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2.7 Optimize the Design for Obtaining Data 

2.7.1 Surface Soils 

This SAP will use a linear regression double sampling technique to estimate the activity of 

actinides in surface soils. The double sampling method (Gilbert, 1987) was selected because 

there is a strong linear correlation between 241Arn and 239’240Pu in the Investigation Area 

surface soils. The process flow for quality control of HPGe measurements is shown in Figure 

2.1. 

HFGe measurement will determine activities of 241Am, 235U and 238U in surface soils, The 

sum of ratios equation requires input activities for 241Am, 239/240Pu, 234U, 235U, and 238U. 

Therefore, activities for 239/24oPu and 234U will be required to complete the sum of ratios 

calculation. 239/240Pu and 241Arn are known to have a linear relationship and a high 

coefficient of correlation. Two hundred and eleven surface soil samples collected in support of 

the OU2 Phase I1 RFI/RI produced a correlation coefficient of 0.96 when 239/24oPu was 

regressed from Z41Am. 241Am activities in surface soils can be measured with less expensive 

in situ gamma-ray spectroscopy methods to determine 2391240Pu concentration rather than 

239/240Pu concentrations determined from expensive radiochemical techniques performed in a 

laboratory, 

I #  

The 239/24oPu soil sample results from the laboratory and the HPGe 24lArn measurements will 

be correlated through linear regression to detewwe ’ verify the relationship established between 

the two radionuclides activities from previous samplings studies. The quantitative relationship 

will allow determination of 239/240Pu in soils from HPGe 241Am measurements for consequent 

comparison with RFCA Tier I soil action levels for the Buffer Zone (hypothetical resident, 85 

millirem annual dose) based on HPGe measurements alone. 

Activities of 234I-J will be determined from 238U results, based on the fact that 234U is irl 

equilibrium with 238U. Equilibrium between a parent (238U) and daughter (234U) indicates 

that the activity ratio between these two isotopes should be near 1 .O. Analytical data collected in  

support of the OU2 Phase [I  RFIIRI CDH surface soil sampling program (DOE, 1995a) supports 

this relationship with an mean activity ratio of 0.97 between the two isotopes. Activities of 

234U will be estimated from 238U results. 
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The OU2 Phase I1 RFI/RI report states that 90% of the total actinide activity is located in the top 

15 cm (6 in) of soils. Further evaluation of data for soil profile Pits TR04, TR05, TRO9, TRl1, 
and TR12, all of which are located within undisturbed areas in the Investigation Area, indicates 

that 70 to 88% of the total actinide activity is in the upper 6 cm (2.4 in) of soils. Therefore, soil 

samples will be collected to a depth of 5 cm (2 in) for correlation with HPGe measurements. 

HPGe results will be integrated over a depth of 5 cm (2in). The 5 cm (2 in) depth was selected 

based on the fact a majority of the activity is in the upper 2.4 cm (1 in) and.that numerous OU2 

RFI/RI surface soil data, collected from 0 - 5 cm (0 - 2 in), currently exists in the study area for 

comparison purposes. The detection frequency of OU2 surface soil 241Am is provided in Figure 

2.2. I ’  

2.7.2 Subsurface Soils 

Determination of the vertical and thus the areal distribution of radiological contaminants will be 

optimized through a “step-out” boring approach. This will be implemented by the placement of 

a boring half way between locations exhibiting radiological contaminants above and below Tier I 

soil action levels respectively. Only one “step-out” boring will be completed per original grid 

sample location, as needed. 

Determination of the vertical and areal extent of VOC contaminants will be optimized through a 

“step-out” boring approach. This will be implemented by the placement of a boring upgradient 

of a boring with analytical results indicating VOCs are above 10 % of the RFCA Tier I action 

level. The sampling grid will be extended an additional 6.1 m (20 ft) in an upgradient direction 

(based on the potentiometric surface, [DOE, 19951) of that location and additional samples will 

be collected for laboratory analysis. 

3.0 SAMPLING AND ANALYSES - STRATEGY AND DESIGN 

Radiological contamination in the Americium Zone surface soils will be evaluated using EIPGe 

in situ gamma-ray spectrometry methodology. Subsurface soil samples will be collected to 

further refine the depth of radiological contamination. HPGe results will be correlated to 

I radiochemical data by the analysis of surface soil samples collected from 4-56 HPGe survey 

measurement locations. The soil samples will be collected over the same depth interval as the 

HPGe measurement. 
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The vertical and lateral extent of radiological and VOC contamination at the 903 Pad and Lip 

Area will be assessed utilizing GeoprobeQ or conventional hollow-stem auger drilling 

techniques to collect subsurface soil samples for analysis. Asphalt samples from the 903 Pad 

will be collected to obtain a preliminary waste characterization data for disposal purposes. Field 

activities will be performed in accordance with FO. 1, Air Monitoring and Particulate Control. 

3. I Radiological Contamination 

The areal extent of radiological surface soil contamination will be primarily assessed using a 

non-intrusive in situ gamrna-ray spectrometry techniques (Le., HPGe survey) and collection of 

surface soil samples for isotopic laboratory analysis for correlation of the HPGe result?. Vertical 

and areal extent of radiological contamination will be assessed with subsurface soil samples 
I 

I submitted for isotopic laboratory analysis using gamma and alpha spectrometric methods. 

Follow-up FIDLER surveys may be performed to further refine the areal extent of radiological 

contamination. 

3.1.1 Surface Soil Investigation 

The surface soil investigations will be implemented by performing an HPGe survey and 

collecting surface soil samples at HPGe measurement locations with predetermined z4 1Arn 

activities. The soil sample results and HPGe measurement results will be correlated to estimate 

activities of radionuclides for input into the RFCA sum of ratios equation. 

Field Preparation - Reference stakes for the HPGe grid will be placed in the field before and 

during data collection activities. From these stakes, the HPGe survey grid will be laid out using 

I -manual methods, at the l h 3  m triangular grid spacing specified below. Each 

measurement point will be staked, flagged, and numbered for reference by the HPGe crew. 

HPGe Survey - The HPGe survey will be initiated in the Americium Zone adjacent to the Lip 

Area’s eastern boundary in this area and proceed eastward. Subsurface soil results are required 

in the Lip Area prior to performing the HPGe survey. In the Lip Area it will be assumed that i f  

subsurface soil contamination exists, the overlying surface soils will require similar remedial 

action and these soils and will be included into the volume estimate of soil exceeding the Tier I 

action level. HPGe surveys will therefore not be required in portions of  the Lip Area where 
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subsurface soils exceed Tier I action levels. Figure 3.1 shows the configuration of a typical 

HPGe survey grid. 

903 Pad 0 0 

Lip Area 58440 0 

Americium Zone 875 18 (6 locations) 

c886 45 . .  I- 

The t q w k m & d  HPGe system will be used to determine the average 241Am, 238 U and 235 

U activity over a FOV with a diameter of 12 meters (39.4 ft) and an area of I13 m2 (1,217 ft2 or 

2.8 x 10.' acre) with an appropriate detector height of approximately 1 m (3.28 ft) above the 

ground surface. Thus the EA has been defined to be single HPGe measurement with a FOV of 

12 m (39.4 ft) in diameter. A 1 h 3  m triangular grid spacing to achieve 747% coverage which 

translates to 8472 HPGe measurements for complete coverage of a 2.5-acre area. Table 3.1 

provides an estimate of the number of HPGe measurements proposed in the Lip Area and 

Americium Zone (assuming full coverage is required). 
I '  

Table 3.1 Surface Soil Investigation - Field Program 

I 1 I 

1 = A minimum of4518 surface soil samples will collected to correlate HPGe 

measurements, 
i' 

Measurement count times will be approximately 15 minutes to ensure a 95% confidence level of 

the HPGe to determine 241Arn activities in soils to 1 pCi/g. Complete HPGe coverage of the 

proposed Investigation Area, if required, is estimated to require approximately 1,500 

measurements. The HPGe survey will be discontinued in a given direction when two 

consecutive and adjacent measurements are less than I O  pCi/g 241Am. Soil moisture 

measurements will be collected from a representative number o f  sample nodes. The number of 

nodes required will be determined based on variability of initial measurements and 

environmental parameters (i.e., precipitation). A moisture-density gauge, or equivalent, will be 

used for soil moisture measurements i n  accordance with the manufacturer's specifications. 

HPGe locations and elevations will be surveyed by land survey methods or with a Global 

Positioning System (GPS) operated i n  accordance with the manufacturers specifications. 
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FZDLER Surveys - A follow-on FIDLER survey may be conducted in selected areas where 

contiguous or isolated HPGe measurements exceed the 10 pCi/g 241Am decision level . An 

evaluation of the nature of the exceedence will be conducted to determine if detailed FIDLER 
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surveys are required. If an HPGe measurement for an individual FOV is above the decision 

level, and adjacent FOVs are below the decision level, a FIDLER survey will be conducted to 

determine if the high FOV measurement is caused by the presence of a smaller area containing a 

hot spot. In addition, detailed FIDLER surveys will be conducted at three locations where HPGc 

measurements for individual and surrounding FOVs exceed the RFCA Tier I action level. The 

purpose of the survey is to determine whether the Contamination is homogeneous and widespread 

as suggested by the conceptual model, or heterogeneous and consists of numerous individual hot 

spots. 

A grid with four-foot spacings will be staked in the field for the FIDLER survey. While all 

available data will be used to determine whether a FIDLER survey is required, it is adicipated 

that these will be conducted only in areas where HPGe measurements are above the decision 

level of 10 pCi/g, 241Am. When performing a FIDLER survey, measurements will be taken 

with the instrument placed on the ground surface at each of the four-foot grid nodes. When 

walking between grid nodes, the operators will move their instruments slowly and observe the 

instrument response between readings. If a sharp increase in the reading is seen between grid 

nodes, the surrounding area will be investigated. The FIDLER surveys will be conducted in 

accordance with Radiological Operating Instructions (ROI) Manual, 4-H58-ROI-06.6, Use of 

Bicron FIDLER and will be used to locate smaller areas of increased radiological activity such as 

would be caused by a hot spot. 

The FIDLER readings will be used to define localized areas with higher readings and will be 

marked as potential hot spots. Potential hot spots and areas of higher concentrations identified 

during the hand-held FIDLER survey will then be staked, surveyed and labeled for future 

evaluation. For each hot spot, additional soil samples may be collected for isotopic analysis if it 

is determined that this information is necessary to determine whether a remedial action is 

required, or to disposition the soil from a remedial action. 

Surface Soil Samples - Surface soil samples will be collected using a geometry developed by the 

DOE (DOE, 1997b) at the Fernald Environmental Management Project site in Ohio in an effort 

to correlate HPGe results to surface soil results. The sampling method involves the collection of 

I 4a set of soil subsamples for a givcn I-IPGe measurement FOV for i&idm&d laboratory 

analysis. Thc location and number of subsamples collected relativc to HPGe measurements is 
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based on the theory of in situ gamrna-ray spectroscopy and is expected to be representative of 

radionuclide contamination over the FOV. Figure 3.2 provides the surface soil sampling scheme 

for collection of the soil sample. SkUp  to 15 grab samples will be collected at a selected HPGe 

location; one grab sample from the center; -four grab samples collected at 1 m radius, and 

t k n  grab samples from 3 m radius. The 1 and 3 m radius grab samples will be cornposited 

into a 1 m and 3 m sample representative of the individual band. Therefore, three separate 

gamma and alpha spectroscopy analyses will be performed at each selected HPGe location: 

€%%m+5Six (6) selected HPGe locations will have three soil samples collected, for a total of 

451 8 samples, and analyzed by gamma and alpha spectrometry to determine 24IAm, 239/240Pu, 

233/234U, 235U, and 238U. The locations of soil samples will be based on the results of the 

HPGe measurement’s 241Ain activity. In  order to acquire a good correlation over the 

anticipated range of Z4 lAm activities, soil samples will be collected over Wsix 241Arn activity 

intervals; 8 5, 5 !W 9CL,,2’? W, ?’? 59, % ?5,75 !! 

n <  

pWgj-0- 10, 10-20, 20-50, 50- 100, 100-200, and greater than 200 pCi/g. These intervals were 

selected based on the detection frequencies of Z41Arn from CDH and RF surface soil samples 

collected in support of the OU2 Phase I1 RFYRI (DOE, I995a). The detection frequency of OU2 

surface soil 241Ain is provided in Figure 2.2. These intervals provide full coverage over the 

range of known activities of *41Am detected in the study area. 

Samples will be collected in a “bullseye” pattern to mimic the averaging done by the field HPGe 

detector over the FOV. The HPGe detector receives gamma-ray photons from every point within 

the circle; however, it receives more gamma rays from soil closer to the detector than from soil 

further from the detector. If the circle is divided into concentric bands, the relative weighting 

factor for each band can be calculated based upon the percentage influence of gamma photons at 

the detector which originates from a given band of soil, assuming a uniform source distribution 

with depth and a one MeV photon energy. The relative weighting factor is the relative 

importance of each band with rcspect to the probability of gamma-rays emitted from within that 

band being detected by the HPCe. The sample results are divided by the weighting factor per 

I band, then products are summed to determine the activity of the soils in  the FOV area. The 15 
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point sampling pattern was selected to provide adequate sampling for high andor heterogeneous 

activity distributions. 

for the Characterization of the Revision: 0 
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I: 
I 

Table 3.2 provide the results of these calculations and the weighting factors per sample will be 

used to calculate the weighted statistical data. Table 3.3 provides the analytical program for 

surface soil samples. The results o f  the HPGe measurements and soil samples will be utilized to 

establish the correlation between the two methods to estimate 239/240Pu activities at locations 

1 0 0.1 
4 1 0.36 
10 3 0.54 ' ' 

where only HPGe measurements are obtained. 

Table 3.2 Surface Soil Samples, Weighted Average Calculations 

i :  
1 
I 
I 

15 Total 1 .oo 
2 4 Wf5 
3 3 8,-54 

6 ,T-&a-ls 4704 

I 

Table 3.3 Surface SoiIIAsphaltlArtificial Fill - Analytical Program 

Beta glass or poly jar 
Gamma and Alpha Plutonium-239/240, 125-ml wide mouth None 6 months 
Spectroscopy Americium-24 1, glass or poly jar 

Uranium Isotopes 

Sample locations will be pre-surveyed with the FIDLER and results recorded in the sample 

collection log or field logbook. Samples will be collected per GT.08, Surface Soil Sampling, 

Section 4 . 1  
7 r n  . .  A, Soil Sampling with 

the Vertical Soil Profile Method, and specifically Section 4.4.6 Proccdures For Coring. The RE' 
soil sampling jig will be utilized as a , t  
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*template to collect the individual soil samples from 0 - 2 inches in depth, Soil 

samples will include all organic matter and coarse grained geologic materials (gravel size 

fraction or larger). Samples will be prepared in the laboratory by crushing to promote 

homogeneity and representativeness of the sample prior to alpha spectroscopy analysis. Soil 

I mMoisture measurements will be collected from 
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each surface soil sampling area with a moisture-density gauge operated in accordance with the 

manufacture’s specifications. A single soil and air temperature measurement will be recorded 

for each surface soil sampling area. 

Sample locations will be identified with the unique location number assigned, with indelible ink 

or paint pen either on a wooden lathe or pin flag. Sample locations will be surveyed for location 

and elevation using standard Land surveying techniques or GPS receivers operated in accordance 

with the manufacturer’s specifications. 

Asphalt andArtiJicial Fill Samples - Asphalt and artificial f i l l  samples from the 903 Pad will be 

collected to obtain preliminary estimates of the samples variance and mean for waste , , 
characterization purposes. Random sampling techniques are appropriate methods for estimating 

the population mean and determination of total amount of contaminants present as well as 

calculating the standard errors of these two estimates. A minimum of nine asphalt and artificial 

fill samples will be collected from sample locations randomly selected from the twenty-five 903 

Pad subsurface soil sampling locations as shown in Figure 3.3. Table 3.2 provides the analytical 

program for asphalt and artificial f i l l  samples. 

3.1.2 Subsurface Soil Investigation 

The depth of radiological contamination is required to estimate the volume of soil requiring 

remedial action. The depth of radiological contamination will be investigated at the: 903 Pad; 

Lip Area; and Americium Zone where the HPGe has identified surface soils equal to or greater 

than the Tier I soil action levels. 

Table 3.4 provides an estimate of the number of boreholes and samples required to complete the 

subsurface soil investigation program. Table 3.5 provides the subsurface soil investigation 

analytical program. Figure 3.3 provides the radiological subsurface sampling locations for the 

903 Pad and Lip Area. 

903 Pad - Twenty-five shallow boreholes are proposed for the characterization of radionuclide 

contamination beneath the 903 Pad. Twenty-five boreholes over the 3.4-acre 903 Pad represents 

a borehole completed at each node of a 23 m by 23 in (75 ft by 75 ft) grid. Table 2.4 shows the 

diameter and error associated with detecting circular areas of  contamination. 


