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RADIOLOGICAL CHARACTERIZATION REPORT FOR THE

233-S PLUTONIUM CONCENTRATION FACILITY DEMOLITION PROJECT

1.0

2.0

INTRODUCTION

Information on the extent and level of radiological contamination is critical to
planning for the demolition of the 233-S Plutonium Concentration Facility (233-S).
Extensive radiological surveys have been performed, as well as detailed
nondestructive assay measurements (NDA). However, these were deemed
insufficient in two areas: 1) waste disposal planning for the purpose of minimizing
transuranic waste (TRU), and 2) evaluating specific demolition methodologies and
mitigation techniques to minimize the release of radiological materials during the
demolition process. A sampling plan was developed (Attachment 1) to collect
additional radiation dose rate measurements with the goal of correcting this
deficiency. The measurements were collected using standard radiation survey
instrumentation specially modified and calibrated to provide results specifically
meaningful to the 233-S Demolition Project. Dose rate to activity conversion
factors were determined using MicroShield ™', a computerized radiation shielding
program.

This report provides a detailed description of the technical basis of the
modifications to the radiation survey instrumentation, its use, and limitations, and
data reduction techniques (Section 2.0). In Section 3.0, the results are presented
with respect to eliminating the deficiencies identified above. Estimates of the total
TRU waste present in 233-S will be provided, in addition to the mass of TRU
radionuclides on facility surfaces. Conclusions are presented in Section 4.0, -

Materials and Methods

Radiation dose rate measurements were collected using standard radiation survey
instrumentation. Sample locations on facility surfaces specified in the sampling
plan (Attachment 1) were identified on maps for use in recording data in the field.
Surfaces requiring detailed survey grids were marked prior to data collection using
chalk lines. Both contact and field (30 ¢cm) measurements were collected. The
distance was carefully determined prior to recording the measurement to ensure
repeatability.

2.1 Survey Instrument Details

Three instrument types were modified for 2! AM dose rate measurements at
233-S. These were a Ludlum 44-2 1”X1” Nal detector with an Eberline E-~
600 meter, a Ludlum Model 19 microrem meter (also 2 1”X1” Nal detector
internal to a meter), and a Bicron microrem meter (tissue equivalent dose rate
meter).

! Microshictd is a trademark of Grove Engincering (A Framatome ANP Company), Olney, Maryland
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The calibration/instrument services group at PNNL performed the
modifications and calibrations, The detector of each instrument was shielded
with 1/16” (1.59 mm) of lead on all sides except the “front™ of the detector.
The tenth-value layer for 70 keV potential x-ray beams is 0.52mm of lead.
The 70 keV potential was selected from the published tables instead of 50 keV
since the table used some attenuating layer to harden the beam and 70 keV
potential will give x-rays ranging from 70 keV down. Since gamma and x-
rays will behave identically and 70 keV potential will create x-rays up to 70
keV, this value should be conservative but close to the actual tenth-value layer
thickness for the gamma emissions from *'AM. This would reduce the
response of the detectors by a factor of 1000 from all directions but the
unshielded end making them quite directional. Testing at PNNL showed this
to be the case; a ~200 prem field measured from the responsive end was too
low to measure from all other directions with the shielded detector.

The instruments were calibrated using a NIST traceable **' Am well source at
PNNL at all scales. All instruments were adjusted so that the reading on the
instrument matched the calculated dose, no correction factors were necessary.
Wide beam geometry was used, and no unfavorable geometry (point, narrow
beam) corrections were developed. PNNL agreed that 30 cm dlstance from an
area source should match this calibration well.

Data Reduction Methods

Dose rate data was collected at the sampling locations identified in
Attachment 1 and using the instrumentation described in Section 2.1, above.
Conversion factors are necessary to relate the measured dose rate information
activity present Since the measured dose rate results primarily from photons
emitted by **' Am the conversion factors must also relate the measured dose
rate the total activity of TRU radionuclides. The conversion factors are based
on the shielding model results, physical and radiological properties of the
radionuclides present, as well as the isotopic activity and weight distributions
for contamination found in 233-S. A detailed description of the conversion
derivation is provided in Attachment 2. The factors are summarized in Table
2-1,
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Table 2-1 Conversion Factors for Dose Rate Data Reduction

C.F. 4 Purpose Factor Units
Cant Relates "' Am dose rate fo activity 2.37§+05 dl %00cm’ (" Am)
trem/h
frru | Relates “*"Am activity to total TRU 2.39 dIm(TRU)
d!m(* Am)
SpAtru | Relates TRU activity to TRU mass 0.126 Ci(TRU)
g(TRU)

Each sample location is comprised of 2421 cm® of surface area. This area is
defined by the distance from the surface to be measured and the solid angle
formed around the detector axis by the lead collimator. The total TRU
activity is calculated from the dose rate determined at 30 cm from that
location using the values in Table 2-1;

DR(i’-’g'-’l)i CFypy X fry x24.21

Amu -
2.22¢+03 ﬂn—’-
nCi

=nCi(TRU)

Where: 24.21 = conversion from activity per 100 cm? to total in sample region

The total mass, Wrry, of TRU in the sample region is calculated:

Wy = Ay (Ci) X107 %x SpA, = g(TRU)

3.0 CHARACTERIZATION RESULTS

This section presents the characterization results with regard to estimates for the
activity and mass TRU radionuclides. This information will be presented within the
context of estimating the volume of TRU waste generated during the demolition of
233-S and quantifying the source term for use in calculating on-site and off-site
impacts from potential releases.

3.1 TRU Waste Estimates

TRU waste estimations were determined by taking the total nCi of calculated
activity and dividing by the mass for a particular shot area.
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The limit for the ERDF (Environmental Restoration Disposal Facility) is
~92.5 nCi/g. To provide a degree of conservatism to the analysis, a value of
70 nCi/g was used to help define the TRU segments. This method identified 3
primary TRU segments on the West Wall of the Process Hood, represented by
the areas >70 nCi/g (Figure 3-1).

Figure 3-1

Process Hood/Viewing Room West Wall nCig per Measurement Area

AB C D FoG H ! JoK LM N O P Q R 8
B3 095 B S T A T TR TG ""Eﬁ]*i‘?53}3’6””‘ﬂﬁ“’?"ﬁﬁi?ﬁ‘w"m’mﬁﬁ“"”‘i?‘iﬁ'fﬂ'sw""‘5‘1513”53

There were also three areas on the North Wall of the Process Hood that
contained >70 nCi/g of material. Two of those areas were very small (see
coordinates A7 and A10 on Figure 3-2), with activities between 70 and 105
nCi/g and when packaged for disposal will be well below 70 nCi/g,

The Second floor of the stairwell on the east wall contains an isolated spot at
315-350 nCi/g (Figure 3-3). This area is well below 70 nCi/g as a segment
packaged for disposal. All other areas of the building analyzed contained no
measurements that were significantly above background, and do not contain
TRU waste.
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Figure 3-2

Process Hood/Viewins Room North Wall nCifg in Measurement Area

0-175 ©@3175-210 @210-245 £1245.280 8280.915 W 315.350 £3350

-385 €1385-420 8420455 |

Figure 3-3

Stairwell 2nd Level Walls nCily Measurement Area

210-245 (41245280 W2B0.315 W315350 )
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3.2 Release Source Term Estimates

The total TRU mass reported for each surface (wall or ceiling) was
determined using a stepwise process.

1. The total surface area was divided by the total number of measurements
collected on that surface to provide the area related to each measurement.

2. The determined for the measurement area of 2421 cm? is applied the larger
area determined in Step 1, above.

3. The results from Step 2 are summed for each surface to provide the total
activity or mass for that surface.

4. Process Hood areas where measurements were collected utilizing the 0.5
meter x 0.5 meter grid were treated as unique from other areas on the same
surface.

The method can be described mathematically as follows:
A W,
W, = S
' Z( N 2421cm’)

Where:  Ws = Total TRU mass on Surface, S
N =Number of measurements collected on Surface, S
As = Area of Surface S, cm? ‘
I, = TRU mass determined from measurement, i

The TRU mass determined from each measurement 3, is provided in

Attachment 3. The total TRU mass for each area of the 233-S Facility are
presented in Table 3-1.
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Table 3-1 TRU Mass Estimates for 233-S Locations

Location TRU (grams)

Can Storage Room 0.061
SWP/Equipment Room 0.054
Pipe Gallery 0.141
PR Can Storage 0.039
PR Can Loadout 0.081
Stairwell - 1" Floor Wall 0.024
Stairwell - 2" Floor Wall 0.055
Stairwell - 3° Floor Wall 0.026
Stairwell - 4" Floor Wall 0.018
Stairwell - 1" Floor Landing 0.023
Stairwell - 2™ Floor Landing 0.049
Stairwell - 3" Floor Landing 0.037
Stairwell - 4" Floor Landing 0.016
Stairwell Ceiling 0.002
Process Hood - West Wall 5.682
Process Hood — North Wall 6.175
Process Hood — South Wall 0.038
Process Hood — East Wall 0.828
Process Hood ~ Ceiling 0.037

Total 13.39

4.0 CONCLUSIONS

This report describes the characterization method and results for the 233-S
Plutonium Concentration Facility, The purpose of the characterization was to
determine the total activity or mass of radionuclides on the walls of the facility prior
to demolition. Remediation of radioactivity present on the facility floor is not
included in the present demolition project.

The method relies on the detection of photons emitted by **'Am present on the
contaminated surfaces. In this respect it is similar to the NDA methodology used
previously to provide estimates of radionuclide activity or mass present in the
facility (Clinton, 2003). However, the total mass of alpha-emitting radionuclides
estimated by this method is 13.39 grams, compared to the previous estimate of 46.2
grams. This difference is believed to primarily result for the following reasons:

1. Alayer of concrete was added to the floor of the Process Hood after the
previous study was conducted reducing the contribution from contamination
on the floor to measurement of the wall activity.

2. The photon detector was modified to make its response highly directional,

This modification allowed the more accurate determination of activity on a
given surface by reducing interference from activity adjacent surfaces.
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3. A method was developed for more accurately determining subtracting the

contribution from background radiation levels.

4.  Excess radioactive materials (waste, equipment, etc) were removed prior to
collecting the current measurements.

5.0 REFERENCES

6.0

(Clinton, 2003) Clinton, R. 233-S Residual Con!aminaﬁon Location and Source
Term Determination, CP-15397. Fluor Hanford, Inc. Richland
Washington. March 19, 2003

ATTACHMENTS

e Attachment 1 —233-S Plutonium Concentration Facility Demolition Project —
Radiological Survey Plan

e Attachment 2 — Derivation of Dose to Activity Conversion Factors for Use in
233-S Characterization

e Attachment 3 —233-S Americium Dose Rate Data
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ATTACHMENT 1
233-S PLUTONIUM CONCENTRATION FACILITY
DEMOLITION PROJECT - RADIOLOGICAL SURVEY PLAN

1.0 INTRODUCTION

The planning effort for the 233-S Plutonium Concentration Facility (233-S) requires
additional information with regard to the extent and level of radiological
contamination. Extensive radiological surveys have been performed, as well as
detailed nondestructive assay measurements (NDA). However, these are
insufficient in two areas: 1) waste disposal planning for the purpose of minimizing
transuranic waste (TRU), and 2) evaluating specific demolition methodologies and
mitigation techniques to minimize the release of radiological materials during the
demolition process.

Radiological surveys were performed for the purpose of radiological safety, For this
reason, a large number of the data are reported as being less than a certain exposure
level of interest, i.e. 5 milliroentgens per hour (mR/h). Use of these data would
result in a large overestimation of the level of contamination for the areas where the
measurements were collected. The quantity of TRU waste would be overestimated
by a factor of at least 10. Planning for demolition will be more restrictive than
actually necessary leading to an increase in project cost and schedule.

Similarly, the NDA data provides an upper bound to the mass of radionuclides
actually thought to exist in 233-S. This conservatism resulted in assumptions
required by uncertainties related to measurement conditions, as well as
measurement interference from radioactive materials other than those of interest.
Use of this data alone for waste disposal or demolition decisions will also lead to
increased project costs and schedule.

Neither data set provides sufficient information to determine the areal extent of
several hot spots within 233-S. This determination is necessary to minimize the
amount of waste designated TRU.

This plan will describe the sampling methods and locations required to collect
radiological survey data sufficient to achieve the following goals:

1. Characterize areas with “less than” survey data with regard to waste
designation, i.e. TRU or low-leve! waste.

2.  Determine the extent of hot spots to provide a better estimate of the quantity
of TRU waste.

3. Characterize all areas sufficiently to either confirm or refine the radionuclide
activity estimates based on NDA measurements.
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2.0 APPROACH

The radiological survey will provide radiological exposure rate data collected at the
specific locations identified in Section 3.0 and using the instrumentation described
below. The exposure rate at the specified sampling locations will be measured on
contact with the surface and/or at a distance of 30 cm. A means of reliably
determining the appropriate distance will be provided to the Radiological Control
Technicians performing the measurements. Scanning measurements may be
utilized as needed to locate areas of elevated activity.

2,1 Sampling Method

Exposure rates less than or equal to 50 mR/h will be measured using a
Ludlum Model 19 MicroR Meter, Eberline E-600 rate meter equipped with a
Ludlum Model 44-2 probe, a Bicron microrem meter, or other appropriate
radiation protection instrumentation. The detectors for the Ludlum
instruments consist of a 1 inch by 1-inch Sodium Iodide detector coupled to a
photomuliplier tube. The Bicron meter is a plastic scintillator detector. The
detectors are shielded with 1/16 inch lead sheet on all sides except the front to
minimize interference from contaminants on surfaces other than the one being
measured. The detectors will be calibrated to the ~60 keV gamma emitted by
231 Am, the primary gamma-emitting radionuclide present. The background
exposure rate will be determined by placing a 1/16 inch lead shield over the
unshielded face of the detector and recording the reading. The additional
shield effectively eliminates all exposure due to **'Am but has little effect on
higher energy photons (i.e., cosmic rays, '>’Cs, or radon daughters). The
background exposure rate will be determined for each area where
measurements are taken.

Exposure rates greater than 30 mR/h will be measured using an fonization chamber. The sluminum/phenolic material of the
detector chamber will provide some directional capability for the instrument. The instrument will provide a verification of
previous measurements,

Measurements will require at least 2 individuals; one to verify sampling
locations and record data, and one to operate the instrument and convey the
readings.

2.2 Data Analysis

A conversion factor relating exposure rate to curies of >*' Am will be
calculated using Microshield” 2, a computer based shielding code. The
activities of other radioisotopes will be determined using the isotopic
distribution previously reported in the 233-S Safety Basis.

1 Microshicld is a trademark of Grove Engincering (A Framatome ANP Company), Olncy, Maryland
100f 38
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Preliminary Activities

Prior to implementing the sampling plan described below, packaged waste
within 233-S should be removed/moved, as should any equipment, materials
or other items that could impede the performance of the surveys or increase
the radiation background. A layer of grout will be poured on the floor of the
Viewing Room and Process Hood to reduce the radiation background. The
expected grout thickness is 10 inches and 6 inches in the Viewing Room and
Process Hood, respectively.’

3.6 SURVEY PLAN

This section describes the locations where radiation exposure rate data will be
taken, the type of measurement required, and data/information recording
requirements, The measurements may be done in any order as well as concurrently
and repeated as necessary.

3.1

3.2

Can Storage Room

The Can Storage Room is currently posted as a Radiological Buffer Area with
no measurable radiation exposure utilizing standard radiation survey

_instruments. For this reason, it is believed that contamination, if any, will be

evenly distributed and at low levels.

Static Surveys

Radiation exposure rate readings will be obtained at contact and 30 cm from
the approximate midpoint of each wall, and the ceiling. The measurements
will be recorded on a radiological survey report form (BD-6000-010).

Scan Surveys

A scan survey will performed at contact along the joints of the wall panel. If
areas of elevated contamination are discovered (as compared to the adjacent
wall), static measurements will be obtained at contact and 30 cm. The
approximate location and extent of the elevated activity, along with the static
measurements will be recorded on a radiological survey report form (BD-
6000-010).

PR Can Storage Room

The PR Can Storage Room is used as an access/egress route for the PR Can
Loadout Room. The north one-half of the room is posted as a Radiological
Buffer Area. The south one-half of the room contains a containment tent used
which is posted as a high contamination and airborne radioactivity area.
Radiological surveys indicate that contamination is evenly distributed over the
PR Can Storage Room walls and ceiling,
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Static Surveys

Radiation exposure rate readings will be obtained at contact and 30 ¢m from
the approximate midpoint of each wall and the ceiling. The measurements
will be recorded on a radiological survey report form (BD-6000-010).

Scan Surveys

A scan survey will performed at contact along the joints of the wall pane!. If
areas of elevated contamination are discovered (as compared to the adjacent
wall), static measurements will be obtained at contact and 30 cm. The _
approximate location and extent of the elevated activity, along with the static
measurements will be recorded on a radiological survey report form (BD-
6000-010).

PR Can Loadout Room

The PR Can Loadout Room is posted as a high contamination, airborne
radioactivity, and radiation areas. It is assumed that the contamination is
primarily uniformly distributed.

Static Surveys

A measurement collection grid will be established on the room surfaces by
equally dividing each surface into four equal sections. Radiation exposure

rate measurements will be collected at contact and 30 cm at the node (four

corners and center) of each grid. The room surfaces are described below:

1. On the section of the south wall between the east wall and the intersection
of the Process Hood west wall.

2. On the section of the south wall between west wall and the intersection of
the Process Hood west wall.

3. On the entire west wall

4. On the entire north wall

5. On the entire ceiling

The measurements will be recorded on a radiological survey report form (BD-
6000-010).

Scan Surveys

No scan surveys are required for the PR Can Loadout Room.

SWP Change Room and Equipment Room

The SWP Change Room ahd Mechanical Room are posted as a Radioactive

Material Area. Radiologica! survey data indicates that the contamination is
uniformly distributed.
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Static Surveys

Radiation exposure rate measurements will be collected at contact and at 30
cm. in the following locations:

1. The east wall of the SWP Change Room, midway between north wall and
the entrance to the PR Can Loadout Room.,

2. The west Wall of the SWP Change Room, midway between the north

entrance and the south wall.

The midpoint of the east wall of the Equipment Room.

The midpoint of the west wall of the Equipment Room.

The midpoint of the SWP Change Room Ceiling

The midpoint of the Equipment Room Ceiling.

DnhA W

The measurements will be recorded on a radiological survey report form (BD-
6000-010).

Scan Surveys

No scan surveys are required for the SWP Change Room and Equipment
Room.

Pipe Gallery

The Pipe Gallery is a High Contamination and Airborne Radioactivity Area.
There are two known areas of elevated contamination, a hot spot, and the area
around a junction box on the east wall. The remainder of the contamination is
assumed to be primarily uniformly distributed.

Static Surveys

A measurement collection grid will be established on the room surfaces by
equally dividing each surface into four equal sections. Radiation exposure
rate measurements will be collected at contact and 30 cm at the node (four

corners and center) of each grid. The room surfaces to be surveyed are the
west, south, and east walls and the ceiling.

The measurements will be recorded on a radiological survey report form (BD-
6000-010).

Scan Surveys

A scan survey will be performed at hot spot and junction box to determine the
extent of the elevate activity. Static measurements will be taken at contact
and 30 cm from the center of each area. The approximate location and extent
of the elevated activity, along with the static measurements will be recorded
on a radiological survey report form (BD-6000-010).
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3.6 Process Hood/Viewing Room

The Process Hood/Viewing Room areas are the most highly contaminated of
the entire 233-S Facility, The bulk of the contamination is thought to exist in
areas of the north and west walls on the first and second levels.
Contamination on the walls outside of these areas is much lower activity and
is assumed to be evenly distributed. The main sampling goal in these areas is
to better define the extent of the contamination for waste designation
purposes. Sampling grids will be established over the Process Hood/Viewing
Room surfaces as described below:

1.

2.

A

A 0.5 meter x 0.5 meter sampling grid will be established on the first two
levels of the north wall and west walls.

The area comprised of the third and fourth levels of the north and west
walls will be equally divided into four surfaces.

. A 0.5 meter x 0.5 meter sampling grid will be established on the lower

north quadrant of the third level of the west wall.

A 0.5 meter x 0.5 meter sampling grid will be established on the first level
of the south wall,

The area comprised of the second, third, and fourth levels of the south
wall will be equally divided into four surfaces.

The entire east wall will be equally divided into four surfaces,

The ceiling will be divided into four surfaces.

Static Surveys

1.

Radiation exposure measurements will be collected at contact and at 0 cm
over each node of the sampling grids described above. For the areas
equally divided into four surfaces, the nodes are located at each corner of
the grid plus the center, The measurements will be recorded n a
radiological survey report form (BD-6000-010).
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Scan Surveys

Scan surveys will be performed along the vertical steel I-beams attached to the
north and south walls of the process hood. The survey will focus on detecting
contamination that may be trapped between the I-beam and wall, The
approximate location and extent of the elevated activity, along with the static
measurements will be recorded on a radiological survey report form (BD-
6000-010).

Stairwell

The Stairwell is a metal structure on the east side of 233-S containing stairs
leading to the four levels of the facility. There is a meta! landing at each level.
The Stairwell is posted as a high contamination and airborne radioactivity
area.

Sampling grids will be established on the north, east, south, and west walls of
the Stairwell at each level (i.e., levels 1-4) by equally dividing each surface
into four surfaces.

Static Surveys

Radiation exposure measurements will be collected at contact and 30 cm at
the following locations:

1. At each node (each corner and the center) of the sampling grids.
2. At the middle of the metal landing on each floor.
3. At the midpoint of the Stairwell ceiling

The measurements will be recorded on a radiological survey report form (BD-
6000-010).

Scan Surveys
Scan surveys will be performed along the C-channel attaching each landing to .
the walls at each level. The approximate location and extent of the elevated

activity, along with the static measurements will be recorded on a radiological
survey report form (BD-6000-010).
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ATTACIIMENT 2
DERIVATION OF DOSE TO ACTIVITY CONVERSION FACTORS
FOR USE IN 233-S CHARACTERIZATION,

1.0 Introduction

As described in Section 2.0 of the main body of this report, the approach to
characterization of the 233-S Plutonium Concentration Facility relies on measuring
the dose rate resulting from 2 Am present in contamination on the facility surfaces.
To relate the measured information to total TRU activity, it is necessary to derive
conversion factors. The converted data can then be used to make decisions
regarding radioactive waste designation or the use of specific demolition
methodologies. This attachment presents the basis for deriving the conversion
factors.

2,0 Conversion Factor Derivation

The conversion factors derived in this attachment are based on the following
information:

1. The calculated dose rate from an assumed (i.e., 1 curie) *"'Am evenly
distributed over the area seen by the detector described in Section 2.1.

2. The known radiological and physical properties of the radionuclides believed
to be present in the contamination on 233-S surfaces. The radionuclides
present have been previously determined using laboratory analysis.

3. The activity and mass isotopic distribution of the radionuclides present as
determined by laboratory analysis. The isotopic distributions are presented in
Table 1, below. '

2.1 Dose Rate to *'Am Activity Determination

The dose rate at 30 ¢m. from I curie (Ci) of evenly **! Am activity was
calculated to be 3.867e+05 microrem per hour (prem h''). This value was
determined using MicroShield™” 5,03, a computerized shielding code. The
source was modeled as a disk with an area of 2421 ¢m?, The activity
concentration in the area of interest is:

¢y
1Cix2.22e+12228 cy
C,= L x100=9.17¢+10—£M_
2421cm 100cm

So, the factor, CFa4;, to convert dose rate to *'Am activity is:

3 Microshicld is a trademark of Grove Engineering (A Framatome ANP Company), Olney, Mayrland
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d d
9.]7e+10—/'-’—'-5- /m/ .
Chyy = 100cm” . 5 37¢ 4 05 —£100cm’

3.867¢+05H7eM/ premy

2.2 Total Transuranic (TRU) Activity from the **' Am Dose Rate

The isotopic activity distribution for the TRU radionuclides present in 233-S
contamination is known and reported in the [Sampling and Analysis Plan].
The activity fraction, f, is the fractional activity of each radionuclide relative
to the total activity present, such that:

Ai
S

Where: A, = Activity of TRU isotope, i
Ar = Total activity

The activity of *'Am is determined from the measured dose rate and the
method described in Section 2.1 above. Dividing each of the activity fraction
values by that of **' Am provides a new fraction, f;, that relates the activity of
each TRU radionuclide to *'Am. The factor, , is dimensionless,

A‘
=./;_ Ar__ 4

=

J; =
am Aﬂm A L]
T ey A,

Where: Aon="""Am activity

The fraction of the total TRU activity relative to that of *' Am can be
calculated by summing each of the values of f;.

A4 A4 A
f)‘RU:Zj;:ZA' =§ ZAT:U
ant Am "

Where: Ay = Total TRU activity
Frru = Fraction of TRU activity relative to **' Am

The values of f;, f}, and fry are shown in Table Al-1.

17 0f 38




CP-17662, Revision 0

August 2003
Table Al-1. Activity Fractions of TRU Radionuclides
Radionuclide ' fa fi
“¥py 0.077 0.293
““py 0.190 0.722
“py 0.099 0.376
“py 0.0001 3.80e-04
“TAm 0.263 1.0
“'Np 5e-07 1.90e-06
frru = 2.39

2.3

Since frru relates the total TRU activity to that of *' Am, multiplying by the
dose to curie conversion factor for **'Am determined above will provide a
conversion factor relating measured dose to total TRU activity.

Clyy = FonX fray

d /
n,
y on?
(J';m,=2.39x2.37e+05_‘}l£'_’_1L(w Am)=

d
%&m’
c +05-LL28EN (e
Clypy =5.660+05 srem ( otall RU)

A

Total TRU Mass from the >** Am Dose Rate

The mass of TRU present in the area “seen” by the microR meter can be

calculated using the following stepwise process. The results are summarized
in Table A1-2 at the end of this section.

1. The isotopic weight distribution as determined by sampling and analysis
and reported in the 233-S Authorization Basis provides the weight fraction
of each radionuclide relative to the to total weight of all radionuclides:

w
ﬁ;" 2=
Wy

where:  fir, = weight fraction of each TRU isotope, i, relative to the
total weight of all isotopes

w; = weight of isolope, i

wr = weight of all isotopes
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Summing, the fiv;, values for the TRU radionuclides will provide the total
mass of TRU isotopes relative to the total mass;

. Dividing each value of fiv; by 0.9926 provides the mass fraction of each
TRU isotope relative to the total TRU mass.

W W w
009926 R 1.
Wy Wy Wy

. The specific activity can be used to determine the activity for each TRU
isotope relative the total mass of TRU. 1f w; and wrgy from above have
the units of grams (g):

4, = [ £, JxSpA,(ﬁ)
Emir Wony \ ey &

where: A, = Activity (Ci) of isotope, i.
SpA; = Specific Activity(Ci/g) of isotope, i.

Summing the values determined above for each isotope results in an
overall specific activity value relating total TRU activity to the mass of
TRU. Ifthe TRU activity is in the units, curies:

Ai . Am" = 0. 126 Cim"
Emy  Smu Emu

. Using the overall specific activity calculated in Step 3, the dose rate to
total TRU activity conversion factor can be transformed into a factor that
will relate dose rate to TRU mass, CFnae
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‘ dlm
CFpyy =5.660+05100c8” 5 660 4 os--—ﬁ”"—,t
rrem remcm
h h
5.660+03—4/M__
prem-cm
CF,..= h +0.126££’—’1'-’—=2.02e-08—g—’-”-'§-=
2920 +12417 Sy cm
W]
4.90¢ - 05 Emu.
shot
Table A1-2 Mass Fractions of TRU Radionuclides
TRU fw; gi/grru SpA; Ailwrru
Radionuclide (wilw) (Ci/g) (Cii/g)
“py 0.0007 7.05e-04 17.2 0121
py, ~,8405 8.47e-01 0616 .0522
“Tpy 1046 1.05e-01 228 .0240
“py .0059 5.94e-03 3.88e-03 2.3e-05
“HAm .0108 1.09¢-02 3.47 .0378
ZNp .0301 3.03e.02 7.02e-04 2.13e-05
wrri/wr=0,9926 Arruwrru=0.126
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