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Comment #1: The document does not discuss the intended use of the information it contains. A 
statement similar to those included in other field reports should be made that the 
information may be used to guide further RI activities at the site. 

Response #1: A statement will be added to the Introduction as follows: "The Phase 1 and Phase 2 data 
will be used to refme the data quality objectives (DQOs) to determine if additional RI 
activities are necessary in Area 7." 

Comment #2: The document describes in several places existing organic, inorganic and radionuclide 
surface and subsurface contamination which occurs at the boundaries of the investigation. 
The boundaries should be expanded appropriately for any additional investigation. In 
addition, data needs to be examined for any existing trends in vertical and lateral 
contamination. 

Response #2: The Area 7 boundaries will be expanded appropriately for any additional investigation due 
to the contamination which occurs at the boundaries. Prior to instituting another phase 
of investigational activities, all previous data will be reviewed/examined to ascertain if 
enough data is available to determine nature and extent for future risk assessment 
calculations. 

SPECIFIC COMMENTS: 

Comment #1: Section 2.1.1, Page 2-4, Paragraph 1: 
First word on page, "contaminated", is likely a typographic error and text should be 
changed. 

Response #1: The word "contaminated" was replaced with "recorde<! in the FIDLER logbook." 

Comment #2: Section 2.1.1, Page 2-4, Paragraph 2: 
Does the FIDLER Out Channel respond to Ac-227, Po-210 and Ra-226? The Site History 
section of this report (Section 1.3, page 1-4) mentions that these radionuclides were 
disposed of in Area 7 in the past. Please explain in comment responses. 

Response #2: The FIDLER Out Channel responds to a broad range of low energy gamma rays and x
rays. 

The FIDLER Out Channel would not respond to Ac-227 as it is a beta emitter, but may 
respond to the low-level gamma energy from its decay product, Th-227. Ac-227 has a 
half-life of 21.6 years, and therefore, a large percentage of that buried in Area 7 in the 
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1950's and 1960's would have decayed to Th-227. It is possible that the low-level 
gamma energy produced by the Th-227 may not be distinguishable from background on 
the FIDLER Out Channel. 

Po-210 is an alpha emitter with a 138 day half-life, and would have completely decayed 
from Area 7 soils by the time this survey was conducted. 

Ra-226 is an alpha-, beta-, and gamma-emitter with a 1620 year half-life. Activity from 
Ra-226 in Area 7 would be detected by the FIDLER Out Channel. 

Comment #3: Figure 2.2, Page 2-5 and Figure 2.3, Page 2-10: 
We realize that the sensitivity of a FIDLER has its limitations. However, it appears that 
there is a fair amount of inconsistency between the results of FIDLER screening and 
surface soil screening. Why would FIDLER results be positive in areas that do not 
exhibit elevated radiological activity according to surface soil screening (e.g., Location 
7F08-02, Figure 2.2). Please explain in comment responses. 

• 

Response #3: The FIDLER results are positive in areas that do not exhibit elevated radiological activity 
according to the soil screening (e.g., location 7F08-02) because soil screening samples are • 
only evaluated for Pu-238 and Th-232 while the FIDLER will detect other alpha emitting 
isotopes. Phase 2 sampling will investigate the areas exhibiting elevated radiological 
activity. 

Some additional reasons for inconsistencies are: 

(1) Not every FIDLER survey location corresponds to a soil screening sample, 

(2) A soil screening sample may not be representative of the total area surveyed by 
the FIDLER, and 

(3) Soil screening analysis is more sensitive than the FIDLER survey. 

Comment #4: Section 2.1.1, Page 2-6, Paragraph 2: 
While taking wipe samples from equipment to determine its level of contamination may 
in some cases be appropriate, the use of a wipe test to determine environmental 
contamination is not indicated. Adequate environmental monitoring requires the 
acquisition of a sample of suitable volume and composition. The fact that the wipe tests 
yielded less than 20 dpm indicates only that the drill bit was not contaminated. Please 
acknowledge via comment response. 
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It is true that adequate environmental monitoring requires the acquisition of a sample of 
suitable volume and composition. Wipe samples were taken at sample locations where 
suitable volumes of soil could not be collected for soil screening analysis. 

The use of wipe samples was intended only to provide radiological screening data on the 
locations where the field crew was working. Wipe tests yielding less than 20 dpm 
indicated that the location was not an area of high radiological activity, and therefore, safe 
for continued work in that area. Because each drill bit was "decontaminated" prior to use, 
theoretically any contamination found by the wipe samples collected from the used drill 
bit could be attributed to the soil in that location. 

Comment #5: Section 2.3.2.1, Pages 2-23, Last paragraph: 
The Field Variance Report states that at B05 bedrock was encountered, requiring the use 
of auger cuttings rather than split spoon samples for samples B05002 and B12002. An 
identical situation occurred at B04, requiring samples B04002 and B041 02 to be made 
with auger cuttings (Appendix A-4). However, this variance was not included in the Field 
Variance Report section. Omission of such information raises questions as to the quality 
control procedures used. If text is revised, please include this information in the Field 
Variance Report section. 

Response #5: The omission of the collection of samples B04004 and B041 02 with auger cuttings from 
the Field Variance Report section was an oversight, and has been corrected by the 
addition of the following text to the last paragraph on Page 2-23, Section 2.3.2.1. 

"At B04, bedrock was encountered at nine feet BGS. In order to complete soil samples 
B04002 and B04102 which began at five feet BGS, split spoons were collected at seven 
to nine feet BGS. The last split spoon had no recovery. Because of this, auger cuttings 
were used to fill the radiological analysis portion of samples B04002 and B041 02." 

Even though the details to the Field Variance Section was omitted, the sampling 
procedure variance was clearly documented in the field logbook. This field report was 
reviewed for accuracy by technical editors, and the technical content will be reviewed 
before issuance of the fmal document. 

Comment #6: Section 2.3.2.1, Page 2-25, Paragraph 2: 
SOP 1.4 requires sample containers to be wiped with methanol. The variance describes 
the use of deionized water for this step. What is the source of the water; i.e. what 
assurances exist that the water contains no background contamination? Please indicate 
in comment responses . 
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Response #6: Deionized water was purchased from Lamco Industries (Coalfield, TN). A "Certification 
of Water Quality" was provided which stated that the deionized water was produced using 
Nuclear Grade mixed bed resins and quality was monitored using a temperature 
compensated resistivity monitor. 

Comment #7: Section 2.3.2.1, Page 2-25, Paragraph 1 and 2: 
The statement that "in most cases modifications represent improvement over standard 
procedures".should be replaced with the indication in each individual case as to whether 
the modification represents an improvement or a problem. Please indicate as such in 
future documents. 

Response #7: Text has been revised to indicate that in each individual case the modification represented 
an improvement. 
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SPECIFIC COMMENTS: 

Comment #1: Section 2.1.1 Field Work Performed and Procedures 
Page 2-2, Table II.1 
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Three of the seven background stations established for the FIDLER survey (Stakes D03, 
!12, and K10) are located within the Area 7 Area of Concern (AOC). The method used 
to choose background stations for the FIDLER survey needs to be reviewed. 

Response #1: Concur. The method used to choose background stations for the FIDLER survey will be 
reviewed. However, for this survey, use of background locations D03, !12, and K10 was 
acceptable because there was no surface radiological contamination at these locations as 
indicated by the Mound Soil Screening Facility results. Because of the soil screening 
results, the background readings are not considered to be elevated, and the FIDLER data 
collected on these days are valid. 

Comment #2: Section 2.1.1 Field Work Performed and Procedures 
Page 2-2 and 2-4, Paragraph 2 
These seems to be a typographical error in the last sentence on page 2-2 which continues 
on page 2-4. The last word in the sentence should be "recorded" or "collected". 

Response #2: The word "contaminated" was replaced with "recorded in the FIDLER logbook." 

Comment #3: Section 2.1.4 Presentation of Radiological Data 
Pages 2-8 and 2-9, Tables Il.2 and II.3 
The screening data obtained by the FIDLER survey does not seem to correlate well to the 
Mound soil screening results obtained for similar locations. In many instances, readings 
which indicate levels of elevated radioactivity on the FIDLER are contradicted through 
Mound soil screening, and vice versa. What is the reason for this inconsistency? 

Response #3: The FIDLER results are positive in areas that do not exhibit elevated radiological activity 
according to the soil screening (e.g., location 7F08-02) because soil screening samples are 
only evaluated for Pu-238 and Th-232 while the FIDLER will detect other alpha emitting 
isotopes. Phase 2 sampling will investigate the areas exhibiting elevated radiological 
activity. 

Some additional reasons for inconsistencies are: 

(1) Not every FIDLER survey location corresponds to a soil screening sample, 

(2) A soil screening sample may not be representative of the total area surveyed by 
the FIDLER, and 

(3) Soil screening analysis is more sensitive than the FIDLER survey. 
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The text states that even though the OU5 FSP requires that a sample for VOC analysis 
be collected if readings greater than 1 ppm above background are recorded on the Flame 
Ionization Detector (FID) or greater than 10% LEL on the combustible gas indicator, that 
samples were not collected even though the criteria were exceeded in several instances. 
Why were the samples not collected? FID readings above background were recorded at 
four locations, each at a sampling depth of four feet BGS. The sample intervals that 
bracket the four feet BGS interval do not contain any VOCs; however, that does not mean 
that there is no contamination at the specific depths where FID readings were detected. 
Consider collecting additional soil samples at the specific locations and depth where 
elevated FID readings were obtained. 

Response #4: After review of the data, we believe that additional soil samples need not be collected at 
the specific depths where FID readings were above 1 ppm. 

The source of the elevated OVA readings at B06 (at four feet BGS) and B09 (at four feet 
BGS) was determined to be methane or ethane by using an activated charcoal scrubber 
assembly. The scrubber, which is a filter filled with activated charcoal, filters out organic • 
vapors other than methane or ethane. Because the OVA readings with and without the 
scrubber were the same, the elevated readings were attributed to methane or ethane, and 
therefore, no VOC soil samples were collected. 

A scrubber was also used at B08. At four feet BGS, the OVA reading at B08 was 12 
ppm. The OVA reading with the scrubber was five ppm, indicating that the elevated 
OVA reading was attributed to organic vapors other than methane or ethane. 

Beginning at five feet BGS, a soil sample (B08002) was collected for laboratory analysis, 
including VOCs. Because the OVA reading at five feet BGS was 120 ppm (or 10 times 
greater than at four feet BGS), the rig geologist did not collect a VOC sample from four 
feet BGS since the source of the organic vapors appeared to be from the five feet BGS 
interval. No VOCs were detected in sample B08002 by the analytical laboratory. 
Because laboratory results are considered to be more accurate than field results, it is likely 
that there is no VOC contamination and additional soil sampling is not warranted. 

At B12, OVA readings at four, six, and 12 feet BGS were at two, 17, and 40 ppm, 
respectively. No VOC soil samples could be collected at these depths because of recovery 
problems due to cobbles and gravel (at four and six feet BGS) and no soil recovery at 10-
12 feet BGS. Because of poor recovery, collection of additional soil samples at these 
depths is not feasible. 

• 
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Page C-85 Legend for Table entitled Soil Borings (B01-B16) 
Footnote "a" should read "detection level exceeded", not "detection level not exceeded". 

Response #5: Concur. Footnote "a" will be defmed as "Mound Soil Screening Facility detection level 
exceeded." 
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1. INTRODUCTION 

Area 7 has been identified as an Area of Concern (AOC) within the Operational Area of Operable Unit 

(OU) 5, as shown in Figure 1.1. The purpose of this OU5 Operational Area AOC 7 Field Report (Area 

7 Field Report) is twofold. The first objective is to present the results of Phase 1 radiological and soil 

gas reconnaissance surveys conducted in Area 7 as part of a larger OU5 Phase 1 investigation and to 

identify potential areas of radiological and chemical contamination. The data gathered during this Phase 

1 investigation are not of remedial investigation (RI) quality. 

The second objective is to present the results of the Phase 2 soil borings program in Area 7. The resultant 

RI quality data can be used to more fully characterize the nature and extent of radiological and chemical 

contamination previously identified by historical reconnaissance activities. The Phase 2 activities in Area 

7 included the installation of 16 soil borings (B01 through B16). Soil and groundwater samples were 

collected for radiological, chemical, and geotechnical analysis. 

The Phase 1 and Phase 2 data will be used to refme the data quality objectives (DQOs) to determine if 

additional RI activities are necessary in Area 7 . 

The following sections briefly describe the scope of the Area 7 Field Report, provide a site description, 

review the site land use history, and present the organization of the remainder of the report. 

1.1. SCOPE 

The scope of the Area 7 Field Report is to describe the field work performed and present the data 

collected at Area 7 during the combined Phase 1/Phase 2 investigation conducted from June through 

August, 1994. This work was conducted according to the OU5 South Property, Remedial 

Investigation/Feasibility Study (RIIFS) Work Plan (DOE 1993a) and the associated OU5 RI/FS Field 

Sampling Plan (FSP) (DOE 1993b ). In addition, relevant data available from previous studies are 

integrated into this report . 
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1.2. SITE DESCRIPTION 

Area 7, approximately 900 feet by 200 feet (180,000 ff), is located in the northwest section of OU5 near 

Buildings 29, 51, 66, and 98 (see Figure 1.2). An asphalt parking lot covers most of the area. There are 

two elevated fuel storage tanks, fuel pumps, and several trailers located in the southern portion of the area. 

Based on previous investigations (DOE 1993c ), bedrock ranges from nine to 65 feet below ground surface 

(BGS) in Area 7. 

Adjacent to Area 7 are three small outlying zones with noted elevated radioactivity (DOE 1992a). These 

zones are shown in Figure 1.2. Zone 1, approximately 7,500 ff, is northeast of the parking lot and north 

of the asphalt-lined pond. Most of this area is a flat gravel parking lot. 

Zone 2, approximately 37,000 ff, is located along the western edge of Area 7. It occupies a portion of 

the hillside which slopes downward to the southeast toward. the parking lot and Building 98. About half 

of this area is covered by paved roads and parking lots for nearby buildings. Zone 2 has been identified 

as an area potentially contaminated with thorium (DOE 1992a) 

Zone 3, approximately 16,000 ff, is east of the parking lot and south of the asphalt-lined pond. With the 

exception of a small portion in the parking lot, Zone 3 encompasses a grassy hillside which slopes 

downward to the northwest. 

1.3. SITE IDSTORY 

Area 7 was once a steep ravine that formed the upper reaches of the plant drainage ditch. In 1984, up 

to 40 feet of fill was used to level the ravine and a parking lot was constructed over most of the area. 

The ravine in Area 7 was historically used for debris disposal and was filled with material contaminated 

by thorium, polonium-210 (Po-210), and actinium-227 (Ac-227). From the mid-1950s through the mid-

1960s, crushed empty thorium drums, a polonium-contaminated washing machine, a thorium-contaminated 

flat bed truck, and soil containing Ac-227 and radium-226 (Ra-226), were buried in the ravine (DOE 

1993d). Materials contaminated with Po-210 were buried on the side of a ravine, including an exhaust 

system from T Building and a stainless steel washing machine (Gamer 1991) . 
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Mound Plant records suggest that during the early 1970s, trash from the historic landfill was excavated 

• and dumped in the ravine (DOE 1993c). If true, some hazardous chemicals from that landfill may now 

be located in Area 7. 

• 

Of particular interest is an old septic tank believed to be located in the northern part of Area 7. The tank 

was used during plant construction but was abandoned in the 1950s. In 1959 or 1960, concrete, soil, and 

gravel excavated from the SW Building "cave area" were dumped in the septic tank, and the tank was 

covered. This. debris contained Ac-227, Ra-226, and thorium-228 (Th-228) (DOE 1993d). Paving 

operations took place in Area 7 over the tank in 1984. Specific information dealing with the tank will 

be forthcoming in the Area 7 Action Memorandum/Removal Site Evaluation, and is not part of the Area 

7 Field Report. 

1.4. REPORT ORGANIZATION 

The remainder of this report presents the results of the Area 7 combined Phase 1/Phase 2 field 

investigation, with field logbooks, survey maps, radiological data, soil gas data, the Data Quality 

Assessment (DQA) report, laboratory analytical data, and borehole profiles included in appendices A 

through G, in Volume II. 

Section 2 summarizes field activities performed and presents data collected during the radiological survey, 

the soil gas survey, and the installation of the soil borings. Ana~ytical data from soil and groundwater samples 

collected from the borings are presented in a series of tables in Appendices F.1 and F.2. The tables in 

Appendix F.l show minimum and maximum detected analyte concentrations per borehole. All validated 

analytical data are presented in the tables in Appendix F.2. 

Section 3 provides a summary of data collected during this investigation. Tables in Section 3 generally show 

maximum concentrations of analytes from associated boreholes and are helpful for the comparisons conducted 

against the historical Area 7 data which are presented in Section 4. 

Section 4 compares data from this investigation to appropriate historical data. Contaminants detected in 

previous sampling events are compared to contaminants detected in this investigation and the results are 

discussed. No conclusions are made, but general trends in contaminant distribution are discussed. 

• Section 5 lists the references used to prepare this report. 
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2. FIELD ACTIVITIES AND DATA SUMMARY 

The Area 7 Phase 1 field activities were conducted to screen the three small outlying zones adjacent to 

the estimated boundary of Area 7 for potential contamination, while Phase 2 activities were conducted to 

provide RI quality data to more fully assess the nature and extent of radiological and chemical 

contamination within or near the estimated Area 7 boundary. 

Phase 1 reconnaissance activities at Area 7 consisted of: 

• a multi-channel analyzer [field instrument for the detection of low-energy radiation 

(FIDLER)] survey; 

• the collection of surface soil samples and analysis by the Mound Plant Soil Screening 

Facility to detect radiological contamination; and, 

• a soil gas survey to detect subsurface volatile and semi-volatile organic chemical 

contamination . 

Phase 2 activities at Area 7 consisted of the collection of soil and groundwater samples from sixteen soil 

borings to detect radiological and chemical contamination. 

As specified in the OU5 FSP (DOE 1993b), the reconnaissance screening was conducted to detect the 

presence of plutonium-238 (Pu-238) and thorium-232 (Th-232) in Area 7. These two radionuclides are 

the most prevalent radiological contaminants at the Mound Plant. The soil gas survey was conducted to 

detect total aromatic hydrocarbons, total semi-volatile compounds, total C5 to C11 petroleum hydrocarbons, 

and total halogenated hydrocarbons. Radiological and chemical analysis of soil and groundwater samples 

from the Area 7 soil borings were used to obtain additional data on the nature and extent of radiological 

and chemical contaminants. 

The data collection points for the Phase 1 FIDLER survey and soil screening activities were established 

over separate 25 foot grid systems covering three small outlying zones adjacent to the estimated boundary 
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of Area 7 (see Figure 2.1). Previous reconnaissance sampling efforts have identified those areas as 

potentially containing radiological and/or chemical contamination. The Phase 2 soil borings are located 

within or near the estimated boundary of Area 7 (see Figure 2.1). The survey map of Area 7 (Appendix 

B) shows these sampling locations located by a registered land surveyor. 

The following sections describe the field activities and the analyses performed, present the results of the 

Phase 1/Phase 2 investigation, and compare these results with historical data. 

2.1. RADIOLOGICAL (FIDLER) SURVEY 

A FIDLER survey was performed over the three outlying zones adjacent to Area 7 on seven days from 

July 5 through July 26, 1994. The survey was conducted according to the Mound Standard Operating 

Procedure (SOP) 6.7, Near Surface and Soil Screening for Low-Energy Gamma Radiation Using the 

FIDLER. Pertinent survey sampling activities were recorded in the FIDLER logbook (Appendix A.1). 

2.1.1. Field Work Performed and Procedures 

Prior to beginning the survey, the FIDLER was calibrated and a background station was established each 

day as listed in Table 11.1. 

Table ll.l. FIDLER and Background Station Information for Area 7 

Date FIDLER# 

7/05/94 

7/14/94 

7/19/94 

7/20/94 

7/21/94 

7/25/94 

7/26/94 
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#2 

#2 

#1 

#1 

#1 

#1 

Instrument # Probe# 

#3400 #3611 

#3400 #3611 

#3400 #3611 

#3712 #3713 

#3712 #3713 

#3712 #3713 

#3712 #3713 
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Background and standard source checks for Pu-238 and Th-232 were performed daily and readings were 

recorded in the FIDLER logbook. Background station locations established each day were selected based 

on the terrain to be surveyed. At each background station, Channel 1 readings were recorded in counts 

per minute (cpm). Channel 2 and Out Channel readings were recorded in counts per minute x 1000 

(kcpm). The standard deviations and the contamination criteria (CC) were calculated for the Out Channel, 

Channel 1, and Channel 2 (see Appendix A.1). 

Due to its ability to detect a wide range of isotopes, the Out Channel was selected for screening surface 

radiological contamination. The Out Channel responds to a broad range of low-energy gamma rays and 

x-rays, .while Channel 1 primarily responds to Pu-238, and Channel 2 primarily responds to Th-232. 

Each 25-foot by 25-foot grid block was subdivided into 25 five-feet by five-feet sections, as depicted in 

the generic sampling scheme in Appendix C. These sections were surveyed in a serpentine fashion at a 

rate of 20 feet per minute. If the readings exceeded the CC for the Out Channel, the section was divided 

into quadrants (northwest, northeast, southwest, and southeast). The highest reading exceeding the CC 

in the quadrant was located. After one minute stabilization periods, Channel 1, Channel 2, and Out 

Channel readings were measured at the point of highest activity and recorded. The FIDLER was then 

slowly moved radially out from the point of highest activity until the Out Channel reading dropped below 

the CC, thereby defming the area of elevated activity. The size of the area was recorded by distance and 

direction from the point of highest activity. 

Several grid blocks could not be surveyed in a serpentine fashion due to parked equipment and cars. In 

these cases, Out Channel readings were taken at each stake after a one minute stabilization period. The 

survey was conducted between stakes perpendicular to Row F, (i.e. F7 to M7, G8 to M8, etc., as depicted 

in Figure 2.1) at a rate of 20 feet per minute with the FIDLER in the Out Channel mode. 

Additional radiological data were collected during the soil gas survey (see Section 2.2). A FIDLER was 

used to monitor the placement of all soil gas samplers and, where possible, surface soil samples collected 

at those locations were analyzed at the Mound Plant Soil Screening Facility. During sampler placement, 

grass and organic debris was removed to an approximate depth of zero to three inches, as necessary. A 

1.5 inch diameter hole was augered to a depth between eight and 18 inches. A composite soil sample was 

collected from the augers from zero to six inches BGS and placed in a sample container. All sample 

containers were labeled with appropriate sampling information and transported to the Mound Plant Soil • 

Mound Plant, ER Program 
Revision 0 

OU5 Phase l Area 7 Field Report 
June 1995 

Field Activities and Data Summary 
Page 2-4 



Screening Facility. At the Mound Plant Soil Screening Facility, each soil sample was pulverized, placed 

• in a lead cask, and analyzed for Th-232 and Pu-238 using a sodium iodide detector (manufactured by 

Bicron) coupled to a portable multi-channel analyzer (Stought et al. 1988). 

• 

• 

At 49 of the 132 soil gas locations, soil screening samples could not be collected because of gravel or 

rocky soil conditions. In these cases, a wipe sample was taken from the drill bit using a 100 square

centimeter wipe to determine if there was any elevated radiological activity at the location. Because each 

drill bit was "decontaminated" prior to use, any contamination found by the wipe sample was attributed 

to the soil at that location. Wipe samples were transported to the Health Physics Building and analyzed 

using a scintillation counter (alpha counter). All results from these wipe samples were less than 20 

disintegrations per minute (dpm) indicating that it was safe to continue work at these locations. 

2.1.2. Quality Assurance Summary Report 

The field and data analysis variances are summarized in the following subsections. 

2.1.2.1. Field Variance Report 

The FIDLER survey was completed with one variance from the OU5 FSP and two variances from SOP 

6.7. These variances included survey locations, source checks, and scanning procedures. Data quality was 

not affected by the variances. 

The OU5 FSP requires that the FIDLER survey be performed over a total of 137 grid locations whereas 

the survey was performed over 132 locations, due to buildings over five of the points. 

The first SOP variance was the use of Pu-238 and Th-232 sources for the daily source check as opposed 

to the americium-241 (Am-241) source specified in SOP 6.7. Plutonium and thorium sources were 

provided by the Mound plant for the required daily check as an acceptable substitute for the Am-241 

source. Data quality was not affected by the variance. The second SOP variance was the inability to 

screen the entire area in a serpentine fashion. This occurred because of parked equipment and cars in 

portions of Area 7. In grid blocks where it was not possible to screen in a serpentine fashion, screening 

was conducted at and between grid points as described in Section 2.1.1 . 
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2.1.2.2. Data Analysis Variance Report 

ADLER survey data were not formally validated. However, all logbook entries were checked for 

accuracy, completeness, and format. An error was found in the calculations used to determine the 

ADLER contamination criteria. These values were recalculated and compared to the ADLER survey data. 

After reviewing the data. several additional locations in Area 7 were identified as having elevated 

radiological activity when compared to the recalculated Out Channel CC. Because the corrections were 

made following the completion of the survey, no Channel 1 or Channel 2 readings were taken at these 

locations identified as having elevated Out Channel readings. 

Soil Screening Facility analyses were performed according to Mound Plant procedures. No variances were 

noted. Soil screening data were not formally validated, but were reviewed for accuracy and completeness. 

2.1.3. Health and Safety Summary Report 

The ADLER survey was conducted according to the OU5 South Property RIIFS Health and Safety Plan 

(HSP) (DOE 1993e), and the Environmental Restoration Program Site-Specific Health and Safety Plan for 

OU5 Operational Area - Area 7. Health and safety issues were discussed and resolved during tailgate 

safety briefings conducted by the Site Health and Safety Officer and documented in the Site Manager 

logbook (Appendix A.2). No safety violations occurred during the ADLER survey at Area 7. 

2.1.4. Presentation of Radiological Data 

The following sections summarize the results of the radiological survey. Appendix C contains the 

ADLER data and the Mound Plant Soil Screening Facility data. 

2.1.4.1. FIDLER Survey Data 

The ADLER survey of Area 7 located several areas of elevated surface activity as shown in Figure 2.2 

and summarized in Table 11.2. One area of elevated radiological activity was detected south of Building 

98 in Zone 2. This area is approximately 10 feet by 22 feet in size with the point of highest activity 

located at F08-02. Elevated readings for Channels 1 and 2 indicate the potential presence of both Pu-238 

and Th-232 in this area. 
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Table ll.2. Summary of Elevated Radiological Activity in Area 7 (FIDLER Survey) 
Page 1 of 2 

Location 

01-21 

02-07, 02-08, 02-13, 02-14 

03-01, 03-03, 03-11 to 03-14 

M5 

F8-02 to F8-05, F8-07, F8-09 

113-18 

N16-21 to N16-23 

016-04 to 016-07 

P16-02, P16-05, P16-06, 
P16-12, P16-14, P16-18, 
P16-19, P16-21 

Q16-07, Q16-08, Q16-11, Q16-12, 
Q16-15, Q16-24, Q16-25 

R16-ll, R16-21, R16-22 

N17-01, N17-02, N17-06, N17-08 
to N17-12, N17-15, N17-16, 
N17-18 to N17-22, N17-25 

017-04, 017-13 to 017-15, 
017-22 to 017-25 

P17-01, P17-02, P17-04, 
P17-07, Pl7-13, P17-16, 
P17-18, P17-23 

Q17-05 to Q17-08, Q17-15, 
Q17-16 

R17-01, R17-02, R17-08 to 
R17-12, R17-18 to R17-22, 
R17-24 

N18-01, N18-02, N18-05, N18-06, 
N18-08 to Nl8-25 

018-01, 018-03, 018-04, 018-06 
to 018-14, 018-16 to 018-25 

P18-04, P18-11, P18-16, 
P18-18 to P18-22, P18-25 
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Out Channel Reading 
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10.5- 13.0 
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Table 11.2. Summary of Elevated Radiological Activity in Area 7 (FIDLER Survey) 
Page 2 of 2 

Location 

Q18-04, Q18-14, Q18-22 

R18-02 to R18-09, R18-11 to 
R18-25 

N19-01 to N19-25 

019-01 to 019-25 

P10-01, P19-03, P19-07 to 
P19-14, P19-18 to P19-23 

Ql9-05, Q19-06, Ql9-14, Q19-25 

R19-13, R19-15 

N20-01 to N20-25 

020-01 to 020-25 

P20-0l to P20-03, P20-07 to 
P20-l2, P20-l4, P20-18 to 
P20-22, P20-24 

Q20-03, Q20-06, Q20-15 to 
Q20-17, Q20-19, Q20-22 to 
Q20-25 

R20-11 to R20-25 
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Out Channel Reading 
(kcpm) 

10.5 - 11.0 

10.5 - 12.0 

11.0 - 13.5 

10.5 - 11.5 

10.5 - 11.0 

10.5 

10.5 

11.0- 18.0 

10.5- 11.5 

10.5- 11.5 

10.5- 14.0 

10.5- 13.0 
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Several small areas of elevated surface radiological activity were detected in the western side of Zone 1. 

In Zone 3, a large portion of the area was identified as having elevated surface radiological activity (see 

Figure 2.2). 

2.1.4.2. Soil Screening Facility Data 

Surface soil samples collected as part of the soil gas survey (see Section 2.2.1), were analyzed for Pu-238 

and Th-232 at the Mound Plant Soil Screening Facility. Concentrations ofTh-232 were not detected equal 

to or exceeding the Mound Plant Soil Screening Facility detection limit of 2.0 picocuries per gram (pCi/g). 

Concentrations of Pu-238 equal to or exceeding the Mound Plant Soil Screening Facility detection limit 

of 25 pCi/g were detected at five of the 132 sample locations. This information is summarized in Table 

11.3 and presented in Figure 2.3. 

Table 11.3. Summary of Elevated Surface Soil Radiological Activity 

Mound Plant Soil Screening Facility Data 
Grid Location* 

Plutonium-238 
(pCilg) 

M6 28 

N19 27 

021 25 

P16 28 

Q18 30 

* See Figure 2.3 for grid locations 

As Figure 2.3 indicates, there are several small locations of near surface (zero to six inches deep) Pu-238 

contamination in Area 7. Most of these locations are in Zone 3. Additionally, Pu-238 activity was 

detected at M6 in Zone 2. The FIDLER survey did not show corresponding radiological activity at these 

locations. 

2.2. SOIL GAS SURVEY 

A soil gas survey was performed at the three outlying zones adjacent to Area 7 (see Figure 2.1.) from July 

26 to August 17, 1994. The survey was conducted according to the OU5 South Property RI/FS Quality 
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Assurance Project Plan (QAPjP), Attachment 1, SOP for Petrex Environmental Surveys (DOE 19930 . 

Pertinent survey and sampling activities were recorded in the soil gas logbook (Appendix A.3). 

2.2.1. Field Work Performed and Procedures 

A summary of the field work performed during the Phase 1 soil gas survey is presented in the following 

subsections. 

2.2.1.1. Soil Gas Sampler Installation 

Three sets of time calibration samplers (timers) and 132 data samplers were installed from July 26 to 

August 15, 1994. Locations of the timers and data samplers are shown in Appendix D, Plate 1. The 

samplers and timers were installed at depths between 8 to 18 inches using an electric hammer drill and 

an 18-inch x 1.5-inch steel/tungsten carbide-tipped drill bit. 

Mter each use, the drill bit was washed in a phosphate free detergent solution with a synthetic scrub 

brush, rinsed with deionized water, and allowed to air dry. 

A FIDLER was used to monitor placement of all samplers and timers. Soil samples were collected from 

the sample locations for analysis of radiological contamination at the Mound Soil Screening Facility. 

Results of the soil screening analyses are summarized in Section 2.1.4.2 and presented in their entirety .. 
in Appendix C. 

2.2.1.2. Soil Gas Sampler Retrieval 

On August 2, 1994, after a seven-day exposure period, one timer from each of three timer sets (D2, G 10, 

and Q16) was retrieved, checked for radiological contamination, and sent to Northeast Research Institute 

LLC (NERI) for analysis. On August 11, 1994, the second timer from each of the timer sets was retrieved 

and sent to NERI. Analysis of these timers indicated that moderate to high relative levels of C4 to C9 

petroleum hydrocarbons were present in the soil gas. Also, the D2 timer set yielded low relative levels 

of tetrachloroethene (PCE). Based on these findings, NERI indicated that a fourteen-day exposure time 

for the samplers was sufficient. 
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Data samplers were retrieved from August 11 to August 17, 1994. Due to hole collapse, four samplers 

{E4, 110, L6, and L7) could not be retrieved. On August 17, 1994, all retrieved samplers were checked 

for radiological contamination, prepared for shipment, and sent to NERI for analysis. NERI analyzed the 

128 samplers on October 24 and 25, 1994. 

2.2.2. Quality Assurance Summary Report 

The field and laboratory analysis variances are summarized in the following subsections. 

2.2.2.1. Field Variance Report 

The soil gas survey was completed with one variance from the SOP for Petrex Environmental Surveys and 

one variance from the OU5 FSP. These variances included decontamination procedures and the number 

of samplers installed. 

The SOP variance was the elimination of the methanol rinse step from the decontamination process used 

for cleaning drill bits. The change was recommended by NERI . 

The OU5 FSP variance was the installation of 132 samplers in Area 7 whereas 137 samplers were 

specified. Five samplers in Zone 2 could not be installed because the locations were under buildings. 

2.2.2.2. Laboratory Data Variance Report 

Petrex analytical data were not formally validated. However, logbook entries were checked for accuracy, 

completeness, and format. A final report for Area 7 was received from NERI on November 11, 1994. 

Sample locations shown on Plate 1 of the NERI report (Appendix D) were checked against the field map 

to confirm that all sampling locations were correctly plotted. No errors were found. Fifty percent of ion 

count values (Table 1, Appendix D) were checked for plot accuracy on Plates 2 through 5, Appendix D. 

No errors were found . 
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2.2.3. Health and Safety Summary Report 

The soil gas survey was conducted according to the OU5 HSP and the Environmental Restoration Program 

Site-Specific Health and Safety Plan for OU5 Operational Area- Area 7. Soil gas locations were screened 

using a FIDLER to avoid digging in radioactively contaminated soil. Sampiing locations were checked 

for underground utilities to avoid damaging utility lines while digging. Health and safety issues were 

discussed and resolved during tailgate safety briefmgs conducted by the Site Health and Safety Officer 

and documented in the Site Manager logbook (Appendix A.2). No health and safety violations occurred 

during the soil gas survey. 

2.2.4. Presentation of Soil Gas Data 

The Petrex Soil Gas Survey Report is presented in Appendix D. The report discusses the Petrex method, 

the scope of work, quality assurance/quality control methods, and results. Plates 1 through 5 in Appendix 

D show sample locations and significant ion counts of targeted compounds. Ion count values are the unit 

of measure assigned by the mass spectrometer to the relative intensities associated with each compound. 

These relative intensity levels do not represent actual concentrations. The Petrex soil gas method is 

considered qualitative and cannot differentiate between multiple contaminant sources in soil and/or 

groundwater. 

The Petrex soil gas survey was conducted at three small outlying zones adjacent to Area 7, as shown on 

Figure 1.2 and Plate 1 in Appendix D. Zone 1 contained 20 sampling locations, Zone 2 contained 76 

sampling locations, and Zone 3 contained 36 sampling locations. 

Based on a review of historical information for Area 7 and the immediate vicinity, NERI was directed 

to analyze the soil gas samples for the following four general classes of compounds: 

• total aromatic hydrocarbons, 

• total semi-volatile hydrocarbons, 

• total C5 to C11 petroleum hydrocarbons, and 

• total halogenated hydrocarbons. 
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The following subsections describe the distribution of the compounds listed above. A summary of soil 

• gas findings is presented in Section 3. 

2.2.4.1. Distribution of Total Aromatic Hydrocarbons 

Total aromatic hydrocarbons are reported as the combined levels of C6 to C15 aromatic (benzene based) 

hydrocarbon compounds detected in the soil gas samples. Most of the samples contained the lighter 

weight (C6 through C10) aromatics. Few samples were observed to contain C 11 and heavier aromatics. 

The distribution of aromatic hydrocarbons in Area 7 is shown in Appendix D, Plate 2. In Zone 1, elevated 

relative levels of aromatics were found in soil gas mostly along the access road to the north. There are 

two isolated sampling points near the asphalt-lined pond which also showed elevated relative levels of 

aromatics. Several of the samples showed high relative levels of an assortment of hydrocarbons (not just 

aromatics) which are characteristic of vapor from weathered medium to heavy weight fuels or heating oils. 

Zone 2 shows the greatest presence of aromatics. Elevated relative levels were found in several large 

sections covering most of the area, which correlate to the asphalt roads that cross Zone 2. Aromatics in 

• the soil gas in the southern portion of Zone 2 are mixed with other hydrocarbons, which together are 

characteristic of vapor from weathered light to medium weight fuels. Aromatics in the soil gas in the 

northern portion of Zone 2 are combined with other hydrocarbons, which together are characteristic of 

heavier fuels. 

• 

Elevated relative levels of aromatics in Zone 3 were found only in samples R18 and 020. The aromatics 

from sample 020 occurred with high levels of naphthalene and methylnaphthalene. This suggests the 

presence in the subsurface of semi-volatile polycyclic compounds such as coal tar, creosote, or heavy fuel 

oils. 

A variety of aromatic hydrocarbons (C6 - C10) were confirmed on samplers J7, 18, 19, C2, and HlO by 

Thermal Desorption-Gas Chromatograph/Mass Spectrometry (TD-GC/MS). These results are presented 

in Appendix D . 
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2.2.4.2. Distribution of Total Semi-volatile Hydrocarbons 

Total semi-volatile hydrocarbons are reported as the combined response to naphthalene; C11 through C15 

alkyl naphthalenes; and C12, C14• and C16 polycyclic hydrocarbons. These compounds are constituents of 

creosote, coal tar, and other heavy, high boiling point fraction petroleum products. Naphthalene, and C11 

and C12 alkyl naphthalenes (e.g. methylnaphthalene and ethyl- or dimethylnaphthalene) may also be found 

in medium to heavy weight fuels and fuel oils. 

The distribution of semi-volatiles is shown in Appendix D, Plate 3. Within Zone 1, four samples (A4, 

C2, D4, and El) showed elevated relative response to semi-volatiles in the soil gas. Of these, only sample 

C2 demonstrated a high relative level of a C14 compound. Analysis of C2 by TD-GC/MS did not confirm 

the presence of a C14 polycylic compound (see Appendix D). Semi-volatiles in samples A4, D4, and El 

occurred with various medium to heavy hydrocarbons typical of vapor from medium to heavy weight fuel 

or fuel oil. 

Zone 2 shows elevated relative responses to semi-volatiles, mostly in two locations along the main access 

road. Semi-volatile compounds in these areas were combined with high relative levels of other petroleum 

hydrocarbons common in medium to heavy weight fuels or fuel oils. Elevated relative levels of 

naphthalene and dihydro-lH-indene were detected in the soil gas from sample J14 in the near absence of 

other petroleum hydrocarbons. This suggests that heavy weight petroleum products, particularly coal tar 

products, may be present in the subsurface. 

Four samples in Zone 3 (N21, 020, R18, and R21) showed elevated relative responses to semi-volatile 

compounds. The higher relative responses, mostly naphthalene and methylnaphthalene, were found in 

samples 020 and R21. The presence of napththlenics in 020 was confirmed by TD-GC/MS (see 

Appendix D). In these two samples, the naphthalenes were found in the near absence of aromatics and 

other light to medium weight petroleum hydrocarbons. In samples N21 and R18, naphthalenes were also 

found with other petroleum hydrocarbons. 

2.2.4.3. Distribution of Total C5 to C11 Petroleum Hydrocarbons 

Total C5 to C11 petroleum hydrocarbons reported include alkanes, alkenes, cycloalkenes, dienes (referred 

to collectively as aliphatics), plus aromatic and naphthalenic compounds. In various combinations, these 
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compounds make up the bulk of most common petroleum fuels, oils, and lubricants. Total C5 to C11 

• petroleum hydrocarbons are reported to best illustrate petroleum product vapor of which aromatic and 

semi-volatile compounds may not be prominent components. 

• 

• 

The distribution of total C5 to C11 petroleum hydrocarbons is shown in Appendix D, Plate 4. In Zone 1, 

high relative levels of petroleum hydrocarbons were found to the north near the access road. In addition, 

there are two sampling locations (A4 and D4) to the south along the asphalt-lined pond which also showed 

response to petroleum hydrocarbons. Analysis of sample C2 by TD-GC/MS confirmed the presence of 

alkanes and cycloalkanes (see Appendix D). Compounds found in samples from Zone 1 are typical of 

vapor derived from weathered heavy weight fuels or fuel oils. The prominence of heavy semi-volatile 

compounds in these samples suggest that coal tar may also be present in the subsurface. 

Zone 2 shows the highest relative response to petroleum hydrocarbons. Elevated relative levels of a broad 

assortment of petroleum hydrocarbons occur mostly in several areas as elongated lobes roughly parallelling 

the asphalt roads in Area 7. Analysis of samples HlO, I8, I9, and J7 by TD-GC/MS verified the presence 

of alkanes and cycloalkanes (see Appendix D). The compounds in these lobes are typical of vapor derived 

from weathered medium to heavy weight fuels . 

In Zone 3, elevated relative levels of petroleum hydrocarbons were found in samples 020 and R18. In 

sample 020, these hydrocarbons included particularly high relative levels of napthalenic compounds 

characteristic of a coal tar product. The presence of napthalenics in sample 020 was confirmed by TD

GC/MS. In sample R18, elevated relative levels of petroleum hydrocarbons included many heavy weight 

compounds and the semi-volatile compound methylnaphthalene. 

2.2.4.4. Distribution of Total Halogenated Hydrocarbons 

Total halogenated hydrocarbons are reported as the combined levels of PCE, trichloroethene (TCE), 

trichloroethane (TCA), dichloromethane, trichlorofluoromethane (Freon-11 ), trichlorotrifluoroethane (Freon-

113), chlorobenzene, dichlorobenzene (DCB), and a monobromo-C7 hydrocarbon. Most of these 

compounds are used primarily as solvents and cleaning agents. The freons may also have been used as 

refrigerants. The precise identity and use of the brominated hydrocarbon is currently unknown . 
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The distribution of halogenated hydrocarbons in Area 7 is shown in Appendix D, Plate 5. PCE was 

detected more frequently in the soil gas than were the other halogenated organics. Thus, elevated relative 

responses to halogenated hydrocarbons shown in Appendix D, Plate 5, principally reflect the presence of 

PCE. However, PCE was not confirmed in samples 18, 19, and H10 when analyzed by TD-GC/MS. 

Additionally, exceptions to this were the detections of dichloromethane in sample K14, chlorobenzene in 

sample Q17, and the brominated hydrocarbon in samples J6 and J12. 

In Zone 1, only low relative levels of halogenated hydrocarbons were detected. Since these levels are 

below the relative ion count chosen for contouring, they were not plotted. 

In Zone 2, several areas demonstrated elevated relative levels of halogenated hydrocarbons, including 

dichloromethane and the brominated hydrocarbon previously mentioned. The distribution of these 

compounds does not appear to be associated with access roads or buildings. These areas show a slight 

east-west elongation and are found to the north and along the western and southern edge of Zone 2. 

In Zone 3, there are two areas of elevated relative levels of halogenated hydrocarbons. Sample Q17 shows 

a pronounced occurrence of chlorobenzene. Lower levels of a mixture of halogenated compounds were 

detected close to Q17 and to the south from sample Q20. 

2.3. SOIL BORINGS 

Sixteen soil borings were drilled in Area 7 from June 20 to July 27, 1994, as part of the Phase 2 

investigation. A hollow-stem auger drill rig was used to advance the borings through unconsolidated 

material until bedrock was encountered. Soil and groundwater samples were collected for radiological, 

chemical, and geotechnical parameter analysis, per the OU5 Work Plan and the OU5 QAPjP Data Quality 

Objectives (DQOs). 

As specified in the OU5 FSP, objectives of Phase 2 activities at Area 7 include: 

• evaluate groundwater contamination downgradient of Area 7 by utilizing the existing OU9 

wells; 
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• 

• 

• 
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• 

confirm the levels of Ac-227 and thorium found during the Mound Site Survey Project 

in two sections of Area 7; 

confirm the absence of radiological contaminants in most of Area 7; 

determine if chemical (i.e., nonradioactive) contaminants ~e present and determine their 

concentrations/locations; and 

• characterize the lateral and verticlil extent of radioactive and non-radioactive 

contamination in Area 7 soils and groundwater (if present). 

Locations for borings B01 through B16 are shown in Figure 2.1. Based on a 1990 magnetic survey (DOE 

1990), borehole locations for B01 through B12, located in the north central portion of the parking lot, 

were selected to avoid contact with buried metallic landfill debris. Borings B13 through B15, located to 

the south near Building 66, were sited to evaluate groundwater contamination downgradient of Area 7. 

Boring B 16, located in t~e northern portion of the parking lot, was sited to locate a buried septic tank 

and/or the associated Ac-227 contamination. 

2.3.1. Field Work Performed and Procedures 

The following subsections describe the installation of the soil borings and the collection of soil, 

groundwater, and geotechnical samples. 

2.3.1.1. Site Preparation 

Before beginning a boring, the location was checked for interference with underground utilities and 

overhead power lines. Once cleared, an excavation permit was issued by the Mound Plant. An exclusion 

zone was set up with construction barrels equipped with flashing lights and orange polypropylene fencing 

to maintain a 50-foot clearance from the borehole. A dust monitor was positioned downwind from the 

borehole to measure airborne particulates. When working on or near roadways, an orange-clad flagman 

directed traffic as necessary . 
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2.3.1.2. Borehole Drilling and Abandonment· 

Borings were advanced and abandoned per SOP 4.1 Soil Borings. Eight-inch hollow-stem augers were 

used to advance the borehole to bedrock. The exceptions to this target depth occurred at B03 and B07 

which were abandoned in unconsolidated material due to lower explosive limit (LEL) levels which 

exceeded the ten percent threshold specified in the OU5 HSP. 

When bedrock was reached and sampling was completed, the boreholes were abandoned. In paved boring 

locations, the borehole was filled with grout and allowed to cure for 24 hours. An asphalt patch was then 

placed on top of the grout and leveled with the surface. In unpaved boring locations, the borehole was 

fllled with grout to the surface and allowed to cure for 24 hours. If any subsidence occurred, the borehole 

was refilled to the surface with more grout. 

2.3.1.3. Sampling 

Surface and subsurface soil samples, groundwater samples (when encountered), and geotechnical samples 

were collected from Area 7 soil borings. Pertinent sampling information was recorded in the soil boring 

logbooks (Appendix A.4) according to SOPs 4.1 and 5.1 Soil and Rock Borehole Logging and Sampling. 

After collection, samples were packaged and shipped per SOP 1.3 Sample Control and Documentation, 

SOP 1.4 Sample Containers and Preservation, and SOP 1.5 Guide to the Handling, Packaging, and 

Shipping and Samples. Sample management information was recorded in the Sample Manager logbook 

(Appendix A.5). 

The following subsections describe sampling in the various media encountered in Area 7 soil borings. 

A summary of samples collected from Area 7 soil borings is presented in Section 2.3.4. 

Soil Samples 

Soil samples were collected and logged per SOP 5.1 and SOP 5.2 Soil Sampling with a Spade and Scoop. 

Continuous core samples were collected from the surface to a maximum depth of 30 feet or until bedrock 

was encountered. At each five foot interval, core material was retained for chemical and radiological 

analysis per the OU5 FSP and the OU5 QAPjP. Additional radiological and chemical samples were 
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collected at depth if onsite monitoring of the continuous core material detected chemical or radioactive 

• contamination. Lithologic logging was continued until the boring was completed. 

• 

• 

Surface soil samples were collected using hand spades at each borehole location per SOP 5.2. The auger 

rig was used to remove the top layer of sod or asphalt. The area was monitored for combustible gases 

and volatile emissions per SOP 6.1 Health and Safety Monitoring of Combustible Gas Levels, SOP 6.2 

Health and Safety Monitoring of Organic Vapors with a Photoionization Detector, and SOP 6.3 Health 

and Safety Monitoring of Organic Vapors with a Flame Ionization Detector. An effort was made to 

exclude grass, organic debris, asphalt, and gravel from the sample. The volatile organic sample container 

was filled first and marked for identification. A sufficient amount of soil was then homogenized in a 

stainless steel bowl and the remaining sample containers were filled and labeled. All containers were 

placed in a cooler with blue ice until fmal labeling and preparation for shipment, as described above. 

After collection of the surface soil samples, the borehole was advanced and split-spoon samples were taken 

from each successive two-foot interval. After onsite monitoring for combustible gases and organic vapors, 

the split-spoon sampler was removed from the drill string, placed on a plastic-covered work table, and 

opened. If the core material was required for a laboratory sample, the volatile organic compounds (VOC) 

portion was immediately collected by scraping a representative soil sample from the length of the core into 

the VOC container. The remaining core was transferred to a stainless steel bowl and homogenized. The 

rest of the sample containers were filled and handled as discussed above. After completion of a sampling 

event, the work surface was wiped clean and a new set of sampling equipment was prepared. 

The blow count for each six-inch advance of the split-spoon was recorded in the logbook. If the split

spoon did not advance six inches before 100 blows due to rock or other obstructions, the attempt was 

aborted, and the borehole advanced to the next interval in an attempt to pass the obstruction. 

If insufficient soil was recovered from a split-spoon to complete the sample, the borehole was advanced 

another two feet, the split-spoon was reused, and the sample interval was extended. This process was 

repeated until all the sample containers were filled. In those cases when several consecutive sampling 

attempts yielded little or no recovery, the scheduled sampling interval was skipped and the next one began 

as soon as recovery was achieved . 
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Soil screening samples for radiological analyses at the Mound Plant Soil Screening Facility were collected 

at 0.5 feet, 2.0 feet, 3.5 feet, and 5.0 feet. Radiological samples were also provided from each interval 

in which a geochemical sample was retained for analysis. Samples were also collected when elevated 

radiological readings were observed at B07 and B16. The samples were analyzed immediately to insure 

health and safety limits were not exceeded. 

Groundwater Samples 

Groundwater samples were collected per SOP 2.4 Sampling Monitoring Wells with a Bucket-Type Bailer, 

SOP 2.8 Sampling for Volatile Organics, and the SOP for Groundwater Sampling Using Drill-Stem 

Techniques. Groundwater was encountered in sufficient quantity to collect samples from B03, Bll, B13, 

B14, and B16. Groundwater was encountered just above the bedrock surface in B06 and BlO, but not in 

sufficient quantity to permit sampling. 

When a saturated zone was encountered, borehole advancement and sampling continued normally until 

the bottom of the borehole was a minimum of three feet below the groundwater surface. This provided 

a large enough sump area for a bailer. A temporary well was installed by lowering a stainless steel well 

screen and riser pipe into the borehole and using the hollow-stem auger string as a casing. The bailer was 

lowered into the temporary well to purge and sample the groundwater. 

Before sampling, the well was purged following SOP 2.1 Presample Purging of Wells to remove 

suspended solids caused by the drilling process. Temperature, pH, and conductivity were monitored 

during purging for stability per SOP 2.2 Field Measurements on Ground and Surface Water Samples. 

Water levels were measured to determine the stable elevation to be used in the fmal purge volume 

calculation. Sampling began after three well volumes were purged and stability of field water quality 

parameters was achieved. 

After removing the first bailer, a teflon discharge nipple was fitted to the bottom of the bailer to reduce 

aeration, and the VOC sample was collected. The nipple was then removed, and the rest of the sample 

containers were filled by pouring from the top of the bailer. The sample containers were kept in a cooler 

filled with packets of blue ice until final handling, labeling, and shipping. Immediately after completing 

the sample, a final measurement of field water quality parameters was taken. 
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Geotechnical Samples 

The OU5 FSP describes the geotechnical sampling procedures. Geotechnical samples were collected from 

each distinct lithology encountered during drilling. Samples were collected in two different ways. First, 

a shelby tube was driven into the lithologic interval by the auger rig. After the shelby tube was driven 

and retrieved, the sample recovery was measured and the tube was sealed with melted wax and plastic end 

caps. Sample information was written on the outside of the tube before fmal labeling and shipping. 

Material from the tube was used for laboratory analysis of in-situ hydraulic conductivity. 

Due to the large amount of material required for various geotechnical analyses, any excess core material 

from chemical samples and auger cuttings from the targeted soil horizon were placed in five-gallon plastic 

buckets creating a composite ofsoil originating from the same lithologic horizon encountered in several 

borings. The bucket samples were labeled with the sample number corresponding to the first boring in 

which that soil horizon was encountered. When a sufficient quantity of "bucket" material was collected, 

the buckets were sealed and labeled prior to shipment to the analytical laboratory. This material was used 

for analysis of moisture content, particle size distribution, specific gravity, cation exchange capacity 

(CEC), and pH . 

2.3.1.4. Decontamination 

All reusable sampling equipment was decontaminated at the beginning of the project and after each use, 

per SOP 1.6 General Equipment Decontamination. After decontamination, items such as split-spoon 

samplers and stainless steel bowls and spoons were wrapped in aluminum foil and stored until needed. 

Flammable decontamination solutions (e.g. hexane and methanol) were stored in a flame-proof cabinet. 

The back of the drill rig and all auger sections and rods were steam cleaned after each boring at the 

temporary decontamination pad located south of the overflow pond along the perimeter road. Liquids 

were contained by a plastic liner and were transferred to 55-gallon polyethylene drums with a sump pump. 

Solids were periodically shovelled out of the pad and transferred to 55-gallon steel drums . 
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2.3.1.5. Investigative Derived Material 

Investigative derived material (IDM) was handled per SOP 1.15 Guide to Waste Management. IDM 

produced during soil borings consisted of excess soil cuttings, solid waste, purge water from groundwater 

sampling, decontamination rinse water and solids, and decontamination solutions. 

Excess soil cuttings produced during drilling were placed into 55-gallon steel drums and the drums 

labeled. Partially filled drums were transported to the next borehole to be filled, and the appropriate 

information was added to the label. Once filled, the drums were sealed and staged at Building 19. The 

only exception to this procedure occurred at B06. This boring was located in an unpaved area and did 

not exhibit contamination, as identified by field screening. The cutting for this boring were spread on the 

surface around the borehole. 

Solid waste generated during the soil boring program activities such as used personal protective equipment 

(PPE), plastic sheeting, disposable teflon bailers, polypropylene rope, aluminum foil, and other refuse, 

were placed in plastic garbage bags. The waste was screened for organic and radiological contamination 

to ensure that it was below established action levels before disposal into a solid waste dumpster . 

Purge water from groundwater sampling was placed into 55-gallon polyethylene drums and the drums 

labeled. Partially filled drums were used for the next groundwater sampling event and the appropriate 

information was added to the label. Once filled, the drums were sealed and staged west of Building 91. 

Decontamination rinse water was transferred to 55-gallon polyethylene drums, labeled, and staged west 

of Building 91. Soil solids from the decontamination pad described above were transferred to 55-gallon 

steel drums, labeled, and staged at Building 19. Methanol and hexane used for decontamination were 

transferred to five-gallon steel flash-proof containers. 

2.3.2. Quality Assurance Summary Report 

The field and laboratory analysis variances are summarized in the following subsections. 
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2.3.2.1. Field Variance Report 

The OU5 Work Plan, the OU5 FSP, and applicable SOPs contain specific guidelines to be followed during 

field activities. These documents establish methods to complete the required field tasks. However, field 

conditions and unforeseen operating difficulties can cause variances from the established procedures in 

some cases. None of these variances had an adverse affect on data quality. Most of them were procedural 

modifications that simplified certain tasks such as sample management and water sampling. Others 

involved sample quantity and collection methods but relatively few samples were affected. An account 

of these variances is listed below. 

OU5 FSP 

The OU5 FSP requires that soil samples be obtained from a split-spoon sampler. At B05, bedrock was 

reached at 7.5 feet BGS. In order to complete the soil sample which began at 5.0 feet BGS, a second 

borehole was drilled five feet south of the first and advanced to 5 feet BGS to complete the sample. 

When an attempt was made to collect a split-spoon at the second boring, it was discovered that bedrock 

was reached at 5.0 feet BGS. In this case, auger cuttings were used to fill the radiological analysis portion 

of soil sample B05002. At B04, bedrock was encountered at nine feet BGS. In order to complete soil 

samples B04002 and B04102 which began at five feet BGS, split spoons were collected from seven to 

nine feet BGS. The last split spoon had no recovery. Because of this, auger cuttings were used to fill 

the radiological analysis portion of samples B04002 and B4041 02. Auger cutting were also used for the 

entire soil sample B12002 due to lack of recovery in the 5.0-10.0 feet BGS interval. 

The OU5 FSP requires that chemical and radiological samples be collected at five foot intervals to a depth 

of 30 feet or bedrock. Due to insufficient recovery in the split-spoon samplers, soil samples were unable 

· to be collected for several designated sampling intervals listed below. Data quality is not significantly 

impacted by these missing samples since they represent less than 10% of the samples "scheduled" to be 

collected. 

B03: 20-25 feet BGS, 30-35 feet BGS 

B13: 15-20 feet BGS 

B14: 5-10 feet BGS, 30-35 feet BGS 

B16: 30-50 feet BGS 
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The OU5 FSP requires that continuous core samples be obtained. At the onset of field activities, core 

samples were collected only at five foot intervals from B01, B02, and B04. In addition, core sampling 

in B14 was discontinued at 106 feet BGS. Drilling continued until auger refusal at 114 feet BGS. 

The OU5 FSP requires that a sample for VOC analysis be collected if readings greater than 1 part per 

million (ppm) above background are recorded on the flame ionization detector (FID) or greater than 10% 

LEL on the combustible gas indicator (CGI). Although the FID criterion was exceeded in several 

instances, samples were not collected, as listed below. 

B06: FID=l70 ppm at 4 feet BGS 

B08: FID=12 ppm at 4 feet BGS 

B09: FID=150 ppm at 4 feet BGS 

B12: FID=2 ppm at 4 feet BGS, FID=17 ppm at 6 feet BGS, FID=40 ppm at 12 feet BGS 

The source of the elevated OVA readings at B06 (at four feet BGS) and B09 (at four feet BGS) was 

determined to be methane or ethane by using an activated charcoal scrubber assembly. The scrubber, 

which is a filter filled with activated charcoal, filters out organic vapors other than methane or ethane . 

Because the OVA readings with and without the scrubber were the same, the elevated readings were 

attributed to methane or ethane, and therefore, no VOC soil samples were collected. 

A scrubber was also used at B08. At four feet BGS, the OVA reading at B08 was 12 ppm. The OVA 

reading with the scrubber was five ppm, indicating that the elevated OVA reading was attributed to 

organic vapors other than methane or ethane. 

Beginning at five feet BGS, a soil sample (B08002) was collected for laboratory analysis, including VOCs. 

Because the OVA reading at five feet BGS was 120 ppm (or 10 times greater than at four feet BGS), the 

rig geologist did not collect a VOC sample from four feet BGS since the source of the organic vapors 

appeared to be from the five feet BGS interval. No VOCs were detected in sample B08002 by the 

analytical laboratory. Because laboratory results are considered to be more accurate than field results, it 

is likely that there is no VOC contamination and additional soil sampling is not warranted. 

At B12, OVA readings at four, six, and 12 feet BGS were at two, 17, and 40 ppm, respectively. No VOC 

soil samples could be collected at these depths because of recovery problems due to cobbles and gravel 
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(at four and six feet BGS) and no soil recovery at 10-12 feet BGS. Because of poor recovery, collection 

• of additional soil samples at these depths is not feasible. 

• 

• 

SOP 1.15 

SOP 1.15 requires that a separate waste stream be maintained for asphalt and concrete generated by 

breaking through pavement. Asphalt was penetrated at B02, B03, B06, B07, B08, B09, Bll, B12, B13, 

and B14; however, the asphalt was not separated. This material was containerized with the soil cuttings 

from the borehole in 55-gallon drums. 

SOP 1.4 

SOP 1.4 requires that: 

• sample containers will be wiped with methanol; 

• sample labels will be covered with clear tape; 

• 

• 

a 40-milliliter (ml) vial will be used as a temperature blank; 

sample jars will be sealed with Parafilm; and 

• coolers will be maintained at 4° C. 

For this field effort, modification to these requirements did not affect data quality as they represented 

improvements over standard procedures. Sample containers were wiped with deionized water instead of 

methanol, thereby eliminating the hazards associated with handling methanol. Sample labels were 

adhesive and completed with permanent ink, therefore removing the need to secure labels with clear tape. 

Temperature strips, supplied by the analytical laboratory, eliminated the use of the 40-ml vial temperature 

blank which could break during shipping. Sample jars were sealed with teflon tape, instead of parafilm, 

as it is inert and easy to handle. Field coolers were maintained at 4 oc when possible. When high 

temperatures prevented this, samples were transported immediately after collection to the field trailer and 

were refrigerated until shipment to the laboratory. Coolers shipped to the laboratory were maintained at 

4°C . 
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SOP 1.5 

SOP 1.5 requires that: 

• samples will be shipped in picnic coolers; 

• "excepted quantity" labels will be placed on the coolers; and 

• sample jars be labeled with tags. 

Modifications to these requirements did not affect data quality as they represented improvements over 

standard procedures. Samples were shipped in state-of-the-art coolers supplied by the laboratory which 

prevented sample breakage. "Environmental sample" labels replaced "excepted quantity" labels as samples 

identified as "environmental" samples were within accepted quantities for shipping. Sample jars were 

labeled with adhesive labels instead of tags, as these labels are more secure and not as easily removed as 

tags. 

SOP 2.1 

SOP 2.1 requires that the discharge rate of purging be recorded every two gallons. This was not 

calculated for any of the water sampling events. The amount of water purged and the elapsed time were 

recorded frequently when field water quality parameters were measured. 

SOP 2.2 

SOP 2.2 requires that the pH meter be standardized before and after each measurement, and that the probe 

be stored in pH 4.0 solution between measurements. During multiple and rapid measurements such as 

those taken during purging and stabilization, this was not practical. For this reason, it was assumed that 

the SOP requirements applied to distinct sampling events. For all groundwater samples collected from 

Area 7 soil borings, the pH meter was standardized in the field trailer before proceeding to the sampling 

site. It was not standardized immediately after the sampling event because the pH meter used was 

designed to give quality data with a pre-measurement calibration only. Between purging and stabilization 

measurements, the probe was kept in sample water. Between sampling events, the probe was kept in a 

solution provided by the manufacturer. The use of the pH meter as described did not adversely affect the 

• 

• 

quality of data collected. • 
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SOP 2.2 requires that oxidation-reduction potential be measured. This could not be accomplished for 

• sample W03001 and W16001 due to a probe malfunction. No other probes were available onsite and 

delivery of a functioning probe would have caused significant project delays. 

SOP 2.2 requires that conductivity be recorded every two gallons during purging. While all stabilization 

parameters were periodically recorded during purging, the frequency of these measurements varied and 

sometimes exceeded two gallons depending on the amount to be purged, and the proximity to purge 

completion. 

SOP 4.1. 

SOP 4.1 requires that the cutting bit on the hollow-stem auger be equipped with a center plug device that 

can be removed at the desired sampling depth. This procedure prevents unwanted material from entering 

the casting and contaminating soil samples, but can greatly decrease the rate of borehole advancement. 

A center plug was not used in any hollow-stem drilling in Area 7. All of the unconsolidated materials 

encountered in Area 7 were cohesive enough to allow drilling without excessive amounts of material 

entering the casing. Any unwanted material that did enter a split-spoon sampler was easily recognized 

• and discarded. 

• 

SOP 6.3 

SOP 6.3 requires that when a positive reading is observed on the FID, a second reading be obtained using 

a charcoal filter to screen for methane. One filter was purchased and shared by two drilling teams. 

During advancement of BOl, B06, and B12, the filter was unavailable. As it was in use by the other 

drilling team. However, the health and safety of the drilling crew as BOl, B06, and B12 was assured by 

performing on-site tests for vinyl chloride and benzene (which were negative) and waiting until FID 

readings in the breathing zone subsided to less than 1 ppm before resuming work. 

SOP for Groundwater Sampling Using Drill-Stem Techniques 

This SOP requires that a slotted well point equipped with an inflatable packer be used when collecting 

a groundwater sample. The well point used to collect groundwater samples in Area 7 was not equipped 

with an inflatable packer. Data quality was not affected by the variance . 
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2.3.2.2. Data Analysis Variance Report 

Soil and groundwater samples collected from Area 7 soil borings were analyzed and validated in 

accordance with the OU5 QAPjP (DOE 1993f) to assure uniform and defensible data quality. A DQA 

report is presented in Appendix E. The DQA was conducted to: (1) incorporate the analytical data 

validation results with the field quality control (QC) sample results, (2) evaluate the impact of all QC 

measures on the overall data quality, and (3) remove all unusable values from the investigation data 

population. 

As a result of the data validation and the DQA report, the data generated during this investigation has been 

determined to be acceptable and in compliance with the OU5 QAPjP stated DQOs. 

2.3.3. Health and Safety Summary Report 

The health and safety of drilling personnel was assured by complying with the OU5 HSP and the 

Environmental Restoration Program Site-Specific Health and Safety Plan for OU5 Operational Area-Area 

7. These documents provide threshold exposure limits for various contaminants, exposure prevention 

techniques, required training, required PPE and other pertinent information. In addition to compliance 

with these documents, health and safety was assured through various administrative controls, training, and 

onsite monitoring and analysis. These are discussed below. 

2.3.3.1. Administrative Controls 

Health and safety issues were discussed and resolved during tailgate safety briefmgs conducted by the Site 

Health and Safety Officer and documented in the Site Manager logbook (Appendix A.2). Monthly 

accident reports were prepared documenting accidents (if any), hours lost, action required, etc. No 

accidents occurred during the soil borings program. Pre- and post- bioassay samples from drilling 

personnel were submitted. These samples were used for health and safety baseline screening. 

2.3.3.2. Training 

All personnel were trained per 29 CFR 1910.120. This included the Occupational Safety and Health 

• 

• 

Administration (OSHA) 40-hour health and safety training, yearly OSHA 8-hour refresher courses, and • 
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periodic physical examinations. Due to potential radioactive contamination expected at B16, personnel 

• received DOE Radiological Worker II training on July 15, 1994. 

• 

• 

2.3.3.3. Onsite Monitoring and Analysis 

Drilling locations were screened using a FIDLER to avoid drilling in radioactively contaminated soil. In 

addition, chemical samples were monitored with a FIDLER to avoid exposing site workers to possible 

radioactive contamination. 

Boreholes and collected samples were screened for combustibles and volatile emissions per SOP 6.1, SOP 

6.2, and SOP 6.3. When readings above the thresholds established in the OU5 HSP were exceeded, work 

ceased and appropriate action taken. The only significant impact of onsite monitoring occurred at B03, 

B07, and B16. At B03 and B07, the 10% LEL was exceeded and the holes were abandoned and grouted. 

At B08 and B09, the LEL was also exceeded, but water was used to flood the borehole and annulus to 

control the explosive atmosphere. Continuous monitoring proved the method to be very successful in 

maintaining acceptable levels. At B16, the Mound Plant action level for Ac-227 was exceeded, based on 

analysis of soil samples by Gamma Spectroscopy at the Mound Plant Soil Screening Facility. Workers 

received DOE Radiological Worker II training before work was resumed. 

Soil samples for radiological analysis at the Mound Plant Soil Screening Facility were collected at 0.5 feet, 

2.0 feet, 3.5 feet, and 5.0 feet. Radiological samples were also provided from each interval in which a 

chemical sample was retained for analysis. In addition, samples were collected when elevated radiological 

readings were observed at B07 and B 16. The samples were analyzed immediately to insure health and 

safety limits were not exceeded . 

. 2.3.4. Presentation of Soil Borings Data 

Analytical data and physical properties data were collected from Area 7 soil borings. Analytical data 

include radiological and chemical analysis of soil (surface and subsurface), and groundwater samples. 

These data are presented in Appendix F. Physical properties data include depth to bedrock, lithology, and 

geotechnical analysis of subsurface soil samples. Data from Area 7 soil borings are presented in the 

following subsections and are summarized in Section 3.3 . 
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2.3.4.1. Analytical Data 

Soil and groundwater samples were collected from Area 7 soil borings. Table 11.4 summarizes samples 

collected. These samples were analyzed for radiological and chemical parameters specified in the OU5 

QAPjP. 

The following subsections present contaminants detected per media (i.e. surface soil, subsurface soil, and 

groundwater) and contaminants (i.e. radiological and chemical). For brevity, a summary and discussion 

of analytical data is presented in Section 3. 

Soil Radiological Analytical Data 

Table F.l.1 in Appendix F.l shows the concentrations of radionuclides detected in surface soil samples 

and Table F.l.2 in Appendix F.1 shows minimum and maximum concentrations, and associated depths 

of radionuclides detected in subsurface soil samples. All Area 7 analytical data are presented in Appendix 

F.2. 

Soil Chemical Analytical Data 

Table F.1.3 in Appendix F.1 shows concentrations of organic compounds detected in surface soil samples 

and Table F.1.4 in Appendix F.1 shows minimum and maximum concentrations, and associated depths 

of organics detected in subsurface soil samples. All Area 7 analytical data are presented in Appendix F.2. 

Table F.1.5 in Appendix F.1 shows concentrations of inorganic compounds detected in surface soil 

samples and Table F.l.6 in Appendix F.l shows minimum and maximum concentrations, and associated 

depths, of inorganic compounds detected in subsurface soil samples. All Area 7 analytical data are 

presented in Appendix F.2. 

Groundwater Radiological Analytical Data 

Table F .1. 7 in Appendix F .1 shows concentrations of radionuclides detected in groundwater samples. All 

Area 7 analytical data are presented in Appendix F.2. 
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Soil Boring 

Surface Soil 

B01 B01001 (0-2 ft) 

B02 B02001 (0-2 ft) 

B03 B03001 (0-2 ft) 

B04 B04001 (0-2 ft) 

B05 B05001 (0-2 ft) 

B06 B06001 (0-2 ft) 

B07 B07001 (0-2 ft) 
B07101 (0-2 ft)0 

B08 B08001 (0-2 ft) 

B09 B09001 (0-2 ft) 

B10 B10001 (0-2 ft) 

Bll B11001 (0-2 ft) 

B12 B12001 (0-2 ft) 
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Table 11.4. Area 7 Samples Collected 
Page 1 of 2 

Sample Type and Depth 

Subsurface Soil Geotechnical 

B01002 (5-7ft) B01021 (7-9 ft)T 
B01003 (10-12 ft) B01022 (17-19 ft)T 
B01004 (15-17 ft) B01023 (22-24 ft)T 
B01005 (20-22 ft) 
B01006 (25-27 ft) 
B01007 (30-32 ft) 

B02002 (5-7 ft) 

B03002 (5-7 ft) 
B03003 (10-13 ft) 
B03004 (15-19 ft) 
B03005 (25-28 ft) 
B03006 (34-36 ft)v 
B03007 (38-40 ft) v 

B04002 (5-9 ft) B04021 (0-2 ft)T.B 
B04102 (5-9 ft)0 B01021 (0-2 ft)8 

B05002 (5-7 ft) B01021 (0-2 ft)8 

B06002 (5-10ft) 
B06003 (10-16 ft) 

B07002 (5-9 ft) 
B07003 (10-15 ft) 
B07004 (15-17 ft) 

B08002 (5-10ft) 
B08003 (10-22 ft) 

B09002 (5-12 ft) 
B09102 (5-12 ft)0 

B09003 (12-20 ft) 
B09004 (20-25 ft) 
B09005 (25-32 ft) 

B10002 (5-10ft) 
B10003 (10-13.5 ft) 

B11002 (4-10ft) 
B11102 (4-10 ft)0 

B11003 (10-15 ft) 
B11004 (15-20.5 ft) 

B12002 (6-10ft) 
B12003 (12-23.5 ft) 

Groundwater 

W03001 (17.3-20.4 
ft) 

W11001 (12.5-20.5 
ft) 

OU5 Phase 1 Area 7 Field Report 
June 1995 

Field Activities and Data Summary 
Page 2-33 



Soil Boring 

Surface Soil 

B13 B13001 (0-2 ft) 

B14 B14001 (0-2 ft) 

B15 B 15001 (0-2 ft) 
B15101 (0-2 ft)0 

B16 B16001 (0-2 fit 

B - geotechnical bucket sample 
D - duplicate sample 
R - radiological sample only 
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Sample Type and Depth 

Subsurface Soil Geotechnical 

B13002 (5-10ft) B01023 (38-43 ft)8 

B13003 (10-16 ft) 
B 13004 (20-25 ft) 
B13005 (25-28 ft) 
B13006 (32-34 ft)v 

B14002 (12-18 ft) B14021 (84-104 ft)8 

B14003 (22-24 ft) 
B14004 (25-30 ft) 
B14104 (25-30 ft)0 

B 15002 (2-6 ft) 
B15003 (6-10ft) 
B15004 (10-16 ft) 
B15104 (10-16 ft)0 

B16002 (2-4 ft)VR 
B16003 (5-7 ft)R 
B16004 (10-12 ft)VR 
B16005 (15-18 ft)VR 
B16006 (20-24 ft)R 
B16007 (26-30 ft)RV 
B16107 (26-30 ft) D 

T - geotechnical shelby tube sample 
V - VOA sample only 

Groundwater 

W13001 (26-34 ft) 
W13101 (26-34 ft)0 

W14001 (21.5-29 ft) 

W16001 (17-18.5 ft)R 
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Groundwater Chemical Analytical Data 

Table F.1.8 in Appendix F.l shows concentrations of organic compounds detected in groundwater samples 

and Table F.l.9 in Appendix F.l shows concentrations of inorganic compounds detected in groundwater 

samples. All Area 7 analytical data are presented in Appendix F.2. 

In addition to laboratory analysis of groundwater samples, field measurements were performed per SOP 

2.2. Table 11.5 summarizes pH, specific conductance, reduction-oxidation potential, water temperature, 

alkalinity, and dissolved oxygen measurements of the five groundwater samples collected from Area 7 soil 

borings. 

Table 11.5. Field Measurements for Area 7 Groundwater Samples 

Parameter 

pH (s.u.) 

Specific conductance (!lffihos/cm) 

Reduction-oxidation potential (millivolts) 

Water Temperature (0 C} 

Alkalinity as CaCo3 (mg/L} 

Dissolved Oxygen (mg/L) 

NR 
oc 
s.u. 

not recorded 
degree Celsius 
standard units 

2.3.4.2. Physical Properties 

mg/L 
!lffihos/cm 

Sample ID 

W03001 WllOOl W13001 

7.94 8.10 6.96 

260 115 291 

NR -59.9 -96.2 

13.9 16.3 17.9 

311.5 323.0 369.0 

2.82 5.0 2.6 

milligrams per liter 
micromhos per centimeter 

W14001 

7.53 

238 

-160.2 

16.4 

499.0 

3.1 

W16001 

7.41 

284 

NR 

15.3 

303 

2.15 

Physical properties data include depth to bedrock, depth to groundwater, lithology, and geotechnical 

analysis of subsurface soil samples . 
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Depth to Bedrock 

Depth to bedrock in the Area 7 borings ranges from 7.0 feet BGS at B05 to 114.0 feet BGS at B14. 

Table 11.6 shows depth to bedrock for all borings except B03 and B07 which were abandoned in 

unconsolidated material due to high downhole LEL levels. Bedrock was defined as interbedded weathered 

shale and weathered limestone. 

Depth to Groundwater 

Groundwater was encountered in seven of the Phase 2 soil borings. It was found in B03 at 17.3 feet BGS, 

in B06 at 14.5 feet BGS, in BlOat 12.0 feet BGS, in Bll at 12.5 BGS, in B13 at 19.2 feet BGS, in B14 

at 21.5 feet BGS, and in B 16 at 17.0 feet BGS. 

Lithology and Geotechnical Analysis 

This lithologic description is based on field interpretation of core and cuttings and is supplemented with 

laboratory analyses of geotechnical samples. Some discrepancies between the visual description and 

laboratory data can be expected, and is due in part to the qualitative nature of field logging versus the 

quantitative results achieved by the laboratory. Borehole profiles are presented in Appendix G and the 

results of laboratory analyses for the geotechnical samples are presented in Table 11.7. 

It is uncertain whether the lithologies in Area 7 are continuous and can be laterally traced across the site, 

or if similar lithologies share the same origins, depositional history, etc. This is because of the relatively 

wide-spread spacing of the Area 7 soil borings, and the heterogeneity of glacial deposits and fill material 

in Area 7. 

The uppermost lithology is a surface layer of very dark grey silt and gravel with trace medium sand, and 

angular to subangular granules and pebbles. It is loose, poorly sorted, non-plastic, and dry. This unit 

(with variations, especially the proportions of clastic material) was encountered at the surface in all the 

Area 7 soil borings except for B06, B07, and B15, and reached its maximum thickness of9.5 feet in B16. 

Geotechnical samples B01021 and B04021 were collected from this horizon. 
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Table ll.6. Depth to Bedrock in Area 7 Soil Borings 

Boring ID Depth 
(ft. BGS) 

B01 35.5 

B02 7.5 

B03 40.0 

B04 9.0 

B05 7.0 

B06 16.0 

B07 17.0 

B08 24.0 

B09 33.0 

BIO 13.5 

Bll 20.5 

B12 23.5 

B13 70.0 

B14 114.0 

B15 14.3 

B16 48.0 

ID identification 
ft BGS feet below ground surface 
ft MSL feet above mean sea level 
LEL lower explosive level 
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Elevation 
(ft. MSL) 

808.81 

814.82 

809.91 

811.69 

810.41 

804.74 

805.20 

805.83 

802.77 

803.45 

802.14 

795.53 

782.20 

781.93 

782.43 

809.52 
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Comments 

bedrock 

bedrock 

abandoned due to LEL level 

bedrock 

bedrock 

bedrock 

abandoned due to LEL level 

bedrock 

bedrock 

bedrock 

bedrock 

bedrock 

bedrock 

bedrock 

bedrock 

bedrock 
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Table D. 7. Geotechnical Analyses of SoU Samples from Area 7 SoU Borings 

Sample Soil Natural 
Number Symbol Moisture 

(%) 

B0102lr NR 18.1 

B01021 8 CL 2.4 

B01022T NR NR 

8010228 CL 4.9 

BOI023T NR 11.0 

B0402JT NR 16.5 

804021 8 CL 5.8 

814021 8 SM 15.8 

r - geotechnical shelby tube sample 
8 

- geotechnical bucket sample 
NA - not analyzed 
NC - not calculated 
NR - not recorded 
CL- clay 
SM - silty sand 
NP - non-plastic 

Specific 
Gravity 

Gravel 
(%) 

NA NA 

2.73 0 

NA NA 

2.72 0 

NA NA 

NA NA 

2.67 0 

2.70 8 
- -

MeqNa/IOOg - milliequivelant of sodium per 100 grams 
em/sec - centimeters per second 
CEC - cation exchange capacity 

• 

Grain Size Analysis Atterburg Limits 

Sand SOt Clay nto Liquid Plastic 
(%) (%) (%) (mm) Limit(%) Index(%) 

NA NA NA NA NA NA 

17 31 52 NC 40 20 

NA NA NA NA NA NA 

35 38 27 NC 40 28 

NA NA NA NA NA NA 

NA NA NA NA NA NA 

11 34 55 NC 41 19 

78 9 5 0.464 NP NP 
- ---- -~-- --------- - -- - - --

• 

Coefficient CEC pH 
of (MeqNa/lOOg) 

Permeability I 

(em/sec) ' 

4.3xto·9 NA NA 

NA 15.01 7.4 I 

NR NA NA I 
I 

NA 5.41 7.4 

1.6XJO·B NA NA 

4.9xto·7 NA NA I 

·--
NA 30.76 7.3 

NA 2.10 6.2 
~------- ~- - --- ---- -

• 



Below this unit is a clay which extends to bedrock in most of the soil borings. This unit seemed to have 

• two variations, though both variations were not present in all boreholes. One of the clays is dark grey 

with some local fine to medium sand, and is plastic, soft, and generally moist. Geotechnical sample 

B01022 was collected from this lithology. The other clay variation is dark grey with some local coarse 

sand and gravel. It is slightly plastic, firm, and moist. Geotechnical sample B01023 was collected from 

this lithology. 

• 

• 

Interbedded with either of the clay variations in some of the boreholes (B03, B12, B13, and B16), is a 

poorly sorted gravel with varying proportions of sand and silt. This unit ranges in thickness from about 

3.5 feet in B12 to about 12.5 feet in Bl6. 

Below the clay in B13 and B14, is a poorly sorted grey sand with trace silt and very fme to coarse sand. 

Geotechnical sample B14021 was collected from this lithology . 
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• 
3. SUMMARY 

The results of Area 7 Pha5e 1/Phase 2 activities are summarized in this section. 

3.1. FIDLER SURVEY SUMMARY 

The FIDLER survey detected several areas of elevated surface radiological activity. The areas were 

located in Zone 2 south of Building 98, in the western portion of Zone 1, and in a large portion of Zone 

3. 

Data from the Mound Plant Soil Screening Facility indicate that no surface soil samples collected from 

the 132 sampling locations showed Th-232 concentrations at or exceeding 2 pCilg. Five samples had Pu-

238 concentrations at or exceeding 25 pCi/g. Four of the samples were from Zone 3 and the remaining 

sample was from Zone 2. 

3.2. SOIL GAS SURVEY SUMMARY 

• Zone 2 showed the most elevated relative responses to the four general compound classes, particularly 

total C5 to C11 petroleum hydrocarbons. Except for total halogenated hydrocarbons, elevated relative 

responses to the other three compound classes generally occurred along the asphalt roads crossing Zone 

2. Zone 1 showed no elevated relative response to total halogenated hydrocarbons. Zone 3 showed 

elevated relative responses to all four compound classes. 

• 

Of the halogenated hydrocarbons, PCE was most frequently detected. Thus, most of the responses to 

halogenated hydrocarbons comes from the presence of PCE in the soil gas. 

Most of the soil gas samples showed low to moderate relative levels of C4 to C10 petroleum hydrocarbons. 

These compounds belong to alkanes, cycloalkenes, alkenes, cycolalkenes, dienes, aromatics, styrenes, and 

naphthalenes. They are common constituents of most petroleum fuels, heating oils, light lubricating oils, 

and many other petroleum hydrocarbon products. 

A few of the samples showed moderate to high relative levels of petroleum hydrocarbons which range up 

to C15 in weight. Two compositional characters were apparent in these heavier hydrocarbons. The first 
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composition is typical of vapor derived from partially weathered light to medium weight fuels. The 

second composition is typical of vapors derived from weathered medium to heavy weight fuels or heating 

oils. 

High relative levels of semi-volatile hydrocarbons, specifically naphthalene, methylnaphthalene, and 

dihydro-lH-indene, were detected in many of the samples which possessed high relative levels of other 

medium and heavy weight petroleum hydrocarbons. This is expected as most naphthalenes are common 

constituents of medium to heavy weight fuels. 

All Area 7 soil gas samples were examined for the presence of 2-butanone and various phthalate esters, 

but these were not detected. This may be due to unique chemical characteristics (e.g., water solubility and 

high molecular weight) of these compounds which inhibit their occurrence in soil gas. 

3.3. SOIL BORINGS SUMMARY 

Analytical data and physical properties data from Area 7 soil borings are summarized in the following 

subsections. 

3.3.1. Summary of Analytical Data 

To facilitate comparison with historical data, Phase 2 analytical data are summarized per media (i.e surface 

soil, subsurface soil, groundwater) and per general contaminant parameter grouping (i.e. radiological, 

organic, and inorganic). The tables found in the following subsections show the maximum concentrations 

of analytes detected and the borehole in which the maximum concentration was found. The tables also 

show the total number of samples in which the analyte was detected. All validated laboratory data are 

found in Appendix F.2. 

3.3.1.1. Surface Soil Radiological Data 

Eighteen surface soil samples were collected and analyzed for radionuclides. Table ill.l shows the 

maximum concentration detected and associated borehole, and the total number of samples in which the 

analyte was detected. Uranium-238 (U-238) was detected in all18 surface soil samples and Th-232 was 
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Table ll.l. Maximum Concentrations by Borehole of Radionuclides Detected 
in Surface Soil Samples from Area 7 Soil Borings 

Parameter Maximum Concentration Number of Samples with 

Plutonium-238 

Plutonium-239/240 

Potassium-40 

Radium-226 

Thorium-228 

Thorium-230 

Thorium-232 

Tritium 

Uranium-234 

Uranium-235 

Uranium-238 

pCilg - picocuries per gram 
J - estimated value 

Mound Plant, ER Program 
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V aloe (pCilg) Borehole 

1.36 B07 

0.12 B07 

23.721 B06 

0.83 B16 

1.53J B07 

1.311 B01 

1.021 B05 

9.50 B09 

1.19 B05 

0.23 B05 

1.23 B05 
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Detects 

11 

1 

11 

12 

10 

12 

14 

4 

13 

8 

18 
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detected in 14 of the samples. Most of the maximum concentrations came from B05 and B07 which are 

on opposite sides of the parking lot and located toward the northern end of Area 7. 

3.3.1.2. Surface Soil Organic Data 

Seventeen surface soil samples were collected and analyzed for organic contaminants. The following 

subsections discuss the general classes of organic compounds. 

Volatile Organic Compounds 

Only two VOCs, acetone and hexane, were detected in surface soil samples. Acetone was detected in six 

of the 17 surface samples collected with the maximum concentration of 140 parts per billion (ppb) from 

B07. Hexane was detected in two of 17 of surface samples collected with the maximum concentration 

of 41 (J indicates an estimated value) ppb from B03. 

Semi-Volatile Organic Compounds 

Seventeen surface soil samples were collected and analyzed for semi-volatile organic compounds (SVOCs). 

Twenty-four SVOCs were detected in surface soil samples from Area 7 borings. Table ill.2 shows 

maximum concentrations and associated boreholes, and the total number of samples in which the 

contaminant was detected. Nearly all the maximum concentrations were from B09, which is located in 

the east-central portion of Area 7. 

Pesticides/Polychlorinated Biphenyls 

Seventeen surface soil samples were collected and analyzed for pesticides/polychlorinated biphenyls 

(PCBs). Seventeen pesticides/PCBs were detected in surface soil samples from Area 7 soil borings. Table 

ill.3 shows maximum concentrations and associated boreholes, and the total number of samples in which 

the analyte was detected. Maximum pesticide/PCB concentrations in surface soil samples are widely 

dispersed throughout the Area 7 soil borings. 
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Table ill.2. Maximum Concentrations by Borehole of SVOCs Detected in 
Surface Soil Samples from Area 7 Borings 

Parameter Maximum Concentration Number of Samples with 

2-Methylnaphthalene 

Acenaphthene 

Acenaphthy lene 

Anthracene 

Benzo(a)anthracene 

Benzo(a)pyrene 

Benzo(b )fluoranthene 

Benzo(g,h,i,)perylene 

Benzo(k)fluoranthene 

Benzoic acid 

Bis(2-ethyhexyl)phthalate 

Butylbenzylphthalate 

Carbozle 

Chrysene 

Di-n-butylphthalate 

Dibenzo( a,h )anthracene 

Dibenzofuran 

Fluoranthene 

Fluorene 

Indeno( 1 ,2,3-cc;l)pyrene 

Naphthalene 

Phenanthrene 

Phenol 

Pyrene 

ppb - parts per billion 
1 - estimated value 

Mound Plant, ER Program 
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Value (ppb) Borehole 

860.00 

630.001 

360.00 

1100.00 

2100.00 

1500.00 

2700.00 

1200.00 

4800.00 

91.001 

2800.00 

53.001 

750.00 

1700.00 

66.001 

210.001 

990.00 

4100.00 

1200.00 

1100.00 

1900.00 

5400.00 

51.001 

3200.001 
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B09 

B09 

B09 

B09 

B09 

B09 

B09 

B09 

B09 

B09 

B14 

B14 

B09 

B09 

B01 

B09 

B09 

B09 

B09 

B09 

B09 

B09 

BOT 

B09 

Detects 

6 

9 

3 

12 

14 

13 

15 

10 

15 

3 

7 

1 

10 

16 

2 

4 

7 

15 

9 

12 

4 

16 

2 

16 
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Table ill.3. Maximum Concentrations by Borehole of Pesticides/PCBs Detected in 
Surface Soil Samples from Area 7 Soil Borings 

Parameter 

4,4'-DDE 

4,4'-DDT 

Aldrin 

Alpha-Chlordane 

Aroclor -1248 

Aroclor-1254 

delta-BHC 

Dieldrin 

Endosulfane Sulfate 

Endrin 

Endrin Aldehyde 

Endrin Ketone 

Heptachlor 

Heptachlor Epoxide 

gamma-BHC (Lindane) 

gamma-Chlordane 

p,p' -Methoxychlor 

ppb - parts per billion 
1 - estimated value 

Mound Plant, ER Program 
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Maximum Concentration 

Value (ppb) Borehole 

0.391 B05 

0.42J B02 

0.911 B08 

15.001 B07 

210.00 B13 

38.001 B05 

0.191 B10 

1.001 B07 

1.401 B14 

1.601 B14 

3.601 B08 

2.001 B03 

0.411 B04 

0.561 B01 

0.22J B13 

11.001 B07 

7.001 B14 
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Number of Samples with 
Detects 

3 

3 

4 

9 

2 

2 

2 

5 

5 

4 

2 

3 

3 

4 

1 

10 

4 
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Total Organic Carbon 

Total organic carbon (TOC) was detected in all surface soil samples with a maximum concentration of 

102,000 ppm from B03. 

Explosives 

No explosives were detected in surface soil samples collected from Area 7 soil borings. 

3.3.1.3. Surface Soil Inorganic Data 

Seventeen surface soil samples were collected and analyzed for inorganic contaminants. The following 

subsections discuss the general classes of inorganic compounds. 

Anions 

Four anions were detected in surface soil samples from Phase 2 soil borings. Fluoride and sulfate were 

the only- anions detected in all 17 surface soil samples. The maximum fluoride concentration was 38.8J 

ppm and the maximum sulfate concentration was 764 ppm, both from B07. Chloride and nitrate/nitrite 

were detected in 16 and 12 samples, respectively. The maximum chloride concentration was 382J ppm 

from B12 and the maximum nitrate/nitrite concentration was 3.86 ppm from B08. 

Metals 

Seventeen surface soil samples were collected and analyzed for metals. Eleven metals were detected in 

all of the surface soil samples. Table 111.4 summarizes maximum concentrations and associated boreholes. 

Lanthanides 

Seventeen surface soil samples were collected and analyzed for lanthanides. Twelve lanthanides were 

detected in surface soil samples from Area 7 borings. Table 111.5 summarizes maximum concentrations 

and associated boreholes, and the number of samples in which the analyte was detected. Half of the 

maximum concentrations detected were from B07. The remaining maximum concentrations detected were 
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from B05, B06, B08, and B15. With the exception of Bl5, all of these soil borings are located in the 

central portion of Area 7. 

Table 10.4. Metals Detected in All Surface Soil Samples from Area 7 

Analyte Maximum Concentration 

Value (ppm) Borehole 

Aluminum 67,000 Bl4 

Arsenic 11.51 B04 

Barium 82.11 B05 

Beryllium 0.8 B05 

Calcium 245,000 B08 

Iron 23,400 B05 

Lead 23.6 Bl5 

Magnesium 89,900 B02 

Manganese 156.1 B05 

Potassium 49901 BIO 

Zinc 56 Bl5 

ppm - parts per million J - estimated value 

3.3.1.4. Subsurface Soil Radiological Data 

Fifty subsurface soil samples were collected and analyzed for radionuclides. Thirteen radionuclides were 

detected in subsurface soil samples from Area 7 soil borings. Table ill.6 shows maximum concentrations, 

associated boreholes and depths, and the total number of samples in which the contaminant was detected. 

Boreholes with the maximum concentrations of these radionuclides include BOt, B02, B06, B07, B09, 

Bl4, and B16, indicating that subsurface radiological contamination is fairly dispersed throughout Area 

7. Potassium-40 (K-40), Ra-226, Th-232, and U-238 were the most commonly detected radionuclides . 
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Table 111.5. Maximum Concentrations by Borehole of Lanthanides Detected in 
Surface Soil Samples from Area 7 Soil Borings 

Parameter Maximum Concentration Number of Samples with 

Cerium 

Dysprosium 

Erbium 

Europium 

Gadolinium 

Holmium 

Lanthanum 

Neodymium 

Praseodymium 

Samarium 

Terbium 

Ytterbium 

ppm - parts per million 

Mound Plant, ER Program 
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Value (ppm) Borehole 

44.70 B06 

4.50 B05 

8.401 B07 

1.60 B05 

106.00 B15 

2.00 B07 

15.70 B05 

32.00 B08 

51.80 B07 

18.60 B07 

13.60 B07 

3.40 B07 

J - estimated value 
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Detects 

7 

4 

4 

6 

4 

1 

5 

14 

4 

3 

3 

3 
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Table 111.6. Maximum Concentrations by Borehole of Radionuclides Detected in 
Subsurface Soil Samples from Area 7 Soil Borings 

Parameter Maximum Concentration Number of 
Samples with 

Actinium-227 

Cesium-137 

Potassium-40 

Plutonium-238 

Plutonium-239/240 

Radium-226 

Thorium-228 

Thorium-230 

Thorium-232 

Tritium 

Uranium-234 

Uranium-235 

Uranium-238 

pCilg - picocuries per gram 
ft BGS - feet below ground surface 
1 - estimated value 

Value (pCilg) 

44.68 

0.11 

34.08 

2.98 

0.27 

1.29 

3.071 

1.23 

1.751 

58.5 

2.211 

0.25 

2.281 

3.3.1.5. Subsurface Soil Organic Data 

Volatile Organic Compounds 

Borehole Depth (ft BGS) Detects 

B16 15-18 2 

B16 5-7 1 

B02 5-7 45 

B14 25-30 13 

B14 25-30 3 

B16 15-18 44 

B07 15-17 26 

B06 5-10 34 

B07 15-17 42 

B09 5-12 8 

B07 15-17 36 

B01 5-7 19 

B07 15-17 50 

Fifty-three subsurface soil samples were collected and analyzed for VOCs. Eight were detected in 

subsurface soil samples from Area 7 soil borings. Table III.7 shows maximum concentrations, associated 

boreholes and depths, and the total number of samples in which the contaminant was detected. Acetone 

was detected more frequently than the other VOCs, followed by toluene and hexane. B09, Btl, and B14 

each showed two maximum concentrations. B09 and B 11 are located in the central portion of Area 7 and 

B 14 is located to the south. 
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Table lli.7. Maximum Concentrations by Borehole of VOCs Detected in 
Subsurface Soil Samples from Area 7 Soil Borings 

Parameter Maximum Concentration 

Value (ppb) Borehole Depth 

1 ,2-Diethy lbenzene 13.00 

2-Butanone 110.00 

Acetone 78.001 

Acetonitrile 120.001 

Hexane 42.00 

Methylene Chloride 150.00 

PCE 1.001 

Toluene 4.001 

ppb - parts per billion 
ft BGS - feet below ground surface 
1 - estimated value 

Semi-Volatile Organic Compounds 

(ft BGS) 

B14 22-24 

B16 26-30 

B09 20-25 

B09 12-20 

B14 25-30 

B03 15-19 

Bll 4-10 

Bll 4-10 

Number of 
Samples with 

Detects 

1 

1 

26 

2 

4 

1 

1 

5 

Forty-five subsurface soil samples were collected and analyzed for SVOCs. Twenty-three SVOCs were 

detected in subsurface soil samples from Area 7 soil borings. Table III.8 shows maximum concentrations, 

associated boreholes and depths, and the total number of samples in which the contaminant was detected. 

Most ofthe SVOC maximum contaminant concentration values are from B 13 at a depth of 5-10 feet BGS. 

None of the SVOCs were detected in all the subsurface soil samples and only five of them were found 

in more than a third of the samples. 

Pesticides/Polychlorinated Biphenyls 

Forty-five subsurface soil samples were collected and analyzed for pesticides/PCBs. Eighteen 

pesticides/PCBs were detected in subsurface soil samples from Area 7 soil borings. Table III.9 shows 

maximum concentrations, associated boreholes and depths, and the total number of samples in which the 

contaminant was detected. Maximum contaminant concentration values of pesticides/PCBs were found 

in the subsurface in six soil borings- (BOl, B03, B07, B13, B14, and B15). The first three borings (BOl, 
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Table ill.S. Maximum Concentrations by Borehole of SVOCs Detected in 
Subsurface Soil Samples from Area 7 Soil Borings 

Parameter 

2-Methylnaphthalene 

Acenaphthene 

Acenaphthylene 

Anthracene 

Benzo(a)anthracene 

Benzo(a)pyrene 

Benzo(b )fluoranthene 

Benzo(g,h,i,)perylene 

Benzo(k)fluoranthene 

Benzoic acid 

Bis(2-ethylhexyl)phthalate 

Carbozle 

Chrysene 

Di-n-butylphthalate 

Dibenzo(a,h)anthracene 

Dibenzofuran 

Fluoranthene 

Fluorene 

Indeno(l ,2,3-cd)pyrene 

Naphthalene 

Phenanthrene 

Phenol 

Pyrene 

ppb - parts per billion 
ft BGS - feet below ground surface 
1 - estimated value 
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Maximum Concentration 

Value (ppb) Borehole 

190.001 B09 

180.001 B13 

60.001 B09 

380.001 B13 

1100.00 Bl3 

890.00 B13 

1500.00 B13 

370.001 B13 

2800.00 B13 

92.001 B13 

780.00 B14 

260.001 B13 

1100.00 B13 

130.001 B03 

160.001 B13 

220.001 B09 

2100.00 B13 

270.001 B09 

520.00 B13 

430.001 B09 

2100.00 B13 

42.001 B07 

2600.00 B13 
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Depth (ft BGS) 

5-12 

5-10 

5-12 

5-10 

5-10 

5-10 

5-10 

5-10 

5-10 

20-25 

25-30 

5-10 

5-10 

5-7 

5-10 

5-12 

5-10 

5-12 

5-10 

5-12 

5-10 

5-9 

5-10 

Number of 
Samples with 

Detects 

2 

5 

1 

9 

12 

10 

15 

5 

16 

4 

17 

6 

13 

14 

3 

5 

16 

6 

8 

4 

14 

1 

16 
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Table ill.9. Maximum Concentrations by Borehole of PesticidesiPCBs Detected in 
Subsurface Soil Samples from Area 7 Soil Borings 

Parameter 

4,4'-DDD 

4,4'-DDE 

4,4'-DDT 

Aldrin 

alpha-Chlordane 

Aroclor -1248 

Aroclor -1254 

delta-BHC 

Dieldrin 

Endosulfan IT 

Endosulfane Sulfate 

Endrin 

Endrin Aldehyde 

Endrin Ketone 

gamma-BHC (Lindane) 

gamma-Chlordane 

Heptachlor 

Heptachlor Epoxide 

ppb - parts per billion 
ft BGS - feet below ground surface 
1- estimated value 
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Maximum Concentration 

Value (ppb) Borehole 

0.201 B07 

3.501 B03 

0.971 B07 

0.221 B01 

4.501 B07 

540.00 B14 

270.00 B14 

0.201 B13 

4.501 B03 

0.151 B01 

0.731 B15 

1.301 B15 

0.841 Bot 

0.211 B13 

0.86 B14 

3.701 B07 

0.091 B01 

0.231 B03 
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Depth (ft 
BGS) 

5-9 

5-7 

15-17 

25-27 

5-9 

25-30 

25-30 

5-10 

5-7 

5-7 

6-10 

2-6 

5-7 

5-10 

25-30 

5-9 

10-12 

15-19 

Number of Samples 
with Detects 

2 

6 

2 

3 

5 

5 

3 

1 

2 

1 

3 

2 

3 

2 

1 

7 

1 

2 
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B03, and B07) are located in the northern portion of Area 7 and borings B13, B14, and B15 are located 

in the southern portion of Area 7. The occurrence of pesticides/PCBs is relatively uncommon in Area 7 

subsurface soil samples, as shown by the relatively few samples with detected quantities. 

Explosives 

2,4-Dinitrotoluene, HMX, and RDX were the only explosives detected in the forty-five subsurface soil 

samples collected from Area 7 soil borings. 2,4-Dinitrotoluene was detected in two samples; maximum 

concentration was 0.85 ppm from B12 at a depth of 6-10 feet BGS. HMX was detected in four samples; 

maximum concentration was 0.72J ppm from B13 at a depth of 10-16 feet BGS. RDX was detected in 

two samples; maximum concentration was 0.77J ppm from B13 at a depth of 10-16 feet BGS. B12 is 

located in the west-central portion of Area 7 and B13 is located in the southern portion of Area 7. 

Organic Carbon 

TOC was found in all 45 subsurface soil samples collected from Area 7 soil borings. The maximum 

concentration was 32,000 ppm from B07 at a depth of 5-9 feet BGS. 

3.3.1.6. Subsurface Soil Inorganic Data 

Anions 

Chloride, fluoride, sulfate, and nitrate/nitrite anions were detected in the 45 subsurface soil samples 

collected from Area 7 soil borings. Chloride was detected in 38 samples with a maximum concentration 

of 214J ppm from B13 at a depth of 20-25 feet BGS. Fluoride was detected in 43 samples with a 

maximum concentration of 19.9J ppm from B15 at a depth of 10-16 BGS. Sulfate was detected in all of 

the samples with a maximum concentration of 6211 ppm from B04 at a depth of 5-9 feet BGS. 

Nitrate/nitrite was detected in 33 samples with a maximum concentration of 44.7J ppm from BOt at a 

depth of 10-12 feet BGS. 
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Metals 

Twenty-five metals were detected in the 45 subsurface soil samples collected from Area 7 soil borings. 

Table III.1 0 shows maximum concentrations, associated boreholes and depths, and the total number of 

samples in which the contaminant was detected. Eleven of the metals (44%) were found in all of the 

subsurface soil samples. B14 showed most of the maximum concentrations (11 parameters), all from a 

depth of 25-30 feet BGS. B15 had seven of the maximum concentrations at depths of 6-10 and 10-16 feet 

BGS. Both of these soil borings are located in the southern portion of Area 7. 

Lanthanides 

Forty-five subsurface soil samples w~re collected and analyzed for lanthanides. Thirteen lanthanides were 

detected in subsurface soil samples from Area 7 soil borings. Table III.11 shows maximum 

concentrations, associated boreholes and depths, and the total number of samples in which the contaminant 

was detected. Maximum concentrations of lanthanides were found in subsurface soil samples from B03, 

B05, B07, B13, B14, and B15. Only europium and neodymium were detected in more than half of the 

subsurface soil samples collected . 

3.3.1.7. Groundwater Data 

One groundwater sample was collected from each of the borings B03, Bll, B13, B14, and B16. A 

duplicate sample was also collected from B13. The samples from B03, Bll, B13, and B14 were analyzed 

for chemical and radiological parameters. The sample from B16 was analyzed only for radiological 

parameters. 

Groundwater Radiological Data 

Eleven radionuclides were detected in groundwater samples from Area 7 soil borings. Table III.l2 shows 

maximum concentrations and associated boreholes and depths, and the total number of samples in which 

the radionuclide was detected. Tritium, uranium-234 (U-234), U-238, and Ra-226 were detected in all five 

samples. Th-228 was detected in all of the samples except B 11 . 
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Table ill.lO. Maximum Concentrations by Borehole of Metals Detected in 
Subsurface Soil Samples from Area 7 Soil Borings 

Parameter Maximum Concentration Number of 
Samples with 

Value (ppm) Borehole 

Aluminum 

Antimony 

Arsenic 

Barium 

Beryllium 

Bismuth 

Cadmium 

Calcium 

Chromium 

Cobalt 

Copper 

Iron 

Lead 

Lithium 

Magnesium 

Manganese 

Mercury 

Nickel 

Potassium 

Selenium 

Silver 

Sodium 

Tin 

Vanadium 

Zinc 

ppm - parts per million 
ft BGS - feet below ground surface 
1 - estimated value 

Mound Plant, ER Program 
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303,000.00 B14 

4.101 B14 

26.60 B04 

229.001 B14 

1.101 B15 

74.80 B15 

1.401 B14 

174,000.001 B15 

29.701 B14 

13.901 B02 

430.001 B14 

42,4001 815 

87.001 B14 

15.201 B07 

75,800.001 B15 

1460.001 B13 

2.001 B14 

34.001 B15 

6020.00 B15 

0.93 B07 

1.901 B14 

815.00 Bll 

6.10 B09 

25.201 B14 

371.001 B14 
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Depth (ft BGS) 

25-30 

25-30 

5-9 

25-30 

10-16 

10-16 

25-30 

6-10 

25-30 

5-7 

25-30 

10-16 

25-30 

5-9 

6-10 

25-28 

25-30 

6-10 

6-10 

5-9 

25-30 

15-20.5 

12-20 

25-30 

25-30 

Detects 

45 

22 

45 

45 

45 

24 

12 

45 

39 

39 

40 

45 

45 

2 

45 

45 

9 

40 

45 

1 

10 

39 

12 

39 

45 
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Table ill.ll. Maximum Concentrations by Borehole of Lanthanides Detected in 
Subsurface Soil Samples from Area 7 Soil Borings 

Parameter 

Cerium 

Dysprosium 

Erbium 

Europium 

Gadolinium 

Holmium 

Lanthanum 

Lutetium 

Neodymium 

Praseodymium 

Samarium 

Terbium 

Ytterbium 

ppm - parts per million 
ft BGS - feet below ground surface 
J - estimated value 

Mound Plant, ER Program 
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Maximum Concentration 

Value (ppm) Borehole 

75.00 B15 

5.90 B13 

8.00J B03 

2.00 B05 

90.70J B07 

2.40 B07 

29.60 B07 

0.99 B03 

46.10 B15 

121.00 B15 

20.40 B13 

14.90 B13 

3.90 B14 

OUS Phase 1 Area 7 Field Report 
June 1995 

Depth (ft BGS) 

10-16 

25-28 

5-7 

5-7 

10-15 

15-17 

15-17 

10-13 

10-16 

2-6 

20-25 

20-25 

25-30 

Number of 
Samples with 

Detects 

21 

17 

10 

23 

10 

6 

12 

9 

38 

14 

9 

5 

9 
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Table m.12. Maximum Concentrations by Borehole of Radionuclides Detected in 
Groundwater Samples from Area 7 Soil Borings 

Parameter Maximum Concentration 

Value (pCi/L) Borehole Depth 

Arnericium-241 

Plutonium-238 

Potassium-40 

Radium-226 

Thorium-228 

Thorium-230 

Thorium-232 

Tritium 

Uranium-234 

Uranium-235 

Uranium-238 

pCi/L - picocuries per liter 
J - estimated value 

0.731 

2.291 

199.90 

0.811 

1.24 

0.58J 

0.321 

2373.70 

2.94J 

0.39 

3.49 

ft BGS - feet below ground surface 
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(ft BGS) 

B13 34.0 

B14 21.5 

B13 34.0 

B13 34.0 

B03 17.4 

B13 34.0 

B03 17.4 

Bll 12.5 

B16 17.0 

B16 17.0 

B16 17.0 
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Number of Samples 
with Detects 

1 

1 

1 

5 

4 

3 

3 

5 

5 

3 

5 
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Groundwater Organic Data 

VOCs detected in groundwater samples include chloroform, TCE, cis-1,2-dichloroethene (cis-1,2-DCE), 

and trans-1 ,2-dichloroethene (trans-1 ,2-DCE). Only one contaminant was detected at each of the following 

locations: l.OOJ micrograms per liter (!lg/L) chloroform from B03, 5.00 11g/L TCE from Bll, 0.27J 11g/L 

cis-1,2-DCE from B14, and 0.03J 11g/L trans-1,2-DCE from B14. 

SVOCs ·detected in groundwater samples include benzoic acid, bis(2-ethylhexyl)phthalate, and phenol. 

Benzoic acid was detected in B13 and B14; maximum concentration was 6.00 11g/L from B13. Bis(2-

ethy1hexyl)phthalate was detected in Bll and B14; maximum concentration was 8.00J ug/L from B14. 

Phenol was detected only in B14 at a concentration of 3.001 11g/L. 

The only pesticide/PCB detected in groundwater samples was aroclor-1254 which was found in B14 at 

a concentration of 0.38J 11g/L. 

Explosives detected in groundwater samples include 1,3,5-trinitrobenzene; 1,3-dinitrobenzene; 2-arnino-4,6-

dinitrotoluene; and RDX. 1,3,5-Trinitrobenzene was detected in Bll and B13; maximum concentration 

was 1.1 OJ 11g/L from B 11. 1 ,3-Dinitrobenzene was detected only in B 14 at a concentration of 0.19J 11g/L. 

2-Amino-4,6-dinitrotoluene was detected only in B 13 at a concentration of 2.20J 11g/L. RDX was detected 

only in B 11 at a concentration of 0.90 11g/L. 

Groundwater Inorganic Data 

Anions detected in groundwater samples include chloride, fluoride, sulfate, and nitrate/nitrite. They were 

each detected in all four of the samples analyzed for chemical parameters. Maximum concentrations were 

866.00 milligrams per liter (mg/L) chloride and 0.58 mg/L fluoride from B03, 75.20J mg/L sulfate from 

B13, and 1.22J mg/L nitrate/nitrite from B03. 

Groundwater samples were collected from B03, Bll, B13, and B14 and sent to the laboratory for metals 

analyses. However, analysis of the sample from B03 is incomplete at this time (except for bismuth), and 

so no B03 groundwater metals data is presented or discussed (except for bismuth) . 
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Nineteen metals were detected in Area 7 groundwater samples. Table lli.13 shows metals detected, • 

maximum concentrations and associated boreholes, and the total number of samples in which the metal 

was detected. Thirteen of the metals were detected in all three groundwater samples analyzed. Arsenic, 

lead, and chromium were detected only in B13 and B14, antimony and silver were detected only in B14, 

and thallium was detected only in B 11. 

About half of the maximum concentrations were found in B14 and about a third of the maximum 

concentrations were found in B13. Both of these boreholes are in the southern portion of Area 7. 

Lanthanides detected in groundwater samples include europium, gadolinium, holmium, and samarium. 

Europium was detected only in B03 at a concentration of 4.00 J.lg/L. Gadolinium was detected in B03 

and B13; maximum concentration was 18l.OOJ J.lg/L from B13. Holmium was detected only in B03 at 

a concentration of 10.00 J.lg/L. Samarium was detected only in B03 at a concentration of 82.00 J.lg/L. 

B03 is located in the northern portion of Area 7 and B 13 is located to the south. 

3.3.2. Summary of Physical Properties Data 

These data have been previously summarized and are presented in Section 2.3.4.2. 
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Table ill.13. Maximum Concentrations by Borehole of Metals Detected in 
Groundwater Samples from Area 7 Soil Borings 

Analyte 

Aluminum 

Antimony 

Arsenic 

Barium 

Bismuth 

Calcium 

Chromium 

Cobalt 

Copper 

Iron 

Lead 

Magnesium 

Manganese 

Potassium 

Silver 

Sodium 

Thallium 

Vanadium 

Zinc 

pg/L- micrograms per liter 
J - estimated value 

Mound Plant, ER Program 
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Maximum Concentration 

Value (pg/L) Borehole 

13,000.001 

2.60 

10.60 

165.00 

268.00 

249,000.00 

47.20 

7.70 

106.00 

22,100.001 

27.40 

69,800.00 

1690.00 

10,700.00 

9.30 

285,000.00 

3.60 

21.20 

195.00 
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B14 

B14 

B13 

B14 

B03 

B13 

B14 

B13 

B14 

B13 

B14 

B13 

B13 

Bll 

B14 

B14 

Bll 

B14 

B14 

Number of Samples 
with Detects 

3 

1 

2 

3 

3 

3 

2 

3 

3 

3 

2 

3 

3 

3 

1 

3 

1 

3 

3 
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4. COMPARISON WITH HISTORICAL DATA 

Abundant historical data have been collected from Area 7. Soil samples (surface and subsurface) and 

groundwater samples from wells and borings have been analyzed for a wide range of chemical and 

radiological contaminants. Surface and core soil samples were collected and analyzed for radiological 

contamination, primarily Pu-238 and total thorium. A soil gas survey was conducted to provide a 

qualitative assessment of possible chemical contamination. 

The following subsections briefly describe historical sampling events in Area 7 and list documents 

describing methodology and containing analytical data from these investigations. 

Mound Site Survey Project 

The Mound Site Survey Project (Stought et. al. 1988) was conducted from 1982 to 1985 to provide a 

systematic radiological survey of the Mound Plant. Soil samples (surface and subsurface) from 

approximately 83 locations were collected in and around Area 7. All surface samples were 

radiochemically analyzed for Pu-238 and those samples with thorium concentrations in excess of 2 pCi/g 

by FIDLER screening were also radiochemically analyzed for thorium. In addition, subsurface (core) 

samples were analyzed for Pu-238, total thorium, Ac-227, cobalt-60 (Co-60), cesium-137 (Cs-137), and 

Ra-226. 

Methodology and analytical results are presented in the Mound Site Survey Project for the Characterization 

of Radioactive ~aterials in Soils (Stought et. al. 1988) and the Operable Unit 9 Site Scoping Report: 

Volume 3, Radiological Site Summary (DOE 1993d). 

1992 Reconnaissance Soil Gas Survey 

A soil gas survey was conducted in 1992 to provide scoping data. Area 7, along with other areas of the 

Mound Plant, were investigated during this soil gas survey. Eight volatile compounds were targeted for 

analysis and includedcis-1,2-DCE; freon-11; freon-113; trans-1,2-DCE; 1,1,1-trichloroethane (1,1,1-TCA); 

PCE; TCE; and toluene . 
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Methodology and analytical results are presented in the Reconnaissance Sampling Report, Soil Gas Survey 

and Geophysical Investigations, Mound Plant Main Hill and SMIPP Hill (DOE 1993g). • 

Environmental Restoration Program Remedial Investigation 

Three monitoring wells (0111, 0112, 0318) were installed in and near Area 7 and sampled during the 

Environmental Restoration (ER) Program Remedial Investigation. These wells were added to the ER 

Program Groundwater Monitoring Network and groundwater samples were collected periodically per the 

RIIFS OU9 Site-Wide Work Plan (DOE 1992a). These wells were also sampled during the Spring of 

1993 and the Fall of 1994 Sweeps Program. However, the resultant validated analytical data are currently 

being reviewed and were not used in this report. 

Methodology and analytical results are presented in the OU9 Site Scoping Report Volume 1, Groundwater 

Data: February 1987- July 1990 and Addendum (DOE 1992b); the Groundwater Water and Seep Water 

Quality Data Report Through First Quarter, FY92 (DOE 1992c); and Groundwater Monitoring and 

Mapping Results for March, 1993 (DOE 1993h). 

OU9 Hydrogeologic Investigation 

Two monitoring wells (0322 and 0395) and a bedrock boring (0384) were installed and sampled during 

the OU9 Hydrogeologic Investigation. Surface and subsurface soil samples were collected during 

installation of the wells and subsurface soil samples were collected from the bedrock boring. Methodology 

and analytical results are presented in the OU9 Hydrogeologic Investigation: Soil Chemistry Report (DOE 

1994a). Groundwater samples were also collected from the wells during the Spring of 1993 and the Fall 

of 1994 Sweeps Program. However, the resultant validated analytical data from the Sweeps Program are 

currently being reviewed and were not used in this report. 

The following subsections present historical data per media and contaminant (e.g., surface soil radiological 

data, surface soil chemical data, etc). Historical data is then compared, as appropriate, to the summaries 

from this investigation, as presented in Section 3. Generally, this comparison illustrates which 

contaminants, if any, are common to historical and current investigations. 
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Table IV .1 presents a matrix showing how data are to be compared. For example, the matrix shows that 

• surface soil radiological data were collected during this investigation from soil borings, from the Mound 

Plant Soil Screening Facility, and from the FIDLER survey. These data then, will be compared to 

historical data collected during the OU9 Hydrogeologic Investigation and the Site Survey Project. 

• 

• 

Table IV .1. Comparison Matrix 

Media Contaminant Phase 1/Phase 2 Data Historical Data 

Surface Soil radiological borings borings0 > 

SSF surface soil samples<2> 

FIDLER 

chemical borings borings<1> 

Subsurface Soil radiological borings borings<1> 

cores<2> 

subsurface soil samples<2> 

chemical borings borings<n 
soil gas soil gas<3> 

Groundwater radiological borings borings<n 
chemical 

Mound Plant Soil Screening Facility SSF 
(1) 
(2) 
(3) 

data from the OU9 Hydrogeologic Investigation: Soil Chemistry Report (DOE 1994a) 
data from the Site Survey Project (Stought et.al.) 
data from Reconnaissance Sampling Report Soil Gas Survey and Geophysical Investigations (DOE 1993g) 

4.1. SURFACE SOIL RADIOLOGICAL DATA 

The following subsections present historical surface soil radiological data and compare them to Phase 1 

and Phase 2 data from this investigation. 

4.1.1. Presentation of Historical Surface Soil Radiological Data 

During the Mound Site Survey Project, Area 7 surface soil samples were analyzed mainly for Pu-238 and 

total thorium. Sample locations are shown on Figure 4.1. Pu-238 concentrations ranged from 0.03 pCi/g 

in sample S0284 to 7.40 pCi/g in sample S0286 collected southeast of Building 98 just inside the parking 

lot. Total thorium concentrations ranged from less than or equal to 2.0 pCi/g in most the samples to 20.52 

pCi/g in sample S0298 collected in the south central portion of the parking lot. 
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Other radionuclides detected in surface soil samples included Ra-226 (maximum concentration of 2.0 

• pCi/g), Cs-137 (maximum concentration of 1.2 pCi/g), and tritium (maximum concentration of 5230 

pCi/g). 

• 

• 

Surface soil samples from installation of wells 0322 and 0395 were collected during the OU9 

Hydrogeologic Investigation. No surface soil samples were collected from well 0318 or boring 0384. 

Well locations are shown on Figure 4.2. These samples were analyzed for a wide range of radionuclides, 

as shown in Table IV.2. Pu-238 was detected at 0.52 pCi/g from well 0395 and 0.193 pCi/g from well 

0322. Total thorium (sum of Th-228, Th-230, and Th-232) concentrations were 5.78 pCi/g from well 

0395 and 2.71 pCi/g from well 0322. K-40 was detected at 29.6 pCi/g from well 0322 and 22.8 pCi/g 

from well 0395. Ra-226, Cs-137, and tritium were also detected in surface soil samples from these wells 

but all at concentrations less than 1.0 pCi/g. 

4.1.2. Comparison of Historical Surface Soil Radiological Data to Phase 1 and Phase 2 Data 

Historical data from Area 7 suggest that surface radiological contamination is localized. The highest Pu-

238 concentration was found near Building 98 at 7.40 pCi/g and the highest thorium concentration was 

20.52 pCi/g in the south central portion of the parking lot. This is consistent with the FIDLER survey 

from this investigation which detected one small area of possible surface radiological contamination west 

of Building 98. 

It should be noted that historical sampling events occurred within the boundaries of Area 7 and the 

FIDLER survey was conducted over three zones outside the boundary of Area 7. However, a FIDLER 

survey was also conducted for the Non-AOC Field Report (DOE 1994b) with approximately 30 of the grid 

points, spaced 100 feet apart, near or within the Area 7 boundary. No FIDLER readings above 

contamination criteria were noted at these locations. 

In addition to these FIDLER surveys, surface samples were collected during this investigation for analysis 

of Pu-238 and Th-232 at the Mound Plant Soil Screening Facility. These data are summarized in Table 

11.3 and discussed in Sections 2.1.4.2 and 3.1. Th-232 was not detected at concentrations equal to or 

exceeding 2.0 pCi/g. Pu-238 at concentrations equal to or exceeding 25 pCi/g were detected at five grid 

locations (see Figure 2.3). Four of the locations were in Zone 3 and the remaining location was in Zone 

2. Neither of these radionuclides were detected in surface soil samples collected within the boundary of 
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Table IV.2. Historical Surface Soil Samples/Radionuclide Analysis 

Well 0322 Well 0395 
Analyte 

Concentration (pCi/g) Concentration (pCi/g) 

Amercium-241 0.0376 ND 

Cesium-137 0.094 ND 

Plutonium-238 0.193 0.52 

Phitonium-239/240 0.0133 ND 

Potassium-40 29.6 22.8 

Radium-226 0.966 0.769 

Thorium-228 1.12 2.11 

Thorium-230 0.92 1.81 

Thorium-232 0.667 1.86 

Tritium 0.944 0.432 

Uranium-234 0.747 0.96 

Uranium-235/236 0.0441 0.0369 

Uranium-238 0.776 0.877 

Source 
ND 
pCi/g 

OU9 Hydrogeologic Investigation: Soil Chemistry Report (Rev. 1, September 1994) 
not detected 
picocuries per gram 
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Area 7 during the Non-AOC reconnaissance investigation discussed above. These findings are also 

consistent with historical sampling events suggesting a few localized areas of surface radiological • 

contamination. 

Surface soil samples were collected at each of the 16 soil borings installed in Area 7 during this 

investigation and analyzed for various radionuclides, as summarized in Table lll.1 in Section 3. The 

average concentration of all radionuclides, except K-40 and tritium, is less than 0.70 pCi/g, which is 

consistent with historical data suggesting minimal surface radiological contamination. The average K-40 

and tritium concentrations were 16.14 pCi/g and 5.05 pCi/g, respectively. 

The highest concentration in surface soil samples was K-40 at 23.72 pCi/g from boring B06. The highest 

concentrations of Pu-238 and total thorium (sum of Th-228, Th-230, and Th-232 isotopes) were from 

boring B07 at 1.36 pCi/g and from B05 at 3.27 pCi/g, respectively. 

Of the remaining radionuclides detected by historical sampling events (Ra-226, Cs-137, and tritium), Ra-

226 and tritium were detected in surface soil samples from Area 7 borings. The maximum Ra-226 

concentration was 0.83 pCi/g from B 16, and the maximum tritium concentration was 9.50 pCi/g from B09 . 

4.2. SURFACE SOIL CHEMICAL DATA 

The following subsections present historical surface soil chemical data and compare them to Phase 2 data 

from this investigation. 

4.2.1. Presentation of Historical Surface Soil Chemical Data 

Surface soil samples from monitoring wells 0322 and 0395 (see Figure 4.2) were collected during the OU9 

Hydrogeologic Investigation and analyzed for organic and inorganic constituents. 

4.2.1.1. Historical Surface Soil Organic Data 

Several VOCs and/or SVOCs were found in surface soil samples from wells 0322 and 0395. Table IV.3 

presents a summary of organic surface soil contaminants detected from these two historical Area 7 

monitoring wells. 
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Table IV .3. Historical Surface Son Samples/VOC and SVOC Analysis 

Well 0322 
Analyte 

Value (ppb) 

VOCs 

2-Hexanone 131 . 

4-Methyl-2-Pentanone 9.01 

Acrylonitrile 4.0J 

SVOCs 

Acenaphthene ND 

Acenaphthylene NO 

Anthracene NO 

Benzo( a)Anthracene NO 

Benzo( a)Pyrene NO 

Benzo(b )Fiuoranthene NO 

Benzo(k)Fiuoranthene NO 

Benzo(g,h,i)Perylene NO 

Bis(2-ethylhexy)phthalate NO 

Carbozle ND 

Chrysene 431 

Dibenzo( a,h)Anthracene NO 

Dibenzofuran NO 

Fluoranthene llOJ 

Fluorene NO 

lndeno( 1,2,3-cd)Pyrene ND 

Phenanthene 9U 

Pyrene 1301 

Source: 
NO 
J 
ppb 

OU9 Hydrogeologic Investigation: Soil Chemistry Repon (DOE 1994a) 
not detected 
estimated value 
pans per billion 
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Well 0395 

Value (ppb) 

ND 

ND 

ND 

120J 

85J 

230J 

560 

600 

540 

510 

410 

401 

961 

560 

140J 

921 

1300 

1801 

390 

750 

1000 
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No VOCs were found at well 0395. 2-Hexanone, 4-methyl-2-pentanone, and acrylonitrile were VOCs 

detected at well 0322. There were more SVOCs detected at well 0395 than at well 0322. Chrysene, 

fluoranthene, phenanthrene, and pyrene were SVOCs common to both wells, but in all cases detected at 

lower concentrations at well 0322. 

4.2.1.2. Historical Surface Soil Inorganic Data 

Table IV .4 presents a summary of metals detected in surface soil samples from historical borings. 

Aluminum and potassium were detected in surface soil samples from well 0322 at concentrations of 

13,100 ppm and 2,590 ppm, respectively. Barium, lead, and zinc were detected in samples from well 

0395 at concentrations of 49.4 ppm, 11.9 ppm, and 63J ppm, respectively. 

Table IV.4. Historical Surface Soil Samples/Metals Analysis 

Well 0322 Well 0395 
Analyte 

Value (ppb) Value (ppb) 

Aluminum 13,100 ND 

Barium ND 49.4 

Lead ND 11.9 

Potassium 2,590 ND 

Zinc ND 63J 

Source: OU9 Hydrogeologic Investigation: Soil Chemistry Report (DOE 1994a) 
ND not detected 
J estimated value 
ppb parts per billion 

4.2.2. Comparison of Historical Surface Soil Chemical Data to Phase 2 Data 

Historical data indicates the presence of some surface soil chemical contaminants, primarily VOCs and 

SVOCs, with some metals as summarized in Tables IV.3 and IV.4. The following subsections compare 

historical data to Phase 2 data collected during this investigation. 
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4.2.2.1. Comparison of Surface Soil Organic Data 

Surface soil samples from Phase 2 borings BOl through B15 were analyzed for VOCs and SVOCs, as 

discussed in Section 3.3.1.2. Comparison of VOC data is inconclusive. None of the three VOCs found 

in well 0322 (2-hexanone, 4-methyl-2-pentanone, and acrylonitrile) were detected in surface soil samples 

from Area 7 borings. Neither of the VOCs found in Area 7 borings (acetone and hexane) were found in 

subsurface soil samples from either historical well. 

Comparison of SVOCs detected in historical and current investigations is fairly consistent. Chrysene, 

fluoranthene, phenanthrene, and pyrene are SVOCs that were found in surface soil samples from both 

historical wells 0322 and 0395, and also were found in most of the surface soil samples from Phase 2 soil 

borings with the following exceptions. Chrysene was not detected in B06 and B 10, and phenanthrene and 

pyrene were not detected in BlO. 

As discussed in Section 3.3.1.2, Phase 2 soil boring B09 showed most SVOC maximum concentrations 

in surface soil samples, including the four SVOCs discussed above. B09 is located near well 0395 (see 

Figure 4.2), which also shows corresponding high SVOC concentrations in surface soil samples . 

4.2.2.2. Comparison of Surface Soil Inorganic Data 

Metals were consistently detected during historical and current investigations in Area 7. Each of the 

metals detected in surface soil samples from historical wells 0322 and 0395 (aluminum, barium, lead, 

potassium, and zinc) were also detected in all 15 of the surface soil samples collected from Area 7 soil 

borings. Samples from the two historical wells were not analyzed for anions or lanthanides. Therefore, 

no comparison with these parameters is possible. 

4.3. SUBSURFACE SOIL RADIOLOGICAL DATA 

The following subsections present historical subsurface soil radiological data and compare them to Phase 

2 data from this investigation . 
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4.3.1. Presentation of Historical Subsurface Soil Radiological Data 

During the Mound Site Survey Project, Ac-227 was found in samples from core locations 0008 and 0009, 

near the suspected location of the septic tank (see Figure 4.1). The maximum concentration of 1,400 

pCi/g was found in core 0008 at a depth of 12.0 feet BGS with high concentrations reaching a depth of 

18.0 feet BGS. 200 pCi/g of Ac-227 was found in core 0009 at a depth of 7.5 feet BGS. 

The maximum Pu-238 concentration was 8.97 pCi/g at a depth of 1.5 feet BGS from core 0011. This core 

is located west of the parking lot in Zone 2 which is designated as an area of "Possible Elevated Thorium" 

(DOE 1992a). 

The maximum subsurface total thorium concentration was 41.63 pCi/g at a depth of 4.5 feet BGS. This 

was found in core 0007 in Zone 1 north of the asphalt-lined pond. Other significant levels of total 

thorium detected include 37.69 pCi/g from core 0011 at a depth of 1.5 feet BGS and 27.83 pCi/g from 

core 0010 at a depth of 9.0 feet BGS. These two cores are located in Zone 2 which is designated as an 

area of "Possible Elevated Thorium". 

Subsurface soil samples from two wells (0322 and 0395) and a boring (0384) in Area 7 were collected 

during the OU9 Hydrogeologic Investigation (see Figure 4.2). These samples were analyzed for a wide 

range of radionuclides, as shown in Table IV.5. 

The highest Pu-238 concentration of 1.73 pCi/g was from well 0395 at a depth of 30-35 feet BGS. Pu-

238 was detected in boring 0384 at 0.563 pCi/g from 2-4 feet BGS and in well 0322 at 0.0686 pCi/g from 

5-10 feet BGS. 

The maximum total thorium concentration of 6.69 pCi/g was detected in boring 0384 at a depth of 13-14.5 

feet BGS. Total thorium was detected in well 0322 at 4.44 pCi/g from 35-40 feet BGS and in well 0395 

at 3.78 pCi/g from 10-15 feet BGS. 

4.3.2. Comparison of Historical Subsurface Soil Radiological Data to Phase 2 Data 

Historical sampling events suggest some subsurface soil radiological contamination in Area 7. As 

discussed above, Ac-227 was found at a maximum concentration of 1,400 pCi/g from core 0008 at a depth 
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Analyte 

Cs-137 

Pu-238 

Pu-239/240 

K-40 

Ra-226 

Sr-90 

Th-228 

Th-230 

Th-232 

Tritium 

U-234 

U-235/236 

U-238 

Maximum 
(pCI/g) 

NO 

0.0686 

0.0348 

40.1 

1.11 

NO 

1.38 

2.69 

.863 

1.73 

0.955 

0.0538 

1.03 

• 
Table IV .S. Historical Subsurface SoU SamplesiRadlonucllde Analysis 

Monitoring WeD 0322 Bedrock Boring 0384 

Depth Minimum Depth Maximum Depth Minimum Depth 
(feet) (pCI/g) (feet) (pCI/g) (feet) (pCllg) (feet) 

NO NO NO 0.643 13-14.5 0.643 13-14.5 

5-10 0.0285 40-45 0.563 2-4 0.108 6-8 

10-15 0.0136 20-25 0.125 2-4 0.0929 6-8 

45-50 12.2 20-25 43.6 27-28 23.8 2-4 

20-25 0.834 40-45 0.983 6-8 0.823 2-4 

NO NO NO 0.88 13-14.5 0.48S 27-28 

45-50 0.395 30-35 2.77 13-14.5 0.786 6-8 

35-40 0.532 40-45 1.47 13-14.5 0.436 16-17 

40-45 0.261 25-30 2.45 13-14.5 0.614 6-8 

5-10 0.243 10-15 1.15 13-14.5 0.253 6-8 

35-40 0.716 40-45 1.12 6-8 0.671 16-17 
13-14.5 

20-25 0.0202 45-50 NO NO NO NO 

20.25 0.753 40-45 1.06 6-8 0.775 16-17 

~ Source: OU9 Hydrogeologic Investigation: Soil Chemistry Report (DOE l994a) 
.g NO not detected 
~. pCi/g picocuries per gram 

g 
~ e: 
;; 
"' 8 

'"'0 :::1. 
~ (') 
n!!!. 
f'O 
;:;;~ 

• 
Monitoring Well 0395 

Maximum Depth Minimum Depth 
(pCllg) (feet) (pCI/g) (feet) 

0.264 10-15 0.175 15-20 
I 

1.73 30-35 0.0449 80-85 

0.054 15-20 0.054 15-20 

36.4 30-35 tl.8 35-40 

12.3 60-65 0.744 25-30 

0.51 10-15 0.485 50-55 
! 

: 
1.01 75-80 0.465 70-75 

1.91 10-15 0.555 45-50 

1.1 85-90 0.243 35-40 

1.44 80-85 0.076 55-60 

1.02 50-55 0.555 25-30 

0.0912 30-35 0.0259 80-85 

1.08 75-80 0.594 5-10 
---



of 12 feet BGS. Pu-238 was found at a maximum concentration of 8.97 pCi/g at a depth of 1.5 feet BGS 

from core 0011 and thorium was found at a maximum concentration of 41.63 pCi/g at a depth of 4.5 feet 

BGS from core 0007. 

Subsurface soil samples were collected at each of the 16 soil borings installed in Area 7 during this 

investigation and analyzed for various radionuclides, as summarized in Table ID.6, Section 3. Ac-227 was 

detected only in B16 at a maximum concentration of 44.68 pCi/g from a depth of 15-18 feet BGS. B16 

is located close to core 0008 (see Figure 4.2) and though Ac-227 concentrations are much lower in B16 

than in core 0008, it was found at about the same depths in both borings. In Area 7, Ac-227 was found 

in three borings (B 16, core 0008, and core 0009) located in one area, suggesting it is not widespread in 

the Area 7 subsurface. 

Pu-238 was detected in subsurface soil samples from seven of the Phase 2 soil borings (B01, B07, Bll, 

B13, B14, B15, and B16). The maximum subsurface Pu-238 concentration was 2.98 pCi/g from B14 at 

a depth of 25-30 feet BGS, and the average Pu-238 concentration for all subsurface soil samples was 0.62 

pCi/g. These data are consistent with historical data which suggest Pu-238 contamination is widely 

dispersed at low levels in the Area 7 subsurface. 

The average subsurface total thorium concentration was 1.76 pCi/g and the maximum subsurface total 

thorium concentration was 5.32 pCi/g from B07 at a depth of 15-17 feet BGS. Other total thorium 

concentrations greater than 2.0 pCi/g include 4.31 pCi/g from B16 at a depth of 5-7 feet BGS, 3.36 pCi/g 

from B14 at a depth of 25-30 feet BGS, and 2.86 pCi/g from B03 at a depth of 25-28 feet BGS. These 

data are consistent with historical data which suggests that total thorium in the subsurface is fairly widely 

dispersed and generally is found at concentrations slightly less than 2 pCi/g. 

4.4. SUBSURFACE SOIL CHEMICAL DATA 

The following subsections present historical subsurface soil chemical data and compare them to Phase 

1/Phase 2 data from this investigation. 
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4.4.1. Presentation of Historical Subsurface Soil Chemical Data 

The 1992 reconnaissance soil gas survey was conducted at Area 7 to screen for possible organic chemical 

contaminants (DOE 1993g). A total of 71 samples were collected. All locations were sampled at a 5-foot 

depth except for four samples taken at a depth of 15 feet BGS and eight samples taken at 25 feet BGS. 

Chemical compounds detected include freon-11; freon-113; cis-1,2,-DCE; 1,1,1-TCA; PCE; TCE; and 

toluene. Figures 4.3 through 4.9 show the distribution of these compounds. Table N.6 shows the range 

of concentrations, and the number of samples in which the compounds were detected. 

Table IV .6. Area 7 Historical Soil Gas Survey Summary 

Contaminant Range (ppb) No. of Detections 

Toluene 0.2- 825 34(1) 

1,1,1-TCA 2-37 8 

Freon-113 4- 33 6 

Freon-11 5- 89 6 

PCE 6-44 6 

TCE 9-207 6 

CIS-1,2-DCE 3- 18 4 

(1) 
1,1,1,-TCA 
PCE 

QC blanks associated with 16 of these samples also contained toluene 
1, I, I ,-trichloroethane 

TCE 
CIS-1,2,-DCE 
ppb 

tetrachloroethene 
trichloroethene 
cis-1 ,2, -dichloroethene 
parts per billion 

A variety of VOCs and SVOCs were detected in subsurface soil samples from historical monitoring wells 

0322 and 0395, and bedrock boring 0384. Samples were collected during the OU9 Hydrogeologic 

Investigation. Table IV. 7 presents a summary of subsurface soil organics detected from these borings. 

Of the eleven VOCs detected, toluene was the only VOC common to all three borings. Twenty-one 

SVOCs were detected. Anthracene, benzo(a)anthracene, benzo(a)pyrene, benzo(b)fluoranthene, 

benzo(k)fluoranthene, bis(2-ethylhexyl)phthalate, chrysene, fluoranthene, phenanthrene, and pyrene were 

SVOCs common to all three borings . 
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Analyte 

2-Butanone 

2-Hexane 

4-Methyi-2-Pentanone 

Acetone 

Acetonitrile 

Acrylonitrile 

Carbon Disulfide 

Trichloromethane 

Hexane 

Toluene 

Total Xylenes 

Acenaphthene 

Acenaphthylene 

Anthracene 

Benzo(a)Anthracene 

Benzo(a)Pyrene 

Benzo(b )Fiuoranthene 

Benzo(g,h,i)Perylene 

Maximum 
(ppb) 

45J 

3J 

3J 

200J 

32J 

13J 

2J 

3J 

7J 

6J 

ND 

ND 

ND 

44J 

1101 

74J 

65J 

ND 

• 
Table IV.7. Historical Subsurface SoU Samples VOCs and SVOC Anaylsis 

Page 1 or 2 

Monitoring Well 0322 Bedrock Boring 0384 

Depth Minimum Depth Maximum Depth Minimum Depth 
(feet) (ppb) (feet) (ppb) (feet) (ppb) (feet) 

VOCs 

10-15 6J 25-30 IOJ 2-4 6.01 13-17 

10-15 3J 10-15 ND ND ND ND 

10-15 IJ 5-10 ND ND ND ND 

10-15 200J 10-15 ND ND ND ND 

10-15 32J 10-15 ND ND ND ND 

' 10-15 I3J 10-15 ND ND ND ND 

25-30 2J 25-30 ND ND NO ND 

5-10 3J 5-10 ND ND ND ND 

10-15 31 30-35 ND ND ND ND 

20-25 2J 10-15 4.01 2-8 3.01 6-8 
25-30 
35-40 

ND ND ND ND ND ND ND 

SVOCs 

ND ND ND II OJ 2-4 1001 2-4 

ND ND ND 91J 2-4 91J 2-4 

5-10 44J 5-10 190J 2-4 1901 2-4 

5-10 1101 5-10 520 2-4 93J 13-14.5 

5-10 74J 5-10 540 2-4 841 13-14.5 

5-10 651 5-10 490 2-4 1601 6-8 

ND ND ND 390J 2-4 591 13-14.5 

• 
. Monitoring Well 0395 

Maximum Depth Minimum Depth 
(ppb) (feet) (ppb) (feet) 

ND ND ND ND 

ND ND ND ND 

NO ND ND ND 

ND ND ND ND 

ND ND ND ND 

ND ND ND ND 

1J 40-45 1J 40-45 

ND NO NO ND 

40 50-55 2J 70-75 
85-90 

6 25-30 IJ 70-75 

9 25-30 9 25-30 

1201 25-30 1201 25-30 

ND NO ND ND 

1201 25-30 120J 25-30 

2301 25-30 551 30-35 

210J 25-30 68J 30-35 

2001 15-20 601 30-35 

1401 15-20 61J 30-35 
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Analyte 
Maximum 

(ppb) 

Benzo(k)Fiuoranthene 161 

Benzoic Acid 631 

Bis(2-ethylhexyl)phthalate 1801 

Carbazole ND 

Chrysene 1001 

Diethyl Phthalate 811 

Di-N-Butyl Phthalate ND 

Dibenzo(a,h)Anthracene ND 

Dibenzofuran ND 

Fluoranthene 2501 

Fluorene ND 

lndeno( I ,2,3-CD)Pyrene ND 

Phenanthrene 200J 

Pyrene 3001 
~-

Table IV.7. Historical Subsurface SoU SamplesiVOC and SVOC Analysis 
Pagel orl 

Monitoring Well 0322 Bedrock Boring 0384 

Depth Minimum Depth Maximum Depth Minimum Depth 
(feet) (ppb) (feet) (ppb) (feet) (ppb) (feet) 

5-10 161 10-15 510 2-4 881 13-14.5 

10-15 631 10-15 ND ND ND ND 

40-45 431 35-40 421 22-23 421 22-23 
27-28 27-28 

ND ND ND 6SJ 2-4 651 2-4 

5-10 431 0-S 540 2-4 ' 1101 13-14.5 

40-45 531 35-40 ND ND ND ND 

ND ND ND 521 22-23 411 27-28 

ND ND ND 441 6-8 441 6-8 

ND ND ND 83J 2-4 831 2-4 

5-10 2501 5-10 1200 2-4 210J 13-14.5 

ND ND ND 1101 . 2-4 1101 2-4 

ND ND ND 360J 2-4 61J 13-14.5 

5-10 2001 5-10 770 2-4 1101 13-14.5 

5-10 3001 5-10 1000 2-4 1901 13-14.5 
---- - - - -- -- ---

Source: OU9 Hydrogeologic Investigation: Soil Chemistry Report (DOE 1994a) 
NO not detected 
1 estimated value 
ppb parts per billion 

• • 

Monitoring Well 0395 

Maximum Depth Minimum Depth 
(ppb) (feet) (ppb) (feet) 

2001 15-20 541 30-35 
I 
! 

171 S0-55 411 10-15 

711 15-20 401 55-60 

621 25-30 621 25-30 

2301 15-20 781 30-35 

ND NO ND ND 

591 25-30 461 30-35 

651 15-20 481 25-30 

42J 25-30 421 25-30 

630 25-30 401 5-10 

84J 25-30 841 25-30 

1401 15-20 46J 30-35 

480 25-30 161 30-35 

490 25-30 1401 30-35 
- ---- ---

• 



A variety of metals were detected in subsurface soil samples from monitoring well 0322 and 0395, and 

• bedrock boring 0384. Twenty-three metals were detected with most of them detected in all three borings. 

• 

• 

Bismuth was found only in well 0322, mercury and thallium were found only in ·well 0395. Table N.8 

presents a summary of metals detected in subsurface soil samples from historical borings. 

4.4.2. Comparison of Historical Subsurface Soil Chemical Data to Phase 1 and Phase 2 Data· 

The following subsections compare historical subsurface soil chemical data to Phase 1 and Phase 2 data. 

4.4.2.1. Comparison of 1992 Soil Gas Survey to Phase 1 Soil Gas Survey 

As shown by Table IV.6 and Figure 4.9, the 1992 soil gas survey detected mostly toluene, primarily along 

the eastern edge of the parking lot, as well as near Buildings 29 and 98. This is inconsistent with the 

Phase 1 soil gas survey conducted during this investigation which shows limited dispersion of aromatic 

hydrocarbons (of which toluene is a primary component) in Zone 3 to the east (see Appendix D, Plate 2). 

Conversely, most the aromatics detected by the Phase 1 soil gas survey were in Zone 2 which is to the 

west. 

Also detected by the 1992 soil gas survey were the halogenated hydrocarbons freon-11; freon-113; cis-1,2-

DCE; 1,1,1-TCA; PCE; and TCE (see Table N.6 and figures 4.3 through 4.8). These were detected less 

frequently than toluene and were mostly found south of Building 51, as well as to the west near Buildings 

29 and 98. The Phase 1 soil gas survey was not conducted near Building 51 so a comparison in this area 

is not possible but the Phase 1 soil gas survey did show widespread dispersion of halogenated 

hydrocarbons in Zone 2 bordering Area 7 to the west. 

It should be noted that the 1992 soil gas survey was conducted within the boundaries of Area 7 and the 

Phase 1 soil gas survey was conducted over three outlying areas (Zones 1, 2, and 3) outside the boundary 

of Area 7. However, a soil gas survey was also conducted for the Non-AOC Field Report (DOE 1994b) 

with approximately thirty of the grid points, spaced 100 feet apart, near or within the Area 7 boundary. 

Aromatics (i.e. toluene) were not detected at any of these soil gas sampling locations, though some 

halogenated hydrocarbons were detected south of Building 51 which compares favorably to the 1992 soil 

gas survey . 

Mound Plant, ER Program 
Revision 0 
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Analyte 

Aluminum 

Antimony 

Barium 

Beryllium 

Bismuth 

Calcium 

Chromium 

Cobalt 

Copper 

Iron 

Lead 

Lithium 

Magnesium 

Manganese 

Mercury 

Molybdenum 

Nickel 

Maximum 
(ppb) 

13,100 

7.8 

82.6 

0.97 

41.5J 

285,000 

15.4 

10.6 

22.8 

29.100 

18.9 

18.5J 

52,000 

1230 

NO 

9.4 

23.5 

Table IV .8. Historical Subsurface SoU Samples/Metals Analysis 
Page 1 orl 

Monitoring Well 0322 Bedrock Boring 0384 

Depth Minimum Depth Maximum Depth Minimum Depth 
(feet) (ppb) (feet) (ppb) (feet) (ppb) (feet) 

10-15 4270 15-20 i6,900 i6-17 8080 6-8 

10-15 1.9 40-45 7.4J 13-14.5 2.5 22-23 

10-15 11.2 45-50 67.9 13-14.5 21.6 6-8 

10-15 0.5 30-35 1.1 16-17 0.55 6-8 

45-50 27.5J 35-40 NO NO NO NO 
' 

40-45 9020 10-15 99,300 6-8 21,500 22-23 

10-15 3.9 40-45 22.6 22-23 10.6 6-8 

10-15 3.1 40-45 19.3 22-23 6.9 6-8 

10-15 9.6 40-45 31 22-23 14.4 6-8 

10-15 11,500 20-25 33,000 22-23 18,700 6-8 

10-15 4.5 40-45 43.1 13-14.5 4.0 16-17 

5-10 5.3J 20-25 40.5J 22-23 15J 2-4 

15-20 6760 10-15 28,700 2-4 7050 27-28 

10-15 187 15-20 1100 22-23 562 2-4 

NO NO NO NO NO ND NO 

10-15 3.5 40-45 8.5 22-23 5.7J 6-8 

10-15 7.8 40-45 38.7 22-23 16 6-8 
- ---- -- --

• 

I 

Monitoring Well 0395 

Maximum Depth Minimum Depth 
(ppb) (feet) (ppb) (feet) I 

I 

' 

i2,500 30-35 2300 35-40 

7.9 75-80 2.4 85-90 

41.2 75-80 0.40 50-55 

0.66 25-30 0.40 50-55 

NO NO ND ND 

203,000 55-60 54,600 75-80 

19.5 30-35 5.6 65-70 

9.9 30-35 2.0 65-70 

36.7 30-35 7.3 60-65 

27,300 25-30 7360 60-65 

11.5 25-30 4.2 80-85 

34.1J 30-35 5.8 70-75 

72,600 80-85 10,300 85-90 

872 85-90 189 65-70 

0.27 10-15 0.22 60-65 

5.7 30-35 2.9 5-10 

23.9 30-35 7.8 65-70 

• 
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Analyte 
Maximum 

(ppb) 

Potassisum 2530 

Silver 8.3 

Sodium 493 

Thallium ND 

Vandium 35.9 

Zinc 87.8 

• 
Table IV.8. Historical Subsurface SoU Samples/Metals Analysis 

Page 2 orz 

Monitoring Well 0322 Bedrock Boring 0384 

Depth Minimum Depth Maximum Depth Minimum Depth 
(feet) (ppb) (feet) (ppb) (feet) (ppb) (feet) 

45-50 812 40-45 3150 22-23 1140 6-8 

10-15 2.6 15-20 9.9 22-23 5.2 6-8 

10-15 149 25-30 332 2-4 132 13-14.5 

ND ND ND ND ND ND ND 

10-15 11.8 40-45 32.9 22-23 19.4 6-8 

25-30 20.6 40-45 66.9 22-23 43.7 6-8 
--

Source: OU9 Hydrogeologic Investigation: Soil Chemistry Report (DOE l994a) 
ND not detected 
J estimated value 
ppb parts per billion 

• 
Monitoring Well 0395 I 

Maximum Depth Minimum Depth 
(ppb) (feet) (ppb) (feet) 

2660 30-35 646 60-65 

7.7 30-35 2.5J 65-70 

440 30-35 141 70-75 

0.32 75-80 0.32 75-80 

24.5 30-35 9.5 35-40 

53J 30-35 21.5 60-65 



4.4.2.2. Comparison of Subsurface Soil Chemical Data from Historical Wells to Area 7 

Phase 2 Soil Borings 

Subsurface soil samples from BO 1 through B 16 were collected and analyzed during this investigation for 

a wide range of organic and inorganic compounds, as summarized in Sections 3.3.1.5 and 3.3.1.6. As 

discussed in Section 4.4.1, toluene was the only VOC common to the three historical borings (monitoring 

wells 0322 and 0395, bedrock boring 0384). It was also detected in three of the Area 7 soil borings (Bll, 

B14, and B16). These six locations are scattered throughout Area 7, suggesting that toluene may be fairly 

dispersed in the subsurface. 

As discussed in Section 4.4.1, 10 SVOCs were common to the three historical borings and include 

anthracene, benzo( a)anthracene, benzo( a)pyrene, benzo(b )fluoranthene, benzo(k)fluoranthene, bis(2-

ethylhexyl)phthalate, chrysene, fluoranthene, phenanthrene, and pyrene. All maximum concentrations, 

except bis(2-ethylhexyl)phthalate, were from bedrock boring 0384. In comparison, all of these compounds 

were detected in at least six of the 15 Area 7 soil borings sampled during this investigation and most were 

detected in nine borings. Nearly all the maximum conc~ntrations were from B13. These data are 

consistent with historical data, which suggests that SVOC contamination in the subsurface is fairly widely 

dispersed, with localized pockets of higher concentrations. 

All of the metals detected in subsurface soil samples from the three historical wells (see Table IV.8) were 

also detected in most or all subsurface soil samples from Phase 2 soil borings (see Table III.lO in Section 

3). These data sets are consistent and suggest widely dispersed metals contamination in the subsurface. 

4.5. GROUNDWATER RADIOLOGICAL AND CHEMICAL DATA 

Monitoring wells 0111,0112,0318,0322 and 0395 are located near or in Area 7 (see Figure 4.2). Wells 

0111, 0112, and 0318 were installed and sampled during the ER Program Remedial Investigation (DOE 

1993b). Wells 0322 and 0395 were installed during the OU9 Hydrogeologic Investigation and sampled 

during the Spring of 1993 and the Fall of 1994 Sweeps Program. However, validated analytical data from 

the Sweeps Program for these wells are currently being reviewed and were not used in this report . 
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4.5.1. Presentation of Historical Groundwater Data 

The following subsections present historical groundwater radiological data and chemical data and compare 

them to Phase 2 data collected during this investigation. 

4.5.1.1. Historical Groundwater Radiological Data 

Tritium was detected in all three historical wells. Concentrations of tritium ranged from 1779 picocuries 

per liter (pCi/L) (well 0111 on May 7, 1991) to 5350 pCi/L (well 0112 on September 14, 1988). Th-228 

was detected only in well 0111 at 1.05 pCi/L on December 16, 1991. U-234 and U-238 were found only 

in well 0112 on December 13, 1987 at 0.12 pCi/L and 0.07 pCi/L, respectively. Table IV.9 shows 

radionuclides detected in historical Area 7 monitoring wells. 

4.5.1.2. Historical Groundwater Organic Data 

VOCs and SVOCs were detected in groundwater samples from all three historical wells. Well 0318 had 

the least contaminants with two VOCs (2-butanone and methyl chloride) and one SVOC (1,3-

dichlorobenzene) detected. Well 0112 had the most contaminants with five VOCs and seven SVOCs 

detected. 2-butanone and methyl chloride were the only VOCs common to all three wells. There were 

no SVOCs common to all three wells but bis(2-ethylhexyl)phthalate was common to two wells (0111 and 

0112). Table IV.lO shows VOCs and SVOCs detected in historical Area 7 monitoring wells. 

4.5.1.3. Historical Groundwater Inorganic Data 

Anions and metals were detected in all three historical Area 7 monitoring wells, as shown in Table IV .11. 

Well 0318 had the fewest contaminants with two anions and six metals detected. Five anions and six 

metals were detected in both wells 0111 and 0112. Chloride and sulfate were the only anions common 

to all three wells. Calcium, iron, magnesium, manganese, potassium, and sodium were metals common 

to all three wells . 
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Table IV.9. Radiological Contaminants Detected in Groundwater Samples 
From Area 7 Monitoring Wells (pCi/L) 

Well Analyte 

0111 Thorium-228 

Tritium 

-

0112 Tritium 

Uranium-234 

Uranium-238 

0318 Tritium 

pCi/L = picocuries per liter 

Mound Plant, ER Program 
Revision 0 

Date Sampled 

16-Dec-91 

11-Dec-87 

23-Jun-88 

09-Sep-88 

02-Nov-90 

07-May-91 

16-Dec-91 

13-Dec-87 

29-Jun-88 

14-Sep-88 

02-Nov-90 

03-May-91 

13-Dec-91 

13-Dec-87 

13-Dec-87 

04-Nov-90 

05-May-91 

15-Dec-91 

OU5 Phase 1 Area 7 Field Report 
June 1995 

Result 

1.05 

5320 

4720 

4160 

2830 

1779 

2270 

5020 

4320 

5350 

4370 

3553 

3320 

0.12 

0.07 

3620 

2629 

3070 
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Table IV.10. Organic Contaminants in Groundwater Samples from 
Area 7 Monitoring Wells (pg/L) 

Category 

VOC 

svoc 

voc 

Mound Plant, ER Program 
Revision 0 

Page 1 of 2 

Analyte Date 

Monitoring WeD 0111 

1, 1, 1-Trichloroethane 23-Jun-88 

2-Butanone 02-Mar-88 

27-Apr-90 

Acetone 02-Mar-88 

23-Jun-88 

09-Sep-88 

Benzene 23-Jun-88 

Chloroform 07-May-91 

16-Dec-91 

Methylene Chloride 11-Dec-87 

02-Mar-88 

23-Jun-88 

09-Sep-88 

27-Apr-90 

Toluene 11-Dec-87 

02-Mar-88 

23-1un-88 

Xylenes, Total 23-Jun-88 

Bis(2-ethylhexyl)phthalate 09-Sep-88 

Monitoring WeD 0112 

1, 1, 1-Trichloroethane 13-Dec-87 

2-Butanone 

Acetone 

13-Dec-87 

13-Dec-87 

02-Mar-88 

13-Dec-87 

13-Dec-87 

OU5 Phase 1 Area 7 Field Report 
June 1995 

Result 

1J 

95 

6J 

2J 

4J 

11 

4J 

1.7J 

1.7J 

110 

4J 

7 

4J 

2J 

6 

4J 

31 

6 

5.2J 

59 

24J 

12. 

14 

11 

32J 

Comparison With Historical Data 
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Category 

voc 
(continued) 

svoc 

voc 

svoc 

Table IV.10. Organic Contaminants in Groundwater Samples from 
Area 7 Monitoring Wells (pg/L) 

Page 2 of 2 

Analyte Date 

Monitoring WeD 0111 

Acetone 02-Mar-88 

29-Jun-88 

14-Sep-88 

27-Apr-90 

Methylene Chloride 13-Dec-87 

13-Dec-87 

02-Mar-88 

29-Jun-88 

14~Sep-88 

27-Apr-90 

Toluene 13-Dec-87 

13-Dec-87 

2-Methylnaphthalene 29-Jun-88 

Acenaphthene 29-Jun-88 

Bis(2-ethylhexyl)phthalate 29-Jun-88 

14-Sep-88 

Di-n-butyl Phthalate 14-Sep-88 

Fluorene 29-Jun-88 

Naphthalene 29-Jun-88 

Phenanthrene 29-Jun-88 

Monitoring WeD 0318 

2-Butanone 29-Apr-90 

Methylene Chloride 29-Apr-90 

1,3-Dichlorobenzene 29-Apr-90 

VOC volatile organic compound pg/L 
J 

micrograms per liter 
estimated value SVOC semi-volatile organic compound 

Result 

31 

21 

6.31 

31 

41 

43 

41 

6 

9.2 

21 

11 

11 

61 

11 

74 

62 

11 

21 

51 

31 

61 

11 

31 
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Revision 0 
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Table IV .11. Inorganic Contaminants Detected in Groundwater Samples from Area 7 Monitoring 
Wells 

Page 1 of 5 

Category Analyte Date Sampled 

Monitoring Well 0111 

Anions Chloride 11-Dec-87 

02-Mar-88 

23-Jun-88 

09-Sep-88 

02-Nov-90 

07-May-91 

Fluoride 11-Dec-87 

02-Mar-88 

Nitrate As Nitrogen 11-Dec-87 

Nitrate/Nitrite 

Sulfate 

Metals Calcium, Total 

Mound Plant, ER Program 
Revision 0 

02-Mar-88 

11-Dec-87 

02-Mar-88 

23-Jun-88 

09-Sep-88 

02-Nov-90 

07-May-91 

11-Dec-87 

02-Mar-88 

23-Jun-88 

09-Sep-88 

02-Nov-90 

07-May-91 

11-Dec-87 

02-Mar-88 

23-Jun-88 

09-Sep-88 

02-Nov-90 

OU5 Phase 1 Area 7 Field Report 
June 1995 

Result Units 

116 mg/L 

153 mg/L 

139 mg/L 

105 mg/L 

139 mg/L 

128 mg/L 

0.14 mg/L 

0.17 mg/L 

0.44 mg/L 

0.59 mg/L 

0.44 mg/L 

0.59 mg/L 

0.71 mg/L 

1.2 mg/L 

1 mg/L 

0.57 mg/L 

81.5 mg/L 

75.0 mg/L 

81.7 mg/L 

78.9 mg/L 

79.5 mg/L 

57.1 mg/L 

105000 ~giL 

99700 ~giL 

103000 ~giL 

104000 ~giL 

107000 ~giL 

Comparison With Historical Data 
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Table IV.ll. Inorganic Contaminants Detected in Groundwater Samples from Area 7 Monitoring 
Wells 

Category Analyte 

Metals Calcium, Total 
(continued) 

Iron. Total 

Magnesium, Total 

Potassium, Total 

Sodium, Total 

Anions Ammonia 

Chloride 

Mound Plant, ER Program 
Revision 0 

Page 2 of 5 

Date Sampled 

Monitoring Well 0111 

07-May-91 

09-Sep-88 

02-Nov-90 

07-May-91 

11-Dec-87 

02-Mar-88 

23-Jun-88 

09-Sep-88 

02-Nov-90 

07-May-91 

11-Dec-87 

02-Nov-90 

07-May-91 

02-Nov-90 

07-May-91 

11-Dec-87 

02-Mar-88 

23-Jun-88 

09-Sep-88 

02-Nov-90 

07-May-91 

Monitoring Well 0112 

02-Mar-88 

29-Jun-88 

14-Sep-88 

13-Dec-87 

02-Mar-88 

OU5 Phase I Area 7 Field Report 
June 1995 

Result Units 

106000 J.lg/L 

131 J.lg/L 

67.4 J.lg/L 

65.2 J.lg/L 

25400 J.lg/L 

23800 J.lg/L 

26300 J.lg/L 

26500 J.lg/L 

28700 J.lg/L 

28600 J.lg/L 

15.3 J.1g/L 

3.47 J.lg/L 

4.84 J.lg/L 

1960 J.lg/L 

2000 J.lg/L 

132000 J.lg/L 

115000 J.lg/L 

99000 J.lg/L 

72900 J.lg/L 

108000 J.lg/L 

103000 J.lg/L 

1.1 mg/L 

0.61 mg/L 

0.44 mg/L 

32.5 mg/L 

36.9 mg/L 
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Table IV.ll. Inorganic Contaminants Detected in Groundwater Samples from Area 7 Monitoring 
WeDs 

Page 3 of 5 

Category Analyte Date Sampled 

Monitoring WeD 0111 

Anions Chloride (continued) 29-Jun-88 
(continued) 

Fluoride 

Nitrate/Nitrite 

Sulfate 

Metals Calcium, Total 

. Iron, Total 

Mound Plant, ER Program 
Revision 0 

14-Sep-88 

02-Nov-90 

03-May-91 

13-Dec-87 

02-Mar-88 

29-Jun-88 

14-Sep-88 

13-Dec-87 

02-Mar-88 

29-Jun-88 

14-Sep-88 

02-Nov-90 

03-May-91 

13-Dec-87 

02-Mar-88 

29-Jun-88 

14-Sep-88 

02-Nov-90 

03-May-91 

13-Dec-87 

02-Mar-88 

29-Jun-88 

14-Sep-88 

02-Nov-90 

03-May-91 

OU5 Phase l Area 7 Field Report 
June 1995 

Result Units 

37.6 mg/L 

38.9 mg/L 

42.9 mg/L 

45 mg/L 

0.58 mg/L 

0.59 mg/L 

0.36 mg/L 

0.39 mg/L 

157 mg/L 

148 mg/L 

139 mg/L 

146 mg/L 

90.4 mg/L 

234 mg/L 

108000 J.lg/L 

98500 J.lg/L 

93500 J.lg/L 

90100 J.lg/L 

119000 J.lg/L 

116000 J.lg/L 

211 J.lg/L 

152 J.lg/L 

140 J.lg/L 

315 J.lg/L 

424 J.lg/L 

418 J.lg/L 
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Table IV.ll. Inorganic Contaminants Detected in Groundwater Samples from Area 7 Monitoring 
Wells 

Category Analyte 

Metals Magnesium, Total 
(continued) 

Potassium, Total 

Sodium, Total 

Anions Chloride 

Mound Plant, ER Program 
Revision 0 

Page 4 of 5 

Date Sampled 

Monitoring Well 0111 

13-Dec-87 

02-Mar-88 

29-Jun-88 

14-Sep-88 

02-Nov-90 

03-May-91 

13-Dec-87 

02-Mar-88 

29-Jun-88 

14-Sep-88 

02-Nov-90 

03-May-91 

13-Dec-87 

02-Mar-88 

29-Jun-88 

14-Sep-88 

02-Nov-90 

03-May-91 

13-Dec-87 

02-Mar-88 

29-Jun-88 

14-Sep-88 

02-Nov-90 

03-May-91 

Monitoring Well 0318 

04-Nov-90 

05-May-91 

OUS Phase 1 Area 7 Field Report 
June 1995 

Result Units 

50900 ~giL 

45200 ~giL 

43500 ~giL 

42300 ~giL 

56600 ~giL 

54000 ~giL 

79.5 ~giL 

39.8 ~giL 

20.5 ~giL 

15.6 ~giL 

43.8 ~giL 

48.5 ~giL 

8420 ~giL 

9620 ~giL 

9750 ~giL 

9190 ~giL 

12200 ~giL 

13430 ~giL 

25800 ~giL 

25400 ~giL 

25500 J.lg/L 

28600 ~giL 

34500 ~giL 

34900 ~giL 

146 mg!L 

122 mg!L 
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Table IV.ll. Inorganic Contaminants Detected in Groundwater Samples from Area 7 Monitoring 
Wells 

Category Analyte 

Anions Sulfate 
(continued) , 

Metals Calcium. Total 

Iron. Total 

Magnesium, Total 

Manganese. Total 

Potassium, Total 

· Sodium, Total 

mg/L = milligrams per liter 
Jlg/L = micrograms per liter 

Mound Plant, ER Program 
Revision 0 

Page 5 of 5 

Date Sampled 

Monitoring WeD 0111 

04-Nov-90 

05-May-91 

04-Nov-90 

05-May-91 

04-Nov-90 

05-May-91 

04-Nov-90 

05-May-91 

04-Nov-90 

05-May-91 

04-Nov-90 

05-May-91 

04-Nov-90 

05-May-91 

OU5 Phase 1 Area 7 Field Report 
June 1995 

Result Units 

93.8 mg/L 

80 mg/L 

119000 Jlg/L 

128000 Jlg/L 

822 Jlg/L 

1600 Jlg/L 

45400 Jlg/L 

47000 Jlg/L 

39.5 Jlg/L 

49.6 Jlg/L 

3930 Jlg/L 

3580 fJg/L 

37200 Jlg/L 

31200 fJg/L 

Comparison With Historical Data 
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4.5.2. Comparison of Historical Groundwater Data to Phase 2 Data 

Phase 2 groundwater samples were collected during this investigation from B03, B 11, B 13, B 14, and B 16. 

All samples were analyzed for chemical and radiological analytes except the sample from B16, which was 

analyzed only for radionuclides. Historical groundwater data is compared to data from this investigation 

in the following subsections. 

4.5.2.1. Groundwater Radiological Data 

As discussed in Section 4.5.1.1, tritium, Th-228, U-234, and U-238 were detected at least once in at least 

one of the historical wells, with tritium being the most common radionuclide. All of these radionuclides 

were detected in all of the water samples collected from Area 7 soil borings except Th-228, which was 

not detected in B11. Table IV.12 summarizes these data. As seen in Figure 4.2, the three historical wells 

(0111, 0112, and 0318) and the five sampled Phase 2 soil borings (B03, B11, B13, B14, and B16) are not 

close to each other so comparisons are difficult. However, the data sets indicate that tritium, Th-228, U-

234, and U-238 may be common in groundwater beneath Area 7. 

Table IV .12. Concentration of Selected Radionuclides Detected in 
Area 7 Phase 2 Groundwater Samples (pCi/L) 

Analyte 

B03 

Tritium 1241.9] 

Th-228 1.24 

U-234 2.66J 

U-238 2.29J 

J estimated value 
pCi/L picocuries per liter 
ND not detected 
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Boring 

Bll B13 

2373.7 8.0 

ND 1.16J 

0.44 0.23J 

0.18 0.36J 
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B14 B16 

2.0 736.8 

0.951 0.87J 

0.621 2.94J 

0.40] 3.49 
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4.5.2.2. Groundwater Organic Data 

Volatile Organic Compounds 

Neither of the VOCs common to the three historical monitoring wells (2-butanone and methyl chloride), 

were detected in groundwater samples collected during this investigation. Chloroform was the only VOC 

common to both historical and current sampling events. It was detected in well Ottt on May 7,t99t and 

on December t6, t99t, at 1.7J ug/L. Chloroform was detected only in BOt at 1.00 ug/L. 

Semi-Volatile Organic Compounds 

Bis(2-ethylhexyl)phthalate was common to historical monitoring wells Ottt and Ott2, located to the south 

of Area 7. Concentrations ranged from 5.2J ug/L (September 9, t988 from well 011t) to 74 mg/L (June 

29, 1988 from well Ott2). Bis(2-ethylhexyl)phthalate was detected in two of the four Phase 2 

groundwater samples analyzed for chemical compounds. It was detected at 2.00J ug/L from B tt and at 

8.00J ug/L from Bt4. Both of these locations are also toward the southern end of Area 7. 

• 4.5.2.3. Groundwater Inorganic Data 

• 

Anions 

Chloride and sulfate were the only anions common to all three historical wells in Area 7. Chloride 

concentrations ranged from 32.5 mg/L (December 13, t987 from well Ott2) to t53 mg/L (March 2, t988 

from well 0111). Chloride was detected in all four Phase 2 groundwater samples analyzed for chemical 

compounds. Concentrations ranged from t53.00 mg/L from Bll to 866.00 mg/L from B03. 

Sulfate concentrations from the historical wells ranged from 57 .t mg/L (May 7, t99t from well 0111) to 

234 mg/L (May 3, t99t from well Ott2). Sulfate was detected in all four Phase 2 groundwater samples 

analyzed for chemical compounds. Concentrations ranged from 25.50 mg/L from B03 to 60.50 mg/L from 

Btl. 
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Metals 

Calcium, iron, magnesium, manganese, potassium, and sodium were metals common to all three historical 

wells. Table IV .13 compares maximum concentrations of these analytes from historical groundwater 

samples to samples collected during this investigation. All of the above analytes were detected in samples 

from Bll, B13, and B14. Laboratory data for metals analysis for the sample from B03 is incomplete at 

this time, with only bismuth for that sample being reported. 

Table IV .13. Comparison of Metals from Historical Groundwater Samples and Phase 2 Samples 

Analyte Historical Samples 

Max. Value Date, Well 

Calcium 

Iron 

Magnesium 

Manganese 

Potassium 

Sodium 

J.lg/L - micrograms per liter 
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(J.Ig{L) 

128,000 

1600 

56,600 

79.5 

9750 

132,000 

5/5/91, 0318 

5/5/91, 0318 

1112190, 0112 

12113/87, 0112 

6/29/88, 0112 

12111/87, 0111 
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Current Phase 2 Samples 

Max. Value (J.Ig{L) Boring 

232,000 B13 

19,200 B14 

63,500 B13 

1590 B13 

10,700 B11 

285,000 B14 
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