight 
depressions on the uplands. Areas are small to large in 
size and irregular in shape. Most of the acreage is 
forested. The rest is used for residential and industrial 
sites. The native vegetation consists of loblolly pine, pond 
pine, bay trees, red maple, water oak, gum, waxmyrtle, 
and gallberry. 

Typically, the surface layer is 20 inches thick. It is 
black loamy fine sand in the upper part and very dark 
gray loamy fine sand in the lower part. The subsoil is 
mottled light gray fine sandy loam 26 inches thick. The 
underlying layer, to a depth of 64 inches, is mottled light 
gray fine sand. 

Included with this soil in mapping are small areas of 
Stallings, Murville, and Pantego soils. 

The organic-matter content of the surface layer is 
medium. Permeability is moderately rapid, available 
water capacity is medium, and shrink-swell potential is 
low. Reaction is extremely acid to strongly acid 
throughout where this soil has not been limed. The 
seasonal high water table is at or near the surface. This 
soil is frequently flooded for long periods. 

A seasonal high water table and flooding are the main 
limitations in the use and management of this soil. Most 
lawn grasses, shrubs, and trees are generally easily 
established and maintained. Some shrubs and trees may 
be unsuited to this soil because of wetness. Capability 
subclasses Vw, where undrained, and Illw, where 
drained; woodland group 2w. 

Ur-Urban land. Urban land consists of areas where 

• 

the original soil has been cut, filled, graded, or paved so 
that most soil properties have been altered to the extent 

that a soil series is not recognized. These areas are now 
used for shopping centers, factories, municipal buildings, 
apartment comP.lexes, or parking lots, or for other pur
poses where bmldings are closely spaced or soil is covered 
with pavement. 

Included in mapping are a few small areas between 
buildings where the soil has not been altered. Also in
cluded are parks and other areas within the city of 
Wilmington. Some of the areas between buildings are 
used for small lawns, gardens, and shrubbery. Capability 
subclass and woodland group not assigned. 

Wa-Wakulla sand, 1 to 8 percent slopes. This 
somewhat excessively drained soil is on broad smooth 
flats on the uplands. Areas are small to large in size and 
irregular in shape. Most of the acreage is forested. The 
rest is used for residential and industrial sites. The native 
vegetation on the higher elevations consists of longleaf 
pine, loblolly pine, post oak, bluejack oak, turkey oak, 
dwarf huckleberry, and myrtle. On the lower elevations, 
the vegetation increases in density and includes hickory, 
holly, water oak, blackjack oak, and a few dogwood trees. 

Typically, the surface layer is grayish brown sand 2 
inches thick. The subsurface layer is light yellowish 
brown sand 28 inches thick. The subsoil is strong brown 
loamy sand 18 inches thick. The underlying layer, to a 
depth of 64 inches, is strong brown sand. 

Included with this soil in mapping are a few small areas 
of Kureb, Baymeade, Kenansville, Lakeland, and Rimini 
soils. 

The organic-matter content of the surface layer is very 
low. Permeability is rapid, available water capacity is 
very low, and shrink-swell potential is low. Reaction is 
strongly acid or medium acid throughout where this soil 
has not been limed. The seasonal high water table is 
below a depth of 6 feet. 

Droughtiness, slope, and rapid permeability are the 
main limitations in the use and management of this soil. 
Supplemental irrigation and fertilizers are generally 
needed to establish and maintain lawn grasses, shrubs, 
and trees. Capability subclass Ills; woodland group 3s. 

Wo-Woodington fine sandy loam. This nearly level, 
poorly drained soil is on broad smooth flats on the 
uplands. Areas are small in size and irregular in shape .. 
Most of the acreage is forested or is used for residential 
and industrial sites. The native vegetation consists of 
loblolly pine, longleaf pine, pond pine, sweetgum, water 
oak, willow oak, poplar, waxmyrtle, eastern baccharis, 
American holly, gallberry, and sweet pepperbush. 

Typically, the surface layer is very dark gray fine 
sandy loam 7 inches thick. The subsoil, to a depth of 65 
inches, is mottled light brownish gray fine sandy loam in 
the upper part. The middle part is mottled gray fine 
sandy loam, and the lower part is mottled very pale 
brown fine sandy loam. 

Included with this soil in mapping are small areas of 
Wrightsboro, Lynchburg, Seagate, and Stallings soils . 

The organic-matter content of the surface layer is low. 
Permeability is moderately rapid, available water capacity 
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is medium, and l'hrink-swell potential is low. The reaction 
is strongly acid or very strongly acid where this soil has 
not been limed. The seasonal high water table is at or 
near the surface. 

A seasonal high water table and moderately rapid 
permeability are the main limitations in 'the use and 
management of this soil. Most lawn grasses, shrubs, and 
trees are easily established and maintained. Some trees, 
such as dogwood, may not be suited to this soil because of 
wetness. Capability subclasses Vlw, where undrained, and 
Illw, where drained; woodland group 2w. 

Wr-Wrightsboro fine sandy loam, 0 to 2 percent 
slopes. This moderately well drained soil is on broad, 
smooth flats on the uplands. Areas are small to large in 
size and are irregular in shape. About half of the acreage 
is cultivated or is used for pasture. The rest is used as re
sidential and industrial sites or is forested (figure 4, at 
end of section). The native vegetation is loblolly pine, lon
gleaf pine, water oak, willow oak, sweetgum, waxmyrtle, 
gallberry, sweet pepperbush, dogwood, and holly. 

Typically, the surface layer is grayish brown fine sandy 
loam 6 inches thick. The subsurface layer is very pale 
brown fine sandy loam 3 inches thick. The subsoil, to a 
depth of 65 inches, is mottled brownish yellow sandy clay 
loam in the upper part and mottled light gray clay in the 
lower part. 

Included with this soil in mapping are small areas of 
Norfolk and Lynchburg soils and a few small areas of 
soils that have a higher clay content than this 
Wrightsboro soil. 

The organic-matter content of the surface layer is low. 
Permeability is moderate, available water capacity is 
medium, and shrink-swell potential is low. Reaction is 
very strongly acid to medium acid throughout where this 
soil is not limed. The seasonal high water table is about 2 
to 3 feet below the surface. 

A seasonal high water table and moderate permeability 
are the main limitations in the use and management of 
this soil. This soil is well suited to most locally grown 
crops. The main crops are corn, soybeans, peanuts, tobac
co, and truck crops, such as squash, lettuce, cucumbers, 
cabbage, greens, snap beans, and corn. Winter cover 
crops, minimum tillage, and crop residue management aid 
in maintaining tilth and organic-matter content. This soil 
has good tilth and can be worked throughout a fairly wide 
range of moisture content, but tillage is delayed during 
wet seasons. Some crops, such as tobacco, require 
drainage. Most lawn grasses, shrubs, and trees are 
generally easily established and maintained. Capability 
subclass Ilw; woodland group 2w. 

Planning the Use and Management of 
the Soils 

The soil survey is a detailed analysis and evaluation of 
the most basic resource of the survey area-the soil. It 
may be used to fit the use of the land, including urbaniza-

tion, to the limitations and potentials of the natural 
resources and the environment and to help avoid soil-re
lated failures in uses of the land. 

During a soil survey soil scienti!'ts, conservationists, en
gineers, and others keep extensive notes, not only about 
the nature of the soils but also about unique aspects of 
behavior of these soils in the field and at construction 
sites. These notes include observations of erosion, drought 
damage to specific crops, yield estimates, flooding, the 
functioning of septic systems, and other factors relating 
the kinds of soil and their productivity, potentials, and 
limitations under various uses and management. In this 
way field experience incorporated with measured data on 
soil properties and performance is used as a basis for pre
dicting soil behavior. 

Information in this section will be useful in applying 
basic facts about the soils to plans and decisions for use 
and m;magement of soils for crops and pasture, range, 
woodland, and many nonfarm uses, including building 
sites, highways and other transportation systems, sanita
ry facilities, parks and other recreational developments, 
and wildlife habitat. From the data presented, the poten
tial of each soil for specified land uses may be deter
mined, soil limitations to these land uses may be 
identified, and costly failures in homes and other struc
tures, because of unfavorable soil properties, may be 
avoided. A site can be selected where the soil properties 
are favorable, or practices can be planned that will over
come the soil limitations. 

Planners and others using the soil survey can evaluate 
the impact of specific land uses on the overall productivi
ty of the survey area or other broad planning area, and 
on the environment. Both of these factors are closely re
lated to the nature of the soil. Plans can be made to main
tain or create a land use pattern in harmony with the 
·natural soil. 

Contractors can find information useful in locating 
sources of sand and gravel, road fill, and topsoil. Other in
formation indicates the presence of bedrock, wetness, or 
very firm soil horizons that cause difficulty in excavation. 

Health officials, highway officials, engineers, and many 
other specialists can find useful information in this soil 
survey. The safe disposal of wastes, for example, is close
ly related to properties of the soil. Pavements, sidewalks, 
campsites, playgrounds, lawns, trees and shrubs, and most 
other uses of land are influenced by the nature of the soil. 

Crops 

The major management concerns when using the soils 
for crops are described in this section. In addition, the 
crops best adapted to the soil are discussed; the system 
of land capability classification used by the Soil Conserva
tion Service is explained; and the predicted yields of the 
main crops are presented for each soil. 

This section provides information about the overall 
agricultural potential and needed practices in the survey 
area for those in the agribusiness sector-equipment 

• 

• 

• 
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Figure 3. -Longleaf pine trees on Glslow loamy fine sand . 

• 

Fi~n· 4. -Fore~round shows stn-cts b<·ing cut for a r<•sid<•ntial d<•velopment in an arl'a that hari bt•<•n us<·d for fam1ing • 

• 
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Figure 1. -Fishing pier at Carolina Beacn. 

Figure 2. -Com and soybeans on Norfolk fine sandy loam. 0 to 4 percent slopes. 

• 
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dealers, drainage contractors, fertilizer companies, 
processing companies, planners, conservationists, and · 
others. For each kind of soil, information about manage
ment is presented in the section "Soil Maps for Detailed 
Planning." Plans for management systems for individual 
fields or farms should also consider the detailed informa
tion given in the description of each soil. 

Yields Per Acre 

The per acre average yields that can be expected of the 
principal crops under a high level of management are 
shown in table 5. In any given year, yields may be higher 
or lower than those indicated in table 5 because of 
seasonal variations in rainfall and other climatic factors. 
Absence of a yield estimate indicates that the crop is not 
suited to or not commonly grown on the soil or that ir
rigation of a given crop is not commonly practiced on the 
soil. 

The predicted yields are based mainly on the ex
perience and records of farmers, conservationists, and ex
tension agents. Results of field trials and demonstrations 
and available yield data from nearby counties were also 
considered. 

The latest soil and crop' management practices used by 
many farmers in the county are assumed in predicting the 
yields. A few farmers may be using more advanced prac
tices and obtaining average yields higher than those 
shown in table 5. 

The management needed to achieve the indicated yields 
of the various crops depends upon the kind of soil and the 
crop. Such management provides drainage, erosion con
trol, and protection from flooding; the proper planting 
and seeding rates; suitable high-yielding crop varieties; 
appropriate tillage practices, including time of tillage and 
seedbed preparation and tilling when soil moisture is 
favorable; control of weeds, plant diseases, and harmful 
insects; favorable soil reaction and optimum levels of 
nitrogen, phosphorus, potassium, and trace elements for 
each crop; for effective use of crop residue, barnyard 
manure, and green-manure crops; for harvesting crops 
with the smallest possible loss; and timeliness of all field
work. 

The predicted yields reflect the relative productive 
capacity of the soils for each of the principal crops. Yields 
are likely to increase in the future as new production 
technology is developed. The relative productivity of a 
given soil compared to other soils, however, is not likely 
to change. 

Crops other than those shown in table 5 are grown in 
the survey area, but because their acreage is small, pre
dicted yields for these crops are not included. The local 
offices of the Soil Conservation Service and the Coopera
tive Extension Service can provide information about the 
productivity and management concerns of the soils for 
these crops . 

Capability Classes and Subclasses 

· · Capability grouping shows, in a general way, the suita
bility of soils for most kinds of field crops. The soils are 
grouped according to their limitations when they are used 
for field crops, the risk of damage when they are used, 
and the way they respond to treatment. The grouping 
does not take into account major and generally expensive 
landforming that would change slope, depth, or other 
characteristics of the soils; does not take into considera
tion possible but unlikely major reclamation projects; and 
does not apply to rice, cranberries, horticultural crops, or 
other crops that require special management. This clas
sification is not a substitute for interpretations designed 
to show suitability and limitations of groups of soils for 
range, for forest trees, or for engineerng purposes. 

In the capability system, all kinds of soil are grouped at 
three levels: capability class, subclass, and unit. Only the 
capability class and subclass are used in this survey. 
These levels are defined in the following paragraphs. 

CAPABILITY CLASSES, the broadest groups, are 
designated by Roman· numerals I through VIII. The nu
merals indicate progressively greater limitations and nar
rower choices for practical use, defined as follows: 

Class I soils have few limitations that restrict their use. 
Class II soils have moderate limitations that reduce the 

choice of plants or require moderate conservation prac
tices. 

Class III soils have severe limitations that reduce the 
choice of plants, require special conservation practices, or 
both. 

Class IV soils have very severe limitations that reduce 
the choice of plants, require very careful management, or 
both . 

Class V soils are not likely to erode but have other 
limitations, impractical to remove, that limit their use. 

Class VI soils have severe limitations that make them 
generally unsuitable for cultivation. 

Class VII soils have very severe limitations that make 
them unsuitable for cultivation. 

Class VIII soils and landforms have limitations that 
nearly preclude their use for commercial plants. 

CAPABILITY SUBCLASSES are soil groups within 
one class; they are designated by adding a small letter, e, 
w, s, or c, to the class numeral, for example, lie. The 
letter e shows that the main limitation is risk of erosion 
unless close-growing plant cover is maintained; w shows 
that water in or on the soil interferes with plant growth 
or cultivation (in some soils the wetness can be partly 
corrected by artificial drainage); s shows that the soil is 
limited mainly because it is shallow, droughty or stony; 
and c, used in only some parts of the United States, but 
not in New Hanover County, shows that the chief limita
tion is climate that is too cold or too dry. 

In class I there are no subclasses, because the soils of 
this class have few limitations. Class V contains only the 
subclasses indicated by w, s, or c, because the soils in 
class V are subject to little or no erosion, though they 
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have other limitations that restrict their use to pasture, 
range, woodland, wildlife habitat, or recreation. 

The capability subclass is identified in the description 
of each soil mapping unit in the section "Soil Maps for 
Detailed Planning." 

Woodland Management and Productivity 
Table 6 contains information useful to woodland owners 

or forest managers planning use of soils for wood crops. 
Mapping unit symbols for those soils suitable for wood 
crops are listed alphabetically by soil name, and the 
woodland group for each soil is given. AU soils in the 
same group require the same general kinds of woodland 
management and have about the same potential produc
tivity. 

The first part of the woodland group symbol, a number, 
indicates the potential productivity of the soils for impor
tant trees. The number 1 indicates very high productivity; 
2, high; 3, moderately high; 4, moderate; and 5, low. The 
second part of the symbol, a letter, indicates the major 
kind of soil limitation. The letter x indicates stoniness or 
rockiness; w, excessive water in or on the soil; t, toxic 
substances in the soil; d, restricted root depth; c, clay in 
the upper part of the soil; s, sandy texture; f, high con
tent of coarse fragments in the soil profile; and r, steep 
slopes. The letter o indicates no significant limitations or 
restrictions. If a soil has more than one limitation, priori
ty in placing the soil into a limitation class is in the order 
in which the letters are listed above-x, w, t, d, c, s, f, and 
r. 

In table 6 the soils are also rated for a number of fac
tors to be considered in management. The ratings of 
slight, moderate, and severe are used to indicate the 
degree of major soil limitations. 

Ratings of the erosion hazard indicate the risk of loss 
of soil in well-managed woodland. The risk is slight if the 
expected soil loss is small; moderate if some measures are 
needed to control erosion during logging and road con
struction; and severe if intensive management or special 
equipment and methods are needed to prevent excessive 
loss of soil. 

Ratings of equipment limitation reflect the charac
teristics and conditions of the soil that restrict use of the 
equipment generally needed in woodland management or 
harvesting. A rating of slight indicates that use of equip
ment is not limited to a particular kind of equipment or 
time of year; moderate indicates a short seasonal limita
tion or a need for some modification in management or 
equipment; and severe indicates a seasonal limitation, a 
need for special equipment or management, or a hazard in 
the use of equipment. 

Seedling mortality ratings indicate the degree that the 
soil affects expected mortality of planted tree seedlings 
when plant competition is not a limiting factor. The 
ratings are for seedlings from good planting stock that 
are properly planted during a period of sufficient rainfall. 
A rating of slight indicates that the expected mortality of 

the planted seedlings is less than 25 percent; moderate, 25 
to 50 percent; and severe, more than 50 percent. • 

Considered in the ratings of windthrow hazard are 
characteristics of the soil that affect the development of 
tree roots and the ability of soil to hold trees firmly. A 
rating of slight indicates that trees in wooded areas are 
not expected to be blown down by commonly occurring 
winds; moderate, that some trees are blown down during 
periods of excessive soil wetness and strong winds; and 
severe, that many trees are blown down during periods of 
excessive soil wetness and moderate or strong winds. 

Ratings of plant competition indicate the degree to 
which undesirable plants are expected to invade or grow 
if openings are made in the tree canopy. The invading 
plants compete with native plants or planted seedlings by 
impeding or preventing their growth. A rating of slight 
indicates little or no competition from other plants; 
moderate indicates that plant competiion is expected to 
hinder the development of a fully stocked stand of desira
ble trees; and severe means that plant competition is ex
pected to prevent the establishment of a desirable stand 
unless the site is intensively prepared, weeded, or other
wise managed for the control of undesirable plants. 

The potential productivity of merchantable trees on a 
soil is expressed as a site index. This index is the average 
height, in feet, that dominant and codominant trees of a 
given species attain in a specified number of years. The 
site index applies to fully stocked, even-aged, unmanaged 
stands. 

Trees to plant are those that are suitable for commer
cial wood production and that are suited to the soils. 

Engineering 

This section provides information about the use of soils 
for building sites, sanitary facilities, construction materi
als, and water management. Among those who can benefit 
from this section are engineers, landowners, community 
decision makers and planners, town and city managers, 
land developers, builders, contractors, and farmers and 
ranchers. 

The ratings in tables in this section are based on test 
data and estimated data in the· "Soil Properties" section. 
The ratings were determined jointly by soil scientists and 
engineers of the Soil Conservation Service using known 
relationships between the soil properties and the behavior 
of soils in various engineering uses. 

Among the soil properties and site conditions identified 
by the soil survey and used in determining the ratings in 
this section are grain-size distribution, liquid limit, 
plasticity index, soil reaction, depth to and hardness of 
bedrock within 5 or 6 feet of the surface, soil wetness 
characteristics, depth to a seasonal water table, slope, 
likelihood of flooding, natural soil structure or aggrega
tion, in-place soil density, and geologic origin of the soil 
material. Where pertinent, data about kinds of clay 
minerals, mineralogy of the sand and silt fractions, and 
the kind of absorbed cations were also considered. 

• 

• 
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Based on the information assembled about soil proper
ties, ranges of values may be estimated for erodibility, 
permeability, corrosivity, shrink-swell potential, available 
water capacity, shear strength, compressibility, slope sta
bility, and other factors of expected soil behavior in en
gineering uses. As appropriate, these values may be ap
plied to each major horizon of each soil or to the entire 
profile. 

These factors of soil behavior affect construction and 
maintenance of roads, airport runways, pipelines, founda
tions for small buildings, ponds and small dams, irrigation 
projects, drainage systems, sewage and refuse disposal 
systems, and other engineering works. The ranges of 
values can be used to-(1) select potential residential, 
commercial, industrial, and recreational areas; (2) make 
preliminary estimates pertinent to construction in a par
ticular area; (3) evaluate alternate routes for roads, 
streets, highways, pipelines, and underground cables; (4) 
evaluate alternate sites for location of sanitary landfills, 
onsite sewage disposal systems, and other waste disposal 
facilities; (5) plan detailed onsite investigations of soils 
and geology; (6) find sources of gravel, sand, clay, and 
topsoil; (7) plan farm drainage systems, irrigation 
systems, ponds, terraces, and other structures for soil and 
water conservation; (8) relate performance of structures 
already built to the properties of the kinds of soil on 
which they are built so that performance of similar struc
tures on the same or a similar soil in other locations can 
be predicted; and (9) predict the trafficability of soils for 
cross-country movement of vehicles and construction 
equipment. 

Data presented in this section are useful for land-use 
planning and for choosing alternative practices or 
general designs that will overcome unfavorable soil pro
perties and minimize soil-related failures. Limitations to 
the use of these data, however, should be well understood. 
First, the data are generally not presented for soil 
material below a depth of 5 or 6 feet. Also, because of the 
scale of the detailed map in this soil survey, small areas 
of soils that differ from the dominant soil may be in
cluded in mapping. Thus, these data do not eliminate the 
need for onsite investigations and testing. 

The information is presented mainly in tables. Table 7 
shows, for each kind of soil, ratings of the degree and 
kind of limitations for building site development; table 8, 
for sanitary facilities; and table 10, for water manage
ment. Table 9 shows the suitability of each kind of soil as 
a source of construction materials. 

The information in the tables, along with the soil map, 
the soil descriptions, and other data provided in this sur
vey, can be used to make additional interpretations and to 
construct interpretive maps for specific uses of land. 

Some of the terms used in this soil survey have dif
ferent meanings in soil science and in engineering; the 
Glossary defines many of these terms . 

Building Site Development 

The degree and kind of soil limitations that affect shal
low excavations, dwellings with and without basements, 
small commercial buildings, and local roads and streets 
are indicated in table 7. A slight limitation indicates that 
soil properties are favorable for the specified use; any 
limitation is minor and easily overcome. A moderate 
limitation indicates that soil properties and site features 
are unfavorable for the specified use, but the limitations 
can be overcome or minimized by special planning and 
design. A severe limitation indicates one or more soil pro
perties or site features are so unfavorable or difficult to 
overcome that a major increase in construction effort, 
special design, or intensive maintenance is required. For 
some soils rated severe, such costly measures may not be 
feasible. 

Shallow excavations are used for pipelines, sewerlines, 
telephone and power transmission Jines, basements, open 
ditches, and cemeteries. Such digging or trenching is in
fluenced by the soil wetness of a high seasonal water 
table, the texture and consistence of soils, the tendency of 
soils to cave in or slough, and the presence of very firm, 
dense soil layers. In addition, excavations are affected by 
slope of the soil and the probability of flooding. Ratings 
do not apply to soil horizons below a depth of 6 feet un
less otherwise noted. 

In the soil series descriptions, the consistence of each 
soil horizon is defined, and the presence of very firm or 
extremely firm horizons, usually difficult to excavate, is 
indicated. 

Dwellings and small commercial buildings referred to 
in table 7 are built on undisturbed soil and have founda
tion loads of a dwelling no more than three stories high. 
Separate ratings are made for small commercial buildings 
without basements and for dwellings with and without 
basements. For such structures, soils should be suffi
ciently stable that cracking or subsidence from settling or 
shear failure of the foundation do not occur. These 
ratings were determined from estimates of the shear 
strength, compressibility, and shrink-swell potential of the 
soil. Soil texture, plasticity and in-place density, potential 
frost action, soil wetness, and depth to a seasonal high 
water table were also considered. Soil wetness and depth 
to a seasonal high water table indicate potential difficulty 
in providing adequate drainage for basements, lawns, and 
gardens. Slope is also an important consideration in the 
choice of sites for these structures and was considered in 
determining the ratings. Susceptibility to flooding is a 
serious limitation. 

Local roads and streets referred to in table 7 have an 
all-weather surface that can carry light to medium "traffic 
all year. They consist of subgrade of the underlying soil 
material; a base of gravel, crushed rock fragments, or soil 
material stabilized with lime or cement; and a flexible or 
rigid surface, commonly asphalt or concrete. The roads 
are graded with soil material at hand, and most cuts and 
fills are less than 6 feet deep. 
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The load supporting capacity and the stability of the 
soil as well as the quantity and workability of fiii material 
available are important in design and construction of 
roads and streets. The AASHTO and Unified classifica
tions of the soil and the soil texture, density, shrink-swell 
potential, .and potential frost action are indicators of the 
traffic supporting capacity used in making the ratings. 
Soil wetness, flooding, slope, and depth to very compact 
layers, all of which affect stability and ease of excavation, 
were also considered. 

Sanitary Facilities 

Favorable soil properties and site features are needed 
for proper functioning of septic tank absorption fields, 
sewage lagoons, and sanitary landfills. The nature of the 
soil is important in selecting sites for these facilities and 
in identifying limiting soil properties and site features to 
be considered in design and installation. Also, those soil 
properties that deal with the ease of excavation or instal
lation of these facilities will be of interest to contractors 
and local officials. Table 8 shows the degree and kind of 
limitations of each soil for these uses and for use of the 
soil as daily cover for landfills. 

If the degree of soil limitation is indicated by the rating 
slight, soils are favorable for the specified use and limita
tions are minor and easily overcome; if moderate, soil pro
perties or site features are unfavorable for the specified 
use, but limitations can be overcome by special planning 
and design; and if severe, soil properties or site features 
are so unfavorable or difficult to overcome that major soil 
reclamation, special designs, or intensive maintenance are 
required. 

Septic tank absorption fields are subsurface systems of 
tile or perforated pipe that distribute effluent from a sep
tic tank into the natural soil. Only the soil horizons 
between depths of 18 and 72 inches are evaluated for this 
use. The soil properties and site features considered are 
those that affect the absorption of the effluent and those 
that affect the construction of the system. 

Properties and features that affect the absorption of 
the effluent are permeability, depth to seasonal high 
water table, and susceptibility to flooding. Excessive 
slope may cause lateral seepage and surfacing of the ef
fluent in downslope areas. Also, soil erosion and soil slip
page are hazards where absorption fields are installed in 
sloping soils. 

Some soils are underlain by loose sand and gravel at a 
depth of less than 4 feet below the tilelines. In these soils 
the absoption field does not adequately filter the effluent, 
and as a result ground water supplies in the area may be 
contaminated. Soils having a hazard of inadequate filtra
tion are indicated by footnotes in table 8. 

Percolation tests are performed to determine the ab
sorptive capacity of the soil and its suitability for septic 
tank absorption fields. These tests should be performed 
during the season when the water table is highest and the 
soil is at minimum absorptive capacity. 

In many of the soils that have moderate or severe 
limitations for septic_ tank absorption fields, it may be • 
possible to install special systems that lower the seasonal 
water table or to increase the size of the absorption field 
so that satisfactory performance is achieved. 

Sewage lagoons are shallow ponds constructed to hold 
sewage while bacteria decompose the solid and liquid 
wastes. Lagoons have a nearly level floor area sur
rounded by cut slopes- or embankments of compacted, 
nearly impervious soil material. They generally are 
designed so that depth of the sewage is 2 to'S feet. Im
pervious soil at least 4 feet thick for the lagoon floor and 
sides is required to minimize seepage and contamination 
of local ground water. Soils that are very high in organic 
matter are undesirable. Unless the soil has very slow 
permeability, contamination of local ground water is a 
hazard in areas where the seasonal high water table is 
above the level of the lagoon floor. In soils where the 
water table is seasonally high, seepage of ground water 
into the lagoon can seriou~ly reduce its capacity for liquid 
waste. Slope and susceptibility to flooding also affect the 
location of sites for sewage lagoons or the cost of con
struction. Shear strength and permeability of compacted 
soils affect the performance of embankments. 

Sanitary landfill is a method of disposing of solid 
waste, either in excavated trenches or on the surface of 
the soil. The waste is spread, compacted in layers, and 
covered with thin layers of soil. Landfill areas are subject 
to heavy vehicular traffic. Ease of excavation, risk of pol
luting ground water, and trafficability affect the suitabili
ty of a soil for this purpose. The best soils have a loamy 
or silty texture, have moderate or slow permeability, are 
deep to bedrock and a seasonal water table, are free of • 
large stones and boulders, and are not subject to flooding. 
In areas where the seasonal water table is high, water 
seeps into the trenches and causes problems in excavating 
and filling the trenches. Also, seepage into the refuse in-
creases the risk of pollution of ground water. Clayey soils 
are likely to be sticky and difficult to spread. Sandy or 
gravelly soils generally have rapid permeability that 
might allow noxious liquids to contaminate local ground 
water. 

Unless otherwise stated, the ratings in table 8 apply 
only to soil properties and features within a depth of 
about 6 feet. If the trench is deeper, ratings of slight or 
moderate may not be valid. Site investigation is needed 
before a site is selected. 

In the area type of sanitary landfill, refuse is placed on 
the surface of the soil in successive layers. The limitations 
caused by soil texture, depth to bedrock, and stone con
tent do not apply to this type of landfill. Soil wetness, 
however, may be a limitation because of difficulty in 
operating equipment. 

Daily cover for landfill should be soil that is easy to 
excavate and spread over the compacted fill during both 
wet and dry weather. Soils that are loamy or silty are 
better than other soils. Clayey soils may be sticky and 
difficult to spread; sandy soils may be subject to soil 
blowing. 

• 
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In addition to these features, the soils selected for final 
cover of landfills should be suitable for growing plants. In 
comparison with other horizons, the A horizon in most 
soils has the best workability, more organic matter, and 
the best potential for growing plants. Thus, for either the 
area- or trench-type landfill, stockpiling material from the 
A horizon for use as the surface layer of the final cover is 
desirable. · .. 

Where it is necessary to bring in soil material for daily 
or final cover, thickness of suitable soil material available 
and depth to a seasonal high water table in soils sur
rounding the sites should be evaluated. Other factors to 
be evaluated are those that affect reclamation of the bor
row areas, such as slope, erodibility, and potential for 
plant growth. 

The ratings do not take into account depth to the water 
table or other factors that affect excavation of the 
material. Descriptions of grain size, kinds of minerals, 
reaction, and stratification are given in the soil series 
descriptions and in table 13. 

Topsoil is used in areas where vegetation is to be 
established and maintained. Suitability is affected mainly 
by the ease of working and spreading the soil material in 
preparing a seedbed and by the ability of the soil material 
to sustain the growth of plants. Also considered is the 
damage that would result to the area from which the top
soil is taken. 

Soils rated good have at least 16 inches of friable loamy 
material at their surface. They are low in content of 
gravel and other coarse fragments and have gentle slopes. 
They are low in soluble salts, which can limit plant 

Construction Materials growth. They are naturally fertile or respond well to fer-

Th •t b'l't f h .1 f d fill d tilization. They are not so wet that excavation is difficult e sm a 1 1 y o eac sm as a source o roa 1 , san , d · t f th 
1 d t ·1 • · d' d · bl b . f . unng mos o e year. 

grave , ~n opsm lS m lcate m t~ e 9 y ratmgs .o Soils rated fair are loose sandy or firm loamy or clayey 
good, fatr~ or poor. The t.extur.e, thtckn;ss, and orgamc- soils in which the suitable material is only 8 to 16 inches 
matter content of each sod honzon are 1mportant factors thick or soils that have appreciable amounts of gravel or 
~n rating soils for use as construction material~. Each soil soluble salt. 
1s evalu.ated to the depth observed and descnbed as the Soils rated poor are very sandy soils, very firm clayey 
survey lS ~a~e, ge~erally a.bout 6 fe~t. soils, soils with suitable layers less than 8 inches thick, 
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Road flll 1s . sml matenal used m embankm~nts for soils having large amounts of gravel or soluble salt, steep 
roads: The ratmgs. reflect the ease of excavatmg and soils, and poorly drained soils. 
workmg the matenal and the expected performance of Although a rating of good is not based entirely on high 
the material after it has been compacted and adequately content of organic matter, a surface horizon is much 
drained. The performance of soil after it is stabilized with preferred for topsoil because of its organic-matter con-
lime or cement is not considered in the ratings. tent. This horizon is designated as A1 or Ap in the soil se-

The ratings apply to the soil profile between the· A ries descriptions. The absorption and retention of 
horizon and a depth of 5 to 6 feet. It is assumed that soil moisture and nutrients for plant growth are greatly in
horizons will be mixed during excavation and spreading. creased by organic matter. Consequently, careful preser
Many soils have horizons of contrasting suitability within vation and use of material from these horizons is desira
the profile. The estimated engineering properties in table ble. 
13 provide more specific information about the nature of 
each horizon that can help determine its suitability for Water Management 
road fill. Many soil properties and site features that affect water 

According to the Unified soil classification system, soils management practices have been identified in this soil 
rated good have low shrink-swell potential, low potential survey. In table 10 the degree of soil limitation and soil 
frost action, and few cobbles and stones. They are at least and site features that affect use are indicated for each 
moderately well drained and have slopes of 15 percent or kind of soil. This information is significant in planning, in
less. Soils rated fair have a plasticity index of less than stalling, and maintaining water control structures. 
15 and have other limiting features, such as high shrink- Soil and site limitations are expressed as slight, 
swell potential, high potential frost action, steep slopes, moderate, and severe. Slight means that the soil proper
wetness, or many stones. If the thickness of suitable ties and site features are generally favorable for the 
material is less than 3 feet, the entire soil is rated poor, specified use and that any limitation is minor and easily 
regardless of the quality of the suitable material. overcome. Moderate means that some soil properties or 

Sand and gravel are used in great quantities in many site features are unfavorable for the rated use but can be 
kinds of construction. The ratings in table 9 provide overcome or modified by special planning and design. 
guidance as to where to look for probable sources and are Severe means that the soil properties and site features 
based on the probability that soils in a given area contain are so unfavorable and so difficult to correct or overcome 
sizable quantities of sand or gravel. A soil rated good or that major soil reclamation, special design, or intensive 
fair has a layer of suitable material at least 3 feet thick, maintenance are required . 

• 

the top of which is within a depth of 6 feet. Fine-grained Pond reservoir areas hold water behind a dam or em-
soils are not suitable sources of sand and gravel. bankment. Soils suitable for this use have low seepage 
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potential, which is determined by the permeability and 
depth over fractured or permeable bedrock or other 
permeable material. 

Embankments, dikes, and levees require soil material 
that is resistant to seepage, erosion, and piping and is of 
favorable stability, shrink-swell potential, shear strength, 
and compaction characteristics. Stones and organic matter 
in a soil downgrade the suitability of a soil for use in em
bankments, dikes, and levees. 

Aquifer-fed excavated ponds are bodies of water 
created by excavating a pit or dugout into a ground-water 
aquifer. Excluded are ponds that are fed by surface ru
noff and embankment ponds that impound water 3 feet or 
more above the original surface. Ratings in table 10 are 
for ponds that are properly designed, located, and con
structed. Soil properties and site features that affect 
aquifer-fed ponds are depth to a permanent water table, 
permeability of the aquifer, quality of the water, and ease 
of excavation. 

Drainage of soil is affected by such soil properties as 
permeability, texture, structure, depth to claypan or other 
layers that influence rate of water movement, depth to 
the water table, slope, stability of ditchbanks, susceptibili
ty to flooding, salinity and alkalinity, and availability of 
outlets for drainage. 

Irrigation is affected by such features as slope, suscep
tibility to flooding, hazards of water erosion and soil 
blowing, texture, presence of salts and alkali, depth of 
root zone, rate of water intake at the surface, permeabili
ty of the soil below the surface layer, available water 
capacity, need for drainage, and depth to the water table. 

Terraces and diversions are embankments, or a com
bination of channels and ridges, constructed across a slope 
to intercept runoff and allow the water to soak into the 
soil or flow slowly to an outlet. Features that affect suita
bility of a soil for terraces are uniformity of slope and 
.steepness, depth to bedrock or other unfavorable materi
al, permeability, ease of establishing vegetation, and re
sistance to water erosion, soil blowing, soil slipping, and 
piping. 

Grassed waterways are constructed to channel runoff at 
nonerosive velocities to outlets. Features that affect the 
use of soils for waterways are slope, permeability, erodi
bility, and suitability for permanent vegetation. 

Recreation 

The soils of the survey area are rated in table 11 ac
cording to limitations that affect their suitability for camp 
areas, picnic areas, playgrounds, and paths and trails. The 
ratings are based on such restrictive soil features as 
flooding, wetness, slope, and texture of the surface layer. 
Not considered in these ratings, but important in evaluat
ing a site, are location and accessibility of the area, size 
and shape of the area and its scenic quality, the ability of 
the soil to support vegetation, access to water, potential 
water impoundment sites available, and either access to 
public sewel"lines or capacity of the soil to absorb septic 

tank effluent. Soils subject to flooding are limited, in 
varying degree, for recreational use by the duration of 
flooding and the season when it occurs. Onsite assessment 
of height, duration, and frequency of flooding is essential 
in planning recreational facilities. 

In table 11 the limitations of soils are rated as slight, 
moderate, or severe. Slight means that the soil properties 
are generally favorable and that the limitations are minor 
and easily overcome. Moderate means that the limitations 
can be overcome or alleviated by planning, design, or spe
cial maintenance. Severe means that soil properties are 
unfavorable and that limitations can be offset only by 
costly soil reclamation, special design, intensive main
tenance, limited use, or by a combination of these mea
sures. 

The information in table 11 can be supplemented by ad
ditional information in other parts of this survey. Espe
cially helpful are interpretations for septic tank absorp
tion fields, given in table 8, and interpretations for 
dwellings without basements and for local roads and 
streets, given in table 7. 

Camp areas require such site preparation as shaping 
and leveling tent and parking areas, stablizing roads and 
intensively used areas, and installing sanitary facilities 
and utility lines. Camp areas are subject to heavy foot 
traffic and some vehicular traffic. The best soils for this 
use have mild slopes and are not wet or subject to flood
ing during the period of use. The surface absorbs rainfall 
readily but remains firm and is not dusty when dry. 
Strong slopes can greatly increase the cost of construct
ing camping sites. 

Picnic areas are subject to heavy foot traffic. Most 
vehicular traffic is confined to access roads and parking 
areas. The best soils for use as picnic areas are firm when 
wet, are not dusty when dry, are not subject to flooding 
during the period of use, and do not have slopes that will 
increase the cost of shaping sites or of building access 
roads and parking areas. 

Playgroup.ds require soils that can withstand intensive 
foot traffic: The best soils are almost level and not wet 
nor subject to flooding during the season of use. The sur
face is firm after rains and is not dusty when dry. 

The design and layout of paths and trails for walking, 
horseback riding, and bicycling should require little or no 
cutting and filling. The best soils for this use are those 
that are not wet, are firm after rains, are not dusty when 
dry, and are not subject to flooding more than once dur
ing the period of use. They should have moderate slopes. 

Wildlife Habitat 
Soils directly affect the kind and amount of vegetation 

that is available to wildlife as food and cover, and they af
fect the development of water impoundments. The kind 
and abundance of wildlife that populates an area depend 
largely on the amount and distribution of food, cover, and 
water. If any one of these elements is missing, in
adequate, or inaccessible, wildlife will either be scarce or 
will not inhabit the area. 

• 

• 

• 
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If the soils have the potential, wildlife habitat can be 
created or improved by planting appropriate vegetation, 
by properly managing the existing plant cover, and by 
fostering the natural establishment of desirable plants. 

In table 12 the soils in the survey area are rated ac
cording to their potential to support ~he main kinds of 
wildlife habitat in the area. This information can be used 
in-

1. Planning the use of parks, wildlife refuges, nature 
study areas, and other developments for wildlife. 

2. Selecting soils that are suitable for creating, im
proving, or maintaining specific elements of wildlife 
habitat. 

3. Determining the intensity of management needed 
for each element of the habitat. 

4. Determining areas that are suitable for acquisition 
to manage for wildlife. . 

The potential of the soil is rated good, fair, poor, or 
very poor. A rating of good means that the element of 
wildlife habitat or the kind of habitat is easily created, 
improved, or maintained. Few or no limitations. affect 
management, and satisfactory results can be expected if 
the soil is used for the designated purpose. A rating of 
fair means that the element of wildlife habitat or kind of 
habitat can be created, improved, or maintained in most 
places. Moderate intensity of management and fairly 
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frequent attention are required for satisfactory results. A 
rating of poor means that limitations are severe for the 
designated element or kind of wildlife habitat. Habitat 
can be created, improved, or maintained in most places, 
but management is difficult and requires intensive effort. 
A rating of very poor means that restrictions for the ele
ment of wildlife habitat or kind of wildlife are very 
severe, and that unsatisfactory results can be expected. 
Wildlife habitat is impractical or even impossible to 
create, improve, or maintain on soils having such a rating. 

The elements of wildlife habitat are briefly described in 
the following paragraphs. 

Grain and seed crops are seed-producing annuals used 
by wildlife. Examples are corn, sorghum, wheat, oats, mil
let, soybeans, and sunflowers. The major soil properties 
that affect the growth of grain and seed crops are depth 
of the root zone, texture of the surface layer, available 
water capacity, wetness, slope, stoniness, and flood 
hazard. Soil temperature and soil moisture are also con
siderations. 

Grasses and legumes are domestic perennial grasses 
and herbaceous legumes that are planted for wildlife food 
and cover. Examples are fescue, lovegrass, ryegrass, 
panicgrass, clover, trefoil, and annual lespedeza. Major 
soil properties that affect the growth of grasses and 
legumes are depth of the root zone, texture of the surface 
layer, available water capacity, wetness, flood hazard, and 
slope. Soil temperature and soil moisture are also con
siderations. 

Wild herbaceous plants are native or naturally 
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established herbaceous grasses and forbs, including 
weeds, that provide food and cover for wildlife. Examples 

are tickclover, ragweed, wild strawberry, and pokeweed. 
Major soil properties that affect the growth of these 
plants are depth of the root zone, texture of the surface 
layer, available water capacity, wetness, and flood hazard. 
Soil temperature and soil moisture are also considera
tions. 

Hardwood trees and the associated woody understory 
provide cover for wildlife and produce nuts or other fruit, 
buds, catkins, twigs, bark, or foliage that wildlife eat. Ex
amples of native plants are oak, poplar, sweetgum, dog
wood, persimmon, sassafras, sumac, hickory, blackberry, 
grape, viburnum, and greenbriers. Examples of fruit
producing shrubs that are commercially available and 
suitable for planting on soils rated good are autumn-olive 
and crabapple. Major soil properties that affect growth of 
hardwood trees and shrubs are depth of the root zone, 
available water capacity, and wetness. 

Coniferous plants are cone-bearing trees, shrubs, or 
ground cover that furnish habitat or supply food in the 
form of browse, seeds, or fruitlike cones. Examples are 
pine, yew, cedar, and juniper. Major soil properties that 
affect the growth of coniferous plants are depth of the 
root zone, available water capacity, and wetness. 

Wetland plants are annual and perennial wild her
baceous plants that grow on moist or wet sites, exclusive 
of submerged or floating aquatics. They produce food or 
cover for wildlife that use wetland as habitat. Examples 
of wetland plants are smartweed, wild millet, rushes, 
sedges, reeds, saltgrass, cordgrass, and cattail. Major soil 
properties affecting wetland plants are texture of the 
surface layer, wetness, reaction, salinity, and slope. 

Shallow water areas are bodies of surface water that 
have an average depth of less than 5 feet and are useful 
to wildlife. They can be naturally wet areas, or they can 
be created by dams or levees or by water-control devices 
in marshes or streams. Examples are muskrat marshes, 
waterfowl feeding areas, wildlife watering developments, 
and other wildlife ponds. Major soil properties affecting 
shallow water areas are wetness, slope, and permeability. 
The availability of a dependable water supply is impor
tant if water areas are to be developed. 

The kinds of wildlife habitat are briefly described in 
the following paragraphs. 

Open-land habitat consists of croplands, pastures, 
meadows, and areas that are overgrown with grasses. 
herbs, shrubs, and vines. These areas produce grain and 
seed crops, grasses and legumes, and wild herbaceous 
plants. The kinds of wildlife attracted to these areas in
clude bobwhite quail, meadowlark, field sparrow, cotton
tail rabbit, red fox, and woodchuck. 

Woodland habitat consists of hardwoods or conifers or 
a mixture of both, with associated grasses, legumes, and 
wild herbaceous plants. Examples of wildlife attracted to 
this habitat are marsh rabbit, woodpeckers, tree squirrels, 
raccoon, and deer. 

Wetland habitat consists of water-tolerant plants in 
open, marshy, or swampy shallow water areas. Examples 
of wildlife attracted to this habitat are ducks, geese, 
herons, shore birds, rails, muskrat, and mink. 
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Soil Properties 
Extensive data about soil properties collected during 

the soil survey are summarized on the following pages. 
The two main sources of these data are the many 
thousands of soil borings made during the course of the 
survey and the laboratory analyses of samples selected 
from representative soil profiles in the field. 

When he makes soil borings during field mapping, the 
soil scientist can identify several important soil proper
ties. He notes the seasonal soil moisture condition, or the 
presence of free water and its depth in the profile. For 
each horizon, he notes the thickness of the soil and its 
color; the texture, or the amount of clay, silt, sand, and 
gravel or other coarse fragments; the structure, or natu
ral pattern of cracks and pores in the undisturbed soil; 
and the consistence of soil in-place under the existing soil 
moisture conditions. He records the root depth of existing 
plants; determines soil pH, or reaction; and identifies any 
free carbonates. 

Samples of soil material are analyzed in the laboratory 
to verify the field estimates of soil properties and to 
characterize key soils, especially properties that cannot be 
estimated accurately by field observation. Laboratory 
analyses are not conducted for all soil series in the survey 
area, but laboratory data for many of the soil series are 
available from nearby areas. 

Based on summaries of available field and laboratory 
data, and listed in tables in this section, are estimated 
ranges in engineering properties and classifications and in 
physical and chemical properties for each major horizon 
of each soil in the survey area. Also, pertinent soil and 
water features, engineering test data, and data obtained 
from laboratory analyses, both physical and chemical, are 
presented. 

Engineering Properties 

Table 13 gives estimates of engineering properties and 
classifications for the major horizons of each soil in the 
survey area. These estimates are presented as ranges in 
values most likely to exist in areas where the soil is 
mapped. 

Most soils have, within the upper 5 or 6 feet, horizons 
of contrasting properties. Information is presented for 
each of these contrasting horizons. Depth to the upper 
and lower boundaries of each horizon in a typical profile 
of each soil is indicated. More information about the 
range in depth and in properties of each horizon is given 
for each soil series in "Soil Series Descriptions and 
Morphology." 

Texture is described in table 13 in standard terms used 
by the United States Department of Agriculture. These 
terms are defined according to percentages of sand, silt, 
and clay in soil material that is less than 2 millimeters in 
diameter. "Loam," for example, is soil material that is 7 to 
27 percent clay, 28 to 50 percent silt, and less than 52 per
cent sand. If a soil contains gravel or other particles 

coarser than sand, an appropriate modifier is added, for 
example, "gravelly loam." Other texture terms used by 
USDA are defined in the Glossary. 

The two systems commonly used in classifying soils for 
engineering use are the Unified soil classification system 
(Unified) (2) and the American Association of State 
Highway and Transportation Officials soil classification 
system (AASHTO) (1). In table 13 soils in the survey area 
are classified according to both systems. 

The Unified system classifies soils according to proper
ties that affect their use as construction material. Soils 
are classified according to grain-size distribution of the 
fraction less than 3 inches in diame-ter, plasticity index, 
liquid limit, and organic-matter content. Soils are grouped 
into 15 classes-eight classes of coarse-grained soils, 
identified as GW, GP, GM, GC, SW, SP, SM, and SC; six 
classes of fine-grained soils, identified as ML, CL, OL, 
MH, CH, and OH; and one class of highly organic soils, 
identified as Pt. Soils on the borderline between two 
classes have a dual classification symbol, for example CL
ML. 

The AASHTO system classifies soils according to those 
properties that affect their use in highway construction 
and maintenance. In this system a mineral soil is clas
sified as one of seven basic groups ranging from A-1 
through A-7 on the basis of grain-size distribution, liquid 
limit, and plasticity index. Soils in group A-1 are coarse 
grained and low in content of fines. At the other extreme, 
in group A-7, are fine-grained soils. 

When laboratory data are available, the A-1, A-2, and 
A-7 groups are further classified as follows: A-1-a, A-1-b, 
A-2-4, A-2-5, A-2-6, A-2-7, A-7-5, and A-7-6. The AASHTO 
classification for soils tested in the survey area is given in 
table 16. The estimated classification, without group index 
numbers, is given in table 13. 

Also in table 13 the percentage, by weight, of cobbles, 
the rock fragments more than 3 inches in diameter, are 
estimated for each major horizon. These estimates are 
determined largely by observing volume percentage in 
the field and then converting it, by formula, to weight 
percentage. 

Percentage of the soil material less than 3 inches in 
diameter that passes each of four standard sieves is esti
mated for each major horizon. The estimates are based on 
tests of soils that were sampled in the survey area and in 
nearby areas and on field estimates from many borings 
made during the survey. 

Liquid limit and plasticity index indicate the effect of 
water on the strength and consistency of soil. These in
dexes are used in both the Unified and the AASHTO soil 
classification systems. They are also used as indicators in 
making general predictions of soil behavior. 

Range in liquid limit and plasticity index are estimated 
on the basis of test data from the survey area or from 
nearby areas and on observations of the many soil 
borings made during the survey. 

• 

• 

• 
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Physical and Chemical Properties 

Table 14 shows estimated values for several soil cliarac
teristics and features that affect behavior of soils in en
gineering uses. These estimates are given for each major 
horizon, at the depths indicated, in t~e representative 
profile of each soil. The estimates are based on field ob
servations and on test data for these and similar soils. 

Permeability is estimated on the basis of known rela
tionships between the soil characteristics observed in the 
field-particularly soil structure, porosity, and gradation 
or texture-that influence the downward movement of 
water in the soil. The estimates are for water movement 
in a vertical direction when the soil is saturated. Not con
sidered in the estimates are lateral seepage or such 
transient soil features as plowpans and surface crusts. 
Permeability of the soil is an important factor to be con
sidered in the planning and design of drainage sys
tems, in evaluating the potential of soils for septic 
tank systems and other waste disposal systems, and 
in many other aspects of land use and management. 

Available water capacity is rated on the basis of soil 
characteristics that influence the ability of the soil to hold 
water and make it available to plants. Important charac
teristics are content of organic matter, soil texture, and 
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soil structure. Shallow-rooted plants are not likely to use 
the available water from the deeper soil horizons. A vaila
ble water capacity is an important factor in the choice of 
plants or crops to be grown and in the design of irrigation 
systems. 

Soil reaction is expressed as range in pH values. The 
range in pH of each major horizon is based on many field 
checks. For many soils, the values have been verified by 
laboratory analyses. Soil reaction is important in selecting 
the crops and ornamental or other plants to be grown, in 
evaluating soil amendments for fertility and stabilization, 
and in evaluating the corrosivity of soils. 

Shrink-swell potential depends mainly on the amount 
and kind of clay in the soil. Laboratory measurements of 
the swelling of undisturbed clods were made for many 
soils. For others it was estimated on the basis of the kind 
of clay and on measurements of similar soils. Size of im
posed loadings and the magnitude of changes in soil 
moisture content are also important factors that influence 
the swelling of soils. Shrinking and swelling of some soils 
can cause damage to building foundations, basement 
walls, roads, and other structures unless special designs 
are used. A high shrink-swell potential indicates that spe
cial design and added expense may be required if the 
planned use of the soil will not tolerate large volume 
~M~ . 

Risk of corrosion, as used in table 14, pertains to poten
tial soil-induced chemical action that dissolves or weakens 
uncoated steel or concrete. The rate of corrosion of un
coated steel is related to soil moisture, particle-size dis
tribution, total acidity, and electrical conductivity of the 
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soil material. The rating of soils for corrosivity to 
concrete is based mainly on the sulfate content, soil tex-

ture, and acidity. Protective measures for steel or more 
resistant concrete help to avoid or minimize damage 
resulting from the corrosion. Installations of steel that in
tersect soil boundaries or soil horizons are more suscepti
ble to corrosion than installations entirely within one kind 
of soil or within one soil horizon. 

Soil and Water Features 

Features that relate to runoff or infiltration of water, 
to flooding, to grading and excavation, and to subsidence 
and frost action of each soil are indicated in table 15. This 
information is helpful in planning land uses and engineer
ing projects that are likely to be affected by the amount 
of runoff from watersheds, by flooding and a seasonal 
high water table. 

Flooding is rated in general terms that describe the 
frequency and duration of flooding and the period of the 
year when flooding is most likely. The ratings are based 
on evidence in the soil profile of the effects of flooding, 
namely thin strata of gravel, sand, silt, or, in places, clay 
deposited by floodwater; irregular decrease in organic
matter content with increasing depth; absence of distinc
tive soil horizons that form in soils of the area that are 
not subject to flooding; local information ·about floodwater 
heights and the extent of flooding; and local knowledge 
that relates the unique landscape position of each soil to 
historic floods. 

The generalized description of flood hazards is of value 
in land use planning and provides a valid basis for land 
use restrictions. The soil data are less specific, however, 
than those provided by detailed engineering surveys that 
delineate flood-prone areas at specific flood frequency 
levels. 

High water table is the highest level of a saturated 
zone more than 6 inches thick in soils for a continuous 
period of more than 2 weeks during most years. The 
depth to a seasonal high water table applies to undrained 
soils. Estimates are based mainly on the relationship 
between grayish colors or mottles in the soil and the 
depth to free water observed during the course of the soil 
survey. Indicated are the depth to the seasonal high 
water table; the kind of water table, whether perched, ar
tesian, or the upper part of the ground water table; and 
the months of the year that the high water commonly is 
present. Only those saturated zones above a depth of 5 or 
6 feet are indicated. 

Information about the seasonal high water table helps 
in assessing the need ·for specially designed foundations, 
the need for specific kinds of drainage systems, and the 
need for footing drains to insure dry basements. Such in
formation is also needed to decide whether or not to con
struct basements and to determine how septic tank ab
sorption fields and other underground installations will 
function. Also, a seasonal high water table affects ease of 
excavation. 
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Engineering Test Data 

Samples of 5 soils were tested by the North Carolina 
State Highway Commission so that the soils could be 
evaluated for engineering purposes. For the soil series 
not tested, classification was estimated from descriptions 
of soil profiles written by the soil scientists. The test data 
are given in table 16. The test data indicate the charac
teristics of the soil at the specified location. The physical 
characteristics of similar soils at other locations may vary 
from those of the soil sampled. All samples were obtained 
at a depth of less than 7 feet. 

The engineering classifications in table 16 are based on 
data obtained by mechanical analyses and by tests made 
to determine liquid limits and plastic limits. Mechanical 
analyses were made by combined sieve and hydrometer 
methods. 

Moisture-density data are obtained by compacting soil 
material at a successively higher moisture content. As
suming that the compactive effort remains constant, the 
density of the compacted material increases until the op
timum moisture content is reached. After that, the densi
ty decreases with increase in moisture content. The 
highest density obtained in the compaction test is termed 
"maximum dry density." Optimum stability is obtained if 
the soil is compacted to about the maximum dry density 
when it is at approximately the optimum moisture con
tent. 

The tests to determine plastic limit and liquid limit 
measure the effect of water on the consistency of the soil 
material. As the moisture content of a clayey soil in
creases from a dry state, the material changes from a 
semisolid to a plastic state. As the moisture content is 
further increased, the material changes from a plastic to a 
liquid state. The plastic limit is the moisture content at 
which the material passes from a semisolid to a plastic 
state. The liquid limit is the moisture content at which 
the material passes from a plastic to a li.quid state. The 
plasticity index is the numerical difference between the 
liquid limit and the plastic limit. The plasticity index in
dicates the range of moisture content within which soil 
material is in a plastic condition. 

Classification of the Soils 
This section describes the soil series of the survey area, 

defines the current system of classifying soils, and classi
fies the soils of the area according to that system. 

Soil Series 

On the following pages each soil series in the survey 
area is described in detail. The series descriptions are 
presented in alphabetic order by series name. 

For each series, some facts about the soil are presented 
first. Then a pedon, ·a small three dimensional area of soil 
typical of the soil series in the survey area, is described. 

The detailed descriptions of each soil horizon follow stan- . 
dards in the Soil Survey Manual U). Unless otherwise 
noted, colors described are for moist soil. 

Following the pedon description is the range of impor
tant characteristics of the soil series mapped in this sur
vey area. Phases, or mapping units, of each soil series are 
described in the section . "Soil Maps for Detailed 
Planning." 

Bayboro series 

The Bayboro series consists of very poorly drained, 
slowly permeable, nearly level soils that formed in marine 
and fluvial sediments. These soils are on flats and in 
slight depressions. Slopes are 0 to 2 percent. 

Typical pedon of Bayboro loam 6.5 miles north of 
Wilmington on U.S. Highway 117, 0.5 mile east of U.S. 
Highway 117, on North Carolina Horticultural Crops 
Research Farm: 

Al-0 to 16 inches, black (lOYR 2/1) loam; moderate medium and coarse 
granular structure; friable; strongly acid; clear wavy boundary. 

Blg-16 to 19 inches, very dark gray (lOYR 3/1) sandy clay loam; few 
fine distinct brownish yellow mottles; weak medium subangular 
blocky structure; friable; few faint clay films on peels; very strongly 
acid; gradual wavy boundary. 

B2tg-19 to 56 inches, gray (lOYR 5/1) clay loam; many fine and medi· 
urn distinct strong brown (7.5YR 5/8) mottles; moderate medium 
prismatic structure that parts to moderate medium angular blocky 
structure; firm, very sticky, very plastic; common amounts of Al 
material in root channels and between primary structural ag
gregates; faces of primary structural aggregates are dark gray 
(lOYR 4/1); prominent clay films on faces of peds; common fine 
roots mainly between faces of primary structural aggregates; very 
strongly acid; gradual wavy boundary. 

B3g-56 to 72 inches, gray (10YR 6/1) clay loam; common medium 
distinct strong brown (7.5YR 5/8) mottles; massive; friable; few fine 
roots; very strongly acid. 

The Ap or At horizon is black or very dark gray loam or fine sandy 
loam. The Bl horizon is very dark gray or dark gray sandy clay loam or 
clay loam. The B2 horizon is gray or dark gray clay loam, clay, or sandy 
clay. The B3 horizon is gray or light gray clay loam or sandy clay loam. 
The C horizon, if present, is dominantly gray and ranges from sand to 
clay. 

Baymeade series 

The Baymeade series consists of well drained, 
moderately rapidly permeable, nearly level and gently 
sloping soils that formed on flats and low ridges. Slopes 
are 1 to 6 percent. 

Typical pedon of Baymeade fine sand, 1 to 6 percent 
slopes, in Wilmington, 0.5 mile south of Dawson and Six
teenth Street intersection, on west side of Sixteenth 
Street road cut: 

Al-0 to 3 inches, datk gray (lOYR 411) fine sand; weak granular struc
ture; loose; many fine and medium roots; many uncoated sand 
grains; medium acid; abrupt smooth boundary. 

A2-3 to 12 inches, light gro~y (10YR 7/2) fine sand; single grained; 
loose; many fine and meclium roots; slightly acid; gradual wavy 
boundary. 

A2&Bh-12 to 36 inches, very pale brown (lOYR 7/4) fine sand; single 
grainecl; loose common irregular bodies of friable organic coated 
sand that are dark brown (7.5YR 3/2) and brown (7.5YR 4/4) make 
up about 12 percent of this horizon; many fine and medium roots; 
medium acid; abrupt smooth boundary. 

• 

• 

• 
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B2t-:!li to -l!l inches, stron~-: brown (7.5\'R 5/6) fine ~andy loam: weak 
cnar~e ~uban1,'11lar blocky structure; very friable: many fine and 
ml'dium roots; medium acid; gradual "·avy boundary. 

B:!--l!l to 58 inches, strong brown (7.5\'R 5/6) loamy fine sand: weak 
fine gr.mular structure; very friable; few fine roots; medium acid; 
gradual wavy boundary. 

Cl-iiil to 75 inches, mottlerl white (lOYR il/1) .and very pale brown 
(lOYR 7/4) fine sand; single grained; loose; medium acid: gradual 
wavy boundary. 

. C'.!-75 to 7X inches, very pale brown (lOYR il/:3) fine sand and loamy 
fine sand; single grained: loose; merlium acid. 

The Al horizon is dark gray or gray and has some clean white sand 
grains. The A2 horizon is light gray or white. The Bh part of the A2&Bh 
horizon is very pale brown, br0\\"11, dark brown, very dark brown, or 
blac~ and has organic coatings. The B2t horizon is strong bro""ll, bro\\"11, 
reddish yellow, or light olive bro\\"11 fine sandy loam or sandy clay loam. 
In some pedons this horizon occurs as lamellae of fine sand and fine 
sandy loam with a composite thickness of more than 6 inches. The B3 
horizon is strong brown, reddish yellow, bro\\"llish yellow, or olive yel
low. The C horizon is white, very pale bro\\"11, yellow, light gray, or 
brownish yellow fine sand or loamy fine sand. Some pedons have thin 
discontinuous Bh bodies in the C horizon. 

Craven series 

The Craven series consists of moderately well drained, 
slowly and very slowly permeable, nearly level and gently 
sloping soils that formed on flats and side slopes on 
uplands. Slopes are 1 to 4 percent. 
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Typical pedon of Craven fine sandy loam, 1 to 4 percent 
slopes, 0.6 mile northwest from Masonboro on State Road 
1515, and about 600 feet north of State Road 1515 on 
farm road, 100 feet east of farm road: 
Ap-0 to 8 inches, dark gray (lOYR 4/1) fine sandy loam; weak medium 

granular structure; very friable; common medium and large roots; 
strongly acid; abrupt smooth boundary. 

B2lt-8 to 20 inches, yellowish bro\\"11 (10YR 5/6} clay loam; few medi
um distinct reddish yellow (7.5YR 6/8) mottles; moderate coarse an
gular blocky structure; very firm, very sticky, very plastic; continu
ous silt and clay coating on faces of peds; common medium and 
large roots; strongly acid; gradual wavy boundary. 

B22t-20 to 28 inches, yellowish bro\\"11 (lOYR 5/6) clay loam; many 
medium distinct yellowish red (5YR 5/8) and strong bro\\"11 (7.5YR 
5/8} mottles, and common medium faint light brownish gray (IOYR 
6/2) mottles; moderate coarse angular blocky structure; very firm, 
very sticky, very plastic; continuous clay films on faces of peds; few 
medium and large roots; very strongly acid; gradual wavy bounda
ry. 

B23tg-28 to 44 inches, light bro\\"llish gray (10YR 6/2) clay loam; com
mon medium prominent red (2.5YR 5/8} and common medium 
distinct strong brown (7.5YR 5/il) mottles; moderate fine and medi
um angular blocky structure; very firm, very sticky, very plastic; 
prominent clay films on faces of peds; very strongly acid; abrupt 
smooth boundary. 

IIB24tg-44 to 56 inches, light gray (lOYR 7/1) clay; common medium 
prominent red (2.5YR 4/8) and common medium distinct strong 
brown (7.5YR 5/8) mottles; massive and weak medium angular 
blocky structure; very firm, very sticky, very pl~~tic; few fine roots; 
very strongly acid; gradual wavy boundary. 

IICg-56 to 64 inches, light gray (lOYR 7/1} sandy clay loam with 
pockets of sandy loam; few medium distinct yellowish red (5YR 5/8} 
and strong brown (7.5YR 5/8} mottles; massive; friable; very 
strongly acid. 

The A1 or Ap horizon is gray, dark gray, or dark grayish brown 
fine sandy loam or loam. If present, the A2 horizon is pale brown 
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or very pale brown loamy fine sand or fine sandy loam. The B21t 
and B22t horizons are brownish yellow, yellowish brown, or light 
yellowish brown clay loam, clay, and silty clay. The B23tg horizon 

is brownish yellow, strong brown, yellowish red, light brownish 
,_rray, or light gray clay loam and clay. The B24tg horizon is light 
gray or very pale brown clay, clay loam, or sandy clay loam. The 
C horizon is light 1,rray or gray sandy clay loam, sandy loam, or 
sand. 

Craven soils in New Hanover County have slightly less clay in the 
upper part of the B2t horizon than is defined a.s within the range for the 
series. This difference, however, does not signific-antly alter their useful
ness or behavior . 

Dorovan series 

The Dorovan series consists of very poorly drained, 
very slowly permeable, nearly level soils that formed on 
tidal and stream flood plains and in bays. Slopes are less 
than 1 percent. . 

Typical pedon of Dorovan muck in an area of Dorovan 
soils west of Wilmington from north bridge along U.S. 
Highway 421 north to railroad crossing, about 100 feet 
west of U.S. Highway 421 and 50 feet north of railroad: 

Oe-0 to 4 inches, black (IOYR 2/1} hemic material (muck); massive; 
about 50 percent fiber after rubbing; very strongly acid; clear 
smooth boundary. 

Oa1-4 to 36 inches, black (lOYR 2/1) sapric material; about 25 per
cent fiber, about 10 percent after rubbing; massive; nonsticky; 
few to common roots, partially decomposed limbs and logs; 
very strongly acid; diffuse smooth boundary. 

Oa2-36 to 55 inches, very dark gray (10 YR 3/1) saphic material; 
about 25 percent fiber, about 10 percent after rubbing; mas
sive; few roots; partially decomposed limbs and twigs and 
occasional logs; very strongly acid; diffuse smooth boundary. 

Oe-55 to 64 inches, black (10YR 2/1) hemic material; about 50 
percent fiber, about 20 percent after rubbing; massive; decom
posed limbs and twigs and occasional logs; very strongly acid. 

The Oe horizon is black or very dark grayish brown. Fiber con
tent is 50 to 90 percent unrubbed and 20 to 50 percent rubbed. The 
Oa horizon is black or very dark gray. Fiber content is 15 to 35 per
cent unrubbed and 5 to 20 percent rubbed. Many logs, limbs, and 
other woody fragments are in the middle arid lower parts of the 
organic layer. 

Johnston series 
The Johnston series consists of very poorly drained, 

moderately rapidly permeable soils that formed on the 
flood plains of the major streams. Slopes are less than 2 
percent. 

Typical pedon of Johnston loam, in an area of Johnston 
soils about 4 miles south of Wilmington, 300 yards west of 
U.S. Highway 421, 0.2 mile southwest of entrance to dairy 
farm, in wooded area along stream: 

All-0 to 20 inches, black (lOYR 2/1) loam; weak medium granular 
structure; very friable; many medium and fine roots; strongly acid; 
gradual wavy boundary. 

A12-20 to 36 inches, black (lOYR 2/1} loam; weak medium granular 
structure; friable; few medium and large roots; strongly acid; 
gradual wavy boundary. 

A13-36 to 42 inches, black (10YR 2/l) sandy loam; weak medium 
granular structure; very friable; strongly acid; gradual wavy boun
dary. 

C1-42 to 64 inches, light gray (lOYR 711) sand; single grained; loose, 
compact in places; strongly acid. 

The A horizon is black or very dark gray loam, sandy loam, or fine 
sandy loam. The AC horizon, if present, is dark gray or dark grayish 
bro\\"11 loamy fine sand or loamy sand. The C horizon is light gray, light 
brownish gray, or dark gray sand, fine sandy loam, sandy loam, or loamy 
sand. 
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Kenansville series 

The Kenansville series consists of well drained, 
moderately rapidly permeable, nearly level soils that 
formed on flats in the uplands. Slopes are less than 3 per-
cent. . 

Typical pedon of Kenansville fine sand, 0 to 3 percent 
slopes, 0.7 mile northeast of Ogden along U.S. Highway 
17 to Bayshore Estate Road (State Road 1363), then 0.8 
mile southeast along State Road 1363 to State Road 1364, 
then 0.5 mile northeast on State Road 1364 to cultivated 
field on the north side of road, then 100 yards northeast 
on east side of farm road in woods. 

01-2 to 0 inches, partially decomposed pine needles. 
Al-0 to 3 inches, grayish brown (lOYR 5/2) fine sand; weak granular 

structure; loose; many fine and medium roots; medium acid; gradual 
smooth boundary. 

A21-:3 to 16 inches, pale brown (lOYR 6/3) fine sand; single grained; 
loose; few fine and medium root•; medium acid; gradual wavy boun
dary. 

A22-16 to 33 inches, very pale brown (lOYR 8/4) fine sand; few fine 
faint brownish yellow mottles; single grained; loose; few fine and 
medium roots; medium acid; abrupt smooth boundary. 

B2lt-33 to 38 inches, strong brown (7.5YR 5/6) fine sandy loam; weak 
medium subangular blocky structure; friable; few fine and medium 
roots; strongly acid; clear smooth boundary. 

B22t-38 to 44 inches, strong brown (7.5YR 5/8) fine sandy loam; weak 
medium subangular blocky structure; friable; common coarse sand 
grains; strongly acid; clear smooth boundary. 

B23t-44 to 50 inches, reddish yellow (7.5YR 6/8) fine sandy loam; weak 
coarse subangular blocky structure; friable; strongly acid; clear 
smooth boundary. 

C-50 to 80 inches, yellow (lOYR 7/8) loamy fine sand; single grained; 
loose; grades to very pale brown with depth; strongly acid. 

The Ap or AI horizon commonly is grayish brown, gray, or dark gray
ish brown sand or fine sand, but in places it is loamy sand or loamy fine 
sand. The A2 horizon is pale brown, very pale brown, and light yellowish 
brown fine sand, sand, or loamy sand. The Bt horizon is strong brown, 
yellowish brown, light yellowish brown, brownish yellow, or reddish yel
low. The Bt horizon commonly is fine sandy loam or sandy loam, but in 
places it has thin layers of sandy clay loam. The C horizon commonly is 
yellow, pale yellow, light yellowish brown, or brownish yellow sand, 
loamy sand, fine sand, or loamy fine sand. 

Kureb series 

The Kureb series consists of excessively drained, 
rapidly permeable, nearly level to sloping soils that 
formed on ridges. Slopes are 1 to 8 percent. 

Typical pedon of Kureb sand, 1 to 8 percent slopes, 1.75 
miles south of junction of U.S. Highway 421 and North 
Carolina Highway 132 to Battle Park development, east 
about 1/4 mile, then south 200 feet on east side of road: 

Al-0 to 3 inches, dark gray (lOYR 4/1) sand; single grained; loose; or
ganic matter and quartz grains have salt and pepper appearance; 
many fine and large roots; neutral; clear wavy boundary. 

A2-3 to 26 inches, light gray (lOYR 7/1) sand; single grained; loose; 
few large roots; neutral; clear irregular boundary. 

C&Bh-26 to 51 inches, brownish yellow (lOYR 6/6) sand; single 
grained; loose; few tongues of light gray extend from above 
horizon; dark brown (7.5YR 4/4) bands and few lumps of dark red
dish brown (5YR 3/2) are intermittent at horizon contact and run 
vertically along walls of tongues; many clean grains and coated sand 
grains are observable; neutral; gradual wavy boundary. 

C-51 to 89 inches, pale brown (lOYR 6/3) sand; single grained; loose; 
slightly acid. 

Texture of the profile is sand or coarse sand, am\ content of clay plus 
silt is less than 5 percent. The A 1 horizon is dark gray or gray and ha.~ 
many clean grains of white or light gray quartz. The A2 horizon is light 
gray or white. Tongues of the A2 horizon fill old root channels extend
ing into the C&Bh horizon. The C&Rh horizon is brownish yellow, yel
lowish brown, light yellowish brown, or pale brown. It has vertical 
streaks and bands of brownish yellow, dark brown, and dark reddish 
brown scattered throughout. The C horizon is light yellowish brown, 
very pale brown, pale brown, or light gray. 

Lakeland series 

The Lakeland series consists of excessively. drained, 
very rapidly permeable, nearly level to sloping soils that 
formed on ridges. Slopes are 1 to 8 percent. 

Typical pedon of Lakeland sand, 1 to 8 percent slopes, 
0.6 mile northeast of the junction of U.S. Highway 421 
and State Road 1148 along State Road 1148, 600 feet east 
on dirt road and on north bank of road: 

Al-0 to 2 inches, grayish brown (lOYR 5/2) sand; weak fine granular 
structure; very friable; few fine roots; medium acid; clear smooth 
boundary. 

Cl-2 to 48 inches, yellowish brown (lOYR 5/8) sand; single grained; 
loose; common coated dark minerals; medium acid; gradual wavy 
boundary. 

C2-48 to 80 inches, brownish yellow (lOYR 6/8) sand; single grained; 
loose; common dark minerals and clean sand grains; strongly acid . 

The A horizon is gray, dark gray, grayish brown, or dark grayish 
brown. The C horizon is yellow, yellowish brown, very pale brown, 
and brownish yellow sand and fine sand. 

Leon series 

The Leon series consists of poorly drained, nearly level, 
rapidly permeable soils on the rims of depressions and on 
flats. Slopes are 0 to 2 percent. 

Typical pedon of Leon sand 0.7 mile east of cemetery 
on Shipyard Boulevard to stoplight, then north on paved 
road 0.4 mile, on east side of road: 

Al-0 to 3 inches, very dark gray (lOYR 3/1) sand that has salt and 
pepper appearance; weak granular and single grained structure; 
very friable and loose; many medium and fine roots; strongly acid; 
gradual wavy boundary. 

A2-3 to 16 inches, light gray (lOYR 7/1) sand; single grained; loose; 
few medium roots; strongly acid; abrupt wavy boundary. 

B2lh-16 to 24 inches, dark reddish brown (5YR 2/2) sand; massive; 
firm and weakly cemented; streaked and tongued with very pale 
brown; strongly acid; gradual wavy boundary. 

B22h-24 to 40 inches, dark reddish brown (5YR 2/2) sand; massive; 
strongly cemented; strongly acid; abrupt wavy boundary. 

C-40 to 64 inches, light gray (lOYR 7/1) sand; single grained; loose; 
strongly acid. 

The profile is sand or fine sand to a depth of 72 inches. The Al or Ap 
horizon is dark gray, very dark gray, or black. The organic material and 
clean sand grains in this horizon give it a salt and pepper appearance. 
The A2 horizon is light gray to white. The Bh horizon is black, dark red
dish brown, and reddish brown, with the darkest colors in the upper 
part of the horizon. It is sand, loamy sand, or fine sand. This horizon in 
places is a series of intermittent layers that are weakly cemented or 
loose and have lighter colored loose sand layers in between; less com
monly the Bh horizon is continuous and extends to a depth of more than 
64 inches. The C horizon is light gray or gray. 

• 
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• 
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Lynchburg series 

The Lynchburg series consists of somewhat poorly 
drained, moderately permeable, nearly level soils on 
smooth flats of uplands. Slopes are 0 to 2 percent 

Typical pedon of Lynchburg fine sandy loam 1 mile 
south of Wrightsboro along State Road 1318, on west 
bank of road opposite State Road 1386 junction: 

Ap-0 to 6 inches, grayish brown (IOYR 5/2) fine sandy loam; weak 
medium granular structure; very friable; few fine roots: medium 
acid: abrupt smooth boundary. 

B21t-6 to 12 inches, very pale brown (10YR 7/4) sandy clay loam: weak 
fine subangular blocky structure; very friable; medium acid; gradual 
wavy boundary. 

B22tg-12 to 20 inches, brownish yellow (IOYR 6/6) sandy clay loam; 
many medium faint light gray (IOYR 7/1) and reddish yellow 
(7.5YR 7/8) mottles; weak medium subangular blocky structure; thin 
patchy clay films on faces of peds; strongly acid; gradual wavy 
boundary. 

B23tg-20 to 30 inches, brownish yellow (IOYR 6/8), light gray (lOYR 
7/2), and yellowish red (5YR 5/8) sandy clay loam; moderate medi
um subangular blocky structure; friable; patchy clay films on faces 
of peds; strongly acid; gradual wavy boundary. 

B24tg-30 to 40 inches, gray (N 5/6), brownish yellow (lOYR 6/8), and 
reddish yeUow (7.5YR 7/8) clay loam; moderate medium subangular 
blocky structure; friable, sticky when wet; continuous clay films on 
faces of peds; root channels filled with dark gray silt, clay, and very 
fine sand; strongly acid; gradual wavy boundary. 

IIB3-40 to 64 inches, light gray (N 7/0) and yellow (lOYR 7/8) clay 
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loam; weak thin platy structure; very fine sand coatings between 
platy layers; plastic when wet, hard and brittle when dry; very 
strongly acid. 

The Ap or AI horizon is dark gray, dark grayish brown, or grayish 
brown sandy loam, fine sandy. loam, or loamy fine sand. The B21t and 
B22tg horizons are very pale brown, light yellowish brown, and 
brownish yellow, and the B23tg and B24tg horizons are light gray, gray, 
grayish brown, brownish yellow, reddish yellow, or yellowish red. The 
B2t horizon is chiefly sandy clay loam or clay loam. The C horizon, if 
present, is gray or light gray fine sandy loam, loamy sand, clay, or silty 
clay stratified with sandy material. 

The upper part of the B horizon has high chroma colors to a slightly 
greater depth than is defined as within the range for the series. This 
difference, however, does not significantly alter usefulness or behavior. 

Lynn Haven series 

The Lynn Haven series consists of poorly drained, 
moderately permeable and moderately rapidly permeable, 
nearly level soils in flat or depressional areas of uplands. 
Slopes are less than 2 percent. 

Typical pedon of Lynn Haven fine sand on west side of 
North Carolina Highway 132, 1.06 miles north of junction 
with U.S. Highway 421, at northeast corner of church 
property: 

A1-0 to 18 inches, black (lOYR 2/1) fine sand; weak medium granular 
structure; very friable; many fine roots; organic material gives 
loamy sand appearance; extremely acid; gradual wavy boundary. 

A2-18 to 24 inches, gray (IOYR 611) fine sand; single grained; loose; 
few fine roots; extremely acid; gradual wavy boundary. 

B21h-24 to 31 inches, black (5YR 2/1) sand; massive; friable, weakly ce
mented; some streaks and pockets of A2 material, apparently in old 
root channels; very strongly acid; gradual wavy boundary. 

B22h-31 to 50 inches, black (5YR 2/1) and dark brown (IOYR 4fJ) sand; 
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massive; friable, loose to weakly cemented; very strongly acid; 
gradual wavy boundary. 

B2:Jh-50 to 5S inches, dark brown (IOYR 4/:l) and brown (IOYR 5/3) 
sand: single grained; loose; very strongly acid; gradual wavy boun
dan·. 

C1-f>ll i.o 6.1 inches, pale brown (IOYR 6fJ) sand: single grained; loose; 
very strongly acid; gradual wavy boundary. 

C2-f>4 to 75 inches, interbedded light brownish gray (IOYR 6/2) sandy 
loam and dark greenish gray (5GY 4/1) sandy clay; strongly acid. 

The AI horizon is very dark gray or black sand, loamy fine sand, or 
fine sand. The A2 horizon is gray, light gray, or white sand or fine sand. 
The Bh horizon is black, dark reddish brown, dark brown, or brown sand 
or fine sand. The C horizon is pale brown, light brownish gray, dark 
greenish gray, gray, or light gray sand, fine sand, sandy loam, or sandy 
clay. 

l\1urville series 

The Murville series consists of very poorly drained, 
moderately rapidly permeable, nearly level soils on flats 
or in slight depressions on uplands. Slopes are 0 to 2 per
cent. 

Typical pedon of Murville fine sand about 0.5 mile 
north of junction of U.S. Highway 421 and North Carolina 
Highway 132 along North Carolina Highway 132 and east 
1,600 feet in wooded area along canal: 

01-0 to 2 inches, partially decayed leaves, moss, and twigs. 
Al-0 to 8 inches, black (N 2/0) fine sand; weak fine granular structure; 

soft, very friable; many roots; many clean quartz grains; loamy feel 
and appearance results from organic matter content; very strongly 

• acid; clear wavy boundary. 
BZh-8 to 45 inches, black (lOYR 2/1) fine sand; massive; soft, very fria

ble; few roots in upper part, sand grains mostly have dark films or 
coatings; few clean quartz grains; loamy feel and appearance results 
from organic matter content; very strongly acid; gradual wavy 
boundary. 

Cl-45 to 56 inches, pale brown (lOYR 6/3) fine sand; single grained; 
loose; streaks of light gray (IOYR 7/1); few old root channels; very 
strongly acid; clear wavy boundary. 

IIC2-56 to 60 inches, pale brown (IOYR 6/3) sandy clay loam and sandy 
loam; streaks and splotches of light gray (10YR 7/1); massive; fria
ble; strongly acid; clear wavy boundary. 

IIIC3-60 to 70 inches, pale brown (lOYR 6/3) fine sand; single grained; 
loose; strongly acid. 

The 01 horizon is absent in some areas or blends into the mass of 
roots in the upper few inches of the AI horizon. The AI horizon has a 
loamy feel because of the organic matter content. It is sand or fine sand. 
The AI horizon is black and has few to many clean quartz grains. It 
rests on a Bh horizon or has an intermittent A2 horizon a few centime
ters thick in places. Transitional horizons (B3h) are in pedons that have 
a thinner B2h horizon. The Bh horizon is black or very dark gray. The 
sand grains are mostly coated with an organic film, but in some pedons 
this horizon ha.~ very thin discontinuous lamellae of clean quartz grains. 
The C horizon is light gray, gray, light brownish gray, grayish brown, 
pale brown, and very pale brown. The C horizon is dominantly fine sand, 
but lenses and layers of loamy textured material occur in places below a 
depth of 50 inches. 

Newhan series 

The Newhan series consists of excessively drained, 
very rapidly permeable, gently sloping soils on dunes, on 
beaches, and along waterways near the Atlantic Ocean. 
Slopes are 2 to 6 percent. 

Typical pedon of Newhan fine sand at north end of 
Carolina Beach about 0.4 mile north of fishing pier and 
0.2 mile west of surf in area of beach dunes: 
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Al-0 to 2 inches, grayish brown (lOYR 5/2) fine sand; single grained; 
few fine roots; mildly alkaline; clear wavy boundary. 

C1-2 to 50 inches, light gray (lOYR 7/2) fine sand; single groiinc!l; 
loose; few fine roots in upper part of horizon; common small frag
ments of colored marine shells; uncoated; about 5 percent of grains 
are black and dark brown; mildly alkaline; gradual wavy boundary. 

C2-50 to 72 inches, light gray (lOYR 7/2) sand; single grained; loose; 
uncoated; about 5 percent of grains are black and dark brown; com
mon small, medium, and iarge fragments of marine shells; few 
whole shells; mildly alkaline. 

Shells and shell fragments mostly of sand grain size make up 5 to 10 
percent of the soil mass, along with 2 to 5 percent phosphate pebbles. 
Shell fragments are calcareous and will effervesce with weak acid. Con
tent of silt plus clay is less than 5 percent. The A horizon is grayish 
brown or light gray. The C horizon is light gray to white fine sand or 
sand. 

Norfolk series 

The Norfolk series consists of well drained, moderately 
permeable soils that formed in unconsolidated, stratified 
marine sediment. These soils are on uplands. Slopes range 
from 0 to 4 percent. 

Typical pedon of Norfolk fine sandy loam, 0 to 4 per
cent slopes, 0.28 mile south of the junction of State Road 
1322 and State Road 1318 along State Road 1318 and 412 
feet east of road on the edge of a borrow pit: 

Ap-0 to 7 inches, grayish brown (10YR 5/2) fine sandy loam; weak 
medium granular structure; very friable; medium acid; abrupt 
smooth boundary. 

A2-7 to 12 inches, pale brown (IOYR 6/3) loamy fine sand; weak medi
um granular structure; very friable; strongly acid; gradual wavy 
boundary. 

B2t-12 to 40 inches, yellowish brown (lOYR 5/8) sandy clay loam; weak 
medium subangular blocky structure; friable; strongly acid; gradual 
wavy boundary. 

B31-40 to 60 inches, brownish yellow (10YR 6/6) sandy loam; common 
medium distinct yellowish red (5YR 5/8) mottles; weak medium sub
angular blocky structure; very friable; strongly acid; gradual wavy 
boundary. 

B32t-60 to 70 inches, yellowish brown (IOYR 5/8) sandy clay loam; 
common coarse distinct red (2.5YR 5/8) and common medium 
distinct light gray (lOYR 7/2) mottles; massive; friable; very 
strongly acid; gradual wavy boundary. 

IICI-70 to 85 inches, light gray (IOYR 7/1) clay; common coarse 
distinct red (2.5YR 5/8) and common medium distinct yellowish 
brown (10YR 5/8) mottles; massive; very firm; very strongly acid; 
gradual wavy boundary. 

IIC2-85 to 105 inches, mottled red (2.5YR 5/8), light gray (IOYR 7!2), 
and yellow (IOYR 7/6) sandy loam; massive; very friable; very 
strongly acid; gradual wavy boundary. 

IIC3-105 to 120 inches, very pale brown (IOYR 7/4) stratified sand and 
loamy sand; single grained; loose; very strongly acid. 

The Ap or AI horizon is mainly gray and grayish brown fine sandy 
loam, but in places it is loamy fine sand. The A2 horizon is very pale 
brown and pale brown loamy sand and loamy fine sand. The B2t horizon 
is yellowish brown and brownish yellow to strong brown sandy clay 
loam, fine sandy loam, or clay loam. The B3 horizon is brownish yellow, 
yellowish brown, strong brown, and yellowish red sandy loam, sandy 
clay loam, or clay loam. The IIC horizon is quite variable, and it ranges 
from gray to yellow. It includes sandy to clayey materials. 

Onslow series 

The Onslow series consists of moderately well drained 
and somewhat poorly drained, moderately permeable soils 

that formed in stratified marine sediment. These soils are 
on broad smooth uplands. Slopes are less than 3 percent. 

Typical pedon of Onslow loamy fine sand 4 miles north 
of Wilmington to first paved road north of nursery, east 
side of U.S. Highway 117, then along paved road east 
2,000 feet, then north 340 feet in cultivated field: 

Ap-0 to 7 inches, gro1y (IOYR 5/1) loamy fine sand; weak medium 
granular structure; very friable; few medium fibrous roots; few 
small brown concretions on surface; strongly acid; abrupt smooth 
boundary. 

A2&Bh-7 to 10 inches, mottled dark brown (7.5YR 3/2) and yellowish 
brown (lOYR 5/4) loamy sand; massive friable, weakly cemented; 
few medium roots; strongly acid; clear irregular boundary. 

A'2-IO to 17 inches, light yellowish brown (lOYR 6/4) loamy fine sand; 
few fine reddish yellow (7.5YR 6/8) mottles; weak medium granular 
structure; very friable; few fine roots; common medium pores; few 
pockets of sandy loam; few medium strong brown, yellowish brown, 
and yellowish red nodules; very strongly acid; gradual wavy boun
dary. 

B'2lt-17 to 29 inches, light yellowish brown (IOYR 6/4) sandy clay 
loam; common medium distinct strong brown (7.5YR 5/6) and light 
brownish gray (10YR 6/2) mottles; weak medium subangular blocky 
structure; friable; few medium roots; few patchy clay films on faces 
of peds; few clean sand grains; very strongly acid; gradual wavy 
boundary. 

B'22t-29 to 40 inches, pale brown (10YR 6/3) sandy loam; many coarse 
distinct strong brown (7.5YR 5/6) and light brownish gray (IOYR 
6/2) mottles and few coarse prominent red (2.5YR 5/6) mottles; 
weak medium subangular blocky structure; friable, sticky when wet; 
few patchy clay films on faces of peds; few clean sand grains; very 
strongly acid; gradual wavy boundary. 

IIB'3g-40 to 64 inches, light gray (IOYR 7/1) clay loam pocketed with 
yellowish brown and yellowish red sandy clay loam and sandy loam; 
weak medium subangular blocky; firm, sticky and plastic; very 
strongly acid. 

Some pedons contain few to common mica flakes and a few other 
weatherable minerals that make up less than 10 percent of the pedon. 

The A horizon is loamy sand, loamy fine sand, fine sand, or fine sandy 
loam. The AI or Ap horizon is gray, dark gray, or dark grayish brown. 
The A2 and A '2 horizon is gray, light gray, light brownish gray, light 
yellowish brown, or yellowish brown. The Bh part of the A2&Bh horizon 
makes up about 15 to 35 percent of the horizon and is dark yellowish 
brown, dark brown, or dark reddish brown, weakly to strongly cemented 
concretions 1/4 to 1 inch in size. In undisturbed areas, the Bh horizon is 
commonly 8 to 15 inches below the surface. In some cultivated areas the 
A2&Bh horizon has been obliterated through tillage and the brown 
concretions remain as evidence in the Ap layer. The Bl horizon, where 
present, is pale brown, light yellowish brown, brownish yellow, or light 
olive brown fine sandy loam or sandy loam. The B'2t horizon is pale 
brown, light yellowish brown to yellowish brown, or light olive brown 
sandy loam, sandy clay loam, or clay loam. Few to common mottles of 
gray are within 18 to 30 inches of the surface. The B'3 horizon is 
generally gray or prominently mottled sandy clay loam, clay loam, or 
sandy loam. 

Pamlico series 

The Pamlico series consists of very poorly drained, 
moderately permeable soils that formed in decomposed 
organic matter over mineral sediment. The Pam!ico soils 
are on the flood plains of major streams, in level areas, 
and in depressional areas. 

Typical pedon of Pamlico muck 10 miles south of 
Wilmington, 0.7 mile north of the junction of U.S . 
Highway 421 and State Road 1148, and 660 feet east of 
U.S. Highway 421 in bay area: 

• 

• 

• 
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Oi-0 to :l inches, very dark brown (lOYR 2/2) fibric material; 75 per
cent fiber content after rubbing; friable; fiber consists of roots, 
twigs, and leaves; extremely acid; gradual wavy boundary. . 

Oal-3 to I~ inches, very dark brown OOYR 2/2) sapric material; 30 
percent fiber content; less than 16 percent rubbed; 15 percent 
mineral content; friable, slightly sticky; noncolloidal; common 
stumps, lo~. and large roots; extremely acid; clear smooth bounda
ry. 

Oa:!-14 to 36 inches, black (N 2/0) sapric material; 30 percent fiber 
content: 5 to 10 percent rubbed; about 35 percent mineral con
tent; slightly sticky; common logs, stumps, and large roots; 
extremely acid; gradual wavy boundary. 

IICig-36 to 48 inches, very dark grayish brown (lOYR 3/2) sand; single 
grained; loose; very strongly acid; clear smooth boundary. 

IIC2g-48 to 60 inches, gray (lOYR 5/1) sand; single grained; loose; very 
strongly acid. 

The Oi horizon is black or very dark brown. Fiber content ranges 
from 60 to 70 percent when rubbed. The Oa horizon is black, very dark 
brown, or very dark grayish brown. Fiber content is less than 33 per
cent when unrubbed and less than 16 percent when rubbed. The IICg 
horizon is gray, brown, or very dark grayish brown. 

Pantego series 

The Pantego series consists of very poorly drained, 
moderately permeable soils that formed in marine sedi
ment. The Pantego soils are in nearly level areas and in 
slightly depressional areas. Slopes are less than 2 percent. 

Typical pedon of Pantego loam 2 5/8 miles northeast of 
Wrightsboro on State Road 1318, northwest 7/16 mile on 

• 

paved road and farm road, and 50 feet west of road in a 
cultivated field: 

Ap-0 to 6 inches, black (lOYR 2.5/1} loam; weak medium granular 
structure; very friable; few fine roots; strongly acid; abrupt smooth 

• 

boundary. 
A1-6 to 16 inches, black (10YR 2.5/1} loam; weak medium granular 

structure; very friable; few medium roots; strongly acid; abrupt 
wavy boundary. 

B21tg-16 to 30 inches, gray (HiYR 5/1} sandy clay loam; weak medium 
subangular blocky structure; friable; few fine root channels with 
yellowish brown (lOYR 5/6) lining channels; very strongly acid; 
clear wavy boundary. 

B22tg-30 to 50 inches, gray (IOYR 5/1} sandy clay loam; weak medium 
subangular blocky structure; friable; few fine root channels with 
yellowish brov;n (lOYR 5/6) lining channels and few fine sand lenses 
of light gray (IOYR 7/t); very strongly acid; clear wavy boundary. 

IIB23tg-50 to tOO inches, gray (lOYR 6/1) clay loam; few fine distinct 
yellowish brown and brownish yellow mottles; weak medium suban
gular blocky structure; firm; very strongly acid. 

The Ap or At horizon commonly is black or very dark gray loam but 
ranges to fine sandy loam or sandy loam. The Bt horizon is chiefly gray 
or light gray sandy clay loam but ranges to clay loam or sandy loam. 
The C horizon is commonly light gray or light brownish gray sand but 
ranges to loam. 

Rains series 

The Rains series consists of poorly drained, moderately 
permeable soils that formed in fluvial and marine sedi
ment. These nearly level soils are on flats, in slight 
depressions, and around the heads of intermittent 
drainageways. Slopes are less than 2 percent. 

Typical pedon of Rains fine sandy loam 0.7 mile 
northwest from Masonboro on State Road 1515 and about 
650 feet north of State Road 1515, 250 feet west of farm 
road in woods: 

01 -I inch to 0, partially decomposed pine straw and roots. 
Al-0 to 5 inches, black (lOYR 211) fine ,;andy loam; weak medium 

gr.1nular structure; very friable, slightly sticky; many medium and 
large roots; very strongly acid; abrupt wavy boundary. 

Blg-5 toR inches, gray (lOYR 6/1) fine sandy clay loam; weak medium 
,;uban!,Y\Ilar blocky structure; friable; common bodies of AI material; 
common medium and large roots; very strongly acid; clear wavy 
boundary. 

B21tg-R to 22 inches, gray (lOYR 5/1) clay loam with pockets of sandy 
clay loam; few medium faint brownish yellow (lOYR 6/6} mottles; 
weak medium subangular blocky structure; firm, .,•i,·ky, plastic; few 
thin discontinuous clay films on faces of peds; common medium and 
large roots; very strongly acid; gradual wavy boundary. 

B22tg-22 to 40 inches, gray (lOYR 6/1} clay loam, common medium and 
coarse prominent red (2.5YR 5/8) mottles and common medium and 
coarse distinct strong brown (7.5YR 5/8) mottles; weak medium su
bangular blocky structure; firm, sticky, very plastic; few medium 
and large roots; very strongly acid; abrupt smooth boundary. · 

B23tg-40 to 64 inches, light gray (IOYR 7/1} clay; common coarse 
prominent red (2.5YR 5/8) mottles and few fine faint strong brown 
mottles; massive and weak coarse angular blocky structure; very 
firm, very sticky, very plastic; very strongly acid; gradual wavy 
boundary. 

Cg-64 to 68 inches, light gray (lOYR 7/1) fine sandy loam with pockets 
of sandy clay loam; common medium distinct brownish yellow mot
tles; massive; friable; very strongly acid. 

The At or Ap horizon is black or dark gray fine sandy loam or loam. 
Where present, the A2 horizon is light gray fine sandy loam or loamy 
fine sand. The B horizon is gray,light gray, or dark gray fine sandy clay 
loam, clay loam, sandy clay, or clay. The C horizon is fine sandy loam, 
sandy loam, sandy clay loam, or sand . 

Rains soils have an A horizon that is slightly thinner and are slightly 
more clayey in the lower part of the Bt horizon than is defined as within 
the range for the series. These differences, however, do not significantly 
alter the usefulness or behavior of these soils. 

Rimini series 

The Rimini series consists of excessively drained, 
moderately permeable soils that formed in marine sedi
ment. The Rimini soils are on rims around "Carolina 
Bays" and on broad smooth divides. Slopes range from 1 
to 6 percent. 

Typical pedon of Rimini sand, 1 to 6 percent slopes, 
south of Wilmington, on west side of North Carolina 
Highway 132, about 10 feet to south edge of Pine Valley 
development: 

Al-0 to 3 inches, dark gray (lOYR 4/1) sand; many clean white grains; 
weak granular structure; very friable; common fine and medium 
roots; strongly acid; abrupt smooth boundary. 

A2-3 to 56 inches, light gray (lOYR 7/1) sand; single grained; loose; 
few medium roots; strongly acid; clear irregular boundary. 

B21h-56 to 64 inches, dark reddish brown (5YR 3/2) sand with streaks 
and pockets of light gray (lOYR 7/1} sand; massive; weakly ce
mented; strongly acid. 

B22h-64 to RO inches, dark brown (7.5YR 4/2) sand with pockets of 
light gray (lOYR 7/1} sand; massive; very friable; strongly acid. 

The At horizon is dark gray or gray. The A2 horizon is light gray or 
white. The Bh horizon is black, dark reddish brown, dark brown, or very 
dark gray. The C horizon, where present, is very pale brown, light gray, 
or white sandy or loamy material. 

Seagate series 

The Seagate series consists of somewhat poorly 
drained, moderately permeable soils that formed in 
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marine sediment. Seagate soils are in nearly level flat
wood areas. Slopes generally are less than 2 percent but 
are as much as 3 percent. 

Typical pedon of Seagate fine sand 0.4 mile north of 
junction of North Carolina Highway 132 and U.S. 
Highway 421, 300 yards west of U.S. 421, 20 feet north of 
field road: 

Ap-0 to 8 inches, dark gray (lOYR 4/1) fine sand; single grained: verj 
friable; many fine roots; many clean sand grains; slightly acid; 
abrupt smooth boundary. 

A2-8 to 12 inches, light gray (lOYR 7/1) fine sand; single grained; 
loose; few medium roots; medium acid; clear wavy boundary. 

B21h-12 to 23 inches, dark brown (7.5YR 3/2) fine sand; massive; fria
ble, weakly cemented; many sand grains coated with organic 
matter; few clean sand grains; strongly acid; abrupt irregular boun
dary. 

B22h-23 to 28 inches, brown (lOYR 5/3) fine sand; single grained; 
loose; few fine weakly cemented concretions; many sand grains 
coated with organic matter; strongly acid; clear wavy boundary. 

A'2-28 to 36 inches, light gray (10YR 7/2) fine sand; single grained; 
loose; few fine and medium brown (10YR 5/3) concretions; medium 
acid; clear smooth boundary. 

B'1t-36 to 40 inches, brownish yellow (lOYR 6/6) sandy loam; many 
medium distinct light gray (lOYR 7/2) mottles; weak medium suban
gular blocky structure; friable; sand grains are coated and bridged 
with clay; few patchy clay films on faces of peds; strongly acid; 
clear wavy boundary. 

B'2tg-40 to 66 inches, light gray (lOYR 7/1) clay loam; weak medium 
subangular blocky structure; firm, plastic, sticky; very strongly acid. 

The Ap or A1 horizon is very dark gray, dark gray, or gray loamy 
fine sand, fine sand, or sand. The Bh horizon is black, dark brown, very 
dark reddish brown, dark yellowish brown, or brown sand, fine sand, or 
loamy sand. The B'2t horizon is brownish yellow, yellowish brown, light 
brownish gray, light gray, or very pale brown sandy clay loam, sandy 
loam, or clay loam. The C horizon is gray or light gray clayey to sandy 
material. 

Stallings series 

The Stallings series consists of somewhat poorly 
drained, moderately rapidly permeable soils that formed 
in marine sediment. The Stallings soils are on nearly level 
interstream divides. Slopes are less than 3 percent. 

Typical pedon of Stallings fine sand north of Wilming
ton on Horticulture Crops Research Station, along farm 
road 1650 feet east of station office, and 50 feet north of 
road in blueberry field: 

A1-0 to 8 inches, dark gray (lOYR 4/1) fine sand; weak medium granu
lar structure; very friable; medium acid; clear wavy boundary. 

A2-8 to 14 inches, light yellowish brown (2.5Y 6/4) fine sand; few fine 
distinct pale brown mottles; weak medium granular structure; very 
friable; very strongly acid; gradual wavy boundary. 

B21t-14 to 24 inches, light yellowish brown (2.5Y 6/4) fine sandy loam; 
common medium distinct light gray (10YR 7/2) and yellowish brown 
(lOYR 5/6) mottles; weak medium granular structure; very friable; 
very strongly acid; gradual wavy boundary. 

B22tg-24 to 30 inches, light gray (lOYR 7/1) fine sandy loam; common 
medium distinct very pale brown (lOYR 713) and yellowish brown 
(lOYR 5/6) mottles; weak medium and fine granular structure; very 
friable; very strongly acid; gradual wavy boundary. 

B23tg-30 to 54 inches, light brownish gray (10YR 6!2) fine sandy loam; 
common coarse distinct light gray (lOYR 7/1) mottles; weak medium 
and fine granular structure; very friable; very strongly acid; 
gradual wavy boundary. 

B3-54 to 68 inches, pale yellow (2.5Y 7/4) loamy fine sand and fine 
sandy loam; common coarse distinct light brownish gray (2.5Y Grl). 
mottles; weak medium and fine granular structure: single grained; 
loose; very strongly acid. 

The A1 or Ap horizon is very dark gray, dark gray, or dark grayish 
brown loamy fine sand, fine sand, or fine sandy loam. The A2 horizon is 
very pale brown, light yellowish brown, and light brownish gray loamy 
sand, loamy fine sand, or fine sand. The B2t horizon is light yellowish 
brown, yellow, or pale yellow. The B2tg horizon is light browni&h gray, 
grayish brown, or light gray. The B2t and B2tg horizons are sandy loam 
or fine sandy loam. The B3 horizon is loamy sand, loamy fine sand, or 
fine sandy loam. 

Torhunta series 

The Torhunta series consists of ·very poorly drained, 
moderately rapidly permeable soils that formed in 
stratified marine and fluvial sediment. These nearly level 
soils are in slightly depressional areas. Slopes are less 
than 2 percent. 

Typical pedori of Torhunta loamy fine sand north of 
Wilmington and east of Wrightsboro along State Road 
1322, 1.68 miles from the intersection of U.S. Highway 
117 and State Road 1322, north 0.5 mile along path, and 
60 feet east of path in sparsely wooded area: 

All-0 to 8 inches, black (lOYR 2.5/1) loamy fine sand; weak medium 
granular structure; very friable; many fine roots; extremely acid; 
gradual wavy boundary. 

Al2-8 to 20 inches, very dark gray (lOYR 3/1) loamy fine sand; weak 
fine granular structure; very friable; few fine roots; very strongly 
acid; gradual wavy boundary. 

B-20 to 47 inches, light gray (10YR 7/2) fine sandy loam; weak fine 
granular structure; common fine yellowish brown mottles; very fria
ble; very strongly acid; gradual wavy boundary. 

C1g-47 to 64 inches, light gray (10YR 7/1) fine sand; common medium 
faint brownish yellow (lOYR 6/6) and pale brown (10YR 6/3) mot
tles; single grained; loose; very strongly acid. 

The A horizon is black, very dark gray, or very dark grayish brown 
fine sandy loam, loam, or loamy fine sand. The B horizon is gray, light 
gray, dark gray, grayish brown, or light brownish gray sandy loam or 
fine sandy loam. The C horizon is fine sandy loam, loamy fine sand, or 
fine sand. Its color is about the same as that of the B horizon. 

·wakulla series 

The Wakulla series consists of somewhat excessively 
drained, rapidly permeable soils that formed in marine, 
fluvial, or eolian sediment. These soils are nearly level to 
gently sloping and occur on broad stream terraces and on 
uplands. Slopes range from 0 to 6 percent. 

Typical pedon of Wakulla sand, 1 to 8 percent slopes, 
0.56 mile north of the junction of State Road 1544 and 
State Road 1148, 330 feet east and 660 feet north, on 
west side of road in urban area: 

Al-0 to 2 inches, grayish brown (10YR 5!2) sand; weak fine granular 
structure; very friable; strongly acid; clear smooth boundary. 

A2-2 to 30 inches, light yellowish brown (10YR 6/4) sand; weak fine 
granular structure; loose; strongly acid; clear wavy boundary. 

B2t-30 to 48 inches, strong brown (7.5YR 5/6) loamy sand; weak medi
um granular structure; very friable; sand grains coated and bridged 
with clay; medium acid; clear wavy boundary. 

C-48 to 64 inches, strong brown (7.5YR 5/6) sand; single grained; loose; 
medium acid. 

• 

• 

• 
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The Ap or AI horizon ig dark 1-,rrayi~h brown or gro~yi~h brown gand or 
·loamy ><and. The A2 horizon is browni~h yellow or light yello\\i~h brown. 
The Bt horizon is 11trong brown. yellowish reel, and yello\\ish brown. The 
C horizon is recldish yellow, yellow, very pale brown, 11trong brown, or 
light gray. 

Woodington series 

The Woodington series consists of poorly drained, 
moderately rapidly permeable soils that formed in marine 
sediment. These soils are nearly level and occur on 
smooth interstream divides. Slopes are less than 2 per
cent. 

Typical pedon of Woodington fine sandy loam 0.6 mile 
west of North Carolina Highway 132 and State Road 1322 
intersection, on edge of wooded area on north side of 
road: 

Al-0 to 7 inches, very dark gray (lOYR 3/1) fine sandy loam; weak 
medium granular structure; very friable; few fine and medium 
roots; medium acid; clear wavy boundary. 

B21tg-7 to 34 inches, light brownish gray (IOYR 6/2) fine sandy loam; 
common medium faint white (lOYR 8/1) mottles; weak fine suban
gular blocky structure; friable; few fine and medium roots; few thin 
patchy clay films on faces of peds; strongly acid; gradual wavy 
boundary. 

B22tg-34 to 48 inches, gray (lOYR 6/1) fine sandy loam; common medi
um faint very pale brown (lOYR 7/3) and white (lOYR 8/2) mottles; 
weak medium and fine subangular blocky structure; friable; thin 
patchy clay films on faces of peds; strongly acid; gradual wavy 
boundary . 

B3g-48 to 65 inches, very pale brown (lOYR 7/3) fine sandy loam; 
many medium faint light gray (lOYR 7/2) and white (IOYR 8/1) 
mottles; weak fine granular structure; very friable; strongly acid. 

The Ap or Al horizon is dark gray or very dark gray sandy loam or 
fine sandy loam. The A2 horizon, where present, is light gray or light 
brownish gray fine sandy loam or loamy fine sand. The B21t horizon is 
light brownish gray, light gray, or gray, and the B22t horizon is gray or 
light gray. The C horizon, where present, is gray to very pale brown 
loamy fine sand, sand, or fine sand. 

Wrightsboro series 

The Wrightsboro series consists of moderately well 
drained, moderately permeable soils that formed in 
stratified marine sediment. These soils are nearly level 
and occur on interstream divides. Slopes range from 0 to 
2 percent. 

Typical pedon of Wrightsboro fine sandy loam, 0 to 2 
percent slopes, 3.5 miles north of Wilmington on U.S. 
Highway 117, 100 feet west of U.S. Highway 117 and 50 
feet north of State Road 1329: 

Ap-0 to 6 inches, grayish brown (10YR 5/2) fine sandy loam; weak 
medium granular structure; very friable; few fine roots; medium 
acid; clear smooth boundary. 

A2-6 to 9 inches, very pale brown (10YR 7/4) fine sandy loam; weak 
medium granular structure; very friable; few fine roots; strongly 
acid; clear wavy boundary. 

B21t-9 to 24 inches, brownish yellow (10YR 6/6) sandy clay loam; few 
fine distinct light gray mottles below depth of 19 inches; weak 
medium subangular blocky structure; friable; few patchy clay films 
on faces of peds and pore walls; strongly acid; gradual wavy boun
dary. 

B22t-24 to 36 inches, brownish yellow (lOYR 6/6) sandy clay loam; 
common medium distinct light gray (10YR 7/2) and very pale brown 
(10YR 7/3) mottles; weak medium subangular blocky structure; fria-

ble, ~lightly sticky, slightly plastic; few patchy clay films on faces of 
peels and on walls of root channels; very strongly acid; gro~clual 
wavy boundary. 

B23t-36 to 48 inches, brownish yellow (lOYR 6/6) sanely clay loam; 
many medium distinct light gray (10YR 7/1) mottles and common 
medium distinct yello\\ish red (5YR 5/8) mottles; moderate medium 
subangular blocky structure; firm, slightly sticky, slightly plastic; 
prominent clay films on faces of peds; few pockets of Randy loam; 
very strongly acid; clear smooth boundary. 

IIB3g-48 to 65 inches, light gray (IOYR 7/2) clay; many coarse distinct 
yellow (lOYR 7/8) mottles and common prominent reddish yellow 
(5YR 6/6) mottles; weak fine angular blocky structure and massive; 
very firm, very sticky, very plastic; few fine flakes of mica; reddish 
yellow mottles commonly surround fine root channels; some very 
fine sand and silt coatings between layers; strongly acid. 

The A1 or Ap horizon is gray, grayish brown, olive gray, dark grayish 
brown, very dark gray, or brown. The A2 horizon is light gray, very pale 
brown, pale yellow, yellow, light brownish gray, pale brown, or light yel
lo\\ish brown. The A horizon is fine sandy loam, sandy loam, loamy fine 
sand, or loamy sand. The Bt horizon is yello\\ish brown, brownish yel
low, yellow, olive yellow, light yellowish brown, or pale brown. In some 
pedons, the B23t horizon is light brownish gray, gray, grayish brown, or 
light gray. Mottles of high contrast are common in the lower part of the 
Bt horizon. The B2lt and B22t horizons are sandy clay loam or clay 
loam. The B23t horizon is sandy clay loam or sandy loam. Clay content 
averages 24 to 35 percent and silt content is less than 30 percent in the 
upper 20 inches of the Bt horizon. Transitional B1 and B3 horizons of 
sandy loam are present in some pedons. A clayey liB horizon is present 
between depths of 40 and 80 inches. It is gray or light gray and has 
mottles of high contrast. Lenses or bodies of fine sand or silt are com
mon. 

Classification 

The system of soil classification currently used was 
adopted by the National Cooperative Soil Survey in 1965 
(5). Readers interested in further details about the 
system should refer to the latest literature available (6). 

The system of classification has six categories. 
Beginning with the broadest, these categories are order, 
suborder, great group, subgroup, family, and series. In 
this system the bases for classification are the different 
soil properties that can be observed in the field or those 
that can be inferred either from other properties that are 
observable in the field or from the combined data of soil 
science and other disciplines. The properties selected for 
the higher categories are the result of soil genesis or of 
factors that affect soil genesis. In table 17 the soils of the 
survey area 1 are classified according to the system. 
Classes of the system are briefly discussed in the follow~ 
ing paragraphs. 

ORDER: Ten soil orders are recognized. The properties 
used to differentiate among orders are those that reflect 
the kind and degree of dominant soil-forming processes 
that have taken place. Each order is identified by a word 
ending in sol. An example is Ultisol. 

SUBORDER: Each order is divided into suborders 
based primarily on properties that influence soil genesis 
and that are important to plant growth or that were 
selected to reflect the most important variables within 
the orders. The last syllable in the name of a suborder in
dicates the order. An example is Aquult (Aqu, meaning 
water, plus ult, from Ultisol). 
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GREAT GROUP: Each suborder is divided into great 
groups on the basis of close similarities in kind, arrange
ment, and degree of expression of pedogenic horizons; soil 
moisture and temperature regimes; and base status. The 
name of a great group ends with the name of a suborder. 
A prefix added to the name suggests sometliing about the 
properties of the soil. An example is Paleaguults (Pale, 
meaning horizons that have more than normal develop
ment, plus aquults, the suborder of Ultisols that have an 
aquic moisture regime). 

SUBGROUP: Each great group is divided into three 
subgroups: the central (typic) concept of the great groups, 
which is not necessarily the most extensive subgroup; the 
intergrades, or transitional forms to other orders, subor
ders, or great groups; and the extragrades that have 
some properties that are representative of the great 
groups but do not indicate transitions to any other known 
kind of soil. The names of subgroups are derived by plac
ing orie or more adjectives before the name of the great 
group. The adjective Typic is used for the subgroup that 
is thought to typify the great group. An example is Typic 
Paleaquults. 

FAMILY: Families are established within a subgroup 
on the basis of similar physical and chemical properties 
that affect management. Among the properties con
sidered in horizons of major biological activity below plow 
depth are particle-size distribution, mineral content, tem
perature regime, thickness of the soil penetrable by roots, 
consistence, moisture equivalent, soil slope, and per
manent cracks. A family name consists of the name of a 
subgroup and a series of adjectives. The adjectives are 
the class names for the soil properties used as family dif
ferentiae. An example is fine-loamy, siliceous, thermic 
Typic Paleaquults. 

SERIES: The series consists of a group of soils that 
are formed from a particular kind of parent material and 
have horizons that, except for texture of the surface soil, 
are ·similar in differentiating characteristics and in ar
rangement in the soil profile. Among these characteristics 
are color, texture, structure, reaction, consistence, and 
mineralogical and chemical composition. 

Formation of the Soils 
This section discusses the factors of soil formation, re

lates them to the formation of soils in the survey area, 
and explains the processes of soil formation. 

Plant and Animal Life 

Before the county was settled, the native vegetation 
consisted of many kinds of hardwoods and several kinds 
of conifers. This vegetation had a major influence on the 
development of the soils. In addition, the activities of 
micro-organisms, earthworms, larvae, and other forms of 
animal life were important in the cycle of decay and 
regeneration of plants. 

The activity of fungi and micro-organisms and the soil 
mixing carried on by earthworms and other small inver
tebrates are mainly confined to the upper few inches of 
the soil. 

Trees and other plants take up minerals from the soil 
and store them in their roots, stems, and leaves. When 
these plants or parts of them decay, the minerals re-enter 
the soil and are used again by other plants. Unless 
disturbed, this cycle continues indefinitely. 

Soil development is also affected by plant roots, which 
penetrate soil material to various depths and generally in
crease its porosity. Organic acids produced by plants and 
the decay of these organic acids react. on basic minerals in 
the parent material. Minerals taken into solution or 
suspension may be leached from a soil or translocated 
within it. 

Plants and animals for the most part determine the 
kinds of organic matter added to the soil and the way in 
which it is incorporated with the soil. They transfer 
nutrient elements from one horizon to another and in 
many places transport soil material from one horizon to 
another. Plants and animals also affect the gains and 
losses in organic matter, nitrogen, and other plant 
nutrients. Soil structure and porosity are also altered by 
plant and animal life. 

Climate 
Climate affects the physical, chemical, and biological 

relationship in the soil, mainly through the influence of 
precipitation and temperature. Water dissolves minerals, 
is necessary for biological activity, and transports 
minerals and organic residue through the soil profile. The 
amount of water that actually percolates through the soil 
is dependent mainly on the amount and duration of rain
fall, relative humidity, evapotranspiration, length of the 
frost-free period, and soil characteristics. Temperature in
fluences the kind and growth of organisms and the speed 
of physical and chemical reaction in the soils. 

The climate of New Hanover County is warm and 
humid. Precipitation is well distributed. The relatively 
mild temperatures and the abundant moisture cause rapid 
decomposition of organic matter and speed up chemical 
reactions in the soil. The high rainfall leaches out large 
amounts of soluble bases, and less soluble, fine materials 
are moved deeper in the soil. 

Variations of climate in the county are small and 
probably are not the cause of local differences in the soils. 

Parent Material 
Parent material is the unconsolidated rock from which 

a soil is formed. It is the soil forming factor that is 
mainly responsible for the chemical and mineralogical 
composition of the soil. It is the most important factor 
that has caused differences among the soils of New 
Hanover County. Some of the differences, such as tex
ture, color, or depth, are easily determined in the field. 

• 
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·Minor rlifferences in mineralogical composition are deter
mined by laboratory analysis. 

The parent materials of the soils of New Hanover 
County are of two basic kinds. The first is unconsolidated 
rock material, sand, silt, and clay that make up the marine 
and fluvial sediments of the Coastal P.Jain province. The 
second basic kind is the aeolian sand deposits. 

Many of the differences among the soils of the county 
reflect the varying geologic materials are: · 

1. Soils that formed in sediment that has a high per
centage of sand are Kureb, Lakeland, Newhan, Kenan
sville, Leon, Lynn Haven, Murville, Stallings, Rimini, Tor
hunta, Wakulla, and Baymeade soils. 

2. Soils that formed in loamy sediment are 
Wrightsboro, Norfolk, Lynchburg, Onslow, and Pantego 
soils. 

3. Soils that formed in clayey sediment are Bayboro 
and Craven soils. 

4. Soils that formed in sediment of mixed textures are 
Johnston soils and Tidal Marsh. 

5. Soils that formed on continuously wet flood plains 
and have high organic-matter content are Dorovan and 
Pamlico soils. 

Relief 

Relief has been an important factor in soil formation in 
this county. It strongly influences drainage, aeration, ru
noff, erosion, and exposure to sun and wind. Relief large
ly governs natural drainage. Soils of New Hanover Coun
ty range from level to gently sloping. The upland soils in 
higher areas, such as Norfolk, Kensansville, Lakeland, 
Baymeade, Kureb, and Wakulla soils, are well drained or 
excessively drained and are relatively low in content of 
organic matter. Soils in depressions where water stands 
for a significant length of time, such as Bayboro, Pantego, 
Johnston, and Torhunta soils, are very poorly drained and 
have a dark-colored or black surface horizon. In marshy 
areas, which are almost constantly covered by water, soils 
that have a large accumulation of organic matter, such as 
Dorovan and Pamlico soils, may develop. 

Time 

The length of the time required for a soil to develop 
depends on the other factors of soil formation. Less time 
is required in a-warm, humid region where vegetation is 
dense than in a cold, dry region where vegetation is 
sparse. In the same environment, less time is required 
for a soil to develop from coarse-textured material. 

The age of soils varies considerably. Old. soils generally 
have better defined horizons than young soils. In New 
Hanover County, older soils on the smoother uplands 
have well defined horizons. In contrast, the young alluvial 
soils and those in dune areas have not been in place long 
enough to develop well defined horizons. 
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Glossary 
Association, soil. A group of soils geographically associated in a charac

teristic repeating pattern and defined and delineated as a single 
mapping unit. 

Available water capacity (available moisture capacity). The capacity 
of soils to hold water available for use by most plants. It is com
monly defined as the difference between the amount of soil water 
at field moisture capacity and the amount at wilting point. It is 
commonly expressed as inches of water per inch of soil. The capaci
ty, in inches, in a 60-inch profile or to a limiting layer is expressed 
as-

Inches 
Very low .................................................................... 0 to 3 
Low ............................................................................ 3 to 6 
Moderate .................................................................... 6 to 9 
High ................................................................ More than 9 

Base saturation. The degree to which material having base exchange 
properties is saturated with exchangeable bases (sum of Ca, Mg, 
Na, K), expressed as a percentage of the exchange capacity. 

Calcareous soil. A soil containing enough calcium carbonate (commonly 
with magnesium carbonate) to effervesce (fizz) visibly when treated 
with cold, dilute hydrochloric acid. A soil having measurable 
amounts of calcium carbonate or magnesium carbonate. 

Clay. As a soil separate, the mineral soil particles less than 0.002 mil
limeter in diameter. As a soil textural class, soil material that is 40 
percent or more clay, less than 45 percent sand, and less than 40 
percent silt. 

Clay film. A thin coating of oriented clay on the surface of a soil ag
gregate or lining pores or root channels. Synonyms: clay coat, clay 
skin. 

Concretions. Grains, pellets, or nodules of various sizes, shapes, and 
colors consisting of concentrated compounds or cemented soil 
grains. The composition of most concretions is unlike that of the 
surrounding soil. Calcium carbonate ancl iron oxide are common 
compounds in concretions. 

Consistence, soil. The feel of the soil and the ease with which a lump 
can be crushed by the fingers. Terms commonly used to describe 
consistence are-
Loose.-Noncoherent when dry or moist; does not hold together in a 
mass. 
Friable.-When moist, crushes easily under gentle pressure 
between thumb and forefinger and can be pressed together into a 
lump. 
Finn.-When moist, crushes under moderate pressure between 
thumb and forefinger, but resistance is distinctly noticeable. 
Plaslic.-When wet, readily deformed by moderate pressure but 
can be pressed into a lump; will form a "wire" when rolled between 
thumb and forefinger. 
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Sticky.-When wet, adheres to other material ancl tends to ><tretch 
><omewhat and pull apart r.lther than to pull free from other materi
al. 
/lard.-When dry, moderately resistant to pressure; can be broken 
with clifficuty between thumb and forefinger. 
Sofl.-When dry, breaks into powder or individual grains under 
very slight pressure. 
Ceme11ted.-Hard; little affected by moistening. 

Corrosive. High risk of corrosion to uncoated steel or deterioration of 
concrete. 

Cutbanks cave. Unstable walls of cuts made by earthmoving equipment. 
The soil sloughs easily. 

Drainage class (natural). Refers to the frequency and duration of 
periods of saturation or partial saturation during soil fonnation, as 
opposed to altered drainage, which is commonly the result of artifi
cial drainage or irrigation but may be caused by the sudden deepen
ing of channels or the blocking of drainage outlets. Seven classes of 
natural soil drainage are recognized: 
E:rces.,ively drai11ed.-Water is removed from the soil very rapidly. 
Excessively drained soils are commonly very coarse textured, rocky, 
or shallow. Some are steep. All are free of the mottling related to 
wetness. 
Somewhat excessively drained.-Water is removed from the soil 
rapidly. Many somewhat excessively drained soils are sandy and 
rapidly pervious. Some are shallow. Some are so steep that much of 
the water they receive is lost as runoff. All are free of the mottling 
related to wetness. 
Well drain£d.-Water is removed from the soil readily, but not 
rapidly. It is available to plants throughout most of the growing 
season, and wetness does not inhibit growth of roots for significant 
periods during most growing seasons. Well drained soils are com
monly medium textured. They are mainly free of mottling. 
Moderately well drained.-Water is removed from the soil 
somewhat slowly during some periods. Moderately well drained soils 
are wet for only a short time during the growing season, but 
periodically for long enough that most mesophytic crops are af
fected. They commonly have a slowly pervious layer within or 
directly below the solum, or periodically receive high rainfall, or 
both. 
Somewhat poorly drained.-Water is removed slowly enough that 
the soil is wet for significant periods during the growing season. 
Wetness markedly restricts the growth of mesophytic crops unless 
artificial drainage is provided. Somewhat poorly drained soils com
monly have a slowly pervious layer, a high water table, additional 
water from seepage, nearly continuous rainfall, or a combination of 
these. 
Poorly drained.-Water is removed so slowly that the soil is satu
rated periodically during the growing season or remains wet for 
long periods. Free water is commonly at or near the surface for 
long enough during the growing season that most mesophytic crops 
cannot be grown unless the soil is artificially drained. The soil is not 
continuously saturated in layers directly below plow depth. Poor 
drainage results from a high water table, a slowly pervious layer 
within the profile, seepage, nearly continuous rainfall, or a combina
tion of these. 
Very poorly drai1zed.-Water is removed from the soil so slowly 
that free water remains at or on the surface during most of the 
growing season. Unless the soil is artificially drained, most 
mesophytic crops cannot be grown. Very poorly drained soils are 
commonly level or depressed and are frequently ponded. Yet, where 
rainfall is high and nearly continuous, they can have moderate or 
high slope gradients, as for example in "hillpeats" and "climatic 
moors." 

Eolian soil material. Earthy parent material accumulated through wind 
action; commonly refers to sandy material in dunes or to loess in 
blankets on the surface. 

Erosion. The wearing away of the land surface by running water, wind, 
ice, or other geologic agents and by such processes as gravitational 
creep. 
Erosion (geologic). Erosion caused by geologic processes acting over 
long geologic periods and resulting in the wearing away of moun-

tains and the building up of such land><eape features a.~ floocl plains 
and coastal plains. Synonym: natural erosion. 
Em.,icm (accelerated). Erosion much more rapid than geologic ero
sion, mainly as a result of the activities of man or other animals or 
of a catastrophe in nature, for example, fire, that exposes a bare 
surface. 

Excess fines. Excess silt and clay. The soil does not provide a source of 
gravel or sand for construction purposes. 

Fast intake. The r.tpid movement of water into the soil. 
Fertility, soil. The quality that enables a soil to provide plant nutrients, 

in adequate amounts and in proper balance, for the growth of 
specified plants when light, moisture, temperature, tilth, and other 
growth factors are favorable. . 

Flooding. The temporary covering of soil \\ith water from overflowing 
streams, runoff from adjacent slopes, and tides. Frequency, dura
tion, and probable dates of occurrence are estimated. Frequency is 
expressed as none, rare, occasional, and frequent. No11e means that 
flooding is not probaable; rare that it is unlikely but possible under 
unusual weather conditions; occa.,iollal that it occurs on an average 
of once or less in 2 years; and frequent that it occurs on an average 
of more than once in 2 years. Duration is expressed as very brief if 
less than 2 days, brief if 2 to 7 days, and long if more than 7 days. 
Probable dates are expressed in months; Not•ember-May, for exam
ple, means that flooding can occur during the period November 
through May. Water standing for short periods after rainfall or 
commonly covering swamps and marshes is not considered flooding. 

Genesis, soil. The mode of origin of the soil. Refers especially to the 
processes or soil-forming factors responsible for the formation of 
the solum, or true soil, from the unconsolidated parent material. 

Gleyed soil. A soil having one or more neutral gray horizons as a result 
of waterlogging and lack of oxygen. The term "gleyed" also 
designates gray horizons and horizons having yellow and gray mot
tles as a result of intermittent waterlogging. 

Hardpan. A hardened or cemented soil horizon, or layer. The soil 
material is sandy, loamy, or clayey and is cemented by iron oxide, 
silica, calcium carbonate, or other substance. 

Horizon, soil. A layer of soil, approximately parallel to the surface, hav
ing distinct characteristics produced by soil-forming processes. The 
major horizons of mineral soil are as follows: 
0 horizon.-An organic layer, fresh and decaying plant residue, at 
the surface of a mineral soil. 
A horizon.-The mineral horizon, formed or forming at or near the 
surface, in which an accumulation of humified organic matter is 
mixed with the mineral material. Also, a plowed surface horizon 
most of which was originally part of a B horizon. 
A2 horizon.-A mineral horizon, mainly a residual concentration of 
sand and silt high in content of resistant minerals as a result of the 
loss of silicate clay, iron, aluminum, or a combination of these. 
B horizon.-The mineral horizon below an A horizon. The B horizon 
is in part a layer of change from the overlying A to the underlying 
C horizon. The B horizon also has distinctive characteristics caused 
(1) by accumulation of clay, sesquioxides, humus, or a combination 
of these; (2) by prismatic or blocky structure; (3) by redder or 
browner colors than those in the A horizon; or (4) by a combination 
of these. The combined A and B horizons are generally called the 
solum, or true soil. If a soil lacks a B horizon, the A horizon alone is 
the solum. 
C horizon.-The mineral horizon or layer, excluding indurated 
bedrock, that is little affected by soil-forming processes and does 
not have the properties typical of the A or B horizon. The material 
of a C horizon may be either like or unlike that from which the 
solum is presumed to have formed. If the material is known to 
differ from that in the solum the Roman numeral II precedes the 
letter C. 
R 1ayer.-Consolidated rock beneath the soil. The rock commonly 
underlies a C horizon, but can be directly below an A or a B 
horizon. 

Humus. The well decomposed, more or less stable part of the organic 
matter in mineral soils. 

Liquid limit. The moisture content at which the soil passes from a 
plastic to a liquid state. 

Low strength. Inadequate strength for supporting loads. 

• 
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Miscellaneous areas. Areas that have little or no natural Mil, are too 
nearly inaccessible for orderly examination, or cannot otherwise be 
feasibly classified. 

Morphology, soil. The physical makeup of the soil, including the tex
ture, structure, porosity, consistence, color, and other physical, 
mineral, and biological properties of the various horizons, and the 
thickness and arrangement of those horizons in the soil profile. 

Mottling, soil. Irregular spots of different colors that vary in number 
and size. Mottling generally indicates poor aeration and impeded 
drainage. Descriptive terms are as follows: abundance-felt', com
,nou, and mauy; size-fitte, ntediunt, and coarse; and con
trast-jailll, disli11ct, and promi11e11t. The size measurements are of 
the diameter along the greatest dimension. Fiue indicates less than 
5 millimeters (about 0.2 inch); medium, from 5 to 15 millimeters 
(about 0.2 to 0.6 inch); and coarse, more than 15 millimeters (about 
0.6 inch). 

Ped. An individual natural soil aggregate, such as a granule, a prism, or 
a block. 

Peres slowly. The slow movement of water through the soil adversely 
affecting the specified use. 

Piping. Formation by moving water of subsurface tunnels or pipelike 
cavities. 

Permeability. The quality that enables the soil to transmit water or air, 
measured as the number of inches per hour that water moves 
through the soil. Terms describing permeability are t•ery slow (less 
than 0.06 inch), slow (0.06 to 0.20 inch), moderately slow (0.2 to 0.6 
inch), moderate (0.6 to 2.0 inches), moderately rapid (2.0 to 6.0 
inches), rapid (6.0 to 20 inches), and t•ery rapid (more than 20 
inches). 

Plastic limit. The moisture content at which a soil changes from a 
semisolid to a plastic state. 

Profile, soil. A vertical section of the soil extending through all its 

• 

horizons and into the parent material. 
Reaction, soil. The degree of acidity or alkalinity of a soil, expressed in 

pH values. A soil that tests to pH 7.0 is described as precisely 
neutral in reaction because it is neither acid nor alkaline. The 
degree of acidity or alkalinity is expressed as-

• 

pH 
Extremely acid .................................................. Below 4.5 
Very strongly acid .............................................. 4.5 to 5.0 
Strongly acid ........................................................ 5.1 to 5.5 
Medium acid ........................................................ 5.6 to 6.0 
Slightly acid ........................................................ 6.1 to 6.5 
N eutraL. ............................................................... 6.6 to 7.3 
Mildly alkaline .................................................... 7.4 to 7.8 
Moderately alkaline ............................................ 7.9 to 8.4 
Strongly alkaline ................................................ 8.5 to 9.0 
Very strongly alkaline ............... 9.1 and higher 

Regolith. The unconsolidated mantle of weathered rock and soil materi
al on the earth's surface; the loose earth material above the solid 
rock. Soil scientists regard as soil only the part of the regolith that 
is modified by organisms and other soil-building forces. Most en
gineers describe the whole regolith, even to a great depth, as "soil." 

Relief. The elevations or inequalities of a land surface, considered col
lectively. 

Saline soil. A soil containing soluble salts in an amount that impairs 
growth of plants. A saline soil does not contain excess exchangeable 
sodium. 

Sand. As a soil separate, individual rock or mineral fragments from 0.05 
millimeter to 2.0 millimeters in diameter. Most sand grains consist 
of quartz. As a soil textural class, a soil that is 85 percent or more 
sand and not more than 10 percent clay. 

Seepage. The rapid movement of water through the soil. Seepage adver
sely affects the specified use. 

Sequum. A sequence consisting of an illuvial horizon and the overlying 
eluvial horizon. 

Series, soil. A group of soils, formed from a particular type of parent 
material, having horizons that, except for the texture of the A or 
surface horizon, are similar in all profile characteristics and in ar
rangement in the soil profile. Among these characteristics are color, 

tl~xture, structure, reaction, consistence, and mineralogical and 
chemical tnmposition. 

Shrink-swell. The shrinking of soil when dry and the swelling when 
wet. Shrinking and swelling can damage roads, 1lams, building foun
dations, and other structures. It can also damage plant roots. 

Silica. A combination of silicon and oxygen. The mineral form is called 
quartz. 

Site index. A de~ignation of the quality of a forest site based on the 
height of the dominant stand at an arbitrarily chosen age. For ex
ample, if the average height attained by dominant and codominant 
trees in a fully stocked stand at the age of 50 years is 75 feet, the 
site index is 75 feet. 

Slow refill. The slow filling of ponds, resulting from restricted permea
bility in the soil. 

Soil. A natural, three-dimensional body at the earth's surface that is 
capable of supporting plants and has properties resulting from the 
integrated effect of climate and living matter acting on earthy 
parent material, as conditioned by relief over periods of time. 

Soil separates. Mineral particles less than 2 millimeters in equivalent 
diameter and ranging between specified size limits. The names and 
sizes of separates recognized in the United States are as follows: 
t•ery coarse sand (2.0 millimeters to 1.0 millimeter); coarse Band (1.0 
to 0.5 millimeter); medium sand (0.5 to 0.25 millimeter); fine sand 
(0.25 to 0.10 millimeter); t•ery fine sand (0.10 to 0.05 millimeter); sill 
(0.005 to 0.002 millimeter); and clay (less than 0.002 millimeter). 

Structure, soil. The arrangement of primary soil particles into com
pound particles or aggregates that are separated from adjoining ag
gregates. The principal forms of soil structure are-platy 
(laminated), prismatic (vertical axis of aggregates longer than 
horizontal), col11mnar (prisms with rounded tops), blocky (angular 
or subangular), and granular. Str11clureless soils are either siugle 
grai11ed (each grain by itself, as in dune sand) or massive (the parti
cles adhering without any regular cleavage, as in many hardpans). 

Subsoil. Technically, the B horizon; roughly, the part of the solum below 
plow depth. 

Surface soil. The soil ordinarily moved in tillage, or its equivalent in un
cultivated soil, ranging in depth from 4 to 10 inches (10 to 25 cen
timeters). Frequently designated as the "plow layer," or the "Ap 
horizon." 

Terrace. An embankment, or ridge, constructed across sloping soils on 
the contour or at a slight angle to the contour. The terrace inter
cepts surface runoff so that it can soak into the soil or flow slowly 
to a prepared outlet without harm. A terrace in a field is generally· 
built so that the field can be farmed. A terrace intended mainly for 
drainage has a deep channel that is maintained in permanent sod. 

Terrace (geologic). An old alluvial plain, ordinarily flat or undulating, 
bordering a river, a lake, or the sea. A stream terrace is frequently 
called a second bottom, in contrast with a flood plain, and is seldom 
subject to overflow. A marine terrace, generally wide, was 
deposited by the sea. 

Texture, soil. The relative proportions of sand, silt, and clay particles in 
a mass of soil. The basic textural classes, in order of increasing pro
portion of fine particles, are sa11d, loamy sand, sandy loam, loam, 
silt, sill loam, sandy clay loam, clay loam, silty clay loam, sandy 
clay, silty clay, and clay. The sand, loamy sand, and sandy loam 
classes may be further divided by specifying "coarse," "fine," or " 
very fine." 

Thin layer. Otherwise suitable soil material too thin for the specified 
use. 

Tilth, soil. The condition of the soil, especially the soil structure, a.~ re
lated to the growth of plants. Good tilth refers to the friable state 
and is associated with high noncapillary porosity and stable struc
ture. A soil in poor tilth is nonfriable, hard, nonaggregated, and dif
ficult to tilL 

Topsoil (engineering). Presumably a fertile soil or soil material, or one 
that responds to fertilization, ordinarily rich in organic matter, used 
to topdress roadbanks, lawns, and gardens. 

Water table. The upper limit of the soil or underlying rock material that 
is wholly saturated with water. 
Water table, apparent. A thick zone of free water in the soil. An ap
parent water table is indicated by the level at which water stands 
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fn an uncased borehole after adequate time is allowed for adju5t
ment in the surrounding ~oil. 
Water tabk, arle.•ia 11. A water table under hydrostatic head, 
generally beneath an impermeable layer. When this layer is 

penetrated, the water level rises in an uncased borehole. 
Water table, perched. A water table standing above an unsaturated 
zone. In places an upper, or perched, water table is separated from 
a lower one by a dry zone. 

• 

• 

• 
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TABLE 1.--TEHPERATURE AND PRECIPITATION DATA 

Temperature1 Precipitation1 

: 2 years in f 

Month Average Average 
daily daily 

maximum minimum 

I 10 will have-- Average I 
Averagei ____ _u~~4-~~~--- number ofiAverage 

2 years in 10 
will have--

' I 

f. f. 

January---- 55.9 

February--- 58.3 

March------ 611.3 

April------ 73.7 

Hay--------

June-------

July-------

August-----

September--

80.8 

86.2 

89.0 

88.3 

83.7 

October---- 75.5 

November--- 66.5 

December--- 59.1 

Year----- 73.4 

35.3 

37.1 

43.0 

51.6 

60.1 

67.2 

71.2 

70.5 

65.2 

511.6 

43.7 

37.4 

53. 1 

daily I Maximum Minimum growing I 

f. 

45.6 

47.7 

53.7 

62.7 

70.5 

76.7 

80.1 

79.4 

74.5 

65.0 

55. 1 

48.3 

!temperature temperature degree I 
I higher lower days2 I 
' than-- than-- ' 

f. f. 

77 

79 

84 

91 

95 

99 

98 

98 

94 

89 

82 

78 

99 

17 

19 

26 

34 

43 

53 

61 

60 

50 

33 

25 

18 

15 

57. 

69 

180 

381 

636 

801 

933 

911 

735 

465 

162 

115 

5,445 

1Recorded in the period 1952-74 at Wilmington, N.C. 

Less I More 
than--ithan--

' I 
I 

.!n .!n 

3.41 1:94 4.61 

3.66 2.40 4.80 

4.09 2.25 5.58 

3.07 1.36 4.46 

4.09 2.27 1 5.57 

5.63 2.84 7.89 

7.72 4.47 10.36 

6.80 4.10 9.21 

5.55 2.66 7.90 

3.16 1.07 4.84 

3 • 19 I 1. 28 4 • 73 
I 

3.17 I 1.59 4.44 
I 
I 

I 
53.54 147.28 59.60 

I 

Average 
number of Average 
days with snowfall 
0.10 inch 
or more 

7 

7 

8 

5 

6 

8 

10 

9 

6 

5 

5 

6 

82 

.II 

1.0 

.3 

.o 

.o 

.o 

.o 

.o 

.o 

.o 

.o 

.4 

2.1 

2A growing degree day is an index of the amount of heat available for plant growth. It can be calculated 
by adding the maximum and minimum daily temperatures, dividing the sum by 2, and subtracting the temperature 
below which growth is minimal for the principal crops in the area (50 degrees F). 

• 

• 
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NEW HANOVER, NORTH CAROUNA 

TABLE 2.--FREEZE DATES IN SPRING AND FALL 

I 
I 

Minimum temperature1 I 
I 
I 
I 

.j Probability I 24 F 28 F I 32 F I I I 

lor lower lor lower 'or lower 
I 
I 

Last freezing I 
I 

temperature I 
I 

in spring: I 
I 
I 

1 year in 10 
later than-- Mar. 11 Mar. 26 Apr. 2 

2 years in 10 
later than-- Mar. Mar. 17 Mar. 28 

5 years in 10 
later than-- Feb. 10 Feb. 27 Mar. 19 

First freezing 
temperature 
in fall: 

1 year in 10 
earlier than-- Nov. 20 Nov. 9 Oct. 31 

2 years in 10 
earlier than-- Nov. 29 Nov. 15 Nov. 4 

5 years in 10 
earlier than-- Dec. 16 Nov. 26 Nov. 13 

1Recorded in the period 1952-74 at 
Wilmington, N.C. 

TABLE 3.--GROWING SEASON LENGTH 

Daily minimum temperature 
during growing season1 

Probability Higher Higher Higher 
than than than 
24 F 28 F 32 F 
Days Days Days 

9 years in 10 ' 271 237 220 

8 years in 10 283 249 226 

5 years in 10 307 271 238 

2 years in 10 332 292 250 

year in 10 349 304 256 

1Recorded in the period 1952-74 at Wilmington, 
N.C • 

39 
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Ba 
De 
Bh 
Bp 
Cr 
DO 
JO 
Ke 
Kr 
Ku 
La 
Le 
Lo 
Ls 
Ly 
Mp 
MU 
Nh 
No 
On 
Pm 
Pn 
Ra 
Rm 
Se 
Sh 
St 
TM 
To 
Ur 
Wa 
Wo 
Wr 

Map 
symbol 

SOIL SURVEY 

TABLE 4.--ACREAGE AND PROPORTIONATE EXTENT OF THE SOILS 

Soil name 
I 
I 

Bayboro loam------------------~--------------------------------------1 
Baymeade fine sand, 1 to 6 percent slopes----------------------------1 
Baymeade-Urban land complex, 1 to 6 percent slopes-------------------1 
Borrow pits----------------------------------------------------------1 
Craven fine sandy loam, 1 to II percent slopes------------------------1 
Dorovan soils--------------------------------------------------------1 
Johnston soils-------------------------------------------------------1 
Kenansville fine sand, 0 to 3 percent slopes-------------------------1 
Kureb sand, 1 to 8 percent slopes------------------------------------1 
Kureb-Urban land complex, 1 to 8 percent slopes----------------------1 
Lakeland sand, 1 to 8 percent slopes---------------------------------1 
Leon sand------------------------------------------------------------1 
Leon-Urban land complex----------------------------------------------1 
Lynchburg fine sandy loam--------------------------------------------1 
Lynn Haven fine sand-------------------------------------------------1 
Mine Pits------------------------------------------------------------1 
Murville fine sand---------------------------------------------------1 
Newhan fine sand-----------------------------------------------------1 
Norfolk fine sandy loam, 0 to II percent slopes-----------------------1 
Onslow loamy fine sand-----------------------------------------------1 
Pamlico rnuck---------------------------------------------------------1 
Pantego loam---------------------------------------------------------1 
Rains fine sandy loam------------------------------------------------1 
Rimini sand, 1 to 6 percent slopes-----------------------------------1 
Seagate fine sand----------------------------------------------------1 
Seagate-Urban land complex-------------------------------------------1 
Stallings fine sand--------------------------------------------------1 
Tidal Harsh----------------------------------------------------------1 
Torhunta loamy fine sand---------------------------------------------1 
Urban land-----------------------------------------------------------1 
Wakulla sand, 1 to 8 percent slopes----------------------------------1 
Woodington fine sandy loam-------------------------------------------1 
Wrightsboro fine sandy loam, 0 to 2 percent slopes-------------------1 

I 
I 

Total--------------------------------------------------------------1 

Acres 

330 
6,405 
2,176 

110 
8,804 
8,766 
4,426 
3,875 
8,337 

889 
2,595 
7,953 
1,084 

810 
4,767 
1,323 

14,351 
3,961 

841 
2,171 

958 
2,182 

682 
1,936 
7,172 

1195 
1,896 
8,3011 
2,1160 
3,936 
2,029 

682 
1,950 

118.656 

• 
Percent 

0.3 
5.4 
1.8 

• 1 
7.4 
7.4 
3.7 
3.3 
7.1 

.8 
2.2 
6.7 

.9 

.7 
4.0 
1.1 

12.1 
3.3 

.7 
1.8 

.8 
1.8 
.6 

1.6 
6.0 

.II 
1.6 

• 7.1 
2.1 
3·3 
1.7 

.6 
1.6 

100.0 

• 



• NEW HANOVER, NORTH CAROUNA 

TABLE 5.--YIELDS PER ACRE OF CROPS 

[All yields were estimated for a high level of management in 1974. Absence of a yield figure indicates the 
crop is seldom grown or is not suited] 

Soil name and 
map symbol 

I 
I 

Bayboro: I 
Ba-----------------------1 

I 
I 

Baymeade: I 
Be, lBh------------------ 1 

Borrow pits: 
Bp. 

Craven: 
Cr-----------------------

Dorovan: 
1oo----------------------

Johnston: 
1JO----------------------~ 

Kenansville: 
I 
I 
I 
I 

Ke-----------------------1 

Kureb: 
I 
I 
I 
I 

Kr-----------------------1 

~1Ku----------------------! 
-akeland: I 

La-----------------------1 

Leon: 
Le 1 1Lo. 

I 
I 
I 
I 
I 
I 
I 
I 

Lynchburg: I 
Ls-----------------------1 

I 
I 

Lynn Haven: I 
Ly-----------------------1 

Mine pits: 
Hp. 

Murville: 

I 
I 
I 
I 
I 
I 

I 
I 
I 

Hu-----------------------1 
I 
I 

Newhan: I 
Nh-----------------------1 

Norfolk: 
I 
I 
I 
I 

No-----------------------1 
I 
I 

Onslow: I 
On-----------------------1 

Pamlico: 
I 
I 
I 
I 

Pm-----------------------1 
I 
I 

Pantego: I 
Pn-----------------------: 

I 
Rains: : 
Ra-----------------------: 

Rimini: 
I 
I 
I 
I 

Rm-----------------------: 

~ See footnotes at end of table. 

Corn' Soybeans Tobacco Peanuts 

60 21100 

105 40 2,500 2,800 

70 2,000 2,400 

55 20 1,700 2,000 

115 45 2,800 

70 

100 35 2,900 3,700 

115 40 2,700 3,000 

41 
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TABLE 5.--YIELDS PER ACRE OF CROPS--Continued 

Soil name and 
map symbol 

Seagate: 
Se-----------------------

lsh----------------------
Stallings: 
St-----------------------

Tidal marsh: 
TM. 

Urban land: 
Ur. 

Corn Soybeans 

75 30 

100 35 

45 20 

125 45 

Tobacco 

!& 

1,800 

2,500 

1,700 

Peanuts 

!& 

2,400 

3,000 

1This mapping unit is made up of two or more dominant kinds of soil. See mapping unit description for the 
composition and behavior of the whole mapping unit. 

• 

• 

• 



• TABLE 6.--WOOOLANO HA~NT ANO PROOUCTIVITY 

[Only the soils suitable for production of commercial trees are listed in this table. Absence of an entry in a column 
means the information was not available] 

I 
Soil name and ' ' ' map symbol lSymbollErosion 

' I 

' 
' ' Bayboro: l 

Ba----------------1 
: 
' ' ' ' ' I 

: 
: 

Baymeade: l 
Be, 1Bh-----------' 

Craven: 
Cr----------------

Dorovan: 
1oo---------------, 

I 
I 

' Johnston: I 
1J0---------------1 

I 
I 
I 

Kenansville: I 
Ke-----------------1 

I 
I 

Kureb: I 
Kr----------------1 

I 
I 
I 

1Ku: I 
Kureb part-------1 

I 
I 
I 

Urban land part. I 
I 

Lakeland: I 
La----------------1 

I 
I 
' ' Leon: I 

Le----------------1 
I 
I 
: 

See footnotes at 

2w 

3s 

3w 

4w 

1w 

3s 

5s 

5s 

3s 

4w 

end 

I hazard 
' 
' ' I 
I Slight 
I 
I 
' ' ' I 

I 
I 
I 
I Slight 
I 
I 
' I 
I 
I Slight 
I 
I 
I 
I 
I Slight 
I 
I 
' ! Slight 
I 

' I 
I 
I 
I Slight 
I 
I 
' I 
I Slight 
I 
I 
I 
I 
I Slight 
I 
I 
I 
I 

I 
I 
I Slight 
I 
I 
I 
I 

I 
I Slight 
I 
I 
I 

or table. 

' 
Management concerns 

Equip- l Seedling I Wind- Plant 
ment I mortal- throw competi-

limita-l ity hazard tion 
tion ' 

Severe Severe 

Moderate Moderate,-------- -------
' I 
I 
I 
I 

: 
Moderate Slight '-------- --------

Severe Severe -------- --------

Severe Severe -------- --------

I 

I 
Moderate Moderate'--------

Severe Severe -------- --------

I Severe 
I 

Severe -------- --------

I 
' ' I 
I 
I 
I Moderate 
I 
I 
I 
I 
I Moderate 
I 
I 
I 

Moderate 1 Slight Slight 
I 
I 
I 
I 

' I 
Moderate!-------- --------

1 
I 
I 

Potential 11roducti vit:z: ' ' ' ' ' ' Important trees I Site ' Trees to plant ' l index' 

: 
I 
I 

Loblolly pine-------1 
Sweetgum------------1 
Slash pine----------1 
Yellow-poplar-------1 
Southern red oak----1 
White oak-----------.1 

I 
I 

Loblolly pine-------1 
Slash pine----------1 
Longleaf pine-------1 

I 
I 
I 

Loblolly pine-------1 
Longleaf pine-------1 
Water·oak-----------1 

I 
I 

I 
Blackgum------------1 
Sweetbay------------1 

I 
I 

Loblolly pine-------1 
Sweetgum------------1 
Water oak-----------1 

' ' I 
Loblolly pine-------1 
Longleaf pine-------1 

I 
I 

I 
Longleaf pine-------1 
Slash pine----------1 
Sand pine-----------1 

' I 
I 

Longleaf pine-------1 
Slesh pine----------1 
Sand pine-----------1 

·I 
I 
I 

I 
I 

Slash pine----------1 
Loblolly pine-------1 
Longleaf pine-------1 

I 
I 

Loblolly pine-------1 
Sla3h pine----------1 
Longleaf pine-------1 

I 

95 Slash pine, 
94 loblolly pine, 
95 sweetgum, 

water tupelo. 

80 ,Loblolly pine, 
80 I slash pin.e, 
65 I longleaf pine. 

I 
I 
I 

81 !Loblolly pine, 
67 I slash pine. 
8o I 

I 
I 

70 I (2) 

97 
111 
103 

I 
I 

I 
I 
1(2) 
I 
I. 
I 
I 

I 
I 

80 !Loblolly pine, 
65 I slash pine. 

I 
I 

50 !Longleaf pine, 
60 I slash pine. 

I 
I 
I 
I 
I 

50 !Longleaf pine, 
60 I slash pine. 

I 
I 
I 
I 
I 

80 !Slash pine, 
80 I loblolly pine. 
70 I 

I 
I 

I 
75 !Loblolly pine 
75 I slash pine. 
70 I 

I 

z 
t'l 
~ 
:I: 
> z 

~ 
.?' 
z 
0 

~ 
(') 
> :u 
0 c z 
> 

• 



TABLE 6.--WOODLAND MANAGEMENT AND PRODUCTIVITY--continued ~ 
~ 

Management concerns fotential 12roductivit:t 
Soil name and Equip- ISeedlingl Wind- ' Plant ' ' ' map symbol Symbol Erosion ment I mortal- ' throw lcompeti- Important trees I Site Trees to plant ' hazard limita-1 ity ' hazard ' tion I index ' ' tion ' ' ' ' 

' ' ' ' ' ' Leon: ' ' ' ' ' ' 1Lo: ' ' ' ., 
' ' Leon part-------- 4w Slight Moderate I Moderate ' Loblolly pine-------1 75 Loblolly pine, --------·--------' ' Slash pne-----------1 75 slash pine. ' ' ' ' Longleaf pine-------1 70 ' ' Urban land part. ' ' I 

' ' ' ' ' I 
I ' I 

Lynchburg: I ' I 

' I I 

Ls---------------- 2w Slight Moderate'Slight I Slash pine----------1 91 Slash pine, --------·--------I Loblolly pine-------1 66 loblolly pine, I 

I Longleaf pine-------1 74 American sycamore, 
I Yellow-poplar-------1 92 sweetgum. I 
I Sweetgum------------1 90 I 
I Southern red oak----1 I 
I White oak-----------1 I 

' Blackgum------------1 ' I I I 
I I ' Lynn Haven: ' I ' I I I 

Ly----------------, 3W ,Slight 'Moderate,Moderate Slight I Moderate Slash pine----------1 60 Slash pine, 
' I I I Loblolly pine-------1 60 loblolly pine. I I I I 

' I I I Longleaf pine-------1 70 I I I 

' I ' I Pond pine-----------1 70 Ul ' ' I 

I I ' ' I 0 
' I I r Murville: ' I I I I I I 

Mu----------------1 2w I Slight Severe I Severe ' Loblolly pine-------1 90 Loblolly pine, Ul --------·-------- c ' ' ' I Slash pine----------1 90 slash pine. I I ' ' :>1 
I I I I I < ' I ' I t'l Norfolk: I I I I I 
I ' I I I -< 

No----------------1 2o 'Slight ,Slight I Slight I Loblolly pine-----:--1 66 Slash pine, --------·--------I I I I Longleaf pine-------1 66 loblolly pine. I I I I 
I I I I Slash pine----------1 66 I I I 

' I I I I I I 

Onslow: I I I I I 
I I I I 

On----------------1 2w Slight I Slight I Slight --------1-------- Loblolly pine-------1 76 Slash pine, 
' I I ' Slash pine-.:.--------1 60 loblolly pine. I I 
I I I I Longleaf pine-------1 67 I I I I 
I I I I I I ·' Pamlico: I I I ' I 
I I I I I 

Pm---------------- ' 4w Slight I Severe I Severe I Slash pine----------1 70 Slash pine, --------·--------' I I Pond pine-----------1 55 loblolly pine, ' I I 
I I I Baldcypress---------1 water tupelo. I ' I 
I I I Water tupelo--------l I I I 

I I I I 
I I I 

Pantego: I I I I 
I ' I I 

Pn---------------- lw ,Slight I Severe I Severe ' Loblolly pine-------1 96 Loblolly pine, --------·--------I ' I I Slash pine----------1. 95 slash pine, I I I I 
I I I I Pond pine-----------1 73 sweetgum, ' I I I 
I ' I I Baldcypress---------1 American sycamore, I ' I I 

I I I ' Water tupelo--------1 water tupelo. I ' I 
I I I I Water oak-----------1 I I I I 
I I I I I 
I I I I 

Rains: I I I ' ' I I I I I 

Ra---------------- 2w I Slight I Severe I Severe --------1-------- Loblolly pine-------1 94 Loblolly pine, 
I I I I Slash pine----------1 91 slash pine, I 

I I I I Sweengum------------1 90 sweet gum, I I I 
I I ' I ' American sycamore. I I I I I 

See footnotes at end of table. 

• • • 



• 
Soil name and 

map symbol 

I 
I 

Rimini: l 
Rm---------------- 1 

Seagate: 
Se----------------

lsh: l 
Seagate part-----' 

Urban land part. 

Stallings: 
St----------------

Torhunta: 
To----------------o I 

l 
l 
l 
l 

Wakulla: l 
Wa----------------1 

l 
I 
l 

Woodington: I 
Wo----------------1 

I 
I 
I 
I 
I 
I 

Wrightsboro: I 
Wr----------------1 

I 
: 
: 
I 

• TABLE G.--WOODLAND MANAGEMENT AND PRODUCTIVITY--Continued 

!------~~~~Ma~n~aug~e~m~e~n~t~co~n~c~e~r~n~s~~~~~-+l __ cPo~t~eunut~i~a~l-£p~ro~d~u~c~t~i~v~i~ty~ 
, Equip- ISeedlingJ Wind- I Plant i I 

SymboliErosion ment !mortal- I throw lcompeti-1 Important trees ISite Trees to plant 
!hazard limita-1 ity I hazard I tion I lindex 
I tfon f I I I 1 

l 
l 

5s !Slight 
l 
l 
: 
I 
I 

3W !Slight 
: 
I 
I 
I 
I 

l 
3W I Slight 

: 
l 
I 
I 

l 
: 
: 

2w !Slight 
I 
l 
I 
l 
: 
I 
I 

I 
2w !Slight 

: 
I 
: 
l 
: 
: 

3s l Slight 
l 
I 
l 
l 

2w !Slight 
l 
I 
I 
I 
I 
I 
: 

2w ISlight 
: 
I 
: 

l l I 
I I I 
!Severe !Severe 1--------1--------ILoblolly pine-------1 
1 I !Slash pine----------1 
l l !Longleaf pine-------1 
I I I I 
: : , , 1 r 
lModeratelModeratel--------1--------lSlash pine----------1 
I l l l !Loblolly pine-------1 
I I I l !Longleaf pine-------1 
I I I I I I 
I I I I I I 
I I I I I I 
I I I I. I I 

lModeratelModeratel--------1--------lSlash pine----------1 
I I I l !Loblolly pine-------1 
l I I l !Longleaf pine-------1 
I I I I I I 
I I I l l l 
I I I I I I 
I I I I I I 

I I J I I I 
lModeratelSlight 1--------1--------lLoblolly pine-------1 
I I I I ISlash pine--------~-1 
I I l l !Longleaf pine-------1 
I I I I ISweetgum------------1 
I I I I IYellow-poplar-------1 
I I I t IWater oak-----------1 
I I I I I I 
I I I I I I 

I I I I I I 
'Severe !Severe 1--------1--------ILoblolly pine-------1 

I I I !Slash pine----------1 
I I I ISweetgum------------1 
1 1 I !Water tupelo--------1 
I I I I I 
I I I I I 
I I I I I 
I I I I I 

I I I I I 
ModerateiModeratel--------1--------lLoblolly pine-------1 

I I I lSlash pine----------1 
I I I !Longleaf pine-------1 
I I I I I 
I I I I I 
I I I I I 

,Severe !Severe l--------1--------ISlash pine----------1 
I l l I !Loblolly pine-------1 
I I I l ISweetgum------------1 
I l I I !White oak-----------1 
I I I I !Southern red oak----1 
I I I I !Water tupelo--------1 
I I I I I ·I 
I I I I I I 
lModerateiSlight ISlight !Severe !Loblolly pine-------1 
I I I I !Slash pine----------1 
l l I l !Longleaf pine-------1 
I I I I ISweetgum------------1 
I I I I I I 

I 
I 

65 !Slash pine, 
65 I longleaf pine. 
55 l 

I 
I 

: 
80 'Slash pine, 
80 loblolly pine. 
10 

80 Slash pine, 
80 loblolly pine. 
70 

90 , Loblolly pine, 
90 I slash pine, I 

75 I yellow-poplar, I 

90 I American sycamore, 
100 I sweetgum. 
90 I 

I 

I 
I 
I 

90 'Loblolly pine, 
86 sweetgum, 
90 slash pine, 

American sycamore. 

80 Loblolly pine, 
80 slash pine,. 
65 longleaf pine. 

93 ,Slash pine, 
90 I loblolly pine, I 

90 I American sycamore, 
90 I water tupelo, 
71 I water oak, 

I sweetgum. 
I 
I 
1. 

90 I Loblolly pine, 
90 I slash pine, 
75 I American sycamore, I 

90 I yellow-poplar, I 
I sweet um. 

1This mapping unit is made up of two or more dominant kinds of soil. See mapping unit description for the composition 
and behavior of the whole mapping unit. 

2commercial management is not favorable on these soils unless they are drained. Because of their position in the 
landscape and difficulty in producing drainage, it is not practical to manage these soils for commercial timber production. 
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46 SOIL SURVEY 

TABLE 7.--BUILDING SITE DEVELOPMENT 

["Shrink-swell" and some of the other terms that describe restrictive soil features are defined in the 
Glossary. See text for definitions of "slight," "moderate," and "severe." Absence of an entry means 
soil was not rated] 

Soil name and 
map symbol 

I 
I 

Bayboro: I 

Shallow 
excavations 

Ba-----------------ISevere: 

Dwellings 
without 

basements 

Dwellings 
with 

basements 

Small 
commercial 
buildings 

I I I 
I I r f 

Local roads 
and streets 

!Severe: !Severe: !Severe: !Severe: 
I wetness, floods.: wetness, floods.! wetness, floods.! wetness, floods.! wetness, floods. 
: 

Baymeade: I 
Be, 1Bh------------1Moderate: 

Borrow pits: 
Bp. 

I cutbanks cave. 
: 
I 
I 
I 
I 
I 
I 

Craven: I 
Cr-----------------ISevere: 

I too clayey. 
I 
I 

Dorovan: I 
1Do----------------1Severe: 

1 wetness, 
I floods, 
I excess humus. 
I 
I 

Johnston: I 
lJO----------------ISevere: 

I floods, 
I wetness. 
I 
I 

Kenansville: I 
Ke-----------------ISevere: 

I cutbanks cave. 
I 
I 

Kureb: I 
Kr-----------------ISevere: 

I cutbanks cave. 
I 

1Ku: I 
Kureb part--------ISevere: 

I cutbanks cave. 
: 

Urban land part. I 
I 
I 

Lakeland: I 
La----------------- I Severe: 

I cutbanks cave. 
: 

Leon: I 
Le, 1Lo------------1Severe: 

I cutbanks cave, 
I wetness. 
I 

Lynchburg: I 
Ls-----------------I Severe: 

I wetness. 
. I 

I 
I 

Lynn Haven: I 
Ly-----------------ISevere: 

Mine pits: 
Mp. 

I cutbanks cave, 
I wetness. 
I 
I 
I 
I 
I 
I 

See footnotes at end of table. 

I I I I 
f I I I 
'Slight-----------IModerate: !Moderate: !Moderate: 

Moderate: 
wetness. 

I wetness. I wetness. I low strength. 
I I I 
I I I 
I I I 
I I I 
I I I 
!Severe: !Severe: !Moderate: 
I wetness. 1 wetness. I shrink-swell. 
I I f 
I I I 

,severe: !Severe: !Severe: !Severe: 
1 wetness, I wetness, I wetness, I wetness, 
1 floods, I floods, I floods, I floods, 
I low strength. I low strength. I low strength. I low strength. 
' ~ I t I I I I 
1 I I I 

:severe: !Severe: !Severe: !Severe: 
I floods, I floods, I floods, I floods, 
I wetness. I wetness. I wetness. I wetness. 
I I I I 
I I I I 
ISlight-----------ISlight-----------ISlight-----------ISlight. 
I I I I 
I I • I I 
I I I I 
I I I I 
I I I I 
I I I I 

ISlight-----------ISlight-----------IModerate: !Slight. 
I I l slope. I 
I I I I 
I I I I 
I· I I I 

ISlight-----------ISlight-----------IModerate: !Slight. 
I I I slope. I 
I I I l 
I I I I 
I I I I 
I I I I 
I I I I 
I I I I 
I I I I 

ISlight-----------ISlight-----------IModerate: !Slight. 
I f I slope. : 
I I I I 
I I I I 

I I I I 
!Severe: !Severe: !Severe: !Severe: 
I wetness. I wetness. I wetness. I wetness. 
I I I I 
I I I I 

: l t l 
I I I I 
I I I I 

!Severe: !Severe: !Severe: !Moderate: 
I wetness. I wetness. I wetness, I wetness. 
I I : corrosive. I 
I I I I 
I I I I 
I I I I 
I I I I 

1 Severe: I Severe: I Severe: I Severe: ·· 
1 wetness. I wetness. I corrosive, I wetness. 
I I I wetness. I 
l I I I 
I I I I 
I I I I 
I I I I 

I I I I 

• 

• 

• 



• 
Soil name and 

map symbol 

NEW HANOVER, NORTH CAROLINA 

TABLE 7.--BUILDING SITE DEVELOPMENT--Continued 

Shallow 
excavations 

Dwellings 
without 

basements 

Dwellings 
with 

basements 

Small 
commercial 
buildings 

I I I I I 
I I I I I 

Local roads 
and streets 

Hurville: I I· I I I 
Mu-----------------ISevere: 'Severe: !Severe: !Severe: !Severe: 

I wetness, wetness, I wetness, I wetness, I wetness, 
I floods. floods. I floods. I floods. I floods. 
I I I I 

Newhan: I I I I 
Nh-----------------ISevere: Slight-----------ISlight-----------IModerate: !Slight. 

I cut banks cave. I I slope. I 
I I I I 
I I I I 

Norfolk: I I I I 
No-----------------ISlight-----------,Slight-----------ISlight-----------ISlight-------~---ISlight. 

I I . I I I 
. I I I I I 

Onslow: I I I I I 
On-----------------ISevere: )Moderate: )Severe: )Moderate: !Slight. 

I wetness. I wetness. I wetness. I wetness. I 
I I I I I 

Pamlico: I I I I I 
Pm-----------------ISevere: 'Severe: )Severe: !Severe: )Severe: 

I floods, wetness, I wetness, I wetness, I wetness, 
I wetness. floods, I floods, I floods, I floods, 
I low strength. I low strength. I low strength. I low strength. 
I I I I 

Pantego: I I I 
Pn-----------------ISevere: Severe: )Severe: !Severe: 

I wetness. wetness. I wetness. I wetness. 
: : : 

Rains: I I I 

• 

Ra-----------------J Severe: Severe: !Severe: !Severe: 
I wetness, wetness, I wetness, I wetness, 
I floods. floods. I floods. I floods, 
: I I corrosive. 
I I I 
I I I 

Severe: 
wetness. 

Severe: 
wetness, 
floods. 

Rimini: 1 o o 

Rm-----------------IModerate: ,Slight-----------~Slight-----------~Slight----------- Slight. 
I cut banks cave. I I I 
I I I I 
I I I I 

seaga te: I I I I 
Se-----------------ISevere: !Severe: )Severe: )Severe: 

I wetness. I wetness. I wetness. I wetness. 
I I I I 

1sh: i ! i i 
Seagate part------ISevere: )Severe: )Severe: !Severe: 

I wetness. I wetness. I wetness. I wetness. 
I I I I 
I I I I 

Stallings: I I I I . 
St-----------------ISevere: )Severe: !Severe: )Severe: 

I wetness. I wetness. I wetness. I wetness. 
I I I I 

Tidal Marsh: )Severe: )Severe: )Severe: !Severe: 
TM. ; wetness, I wetness, I wetness, I wetness, 

I floods. I floods. I floods. I floods. 
I I I I 
I I I I 

Torhunta: I I I I 
To-----------------ISevere: 'Severe: )Severe: )Severe: 

I wetness, wetness, I wetness, I wetness, 
I floods, floods. I floods. I flood~. 
I cut banks cave. I I 
: : : 

Wakulla: : I I 
Wa-----------------ISevere: Slight-----------ISlight-----------IModerate: 

I cutbanks cave. I I slope. 
I I I 

Woodington: 1 I I 
Wo-----------------ISevere: Severe: !Severe: !Severe: 

I wetness. wetness. I wetness. I wetness. 
I I I 
I I I 

Wrightsboro: I I I 
Wr---------·--------1 Severe: 1 Slight-----------1 Moderate: I Moderate: 

: wetness. I ; wetness. I wetness. 

Moderate: 
wetness. 

Moderate: 
wetness. 

,Moderate: 
I wetness. 
I 
I 

!Severe: 
I wetness, 
I floods. 
I 
I 
I 
I 

I Severe: 
I wetness, 
I floods. 
I 
I 
I 
I 

I 
I Slight. 
I 
I 

I 
I 
!Severe: 
I wetness. 
I 
I 
I 
I 

!Severe: 
I low strength. 
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1This mapping unit is made up of two or more dominant kinds of soil. See mapping unit description for the 
omposition and behavior of the whole mapping unit. 



48 SOIL SURVEY 

TABLE B.--SANITARY FACILITIES 

["Seepage" and some of the other terms that describe restrictive soil features are defined in the 
Glossary. See text for definitions of "slight," "moderate," "good," "fair,• and other terms used to 
rate soils. Absence of an entry means soil was not rated] 

Soil name and 
map symbol 

I 
I 

Bayboro: I 

Septic tank 
absorption 

fields 

Ba-----------------ISevere: 

I 
I 

I 

Sewage lagoon 
areas 

I Severe: 

I 
I 
I 
I 

Trench 
sanitary 
landfill 

I Severe: 

I 
I 
I 
I 

Area 
sanitary 
landfill 

I Severe: 

I 
I 
I 
I 

Daily cover 
for landfill 

:Poor: 
I wetness, 
I 

floods.! wetness, 
I 

floods.; wetness, floods.! wetness, floods.: wetness,· floods. 
I 

Baymeade: I 
Be, 1sh------------1Hoderate: 

Borrow pits: 
Bp. 

I wetness. 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Craven: I 
Cr-----------------ISevere: 

I peres slowly. 
I 
I 

Dorovan: I 
1no----------------1Severe: 

I wetness, 
I floods. 
I 
I 
I 
I 

Johnston: I 
1JO----------------'Severe: 

floods, 
wetness. 

I 

I 
I Severe: 
I seepage. 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

I Severe: 
I wetness. 
I 
I 
I 
I 

I Severe: 
I wetness, 
I floods, 
I excess humus. 
I 
I 

I 
I Severe: 
I floods, 
I wetness. 
I 
I 

Kenansville: I 
Ke----------------- Slight2----------1Severe: 

I seepage. 
I 
I 

Kureb: I 
Kr----------------- 1Slight2----------1Severe: 

I I seepage. 
I I 

1Ku: i I 
Kureb part--------1Slight2----------1Severe: 

I I seepage. 
I I 
I I 

Urban land part. I I 
I I 
I I 

Lakeland: I I 
La-----------------ISlight2----------ISevere: 

I I seepage. 
I I 
I I 
I I 
I I 

Leon: I I 
Le, 1Lo------------1Severe: !Severe: 

I wetness. I seepage, 
I I wetness. 
I I 
I I 
I I 
I I 

Lynchburg: I I 
Ls-----------------ISevere: !Severe: 

I wetness. I wetness. 
I I 
I I 

Lynn Haven: I I 
Ly-----------------ISevere: !Severe: 

I wetness. I seepage, 
1 I wetness. 
I I 
I I 
I I 
I I Mine pits: 

Hp. I I 
I I 
I I 

See footnotes at end of table. 

I 
I 
I 
I 

I Severe: 
I seepage, 
I wetness. 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

I Severe: 
I wetness. 
I 
I 
I 
I 

I Severe: 
I wetness, 
I floods, 
I excess humus. 
I 
I 
I 
I 

I Severe: 
I .floods, 
: wetness. 
I 
I 

I 
I Severe: 
I seepage. 
I 
I 
I 

I Severe: 
I seepage. 
I 
I 
I 
I 

!Severe: 
I seepage. 
I 
I 
I 
I 
I 
I 
I 

I Severe: 
I seepage, 
I too sandy. 
I 
I 
I 

I Severe: 
I seepage, 
I wetness, 
I too sandy. 
I 
I 
I Severe: 
I wetness. 
I 
I 

I 
I Severe: 
I seepage, 
I wetness, 
I too sandy. 
I 
I 
I 
I 

I 
I 
I 
I 

I Severe: 
I seepage. 
I 
I 
I 
I 
I 
I 
I 
I 

I 
I 
I 

I Severe: 
I wetness. 
I 
I 
I 
I 

:severe: 
I wetness, 
: floods. 
I 
I 
I 
I 
I 
I 

I Severe: 
I floods, 
: wetness. 
I 
I 
I 
I 

I Severe: 
I seepage. 
I 
I 
I 
I 

I Severe: 
I seepage. 
I 
I 

I 
I Severe: 
I • , seepage. 
I 
I 
I 
I 
I 
I 
I 
I 

I Severe: 
I seepage. 
I 
I 
I 
I 
I 
I 

I Severe: 
I seepage. 
I 
I 
I 

I 
: 
:severe: 
I wetness. 
I 
I 
I 

:severe: 
I seepage, 
I wetness. 
I 
I 
I 
I 

I 
I 
I 

I 
I 
I 
I 

'Fair: 
too sandy. 

Poor: 
too clayey. 

Poor: 
wetness, 
floods, 

: excess humus. 
I 
I 
I 
I 

I Poor: 
: wetness. 
I 
I 
I 
I 
I 
I 

I Fair: 
I too sandy. 
I 
I 
I 
I 

I Poor: 
: too sandy. 
I 
I 

: 
'Poor: 

too sandy. 

Poor: 
too sandy, 
seepage. 

I Poor: 
I seepage, 
: too sandy, 
I wetness. 
I 
I 

: 
'Good. 

Poor: 
too sandy, 
wetness. • 

• 

• 

• 



• NEW HANOVER, NORTH CAROLINA 

TABLE B.--SANITARY FACILITIES--Continued 

Soil name and 
map symbol 

Septic tank 
absorption 

f'ields 

I I 
I I 

Sewage lagoon 
areas 

Hurville: : : 
Hu-----------------lSevere: 1Severe: 

I wetness, I wetness, 
I floods. l floods. 
I I 
I I 

Newhan: I : 
Nh-----------------ISlight2----------ISevere: 

: ' seepage. . . 
I I 

Norfolk: : : 
No-----------------ISlight-----------IHoderate: 

I I seepage. 
I I 
I I 

Onslow: I I 
On-----------------ISevere: !Severe: 

I wetness. I wetness. 
I I 
I I 
I I 
I I 
I I 
I I Pamlico: 

Pm-----------------ISevere: :severe: 
I wetness, I wetness,· 
I floods. I floods, 
I : excess humus. 
I I 
I I 

Pantego: : : 
Pn-----------------ISevere: :severe: 

I wetness. : wetness. 
I I 
I I 

•

ains: I I 
Ra-----------------ISevere: :severe: 

I wetness, I wetness, 
I floods. l floods. 
I I 
I I 

Rimini: I I 
Rm-----------------ISlight2----------1Severe: 

I I seepage. 
I I 
I I 
I I 
I I 

Seagate: 1 1 
Se-----------------ISevere: :severe: 

I wetness. I wetness. 
I I 
I I 
I I 
I I 

1sh: : .. : 
Seagate part------ISevere: :severe: 

I wetness. I wetness. 
I I 
I I 
I I 
I I 

Urban land part. l I 
I I 
I I 

Stallings: I I 
St-----------------lSevere: !Severe: 

I wetness. I wetness. 
I I 
I I 

Tidal marsh: !Severe: !Severe: 
TH. I wetness, I wetness, 

I floods. I floods. 
I I 
I I 
0 I 
I I Torhunta: 

To-----------------ISevere: :severe: 
I wetness, I wetness, 
I floods, I floods. 
I I 
I I 

Urban land: I I 
I I 

Ur. I : 
I I 
I I 

Wakulla: I I 
Wa-----------------1Slight2----------1Severe: 

I I seepage. 
I I 
I I 

• See footnotes at end of table. 

I 
I 
I 
I 

Trench 
sanitary 
landfill 

:severe: 
: wetness, 
I floods. 
I 
I 
I 
I 

Area 
sanitary 
landfill 

Severe: 
wetness, 
floods. 

Daily cover 
for landfill 

Poor: 
wetness. 

:severe: ,severe: ,Poor: 
1 seepage. I seepage. I too sandy. 
I I I 
I I I 
I I I 
I I I 

ISlight-----------lSlight-----------IGood. 
I I • f 
0 I I 
I I I 
I I I 
I I I 
I I I 

:severe: :severe: IGood. 
I wetness, I wetness, I 
: seepage. I seepage. I 
I I I 
I I I 
I I I 
I I I 

'Severe: :severe: 'Poor: 
wetness, : wetness, wetness, 
floods. I floods. excess humus, 

Severe: 
wetness. 

,Severe: 
I wetness, 
I floods. 
I 
I 
I 
I 

:Severe: 
1 seepage, 
I too sandy. 
I 
I 
I 
I 

I Severe: 
I wetness. 
I 
I 
I 
I 

I 
:severe: 
I wetness. 
I 
I 

I 
: 
I 
I 
I 
I 

I Severe: 
I wetness. 
I 
I 

:severe: 
I wetness, 
: floods. 
: 
I 
I 

:severe: 
I wetness, 
: floods. 
: 
I 
I 
I 
I 
I 
I 

I 
:severe: 
I seepage. 
I 

: hard to pack. 
I 
I 
I 
I 

:severe: 
I wetness. 
I 
I 

: 
!Severe: 
I wetness, 
I floods. 
I 
I 
I 
I 

!Severe: 
: seepage. . 
I 

: 
I 
I 

:severe: 
: wetness. 
: 
: 
I 
I 

:severe: 
I wetness. 
I 
I 
I 
I 
I 
I 

I 
I 
I 

I Severe: 
I wetness. 
I 
I 

!Severe: 
I wetness, 
I floods. 
: 
I 
I 

:severe: 
I wetness, 
I floods. 
I 
I 
I 

I 
: 
: 
:severe: 
I seepage. 
I 

Poor: 
wetness. 

,Poor: 
wetness, 
floods. 

Poor: 
too sandy. 

,Poor: 
I thin layer, 
I seepage. 
: 
: 
(Poor: 
I thin layer, 
I seepage: 
I 
I 

: 
I 
I 

I 
I Good. 
I 
: 
'Poor: 

wetness, 
1'loods. 

I 
I 
I 

Poor: 
wetness. 

I Poor: 
I too sandy. 
: 
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50 SOIL SURVEY 

TABLE B.--SANITARY FACILITIES--Continued 

Soil name and 
map symbol 

: 

Septic tank 
abs'orption 

fields 

Woodington: i 
Wo-----------------iSevere: 

i wetness. 
I 

Wrightsboro: I 
Wr-----------------iSevere: 

i wetness. 
I 

I 
I 

: 

Sewage lagoon 
areas 

:severe: 
i wetness. 
I 
I 
I 
I 

:severe: 
i wetness. 
I 

I 
I 
I 
I 

Trench 
sanitary 
landfill 

:severe: 
i wetness. 
I 
I 
I 
I 

:severe: 
wetness. 

I 
I 
I 
I 

Area 
sanitary 
landfill 

:severe: 
i wetness. 
I 
I 
I 
I 

:severe: 
i wetness. 
I 

I 
I 
I 
I 

Daily cover 
for landfill 

I Poor: 
i wetness. 
I 
I 
I 
I 

I Good. 
I 
I 
I 

1This mapping unit is made up of two or more dominant kinds of soil. See mapping unit description for the 
composition and behavior of the whole mapping unit. 

2contamination of nearby water supplies is a hazard if the soils are used for sewage disposal. 

• 

• 

• 



NEW HANOVER, NORTH CAROLINA 

TABLE 9.--CONSTRUCTION MATERIALS 

["Excess fines" and some of the other terms that describe restrictive soil features are defined in the 
Glossary. See text for definitions of "good," "fair," "poor," and •unsuited." Absence of an entry 
means soil was not rated] 

Soil name and 
map symbol 

I 
I 

Road fill Sand Gravel 

Bayboro: I 
unsuited: 
excess fines. 

Ba-------------------IPoor: 
I wetness. 
I 
I 

Unsuited: 
excess fines. 

Baymeade: I 
Be, 1Bh--------------1Good----------------- 1 Fair: 

Borrow pits: 
Bp. 

I I excess fines. 
I I 
I I 
I I 
I I 
I I 
I I 
I I 
I I 

Unsuited: 
excess fines. 

Craven: I I 
Cr-------------------IPoor: 'Unsuited: 

I thin layer. excess fines. 
: 

Unsuited: 
excess fines. 

Dorovan: I 
lDO------------------IPoor: 

: wetness, 
I excess humus. 
I 
I 

Unsuited: 
excess fines. 

Unsuited: 
excess fines. 

Johnston: I I 

lJo------------------IPoor: Poor: I Poor: 

• 

I wetness, i excess humus. 

Kenansville: I 
Ke-------------------1Good----------------- 1 Fair: 

excess fines. I excess fines. 
I 
I 
I 
I 
I 
I 

I Unsuited: 
excess fines. I excess fines. 

I 
I 

Kureb: , , I 
Kr-------------------IGood-----------------IGood-----------------IUnsuited: 

I I I excess fines. 
I I I 

1Ku: i i ! 
Kureb part----------IGood-----------------IGood-----------------IUnsuited: 

I I I excess fines. 
I I I 
I I I 
I I I 
I I ''·I Urban land part. 
I I I 
I I I 

Lakeland: I :- I . 
La-------------------IGood-----------------IGood-----------------IUnsuited: 

I I I excess fines. 
I I I 
I I I 

Leon: I I I 
Le, 1 Lo--------------: Poor: I Fair: I Unsuited: 

I wetness. I excess fines. I excess fines. 
I I I 

Lynchburg: I I I 
Ls-------------------IFair: :unsuited: :unsuited: 

I wetness. I excess fines. I ·excess fines. 
I I I 
I I I 

Lynn Haven: I I I 
Ly------------------- I Poor: I Fair: I Unsuited: 

I wetness. I excess fines. I excess fines. 
I I I 
: I : 

Mine pits: I I I 
Hp. I f I 

I I I 
Hurville: I I I 
Mu-------------------IPoor: !Poor: !Unsuited: 

I wetness. I excess fines. I excess fines. 
f I I 

• See footnotes at end of table • 

I 
I 
I 
I 

Topsoil 

I Poor: 
I wetness. 
I 
I 
lPoor: 
I too sandy. 
I 
I 
I 
I 
I 
I 

I 
I 
I 

'Fair: 
thin layer. 

Poor: 
wetness, 
excess humus. 

Poor: 
wetness. 

,Poor: 
I too sandy. 
I 
I 
I 
I 

'Poor: 
too sandy. 

Poor: 
too sandy. 

Poor: 
too sandy. 

Poor: 
too sandy. 

,Good. 
I 
I 

: 
I 
I Poor: 
I too sandy, 
I wetness. 
I 
I 
I 
I 
I 
I Poor: 
I wetness. 
I 
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52 SOIL SURVEY 

TABLE 9---CONSTRUCTION MATERIALS--Continued 

Soil name and 
map symbol 

Road fill Sand 

I 
I 

Gravel 

Newhan: 1 1 I 
Nh-------------------1Good-----------------1Good----------------- 1 Unsuited: 

I I excess fines. 
I I 
I I 

Norfolk: I I 
No-------------------IGood-----------------:unsuited: 

: : excess fines. 
I I 
I I 

Onslow: I I 
On-------------------IGood-----------------IPoor: 

I I excess fines. 

Unsuited: 
excess fines. 

Unsuited: 
excess fines. 

I : : 
Pamlico: I 1 : 
Pm-------------------IPoor: IPoor: :unsuited: 

I wetness, I excess humus. I excess humus. 
I excess humus. I I 
: I I 

Pantego: I I I 
Pn-------------------IPoor: IPoor: :unsuited: 

I wetness. I excess fines. I excess fines. 
I I I 

Rains: : l I 
Ra-------------------IPoor: :unsuited: :unsuited: 

I wetness. I excess fines. I excess fines. 
I I I 

Rimini: I 1 I 
Rm-------------------1Good----------------- 1Good----------------- 1 Unsuited: 

I excess fines. 
• I 

I 

Seagate: I 
Se-------------------IFair: Unsuited: 

excess fines. I wetness. 
I 

lsh: : 
Seagate part-------- 1 Fair: 

wetness. 
Unsuited: 
excess fines. 

Urban land part. 

Stallings: 
St------------------- Fair: 

Tidal marsh: 
TM. 

Torhunta: 

wetness. 

Poor: 
wetmess. 

To-------------------,Poor: 
wetness. 

Urban land: 
Ur. 

I 

I 
I Poor: 
I excess fines. 
I 
I 

!Unsuited: 
I excess fines. 
I 
I 
I 

!Poor: 
I excess fines. 
: 
I 
I 
I 

: 
Wakulla: , I 
Wa-------------------IGood-----------------IFair: 

I I excess fines. 
I I 
I I 

Woodington: I I 
Wo-------------------IPoor: !Poor: 

I wetness. I excess fines. 
I I 
I I 

Wrightsboro: I I 
Wr-------------------IPoor: :unsuited: 

I low strength. I excess fines. 
I I 

Unsui te'd: 
excess fines. 

Unsuited: 
excess fines. 

,Unsuited: 
I excess fines. 
: 
:unsuited: 
: ·excess fines. 
: 
I 
I 

:unsuited: 
I excess fines. 
I 
I 

: 
I 
I 
I 
I 
I 
I 

:unsuited: 
I excess fines. 
: 
I 
I 

I Unsuited: 
I excess fines. 
I 
I 

: 
:unsuited: 
I excess fines. 
I 

Topsoil 

Poor: 
too sandy. 

Good. 

P.oor: 
too sandy. 

Poor: 
wetness. 

Poor: 
wetness. 

Poor: 
wetness. 

Poor: 
too sandy. 

Poor: 
too sandy. 

,Poor: 
: too sandy. 
I 
: 
I 
I 
!Good. 
I 
I 
!Poor: 
I wetness. 
I 
I 
!Poor: 
I wetness. 
: 
I 
I 
I 
I 
I 
I 

I 
I Poor: 
I too sandy. 
I 
I 
I Poor: 
I wetness. 
I 
I 
I Fair: 
I thin layer. 

1This mapping unit is made up of two or more dominant kinds of soil. See mapping unit description for the 
composition and behavior of the whole mapping unit. 
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• • TABLE 10.--WATER MANAGEMENT 

["Seepage" and some of the other terms that describe restrictive soil features are defined in the Glossary. See text for 
definitions of "slight," "moderate," and "severe." Absence of an entry means soil was not evaluated] 

I Limitations for-- I Features 
Soil name and I Pond Embankments, Aquifer-fed I I 

map symbol I reservoir dikes, and excavated I Drainage I Irrigation 
; areas levees ponds I I 
I I I 

Bayboro: I I , I I 
Ba---------------!Slight---------!Moderate: !Slight---------!Percs slowly, !Wetness, 

I I shrink-swell. I I floods. I floods. 
I I I I I 
I I I I I 

Baymeade: I I I I I 
Be, 1Bh----------!Severe: !Moderate: !Severe: !Not needed-----!Fast intake, 

I seepage. I piping. I deep to water.! I droughty. 
I I I I I 

Borrow pits: i i i ; : 
Bp. I I I I I 

I I I I I 
Craven: I t I I I 

affecting--
I Terraces 
I and 
I diversions 
I I 

I 
I 
I 

Grassed 
waterways 

I 
!Not 
I 

needed-----!Not needed. 

I 
I 
I 
I 

'Too 

I 
I 

I 
I 
I 

sandy------ I Droughty. 
I 
I 

I 
I 
I 

I 
I 
I 
I 

. I 

Cr---------------!Slight---------!Moderate: !Severe: !Peres slowly---!Erodes easily, Peres slowly---IPercs slowly. 
I I piping. I deep to water,! I peres slowly. 
I I I slow refill. I I 
I I t I I 

Dorovan: I I I I I 
loo--------------!Severe: !Severe: !Severe: !Floods---------!Floods---------!Not 

I seepage. I unstable fill,! excess humus. I I I 
I I excess humus. I I I 
t I I I I 

Johnston: I I , I I I 
1JO--------------!Severe: !Severe: !Slight---------!Poor outlets, !Wetness, !Not 

I seepage. I piping. I I floods. I floods. I 
I · I I I I I 
I I I I I I 

Kenansville: I I I I I I 
Ke---------------ISevere: !Moderate: !Severe: !Not needed-----!Fast intake, !Too 

I seepage. I seepage. I deep to water.! I droughty. I 
I I I I I I 

Kureb: I I I I I I 
Kr------·--------- I Severe: I Severe: I Severe: I Not needed-----! Fast intake, I Too 

I seepage. I seepage. I no water. I I seepage. I 
t I I I I I 

1Ku: I I I I I I 
Kureb part------!Severe: !Severe: !Severe: !Not needed-----!Fast intake, !Too 

I seepage. I seepage. I no water. I I seepage. I 
I I I I I I 

Urban land part.! I I I I I 
I I I I I I 

Lakeland: I I I I I I 
La---------------!Severe: !Severe: !Severe: !Not needed-----!Droughty, !Not 

I seepage. I seepage, I no water. I I seepage, f 
I I piping. I I I fast intake. I 
I t I I I I 

Leon: I I I I I I 
Le, 1Lo----------1Severe: !Severe: !Moderate: !Cutbanks cave, !Wetness--------!Not 

I seepage. I seepage, I deep to water.! wetness. I I 
I I piping, I I I I 
I I erodes easily.! I I I 
I I I I I I 

See footnotes at end of table. 

I 
I 

I 
I 
I 

needed-----!Not needed. 
I 
I 
I 
I 
I 
I 

I 
needed-----!Not needed. 

I 
I 
I 
I 

I 
sandy------ I Droughty. 

I 
I 
I 
I 
I 

sandy------ I Droughty. 
I 
I 
I 
I 
I 
I 

sandy------ I Droughty. 
I 
I 
I 
I 
I 
I 

I 
I 
I 

needed-----!Not needed. 
I 
I 
I 
I 

I 
needed-----!Not needed. 

I 
I 
I 
I 

I 
I 
I 

z 
t'l 
~ 
:X: 
> z 
0 
< 
t'l 
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Soil name and 
map symbol 

Lynchburg: 

Pond 
reservoir 

areas 

Ls--------------- Moderate: 
seepage. 

Lynn Haven: 
Ly--------------- Severe: 

seepage. 

Hine pits: 
Hp. 

Murville: 
Hu--------------- 1 Severe: 

I seepage. 
I 

Newhan: I 
Nh---------------ISevere: 

I seepage. 
' I 

Norfolk: I 
No---------------IHoderate: 

I seepage. 
' I Onslow: I 

On---------------IHoderate: 
I seepage. 
I 
I 

Pamlico: I 
Pm---------------ISevere: 

I seepage. 
I 

Pantego: I 
Pn---------------IHoderate: 

I seepage. 
I 
I 

Rains: I 
Ra---------------IModerate: 

I seepage. 
I 
I 

Rimini: I 
Rm---------------ISevere: 

I seepage. 
I 
: 

Seagate: I 
Se---------------ISevere: 

I seepage. 
I 

1sh: i 
Seagate part----ISevere: 

I seepage. 
I 
I 

Urban land part.l 

See footnotes at end of table • 

• 

TABLE 10.--WATER MANAGEMENT--Continued 

Limitations for--
Embankments, 
dikes, and 
levees 

Aquifer-fed 
excavated 

ponds 

I Features affecting--
I I Terraces 
I Drainage Irrigation I and 
I I diversions 
I I 
I I 
I I I 

Grassed 
waterways 

Moderate: 
piping. 

IHoderate: IFavorable------IWetness--------INot needed----- Not needed, 

,severe: 
I seepage, 
I piping, 
I erodes easily. 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

I deep to water.l I I 
I I I I 
I I I I 
I I I I 
I I I I 

'Slight---------'Cutbanks cave, 'Wetness--------'Not needed----- Not needed. 
wetness. 

!Severe: ,Slight--------- Poor outlets, ,Wetness, ,Not needed-----oNot needed. 
I seepage. I floods. I floods. I I · 
I I I I I 
I I I I I 
!Severe: !Severe: ,Not needed-----IFast intake, !Not needed-----INot needed. 
I seepage. I deep to water.! I droughty. I I 
I I I I I I 
I I I I I I 
I I I I I I 

ISlight---------ISevere: INot needed-----IFavorable------IFavorable------IFavorable. 
I I deep to water.) I I I 
I I I I I I 
I I I I I I 

I I I I I ·I 
IHoderate: !Severe: IFavorable------IWetness--------INot needed-----INot needed. 
I piping. I deep to water. I I I I 
I I I I I I 
I I I I I I 
I I I I I I 
I I I I I I 

!Severe: ISlight---------IFloods, !Wetness, !Not needed-----INot needed. 
I piping. I I poor outlets. I floods. I · I 
I I I I I I 
I I I I I I 
I I I I I I 
I I I I I I 

ISlight---------ISlight---------IPoor outlets---IWetness--------INot needed-----INot needed. 
: : : I I : 
I I I I I I 
I I I I I I 
I I I I I I 
I I I I I I 

ISlight---------IModerate: !Wetness, !Wetness, !Not needed-----INot needed. 
I I deep to water. I floods. I floods. I I 
I ·I I I I I 
I I I I I I 
I I I I I I 

ISevere: !Severe: INot needed-----IDroughty, IToo sandy------IDroughty. 
I seepage, I no water. I .1 seepage. I I 
I unstable fill. I I I I . I 
I I I I I I 
I I I I I I 
I I I I I I 
I I I I I I 

!Moderate: ISlight---------IWetness--------IFavorable------INot needed-----INot needed. 
I piping. I I I I I 
I 1 I I I I 
I I I I I I 
I I I I I I 

IHoderate: ISlight---------IWetness--------IFavorable------INot needed-----INot needed. 
I piping. : : : : 
I I I I I 
I I I I I 
I I I I I 
I I I I I 

• • 



• TABLE 10.--WATER • MA~AGEHENT--Continued 

I Limitations for-
Soil name and I Pond I Embankments, 

map symbol I reservoir I dikes, and 
I areas I levees 
I I 

Stallings: I I 
St---------------ISevere: !Moderate: 

I seepage. I piping. 
I I 

Tidal marsh: I I 
TH. I I 

I I 
Torhunta: I I 
To---------------ISevere: !Moderate: 

I seepage. I piping. 
I I 

Urban land: I I 
Ur. I I 

I I 
Wakulla: I I 
Wa---------------ISevere: !Severe: 

I seepage. I seepage. 
I I 

Woodington: I I 
We---------------/Severe: !Moderate: 

I seepage. I piping. 
I I 

Wrightsboro: I I 
Wr---------------ISlight---------IModerate: 

I I low strength. 

Aquifer-fed 
excavated 

ponds 
Drainage 

Features affecting--
I Terraces I 

Irrigation I and I 
j diversions j 

I I I 

Grassed 
waterways 

Moderate: Cutbanks cave--IWetness--------INot needed-----INot needed. 
deep to water. I I I 

I I I 
I I I 
I I I 
I I I 
I I I 
I I I 
I I I 
I I I 

I I I 
1Slight---------~Poor outlets, IWetness--------INot needed-----INot needed. 
I I cutbanks cave.l I I 
I I I I I 
: : : : : 
I I I I I 
I I I I I 
I I I I I 
!Severe: !Not needed-----IFast intake, IToo sandy------INot needed. 
I no water. I I seepage. I I 
I I I I I 
I I I I I 
!Moderate: ICutbanks cave--IWetness--------INot needed-----INot needed. 
I deep to water. I I I I 
I I I I I 
I I I I I 
!Moderate: IWetness--------IWetness--------IWetness--------IWetness. 
I deep to water. I I I I 

I I 

1This mapping unit is made up of two or more dominant kinds of soil. See mapping unit description for the composition and 
behavior of the whole mapping unit. 

• 



56 SOIL SURVEY 

TABLE 11.--RECREATIONAL DEVELOPMENT 

("Peres slowly" and some or the other terms that describe restrictive soil features are defined in the 
Glossary. See text for definitions or "slight,• "moderate," and •severe•] 

Soil name and 
map symbol 

I 

Camp areas 

Bayboro: I 
Ba-------------------ISevere: 

I wetness, floods. 
I 

Baymeade: I 
Be, 1Bh--------------1Moderate: 

Borrow pits: 
Bp. 

I too sandy. 
I 
I 

I 
I 
I 

I 
Craven: I 
Cr-------------------IModerate: 

I peres slowly. 
I 

Dorovan: I , 
1oo------------------1Severe: 

I wetness, 
I floods, 
I excess humus. 
I 
I 

Johnston: I 
1J0------------------1Severe: 

I wetne.ss, 
I floods. 
I 
I 

Kenansville: I 
Ke-------------------IModerate: 

: too sandy. 
I 
I 

Kureb: I 
Kr-------------------ISevere: 

: too sandy. 
I 

1Ku: i 
Kureb part----------ISevere: 

Urban land part. 

: too sandy. 
I . 
I 
I 
I 

: 
Lakeland: I 
La------------------- I Severe: 

I too sandy. 
I 
I 

Leon: : 
Le, 1Lo--------------:severe: 

I wetness. 
I 
I 

Lynchburg: I 
Ls-------------------I Severe: 

I wetness. 
: 

Lynn Haven: 1 
LY-------------------ISevere: 

Mine pits: 
Mp. 

I wetness, floods. 
I 
I 
I 
I 

: 
I 
I 

Murville: I 
Mu-------------------:severe: 

l wetness, 
I floods. 
I 
I 

See footnotes at end or table. 

Picnic areas Playgrounds 

l ' I I 
I I 

!Severe: :severe: 
I wetness, floods. I wetness, floods. 
I I 
I I 
!Moderate: !Severe: 
I too sandy. I too sandy. 
I I 
: I 
I I 

l ' I I 
I I 

ISlight---------------IModerate: 
I I peres slowly. 
I I 
I I 
I I 
I I 

!Severe: !Severe: 
I wetness, I wetness, 
I floods, I floods, 
I excess humus. I excess humus. 
I I 
I I 
I I 
I I 

!Severe: 'Severe: 
: wetness, wetness, 
I floods. floods. 
I 
I 
I 
I 

I Moderate: 
I too sandy. 
I 
I 
I 
I 

I Severe: 
I too sandy. 
I 
I 
I 
I 

:severe: 
I too sandy. 
I 
I 

I 
I 
I 

I 
I Severe: 
I too sandy. 
I 
I 
I 

:severe: 
I wetness. 
I 
I 

: 
'Moderate: 

wetness. 

Severe: 
wetness, floods. 

,severe: 
I wetness, 
I floods. 
I 
I 

Moderate: 
too sandy. 

,Severe: 
I too sandy. 
I 
I 
I Severe: 
I too sandy. 
I 
I 
I 
I 
I Severe: 
I too sandy. 
I 
I 
I 
I 

I Severe: 
I wetness. 
I 
I 
I 

'Severe: 
wetness. 

Severe: 
wetness, floods. 

,severe: 
I wetness, 
I floods. 
I 

I 
I 

I 

Paths and trails 

I Severe: 
I wetness, floods. 
I 
I 
I 
I 

I Severe: 
I too sandy. 
I 
I 
I 

I 
: 
I 
I Slight. 
I 
I 
I 
I 
I 

I Severe: 
: wetness, 
: floods, 
I excess humus. 
I 
I 
I Severe: 
I wetness, 
I floods. 
I 
I 
I 
I 

I Moderate: 
I too sandy. 
I 
I 
I 
I 

:severe: 
I too sandy. 
I 
I 
I 
I 

I Severe: 
: too sandy. 
I 
I 
I 
I 
I 
I 
I 
I 

I Severe: 
I too sandy. 
I 
I 

I 
I Severe: 
I wetness. 
I 
I 
I 
I 

lt!oderate: 
I wetness. 
I 
I 
I Severe: 
I wetness, floods. 
I 
I 

I 
I 
I 
I 
I Severe: 
( wetness, 
I floods. 
I 
I 

• 

• 

• 



• NEW HANOVER, NORTH CAROLINA 

TABLE 11.--RECREATIONAL DEVELOPMENT--Continued 

Soil name and 
ma? symbol 

I 

Camp areas Picnic areas 

Newhan: I 
Nh-------------------ISevere: Severe: 

I too sandy. too sandy. 
I 
I 

Norfolk: I 
No-------------------ISlight---------------,Moderate: 

I I too sandy. 
I I 
I I 
I I 
I I 

Onslow: I I 
On-------------------IModerate: !Moderate: 

I too sandy, I too sandy, 
I wetness. I wetness. 
I I 
I I 

Pamlico: I I 
Pm-------------------ISevere: !Severe: 

I wetness, I wetness, 
I floods. I floods. 
I I 
I I 

Pantego: I I 
Pn-------------------ISevere: !Severe: 

I wetness. I wetness. 
I I 
I I 

Rains: I I 
Ra-------------------iSevere: !Severe: 

I wetness. I wetness. 
I I 
I I 

I 
I 

I 

Playgrounds 

I Severe: 
I too sandy. 
I 
I 
I Moderate: 
I slope, 
I too sandy. 
I 
I 
I 

JModerate: 
I too sandy, 
I wetness. 
I 
I 
I 
I 

·'Severe: 
wetness, 
floods. 

Severe: 
wetness. 

Severe: 
wetness. 

Paths and trails 

I 
I 
I Severe: 
I too sandy. 
I 
I 
!Moderate: 
I too sandy. 
I 
I 
I 

.I Moderate: 
I too sandy. 
I 
I 
l 
!Severe: 
I wetness, 
I floods. 
I 
I 
I Severe: 
I wetness. 
I 

l 
I Severe: 
I wetness. 
I 

57 
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Rimini: I I 
Rm-------------------ISevere: !Severe: 

I too sandy. I too sandy. 
I I 
I I 

Severe: 
too sandy. 

I 
I 

I Severe: 
I too sandy. 
I 

• 

Seagate: I I 
Se-------------------IModerate: !Moderate: 

I too sandy, I too sandy, 
I wetness. I wetness. 
I I 
I I 

1sh: I I 
Seagate part--------IModerate: !Moderate: 

I too sandy, I too sandy, 
I wetness. I wetness. 
I I 
I I 

Urban land part. I I 
I I 
I I 

Stallings: I I 
St-------------------IModerate: !Moderate: 

I wetness. I wetness. 
I I 
I I 

Tidal marsh: I I 
TM. I I 

I I 
I I 

Torhunta: I I 
To-------------------ISevere: !Severe: 

I wetness, I wetness, 
I floods. I floods. 
I I 
I I 

Wakulla: I I 
Wa-------------------ISevere: !Severe: 

I too sandy. I too sandy. 
I I 
I I 

Woodington: I I 
Wo-------------------ISevere: !Severe: 

I wetness. I wetness. 
I I 
I I 

Wrightsboro: I I 
Wr-------------------ISlight---------------ISlight---------------

Severe: 
too sandy. 

Severe: 
too sandy. 

Moderate: 
wetness. 

Severe: 
wetness, 
floods. 

Severe: 
too sandy. 

Severe: 
wetness. 

I 
I Severe: 
I too sandy. 
I 
I 

I 
I 
I Severe: 
I too sandy. 
I 
I 

I 
I 
I 
I 
I 

I Moderate: 
I wetness. 
I 
I 
I 
I 
I 
I 
I 

I 
I Severe: 
I wetness, 
I floods. 
I 
I 
I Severe: 
I too sandy. 
I 
I 
I Severe: 
I wetness. 
I 
I 

Slight--------------- I Slight. 

1This mapping unit is made up of two or more dominant kinds of soil. See mapping unit description for the 
composition and behavior of the whole mapping unit • 



58 SOIL SURVEY 

TABLE 12.--WILDLIFE HABITAT POTENTIALS 

[See text for definitions of "good," "fair," "poor," and "very poor." Absence of an entry 
indicates the soil was not rated] 

I Potential for habitat I Potential as habitat 

Soil name and 
map symbol 

I elements ' for--
IG=-ra-1~n--~IG~r-a_s_s_e_s~I~W~i~l·d~~~~~H~a~r~d--~~C-o-n~i~f-~------~~~S~h-a~l~l-o-w~'~O-p-e-n--~~~Wo~o~d;-:-~,W~e~t~l~a-n~d 
I and I and iherba-1 wood erous Wetlandl water land I land wild
lseed llegumesl ceousltrees plants plants I areas wild- I wild- life 
jcrops ! ! plants f ! life ! life 
I I I I I I 

Bayboro: I I I I · I 
Ba----------------IVery Poor IPoor IPoor Poor Good IGood Poor IPoor 

~ poor. I I ' t 
Good. 

: I I I I 
Baymeade: I I I I I 

Be, 1Bh-----------1Poor Poor IPoor IVery Very Very 'Very Poor IVery IVery 
I l l poor. poor. poor. poor. l poor. I poor. 
I I I I I 
I I I I 

Borrow pits: I I I I 
I I I I 

Bp. I I I I 
I I I I 

I I : t 
Craven: I I I I 
Cr----------------lGood ,Good 'Good IGood Good Poor Very Good IGood 

I I I poor. I 
I I I I 

Dorovan: I I I I 
loo---------------IVery IVery Very IVery Very Good Good Very IVery 

I poor. I poor. poor.: poor. poor. poor. I poor. 
I I I I 

Johnston: I l I l 
lJo---------------lVery IPoor Poor !Poor Poor Good Good Poor IPoor 

I poor. I I I I 
I I I I I 
I I I I I 

Kenansville: I I I I I I 
Ke----------------IGood 'Good 'Good !Good Good Poor IVery Good !Good 

f • ! poor. ! 
0 I I 

Kureb: l l l 
Kr----------------IVery Poor Poor Very Poor Very 'Very Poor IVery 

I poor. poor. poor. poor. I poor. 
I I 

1Ku: l I 
Kureb part-------lVery Poor Poor Very Poor Very Very Poor IVery 

I poor. poor. poor. poor. I poor. 
: : 

Urban land part. I I 
I I 

Lakeland: I 1 , I 
La----------------IPoor ,Fair IFair IPoor Fair ,very IVery Fair !Fair 

I I I I I poor .. I poor. I 
I t I I I I I 
I I I I I I I 
I I I I I I I 
: I I I I : I 

Leon: 
Le, 1Lo. 

Lynchburg: I I t I t I t 
Ls----------------IFair !Good !Good !Good Good IFair !Fair Good !Good 

I I I I I I I 
LynnHaven: I I I I I I I 
Ly----------------IPoor !Fair 'Fair 'Poor 1Fair !Fair IFair ,Poor lFair 

I I I I I I I 
I I I I I I I 
: : I I I I I 
I I I I I I I 

Hurville: I I I l I. l l 
Mu----------------lVery !Poor Poor Poor !Poor !Good !Fair !Poor !Poor 

I poor. I I t I I I 
I t I I I I t 

Newhan: I I I I I I I 
Nh----------------IVery IPoor Poor Very IVery IVery IVery IPoor IVery 

I poor.! poor. l poor. l poor. l poor. I I poor. 
I I I I I I I 

Norfolk: I I I I I I I 
No----------------IGood IGood ,Good ,Good !Good !Poor IVery !Good IGood 

I I I I I I I poor. I I 
I I I I I I I I I 

Mine pits: 
Mp. 

See footnotes at end of table. 

Very 
poor. 

,Good. 
I 
: 
I 
I 

I Good. 
' I 
' ' ' I 
IVery 
I poor. 
' ' I 
IVery 
I poor. 
I 
I 
I 

IVery 
I poor. 
I 
I 
I 
I 

: 
: 
IVery 
I poor. 
: 
' I 
I 
I 
I 
I 

: 
!Fair. 
: 
I 
I 

I Fair. 
I 
I 

: 
: 
: 
I 
I 

!Fair. 
: 
I 
: 
IVery 
I poor. 
I 
I 
IVery 
I poor. 
: 

• 

• 

• 
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NEW HANOVER, NORTH CAROUNA 

TABLE 12.--WILDLIFE HABITAT POTENTIALS--Continued 

Soil name and 
map symbol 

Onslow: 

Grain 
and 

seed 
crops 

On---------------- Poor 

Pamlico: 
Pm---------------- Very 

poor. 

Pantego: 
Pn---------------- Very 

poor. 

Rains: 
Ra---------------- Very 

poor. 

Rimini: 
Rm---------------- Very 

poor. 

Seagate: 
Se---------------- Poor 

lsh: 
Seagate part----- Poor 

Urban land part • 

Sta"llings: 
St. 

Tidal marsh: 
TH. 

Torhunta: 
To----------------o Very 

Urban land: 
Ur. 

I poor. 
: 
I 
I 
I 
I 
I 
I 

Wakulla: I 
Wa----------------IPoor 

: 
I 

Woodington: I 
Wo----------------IPoor 

I 
I 

Wrightsboro: I 
Wr----------------IGood 

I 

Grasses 
and 

legumes 

Fair 

Poor 

Poor 

Very 
poor. 

Very 
poor. 

Poor 

Poor 

Poor 

Poor 

Fair 

,Good 

Potential for habitat 
elements 

Wild IHard
herba-·1 wood 
ceousltrees 

plants I 
: 
I 
I 

Good !Good 
I 
I 
I 
I 

Poor !Poor 
: 
I 
I 
I 
I 

Poor IPoor 
: 
: 
I 
I 

Very 'Fair 
poor. 

:Con if
: erous 
I plants . . 
I 
I 
I 
I 

I Good 
I 
I 
I 
I 

!Poor 
I 
I 
I 
I 

: 
I Poor 
I 
I 

: 
I 
I 

'Fair 

Poor Poor Poor 

Fair Poor Poor 

Fair Poor Poor 

Poor Poor Poor 

Fair. 1Poor Poor 
: 
I 
: 

Fair IFair Fair 
I 
: 

,Good !Good ,Good 
I I 

I Shallow 
Wetlandl water 
plants I areas 

I 
I 
I 
I 
I 
I 

Poor !Poor 
: 
I 
I 

Good !Good 
I 
I 

: 
: 

Good IFair 
I 
I 
I 
I 
I 
I 

Good !Good 
I 
I 
I 
I 

: 
Very IVery 
poor. I poor. 

I 
I 
I 
I 

Poor !Poor 
I 
I 
I 
I 

Poor 'Poor 

Good !Good 

Very Very 
poor. poor. 

Good Poor 

Poor Poor 

Potential as habitat 
for--

Open
land 

wild
life 

Wood- Wetland 
land wild-

wild- life 
life 

Fair Good 

Poor Poor 

Poor Poor 

Very Poor 
poor. 

Very Poor 
poor. 

Poor Poor 

Poor Poor 

Poor Poor 

Poor Poor 

Fair Fair 

Good ,Good 
I 

Poor. 

,Good. 
I 
I 
I 
I 
I 
I 

!Fair. 
: 
I 
I 
I 
I 

'Good. 

Very 
poor. 

Poor. 

,Poor. 
I 
I 
I 
I 
I 
I 

: 
I 
I 
I 
I 

: 
I 
I 

: 
I 
I 

I Good. 
I 
I 
I 
I 

I 
: 
I 
I 

: 
IVery 
I poor. 
I 
I 

: 
!Fair. 
I 
I 

: 
!Poor. 

1This mapping unit is made up of two or more dominant kinds of soil. See mapping unit 
description for the composition and behavior of the whole mapping unit • 
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60 SOIL SURVEY 

TABLE 13.--ENGINEERING PROPERTIES AND CLASSIFICATIONS 
[The symbol < means less than; > means greater than. Absence of an entry means data were not estimated] 

Soil name and 
map symbol 

I I 
I I 

IDepthl USDA texture 
_c~l..,a,..s"'s""i..._f7ic~a~t'-'!i~o~n- Frag

ments 
> 3 

inches 
I I 
I I Unified AASHTO 
I I 

I In I 
· Bayboro: I • 1 I 

Ba----------------1 0-161Loam------------ICL, HL IA-6, A-7 
I16-721Clay loam, sandyiCL, CH IA-7 
I I clay loam. 1 I 
t I I I 

Baymeade: I I I I 
Be, 1Bh-----------l 0-361Fine sand-------ISH, SP-SHIA-2, A-3 

I36-491Fine sandy loam-ICL, IA-2, A-4 
I I I CL-HL, I 
I I I SC, I 
I I I SM-SC I 
I49-78 1 Loamy fine sand,ISH, SP-SHIA-2, A-3 
I fine sand. 1 I 
I I I 
I I I 

Borrow pits: I I I 
I I I 

Bp. I I I 
I I I 
I I I 

Craven: I I I 
Cr----------------! 0-8 Fine sandy loam-IHL, CL-HL 1A-4 

1 8-64 Clay loam, I CH, HH A-7 
I clay, sandy I 
I clay loam. I 
I I 
I I 

Dorovan: I I 
1Do---------------1 0-641Huck------------1Pt 

I I I 
I I I 

Johnston: I I I 
1J0---------------1 0-421Loam, sandy loamiHL, CL, A-2, A-4 

I I I SH, SC 
I42-641Sand------------ISH, SP-SH A-2, A-4 
I I I 
I I I 

Kenansville: I I 1 
Ke----------------1 0-331Fine sand-------ISH 

133-50IFine sandy loam-ISH, SC, 
I I I SH-SC 
I50-801Loamy fine sand-ISP-SH, 

A-1, A-2 
A-2 

SH A-1, 
A-2, 
A-3 

I I I 
I I I 

I : I 
I I I 
I I I 

Kureb: I I I 
Kr----------------1 0-891Sand------------ISP 

I I I 

1Ku: i I i 
A-3 

Kureb part-------1 0-891Sand------------ISP 
I I I 

A-3 

Urban land part. I I I 
I I I 

Lakeland: I I 1 
La----------------1 0-481Sand------------ISP-SH A-3, 

A-2-4 
SP-SH A-3, 

A-2-4 

I I I 
I48-80ISand------------ISP, 
I I I 
I I I 

I I I 
Leon: I I I 

Le, 1Lo-----------l 0-6 ISand------------ISP, 
I I I 
I 6-641Sand------------ISH, 
I I I 
I I I 
I I I 
I I I 

See footnotes at end of table. 

SP-SH A-3, 
A-2-4 

SP-SH A-3, 
A-2-4 

0 
0 

0 
0 

0 

0 
0 

0 

0 

0 

0 
0 

0 

0 

0 

0 

0 

0 

0 

Percentage passing I 
--..---rs~i~e~v~e~n~um~be~r~-~-~~-ILiquid 

4 10 40 200 I limit 

I 
I 

I I 
100 100 185-100160-80 
100 100 185-100 155-90 

I 
I 

: 
: 

100 100 151-70 5-15 
100 100 60-90- 30-55 

100 100 51-75 5-30 

100 100 75-100151-70 
100 100 190-100 170-95 

100 100 60-95 30-75 

100 100 50-85 5-12 

I 

100 95-100 45-60 10-25 
100 95-100 50-65 20-35 

100 95-100 40-60 5-30 

100 100 60-95 0-5 

100 100 60-95 0-5 

90-100 90-100 60-100 5-12 

90-100 90-100 50-100 1-12 

100 100 80-100 2-12 

100 100 80-100 5-20 

I 

30-42 
41-70 

10-20 

<25 
51-60 

<35 

<25 
<30 

Plas
ticity 
index 

11-22 
20-40 

2NP 
5-9 

NP 

NP-7 
18-35 

NP-10 

NP 

NP-3 
NP-10 

NP 

NP 

NP 

NP 

NP 

NP 

NP 

• 

• 

• 



• NEW HANOVER, NORTH CAROUNA 61 

TABLE 13.--ENGINEERING PROPERTIES AND CLASSIFICATIONS--Continued 

I Classification IFrag- Percentage passing I Plas-
I I 

Soil name and Depth I USDA texture lments sieve number-- 'Liquid ticity 
map symbol I Unified AASHTO I > 3 4 10 40 200 limit index 

I I 
I 'inches 

.!!2 I I I .E£1 I .E£1 I I I I 

Lynchburg: I I I I 
I I I I 

Ls---------------- 0-6 I Fine sandy loam- SM, SM-SCIA-2, A-4' 0 100 100 75-100125-50 <30 NP-7 
6-641Sandy clay loam, SM-SC, IA-2, 0 100 100 70-100125-60 15-40 4-16 

I clay loam. sc, CL, I A-4, I 
I I I 
I CL-ML I A-6 I 
I I I 
I I I 
I I I 

Lynn Haven: I I I 
I I I 

Ly---------------- 0-24IFine sand------- SP, SP-SMIA-3, 0 100 100 60-1001 2-12 NP 
I I A-2-4 I 
I I I 

24-641Sand------------ SM, SP-SMIA-3, 0 100 100 ,60-1001 5-20 NP 
I I A-2-4 I I 
I I I I 

64-75'Sandy clay, SP, SP-SMIA-3, 0 100 100 '60-1001 2-30 <30 NP-7 
sandy loam. SM, SM- I A-2-4 I 

I I 

sc I I 
I I 
I I 
I I 

Mine pits: I I 
I I 

Mp. I I 
I I 
I I 
I I 

Murville: I I 
I I 

Mu---------------- 0-6 Fine sand------- SP-SM, SMIA-2, A-3 0 100 100 95-1001 5-20 NP 
6-56 Fine sand------- SM, SP-SMIA-2 0 I 100 100 95-100112-20 NP 

56-60,Sandy clay loam, sc, SM-SCIA-2, 0 100 95-100,70-95 130-55 20-40 4-2 
I sandy loam. CL, CL- I ·A-4, I I 
I I I 
I ML I A-6 I I 
I I I I 

60-70IFine sand------- SP-SM IA-2, A-3 0 100 100 195-100' 5-12 NP 
I I I 
I I I 

Newhan: I I I I I 

• N::~:::~----------- 0-721Fine sand, sand- SP IA-3 0 95-100 95-100160-75 0-5 NP 
I I I 
I I I 
I I I 
I I I 

No---------------- 0-121Fine sandy loam, SM, IA-2 0 95-100 95-100150-91 15-33 <25 NP-14 
I loamy fine SM-SC, I I 
I I I 
I sand. sc I I 
I I I 

12-651Sandy loam, sc, IA-2, 0 95-100 91-100170-96 30-55 20-40 4-20 
I sandy clay SM-SC, I A-4, I 
I I I 
I loam, clay. CL, I A-6 I I I 
I CL-ML I I 
I I I 
I I I 
I I 

Onslow: I I. I 
I I 

On---------------- 0-171Loamy fine san(!, SM, SP-SMIA-2, A-3 0 100 95-100160-65 5-30 NP 
I loamy sand. I I 
I I I 

17-641Sandy clay loam, SM, CL, IA-2, 0 100 95-100160-90 30-55 <30 NP-12 
I sandy loam, SM-SC, I A-4, I 
I I I 
I clay loam. sc I A-6 I 
I .. I I 

I I I 
I I 

Pamlico: I I I I I 

Pm---------------- 0-361Muck------------ Pt I 0 I I 

36-60ISand------------ SM, SP-SHIA-2, A-3 0 100 100 170-95 5-20 NP 
I I I I I 

Pantego: I I I 
I I I 

Pn----------------1 0-161Loam------------ SM, IA-2, A-4 0 100 100 160-95 30-75 <30 NP-12 
I I SH-SC, I A-6 I I I I 
I I CL, I I 
I I I I 
I I CL-ML I I 
I I I I I 

I 16-991Sandy clay loam, sc, CL IA-4, A-6 0 100 195-100160-100 36-60 25-40 6-16 
I I clay loam. I I I 

I I I 
I I I I I I I 

Rains: I I I I I 
I I I I I 

Ra------------~---1 o-6 !Fine sandy loam, SM, SH-SCIA-2, A-4 0 100 195-100150-65 25-50 <35 NP-10 
I I fine sandy clay I I I 
I I I I I 
I I loam. I I I 
I I I I 
I 8-64.1Clay loam, clay- sc, IA-2, 0 100 198-100165-98 30-70 18-IIQ 11-18 
I 

I I SH-SC, I A-11, I I I I 

I I CL, I A-6 ' I I I 
I I CL-ML I I I I I I 

1611-681Fine sandy loam- SH, sc, IA-2, 0 100 195-100160-95 30-60 <35 NP-7 
I I ML, CL I A-11, I I I I I 
I I CL-ML, I A-6 I I 
I I I I 
I I SM-SC I I I 
I I I I 

• I I I I I I I I I 

See footnotes at end of table. 
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Soil name and 
map symbol 

Rimini: 
Rm----------------

Seagate: 
Se----------------

1sh: 
Seagate part-----

Urban land part. 

Stallings: 
St----------------

Tidal marsh: 
TH. 

Torhunta: 
To---------~------

Urban land: 
Ur. 

Wakulla: 
Wa----------------

Woodington: 
Wo----------------

Wrightsboro: 
Wr----------------

SOIL SURVEY 

TABLE 13.--ENGINEERING PROPERTIES AND CLASSIFICATIONS--Continued 

I 
Depth I USDA texture 

--~Cl~a~s~s~i~f~i~ca~t~i~o~n~IFrag
lments 
I > 3 I 

I 
I 

Unified AASHTO 

I 
I 

I I 
0-561Sand------------ISP, 

56-80ISand------------ISP, 
: : 
I I 
I I 

0-121Fine sand-------ISH, 
12-281Fine sand-------ISH, 
28-361Fine sand-------ISH, 
36-40ISandy loam------ISH, 
40-661Clay loam-------ICL 

I I 
I I 
I I 
I I 

0-121Fine sand-------ISH, 
12-28lFine sand-------ISH, 
28-361Fine sand, sand ISH, 
36-40ISandy loam------ISH, 
40-661Clay loam-------ICL 

I I 
I I 
I I 
I I 
I I 
I I 
I I 
I I 

0-141Fine sand-------ISH 
14-541Fine sandy loam-ISH 
54-681Fine sandy loam, 1SH, 

I loamy fine sand 
I 
I 
I 
I 
I 

I 
I 
I 

0-201Loamy fine sand- SH 
20-471Fine sandy loam- SH 
47-641Fine sand-------~SH, 

I 
I 

I 
I 
I 

I 
I I 

0-30ISand------------ISH, 
30-481Loamy sand------ISH, 
48-641Sand------------ISH, 

I I 
I I 
I I 
I I 

0-7 IFine sandy loam-ISH 
7-651Fine sandy loam-ISH 

I I 
I I 
I I 
I I 

I 
I 

I 
SP-SHIA-3 
SP-SHIA-3 

I 
I 

I 
SP-SHIA-2, 
SP-SHIA-2 
SP-SHIA-2 
SH-SCIA-2, 

IA-6, 
I 
I 
I 

SP-SHIA-2, 
SP-SHIA-2 
SP-SHIA-2, 
SH-SCIA-2, 

IA-6, 
I 
I 

I 
I 
I 

I 
IA-2 
IA-2, 

SP-SHIA-2, 
I 
I 

I 
I 
I 
I 
I 
I 
I 
I 
I 

IA-2, 
IA-2, 

SP-SHIA-2, 
I 
I 
I 
I 
I 
I 
I 

I 
SP-SHIA-2, 
SP-SHIA-2 
SP-SHIA-2, 

I 
I 
IA-2, 
IA-2, I . 
I 
I 

0-9 IFine sandy loam-ISH 
9-481Sandy clay loam-ISC, CL 

48-651Clay------------ICH 

IA-2, 
IA-6, 
IA-7 

I I I 

' nches 

A-3 

A-4 
A-7 

A-3 
I 
I 

A-31 
A-41 
A-71 

I 
I 
I 

I 
I 
I 

I 
A-4 1 

A-4 

A-4 
A-4~ 
A-3 

A-3 

A-3 
I 
I 

A-41 
A-41 

I 
I 

A-41 
A-71 

I 
I 
I 

0 
0 

0 
0 
0 
0 
0 

0 
0 
0 
0 
0 

0 
0 
0 

0 
0 
0 

0 
0 
0 

0 
0 

0 
0 
0 

Percentage passing I 
--~--~s~i~e~v~e-¥n~um~b~e~r~-~-~~~ 1 Liquid 

4 10 40 200 limit 

I 
I 
I 

100 J98-1oo!6o-98 1 2-5 
100 198-100175-1001 3-10 

100 
100 
100 
100 
100 

100 
100 

·100 
100 
100 

100 
100 
100 

100 
100 
100 

100 
100 
100 

100 
100 
100 
100 
100 

100 
100 
100 
100 
100 

I I 
I I 

I I 
190-1001 5-20 
190-100110-25 
190-1001 5-20 
185-100120-45 
180-100155-95 
I I 
I I 
I I 
I I 

190-1001 5-20 
190-100110-25 
190-1001 5-20 
185-100120-45 I 

180-100155-95 
I I 
I I 
I I 
I I 
I I 
I I 
I I 

95-100,51-85 !15-30 
95-100151-95 120-50 
95-100151-95 10-50 

I 
I 
I 
I 

I 
I 
I 

I 
I 

95-100170-85 
95-100170-85 
95-100165-85 

100 
100 
100 

I 
I 
I 
I 

l 
I 
I 
I 

175-90 
180-95 
175-80 
I 
I 

20-49 
20-40 

5-25 

5-15 
10-25 
5-15 

100 95-100150-95 20-50 
100 195-100150-95 20-50 

I I 
I I 

r 1 
98-100195-100151-95 
98-100195-100160-95 
98-100195-100185-98 

I 

20-50 
40-70 
75-95 

<30 
35-50 

<30 
35-50 

<25 
<25 

<25 
<25 

<25 
30-50 
50-75 

Plas
ticity 
index 

NP 
NP 

NP 
NP 
NP 

NP-7 
16-27 

NP 
NP 
NP 

NP-7 
16-27 

NP 
NP-3 
NP-3 

NP 
NP 
NP 

NP 
NP 
NP 

NP-3 
NP-3 

NP-3 
11-25 
25-45 

1This mapping unit is made up of two or more dominant kinds of soil. See mapping unit description for the 
composition and behavior of the whole mapping unit. 

2Nonplastic. 

• 

• 

• 
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NEW HANOVER, NORTH CAROLINA 

TABLE 14.--PHYSICAL AND CHEMICAL PROPERTIES OF SOILS 

[Dashes indicate data were not available. The symbol < means less than; > means greater than. 
Absence of an entry means data were not estimated] 

(Available! I Shrink-
Soil name and 

map symbol 
Depth Permea- I water I Soil I swell 

bility 'capacity !reaction !potential 

Risk of 7orrosion 
Uncoated , 

steel I Concrete 
I 

l!!. 

Bayboro: 
Ba---------------- 0-16 

16-72 

Baymeade: 
Be, 1Bh----------- 0-36 

36-49 
49-78 

Borrow pits: 
Bp. 

Craven: 
Cr---------------- 0-8 

8-64 

Dorovan: 
1Do--------------- 0-4 

4-64 

Johnston: 
1Jo--------------- 0-42 

42-64 

Kenansville: 
Ke---------------- 0-33 

33-501 
50-80 

Kureb: 
Kr---------------- 0-89 

1Ku: 
Kureb part-------• 0-89 

I 
Urban land part. I 

I 
Lakeland: I 
La----------------1 0-48 

148-8o, 
I I 
I I 

Leon: I I 
Le, 1Lo-----------l 0-6 I 

I 6-301 
130-801 
l l 

Lynchburg: I I 
Ls----------------1 0-6 I 

: 6-641 
I I 

Lynn Haven: I I 
Ly----------------1 0-241 

124-641 
164-751 
I I 

Mine pits: I I 
Hp. I I 

I I 
Hurville: I I 
Hu----------------1 0-8 I 

I 8-601 
160-701 
I I 

~ 
!!.2m: 

0.6-2.0 
0.06-0.2 

6.0-20 
2.0-6.0 
6.0-20 

0.6-2.0 
<0.2 

<0.06 
<0.06 

2.0-6.0 
6.0-20 

6.0-20 
2.0-6.0 
6.0-20 

6.0-20 

6.0-20 

>20 
>20 

6.0-20 
0.6-6.0 

>20 

2.0-6.0 
0.6-2.0 

6.0-20 
0.6-6.0 

>20 

6.0-20 
2.0-6.0 
6.0-20 

See footnotes at end of table. 

In per 
in of 
soil 

I 
I 

I 
I 
' I 

0.15-0.201 
0.14-0.181 

I 
I 

0.02-0.061 
0.10-0.141 
0.02-0.10 1 

0.12-0.18 
0.12-0.15 

0.25-0.50, 
0.25-0.501 

I 
I 
I 
I 

0.10-0.201 
0.06-0.121 

' ' I I 
0.04-0.101 
0.10-0.14 1 

<0.05 

<0.05 

<0.05 

10.05-0.08, 
10.03-0.081 
: : 
I I 
10.02-0.051 
(0.05-0.101 
1 0.02-0.051 

I 
I 

o.og-0.131 
0.12-0.161 

I 
I 

' 0.02-0.051 
0.05-0.101 

,0.01-0.051 
I I 
I I 
I I 
I I 
I I 
10.05-0.091 
10.05-0.091 
IO.o4-0.071 
I I 

4.5-5.5 
4.5-5.5 

5.1-6.5 
5.1-6.5 
5.1-6.5 

4.5-6.0 
4.5-5.5 

4.5-5.5 
4.5-5.5 

4.5-5.5 
4.5-5.5 

4.5-6.0 
4.5-6.0 
4.5-6.0 

4.5-7.3 

4.5-7.3 

4.5-6.0 
4.5-6.0 

3·6-5.5 
3.6-5.5 
3.6-5.5 

3.6-5.5 
3·6-5.5 
3·6-5.5 

3.6-5.5 
3·6-5.5 
3.6-5.5 

I : 
: l. 
I I 
I I 
I I I 

ILow-------IHigh---------IHigh. 
!Moderate IHigh---------IHigh. 

I I 
I I 
I . I 

I I I 

ILow-------ILow----------~Moderate. 
ILow-------ILow----------IModerate. 
ILow-------ILow----------IModerate. 
I I I 
I I I 
I I I 
I I I 
I I I 
I I I 
I I I 
I I I 
I I I 
I I I 

ILow-------IHigh---------IHigh. 
!Moderate IHigh---------IHigh. 
I I I 
I I I 
I I I 
I I I 

1----------IHigh---------IHigh. 
1----------IHigh---------IHigh. 
I I I 
I I I 
I I I 
I I I 

ILow-------IHigh---------IHigh. 
ILow-------IHigh---------IHigh. 
I I I 
I I I 
I I I 
I I I 

ILow-------ILow----------IHigh. 
ILow-------ILow----------IHigh. 
ILow-------ILow----------IHigh. 
I I I 
I I I 
ILow-------ILow----------ILow. 
I I I 
I : : 
ILow-------ILow----------ILow. 
I I I 
I I I 
I I I 
I I I 
I I I 
I I I 
I I I 

IVery low ILow----------IHoderate. 
IVery low ILow----------IHoderate. 
: I I 
I I I 
I I I 

IVery low IH1gh---------IH1gh. 
IVery low IHigh---------IHigh. 
IVery low IHigh---------IHigh. 
I 0 I 
I I I 

I l I 
ILow-------lHigh---------IHigh. 
lLow-------IHigh---------IHigh. 
I t l 
I I I 
I I I 

IVery low IH1gh---------IH1gh. 
IVery low IH1gh---------IH1gh. 
IVery low IH1gh---------1High. 
I I I 
I I I 
I I I 
I I I 
I I l 
1Low-------IH1gh---------1Hoderate. 
1Low-------IH1gh---------1Hoderate. 
1Low-------IH1gh---------1Hoderate. 
I I I 
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64 SOIL SURVEY 

TABLE 14.--PHYSICAL AND CHEMICAL PROPERTIES OF SOILS--Continued 

Soil name and 
map symbol 

Newhan: 

I 
I 

!Depth 
I 
I 
I 

11.!! 
I 
I 
I 
I 
I 
I 

Nh----------------1 0-72 
I 
I 

Norfolk: I 
No----------------1 0-12 

112-85 
I 
I 

Onslow: I 
On----------------1 0-17 

117-64 
I 
I 

Pamlico: I 
Pm----------------1 0-36 

136-60 
I 
I 

Pantego: I 
Pn----------------1 0-16 

116-99 
I 
I 

Rains: 1 
Ra----------------1 0-8 

I 8-64 
164-68 
I 
I 

Rimini: 1 
Rrn----------------1 0-56 

156-80 
: 

Seagate: I 
Se----------------1 0-12 

:12-28 
128-36 
136-40 
140-66 
I 

lsh: ·: 
Seagate part-----1 0-12 

112-28 
128-36 
136-40 
140-66 
I 
I 

Stallings: I 
st----------------1 o-14 

: 14-54 
154-68 
I 
I 

Tidal marsh: I 
I 

TM. I 
I 

: 
Torhunta: I 

I 

To----------------1 0-20 
120-47 
147-64 
I 
I 

Wakulla: I 
Wa----------------1 0-30 

130-48 
148-64 
: 

Woodington: I 

Permea
bility 

Available 
water 

capacity 

I Shrink
Soil I swell 

reaction !potential 
I 

Risk of 
Uncoated 

steel 

orrosion 

Concrete 

>20 <0.05 6.6-7.8 

2.0-6.0 0.06-0.10 4.5-6.0 
0.6-2.0 0.10-0.15 4.5-5.5 

>6.0 0.07-0.11 3.6-5.5 
0.6-2.0 0.12-0.17 3.6-5.5 

0.6-2.0 0.24-0.26 3.6-4.4 
6.0-20 0.03-0.06 3.6-5.5 

2.0-6.0 0.10-0.20 4.5-5.5 
0.6-2.0 0.12-0.20 4.5-5.5 

2.0-6.0 0.08-0.12 4.5-6.5 
0.6-2.0 0.10-0.15 4.5-5.5 
0.6-2.0 0.10-0.15 4.5-5.5 

>20 0.02-0.05 3.6-5.5 
0.6-2.0 0.03-0.07 3.6-5.5 

6.0-20.0 
6.0-20.0 
6.0-20.0 
0.6-2.0 
0.6-2.0 

6.0-20.0 
.6.0-20.0 
6.0-20.0 
0.6-2.0 
0.6-2.0 

0.03-0.06 
0.05-0.12 
0.03-0.06 
0.12-0.20 
0.15-0.20 

0.03-0.06 
0.05-0.12 
0.03-0.06 
0.12-0.20 
0.15-0.20 

3.6-6.0 
3.6-6.0 
3.6-6.0 
3.6-6.0 
3.6-6.0 

3.6-6.0 
3.6-6.0 
3.6-6.0 
3.6-6.0 
3.6-6.0 

6.Q-20 0.06-0.11 
2.0-6.0 0.10-0.15 
2.0-20 0.06-0.15 

3.6-5.5 
3.6-5.5 
3.6-5.5 

. 2.0-6.0 0.10-0.15 3.6-5.5 
2.0-6.0 0.10-0.15 3.6-5.5 
6.0-20 <0.05 3.6-5.5 

6.0-20 
6.0-20 
6.0-20 

<0.05 4.5-6.0 
o.o5-o.1o 4.5-6.o 

<0.05 4.5-6.0 

: 
I 
I 

: 
I 
I 

Low-------IHigh--------- Low. 
I 
: 

Low-------IModerate----- High. 
Low-------IModerate----- High. 

I 
I 

I 
Low-------IHigh--------- Hlgh. 
Low-------IHigh--------- High. 

: 
I 
I 

----------!High--------- High. 
Low-------IHigh--------- High. 

I 
I 
I 
I 

Low-------IModerate----- High. 
Low-------IHigh--------- High. 

I 
I 

I 
Low-------IHigh--------- High. 
Low-------IHigh--------- High. 
Low-------IHigh--------- High. 

I 
I 
I 
I 

Low-------ILow---------- Low. 
Low-------ILow---------- Low. 

: 
I 
I 

Low-------IHigh--------- High. 
Low-------IHigh--------- High. 
Low-------IHigh--------- High. 
Low-------IHigh--------- High. 

1Low-------IHigh--------- High. 
I I 
I : 
ILow-------IHigh--------- High 
ILow-------IHigh--------- High. 
ILow-------IHigh--------- High. 
ILow-------IHigh--------- High. 
ILow-------IHigh--------- High, 
I I 
I I 
I I 
I I 

ILow-------IHigh--------- High. 
ILow-------IHigh--------- High. 
ILow-------IHigh--------- High. 
I I 
I I 
I I 
I I 
I I 
I I 
I I 
I I 

I I 
ILow-------IHigh--------- High. 
ILow-------IHigh--------- High. 
ILow-------IHigh--------- High. 
I I 
I I 

I I 
ILow-------ILow---------- High. 
ILow-------ILow---------- High. 
ILow-------ILow---------- High. 
I I 
I I 

Wo----------------1 0-7 2.0-6.0 0.10-0.15 
I 7-65 2.o-6.o 0.10-0.15 
: 

ILow-------IHigh--------- High. 
ILow-------IHigh--------- High. 
I I 

Wrightsboro: : 
Wr----------------1 0-9 

I 9-481 
148-651 
I I 

2.0-6.0 0.10-0.15 
0.6-2.0 0.12-0.20 
.06-0.2 0.18-0.20 

4.5-6.0 
4.5-6.0 
4.5-6.0 

I : 
ILow-------IModerate----- High. 
ILow-------IModerate----- High. 
!Moderate IModerate----- High. 
I I 

1this mapping unit is made up of two or more dominant kinds of soil. See mapping unit 
description for the composition and behavior of the whole mapping unit. 

• 

• 

• 
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NEW HANOVER, NORTH CAROUNA 

TABLE 15.--SOIL AND WATER FEATURES 

[Absence of an entry indicates the feature is not a concern. See Glossary 
for definition of flooding and the terms used to describe frequency and 
duration of flooding. The symbol < means less than; > means greater than] 

Flooding High water table 
I I 

I Soil name and 
map symbol Frequency Duration !Months 

I 
Depth Kind !Months 

I 

I 
I 

I 
I 

Bayboro: , , I I 
Ba--------------- Common------ 1Brief----- 1Dec-Mar 1 0-0.51Apparent Dec-Apr 

Baymeade: 
Be, 1Bh---------- 1None--------

Borrow pits: 
Bp. 

l 
I 
I 
I 
I 
I 

I 
Craven: I 
Cr---------------INone--------1 

I I 
I I 

Dorovan: I . I 
1D0--------------1Frequent----1Very long 

I I 
Johnston: I I 

lJO--------------IFrequent----ILong------
1 I 
I I 

Kenansville: I I 
Ke---------------INone--------1 

I I 
I I 

Kureb: I I 
I I 

Kr---------------INone--------1 
I I 

1Ku: i i 
Kureb part------INone--------1 

I I 
I I 

Urban land part. I I 
: : 

Lakeland: I I 
La---------------INone--------1 

I I 
I I 

Leon: I I 
Le, lLo----------INone--------1 

I I 
Lynchburg: I I 
Ls----~----------INone--------1 

I I 
Lynn Haven: I I 
Ly---------------IFrequent----IBrief-----

·• I I I 

Mine pits: I I 
Mp. I I 

I I 
I I 
I I 

Murville: I I 
Mu---------------IFrequent----IBrief-----

1 I 
I I 

Newhan: I I 
Nh---------------INone to rarel 

I I 
I I 

Norfolk: I I 
No---------------INone--------1 

I I 
I I 

Onslow: I I 
On---------------INone--------1 

I I 
Pamlico: I I 
Pm---------------IFrequent----IVery long 

I I 

I 
I 
I 
I 

4.0-S.OJApparent Dec-Apr 
I 
I 
I 
I 

I 
I 
I 
I 
I 

2.0-3.01Apparent Dec-Mar 
I 
I 
I 
I 

Jan-Dec <0.5 !Apparent Jan-Dec 
I 
I 

Nov-Jul C2)-1.5IApparent Nov-Jun 
I 
I 
I 
I 

>6.0 : 
I 
I 

I 
>6.0 : 

I 
I 
I 

>6.0 I 
I 
I 
I 
I 
I 
I 

>6.0 I 
I 
I 
I 
I 

0-l.OIApparent Jun-Feb 
I 

I I 
I0.5-1.5JApparentiNov-Apr 
I I I 
I I I 

Jan-Marl 0-l.OIApparentiJun-Feb 
. I I I 

I I I 

I I I 
I I I 
I I I 
I I I 
I I I 

Nov-Jun 1 0-1.0 1Apparent 1Nov-Apr 

>6.0 

>6.0 

1.5-3·01Apparent1Nov-Apr 
I I 

I I I 

I I I 
1Nov-Juni( 2)-1.01Apparent1Nov-Jul 
I I I I 
I I I I Pantego: I I 

Pn---------------INone to rareiVery briefiNov-Febl 0-1.5JApparent1Nov-Apr 
I I 
I I . I I I t 

See footnotes at end of table. 
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66 SOIL SURVEY 

TABLE 15.--SOIL AND WATER FEATURES--Continued 

Soil name and 
map symbol 

I 
I 

Flooding 
I I 
I I 

Frequency I Duration IMonths 
I 

High water table 
I 
I 

Depth I Kind Months 
I 

: Ft I 
I I Rains: I I I I I 

Ra---------------IRare to 'Brief-----IDee-Marl 0-1.0lApparent Nov-Apr 
I common. 
I 
I 

Rimini: I 
Rm---------------INone--------

1 
Seagate: I 
Se---------------INone--------

1 

1Sh: i 
Seagate part----INone--------~ 

I I 
I I 

Urban land part.l I 
I I 
I I 

Stallings: I I 
St---------------INone--------1 

I I 
I I 
I I 
I I Tidal marsh: 
I I 
I I TM. 
I I 
I I 

Torhunta :· I I 
To---------------IFrequent----ILong------

1 I 
I I 

Urban land: I I 
I I 

Ur. I I 
I I 
I I 
I I 

Wakulla: I I 
Wa---------------INone--------1 

I I 
I I 

Woodington: I I 
Wo---------------INone--------1 

I I 
I I 

Wrightsboro: I I 
Wr---------------INone--------1 

I I 

I :· I 
: : 
I I 
I I 

I >6.o I 
I I 
I I 
I I I 

I1.5-2.51Apparent1Nov-Apr 
I I I 
I I I 
I I I 
I I I 

l1.5-2.51Apparent1Nov-Apr 
I I 
I I 
I I 
I I 
I I 
I I 
I I 
I I 

1.5-2.51Apparent1Dec-Mar 
I I 
I I 

I I 
I I 
I I 
I I 
I I 

Jan-Apr (3)-1.5lApparent:Nov-Apr 
I 
I 
I 
I 

I 
I 
I 
I 
I 

>6.o I 
I 
I 

I 
0.5-1.01Apparent1Dec-Mar 

I I 
I I 
I I 
I I 

2.0-3.0IApparent1Dec-Feb 
I I 

1This mapping unit is made up of two or more dominant kinds of soil. See 
mapping unit description for the composition and behavior of the whole mapping 
unit. 

2water table is 1.0 foot above the surface of the soil. 

3water table is .5 foot above the surface of the soil. 

• 

• 

• 



• ~~ • TABLE 16.--ENGINEERING TEST DATA 

I Moisture Percentage I Percentage smaller I Classi-I I 

density passing sieve-- I than-- I fication I I 
I I I I >. c >. I I I 

Soil name and ..... I I I I ..... 
"' Parent .. . 0 ..... Q) I I '0 .... =r 

location material 00 Depth N e...o es. I I I I .......... <l >< 0 '0 
0.2: .... :SOl :I ::I I I I I ::1...0 .... ., 1-o Q) 

Q) .. ec e..., No. No.I No. 10.05 0.02 10.005 0.002 1 0'9 """" :c ..... 

"' 0 ..... Q) .......... Cl) .... 
:c ><'0 

..... ., 10 ~0 I 200 mm mm mm mm ..l .... 1/lC 
< ..... .......... I ., ..... c "' a.o I .... < ::> ::.:>. oe "' .. 

'0 

.!.!:!. Pet Pet Pet 

Wrightsboro fine sandy Coastal Plain 6-1 0-6 Ap 119 9 100 86 42 30 13 4 2 t6Np A-~ SM 
loam (modal): sediment. 6-~ 2~-36 B22t 111 16 100 I 88 61 5~ 43 32 28 ~4 2~ A-7 CL 

3.5 miles north of 6-6 48-65 IIC 105 17 100 91 86 74 59 ~6 42 55 3~ A-7 CH 
Wilmington to june-
tion of u.s. Highway 
117 and State Route 
1329, 100 feet west 
of U.S. Highway 117 
and 50 feet north of 
State Route 1329, in z cultivated field. t'l 

::::: 
Kureb sand (modal): Coastal Plain 5-21 3-26 A2 98 17 100 79 2 NP A-3 NP :::: 1.75 miles south of sediment. 5-3126-51 C&Bh 102 15 100 11 2 NP 1A-3 SP > 

junction of u.s. High- I z 
0 way 421 and South I < 

Carolina Highway 132 I t'l 
I .?' to Battle Park de- I 
I 

velopment, east to I z I 
0 first paved street I 

I ;ll 
and then south to I o-l I ::: junction of next I 

I 
C') street, on east side I > of New Road. I 
;ll I 

I 0 
I c Lynchburg fine sandy Coastal Plain ~-1 0-6 lAp 109 13 100 98 38 24 1~ 8 6 NP lA-~ SH z loam (modal): sediment. 4-4 33-461B22tg 115 1~ 100 99 47 38 29 23 21 28 9 lA-~ sc > 

100 feet southeast 4-6 166-72 1Cg 115 13 100 99 40 31 2~ 20 18 26 6 1A-4 SC-
of northwest corner I SH 
of New Hanover County I 
Airport and 3 feet I 
east of Airport I 

I 

property line at I 
edge of cultivated I 
field. I 

I 

See footnotes at en of table. 



Soil name and 
location 

Seagate sand (modal): 
0.4 mile north of 
intersection of North 
Carolina 132 and U.S. 
highway 421, along 
north edge of field 
road, in cultivated 
field. 

Murville loamy fine 
sand (modal): 
0.5 mile north of 
junction of U.S. 
Highway 421 and North 
Carolina Highway 132 
along North Carolina 
Highway 132, 1,600 
feet east along 
canal, in wooded 
area. 

Parent 
material 

I 
I 
I 
I 

Coastal Plain' 
sediment. 

Coastal Plain 
sediment. 

TABLE 16.--ENGINEERING TEST DATA--Continued 

I 
I 
I 
I 

<> I I 
t.. • I I g_,g J Depth' 
Q) 

0:: 

2-1 0-8 Al 

c 
0 
N .... .. 
0 
!:I: 

2-3,12-23 B21h 
2-6136-40IB'2t 
2-7140-641IIC 

I I 
I I 
I I 
I I 
I I 
I I 
I I 
I I 

1-11 0-8 IAl 
1-2r 8-45IB2h 
1-3145-56IC1 
1-4156-641IIC2 

I I 
I I 
I I 
I I 
I I 
I I 
I I 
I I 
I I 
I I 

I I 
r r 
I I 

Moisture Percentage Percentage smaller I 
density ~~~~--~~p~a~s~s~i~nug~s~i~e~v~e=-=-~----~--~t~h~a~n~-~-~~----! 

>. .., 
a .... 
""' a c 
.... ., .. , 
"' :.:;>. .. 

"' 
f.£.1 

100 

107 
116 
107 

109 
114 
102 
112 

Q) 
8<. 
::l::l 
8<> 

.... "' .., .... 
c.o oa 

Pet 

15 

13 
13 
17 

14 
11 
16 
14 

No. No. No. 
10 40 200 

100 

100 
100 
100 

100 
100 
100 
100 

99 

100 
100 
100 

96 
96 

100 
100 

5 

15 
25 
89 

16 
14 

4 
78 

I 

I 
I 

I I I 

0.05 
mm 

0.02'0.00510.002' 
mm m!D : mm 

4 3 

11 8 
23 20 
73 52 

14 I 11 
13 11 
4 3 

53 26 

5 
16 
37 

6 
1 
2 

12 

I 
I 
I 
I 
I 

4 
15 
33 

3 
5 
1 
8 

"' .... .., 
"'"' CTS ........ 
..l..-f 

m 

22 
47 

23 

Classi
fication 

>. .., 
.... "" O)( 0 .... ., !-< ..,, 

!:I: 
rllC til ., .... < .... < 
"' 

NP A-1 

NP 1A-2 
1 IA-2 

27 IA-7 
I 
I 
I 
I 
I 
I 
I 
I 

NP • I A-2 
NP IA-2 
NP IA-3 

4 IA-4 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

I 
I 
I 
I 

I 
I 
I 
I 

"' "' Q) .... ... .... 
c 

::::> 

ISP-
1 SM 
ISM 
'SM 
CL 

SM 
SM 
SP 

,eL
l ML 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

1Tests performed by the North Carolina State Highway Commission in accordance with standard procedures of the American 
Association of State Highway and Transportation Officials (AASHTO). 

2Based on AASHTO Designation T 99, Method A. (1). 
3Mechanical analyses according to the AASHTO Designation T 88 (1). Results by this procedure frequently may differ somewhat 

from results that would have been obtained by the soil survey procedure of the Soil Conservation Service (SCS). In the AASHTO 
procedure, the fine material is analyzed by the hydrometer method and the various grain-size fractions are calculated on the basis 
of all the material, including that coarser than 2 millimeters in diameter.. In the SCS soil survey procedure, the fine material is 
analyzed by the pipette method and the material coarser than 2 millimeters in diamter is excluded from calculations of grain-size 
fractions. The mechanical analyses used in this table are not suitable for use in naming textural classes for soil. 

4sased on AASHTO Designation M 145-49 (1). 
5Based on the Unified soil classification system <z>. 
6Nonplastic. 

• • 



NEW HANOVER, NORTH CAROLINA 

TABLE 17.--CLASSIFICATION OF THE SOILS 

[An asterisk in the first column indicates a taxadjunct to the series. See text for a description of those 
characteristics of this taxadjunct that are outside the range of the series] 

Soil name 
' ' ' . ' ' 
' I 

Family or higher taxonomic class 

Bayboro-------------------1 Clayey, mixed, thermic Umbric Paleaquults 
Baymeade------------------1 Loamy, siliceous, thermic Arenic Hapludults 

•craven--------------------1 Clayey, mixed, thermic Aquic Hapludults 
Dorovan-------------------1 Dysic, thermic Typic Medisaprists 
Johnston------------------I·Coarse-loamy, siliceous, acid, thermic Cumulic Humaquepts 
Kenansville---------------: Loamy, siliceous, thermic Arenic Hapludults 
Kureb---------------------1 Thermic, uncoated Spodic Quartzipsamments 
Lakeland----------··-------1 Thermic, coated Typic Quartzipsamments 
Leon----------------------1 Sandy, siliceous, thermic Aerie Haplaquods 

•Lynchburg-----------------: Fine-loamy, siliceous, thermic Aerie Paleaquults 
Lynn Haven----------------1 Sandy, siliceous, thermic Typic Haplaquods 
Murville------------------1 Sandy, siliceous, thermic Typic Haplaquods 
Newhan--------------------1 Mixed, thermic Typic Udipsamments 
Norfolk-------------------1 Fine-loamy, siliceous, thermic Typic Paleudults 
Onslow--------------------1 Fine-loamy, siliceous, thermic Spodic Paleudults 
Pamlico-------------------1 Sandy or sandy-skeletal, siliceous, dysic, thermic Terrie Medisaprists 
Pantego-------------------1 Fine-loamy, siliceous, thermic Umbric Paleaquults 

•Rains---------------------1 Fine-loamy, siliceous, thermic Typic Paleaquults 
Rimini--------------------1 Sandy, siliceous, thermic Grossarenic Entic Haplohumods 
Seagate-------------------1 Sandy over loamy, siliceous, thermic Typic Haplohumods 
Stallings-----------------: Coarse-loamy, siliceous, thermic Aerie Paleaquults 
Torhunta------------------1 Coarse-loamy, siliceous, acid, thermic Typic Humaquepts 
Wakulla-------------------1 Sandy, siliceous, thermic Psammentic Hapludults 
Woodington----------------: Coarse-loamy, siliceous, thermic Typic Paleaquults 
Wrightsboro---------------: Fine-loamy, siliceous, thermic Aquic Paleudults 
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U. S. DEPARTMENT OF AGRICULTURE 

SOIL CONSERVATION SERVICE 

WORKS AND STRUCTURES 

Highways and roads 

Divided 

Good motor 

Poor motor .•.•.............. 

Trail •...•....••.•.......•.... 

__ Highway _markers 

National Interstate ••.•••••.. 

u.s ........................ . 

State or county 

Railroads 

Multiple track ..•..•....•.... 

Abandoned ..••.••..•••.••... 

Bridges and crossings 

Road .•..•..•....•.•..•..••.•• 

Trail ........................ . 

Railroad .................... . 

Ferry 

Ford ...•••..•...•..•..•..••.• 

Grade ......•••...•••..•••••. 

R. R.over .........•.....•... 

R. R. under 

Buildings 

School 

Church 

Mine and quarry 

Gravel pit ..................... . 

Power line 

======== 

Cj 
0 
0 

---- - t----

= FY-f==== 

==~F,(?~~ 

-..--11-
• 

l 

Pipeline . . . • . . . . . . . . . . . . . . . . . . . . 1-1 ,_... H 1-1 ,_... ~ 

Cemetery ..................... . 
:r 
I~· .I 

Dams - .. ~., 
;---·"~···· 

levee I I I I I I I I I I I I I II II I 1 I 

Tanks • 
Well, oil or gas 

Forest fire or lookout station ... 

Windmill ...•.....•............. 

located object ................ . 0 

CONVENTIONAL SIGNS 

BOUNDARIES 

National or state 

County ....................... .. 

Minor civil division 

Reservation ...................• 

Land grant ....................• 

Small park, cemetery, airport.-.-;-;-

Land survey division corners • . . L _L + -j 

DRAINAGE 

Streams, double·line 

Perennial 

Intermittent ..•.. .•.. ........ .::::::-..:.::.:_._:~ 

Streams, single-line 

Perennial • ....... .. .. .... .... -.__.-·-.-

Intermittent 

Crossable with tillage 
implements .............. . -------· --··-
Not crossable with tillage 
implements ............. . -- ··--···---
Unclassified 

Canal or ditch, single line 
unclassified ....•....... 

Lakes and ponds 

Perennial ................... . 
....... ----, 

Intermittent I in/ I 

'-----' 

Sprina ..........•.......•..•••. 

Marsh or swamp .............. . 

Wet spot .•..•..•............... 

Drainage end or alluvial fan ... .....--....__.-·---

RELIEF 

Escarpments 

Bedrock .................... . 

Other ...................... . "'"''""''''"''''''''""''''' 

Short steep slope .............. . ...... 

Prominent peak :'\ ..,. .. 

Depressions 
large Small 

Crossable with tillage 
implements .... _ ........... . ~::~·:::~ ~ 

Not crossable with tillage 
implements ................ . 

t""" .,..,..1 & 

Contains water most of 
the time ......•............. 

f0: 
"'~u .... 

NEW HANOVER COUNTY, NORTH CAROLINA 

SOIL SURVEY DATA 

Soil boundary 

and symbol 

Gravel ......................... . 

Stoniness fStony ...•........... 

lvery stony ......... . 

Rock outcrops . ." .. : ............ . 

Chert fragments ............... . 

Clay spot 

Sand spot 

Gumbo or scabby spot 

Made land 

Severely eroded spot .......... . 

Blowout, wind erosion ........ .. 

Gully ......................... .. 

':" . 
• g. 

I) <3 

IJ 

. -. . 
.. . .. 

SOIL LEGEND 

NEW HANOVER COUNTY BOARD OF COMMISSIONERS 

NORTH CAROLINA AGRICULTURAL EXPERIMENT STATION 

The fint letter, always a capital, is the initial letter of the soil name. The second letter is a capital if 
the mapping unit is broadly defined !J: otherwise. it is a small letter. 

SYMBOL 

Ba 
Be 
Bh 
Bp 

Cr 

DO 

JO 

Ke 
Kr 
Ku 

La 
Le 
Lo 
Ls 
Ly 

Mp 
Mu 

Nh 
No 

On 

Pm 
Pn 

Ra 
Rm 

Se 
Sh 
St 

TM 
To 

Ur 

Wa 
Wo 
Wr 

NAME 

Bayboro loam 
Baymeade fine sand. 1 to 6 percent slopes 
Baymeade-Urban land complex. 1 to 6 percen1 slopes 

-·- Borrow pits __ --· _____ --- ----- -· --~---

Craven fine sandy loam. 1 to 4 percent slopes 

Oorovan soils 

Johnston soils 

Kenansville fine sand. 0 to 3 percent slopes 
Kureb sand, 1 to 8 percent slopes 
Kureb-Urban land complex, 1 to 8 percent slopes 

l.akeland sand, 1 to 8 percent slopes 
Leon sand 
Leon-Urban land complex 
lynchburg fine sandy loam 
Lynn Haven fine sand 

Mine Pits 
Murvme fine sand 

Newhan fine sand 
Norfolk fine sandy loam, 0 to 4 percent slopes 

Onslow loamy fine sand 

Pamlico muck 
Pantego loam 

Rains fine sandy loam 
Rimini sand. 1 to 6 percent slopes 

Seagate fine sand 
Seagate-Urban land complex 
Stallings fine sand 

Tidal Marsh 
Torhunta loamy fine sand 

Urban land 

Wakulla sand, 1 to 8 percent slopes 
Woodington fine sandy loam 
Wrightsboro fine sandy loam, 0 to 2 percent slopes 

1/ The composition of these units is more variable than that of others in the survey area. but has 
been controlled well enough to be interpreted for the expected use of the soils. 
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SOIL ASSOCIATIONS 

Dorovan-Johnston association: Very poorly drained soils that have a muck, loam, or sandy 
loam surface layer and a muck or sand underlying layer; in areas that are flooded by 
streams or ttdes. 

I 

Kureb-Baymeade·Rimini association: Excessively drained and well drained soils that have 
a sand and fine sand surface layer and a sand, fine sandy loam, and loamy fine sand sub
soil or underlying layer; on uplands. 

Wrightsboro-Onslow-Kenansville association: Somewhat poorly drained to well drained soils 
that have a fine sandy loam, loamy fine sand, and fine sand surface layer and a sandy clay 
loam, clay, fine sandy loam, sandy loam, and clay loam subsoil; on uplands. 

I 

Kenansville·Cr<JVen·Lakeland' association: Moderately well drained to e:~tcessively drained 
soils that have a sand, fine s'and, or fine sandy loam surfac.e layer and a fine sandy loam, 
clay loam. clay. and sand subsoil or underlying layer; on uplands. 

I 
I 

Tidal Marsh·Newhan associatton: Tidal Marsh and eHessively drained soils that are sandy 
throughout; on flats and dune~ along the seashore. 

I 

Murville·Seagate·Leon association· Very poorly drained to somewhat poorly drained soils 
that have a fine sand and sand surface layer and a fine sand, sand, sandy loam, and clay 
loam subsoil; on uplands and stream terraces. 
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U. S. DEPARTMENT OF AGRICULTURE 
SOIL CONSERVATION SERVICE 

NEW HANOVER COUNTY BOARD OF COMMISSIONERS 
NORTH CAROLINA AGRICULTURAL EXPERIMENT STATION 

GENERAL SOIL MAP 
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<({f,ur~ Average January Tempera.tures in N.C. \Ji. (I 

Degrees Fahrenheit 

48and above 

46-48 

44-46 

'12-44 

40-42 

36-40 

below3S 

SOUTHERN WOOD PIEDMONT CO. 
WILMINGTON, NC 

NCD 058 517 467 

Source: U.S. Department of Commerce, W~ath~r and Climat~ in North Carolina. 1972. 

Figure 5.3. Mean Maximum Temperature in N.C. 

JANUARY 

Degrees Fahrenheit 

-
Source: u.s. o'epartr'nent of Co'minerce, w~llther lind Climlit~ ln North Cerofine, 1972. 

·~.a~Cha!lnC~ ! ~ ~~ 
Winter The alternate passage ofl~nd~h
pressure systems over the state during winter months 
results in changing weather conditions. Moisture and 
warmer temperatures are characteristically associated 
wilh frequently passing low-pressure cells. Lows are 
followed by polar highs, which bring lower temperatures 
and clear skies. However, even when under the influence 
of these polar highs. temperatures seldorn fall below 10• 
F .• and midday temperatures reach into the forties. 
making I he winter season very tolerable by northern 
standards. 

January average temperatures shown in Figure 5.2 
illustrate the mildness of winters. Only at the highest 
elevations do temperatures average below freezing. The 
mean temperature for January at Mount Mitchell is 28. 7• 
F., tht~ lowest in the stale. Yel. at Asheville. located on the 
lee side of the mountains. temperatures for January 
average 39.4• F. 

Nowhere else in North Carolina is the local contrast in 
temperatures as great as in the western counties. 
Temperature contrasts are least where the climate is 
mildest. Hatteras. on the Outer Banks. has a January 
mean of 48.0" F., and only thirteen days each year when 
temperatures of 32° F. and below are recorded. 

The tendency for January isotherms to parallel the coast 
shows the influence of the Atlantic Ocean. Wilmington. in 
southeastern North Carolina, the most subtropical area in 
the state, exemplifies the maritime effect. This coastal 
city has a January mean temperature of 47.8° F., and an 
average of only eight days during January when · ·•· 
temperatures dip to 32° F. or less. as compared with !¥.'·, 
eighteen days at Raleigh and nineteen at Asheville. 

In the Piedmont. latitude is the primary control on 
temperature. and the isotherms maintain a zonal pattern. 
As might be expected. temperature averages lie be
tween those exhibited by the surrounding regions. 
Charlotte has a mean January temperature of 42.3° F., 
Greensboro. 39.0~ F., and Raleigh, 42.7° F. 

However, whereas Asheville averages eighty-three days 
each year when temperatures drop below freezing, 
Winston-Salem has freezing temperatures eighty-eight 
days annually, and Greensboro has eighty-four days with 
freezing temperatures. 



Degrees Fahrenheit 

80and above 

.r -~ ·:·ur.·:~-=- .• ··~ • ·- • 
. . c.. . . ,~ • These strip-like region.s have longer IrE'~ 

·. 'W <.1' and thereby show earlier dates for.the ~"' 
r\Jrn:-::-=:-r.-,--,,.,.,..,., period than their surroundings. They support frost· 

SOUTHERN WOOD PIEDMONT CO. 
· WILMINGTON, NC 

NCD 058 517 467 

susceptible vegetation long after the greenery has 
disappeared in nearby areas. Often in early winter or 
even in midwinter a contrasting bel! of green flanked 
above and below by brown may be seen. These green 
belts are characteristically located along slopes that 
face the winter sun, are protected from cold northern 
winds, and have cold air drainage to lower valleys. The 
blossoming of dogwood and redbud moves across the 
state in a pattern similar to that of the end of the freeze 
season to blanket North Carolina with color and beauty. 

Summer Summer is characterized by its high tempera
tures, high humidities, high amounts of rainfall. and high 
physiological stress. Except for the amelioration of these 
climatic elements in the Mountains, and the relief ' 

Source: U.S. Department of Commerce, We11therand Climate in North C~rolintJ, 1972. 

afforded by sea breezes along the coast. elsewhere in 
the state summer is a season of extremes. Mean monthly 
minimum temperatures for July and August are in the 
upper seventies and eighties and mean maximum 
temperatures reach into the nineties. 

Figure 5.10. Mean Maximum July Temperature In N.C. 

Degrees Fahrenheit 

92and above 

90·92 

88·90 

. 86·88 

Source: U.S. Department of Commerce, We11thtr 11nd Clim11te in North C/JroliniJ, 1972. 

However, to quote a popular adage, "it's not the heat but 
the humidity," and North Carolina's temperatures in 
combination with the high water vapor amounts preva
lent during the summer months are definitely uncomfort
able. In addition, high sunshine percentages and a 
predominance of southerly winds tend to aggravate an 
already unpleasant climatic condition. Only the periodic 
passage of coot. dry air masses from the north and sea 
breezes in the coastal areas alleviate the discomfort of 
summer weather for North Carolina's low-lying counties. 

July Average Temperatures fi\he pattern of mean 
temperatures in July is similar 16'1he pattern in January 
(Figure 5.9). However, in the Piedmont and Coastal 
Plain, isotherms are fewer in number and farther apart. In 
the Mountains. the reverse is true. The widespread 
isotherms east of the Mountains indicate that tempera
ture averages across central and eastern North Carolina 
exhibit little contrast. From the western Piedmont to the 
coast, the difference in mean temperatures-is only 4° F. 
Although the influence of the ocean is not evident in the 
arrangement of isotherms, the high temperatures of the 
Coastal Plain are made less severe by the cooling power 
of the sea breeze. Hatteras, on the Outer Banks, records 
a temperature of 90° F. on the average of only one day 
each year, while Wilmington, a short distance from the 
coast, has an occurrence of goo F. temperatures about 
twenty-four days annually. In contrast with these loca
tions, Raleigh and Winston-Salem mean temperatures for 
July are slightly lower, but the average number of days 
on which a temperature of goo F. or above is experienced 
increases to mere than forty. · 
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NORTH CAROLINA 

BOARD OF WATER AND AIR RESOORCES 

s. Vernon Stevens, Jr., Chairman••••••••••••••••••••••••••Broadway 

P. Greer Johnson, Vice Chairman •••••••••••••••••••••••••• AsheYille 

P. D. Davis•••••••••••••••••••••••••••••••••••••••••••••••••Durham 

J. Nelson Gibson••••••••••••••••••••••••••••••••••••••••••••Gibson 

Way11e Mabey •••••••••••••••••••••••••••••••••• • • •••• • ••••••••• Ba.din 

Hugh Merritt••••••••••••••••••••••••••••••••••••••••••••Mount Air.y 

Lee Powers ••••••••••••••••••••••••••••••••••••••••••••••• Lake Lure 

J. Aaron Prevost•••••••••••••••••••••••••••••••••••••••Waynesville 

W. Graqy Stevens••••••••••••••••••••••••••••••••••••••••••••Shiloh 

Raymond s. Talton••••••••••••••••••••••••••••••••••••••••••Raleigh 

Joe Thomas••••••••••••••••••••••••••••••••••••••••••••Jacksonville 

Glenn M. Tucker •••••••••••••••••••••••••••••••• · ••••• Carolina Beach 

H. w •. WhitleY•••••••••••••••••••••••••••••••••••••••••Murfreesboro 
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STATE OF NORTH CAROLINA 

DEPARTMENT OF WATER AND AIR RESOURCES 
JIOIIIIT W. ICOTT 

QO\'IIRNOR 

P'. D. CAVIl 
J. NILION GillON. JR. 
WAYNE MAIRY 
HUGH L. MERRITT 
LEI: L. P'OWIRI 
J. AAitON P'lti:VOIT 
W. GRADY WTEVENI 

GEORGE E. P'ICKETT. DIUCTOII 
TIIL!r,.HONII 121.3003 

11:. C. HUIIARD. AnT. DIRIC:TOR 
TILII,.HONII 121-3008 

RALEIGH. N. C. 27811 
P'. 0. llox 270•8 

February 12, 1970 

The Honorable Robert W. Scott 
Governor of North Carolina 
Raleigh, North Carolina 

Dear Governor Scott: 

I. VERNON ITIEVI:NI. JR. 
CHAIRMAN 

P'. OIUEII:R JOHNION 
VIC:II.CHAIIIMAN 

ltAYMOND I. TALTON 
JOII:P'H 11:. THOMAI 
GLENN M. TUCKI:JI 
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GEOLOGY AND GROUND-WATER RESOURCES 
OF NEW HANOVER COUNTY, 

NORTH CAROLINA 

By 

George L. Ba:n 

Geologist, U. S. Geological Survey 

ABSTRACT 
This report describes the ground-water resources of ~ew Hanover County 

in southeastern North Carolina. The county is a part of the Atlantic Coastal 
Plain Province and occupies a peninsula bet~een the Atlantic Ocean and the 
Cape Fear and Northeast Cape Fear Rivers. New Hanover County is a relatively 
flat sandy plain, fe~ points in the county being more than 50 feet above sea 
level. The climate is humid; the average annual precipitation is about 50 
inches. 

Ground water occurs in a syste~ of slightly inclf~ed formations under
lying the Coastal Plain. Although individual formations dip and thicken in 
various directions, they in aggregate, thicken in wedge-like fashion toward 
the coast, reaching a maximum thickness in New Hanover County of slightly 
more than 1,500 feet. Most of the formations are composed of unconsolidated 
sands and clays containing a few beds of li~estone and calcareous sandstone. 
A veneer of sand and sandy clay of probable Pleistocene age tends to conceal 
the unaerlying sequence of rock materials of Tertiary and Cretaceous age. 

The volume of water stored in the Coastal Plain formations in New Hanover 
County is large; however, water in all but the shallow formations is too salty 
for most uses. 

Three major aquifers, or water-bearing beds, furnish water to wells, at 
least two of them being available for use in most parts of the county. They 
include a sandstone bed in the Peedee Formation of Late Cretaceous age, the 
Castle Hayne Limestone of Eocene age, and the shallow surface sands. 
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GEOLOGY AND GROUND-WATER OF NEW HANOVER COUNTY 

The sandstone aquifer in the Peedee Formation averages about 35 feet in 
thickness, slopi~g from sea level in the northwestern part of the county to 
about 19U teet below sea level at Wrightsville Beach. Where data are avail
able, the aquifer is known to contain fresh water and is separated from under
lying beds containing salty water by 100 to 150 feet of relatively impermeable 
clay. Except along the Cape Fear River and the Atlantic coast, ground water 
in the Peedee sandstone is under sufficient pressure to rise above sea level, 
and it rises to more than 3Q feet above sea level in the center of the county. 
Some wells tapping this aquifer yield more than 400 gallons per minute, and 
the specific capacity in part of the county is more than 30 gallons per minute 
per foot of drawdown. 

The Castle HaynF Limestone is irregular in thickness and areal distri
bution, being thicker and more extensive under the northeastern and southern 
parts of the county. It lies within about 30 feet of the land surface except 
along the coastal ~argin where it is somewhat deeper. The Castle Hayne has 
easy access for replenishment, and much water enters the limestone in the 
center of the county. Some wells ~apping this aquifer yield more than 400 
gallons per minute, and the specific capacity ranges from 3 to 80 gallons 
p~r minute per foot of drawdown. 

Sand, clay, and marl of Pleistocene and Miocene age cover the land sur
face in all of the county. The sands comprise the uppermost aquifer in the 
county--that is, the water-table aquifer, except in a few places where the 
Castle Hayne Limestone and Peedee Formation are near the land surface. The 
water table commonly lies within 10 feet of the land surface and is easily 
reached by the common type of drive-point well. 

Water of acceptable chemical quality for most purposes is available 
throughout the county, but a wide range in quality.of water within the aqui
fers is common. Water in the Peedee sandstone is ~ard in most places, and 
the iron content exceeds 1 milligram per liter in ~he central and north
central parts. ·water in the Castle Hayne Limestone is a calcium bicarbonate 
type ranging from moderately hard to very hard. The iron content ranges from 
0.01 to more than 12 milligrams per liter. Water in the surficial sands is 
soft but"almost everywhere is corrosive. 

The current withdrawal of ground water is only a small part of the avail
able ~upply, but the availability of water varies considerably from one part 
of the county to another. The aquifers are susceptible to salt-water en
croachment because of aquifers containing salty water underlying the Peedee 
sandstone aquifer and because of the bordering Atlantic Ocean and brackish 
Cape Fear River. The pre6ent position of the interface between salty and 
fresh water in the ground· is maintained by the v~lume and hydrostatic head 
of the fresh water. Thus, a substantial reduction in rainfall or changes in 
ground-water conditions created by man's activities, such as withdrawal of 
water through pumping, swamp drainage, or dredging which reduces the fresh
water hydrostatic head, may cause a corresponding encroachment of salt water. 
Salt-water encroachment may be controlled at least partially by well-field 
design and management. Proper practices include pumping more wells at lower 
rates and the use of multiple well points and infiltration galleries in 
shallow aquifers. 
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INTRODUCTION 

This report describes the ground-water resources of New Hanover County. 
The purpose of this study was to determine the thickness, lithology, and areal 
extent of the water-bearing formations (aquifers), the source of replinish
ment or recharge to the aquifers, ~~·~ direction of water movement within the 
aquifers, and the quantity and c~~~i,al quality of the ground water. 

Fieldwork, done for this report during the period from January 1963 to 
Tune 1966, included the following: 

1. Fifty auger holes ~ere drilled to determine the lithology, 
thickness, age, and areal extent of the geologic formations. 
Where feasible, the auger holes were cased to permit water 
sampling, garrma-ray logging, observation of water-level 
fluctuations, and pumping tests. 

2. Twp deep test holes were drille~ to det~rmine the depth to 
the deeper lying Black Creek Fo~ation, the chemical quality 
of water in the deeper aquifers, and the position of the 
fresh water-salt water ~nt~rfa:e. 

3. Data on·412 wells includin~ drillers' records, well cuttings, 
and water samples were collected from well drillers and 
owners, as well as from published sources. 

4. G~a-ray well logs were made in cased auger holes, deep 
test holes, and some existing wells. Electric logs of the 
deep test holes also were made. ; 

5. 

6. 

7. 

8. 

9. 

Water-level data were collected at 5 wells 'equipped with 
continuous recorders. dt 20 wells which were measured 
monthly, and at more than 100 wells which were measured 
semiannually. 

More than 250 water samples were collected and analyzed 
to determine the quality of the ground water. 

Thirty-seven pumping tests were made, and data from a few 
drillers pumping tests were collected to determine hy
draulic characteristics of the aquifers. 

The base-flow discharge of four small streams was measured 
t~ evaluate ground~ater discharge. 

A network of more. than 150 altitude co~trol points (accurate 
to± 5 feet), necessary for geologi~ ~~d ~vd:ologic centro~, 
was established by barometric le••,: lin!;. 
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PREVIOUS INVESTIGATIONS 
No previous detailed geologic or ground-water investigations have been 

made in New Hanover County. David G. Thompson, U. S. Geological Survey, made 
a preliminary study of the ground-water resources of Wilmington (1941). A 
drought during the fall of 1940 had so reduced the fresh-water flow in the 
Cape Fear River that salt water contaminated the public water supply through 
the Toomers Creek intake. Thompson recommended that the surficial sand de
posits of several areas on the outskirts of Wilmington be used as sources of 
emergency public supplies while the water intake was being extended to Lock 1 
on the Cape Fear River. The sand hills area along r. S. 421 north~est of 
~ilmington ~as among those areas recomrr.ended. 

The formations penetrated and the chloride concentrations of several 
wells in ~ew Hanover County and vicinity were described by Clark and others 
(1912). Data collected by Thompson in 1941, M. J. ~undorff between 1941 and 
1948, and H. E. LeGrand between 1952 and 1958 were combined in a reconnais
sance report entitled, "Geology and Ground-Water Resources of Wilmington-New 
Bern Area, North Carolina" (LeGrand, 1960). LeG~and briefly describes the 
physiography and geology of the county, points out the potential of the 
Castle Hayne Limestone as an aquifer, and gives additional hydrologfc data 
on the sand hills area northwest of Wilmington. 

ACKNOWLEDGMENTS 
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well drillers is gratefully acknowledged. Particular acknowledgment is due 
Bill Dobo, Robert Meadows, Maurice Johnson, and H. H. Harward for furnishing 
well records, water-level data, and well cuttings~ Auger and test-hole 
cuttings were processed and paleontological dete~inations were made by 
P. M. Brown, U. S. Geological Survey, Raleigh, Narth Carolina. Except where 
otherwise noted, water samples were analyzed by the Laboratory Unit, Water 
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. The study was initiated in January of 1963 by the U. S. Geological Survey 
in cooperation with the New Hanover Board of County Commissioners and the 
North.Carolina Department of Water and Air Resources (formerly the North 
Carolina Department of Water Resources). The investigation was conducted 
under the general supervision of 0. Milton Hackett, Chief, Ground Wa~er 
Branch, U. S. Geological Survey. Immediate supervision was by P. M. Brown 
and G. G. Wyrick, former District Geologists, Raleigh, North Carolina. 
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GEOGRAPHY 

LOCATION, AREA, AND POPULATION 

New Hanover County is in the southeastern part of the Coastal Plain of 
North Carolina and occupies a peninsula between the Atlantic Ocean and the 
Northeast Cape Fear and Cape Fear Rivers. Figure 1 shows the location of 
the county. 

The county has an area of 194 square miles. The Bureau of the Census 
reported the population in 1960 to be 71,742--about 370 people per square 
~ile. ~il~ington, the county seat, had a ?Opulation of ~~.013. S~aller 
to~~s in the county are Carolina Beach, Castle Hayne, Kcre Beach, and 
~rightsville Beach. Forests and farmland comprise 58 and 14 percEnt of the 
total land area, respectively. Sixty-nine percent of the residences are 
classed as urban. 

N 

! 

Figure 1.--Index map of North Carolina showing the location 
of New Hanover County. 

CLIMATE 

New Hanover County has a mild, h~id climate. The U. S. Weather Bureau 
statistics for the Wilmington station show an average annual temperature of 
63.8°F and an average annual precipitation of 51.29 inches for the 30-year 
period 1931-60. The average monthly variations in temperature and precip
itation at this station are shown in figure 2. It may be observed that pre-. 
cipitation during July, August, and September tends to be considerably higher 
than in the other months. At Southport, near the southern tip of the county, 
the average annual temperature and precipitation for the same period of re
cord are 64.3°F and 49.49 inches, respectively. 
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GEOLOGY AND GRO~ND-WATER OF NEW HANOVER COCNTY 
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Figure 2.--Graphs showing average monthly temperature and precipitation 
for the 30-year period of record 1931-60 

at Wilmington, North Carolina. 
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GEOGRAPHY 

PHYSICAL FEATURES 

The land surface of ~ew Hanover County is a plain with a slight overall 
slope toward the Atlantic coast and the Cape Fear River. This plain is rela
tively flat in the broad interstream areas but is broken by low escarpments 
along the Northeast Cape Fear and Cape Fear Rivers and breached by short 
tributary creeks. The plain represents the part of a Pleistocene sea floor 
that has been exposed by withdrawal of the sea in the relatively recent geo
logic past. Parts of the land surface are covered with rolling sand hills. 
These sand hills constitute accumulations of beach sand which were shifted 
bv the wind to fo~ dunes. Salt narshes, tical flats, and shallow sounds 
b~tween the present-day barrier beaches and the nainland are connected to 
the ocean by narrow inlets. 

Several topographic features are i=portant to the ground-water hvdrology 
in the county. The fossil dunes or sand hills extend northeastward from Fort 
Fisher along U. S. Highway 421 through Wilmington to and beyond the Pender
New Hanover County line. They are best developed in an area between the Cape 
Fear River an·d the Northeast Cape Fear River, northwest of Wilmington, south
east of Greenfield Lake, and south of Barnard Creek. The highest altitude in 
the county of 80 feet above sea level occurs on one such fossil dune system 
east-southeast of Gr~enfield Lake. Most of these thick sand deposits have no 
surficial drainage. Another sandy area extends northeast along U. S. Highway 
17 parallel to the coast in the northeastern part of the county. This sandy 
area was a long bar at a time when the sea stood some 35 or 40 feet higher 
than it does today. To the west of this bar was a broad shallow lagoon, which 
is now drained by the northeast Cape Fear River. Today the area is flat and 
marshy. Small shallow sinks are common in the vicinity of the town of Castle 
Hayne and from Wilmington southward. The sinks, usua~~y filled with water, 
result from the solution of near-surface limestone anS coquina beds. 

The altitude of much of the county is from 30 to 40 feet above mean sea 
level. The Talbot Terrace described by Cooke (1931) occurs at this level. 
Cooke also described a terrace at 25 feet above mean sea level which may be 
distinctive from the village of Porters Neck southward and slightly west of 
the sounds. 

- 7 -
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GEOLOGY 

OUTLINE OF GEOLOGY 

The present-day quality, occurrence, and.availability of ground water in 
New Hanover County depend upon the physical and chemical character of the 
sediments beneath the county. Such characteristics as: kind of sediment, 
lithology, thickness, and attitude have been predetermined by the county's 
geologic history. \..'hen any area is inundated through a general rise in sea 
level or localized subsidence of the earth's crust, accumulation of marine 
sediment begins and erosion ceases. The kind and character of the sediment 
being deposited at any one plate, whether limestone. sandstone, clay, shale, 
or sane, ~hether coarse or fine, or whether cemented or unconsolidated depends 
on many complex variables. Some variables incl~de the kind of sou1·ce Material 
and degree of weathering, distance of sediment transport, and rate of accu
mulation of the shells of marine organisms. 

Crustal movements along the axis of the geologic structure known as the 
Cape Fear Arch had a profound effect upon the type, thickness, and inclination 
(dip) of the sedimentary formations beneath New Hanover County and thus, ulti
mately have influenced the ground water. The Cape Fear Arch is now a broad 
gentle uplift roughly paralleling the Cape Fear River and trending southeast
ward through New Hanover County. Crustal movements along this axis are re
sponsible for the lack of deposition of Lower Cretaceous sediments in part of 
the county, the deposition of a thick sequence of Upper Cretaceous sediments, 
and thin to nondeposition of the more recent Tertiary formations. 

Sediment accumulation on the crystalline basement floor ranges in thick
ness from about 1,100 feet at Wilmington to 1,500 feet at Fort Fisher. Nearly 
90 percent of the sediments accumulated during Cr~taceous time when the county 
was on the flank of a depositional basin. These ~eposits, ranging in age from 
Cretaceous through Tertiary, are divided from oldest to youngest into the Black 
Creek, Peedee, Castle Hayne, and undifferentiated deposits of Oligocene(?) and 
Miocene age. They are overlain at the surface by sands, clays, and marls de
posited during the comparatively recent geologic past. 

BASEMENT ROCK 

The submerged erosional surface upon which the Upper Cretaceous sediments 
were deposited consists of schist, gneiss, granite, and metamorphosed volcanic 
rocks typical of rocks which are exposed in the Piedmont Province of North Car
olina. Granite occurs at a depth of 1,109 feet in well 202, which was drilled 
as a municipal water well for Wilmington in 1899. A well drilled during 1905-
07 at Fort Caswell, across the Cape Fear River from the southern tip of the 
county, penetrated basement rock at 1,540 feet (Clark and others, 1912, p. 194-
196). The ages of the basement rocks are unknown but may range from Precam
brian(?) to Mississippian(?). , 
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GEOLOGY 

CRETACEOUS SYSTEM 

BLACK CREEK FO~~TION 

The Black Creek Formation of Late Cretaceous age rests unconformably 
upon the basement rocks at ~ilmington. Lower Cretaceous sediments and the 
Tuscaloosa Formation, prominent in other parts of the Coastal Plain, are not 
known to be present beneath ~ew Hanover County (Bro~~. 1959a). 

!he Black Creek For:ation is approxi=ately 380 feet thick in ~e~ Hanover 
County. The upper and lower contacts were placed at 711 and 1,100 feet belo~ 
sea level, respectively, in the Hilton Park well (well 20:, see fig. 3), by 
r. ~. Stanton (Clark and others, 1912). The top of the Black Creek was pene
trated at 673 feet below nean sea level in the Murraysville test well (well 
87) but was not reached in the Edwards test hole (well 347), which w3s drilled 
to a depth of 610 feet below sea level. 

The Black Creek Formation is assumed to contain saline water everywhere 
beneath New Hanover County. Highly saline water was found in the Hilton Park 
well in all zones below 370 feet and in a well at Fort Caswell, Brunswick 
County, below 354 feet (Clark and others, 1912). 

PEEDEE FO~~TION 

The Peedee Formation conformably overlies the Black Creek Formation in 
New Hanover County. It typically consists of unconsolidated greenish-gray to 
dark-gray silt, olive-green to gray sand, and massive'black clay interbedded 
with consolidated calcareous sandstone and impure limfstone. Glauconite gives 
the Peedee Formation its characteristic salt and pep~r appearance. There 
appears to be an increase in sand and lime and a decrease in clay toward the 
top of the formation in New Hanover County. 

The Peedee Formation in New Hanover County is 710 feet thick at well 202 
and 645 feet thick at well 87, and contains four water-bearing beds of sand. 
The uppermost sand contains fresh water and the lower three contain brackish 
to saline water throughout the county. The general relationship of the Peedee 
Formation to the other formations in the county is illustrated in figures 4, 5, 
and 6. Figure 6 is a structure contour map of the top of the uppermost salt
water bearing sand. The top of the sand strikes N. 25° E. and dips toward the 
southeast at the rate of 10 feet per mile. 

Figure 7 is a structure contour map of the top of a calcareous sandstone, 
the topmost sandstone in the Peedee Formation and the principal fresh-water 
aquifer in New Hanover County. It is discussed in a later section as the 
sandstone aquifer. 
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GEOLOGY 

All water below the altitudes shown on figure 6 is saline. All water 
in and above the sandstone shown in figure 7 is known to be fresh except that 
south of Myrtle Grove, where there are no data. Fresh water of unknown but 
probably li~ited extent and quantity was detected in well 87 in fine uncon
solidated sand below the sandstone aquifer. 

Figure 8 is an isopach map showing the distribution and thickness of the 
~assive clay aquiclude lying_ between the calcareous sandstone and the top of 
the Peedee Formation. In effect, this figure shows the thickness of the im
permeable beds lying between the sandstone aquifer and the Castle Hayne Lime
stone, the next higher aquifer. 

TERTIARY SYSTEM 

CASTLE HAYXE LD!ESTOXE 

The Castle Hayne Lir.1estone of middle and late Eocene age (LeGrand and 
Brown, 1955) was first described by Miller (Clark and others, 1912) at a quarry 
near the intersection of Prince George Creek and U. S. Highway 421 at the 
town of Castle Hayne. Rocks of Paleocene age were not deposited in the county 
because of erosion or nondeposition upon the elevated Cape Fear Arch~ ·Thus, 
the Castle Hayne Limestone unconformably overlies the channeled and eroded 
upper surface of the Peedee Formation. 

The Castle Hayne Limestone is quite variable lithologically, consisting 
of shell, marl, sand, and limestone. A complete geologic section in New 
Hanover County includes: 

A. A basal sandy shell conglomerate containi~ much reworked 
material from the Peedee Formation. It is-discontinuous 
in occurrence because it was deposited in 'channels on the 
top of the Peedee Formation. It is approximately 30 feet 
thick in the Superior Stone quarry near the town of Castle 
Hayne. 

B. Above the basal shell-conglomerate is a glauconitic shell 
limestone. It is light-gray toward the top and yellow and 
dolomitic toward the bottom. In places it contains inter
bedded sand. Where the lower unit is missing the shell 
limestone facies rests unconformably upon the Peedee For
mation. The glauconitic shell limestone thickens from a 
featheredge along its up-dip extremities to about 40 feet 
at the town of Wrightsville Beach and to more than 80 feet 
at the town of Carolina Beach. 

C. The shell facies is overlain by a dense, chalk-white siliceous 
limestone that contains phosphate at its base. This lime~ 
stone, called "cap rock," by local well drillers averages 
about 3 feet in thickness throughout the county. 
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o. Overlying the "cap rock" is a cream to light-green, 
glauconitic, bryozoan-bearing "shell hash" (a coarse, 
braided mixture of shell fragments). This unit is 
generally confined to the northeastern section of 
the county north of a line connecting the city of 
Wilmington and Wrightsville Beach. South of this 
line the unit, if deposited, has apparently been 
removed by erosio~. At the Ideal Cement Company 
quarry in the northern part of the county, where 
this unit is approximately 10 feet thick, it is 
mined for the manufacturing of cement. At Porters 
~eck crossroad it ranges from 55 to 80 feet thick. 

GEOLOGY 

The irregular distributio~ and thic~ness of the Castle nayne Li~estone 
(figs. 9 and 10) results fro~ its deposition on an eroded surface of the Pee
dee Fo~ation and froo subsequent erosion and solution of the upper surface of 
the Castle Hayne. Areas in ~hich the Castle Hayne Li~estone is missing or 
spotty are also shown in figure 9. 

The sandy, shell part of the Castle Hayne Limestone is generally a pro
ductive aquifer. Yields of individual wells in the county depend largely upon 
the degree to which the porosity and permeability have been increased by 
solution. 

L~DIFFERENTIATED DEPOSITS OF LATE TERTIARY AGE 

Overlying the ·castle Hayne Limestone in the southern part of the county 
are sediments that probably range in age from late Oligocene through late 
Miocene. Most of the sediments in this late Tertiary sequence are phos
phatic sands, silts and clays, and phosphatic limestones similar to materials 
in the Pungo River Formation described by Kimrey (1964) in Beaufort County, 
North Carolina. The upper part of the Pungo River Formation is equivalent in 
age to the Calvert-Formation of Maryland (Brown, 1958b, p. 89) (Gibson, 1967, 
p. 636), which the U.S. Geological Survey currently recognizes as middle 
Miocene. The possibility that the lower part of the Pungo River is of early 
Miocene or late Oligocene has not been discounted (Brown, 1958b, p. 90) 
(Gibson, 1967, p. 637). According to Gibson (WTitten communication, 
July 1, 1968), the sediments in southern New Hanover County "are in part 
facies. equivalents of the phosphatic sands, limes, and diatomites of the 
Pungo River, but whether they belong lithologically and genetically is another 
question." Thus, the name Pungo River· should not be applied to the deposits 
ia New Hanover County although they are probably facies equivalents. 

In the Carolina Beach area the a~ve deposits consist chiefly of marl 
interbedded with light-green to dark-gray silty clay containing thin shell 
beds. The silty phase is replaced to the northwest by light-gray sand and 
sandy coquina overlain by olive-green sand. The sandy coquina, present in 
wells 368 and 381, is possibly of late Miocene age. Phosphate is present 
but is not known to be in sufficient quantities to warrant economic 
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development. !he lower silty part of the unit thickens southward from about 
10 feet at Wrightsville Beach to 75 feet at well 394 at Carolina Beach anG 
dips to the south-southeast and southeast at 10 to 25 feet per mile. It is 
overlain in the southeastern part of the county by 20 to 30 feet of fine- to 
medium-grained sand containing dark-gray to chocolate-brown clay beds that 
change southward to light-gray to olive-green clay and shell beds. !his late 
~1iocene unit is as much as 10 feet above sea leveL In the north-central and 
northeastern sections of the county--10 to 20 feet of fine- to medium-grained 
sand containing a dark-gray to blue-gray clay is overlain by 5 to 20 feet of 
blue or gray dense cla~: of late ~!iocene age. The late Miocene clay occurs in 
a zone as much as 25 feet above sea level. 

The silty part of the unit functions as a hydraulic barrier (aquiclude) 
bet'-"een the overlying water-table aquifer and the underlying Castle Hayne 
aquifer near the seacoast. 

Small to moderate water supplies are available from the sandy coquina, 
but only small supplies are available from the shallow sands and from the 
thin shell beds of this formation. 

QUATERNARY SYSTEM 

U~~IFFERENTIATED SURFACE DEPOSITS 

Overlying ·the channeled surfaces of the formations previously described 
are deposits of clay, sand, and marl. !heir age, thickness, and origin vary 
from one place to another. As used in this report the deposits include all 
of the sediments between land surface and the undifferentiated deposits of 
late Tertiary age. Thus, they include terraced and barrier-beach deposits, 
sandy coquinas (DuBar and Johnson, 1964), fossil sand dunes, stream channel 
deposits, and possibly thin and scattered remnahts of the underlying forma
tion. These sediments are absent in the towns;of Castle Hayne and Wilmington, 
where the underlying limestone is exposed, but are as much as 70 feet deep 
near the Cape Fear River west of Myrtle Grove. 

Eastward from a line connecting Fort Fisher, Myrtle Grove, and Wrightsville 
Beach, the base of these surficial sediments rests upon silt, clay, and shell 
beds of the underlying deposits of late Tertiary age. In the northwest one
third of the county they rest upon the Peedee Formation where the Castle Hayne 
Limestone is missing as shown in figure 10. Between the above areas they rest 
upon the Castle Hayne Limestone. 

The surficial sediments may be divided into the following oversimplified 
or generalized categories: 

1. In the central and western parts of the county, 0 to 35 
feet of coarse, clean, nonfossiliferous quartz sand gen
erally from 0 to 30 feet below sea level. Reference to 
figures 10 and 11 shows that the coarse sand occurs'where 
the Castle Hayne is missing, or more specifically, in 
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channels cut into the surfaces of the Peedee and Castle 
Hayne Formations. Although there is no direct evidence, 
the sand is probably of Pleistocene age • 

2. Throughout the county 0 to 60 feet of fine- to medium
grained Pleistocene sand tend to cover underlying clays 
and sands. The sandy veneer includes the commonplace 
surface sand and the fossil dunes and beach bars. Where 
swampy the sand is da~k bro~~ or black with humic material, 
and where well drained it is tan to gray white. Sandy 
coquina and marl beds occur at shallow depths in the sand 
along the present-day coast and mark the sites of Pleis
tocene beaches and inlets. As much as 20 feet of red clay 
and sandy clay 6verlie the Castle Hay~e Linestone alcng 
~1iddle and Topsail Sounds. At a few isolated spots the 
surface material is a ~eathered product of the Castle Hayne 
Limestone or Peedee For~ati~n. 

The occurrence and distribution of the above sands and clays affect the 
water yield potential of various parts of the county. Xoderate to large yields 
are available from these deposits northwest of Wilmington and south and south
east of Greenfield Lake where coarse sand is overlain by thick and extensive 
fossil dune deposits. Although the water in such deposits is acidic, iron 
and hydrogen sulfide are negligible. Small yields are available for domestic 
and small irrigation supplies from the finer grained and shallower surface 
sands throughout the county. 

;· 
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HYDROLOGY 

GENERAL STATEMENT 

The earth's vast but fixed supply of ~ater is kept in endless circulation 
bv energy supplied from the sun. Water evaporates from the oceans, lakes, 
streams, and land surfaces and is carried in the atmosphere as water vapor 
until it condenses and falls as precipitation. Part of the precipitation 
flows overland as surface runoff, a part is returned directly to the atmo
sphere by evaporation, a part is transpired by plants, and the remaining 
part enters the ground from ~hich it eventually discharges to streams or to 
the coast. 

Ground water occurs in the spaces between the rock particles in the zone 
of 3 aturation. ~bere the spaces are interconnected and large enough to permit 
fl·• through them the rocks ~ill yield water to ~ells. Rock units that yield 
wa er tc wells are called aquifers. In ~ew Hanover County two types of spaces 
t~ : transmit and store ~ater are: (1) the openings between the sand grains; 
ar. (2) the larger interconnected openings, created by solution of some of the 
c= :areous cement and shell material from the limestone and shell beds. In
t~ ~edded clay sediments contain numerous pore spaces, but the pores are ex-

- ~ely small and the yield to wells is so small that they are not considered 
be aquifers. 

Ground water not evaporated to the atmosphere or transpired by vegetation 
_ -;entually discharged to the streams or to the ocean. The discharge of 
-~d water is facilitated where streams have incised their channels into, 
elow, the water table. The discharge of water as springs,or seeps in such 
graphically low places creates a significant difference in hydrostatic 

: between the water level in the interstream and srream areas. New Hanover 
.ty is essentially a peninsula; thus the Northeast,'Cape Fear and the Cape 
~ Rivers serve as diffuse discharge lines along the west boundary and the 
3t serves the same purpose along the east boundary. The upward movement 
~.gh the confining beds occurs over large areas,.and through the geologic 

es it has been sufficient to cause partial flushing of the original connate 
a ~·ater from the aquifers. 

The uppermost water-bearing unit includes the surface 
,:t of the county to depths of 50 feet or more in places. 
~ surface material is saturated with water; in the upper 

t :ing dovnward in response to gravity. The upper surface 
z 1e is called the water table. 

sand that covers 
The lower part of 

part the water is 
of the saturated 

All of the sediments below the water table are saturated, not only in the 
•~rface sand~ but also in the underlying limestone, clay, and sand. Where 
beds of clay and silt {aquicludes) are impermeable enough to retard the move
ment of water, the water in the underlying beds of limestone and sand is con
fined under hydraulic pressure and is called artesian water. The he!ght to 
which artesian water will rise in wells forms an imaginary surface called the 
piezometric surface. 
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Artesian water moves to discharge areas in many places along the major 
streams and the coast. The rate of water movement from areas of recharge to 
areas of discharge ranges from a few feet to as much as a few hundred feet 
per year . 

The aquifers in New Hanover County are recharged by local rainfall. 
Areas of significant recharge are identified on the maps showing the piezo
metric surfaces as the areas having higher water levels, and on the water 
quality maps as the areas of lower chloride and of higher iron and hardness 
values. These are in the interstream areas where the topography is rela
tively high. Conditions for recharge are excellent in New Hanover County 
because most of the areas are underlain by sand. 

AQUIFER CHARACTERISTICS 

The quantity of water that an aquifer can hold in storage is governed b:: 
its p~rosity. Porosity is the ratio of volume of pore space or interstices 
to the total volume of the rock matc~ial and is usually a~pressed as a per
centage. Clean, well-sorted sand may have an initial porosity as high as 40 
percent, but during its transformation into a sandstone the porosity may be 
reduced by compaction and cementation to less than 10 percent. Clay may have 
a porosity of 50 percent, but because of the minute size of its pores, a large 
percentage of the water stored in clay is retained by molecular attraction. 
Consequently, clays ·and clayey sediments act as aquicludes and tend to retard 
water movement. 

The permeability of an aquifer is a measure of its ability to transmit 
water in response to gravity or to differences in hydrostatic pressure. It 
is governed by the size and shape of pore spaces and the degree to which these 
spaces are interconnected. A rock unit that is nonporous is also impermeable 
However, water may be yielded freely from rocks of low porosity if the pores 
are interconnected and are large enough to fleely transmit water. In New 
Hanover County, the removal of cementing material from the calcareous sand
stones and limestones by solution has increased the effective porosity and 
permeability of these rocks, thus increasing their water-bearing potential. 

The water level in an unpumped well is referred to as the "static" water 
level. Withdrawal of water from a well creates a difference in head between 
the water in the well and that in the surrounding aquifer with the result that 
water flows toward the well. The surface of the water around the well assumes 
the shape of an inverted cone (cone of depression) whose apex is at the well. 
(See fig. 12.) The vertical distance between the static water level and the 
pumping level is called the drawdown. The area in which water levels are 
lowered by the pumping of a well is termed the area of influence. 

The coefficient of transmissibility is the quantity of water, in gallons 
per day, that will move through a vertical section of an aquifer 1-foot wide 
and extending to its full saturated thickness under a hydraulic gradient of 
1 foot per foot at the prevailing water temperature. The coefficient of stor
age is a measure of the volume of water that an aquifer releases from or takes 
into storage under a unit surface area by a unit change in head. 

- 22 -



jor 
· to 
·t 

• :o-

·ss 

: by 
~s 

40 
:,e 
~ave 

large 
n. 
tard 

it 
:t 
:hese 

!-

>ter 
:en 
that 
umes 
·11. 
:he 

ons 
de 
f 
tor
akes 

HYDROLOGY 

WATER-TABLE CONDITIONS 

LAND SURFACE 

ARTESIAN CONDITIONS 

LAND SURFACE 

- - - ----=-=--- -- -------:- - -- -......... .. . . . . . . . . . . . . . . .. . . . . . . ................................... . 
z ::::.·.·.·.:·.·.··:::::.;.·.·::·:.·.·.·.·.·: :::.·P'uinp ·.n'ra'te····.=::::·.·.·.·.·.'·.:··::.:·:: etc:·:.·.·.·.·.·· .. :::.·.·:·:··:"•:::·.·.:: :::: ......... ;.-..... ·.···.;::.-.·.·:.·:··.: 
c;; ~ : • :. •• • • • Perm e c /J le : : : : ·• •• ·• ·. : : : • :. ; : • .: •• : •• • : •• •• : •• : • : • •• • : ·: •• : • • : -: : .'. • .• :· • : • : 
~; : = : ·. · .. : .... : ·. ·. ·. : : : ..... : ·. ::· .......... ·: ~·· =: .. : ....... ·. · ........ : .... = ..... : ..... · ........ : :: 
c:o .:·.·.'·:::: :·::: ;.·.: ·.':.:.; .·.·.·::: ~Well screen:.':::::.'·'::·.:·:·.·.·.·:·: 
4141 :··.·.:::·::.·.·.·:.·:::.·:.·. ::.·.·.·. ::.:.:::.·.:.·.·::::.·.·.·:·.·.·.·.·.·.·.·.·.·:: 

~ ~-:- - - _- - - -=-=- -=-::- -...=....=-:.--
;:, ~ - - -d ~--===::tmpermecble -----
5 -- -- --=:: 
0 ---

---- ... __ 
ct 

Figure 12.--Diagramrnatic sections showing the effect of pumping on 
the water table and the piezometric surface. 
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!he shape, size, and rate of growth of the cone of depression (and thus 
the yield of the well) are controlled by the transmissibility and storage 
coefficients of the aquifer and the rate and duration of pumping. 

!he specific capacity of a well is the quantity of ~ater in gallons per 
minute (gpm) that a well vields for each foot of drawdown in water level after 
a -given period of continuous pumping. !he theoretical specific capacity can 
be calculated from the transmissibility and storage coefficients of the aqui
fer. !he actual specific capacity is found by dividing the yield in gallons 
per minute by the number of feet of drawdo~~. Comparison of the theoretical 
and actual specific capacities is useful in determining the efficiency of a 
well. 

The deposits underlying ~ew 
their ability to transmit ~ater. 
and the relatively nonproductive 
of the study was to identify and 

Hanover County ~3y be grouped according to 
!he productive zones are ter~ed aquifers, 

zones are termec aquicludes. One objective 
map the productive zones. 

The chief fresh-water-bearing zones or aquifers in New Hanover County 
are: an indurated calcareous sand in the upper part of the Peedee Formation, 
a sandy limestone in the Castle Hayne Limestone, and beds of sand and some 
coquina in deposits younger than the Castle Hayne at the land surface. 

Peedee Formation 

The lowermost productive zone is a bed of sand in the upper part of the 
Peedee Formation (see fig. 7). This zone is about 35 feet thick in most of 
the county except where it has been partly or entirely removed by erosion; 
it dips to the southeast at about 14 feet per mile. It consists of quartz 
sand which is usually indurated with calcareous cement and is underlain by 
an aquiclude about 150 feet thick consisting ~f very fine sand and clay. 
Water in this zone is under artesian pressure'throughout most of the county. 
The permeability of this sand has been increased by solution of its calcar
eous. cement in an area that lies generally northwest of U. S. Route 17. The 
specific capacities of wells in this.area range from 20 to 75 gpm per foot 
of drawdown, whereas they range from 1 to 7 gpm per foot in the eastern part 
of the county. 

Many of the wells that tap this productive zone in the Peedee Formation 
are of the open-hole type, the casing being set in sandstone or on the over
lying limestone. These wells are developed by using compressed air to remove 
loose sand, silt, and clay. 

The zone is generally 10 to 25 feet beiow land surface in the north
western part of the county but is more than 150 feet below land surface along 
the Atlantic coast. It is overlain by a clay bed that ranges in thickness 
from only a few feet to more than 50 feet in places. The clay bed retards 
the movement of wateT both into and out of the sand. The piezometric surface 
(fig. 13) is highest in the interstream areas in the central 'part of the 
county. These are the areas in which the sandstone aquifer is recharged. 
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Figure 13.--Map shoving the piezometric surface of the sandstone aquifer in 
the Peedee Formation. 

- 25 -



• 
This recharge occurs as water moves downward from the overlying beds. The 
natural discharge from the sandstone aquifer is in the major stream valleys 
and upward through the overlying beds along the coast. 

The quality of the water from the sand in the Peedee Formation is accept
able for most uses. The hardness ranges from less than 60 mg/1 (milligrams 
per liter) to more than 200 mg/1 (fig. 14), the higher values being in the 
northern half of the county where the sandstone aquifer shows the greatest 
cegree of calcium carbonate c~ncentration. Figure 15 shows that the chloride 
content generally ranges from 5 to about 200 mg/1: Note that the chloride map 
roughly outlines the areas of recharge and discharge.· The area surrounded by 
the 20 mg/1 chloride contour approximates the area in which the Peedee sand
stone aquifer is receiving recharge, and the area outside of this contour is 
approximately the area of discharge. The iron content in samples analyzed 
ranges fro~ 0.01 ~g/1 to 3.0 ~g/1 in areas of ef~ective recharge (fig. 16). 

Castle Havnt Li~estone 

The Castle Hayne Li~estone overlies the Peedee Fo~ation and is a pro
ductive aquifer in much of the county. The limestone is absent in an area 
west and northwest of Wilmington but in other parts of the county it thickens 
toward the southeast. It is predominantly a sandy shell limestone, but in 
some places it is a hard limestone. The Castle Hayne is readily identified 
from well-cuttings, as it is an indurated light-colored fossiliferous lime
stone. Although it contains some relatively impermeable beds of marl or dense 
limestone, much of it is highly permeable; the permeability resulting from 
solution of the rock by circulating ground water (LeGrand, 1960, p. 17-18) 
(Mundorff, 1945, p. 50). 

In the southern part of the county beds of sandy coquina and clay, prob
ably of Miocene age, overlie the Castle Hayne Limestone. The sandy coquina 
yields some water to wells and probably forms a single hydrologic unit with 
the Castle Hayne. 

;· 
Where the Castle Hayne Limestone is present in the northern part of the 

county, it lies near the land surface, but is more than 100 feet deep in the 
s9uthern part. The thickness of the Castle Hayne varies greatly from one 
place to another, being generally less than 50 feet in much of the county and 
more than 100 feet in the southern part (fig. 9). 

The water-bearing characteristics of the Castle Hayne are variable from 
place to place, depending on the thickness and permeability. The specific 
capacities of wells tested range from 4 to more than 50 gpm per foot of draw
down. The highest yields obtained from the Castle Hayne Limestone are in the 
area betveen U. S. Highvay 17 and Wrightsville Beach. The vater in the Castle 
Hayne occurs under vater-table conditions in the northern part of the county. 
Elsevhere, hovever, the vater may be confined beneath clay beds. Wells gen
erally tap only the Castle Hayne in the southern part of the county vhere the 
limestone is thickest, but in the northern part, vhere it is thinner, the vells 
also generally tap poth the Castle Hayne and the sand in the Peedee Formation. 
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Figure 14.--Map showing the hardness of water in the sandstone aquifer in 
the Peedee Formation. 
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Figure 15.--Map showing the concentration of chloride in'vater of the 
sandstone aquifer in the Peedee Formation. 
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Figure 16.--Map showing the concentration of iron in water of the sandstone 
aquifer in the Peedee Formation. 
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Many wells penetrating the Castle Hayne are of the open-end type, the 

casing being set near the top of the formation in hard limestone. A few un
screened wells have been noted to yield water containing coarse quartz sand 
and fine gravel from the upper part of the formation, probably from sand
filled solution channels or cavities in the weathered surface. 

The water levels in the limestone (fig. 17) are highest in the interstream 
areas, indicating that the formation is recharged locally; water levels are 
lowest in the major stream valleys and along the Atlantic coast where natural 
discharge takes place. Recharge of the limestone is facilitated in the north
eastern part of the county where the limestone is shallow and where it is over
lain by flat-lying sandy material into which precipitation readily infiltrates. 

The quality of the water in the Castle Eayne Limestone is acceptable for 
most uses. The iron concentration of ~ater sa:?les analyzed ranges from O.l 
to 12 mg/1 (fig. 18) and in general decreased fro~ areas of rechar5e toward 
areas of discharge. !he chloride content of the ~ater generally is low exce?t 
along the Atlantic coast where there :ay be leakage of sea water into the 
limestone. Figure 18 also shows that the chloride concentrations increase in 
the areas of discharge--creeks, sounds, and inlets--and are greatest along the 
coast from Wrightsville Beach northward. The water is moderatelv hard (61 -
120 mg/1) to very hard (more than 200 mg/1). · 

Undifferentiated deposits of late Tertiarv age 

Southwest of Wrightsville Beach the Castle Hayne is overlain by an aqui
clude of calcareous clays, sands, and silts containing thin shell beds. This 
marly sequence thickens southward from Wrightsville Beach and Barnard Creek 
toward Carolina Beach where it is about 75 feet thick. Only very small sup
plies are available from the thin shell beds and cleaner shallow sands of this 
unit. Locally sandy coquina of irregular distribution forms a minor aquifer 
at or near the top of the above sequence. Specific capacities of two wells in 
sandy coquina (table 1) were 2.6 gpm per foot of drawdown for well 368 and 6 
gpm per fDot of drawdown for well 381. In four wells for which quality of 
water data are available, the iron concentration ranged from 0.3 to 3.1 mg/1, 
the chloride concentration ranged from 5 to 22 mg/1, and the total hardness 
ranged from 84 to 278 mg/1. 

Undifferentiated surface deposits 

The slightly inclined rock units previously described are overlain at the 
surface by beds of sand, clay, and marl. Such surficial deposits include ter
raced materials and related beach sands, the present day beaches, sandy coquina 
beds marking Pleistocene beaches and inlets, high fossil sand dunes along U. S. 
Highway 421 from the Pender County line to Carolina Beach, Pleistocene stream 
channels filled with coarse sand, and silty interstream deposits. The surface 
ma~erial throughout almost all the area contains the uppermost ground-water 
body. 

The water in the surface material is under water-table conditions through
out the county. The configuration of the water table approximates the topog
raphy of the land surface. 
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Figure 17.--Map showing the altitude of the water level in wells 
penetrating the Castle Hayne Limestone. 
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The high altitude of the water table beneath topographic highs in New 
Hanover County indicate that the recharge areas are the broad areas between 

h streams. The uplands are favorable recharge areas, as they generally 
t e flat and very sandy. Runoff is low to nonexistent. The streams have 
~~~ised their :hannels into the surface material, and the ground water dis
charges as spr1ngs and seeps along the stream channels •. 

The thickness and water-bearin~ capacity of the surface material vary con
iderablv from one site to another. The thickness determined from auger holes, 

5 anges f~om less than 20 feet to about 60 feet. The water-bearing capacity de
;ends not only on the thickness but also on the character of the material. 

During this investigation the geology and hydrology were further explored 
.kPouch i~stallation of 8 test sites anc obser\·ation ~ells. The results of 
~~~se- tests are reported anc interpreted in the follo~ing section of Hydraulic 
Characteristics of Aquifers. 

The sand dune areas south of ~ilmington are similarly underlain by coarse 
sand in many places, and the hydrology is thus similar. However, infiltration 
from the tidal creeks and the river must be prevented because the Cape Fear 
River estuary is quite brackish downstream from Wilmington. Brackish water 
extends farther up the Northeast Cap~ Fear than up the Cape Fear River. There
fore, all infiltration wells to be screened in the dune sand and stream de
posits adjacent to the Northeast Cape Fear River between Wilmington and Castle 
Rayne should be managed carefully to avoid lateral salt-water encroachment. 

Elsewhere, small yields are available for small irrigation and domestic 
supplies from the finer grained and shallower surface sands throughout the 
county • 

The iron content in water from the surface material generally is high 
everywhere except adjacent to creeks, sounds., and ~tuaries, ranging from 0.01 
to 12 mg/1. However, in the sand hills area the iron content of the water is 
less than 0.3 mg/1 except near the rivers where some infiltration probably 
occurs. 

The chloride concentration is less than 20 mg/1 throughout the county in 
the surface sands. Where the sands are adjacent to parts of the Cape Fear 
liver that contain brackish water, the risk of drawing brackish water into 
the sands is increased by pumping of wells. 

The hardness of the water in the surface sediments ranges from soft (less 
~ 60 mg/1) to moderately hard (61-120 mg/1) throughout most of the county. 

Large yields of water· have been obtained from wells in the sand hills area 
becveen the Cape Fear River and Northeast Cape Fear River north of Wilmington. 
A yield of 1,100 gpm was obtained from a multiple well-point installation for 
aevaral weeks during construction of the Sutton Power Plant in 1952 (LeGrand, 
1960). One large pond near well 105 on the east bank of the Cape Fear River 
11 reported to have a similar high yield. Well 108 which taps the·dune sand 
ba1 been tested at 480 gpm at 1.0 feet of drawdown--or a specific capacity of 
69 &Pm per foot of drawdawn. However, specific capacities of wells at the 
... rby Nitrex Plant range from 2 to 15 gpm per foot. Screens for naturally 
t.Yaloped wells in these sands range from 35 to 60 slot size. 
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Previous investigators (LeGrand, 1960, and Thompson, 1941) have noted the 
permeable character, the lack of surface runoff from, and the infiltration 
potential of the above sand hill deposits. LeGrand (1960) suggested that 
about 90 percent of the prcipitation in the sand hills area soaks into the 
ground, and estimated that about 730 million gallons a year per square mile 
becomes ground water. He also indicated that because of the great perme
ability of the sand, the ground water discharges readily into the swamps bor
dering the rivers, and the water table is nowhere more than a few feet above 
river level. He further suggested that water from the rivers could be induced 
as additional recharge to the sand where water levels are lowered below river 
level by pumping wells and cautioned that where recharge from the river occurs 
the chemical quality of the water pumped from the sand may be objectionable 
where the river water is brackish. 

HYD~~tLIC C~~CTERISTlCS OF A0riFERS 

A phase of the ground-~ater study was designed to determine such charac
teristics as the coefficients of transmissibility and storage of the aquifers. 
and the specific capacity of wells drawing from the several aquifers. Aquifer 
characteristics were determined by making pumping tests on test wells, selected 
irrigation wells, and domestic wells; assisting well drillers in making pumping 
tests on wells following construction; evaluating drillers' records of previous 
pumping tests; comparing tidal fluctuations in wells with the corresponding 
ocean tides, and making pressure recovery tests on flowing wells. The test 
data are presented in table 1. The well numbers correspond to the numbers 
shown on the well location map (fig. 3). 

For those tests which were of less than 24-hours duration, the specific 
capacities are shown as measured at the end of the tests. The adjusted 24-
hour specific capacities are then tabulated in the following column, and 
plotted on figure 19. The coefficients of transmissibility are calculated 
from pumping-test data or estimated from specific-capacity data. The satu
rated thickness of an aquifer is given where fhat information is available. 
The approximate field permeability may be calculated at some vell sites by 
dividing the transmissibility by the saturated thickness. 

·Specific-capacity data derived from the tests of 1-1/2- and 1-1/4-inch 
wells are affected by incomplete development, partial penetration of aquifers, 
pipe friction, and screen losses. Adjusted specific capacities of small dia
meter wells in the sand hills northwest of Wilmington differed from the ob
served specific capacity of the 10-inch gravel-packed wells at the Sutton 
Plant by a factor of about 1 to 20. Calculated coefficients of transmissi
bilities differed by as much as 1 to 4. 

Comparison of the tested coefficients of transmissibility of vells 51 and 
107 with those of established production wells in the area indicates that the 
coefficients of transmissibility of the coarse sand most reasonably range from 
50,000 gpd (gallons per day) per foot in the north near the Pender County line 
to 100,000 gpd per foot in the vicinity of the Sutton Plant. The sand is also 
known to thicken in ~his direction. From the above transmissibilities and the 
observed ground-water levels the sand hills area is calculated to be discharg
in~ 0.88 to 2.0 mgd (million gallons per day) per square mile to the surrounding· 
river and underlying formations. Of the 50 inches of annual precipitation 18.5 
to 41 inches is contributed to ground-water recharge. 

- 34 -



w 
Ul 

• 
Well 

No. 

1 

2 

4 

5 

7 

16 

24 

25 

27 

36 

47 

48 

50 

51 

52. 

53 

54 

63 

73 

Pumping 
rate 
(gpm) 

?.5.5 

30 

322 

325 

325 

63 

400 

300 

200 

32 

35 

55 

2.6 

10 

12.3 

2 

12 

36.5 

24 

Draw- Length 
down of test 
( f~) (hours) 

7. 6 3 

5.3 2.5 

45 24 

20 24 

47 24 

3.6 .67 

75 96 

28 24 

12 24 

2.6 • 3 

4.1 .6 

4.6 .9 

8,7 • 3 

4.4 • 7 

5.2 2 

24 .5 

3.7 2 

2.6 . 3 

? • 5 

• • 
Table !.--Aquifer test data on selt!cted wells 

.--------
Specific capacity 

~pm/ft of drawdown Storage Saturated 
End of End of Transmissihllity cneffi-

Acpli fer!!/ 
th lclmess 

test 24-hours < gpd I r t) clcnt (ft) Remarks 

3.4 3.2 13,000 - 29 no~!U" , Kptl I, 5 3' of 1 1~ 11 screen 
1130 slot 

5. 7 5 7 ooo - 14 ooo~1 ' . 0.1-0.25 Tch 50 

7.2 7.2 to ooo!!1 
• Tt:h-Kpd 

16 16 20 ooo!!1 
t Tch-Kpd 

7 7 to ooo!!1 
t 'l'ch-Kpd 

17.5 14 25 ooo£1 
t Tch-Kpd 40 

5.3 5. 3+ 8 ooo-£1 
t Tch-Kpd 

10.7 10.7 15,50o£1 Tclt-Kpd 

16. 7 16. 7 24 ooo£1 , Tch-Kpd 

12.7 9.0 20 ooo!!1 , 005-.05 Kpd 

9 6.5 10 9o#1 , Kpd 

12 8.3 ·11 2oo!!1 , Kpd 

• 3 .3£1 4 ss#1 
' 

Kptl 20 2' of 2" screen, 
1110 slot 

2.3 2 . .fot 20,000 - 30 ooo!-!-1 
t TQ JH 2' of t1" screen 

1110 slot 

2.4 2.4£1 26,000 - 50 ooo~!l • 2 22 Transmissibility t Til calculated fran 
t ida 1 effects 

• 1 .1£1 J ooo!?.1 
t TQ 27 3' of 1 }." screen 

1110 slot 

3.2 3. 2£1 22,600 - 63 ')0()~/ 
' 

TQ 41 3' of tY' screen 
(} 10 slot 

1'· 7. 7 11 ooo!!1 
t Kpd 40f-

1.8 ? 1.3 t, ,0111~/ Kpd On I y 7' penetrat e 
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Well 
No. 

82 

88 

90 

91 

106 

107 

108 

110 

111 

113 

114 

115 

127 

128 

129 

131 

132 

134' 

141 

175 

181 
\1:){, \ 

Pumping 
rate 
(gpm) 

52.5 

)6 

53 

62 

46 

12 

480 

16.5 

3.9 

200 

200 

80 

7.8 

210 

300 

343 

465 

64 

]] 

165 

250 

\00 

Draw- Length 
down of test 
(ft) (hours) 

0.65 0.3 

1 4 

1.3 . 3 

1.4 • 5 

12.7 2 

3.5 2 

7 1 

4.2 2.2 

9.3 1 

18 19 

13 72 

20.4 24 

.16 1 

8.7 18 

7.5 1 

9 10 

8 1 

2.6 . 3 

. 73 .25 

<...54 ? 

60 24 

' \4 1 

' 

• • 
Table I.--Aquifer test data on selected wells--Cont Lnut~d 

Specific capacity 

gpm/ft of drawdown Storage Saturated 
End of End of Transrniss ih i 1 ity coeff L- a/ thickness 
test 24-hours (gp•J/ft) cient Aqu i I cr- (ft) Remarks 

81 60 140 oo#1 Tch so+ 
' 

36 30 40 ooo£1 
' 

Kpd 

40 2R 40 oook1 
' 

Kpd 20+ 

44 23 2s oo~1 
' 

Kpd 30+ 

3.6 3.6=-' 28,000 - Jo,oor#-1 0.15 Til 33 10' of 2" screen, 
fllO slot 

3.4 3.4~./ 60,000 - 130 ooo~.l 
' 

TQ 25 3' of Jl" screen 
?. ' 

(110 slot 

69 100 ooo£1 
' 

Kpd-'1'1} 46 - 67 Grave 1 packed fro 
33 to 53' 

3.9 3.rF/ 10 ooo'l-1 
' 

. ) TQ 36 

.42 . 42:~.1 4 oocf!1 Kptl-'1'11 20+ )
1 of tl" screen 

' ~ . 
ts ooo£1 fiJO slot 

11 ll 
' 

Kpd 28 

15 15+ 20 ooo£1 
• Kpd 37 

3.9 3.9 5 ooo£1 , Kpd 24+ 

49 34 80 oorP..I 
' 

Kpd 40+ 

24. lt 24 30 oocf-1 
' 

Kpd 401 

40 60 oocfol • Kpd 40 

38 so oocft-1 
' 

Kpd 

56 70 oori=-1 
' 

Kptl 

24 15 JO oor#-1 
' Kptl 

100 75 100 ooo-l?-1 
' 

Tch-l<pd )8+ 

3. I+ fl,ooo£1 Tch-1\ptl 

4.2 4.2 6 oou£1 
I< ptl Gravel pack J ' 

7. I ••• _,,,._<;•/ "1•·1• I· 

--· ·--· --- ... 



• Table !.--Aquifer te.Jta on selected well~>--Cuul illlJ••d • 
Specific capacity 

Pumpln~ Draw- Length 
gpm/ft of drawdown Storage Saturated 

Well r.ate down of test End of End of Transmissibility coeffl- a/ thickness 

No. (gpm) (ft) (hours) test 24-hours (gpd/ft) cient Aquifer- (ft) Remarks 

208 97 14.4 24 6.8 6.8 13 oo#1 Kpd 40+ • 
215 165 44.5 ? 3.7 5 ooo~./ • Kpd 

218 220 20 7 11 20 ooo£1 Tch-Kpd 
' 

228 340 80 24 4.25 4.2S 6 ooo£1 Tcla-Kpd Gravel pack 
• 

230 360 ss 24 6.6 6.6 10 ooo£1 'l'ch-Kpd Gravel pack 
• 

244 16.4 5.9 3 2.8 2.S 8 oorf!-1 
• Tch-Kptl 

254 60 16 • 3 3.7 2.6 6 ooo£1 • 0.001 Kpd 

260 150 20 48 1 7.5 7.5 11 ooo£1 • Kpd 

262 150 90 48 7 1.7 1.7 4 ooo£1 , Kptl 

o) 

J 290 100 15 6. 7 10 ooo£1 Kpd • 
294 275 58 24 4.8 4.8 9 ooo£1 Kpd Gravel pack • 
299 144 36.7 24 4.0 4.0 1 ooo£1 • 'l'ch-Kpd 

302 110 17 24 6.5 6.5 14 ooo£1 , Tch-Kpd 

323 so 7.6 1 6.6 14 ooo£1 , Tch-Kpd 

329 25 7.8 1 3.2£1 9 oooJ!-1 
' 

Tch-Kpd· 

335 192 36 24 5.3 5.3 1 oo~1 , Kpd 

341 4. 7 2.4 5.4 l. 9S 1.8 4 O(l~/ 
' 

Kpd 

342 600 19.6 8 30.6 21.3 40 oo~1 
' 

'1'11-Kpd Gravel pack 

343 60 15 24 4 4 6 oo~1 
' 

Kptl 

361 so 7 .17 7 4 6 oo#1 
' 

Tch-Kptl 

368 s 1.8 5.1 2.8 2.6 4 oo~1 . 5 TQ 54 2' of 1~" screen, • 1110 slot 

397 150 33 24 4.55 4.55 7 ,OOOt E./ Tch 

'398 153 51 24 3.0 3.0 5 ,000+.!/ Tch 

----·----- -· ·-· ... --- . -----· .. ··-·. 
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Table I.--Aquifer test data on selected wells--Continued 

Specific capacity 

Pumping Draw- Length gpm/ft of drawdown 

Well rate down of test End of End of Transmissibility 
No. (gpm) (ft) (hours) test 24-,hours (gpd/ft) 

406 28 1.7 0.3 16.5 12 30 ooo!!1 
• 

407 170 30 5 5. 7 5.4 20 oo~1 
• 

410 235 23 9 10 9 20 ooo£1 • 
412 30 8 3. 3.8 2.8 5 ,000+ 

~/ Kpd - Peedee. 
Tch - Castle Hayne. 
TQ - Undifferentiated late Tertiary and Quaternary sands. 

E._/ Calculated from time-drnwdown graph. 

£1 Estimated from specific capacity and storage data. 

~/ Calculated from tidal effects. 

~/ Still undergoing development at end of test. 

Storage 
coefri- a/ clent A'llll fer-

0.0001 'l'l'IJ 

Tch 

Tel. 

Tclt 

• 

' 

Saturated 
thickness 

( ft) Remarks 
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Figure 19.--Map showing measured specific capacities of wells with depths 
less than 180 feet below mean sea level~ 
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The amount of ground-water discharg~ that can be salvaged as potable 
water depends upon future well-field desi~n and development, the degree to 
which the area is left unpav~, and the manner of disposal of industrial 
wastes. The moderate coefficient of transmissibility and high coefficient 
of storage indicate that the coarse sand deposits can be developed using 
infiltration galleries, open ponds, multiple well points or large-diameter 
gravel-packed wells. 

The data from the sand hills area northYest of Wilmington indicate that 
yields from wells 8-inches in diameter, gravel packed to a nominal 16-inch 
diameter Yitb 20 feet of screen, and spaced at least 500 feet apart Yill be 
at least 250 gpm. Similar yields should be expected from such well-field 
designs in the sand-dune area south of Wilmington Yhere underlain by coarse 
sand. Larger yields may be obtainable as a result of induced infiltration in 
areas where the sands are hydraulically ccnnected with the rivers, such as at 
the Carolina Power and Light Co~pany's Sutton Plant and along the Northeast 
Cape Fear River below Castle Ha~~e. Care must be exercised, however to pre
vent infiltration from the rivers where they contain brackish water. Brackish 
water extends upstream in the Cape Fear River as much as 10 miles above 
~ilmington during periods of low flow. This fluctuation in quality of water 
from time to time requires careful planning of ground-water development near 
the river. 

Elsewhere the specific capacity of a properly designed and developed well 
generally is found to be at least 3 gpm per foot of drawdown throughout the 
county (fig. 19). Minimum yields of 150 to 250 gpm of potable water may be 
developed almost anywhere in the county. 

The specific capacity of wells in the watershed of Smiths Creek north of 
~ilmington is greater than 20 gpm per foot of drawdown. Here, the sandstone 
aquifer, containing some calcareous material, has undergone solution and 
channels (fig. 19) in its upper surface contain up to 30 feet of coarse sand • 
Solution in the aquifer may account in part for .. the abnormally high specific , 
capacity of ·•ell 112 •. 'Wells having exceptionally high specific capacities 
also are found in the limestone aquifer at Porters Neck (well 82) and near 
Wrightsville Beach (well 251). However, high specific capacities of wells in 
the limestone is much more sporadic than in the other aquifers. 

The prohibitive cost of drilling test wells and the limited time avail
able made it necessary to collect most of the data from existing privately 
owned wells. Thus, the available hydrologic data from remote and unpopulated 
areas are less than desired. Specifically, the position of the salt-water 
interface and information on the water-bearing characteristics of the sand
stone aquifer are unavailable in the southern tip of the county. In areas 
where the geology is known but the hydrologic data are deficient, the aquifer 
characteristics are estimated by projecting known data from similar geologic 
situations. 

The information presented in this section does not preclude the necessity 
of drilling exploratory wells when the desired quality of water is critical 
or when the needed quantity of water approaches the limits indfcated in this 
report. 
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HYDROLOGY 

WATER-LEVEL FLUCTUATIONS 

Observation wells were established in the different aquifers during the 
initial phase of the study to measure changes in ground-water storage. 

Desp-ite heavy rains ground-water storage is least during June, July and 
August when evapotranspiration demands are greatest, and again during De~e~b~r 
after the fall "drought." The water level is highest in late February and · 
early March during the period when winter rains are heavy and vegetation is 
dormant. There is frequently a secondary peak in ground-water levels in Sep
tember resulting from heavy rains. 

LO~-FLO~ DISCHARGE ~EAStR~E~TS 

The low-flow discharge of streams, sometimes called the "base flow," is 
that streamflow which occurs during long periods of fair weather. This flow 
is derived entirely from ground-water discharge. In order to evaluate the 
amount of ground water discharging in New Hanover County, measurements were 
made of the low flow of Smiths, Prince George, and Todds Creeks, as well as 
the flow from Greenfield Lake. These creeks and the lake are important areas 
of ground-water discharge in New Hanover County and may represent significant 
sources of water supplies. 

In October 1965 a low-flow recession recorder was placed in operation on 
Smiths Creek about 500 feet southwest of N. C. Highway 132. Data from this 
recorder were used to determine what part of the streamflow is supplied by 
ground water. The streamflow in Smiths Creek, water levels in well 141, and 
the precipitation at the New Hanover County Airport are shown for the period 
from October 1965 to March 1966 in figure 20 • 

Smiths Creek has a drainage area of 8.9 square ~iles upstream from the 
low-flow recession recorder. It is a rural, sparselY.·populated area of which 
two-thirdt is forest-covered and one-third is agricuitural. Large ground
water witndrawals are not known in the area. 

Figure 20 illustrates the relationship between precipitation, ground
water levels, and streamflow variations. During the period from late October 
through December the total precipitation at the nearby New Hanover County Air
port totaled only 2 inches. Although plant transpiration and evaporation 
were low, they utilized nearly all the precipitation, and very little ground 
water was added to storage. Thus, the water level in well 141 declined at 
the nearly uniform rate of 0.03 feet per day. The ground water discharge 
into Smiths Creek, as indicated by the nearly horizontal segments of stream
flow graph during this pe_riod, was approximately 2 cfs (cubic feet per second). 

During the period from early January through the middle of March, when 
evapotranspiration losses were still at a minimum, the increased precipitation 
resulted in a ri~e in the water level in well 141 at rates of about 0.06 to 
0.03 feet per day. As the aquifers became saturated a decreasing amount of 
the available precipitation went into storage and the contribution to stream
flow was correspondingly increased. 
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Figure 20.--Composite graph of precipitation at the New Hanover County 
Airport, discharge from Smiths Creek, and fluctuations of 

the water level in well 141. 

On March 16 the water level in well 141 declined sharply possibly due to 
reduction of backwater effects in Smiths Creek combined with increased evapo
transpiration. If it can be assumed.that the evaporation losses and the pre
cipitation from late October to January were similar to those from March 15 
to April 25, then the 0.01 foot per day increase in the water-level decline 
in well 141 during that period can be attributed to plant transpiration. 

The January 4, 1966, low-flow discharge of 1.8 cfs at the station on 
Smiths Creek represents about 1.2 mgd of ground-water effluent. The April 
25, 1966 1 low flow of 1.6 cfs (1.07 mgd) is about 89 percent of its January 
rate. 
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HYDROLOGY 

Greenfield Lake is on the southern edge of the city of Wilmington. It 
has a drainage area of 4.1 square miles and was discharging 3.1 cfs (1. 9 d) 
of water at the spillway on December 8, 1965. The streams draining into ~~ 
lake are quite short, and their gradients rang~ from 30 to 50 feet per mil e 
Thus the lake is in effect a very large spring. Although storm sewers dra~~ 
into the lake, sanitary sewage lines do not. 

Prince George Creek has a drainage area of 2.4 square miles above its 
intersection with the Blue Clay Road (rural road no. 1318). Most of the area 
is forest land. The December 9, 1965, discharge of 0.22 cfs represents 0.1 4 
mgd of ground-water discharge. 

Todds Creek has a forest crainage area of 0.03 square-~iles above its 
intersection t.-i th ~. C. Highway 132. The December 9, 1965, discharge ,_,as 
0.11 cfs (0.07 mgd) • 

;· 
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QUALITY OF WATER 

The quality of !=rC"und ·~·ater in ~:e~o.· Hanc·:~:- C::.~ty is in!'lut!nced by the 
chemical and physical ch3r3~ter cf the wat~r as ~t ~~ters the ground and by 
the composition of the roc~s th:-ou;~ ~,i~h it roves. Rain~ater usually con
tains dissolved gases, chiefly ~~~zen and car~~~ ~!~xide, that make it slightly 
acidic and thus capable of di~~civinz ~i~~:-~! ~~tt~r from the rocks comprising 
the aquifers. The che~~ca~ ~~alit~ ~~ ~a~r~ ~a:-ie~ (Onsid~rably between areas 
of recharge and areas ot ~:s~~ar~e. ~hal-~~ ~:-=~=~ ~ater 1n the county has a 
low hardness where t~e ?leis:oc~~e and ~i~~e~e se~:~ents are not composed of 
soluble carbonates. Becau:;.; cf :~.:- ·.:atl:'r': ::;:-::.: ... -o~,_.: th<? high solubility of 
iron in acid water. ircn iF l~~=~e~ !r·~ -:.~~:-a:c ·~ t~~ 3~uifer. As ~ater 
!:':oves thrcugh the a:::;::"'.:':-:: .. ::--::, -· · ·· - :: :-~:~.:s ::.:- :.."l~reas.=- '-
:ineral content, chi~~!~ ~:-~~~· .. : - · :~::~re~~s ce~ent . 

DISSOLVED MINERAL CONSTITUENTS 

Chemical co:pcuncs ~= :a:c:~=. ircn, ~c~assiu~. sodium, magnesium, and 
most other common !:':etals :a~€ ~? ~~st ~= t~e ~iss~:~e~ :ineral matter in ground 
water. Che:::ical analyses .:: · . .-.~:-:r sar.:?lec ::-c::: •:a:-ious aquifers in ~et.' Hanover 
County are given in table 2; ~artial a~alys~s a:-e :e~o:ted in table 5. Cocplete 
analyses vere made to give adequate areal a~d che:!:al representation of the 
individual aquifers. The sa~?li~g sites ~~re ctcsc~ en the basis of data 
obtained from partial analyses. 

The chemical analyses in this repcrt are expressed in :nilligrams per liter 
(mg/1). As of October 1, 196i, the C. S. Geclogi~al Su:vey reports results of 
chemical analyses in ~illigra~s ?er liter (~g/1) instead of in parts per million 
(ppm). In the fresh through :::o~era:~ly saline ~ater range, rng/1 are virtually 
equal to ppm. The follo~ing discussion gi\'es pertinent information concern-
ing the geologic source of dissolved mineral C,S'flstit~ents, the recommended 
limits of the U. S. Public Health Service, nethocs of treatment, and their 
significance in relation to use. ' 

SPEC:~IC CO:\~L'CA::cE. 

Specific conductance is a meas~re of t~e capacity of water to conduct an 
electric current. The conductance is priwarily dependent upon the amount of 
dissolved constituents and their degree of ionization. Therefore, specific 
conductance values may be used to estimate the total amount of solids in solu
tion. They are expressed in reciprocal ohms times 106 (micromhos)at a standard 
temperature of 25°C. 

HYDROGEN-ION CONCENTRATION (pH) 

The hydrogen-ion concentration, expressed in pH units, is the degree of 
acidity or alkalinity of the water. The pH of a solution is the negative log
arithm of the concentration of the ~~~drogen ion in moles per liter. Numeri
cally, the pH scale extends from 0 to 14. A water having a p&value of 7 is 
said to be neutral, and th~ c:nce~tratfon of ~y~rogen ions is equal to the 
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QUALITY OF WATER 

concentr~lion of hydroxyl ions. A water having a pH.~ciue grP~ter than 7 is 
referred to as basic; that is, the concentration of hycroxyl.ions exceeds the 
concentration of hydrogen ions. Conversely, if the pH ir less than 7 the hy
drogen ions exceed the concentration of hydroxyl ions and the water is said 
to be acidic. Inasmuch as the pH values are the numerical change to the log
arithmic base, a water with a pH of 3 is ten times as acid as water with a pH 
of 4, and conversely a water with a pH of 9 is ten times as basic as a water 
with a pH of 8. The pH values are important indicators of the corrosive po
tential of ground water. Acid waters gener~lly are more corrosive than alka
line waters. 

The pH of ground water was determined by the author using a pH meter 
calibrated by standard buffer solution before each measurement. The water 
was pumped until its temperature stabilized, and then it was conducted by 
closed system to the pH cell. ~ost artesian water in the county had a field 
pH slightly greater than 7.0. The pH of waters that remained in sample bottles 
for several days ranged up to 8.2. 

TEMPERATURE 

The temperature of most water samples from New Hanover County ranged from 
64 to 66°F. The average annual air temperature at the Wilmington weather sta
tion is 63.8°F for a 30-year period of record. Higher temperatures noted in 
table 2 were caused by warming of the water by the sampling pump or while in 
above-ground storage tanks. The higher temperatures of water from wells 87 
and 347 are related to the relatively great depths to the aquifers at these 
wells. 

SILICA (Si07) 

Silica in ground water is derived from the weathering of silicate minerals 
that are common in the Coastal Plain materials. Except when present in high
pressure boiler feed or steam-turbine water, high coJicentrations of silica in 
ground water are not objectionable for most industrial processes. The concen
trations of silica range from 4.1 to 45 mg/1 and are highest in water from the 
limestone aquifer in New Hanover County. 

CALCIUM (Ca) AND MAGNESIUM (Mg) 

Compounds of calcium and magnesium are abundant in the limestones, marls, 
calcareous sands, and sandstones in the county and impart most of the hardness 
to the water. The ions of calcium and magnesium are similar in chemical reac
tion insofar as most water uses are concerned and are considered together in 
this report. Circulating acidic water dissolves calcium carbonate and carries 
it in solution as calcium bicarbonate. The quantity in solution is directly 
related to the carbon dioxide content of the water. The reaction is reversible 
so that where carbon dioxide is being released, such as at the screen and well 
head where there is a decrease in pressure, calcium carbonate is redeposited. 
In one well near Myrtle Grove, carbon dioxide (identified by chemical test) is 
occasionally released in sufficient quantities to cause cavitation of a 1/2-
horsepower centrifugal pump. 

The calcium and magnesium concentrations of well water in New Hanover 
County are given in table 2. 
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GEOLOGY &~ GROUND-WATER OF NEW ~~OVER COUNTY 

SODIUM (Na) AND POTASSIUM (K) 

Concentrations of sodium and potassium in Ne~ Hanover County are lo~ in 
ground ~ater, except in ~ells 300 feet or more in depth, and in shallow ~ells 
near the coast. Along the sounds and beaches brackish ~ater contains rela
tively high concentrations of sodium as ~ell as chloride. 

Water containing as much as 50 mg/1 of sodium and potassium may be used 
for most domestic purposes; ho~ever, greater concentrations may cause foaming 
in high-pressure boilers. Sodium and potassium do not impart a noticeable 
taste to ~ater in concentrations of less than several hundred milligrams per 
liter. 

Ground water in ~ew Hanover County is principally the bicarbonate type 
with calcium and magnesiu~ as the comi~ant cations. ~bere the chief cations 
are calcium and magnesium the water is usually hard. As demonstrated by ~ater 
from ~ell 87, the sodium ion is sometimes exchanged for the calcium and mag
nesium ions to produce a soft sodium bicarbonate ~ater. This ion exchange 
principle is used in the zeolite softeners for domestic and industrial ~ater 
supplies. 

Bicarbonate has little effect on the domestic use of ~ater, but it may 
cause foaming and scale formation in some industrial uses. 

Sulfur-bearing minerals such as pyrite and marcasite are present in the 
sediments beneath the county. These minerals, and the calcium and magnesium 
sulfates frequently associated ~ith shell and ~~mestone beds, are soluble in 
ground ~ater. Sulfate is also contributed to iain~ater from airborne salt 
spray and industrial pollutants. Except in the deep test holes (wells 87 
and 347), sulfate in ~ater tested in the county did not exceed the U. S. 
Public Health Service recommended limit of 250 mg/1. However, sulfate may 
be reduced by bacteria and decaying organic matter to produce hydrogen sul
fide and sulfur. The gas, hydrogen sulfide, a common nuisance in coastal 
counties, has an offensive rotten-egg odor; and ~hen dissolved in water, 
forms a weak acid and imparts a characteristically disagreeable taste. The 
odor of these reduced waters can usually be remedied by chlorination to pre
vent bacterial growth. The effectiveness of both aeration and chlorination 
in the removal of H2s is dependent upon the pH of the raw wat~r. 

CHLORIDE (Cl) 

Small amounts of chloride are available from the decomposition of igneous 
rocks. However, the original source of most oceanic chloride is probably from 
volcanic gas anc hot spring emanations associated ~ith volcanic activity. 
More than 90 percent of the dissolved solids in the oceans are chloride salts, 
and the chloride ion concentration ranges from 19,000 to 20,000 mg/1 in sea 
water. Chloride salts are incorporated within the porous sediments when they 
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are deposited or submerged beneath the ocean. Airborne salt spray also con
tributes chloride to the aquifers in coastal areas (~ait and Callahan, 1965). 
The rate of flushing of these aquifers by fresh water d~pends on time, the 
hydraulic head, and the co~position of the flushing water. 

Chloride concentrations are less than 40 ~£/1 in waters from the water
table aquifer. Chloride concentraticn is less than 20 ~~/1 in the li~estone 
aquifer {fig. 18), except along the estuaries and sounds where it ranges from 
50 to 400 mg/1 due to lateral encroachment of brackish ~ater. Encroach•tent 
of brackish ~ater is a problem, especially where dredgin~ of the Intracoastal 
Wate~ay alonb ~tiddle Sound has breached the pe~eable Castle Hayne Limestone. 
Chloride concentration in the sandstone a~uifer (fig. 15) is less than 50 mg/1 
everv~here ~ithin the intericr of th~ ccu~:7 a: de?ths c~ less than a~out 200 
feet~ ~xce?t in areas cf heavy pumpi~g. chloride concer.:rations in this aq
uifer along the so~nds and at ~rightsvill= Beach range frc~ 50 to 260 ~g/1. 
~0 infor:::atior. is available fro::: the southern end of the county wt.ere the 
sandstone aquifer lies belcw a cepth of 200 feet. :n test wells 87 and 347 
the chloride content of the ~ater is about 3,000 ~g/1 at a depth of 300 feet 
and more than 8,000 mg/1 at a depth of 600 feet. 

The c. s. Public Health Service reco~ends that the chloride content not 
exceed 250 mg/1 in ~ater used for domestic and public supplies. The chloride
contamination problem is further discussed in a follo~ing section. 

FLUORIDE (F) 

Fluoride in ground ~ater is due to the solution of fluoride-bearing 
minerals such as apatite, fluorapatite, the phosphates, the micas, hornblende, 
and organic matter such as shells. The micas, phosphates, and shells are 
prevalent in the sediments of the county and probably contribute most of the 
fluoride in the ground water. ;· 

Fluoride in concentrations bet~een 1.0 and 1.5 mg/1 in drinking ~ater 
aids in reducing tooth decay in children. In concentrations greater than 
1.5 mg/1 flu.oride may cause permanent mottling of the teeth (dental fluorosis) 
vhen used by children (Maier, 1950, p. 1120-1132. Fluoride concentrations 
averaged 0.2 mg/1 and ranged from 0 to 0.5 mg/1 in all ground water tested 
in wells as ~uch as 200 feet deep. 

Nitrate in ground water is generally considered to be the final oxidation 
product of nitrogeneous (organic} ~aste. A nitrate concentration in excess of 
3.0 mg/1 generally would indicate a nearby ·source of pollution. Shallow dug 
wells and well points are most often subject to pollution from sewage, fertil
l&ers, and polluted surface waters. 

The so-called "blue-baby" condition is a possible hazard when water con
taining nitrate concentrations in excess of 45 mg/1 is ~ixed in feeding for
~las. Water fro~ all but one of the wells tested in the county had nitrate 
concentrations less than the u. S. Public Health Service recommended maximum 

45 mg/1. Well 115, which draws ~ater from beds of permeable sand, is prob-
contaminated by nitrogen fertilizers. · 
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PHOSPHATE (P04) 

Phosphate in ground water may result from the solution of apatite or 
phosphate fertilizers. Phosphate concentrations in ground water tested in 
~ew Hanover County were below 0.4 mg/1. 

ALUMINL~! (Al) 

Aluminum is a very common element in the earth's crust. However, high 
concentrations of aluminum are not common in ground water because this metal 
is only slightly soluble in water under the conditions that prevail in ~ew 
Hanover County. Aluminum concentrations in ground water tested were below 
0.5 mg/1. 

IRC~ (Fe) . .!...'\:l ~:..l..~GA~ESE {~!n) 

Iron in excess of 0.3 mg/1 is objectionable for many uses. Excessive 
amounts of iron and manganese impart a reddish-brown color to utensils, 
plumbing fixtures, and laundry. It also interferes with dyeing and the man
ufacturing of some products, such as paper and photographic film. 

Excessive iron concentrations are common in water in the shallow sedi
ments in the county. The shallow ground water generally is more corrosive 
than deeper water. Oxygen and carbon dioxide are the principal constituents 
of ground water causing corrosion. As the shallow water moves downward 
through the soil and other sediments, the oxygen is used up in the oxidation 
of organic and inorganic matter; the carbon dioxide reacts with carbonates to 
form bicarbonates. 

it is not always apparent whether the iron is in the water as it 
the well, or whether it is dissolved from the well casing and pipes. 
important to determine the source of the iron,;vhether dissolved from 
rocks or the pipes, before methods for its re~val are employed. 

enters 
It is 
the 

Iron concentrations in the water sampled are generally more than 1 mg/1 
from wells in the water-table aquifer, between 0.3 and 4.0 mg/1 for water 
from the limestone aquifer, and less than 0.3 mg/1 in the sandstone aquifer 
in areas along the Atlantic coast and the Cape Fear and the Northeast Cape 
Fear Rivers. 

The chemical behavior of manganese in water resembles that of irotl. 
However, since manganese is much less abundant in rocks, its concentrations 
in ground water are generally lover than iron concentrations. The U. S. 
Public Health Service recommends that manganese not exceed 0.05 mg/1 in 
drinking and cooking water. Ninety-one percent of the water samples analyzed 
for manganese contained less than 0.05 mg/1. Manganese ranged from 0.0 to 
1.5 mg/1 in ground water in New Hanover County • 
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DISSOLVED SOLIDS 

Total dissolved solids are the residue after a given volume of water ha 
been evaporated and dried at a pefinite temperature (180°C by the U. s. Geo-s 
logical Survey methods). Computed dissolved solids are equal to approxi~atelv 
one-half the bicarbonate plu& the sum of the other chemical constituents in · 
milligrams per liter. Computed dissolved solids are used in the report, un
less stated otherwise. 

The r. s. Public Health Service recomoends that dissolved solids in public 
water supplies not exceed 500 mg/1. Except in cases of chloride contamination, 
dissolved solids are less than 500 mg/1 in ground water in ~ew Hanover County. 

Hardness of water is u$ually reco~nized by the increased a~ount of s:ap 
necessarv to for~ and ~aintain a lather. Har~ ~ater is cbjectionaole not cn!v 
~ecause ~f its scap-consu~i~~ properties, ~ut also because it forms scale in · 
boilers and, to a lesser de~ree, encrustations in cooking utensils. The 
principal ions that produce hardness in ground water are calcium and magnesiu~, 
which have been discussed in a previous section. The following classification 
of water hardness is used by the t. S. Geological Survey. 

Hardness as Caco3 
(mg/1) 

0 - 60 
61 - 120 

121 - 200 
More than 200 

Classification 

Soft t..·ater 
Xoderately hard water 
Hard water 
Very hard water 

Figure 14 shows the areal distribution of the hardnesj.in the sandstone aquifer. 
Most of the water in the county with the exception of·~hat from the water-table 
aquifer would be classed as hard to very hard water of the calcium-bicarbonate 
type. 

Hardness in excess of that equivalent to the carbonate and bicarbonate 
present ~n the water is referred to as noncarbonate hardness. 

OCCURRENCE OF SALTY WATER 
ENCROACHMENT AND ITS POSSIBLE 

In New Hanover County it is important to know where the salty water occurs 
in the ground as well as in the major rivers so that fresh water can be devel
oped without encroachment of salty water. The county is underlain by aquifers 
containing brackish to highly saline sea water. The overlying reservoir of 
fresh water exists in dynamic equilibrium with the underlying and surrounding 
aalt water. 
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The contact between fresh water and the underlying salt water lies within 
the Peedee Formation everywhere in the county except in the limestone near the 
sound at Porters Neck. The upper part of the Peedee contains fresh water. 
The data from several deep wells indicate that saline water progressively 
increases in chloride concentration to basement. Figure 6 shows the general 
configuration of the top of a sand bed in the Peedee Formation that contains 
more.than 3,000 mg/l chloride, and indicates that the top ranges from about 
180 feet below mean sea level in the western part.of the county to about 340 
feet below sea level in the eastern part. 

The chloride and other pertinent data from two deep test wells drilled 
during this investigation and the available data from all previously known ex
ploratory wells are su~arized below in table 3. 

Table 3.--Sur:.:ary of dee-; test o;..•ell data 
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Saline waters from these aquifers are possible sources of bromine and 
other rare salts. Too, the chloride-total hardness ratios in these waters 
are such that they possibly may be used to regenerate sodium cation water 
softeners. With suitable noncorrosive plumbing, their high temperatures 
could be employed for heating. There is a possibility that these aquifers 
could be used for disposal of industrial wastes. 

Ocean water lies everywhere off the county's eastern shore and moves 
with the tides up and down the Cape Fear and Northeast Cape Fear Rivers and 
most of the larger creeks. The distance traveled depends upon the volume of 
downstream flow and the height of the tides. The denser sea water moves 
wedge-like along the stream bottom, and the fresh water flows o~t above it; 
however, turbulence causes some mixing along the salt-water interface. Where 
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infiltration occurs, the quality of water from wells located near the ocean 
and river estuaries is dependent on the salt content of the water that in
filtrates and the proportion it represents of the water pumped. 

The position of the salt-water interface beneath New Hanover County de
pends upon the height of the fresh water above sea level and the density of 
the sea water. Due to the difference in density between fresh water and salt 
water, fresh water floats upon salt water much as oil does upon water in ac
cordance with Archimedes' principle. In a small land body composed of ho
mogeneous sand and surrounded by water a reduction in the fresh water level 
of one foot will theoretically cause a corresponding rise in the underlying 
sea water of 40 feet. Although exact conformance with the above principle 
does not occur in Sew Hanover County or in most coastal aquifers due to dif
fusion or mixing along the salt-water interface (fig. 21) (Kohout, 1961, and 
Cooper and others, 1964) variation in vertical and horizontal aquifer per
meabilities, and incomplete encirclement of the county by sea water, a small 
decrease in the height of the fresh water above sea level may result in a 
much larger upward movement of the salt-water interface. Thus, a reduction 
in rainfall or an increase in the withdrawal of water by pumping, swamp 
drainage, OF dredging reduces the hydrostatic head and results in a corre
sponding encroachment of the salt water. 

------~; ~ 7----- ---=---=.=.:::.; ......... ~------------4 

Figure 21.--Diagram showing the circulation of salt water and 
fresh water in a coastal aquifer. (Include credit in title). 
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Figures 15 and 18 show that the chloride concentrations are greater in 
the vicinity of creeks, sounds, and estuaries where the hydrostatic head 
approaches zero. This is shown also at Kure, Carolina, and Wrightsville 
Beaches where the hydrostatic head has been lowered by pumping. The result 
has been a slight upward movement of salt water or lateral movement of sea 
water from the ocean and estuary, or both. Where lateral encroachment of 
saline water occurs in the shallow aquifers, such as along the Cape Fear River 
and the sound at Porters Neck, entrance of salt wat~r to the well may be pre
vented by extending the well casing through the contaminated zones and de
riving water from the fresh zones below. Vertical encroachment can be con
trolled by well-field design and management practices that decrease the draw
down of the water level and spread the cones of depression over a wider area. 
Proper practices include pumping more wells at lower rates and using multiple 
well points and infiltration galleries for shallow installations. 

Although chloride conta~ination is not a serious problec in ~ew Hanover 
County, the fact that it can happen is borne out by the increased chloride 
content of the Wilmington wells puoped at high rates during the drought of 
1940, and by the recent increase of chloride in wells 342 and 257. 

Data are insufficient for making quantitative determinations.of safe 
yields for wells in the several aquifers at any specific point in the county. 
In areas of heavy pumping it is advisable to monitor the chloride content of 
the water at the point of pumping and in surrounding observation wells. This 
method is being used by the Superior Stone Company for advanced warning of 
contamination. 

The quality of ground water near the rivers may be influenced by the 
quality of the river water. Chloride concentrations and other chemical data 
collected by the U. S. Geological Survey on the Cape Fear and Northeast Cape 
Fear Rivers are given in Bulletin 1, volume 7, of the North Carolina Depart
ment of Water Resources (Woodard and Phibbs, 1965). A typical chemical anal
ysis of sea water is given in table 4 for those ~nstituents that occur in 
excess of l mg/1. · 

Table 4.--The composition of sea water 

Constituent 

Chloride (Cl) .............. .................. . 
Sodium (Na) ..•....•.••....•.•................. 
Sulfate (S04) ..... • . • • • • • · • • • • • · • • • • • • · · · · • · • · 
Magnes 1\JID (Kg) •••••••••••••••••••••••••••••••• 
Calcium (Ca) ..•.•.. ....•••.••..•••.•.......... 
Potassium (K) ..............•••.........•...... 
Bicarbonate (RC03) •••.•••••••••••••••••••••••• 
Bromide (Br) ...•..•. ..•.....•...•.....•....... 
Strontium (Sr) .•..........••.•..•....•.•...... 
Boron (B) ............. ................•....... 
Fluoride (F) .. ............................... . 

Concentration 
(mg/1) 

18,980 
10,560 
2,560 
1,272 

400 
380 
142 

65 
13 

4.6 
.1.4 

(Adapted from Rankama and Sahama as given in Hem, 1959.) 
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Existing privately·owned wells and test wells drilled for or by the 
u. s. Geological Survey were the source of most of the data used in this 
report. Data for these wells are give~ in table 5 at the end of the report. 
The 412 wells inventoried are numbered horizontally across the map of the 
county and are shown in figure 3. 

The well data indicate that problems encountered in obtaining adequate 
supplies of well water of good chemi~al quality may result fro~ inadequate 
well construction. ~ells frequently have a lo~ specific capa~ity because cf 
poor construction or developcent methods, and they ~ay produce water of unde
sirable chemical quality because they tap the least desirable of several 
aquifers. The following section on well construction, adapted in part fro= 
~yrick (1966) is included to help minimize some of the problems by improved 
well design. 

Water-well construction is usually governed by the owner's water needs 
and the cost of the well. As the owner must determine what his requirements 
are, the following discussion describes the various methods of well con
struction and the advantages and disadvantages of each. The types of wells 
constructed in New Hanover County are shown in figure 22. These wells fall 
into three categories; bored wells, driven wells, and drilled wells. In 
figure 22 diagram A is a large dug well, the next one (B) is a driven well, 
and the others shown are drilled wells. 

Where large quantities of water are needed for irrigation, ponds are 
frequently dug and used as wells. The chemical quality of the water is com
parable to that from shallow driven wells. InfiltratiQn galleries and mul

' tiple well-point installations also may be constructed ~here domestic needs 
preclude the use of ~pen ponds or where caving is a problem. 

Driven wells are constructed by driving a length.of steel well casing 
with a pointed drive-screen into a sandy water-bearing zone. The well is 
developed to clear the finer sandy material from the screen area and then 
equipped with a pump. Driven wells in New Hanover County are usually 1-1/4-
to 2-inches in diameter and less than 30 feet in depth. 

Several types of drilled wells are cons~ructed in New Hanover County. 
Among these types are: open-end wells, single- or multiple-screened natural
development wells, and the single- or multiple-screened gravel-pack wells. 
Multiple-screen wells may also be naturally developed, but none of this type 
were found in the county. 

Well C in figure 22 illustrites the open-hole type of well. This type 
is constructed by drilling into consolidated rock, such as the Castle Hayne 
Limestone, and setting a steel casing in the top of the consolidated reck. 
Usually the well is thendeepened to the sandstone aquifer of the Peedee 
Formation and cleaned by pumping. !his type of construction is restricted 
to areas which are underlain by materials sufficiently consolidated to insure 
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Figure 22.--Diagram showing types of wells constructed 
in New Hanover County • 

that the hole will remain open belcw the bottom of the casing. This is the 
most common type of construction for domestic wells i~·the county. 

The screened naturally developed well is illustr~ted by diagram D in 
figure 22. This type of well is constructed by drilling into a sandy aq
uifer and setting a steel casing with one or more screens on the lower end 
so that ~he screens are in the sandy aquifers. The well is developed by 
washing fine sand and clay particles from the aquifer around the screen. In 
this method of construction it is important that the screen openings be large 
enough to allow about 50 to 70 percent of the fine sand in the aquifer to 
wash into the well. In developing the well by pumping and surging, the fine 
material of the aquifer is washed out of the well and the nearby formation, 
leaving coarse, more permeable material packed around the screen. Common 
problems in this type of well construction usually include (1) poor well de
velopment due to improper screen size or insufficient surging and pumping, 
and (2) setting the screen so that part of the screen openings are blocked 
by clay layers. 

Screened gravel-packed wells are illustrated by diagrams E and F in fig
ure 22. This type of well is constructed by drilling a hole through ~ne or 
several aquifers, reaming or washing a large diameter hole in each aquifer to 
be screened, setting a casing with screens spaced in the casing at each reamed 
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WELLS AND WELL CONSTRUCTION 

aquifer, pumping gravel into the large diameter holes outside of the screens, 
and developing the well .to remove drilling clay and fine material from the 
gravel zones. The gravel packing effectively increases the radius of the 
well in each aquifer. This, in turn. increases the specific capacity of the 
well. Generally, only municipal or industrial wells are constructed in this 
manner because of the greater cost • 

;· 
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CONCLUSIONS 

New Hanover County is underlain by sediments ranging in age fro~ Creta
ceous to Holocene. These sediments occur in layers most of which tend to 
slope at low angles toward the Atlantic coast. They are composed of sands, 
clays, and limestone, and lie on a floor of hard consolidated rocks at a 
depth greater than 1,000 feet. A very large volume of water is stored in 
the sediments of the Coastal Plain, but sediments below depths of approxi
mately 300 feet contain water that is too salty for normal use. 

The usable ground water in the county occurs in three ~ajor aq~ifers. 
!he uppe~ost aquifer is that of the surface sands, of ~1iocene and ?leisto
cene age, that extend over the county. !his aquifer is especiall~, i~portant 
along the western edge of the county where sand dunes overlie coarse sand of 
Pleistocene(?) age. This aquifer is replenished by precipitation directly, 
and the water table is near land surface in much of the county. Water from 
this aquifer discharges into streams and into low swampy areas and into the 
underlying aquifers. Many shallow well points obtain water easily from this 
aquifer. The water is low in mineral matter but tends to be corrosive. 

Below the surface sand in the eastern, central, and northern parts of 
the county is the Castle Hayne Limestone of Eocene age. !his limestone is 
in most places less than 40 feet thick. It yields as much as 600 gallons per 
minute to a few wells, 150 to most, and is considered a good aquifer. Spe
cific capacities of existing wells range from 3 to 60 gpm per foot of draw
down. The water is of the calcium bicarbonate type, being moderately hard to 
very hard in quality . 

Underlying the Castle Hayne Limestone and separated from it by some rel
atively impermeable clays is the sandstone aquifer id'the Peedee Formation. 
It yields 200 gpm to many wells and in excess of 400 tO some; in most places 
it is used in conjunction with the Castle Hayne Limestone aquifer. Specific 
capacities range from one to 75 gpm per foot of drawdown. 

Although each of the aquifers is to a great degree a separate unit, the 
less permeable materials between the aquifers allow some interchange of water. 
Heavy withdrawals from either the Castle Rayne or the Peedee sandstone aqu1-
fers will tend to affect movement of water to or from the other. 

The development of ground water on a large scale in New Hanover County 
should be considered with care because of the possibility of encroachment of 
salty water into the fresh-water beds. This encroachment may occur vertically 
upward from beds containing salty water. Near the coast and along the Cape 
Fear and Northeast Cape Fear Rivers lateral encroachment of brackish water 
or sea water into the fresh-water formations is possible when the water level 
is drawn down appreciably by pumping. 

If heavy withdrawal is contemplated the following considerations'may 
prove helpful: 
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1. A more detailed investigation of the local hydrologic 
conditions is needed to determine the positions and 
character of impermeable beds that could prevent or 
retard encroachment. 

CO"'CLUSIONS 

2. Periodic determinations of chloride in water from one 
or more observ'ation wells that yield water from an area 
between the producing wells and the salt-water body, 
would be helpful in detecting increase in chloride 
content. This would give sufficient warning so that 
the rate of pumping could be decreased and an orderly 
evaluation of the water problem could be made. 

3. Properly spaced producing wells would prevent excessive 
drawdown at the apex of the cone of depression. 

4. The draining of swanps in recharge areas would lower 
the water table and have other effects upon the ground
water reservoir. 

5. Capping flowing wells in the county would help to pre
serve the hydrostatic head necessary to prevent salt
water encroachment. 

6. Introduction of contaminants into the aquifer would 
pollute the water supply. 

7. Long-lived radioactive waste would make the water 
unsafe for generations. Plugging all abandoned salt-water 
wells with clay or concrete (from the bottom up) would pre
vent the contamination of fresh-water aquifers in the 
event that corrosion causes eventual rupture of the 
well casing. 

So long as care is taken to 
into the fresh-water aquifers, a 
can be made. The county has not 
its ground-water resources. 

prevent the encroachment of salty water 
fuller use of the ground-water resources 
yet approached an optimum development of 
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Table o .--Records ot wulJs fn New Hanover County, H. C:.-· Cullllnut:tl 

-- --~--· 

I. ~uallty 
0 II Ill .. '1:1 ... •t it 
:.; .. ... II .. o~ "'0 Ill .. lllCI' 

c. .. Ill .. ., .. ; .. ,.., 
Well location • ... .. :,.., .. ... ..~ lo 1111 .... r: ., 

til 
0 u .t: .... .. U+' .. '1:111 ·•.ll :0 ., u 

L!: h•:n,,itr·J.:•, 
7. a Ow1wr Ill ... .. .. .. ..~ .<: :l .. ,, .. .. r: 

• I. 0 c: '1:1 .<: .C:CII "'" .. .., __ 
'· .. ,, . .,, II• r: (j ...... 

.... :J .. .. .. ..... IJ·.O .. .. "' ... ,. • I! ,~ ·I• ,, tJ t• ....... ... D' R .. 1>0 n n.~ .. ~ c: •• 0 t• 111,1 (I 
Ql '· 

,.~ ., . ,, .... c: .. Long • s "' - 0 .. ~ 
... .. •f VI "' .. ,u, .. '"· .. : . :•=·· rl n. ;,:.ll:;l .. l.at li) :.> CY -4 0 0 "' -o: .J ;~ ....... !.-•. (I :.u :.c ,,, 

---····· -------·-. -' 
!ll :r-1J7J IN 0775·101 1 n.u:nmu 1'11A~>K ,. J J !)(I It X 2H :&l•lt ., :! ,; :I Kr·•l l'r• l' f.', •• 

!J:! :1·1172·1H 07751:16 1 COIINI;I.JU.N JlliOII E I' (' 21 J!l J T :H t:! .,,, 
!1:1 :1.JJ 7211H 077!'>H:t 1 USGS •• II (i.l I :111 I:'H I 1' ;f.l I I ~I' I 
!H :1-ll'l:l:.!H onr •. J-18 1 J c UJNG I' II G 5!"t 51 2 s :r!• J:l . :·, .. .. '~ 
!l~l 3·1r7:;)H 0775-lil 1 J a. SMI'I'II I' II J fi'' 2 " :1-1 1:1 .,, :, I.J• I ·~ 
!lli :1117[JAN 0775·151) 1 nu:u ~lli'J'II Sll I' II I' 55 12 2 )( :w !I 'I' ""'' 
!17 :HIIHHN 077:>459 1 SWAII'f SONS INC N u I' :m1 :Ill! I It )( :1!1 I . ;,, ., H t:, .. r ,, I •' '·• "/) 'I .. a-. !IH :r-11RI~N 077:i~t2 1 A ll cox I• I G:J 4 X ~H 1:1 .. ;.r, t:r. I a-. 
U!t :I-IIHJiiN 077:i51G 1 II II ('OX I' II 1fl J T :s I II 'I\: 

I 1(111 :1 I J 75\IK 0775507 1 G I'I.Ort' I' II 7U 5:! :! X :Ht !I .. ,., 
1111 :1-II7MN 077:i:i12 1 TINGII Nlii:SI:I:Y I• I Hll :1!• 1 X ;J"! ,,,,. I ., .. ,_,., 

I 
Ill:.! :111 HOGN 071[J[JJ0 J a; l1 STANI.I:Y 1• II I' (i'/ 2 X • .,!I. II ...... I .. lqd 

I 10:1 :t-117:J8N 0775532 1 c II WATTS I' u ~!I ;!1 J .,. :1.:1 I'' 'J': 
10·1 .Hl755N 07751il~ t IIUY llllrrlrN I' II ~·· 2·1 I .,. ~·i !~U .,,,. r· ... 
JO!> :HIRJJN 0775G:to 1 c II 1'1Niifl I' u 2H :.!ti 1 T :!It Ill 'J\,• 
lllh :111753N 077!i8:Jfi 1 USGS •• u GJ 57 4'1 " s 1-1 Ill 
IU7 :1-1 1700N 0175921 1 USGS •• u GJ 50 17 :~ 'I 11 'I I 
JIIH ::·11705N 0775902 1 CAJIOI.INA l'fJWI:II N rl . ll r,:l :u IU G H !I ·IHh l ·' 1\p·l-'l'l I· I. ·r 

JO!I :Hl706N 0775849 I CAUOJ.INII l'tJIYJ:II N N 55 10 Ci I'' Iii•·• 'I l 
Jill :1-1 1701N 07758:11 1 UsGs •• u GJ :i'/ M 2 .,. 111 '1'1 
Ill :1117UGN 0175718 I USGS •• u c G tlti ~:1 2 ... :w I I II II II 1\p 1-T ~ 
II:! :J116:.JN 0775738 l CAJ!OLINII Nl'I'UII N N II lt1 5(; It (; "' Ht1 1<111· 'I•! 
J 1:1 :l1J!i12N 0775734 l CIIJIOJ,INA Nl'f'llll N N I' J fi5 an R (j :1:1 :··, lUI (I; lipol· '1'.' 
JJI :t1JG34N 0775732 J CAIICJLINA NI'J'JIU N N IJ GO 4U 8 G 21 2.1 Ull I: kl•·l· '1\1 

• t:stimatcd. •plf rncasua·cd fn Ch•ltl. 
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Table 5 .--Records ot well:~ tn New Jlanovcr County, H, C. --Cuut lrmcd 

-- -·--- ------ -- -------- .. -- -------- ----· .. ....... Quality 0 ., 
" .. , ... 

:0: .. ... .. .. o..-.. «10 ur .. atcr 
D. .. Ill .. Ill .. > ... 

0 Woll location ... .. ~ " ... .. ~ .... .... rt Ill 
..: .... .. u .. , .. rl.O il'. .,., Ill 

::r-. Owner Ill ... • • .. s:l ;;J ... o .. .. <: l. !; Remarks .. 0 Q , s:l s:lll Ill .. ~ .... v~ '11 .. r: 0 ... .. .. .. ..... ... ... .. ·- ,..II ""' &: 'UU ...... ... ----- Q .. Ill a. a, ..... Q .. n .. .,n .... .... " lo .. .... .. ~ " .. .3 ~ .. .. ...II) ~ ... V) ... t.o ...... •• ;I; .... .. n .. .. <: .. Lat ::> CT 0 "" <~ :a.-..J ~ ...... ,, (J. fJ :1:Vl jO:.O;;J ---···------
115 341631N 0775721 1 CAROLINA NITRO N N CD 72 47 8 G 21 2:1 lilt :w K1ul 
116 341619N 0775741 1 OHNNY liALPASS p II p 25 2:1 1 T 12 5 ~. I 1 T~ 

117 :141Gl!IN 0775727 1 SWIFT AGRJ Clll:\1 H H 55 35 8 (i 6 • J 4111 K11J 
118 341609N 0775719 1 ROBERTSON CllrAI H If 21 18 2 T 4 ~,. J T~ l"IJUf' ~~ hlt.fl f t' 

IHI 3·JJG05N 0775718 1 ROBERTSON Cllf:AI N u 47 4 X 5 
=· 

:. I I (I lito· I 
120 34J558N 0775719 1 HORTON JIIUN IJET N If 20 15 2 T 6 1'~ 

a-. 121 341558N 0775713 HORTON IRON amT H H 40 4 X 5 2 • !•t' k •I 2 Kp.l 
-.J 122 ;141lil3N 0775609 ROYER SCOTT ,. II 60 42 2 X J1 Kl>d 

12:J 341G2:1N 0775604 FREI1 TOWNSF.NO ,. II c Gil 42 2 X 24 ,., • IIIII c ~ 'i • r ·I :1 l(q•J 1•· I' f,t,•' . 

124 :.to117116N 0775544 If F INGOLD I> u 20 JH I 1' 25 tl "lil 

125 :J.Jifi4GN 0775524 EDGAR MCKOY ,. II IJ 75 ·n 2 X 4 !·" lip .I 

121i :.t-tWHN 0775517 Jf X IIAJ,J>ASS ,. II 78 711 2 X 28 1:! • I"" Kp•l 

127 :.t.JIIi24N 0775152 l NEW HAN AJIII'UIIT M u "I' J.IJ 8!1 H X 2!1 J ft K11 I .,.,.,,,,,,, 
····· 34 I~•' .t/ t I 

12H :t-llti2JN 0775455 1 H•:w HAN A JJmJIIT M Jl 105 G5 II X 15 :!II !I Kp.l 
12!1 :t411i1GN 0775505 1 NEW IIAN AJIII'UIIT M J> 102 9:1 II X J ., :II Ill I; Kpol 
1:m :I-IJ@5N 0775523 1 PILOT FIIGT INC H c 75 51 2 X 2!'t 12 Kpol ., 
J:ll :llt550N 0775:155 1 ADC DIS COr.ti'I.U I' •• c 8 X 8 4:!!t , .. .. Kpol 11" tu ~,.,,, or iIi< c 
1:.12 :HJ5-t5N 07753:19 1 AllC DIS COMI'I.U •• , . 96 7-t 8 X ] .,., ~· k . .. 2 5 3 KJ•J IJ" I» 5•6 otlllre 

1:1:1 :Htn23N 0775:157 1 S H FF.ENS'I"IIA p H I' 20 17 1 T 21 5 ,, I II I ~ 1125 
1:14 3-1tli2AN 0775357 1 S H Ft:ENSl'IIA I' I c 113 8 X 20 0 :. 7' I fi :I KJl.l f,•rnl'· 64"F. 
1:15 3·11G29N 0775351 1 S II FEENSTIIA ,. I J 4 X 2 Kp•l "2,; 
J:lli :J·I Jli22N 0775332 1 Fltlm A JOIII>A N p u 25 2:1 1 T 21 6 . :! T~ .. u

2
s 

1:1"/ '3411i49N 0715329 1 OOitOTIIY l'l;lii'Lt:S ,. H p 2?. 2fl 1 T 24 4 ., 2 '1\! "2~ 
1:18 3·ti652N 0775248 1 J N CURIJI·:1"f p u 31i 34 1 T 40 9 ~ 

• 1::-.Umatcd • 'pH measured in field. 



• 

Woll locatton 
0 

:0:. 

.... .... .. 
Long .. Lat ---

13!1 34JG49N 017,249 
J1U 341M IN 077,240 
J11 341626N 0775241 
142 341035N 0775147 
11:1 341G29N 077M39 
14-1 311GlON 0775045 

145 341608N 0774923 
Hli JIJI616H 0774907 
H7 34J613H 0774857 
I·IH :tiJJG11iN 0774858 
1•1!1 311 MliN 0711812 
1511 :J4163!lN 0774830 

151 3111i31JN 0774758 
1 r.:! 31JIG11N (1774750 
l!l:J 311637N 0774747 
1 !liJ 31J1G54N 0774739 
155 341618N 0774G42 
t5G 31172:SN 0774503 

157 341712N 0774510 
15H 34165!1N 0774522· 
15!1 341651JN 0774525 
IIW 341G52N 07'/4526 
JGI 341631N 07745-18 
162 341629N 0774552 

• Estimated, 

• 

Tablo 5 .--Records or walls in New Jlanovclr County. N. C.--Continued 
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n:!t Jll 1:: K CJ\11' 
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NJ:S 
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IUIIN 
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IS 

N I> IIi\ I 
u I' m:m 
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C ll UAV 

M 11 nu. L 
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AJI'fNJ;Y 
m:n 

J H liCt: 
G U I'All 
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CAIIOI,JN 

- 1'11ASK 
A I'UWim 

a. ... 
.<l 
fll a. .. 
a 
~ 
p 
p 
H 
I> 
p 
J.> 

I• 
I' 
I' ,, 
N 
I• 

.. 
I• 
I' 
I• 

J.> 
I' 
Jl 
I' 
I> 
N 

•pll II':IH;urud Jn Hold. 

a. .. .. 
" .. 
... 
0 .. ., 
::> 

II 
II 
J 
II 
II 
I' 

1' 
(' 

... 
II 
u 
II 

II 
II 
II 
II 
II 
II 

--,--i- --
fll "1:1 ... .. 
fll fll 
>. " ... ..~ .... .. u .. .. .. .. 
a 'tJ .<l S:ll 

" ... ...... 
be a. a.~ .. .3 .. .!: 0' c 

c 121 90 
I• 115 IJ(I 

J 87 

,. 2!1 17 
J) 116 !.12 

J H7 ,. 75 
c (;!') 511 

J J ~.!. (ill 

J (;f( 

I> 

(j Hll 411 
G !Ill 

511 41 
(' 1!\IJ 1111 
(' (j(l 55 
I> ll5 

I> 1211 
Hill 12C. 

I• 42 40 
c: Jl'(l 127 ,, :u: 
I• 70 

··-· 
Qual tty ... ...... 

o~ II 0 ot '!_atcr .. :.. .... 
a. .. .. II II a fll .. 'I:JII •• .D i:t ..... .. 'tJ 
.-~ .r. ;:1 ... o .. .. c 
.. c .. ... ~ It t~ 'U• 'I:JII c 0 
fl·r< ... ... ..... r-1 I! ~ ... c 'ULI .. a .. o ... • r, 4111, N"• 0 •• ... ... ... II) nl'-tUI ...... 

··~ 
J..:r: ..... N a. 

c "" <...J :.<--,.j :-~ n -nu :r:lll 

2 X 41 ~. • 1 ;111 :s 7 (I ~. 3 
2 l! 5 (I 5 :J 
r. lC 2!1 :s 6 7'11 !l 
2 X :1H 1!1 ~. R II ~. ·1 
I T 4:, !> 
2 X ·II ~· 5 (I ~. :s 

4 X 11i li 
2 X IIi ..... (j r; :s 
2 X 1 ~. 1:' 7' 
2 X 1., 
2 X 1-1 !I 
1 :u -1 II ·I :.! 

2 X w I:! 
2 X :w J:l • :u• !J I !. :J 
2 X 1 r, .. :··· 2 X 2:1 7' 
1 X Ill .! 7' 2 5 :1 

X (I :I ·I :s 

2 X (I R 2 5 
2 X 2U I~. • !afJ 5 2 n 1 
1 X (I H !\ 7 
2 X 20 '~. 7' 
J T 1 1 5 :I 
2 X 0 1 IJ :~ 

• 

------ -- ~. -· 

be 

1.5 Remarks .. ~. .. .. .... 
.. .. c: 
li:.D:S 

~ - ·- - ·- --
KJ>•.I ltr.•l• t.~.•r. 
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1\l 
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l'ch 
Td1 111, 11 

,, 
1'c·h .,. , . f,04•f ....... I<J'•I 
'I'd• 

....... 
Tt·h 
T(·:. 
I<Jld ln,. (.f,•f., null~• ff

2
1) 

1'1'11 h·;.•1 •. 6r.•r. 
1'<"h 

Tch 
K'p,l 
1'ch 
KJI•J y,., .• , •. 6f>"f. 
'1\l 
Tch 'I 
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Table 5 ,--Records of wells in New Hanover County, N. c.--Contlnuod 

·-·----

0 Well location 
:z: 
.... .... ., .. Long Lat 

163 341613N 0774628 
16<1 311613N 0774624 
165 311539N 0774700 
166 341:130N 0774653 
16'/ 3·11 525N 0774643 
168 3•li5J5N 0774653 

o- 16!1 
170 -o 
171 

:11t512N 0774735 
:I-IJ557N 0774837 
:1'11527H 0774!110 

172 :Jolt535N 077•1941 
173 311537N 0774944 
171 :J1151!JN 0774919 

175 341531N 0771958 
176 311515N 0775040 
177 :H1426N 0775JJ5 
178 341454N 0775128 
17!.1 :1-1 1157N 0775114 
180 341457N 0775144 

181 341508N 0775213 
182 341522N 0775218 
183 341446N 0775220 
184 341444N 0775241 
185 311526N 0775304 
186 341551N 0775311 

• f:StfiDB ted, 

,g 
• Ll 
a Ow no r • =' D' • ll) 

1 J N CORDI:: 1'1' 
1 P R MASON 
1 RODI::RT JA 
l icEORCill HU 
1 DR IlK TIIO 

~IF.S 
I.UI;J!l' 
lii'SUN 
1.1. 1 L ll lolt.:Ukl 

1 Oil trC VON 
1 OCilli::N SCII 

GI.AIIN 
001, 

1 W E COVJL 
1 1:: 8 TOIYLE s 

s 1 1: 8 TOWl.E. 
1 J 0 111-:Nt;G 

1 NC lllfY J>A 
1 CHAIIU:S W 
1 R JCIJAIIO H 

AR Sll 

TIIOL 
1-:t.l.S 
A PIER 

1 COI.L V J 1\W Tlll.lt 
.on 1 JOHN TAYI 

2 JOliN TAYI ..011 

1 COilNJNG G 
1 IIOME REAL 

l.ASS 
ITY 
HS 1 0 W PAIISO 

1 W K RIIODE s 
1 J D DJLI, 
1 II L BLAKE 

D. 
-.4 
.1:1 

" .. • 
§ 
p 
p 
p 
p 
p 
p 

p 
c 
p 
J• ,. 
p 

s 
p 
p 
p 
I' 
... 
N 
N 
p 
p 
p 
p 

1Plf •"•surcd in tlold. 

.. ...... ., 
" .. 'tl .. -.4 ., .. 

" 01 • " ~ ~ .. .... "'"" .... .. u .. .... " " • 0 0:: 'tl .1:1 .II II 

" .. .. .... • lot D. a.~ 

" .. :3 .. ~ :::» _.!:! 0 ·- .. ·---
u J 65 
if p 42 
II 60 

" 4R 42 
II c 165 
A p 186 121 

II D 83 li1 
p () 9:1 fll! 
J 204 
p Jll:J 81 
p J 157 (i1' 
II ](;2 !15 

,.. .~ u lAO fl(j 

II G 153 G:l 
II c 160 1:10 
I' c 62 
II •• I :111 fill 
u p :JO 21 

u OJ 1'10 
c p 25 21 
p 25 21 
II D 96 5:1 
If p flO 
II p () 8'/ 7\J 

- ··-- . 
.... ..... ~uallly 
0 ...... IIO of water ... > ... 

f~ 
... ~Jl g fll lot 'till 01 ., 

.0:: =' .... 01 Gl 0:: 1.~ fll ...... k .. 'tl ...... 'U c 8 ...... -.4 ... ... ... u it 'E 0:: .. o .... GIO. ..... .. ...... 
-.4 -.4 

-~~- ::::.~ ... I>D k ... ... 0. IIIIC 
0 ... ;..~ 0 ... n, ll~ II) ;s.D:S 

. -----
2 X 5 Tch 
1 X 8 9 •211 2 1 7 5 Tch 
2 X 2:1 17 15 ~. 7 0 4 2 Tell 
2 X 27 27 Tch 
3 X :w K(ld 
4 X 6 A ~r.u :~ 7 2 (i K(l•l 

4 X 21 16 • ·Ill ~. (i :t l'ch 
(i X :II 12 2~ ... •I (i :I Tch 
(i X l!l 2 11111 :~ li 1 l't·h-Kpl 
4 X •3!1 19 Tch-KpJ 
2 X 41 Tch-Kpd 
2 X 11\ ·I G 1 Kpd ? 

6 X :w IIi!• :. 7 r. 1 'rch-Kpd 
2 X 41 17 o '/II :; u 5 :I Tch-Kpd 
4 X 47 7 KpJ 
2 X R lift. ·I 7 5 :r Tdo 
2 X :111 7 ~' 2 I 'l'<:h-Kp,l 
I .,. 

:IH (i ~I 2 I 'IQ 

8 G 27 7 2~ ... Jill ~· It 2 6 :J K11J 
2 T 31 8 :t 0 2 I 'N 
2 T 9 ~ 

X 8 10 ](I l'dJ-Kpd 
2 X n II 2 4 3 Kp•l 
4 X 17 6 • J(Jfl :t I 5 3 Kpj ? 

• 

Remarks 

-----------
R~ported brackish 
II S odor 
T~mp. 67'F. 

II ~ odur 
2 

y, . .,,. 67•r. 
l~rot• f>!I'F. 
y .. , .. ,. t\ 'r. 



~· 
i 

-·. 

Well location 
~ 
.... .... • 
~--

Lat lang 

J/17 :J41525N 0775315 
188 311526N 0775325 
189 :J41519N 0775328 
Hill 311438N 0775321 
191 :J4l432N 0775313 
1!J:! 341431N 07753::.10 

~ 
J!J:J 
1!J.I 
l!l!l 

:l'll405N 0175426 
:111102H 0775434 
:111105N 07754:15 

J!lfi :J1H:.JON 0775148 
.1!17 :t41411N 11775512 
J!JH :111H1N 0775511 

J!l!l :H143ffN 0775515 
21111 :l·IJ517N 0775544 
2CIJ :HJ507N 0775621 
211:~ :l11530N 0775651 
211:1 :J11512N 0775G53 
2U·I :J.Jt4:J7N 0775636 

2115 31111'/N 0775r.l6 
2UH :r11413H 077lHilll 
2117 :141407N 0715GH 
2011 ;l11107N 0'1751iH 
20!1 :J1J107H 0775M1 
::.1111 :JIH:JON 0775655 

• 

Table 5 .--Records ot wull:-~ 1n Now Jlanovcr County, H, c.--Cuntlnuud 

r--· 

0 :a: 

• u a Owner 
• =' rr • .., 
J 1\LLt:NI lAU: llf:V 

Kt:HS 
OJIHStoH 
SULLIVAN 
E - DASS 
IS DLIJS 

1 E C A 
1 H C J 
1 LEON 
J SANIJR 
1 8ECKF.I 

1 
1 
1 
1 
'J 
1 

1 
1 
1 
1 
1 
1 

1 
1 
1 
2 

o r. s Nt:t:rn:N 
II·:EJJI.A N J) 

:IYKIIIK 
JOS t'l 
8 W Nt 
ONAJ 
RUIIOI. 
J 1'111·: 

R r. II 

I Sit SYNAG 
I'll KfiN IG 
ll •tUIIIIA Y 

AVIS 
SOU'I'III· :UN lJOX 

J('t: co IIUYI.J; 
If 11.111 
HJJ.'to 
JNOJ.:VI· 

H I1AIIK CU 
N PJIJ•Y. (.U 
:NUl ·r· I('C 

COCA ( 
WAll liS 

'OI.A 1111'1"1' 
t'UNEIIAI. 

l•t:OI•J,t 
Jlt:O,., ,J· 

:s SAV I Nc;~; 
::; SAVIHm; 
;:; SAVINGS 

COI.D STUll 
3 I'I((JJ>J,t. 
1 WJUI 

D. .... 
.-= 
Ill .. • a 
~ 
I' 
p 
p 
v ,. 
N 

,. 
I• 

•• 
I' ,. 
I' 

,. 
N 
N 

•• 
H 
N 

N 
N 
N 
N 
N 
N 

'pH ftlttASUI'cd Jn lidd, 

.. • .. .. • 
~ 

0 

• Ill 
~ 

u 

" H 
p 
II 
c 

s 
A 
II 
A 
II 
I 

J 
N 
c 
u 
p 
u 

c 
u 
A 
A 
A 
c 

..... 
Ill .. 't:l .. • .. 
Ill • ., 
>. .. ~ ....... .. .... .. .. , u .. .. 

• .. 
a '0 .-= .. .. 

"' D. 
lot' .s .. 
CT 0 

A:: II .. .. ~ ~ p,..., 

~ .. 
0 

29 I 
711 4:J 2 
92 2 

129 12 3 
151 57 2 

(.' 150 1115 2 

1:111 :15 2 
J) H!l 72 " II R7 111 
II !II 15 
J) 7!1 27 " II !17 '/5 1 

G !HI :11 :.! 
p H5 {i 

fi ~. II 
I' G 1:1:111 li 

~ 
811 

1:!11 
J(l 

1r1 12 

,. Ifill 1 
J H:! " fll> li 
II 1"'"' IIIII II 

(' II l:t:l Jill II 
J IU·I )0 

~ ... .. QuaJ!ty 
0 ..... t>O ur water .. > .... .... .... ~, Ill 
'till .... .a 111'0 

..r:f ;J ... 0 .. r: 
Ill .. ....... .... '0~ 'U r: 0 ... ... .... ~ ,-i r! ;. Q •: 'UIJ 
c .. o ..,.,n 110. ... () .. 
. .. 

~~ :: .':~1 ·•lA ... '• X r-f ..: " "' ;..~ r., ,. (j :I: v. 

T 21 II 
X J !"t 
X :m 1 !'• 
X :Jit IIi 11111 1 

X 111 2'' 
X 4:! • ·Ill ~. 'I' I r; I 

X :w Ill 
X 1:! •IIIII 

" J ~· .. ~ .. 
X :I!J H '"" H 
X ti :I 
X 211 ~~· • I«'" ~. ~. :c 

X 211 :!1 
X 21 :w Ill!• :~ ~. 

X t;!,u :~ 
X !I . : ... :. li H ~ . II 
X Ill li 11111 

X :c:•:, ,, 2 " 
X H 1!1 • 1111 :~ ~ . :I 
X 5:1 
X :Ill :II I''" I : ~ 

" :IH ·1·1 ~II· .. II .. ·I :s 
(i :u; 11 !I'/ Ill 
" 21 !!li 

• 

····--·- ·----

Ill Re11arks I c 
a. .. .. ..... ... .... 
<IIIIC 
;<D;J 

····---~-·--

1'~ 
Kl••l J'1n\IS 
Kl .. l 
1'•· .. - kp•l 
Tt·h-kptl 
1\p·l 1•·•up t7 ••.. 

T•·h· Kr.J 
'J'c·h-·Kp•l 
.,, h-l<ptl 
l•·h- Kp.l 
.,, lt·Kpl 

""'' 
'1'1 h ·1\pol 
Kpd ,., .. , 
"'''' 1\p•l 

., 
l•· .• ,. 111·, ... • nr Jt rr··• 

"I"' 

'"" ........ t:pd 
KJI•I •... ..... ,, .• i;. ••••••• Kp•l 
Kp I 
1\lhl 



• 

-

. Well location 

-
211 
212 
213 
214 
215 
216 

217 
218 
21!1 
220 
221 
222 

223 
224 
22:; 
221 
227 
228 

I 

229 
230 
231 
232 
233 
234 

Lat 
-· 
34 J.C 12N 
341409N 
341403N 
341407N 
341407N 
341349N 

34133tN 
311330N 
341324N 
341314t: 
341327H 
341306H 

341329H 
311302N 
311213H 
:HI:I:J7N 
31141GN 
341337N 

341330N 
3413J6H 
341303H 
,J41:!:'>5H 
:J412:#tN 
311233H 

• EstJmatod. 

Long 

0775702 
0775738 
0775818 
0775609 
0775605 
0775637 

0775646 
0775522 
0775521 
0715442 
0775434 
0775356 

0775341 
0775352 
0775331 
0775:112 
0775206 
0775239 

0775236 
0775232 
0775236 
0775231 
0775252 
0775231 

. •• .: ... ~.:..::a ....... _........, ___ ......... 

Tablo !I.--Records ot wulls fn Now flanovur County, H. C,--Conllnuod 

·-. .. ...... 
,a .. WI ... ... .. .. 

0. .. Ill .. • .. ,. >. .. ... 
u Own or .a .... .. ...., 
Q t: .. .. .. • 0 :J '0 .a 
:J .. .. 
r ~ 

.. Ill 0. 
II ~ s .. .., p 
~ 

Q ---

'0 .. .... .. 1./u:lllty .. o~ CIO or wato:r 
Ill .. :.. ... 
·~ .. II II 1111 

~-- .. u .. .. '011 ....o .,.., .. ........ .a ,~ o•• Ill &.: 
.£111 "'c II ........ .... -o~ 'UCI> r: 0 
..~ 9::! ... .... .. "' ~Ji ~e.. " 'OU a. ..... <l .. Q ..... .. '~ .... r, •• .. ... ... :;!~ .. ~ •• U> It· '· :z: . . .. Q Q ... 

lc -· 
>- ...... n ... ou :Z:Cil 

1 WACIIOV lA bliNK N u 80 6 X :t 
1 USGS •• u p G 93 91 1 T 4 !• 7 :t li 
1 TERIUNAL CITY N c 63 3 s 4 8 •G 
1 ROSE ICE CO H c 96 6 X 
1 NEW HAN HIGH SC c p lJ 122 50 6 X 1R I fi~• 
1 5TH AVE DAVT C:ll J> T l> 90 58 6 X 45 IH • :t~. 

1 BRIGAJ>£ DOYS Cl, •• T J 11:'> 40 4 X 47 .f!! 
1 PJ::PS I COI.A DU'J"f N c I> 75 11 8 X :n J J ~:!U :!fl ~. fl !• :1 
1 WJJITEBRUOK FAIUI N c 8 X 38 J !ill 
1 ALRF.RT PEltRY " I I> 163 58 :I X 35 •1111 !o II :; 

=· l L D FINOERG " I l:lf> 
1 R. A YOPJ• " II G 135 

4 X • IIIII 
100 ., X 411 2 

1 J D I'R IJ>GI-:H /> II . ' 25 21 J T 2H 7 • Ill 
1 D t; JOJJN!>fJH ,, II JlG HII 511 2 X :1H !.1 •·Ill ·I •• :I 
l W S AII1'11UIIS I• II !lSI 511 2 ]( 42 Ill 
1 L J MIN'J"l I• II ll 1111 fill .. ]( :111 2H IIi~' .. ,. :I 
1 W D lolt:KU; ,, II J t:l:'l GO 2 ]( 41 
1 WI LM t:ULU:GJ:: s A ,. J) Hi5 All 10 G 12 :1-111 Sill :• H :! n :I 

l WIUI COI.I.J::Gt:: s u J fl4 4 X 42 
1 WI Uf COJ.U:Gt.; s A " 0 1110 
1 If J PJJmCt:: ,, II ,. IJ 170 

80 10 G 7 ;u;n r.u 
80 2 ]( 42 • (ill 1 II 5 :1 

J MilS •:AHL DIGGS J> II :H, 
1 ANDY liASOH p II G J ~t!l 

31 1 T 40 l:t 1 I 1 1 
7ti 2 X •42 

1 1.: R WILSON p " l> JG:J 82 .. X 41 30 :I 5 :1 

• --------, 

~-·--·- --· 

Ill 
I c Remarks .. .. 
II ..... ... .... 
.. "'r: 
$.0:J 

I!Jicl l'S t ..... 
I!JI•I It·~·· I ... , .... IMJ 
I!Jicl 
1'do-Kpd :I .... ,, 1>2 PI·"' tn 1942 
Kpcl 
Kpcl 

I! pel 
l'<:h-f.pcl 
Tch-Ktul ·c.,.r. Cl t.2 li'. ll .. d. llu 
Td> .. J!pcl 
Td1-KpJ 
Kpd 

1\1 
Tdc-t:p<l 
'1'1'1> 
Kpcl 
'fdc· Kpcl 
l'ch-1\pd ,, ....•. (,(, ... 
T1'11 
1'ch-Kpd 
'l'ch-KJid 
'IQ 
Tch-Kpd 
KJ>d 



• 

Well location 
0 :.; 

.... .... 
II Lat Long .. -- -

235 34J236N 07752JG 
236 3-ti253N 0175211 
237 :111250N 0775203 
2JH 311251N 0775158 
2:19 :J11244N 0775150 
2411 341253N 0775148 

2-11 :J1125!1N 0775139 
21:! :J.J J :.!511N 01751:1'1 
2-1:1 :111 :~57N 0775127 
21-1 :1-11:121N 0775050 
2·1~. :J.JI :.!oti:N 0775029 
2•11i :J-11:11-tN 0771!l5Ci 

217 :111210N 077.f!l58 
2-IH :t-1 1241iN 0774917 
249 :J11:llfiN 077490(l 
250 :J41316N 077'1!102 
251 34t:J13N 077'1859 
252 :J1l:J08N 0774856 

25:1 :141 248N 077'1R13 
251 :t4125JN 0771753 
255 :11 I:JOJN 077'1717 
251i :t4t:lr,:IN 0771730 
257 :.11 I ~:l!llf 07747:16 
258 :11 t:!27N 0774749 

• Estil·oatcd. 

• 

Table:, .--Rc:cords ol wull!i In New llanovcr County, H. C.--Cunllnucd 

~ 
II 

" a Ownor 
II 
=' r 
~ ---
1 RUSSI::I • 1. kt:Y 

F.IIKLJ;Y 1 EVA 0 
1 LESTt II ROOINSON 

t:NNErJ' 
n:AII JIO.SP 
lWU:II 

1 D If 0 
1 CAPE 
1 8 L FC 

1 
1 
1 

LA n 
R •: II 

AIINI·:S 
AIIJII-:J.J • 
1111:1.1. E C 01 

1 J p 1>1 .1.1 NCO'I'ON 
llti.A:IS 
:NNING 

1 A 0 1'1 
1 J J Ill 

1 IJIIAU CK l!AJIJ NA 
:ANI·: 1 WSII Ill 

1 EARl. Alll.l.l-:1! 
1 oAnu:. S JIOSJli'I'AI. 

S IIOSI'J'I'AJ. 
YAY MOTEl, 

1 BAOJI-:. 
1 WA1'"RI 

1 
I 
1 
l 
1 
l 

lfRIGII TSV 11.1.1·: 111: 
JOliN 
Ifill Gil 

ANIII·:Jt~IN 
l'SV JLU: IJI·: 
rsv 11.1.1:: rm 
TSV Jl.J.E UJ-: 

Wll I Gil' 
WRIGII 
WRJGH TSVILLE OJ-: 

0. ... 
.<l 
Ill 

" .. a 
!> 

J> 
I• ,. ,. ,. 
I• 

I• ,. 
I• 
I• 
I• ,. 
N 
I' ,. 
I• ,. 
I• 

M ,, 
"' 
"' ll .. 

'pH Measured Jn tJold. 

" .. ... .. .. ... 
0 .. .. 

:::. 

II 
II 
II 
II ,. 
II 

II 
II 
II 

" II 
II 

c: 

" " 'I' 
1' 
c 

Jl 
u 
•• ,. 
Jl 
I• 

..... 
Ill ... '1'1 ... II .. 
Ill .... 14 

II Ill ... , .... 
" .... ... ... 14 

a "U 
14 

loll .. s 0 

0 .. .. .. ... 
.c: .'1 dJ IIC: .. .. ... ~-.. 0. n.~ .. .. ... 
Q Q Q , 147 71 1 

J(i(l 7K 2 
8'/ 7!1 1 

G J (i!"t Hli 2 
J Ho1 G 

1110 7(1 2 

1 ~.o (ill 2 
r. J~•H ''" 2 
J 1 :1!1 (ill 2 

I• I• ,.,~. (ill 2 
I 1:11 f·~· 2 
1'111 1 :•u 2 

J7H ff!t H 
1'/ro 'I of 1 

c: IIIII Ill 2 
J) I :.IIi 72 (i 

J) 1117 li2 (i 

17:! 6 

l' lfl:! 1·111 8 
GJ lli!l l:lk 2 

(: I '/!1 Jli:l Ill 
c 1710 111i Ill 
c J !1:: J:trt 8 
c ]II() 

... ..... .. (luallty 
o-. 110 ul wat"r ... > ..... .... .. .. 

~-
., 

loll '1'111 .-..o 111'0 I c: .c: =' •• n •· .. r: .. .. 
Cit --~ " .. u~ .. , '1• c: 0 ....... ... ... Ill .. - .... fl :• QJ ·= '1'1U .. ..... c: .. Q .. Gl(\ Q• ... <1 •• (I " . tfGIC: ... <!:1 "'"""' •• u • .. '• :r. .... r1 ;,o;.O:J ... .:~...1 ~· -~ ... (I IIU :C VJ 

X .. =· ~· 1 r • :& II ~. :, KJ1ol 
X :t!l llo Tr·h -Kpd 
X H •:1!• Tt:lo 
X •:1:! J •• ••••• .I " ·I :! tli .... 
X :tot -· :! :. :1 l't·h-Kpd 
X :t-1 H 'J'ch-KJ••I 

X :ur tl • -Ita " ~. :r 'l'c·h-KJI•l 
X :Ill ·,:. I :. :1 ........ 1.1"1 
X ~:. .,., .... r:pol 
X H ll I o I'( 'I ~. ·I ·r··l·· r::•t~ 
X I ~, I!• ..... '·1"1 
X ~-· Ill :· ., .. :~ :. Iii hi 

X ~· 1'1 !,lilt 'J't·Jo-1,1"1 
X 17 To·lo-1-'Jiol 
X 1:. !I 1' 'I'<" 
X H .. ,,, .,...,, 
X II f I ~.II .,.,., 
X Ill T•·h-1\J•tl 

=· 
•1 II :•uu Kpo! 

X :. 1 !"t .... I!• ~~ !• 1 1(,.,, 
II 111 I :,u I\ pol 

111 1:••• I< till 
I !I I ·Ill Kpol 

G ~· r. 1'/!o 

"'"' 
\ 
\ 

.\ 

• 

--- -· ---~· 

R•:m3rks 

- ···-· p--· 

ftl··· •···II 

,.,·. . lin ,., 

1•11 ;,•· 1· 

,_ .. Y'' 1.1 ·I 't •U ,, 
h:·•··· ,'I I, 'It ~ !"II 111 lit'· 



• 'iiJili:ta•lil··iiiiiPIIMIIS .. S._., _ _._ ....... ...,., ... litllllllss•a-..t .... ll·~--···---~----"""-'•-• ... ·· -·-- • 

Table ::. .--Records ot wolls in New Jla11ovcr Cuuttty, H. c.--Continued 

0 ::-: 

25!1 
26!1 
2Gl 
262 
26:1 
2G·I 

21ia 
2<.ili 
2Ci7 
21al 
2!i!l 
21U 

271 
:n2 
2·1:1 
27·1 
275 
27G 

27./ 
2711 
279 
:wu 
2111 
2112 

-------
We 11 loc11Uon 

La t -
3412 
3411 
:.1411 
3411 
3411 
3412 

07H 
.JBH 
40N 
18N 
:t5N 
1GN 

1GN 
U!lN 
U!)N 

:.t412 
3412 
3412 
311 
:1112 
3412 

1:JUN 
.~2N 

3412 
3412 
3412 
3112 
3112 
3411 

3412 
3412 
3412 
JU2 
3112 
3412 

J7N 

15N 
IIJN 
1 r.tl 
21N 
U2H 
:J5N 

OON 
02N 
2:.SH 
27N 
:JJH 
o15N 

Long 

0774804 
0774813 
0774820 
0774837 
0775024 
0775046 

0775046 
0775114 
0775114 
07'/51 J4 
0775134 
0775JJG 

li775JH 
0"1751 4G 
0"17!114!1 
0'175157 
0775151 
0775202 

0775227 
0775:109 
077li40:J 
0775108 
077541~ 
0775412 

r-;-----· ---·- . --r--.-., 
0 
:1; 

tl 
u 
Q • :J 
tJ' 
tl ., 
1 
1 
1 
1 
1 
1 

2 
1 
2 
1 
1 
1 

Owner 

. .. .. ... 
.!!- = :. .. 
~ '0 ~ ~ .. .. 
g ~ ~ .3 

lrll IGIITSV II .U: Dr. M P C 
lrll IGIITSV IJ.t.t: nt: Jf P C 
WIIIGII'rsv 11.1.1: m: at u t• m: 
lfH IGIITSV I I.U; IJC a1 P C 
I at lfAJ.J.An: I> II J 

C G U It CAIIIIUJ.I. P II 

~ 
l 

U II C'AfiiiOt.l. 
1 ~; n11ca:us 
I I> IIUGI-JI.S 

I Ill W A I'JIJI,J,J l'.l 
A II JIAIIIct:t.l. 
J o I•J:rn;-r 

I• u p 
I• II 
Jl u 
I• s 
I' II 
I' II 

J I Y II Ill v•:NIIAIIK 
II' :1 SI.A'ITIC 

·p: II 
I' II 
I' II 

I 
1 
1 
J 
J 

1 
1 
1 
1 
1 
1 

A t.1 1'11!>1'1:11 

I 
I 

V K I'A I N'ITII 
IC>Jit-:11'1' l>fi·:AilOirS 
lAY IIUI.!.ANU 

If LHANEY 
JIICK IIOGI'II.S 
G ll.m:nT 11AICIII SIJ 
tr I' I::I.MOI~t; 
R P DI!OirH 
W •• AHIJI::RSON 

P II J 
11 II 
P II P 

P II J 
P II 11 G 
P II 
P II G 
P II C 
J> II 

'pH muasurccJ 1n field. 

-. .. • .. ... 
.d .. 
a. .. 
tl 

lAO 
178 
412 
174 
165 

70 

29 
J5(1 

:11 
JJO 
JOII 
1!10 

](10 

Hll 
J()(l 

1:11 
115 

177 

1 4!1 
162 
1:>0 
1:>!1 
HO 
HO 

'0 • M .. ,... 
u .. • All ..... 
a. ..... .. 
tl 

H 

X 
JfiO 10 

2 X 
54 2 X 

25 
80 
:w 
1f> 
711 
72 

711 
711 
7:1 

r.:J 
80 

J 1' 
2 X 
1 1' 
2 X 
2 X 
2 X 

2 X 
~ X 
2 X 
2 X 
2 X 
2 X 

1:111 2 X 
Ill 2 X 

110 2 X 
2 X 

JOU? 2 X 
2 X 

G 

.... ,. 
"'" :-.-. .... 
... n 

" .. ..... ~ 
~ 41(1 
..S'ttlfa 
~-=- .. J 

JU :111 
5 
R :12 

J!l :!·I 
25 , .• 

4!ft 
lH 
JH 

Ill 

2:1 
1·1 
21 
21i 
15 
12 

27 
41 
45 
48 
41 
11 

Ill 

:I 

21 
1 I 

21 

'U' 
r11l 
G• n. 
•t t.n :.-. ..... 

Quality 
_f!l wat!.'r .. 

'"" 4.1 r: 
r: o 

r. 'UO e :r. .... ~ o. 
.... o.u;z:r.n 

1 7:• Kt..J 
J"lh 2:1 K111l 

K1,,1 
I foil !IIJ Kt•tl 

l'dt·Kp..t 
[, 7' 1 r. :• l'r:lr 

~ 14 
~. :1 ·s.·h-1\pd 

'1'4 
'I<· :e 
Tdt 
l'ch 

....... 
1'dt·I\J> I .,., ... 
'fr·h··Kpol 

7' Tc·h 
I 7':! !• ·I Tch-Kpcl 

Kpd 
:1 11 ~. :1 'l'c::•-ICpoJ 

I! pol 
1'1'11-kp•J 

7' Tc h- 1\poJ 
Tt:h-Kpcl 

Remarks 

l"lu.:s I · 6 "'"· 

1• I . £', •r 



• 

----· 

a· Well location 
:.; 
.... .... 
fl 

3R Lat Long 

2113 341238N 0775152 
21H :J41234N 0175502 
2115 :J41230N 0775450 
286 :J4120GN 0775457 
2117 :J41238N 0775547 
2!18 341220H 0175553 

2A9 :14J220N 0175613 
---1 2!10 :J41207N 0175630 
~ 2!11 :J4J202N 0775638 

292 341214N 0775639 
293 341210N 0775654 
294 341146N 0775703 

295 3-lllUN 0775703 
296 J41132N 0175702 
297 341126N 0775708 
298 3Hl2!i:f 0775630 
299 341127N 0775609 
300 341138N 0775606 

301 :J41120N 0775555 
302 JU112N 0775559 
303 341058N 0775555 
304 J41134N 0775406 
305 341139N 0775357 
306 J41124N 0775357 

• EsUaated. 
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Table 5 .--Records of welts In Nmr Jl:wov.,a· t'uuut y, H. 1:, ·--l",u•llnuc•l 
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1 
1 
1 
1 
1 

1 
1 
1 
1 
1 
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1 
1 
1 
1 
1 
1 

l 
l 
1 
1 
l 
1 
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DRS V AIU:H 
W 0 IIEt:IIY I I I 

• lh STAI.U/0111"11 
C R DIIINOt:LI. 
GEORGE LAMICA 
JOliN W lliXUK Jll 

L£E E iiORIIOW 
SUKSt.:·r PK Mt:l"ll 
SUNSET CO 3 
SUNSET CO 4 
BILL CANNON 
IIIUI SIIIPYARD 

IIIUI SIIIPYARD 
WIUI SHII'YAIIO 
SHELL OIL CO 
IIECT TV 
MOFFIT VILLAGE 
L W CARROLL 

NATI. YOUnl ASSN 
IIANOVER MILLS 
H B LUDLUM 
.J R KUTRON 
H II DANIELS 
FRED COHJIEJl 

.. 
fl .. 

ll. .. .. l!l 
.Q 

l'! .... 
0 

fl 

f1 fl 
Ill 

0 ::> ,. I 
Jl I 
I' II 

" II 
Jl II 
I' II 

J• II ,. T 
H u 
N u ,, u 
•• c 

F u 
•• A 
H c 
H A 
H p 
P.IJ 
I' u 
H H 
p H 
p H 
p " p H 

•pH •o•~ured in field. 

Ill ... 
Ill 
:>. ... .. 
:i 
lS a 
p 

c 
c 

I' 

p 
p 
p 

p 
p 
p 

.. 'U 
fl fl 
011 Ill .. ... ....... .. .. 0 .. QJ .. 011 ... ~-.., .<: .QQI 011 <: .. ..... ~.:! bll ll. n,...., 

.s fl 011 .. 
Cl Q Q 

I!J IH 
.:.r. li 
1:•11 fill :J 
wo (jf) :! 
:10 2·1 2 

110 !HI :! 

2ti 2:~ I 
J) 112 II 

I ·111 lj 
110 6 

211 16 t 
D 123 70 Ill 

1113 AI Ill 
76 36 fl 

133 55 4 
G 175 JO 

57 14 4 

D 6 
157 79 8 

G 140 76 2 
160 60 2 
160 4 
160 60 3 

1/ua II ty ... ... ;. 
0 ., OliO ul · . .-~ll·-·· ,, >d 
011 ... QJQI ,: 

WI 
·u ~u •• .0 :- •n r1 

.Q ;1 ..... Ill• •11 r. 
Ill .. -~ "• •" •I 'I !I r. t) 
rl "' fiJ •U ~·· ot I! .. , .: "' l• r. .. I) , .. •U I j ·LI n~ 'I • • 1) .. 
. ... • I VI r1 "-• til ·• tn '· .. ~. :1~ , I 

~ll.~ "" ·0: .I :·: .. ,, ; ... ., 
·~· (f (J 

T t 1:. I .. :! :~ 

X :u 
X ·h :~·· • llllt 
X ~l!l ·IIi •:!IJ 
X :!:! .! ,. " ·I ., 
:< .. , H' II I :! 

-r Ill :I 
X I!J I ~; 
fl l:r! :~ :t 
G 1:··· PI 
·r 2:1 II 
G :!II :! ,:, ~I I' 

1:1 
G :!H .:u• J Ill I II :J :.! 
X li • :1 :~=· h I '/ :.! ·I 
lC :;~ :!U IIIII' 

•1:1 !I 1111 "II 
lC •:Ill ... I I) I :! 

511 2•1 
lC 57 :.Ill t IIIII 1"1 H l 
~ 511 17 
l( 10 • ·Ill :; () 5 :J 
lC •lit 1110 1 li I) r. :J 
lC 50 19 !> 0 6 :1 

• 

'"' I r. ..... I' '• •. 
G) ..... 

•' r1 ... 
rf .v r: 
;,;..n;:J 

l'l 
hi"' 
:ip·l 
t't· ~.- J\11 I 
"fdt 
KpoJ .... 

. 
···-~ ! . Kp•l 
1\p,l 'o I 

li ,.., 

N 
Kp•l 

l(p.l 
I<J•I 
kpol 
"1".-1>-Kprl 
,., ... 1(, .. 1 ? 
Tdt 

Tch-KJ>•J 
Tch-KJ>•f 
·rch-Kp..S 
·rch-Kr•..t 
Tch-KJ>..S 
Tch-Kp.i 
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Tablo 5 .--Rocords ot wolJs in Huw llanovcr County, H, C .--ContI nUI!d _____ ... _. - -- ·-· .. ···-------... ..... Qual II y 
~ .. Ill .. '11 .... .... .. .. ... • .. 0"' •o !•l w;t t•·r a. .. .. II Ill .. ;..d . Well location • .. "' ;... .. .... ...... k .. .. .. Ill 

~ Ill 1>11 0 u Ow nor :1:1 ... .. u .. .. '111> .-.n Vo U Rllftllllrks :z; a r! .... .. .. .. ...... n ::1 ... QO,.O .. .: I C 

• 0 :1 u :1:1 'ltl "" .. .. .., ..... u,. UCII c: 0 
..... 

::1 • .. .. ... 9::! .. ... .. ...... MU I<CII fl 'tlU GJk .. 
0' J II lie a. a,..., a .. Q .... Q 110. "''' 0 " 

....... 
Long II Ill le .3 c!: II .. ... 

-~~ ~ ::!!3 ... ton 
··~ k:>: •• ~ Cl. .... r: 

1/) p .a Q Q "' ... ~- n .... fl. (J :r:: f/k 
)oc.O;J -- --------- . 

307 34Jl07H 0775406 I L kt:IFI"< p II J J:tG 2 X :1!1 H Tch··JrJ•d 
308 :J<Ill15N 0775340 I s ··01ms1' Jll p " c 150 79 2 X 50 21 :I 7'11 !J :I Tdo ·XJul If;/; odor 
309 J:lllHN 0775334 1 If II DANNJm)1AN •• II c 80 70 2 X !>II Jfl •J7 :I 7' I ~. :t Tc:h 
310 :t11113N 0775331 I aiAIIGAR~:T JOlH:S p II I' 170 91 2 X 50 27 •Gil l'ch-K(I•I 
311 34111GN 0715316 I J D liCFA\'IIE~ J> II 170 81 2 X •51 lfl "l'ch-KI>d 
312 341110N 0775318 1 0 W HOOLJ;$ J> II J J51 2 X 5() •:to Tch-KJul 

313 :11JIOJN 0775318 J J 11 CA 11'111:11 J> II G 170 8!1 2 X 5!1 2!1 1'clo··KJnl 

vl :114 J:JJil:I5N 0775J:t2 J PAIISU:Y t:STAH: ,. u I ~>R :f X 2H 2:1 Tdo-YJotl 
315 :t1JtO:IN 0775137 J IIIWaiAN WAJ:ntN ,, (' I' 62 2 X 1ft 1 •1111 !o 1 !o ,, 1'1'11 
316 :J11IUIN 0775012 J i: II IIAI.OTT ,. II c w:t 12!; :1 X •J:! !I •11111 :! H' .! ' ·I "'"' lull,itl .. ,,,, ,.~ .. •.t 1: 
:117 :J-IIII:i2N 077&0:.16 J II V 111::111 ,. II (: ll !11 !10 1 X J ., HI Hill :. H :! ,. ·I 'l'dr 
31M :t1111:f2N 077504:1 I A II IIUIIS'I' ,, II I' :f1 J 1' J:! JJ :I fi :I 'It! 

319 :t:tJMON 0775044 J A D JJUIIS'r I• II f,(l 2 X 15 1 :I N 
320 :J:t JO:JON 0775051 1 JllalliS FI:UCI-:tl ,. I ,. JH5 2 X •21 •c;o :! 

. , : . 'I Tdo· Kptl u
2

s nol.ot 
321 :Jol lftOUN 0775JII5 J C II MCAI.I.I S'll:ll ,. I ,. 14:1 H!'t :t X Ill ~! I •• ., Tc·lo· Kp<l 
:1~2 :r:Jfi!I:IHN 0775119 I II t: JUI.IAII I' II ,. 1 foil fi!t :.! X ;111 :I I . .. .I Tt'lo-r:, .. J 
32:1 :t:Jfi!I:15N 077513of J R r SUl'III:III.ANII I• II I' II 1:.!1 JJ(; li X Ill :! I ~. :I n·h lif'ol 
:12:f :H!I!I50N 0775J:C6 J 11 c ro•n.tm I• II 80 72 2 X 22 Tch 

325 :1111H;t!IH 0775155 1 A D Jt:NKINS " II IOU 711 2 X 15 Tdo 
326 :1111!1:!1ill 0775152 1 II II IIOIICi llf ,. II I' 1111 Jll!i 2 X •111 1!1 :. ' .. :t 'fdo 
327 :s11•!11·111 0775212 I "' mUIAill' JIJ ,. II ,. 1111 2 X 211 (I :. :1 Td 
3211 :J•III!I~·IN 0715:!:15 I " J 111111111;11 ,. u J7!i 2 li ....... ...... 
32U :1111!1!iiiN 07752:1!1 J • J HOI>JII;JI I' J J 1"10 <I X :It 11 Tdt-l;pcl nJ,:. •' II 330 :HJIIIEIN 0775320 l M 11 SOMI·:u~~:·r·r ,. II JGU 111 2 X 1-1 1'1 Tt•h .. J<tHI .. r:·:l •••·•'•·•!. 'pll .... .trcd lu flultl. 
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0 ... ,... 

(lu;t I I ly .. Ill ... 'U ... ..... II; .. ... .. .. o~ IIO "' wah·•· • n. .. Ill .. Ill ... :;.. ... 
lfc!ll location ... .. :0. .. ... ....... ... .... .... <l Ill 0 u Owner -'I .... ... u .. .. 'till ... .o i<~ III'U 11(1 Rt:mad:s ::z: Q r! ... .. ... .. .. .r: !l'H 0 •• .. r. I n • 0 5 T1 ..<l _., .. .. t: Ill .. ~ ,.,, ,,. ,, .. r: () ... .. ri !l .. .. ..... ~~ ... .. Gill"' ~· t: :a Q• 1: 'UlJ .. ..... ... 1:1' 

E 
.. 11(1 n. ''·- <l .. A ..... c, .. ''· ..... (I ... ........ ., 

Lat Lone 
., 

Ill 10: ..9 c! .. ... .. ~!:3 ;~~!:3 .,.. tn 

··~ '· :r: ..... ~ c;. "' .. n ... 112 ;;;, CY Cl A "' ;...~ n ... lt,U :X: If> ;.r..n:J -····--- ---·-·--
331 :J11012N 0775:120 1 A L nmu p II c JOO 2 X .,. Tr:h hn·J·. (,(, ... 
332 311025H 0775520 1 • J J,ANGU:Y p p p IJ7 2 X :JU t;u' ·I " rt To·h-Kp•l 
333 :t1JO:I7N 07755:?8 1 ON lETA llAVIS p II p 1211 2 X ·I I 1 2 l'f·h·KpoJ 
3:1-1 J·ll li:J-IN 07155:J!) J & J Bt:l.l.AAIY p II J lOll 2 X :w 1:! 'l'dr- K Jld 
3:15 :JHO:I6N 0775607 J TF.NNY f:NGINI:I:Its N N p ll 120 101 6 X !I :!:!li :! , .... :! 

"12 KJlol 1c·t 'I'. t.l"r. 
336 3·11037N 0775611 J TCNNY •:NCiiNiit:llS N N " 122 6 X II Ktul 

3:17 :S1tu:JON 0775619 J USGS •• u G :lfl :IG J 1' :w 
.,1:1 

'IQ nh:. "o·ll, c.u,.,·r h't)t: ;J'I 

~ :1:1R :HHII~oN 0175654 1 Sl'ACKIJliU!'I·: IN!: N N I' l:J5 4 X I .. Kpol Ill', ...•... 
3:1!1 :IJI(I(IGN 077551!1 J I :CliO Ill\ IllY " c ,. lliO 7!1 6 X I!·•• I I ~. :• lip II 
Joj(l :t.J(I!j l!J:: 0775522 J liC 110 lJA Ill r ,. II I' Ifill 7ll 1 X Ill I 011' 

. , , . 
~ I ;J lif'<l .,, ··r ,, .... 

311 :1111!1::91l 07755:t:l J El'IIO DA lilY ,. r I' "" J(l X :1 'r. ll :; ., ·1 :J lipol ..,,. '. 
312 :1-llt!lll!ltl 0772620 1 At.J,IJ;Jt KI-:NNI·:nrr N u 11 fiJI: 1·1:! t(l G 17 1:1 .,,,., 1\p.l- '1\l 

:t1:1 :J1CI!Ifl!IN 0775628 1 Al.l.llm KI·:NNlCOT N N c J 1~1 fl :'l 1'• (i ,,,. 
I ~· II' 3 Kp,l 01··· ,,,. 1 I. 1 , .. ,• ,,, ... 

3H ;I.JII!J07N 0775HO J G 11 cool\ I' II I' 1:12 '12 2 X Ill 1 ll :! .f :I """ . :145 :l·lfl~JIJ5tl 077510(j 1 J A 1-:tll1Afiii.S I• II ,. :w J .,. 
~:~ ,. t.' I I 'I'Q Tt'ntl• f .. , ••.. 

3111 :1111!llt~N 07751(111 2 J A t::ltlrAJIIJ.S " I I' fi2 I .,. 2:! I' I li '11.1 
317 :1-llo!JII!it: 0715106 J USGS 1-' u ·( (j,ll-: c::w (i X 2Z Ktorl r .... , -·,·J I 
3·111 3·1fl!1~15N 077511:1 J " I at u.um I' u :J5 I .,. 2:1 II 1'J 

:H!I :1111!111:-tt: 077511 (J 1 J A JW\':MIIlS I• II c wr. 1:111 ., X :n 1·1 II .. ·I :• lil'ol 
3 ~.11 :1 !II:Joi:!N 077!o121.i I HUG II lfiiFI':l I Nla:IC I' II I' :n :t:l 2 1' • :~u II H ~. II I II 'JQ lhu l1 112~. :~r.1 :J.II1112!J~; 01753H J llll PIII;~;J.J-: Y ,. I• II tfit 71 1 X :>II 7 :~:,o 1'<'1•- Kptl 
:&fo2 ;1 t1111U2N 0'17 5:S51 1 N If IHliKIN~ I' II G t:Hr I 12 2 >. :Ill 21 4 I:, ·I II 1 :! K1ul 
:1~.:1 ;; ollklJ~l\ 07't5:Jrot 2 H 11 '" HJ: JNs 

,. II Ill r T :Hi It 'HI 
:154 :JIIIIlllN 07'15:1:.14 1 If t; IIAIIIIIS I' II J> HU tJ:! 2 X :1'1 J(; • !•U 1 u •I 2 'J'ch-Kpct • Es ll ro:1 II •d , 'pH '"'''Ha•a·ctl ito , i .-ltl. 
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Tablo 6 .--Rocords of wolls tn Now HanoYcr CPuntr. N. c.--Continued 
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3Gll 

!IGI 
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N 
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3·10803 
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:1-1073: If: 

m J·!IJ72' 

N 
N 

IN 
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·---
0775337 
0775246 
07752·13 
0775236 
0775234 
0775:?34 
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0775209 
0775210 
0775238 
0775212 
0775246 

0775243 
0775123 
07'15:152 
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0775'10:1 
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Ill ... .. .. .. 

& 
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-
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'pH mOII!;Un:d Ju fJcld. 
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·-·--· 
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2 T 28 I I " li .. 
1 T 29 J7 

16 1 T 2G 6 
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1 JG 2 " 18 

J " 15 :~ 2 
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115 2 " of (I 2(j 
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1(11 2 " 411 J!i 
l~fl 2 " !!I: HI 

I?.:! .. " :m 18 J(lll ~· 2 
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1 T 22 7 'I (j .. I 
211 J .,. 111 of Ill :. II 

2 X :15 J.f 
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Tabla !> .--JiccordR of walls in Now llanover County, If, c.--Cnnllnucd 
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Wei 1 location 

... ... ---: Lat Long 
- -··-

379 :l405:10N 0775346 
380 :H05211N 07753·16 
381 :t.J!I5JON 0775325 
382 :t40527N 0775327 
38:t :t•IIIH7N 0775347 
381 :HO·I:?ON 0775325 

-.l 
3115 

()) 38G 
3117 

:t·IIH:!JN 0775:1411 
;:.JO.JIIi!'f 0775342 
:r•:U:H:!N 0775:1:12 

38R :1·10::1Ull 077~:JJO 
38!1 :I-IU310N 077535!1 
3!111 :t•I(J:I:lliN 077M51 

391 :t4U:II:IN 077M01 
3!12 :Hu:t17N 0775347 
3!1:: :t41J:!JIIN 0775355 
39·1 ::402J:JN 0775419 
3!1!'. ;;.J112JON 0715:150 
:I! IIi :t·IUI !'t!lll 0715351 

3!17 310151fN 07'/51J7 
3!111 :140tr>IN 07751JJ 
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400 ::10113N Oi'/53-13 
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IIMI 11111111'111111 Jl II I J 
&I J NG1lJN OCII H P P 

'pH IIIUBI'lUI"t!IJ in field. 
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NEW HANOVER COUNTY 

WATER-RESOURCES APPRAISAL 

New Hanover County is in the southeastern part of the North Carolina 
Coastal Plain. The topography is flat and low with many swampy areas. The 
western and northern parts of the county are drained by the Cape Fear River 
and its tributaries. This river also forms the western boundary of the 
county. The Cape Fear River and its major tributaries are estuarine and 
salty in the county. The eastern part of the county is drained by streams 
that flow to the Atlantic Ocean, which forms the eastern boundary of the 
county. The average discharge of streams in the county is 1.0 (Mgal/d)/mi 2 

Minimum flow and 7-day, 2-year low flow data are not available for the 
county. However, streams with drainage areas up to 10 square miles have 
been observed to go dry. Four public water supplies in the county have 500 
or more customers: Wilmington, Carolina Beach, Wrightsville Beach, and 
Kings Grant. All of these supplies, except that of Wilmington, are from 
ground water. In addition, smaller public and individual water supplies 
and large industrial water supplies are obtained from ground water in the 
county. The county population in 1970 was 82,996. 

The county is underlain by sedimentary deposits that thicken in a 
southeasterly direction. The upper sandy aquifer averages only about SO 
feet in thickness. Except for a small area in northwest New Hanover County, 
the upper sandy aquifer is underlain by the limestone aquifer. Where present 
the limestone aquifer is about SO feet thick in the northern part of the 
county and reaches a thickness of over 150 feet in the southern part of the 
county. Even where this highly-permeable aquifer is thin, well yields of a 
few hundred gallons per minute are obtainable. Where it is thickest, well 
yields of over 1,000 gal/min can be obtained. The limestone aquifer is 
underlain by the lower sandy aquifer. The lower sandy aquifer is about 
1,000 feet thick in the northwestern part of the county increasing to about 
1,300 feet in thickness in the southeast. However, the fresh-water part of 
the aquifer is relatively thin. The occurrence of salt water in New Hanover 
County is erratic, especially in the coastal areas and off-shore strands. 
The lower sandy aquifer might be able to produce a few hundred gallons per 
minute to wells at some places in these.areas, but lower yields would be 
more prudent in order to avoid salt-water encroachment. The same statement 
would apply to the limestone aquifer in the coastal areas. There is an 
isolated occurrence of salt water in the extreme northwest corner of the 
county where the depth to salt water can be less than 200 feet. In this 
area, the lower sandy aquifer ndght yield only 100 gal/min of fresh water 
to wells. The maximum ground-water yield in the county is estimated at 
l.o (Mgal/d)/mi2. The ground water is usually hard and may contain excessive 
iron or hydrogen sulfide. 
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COASTAL PLAIN 

QUATERNARY 

SURFICIAL DEPOSITS. UNDIVIDED- Sand. clay, gravel. and peat depo
sited in marine. fluvial. eolian. and lacustrine environments. Quaternary 
deposits not shown at altitudes greater than approximately 25 feet 
above mean sea level (Suffolk Scarp, in part) 

TERTIARY 

PINEHURST FORMATION- Sand. medium- to coarse-grained, cross
bedding and rhythmic bands of clayey sand common. unconsolidated 

TERRACE DEPOSITS AND UPLAND SEDIMENT- Gravel. clayey sand. 
and sand, minor iron-oxide cemented sandstone 

WACCAMAW FORMATION- Fossiliferous sand with silt and clay, 
bluish-gray to tan. loosely consolidated. Straddles Pleistocene
Pliocene boundary 

YORKTOWN FORMATION AND DUPLIN FORMATION. UNDIVIDED 
Yorktown Formation: Fossiliferous clay with varying amounts of fine

grained sand. bluish gray, shell material commonly concentrated in 
lenses; mainly in area north of Neuse River • 

Duplin Formation: Shelly, medium- to coarse-grained sand. sandy marl. 
and limestone. bluish gray; mainly in area south of Neuse River 

BELGRADE FORMATION. UNDIVIDED 
Pollocksville Member: Cyster-shell mounds in tan to orange sand 

matrix. indurated locally 
Haywo"od Landing Member: Fossiliferous clayey sand. gray to brown. 

Members grade into each other laterally 

RIVER BEND FORMATION - Limestone. calcarenite overlain by and 
intercalated wrth indurated. sandy. molluscan-mold limestone 

CASTLE HAYNE FORMATION 

Spring Garden Member· Molluscan-mold limestone. indurated. very 
sandy. Grades downward into a calcareous sand and laterally ;nto 
Comfort Member 

Comfort Member and New Hanover Member. undivided 
Comfort Member: tHyozoan-ecnmora Sl(efetal limestone. locally 

dolomitized. solut1on cavit1es common 
New Hanover Member: Phosohate-pebble conglomerate. micritic. 

thin: restricted to basal pan or Castre Hayne t"Ormatron m soutneast
ern counties 

VT:t6a:~q BEAUFORT FORMATION. UNDIVIDED 
Unnamed uoper member: Sand and silty c!a·{. glauconitic. fossiliferous. 

and locally calcareous 

KP 

Jencho Run Member· Siliceous mudstone wrth sandstone lenses. thin 
bedded; basal phosphatrc pebble conglomerate 

CRETACEOUS 

ouve o aCK. massrve. araucomt.c. oca IV ossw erous ana r.a careous. 
Patcnes or sanay monuscan-mc10 hmestone m uooer oan. 

Kb BLACK'CREEK FORMATION- Clay. gray to black. hgnitrc: contains thm 
beds and lammae of f•ne-grarned mrcaceous sand and thick lenses of 
cross-bedded sand. GlaucoMrc. fossiliferous clayey sand lenses m 
upper part 

· Km MIDDENDORF FORMATION- Sand. sandstone. and mudstone. gray to 
pale gray With an orar.ge cast. mottled. clay balls and rron-cemented 
concretions common. beds lateraliy drsccntinous. cross-beddrng 
common 

CAPE FEAR FORMATION- Sandstone and sandy mudstone. yellowish 
gray :o biUISn gray. mo::ted red to •tel!owrsh orange. mdurated. graded 
a,d laterally cor.trnuous :eddrng. block·; clay. faint cross-beddrng. feld
spar and mrca com(l"'on 

1 • I 

2. I 

3. E 

4. E 

5. E 

6.C 

7. D 

B. F, 

10. FL 

11. F~.; 

12. Fu 
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Carolina Geological Society 
Fiftieth Anniversary Volume 

Edited by J. Wright Horton, Jr., 
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Ref. 27 

LAW ENVIRONMENTAL, INC. 

November 27, 1985 

Southern Wood Piedmont company 
P. o. Box 5447 
Spartanburg, South Carolina 29301 

Attention: 

Subject: 

Mr. Mike Pruett 

Monitoring Well ~nstallation and 
Hydrogeologic Report 
Wilmington, North carolina Plant 
LES Project No. HA-5276 

Dear Mr. Pruett: 

112 TOWNPARK DRIVE 
KENNESAW GEORGIA 30144-5599 
404-421-3400 

Law Environmental, Inc. is pleased to submit the attached report 
of Monitoring Well Installation and Hydrogeologic Assessment at 
your Wilmington, North Carolina facility. The work for this report 
was outlined in the Law Environmental proposal No. LE5021.41 on 
June 17, which was revised on August 13, 1985. 

This report includes the following: 

0 

0 
0 
0 

0 

Introduction 
Well Installation 
Geologic Conditions 
Water Levels and Ground-Water Flow Directions 
Rate of Ground-Water Flow 

We appreciate this opportunity to provide southern Wood Piedmont 
with our services. Please do not hesitate to contact us if you 
have any questions. 

T. Bradburne 
Field Geologist 

--~ 
E. Blevins, P.E. 
Manager 

JTB/SEB/cl 

'. cc: Mr. T. M. Davis 
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1.0 ZNTRODOCTZON 

Law Environmental Services (LES) has completed the 
installation of four ground-water monitoring wells at the southern 
Wood Piedmont (SWP) Wilmington, North Carolina facility (Figure~). 
These wells were installed between September 5 and 10, 1985 in 
accordance with the LES revised proposal of August 13, 1985, 
proposal No. LE5021.41. The wells were installed around the limits 
of the land farming area (Figure 2) and are designated MW-6 through 
MW-9. Hydraulic conductivity .tests were performed in the four 
wells on September 10 and 11, 1985. Ground-water levels were 
recorded in all facility wells on September 19, 1985. Surveying 
of all site wells was completed on September 27, 1985 by Robert H. 
Goslee and Associates. 

This report documents well installation, geologic conditions, 
hydrogeologic conditions (including ground-water flow rates and 
directions) and hydraulic conductivity test data results. 

2 • 0 WELL INSTALLATION 

The four wells were installed as Type III wells to avoid 
carrying potential surficial contamination down into the zone of 
interest while drilling (Figure 3). All four wells were drilled 
by a licensed North carolina well driller employed by Law 
Engineering Testing Company. Specific information concerning soil 
conditions encountered during well installation and a graphic 
presentation of placement of well screens, sand pack, bentonite 
seals, grout, and casing are contained on the Test Boring Records 
in the Appendix. Table 1 presents a summary of construction data 
for the four monitoring wells. 

Monitoring well MW-6 was installed at the northeast corner of 
the land farming area to address ground-water conditions within the 
uppermost aquifer upgradient of the area. Monitoring wells MW-7, 
MW-8 and MW-9 were installed at the west, southwest and southern 
boundaries of the land farming area (respectively) to monitor 
ground-water conditions downgradient of this area in the uppermost 
aquifer. Locations of all site wells are shown on Figure 2. 

Installation and development of the Type III monitoring wells 
proceeded in accordance with the following steps: 

1. All down-hole equipment was steam cleaned prior to 
drilling each hole. 

2. A borehole of 10-inch diameter was advanced with wash 
drilling techniques using a mixture of potable water and 
bentonite as a drilling fluid. Split-spoon samples were 
obtained at 2. 5-foot intervals to a depth of 10 feet 
where samples were obtained every five feet thereafter, 

1 
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3. 

4. 

5. 

6. 

or more frequently as required to adequately describe 
subsurface lithology. The split spoon was washed between 
each sample with a phosphate-free soap and rinsed with 
potable water. 

Threaded 6-inch diameter schedule 40 PVC casing was 
placed in the 10-inch borehole and grouted in place. 
Grout consisted of approximately 5 to 8 gallons of water 
and 1 to 3 pounds of bentonite for each 94-pound sack of 
Portland cement. 

After the grout used to seal the outer casing had set, 
the borehole was extended beyond the bottom of the outer 
casing using a 5 7/8-inch tricone roller bit and wash 
drilling techniques. A bentonite and potable water 
mixture was used as drilling fluid. 

The borehole was then flushed with a "new" bentonite and 
potable water mixture (low viscosity). A 10-foot section 
of 0. 010-inch machine-slotted, schedule 40 PVC screen and 
schedule 40 PVC riser pipe was then installed. A bottom 
cap and vented top cap were installed. Centralizers were 
used around the well screen. Only threaded, 2-inch 
diameter PVC well pipe (no glue) was used. 

Clean concrete sand backfill was placed around each well 
screen to a level approximately 2 feet above the top of 
the well screen. Concrete sand has proven to provide a 
satisfactory filter between sandy or silty soils and the -
0.010-inch slot screen in numerous monitoring wells 
installed in the Coastal Plain of North carolina. 

7. A bentonite clay seal 2-feet thick was installed at the 
top of the sand pack by pouring bentonite pellets around 
the riser pipe and packing with a stainless steel rod. 

8. The annulus between the riser pipe and outer casing was 
grouted. Grout was pumped through a hose extending to 
the top of the clay seal. The hose was removed as the 
grout level rose to the surface. 

9. A 4-inch diameter steel outer protective casing having 
a cover and lock was firmly grouted in place at the 
ground surface. 

10. Each well was developed by pumping water from the well 
until reasonably clear water was withdrawn and pH 
measurements stabilized. A 1 1/4-inch diameter threaded 
PVC pipe having a one-way valve on the bottom was 
inserted into the well and a gasoline powered surface 
pump with a suction hose inserted into the 1 1/4-inch PVC 
pipe were used to remove water from the well. 

• 2 
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In addition to well installation, the four temporary cased 
post holes installed in July 1985 for ground water elevation 
measurements around the limits of the land farming area were 
grouted and the casings pulled. The grout mixture consisted of 
approximately 5 to 6 gallons of water and 1 -to 3 pounds of 
bentonite for each 94-pound sack of Portland cement. 

3.0 GEOLOGIC CONDITIONS 

3.1 Regional Geology 

The southern Wood Piedmont Wilmington, North Carolina facility 
is located in the Coastal Plain physiographic province. The site 
is situated on undifferentiated Post-Miocene surficial sands 
directly overlying sediments of the Upper Cretaceous Peedee 
geologic formation (Berry 1949). 

The surficial soils in the site area typically consist of 5 
to 60-feet of fine sands. The sands are tan to white in the well
drained upland areas, while they are brown to black and may contain 
several feet of organics in low lying or poorly-drained areas. The 
soils have been eroded and redeposited many times, resulting in 
buried stream channels, swamps and marsh areas, often containing 
soft organic silts, clays and peat • 

Sediments of the Peedee formation typically range from 650 to 
700 feet in thickness. The Peedee soils generally consist of dense 
to very dense sand with zones of cemented sands and impure 
limestones. The sands have a characteristic salt and pepper 
appearance and the Peedee formation is considered a major aquifer 
in this area. 

3.2 Site Geology 

Subsurface soil conditions encountered at each of the four 
boring locations were very similar. Soil conditions are presented 
on the Test Boring Records in the Appendix and shown graphically 
on the hydrogeologic cross-sections of Figure 4. The cross
section locations are shown on Figure 2. 

A fill material was encountered from 0.5 to 0.7 feet below the 
ground-surface. This material consisted of a dark brown and black 
silty fine to medium sand with cinders and occasional coarse sand. 
The fill material encountered at monitoring well location MW-6 was 
primarily cinders. 

Below the fill, a dark to light brownish-gray/grayish-brown 
fine to medium sand with traces of silt occurs to depths of 10 to 
12.5 feet. This fine sand unit is found to be overlying a dark 
brown peat and organic silt layer with varying amounts of wood and 
root fragments • 

3 



• 4.0 WATER LEVELS AND GROUND-WATER PLOW DXRECTXONS 

Ground-water levels were recorded in the nine site wells on 
September 19, 1985 (with the exception of B-3: this well was 
reported to have collapsed). The top of the 2-inch PVC riser pipe, 
the protective casing and ground surface were surveyed on all new 
and existing wells by Robert E. Goslee and Associates on September 
27, 1985. In addition, the surveyors recorded ground-water 
elevations in the wells and water level elevations for the Cape 
Fear River on September 27, 1985. Ground-water elevations are 
listed in Table 2. 

Ground-water flow directions are shown on Figure 5. As shown 
by the arrows on the potentiometric map, ground-water flow around 
the immediate limits of the land farming area is to the west
northwest and southwest toward the Cape Fear River. Within the 
southeasternmost portion of the plant, a southern ground-water flow 
exists with ground water apparently discharging into a marshy area 
just south of the property line. 

Ground-water elevations ranged from 2.82 feet, msl in well B-
5 to a low of 1.42 feet, msl in well B-4. 

5.0 RATE OP GROUND-WATER PLOW 

• 5.1 Hydraulic conductivity Test Results 

• 

Hydraulic conductivity (k) tests were performed on the four 
newly-installed ground-water monitoring wells (MW-6, MW-7, MW-8 and 
MW-9) on September 11, 1985. Hydraulic conductivity was derived 
using the bailing method which measures the change in water level 
in a well after a volume of water is removed or the well is bailed 
dry. The coefficient of permeability was calculated using the 
equations described by Bouwer and Rice (1976). 
· Values of hydraulic conductivity range from 3 x 10"5 cmjsec in 
monitoring well MS-6 to 1 x 10"6 cmjsec in well MW-8. This range 
of permeabilities is typical for silts for which the test interval 
is located (Johnson, A.I., 1964). Results of hydraulic 

.conductivity are listed in Table 3. 

5.2 Ground-Water Flow Velocities 

The average ground-water flow velocity was estimated using·the 
formula derived from Darcy's Law: v=Ki/Ne, where: 

v 
K 
i 

Ne 

= 
= 
= 
= 

average velocity of flow (ftjyr) 
hydraulic conductivity (6.8 ftjyr) 
hydraulic gradient (2. 8 x 10"3 ft/ft) 
effective porosity (0.2) 

4 
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• 

• 

The average ground-water flow velocity was calculated assuming 
the test interval for the wells to be that portion below the bottom 
of the bentonite seal down to the bottom of the screen section. 
A logarithmic average of the hydraulic conductivities determined 
at the four wells (MW-6, 7, 8 and 9) was used as a representative 
permeability value. The effective porosity value that was used to 
estimate ground-water flow velocity was assumed to be 0.2 (Davis 
and Dewiest, 1966). 

The average ground-water velocity was estimated to be about 
0.10 feet per year for the screened well interval • 

5 
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• • • -
TABLE 1 

MONITORING WELL CONSTRUCTION DATA 
SOUTHERN WOOD PIEDMONT- WILMINGTON, NORTH CAROLINA FACILITY 

DEPTII TO DEPTHS OF GROUND ELEVATIONS TOP OF 2" 
WELL DATE WELL BOREHOLE BOTTOM OF TilE SCREENED ELEVATION OF THE SCREENED PVC PIPE 

NO. INSTALLED TYPE DEPTH(FT) SEAL(FT) INTERVAL(FT) (FT,KSL)* INT!RVAL(FT,KSL) ELEVATION(PT,KSL)* 

------------------------------------------------------------------------------ -------
B-1 11-03-81 SME 44.8 NA 10 .0 to 15 .0 2.90 -7.1 to -12.1 5.52 
B-2 11-04-81 SME 48.9 NA 7.0 to 12.0 4.70 -2.3 to - 7.3 7.61 
B-3 11-03-81 SME 50.0 NA 2.5 to 7.5 4.20 1.7 to- 3.3 7.12 
B-4 11-04-81 SME 49.0 NA 13.0 to 18.0 4.10 -8.9 to -13.9 6.75 
B-5 11-04-81 SME 44.0 NA 10.0 to 15.0 4.20 -5.8 to -10.8 6.57 

MW-6 09-05-85 III 20.0 8.o 10.09 to 19.78 3.46 -6.63 to -16.32 5.04 
MW-7 09-06-85 III 19 .a 8.0 9.83 to 19.52 4.16 -5.67 to -15.36 6.07 
MW-8 09-09-85 Ill 19.2 a.o 9.28 to 19.02 4.26 -5.02 to -14.76 6.75 
MW-9 09-10-85 Ill 19.4 8.0 9.52 to 19.22 4.46 -5.06 to -14.76 6.51 

NA: Data Not Available 
* Surveyed by Robert H. Goslee and Associates. 



• GROUND-WATER LEVEL DATA SUMMARY 
SOUTHERN WOOD PIEDMONT- WILMINGTON, NORTH CAROLINA FACILITY 

WELL 
NO. 

B-1 
B-2 
B-3 
B-4 
B-5 

MW-6 
MW-7 
MW-8 
MW-9 

TOP OF 2" 
PVC PIPE 

ELEVATION(FT,MSL) 

5.52 
7.61 
7.12 
6.75 
6.57 

5.04 
6.07 
6.75 
6.51 

9-19-85 
DEPTH TO GROUND-WATER 

GROUND WATER(FT) ELEVATION(FT,MSL) 

3.54 1.98 
5.33 2.28 

NA NA 
5.33 1.42 
3.75 2.82 

2.67 2.37 
3.83 2.24 
4.25 2.50 
4.08 2.43 

NOTE: Monitoring well B-3 was reported to have collapsed; 
therefore, ground-water level data was not available. 

* Surveyed by Robert H. Goslee and Associates. 
I Ground-water level was too low to be recorded by surveyor (below 6 feet). 

DEPTH TO 
GROUND WATER(FT) 

3.22 
4.88 

NA 
RA# 

3.72 

3.27 
4.14 
4.49 
4.24 

9-27-85 
GltOUND-VATER 

ELEVATION(FT.MSL) 

2.30 
2.73 

NA 
RAI 

2.85 

1.77 
1.93 
2.26 
2.27 

• 
RIVER GAUGE 

WATER LEVEL(FT.MSL) 

0.45 
0.50 

NA 
0.60 
0.40 

2.00 
1.90 
1.90 
1.70 

-



TABLE 3 

• HYDRAULIC CONDUCTIVITY SUMMARY 

WELL TEST INTERVAL MATERIAL HYDRAULIC 
NO. DEPTH(FT) TESTED CONDUCTIVITY(CM/SEC) 

-------------------------------------------------------------------------------
MW-6 8.0 - 19.78 Silt with Wood 3 x 10-5 

and Root Fragments 

MW-7 8.0 - 19.52 Silt with Wood 6 X 10-6 

.and Root Fragments 

MW-8 s.o - 19.02 Silt with Wood 1 X 10-6 
and Root Fragments 

MW-9 s.o - 19.22 Silt with Wood 1 X 10-5 
and Root Fragments 

• 

• 
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SYMBOt.:S 

I 
m 

100 I%." 

AX BX. NX 

65 Of0 

ROC 

c 

GS 

T 

p 

v 

II 

KEY TO CLASSIFICATIONS AND SYMBOLS 

CORRELATION OF PENETRATION RESISTANCE WITH 

RELATIVE DENSITY AND CONSISTENCY 

NO. OF Bl.OWS 1 N REL-ATIVE DENSITY 

o-~ VERY LOOSE 

~-10 L.OOSE 

SANDS 
10-30 FIRM 

:so-so DENSE 

OVER 50 VERY DENSE 

CONSISTENCY 

o-z VERY SOFT 

z-• SOFT 

SILTS AND CLAYS ·-1 FIRM 

1-15 STIFF 

15-30 VERY STIFF 

30-50 HARD 

OVER 50 VERY HARD 

-UNDISTURBED SAM Pl.£ (UC) RECOVERED 

-UNDISTURBED SAMPLE CUD) NOT RECOVERED 

-NUMBER OF" BLOWS (tOO) ro DRIVE THE SPOON A NUMBER OF INCHES (Z) 

-CoRE BARREl. SIZES WHICH OBTAIN CORES 1-111, ·1-511 AND Z-1/1 INCHES IN 

DIAMETER RESPECTIVELY 

-PERCENTAGE (65) OF ROCK CORE RECOVERED 

-RocK QUALITY DESIGNATION-0/oOF CORE SEGMENTS ~ OR MORE INCHES LONG 

-WATER TABLE AT LEAST z• HOURS AFTER DRILLING 

-WATER TABLE ONE HOUR OR LESS AFTER DRILLING 

-Loss OF DRILLING WATER 

-ATTERBERG LIM ITS TEST PERFORMED 

-CONSOLIDATION TEST PERFORMED 

-GRAIN SIZE TEST PERFORMED 

-TRIAXIAL SHEAR TEST PERFORMED 

-PROCTOR COMPACTION TEST PERFORMED 

-FIELD VANE SHEAR TEST PERFORMED 

-PERCENT OF "NATURAL MOISTURE CONTENT (II) 

DRILLING PROCEDURES 

T ..-1£ S":'ANDARD ,.ENETRATIQN RESISTANCE IS THE NUMBER OF BLOWS OF A t•o ,.OUND HAMMER 

F"AL.LING .:10 INCHES TO DRIVE A Z INCH O.D •• t.• INCH 1.0. SPLIT SPOON SAMPLER ONE FOOT. 

CoRE DRILLING IN ACCORDANCE WITH ASTM DESIGNATION 0 ZIU-6ZT. 

T11E UNDISTURBED SAMPLING PROCEDURE IS DESCRIBED BY ASTM SPECIFICATION 0 1517-67 • 
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TEST BORING RECORD 
~~--.~4~~- Elevation of top of 

~~ PVC PiPe: 5 .04' 

IU,.ItV • 

3.46 

-1.54 

-6.54 

-1L54 

Dlt .. TH 
"It ItT DltSC"I"TION 

Firm to loose dark to light 
brownish-gray/grayish-brown 
fine to medium SAND with 
traces of silt 

11.5~----------------------------~ 

Soft to very soft dark brown 
PEAT and ORGANIC SILT with 
wood and root fragments 

-16.54 20.0 ...... -----~-------.......f BORING TERMINATED 

-21.54 

REMARKS: 

... . ... ... . ... ... . ... ... . ... ... ... 
···~···· -···· ... -:::: ... ... =···· 

Water level on 9-19-85 DRILLED BY _ _.Lw....... S;;z......-

t·7ash drilled with 10-inch LOGGED BY J.T.B. 
wing bit using a bentonite CHECKED BY C.A.S. 
and potable water drilling fluid mixture 
to 4.8 feet; Wash drilled with 5 7/8-inch 
rotary bit using a bentonite and potable 
water drilling fluid mixture from 4.8 to 20.0 feet 

0 
.. ltNE't"l.TION·•\,.OWS "1:" "DOT 

S I 0 tS ZO 30 •0 CO 10 I 00 

..... 

BORING NUMBER 
DATE STARTED 

DATE COMPLETED 

JOB NUMBER 

MW-6 
9-4-85 

9-5-85 
HA-5276 

StVP - Wilmington 

2) Well developed on 9-10-SS 
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• 

.) 

TEST BORING RECORO~~~t:n.r- Elevation of top of PVC 
:-- ~>" pipe: 6.07' · 

"llHitT"ATIOH··LOW'I "ll" P'OOT 

llL&V. 0 s 10 u 20 10 •o 10 10 100 

4.16 8:g r\'FILL: Brown slightly silty rrJ ~~"' ~Q~ 
fine SAND with cinders ~ ~ * ~e ~1. 

~~~ :~~~ . '------------..1 ~ ~~ ~·-- ~i \ 

-0.84 ~ ~ ~~~ 4• 
Loose to firm brown slightly silty ~ ~~ ~--~--~~~-+--+-~~~~~ 
fine to medium SAND to fine to ~· :_ 
medium SAND with traces of silt ; 

::: j 
-5.84 

-10.84 

12.5~------------------------------~ 

Soft to fir.m dark brown PEAT and 
ORGANIC SILT with.wood and root 
fragments becoming predominantly 
wood in last sample 

-15.84 20.0 ,__ _______ --------t 
BORING TERMINATED 

-20.84 

REMARKS: 

::: ::: t 
::: "=' ... ... . .. ... ... . .. ::: = .. . - .. . ... =··· ... 

-··· ... -... ... ... ::: = ... ... -... ... ... ... 
····-··· ... = ... 
····=··· ... . .. ····-··· ... 
... === 

Water level on 9-19-8.5 DRILLED BY __ L....,.S=-• .__-

"t-7ash drilled with 10-inch LOGGED BY J .T.B. 
BORING NUMBER NW-7 

DATE STARTED 9-4-85 

wing bit using a bentonite CHECKED BY C.A.S. DATE COMPLETED 9-6-85 
and potable water drilling fluid mixture 
.to 4.5 feet;wa~h drilled with 5 7/8-inch 
roller bit using a bentonite and potable 

HA-5276 
JOB NUMBER 

SWP - Wilmington 
water drilling fluid mixture from 4.5 to 20.0 feet 

2) Well developed on 9-11-85 
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TEST BORING RECORl ....- !*" 

KLIEV. OIESC"IPTION 

4.26 ~: ~ 1\ FILL: Dark brown silty fine . a·~-' * 
I \SAND with occasional coarse ~~-

sand . ~ 
Firm to loose dark brown to ~ .,. 

-o 74 grayish-brown and brown slightly ·· ~~~ 

7 • 4
' __ s_i_l-ty--f-i_n_e_t_o_m_e_d_i_um __ s_AND __ w_i_t_h---1 :::-: ~ traces of coarse sand 

-5.74 

-1n.74 

Buried log from 7.4 to 10.0 feet 

10.0~--------

Very soft to soft dark brown 
PEAT and ORGANIC SILT with wood 
and root fragments 

-1 'i 74 20. OJ-------_ ------f 
BORING TERMINATED 

-?n 74 

==:~~~m 
···-···· -···· -···· ···-···· -:::: ... - ... . ... - ... . 
-··=:::: 

-···· -···· ... -···· :::=:::: - .... ... = :::: ... -···· ... -···· -···· ···-···· ... -···· 
.... =:::: .... - .... 

:=:::: ·-···· ·-···· ·-···· ·-···· 
~~~ rr ~~~l 

REMARKS: 
Water level on 9_:19-85 DRILLED BY _L..._ • .,s,_.,__,... 
Wash drilled with 10-inch wing LOGGED BY J. T .B. 
bit using a bentonite and CHECKED BY 
potable water drilling fluid mixture to 
4.5 feet: wash drilled with 5 7/8-inch 

C.A •. S. 

roller bit using a bentonite and potable water 
drilling fluid mixture from 4.5 to 20.0 feet 

2) Well developed on 9-11-SS 

0 

Elevation of top of 
PVC pipe: 6.75' 

P'I:Nt:T" ATION··L.OWS "I:" P'OOT 
S I 0 IS 20 30 40 10 10 I 00 

j 
• 

BORING NUMBER 
DATE STARTED 

DATE COMPLETED 

JOB NUMBER 

MW-8 
9-4-84 
9-9-85 

HA-5276 

SWP - Wilmington 



TEST BORING RE\..vi:CC' p;;;;;;;; 
~ 

I"' 

• DIIPTH 
II LilY. P'IIIIT DIIIC"I"TION 

4.46 ti"~ :--\FILL: Dark brown silty fine 
SAND with occasional coarse ~i: 

sand ~·~ 

~ ~ -0.54 Very firm to loose gray to 
grayish-brown fine to medium 

~ I SAND with traces of silt 

:H~ !;i 
-5.54 :::: '=' ::: 

:g:~W 
m:1::::::: 
~;:J= :; 

12.5 I~;H~ ::: 
I~:H::::H 

1-10.54 Soft dark brown PEAT and ORGANIC 
1m I~:H 
1:~: I~ ~g 

SILT with root and wood fragments I~!H=: ;jl 
id~t= ~~= 
1·:::~=:;: 
1;;; ~~ ::: 

18.5 --------- 1::: :=;;; :;,_ :: 
1-15.54 Buried log from 18.5 to 20.0 feet :::·'=1::: 

20.0 :::;!!!! ;;; -• BORING TERMINATED 

·20. 54 

REMARKS: .) t-7ater level on 9-19-85 DRILLED BY _.:;L~.S:;.;..•-
Wash drilled with 10-inch LOGGED BY J .T.B. 
wing bit using a bentonite CHECKED BY C.A.S. 
and potable water drilling fluid mixture 
to 4.5 feet; wash drilled with 5 7/8-inch 
roller bit using a bentonite and potable 
water drilling fluid mixture from 4.5 to 20.0 feet 

2) Well -developed on 0-11-.35 

0 

Elevation of top of 
PVC pipe: 6.51' 

"KNII:T .. ATION·•LO- "1£" P'OOT 
s 10 "zo Jo •o 10 10 ' 

v• 
/ 

./ , 

r !--
' 
~ 
• 

BORING NUMBER 
DATE STARTED 

DATE COMPLETED 

JOB NUMBER 

Mf.ol-9 

9-5-85 
9-10-85 
HA-5276 

SWP - Wilmington 

• 

00 


