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TECH NOTE ;8’

E!~E\;ET/4KRADIOLOGIC)iL SUPPORT PROGRA;!$ DOE/[iV

Field Investigation of Soil Sample Result to IifiP

Z. Burson & B. Friesen

I. INTRODUCTION

For the ccarse grid survey of
241

AH on Enev/etak Atoll, surf~ce soil

samples are taken in every four (4) hectare parcel of each of the 17

larger northern islands. H~~~ever, no island is sampled in less than four

(4) locations. The locations chosen always coincide with an IMP measure-

ment.

Table I lists the measured soil sample/It4P ratio results for the

islands surveyed,

The weighted average ratio of soil to I!~iPis 1.23 i 0.21 using the

number of composites ~er island as the weighting factoi-. The range in

values shown in Table 1 is 0.18 to 3.21. In view of the fact that

the measurement errors are a larger percentage of the measured value for

low activity levels than for higher activity levels a better indicator of

agreement differences could be derived using the activity level as a

weighting factor. This result is obtained by using the ratio of the means

instead of the mean of the ratios as given above. The ratio of the means

for all 17 islands is 1.25. (The computational procedure is to sum the

soil sample results for all samples, sum the IMP value for all soil sam-

ple locations, divide each sum by the number of observations, then divide

soil by 114Pto obtain the ratio of the means.) The ratio of the means

does not readily convert to graphic form so Fig. 1 is included to show

the distribution of individual ratios using the same input as was used to

compute the ratio of the means.
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Rather than arbitrarily correct the 114Presults to match the soil

sample results or vice versa, it seemed appropriate to investigate some of

the factclrs that contribute to the comparisons.

II. FACTORS INFLUENCING COMPARISONS

There are-a number of factors that influence the comparison of soil

sample and IMP readings. Some of these are listed below and briefly dis-

cussed. ‘

1. Background subtraction in 241Am photopeak IMP readings. The back-

ground subtraction routine in the IMP data reduction progrm consi-

ders channels on both sides of the 241Am photopeak. The influence of

this routine in the calibration data as related to the actual field

conditions should be investigated.

2. Soil Density. Does the fact of,different soil densities affect -

the IMP and soil sample. calibration?

3.
241

Am vertical distribution in the soil. What is the vertical

distribution of
241

Am in the soil and how does this influence the

‘soil sample-Il@ comparisons.

4. Field-of-View. Does the soil sampling procedure adequately sam-

ple the IMP’s field-of-view? Several items in this category are:

a. Effect of rocks in the field-of-view.

b. What is the variability from point to point? Are enough soil

samples being taken?

c. What is the effect of changing the sampling board and rope

knots.

d. What are the road kiay effects?
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e. Nhat is the influence of the I\TIPand boom in the field-of-view

of the detector?

5. Brush Attenuation. Is there a bias in the brush attenuation

factor used?

6. Soil Moisture. The soil sample results are given in activity in

dry soil. \ihat is the influence of soil moisture on the IMP readings?

III. EXPERIMENT OBJECTI)’E. . .

The above list is not intended to be complete or comprehensive. It

is apparent, hov!ever, that there are many factors that influence the com-

parison of IMP readings to soil sample results. !Jhen this list was pre-

pared (3 May 1978), it was the intention of the ERSP to investigate these

items, as time permit-ted. Some could be investigated by experiment and some

by computations.

. The intention of this experiment was to investigate items 3 and 4(b) -

in Section II.

A relatively undisturbed area on the island of Bijire (Tilda) was

241
chosen for the experiment (Fig. 2). The Am concentrations were about—

5 pCi/g. The location had little or no brush. The area was roped off and

designated a DOE test area to be undisturbed until the end of the clean-

up”project.

IV. DESCRIPTION OF FIELD EXPERIMENT

The location was divided into two areas, one for detailed measurements

and one for a control area. A sketch

Access lanes were chosen for minimum

of these two areas is shown in Fig. 3.

disturbance of the soil.
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I!*!PsI and 111 were used for measurement at both areas with the

detector at 740 cm and 460 cm heights. Two 15 minute measurements were

made at each ’point at each height.

For the control area, normal soil samples were taken for the A and B

composites. The “cookie cutter” was used for these samples. From the

weight of the soil collected and the depth of the instrument, it is esti-

mated that the depth of sampling was from the surface to about 2.5 cm.

For the experimental area, 12 different spots were chosen for soil

samples, corresponding to the normal A and B locations. The soil from

each location and depth was kept separate. For 6 of the locations, 2

samples’were taken (O - 2.5 cm and 2.5 to 5 cm). For the other six loca-

tiofis, 6 samples were taken (0 - 1.5, 1.5 - 3, 3 - 4.5, 4“.5 - 6, 6 - 8,

8- 10 cm). The locations circled in Fig. 4 correspond to the latter 6

locations.

For the 6 locations where only 2 samples were taken, the cookie

cutter was used. For the other locations (circled in Fig. 4), a different

method was used. Two pieces of tin, about 20 x 30 cm in size, were taped

(yelhw) with 1.5 cm strips for reference. The two pieces of tin were then

“sawed” intothe soil to a depth of 10 cm forming a 90° angle with each

other. Soil was then removsd frcm the perimeter of the sample area and

placed into a plastic bag. Nith a 3rd piece of tin a 1.5 cm layer was

“cut” off the top and removed. Successive layers were then removed in like

manner. After sampling was completed, the soil from .the bag i~as placed

back into the hole.

All sampling locations were in undisturbed soil. At only one location

was it necessary to stop short of 10 cm depth due to a ledge of old beach ~

rock.
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v. RESULTS

The

the

The IMP results are tabulated in Table 2 and summarized in Table 3.

241
control area appeat-s to contain a little higher Am activ~ty than

experimental area. The decrease in values with increase in height

is as expected (approximately 10X) for the control area, but is not con-

sistent for the experimental area. Little significance should be placed

on this, however, because of several factors that could contribute to

these values. Some of these are (1) activity within the area is not

likely to be uniform, and (.2)brush is not uniform withinthe area.

It is noted that IMP I, detector +496, requires a correction of 1.1

because of detector size. It is also noted, after applying the detector

correction factor, that the results of 11:?III appear to be slig!~tly

greater in value than those of IIJPI. The averages are within counting
●.

statistics.

The soil sample results are given in Tables 4 and 5 and plotted in -

Figs. 5(a), 5(b) and 6.

Several conclusions are noted:

1. The activity is highly variable from point to point and as a

‘function of depth. The surface 241Am activity varied from 2.25 to

14.14 pCi/g.

2. Six out of 12 sample locations showed the surface concentrations

to be greater than subsurface. The other six showed subsurface

activity to be greater.

3. The average surface activity

average for O - 2.5 cm was 7.99

was 9.55 pCi/g, and the average

(O - 1.5 cm) was 6.98 pCi/g; the

pCi/g; the average for O - 3 cm

for the IMP reading was 5.44 pCi/g.
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Additional analysis of the data presented in Table 4 lead to several

interesting observations. In terms of accuracy of measurement at differ-

ent stages of.soil

sample to be least

ing after chemical

sample analysis, one might expect an unballrnilled

accurate, a ballmilled sample more accurate and count-

separation and isolation to be most accurate of the

three stages. In this context, the unballmilled and ballmilled samples

would show high variability around the results by chemistry. Figure 7

shows this to be the case, with 7 of the 12 samples having the results

by chemistry at some point between the other two. The magnitude of the

differences shown for the A3 sample is unexpected, especially with the

ballmilled value so far from the chein number. This is further illustrated

in Fig. 8where the MI plot of ballmilled samples shows a definite high

side bias due to the one large value from the A3 sample. Deleting the A3
..

sample produces the plot Iabelled M2 which reaches stability rather

quickly and also indicates the true value of the A3 sample is probably

between 15 and 20 rather than 36.6 as reported.

Figure 9 is included to show that, in general, with the degree of

variability present in this data, six samples are not enough to develop a
—.

stabilized mean.

AND RECO!IMENDATIONS
~nl

There appears to be variability in c4JAm activity at any point of

measurement (before mixing). Variability has been observed within a given

soil sample, as well as within a given area. This means that if soil sample

data are to be compared to the IMP data, (for a given measurement) a multi-

tude of samples are required. Data in Fig. 6 illustrate this problem.

-6-
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Because of the high variability of activity from point to point, this

experiment cannot be used to “verify” soil sample to IPW ratios.

The IHP “samples” 16 to 20 million grams of surface soil. During

this exper~ment only a fev~thousand grams !’iere sampled by the s-oil sample

technique. The average surface soil samples read about 40Z higher than

the IMP readings. However, the average soil sample concentrations (O -“3 cm

and O - 2.5 cm) of 8.33 pCi/g contained a standard deviation off 3.64.

It should be pointed out that soil samples determine activity in

dry soil, containing particle sizes less than about 0.5 cm in diameter

averaged over about the top 2.5 to 3 cm. The IHP samples the soil-rock-

humus-water matrix in-situ to a depth that is veriable according to verti-

cal and horizontal distribution of the activity. The IMP con}rersion factor

assumes uniform distribution.

Calculations h;ve shown that if the distribution is exponentially

decreasing with depth, a soil sampling depth of O to 3 cm should provide -

a good comparison with 111Preadings* (.Fig. 10). Any other sampling depth

would be more dependent on the vertical distribution.

It is evident that at half the locations in the experimental area,

the~ctivity increases with depth. The area was mostly clear of brush. The

soil was coarse sand. It seems reasonable, then, that over a period of

20 years, much of the surface activity has moved down to below the surface.

It is recommended that the same experiment be repeated in two addi-

tional areas:

1. An undisturbed area containing heavy brush,” and

2. An area heavily disburbed or deliberately d: :,jrbedwhere the

top cm is expected to be uniform in activity.

–7.
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More general recommendations

1. As time permits, factors

are as follows:

should be examined which contribute to

biasing the IIIPand/or soil sample results.

2. The surface soil activity relating to the cleanup criteria should

be more clearly defined. Are we talking about activity per gram of

dry soil, less than a certain particle size, containing no rocks,

averaged over the top 3 cm? Or are we talking about activity per

gram of in-situ material averaged over the area and depth of what-

ever the IMP sees?

3. If the definition relates more closely to the soil samples, then

it is recommended that all the 114?measurements be multiplied by an

imperially determined correction factor according to Table 1, pro-

viding that fac~,ors leading to biasing in the soil sample results

have been examined and resolved.

4. If the definition relates more closely to the IMP readings, then

it is recommended that no corrections be made unless biasing of

greater than 10% in one direction has been verified.

—.
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Table 1. RESULTS OF SOIL SANPLE/Il!P RATIOS

No. of No. of Ratio* Standard
Island Locations Composites I!In. Nax. Avg. Deviation

Alice

Belle

Clara

Daisy

Irene

Janet

Kate

Lucy

/lary

Nancy

01ive

Pearl

Ruby**

Sa17y **

“Tilda

Vera

llilma**

4

5

4

4

10

29

5

5

5

5

4

10

3

3

6

4

3

8

10

8

8

20

58

10

10
●.

10

10

8

20

6

6

12

8

6

1.02

0.18

0.41

0.33

0.61

0.27

0.59

0.31

0.64

0.65

0.60

0.40

0.57

0.50

0.55

1.05

0.84

* Includes detector and brush corrections
** Used only data pointsgreater than 1 pCi/g

2.51

1.78

1.84

1.34

2.78

1.91

1.58

2.93

1.91

2.75

1.97

1.84

1.63

3.08

2.14

2.39

3.21

1.39

1.17

1.28

0.93

1.45

1.09

0.98

1.67

1.20

1.43

1.24

1.10

0.94

1.41

1.21

1.48

1.88

0.51

0.47

0.46

0.40

0.63

0.40

0.32

0.78

0.46

0.71 -

0.39

0.39

0.36

0.95

0.46

0.42

0.79
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Table 2. 114PData* from DOE Test Plot - Hay 17 & 18

Area Height (cm) Run No.
Net Count** 241Am** 137CS

241Am
pCi/g (pCi/g)

---- --------- ----1!??I, Detector 496-------------------------------------

Exp.

Exp.

Exp.

Exp.

Control

Control

Control

Control

740

740

460

460

460

460

740

740

tlo55

11056

11057

11058

11059

11060

11061

11062

585

635

600

581

703

573

602

634

5.1

5.5

5.17

5.0

6.1

5.0

5.2

5.4

5.8

6.0

5.8

5..6

7.7

7.4

6.8

6.9

-----------------IN? III, Detector 513------------------------------------

Exp. 740 32151 608 5.2 6.3

Exp. 740 32152 609 5.2’ 6.2

Exp . 460 +. 32153 635 5.4 6.0

Exp . 460 32154 639 5.5 5.7

Control 460 32147 786 6.7 7.0 “

Control 460 32148 762 6.5 7.0

Control 740 . 32149 722 6.2 7.0

Control 740 32150 673 5.8 6.9

—.

* 900 sec counting time

** A detector sensitivity correction factor of 1.1 was applied to data
from detector 4’36.

,.
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Table 3. Summary * of 1!4? Data from DOE Test Plot

IHP

I

11

A\,g pCi/g in Exp. Area
740 cm 460 cm

!@..!w Height

5.48 5.25

5.40 5.65

5.45

Avg pCi/g in control area
740 cm 460 C!TI —

}{eight

5.68 5.91

6.45

* Includes brush corrections but not height corrections.

—.

7.10

6.51
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Table 4. Lab Results of Soil Samples From Experimental Plot “

Depth
Location ‘(cm)—

A-1 0-1.5

1.5-3.0

3.0-4.5

4,5-6

6-8

8-10

A-2 O-2.5

2.5-5

A-3 0-1.5

i.5-3

3-4.5 .

A-4

—.

4.5-6

6-7

0-1.5

1.5-3

3-4.5

4.5-6

6-8

8-10

A-5 0-1.5

1.5-3

3-4.5

4.5-6

6-8

8-10

241
Gross

Am Gamma

Alpha N.B.ll.]
(pCi/g) pCi/g

36

68

185

155

3

_*

50
-*

53

68

107
_*

_*

22

*

*

*

*

35

*

50

59

40

8

7.52

13.”91

25.31

28.41

2.18

1.27

14.14

1.60

8.87

18.20

10.82

1.47

0.76

5.51

1.22

0.90

0.19

MDA

MDA

7.62

0.70

5.85

10.28

16.77

4.17

B.H.2
pCi/g

7.21

14.50

31.18

19.22

2.18

-*

13.57
*

36.60

14.76

12.26

*

*

5.78

*

*

*

*

*

6.56
*

10.13

9.99

4.51

1.70

Chemistry
n9pu

238PU 241Anl
pCi/g.—

15.08

30.39

51.07

38.11

3.53

_*

29.22

*

19,96

23.37

16.83
-*

*

9.64

*

*

*

*

*

11.42
*

16.52

17.06

7.75

3.16

pCi/g

0.04

0.04

0.08

0.08

0.03
.*

0.10
*

0.03

0.04

0.08
-*

*

0.05
*

*

*

*

*

0.06
*

0.02

0.02

0.02

0.01

pCi/g

9.80

16.78

32.02

22.50

2.06
-*

17.18
*

13.04

17.17

10.79
-*

*

5.85
*

*

*

*

*

6.74
*

10.79

10.79

5.10

2.05

lN.B.ll. means not Ballmilled
2B.M. means Ballmilled
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Table 4. Lab Results of Soil Samples From Experimental Plot (continued)

B-1

B-2

Depth
Location (cm)

A-6 0-1.5

1.5-3

3-4.5

4.5-6

6-8

8-10

0-2.5

2.5-5

0-2.5

2.5-5 ●,

B-3 0-1.5

1.5-3

3-4.5

4.5-6

6-8

8-10—.

B-4 O-2.5

2.5-5

B-5 O-2.5

2.5-5

B-6 O-2.5

2.5-5

Control (A)O-2.5

Control (B)O-2.5

Alpha
(pCi/q)-

29

74

7

7

22

*

47

54

60

*

*

*

40

19

9

6

3

241
Am Gamma

N.B.11.
pCi/g

“3.27

11.13

0.86

0.22

MDA

0.26

7.01

4.16

3.79

0.74

9.06

14.92

6.18

1.64

0.67

0.22

13.34

1.02

7.38

2.81

2.25

2.93

39 9.39

43 9.52

B.Il.
pCi/q

2.90

12.71

*

*

*

*

3.45

3.32

3.16

*

8.93

13.86

5.34

*

*

*

7.32

5.74

2.62

1.83

3.45

9.05

8.14

Chemistry

239PU 238PU
241i

ELL!!2

6.91

23.29

*

*

*

*

7.12

6.43

5.70

*

16.89

24.15

10.72

*

*

*

14.59

10.42

5.50

2.96

6.67

16.10

16.16

pCi/g

0.05

0.09

*

*

*

*

0.02

0.04

0.03
*

0.01

0.06

0.01

*

*

*

0.04

0.05

0.03

0.02

0.05

0.03

0.03

3.94

14.95
*

*

*

*

5.21

4.30

3.59
*

8.93

14.89

7.41

*

*

*

8.77

5.91

3.24

2.09

3.81

9.55

11.59

* Less than 2pCi/g, not laboratory Processed
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Table 5. Lab Results of Soil Samples from Experimental Plot
. .

Depth
Location (cm)

A-1 0-1.5

1.5-3.0

3.0-4.5

4.5-6

6-8

A-2 0-2.5

A-3 0-1.5

1.5-3

3-4.5

A-4 0-1.5

A-5 0-1.5

3-4.5

4.5-6

6-8

8-10

A-6 0-1.5

1.5-3
—.

B-1 O-2.5

2.5-5

B-2 O-2.5

B-3 0-1.5

1.5-3

3-4.5

B-4 O-2.5

lTRU means Total

TRU1
Chem
(pci/9)

24.92

47.20

83.17

60.69

5.62

46.50

33.03

40.58

27.20

15.54

18.22

●’ 27.33

27.87

12.87

5.22

10.80

38.33

12.35

10.77

9.32

25.83

39.10

18.14

23.40

Transuranics

Chem

+IV

3.31

3.39

3.29

2.14

2.58

3.29

3.72

2.23

2.56

2.82

2.39

4.67

2.71

0.77

1.25

3.30

3.44

1.76

2.59

2.46

2.85

2.62

2.94

1.75

.-

TRU
241AM

B.N.
11.1.l.t’l.

0.95

1.04

1.23

0.68

1.00

0.96

4.13

0.81

1.13

1.05

C.86

1.73

0.97

0.27

0.41

0.89

1.14

0.49

0.80

0.83

0.99

0.93

0.86

0.55

241Plm
Chem

~i.B,14.

1.30

1.21

1.27

0.79

0.94

1.21

1.47

0.94

1.00

1.C6

0.88

1.84

1.05

0.30

0.49

2.20

1.34

0.74

1.03

0.95

0.99

1.00

1.20

0.66

Chem
B./l.

1.35

1.16

1.03

1.16

0.94

1.26

0.36

1.16

0.83

1.01

1.02

1.~6

1.03

1.11-

1.20

1.35

1.18

1.51

1.29

1:14

1.00

1.03

1.40

1.20
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. . Table 5. Lab Results of Soil Samples from” Experimental Plot, continued

TRU
Depth Chem

Location (cm) m

B-5 O-2.5 16.38

2.5-5 8.77

0-2.5 5.07

2.5-5 10.53

Control (A)O-2.5 25.68

(B)O-2.5 27.78

Chem
Am

mm —
2.22

3.12

2.25

3.59

2.73

2.92

241N,1

B.[’l.
[1.B.M.

0.78

0.93

0.81

1.18

0.96

0.86

241Am

Chem Chem
N. B.N. B.It.

0.80 1.03

1.15 1.24

0.93 1.15

1.30 1.10

1.02 1.06

1.22 1.42

1.13

0.21

—.
?
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Figure 1. Histogram of individual values used
to compute ratio of the means.
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