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1.0

2.0

FSV FINAL SURVEY EXPOSURE RATE MEASUREMENTS

INTRODUCTION

Determination of compliance with the decommissioning limits for exposure rate is based
on the identification of net values above natural background attributable to licensed
radioactive material. Using conventional methods for the determination of net exposure
rate due to licensed radioactive material described in draft NUREG/CR-5849. Manual for
Conducting Radiological Surveys in Support of License Termination, the background
exposure rate conditions must be relatively low and uniform. For situations where the
background is significant, or the exposure rate is variable due to factors other than licensed
material the task becomes difficult, if not impossible to achieve without numerous, costly
investigations. Even when these investigations are performed and licensed material is
determined to be a contributor to the exposure rate, the ability to differentiate or
distinguish net exposure rate at the decommissioning limits among a high and/or variable
background is very difficult.

At Fort St. Vrain (FSV), the background exposure rate is influenced primarily by the
concentration of naturally occurring radionuclides in materials of construction and
surrounding soil, and by elevation above sea level (cosmic). However, the cosmic
componen: 1s so outweighed by the concentrations of naturally occurring radioactive
materizi, that it is almost insignificant with respect to exposure rate. As a result, the
background is highly variable and very dependant on location, materials, and, for exposure
rate, geometry. For instance, background exposure rates have typically been found as
low as 2 uR/hr and as high as 35 uR/hr within an area of very close proximity. This
variability makes it extremely difficult to demonstrate compliance with the site
decommissioning criteria, i.e. 5 uR/hr above background averaged over 10 m* for indoor
areas or 100 m’ for outdoor areas, and 10 uR/hr above background for individual
measurements,

CURRENT MEASUREMENT APPROACH

Measurements of exposure rate are presently collected using a Ludlum Model 2350
(M2350) coupled to a LMI 44-2 1" x | " sodium iodide (Nal(Tl)) detector. This
equipment is operated in accordance with FSV-RP-INST-1-221, Operation of the Ludlum
2350 Data Logger. The 44-2 Nal detector is highly energy dependant and displays an
increasing over response (compared to true tissue equivalent exposure rate) as the
predominant or average gamma energy falls below approximately 500 keV.

Exposure rate measurements are typically normalized to an industry recognized standard,
such as a Reuter-Stokes pressurized ion chamber (PIC). PIC measurements are collected
at the same location as Nal or a significant number of Nal measurement locations to
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3.0

provide representative resuits. The results of measurements for exposure rate collected
using the two types of instruments are compared to determine a correction factor which
accounts for the energy dependence of the Nal detector. The PIC also displays an
increasing over response as the gamma energy drops below 500 keV, reaching a maximum
over response of approximately 75% around 100 keV. However. the over response is
much less than the over response of the 44-2 Nal detector. Below 500 keV, even the PIC
or PIC corrected Nal does not provide a true value for the actual exposure rate.

To quantify the exposure rate due solely to presence of licensed radioactive material or
demonstrate that there is no component of exposure rate due to licensed material, it is first
necessary to define the background exposure rate. Typically, this is accomplished by
obtaining background Nal measurements from an off-site structure which displays similar
characteristics or from on-site locations that were unaffected by plant operations. At each
background location a measurement is also obtained with a PIC. This value is used to
generate a PIC correction factor which is applied to Nal data to compensate for the Nal
energy response characteristics at the specific measurement location.

BACKGROUND CONSIDERATIONS AT FORT ST. VRAIN

At an optimum decommissioning location, the approach described in draft NUREG/CR-
5849 and discussed above for the collection or identification of background exposure rate
would require minimal effort, since the background exposure rate is low and the spatial
variance in exposure rate is also low. However, at FSV this is not the case. The
concentration of naturally occurring radioactive material (NORM) at FSV is significant
resulting in outdoor exposure rates ranging from 17 to 23 uR/hr. This is due to the high
concentrations of NORM in soil (or minerals within the soil). As expected, structures of
masonry, stone, brick, block, etc. contribute to elevated exposure rate collected from the
interior of structures.

3.1 Naturally Occurring Radionuclide Concentration

Naturally occurring radionuclides present in materials such as soil, concrete, brick,
block, etc. emit photons which may be scattered due to interactions within the
media and/or air prior to reaching the detector. This scatter causes a "softening”
or reduction in the average gamma energy detected. Because of the high energy
dependence of the 44-2 Nal detector, a small downward shift in gamma enzigy can
have a large influence on the over response of the detector. Thz degree of
scattered radiation will be influenced by the origin of the photons within the media
(i.e., photons originating at or near the surface of a medium will result in much
less scatter than photons originating throughout a volume of the same media to a
specific depth). For instance, a thin concrete pad over soil displays a higher
degree of scatter more representative of the underlying soil than a thick pad over
soil which serves to atienuate the scatter from the soil. The scattered photon
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3.2

fraction may be increased if the size of the area is small and surrounded by
concrete, block or brick walls in close proximity. If the area is occupied by steel,
such as tanks, pipes, valves, etc., the scatter (as well as background) will be
reduced due to attenuation. Therefore, the amount of scatter will be a function of
the depth of the contaminant in a medium, structure geometry and attenuating
materials in the measurement area. The value of the PIC correction factor provides
a measure or indication of the degree of scatter; the higher the correction factor,
the higher the amount of scatter.

To demonstrate the variability in NORM and the degree of scatter, spectra obtained
from investigations using the MICROSPEC-2™ (described in Section 4) indicate
that the K-40 contributions to the effective dose equivalent rate has a spatial
variauon of at least 250% over a relatively small population of buildings at FSV.
These values were obtained from various structures, including concrete, block,
brick, metal and wood in typical construction configurations, i.e. concrete on
concrete, block on concrete, brick on concrete, wood on concrete, etc. Other
radionuclides identified in the spectra were typical gamma emitters from the
uranium and thorium decay series, i.e. Bi-214, Th-228, Ac-228. The distribution
or contribution of these radionuclides to the effective dose equivalent rate showed
no consistency, with a variance (all photopeaks from all radionuclides other than
K-40) of 500%. An indication of the amount of scattered gamma radiation is
provided by the "peak-to-total ratio” (pttr), which is obtained from the
MICROSPEC-2™ spectra. For this application, the pttr is determined by summing
the effective dose equivalent rate from all photopeaks and dividing this by the total
spectrum dose equivalent rate. The lower the pttr, the greater the amount of
scatter. The pttr from the same measurements discussed above also had 2 variance
of 255% (0.09 t0 0.23).

Geometry

Geometry also has a significant influence on the response of an instrument to
exposure rate. Not only does geometry influence the number of photons reaching
the detector, but also the amount of scattered gamma radiation at that point. For
instance, a measurement from within the center of a small room constructed of
concrete may result in an increase in exposure rate because the origin of the
photons is in cl.se proximity to the detector, as well as a higner fraction of
scattered radiation compared to a measurement obtained from within a larger open
room of similar construction. The number of different geometries which may be
encountered during the final survey makes compiling similar background valves a
very difficult, time consuming and costly process. Examples of the various
structure geometries include:

L. Thin concrete pad over soil with wood walis and ceiling
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Thick concrete pad with block walls and wood ceiling
Thin or thick concrete pad with steel walls and ceiling
Wood floor over soil with wood walls and ceiling
Concrete floor with concrete walls and ceiling, etc.

ucb-u!u

Not only do these different structure geometries result in various background
exposure rates and PIC correction factors, each measurement location may have
different geometry factors resulting in lower or higher exposure rates and/or PIC
correction factors. These may include, but are not limited to the following:

l. The presence of attenuating material within the location, such as

steel tanks, pipes, pumps, valves, etc.

Grating over pipes, valves, etc. which is a significant distance from

the lower elevation concrete

3. The interface of concrete and wall, such as where a concrete floor
meets a steel, block, brick or wood wall, all of which result in
differing exposure rates and PIC correction factors

o

4, The interface of concrete and grating or an open pit area, again
resulting in differing exposure rates and PIC correction factors
3. An open area with no equipment or piping, concrete floor and high

concrete ceiling

6. An open area with equipment, piping, etc., concrete floor and high
ceiling, resulting in a lower exposure rate and/or PIC correction
factor in the immediate vicinity of the equipment, but changing with
distance from the equipment, increasing as the area becomes more

open

7. Steel walls with measurements at increasing vertical distance from
the floor surface, exposure rates decreasing with increasing
distance, etc.

There are many more construction configurations and these lists could go on quite
extensively. However, the point is that all affect the exposure rate and PIC
correction factor and no single value will adequately define the background and
PIC correction factors for a given location. In fact, the only real measure of the
background in an area can be obtained from the measurements in that area (sample
mean) and if the variance in the results is large, the application of a single
background value may result in a significant number of measurements which
exceed the action level for investigation. The use of the sample mean for
background is acceptable in unaffected areas where it is known or proven that there
is no contribution to exposure rate from licensed material. However, in affected
areas, an alternative must be identified.
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3.3

Results of Background Effects at Fort St. Vrain

Approximately 12,062 exposure rate measurements have been collected from
unaffected areas at FSV. These locations include various buildings immediately
outside the facility restricted area (Group A), buildings within the restricted area
but external to the turbine/reactor building (Group B) and the turbine building
(Group C). Figure | is a graph of the gross uR/hr measurements. These
measurements have a range of 2 uR/hr to 41 uR/hr, and an average of 14 uR/hr.

Exposure Rate Measurements
Groups A, B & C

Number of Measurements

Gross uR/hr

Figure 1
Distribution of Gross Measurement Results

Figure 2 presents the same measurement data with a PIC correction factor applied.
The PIC corrected gross measurements have a range of 3 uR/hr to 26 uR/hr, and
an average of 13 uR/hr. Application of a PIC correction factor reduces the range
slightly by minimizing the effects due to the energy dependence of the 44-2 Nal
detector. However, the range is still large as a result of differing concentrations
of naturally occurring radionuclides, geometry and scatter.
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Exposure Rate Measurements
QGroups A, B& C
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PIC Corrected Gross uR/Mr
Figure 2

Distribution of PIC Corrected Measurement Results

Although the problems associated with the collection of exposure rate
measurements are apparent in all survey locations at FSV, the effects of geometry
and scatter can be demonstrated very weil using two unaffected survey locations.
The first is the main conference room in the visitor center. This is a circular room,
approximately 25 to 30 feet in diameter, with brick walls and concrete floor. The
exposure rate measurements from the perimeter of the room next to the brick wall
were the highest and gradually decreased as the distance from the wall increased
until the lowest measurement result was obtained at approximately the center of the
circular room. Just outside this room is a smaller circular room approximately 6
feet in diameter, also with brick walls and concrete floor. However, in this
location the measurements along the walls are lowest and increase as the distance
from the walls increases until a maximum is reached at the center of the room.

The second location, the two diesel gencrator rooms on Level 5 in the turbine
building, demonstrates the effects of both geometry and scatter. The two rooms
are constructed identically, with concrete fioor, walls and ceiling. However, only
one room contains a diesel generator and supporting equipment. The other room
is completely empty. Exposure rate measurements in the empty room resulted in
an average of 16.9 uR/hr and a PIC correction factor of 1.3, while measurements
from the room with the generator in place resulted in an average of 11.9 xR/hr and
a PIC correction factor of 1.1. The primary cause of the reduced measurements
is the presence of a significant amount of attenuating material in the area. As
indicated, the choice of either of the averages as the background to be applied to
the other would result in a net of +5 uR/hr or -5 uR/hr, both requiring
investigation.
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4.0

CHANGE IN EXPOSURE RATE MEASUREMENT PROTOCOL

The problems identified with the selection and application of apnropriate background
exposure rate values and PIC correction factors are numerous and difficuii o resolve using
the current measurement protocol. The simplest, most direct and complete resclution
would eliminate the need to quantify the background exposure rate. This is the subject of
the required change in measurement protocol.

FSV has selected an instrument and developed a protocol defined in a Technical Basis
Document, FSV-FRS-TBD-202, Final Survey Exposure Rate Investigations Using the
MICROSPEC-2™", which provides a direct measure of the exposure rate due to licensed
radioactive material, regardless of background. Bubble Technologies, Inc., located in
Canada, has developed and markets an instrument which utilizes spectral data and converts
this data directly to exposure rate. The instrument, MICROSPEC-2™  utilizes a 2" x 2"
Nal detector coupled to a 220 channel portabie multi-channel analyzer. Because the
instrunent converts spectral data directly to exposure rate using conversion coefficients
published in iCRU Report 47, Measurement of Dose Equivalents from External hoton and
Electron Radiaiions , the concern regarding the energy dependence of the Nal is overcome.

The protocol for use of the MICROSPEC-2™ dsveloped by FSV and presented in TBD-
202 defines a region of interest (ROI) limit for Co-60 based on several conservative
assumptions:

1. Using the same radionuclide distribution as that used to genecate the site
specific guideline values, (gamma emitting radionuclides), the predominant
radionuclide contributing to exposure rate was identified using
Microshield’. Microshield was also used to determine exposure rate
fraction contributed by all other gamma emitting radionuclides (in all mixes
applicable to exposure rate outside the PCRV, Co-60 results in 95+ % of
the total exposure rate due to licensed radionuclides). For conservatism,
0.90 was used for the Co-60 ROI limit.

2. The fraction of the exposure rate due to scattered gamma radiation was
determined by modeling a source behind 3" of concrete using Microshield.
This resulted in a conservative value of 0.30 to account for scatter (this
assumes that 70% of the exposure rate from Co-60 is due to scatter). The
value is actually dependent on several factors, such as origin of the photons
within the media and other scattering surfaces/structures within the
measurement area. In fact, experimental measurements show that Co-60

' MICROSPEC-2 is a registered trademark of Bubble Technologies, Inc.

* Microshield is a software product copynghted and licensed by Grove Engineering, Inc.
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distributed on the surface of concrete within an open area results in
approximately 40% to 45% of the exposure rate due to scatter. The
conservative value was chosen to take into consideration a pipe or other
structure below the surface of concrete resulting in measurable exposure
rate above concrete.

By applying these values to the 5 uR/hr limit for investigation, a ROI limit for Co-60 has
been identified which can easily be measured in the field and assures that if the ROI limit
is not exceeded, the exposure rate due to liceased radioactive material could not exceed
an administrative action level.

The exposure rate due to all gamma emitting licensed radionuclides based on the Co-60
ROI pastial dose equivalent rate obtained with the MICROSPEC and the correction factors
presented above can also be determined using the following equation:

ROI Exposure Rate
03x09

Total Exposure Rate =

Note: The factors in the denominator may be adjusted to reflect the actual conditions in
the measurement area based on analysis of the MICROSPEC spectral data or
samples obtained from the area.

Use of this method, in lieu of the existing conventional protocol, provides a more reliable
method to quantify t':= exposure rate due only to licensed radioactive material. Results can
be reported with a higher degree of confidence that the true exposure rate due to licensed
radioactive material has been defined, without having to subtract background. If
necessary, however, the MICROSPEC-2™ can be used in a manner similar to
conventional instrumentation by subtracting background from gross measurement resuits.
This may be desirable when measuring the exposare rate from areas where the protocol
described in TBD-202 is not applicable, such as the PCRV or other areas with a significant
fraction of the exposure rate due to radionuclides associated with activated concrete. This
still provides a more accurate measure of the exposure rate due to licensed radioactive
material since the energy dependence of typical Nal detectors is eliminated.
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5.0

FINAL SURVEY PLAN CHANGES

Minimal changes will be necessary to revise the FSV Final Survey Plan and associated
FSV procedures to implement this new protocol.

Changes will be necessary to Sections 3.3.3, 3.3.6, 4.2, 4.4, 5.1, 5.2, and Figure 5.6
to allow the measurement of exnosure rate due to licensed material directly using the
Microspec, without the determination and subtraction of background or correction to
equate results to the PIC. Also, a single measurement from the floor at 1 meter from
a «all using the Microspec satisfies both wall and floor surface area measurement
requirements. These changes are straightforward and are not presented here.

In addition to using the Microspec to establish exposure rates, PSCo has also requested
approval to allow exposure rate measurements to be taken only for floor and lower wall
surfaces. This change is explained in the cover letter and in Attachment 1 to this report,
and is consistent with the guidance in Draft NUREG/CR-5849.

Section 4.3.3, Measurement Frequency, is ieing revised to reflect these changes, as
shown below. This revision also reflects the revision to take one exposure rate
measurement every 4 m’, previously approved by the NRC in their letter dated February
12, 1996 (L-96014). To implement this change and taking into account different sizes
of survey units, the minimum number of exposure rate measurements is also being
revised. For suspect affected survey units, the number of measurements will be based
solely on the surface area of the floor and lower walls, unless the surface area is
sufficiently small that the Student "t" value (used in Section 5.2.5) is prohibitively large,
necessitating additiona! measurements. Section4.3.3 is proposed to be revised as follows:

Building Surfaces and Structures
L Suspect Affected Survey Units

The final survey of suspect affected survey units includes a scan of 100% of
accessible surface area and a minimum of 30 measurements per survey unit for
removable activity (smears) and total activity (fixed point measurements). The
location oj these measurements will ensure uniform coverage of the area and the
investigation of potentially elevated areas of activity identified during the scan
survey. One exposure rate measurement will be collected for every 4m’ of
accessible floor and lower wall surface area. In the design of the final survey,
at the perimeter of a room where the floor surfoce meets a wall, exposure rate
measurements collected at a spacing of 1 measurement for each 4m’ at one meter
above the floor and 1 meter from the wall will satisfy beth floor and wall
measurement requirements for that location. For example, an exposure rate
measurement collectzd ai the perimeter of an area 1 meter from the floor and |
meter from the wo!. satisfies the 4m’ vieasurement requirement for the floor AND
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the 4m’ measurement requirement for the lower wall. In the corner of an area
where the measurement is 1 meter from the floor and 1 meter from both wall
surfaces making up the corner satisfies the 4m’ measurement requirement for the
floor AND 8m’ of lower wall surface (4m’ for each lower wall surface making up
the corner).

If the area is gridded, measurements for removable activity and total activity will
be collected at each grid intersection. Exposure rate measurements will be
collected at the center of each 4m’ of accessible floor surface. Where survey units
are not gridded, the number of measurement locations will be based in part on the
size of the area being surveyed. To ensure adequate coverage in survey units that
are not gridded, the following measurement frequencies have been established:

For survey units < 20 A minimum of 30 measurement locations for
square meters removable and total activity, 5
exposure rate
measurements if the accessible area = 20m’,
4 for smaller areas.

For survey units > 20 Equivalent to 1 mater intervals for
removable
square meters and total activity; 1 measurement per
4m’ of accessible area for exposure
rate.

(3 Non-Suspect Affected Survey Uuits

The final survey of non- suspect affected survey units above 2 meters includes a
minimum of 30 measurements per survey unit for removable activity (smears) and
total activity (fixed point measurements), and a scan survey of the accessible
surfaces at each measurement location. In general, these areas will not be
gridded. Measurement locations will be selected from locations most likely to
accumulate activity and the investigation of potentially elevated areas of activity
identified during the scan. The number of measurement locations will be based
in part on the size of the area being surveyed.

For survey units < 600 A minimum of 30 measurement locations for
square meters removable and total activity

For survey units > 600 A minimum of 1 measurement location for
square meters each 20 m’ surveyed

Exposure rate measurements are not collected in non-suspect affected su. 2y units.
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6.0

. Unaffected Survey Units

The final sv.vey of unaffected survey units includes a <can of approximately 10%
of the accessible surface area comprising floors and wils below two meters, and
a minimum of 30 measurements per survey unit for removable activity (smears)
and total activity (fixed point measurements). In general, these areas will not be
gridded. Measurement locations will ensure uniform coverage of the area and the
investigation of potentially elevated areas of activity identified during the scan.

The number of measurement locations will be based in part on the size of the area
being surveyed.

For survey units < 1500 A minimum of 30 measurement lccations for
square meters removable and total activity

For survey units > 1500 A minimum of 1 raeasurement location for
square meters each 50 m’ surveyed

Exposure rate measurements will be collected at 1 meter from accessible floor
surfaces, typically at the location of surface activity measurement. It is exp:cted
that the final survey of building exteriors wili Le in accordance with the protocol
established for unaffected building . rfaces and structures.

Requirements in Section 5.2.5 for determination of the 95% confidence level of the me in
based on the actual number of exposure rate measurements performed will remain
unchanged.

COST SAVINGS
To determine or estimate the potential savings which could be realized by utilizing the

alternate instrumentation and application protocol at FSV, the follow ing factors were
applied:

1. The floor and lower wall surface area of the reactor tailding is
approximately 15,000 m’; the floor surface ares is 7400 m®.
3 If one measurement i: required for each 4 m’ oi surface area, the total

number of measurements for all surfaces is 3750; 1850 for the floors.
Because of the manner in which the instruments are used and set-up for
collection, a measurement should be obtained at each location for all
surfaces using the 44-2, whereas a single measurement from the floor at
one meter from a wall using the MICROSPEC-2™ satisfics both wall and
floor surface area measurement requirements.

3 If a survey package includes 30 exposure rate measu enents, the total
number of packages for all surfaces is 125; 62 for the flocrs.
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4 Each survey package includes at least 5 measurements with the PIC which
results in 625 measurements for all surfaces; 310 for the floors. Based
on testing described in response to the NRC comments, the MICROSPEC-
2™ provides more accurate results in the presence of high and/or variable
background than the PIC. Using the MICROSPEC-2™ and TBD-202
protocol, PIC measurements will not be required.

. 3 Draft NUREG-1501 identifies the cost per exposure rate measurement.
The cost for standard instrumentation (Ludlum Model 2350 with 44-2) is
$50.00 per measurement and $100.00 for the PIC. Although the cost for
standard instrumeritation is reasonable, the PIC cost appears high. For
this estimate, the PIC measurement cost is assumed to be $75.00.

6. Draft NUREG-1501 estimates the cost per in-situ gamma measurement to
be $100-$300. Because of the simplicity in the application and use of the
MICROSPEC-2™ and the fact that the application is more like a direct
exposure rate measurement than typical in-situ measurements using more
complicated and costly instrumentation, the cost per measurement using
the MICROSPEC-2™ is assumed to be $75.00.

7. Using standard instrumentation and the protocol described in draft
NUREG/CR-5849, it is estimated that at least 60% of the measurements
v il require investigation, which includes a repeat of the measurements
and a minimum of 8 engineering person-hours per package for data
evaluation, investigation direction and package preparation/revision,
investigation  documentation and preparation of supplemental
documemation for the Final Survey Report (4 engineering person-hours
per packa;+ for initial data).

8. Using the imormat'>n in 7 above, at least 50% of the investigations will
be closed by using the MICROSPEC-2™ to obtain results.

The estimated cost for collecting initial exposure rate m._surements in the reactor
building from floors and lower walls is $267,000.00. The additional cost for
investigations and package closure is $292,000.00. The total using standard
instrumentation and conventional protocol is $559,000.

Using the MICROSPEC-2™, the total cost for all required measurements, data evaluation
and report preparation is $155,000.00.

The difference between the two cost estimates results in a minimum savings of

$404.000.00. Actual cost savings could be much greater if the investigations are greater
than the percentages used in the estimate.
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7.0

CONCLUSION

The background exposure rate at FSV is high and extremely variable. This high
background is primarily due to the concentrations of Naturally Occurring Radioactive
Material (NORM) found in construction materials and enhanced by the various structure
geometries present within the facility. Variability is due to differences in these
concentrations in the various materials and is also affected by geometry.

Conventional instruments used to collect exposure rate measurements display a large
energy dependence and the variability in material NORM concentrations can cause an
extreme over response of the instrument to the exposure rate. The high background
limits the sensitivity of instruments which provide an exposure rate response (rate
meters). This limitation extends to the Pressurized Ion Chamber (PIC).

To overcome these conditions and accurately determine the exposure rate due to licensed
material an alternate method must be identified. The simplest, most direct and complete
resolution to this problem would eliminate the need to quantify the background exposure
rate and provide a mechanism to measure the exposure due to licensed material, from
both uncollided and scattered photons. The MICROSPEC-2™ and the protocol defined
in TBD-202 provides such a method. The MICROSPEC-2™ piovides results, which,
once corrected to account for scatter, have acceptable accuracy cven in the presence of
high and variable background. Results can be reported with a higher degree of
confidence that the true exposure rate due to licensed material has been defined, without
having to subtract background or apply corrections to equate the results to the PIC.

The minimum cost savings which could be realized using the MICRISPEC-2™ is
$404,000 00.
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RESPONSE TO COMMENTS PROVIDED 3/19/96

1. What values were used to develop ratios for determining major licensed radionuclide
contributors to exposure rate?

Section 5.3 of TBD-202 discusses exposure rate calculations using the 10CFR61 nuclide
mix presented in TBD-201. This is the same mix used to develop the Site Specific
Guideline Value:. Several waste streams were eliminated from further use in TBD-202,
with discussion of the reason/justification for elimination provided in the text. It has been
demonstrated that the limitations in use of a 220 channel multi-channei analyzer do not
allow evaluation of locations containing an activated concrete volume, such as the interior
of the PCRV. This limitation is stated in the TBD.

2. The Te:  ical Basis Document (TBD) contains a lot of assumptions. These need to
be discussed further and how the assumptions affect the final result.

Although several factors presented in the TBD may appear to be simple assumptions, they

| are in fact based on knowledge of the application and/or evaluations performed, but
currently not discussed in detail in the TBD. The basis for the use of several factors which
appear to be of concern are presented below. The TBD will be expanded to further clarify
the approach.

. The equation used to calculate the Co-60 ROI limit ‘ncorporates a “peak-to-total
ratio” (pttr) of 0.3 to account for the contribution to exposure rate from scattered
gamma radiation with energies less than the photopeak energy. This factor was
derived from actual measurements with a Co-60 source behind 3" of concrete.
This source/shield geometry was chosen to represent the worst case scattering
condition, i.e., a pipe or other source containing gamma emitting radionuclides
embedd=d in concrete, with 3" of concrete between the source and the surface of
the media.

To fuiiher substantiate this geometry as worst case, several additional
measurements were performed, each with a different geometry. The results of
thes® measurements are presented below.

L. A Co-60 source (100 uCi) was placed in an area at the interface of a
concrete floor and concrete wall. The measurement was obtained at the
standard distance of 1 meter (all measurements were performed at this
distance). The result of this measurement provided a pttr of 0.47, higher
(less conservative) than the prtr used in the equation.

2. The Co-60 source was then placed in a location with several metal objects
(pipes, valves, etc.) between the source and the detector, also in close
proximity to a concrete floor and concrete wall interface. The resulting pttr
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for this configuration was 0.41, again higher than the pttr used in the
equation.

3, The source was then placed in a very small area with concrete block walls
approximately 3" apart and concrete floor. The resulting ptr was 0.48,
also higher than the pttr used in the equation.

4, The source was placed in an open area on a concrete floor with no
interfering surfaces closer than 6' from the measurement location. The
resulting pttr was 0.53,

3. Finally, the source was placed in the same location as the first
measurement. For this measurement a 3" section of solid concrete was
placed between the source and the detector. The resulting pttr was 0.32,
very similar to the initial result presented in the TBD.

The results of these additional measurements further support and substantiate the
use of a pttr of 0.3, which will provide conservative measurement results. As
indicated above, this conservative value will result in an overestimate of the
exposure rate due to licensed radioactive material if the source geometry is
different from the geometry which generated this factor. Since the degree or
amount of scattered gamma radiation can not be predicted prior to measurement,
0.3 was chosen as an appropriate value to provide a conservative starting point.
The TBD does allow for the evaluation of this factor should a measurement
approach or exceed the ROI limit. Should the measurement result or other
evaluations indicate that a pttr of 0.3 is too conservative, the factor and resulting
ROI limit may be evaluated and modified to more accurately represent the actual
conditions at the measurement location, if justified based on the evaluation.
Otherwise follow-up actions will be in accordance with the Plan and applicable
implementing procedures.

. The equation used to calculate the Co-60 ROI limit also incorporates a factor of 0.9
to account for licensed radionuclides other than Co-60 which contribute to the
exposure rate. The majority of the remaining 10% is due to Cs-137. Again, the
TBD states that the method is not appropriate for activated concrete which has a
large fraction of Eu-152. As indicated in Table 5-7 and discussed in the text, this
factor is conservative for the radionuclide mix determined outside of the PCRV or
not associated with the PCRV. In fact for the radionuclide mix not associated with
PCRV concrete, Co-60 results in 96.2 to 99.8% of the exposure rate due to
licensed radioactive material. As stated above, should the measurement result or
other evaluations indicate that this factor is too conservative, this factor and the
resulting ROI limit may be modified to more accurately represent the measurement
location.

The result of the conservatism included in the two factors used to determine the Co-60 ROI
limit (pttr and Co-60 fraction) may result in an iritial overestimate of the exposure rate due
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to licensed radioactive material of 100% ur more. However, it should be stressed that the
conservative ROI limit is intended as a “screening” limit. This provides a quick indication
of the radiologicai status of an area with respect to exposure rate, with a very high level
of confidence that the Co-60 partial dose equivalent rate is less than the ROI limit and an
action level has not been exceeded.

Discuss the MICROSPEC Quality Control checks.

The MICROSPEC is operated in accordance with procedure FSV-RP-INST-[-421. This
procedure allows use of the MICROSPEC to perform qualitative measurements such as
determining which, if any, licensed radionuclides contribute to the exposure rate at a
specific location; or quantitative measurements, such as those necessary to determine the
exposure rate due to licensed radionuclides.

When using the MICROSPEC to perform qualitative measurements, the only pre-use
requirement is the performance of an energy calibration. To perform quantitative
measurements, quality control checks must be performed in addition to the energy
calibration. These checks must be performed daily when the instrument is used for this
purpose and includes a check of the area (peak counts) for the two Na-22 peaks, 511 keV
annihilation peak and 1274.5 keV photopeak. The area of both peaks are compared to the
+/-2 and +/- 3 sigma values. QC limits (sigma values) are determined monthly or prior
to instrument use, if used less frequently. If either value exceeds +/- 3 sigma,
supervision must be notified and the instrument taken out of service until the condition is
evaluated and corrected. The total spectrum dose rate is also determined during the QC
check. If this is greater than +/- 10% of the mean which is determined at the same time
as the peak area limits, the same actions as above must be taken.

As an additional check and verification of the stability of the instrument, the ROI settings
must be verified prior to collection of field measurements, or if any change is suspected.
This change (gain shift) may be caused by movement of the instrument to an area of
different temperature. If a check of the ROI indicates that a significant gain shift has
occurred, a new energy calibration must be performed.

Compare MICROSPEC results with the Pressurized Ion Chamber (PIC). What
corrections will be applied to the results obtained with the MICROSPEC to
compensate for response differences (MICROSPEC vs. PIC)?

Several evaluations have been performed using the MICROSPEC and the PIC in an
attempt to better understand the response of the two instruments. These evaluations were

also designed to determine the need to correct the results of the MICROSPEC to provide
PIC equivalent exposure rate and the result of this correction.

. The first of these evaluations involved determining the response of both
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instruments at various angles of incidence, beginning at 0 degrees (directly in front
of the MICROSPEC Nal detector and top center of the PIC) and continuing around
the instrument at 22.5 degree increments to a maximum of 337.5 degrees. This
was performed initially with a Co-60 source and then repeated with Cs-137, To
ensurs consistency in comparison of the response of the two instruments. the
source was placed at a distance measured from the detector centerline for all
measurements. When measuring the source distance for the PIC, the detector
centerline was assumed to be the center of the 1 ft’ outer box.

Measurements were performed at a source distance of 9" fiom the detector
centerline for both instruments and both sources (Figures 3 and 4), then repeated
4u a distance of 27" (Figures 5 and 6). At the 9" measurement distance, the
MICROSPEC response was uniform to an angle of 112.5 degrees, increasing to
135 degrees as the distance was increased to 27". As expected the response
decreased as the angle approached 180 degrees. However, when the source
distance was increased, the response improved at these angles with a maximum 9%
under response for Co-60 and 18% under response for Cs-137 at 180 degrees. The
PIC displayed a similar response, uniform to 157.5 degrees, with a maximum
under response at 180 degrees. This response also improved as the source distance
was increased, with a maximum under response of 7% for Co-60 and 8% for Cs-
137 at 180 degrees. It is important to note that 180 degrees on the PIC was found
at the location where the steel plate is attached to the box for securing the detector
tripod. At most measurement locations this is the angle of interest (source term
contributing to exposure rate from underneath the detector). Graphs of the angular
response for the PIC and MICROSPEC at both measurement distances are
attached.

The second evaluation compared the response of the PIC and MICROSPEC to
increasing exposure rate from Co-60.

This evaluation compared the response of the two instruments, first in an area of
low background (low background at FSV), with licensed radioactive material (Co-
60) contributing to the exposure rate with a range which covers the
decommissioning limits. These results are presented in Tables 1 and 2. The
evaluation was repeated using the same source, however, in an area where the
MICROSPEC background was almost a factor of five higher and a factor of two
for the PIC. These results are presented in Tables 3 and 4.

Measurements in both locations were performed using a 0.5 uCi Co-60 source,
beginning at a distance of 30" and decreasing to a minimum of 6". At 30"
background predominated the PIC measurement result (approximately 10 uR ‘ir in
the low background area; 17.7 uR/hr in the higher background area). The
MICROSPEC background exposure rate 3.2 uR/hr and 15.1 uR/hr, respectively.
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LOW BACKGROUND MEASUREMENT LOCATION
(MICROSPEC BKG 3.2 yR/hr; PIC BKG 10 uR/hr)

Table 1

MICROSPEC Measurements

Gross Result Net Result Calculated Net vs, Calc.
(uR/hr) (uR/hr) (uR/hr) % Error

44 12 Ll +9.1

I 26 49 12 LS +133
2 53 2.1 21 0.0

18 6.1 2.9 il 6.5

14 1.9 4.7 5.1 -1.8

12 9.4 62 6.9 -10.1

10 12,0 28 99 101

i & 16.6 13.4 156 -14.1
2 20.1 16.9 203 -16.7

& 212 24 217 134 1

-

Dist.nce is measured from the detec:or centerline.

Table 2

PIC Measurements

Distance 1s measured {rom the detector centerline
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fross Result Net Result Calculated Net vs. Calc.
(uR/hr) (uR/hr) (uR/hr) % Error
30 00 T 100.0 J
26 04 0.4 LS -73.3
22 101 1.1 2.1 476
18 118 18 3.1 419
14 134 34 3.1 333
12 151 41 69 -26.1
I 10 12.3 23 9.9 263
[ 8 21.7 1.7 15.6 -25.0
t 1 257 187 203 -22.7
6 119 219 212 137
1




HIGHER BACKGROUND MEASUREMENT LOCATION
(MICROSPEC BKG 15.1 uR/hr; PIC BKG 17.7 uR/hr)

Table 3

MICROSPEC Measurements

rSmm

istance is measured from the detector centerline.

Table 4

_PIC Measurements

Gross Result Net Result Calculated Net vs, Calc.
(uR/hr) (uR/hr) (#R/hr) % Error
10 163 12 L1 £9.1
# 26 16.5 14 LS 6.7
2 12.2 % R 21 Y SR
18 12.9 28 3l 97
14 19.5 4.4 21 Sk
12 209 S8 6.9 -15.9
A0 23.6 8.5 99 -14.1
8 281 13 15.6 -16.7
yi 2.5 17.4 203 -143
fls) 1913 242 2712 26

Distance Gross Result Net Result Calculated Net vs. Calc.
(inches)’ (uR/br) (uR/hr) (uR/hr) % Error
30 18,0 03 2k -12.2
26 18.6 0.9 LS 400 |
22 192 1.5 2.1 -28.6
18 19.9 2.2 31 -29.0
14 216 38 Sl -23.5
12 232 53 69 -20.3
10 25.1 7.4 9.9 253
- 294 117 3.4, -25.0
Z 330 153 203 -24.6
A 41 218 212 141
1 Distance is measured from the detector centerline
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The net exposure rates in the tables presented above were determined by
subtracting the location specific background from the gross result for both
instruments. For these measurements, licensed radicactive material (Co-60 in the
form of a sealed source) was placed at the cesired measurement distances.
Background was determined before bringing the source into the area and after the
source was removed. The background spectra obtained in both areas did not
identify the presence of licensed radioactive material. Subtraction of location
specific background exposure rate in this evaluation should not be confused
with the problems discussed with identification of appropriate background
values to be applied to affected survey units. As discussed on many occasions,
background exposure rate can not be determined at the specific measurement
location in affected survey units. Rather, using the conventional approach, a
background value should be determined from a location similar to the measurement
area.

The data shows that in the exposure rate range of interest (0 to 10 xR/hr), the
MICROSPEC provided favorable results, with 