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1. INTRODUCTION & SCOPE 

Radiological surveys and sampling were performed on November 14 through November 

18, 2011 pursuant to the Administrative Order on Consent and Statement of Work 

(AOC/SOW) to conduct a Remedial Investigation/Feasibility Study (RI/FS) for the North 

Alcoa Site (the Site), East St. Louis (U.S. EPA Docket No. V-W-'03-C-728, signed 

December 31, 2002) and the North Alcoa Site East St. Louis, Illinois Radiological Survey 

Work Plan (Work Plan) dated November 4, 2011. Alcoa Inc. (Alcoa) and the City of 

East St. Louis (the City) are Respondents under the Consent Order with the U.S. 

Environmental Protection Agency (USEPA). 

The Site is defined in the AOC/SOW (page 4) as: 

"Site" or "Facility" or "North Alcoa Site" shall mean the facility as that term is 

defined at 42 U.S.C. Section 9601(9), which includes the following areas in East 

St. Louis, Illinois: 1) the property located north of Missouri Avenue, which is 

approximately bounded by 29'*' St. to the west, Alton Southern Railroad to the 

east and Lake Drive to the north; and 2) areas located north of Missouri Avenue 

where hazardous substances have or may have come to be located from former 

Alcoa operations. 

The overall Site boundary set forth in the first part of this definition is shown in Figure 1. 

In the interest of facilitating Site redevelopment, the Respondents and USEPA have 

agreed that the Site will be subdivided into Operable Units. The geographic extent of 

Operable Unit No. 1 (OU-1) is shown in Figure 2, and includes the bauxite residue 

impoundments, gypsum areas, and other adjacent areas. Although not yet formalized, the 

remaining area of the Site may be addressed as Operable Unit No. 2 (OU-2). 

This reports details the results of gamma survey and soil sampling activities conducted at 

the Site in accordance with the Work Plan. The gamma surveys evaluated the site 

conditions with respect to external radiation levels, measured in units of 
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microRoentgens/hour ()iR/hr). External radiation is one of the primary risk drivers for 

remediation of the Site. Additionally, the agency has identified 40 CFR 192 as an ARAR 

for the Site, and this regulation contains closure criteria specified in radiation exposure 

rate units of |aR/hr. The soil sampling evaluated radioactive material concentrations in 

the surface and subsurface soils. 

2. BACKGROUND 

Alcoa formerly operated a bauxite refinery in East St. Louis fi-om the early 1900's to the 

1950's. The operation removed alumina from crushed bauxite using caustic liquor. The 

remaining material, termed "bauxite residue," was stored in several Residue Disposal 

Areas (RDAs). Initially, these areas were natural depressions related to Pittsburg Lake 

(an oxbow lake) and surrounding swamps. Later, RDAs were extended above grade by 

constructing perimeter dikes and filling the interior with residue. Perimeter dikes were 

constructed using another by-product of the bauxite refinery, anhydrite (CaS04) and/or 

gypsum (CaS04*2H20). 

Over the years, the pH and Sodium Adsorption Ratio (SAR) of some areas of the residue 

has decreased to a point that the bauxite residue supports growth of vegetation. 

Generally, vegetation has established in the peripheral and central areas of each RDA, but 

intermediate areas remain barren. 

The Remedial Investigafion (RI) collected radionuclide soil concentration data within the 

RDAs and associated dikes. However, during the RI no radionuclide soil concentration 

data were collected outside of these Investigative Blocks (IBs). No gamma survey data 

were collected from anywhere on Site prior to the current investigation, nor were 

background soil radionuclide concentration or background gamma exposure rate data 

available either. 

Evaluation of the baseline risk at the Site revealed that the primary risk driver is external 

radiation, with a cancer risk that is an order of magnitude greater than the risk from 
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inhalation or ingestion of radionuclides or from non-radioactive chemicals via any 

exposure pathway. For the RDAs (IB-1) and Gypsum Area (IB-2), one of the proposed 

remediation alternatives is to place a 2-foot cover over these areas. Once a cover is in 

place, the radionuclide inhalation and ingestion risk drops to zero as there is no complete 

exposure pathway. Similarly, the chemical risk drops to zero as well. The 2-foot soil 

cover serves to shield underlying radioactive material, reducing the external exposure to 

an individual at that location and thus would also reduce the risk due to external 

radiation. The gamma survey described in this Work Plan will establish the baseline 

external radiation levels and allow for quantification of the amount of external radiation 

risk reduction provided by a 2-foot soil cover. 

To date, external exposure rates and associated risk have been based upon estimating the 

external exposure rate ft-om radionuclide concentrations measured in surficial soil 

samples and the use of reasonable maximum exposure (RME) conditions. However, 

external exposure levels are driven by wide-area concentrations rather than point-wise 

conditions. With inhalation or ingestion, the intake can be a relatively small, discrete 

amount of material which results in the associated risk; however, external exposures are 

different. External exposure is due to an integration of the radiation exposure from all the 

material in the vicinity of a receptor. Material up to several meters or even further can 

contribute to the external exposure at any point. Under these conditions, the RME 

concentration of radioacfive material at any location is not as important as the average 

concentration in the vicinity of the receptor that contributes to the external exposure. 

This concept is contained in the 40 CFR 192 ARAR. 40 CFR 192.12(a) states that the 

Ra-226 concentration in soil averaged over a 100 square meter (m '̂ area and averaged 

over the top 15 centimeters (cm) (6 inches) of depth shall not exceed 5 picocuries per 

gram (pCi/g) above background. Below the top 15 cm, the concentration shall not exceed 

15 pCi/g above background in any 15 cm interval and averaged over a 100 m'area. This 

100 m^ area is the "vicinity" of the receptor that contributes the bulk of the radiation 

exposure. 
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40 CFR 192.12(b)(2) states that the level of gamma radiation shall not exceed 20 ^R/hr 

above background in any occupied or habitable building. There presently are not any 

buildings within OU-1. However, if this requirement is met outdoors, any building 

erected at a later date would necessarily have an exposure rate less than 20 |jR/hr above 

background as well. 40 CFR 192.20(b)(1) states that compliance with these 192.12 (a) 

and (b) requirements should be demonstrated through radiation surveys designed to 

measure compliance averaged over defined areas (i.e., 100 m"). This is the basis for 

conducting the gamma surveys and establishing a correlation between radionuclide 

concentrations in the soil and gamma exposure rates. 

3. WORK PERFORMED 

3.1 Methodology 

The North Alcoa Site East St. Louis, Illinois Radiological Survey Work Plan (Work Plan) 

dated November 4, 2011 specified the following activities to be performed: 

• Gamma surveys over accessible areas 

• Collection of surface soil samples 

• Collection of subsurface soil samples 

• Determination of background soil concentrations and exposure rates. 

Gamma surveys were performed with 3"x 3" Nal detectors connected to GPS-enabled 

dataloggers at a height of 1 meter above the ground surface. This height equates to the 

lower torso of most individuals and is considered representative of the exposure to an 

individual on the site. For areas accessible by an All Terrain Vehicle (ATV), i.e., 

Kawasaki Mule, surveys were performed on transects spaced approximately 10 meters 

apart traversed at a speed of no more than 2 m/s with measurements logged every 2 

seconds. The Nal detector was mounted on an extension off the back of the ATV with a 

clear view of the ground. Areas clear of vegetafion or with vegetation that could be 

driven over by the ATV were surveyed in this manner. A greater than expected portion 

of the phragmites-covered areas were able to be surveyed on the ATV with only the areas 

with the densest and/or tallest stands of phragmites being inaccessible by the ATV. 
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Areas inaccessible to the ATV were surveyed on foot where on-foot access was possible. 

Manual surveys were collected on wider-spaced transects than was performed with the 

ATV. The spacing of the manual transects was largely determined by accessibility 

constraints. The location and spacing of transects was field-determined with the 

objecfive of making 4-5 transects over each feature. Some areas were not accessible by 

either means and were not surveyed. Areas with standing water were not surveyed due to 

the hazard posed by the water and the shielding effect of the water which would negate 

the effecfiveness of the gamma survey. 

Locations for surface soil samples were selected based upon two objectives. The first 

was to obtain radiological data in areas where no such data had previously been obtained. 

These areas include IB-3, IB-4, and background data. The second objective was to 

establish a correlation between radionuclide concentrations and gamma survey 

measurements. To meet the second objective, the results of the gamma surveys were 

used to select locations representative of a range of gamma exposure rate levels. 

A five-point composite sample was collected at each selected location. One point was 

centered at the sampling location with the other 4 points placed 2 meters away from the 

central point at 90 degree angles fi-om each other (i.e., the cardinal directions). Each 

sample was approximately a half-liter in volume and was collected from the top 15 cm (6 

inches) of soil. This composite sample was designed to collect samples representative of 

the field of view of the radiation detector. 

A total of 26 locations were sampled, 5 for determination of background concentrations, 

7 in IB's 1 and 2 combined, 9 in IB-3 and 5 in IB-4. At three of these locations, the 5 

parts of the composite sample were individually sampled in addition to extraction of an 

aliquot for analysis from the composite. This was done to permit evaluation of the 

representativeness of the composite sample compared to the individual portions of the 

composite as requested by the EPA. 
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All soil samples were analyzed for Ra-226, Ra-228, and U-238. Th-232 was considered 

to be in equilibrium with Ra-228 rather than performing a separate analysis for Th-232. 

Table 1 provides the analysis methods used. These analyses are consistent with the 

Remedial Investigation data previously collected for radionuclides in IB-1 and IB-2. The 

uranium analysis method used is based on alpha spectroscopy rather than EPA Method 

E908.0 (kpa, mass-based measurement). Conversion between the two methods can be 

made as needed based on the specific activity of U-238. Samples were sent to Eberline 

Services in Oak Ridge, TN, a NELAP accredited laboratory, for analysis. 

Table 1. Radionuclide Analysis Methods 

Analyte 

Ra-226 

Ra-228 

U-238 

Method 

E903.0 

E904.0 

EML U-02 Mod 

Subsurface soil samples were collected in areas where it was suspected that there may be 

bauxite residue and/or gypsum at depth but not on the surface. Field determination of 

sample locations was made based on gamma survey results and previous subsurface 

sampling results, with a total of 10 locations selected. 

,TM Subsurface soil samples were collected with a Geoprobe direct push drill rig using 1.75 

inch PVC core liners. The borings were advanced to a depth of 12 feet below ground 

surface. The liners were opened with a sampling kit including a core holder and a 

double-hook core cutter for collection of the samples at the desired depth interval(s). The 

cores were examined for evidence of residue, gypsum, or other materials associated with 

Alcoa operations. Additionally the cores were scanned with a radiation detector to 

determine if any depth interval exhibited elevated radiation levels. If such material was 

found, a sample of that material was collected. Examination of the cores for the radiation 

survey and sampling resulted in sufficient disturbance of the cores that retention of the 

remainder in an organized manner was not possible. Samples were analyzed for the same 

constituents as for the surface samples given in Table 1. 

Foxfire Scientific, Inc. 



3.2 Gamma Survey completeness 

Areas surveyed by ATV were performed on 10-meter or less transects with limited 

exceptions. In most areas, the transects paralleled terrain features rather than being 

straight lines. Straight line transects were limited to large open areas, primarily the ball 

fields and the Paule property in IB-3a. Areas surveyed on foot were surveyed in a 

manner to achieve 4-5 transects through any given feature. This objective was met for 

those features large enough to merit multiple transects, the notable exception being the 

tops of berms. The area where this was applied included IB-la and the wooded portions 

ofIB-3b. 

The radiation detector was checked for proper operation at the beginning of each day by 

verifying the battery charge, observing expected response to ambient radiation levels and 

response to the check source located on the side of the meter case. Gamma survey data 

were downloaded from the dataloggers multiple times per day. A running depiction of 

the areas that had been covered was maintained and used to plan the surveys for 

subsequent survey sessions. This routine also allowed for the repetition of surveys where 

the data were suspect or failed to record. The survey completeness by area is: 

• RDA 1/IB-la: All of this RDA was surveyed except for one area on the south side 

where there was standing water. Most surveys were on foot except for where paths 

had been cleared through the brush by a bulldozer, and along the flat bauxite residue 

surface where the outflow to the dike breach is present. 

• RDA2/IB-lb: The perimeter of the bauxite residue on the south and west sides was 

surveyed along with limited portions of the east side. The remaining area contained 

standing water or was very marshy and was not surveyed. Most of the survey was 

performed on the ATV. 

• RDA 3/IB-lc: Surveys were completed except for a central annular area where the 

phragmites were sufficiently dense to be inaccessible both on ATC and on foot. Most 

of the survey was performed on the ATV. 

• Gypsum Dikes/IB-2: The portion of IB-2 south of the RDAs was surveyed in its 

entirety. Most of the survey was performed on the ATV. The north portion of IB-2 

along the south edge of IB-4a was not surveyed due to accessibility issues. It was 
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surrounded by standing water and consisted of very steep terrain not safe for on-foot 

surveys. 

• Paule property/IB-3 a: This area was surveyed in its entirety by ATV. 

• IB-3b: This area was surveyed primarily on foot except for portions within the Paule 

property that were cleared. Minor portions were not surveyed due to activities on the 

Paule property (brush piles, equipment parking, active brush burning pit). On-foot 

coverage met with established expectations. The area along the border with IB-4e was 

surveyed but the data rejected due to corruption of the GPS fix data associated with 

the logged measurements, resulting in no usable data for this area. 

• IB-3c: The area was surveyed in its entirety by ATV. 

• IB-4a & lB-4b: These areas contained standing water or were marshy to the point of 

being inaccessible. Only limited data along the perimeter of these areas was 

obtained. 

• Ball fields/IB-4c: This area was surveyed in its entirety by ATV except for the eastern 

and southern edges where heavy brush was present, which were surveyed on foot. 

• IB-4d: This area contained standing water or was marshy to the point of being 

inaccessible. Only limited data along the perimeter of this area was obtained. 

• IB-4e: No data from this area was obtained due to the lack of access agreements with 

the landowners. 

3.3 Background Surveys 

Background gamma surveys were performed in the western portion of Frank Holten State 

Park, the undeveloped area east of IB-3a and the Alton & Southern railroad tracks at the 

south comer of the site (agricultural field). The northwest portion of the ball fields was 

also used as a background area as described in the Work Plan. Parallel transects and an 

enclosing perimeter survey were performed in the agricultural field and at Frank Holten 

State Park. For the ball fields, the surveyed area north of 706400 feet North and west of 

2307900 feet East (Illinois State Plane West, NAD 1983, feet) was used as the 

background reference area. 
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4. RESULTS 

4.1 Background Gamma Radiation Levels 

From each area, the survey results were filtered to exclude points not at least one foot 

from the previous logged survey location. This serves to limit duplicate measurements at 

a single location which could bias analysis of the results. Filtering in this manner 

resulted in 367 measurements at the ball fields, 388 from Frank Holten State Park, and 

538 from the agricultural field. The pertinent statistical results from this data set are 

given in Table 2. Based on these results, any survey results less than 14 )iR/hr are 

considered to be background. 

Table 2. Background Statistical Analysis. 

Parameter 

Mean 

Standard deviation 

Minimum 

Maximum 

95'^ percentile 

Value (^R/hr) 

11.6 

1.8 

7 

20 

14.3 

4.2 Background Soil Concentrations 

Five background soil concentration samples were collected, 2 from Frank Holten State 

Park, 2 from the agricultural field southeast of the site, and 1 from the northwest edge of 

the ballfield. These locations and the measured concentrations are shown in Figure 3. 

Sample location BKG-4 was selected as a duplicate sample. For this location, the 

average of the original and duplicate result was used to determine the concentration at 

this location. Sample location BKG-5 was selected as the background sample location 

where the individual components of the composite sample were analyzed in addition to 

the composite. For determination of the average background soil concentration, only the 

composite result was used for consistency with the other samples. Comparison of the 

composite with the individual components is discussed in Section 4.7. The average 

background soil concentrations are given in Table 3. 
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Table 3. Average Background Radionuclide Concentrations 

Radionuclide 

Ra-226 
Ra-228 
U-238 

Average 
(pCi/g) 

2.14 
1.31 
1.20 

Standard deviation 
(pCi/g) 

0.66 
0.40 
0.54 

These concentrations are used to determine the net radionuclide concentrations for the 

samples within each investigation block, i.e., the concentration in excess of background. 

4.3 Gamma Survey Results 

Figure 4 depicts the results of the gamma survey. The exposure rate ranges are based on 

the correlation of exposure rate with the Ra-226 concentration as discussed in more detail 

in Section 4.6. The lowest range is less than or equal to 34 |iR/hr. This equates to those 

areas with a Ra-226 soil concentration of 5 pCi/g or less above background at the 95% 

confidence level. The next range is 34-44 |iR/hr. 44 [iR/hr is the average exposure rate 

that correlates to a Ra-226 soil concentration of 5 pCi/g above background. For the next 

level, 54 [iR/hr equates to those areas with a Ra-226 soil concentration of 5 pCi/g or more 

above background at the 95% confidence level. As expected, the RDAs exhibit the 

highest radiation levels, with exposed bauxite residue measuring 54 fiR/hr and higher. 

The highest radiation levels are within the IB-la "canyons." These higher readings are 

due to the geometric effect of having exposed bauxite residue both underneath the 

detector and on the sides in close proximity. 

Outside of the RDAs, the radiation levels are much lower. Most of the measurements in 

excess of 54 )iR/hr exhibit identifiable patterns. The trends present in the radiation levels 

outside the RDAs are: 

1 Surface deposition of bauxite residue eroded from RDA-1 results in increased 

radiation levels in the low-lying areas in IB-3c and the northwest portion of IB-

3b. 

2 Elevated levels are present in the southeast portion of IB-3b and are most likely 

associated with additional runoff from the area of the RDA-1 dike breach or may 
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also be associated with runoff from RDA-2 and erosion from the excavation along 

the south dike wall of RDA-2. 

3 Elevated levels are present along the east edge of IB-4b near the railroad tracks. 

4 Elevated radiation levels along the east portion of the ball fields correspond to 

areas where it is suspected that subsurface bauxite residue is present. 

Core samples collected in the outflow area from the IB-la dike breach indicated bauxite 

residue depths of 1.5 feet in the eastern portion of this area and 0.5 feet in the western 

portion. The bauxite residue appears to be limited to the top layer of soil and is underlain 

by cinders and native silts and clays. The vegetation in the areas exhibiting elevated 

radiation levels is dominated by phragmites with some interspersed light brush. A 

portion of this outflow area extends into the northern portion of the Paule property that 

has been cleared. A similar elevated area near the center of the Paule property along the 

access road to the site had a bauxite residue layer 1 to 2.5 feet below ground surface 

along with additional thin bauxite layers at greater depth. This location potentially had 

bauxite residue mixed with the clay in the top one foot as well. 

The southeast portion of IB-3b is the lowest elevation area along the southern portion of 

the site and would logically accumulate runoff from other areas. No core samples were 

collected in this area as it is inaccessible by vehicle. An attempt to enter this area with a 

bulldozer by AMEC was unsuccessful, resulting in the bulldozer becoming buried above 

the height of the tracks immediately upon entry into the area. Under a thin hard crust, the 

underlying soil was very muddy and saturated with water. The hole made extracting the 

bulldozer filled with water to within a couple inches of the ground surface by the next 

day. 

The core collected in the eastern portion of the ballfields indicated a layer of bauxite 

residue 7 feet thick at a depth of 4 feet overlaid by 3 feet of loose cinders and a one foot 

layer of brown clay at the surface, confirming the data from previous core samples which 

indicated buried bauxite residue. The measured dose rate was 22 ^R/hr, less than the 34 

|j,R/hr action level associated with areas below the 40 CFR 192 ARAR. 
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4.4 Surface Soil Sampling 

21 soil samples were collected, 7 in IB's 1 and 2 combined, 9 in IB-3 and 5 in IB-4. 

Within IB-1 and IB-2, previous investigations had adequately sampled those areas. 

These samples were collected with the single purpose of establishing a correlation 

between soil concentrations and gamma survey exposure rates. The sample locations 

selected in IB-3 and IB-4 were based both on establishing a correlation between soil 

concentrations and gamma survey exposure rates and to obtain radiological data in areas 

where these had not previously been collected. More locations in IB-3 than in IB-4 were 

selected based on the larger amount of accessible area in IB-3 compared to IB-4. 

All the selected locations were chosen based on the results of the gamma surveys. The 

locations were selected to correspond to the whole range of observed gamma exposure 

rate measurements for each investigation block and to provide broad geographic coverage 

of the areas. 

The results of this sampling are shown in Figure 3 and in Table Al. The laboratory Level 

4 reports are provided in Attachment C. The highlighted Ra-226 concentrations in Figure 

3 are locations where the Ra-226 concentrations exceed 5 pCi/g above background, the 

40 CFR 192.12(a) ARAR. All of these locations are associated with surface deposits of 

bauxite residue, both within the RDAs and outside of them. Outside the RDAs, 3 

exceedances are in the downstream deposition area from the IB-la dike breach. At other 

two locations, IB3-2 and IB3-3, the characteristic red-brown color of the bauxite residue 

was clearly visible. 

None of the locations had concentrations in excess of 15 pCi/g above background. 

Therefore, all sampled locations would be in compliance with the 40 CFR 192.12(a) 

ARAR if a cover at least 6 inches thick is applied. 
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4.5 Subsurface Soil Sampling 

Subsurface core samples were collected from areas outside the residue disposal areas. 10 

core samples were collected, 7 within IB-3, 2 in IB-4, and 1 in IB-1. These locations, the 

sampled depth interval, and radionuclide concentrations are shown in Figure 5 and in 

Table A2. The location in IB-1 was in the outflow area fî om the dike breach and not 

within the confines of the original residue disposal area. The locations were selected 

based on professional judgment of locations that would contribute information potentially 

usefiil in designing a remediation plan. To that end, three locations (Cores 1, 2, and 3) 

were selected in the outflow area from the IB-1 a dike breach area to determine the 

thickness of the surface bauxite residue layer in those areas. Two locations (Cores 4 and 

8) were selected on the basis of elevated gamma survey measurements and observed 

surface deposits of bauxite residue. Two more (Cores 7 and 10) were chosen on the basis 

of elevated gamma survey measurements in areas which did not exhibit visible surface 

deposits of bauxite residue. The last three locations (Cores 5, 6, and 9) were selected as 

locations without elevated gamma survey measurements to characterize areas not 

otherwise covered. 

Each core was surveyed to determine if any depth interval exhibited elevated 

measurements. No elevated measurements were noted in any of the cores. This is 

attributed to the limited amount of material fi-om the relatively small diameter cores. The 

selection of a depth interval to sample was based on examination of the core logs. The 

core logs are provided in Appendix B. Cores typically contained layers of bauxite 

residue, cinders, carbon nodules mixed in clay, clays colored red-brown or various shades 

of gray, and sands and silts of various colors. If bauxite residue was observed in the core, 

a sample was taken from the depth interval containing the residue. If there was no 

bauxite residue present, the sampled interval was chosen to collect samples from the fiill 

spectrum of material types observed in all the cores. 

All subsurface sampled intervals contained Ra-226 concentrations less than the 40 CFR 

192.12(a) ARAR. Therefore, no further action is required for these locations. One core 

was sampled in the top 1 foot interval. This core (#1) is within the outflow area from the 
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IB-la dike breach and is less than the 40 CFR 192.12(a) ARAR for subsurface soils but 

not for surface soils. As with the surface samples, compliance with the 40 CFR 

192.12(a) ARAR would be achieved once a cover at least 6 inches thick is applied. 

4.6 Correlation of Survey Measurements to Soil Concentrations 

Soil Ra-226, Ra-228, and U-238 concentrations were compared with the gamma 

exposure rate measurements at the same locations. It was assumed that there was a linear 

relationship between the soil concentration and the exposure rate and that the data were 

normally distributed. This is consistent with the normally distributed measurement 

uncertainty used for soil concentrations. A simple linear regression analysis was 

performed on the data for each radionuclide. 

Figure 6 plots the gamma exposure rates versus the sample Ra-226 concentrations. The 

mean correlation trend line is plotted along with confidence intervals corresponding to 

Type 1 and Type 2 error rates of 5%, or respective 95% confidence levels. For 

remediation purposes, Type 1 errors (underestimating the soil concentration) are the more 

significant. This is equivalent to a 95' percentile upper confidence limit. With a Type 1 

error rate of 5%, a Ra-226 surface soil concentration of 7.14 pCi/g, 5 pCi/g above 

background, equates to an exposure rate of 34.41 |xR/hr. 

Figure 7 plots the gamma exposure rates versus the sample Ra-228 concentrations. The 

mean correlation trend line is plotted along with confidence intervals corresponding to 

Type 1 and 2 error rates of 5%. The correlation for Ra-228 is tighter than for Ra-226. 

This result is expected as Ra-228 and its decay products include more gamma emitters 

than does Ra-226 and its decay products. There is no proposed ARAR for Ra-228 soil 

concentrations. However, should the need arise to estimate Ra-228 soil concentrations 

from gamma exposure rate data, this correlation will permit such a determination. 

For U-238, there is no correlation of exposure rate with soil concentration. This is 

unsurprising since U-238 decay products prior to Ra-226 do not emit many penetrating 

gamma rays which would contribute to ambient gamma exposure rates. 
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4.7 Soil Compositing Comparison 

At three locations, the five individual pieces of the 5-point soil composite were analyzed 

separately. The purpose of this analysis was to determine if the composite sample was 

representative of the individual samples. To make this determination, two comparisons 

were made; 1) the average of the individual sample results was compared to the 

composite results, and 2) the individual results were compared to the uncertainty of the 

composite results. Since each sample was analyzed for three constituents, there are nine 

possible points of comparison. 

Table 4 presents the comparison of the average of the individual sample results with the 

composite results. All but one result had a relative difference of less than one. In other 

words, the average concentration in the individual samples was less than the uncertainty 

in the composite results in all but one instance. This is well within the expected 

variability for data that are normally distributed, where approximately 2/3"̂  ^ of the results 

would be expected to have a relative difference less than 1.0. 

Table 5 compares the distribution of the individual results with the uncertainty of the 

composite results. Of the 45 individual results, 34 have a relative difference of less than 

one. For a normally distributed population, the expectation would be that 30 would have 

a relative difference of less than one. Two individual results have a relative difference of 

greater than 2, the expected number for a normally distributed population. As with the 

previous comparison above, this result is consistent with the expected behavior of 

normally distributed data and well within the expected variability for that data. 
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Table 4. Comparison of Composite with Individual Sample Average. 

BKG-5 Ra-226 

BKG-5 Ra-228 

BKG-5 U-238 

IB 1/2-4 Ra-226 

IB 1/2-4 Ra-228 

IBl/2-4 U-238 

1B3-6 Ra-226 

IB3-6 Ra-228 

IB3-6 U-238 

Composite 
pCi/g 

1.35 

1.69 

1.10 

8.05 

11.74 

3.11 

2.34 

1.64 

1.25 

Average 
pCi/g 

1.71 

1.74 

0.92 

10.19 

12.23 

2.96 

2.11 

1.47 

1.04 

Difference 
pCi/g 

0.37 

0.05 

0.19 

2.14 

0.49 

0.15 

0.22 

0.16 

0.22 

Relative 
Difference 

0.80 

0.08 

0.69 

1.54 

0.49 

0.31 

0.35 

0.28 

0.74 

Table 5. Individual Results Relative Difference. 

Location 

BKG-5C 
BKG-5 E 
BKG-5N 
BKG-5S 
BKG-5W 
IB1/2-4A 
IB1/2-4B 
IB1/2-4C 
IB1/2-4D 
1B1/2-4E 
IB3-6A 
IB3-6B 
IB3-6C 
IB3-6D 
IB3-6E 

Relative Difference 

Ra-226 

0.19 
0.78 
0.29 
0.00 
2.74 
1.22 
4.13 
1.28 
0.42 
0.64 
0.08 
0.86 
0.86 
0.34 
0.30 

Ra-228 

0.48 
0.67 
0.35 
0.54 
0.30 
0.73 
1.83 
0.69 
1.59 
0.44 
0.21 
0.08 
1.37 
0.45 
0.72 

U-238 

0.40 
1.22 
1.23 
0.21 
0.38 
0.53 
0.15 
0.04 
0.60 
0.23 
0.21 
0.40 
1.98 
1.38 
0.15 
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5. CONCLUSIONS 

Gamma radiation level patterns exhibit logical patterns. The RDAs, with thick layers of 

bauxite residue, contain the highest radiation levels, with levels consistently more than 54 

|iR/hr. Outside the RDAs, elevated radiation levels are primarily limited to low-lying 

areas that have historically collected runoff from the RDAs. This is especially true for 

runoff from the breached dike of RDA-1. The radiation levels in areas that have 

collected runoff mostly exceed 34 [iR/hr with surface bauxite residue thickness varying 

from a few inches to a couple feet. It is reasonable to assume that marshy areas or areas 

with standing water contain similar elevated areas as those that could be surveyed. 

The gamma survey also demonstrated sensitivity to near-surface bauxite residue as 

evidenced by radiation levels and core logging in the area of the ball fields and on the 

Paule property. Bauxite at a depth of 1 foot was readily detectable on the Paule property, 

whereas deeper-buried material in the ball fields was less detectable. The material on the 

ballfields was overlain by low-density dry cinders which provide less shielding than 

would be provided by a soil cover of similar thickness. 

All soil samples in this investigation, as well as in the previous RI investigation, had Ra-

226 concentrations less than 15 pCi/g above background. Soil samples of materials other 

than the bauxite residue had Ra-226 concentrations of less than 5 pCi/g above 

background. Therefore compliance with the 40 CFR 192.12(a) ARAR can be achieved 

by covering exposed bauxite residue with at least 6 inches of cover. For relatively thin 

surface layers of bauxite residue, such as in the outflow area from the IB-la dike breach 

and portions of IB-3a and IB-3b, removal of the surficial layer of bauxite residue may be 

more effective and allow less restriction on the property use. 

The measured gamma exposure rates correlated well with both the soil Ra-226 and Ra-

228 concentrations, and did not correlate at all with the U-238 concentrations. For 

comparison to the 40 CFR 192.12(a) surface soils ARAR of 5 Ci/g above background for 

Ra-226, this equates to a gamma exposure rate of 34.41 [iR/hr with a Type I (false 

Foxfire Scientific, Inc. i o K ^ ^ 19 



negative) error rate of 5%). Areas with exposure rates below this level averaged over 100 

m are in compliance with the 40 CFR 192.12(a) ARAR. Areas with exposure rates 

between 34 and 44 î R/hr may still be in compliance with the ARAR even though the 

gamma survey cannot confirm this with sufficient accuracy. ARAR compliance for these 

areas should be determined via soil sampling or remediation sufficient to reduce the dose 

rate to less than 34 ^R/hr should be performed. Areas with exposure rates above 44 and 

especially 54 (iR/hr require remediation for compliance with the ARAR. 

Comparison of the composite samples with the individual components of the composite 

samples demonstrated that the composite samples are consistent with the average 

concentration of the individual samples, the differences being within the expected 

statistical uncertainty. Therefore, the composite sample is an accurate representation of 

the average concentration of the individual components of the composite sample. 

Foxfire Scientific, Inc. ^ ^ ^ L 20 
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Table Al. Surface Soil Sample Results 

Sample 
ID 

BKG-1 
BKG-2 
BKG-3 
BKG-4 
BKG-4 
BKG-5 
BKG-5C 
BKG-5E 
BKG-5N 
BKG-5 S 
BKG-5W 
IB 1/2-1 
IB 1/2-1 
IB 1/2-2 
IB 1/2-3 
IB 1/2-4 
IB1/2-4A 
IB1/2-4B 
IB1/2-4C 
IB1/2-4D 
IB1/2-4E 
IB 1/2-5 
IBl/2-6 
IB 1/2-7 
IB3-1 
IB3-2 
IB3-3 
IB3-4 
IB3-5 
IB3-6 
IB3-6 
IB3-6A 
IB3-6B 
IB3-6C 
IB3-6D 
IB3-6E 
IB3-7 
IB3-8 
IB3-9 
IB4-1 
IB4-2 

Easting 

2310566 
2310572 
2307651 
2312710 
2312710 
2312612 
2312612 
2312612 
2312612 
2312612 
2312612 
2308179 
2308179 
2308459 
2309890 
2309998 
2309998 
2309998 
2309998 
2309998 
2309998 
2311294 
2310283 
2311068 
2308992 
2308915 
2308627 
2308681 
2308731 
2308404 
2308404 
2308404 
2308404 
2308404 
2308404 
2308404 
2307949 
2308550 
2309727 
2308887 
2308261 

Northing 

701953 
701791 
706708 
705144 
705144 
705253 
705253 
705253 
705253 
705253 
705253 
705257 
705257 
705354 
705469 
705359 
705359 
705359 
705359 
705359 
705359 
704956 
704996 
705552 
703377 
703600 
703896 
703217 
703571 
704985 
704985 
704985 
704985 
704985 
704985 
704985 
704969 
704774 
702842 
706620 
706248 

Sample 
Type 
TRG 
TRG 
TRG 
DO 

DUP 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
DO 

DUP 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
DO 

DUP 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 

Ra-226 
pCi/g 

1.69 
2.18 
3.04 
1.93 
2.96 
1.35 
1.43 
1.70 
1.48 
1.35 
2.60 

12.51 
13.57 
11.43 
11.87 
8.05 
9.75 

13.79 
9.83 
8.64 
8.94 

11.20 
10.37 
9.33 
2.37 

12.57 
7.92 
2.13 
4.45 
2.34 
2.84 
2.29 
1.79 
1.79 
2.55 
2.15 

12.64 
14.07 
5.22 
2.84 
2.13 

Ra-228 
pCi/g 

1.14 
0.72 
1.62 
1.43 
1.34 
1.69 
2.01 
1.24 
1.92 
2.05 
1.49 

12.97 
14.00 
14.93 
11.54 
11.74 
11.00 
13.59 
11.04 
13.35 
12.19 
25.89 
15.73 
24.98 

1.27 
15.08 
7.71 
1.44 
2.92 
1.64 
1.17 
1.51 
1.59 
0.83 
1.37 
2.06 

13.36 
13.35 
3.77 
1.95 
0.85 

U-238 
pCi/g 

1.11 
0.73 
2.13 
1.01 
0.91 
1.10 
0.99 
0.77 
0.77 
1.04 
1.00 
6.26 
5.98 
5.64 
2.97 
3.11 
2.85 
3.04 
3.09 
2.82 
3.00 
1.84 
1.22 
2.08 
0.90 
1.59 
1.51 
0.89 
3.21 
1.25 
1.44 
1.32 
1.14 
0.67 
0.85 
1.21 
5.41 
5.80 
2.67 
2.48 
0.91 
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Sample 
ID 

IB4-3 
IB4-4 
IB4-5 

Easting 

2307987 
2307755 
2307963 

Northing 

705831 
705877 
706259 

Sample 
Type 
TRG 
TRG 
TRG 

Ra-226 
pCi/g 

2.92 
4.53 
6.43 

Ra-228 
pCi/g 

1.70 
2.33 
1.53 

U-238 
pCi/g 

2.35 
2.89 
4.12 

Table A2. Subsurface Sample Results 

Sample 
ID 

COREl 
0-1 
CORE 1 
0-1 
CORE 2 
11-12 
CORE 3 
2-3 
CORE 4 
4-5 
CORE 5 
4-5 
CORE 6 
10-11 
CORE 7 
5-6 
CORE 8 
2-3 
CORE 9 
5-6 
CORE 10 
8-9 

Easting 

2307876 

2307876 

2308199 

2308918 

2309331 

2307627 

2309125 

2308894 

2307769 

2308846 

2308253 

Northing 

705088 

705088 

705296 

703579 

703018 

704910 

704356 

703922 

706655 

706346 

704844 

Sample 
Type 

DO 

DUP 

TRG 

TRG 

TRG 

TRG 

TRG 

TRG 

TRG 

TRG 

TRG 

Ra-226 
pCi/g 

12.46 

9.39 

7.53 

8.77 

7.09 

3.69 

5.95 

4.45 

6.43 

6.23 

0.08 

Ra-228 
pCi/g 

10.99 

9.77 

7.52 

10.36 

13.11 

1.78 

3.83 

1.07 

7.14 

1.45 

7.81 

U-238 
pCi/g 

4.76 

4.85 

8.31 

4.15 

2.23 

1.34 

5.56 

2.86 

7.08 

0.89 

5.40 
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Appendix C 

Laboratory Analytical Data Reports 

Foxfire Scientific, Inc. 
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