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ABSTRACT(]

.

The contiguous portions method is a technique employed to calibrate surface contamination
monitors when calibration sources having an active area greater than that of the detector are
not available.

..

A series of experiments were undertaken to determine whether the method would be
adversely affected by source and detector inhomogeneity, backscatter and repeated exposure
to the edges of the calibration source. Comprehensive field trials compared the results of five
laboratories performing contiguous portions calibrations to demonstrate the repeatability of
the method. The additional uncertainty introduced to a calibration by the adoption of the
contiguous portions method is of the order of 10 % when steps are taken to minimise a
number of effects and detailed guidelines are followed.

....

Measurements made on a specially fabricated 500 x 500 mm source allowed validation of the
method when detector responses from it were compared with those from a representative
100 x 100 mm piece of that source employed in the contiguous portions method.

.

[J
A recommended protocol for the performance of the contiguous portions technique and
guidance for the determination of additional error bounds are included.

.
[]
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1 INTRODUCTION

.

0
1.1 SURFACE CONT AMINA nON MONITORING

.

It is a statutory requirement, as described in Regulation 24 of the Ionising Radiations
Regulations, 1985 (1], that all users of radioactive materials monitor for surface contamination.
The instruments used for this purpose must be thoroughly examined and tested on a regular
basis. The specific tests required are outlined in paragraphs 152 -157 of the associated
Approved Code of Practice [2] which also demands that all calibrations are traceable to
national standards (paragraph 158).

....

Detailed guidance for the calibration of portable radiation monitors is contained in the HSE
document HS(G)49[3J; this guidance was adopted by most commercial calibration
organisations during preparation of their calibration procedures. The acceptance criteria that
are contained within HS(G)49 are centred around the confirmation that the present
performance of a monitor does not differ significantly from either type tests or performance
in previous annual tests. In order that such comparisons can be soundly made, it is
important that calibrations are conducted in a reproducible manner. To this end, the
preferred format for calibration sources is that of semi-infinite plane geometry where the
active area of the source is sufficiently greater than that of the detector window area, such
that if the source area was extended, it would not increase the detector response significantly.

......

Details of the required types, dimensions and characteristics of reference sources used in the
calibration of surface contamination monitors are given in ISO 8769 parts 1 (4] and 2 [5]. A

variety of sources are available commercially and a number of accredited calibration facilities
exist in the UK. Users may of course produce their own sources and calibration protocols
but they would be required to demonstrate their suitability to meet the statutory
requirements.

....

In recent years, there has been a trend towards the use of large area survey meters resulting
from improvements in manufacturing technology and their increased availability and
convenience. Consequently, reference sources of ever increasing active area are demanded
for the calibration of such monitors. Beyond a certain limit, use of such sources becomes
impractical due to manufacturing constraints on uniformity and the cost of purchase.

...

This problem was recognised in the development of HS(G)49 and was accommodated by the
incorporation of the contiguous portions method. Although the principle of this method is
inherently sound, there had been no experimental validation or estimation of the associated
uncertainties. Consequently, users of the contiguous portions method were unable to
determine the accuracy and uncertainty involved with their calibrations. This raised the
important question of whether users would be able to demonstrate compliance with their

statutory obligations.

....

As a result of user concerns, a project was established in the 1995-98 Ionising Radiation
Metrology Programme at the National Physical Laboratory (NPL), funded by the National
Measurement System Policy Unit (NM5-PU) as part of their support to maintaining the
National Measurement System infrasb"ucture in the UK.

...
1
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the findings of studies at the previous stage.
follows:

The general format of the project was as

..

identification of factors which would possibly affect the results of a contiguous
portions calibration

.

selection of instruments and sources (representative of those commonly used)
to investigate the factors identified above ]

experimental determination of effects on detector response due to:

.

detector uniformity
source uniformity
source -detector separation
radiation type and energy
backscattering
source edge effects

development of a draft protocol for field studies of the contiguous portions
method

.

comprehensive field studies at five laboratories

.

evaluation of experimental data and field studies

.

practical validation of the contiguous portions method using a very large area
source

..

production of final protocol and accompanying guidance

..

II

.........
3

..
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3 EXPERIMENTAL INVESnGA nONS

.

3.1 DETECTOR PROFILES

The response of a detector to a radioactive source is highly dependent upon the nature of the
radiation being measured. With photon emitting sources, it is possible for photons to enter
the probe through the sides of the outer casing and be successfully counted; however this
effect is not observed with a-particles as they are completely attenuated in the casing
material. Similarly, the distance at which the monitor is positioned from the surface of the
source is important; the variation of the detector response with source -detector separation
at short distances is more pronounced for alpha emitters due to their short range.

.I..

To examine the effects of these features on the contiguous portions method and to quantify
any contribution they make to a calibration uncertainty, the variation in the response of a
range of monitors to the positioning of point sources of various radionuclides relative to them
was studied. Detector profiles were performed for the probe -nuclide combinations and
probe orientations detailed in Table 3. Diagrammatic representations of the probe
orientations used can be found in Figures 2 to 5 for EP15, DP2, GP13 and G2 probes
respectively.0

.

A sheet of clear acetate was marked with a 1 cm grid and fixed to a workbench. The monitor
under investigation was clamped at a known height above a designated origin on the grid
and a spirit level employed to ensure that it was horizontal.

..

A point source was positioned at the origin and the detector response recorded; a minimum
of three measurements were made and their mean value determined. The source was then
moved out from the origin at regular intervals (usually 0.5 or 1 cm) and the measurements
repeated. The distance from the origin at which no further measurements were necessary
was reached when the detector response equalled the background count-rate. The source
was then returned to the origin and measurements performed in the opposite (negative)
direction. The procedure was repeated for a number of source -detector distances depending
upon the nature of the radionuclide being measured.

.....

Additional sets of measurements were made for the a-y emitting sources (234U and 241 Am),

with a sheet of paper placed over the source to attenuate the a-particles. This allowed the
response to the a-particles alone to be calculated by subtraction of the y response (measured
with paper over the source) from the a+y response (with no paper).

...

When additional detector profiles were performed for the same probe -nuclide combination
but with the probe in a diagonal orientation, measurements were only made at a source -

detector separation of 1 cm. I

..

UNIFORMITY OF SOURCES3.2

.

The uniformity of reference sources is defined in ISO 8769-1 and ISO 8769-2 as '... the
estimated standard deviation of measurements of the individual portions about the mean
value for the whole surface expressed as a percent of the mean value ...' where the portions

...
5

.



NPL REPORT CIRM 6

..

not be observed by a detector as the source edge will be far from, and facing away from, the
sensitive volume of the detector.

.

For the contiguous portions method, sources of such semi-infinite geometry are not required
and a source of finite area is moved around beneath the detector. By the nature of the
contiguous portions method, the detector is repeatedly exposed to the source edges.
Therefore, any effect that the edges of a source may have upon detector response will be
magnified according to the number of measurement positions used during the calibration.

To study this and to determine any effects it has on the contiguous portions technique, an
inactive plate of the same dimensions and material as the source backing plates was placed
adjacent to a source to mimic the attenuation of radiations emitted from the centre of the
source. A series of measurements were performed to compare detector responses at the edge
of the source with and without the inactive plate in position.

With the centre of the detector area positioned over the edge of the source (Figure 7), the
detector response was recorded (a minimum of 3 times each). The inactive plate was then
positioned against the edge under study and the measurements repeated for comparison with
the results above. This series of measurements was made at source -detector separations of
0, 3 and 10 mm for each source -detector combination.

.

3.4.1 Rimmed Sources

.

Commercial reference sources are usually supplied with a rim for increased radiation
protection in handling the sources and to guard the surface of the source against accidental
damage. Since the large area sources used during this project were rimless, ie, the active
area extended to the edges of the backing plate, some consideration had to be given to the
possible differences in detector responses obtained from rimmed and rimless sources.

....

To simulate rimmed calibration sources where the backing plate extends beyond the active
area, additional measurements were made for 57CO with the EP15 probe with strips of
aluminium placed around the source (see Figure 8). This source -detector combination was
chosen since the detector window was one of the smallest of the detectors used and would
present the largest variation resulting from this effect. Data was obtained for both 5 mm and
10 mm wide rims at source -detector heights of 0, 3 and 10 mm.

..I.

18
3.5 FIELD TRIALS

.

In order to test the contiguous portions technique, a field study was organised in which five
laboratories performed measurements in accordance with a draft protocol (example pages of
this draft protocol are included in Appendix II). Five probes (DP2, EP15, BP7, GP13 and G2)
and six large area sources f41Am, 234U, 14C, ~r/9<>y, 57 Co and 137CS), were circulated around
the laboratories and appropriate detector -nuclide combinations studied. The BP7 probe was
used in conjunction with 14C in the field trials; a detector profile was not performed for this

source -detector combination.

.....
rn
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Once measurements were complete, the backing plate and filter were removed from the
source. The foil and mylar were then cut into twenty-five 100 x 100 rom pieces and mounted
upon aluminium backing plates (again 3 rom thickness) and covered with stainless steel
filters (1 rom thickness) of the same dimensions.

A perspex jig was manufactured to reproducibly mount each piece of the source (with their
backing plates and filters), in turn 3 rom below the probe. Measurements of each of the
individual pieces were then made and the detector responses to them were recorded.
Calculation of the deviation of each square from the mean count-rate of all 25 allowed a
representative piece of the source to be chosen for detailed experimentation with the
contiguous portions method.

A grid containing twenty-five adjacent but not overlapping 100 x 100 mm squares was
accurately drawn up. With the representative 100 x 100 mm piece of the very large area
source positioned in the central square of the grid, the GP13 probe was fixed centrally and
horizontally, at a distance of 3 mm above the source ffiter.

...

The source was then carefully removed from the grid, ensuring that the probe was not
disturbed, and the background count-rate recorded. Detector responses were measured with
the source in each of the 25 squares on the grid. To improve counting statistics and reduce
the effect of any slight positional errors and source inhomogeneity, measurements were
performed with the source in the four possible orientations (0°, 90°, 180° and 270°) within
each square and their mean value determined.

....

After subtracting the mean background from each of the mean detector responses, the sum
of the 25 results was compared with the mean count-rate (background corrected) observed
for the very large area source (before it was cut up). This comparison allowed the basic
principles of the Contiguous Portions method, summing together results from individual
source measurements rather than measuring one large source, to be validated.

..............
9
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4.1.3 Photon Emitters

..

The profiles obtained for the photon sources (Figures 14 to 21) reflect the detector dimensions
generally but do not offer the same definition as the a. and 13 sources, due to the long range
of the y-rays and their ability to penetrate the detector walls.

..

The asymmetry of the profile observed for 57CO with the G2 probe at a height of 1 cm (Figure
20), is probably due to an error in repositioning the probe after adjusting its' height.

.

-
Cumulative Responses Against Horizontal Distance4.1.4

.

The detector responses obtained for each detector -nuclide combination at a separation
(height) of 1 cm, were plotted on graph paper emanating radially from the origin. Figure 22
is an example of such a plot for 234U and the DP2 probe (when diagonal profiles were studied
circular plots were made). From the plots, cumulative response curves were generated in the
following manner.

...

The mean of the responses observed at each distance from the origin was multiplied by the
area of the annulus enclosing those values, to obtain an estimate of the number of counts that
would have been observed if measurements had been made with the source in all positions
within that annulus. A ruIming total of the estimated counts obtained as the source -
detector distance increases radially, was calculated in order to determine the distance at
which the radiation could no longer be detected. An estimation of the maximum number of
counts that could be observed if measurements were continued to an infinite distance, was
made from this running total data; this corresponds to the semi-infinite-plane response (Table
17 shows a typical calculation of the detector responses obtained for 234U and the DP2 probe).

......

The detector responses were plotted as a percentage of the estimated semi-infinite-plane
response so that the distance at which to cease further measurements could be determined
easily (when a desired percentage of the maximum counts would be reached). The graphs
obtained for all of the detector proilles have been included for comparison (Figures 23 to 31),
that for the example of 234U given above is Figure 26.

...

Most of the curves observed were 'smooth' s-shapes, with the response increasing rapidly
from zero and then levelling off at greater distances. The response of the G2 probe to 137CS
(Figure 31) contains a small 'blip'. This arises because the measurement interval (of
horizontal distance), was increased at that point; since the count-rate observed at a particular
distance was multiplied by the area enclosed by the annulus containing that position (the
area being now substantially greater), a disproportionally large value resulted.

....

Table 18 summarises the minimum distances to which measurements should be made to
ensure that the detector response obtained is at least 90 %, 95 % and 99 % of the maximum
response possible. Although no hard and fast rules can be extracted from these data, general
trends are visible.

.....
11
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4.3 BACKSCA TrER

..

The measurements performed to determine the effects of backscatter showed no significant
change in detector response as the thickness of backing material was increased beneath the
a-emitting large area sources; this is illustrated in Table 19 for 234U.

..

Table 20 shows the data observed for ~r /9Oy using the DP2 probe. For source -detector
separations of 0 and 10 mm, there is clearly a small increase in detector response as the
backing plate thickness is increased. The data obtained for 3 mm source -detector separation
indicates that the detector response drops with additional backing material, however, the
magnitude of that fall becomes less at the greater backing plate thicknesses. A possible
explanation is that the measurements performed at a separation of 3 mm with a backing plate
thickness of 3 mm, were flawed (perhaps due to a positioning error). If that result is
discarded, the subsequent responses increase with additional backing material, following a
similar trend to the data for the 0 and 10 mm source -detector separations. It is therefore
reasonable to suggest that the addition of further backing material increases the response of
the detector to ~ sources. However, it needs to be stated that the increase in response is
relatively small compared with the pass/fail criteria that are required for monitors by
HS(G)49.

.......

The effects of increasing backing plate thickness beneath the S7CO and 137CS large area photon
sources can be found in Tables 21 and 22 respectively. Although the counting 'statistics are
not sufficient to draw precise conclusions, it can be seen that the magnitude of the effect for
137CS is around twice that of S7CO, implying that the effect increases with photon energy. At
12 mm backing, the effect for 137CS is of the order of 10 % and 5 % for S7CO. There is also
suggestion that the GP13 exhibits a larger effect than the G2 but the data is less precise here.
It is significant too, that the backscatter effect does not appear to have maxirnised even at 12
mm backing; this is something which needs to be recognised when creating measurement
protocols which allow comparison between calibration laboratories.

......

These results show that the effects of backscatter cannot be neglected for r3- and y-emitting
calibration sources. The construction of the surface upon which the source is positioned
during calibrations should also be considered as this may increase the effective backing
material thickness (especially if the surface is metallic), and enhance the detector response
accordingly. Although this effect is not unique to the contiguous portions method and
contributes to calibrations performed using the traditional techniques, it should not be

ignored.

....

EDGE EFFECTS

.

4.4

The results of the edge effects investigation (configuration shown in Figure 7), are detailed
in Table 23 for each of the probe -source combinations used. The differences in count-rates
observed before and after an inactive plate was positioned against the edge of each of the
sources are not significant. For the majority of source -probe combinations and the various
geometries studied, the values for the presence and absence of an abutted plate lie within the
statistical uncertainties of each other at the 10: level. Of the remaining data, only the 137CS
source with the GP13 probe (in the short orientation), at a separation of 3 mm did not fall
within 30: of the individual resUlts.

.....
13
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A clear improvement in terms of spread and standard deviation can be seen in the results
for 241 Am with the DP2 when compared with 234U and the DP2. This is most likely due to
the significantly better uniformity of the 241 Am large area source, its' higher a-energy and the
higher count-rate observed resulting in better counting statistics. When comparing 241 Am and
234U using the EP15 probe, no distinct change can be seen. The effects described above for
the DP2 are possibly being masked by problems with the analogue scale and detector
window non-uniformity of the EP15.

The variation in detector responses that can be attained using a particular source -detector
combination in different orientations, is indicated by the differences in the 'high' and 'low'
case measurements for each field trial. The variations observed (-10 % for 241Am and up to
45 % for 234U), clearly reflect the uniformity of those sources and highlight the need for
awareness of source homogeneity.

4.5.2 Beta Emitters

.

The field trial of 14C with the BP7 produced an agreement of better than 5 % in the mean
values obtained by the laboratories for the 'normal' and 'centre' configurations (see Table 30).
The corresponding value for ~r /9Oy and the DP2 was around 8 % (see Table 29).

..

Although there is no detector profile for 14C with the BP7, it is clear from the ~r /9Oy profile
data that significantly greater horizontal distances are necessary to achieve a semi-infinite-
plane response for l3-emitting sources than were required for a sources (see Table 18). This
is evident in the field trial data upon comparison of the 241 Am and DP2 results with the

~r /9Oy and DP2 values -the spread and standard deviation of the detector responses
determined by each laboratory are consistently smaller for 241 Am where a closer

approximation to semi-infinite response was achieved for the 'centre' measurement.

.....

It is also plain from comparison of the 14C and ~r /9Oy data that increasing Ell max does
increase the spread of results obtained, as would be anticipated, and hence there is scope for
greater uncertainty in calibrations at higher energies.

..

4.5.3 Photon Emitters

.

When the field trial results were compared, it became clear that those from laboratory 2
generally seemed disparate from those of the other participants. For 137CS, the laboratory 2
responses were between 13 to 24 % higher than the mean responses from the other
laboratories; for 57CO the differences were less pronounced. Subsequent discussions elicited
the fact that laboratory 2 had conducted its measurements on a metallic bench, whilst
wooden surfaces had been used elsewhere. The backscatter results reported in Section 4.3
indicate that the difference in substrates would explain the laboratory 2 results. In respect
of this, although all results have been reported, the conclusions drawn about the field trials
are based on the mean of the results with laboratory 2 excluded.

......

The 'centre' measurements performed in the field trials correspond to a calibration with the
detector positioned centrally over the source; the 'normal' situation is where the detector is
exposed consecutively to four different source positions as in a contiguous portions

...
15
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..

Examination of the field trial results in Tables 25 to 34 reveal that there are no significant
differences in the standard deviations between the 'centre' and 'normal' cases. Indeed, for
the photon emitters on the G2 probe, there is even a suggestion that the standard deviations
for the 'normal' case might be better than those for the 'centre' configuration. This might not
be unreasonable. The rate of change of response with horizontal distance is greatest just
beyond the probe dimensions (see Figures 20 and 21), and hence any asymmetry in
positioning for the 'centre' measurement is likely to produce a larger standard deviation than
for the extended contiguous portions measurements.

...

Overall, the conclusions must be made that different calibration laboratories should be able
to operate a contiguous portions calibration and not introduce any additional uncertainty due
to the laboratory itself. The recommended protocol for the use of the contiguous portions
technique, revised in the light of the field trials, is presented in Appendix ill.

...

V AUDATION OF CONTIGUOUS PORTIONS4.6

.

The measurements performed on the very large area source (500 x 500 mm) while it was still
intact are reported in Table 35. The background corrected response obtained was 314 S-1
:t 3 S-I.

.

Figure 38 shows the detector responses obtained for each of the 25 pieces of the source once
it had been cut up. Since square 7 showed the least deviation (0.18 %) from the mean count-
rate of all 25 pieces, this square was chosen for measurements using the contiguous portions
technique. A series of measurements were made with the square fixed in 25 different
positions relative to the monitor (as indicated in the protocol). Table 36 provides an example
of the measurements and the different source orientations used for the first source position.

....

The count-rates observed when the detector was exposed to the source in each of those 25
positions are detailed in Figure 39. When the count-rates are summed together and their
uncertainties combined, an overall detector response of 319 S.l :t 15 S.l results. This overall
value compares well with that obtained for the very large area source and confinns the
ability to simulate a very large area source using a smaller source in a number of positions.
The uncertainty in the detector response derived using the contiguous portions method (-
5 %) is, as expected, greater than that for the large area source (- 1 %) due to the need for
a larger number of measurements and the smaller individual net count-rates involved.

............
17
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5.2 UNCERTAINTIES IN THE CONTIGUOUS PORnONS METHOD

.

Many of the uncertainties affecting contiguous portions calibrations are not unique to the
method and would require consideration for calibrations performed according to
conventional methods using only a 'centre' position measurement. Those factors include:
source -detector separation; backscattering; detector uniformity and background count-rate.

..

Uncertainties in the dimensions of the active area, the shape of the active area and the
homogeneity of the calibration source, are common to both methods but deserve some
additional consideration for the contiguous portions method.

...

The only uncertainty contribution that is due solely to the adoption of contiguous portions,
is that in source positioning.

5.2.1 Source Area

.

Detector efficiency is quantified in terms of counts per second per emission per unit area.
The uncertainty in detector efficiency will therefore be dependent upon the uncertainty in the
source area. If it is assumed that the dimensions of a typical 100 x 100 mm source will be
accurate to within :t 0.5 mm, the uncertainty in its area is 1 %.

...

5.2.2 Source Corners

.

Commercially supplied calibration sources are often constructed of an active layer fixed onto
a suitable backing material. The face dimensions of the backing material are usually greater
than the active area to provide an inactive rim for safe handling. On rimmed calibration
sources, it is not uncommon for the active layer to have rounded corners. Since the
contiguous portions technique requires the source to be placed consecutively in adjacent but
not overlapping positions, the inactive corners of the source will affect the detector response.
Since drawing a source positioning grid to allow for the source corners would be very
onerous, a contribution to the overall uncertainty can be made.

.....

In order to estimate the uncertainty that these comers would introduce to the contiguous
portions method, the radius of curvature on a typical reference source was measured. For
a radius of curvature of 5 mm on a 100 x 100 mm source, 0.2 % of the nominal active area
can be shown to be inactive and therefore not contributing to the detector response. A
similar calculation for a 100 x 150 mm source indicated that the comers account for 0.15 %
of the total area.

....

5.2.3 Source Uniformity

.

The uniformity of a calibration source is required by ISO 8769 to be within :t 10 % (a full
definition is given in Section 3.2). It is possible for a source satisfying this condition to have
two comers that deviate from the mean value by + 20 % and -20 % respectively. Since
contiguous portions involves exposing a detector to that source repeatedly, it is possible to

....
19
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CONCLUSIONS

.

6

.

The performance of detector profiles and source uniformity tests are vital to establish the
number of source positions and orientations required before a contiguous portions calibration
is undertaken.

.

For survey meter calibrations of photon emitting sources, detector profiles are necessary for
a range of photon energies as proportionality of detector response cannot be assumed.

.

Detector responses are dependent upon the thickness of backing material beneath 1- and to
a lesser extent l3-emitting sources; the effects of backscatter must be considered and accounted
for. The effects are negligible for a sources.

..

The repeated exposure of the detector to source edges during a contiguous portions
calibration does not enhance the total detector response observed. Edge effects are not
significant to the contiguous portions technique.

For calibration of monitors using photon sources, the contiguous portions method should be
adopted, even when the probe dimensions are small.

.

The contiguous portions technique is a valid method for the calibration of large area survey
meters using relatively small area sources.

..

Details of the extent of the measurement grid used in a contiguous portions calibration must
be supplied. Provision of this information allows comparisons to be made with the results
of previous years and also between calibration laboratories.

..

By far the largest contribution to the additional uncertainty in a contiguous portions
calibration is the uniformity of the calibration source. A detailed knowledge of the
uniformity distribution will allow a calibration configuration to be designed which will
significantly reduce this.

...

The additional uncertainty in a calibration performed using the contiguous portions technique
should not exceed 10 % if the guidelines enclosed are followed.

........
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Figure 1

The Contiguous Portions Technique
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Figure 2

.

Normal Orientation for the EP15 Probe
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Figure 4
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Probe Orientations for the GP13
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a) Long Orientation
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b) Short Orientation
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c) Diagonal Orientation
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Figure 7

..

Probe and Source Geometry for Determination of Edge Effects
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Figure 8
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Simulation of a Rimmed Reference Source
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