
Page 35 of 106

V. Post Cold Drop Disassembly
The cold drop disassembly was performed in accordance with Section 5.5 of JSP-7953-011 with
one exception.'

Section 5.5.2 of JSP-7953-01 states the following:
With the NS30 #1 test article in a vertical (top end up) orientation, disassemble the removable lid
canister by utilizing an abrasive cutting wheel to circumferentially sever the canister body from
the body flange near the original circumferential girth weld. Remove the removable lid canister
lid assembly and body flange to permit inspection of the top end cap assembly to body interface.
Similarly, cut three equally spaced viewing windows out of the removable lid canister body near
the body flat head original circumferential girth weld.

Upon discussion with the Washington TRU Solutions test engineer, it was decided that following
this course of action would induce sand like particles into the test article due to the breakdown of
the abrasive cutting wheel and potentially alter the released fine sand particulate assessment. As
this was undesirable and the canister lid appeared to be undamaged, it was determined that an
alternative procedure of attempting to mechanically remove the lid as designed and perform
inspection of the contents was preferred.

The canister lid assembly lock pins were unlocked and the lid assembly was rotated to the
unlocked position. This was no more difficult than the installation of the lid assembly suggesting
that no damage to the interlock mechanism had occurred. Once in the unlocked position, the lid
assembly was removed. The canister lid assembly came out cleanly. There was no sand present
on the canister lid or body flange surfaces.

Internally, the first observation noted was that the CDX Grade plywood spacer was deformed as
it had been forced up into the canister lid assembly pocket (the space created between the
canister lid flange and the lid plate) by impact with the shield insert top end cap during the end
drop (Figure 37 - Figure 39). The plywood was splintered and some of the splintered wood had
broken off. Deformation of the plywood, as documented in Appendix E, was insufficient to
allow the axial gap between components to disengage either end cap from the body pipe.

The plywood was removed and the top surface of the NS30 top end cap was inspected. While
there were plywood pieces and dust, there was no evidence of sand or deformation on the outer
surface of the top end cap (Figure 40). Inspection of the interface between the shield insert top
end cap and body pipe indicated no gaps or separation as the end cap was fully seated with the
body pipe.

The top end cap was then slowly removed from the body pipe and in the process the seated
gasket fell away from the top end cap as it was found to have a tear in the gasket (Figure 41). No
sand was visible on any surface, inside or out, of the top end cap. The top payload drum was
then visible with the top end cap removed (Figure 42). The lock ring for the lid of that payload
drum was released; the top lip of the drum and lid had definite deformation and in a few places
had been punctured due to the impact against the heads of the self tapping screws that held the
gasket ring onto the top end cap. No sand was visible on the top surface of the top payload drum
(Figure 42).

Next a viewing window was cut into the bottom of the canister body using a hole cutting bit and
a reciprocating saw (so as not to induce abrasive cutting material into the inside of the canister).
There were pieces of plywood visible at the bottom of the canister flat head that had broken off



Page 36 of 106

of the plywood spacer and fallen down between the exterior of the shield insert assembly (end
caps and body pipe) and the canister shell. There were metal shavings that had come from the
metal removal process but there was no evidence of sand present near the bottom of the canister,
at the bottom end cap to body pipe interface, or exterior to the shield insert assembly (Figure 43).

After finding no evidence of sand release beyond the shield insert assembly, cautious removal of
the payload drums from the body pipe was performed. The drum handling bags were in an
impaired condition and had been partially sheared at the interface between drums in the end
drop. The payload drums experienced closure ring and lid deformations (Figure 44, Figure 45,
Figure 46).

With the payload drums (1, 2 and 3) removed from the NS30 #1, the remaining components were
removed. The twine shown was used to thread a rope through the D-Ring of the bottom end cap
(Figure 47). The bottom end cap and the body pipe were removed together (Figure 48). Initially
they were lifted up a few inches to inspect through the viewing window in the bottom of the
canister to confirm the absence of released sand from the shield insert assembly (Figure 49).

The bottom end cap and body pipe were then removed fully and disassembled for inspection of
the individual components. It was noted that upon disassembly the gasket attached to the bottom
end cap assembly did show signs of shear damage, but there was no evidence that the seal was
broken between the bottom end cap and the body pipe (Figure 50, Figure 51).

In addition to inspecting for released contents, a primary objective of the cold drop testing was to
confirm the ductile performance of the EHMW-HDPE components at -20 F. A severe defect
was routed across the top end cap at the location of maximum tensile bending stresses during the
end drop and about the midline circumference of the pipe body at the location of maximum
tensile bending stresses during the side drop. The routed defects were inspected to confirm no
propagation of the flaw or brittle cracking (Figure 52, Figure 53).

All of the EHMW-HDPE plastic parts were inspected for gouges, dents, cuts and scratches due
to interaction of the HDPE with the surrounding canister structure or the internal payload (Figure
54, Figure 55). The deepest one for each are documented in Appendix E, but none of them are
deeper than the 1/4" V-groove that bounded the worst-case condition in the top end cap and the
body pipe. There were no indications of material cracking or failure in any of the v-notch cuts,
scratches, dents or gouges - machined or otherwise.

The measured accelerations due to impact were recorded and are provided in Appendix I.
Sensors indicated some clipping of the signal due to excessive electrical input to the 500 g
accelerometers. Filtering of the data utilizing a low-pass Butterworth 10-pole filter with a 75 Hz
cut-off frequency provides a conservative minimum acceleration peak, on average from the two
sensors, of approximately 375 g's for the cold end drop and 136 g's for the cold side drop.
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Figure 37 - Inspection of Plywood Spacer in NS30 #1 after Cold End and Side Drop Tests

Figure 38 - Deformation of NS30 #1 Plywood Spacer (canister lid interface side)
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Figure 39 - Deformation of NS30 #1 Plywood Spacer (shield top end cap interface side)

Figure 40 - Undamaged NS30 #1 Top End Cap (containing routed ¼" deep v-groove defect)
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Figure 41 - Removal of NS30 #1 Top End Cap Revealing (gasket tear)

Figure 42 - NS30 #1 Top Payload Drum Inside Shield Body (punctured lid due to interaction with End Cap
gasket retainer screws)
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Figure 43 - NS30 #1 Cut-out from Lower Canister Shell to Inspect Engagement of Bottom End Cap
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Figure 44 -Top Payload Drum #3
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Figure 46 - Bottom Payload Drum #1
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Figure 47 - View of NS30 #1 Bottom End Cap from the Lid End of the Shield Body Pipe

Figure 48 - View of Bottom End Cap and Pipe Body During Removal from Canister
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Figure 49 - NS30 #1 Canister Bottom Plate After Removal of Shield Insert Components through Viewing
Port (no presence of releasable source term, i.e., sand)

Figure 50 - Bottom End Cap Gasket (with circumferential tear)
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Figure 51 - Bottom End Cap Gasket (opposite side, no thru-thickness damage)

Figure 52 - NS30 #1 Top End Cap Exterior with No Propagation of V-groove Defect
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Figure 53 - NS30 #1 Body Pipe Exterior with No Propagation of V-groove Defect

Figure 54 - NS30 #1 Body Pipe Scuff/Dent Due to Interaction with Canister Shell at Upper Test Fixture
Centering Ring Location during Cold Side Drop
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Figure 55 - NS30 #1 Body Pipe Interior Deformation Resulting from Interaction with Drum Ring



Page 49 of 106

VI. Hot End Drop
To establish the hot temperature conditioning unit set-point and confirm that the temperature of
the shield components would be at or above the required test temperature of 150 'F at the time of
the drop test, the hot cycle temperature conditioning was first run with the set-point of 158.0 'F
per Section 4.6 of JSP-7953-01.' As detailed in Appendix F, the shield insert body pipe
temperature at the start of the "X" hour dwell period was 159.9 'F and fell below 150 'F at the
end of I hour to 143.2 'F. As a result, the temperature set-point was raised to 176 'F, and the
second iteration test was performed. As detailed in Appendix F, the shield insert body pipe
temperature during the 2 nd iteration at the start of the "X" hour dwell period was 170.5 'F and
remained above 150 'F at the end of 1 hour at 150.8 'F.

The hot end drop sequence was performed in accordance with Section 5.6 and 5.7 of JSP-7953-
01.1 As soon as the hot cycle conditioning test requirement was met, the lid of the temperature
conditioning chamber was placed back on the base and the conditioning unit was again turned on
and the temperature was brought up to 171.7 'F on the internal (shield insert pipe body)
thermocouple (see Appendix F).

Once the temperature set-point was achieved, the "X" hour clock was started, the temperature
conditioning unit was turned off, and the NS30 #2 canister was removed from its horizontal
orientation in the temperature conditioning chamber and lowered vertically into the test fixture.
The test fixture was rotated 900 and the test fixture end impact limiter #2 was installed. The
assembled test fixture was then rotated an additional 90' (a total of 1800 from the original
installation orientation) such that the canister was in a top-down orientation. Simultaneously,
data cables for the accelerometers were installed on the two accelerometer mounting bases
located on the test fixture outer shell near the drop impact location and in-line with the drop
orientation. The test fixture was then transported to the drop test pad, rigged, hoisted, and then
dropped after data acquisition had been initiated (Figure 56 - Figure 58). The total elapsed time
for the Hot End Drop Test was 44 minutes. The hot end drop ran much the same as the cold end
drop. Pictorially it looks the same and so only a photograph of the post drop condition is
included in this report.

Deformation to the End Impact Limiter #2 was observed, measured, and recorded (see Appendix
F). The end plate of the impact limiter experienced an out-of-plane bending plastic deformation
of approximately 1/2" (Figure 59). The end impact limiter experienced axial crushing, as
indicated by the residual deformation of the limiter shells at the weld location, of approximately
5/8" (Figure 60). Upon removal of the NS30 #1 Test Article from the Test Fixture, no visible
damage to the exterior surfaces of the canister were observed (Figure 61).
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Figure 56 - NS30 #2 Hot End Drop After Impact
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Figure 57 - NS30 #2 Hot End Drop After Impact (close-up of end impact limiter)

Figure 58 - NS30 #2 Hot End Drop After Impact (close-up #2 of end impact limiter)
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Figure 59 - Measurement of Plastic Deformation of Base Plate on End Impact Limiter #2

Figure 60 - Foam Crush and Skin Deformation Inspection of End Impact Limiter #2
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Figure 61 - NS30 #2 Canister After Removal from End Drop Test Fixture
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VII. Hot Side Drop
The hot side drop sequence was performed in accordance with Section 5.8 and 5.9 of JSP-7953-
01.1 After completion of the hot end drop test, the NS30 #2 test article again placed in the
temperature conditioning chamber and the conditioning unit was activated with the previously
established temperature set-point and the temperature was brought down to 172.7 'F on the
internal (shield insert pipe body) thermocouple (see Appendix G).

Once the temperature set-point was achieved, the "X" hour clock was started, the temperature
conditioning unit was turned off, and the NS30 #2 canister was removed from its horizontal
orientation in the temperature conditioning chamber and lowered vertically into the test fixture.
The test fixture was rotated 90' such that the canister was in a horizontal orientation and the test
fixture end plate was installed. Simultaneously, data cables for the accelerometers were installed
on the two accelerometer mounting bases located on the test fixture outer shell near the drop
impact location and in-line with the drop orientation. The test fixture was then transported to the
drop test pad, rigged, hoisted, and then dropped after data acquisition had been initiated (Figure
62 - Figure 64). The total elapsed time for the Cold Side Drop Test was 36 minutes. Note that
the test fixture was oriented such that the previous damage to the side impact limiters from the
cold side drop was oriented 180' from the hot side drop impact location. The hot side drop ran
much the same as the cold side drop. Pictorially it looks the same and so only a photograph of
the post drop condition is included in this report.

Deformation to the Side Impact Limiters was observed, measured, and recorded (see
Appendix G). The side impact limiters experienced permanent plastic deformation of
approximately 1-5/8" and chord-length contact, as indicated by paint transfer from the drop test
pad, of 25-5/8" (Figure 65 - Figure 66). There was no other visible damage to the test fixture.
There was indicationthat the NS30 #2 experienced a slight rotation inside the test fixture (Figure
67).

Upon removal of the NS30 #2 Test Article from the Test Fixture, visible damage to the exterior
surfaces of the canister was observed at interface locations with the text fixture upper and lower
centering rings (Figure 68). The permanent deformation of approximately 7/8" on the lower and
7/16" on the upper ring interface was located along the lower 1/3 of the canister shell where it
aligned to the bottom dead center impact location of the side drop (Figure 69' Figure 70). No
other damage or deformation was seen on the exterior of the NS30 #2 Test Article.
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Figure 62 - NS30 #2 Hot Side Drop Just After Impact (during rebound)

Figure 63 - Right Side (associated with top end of NS30 #2) Impact Limiter Deformation
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Figure 64 - Left Side (associated with bottom end of NS30 #2) Impact Limiter Deformation

Figure 65 - Measurement of Hot Side Drop Impact Limiter Deformation
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Figure 66 - Measurement of Hot Side Drop Extent of Paint Transfer from Test Pad
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Figure 67 - NS30 #2 Rotation in Test Fixture due to Hot Side Drop
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Figure 68 - Removal of NS30 #2 from Test Fixture Following Hot Side Drop Test
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Figure 69 - Permanent Deformation of NS30 #2 Canister Shell due to Interaction with Lower Test Fixture
Centering Ring during Hot Side Drop

m

Figure 70 - Permanent Deformation of NS30 #2 Canister Shell due to Interaction with Upper Test Fixture
Centering Ring during Hot Side Drop
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VIII. Post Hot Drop Disassembly
The hot drop disassembly was performed in accordance with Section 5.10 ofJSP-7953-01
following a similar exception as followed for the cold disassembly in not abrasively cutting the
canister lid from the body.'

The canister lid assembly lock pins were unlocked and the lid assembly was rotated to the
unlocked position. The lid was able to rotate to the unlocked position as designed. Upon lifting
the canister lid assembly up and out of the canister body, evidence of sand was found along with
dirt. As shown in Figure 71 and Figure 72, the sand was stuck to the canister lid assembly and
the canister body flange. During normal assembly of the canister lid assembly to body assembly,
an optional assembly aid allows for lubrication of the gasket with a silicone spray or light coating
of silicone grease. Additionally, a thin coating of petroleum jelly was placed on all lid assembly
mating surfaces below the spring plunger for anti-corrosion and as a lubricant during the initial
assembly. The sand, dirt, and debris adhered to these lubricants and stayed in place to make the
evidence clear. Although there was evidence of sand outside of the shield insert components,
there was no evidence of sand outside of the canister confinement boundary -as all contents were
contained by the canister gasket. The canister lid was fully removed-and placed on a clean sheet
of plastic and the sand was brushed and scraped off and collected for weight..

The CDX Grade plywood spacer was again deformed as it had been forced up into the canister
lid assembly pocket (the space created between the canister lid flange and the lid plate) by
impact with the shield insert top end cap during the end drop (Figure 72). The plywood was
splintered and some of the splintered wood had broken off. Deformation of the plywood, as
documented in Appendix H, was insufficient to allow theaxial gap between components to
disengage either end cap from the body pipe. The plywood spacer was removed carefully and
the sand was brushed off and collected.

The plywood was removed and the top surface of the NS30 top end cap was inspected. There
was evidence of plywood pieces, dust, and sand (Figure 73). Inspection of the interface between
the shield insert top end cap and body pipe indicated no gaps or separation as the end cap was
fully seated with the body pipe.

The top end cap was then slowly removed from the body pipe and at the outer circumference of
the top end cap near the bottom dead center side drop orientation, additional evidence of sand
adhered/embedded in the plastic was observed (Figure 74). The top end cap was removed,
taking special care not to jostle or shake it so as to be able to account for all sand exterior to the
shield insert end cap gasket to body pipe interface. Once the top end cap was hoisted above the
canister, photographs were taken for documentation and then plastic was wrapped from bottom
to top to ensure that nosand was lost. Visual inspection of the top end cap gasket showed a
crack adjacent to the gasket retaining ring, but no through-thickness split or tear in the gasket
was observed. Indentations due to impact from the drum closure ring in the top down end drop
were also observed along with no other significant damage to the top end cap (Figure 75).

A piece of plastic was then cut and taped to the inside wall of the canister just below the body
flange to cover the opening of the NS30 #2 shield insert cavity. The sand and dirt that was stuck
to the inside wall of the canister body flange was brushed off onto the plastic sheet for collection.
Once the sand had been collected and the plastic and tape removed, a new piece of clean plastic
was draped from the canister body flange to the inside wall of the NS30 #2 body pipe (Figure
76). It was taped to the inside wall of the NS30 #2 body pipe (creating a funnel) to ensure that
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any sand or debris that may break free from the payload drums during removal would not
inadvertently mix with any sand or debris that was exterior to the shield insert assembly.

A cautious removal of the payload drums from the body pipe was performed. The drum
handling bags were in an impaired condition and had been partially sheared at the interface
between drums in the end drop. The payload drums experienced closure ring and lid
deformations (Figure 77, Figure 78, Figure 79).

With the payload drums (4, 5, and 6) removed from the NS30 #2, the interior surfaces and the
inside of the bottom end cap were inspected from the top of the canister. Because of the lighting
and distance to the bottom end cap, a video camera was lowered in to give a closer inspection of
this gasket prior to removal. It was observed that the bottom end cap gasket was damaged in a
manner similar to the top end cap gasket for NS30 #1 (Figure 80, Figure 81). Because of the fact
that sand had been found outside of the NS30 #2 shield insert assembly, it was decided that the
body pipe and bottom end cap would be removed and inspected rather than viewed further
through a window cut out of the base of the canister (and introducing more foreign material into
the canister cavity)..

The bottom end cap and the body pipe were removed together in a vertical orientation then
placed upon a clean sheet of plastic in a vertical rack to facilitate inspection. This was done so
that the joint between the body pipe and the end cap could be analyzed and also so, that all debris
located on the outside diameter of the body pipe and all other surfaces external to the bottom end
cap gasket to body pipe interface could be brushed down and collected for weighing. Three 'A"

shims were used to block up the body pipe, and remove any debris from between the body pipe
and the bottom end cap (any material that bypassed the gasket) Figure 82. This material was
collected and weighed along with the other sand and debris.

The bottom end cap and body pipe were then disassembled for inspection of the individual
components. All of the EHMW-HDPE plastic parts were inspected for gouges, dents, cuts and
scratches due to interaction of the HDPE with the surrounding canister structure or the internal
payload (Figure 83). Internal to the body pipe, dents were observed due to interaction with the
payload drums (Figure 84). External to the body pipe, deformations were observed due to
interaction with the canister shell at the location of the test fixture centering rings (Figure 85).
Measurements were taken and a UT inspection was added to determine the minimum body pipe
wall thickness in the most deformed areas. The measurements were used to verify that the
deformation on the outside wall (from the test fixture centering ring) and the deformation on the
inside wall (from the payload drum) did not directly line up, thus providing the true minimum
wall thickness. A summary of observed deformation is documented in Appendix H. Scratches,
dents, gouges, and deformations were also measured on the top and bottom end caps. There
were no indications of material cracking or failure in any of the scratches, dents or gouges.

The canister body was finally laid down on its side and the sand and debris was brushed in a top
to bottom, body flange to base direction. The contents were collected for weight measurement.

The collection of this sand and other debris present was performed using new 2" wide paint
brushes, a new shop hand broom and clean rags. In the case where sand and debris was being
removed from lubricated surfaces, a brush or rag was weighed prior to use, used to capture the
sand/lubricant mixture, and then weighed after use to ensure any change in weight was also
accounted for.
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Due to the lack of immaculate pre-drop test cleaning of the interior canister metallic components
and/or the HDPE shield insert components, the weight of "released" materials outside of the
shield insert boundary is considered conservative as preexisting dirt and debris was likely also
accounted for in the measurement.

The total weight of "released" materials was determined as shown in Table 1, and represents
(0.035/15)= 0.23% the weight of the 5 lbs of releasable sand in each of the payload drums.

Table I - Summary of Debris Weights

Equipment Starting Weight Ending Weight Delta (lbs of Sand)
Brush 0.055 lbs. 0.06 lbs. 0.005 lbs.
Hand Broom 0.525 lbs. 0.525 lbs. 0 lbs.
Cup -0.085 lbs. 0.105 lbs. 0.02 lbs.
Rag 0.135 lbs. 0.145 lbs. 0.01 lbs.

Total 0.035 lbs.

The measured accelerations due to impact were recorded and are provided in Appendix I.
Sensors indicated some clipping of the signal due to excessive electrical input to the 500 g
accelerometers. Filtering of the data utilizing a low-pass Butterworth 10-pole filter with a 75 Hz
cut-off frequency provides a conservative minimum acceleration peak, on average from the two
sensors, of approximately 382 g's for the hot end drop and 204 g's for the hot side drop.
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Figure 71 - NS30 #2 Canister Lid with Sand Particles Adhered to Lubricant

Figure 72 - NS30 #2 Canister Body Flange with Sand Particles Adhered to Lubricant



Page 64 of 106

Figure 73 - NS30 #2 Top End Cap with Sand Adhered to Body Flange at Bottom Dead Center from Side
Drop Orientation

*•...
Figure 74 - NS30 #2 Top End Cap with Sand Adhered or Embedded to Outside Diameter
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Figure 75 - NS30 #2 Top End Cap Inner Surface with Indentations due to Impact by Payload Drum Closure
Ring in End Drop Orientation

Figure 76 - Temporary Plastic Funnel Installed to Facilitate Removal of NS30 #2 Payload Drums by
Precluding Spillage of Contents outside of Shield Body Pipe
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Figure 77 - Top Payload Drum #6
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Figure 78 - Middle Payload Drum #5
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Figure 79 - Bottom Payload Drum #4
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Figure 80 - View of NS30 #2 Bottom End Cap from the Lid End of the Shield Body Pipe

Figure 81 - View of NS30 #2 Bottom End Cap from the Lid End of the Shield Body Pipe (close-up of torn
gasket)



Page 70 of 106

Figure 82 - NS30 #2 Bottom End Cap and Body Pipe Interface (separated by shims to facilitate removal of
payload debris that bypassed gasket)

Figure 83 - NS30 #2 Body Pipe After Removal of Bottom End Cap
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Figure 84 - NS30 #2 Body Pipe Interior Deformation Resulting from Interaction with Drum Ring

Figure 85 - NS30 #2 Body Pipe Exterior Deformation Resulting from Interaction with Canister Shell
Deformed by Test Fixture Lower Centering Ring
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Figure 86 - Close-up of Debris Collected from All Surfaces External to the End Cap Gaskets and Internal to
the Canister Confinement Boundary
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IX. Appendix
A. DATA SHEET 1.1 - Component Weights

B. DATA SHEET 1.2 - Calibration Records

C. DATA SHEET 2.1 - Test #1, 30-Foot End Drop (Cold)

a. Page 1

b. Page 2

c. Page 3

d. Graph of Temperature Conditioning Test #1 - Cold Cycle

e. Graph of Cold End Drop Test Temperature Conditioning

f. End Limiter #1 - Post Cold End Drop Inspection

D. DATA SHEET 2.2 - Test #2, 30-Foot Side Drop (Cold)

a. Page I

b. Page 2

c. Graph of Cold Side Drop Test Temperature Conditioning

d. NS30 #1 - Cold Drop Side Limiter Inspection

E. DATA SHEET 2.3 - Tests #1 & #2, 30-Foot Drops (Cold)

a. Page 1

b. CDX Grade Plywood Post Cold Drop Inspection

c. Damage Assessment of NS30 #1 Cold Drop Test Article parts

F. DATA SHEET 2.4 - Test #3, 30-Foot End Drop (Hot)

a. Page 1

b. Page 2

c. Page 3

d. Graph of Temperature Conditioning Test #2 - Hot Cycle (iteration #1)

e. Graph of Temperature Conditioning Test #2 - Hot Cycle (iteration #2)

f. Graph of Hot End Drop Test Temperature Conditioning

g. End Limiter #2 - Post Hot End Drop Inspection

G. DATA SHEET 2.5 - Test #4, 30-Foot Side Drop (Hot)

a. Page 1

b. Page 2

c. Graph of Hot Side Drop Test Temperature Conditioning

d. NS30 #2 - Hot Drop Side Limiter Inspection
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H. DATA SHEET 2.6 - Tests #3 & #4, 30-Foot Drops (Hot)

a. Page 1

b. CDX Grade Plywood Post Hot Drop Inspection

c. Damage Assessment of NS30 #2 Hot Drop Test Article parts

I. ACCELERATION MEASUREMENTS

a. End Drop - Raw Data

b. End Drop - Filtered Data

c. Side Drop - Raw Data

d. Side Drop - Filtered Data
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Appendix A - DATA SHEET 1.1 - Component Weights

~- a Procedure Number: JSP-7953-01
- Revision Number: 1

, = - F1 6P N' " Revision Date: 08/31/09
wA Winning Combination," Page: 23 of 36

DATA SHEET 1.1 - Component Weights
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"'Prited copies of this procedure are uncontrolled and are to be used as reference only-
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Appendix B - DATA SHEET 1.2 - Calibration Records

, (• [Procedure Number: JSP-7953-01
F= Revision Number: 1
I NC R P R AT IS 0Revision Date: 08/31/09

"A Winning Combination.' Page: 24 of 36

DATA SHEET 1.2 - Calibration Records

Instrumentation Records
(If multiple load cells/scales are utilized. de-note the corresponding conponent(s) that each load celtlscale was used to measure.)

I.

(5 E 56 I'fo zl// A &0.)
Load Cel 12Scajlb Description
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$IS#,JATr•gTi 12-5 -LII.'. MM-ti) IooOq~oo ol.l•t

P AL, jeIoC*r6,P / o 1,010

At,4P 6L -3-31ID 110

--Punted copies of this procedure are uncon-troled and are to be used as reference only**
4
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Appendix C - DATA SHEET 2.1 - Test #1, 30-Foot End Drop (Cold)

Page I

Procedure Number: JSP-7953-01

F E-- R !ýg l N' Revision Number:
I• T P GNAN r R P T . . . Revision Date: 08/31/09

'A Winning Combi,,aron. Page: 25 of 36

DATA SHEET 2.1 - Test #1, 30-Foot End Drop (Cold)
..................... Pre-Test Records ......................

Conditioning Date & Time Ambient Temp. Internal Sensor External Sensor
Iteration # (mm/dd/yy & (IF) (IF) ('F)

Set Point O(F) hh:mm)
Start Conditioning

Start +30 min.

Start +60 m.in.
Start +90 mrin _ ,_ _

Start +120 min. ---- ________

Start +150 .min.
Start +180 min. _.

Start +210 min. _ __ __

Start +240 min. . _____,_\

Start +270 min. _ _ ___ _

Start +300 m in. _ _ __.,,

Start +330 min. _ __ _,_-

Start .360 min,

Start +390 min.

Start +420 m.in,
Start +450 mn. ,m.... ..
Start +480 mrin.
Start +510 m.in.
Start +540 mrin.
Start +570 m.in.
Start +600 mrin.

Note: If time to reach conditioning set-point is greater than +600 min., use supplemental pages as necessary to
recoro sensor temperatures.

Stop Conditioning

Stop +10min.
Stop +20 min.
Stop +30 min.
Stop +40 min.
Stop +50 min.
Stop "60 min. c- ,,. 1__. __\-

Stop +70 min.
Stop +80 mrin.
Stop +90 mrin.
Stop +100 min.

Stop +110 omin.
Stop +120 mi.
Note If additional conditioning iterations with lower set-point are required to achieve internal temperature < -20 IF

at the end of the,'X' dwel period, use su plemental pages as necessary to record sensor temperatures.

Datasheet 2.1 - Page 1

"Printed copies of this procedure are uncontroled and are to be used as reference only-
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Page 3

~- ~'"- _Procedure Number: JSP-7953-01
T Revision Number: 1F= r = -= o R E N' Revision Date: 08/31/09

'A Winning Combination." Page: 27 of 36

.... .... .................... Test Records .........................

Test Date (mir/dd/yy) and Test Time (hh:em)Ambient Temperature (-F)

tl I -h
IMn.,,,,rnd Lr,,rtn~ fudlai Anode tO0 * horizontal)

.......................... Post-Test Records .....................
Record Residual Height of End Impact Limicor Record Additional Comments aelow or on a

and Damage to the Test Article Exterior Using Separate Page
the Space Belo.

Posrbl) "C"O7 1W/AA4 gejg-OýdrQ)2

................ Test Engineer and Witness Records ...........

7t Engineer Signiture N-inted omeO

Printed Name

Datasheet 2.1 - Page 3

*Printed copies of this procedure are uncontrolled and are to be used as reference only'
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Graph of Temperature Conditioning Test #I - Cold Cycle

Temperature Conditioning Test #1 - Cold Cycle
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Graph of Cold End Drop Test Temperature Conditioning

Cold End Drop Test Temperature Conditioning
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End Limiter #1 - Post Cold End Drop Inspection

END LIMITER #1 - POST COLD END DROP INSPECTION

0 -FLAT = 11 3/4'. WELD = 11 3/8'
90° - FLAT = 11 3/4', WELD = 11 3/8'
180° - FLAT = 11 3/4% WELD = 11 3/8'
270° - FLAT = 11 3/4', WELD = 11 3t8'

NOTES:
1, 'FLAT' REFERS TO THE DIMENSION FROM

'CRUSHED END' TO BASE PLATE.
2. W/ELD' REFERS TO THE DIMENSION FROM

*CRUSHED WELD AREA' TO BASE PLATE,
3. PRIOR TO DROP THE 'FLAT' DIMENSION

WAS 12'-12 1/16' AS PER DRAWING
REQUIREMENT.

BASE PLATE WAS FLAT PRIOR TO DROP TEST.
DIMENSIONS ARE FOR BASE PLATE 'OUT OF
FLAT' POST DROP.

00 = .280'
90* =.284"
180° = .315'
2700 = .354'
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Appendix D - DATA SHEET 2.2 - Test #2, 30-Foot Side Drop (Cold)

Page I

Procedure Number: JSP-7953-01

TT N Revision Number: 1
1, N C O R PO R A T 6 o Revision Date: 08/31/09

'A Winning Combi/naton.' Page: 28 of 36

DATA SHEET 2.2 - Test #2, 30-Foot Side Drop (Cold)
Final Conditioning Date & Time Ambient Temp. Internal Sensor External Sensor

Iteration (mm/dd/yy & (*F) (*F) (*F)
Set Point hh:mm)

(OF)
Start Conditioning

Start +30 min.

Start +60 min.

Start +90 min.

Start +120 min. ,,,_,__,___--__

Start +150 min, __

Start +180 min.

Start +210 min. ' .,_

Start +240min. mV
Start +270 mrin.
Start +300 min. _ _ _ ._

Start +330 mrin.
Start +360 min.

Start +390 min.

Start +420 mrin.
Start +450 min.
Start +480 min.
Start +510 min.
Start +540 min.
Start +570 min.

Start +600 mrin.
Note: If time to reach final conditioning set-point is greater than +600 min., use supplemental pages as

necessary to record sensor tem Ieratures.
Stop, Cnditionin2,ge 1

Datasheet 2.2 - Page 1

*'Printed copies of this procedure are urnconrtrolled and are to be used as reference only"



Page 84 of 106

Page 2

Procedure Number: JSP-7953-01
Revision Number: 1

F= OR E= O= R A- NJ' Revision Date: 08/31/09
AWinnin9 Conrnbination.' Page: 29 of 36

........................... Test Records .........................

,I/J I/ Ya ., A,]
7-ýWW jo-'I-fo M.

Am~bienlt Tem er.2tsro (3F)

30-

Test Date (rsn/dd/yy) and Test Time (hh:mmi

.5"
Measured ODop Test Iionght (in.) MeaOsured Longitudinal Angle (O - hor!Vont,

2 l)

.......................... Post-Test Records ..........
Record Residual Height of Side Impact Limiters Record Additional Comments Beaio or on a
and Damage to the Test Article Exterior Using Separate Page

the Space Belo0,

- ~ ~ ~ ~ ~ -4j "4P~I~ sa o-2- '0,47 7%Ts a~g.1~~-

.................... Test En'gineer and Witness Records ...........

Test Etngineer Signature Printed Name Date

.11Si atue -Printed ((d~e Dlate

Datasheet 2.2 - Page 2

"Printed copies of this procedure are uncontrolled and are to be used as reference only-
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Graph of Cold Side Drop Test Temperature Conditioning

Cold Side Drop Test Temperature Conditioning
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NS30 #1 - Cold Drop Side Limiter Inspection

NS30 #1 - Cold Drop
Side Limiter Inspection

LEFT SIDE IMPACT LIMITER
BASED ON VIEW FROM
SECTION A-A OF DRAWING
165-F-039-W1

OPPOSITE SIDE

WAS 14-1/2"
PRIOR TO DROP

LINE DENOTES "CRUMPLED"
AREA AT IMPACT ZONE.

K-- 25-112,,.. 3
DENTED AREA WAS 14-5/8"

PRIOR TO DROP

RIGHT SIDE IMPACT LIMITER
BASED ON VIEW FROM
SECTION A-A OF DRAWING L
165-F-039-W1 OPPOSITE SIDE

18 IS 14-3/4"

BEFORE DROP90 ° 270 °

LINE DENOTES "CRUMPLED"
AREA AT IMPACT ZONE.

13-1/16
DENTED AREA WAS 14-5/8

PRIOR TO DROP
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Appendix E - DATA SHEET 2.3 - Tests #1 & #2, 30-Foot Drops (Cold)

Page 1

~- ~ _Procedure Number: JSP-7953-01

F E - Revision Number: 1
,I• NCO RR AT N Revision Date: 08/31/09

"A Winning Combination,* Page: 30 of 36

DATA SHEET 2.3 - Tests #1 & 2, 30-Foot Drops (Cold)
................. ......... Post-Test Records .....................
Record Visible Damage of Top and Bottom End Cap Assembly to Record Addttionet Comments Betow or on a Separate Page

Body Interfaces Using the Space Below

Jr OC- -1 _ 1,057 7 __ _ __ __ _ __ __ _

Se)MM~n-( ze6P•'?".

Record Visible Damage of Top End Cap. Bottom End Cap. end Record Additional Comments Below oron a Separate Page
Body Using the Space Below

.................... Test Engineer and Witness Records ...........

-- est Engineer Signa ure Printed Mari Dat

~iure Printed Md.,n di

*'Printed copies of this procedure are uncontrolled and are to be used as refetence only"
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CDX Grade Plywood Post Cold Drop Inspection

NS30 #1 - COLD DROP

00
DISTANCE FROM EDGE OF

".• PLYWOOD DISC TO THE
DENTED AREA, POST

DROP. PLYWOOD WAS
1V THICK PRIOR TO DROP.

0° =.775"
270o 1 1, 900o 90° =.698"

,v900 180°= .739::
I .1 270°= .750"

1800
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Appendix F - DATA SHEET 2.4 - Test #3, 30-Foot End Drop (Hot)

Page 1

Procedure Number: JSP-7953-01
Revision Number: 1F=v I=- -r E ; E=- N' Revision Date: 08/31/09

'A Winning Combination. Page: 31 of 36

DATA SHEET 2.4 - Test #3, 30-Foot End Drop (Hot)
.Pre-Test Records .......................

Conditioning Date & Time Ambient Temp. Internal Sensor External Sensor
iteration #_ (mm/ddfyy & (IF) (°F) (IF)

Set Point I(F) hh:mm)

Start Conditioning
Start +30 mrin.
Start +60 min.
Start +90 mrin.
Start +120 min.
Start +150 min.
Start +180 min,
Start +210 min.
Start +240 mmin.. _._,_

Start +270 min. _"_

Start +300 nain.
Start +330 min. ! z _

Start +360 min.

Start +390 min. "

Start +420 min,

Start +450 min.
Start +480 rin.
Start +510 mrin.
Start +540 min.

Start +570 miin.
Start +600 min. _

Note: If time to reach conditioning set-point is greater than +600 min., use supplemental pages as necessary to
record sensor temperatures,

Stop conditmoning_. __
Stop +10 min. __.,-_ ___,

Stop +20 win. IStop +30 min.4 &
Stop +40 min.

Stop +50 m.in.
Stop +60 min. _._ _ ____ _

Stop +70 m.in.
Stop +80 rin.

Stop +90 win.

Stop +100 min.

Stop +110 rain.

Stop +120 win.
Note: If additional conditioning iterations with higher set-point are required to achieve internal temperature > lu IF

at the end of the X dwell period, use suoelemental oaees as necessary to record sensor temperatures.

Datasheet 2.4 - Page 1

-Printed copies of this procedure are unccntrolled and ore to be used as reference only-
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Page 2
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Page 3

Procedure Number: JSP-7953-01
F " Revision Number: 1, &, = R N' o -Revision Date: 08/31/09

'A Winning Combination. Page: 33 of 36

. .......................... Test Records .........................

,A.,Q ",r 16 .-5 f 0.'4 A -,f
Ambient Tem4perature (IF) Tes Date (m=/dd/yy) and Test Time (hh:mm)

............................ Post-Test Records .....................
.Record Residual Height of End Impact Limiter Record Additional Comments Below or on a
and Damage to the Tesat Article Exterior Using Separate Page

the Space Below

9E- - 71r AP?5,J4AX "F"op r#,6r PW"1AA,,' ,

................... Test Engineer and Witness Records ...........

Teat Engineer Signatare Printed Name Date

11Printed MNanaDt

Datasheet 2.4 - Page 3

-Printed copies of this procedure are uncontrolled and are to be used as reference only"
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Graph ofTemperature Conditioning Test #2 - Hot Cycle (iteration #1)

Temperature Conditioning Test #2 - Hot Cycle - Iteration #1
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Graph of Temperature Conditioning Test #2 - Hot Cycle (iteration #2)

Temperature Conditioning Test #2 -Hot Cycle - Iteration #2
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Graph of Hot End Drop Test Temperature Conditioning

Hot End Drop Test Temperature Conditioning

ISO

170

160

140

130

120

I The hosting 'lyclo

.11. passimi the
-dte)IO"I

SMa 1014/009 622?PSto 010 UC107046 &,
Am~0ent 62 8 F A1FbS't MIS F

Data Stool 2 4 -Pae. 2 We0,0. 1 500 F Inte,,e I I7 I F
So ',etM~~e176 F E.I.Irel 1195 F 01,0, 0' 14F



Page 95 of 106

End Limiter #2 - Post Hot End Drop Inspection

END LIMITER #2- POST HOT END DROP INSPECTION

0° FLAT = 114', WELD = It 3"
90' .FLAT = I1 3,',. WELD = 11 3-V
180.* FLAT = I 31'4", WELD = 11 IV
270' - FLAT = 113"4I' WELD =I I 315"

NOTES:
I. 'FLAT' REFRS TO THE DIMENSION FROMv

'CiUSHED END TO ,ASE PLATE.
2. WELD' REFERS TO T'hE DIMENSION FROM

'CRUSHED WELD AREA" TO BASE PLATE.
3. PRIOR TO DROP T"E 'FLArT CLIENSION

WAS 12'-12 1;16' AS FPR DRAYiNG
REQUIREMENT.

EA.SE PLATE WAS FLAT PRIOR TO OROP TEST.
DIMENS-ONS ARE FO' EA-E PLATE "CUT OF
FLAT' PST DROP.

CI, = 5"01,
K0, = .soY

IM 475'
2-10' =
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Appendix G -DATA SHEET 2.5 - Test #4, 30-Foot Side Drop (Hot)

Page 1

DlATA SHEET 2 5 - Test #4 2f-Foot Sid~e flron I otl

Final Conditioning Date & Time Ambient Temp. Internal Sensor External Sensor
Iteration (mm/dd/yy & (°F) (IF) (IF)

Set Point I(F) hh:mm)

Start Conditioning_
Start +30 min.
Start +60 min.
Start +90 min. , ,
Start +120 min.
Start +150 min.
Start +180 min. __________,_,

Start +210 min.
Start +240 min.
Start +270 min, , ,, '
Start +300 mrin.
Start +330 min. _-___,

Start +360 min.
Start +390 mrin.
Start +420 mrin.
Start +450 mrin.
Start +480 min.
Start +510 min,
Start +540 min.
Start +570 min.
Start +600 min,

Note: If time to reach final conditioning set-point is greater than +600 min., use supplemental pages as
necessarv to record sensor temoeratures.

S§op Conditioning j_[_,_,,

Datasheet 2.5 - Page 1

"Printed copies of this procedure are uncontrolted and are to be used as reference only-
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Page 2

Procedure Number: JSP-7953-01
__ - Revision Number: 1

__________=NRevision Date: 08/31/09
"A Winning Combination.* Page: 35 of 36

............ .......... .. Test Records .........................

/o-4*of g.,ZAd.M
Ambient Temperature ('Fi Test Datoe fMa/dd/yy) end Tes, Time (hh:mn)

.I
Ambient Temperature ("F}

......................... Post-Test Records .....................
Record Residual iHeight ot Side impact Limiters Record Additional Comments Below or on a
and DOsaqo co the Test Article Exterior Lsing Separate Pige

the Space Below

tea&- Oz •'t7OAJV/"3ZTL 1w _

..................... Test Engineer and Witness Records ...........

resot Kier "gral re Printed Name Date

t t ~einature Printed Name Date

Datasheet 2.5 - Page 2

"Printed copies of this procedure are uncontrolled and are to be used as reference only-"
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Graph of Hot Side Drop Test Temperature Conditioning

Hot Side Drop Temperature Conditioning
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NS30 #2 - Hot Drop Side Limiter Inspection
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Appendix'H - DATA SHEET 2.6 - Tests #3 & #4, 30-Foot Drops (Hot)

Page 1

[ - •'- ]Procedure Number: JSP-7953-01
F31 - Revision Number: 1

C 0 R PT : RF T A T N Revision Date: 08/31/09
'A Winning Combination.' Page: 36 of 36

DATA SHEET 2.6 - Tests #3 & 4, 30-Foot Drops (Hot)

... ...................... Post-Test Records .....................
Record visible ODamage of Top and Bftto•n End Cap

Assembly tO Body Interfaces Using the Space
Below

Record Additional Comments Below or on a Separate Page

wr, -r APP&Jwfx ")4 AiU1 S5e?'I0IJ

ytEL- &'F y4e tk'sr Trgr 5OM,"40-1''

Record Visible Damage of Top End Cap, Bottom
End Cap, arid Body Using the Space Below

Record Additional Comments Below or on a Separate Page .

........... ..... ... Tes t Engineer and Witness Records ...........

~~Afi~P-aADate_
Tea En

Printed Name

V.

'Printed copies of this procedure are uncontrolled and are to be used as reference only*"
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CDX Grade Plywood Post Hot Drop Inspection

NS30 #2 -HOT DROP

O

-DISTANCE FROM EDGE OF
PLYWOOD DISC TO THE

DENTED AREA POST
DROP. PLYWOOD WAS

1V THICK PRIOR TO DROP.

0° =.796"
900 =.804"
180 = .803"
2700 =.775"

1800



Scratches dubt or goxje-
Worst Case is T.045. Cause
appears to be dus to t rac
of the payted dost IoW ring
and drmn handg bag. N oeoces ents

0 

Or gouges endent

rtlar2.rUT OPECO

C,,

0

C')

0

(D
(A

Irrad \ rOD.Ii

Btitiom average wst
ttlsisrenasmmesured
psiortodropwas
1.46( Avg.

Ffn Rfclor UT nU~~z?

46' MSTRASONMbmtpedntor 1
4. 47 and Engineering Serace 1 4:W4
L L.Uac h. 1j

No visable gouges, Vtribl doiectinm rnpad defection N(aety) :T.158. Canse of dfl~n isfrontrn etes (
(b*M ari trin 4). Wors Case oar atoBattmn Dead Do
Caater pont of impact From the UT inpecton and
tlough venrTtlion uswg a tape meamsre. the eat
tininig of the body pipe ro a erst condrion .09(r
thinning and does rot line up vidh any defmnnati on
te aside di•netr of the ppe soch that the 1.397 UT
orearrisnt the abs"to hOtinosot l radion foaunt.

Top a•erageal m," DC

priorto drop was
1.4ffAog

;• s a b l a g og e s o r c u .h n td e- -In te rn a l our o p re m w o r m c o n dt o is T ,0 3 5
hll) = T.035. Worst Case was at Morno 21 distarmce o f 54 7/8" from the top edge and dxetiy

Center point of irnlact i-tive mth BDj potrr of i ct There are a ranrber
of derwdefoufrr in ft inside diameter mased

by te pay'bd ribs. Edt cloro-e led ris., and duns
stienem rt but none of the irternal inindonss fire ,V

S d oath P* ath tot areasof the O.D. as showm by UT
rMaroernet d tape nmuso e inspoedon.

N Impost defelet• wordt care T.425

NS30#2 - HOT DROP CD

C)

-IQ

0



Page 103 of 106

Appendix I - ACCELERATION MEASUREMENTS

End Drop - Raw Data

End Drop
(raw data)

02

(.9

1000

900

800

700

600

500

400

300

200

100

0

-100

-200

-300

-400

-500

-600

-700

-800

-900

-1000

._ { , _ !_l ,._ .__ _

V _ _ _ ___._ _ _ _

I

-Cold End 1
-Cold End 2
-Hot End 1

Hot End 2

0 0.02 0.04 0.06 008 0.1
Time (sec)

0.12 0.14 0.16 0-18 0,2
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End Drop - Filtered Data

End Drop
(10 node low-pass butterworth filter with 75 Hz cut-off)

~IT_' I I I __
500

450

400

350

300

o 250

200
U

150
0t.

E
100

50

0

-50

-100

A ______________________________ ______________________________

-Cold End 1

-Cold End 2
-Hot End 1

Hot End 2

0 0.02 0.04 0.06 0.08 0.1
Time (sec)

0.12 0.14 0.16 0.18 0.2
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Side Drop - Raw Data

Side Drop
(raw data)

1000

900

800

700

600

500

400

300

= 200

lOO
0 0

- 100

200

-300

-400

-500

-600

-700

-800

-900
-1000

1Cold Side 1

-- Cold Side 2

-Hot Side 1

Hot Side 2

0 0.02 0.04 0.06 0.08 0.1
Time (sec)

0.12 0.14 0.16 0.18 0.2
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1.0 Introduction
The Remote-Handled Transuranic Waste Shipping Cask (Model No. RH-TRU 72-B) is designed for the safe
transport of remote-handled transuranic (RH-TRU) wastes from various sites around the United States. The
purpose of this calculation is to document the thermal performance of the alternative NS 15 and NS30 shielded
RH waste canisters under NCT and HAC conditions when transported within the RH-TRU 72-B packaging.
The NS 15 and NS30 neutron shield inserts are supplemental internal additions to the RH-TRU waste canister
assembly (removable lid design) and provide dose rate attenuation for neutron-emitting RH waste.

This calculation documents the thermal safety basis for adding the NS 15 and NS30 neutron shield inserts to the
RH-TRU Waste Canister Assembly as an alternative payload configuration for the RH-TRU 72-B packaging.
The analysis confirms that the package design complies with all thermal acceptance criteria specified in
10 CFR 71[l].

1.1 Objective
The objectives of this calculation are:

" develop a thermal model of the waste canister assembly with the NS 15 and NS30 neutron shield.
inserts within the existing and approved thermal model of the RH-TRU 72-B packaging,

" determine the combined thermal performance of the shielded canisters and the RH-TRU 72-B
packaging under NCT and HAC conditions of transportation and for a variation in the decay heat
distribution within the containers, and

* ensure that the RH-TRU 72-B packaging temperatures remain bounded by the previous safety
evaluations for NCT and HAC conditions.

1.2 Purpose
The purpose of this calculation is to demonstrate compliance with the applicable regulatory requirements for the
NS 15 and NS30 shielded canisters as an alternative payload configuration for the RH-TRU 72-B packaging.
The applicable regulatory requirements are specified in 10 CFR 71 [1] for Normal Conditions of Transport
(NCT) and for Hypothetical Accident Conditions (HAC). Further guidance for the calculation is taken from
NUREG-1617 [3] and Regulatory Guide 7.8 [4].

1.3 Scope
The scope of this calculation is limited to the transportation of the NS 15 and NS30 shielded canisters, as
defined by drawing X-106-503-SNP [5], within the RH-TRU 72-B packaging with a payload decay heat
of fifty (50) watts or less.

2.0 Description of Thermal Design
The Remote-Handled Transuranic Waste Shipping Cask (Model No. RH-TRU 72-B) is an existing Type B
packaging designed for the safe transport of remote-handled transuranic (RH-TRU) wastes from various sites

AFS-EN-FRM-002 Rev. 02 (Issued July 27, 2009)
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around the United States. This section presents a description of the RH-TRU 72-B packaging and the payload

canisters, their design features, the payload configurations, and the thermal load conditions evaluated.

2.1 Geometry

Design drawings of the RH-TRU 72-B packaging and the standard waste canisters are presented in the RH-TRU
72-B SAR [2]. Design information for the NS15 and NS30 neutron shield inserts is provided by design drawing
X-106-503-SNP [5].

2.2 Principal Design Features

2.2.1 RH-TRU 72-B Packaging
The RH-TRU 72-B packaging is composed of an inner vessel which optionally provides an inner containment
boundary, an outer cask which provides an outer containment boundary and acts as an environmental barrier,
and energy absorbing impact limiters at each end of the outer cask. Polyurethane foam filled energy absorbers
(impact limiters) are attached to each end of the outer cask to provide impact and thermal protection under
normal and accident conditions of transport. The empty cask weighs approximately 37,000 lbs. Figure 2-1
illustrates an overview of the RH-TRU 72-B package.

The RH-TRU 72-B Cask is designed with a totally passive thermal system. The principal design features of this
system consists of an external thermal fire shield surrounding a 4.375-in. cask wall and polyurethane foam
impact limiters protecting the ends of the cask body. The fire shield consists of a 10 gauge stainless steel sheet
(0.135-in. thick) offset from the outer cask body by a 12 gauge stainless steel wire wrap (0.105-in. diameter) on
a 3-in. pitch. The cylindrical outer cask consists of a 1.50-in. thick, 41.13-in. O.D. stainless steel outer shell, a
1.875-in. thick lead shield, and a 1-in. thick, 32.375-in. I.D. stainless steel inner shell. The outer cask bottom
end plate is 5-in. thick stainless steel, while the outer cask lid is 6-in. thick stainless steel. The 32-in. O.D. inner
vessel of the cask is constructed of 0.375-in. thick stainless steel with a 1.50-in. thick stainless steel bottom end
plate and a 6.50-in. thick stainless steel lid. Butyl rubber containment O-ring seals are used on the inner and
outer containment boundaries. Impact protection is provided by polyurethane foam impact limiters covering
each end of the outer cask. The polyurethane impact limiters also provide thermal protection during the
hypothetical accident condition (HAC) fire.

2.2.2 Waste Canisters
The payload of the RH-TRU 72-B cask will consist of one RH waste canister, either a standard or shielded
configuration. This calculation addresses only the NS 15 and NS30 shielded waste canister configurations. All
RH-TRU waste will be loaded directly into the payload canister or into inner containers which are then
overpacked within the payload canister. The standard payload canister uses a 26-in. outside diameter 1/4-in.
thin-wall cylinder fabricated of carbon or stainless steel as the outer shell. Including a lift pintle at the top of the
payload canister, the overall length is 120'/2 inches. The payload canister is basically a one- or two-piece
construction unit (fixed or removable lid versions; respectively, either of which may be configured with a
through-pintle fill port and plug) capable of transporting RH-TRU waste.

AFS-EN-FRM-002 Rev. 02 (Issued July 27, 2009)
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This calculation addresses the addition of the NS 15 and NS30 neutron shield inserts for the RH waste canister
as an authorized payload configuration for shipment in the RH-TRU 72-B packaging. The NS15 and NS30
neutron shielded canisters contain supplemental internal neutron shielding components added to the RH-TRU
waste canister assembly (removable lid design) and provide dose rate attenuation for neutron-emitting RH
waste. The nominal dimensions for the NS30 and NS 15 neutron shielded canisters are provided in drawing
X-106-503-SNP [5].

The neutron shielding for the NS 15 and NS30 neutron shield inserts is fabricated from pipe-grade extra-high
molecular weight (EHMW), high density polyethylene (HDPE) plastic with a cell classification of 345444C or
greater per ASTM D3350 [17]. The NS15 shield insert body pipe has a nominal wall thickness of 3.387-in.
(3.288-in. minimum) and the NS30 shield insert body pipe has a nominal wall thickness of 1.454-in. (1.412-in.
minimum). Both the NS 15 and NS30 shield insert body pipes have a 24-in. outside diameter and the shield insert
end caps have a nominal wall thickness of 5-in. Figure 2-2 illustrates an overview of the NS 15 shielded waste
canister. The overview of the NS30 shielded canister is similar except for the wall thickness of the shield insert.

2.3 Methodology
The methodology used to conduct the analysis was as follows:

1. The existing thermal models of the RH-TRU 72-B packaging for the transport of paper and metallic
wastes under normal conditions of transport (NCT) and hypothetical accident conditions (HAC) were
extracted from Reference [2] safety analysis report. Since these thermal models were developed under an
earlier version of SINDA/FLUINT, the models were re-run and the results compared to the original iesults
to ensure that the current version of the code produces similar results.

2. A 'solids' based thermal model of the 72-B canisters with the NS 15 and NS30 neutron shield inserts was
developed using the Thermal Desktops computer program. The thermal model simulates the entire
canister and included representation of the paper and metallic waste configurations, as appropriate, plus
the waste containers that hold the waste.

3. A 'cask and impact limiter only' thermal model for NCT and HAC were created from the existing non-
graphical, text based thermal models obtained from the Reference [2] safety analysis report by deleting
the thermal definitions for the canister and payload contained within each thermal model.

4. A representation of the interior surfaces for the inner vessel (IV) of the 72-B cask was added to the
'solids' modeling of the NS15 and NS30 shielded canisters. This thermal representation of the IV
surfaces is used to generate the radiation and conductance tie-ins between the shielded canisters and the
cask and impact limiter portions of the RH-TRU 72-B packaging.

5. The combined thermal models of the shielded canisters and the 72-B packaging are then exercised using
the SINDA/FLUINT computer program to predict the thermal performance of the shielded canisters
within the 72-B packaging.

AFS-EN-FRM-002 Rev. 02 (Issued July 27, 2009)
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2.4 Design Basis Thermal Load Conditions

The shielded waste canister and RH-TRU 72-B package combinations are evaluated in accordance with 10 CFR 71
[1] and Regulatory Guide 7.8 [4] for the applicable NCT thermal loads. The load conditions are defined as follows:

" NCT Hot: An ambient temperature of 100 OF is used to evaluate the maximum temperatures within the
cask with maximum decay heat and 10 CFR §71.71 (c)(0) prescribed insolation.

* NCT Hot, No Solar: Same as NCT Hot, but without insolation. This case serves as the basis for
evaluation of the maximum temperature at the accessible surfaces of the package in accordance with 10
CFR §71.43(g). 10 CFR §71.43(g) stipulates that for exclusive use packages, the maximum accessible
surface temperature must be less than 185 °F for this condition.

* HA C Hot: Thermal conditions prior to the event are conservatively taken from the NCT Hot condition,
followed by a thirty-minute transient with an ambient temperature of 1,475 °F with maximum decay
heat, and then back to a steady-state ambient temperature of 100 OF with maximum decay heat and
insolation per 1OCFR71.71 (c)(1). This load case evaluates the peak temperature achieved for the
various cask components under the HAC fire event and the associated thermal stresses.

Cold environment conditions are not addressed by this evaluation since the minimum temperatures expected
within the packaging and payload are bounded by -20 OF and -40 OF uniform temperature conditions established
in the RH-TRU 72-B SAR [2].

2.5 Design Basis Thermal Loads

2.5.1 Insolation Loads
Maximum steady-state package temperatures with insolation are determined by using the insolation values
delineated in 10 CFR §71.71 (c)(1), averaged over 12 hours. This action conservatively bounds the transient
thermal response that the payload and internal package components have to a diurnal (i.e., cyclic) solar load. The
relatively large thermal mass and the polyurethane foam impact limiters will effectively isolate (i.e., decouples)
the thermal response of the internal components from the cyclic variation in insolation heating applied to the
outside of the package. To account for self-shading provided by the package surfaces in the horizontal orientation,
the projected area of the package curved surfaces is used instead of their full area when calculating the total
insolation incident on the package. A solar absorptivity of 0.52 is 'assumed for the stainless steel surfaces under
NCT conditions. The solar absorptivity is increased to 0.8 after the HAC fire event to account for potential soot
accumulation on the package surfaces.

2.5.2 Payload Decay Heat
The package payload is assumed to consist of a paper based waste stream with an assumed maximum decay
heat loading of 50 watts. The decay heat is assumed to be equally distributed within the waste volume on a
volumetric basis. Approximately the same total volume of waste can be accommodated by either canister
design/payload definition. The thermal properties of the paper based waste stream are the same as presented in
the RH-TRU 72-B SAR [2].
AFS-EN-FRM-002 Rev. 02 (Issued July 27, 2009)
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Table 2-1 - Insolation Data per 10CFR71.71(c)(1)

Total Insolation for a 12-hour
Form and Location of Surface Period (g-cal/cm 2)(1)

Flat surfaces transported horizontally; base surface None

Flat surfaces transported horizontally; all other surfaces 800

Flat surfaces not transported horizontally 200

Curved surfaces 400
Notes:
(1) The 12-hour period covers the daylight hours. Insolation for the remaining 12 hours (nights) is zero. The 12-hour

insolation values are converted to equivalent 12-hour averaged values for evaluation of package temperatures.
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Figure 2-1 - Overview of RH-TRU 72-B Package
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Figure 2-2 - Overview of NS15 Shielded Waste Canister
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3.0 Material Specifications
This section presents the thermal properties used in the thermal model of the NS 15 and NS30 shielded waste
canisters within the RH-TRU 72-B packaging. The RH-TRU 72-B package is fabricated primarily of Type 304
stainless steel, lead, and polyurethane foam. The void spaces within the package are assumed to be filled with
air at one atmosphere. Air also fills the gap between the outer cask (OC) outer shell and the thermal shield. The
various waste containers to be transported will be constructed of carbon or stainless steel.

The shielded canister shell may be fabricated from carbon or stainless steel. For the purposes of this analysis
the shell material is assumed to be ASTM A516 carbon steel since both the higher thermal conductivity and
emissivity of carbon steel will bound the canister temperatures achieved under HAC conditions with stainless
steel. The shield inserts are fabricated of high density polyethylene (HDPE) material. The void spaces within
the waste canisters are assumed to be filled with air at one atmosphere.

3.1 Summary of Thermal Properties
The thermal properties for the RH-TRU 72-B packaging components are documented in the RH-TRU 72-B SAR [2].

The thermal properties of A516 carbon steel assumed for the fabrication of the waste canisters presented in
Table 3-1 are taken from Table TCD, material group B, of the ASME Boiler and Pressure Vessel Code [7]. The
density of A516 carbon steel is taken from an on-line database [8].

The thermal properties of the HDPE shielding material used for the NS 15 and NS30 shield inserts is based on
DriscoPlex® pipe materiaf [6] (see product data sheet in Appendix 7.6). The thermal properties of the material
presented in Table 3-2 are taken from [9], while its density is obtained from the product datasheet.

The thermal properties for air presented in Table 3-3 are derived from curve fits provided in [10]. Because the
thermal conductivity of air varies significantly with temperature, the computer model calculates the thermal
conductivity across the various air spaces as a function of the mean film temperature.

The payload within the shielded canisters is conservatively assumed to be paper and to exhibit the thermal
conductivity of air in order to bound the potential temperature rise and temperature limit within the payload.
This modeling assumption is consistent with the treatment established in the RH-TRU 72-B SAR [2] for paper
based payloads.

3.2 Emissivity, Absorption, & Transmittance Data
Table 3-4 presents the surface emissivity assumed for the various surfaces in the shielded canister thermal
model. 'The optical properties are based on the information contained in [ 11]. The emissivity and solar
absorptivity for the RH-TRU 72-B packaging materials are documented in the safety analysis report [2].

3.3 Technical Specification of Components
The materials used in the RH-TRU 72-B package that are considered to be temperature sensitive are the butyl
used for the O-ring seals and the polyurethane foam used in the impact limiters.

AFS-EN-FRM-002 Rev. 02 (Issued July 27, 2009)
Reference: AFS-EN-PRC-002 Calculations



A AREVA Federal Services LLC

A R E VA Title: Thermal Analysis of RH Shielded Canisters in RH-TRU 72-B Cask

Document No: 01937.01.M0005.01-04 Rev. No: 0 Page 14 of 52

Project No: 01937.01.M005.01.00001.100 Project Name: RH Technical Support

The RH-TRU 72-B SAR [2] presents the basis for thetemperature limitations of the butyl rubber O-ring seals and
the polyurethane foam. Per the RH-TRU 72-B SAR, the butyl rubber O-ring seals have an allowable temperature
range of -40 OF to 225 OF and a short duration (8 hours) upper temperature limit of 360 OF. The allowable
temperature range for the polyurethane foam during impact loadings is -20 °F to 300 OF. Temperature excursions
to -40 OF will not permanently degrade the properties of the foam. Foam performance under hypothetical accident
condition (HAC) transient conditions is discussed in Section 3.5 of the RH-TRU 72-B SAR [2].

Other package materials are stainless steel and lead. The melting points for these materials are 2,600 OF and 620
OF, respectively. The carbon steel, which may be used in the waste containers and the payload canister, has a
melting temperature of approximately 2,750 OF.

The design temperature limit for the HDPE used for the shielded inserts is assumed to be the vicat softening
temperature. Per data sheet in Appendix 7.6, the vicat softening temperature for the pipe-grade HDPE
considered for this evaluation is 256 OF.

No specific temperature limit exists for the waste payload. Instead, the temperature limit for the waste material
is discussed in Appendix 4.6,of the RH-TRU Payload Appendices.
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Table 3-1 - Thermal Properties of ASTM A516 Carbon Steel

Thermal
Temperature Density Conductivity Specific Heat

(OF) (lbm/in 3) *(Btu/hr-ft-°F) (Btu/Ibm-OF)

70 23.6 0.106

100 23.9 0.110

150 24.2 0.114

200 0.284 24.4 0.118

250 24.4 0.121

300 24.4 0.123

400 24.2 0.128

Table 3-2 - Thermal Properties of HDPE

Thermal
Temperature Density Conductivity Specific Heat

(OF) (Ibm/in_3) (Btu/hr-ft-IF) _Btullbm__-°F)

0.035 0.25 0.46

Table 3-3 - Thermal Properties of Air

Dynamic Thermal Coef. Of
Temperature Density Specific Heat Viscosity Conductivity Prandtl No. Thermal Exp.

(OF) Ibm/in 3) (Btu/Ibm--F) (Ibm /ft-hr) (Btu/hr-ft-PF) (OR-')
-40 0.240 0.03673 0.0121

0 0.240 0.03953 0.0131Use Ideal

50 Gas Law w/ 0.240 0.04288 0.0143 Compute as Compute as
100 Molecular wt 0.241 0.04607 0.0155 Pr~cpp/k 3=1/(0F±459.67)
200 28.966 0.242 0.05207 0.0178g/mole
300 0.243 0.05764 0.0199

400 0.245 0.06286 0.0220
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Table 3-4 - Surface Emissivity

M Assumed Assumed
Conditions Emissivity (s)

Canister Shell Painted 0.8
(Carbon Steel)

HDPE Surfaces Black 0.85

Inner Waste Containers Shell Oxidized or painted 0.8
(Carbon Steel)
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4.0 Thermal Evaluation under Normal Conditions of Transport

This section presents the thermal analysis methodology and the evaluation of the thermal performance for the
NS15 and NS30 shielded canisters and the RH-TRU 72-B packaging combination under NCT conditions to
demonstrate compliance with the requirements of 10 CFR §71.43(g) and §71.71. The thermal evaluations are
performed using conservative analytical techniques to assure that all materials are maintained within their
applicable minimum and maximum allowable temperature during all modes of operation.

4.1 Thermal Model for NCT
The analytical thermal model of the shielded canisters within the RH-TRU 72-B packaging are developed for
use with the Thermal Desktop® [12] and SINDA/FLUINT [13] computer programs. These programs work
together to provide the functions needed to build, exercise, and post-process a thermal model. The
SINDA/FLUINT and Thermal Desktop® computer programs have been validated for safety basis calculations
for nuclear related projects [ 14].

The analytical thermal model of the RH-TRU 72-B packaging developed for the RH-TRU 72-B SAR [2] is re-
used for the purposes of this calculation. The thermal model is set up as an axisymmetric, lumped-parameter,
finite-difference 3600 model. Complete details of the cask and impact limiter modeling are provided in the RH-
TRU 72-B SAR. A summary description is also provided in Appendix 7.4.1. The NCT thermal evaluations
assumed that the package is in its normal horizontal orientation for transportation.

The thermal modeling of the NS 15 and NS30 shielded canister payloads are developed using the Thermal
Desktop® computer program based on drawing X-106-503-SNP [5]. With the exception of the payload
definition and the thickness of the high density polyethylene (HDPE) used for shielding, identical modeling
approaches are used for the thermal models for the two canister designsý Approximately 1,270 thermal nodes
are used to define and simulate the NS 15 canister design and its enclosed payload, while approximately 1,385
thermal nodes are used for the NS30 canister design.

Waste will not be directly loaded into the NS 15 shielded canister. Instead, the wasted is assumed to be contained
within three (3) approximately 15-gallon waste containers which are then overpacked by the NS 15 canister. Three
alternative arrangements of the containers within the NS 15 canister were examined to determine the sensitivity of
the results to the use and placement of dunnage. While the results indicate a general insensitivity to container
placement within the canister, the stacking of the three waste containers against the base of the canister was shown
to yield a slightly higher payload temperature than the other placement assumptions.

The heat transfer between the various components within the shielded canisters is via radiation and conduction.
All void spaces within the canister and cask cavity are assumed to be filled with air at atmospheric pressure.

A similar modeling approach is used for the payload definition for the NS30 canister, except that the waste is
* assumed to be contained within six (6) approximately 8-gallon containers that, in turn, are housed within three
(3) approximately 30-gallon waste containers.
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A paper based waste stream is assumed for the payload with a maximum decay heat loading of 50 watts for
either canister configuration. The decay heat is assumed to be equally distributed within the waste volume on a
volumetric basis. This is the same modeling approach used in the RH-TRU 72-B SAR [2].

Details of the thermal modeling used for the NS 15 and NS30 shielded canister configurations are provided in
Appendix 7.4.2.

4.2 Heat and Cold

4.2.1 Maximum Temperatures for NCT Conditions
Two ambient conditions are evaluated for NCT conditions: NCT Hot (i.e., 100 °F with regulatory solar averaged
over 12 hours) and NCT Hot, No Solar (i.e., 100 °F with no insolation loading). See Section 2.4 for a description of
each ambient condition. Table 4-1 presents the resulting package temperatures for the transportation of the NS 15
shielded canister, while Table 4-2.presents the same type of results for the NS30 shielded canister, The maximum
temperatures seen for the NS 15 and NS30 neutron shield inserts are 141 OF and 137 °F, respectively. The
temperature levels achieved under NCT conditions demonstrate that all component temperatures for the NS 15 and
NS30 canister configurations are within their respective limits.

Figure 4-1 illustrates the temperature distribution within the NS 15 shielded canister 'and payload under the NCT Hot
condition. The temperature distribution on the left side of the figure includes the waste drums and waste payload,
while the illustration on the right side of the figure presents the temperature distribution within the canister shell and
the NS 15 shield insert only. Figure 4-2 illustrates similar temperature distributions for the NS30 shielded canister.

4.2.2 Minimum Temperatures for NCT Conditions
Cold environment conditions are not addressed by this evaluation since, given sufficient time, the minimum
temperatures expected within the packaging and payload are bounded by -20 OF and -40 'F uniform temperature
conditions established in the RH-TRU 72-B SAR [2]. These minimum temperature levels are within the
allowable temperature limits for all components of the NS 15 and NS30 shielded canisters.

4.3 Maximum Normal Operating Pressure
The RH-TRU 72-B package has a design pressure of 150 psig. The major factors affecting the pressure within
the sealed IV are:

" Radiolytic gas generation (or consumption),
" Temperature-related pressure change,
" Barometric pressure change,
" Chemical reactions,
" Biological gas generation, and/or
" Thermal decomposition.

The determination of the maximum normal operating pressure (MNOP) is not within the scope of this calculation.
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4.4 Evaluation of Package Performance for Normal Conditions of Transport
The combined thermal performance of the NS15 and NS30 shielded RH waste canisters in the RH-TRU 72-B
packaging has been evaluated for the applicable NCT conditions of transportation and for a maximum decay
heat loading of 50 W within the canisters. The evaluations found that the resulting component temperatures
remained within their specified allowable limits for all cases. Further, the computed temperatures for the RH-
TRU 72-B packaging components were essentially the same as those predicted in the RH-TRU 72-B SAR [2]
for similar ambient conditions. Thus the NS15 and NS30 shielded RH waste canisters will not impact the safety
basis of the RH-TRU 72-B packaging.
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Table 4-1 - Maximum NCT Temperatures for NS15 Shielded Canister

Temperature (IF)

NCT With NCT Without Allowable
Location / Component Insolation Insolation Temperature

Waste Centerline 247 225 N/A

NS15 Shield Insert 141 119 256

Canister Shell 133 111 800

IV Shell 128 105 800

IV Void Space Bulk Avg 127 104 N/A

OC Inner Shell 126 103 800

OC Lead Shield 126 103 620

OC Outer Shell 126 103 800

OC Thermal Shield 125 103 2,600

OC Upper Ring Forging 125 102 800

IV O-Ring Seal 125 103 225

OC O-Ring Seal 125 102 225

IV Lid 125 103 800

OC Lid 125 103 800

Impact Limiter Foam 132 104 300

Impact Limiter Shell 133 105 2,600

Table Note: 1) Temperatures assume a total payload decay heat loading of 50 W.
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Table 4-2 - Maximum NCT Temperatures for NS30 Shielded Canister

Temperature (OF)'

NCT With NCT Without Allowable
Location / Component Insolation Insolation Temperature

Waste Centerline 234 214 N/A

NS30 Shield Insert 137 115 256

Canister Shell 132 110 800

IV Shell 128 105 800

IV Void Space Bulk Avg 127 104 N/A

OC Inner Shell 126 103 800

OC Lead Shield 126 103 620

OC Outer Shell 126 103 800

OC Thermal Shield 125 103 2,600

OC Upper Ring Forging 125 103 800

IV O-Ring Seal 126 103 225

OC O-Ring Seal 125 103 225

IV Lid 126 103 800

OC Lid 125 103 800

Impact Limiter Foam 132 104 300

Impact Limiter Shell 133 105 2,600

Table Note: Temperatures assume a total payload decay heat loading of 50 W.
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5.0 Thermal Evaluation under Hypothetical Accident Conditions
This section presents the thermal analysis methodology and the evaluation of the thermal performance for the
NS 15 and NS30 shielded canisters and the RH-TRU 72-B packaging combination under the hypothetical
accident condition (HAG) specified in 10 CFR §71.73(c)(4).

5.1 Initial Conditions
The initial conditions assumed for the package prior to the HAC event are described in the RH-TRU 72-B SAR
[2]. A summary of the modifications made to the NCT thermalmodel of the packaging to simulate the assumed
package conditions prior to and during the HAC event are as follows:

* The simulated worst-case damage arising from the postulated HAC free and puncture drops were
made to the impact limiters. This included reducing the foam thickness to bound the amount of
foam lost due to thermal decomposition during the fire event,

* No significant thermal damage is predicted for the RH-TRU 72-B cask body as a result of the
free drop events,

* Included credit for the thermal conductance through the wire wrap supporting the thermal shield
to maximize the heat flow into the package. This conductance was conservatively ignored for
NCT,

* Increased the emissivity of all external surfaces to 0.8 and the solar absorptivity to account for
possible oxidation and/or soot accumulation on the surfaces,

* Assumed an initial temperature distribution within the package equivalent to the steady-state
conditions with a 100 'F ambient and no insolation.

The RH-TRU 72-B SAR [2] describes the initial conditions and the expected level of damage sustained by the
RH-TRU 72-B package from the 10 CFR 71.73 prescribed free and puncture drops. The total gross weight of
the loaded NS15 or NS30 shielded canisters is 3,100 lb, or a factor of approximately 2.6 less than.the 8,000 lb
gross weight for the removable or fixed lid standard payload canisters. As such, the expected level of package
damage would be less with an NS 15 or NS30 shielded canister payload. Free drop testing of an NS30 shielded
canister, which structurally bounds the NS 15 shielded canister, in a RH-TRU 72-B surrogate test fixture
demonstrated that no significant damage is sustained by the shield insert as a result of the free drop [ 16].
Therefore, the analytical models of the shielded canisters for NCT condition described in Appendix 7.4.2 are
also valid for the HAC evaluation.

5.2 Fire Test Conditions
The fire test conditions analyzed to address the 10 CFR §71.73(c) requirements are as follows:

* The initial ambient conditions are assumed to be 100 'F ambient with no insolation,.
* At time = 0, a fully engulfing fire environment consisting of a 1,475 'F ambient with an effective

emissivity of 0.9 is used to simulate the average flame temperature of the hydrocarbon fuel/air
fire event.
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* The convection heat transfer coefficients between the package and the ambient during the 30-
minute fire event are based on an average gas velocity of 9 m/sec. Following the 30-minute fire
event the convection coefficients are based on still air,

" The ambient condition of 100 'F with insolation is assumed following the 30-minute fire event.
A solar absorptivity of 0.8 is assumed for the exterior surfaces to account for potential soot
accumulation on the package surfaces.

The transient analysis .is continued for 11.5 hours after the end of the 30-minute fire to capture the peak package
temperatures. The peak O-ring seal temperatures were determined by extending the transient time period to 24
hours.

5.3 Maximum Temperatures and Pressure
Table 5-1 and Table 5-2 present the predicted maximum temperatures for NS 15 and NS30 shielded canister
configurations, respectively, under HAC conditions. The results show that all component temperatures remain
with allowable limits. The peak temperature of the HDPE shield inserts is seen toremain below the design limit
of 256 'F for both configurations. Further, the fact that the canister shell also remains below this temperature
level demonstrates that the HDPE temperature limit would not have been exceeded even if direct contact existed
between the components.

Figure 5-1 illustrates the temperature response of the RH-TRU 72-B packaging with the NS 15 canister payload.
A similar response is seen with the NS30 canister. The illustrated temperature response is essentially the same
as presented in the RH-TRU 72-B SAR [2]. Figure 5-2 and Figure 5-3 illustrate the temperature response of the
NS 15 and NS30 canister payloads, respectively.

5.4 Maximum Thermal Stresses
The temperature levels and transient response seen for the NS 15 and NS30 canisters under HAC conditions are
similar to that seen for the base payload for the RH-TRU 72-B packaging. As such, the thermal stresses
presented in the RH-TRU 72-B SAR [2] are also applicable to the NS 15 and NS30 canisters.

5.5 Evaluation of Package Performance for Hypothetical Accident Conditions of Transport
The combined thermal performance of the NS 15 and NS30 shielded RH waste canisters in the RH-TRU 72-B
packaging has been evaluated for the applicable HAC conditions of transportation and for a maximum decay
heat loading of 50 W within the canisters. The evaluations found that the resulting component temperatures
remained within their specified allowable limits for all cases. Further, the computed temperatures for the RH-
TRU 72-B packaging components were essentially the same as those predicted in the RH-TRU 72-B SAR [2]
for accident conditions. Thus the NS15 and NS30 shielded RH waste canisters will not impact the safety basis
of the RH-TRU 72-B packaging.
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Table 5-1 - HAC Temperatures for NS15 Shielded Canister

Temperature (OF) 1

Post-fire Allowable
Location / Component End of Fire Peak Steady-State Temperature

Waste Centerline 225 244 244 N/A

NS15 Shield Insert 119 189 138 256

Canister Shell 113 229 130 800

IV Shell 151 323 125 800

IV Void Space Bulk Avg 284 406 124 N/A

OC Inner Shell 416 488 123 800

OC Lead Shield 527 544 123 620

OC Outer Shell 605 606 123 800

OC Thermal Shield 1,231 1,231 123 2,600

OC Upper Ring Forging 105 159 123 800

IV O-Ring Seal 103 142 123 360/225

OC O-Ring Seal 107 145 123 360/225

IV Lid 105 159 123 800

OC Lid 106 150 123 800

Impact Limiter Foam N/A N/A N/A N/A

Impact Limiter Shell 1,427 1,427 131 2,600

Table Note 1: Temperatures assume a total payload decay heat loading of 50 W.
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Table 5-2 - HAC Temperatures for NS30 Shielded Canister

Temperature (OF)

k Post-fire Allowable
Location / Component End of Fire Peak Steady-State Temperature

Waste Centerline 214 232 232 N/A

NS30 Shield Insert 115 206 135 256

Canister Shell 113 232 129 800

IV Shell 151 323 125 800

IV Void Space Bulk Avg 284 406 124 N/A

OC Inner Shell 416 488 123 800

OC Lead Shield 527 544 123 620
OC Outer Shell 605 606 123 800

OC Thermal Shield 1,231 1,231 123 2,600

OC Upper Ring Forging 105 160 123 800

IV O-Ring Seal 107 149 123 360/225

OC O-Ring Seal 104 149 123 360/225

IV Lid 109 160 123 800

OC Lid 107 151 123 800

Impact Limiter Foam N/A N/A N/A N/A

Impact Limiter Shell 1,427 1,427 131 2,600

Table Note 1: Temperatures assume a total payload decay heat loading of 50 W.
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Figure 5-1 - HAC Temperature Response for RH-TRU 72-B Package with NS15 Shielded
Canister Payload
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Figure 5-2 - HAC Temperature Response for NS15 Shielded Canister Payload
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Figure 5-3 - HAC Temperature Response for NS30 Shielded Canister Payload
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6.0 Conclusion
The thermal evaluations presented in-this calculation demonstrate that both the NS 15 and NS30 shielded RH
waste canisters with a maximum payload decay heat loading of 50 watts comply with all the thermal acceptance
criteria specified in 10 CFR 71 [ 1 ]. The evaluations were conducted using conservative assumptions and methods.
The evaluations included sensitivity analyses for assumed placement of the waste payload within the canister and
for centered or eccentric location of the cylindrical shells within one another. The thermal response seen for the
RH-TRU 72-B packaging components are seen as being essentially the same as those predicted in the RH-TRU
72-B SAR [2] under both NCT and HAC conditions. As such, the addition of the NS15 and NS30 shielded RH
waste canisters as alternative payloads willnot impact the safety basis of the RH-TRU 72-B packaging.
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7.2 Sample Input File
The input files are too large for inclusion directly into this calculation. Instead, the input and output files are
provided on a CDROM.

7.3 Computer Run Record

A COMPUTER RUN RECORD
AREVA

Computer Run Identification Verification of Existing RH-TRU 72-B Thermal Models

Software Verification Verified under AFS-EN-PRC-0 13, Rev. 01

Analysis Software Thermal DesktopTM & SINDA/FLUINT TM
, Version 5.1

Hardware Description Pentium M, Windows XP operating system for computer DLT6000

Disk Storage Description All files stored on CD-ROM in folder named: RH-TRU 72-B Verification

File File Name Creator
Description

ASCII Input RH-TRU_5OWattNCT.inp G Banken
RH-TRU_50WattHAC.inp
RH-TRU_300Watt_NCT.inp
RH-TRU_300WattHAC.inp
frcvv-sqft.f

Disk File Storage- Binary
Database -none- G Banken

RH-TRUNCT_50W.out
RH-TRU_50WHAC.out

ASCII Output RH-TRU-NCT-300W.out G Banken
RH-TRU 300•Watt HAC.out

Binary Output -none- G Banken

Spreadsheets none

Printed Attachments. Description
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A COMPUTER RUN RECORD
AREVA

Computer Run NSI5 Shielded Canister
Identification

Software Verification Verified under AFS-EN:PRC-013, Rev. 01

Analysis Software Thermal DesktopTM & SINDA/FLUINT TM , Version 5.1

Hardware Description Pentium M, Windows XP operating system for computer DLT6000

Disk Storage Description All files stored on CD-ROM in folder named: NS15 Safety Evaluation

File Description File Name Creator

ASCII Input

RHTRU-NS 15_NCTBottom Position.inp/cc
RHTRU-NS15_NCTMiddlePosition.inp/cc
RHTRU-NS 15_NCT TopPosition.inp/cc
RHTRU-NS15_NCTEccentric.inp/cc
RHTRU-NS 15_NCTNoSolar.inp
RHTRU-NS 15_HAC.inp
RHTRU-NS 15_HACPostSS.inp
RHTRU-NS5 5NCTBottomPosition.rad
RHTRU-NSI 5NCTMiddlePosition.rad
RHTRU-NS 15-NCT-TopPosition.rad
RH-TRU Optical Properties.rco
RH-TRU Material Properties.tdp
RH-TRU CaskNCT.dat / RH-TRUCaskHAC.dat
frcvv-sqft.f

G Banken

Disk File Storage

RHTRU-NS 15_NCTBottomPosition.dwg
Binary Database RHTRU-NS 15_NCTMiddlePosition.dwg G Banken

RHTRU-NS15_NCTTopPosition.dwg

RHTRU-NS15 NCT Eccentric.dwg
RHTRU-NS 15_NCTBottomPosition.out/usr1
RHTRU-NS15 NCT Middle Position.out/usrl
RHTRU-NS 15_NCTTopPosition.out/usrl

ASCII Output RHTRU-NS15 NCT Eccentric.out/usrl G Banken
RHTRU-NS15_NCTNoSolar.out/usrl
RHTRU-NSI 5_HAC.out/usrl
RHTRU-NS15 HAC PostSS.out/usrl
RHTRU-NS 15"NCT-BottomPosition.sav
RHTRU-NS15_NCTMiddlePosition.sav
RHTRU-NS 15_NCTTopPosition.sav

Binary Output RHTRU-NS 15 NCT Eccentric.sav G Banken
RHTRU-NS 15 NCT NoSolar.sav
RHTRU-NS15 HAC.sav
RHTRU-NS15 HAC PostSS.sav

Spreadsheets RHTRU-72B Shielded Canister Results.xls
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A COMPUTER RUN RECORD
AREVA

Computer Run. NS30 Shielded Canister
Identification

Software Verification Verified under AFS-EN-PRC-013, Rev. 0 1

Analysis Software Thermal DesktopTM & SINDA/FLUINTTm, Version 5.1

Hardware Description Pentium M, Windows XP operating system for computer DLT6000

Disk Storage Description All files stored on CD-ROM in folder named: NS30 Safety Evaluation

File Description File Name Creator

RHTRU-NS30_NCT.inp
RHTRU-NS30_NCTNoSolar.inp
RHTRU-NS30_HAC.inp
RHTRU-NS30_HACPostSS.inp
RHTRU-NS30.cc G Banken

ASCII Input RHTRU-NS30.rad
RH-TRU Optical Properties.rco
RH-TRU. Material Properties.tdp
RH-TRUCaskNCT.dat
RH-TRUCaskHAC.dat

Disk File Storage frcvv-sgft.f -

Binary Database RH-TRU NS30 Canister.dwg G Banken

RHTRU-NS30NCT.out/usrl

ASCII Output RHTRU-NS30 NCT NoSolar.out/usrl G BankenRHTRU-NS30-HAC.out/usrl
RHTRU-NS30 HAC PostSS.out/usrl
RHTRU-NS30"NCT.sav

Binary Output RHTRU-NS30_NCTNoSolar.sav G Banken
RHTRU-NS30-HAC.sav

I RHTRU-NS30 HAC PostSS.sav
Spreadsheets RHTRU-72B Shielded Canister Results.xls
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7.4 Thermal Model Details
This section presents details of the thermal modeling used to simulate the NS 15 and NS30 shielded canisters
within the RH-TRU 72-B packaging. The analytical thermal model of the shielded canisters within the RH-
TRU 72-B packaging is developed for use with the Thermal Desktop® [12] and SINDA/FLUINT [13] computer
programs. These programs work together to provide the functions needed to build, exercise, and post-process a
thermal model. The Thermal Desktop® computer program provides graphical input and output display
functions, as well as computing the thermal mass, conduction, and radiation exchange conductors for the
defined geometry and thermal/optical properties. Thermal Desktop® is designed to run as an application
module within the AutoCADTM design software. As such, all of the CAD tools available for generating
geometry within AutoCADTM can be used for generating a thermal model. In addition, the use of the
AutoCADTM layers tool presents a convenient means of segregating the thermal model into its various elements.

The S1NDA/FLUINT computer program is a general purpose code that handles problems defined in finite
difference (ie., lumped parameter) and/or finite element terms and can be used to compute the steady-state and
transient behavior of the modeled system. Although the code can be used to solve any physical problem
governed by diffusion-type equations, specialized functions used to address the physics of heat transfer and
fluid flow make the code primarily a thermal code. The SINDA '85 computer program used to produce the
thermal results presented in the RH-TRU 72-B [2] safety analysis report is an early predecessor to Version 5.1.
of the SINDA/FLUINT software used for this evaluation.

Together, the Thermal Desktop® and SINDA/FLUINT codes provide the capability to simulate steady-state and
transient temperatures using temperature dependent material properties and heat transfer via conduction,
convection, and radiation. While complex algorithms may also be programmed into the solution process to, for
example, compute heat transfer coefficients as a function of the local conditions, this capability of the code has
not been utilized for this evaluation.

The SINDA/FLUINT and Thermal Desktop® computer programs have been validated for safety basis
calculations for nuclear related projects [ 14].

7.4.1 Thermal Model for RH-TRU 72-B Packaging
The analytical thermal model of the RH-TRU 72-B packaging developed for the RH-TRU 72-B SAR [2] is re-
used for the purposes of this calculation. The-thermal model for NCT provides an axisymmetric, 3600
representation of the RH-TRU 72-B cask body and impact limiters, as illustrated in Figure 7-1 to Figure 7-4.
The modeling is defined via non-graphical, textual modeling language that defines a lumped-parameter, finite-
difference representation of the package. Similar modeling is used for HAC conditions, except for the
simulation of the non- axisymmetric effect of the trunnions and the side drop and puncture pin damage. To
address these HAC related aspects of the thermal modeling, the thermal modeling for the lead shield, outer
vessel, thermal shield, and the impact limiters are extended to three dimensions. Figure 7-5 illustrates the
revised thermal modeling for the impact limiters to capture the pre-fire drop damage. Full details of the
modeling and the assumptions used in its development are provided in the RH-TRU 72-B SAR. The following
bullet items identify the basis of this thermal modeling:
AFS-EN-FRM-002 Rev. 02 (IssuedJuly 27, 2009)
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* The thermal analyses are based on coding for the SINDA '85/FLUINT finite difference code
* Allinternal voids are assumed to be filled with air at one (1) atmosphere
* Solar heat input is based on projected surface area of the package and a solar absorptivity of a = 0.52 for

NCT anda = 0.8 for HAC
" Convective heat transfer from the exterior of the package is based on natural convection for NCT and

post-fire HAC conditions and on forced convection during the 30-minute HAC fire. These convection
coefficients are determined from the local Nusselt number based on local air temperature (average of the
local external surface temperature and the ambient temperature) and the surface area. The Nusselt
number is calculated as a function of the Grashof and Prandtl numbers

* External radiation from packaging and impact limiter surfaces is calculated assuming a surface
emissivity of& = 0.3 for NCT and ,= 0.8 for HAC

7.4.2 Thermal Model for NS15 and NS30 Shielded Canisters
The thermal modeling of the NS 15 and NS30 shielded canisters and waste payload are developed using the
Thermal Desktop® computer program [12] based on the geometry provided by drawing X-106-503-SNP [5].
With the exception of the payload definition and the thickness of the high density polyethylene (HDPE) used for
shielding, identical modeling approaches are used for the thermal models for the NS 15 and NS30 canister designs.
Approximately 1,270 thermal nodes are used to define the NS 15 canister design and its enclosed payload, while
approximately 1,385 thermal nodes are used for the NS30 canister design. The interface of the graphics based
modeling of the NS 15 and NS30 shielded canisters with the textual based thermal modeling of the RH-TRU 72-B
cask body is provided via a series of shell surfaces illustrated in Figure 7-6 whose location and surface area match
precisely the nodal distribution in the text based modeling of the RH-TRU 72-B cask body.

The shell for both shielded payload canister configurations is identical to the unshielded configuration with a 26-
in. outside diameter and a '/4-in. thick wall fabricated of painted ASTM A516 carbon steel. Including the lifting
pintle at the top of the payload canister, the overall length of the modeled canister is 120/2 inches. Given the
combination of-the relative thinness of the shell, the conductivity of carbon steel, and the relatively low heat flux
associated with a 50 W decay heat payload, the shell of the canister is modeled with a single thermal node in the
radial direction. Axial thermal resolution is provided with thermal nodes spaced approximately every 5 inches
along the shell's length. The lid and base of the canister shell as modeled with one node for the '¼-in. thickness
and 5 nodes in the radial direction. The lifting pintle is modeled with solid elements using 30 thermal nodes. The
heat transfer between the waste canister shell and the RH-TRU 72-B cask body is modeled as conduction and
radiation across the nominal 2.625-in. gap in the same fashion as the thermal modeling defined in the RH-TRU
72-B SAR [2]. The radial gap between the canister and the RH-TRU 72-B inner vessel is mechanically
maintained within '/2-in. of nominal spacing by the use of spacer rings and support rails. Figure 7-7 illustrates the
thermal interface between the waste canister and the inner surfaces of the cask cavity. Heat transfer between the
base and lid ends of the canister and the cask inner surfaces is modeled as conduction and radiation across 0.125-
in. and 0.5-in. gaps, respectively. The relatively void space associated with the region around the lifting pintle on
the canister effectively isolates the top of the canister from the underside of the cask lid.
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The HDPE neutron shielding material for the NS15 canister is modeled with a nominal thickness of 3.387-in.
and an outer diameter of 24 inches. The top and bottom end caps have a 5-in. thickness. The neutron shielding
material for the NS30 canister is modeled with a nominal thickness of 1.454-in. The outer diameter and the
thickness of the top and bottom end caps are the same as that for the NS15 shield insert. Figure 7-8 illustrates
the thermal model of the NS 15 shield insert in the waste canister. Except for sidewall thickness, the thermal
modeling for the NS30 shield~insert is similar.

Five thermal nodes are used to model the HDPE wall thickness of the NS15 shield insert and three nodes are
used for the NS30 shield insert. The 5-in. node spacing in the axial direction matches that used for the canister
shell. The top and bottom end caps are simulated with 9 thermal nodes in the radial direction and 6 nodes
across the thickness. Radial heat transfer between the HDPE insert and the canister shell wall is simulated as
conduction and radiation across the nominal 0.75-in. gap between the components. The use of a uniform radial
gap is appropriate for NCT and HAC evaluations even though the RH-TRU 72-B package is transported
horizontally since the increase in the radial gap on one side of the HDPE insert will be offset by a corresponding
smaller gap on the opposing side. In addition, ignoring the narrow line contact that will exist for the horizontal
package orientation will yield conservativetemperature estimates for NCT conditions, while the bounding
temperature achieved under HAC conditions can be conservatively estimated by assuming the inner surface
reaches a temperature equivalent to that achieved by the outer surface.

Axial heat transfer between the HDPE insert and the base and lid ends of the canister is modeled as conduction
and radiation across 0.125-in. and 0.375-in. gaps, respectively. The HDPE insert is conservatively assumed to
have shifted forwarded slightly under horizontal transportation from its vertical loading position. Maintaining a
tight contact between the bases of the insert and canister shell will yield lower NCT temperatures for the insert
and payload and lower HAC temperatures for the base of the canister shell since the thermal mass of the HDPE
insert will not be as closely coupled to help absorb the heat flux during the fire event.

The payload for the NS 15 canister is assumed to be contained within three (3) approximately 16-gallon
containers. Each waste container and its contents are represented by 119 thermal nodes. The containers are
assumed to be full of waste whose volumetric heat generation is evenly distributed and whose effective thermal
conductivity is equal to that of air. The shell of the containers is simulated as 0.04-in. thick carbon steel.

Three alternative placements of the waste containers within the canister are considered: first, the containers are
assumed to be stacked on the bottom of the canister cavity, the second configuration assumes the use of
approximately 19.9-in. of dunnage at the bottom of the canister to elevate the top of the uppermost container to
near the top of the canister cavity, and the third placement configuration assumes approximately 7.5-in. of
dunnage at both the top and bottom of the canister to center the waste containers within the canister. The second
placement configuration further assumes the use of slip sheets or some other separator between the containers,
while the first and third container arrangement assumes the containers are in close, near physical contact with one
another. The dunnage required for these various placement configurations are not specifically modeled, but are
assumed to have the thermal conductance of an equivalent airspace. Even containers in near physical contact with
one another are assumed to have an approximate airspace of 0.375-in. between their end face surfaces because the
rolled rims and dished ends prevent tighter contact. Figure 7-9 illustrates the bottom and top positioning
configurations of the waste containers, while Figure 7-10 illustrates the center positioning scheme.
AFS-EN-FRM-002 Rev. 02 (Issued July 27, 2009)
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To assess the effect of eccentric placement within the horizontal cask, a sensitivity evaluation was conducted
for the bottom positioning configuration for the waste containers described above. The changes to the thermal
modeling for the eccentric placement consisted of reducing the mean gap between the lower half of the
horizontally oriented drums, poly insert, and canister and their adjacent component to one half of the gap
assumed for the concentric placement of the components. The corresponding mean gap between the upper half
of these same components was increased by 50% over that assumed for the concentric placement of the
components. The thermal conductance due to the line contact between the components is conservatively
ignored. All other aspects of the thermal model remained the same as discussed above.

The modeling approach used for the payload definition for the NS30 canister issimilar to that for the N15
canister, except that the waste is assumed to be contained within six (6) approximately 8-gallon containers that, in
turn, are housed within three (3) approximately 30-gallon drums. Figure 7-11 illustrates the assumed payload
configuration for the NS30 shielded canister configuration. As with the payload definition for the NS 15 canister,
each waste container is assumed to be full of waste whose volumetric heat generation is evenly distributed and
whose effective thermal conductivity is equal to that of air. The shell of the containers is simulated as 0.04-in.
thick carbon steel. The shell and the contents are represented by 68 thermal nodes for each container.

The waste containers are assumed to be centered radially within the 30-gallon drums, to be in near contact with one
another and the bottom of the drum, and within 0.75-in. of the drum lid. The near contact condition is simulated as a
0.125-in. gap to account for the axial offset provided by the rolled rims on the containers. The drums are assumed to
be centered within the HDPE neutron shielding and in near physical contact with one another. Again, the near
physical contact is simulated via 0.375-in. airspace because the rolled rims and dished ends prevent tighter contact.
The 30-gallon drums are simulated as carbon steel shell elements with a thickness of 0.045-in.

7.5 Verification of Existing RH-TRU 72-B Thermal Models
The modeling approach of using a mixture of lumped-parameter and 'solids' modeling, together with the use of
Version 5.1 of the SINDA/FLUINT computer program, was validated as producing similar results for both NCT
and HAC codes when running the thermal models developed for the SINDA '85 code. This validation is
documented in a scoping evaluation conducted on the NS 15 and NS30 shielded insert concepts [ 15]. Table 7-1
summarizes the comparative results obtained between the original SINDA '85 modeling and that obtained using
the modeling approach utilized in this evaluation. As seen, the results are very similar, thus verifying the
modeling approach.
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Figure 7-3 - Thermal Node Identification Scheme for Cask Lid End
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Figure 7-4 - Thermal Node Identification Scheme for Cask Lid End Impact Limiter
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Node numbering and spacing
on cask inner vessel, lid, and
bottom equivalent to that
used in original RH-TRU 72B
SINDA85 thermal model

Figure 7-6 - Graphical Representation of RH-TRU 72-B Inner Vessel Sidewall,
Base, and Lid Surfaces
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Figure 7-7 - Thermal Interface Scheme between RH-TRU 72-B Cask Model and
Waste Canister Model
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Figure 7-8 - Thermal Model Layout of NS15 Shielded Canister
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-16 gallon waste container,
I of 3

7 0.375-inch gap assumed
between waste containers

* Nominal 1.494nch gap
between waste containers
and NS15 shield insert
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top waste container near top
of NS1 5 shield insert cavity

Figure 7-9 - Thermal Modeling of Waste Containers within NS15 Shielded
Canister - Bottom and Top Positioning

AFS-EN-FRM-002 Rev. 02 (Issued July 27, 2009)
Reference: AFS-EN-PRC-002 Calculations



A AREVA Federal Services LLC

A R EVA Title: Thermal Analysis of RH Shielded Canisters in RH-TRU 72-B Cask

Document No: 01937.01.M0005.01-04 Rev. No: 0 Page 49 of 52

Project No: 01937.01.M005.01.00001.100 Project Name: RH Technical Support

Dunnage assumed
at top of waste
container
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container, I of 3
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gap between
waste container
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Figure 7-10 - Thermal Model Layout for Middle Positioning of Waste Containers
within NS15 Shielded Canister
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Figure 7-11 - Thermal Model Layout for Nested Waste Containers within NS30
Shielded Canister
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Table 7-1 - Comparison of Results for Baseline HAC Thermal Models

Location 50 Watt Payload 300 Watt Payload

SAR Results Re-Run SAR Results Re-Run

Waste Centerline 219 OF 214 OF 196 OF 197 OF

Canister Shell 263 OF 265 OF 247 OF 244 OF

IV Inner Shell 327 OF 328 OF 343 OF 343 OF

OC Inner Shell 488 OF 488 OF 497 OF 497 OF

OC Lead Shield 544 OF 544 OF 554 OF 554 OF

OC Outer Shell 601 OF 602 OF 611 OF 611 OF

OC Thermal Shield 1,232 OF 1,232 °F 1,231 OF 1,226 OF

OC Upper Ring Forging 154 OF 159 OF 166 OF 170 OF

IV O-Ring Seal 150 OF 151°F 159 OF 160 OF

OC O-Ring Seal 149 OF 150 OF 158 OF 158 OF

IV Lid 148 OF 151 OF 157 OF 160 OF

OC Lid 150 OF 150 OF 159 OF 158 OF

Impact Limiter Shell 1,424 °F 1,427 OF 1,425 OF 1,427 OF

AFS-EN-FRM-002 Rev. 02 (Issued July 27, 2009)
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7.6 Material Data Sheets

For more information and technical
assistanoe coctact:

Performance Pipe. a divisionr of
.Chevron Phillip Chemical Company LP
P.O. eox'26go08
Piano. TX7B025-n006
8(oo.5708•2

~MAN~AM
a ame. C aree. mear C.eeea

DriscoPlex®
PE3608 / (PE3408) Pipe

Pipe and Fittings Data Sheet

Typical Material Physical Properties of DriscoPle) PE3608 I (PE3408)

High Density Polyethylene Materials

Material Designation PPI TR-4 PE3608

Cell Classification ASTM D3350 345464C

Pipe Properties

Density grns/cn ASTM D1505 0.955 (black)

Melt Inde •gms 110 ASTM D1238 0.08
Condition 190 12.16 minutes

Htyrdrostatic Design Basis
73F (23C) psi ASTra_ D2_37 1600

Hydrostatic Design Basis
1140F (60C) psi ASTM D2837 800

Color: UV Stabilizer [Cq ASTM D3350 Min 2% carbon Black
[El Color UV Stabilizer

Material Properties
Flenural Modulus

2% Secant- 16:1 span; depth, 0.5 in fmin psi ASTM D790 7110,000

Tensile Strength at Yield psi ASTM D63 3200
_______________________________________ _________ Type IV -36

Elongation at Break
2 in /rmin., Type IV bar % ASTM D638 o70O

Elastic Modulus psi ASTM D638 0150,000

Hardness Shore D ASTM D2240 62

PENT hts ASTM Fl473 -100

Thermal Properties

Vicat Softening Temperature F ABTM D1525 256

Brittleness Temperature "F ASTM D746 -103

Thermal Expansion int in! I ASTM D696 10X 1iB4

Bulletin: PP 109 Revision Date September, 2006

d~ 5 ~ paid~

Che won
Ph!!!,s

pa ~

Before us ing the piping product, the u0er is advised and cautioned to make its own determination and ass essment of the safety and
suitability of the piping product for the specific use in question and is further advised .gainst relying on the information contained hereir
as it may relate to anys peoifi use or application. It is the ucfimate.responsibility of the ser to ensure that the piping product is suited
and the information s applicable to therus ercs specitic application. This data sheed provides typical physical properly information for
polyethylene resins used to manufacture the piping product. It is intended for comparing polyethylene piping resins. It is not a product
spedci ation. and it does not establsh minimum or nmoimum valur or manufacturing tolerances for resins or for the piping product.
Ths eetypical physical property values mere determined using compression-molded plaques prepared from resin. Values obtained from
tests of specimens taken from the piping product can vary from these typical values. Performance Pipe does not make, and expressly
disclaims, all warrandies. Of merchantabilit or ftness for a particular pur pose. regardls s of whether oral or •ritten. express or implied,
allegedly arising from any m age of trade or from any course of dealing in connectionwith the use ofintornation contained herein orthr
piping product deof. The ree expressly assumes all risk and liability, whether based in contract, tort or otherwise, in connectionwmith th
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1.0 Introduction

The 72-B package is used to transport remote-handled transuranic waste. The license is being
modified to allow shielded canisters filled with waste of potentially high neutron activity. The
purpose of this calculation is to determine the activity limit for each isotope of interest that
results in a dose rate of 1000 mrem/hr at a distance of I -m from the package surface subsequent
to an accident. MCNP vl.40 [3] is used for the neutron analysis, and a simple point-kernel
approach is used for the gamma analysis.

2.0 Methodology
The methodology follows the established methodology used to determine the nuclide activity
limits in the RH-TRU 72B SAR [1]. A list of common nuclides that may be present in the waste
is summarized in Table 1. Each nuclide may be gamma emitting, neutron emitting, or both.

The objective is to compute a gamma activity limit, AG, and a neutron activity limit, AN, for each
isotope of interest so that the 10 CFR 71.51 (a)(2) hypothetical accident condition (HAC) dose
rate limit of 1000 mrem/hr at a distance of 1 -m from the package surface cannot be exceeded. If
a nuclide is both a gamma and neutron emitter, a combined activity limit AGN is computed as
1/[(1/AG)+(1/AN)]. All radionuclides that do not have gamma energies and do not undergo
spontaneous fission or whose maximum allowable activity is calculated to be greater than 1 x
108 curies are classified as "unlimited."

A 72-B package may transport either an NS30 or NS 15 shielded canister assembly. A test was
performed using the shielded canister to determine the amount of release under HAC [12].
Based on this test, 0.23% of the contents migrated out of the shielded canister. Therefore, it is
conservatively assumed under HAC that the radionuclides contained within each canister
reconfigure into two point sources that represent 98% and 2% of the total activity. The 2% value
bounds the 0.23% value determined by experiment. Point sources are used to represent the
source to conservatively minimize the distance from the source to the dose rate location. The
maximum dose rate will occur when the distance from the sources to the 1 -m location is
minimized. The larger magnitude point source is assumed to migrate to the inside of
polyethylene shield to the closest possible location to the damaged surface of the 72-B package.
The smaller magnitude point source is assumed to migrate to a location outside the polyethylene
shield and in-line with the larger source.

Under HAC, the 72-B package dose rate at 1 -m in the radial direction is more limiting than the
dose rate at 1 -m in the axial direction. Because of the impact limiters, the distance from the
point source to the dose location is significantly farther at the ends compared to the sides, yet the
axial and radial neutron shielding is comparable in both directions. Therefore, the maximum
side dose rate at 1 -m bounds the maximum end dose rate at the same distance from the package
surface.

Once the most restrictive combined neutron and gamma activities AGN are known, the sum of
activity partial fractions for any combination of the radionuclides for each canister must be less
than or equal to unity, or:
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a 1
AGNi

where, for a particular payload mix, ai is the actual curie content of radionuclide "i" and AGNi

is the limiting curie content of radionuclide "i".

2.1 Neutron Methodology

For the neutron emitting isotopes, MCNP5 v1.40 [3] is used to compute the dose rates for each
isotope of interest. The dose rate is computed at 1 -m from the surface of the damaged package.
ANSI/ANS-6.1.1-1977 flux-to-dose rate conversion factors are used in the calculations [5].
These factors for neutrons are provided in Table 2.

The neutron source is computed in ED-042 [2] for the isotopes of interest. The total neutron
spectrum is provided in Table 3 and Table 5 of ED-042. Each spectrum is entered in MCNP as a
histogram distribution. Note that the lowest energy group of the source is conservatively set
between 0.1 and 0.5 MeV in MCNP, although the actual group boundary is 0 to 0.5 MeV in
ED-042. The number of source neutrons in that group is not changed. Therefore, the source
neutrons in the lowest energy group will conservatively have a slightly larger average energy
than the actual source. For convenience, the total source strength is set to 1 n/s in all MCNP
models.

Note that data for Am-242m are provided for two metastable states (0.048 and 2.2 MeV) in ED-
042, although only the 0.048 MeV source is utilized in the current calculation. The excluded 2.2
MeV Am-242m isotope has a half life of only 14 ms (see Table 1 of ED-042) and therefore will
not be present in the waste.

No fissile material is included in the models to minimize self-shielding. Because no fissile
material is included, no subcritical neutron multiplication is performed by MCNP. It has been
determined in conjunction with the RH-TRU 72-B SAR that a conservative factor of 2.7 may be
utilized to account for subcritical neutron multiplication (see Section 5.5.2 of [1]). This
subcritical multiplication factor was determined by surrounding a point source with a sphere
comprised of 325 g Pu-239 and a 30% polyethylene/70% water mixture. The U-238 spectrum,
which has the lowest average energy of the isotopes under consideration and hence highest
• subcritical multiplication factor, was conservatively utilized for the point source in that analysis.
Given the similarity between the baseline RH-TRU 72-B configuration and the RH-TRU 72-B
configured with the NS30 or NS 15 shielded canister, this subcritical neutron multiplication
factor is applicable to the current analysis.

Once the neutron dose rate is known for a 1 n/s source, the source strength may be scaled up to
the limit of 1000 mrem/hr at 1-m by utilizing the total neutron source strength (per gram) and the
specific activity of the nuclide (Ci/g). The total neutron source strength (n/s/g) is provided in
Table 2 and Table 4 of ED-042. The details of this calculation are shown in Section 4.1.

2.2 Gamma Methodology

Because of the large number of gamma emitting isotopes (169), and the thick gamma shielding
of the 72-B package, explicit computation of the activity limits using MCNP for the gamma
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emitting isotopes is prohibitively expensive. Rather, a simplified point-kernel approach is
utilized to produce results that are conservative in comparison to those obtained from a fully
representative Monte Carlo analysis. The primary conservatism is using iron buildup factors in
place of lead, which overestimates the dose rate. This methodology is also present in the 72-B
SAR, Section 5.4.1 [1].

The dose rate from an isotropic point-source, as a function of gamma energy, is simply [9]:

D(E) = S(E)B(E,x)C(E) e-x

47rR
2  e

where D(E) is the dose rate as a function of gamma energy, E (mrem/hr), S(E) is the source
strength as a function of gamma energy, E (y/s; 1 curie = 3.7(10)10 y/s), B(E,x) is the buildup
factor as a function of gamma energy, E, and mean free paths, x(E), C(E) is the gamma flux-to-
dose rate conversion factor (y/cm 2-s to mrern/hr), and R is the radial distance from the source to
the receptor (cm).

Gamma energy and intensity data is provided in Kinsey, et al [8]. All gamma energies less than
0.100 MeV are conservatively rounded to 0.100 MeV for the purpose of linear interpolation in
Table 3, Table 4, and Table 5.

The number of mean free paths, x(E), is:
n

x(E) = - (E)ti

where .ti(E) is the attenuation coefficient (as a function of gamma energy) of shield "i", and ti is
the thickness of shield "i" in centimeters. The number of mean free paths is a non-dimensional
number.

The attenuation coefficient for shield "i" is:

i(E) = [•t(E)]P [I+[2(E)] P2+[ 3 (E) I + E -iP(E)]
P L P J P

where, for a material containing "n" different elements, ýIx(E) and px are the mass attenuation
coefficient (as a function of gamma energy) and partial density for element "x." The units for
the attenuation coefficient are cm-1. The units for mass attenuation coefficient are cm 2/g. Table
6 presents a summary of the partial density for each major element of the three gamma
attenuation materials (i.e., carbon steel, Type 304 stainless steel, and lead). Gamma attenuation
in the polyethylene is not credited. Table 4 summarizes the mass attenuation coefficients for
each element as a function of gamma energy, as taken from ANSI/ANS 6.4.3-1991 [10]. Mass
attenuation coefficients used in the subsequent shielding calculations are linearly interpolated
from the data in Table 4.

Gamma-ray isotropic point-source buildup factors are determined by conservatively assuming
iron as the dominant shielding material. Although the actual buildup factors will lie somewhere
between iron (atomic number, Z = 26) and lead (Z = 82), use of iron as the buildup factor will



A AREVA Federal Services LLC
AR EVA Title: 72-B with NS15 and NS30 Shielded Canister Shielding Analysis

Document No: 01937.01.M005-03 - Rev. No: 0 I Page 8 of 41
Project No: 01937.01.M005 Project Name: RH Technical Support

conservatively bound the maximum isotopic quantity (curies) allowed for transport because the
buildup factor increases as the atomic number decreases.

Buildup factors are determined using the geometric progression (G-P) function as presented in
ANSI/ANS 6.4.3-1991 [10]. The G-P function accurately reproduces buildup factor data for
deep penetrations in shields (i.e., >20 mean free paths thick). The buildup factor, as a function
of gamma energy, E, and mean free paths, x, using the G-P function is:

B(E,x) = l+(b-1)(K 1) for K#I
(K-I)

B(E,x) = 1+(b-1)x for K=1

t hx

K(x) = cxa + da---

The coefficients a, b, c, d, and XK, as a function of gamma energy, are provided in Table 5.
These coefficients are linearly interpolated for a given gamma energy.

Gamma flux-to-dose rate conversion factors are determined using the values delineated in
ANSI/ANS 6.1.1-1977 [5], and presented in Table 3. The data in Table 3 are linearly
interpolated to determine the conversion factor for a given gamma energy.

An example gamma dose rate calculation is presented in Section 5.3 for Co-60.
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Table 1 - RH-TRU 72-B Radionuclide Inventory
3 H
'OBe
14

C
22Na
32

p
33

P
35s

45
Ca

4 6
5c

49v

51Cr
54Mn
55Fe
59Fe
57Co
58Co
60co
59Ni
63Ni

64Cu
65Zn
73As
79Se

85Kr

86 Rb
87Rb

89Sr
90Sr
88

Y
90 Y9Omy90my

9 1
Y

88Zr
9

OZr

9OmZr
93Zr
95Zr

93mNb
9 4

Nb
95Nb
95mNb

99Tc
99mTc

lO6 Ru
103mRh

108Ag
I°8mAg

l° 9mAg

1 1OAg
11omAg

109Cd

113mCd
l l5mcd

114In
114m 1n

115mIn
119mSn

121mSn

123mSn
126 Sn
1245bi

125 Sb
126 Sb

126m Sb
123 Te

123mTe

125mTe
127 Te

127mTe

129Te
129mT¢

1251

1291

1311
134Cs

13 5
Cs

137Cs

133 Ba

137mBa
137tuBa

141Ce

142 Ce
144 Ce

143Pr
144 Pr

144mpr
146 Pm
147pm

148Pm

148mpm
146Sm

147Sm

151Sm

150Eu
152Eu

154Eu
155Eu
152Gd
153Gd

160Tb
166mHo
168Tm

182Ta

198Au
207T1
208T1
2O9TI

209Pb
2 1oPb'
2 11Pb
2 12Pb
2 14Pb
207 Bi

2 1OAi

211Bi
212 Bi
213 Bi
214 Bi
2O9po

21O1po

211 PO
212 PO
213po

214po

215 PO
216po

218po

211'At

217 At
219 RD
22OF~n
222 Rn
221 Fr

223Fr
223Ra
224 Ra
225 Ra
226 Ra
228Ra
225Ac
227 Ac
228Ac

227Th
228Th

229Th

23OTh
23

UTh
232Th
234Th
23 'Pa
233pa
234Pa
234mpa

2 3
2U

233U

234u

235u

236u

237 U

2 3 8
NU

239U
240u

237Np
238Np

239Np

2 4 0
Np

24°mNp

236pu
238 Pu
239pu

24Opu

24 1pu
242pu

243pu
244pu

24CAm
242AM

242roAm

243 Am

24 5Am
24OCm
242Cm

243Cm
244Cm

245 Cm

246Cm

247Cm

248Cm

25 0CM
247 Bk
24913k

25OBk
249Cf

25Ocf

251Cf

252Cf

254Cf
252Es

253mEs
254 Es

254mEs
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Table 2 - Neutron Flux-to-Dose Rate Conversion Factors [5]
Energy C(E) Energy C(E)

(MeV) (n/cm2-s to mrem/hr) (MeV) (n/cm2-s to mrem/hr)

2.50E-08 3.67E-03 5.OOE-01 9.26E-02

1.OOE-07 3.67E-03 1.0 1.32E-01

1.OOE-06 4.46E-03 2.5 1.25E-01

1.00E-05 4.54E-03 5.0 1.56E-01

1.OOE-04 4.18E-03 7.0 1.47E-01

1.OOE-03 3.76E-03 10.0 1.47E-01

1.00E-02 3.56E-03 14.0 2.08E-01

1.OOE-01 2.17E-02 20.0 2.27E-01

Table 3 - Gamma Flux-to-Dose Rate Conversion Factors [5]
Energy C(E) Energy C(E)

(MeV) (y/cm2-s to mrem/hr) (MeV) (y/cm2-s to mrem/hr)

0.100 2.83E-04 0.800 1.68E-03

0.150 3.79E-04 1.000 1.98E-03

0.200 5.01E-04 1.400 2.51E-03

0.250 6.31E-04 1.800 2.99E-03

0.300 7.59E-04 2.200 3.42E-03

0.350 8.78E-04 2.600 3.82E-03

0.400 9.85E-04 2.800 4.01E-03

0.450 1.08E-03 3.250 4.41E-03

0.500 1.17E-03 3.750 4.83E-03

0.550 1.27E-03 4.250 5.23E-03

0.600 1.36E-03 4.750 5.60E-03

0.650 1.44E-03 5.000 5.80E-03

0.700 1.52E-03
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Table 4 - Mass Attenuation Coefficients [10]

y-Energy (MeV) Silicon Chromium Manganese Iron Nickel Lead

0.100 1.73E-01 2.92E-01 3.1OE-01 3.43E-01 4.1OE-01 5.36E+00

0.150 1.40E-01 1.67E-01 1.72E-01 1.83E-01 2.05E-01 1.92E+00
0.200 1.25E-01 1.31E-01 1.32E-01 1.38E-01 1.49E-01 9.43E-01

0.300 1.07E-01 1.04E-01 1.03E-01 1.06E-01 1.11E-01 3.77E-01

0.400 9.54E-02 9.04E-02 8.95E-02 9.20E-02 9.53E-02 2.17E-01
0.500 8.70E-02 8.17E-02 8.07E-02 8.28E-02 8.55E-02' 1.51E-01

0.600 8.04E-02 7.52E-02 7.42E-02 7.61E-02 7.84E-02 1.18E-01

0.800 7.06E-02 6.57E-02 6.49E-02 6.64E-02 6.83E-02 8.47E-02
1.000 6.34E-02 5.90E-02 5.82E-02 5.96E-02 6.12E-02 6.84E-02

1.500 5.17E-02 4.81E-02 4.75E-02 4.86E-02 4.99E-02 5.1OE-02

2.000 4.47E-02 4.20E-02 4.15E-02 4.25E-02 4.37E-02 4.54E-02

3.000 3.67E-02 3.55E-02 3.51E-02 3.61E-02 3.73E-02 4.20E-02

4.000 3.23E-02 3.23E-02 3.20E-02 3.30E-02 3.44E-02 4.18E-02
5.000 2.96E-02 3.05E-02 3.04E-02 3.14E-02 3.28E-02 4.26E-02

Table 5- Iron Exposure Buildup Factor Coefficients [10]

y-Energy (MeV) b c a XK d

0.100 1.389 0.557 0.144 14.11 -0.0791

0.150 1.660 0.743 0.079 14.12 -0.0476

0.200 1.839 0.911 0.034 13.23 -0.0334

0.300 1.973 1.095 -0.009 11.86 -0.0183

0.400 1.992 1.187 -0.027 10.72 -0.0140
0.500 1.967 1.240 -0.039 8.34 -0.0074
0.600 1.947 1.247 -0.040 8.20 -0.0096
0.800 1.906 1.233 -0.038 7.93 -0.0110

1.000 1.841 1.250 -0.048 19.49 0.0140

1.500 1.750 1.197 -0.040 15.90 0.0110

2.000 1.712 1.123 -0.021 7.97 -0.0057

3.000 1.627 1.059 -0.005 11.99 -0.0132

4.000 1.553 1.026 0.005 12.93 -0.0191
5.000 1.483 1.009 0.012 13.12 -0.0258
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3.0 Shielding Model

3.1 Configuration of Source and Shielding
The calculation is concerned only with dose rates under hypothetical accident conditions (HAC).
Under normal conditions of transport (NCT), the dose rates will be determined by measurement.

It is assumed that the waste remains within the shielded canister in which it is loaded. However,
the waste in each shielded canister is conservatively assumed to configure into two point
sources. 98% of the source is assumed to configure inside the polyethylene shielding, while the
remaining 2% of the source is assumed to, configure outside the polyethylene shielding but inside
the canister. Treating the source as point sources conservatively neglects self shielding effects.

The 72-B cask geometry in the MCNP models is the same as in the baseline 72-B SAR neutron
shielding analysis. The input file listed in Section 5.5.7 of the 72-B SAR is used as the basis for
the geometry [1]. A sketch of the baseline 72-B model showing puncture damage is provided in
Figure 1. The NS30 and NS15 shielded canister models are based upon the dimensions of [6],
conservatively account for minimum tolerance shield thicknesses and maximum damage due to
HAC drops, and are shown in Figure 2 and Figure 3. The side thicknesses are computed by
subtracting the maximum scratch depth (1¼-in from Note 3 of [6]) from the minimum thickness.
The end thickness of 2.66-in is only applicable near the interface of the lid with the wall, as the
ends are much thicker through the center. It is computed as (5-1/16)-(2+1/16)-1/4 = 2.63-in,
where ¼/4-in is the scratch depth. This value is slightly different than the 2.66-in used, although
the difference is negligible. The outer 0.25-in carbon steel of the shielded canisters is the same
as the Waste Canister Assembly [7].

Under HAC, the limiting damage occurs when the package is dropped radially. If the drop is
radial, it is assumed that the shielded canisters will shift to one side, as shown in Figure 2 and
Figure 3. The dose rate location is 1-in from the crushed outer surface of the package.

The MCNP model geometry is shown in Figure 4 for both the NS30 and NS15. Sample MCNP
input files are provided in Section 5.2.

The gamma point-kernel models are simplified and neglect attenuation in the polyethylene,
although distance credit is taken for the polyethylene* Also, the outer steel layer in the gamma
models is 1.635-in thick rather than the 1.625-in thick used in the neutron models. The actual
value is 1.635-in, so using 1.625-in for the neutron models is conservative and is consistent with
the baseline 72-B SAR neutron analysis.
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The point source is at the axial midpoint of the puncture bar damage and next to the
inner radius. The detector is at 100 cm from package at the source elevation.

Figure 1 - 72-B Geometry (baseline SAR)
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damage and next to the inner radius of the HDPE body pipe. The secondary point

source (2% of total) is at the axial midpoint of the puncture bar damage and next to the
inner radius of the canister shell. The detector is at 100 cm from package at the source

elevation.

Figure 2 - NS30 Geometry
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source (2% of total) is at the axial midpoint of the puncture bar damage and next to the
inner radius of the canister shell. The detector is at 100 cm from package at the source

elevation.

Figure 3 - NS15 Geometry



A AREVA Federal Services LLC
AREVA Title: 72-B with NS15 and NS30 Shielded Canister Shielding Analysis

Document No: 01937.01.M005-03 I Rev. No: 0 I Page 16 of 41
Project No: 01937.01.M005I Project Name: RH Technical Support

4 4t

- I. -

NS30 NS15

Figure 4 - MCNP Models
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3.2 Material Properties
The shield regional densities for all shield materials are summarized in Table 6. Materials used
in the analysis include lead, carbon steel, stainless steel, and high-density polyethylene. The
metallic compositions and densities are used in both the point-kernel and MCNP analyses,
although the polyethylene is used only in the MCNP analysis. The composition and densities are
selected to be consistent with the RH-TRU 72B SAR [1]. Lead is modeled with a density of
11.35 g/cm 3. Carbon steel is modeled as pure iron with a density of 7.8526 g/cm 3. Stainless
steel is modeled with a density of 8.0128 g/cm3 .

The polyethylene pipe is a high-density polyethylene (CH 2) material with a density of at least
0.94 g/cm 3 (per ASTM D3350 [11], cell classification #345444C, or better). The polyethylene is
input to MCNP using a simple H:C atom ratio of 2:1. The S(a,3) card POLY.60T is also used to
simulate hydrogen bound to carbon.

Table 6 - Summary of Shield Regional Densities

Carbon Steel Type 304 Stainless Steel Lead

Partial Partial Partial
Density Density Density

Element Percent (g/cc) Percent (g/cc) Percent (g/cc)

Silicon -- 1% 0.0801 - -

Chromium -- 19% 1.5224 - -

Manganese - 2% 0.1603 --

Iron 100% 7.8526 68% 5.4487 - -

Nickel - - 10% 0.8013 --

Lead - - - - 100% 11.3500

Total 100% 7.8526 100% 8.0128 100% 11.3500
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4.0 Results

4.1 Neutron Results
The neutron activity limits are provided in Table 7 and Table 8, respectively, for the NS30 and NS 15
shielded canisters. The MCNP statistical uncertainty is < 1.0% in all cases, indicating a well-converged
solution. The two point sources in the model have a combined source strength of 1 n/s. Therefore, the
dose rate reported in Column B of Table 7 and Table 8 is very small. This dose rate is the combined
neutron and secondary gamma dose rate. The secondary gamma dose rate is negligible because the
gammas that are produced are shielded by the 72-B wall.

To determine the radioisotope mass to achieve a 1 -m dose rate of 1000 mrem/hr, the limiting dose rate is
divided by the dose rate for a I n/s source (including the subcritical neutron multiplication factor of 2.7),
and by the total neutron source strength for 1 g of material. This mass (which is a total mass for both
sources) is provided in Column C of Table 7 and Table 8. To convert to a total neutron activity limit for
the package, this total mass is multiplied by the specific activity. The final result is provided in Column
E of Table 7 and Table 8.

4.2 Gamma Results

The gamma activity limits are determined by application of the point-kernel model as implemented in
MathCAD Version 13.1. The MathCAD application considers both point sources, although the final
results are reported for the combined source. The results are reported in Table 9. For convenience, this
table includes all isotopes, including non-gamma emitters, which are assigned an allowable activity of
1.000E99 Ci.

An example NS30 calculation is provided in Section 5.3 for Co-60.

4.3 Combined Results
For isotopes that are both gamma and neutron emitters, the total activity limit is determined by
combining the gamma and neutron results using the following equation: 1/[(1/AG)+(1/AN)]. The limits
are reported in Table 10.

The sum of dose rate partial fractions for any combination of the radionuclides must be less than or
equal to unity, or:

a <1

AGNi

where, for a particular payload mix, ai is the actual curie content of radionuclide "i" and AGNi is the
limiting curie content of radionuclide "i" given in Table 10.

For example, 38.35 curies of 60Co, 586.7 curies of 95Zr, and 2609 curies of 24 2Pu each result in a
limiting HAC dose rate of 1000 mrem/hr at a distance of 1 -m from the package surface for an NS30
shielded canister. The sum of the partial fractions for a payload containing 10.0 curies of 60Co,
200.0 curies of 95Zr, and 1000.0 curies of 242pu in an NS30 shielded canister is:
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a 60, -a a95,, t a242, 10 200 1000+ + 0 + 20 0 = 0.26 + 0.34 + 0.38 = 0.98+03 8 1.00
AGN6ONo AGN9,z A GN24p 38.35 586.7 2609

Thus, the combination of isotopes for the above example will not exceed the HAC limiting dose rate.
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Table 7 - Neutron Activity Calculations, NS30
C =

A B 1000/(2.7*A'B). D E = C*D

Dose Rate
Source from I n/s Total Mass for Specific Activity 1000

Radio- Strength source 1000 mrem/hr Activity mrem/hr at 1-m,
nuclide (n/s/g) [21 (mrem/hr) o at 1-m (g) (Ci/g) [11 (Ci), AN

230Th 9.13E+00 3.76E-07 0.26% 1.08E+08 2.10E-02 2.27E+06
232Th 2.28E-05 3.58E-07 0.27% 4.54E+13 1.1OE-07 4.99E+06
231Pa 2164E+01 3.79E-07 0.26% 3.70E+07 4.70E-02 1.74E+06
232u 1.50E+04 3.83E-07 0.26% 6.44E+04 2.20E+01 1.42E+06
233u 4.83E+00 3.76E-07 0.26% 2.04E+08 9.70E-03 1.98E+06
234u 3.03E+00 3.76E-07 0.26% 3.25E+08 6120E-03 2.02E+06
235u 1.02E-03 3.53E-07 0.27% 1.03E+12 .2.20E-06 2.26E+06
236u 2.94E-02 3.61E-07 0.27% 3.49E+10 6.50E-05 2.27E+06
238u 1.37E-02 2.95E-07 0.30% 9.17E+10 3.40E-07 3.12E+04

237Np 3.43E-01 3.76E-07 0.26% 2.87E+09 7.1OE-04 2.04E+06
236pu 5.33E+05 3.91E-07 0.26% 1.78E+03 5.30E+02 9.41E+05
238Pu 1.62E+04 3.78E-07 0.27% 6.05E+04 1.70E+01 1.03E+06
239 Pu 3.86E+01 3.80E-07 0.26% 2.52E+07 6.20E-02 1.57E+06
240Pu 1.17E+03 3.24E-07 0.29% 9.77E+05 2.30E-01 2.25E+05
241Pu 1.35E+00 3.75E-07 0.26% 7.31E+08 1.OOE+02 7.31E+10
242pu 1.72E+03 3.22E-07 0.29% 6.69E+05 3.90E-03 2.61E+03
244Pu 1.90E+03 3.02E-07 0.29% 6.45E+05 1.80E-05 1.16E+01

24'Am 2.71E+03 3.87E-07 0.26% 3.53E+05 3.40E+00 1.20E+06
242mAm 1.65E+02 3.42E-07 0.28% 6.56E+06 1.OOE+01 6.56E+07
243Am 1.40E+02 3.81E-07 0.26% 6.94E+06 2.OOE-01 1.39E+06
24 0Cm 9.48E+07 3.70E-07 0.28% 1.06E+01 2.00E+04 2.11E+05
242Cm 2.48E+07 3.44E-07 0.28% 4.34E+01. 3.30E+03 1.43E+05
243Cm 4.10E+05 3.50E-07 0.29% 2.58E+03 5.20E+01 1.34E+05
244Cm 1.09E+07 3.34E-07 0.30% 1.02E+02 8.1OE+01 8.25E+03
245Cm 3.82E+03 3.38E-07 0.29% 2.87E+05 1.72E-01 4.94E+04
246Cm 9.68E+06 3.31E-07 0.30% 1.15E+02 3.10E-01 3.58E+01
2

41Cm 4.03E+07 3.19E-07 0.29% 2.88E+01 4.20E-03 1.21E-01
25°Cm 1.25E+10 2.97E-07 0.30% 9.96E-02 1.50E-01 1.49E-02
249Bk 1.65E+05 3.05E-07 0.30% 7.35E+03 1.60E+03 1.18E+07
249 cf 6.26E+03 3.82E-07 0.27% 1.55E+05 4.1OE+00 6.35E+05
250cf 1.08E+10 3.63E-07 0.28% 9.45E-02 1.1OE+02 1.04E+01
251cf 1.52E+03 3.95E-07 0.26% 6.16E+05 1.60E+00 9.86E+05
252Cf 2.05E+12 3.69E-07 0.28% 4.89E-04 5.40E+02 2.64E-01
254Cf 1.05E+15 3.72E-07 0.27% 9.49E-07 8.50E+03 8.07E-03
2 53Es 3.13E+08 3.73E-07 0.28% 3.17E+00 2.50E+04 7.93E+04
254Es 9.43E+06 3.80E-07 0.27% 1.03E+02 1.90E+03 1.97E+05

2 54rEsI 1.94E+13 3.67E-07 0.28% 5.20E-05 3.10E+05 1.61E+01
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Table 8 - Neutron Activity Calculations, NS15
C =

A B 1000/(2.7*A*B) D E = C*D

Dose Rate
Source from I n/s Total Mass for Specific Activity 1000

Radio- Strength source 1000 mremlhr Activity mremlhr at 1-m,
nuclide (n/s/g) [2] (mrem/hr) a at I-m (g) (ci/g) [1] (Ci), AN

230Th 9.13E+00 1.28E-07 0.47% 3.16E+08 2.10E-02 6.64E+06
Th 2.28E-05 1.13E-07 0.48% 1.43E+14 1.1OE-07 1.58E+07

231Pa 2.64E+01 1.32E-07 0.45% 1.07E+08 4.70E-02 5.01E+06
232u 1.50E+04 1.36E-07 0.45% 1.81E+05 2.20E+01 3.98E+06
233u 4.83E+00 1.29E-07 0.46% 5.92E+08 9.70E-03 5.75E+06
234u 3.03E+00 1.28E-07 0.45% 9.53E+08 6.20E-03 5.91E+06
235u 1.02E-03 1.19E-07 0.49% 3.04E+12 2.20E-06 6.69E+06
236U 2.94E-02 1.21E-07 0.49% 1.04E+1I 6.50E-05 6.75E+06
238u 1.37E-02 9.77E-08 0.61% 2.77E+ 11 3.40E-07 9.41E+04

237Np 3.43E-01 1.29E-07 0.46% 8.37E+09 7.1OE-04 5.94E+06
2 36 pU 5.33E+05 1.43E-07 0.45% 4.85E+03 5.30E+02 2.57E+06
238pu 1.62E+04 1.35E-07 0.45% 1.69E+05 1.70E+01 2.88E+06
239 pu 3.86E+01 1.33E-07 0.45% 7.19E+07 6.20E-02 4.46E+06
240pu 1.17E+03 1.14E-07 0.50% 2.79E+06 2.30E-01 6.41E+05
241pu 1.35E+00 1.30E-07 0.46% 2.11E+09 1.OOE+02 2.11E+I 1
242pu 1.72E+03 1.13E-07 0.52% 1.91E+06 3.90E-03 7.43E+'03
244Pu 1.90E+03 1.02E-07 0.54% 1.91E+06 1.80E-05 3.43E+01

241Am 2.71E+03 1.39E-07 0.45% 9.83E+05 3.40E+00 3.34E+06
242mAm 1.65E+02 1.23E-07 0.49% 1.83E+07 1.OOE+01 1.83E+08
243Am 1.40E+02 1.34E-07 0.45% 1.97E+07 2.OOE-01 3.94E+06
240Cm 9.48E+07 1.41E-07 0.46% 2.78E+01 2.OOE+04 5.55E+05
242Cm 2.48E+07 1.25E-07 0.48% 1.20E+02 3.30E+03 3.95E+05
243Cm 4.10E+05 1.30E-07 0.49% 6.93E+03 5.20E+01 3.60E+05
244Cm 1.09E+07 1.22E-07 0.49% 2.79E+02 8.10E+01 2.26E+04
245Cm 3.82E+03 1.22E-07 0.49% 7.95E+05 1.72E-01 1.37E+05
246 Cm 9.68E+06 1.19E-07 0.52% 3.21E+02 3.1OE-01 9.94E+01
248Cm 4.03E+07 1.13E-07 0.53% 8.16E+01 4.20E-03 3.43E-01
250 Cm 1.25E+10 1.01E-07 0.53% 2.93E-01 1.50E-01 4.40E-02
24913k 1.65E+05 1.05E-07 0.53% 2.15E+04 1.60E+03 3.44E+07
249 cf 6.26E+03 1.42E-07 0.44% 4.16E+05 4.1OE+00 1.70E+06
25 0cf 1.08E+10 1.41E-07 0.47% 2.43E-01 1.1OE+02 2.67E+01
251Cf 1.52E+03 1.45E-07 0.44% 1.68E+06 1.60E+00 2.68E+06
252cf 2.05E+12 1.45E-07 0.48% 1.25E-03 5.40E+02 6.75E-01
254 cf 1.05E+15 1.47E-07 0.47% 2.40E-06 8.50E+03 2.04E-02
253Es 3.13E+08 1.46E-07 0.45% 8.1OE+00 2.50E+04 2.02E+05
254Es 9.43E+06 1.47E-07 0.45% 2.67E+02 1.90E+03 5.07E+05

254mEs 1.94E+13 1.45E-07 0.47% 1.32E-04 3.10E+05 4.09E+01
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Table 9 - Gamma Activity Calculations

NS30 NS15
Radionuclide Gamma Gamma

Name HAC @1-m HAC @1-m
3H 1.000E+99 1.000E+99

"°Be 1.000E+99 1.000E+99
14C 1.OOOE+99 1.000E+99

22Na 7.410E+01 8.026E+01
21.OOOE+99 1.000E+99

33P 1.000E+99 1.000E+99
35s 1.OOOE+99 1.OOOE+99

45Ca 1.035E+89 1.121E+89
46Sc 7.429E+01 8.047E+01
49v 1.000E+99 1.000E+99
51Cr 2.604E+08 2.821E+08
54Mn 3.093E+02 3.350E+02
55Fe 1.OOOE+99 1.000E+99
59Fe 9.029E+O1 9.780E+01
57Co 5.521E+05 5.980E+05
58Co 3.286E+02 3.559E+02
60Co 3.835E+01 4.154E+01
59Ni 1.000E+99 1.000E+99
63Ni 1.OOOE+99 1.OOOE+99
64

CU 1.321E+04 1.431E+04
65Zn 2.151E+02 2.330E+02
73As 2.977E+82 3.225E+82
79Se 1.000E+99 1.OOOE+99
85Kr 1.614E+06 1.748E+06
86Rb 1.385E+03 1.501E+03
87Rb 1.000E+99 1.000E+99
89Sr 2.295E+06 2.486E+06
9°Sr 1.000E+99 1.000E+99
88y 2.616E+01 2.833E+01
90y 1.563E+09 1.693E+09

9Omy 1.574E+04 1.705E+04
91y 3.369E+04 3.649E+04
88Zr 2.320E+05 2.513E+05
90Zr 1.000E+99 1.000E+99

9°zr 1 .000E+99 1.OOOE+99
93Zr 5.574E+86 6.038E+86
95Zr 5.867E+02 6.355E+02

93mNb 5.438E+86 5.890E+86

NS30 NS15
Radionuclide Gamma Gamma

Name HAC @l-m HAC @1-m
94Nb 1.986E+02 2.151E+02
9Nb ; 4.819E+02 5.220E+02

9
5Nb 1.600E+06 1.733E+06
99Tc 4.777E+86 5.174E+86

99mTC 2.281E+13 2.471E+13
103RU 7.537E+03 8.164E+03
106Ru 1.OOOE+99 1.OOOE+99

l°3mRh 4.566E+84 4.946E+84
l°6Rh : 2.294E+03 2.485E+03
107Pd 1.000E+99 1.000E+99
108Ag 6.243E+04 6.762E+04
l°8mAg 5.330E+02 5.774E+02
l°9mAg 8.391E+82 9.089E+82

St °Ag 2.075E+04 2.247E+04
1 OimAg 6.633E+01 7.184E+O1
l°9Cd 8.391E+82 9.089E+82
! 13m-C-d 1. 194E+ 15 1.293 E+15

115mCd 4.145E+03 4.490E+03

114In 4.990E+04 5.405E+04

114mIn 1.762E+04 1.908E+04
l15 mln 9.785E+06 1.060E+07
119mSn 1.926E+82 2.086E+82

I2ImSn 1.678E+83 1.818E+83

123Sn 1.844E+04 1.998E+04
126Sn 4.870E+81 5.274E+81
124Sb 5.266E+OI 5.704E+0O1

125Sb 4.385E+03 4.750E+03
126Sb 2.007E+02 2.174E+02

126
mSb 4.830E+02 5.232E+02

123Te .OOOE+99 1.OOOE+99
123mTe 2.997E+18 3.246E+ 18

125mTe 6.599E+47 7.148E+47

127Te 8.607E+06 9.322E+06
127 mTe 8.364E+06 9.059E+06

129Te 1.295E+04 1.403E+04

1.784E+04 1.932E+04
125I 4.648E+82 5.034E+82

129I 4.134E+82 4.478E+82
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NS30 NS15
Radionuclide Gamma Gamma

Name HAC @1-m HAC @I--m
1311 1.252E+04 1.356E+04

134CS 2.573E+02 2.786E+02
135Cs 1.OOOE+99 1.OOOE+99
137Cs 1.335E+03 1.446E+03
133Ba 2.071E+06 2.243E+06
137Ba 1.OOOE+99 L.OOOE+99

137mBa 1.260E+03 1.365E+03
141Ce 1.072E+39 1.161E+39
142 1.OOOE+99 1.OOOE+99
144Ce 7.053E+51 7.639E+51
143Pr 4.865E+10 5.270E+10
144Pr 2.518E+03 2.728E+03
144mPr 7.758E+04 8.403E+04
146Pm 9.887E+02 1.071E+03
147-pr 1.230E+27 1.333E+27
14'Pm 1.853E+02 2.007E+02

148mpm 2.712E+02 2.937E+02
146Sm 1.OOOE+99 1.OOOE+99
1
47 Sm 1.OOOE+99 1.OOOE+99

151Sm 9.888E+84 1.071E+85
15OEu 2.894E+02 3.135E+02
152Eu 1.209E+02 1.309E+02
154Eu 1.166E+02 1.263E+02
155Eu 2.181E+41 2.363E+41
152Gd 1.OOOE+99 1.OOOE+99
153Gd 7.414E+29 8.030E+29
16°Tb 1.451E+02 1.572E+02

166mHo 2.699E+02 2.924E+02

168Tm 3.229E+02 3.497E+02
182Ta 9.435E+01 1.022E+02
198Au 3.235E+04 3.504E+04
207 TI 8.879E+04 9.618E+04

2°8T1 1.702E+01 1.843E+01

2°9TI 4.020E+01 4.354E+01
21Pb 1.OOOE+99 1.OOOE+99
21°pb 7.305E+82 7.913E+82
21 pb 6.723E+03 7.282E+03
212_pb 6.384E+07 6.915E+07
214pb 2.070E+04 2.242E+04

NS30 NS15
Radionuclide Gamma Gamma

Name HAC @1--m HAC @1-m
207Bi 1.170E+02 1.267E+02
21°Bi 1.006E+99 1.OOOE+99
211Bi 2.575E+07 2.789E+07
2 ZBi 1.412E+03 1.529E+03

2 3Bi 1.986E+04 2.152E+04
214Bi 5.869E+01 6.357E+01

2O9p o4.941 E+04 5.352E+04

21°po 2.967E+07 3.214E+07
21 1po 3.830E+04 4.149E+04
212pO 1.OOOE+99 1.OOOE+99
213po 9.015E+06 9.765E+06

2"PO 1.OOOE+99 1.OOOE+99
215po 1.193E+08 1.292E+08
216po 1.874E+07 2.030E+07
218Po 1.OOOE+99 1.OOOE+99

21 At 3.463E+05 3.751E+05

21'At 1.761E+07 1.908E+07

219Rn 1.073E+06 1.162E+06
220Rn 3.551E+06 3.846E+06

222Rrl 9.805E+06 1.062E+07

7.038E+07 7.623E+07
223Fr 4.316E+04 4.675E+04
223Ra 7.889E+05 8.545E+05
224Ra 2.376E+07 2.573E+07
225Ra 1.035E+82 1.121 E+82
226Ra 3.748E+08 4.060E+08

2Ra 1.622E+83 1.757E+83
225Ac 3.079E+06 3.335E+06
227Ac 2.345E+18 2.540E+18
228Ac 1.821E+02 1.973E+02
227Th 1.695E+06 1.836E+06

228Th 1.396E+09 1.512E+09
229Th 1.878E+12 2.034E+12
23°Th 5.670E+10 6.141E+10
23'Th 1.029E+12 1.115E+12
232Th 1.429E+47 1.548E+47

23TTh 5.999E+72 6.498E+72
231Pa 1.237E+07 1.340E+07
233Pa 3.281E+06 3.554E+06
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NS30 NS15
Radionuclide Gamma Gamma

Name HAC @1-m HAC @1-m
234Pa 1.442E+02 1.562E+02

234mpa 8.910E+03 9.651E+03

232U 6.159E+09 6.671E+09

__ _U_ 5.671E+10 6.143E+10
234u 1.084E+10 1.174E+ 10
235u 5.308E+08 5.749E+08
236u I.OOOE+74 1.083E+74

237U 3.699E+08 4.006E+08
238U 3.976E+73 4.306E+73
239u 3.271E+04 3.543E+04
24°U 7.511E+1I 8.135E+11

237Np 3.704E+14 4.012E+14
238Np 2.327E+02 2.521 E+02
239Np 5.248E+07 5.684E+07
24°Np 2.642E+02 2.862E+02

24 °mNp 8.578E+02 9.291E+02

23_6p_ _ 4.185E+08 4.533E+08
238Pu 1.194E+09 1.293E+09
23

9
PU 8.150E+08 8.828E+08

240p_ _ 6.255E+09 6.775E+09
241pu 6.033E+37 6.535E+37

242__p_ _ 2.064E+36 2.236E+36

243pu 6.709E+07 7.266E+07

244Pu 1.000E+99 1.OOOE+99
24 Am 1.243E+08 1.347E+08
242Am 2.250E+85 2.437E+85

242mAm 1.418E+33 1.536E+33

243Am 7.953E+07 8.614E+07
2T5Am 1.164E+11 1.261E+11
24 0Cm 1.OOOE+99 1.OOOE+99
242Cm 3.960E+08 4.289E+08
243Cm 1.996E+10 2.162E+10
244CM 3.328E+08 3.604E+08
245

CM 4.843E+23 5.246E+23
246Cm 1.OOOE+99 1.OOOE+99
247Cm 1.867E+05 2.022E+05
248CM 1.OOOE+99 1.OOOE+99
25°CM 1 .OOOE+99 1.OOOE+99
3 6.863E+11 7.434E+ 11

NS30 NS15
Radionuclide Gamma Gamma

Name HAC @1-m HAC @1-m
249Bk 8.999E+13 9.747E+ 13
25°Bk 1.628E+02 1.763E+02
249Cf 4.234E+05 4.586E+05
25°Cf 2.2,19E+85 2.404E+85
251 Cf 8.846E+10 9.581E+10
252Cf 4.591 E+37 4.972E+37

• 254Cf 1.OOOE+99 1.OOOE+99
25 2Es 1.744E+03 1.889E+03
253Es 1.408E+08 1.525E+08
254_Es 6.055E+08 6.558E+08
254mEs 1.554E+03 1.684E+03
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Table 10 - Summary of HAC Activity Limits

NS30 HAC NS15 HAC
. @1-m @1-m

E. o0 Maximum Maximum
E (D Allowable Allowable

Radio- OW z W Activity Activity
nuclide (Ci), AGN (Ci), AGN

3H unlimited unlimited

"°Be unlimited unlimited
14c unlimited -unlimited

22Na 7.4l1OE+O1 8.026E+01
32p unlimited unlimited
33p unlimited unlimited
35s unlimited unlimited

4 5Ca X unlimited unlimited
46Sc X 7.429E+01 8.047E+01
49v unlimited unlimited
51Cr X unlimited unlimited

54Mn X 3.093E+02 3.350E+02
55Fe unlimited unlimited
59Fe X 9.029E+01 9.780E+1O
57Co X 5.521E+05 5.980E+05
58 Co X 3.286E+02 3.559E+02
60 Co x 3.835E+01 4.154E+01

59Ni unlimited unlimited
63Ni unlimited unlimited
64

Cu _ _ 1.321E+04 1.431E+04
65Zn X 2.151E+02 2.330E+02
7 3As X unlimited unlimited
79Se unlimited unlimited
85Kr X 1.614E+06 1.748E+06
86Rb X 1.385E+03 1.501E+03
87Rb unlimited unlimited

89Sr X 2.295E+06 2.486E+06

9°Sr unlimited unlimited
88Y X 2.616E+O1 2.833E+01

90y X unlimited unlimited
9
Omy X 1.574E+04 1.705E+04

91y X 3.369E+04 3.649E+04

88Zr . 2.320E-05 2.513E+05

9°Zr unlimited unlimited
9

°mZr unlimited unlimited

NS30 HAC NS15 HAC
S ,"- @1-m @1-m

E. • Maximum Maximum
E E Allowable Allowable

Radio- LU Z WJ Activity Activity
nuclide (Ci), AGN (Ci), AGN

93Zr X unlimited unlimited
95Zr X 5.867E+02 6.355E+02

93mNb X unlimited unlimited
94m X 1.986E+02 2.151E+02

95Nb X 4.819E+02 5.220E+02
9smNb X 1.600E+06 1.733E+06
99Tc X unlimited unlimited

99
mTC X unlimited unlimited

103Ru X 7.537E+03 8.164E+03
106RU unlimited unlimited

I°3mRh X unlimited unlimited

106Rh X 2.294E+03 2.485E+03

107Pd unlimited unlimited

108Ag X 6.243E+04 6.762E+04
1°8mAg X 5.330E+02 5.774E+02

109mAg X unlimited unlimited

1 °Ag X 2.075E+04 2.247E+04
11omAg X 6.633E+01 7.184E+01

1"9Cd X unlimited unlimited
II3mCd X unlimited unlimited

11SmCCd X 4.145E+03 4.490E+03

XF4In x 4.990E+04 5.405E+04

I14mmIn x 1.762E+04 1.908E+04

liSmln X 9.785E+06 1.060E+07

ll9mSn x unlimited unlimited

I2 ImSn X unlimited unlimited

123Sn X 1.844E+04 1.998E+04
126Sn X unlimited unlimited
124Sb X 5.266E+01 5.704E+01

Sb x 4.385E+03 4.750E+03

126Sb x 2.007E+02 2.174E+02
F26mSb x 4.830E+02 5.232E+02

123Te unlimited unlimited
123mTe X unlimited unlimited
125mTe x unlimited unlimited
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NS30 HAC NS15 HAC
C @1-m @1r-m

E. °) 0 Maximum Maximum
ccE 4 Allowable Allowable

Radio- Wu z W Activity Activity
nuclide (Ci), AGN (Ci), AGN

127Te X 8.607E+06 9.322E+06
127mTe X 8.364E+06 9.059E+06
129Te x 1.295E+04 1.403E+04

129mTe X 1.784E+04 1.932E+04

1251 X unlimited unlimited
1291 X unlimited unlimited

1311 X 1.252E+04 1.356E+04
134Cs X 2.573E+02 2.786E+02

135Cs unlimited unlimited
1
37

Cs 1.335E+03 1.446E+03
133Ba x 2.071E+06 2.243E+06
137Ba unlimited unlimited

13 7mBa X 1.260E+03 1.365E+03
141Ce x unlimited unlimited
142Ce unlimited unlimited
144Ce X unlimited unlimited
143Pr X unlimited unlimited
144Pr X 2.518E÷03 2.728E+03

144mpr X 7.758E+04 8.403E+04

146pm X 9.887E+02 1.071E+03
147pm X unlimited unlimited
'Opm X 1.853E+02 2.007E+02
148mpm X 2.712E+02 2.937E+02
146Sm unlimited unlimited
147 Sm unlimited unlimited
151 

Sm X unlimited unlimited
)50Eu X 2.894E+02 3.135E+02
152 Eu X 1.209E+02 1.309E+02
154Eu X 1.166E+02 1.263E+02
155 Eu X unlimited unlimited
152Gd unlimited unlimited
153Gd X unlimited unlimited
160Tb x 1.451E+02 1.572E+02

166mHo X 2.699E+02 2.924E+02
168Tm x 3.229E+02 3.497E+02
182Ta X 9.435E+01 1.022E+02
198Au ) 3.235E+04 3.504E+04

NS30 HAC NS15 HAC
Cc C @1-m @1-m

E .• • Maximum MaximumSE c E Allowable Allowable
Radio- O " Ze Activity Activity
nuclide (Ci), AGN (CiO, AGN

207 TI 8.879E+04 9,618E+04
208T1 X 1.702E+01 1.843E+01
209TI X 4.020E+01 4.354E+01
209Pb unlimited unlimited
21°pb x unlimited unlimited
21 ipb x 6.723E+03 7.282E+03
212pb x 6.384E+07 6.915E+07

pb X 2.070E+04 2.242E+04
207Bi x 1.170E+02 1.267E+02
21°Bi unlimited unlimited
2111i X 2.575E+07 2.789E+07

212Bi X 1.412E+03 1.529E+03

214Bi x 1.986E+04 2.152E+04

Bi X 5.869E+01 6.357E+01
2°9pO X 4.941E+04 5.352E+04

21°_po x 2.967E+07 3.214E+07
2 11

Po X 3.830E+04 4.149E+04
212po unlimited unlimited
213po X 9.015E+06 9.765E+06

214po unlimited unlimited
215po X unlimited unlimited
216po X 1.874E+07 2.030E+07

271po unlimited unlimited
21'At X 3.463E+05 3.751E+05
217At x 1.761E+07 1.908E+07

219Rn X 1.073E+06 1.162E+06
2 2

0°Rn X 3.551E+06 3.846E+06

222Rn X 9.805E+06 1.062E+07

221Fr x 7.038E+07 7.623E+07
C23Fr X 4.316E+04 4.675E+04

223Ra x 7.889E+05 8.545ELI-05
224Ra x 2.376E+07 2.573E+07
225Ra x unlimited unlimited
T26Ra X unlimited unlimited
228Ra x unlimited unlimited
225Ac X 3.079E+06 3.335E+06
227Ac x unlimited unlimited
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NS30 HAC NS15 HAC
C I- @1-m @1--m

E).• 0o Maximum Maximum
E a) Allowable Allowable

Radio- 0 t Z W Activity Activity
nuclide (Ci), AGN (Ci), AGN

228Ac X 1.821E+02 1.973E+02
227Th x 1.695E+06 1.836E+06
228Th X unlimited unlimited

229Th X unlimited unlimited

23°Th X 2.268E+06 6.635E+06

23XTh X unlimited unlimited

232Th X X 4.995E+06 1.577E+07
234Th x unlimited unlimited
231Pa X x 1.526E+06 3.644E+06
233Pa X 3.281E+06 3.554E+06
234Pa X 1.442E+02 1.562E+02

2 34
mpa Jc 8.910E+03 9.651E+03

232u X x 1.417E+06 3.981E+06
233u X X 1.978E+06 5.745E+06
234u X X 2.017E+06 5.904E+06
235u X X 2.250E+06 6.613E+06
236

U X x 2.266E+06 6.748E+06
237u X unlimited unlimited
238u X X 3.118E+04 9.407E+04
239u X 3.271E+04 3.543E+04
240

U X unlimited unlimited
237Np X X 2.037E+06 5.942E+06
238Np x 2.327E+02 2.521E+02
239Np X 5.248E+07 5.684E+07
24°Np X 2.642E+02 2.862E+02

24
°mNp X 8.578E+02 9.291E+02

236pu X X 9.390E+05 2.558E+06
238u X X 1.027E+06 2.869E+06

239pu X X 1.562E+06 4.437E+06
24°pu x X 2.247E+05 6.406E+05
241pu X I unlimited unlimited
242pu X X 2.609E+03 7.434E+03

243pu X 6.709E+07 7.266E+07
24Pu x 1.161E+O1 3.433E+01

241Am X X 1.188E+06 3.260E+06
242Am X unlimited unlimited

242mAm Ix x 6.559E+07 unlimited

NS30 HAC NS15 HAC
@1-m @1-m

E Maximum Maximum
mu E Allowable Allowable

Radio- 0 Wu Z W Activity Activity
nuclide (Ci), AGN (Ci), AGN

243Am X X 1.365E+06 3.768E+06
245Am X unlimited unlimited
240Cm x 2.111E+05 5.552E+05
242Cm X X 1.431E+05 3.947E+05
i43CM X X 1.343E+05 3.602E+05
244Cm X X 8.250E+03 2.262E+04
24 5Cm i iX 4.935E+04 1.368E+05
246Cm x 3.579E+01 9.941E+O1
24Cm x 1.867E+05 2.022E+05
248Cm x 1.209E-01 3.427E-01
250Cm x 1.494E-02 4.400E-02
247Bk x unlimited unlimited

2493k X X 1.176E+07 3.436E+07

25°Bk x 1.628E+02 1.763E+02
249

Cf X x 2.541E+05 3.614E+05
25 0Cf X X 1.040E+01 2.675E+01
25 1

Cf X X 9.861E+05 2.684E+06
252Cf X x 2.643E-01 6.745E-01
254Cf X 8.066E-03 2.044E-02
252Es x 1.744E+03 1.889E+03
253Es X X 7.928E+04 .2.022E+05
254Es X X 1.965E+05 5.065E+05

254
mEs X X 1.594E+01 3.995E+01
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5.0 Appendices

5.1 References
1. RH-TRU 72-B Safety Analyis Report, Rev. 4, June 2006.

2. Neutron Source Rates for TRU Waste, ED-042, Rev. 2, November 2000, Packaging Technology,
Inc., Tacoma, Washington.

3. .MCNP5, "MCNP - A General Monte Carlo N-Particle Transport Code, Version 5; Volume II.
User's Guide," LA-CP-03-0245, Los Alamos National Laboratory, April 2003. MCNP5 is
distributed by the Radiation Safety Information Computational Center (www-rsicc.oml.gov),
Release C00730MNYCPOO (Version 1.40, Windows PC).

4. MCNP5 Testing and Acceptance Report, vl.30 and v l.40, ADANC491TC, AFS-TR-VV-001,
Rev. 1, September 2009.

5. ANSI/ANS-6.1.1-1977, American National Standard Neutron and Gamma-Ray Flux-to-Dose-
Rate Factors.

6. Drawing X-106-503-SNP, Rev. 0, RH-TRU Waste Canister Assembly, NS30 and NS15 Neutron
Shielded Design (included in 72-B SAR). I

7. Drawing X-106-502-SNP, Rev. 2, RH-TRU Waste Canister Assembly, Removable Lid Design
(included in 72-B SAR).

8. R.R. Kinsey, et al., The NUDAT/PCNUDAT Program for Nuclear Data, paper submitted to the
9 th International Symposium of Capture Gamma-Ray Spectroscopy and Related Topics,

Budapest, Hungary, October 1996; data extracted from the NUDAT database, version September
7, 2000, CD-ROM.

9. T. Rockwell III, et al, Reactor Shielding Design Manual, TID-7004, First Edition, U.S. Atomic
Energy Commission, Oak Ridge, Tennessee, March 1956, Chapter 1, Section 3.2, Equation 1.

10. ANSIIANS 6.4.3-1991, Gamma-Ray Attenuation Coefficients & Buildup Factors for

Engineering Materials, American Nuclear Society (ANS), La Grange Park, Illinois.

11. ASTM D3350, Standard Specification for Polyethylene Plastics Pipe and Fittings Materials.

12. Engineering Report 7953-R-027, 30-foot Free DropPost-Test Summary Report for the NS30
Neutron Shielded Canister, Revision 0, Petersen Incorporated, November 2009.

5.2 Sample MCNP Input Files
Sample NS30 MCNP input file (NS30Am241)

72-b Cask, dose rate at 100 cm
C
c *****radial of cask, except along 6" puncture bar for lead and outer
11 3 -8.0128 -12 11 -24 23 imp:n=l imp:p=l $ inner radial steel
12 5 -11.35 -13 12 -24 23 (22:-21) imp:n=l imp:p=l $ lead
13 3 -8.0128 -14 13 -24 23 (22:-21) imp:n=l imp:p=l $ ss outer cask, outer
shell
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C

17
18
shell
c
21
22
23
c
24
25
26
c

30
31
32
33
34

*****radial of
5 -11.35 -13
3 -8.0128 -14

cask for 6" puncture bar for lead and outer
12 -22 21 -15 imp:n=l imp:p=l $ lead
-22 21 -16 (15:13) imp:n=l imp:p=l $ ss outer cask, outer

*****bottom of cask
3 -8.0128 -14 -23 25 imp
3 -8.0128 -14 -25 27 imp
3 -8.0128 -14 -27 29 imp

*****top of cask
3 -8.0128 -14 -26 24 imp
3 -8.0128 -14 -28 26 imp
3 -8.0128 -14 -30 28 imp

*****inside cask
0 51 -52 -70
1 -0.94 (-51:52:70) 50 -53 -71
0 50 -53 71 -72
2 -7.8526 (-50:53:72) 23 -54 -73
0 (73:54) 23 -24 -11

:n=1
:n=l
:n=l

:n=1
:n=l
:n=1

imp:p=l
imp:p=l
imp:p=l

imp:p=1
imp:pp=1
imp:p=1

$$
$

$
$
$

next to inside
intermediate
outer

next to inside
intermediate
outer

imp: n=1
imp: n=1
imp: n=1
imp: n=1
imp: n=l

imp:p=1
imp:p=l
imp:p=l
imp:p=l
imp:p=l

$$
$
$
$

inside poly
poly
between poly/steel
steel
between steel/cask

c *****beyond cask
91 7 -0.00123 -8 -42 41 $ air to beyond detector

((14:-29:30) : (16 -22 21)) imp:n=l imp:p=l
92 7 -0.00123 -9 -44 43 (8:-41:42) imp:n=l imp:p=l $ air on beyond
999 0 (9:-43:44) imp:n=0 imp:p=0 $ outside world

c
11
12
13
14
15
16
c
21
22
23
24
25
26
27
28
29
30
c
41
42
43
44
8
9
c
50

51
52
53
54
c
70
71
72

radial cask
cz 39.6875
cz 43.1800
cz 47.9425
cz 52.0700
px 46.27626
px 50.40376
axial cask
pz -7.620
pz 7.620
pz -154.305
pz 154.305
pz -159.808
pz 165.317
pz -165.312
pz 176.318
pz -170.815
pz 187.325

$
$
$
$
$
$

$
$
$
$
$
$
$
$
$
$

inner radial of cask
inner steel
lead
outer steel
lead at puncture bar
outer steel at puncture bar

bottom of puncture bar
top of puncture bar
bottom inside of cask
top inside of cask
bottom first intermediate
top first intermediate
bottom second intermediate
top second intermediate
bottom outside of cask
top outside of cask

air beyond cask
pz -320.815 $ 150 cm below
pz 337.325 $ 150 cm above
pz -670.815 $ 500 cm below
pz 687.325 $ 500 cm above
cz 202.070 $ 150 cm beyond
cz 552.070 $ 500 cm beyond

pz
pz
pz
pz
pz

c/
c/
c/

-153.67
-146. 9136

124.0536
130.81
131.445

$$
$
$
$

bottom of poly
inner bottom of poly
inner top of poly
top of poly
top of steel

z
z
z

8.5525 0
8.5525 0
6.6575 0

27.5336
30.48
32.385

$ IR
$ OR
$ IR

poly
poly
steel
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73 c/z 6.6575 0 33.02 $ OR steel

mode n p
cut:n j j 0 0
nps 1000000
prdmp j j 1 2
c
c point unit source just inside shield, midway puncture bar
sdef pos=dl erg=d7 wgt=1.0
sil L 36.0851 0 0 39.0335 0 0
spl 98.0 2.0
sc7 AM241
si7 0.1 0.5 1.0 2.0 3.0 4.0 6.0 8.0

10.0 15.0
sp7 0.00E+00 1.07E+02 1.43E+02 5.87E+02 1.18E+03

6.31E+02 5.98E+01 2.91E-02 6.68E-03 1.75E-03
c
ml 6000.60c 1 1001.60c 2
mtl poly.60t
m2 26000.55c 1.0
m3 25055.50c -0.02 15031.50c -0.01

28000.50c -0.10 24000.50c -0.19 26000.55c -0.68
m5 82000.50c -1.00
m7 8016.60c 0.220 7014.60c 0.780
c

$ poly

$ carbon steel
$ SS-304

$ lead
$ air

fc5
f5:n
c

de5

df5

c
fcl5

Neutron dose rate in mrem/hr at 1 meter from outer surface
150.40376 0. 0. 20.
ANSI/ANS-6.1.1-1977 Neutron Flux to Dose Factors (mrem/hr)/(n/cm**2/s)

2.5e-08
1.0e-03
2.5
20.0
3. 67e-03
3.76e-03
1.25e-01
2.27e-01

1. e-07
1 .e-02

5.0

3. 67e-03
3. 56e-03
1.56e-01

1.0e-06
1.0e-01
7.0

4.46e-03
2 . 17e-02
1.47e-01

1 . Ce-05
5. Ce-01
10.0

4. 54e-03
9.26e-02
1.47e-01

1 . Ce-04
1.0
14.0

4.18e-03
1. 32e-01
2 .08e-01

Gamma dose rate in mrem/hr at 1 meter from outer surface
fl5:p 150.40376 0. 0. 20.
c ansi/ans-6.1.1-1977 flux-to-dose, photons
del5 0.01 0.03 0.05 0.07 0.10 0.15

0.35 0.40 0.45 0.50 0.55 0.60
1.00 1.40 1.80 2.20 2.60 2.80
4.75 5.00 5.25 5.75 6.25 6.75
13.0 15.0

dfl5 3.96-3 5.82-4 2.90-4 2.58-4 2.83-4 3.79-4
8.78-4 9.85-4 1.08-3 1.17-3 1.27-3 1.36-3
1.98-3 2.51-3 2.99-3 3.42-3 3.82-3 4.01-3
5.60-3 5.80-3 6.01-3 6.37-3 6.74-3 7.11-3
1.18-2 1.33-2

(mrem/hr) / (p/cm**2/s)
0.20 0.25 0.30
0.65 0.70 0.80
3.25 3.75 4.25
7.50 9.00 11.0

5.01-4 6.31-4 7.59-4
1.44-3 1.52-3 1.68-3
4.41-3 4.83-3 5.23-3
7.66-3 8.77-3 1.03-2

Sample NS15 MCNP input file (NS15Cm240)
72-b Cask, dose rate at 100 cm
c
c

11
12

*****radial of cask, except along 6" puncture bar for lead and outer
3 -8.0128 -12 11 -24 23 imp:n=l imp:p=l $ inner radial steel
5 -11.35 -13 12 -24 23 (22:-21) imp:n=l imp:p=l $ lead
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13
shell
c
17
18
shell
c

21
22
23
C

24
25
26
c

30
31
32
33
34

3 -8.0128 -14 13 -24 23 (22:-21) imp:n=l imp:p=l $ ss outer cask, outer

*****radial of
5 -11.35 -13
3 -8.0128 -14

cask for 6" puncture bar for lead and outer
12 -22 21 -15 imp:n=l imp:p=l $ lead
-22 21 -16 (15:13) imp:n=l imp:p=l $ ss outer cask, outer

*****bottom of cask
3 -8.0128 -14 -23 25 imp
3 -8.0128 -14 -25 27 imp
3 -8.0128 -14 -27 29 imp

*****top of cask
3 -8.0128 -14 -26 24 imp
3 -8.0128 -14 -28 26 imp
3 -8.0128 -14 -30 28 imp

*****inside cask
0 51 -52 -70
1 -0.94 (-51:52:70) 50 -53 -71
0 50 -53 71 -72
2 -7.8526 (-50:53:72) 23 -54 -73
0 (73:54) 23 -24 -11

:n=l
:n=l
:n=l

:n=l
n=l
n=l

imp:p=l
imp:p=l
imp:p=l

imp:p=l
imp:p=l
imp:p=l

$$
$

$
$
$

next to inside
intermediate
outer

next to inside
intermediate
outer

imp:n=l imp:p=l $ inside poly
imp:n=l imp:p=l $ poly
imp:n=l imp:p=l
imp:n=l imp:p=l
imp:n=l imp:p=l

$$
$

between poly/steel
steel
between steel/cask

c *****beyond cask
91 7 -0.00123 -8 -42 41 $ air to beyond detector

((14:-29:30):(16 -22 21)) imp:n=l imp:p=l
92 7 -0.00123 -9 -44 43 (8:-41:42) imp:n=l imp:p=l $ air on beyond
999 0 (9:-43:44) imp:n=O imp:p=O $ outside world

c
11
12
13
14
15
16
c
21
22
23
24
25
26
27
28
29
30
c
41
42
43
44
8
9
c
50
51
52
53
54
c
70

radial cask
cz 39.6875
cz 43.1800
cz 47.9425
cz 52.0700
px 46.27626
px 50.40376
axial cask
pz -7.620
pz 7.620
pz -154.305
pz 154.305
pz -159.808
pz 165.317
pz -165.312
pz 176.318
pz -170.815
pz 187.325

$$
$
$
$
$

$
$
$
$
$
$
$
$
$
$

inner radial of cask
inner steel
lead
outer steel
lead at puncture bar
outer steel at puncture bar

bottom of puncture bar
top of puncture bar
bottom inside of cask
top inside of cask
bottom first intermediate
top first intermediate
bottom second intermediate
top second intermediate
bottom outside of cask
top outside of cask

air beyond cask
pz -320.815 $ 150
pz 337.325 $ 150
pz -670.815 $ 500
pz 687.325 $ 500
cz 202.070 $ 150
cz 552.070 $ 500

cm below
cm above
cm below
cm above
cm beyond
cm beyond

pz
pz
pz
pz
p.z

-153.67
-146. 9136

124.0536
130.81
131.445

$$
$
$
$

bottom of poly
inner bottom of poly
inner top of poly
top of poly
top of steel

c/z 8.5525 0 22.7584 $ IR poly
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71
72
73

c/z 8.5525 0
c/z 6.6575 0
c/z 6.6575 0

30.48
32.385
33.02

$ OR poly
$ IR steel
$ OR steel

mode
cut: n
nps
prdmp
c

n p
j j 0 0
1000000
j j 1 2

c point unit source just inside shield, midway puncture bar
sdef pos=dl erg=d7 wgt=l.0
sil L 31.3099 0 0 39.0335 0 0
spl 98.0 2.0
sc7 CM240
si7 0.1 0.5 1.0 2.0 3.0 4.0 6.0 8.0

10.0 15.0
sp7 0.00E+00 7.82E+06 1.13E+07 2.36E+07 2.22E+07

1.58E+07 1.07E+07 2.49E+06 6.94E+05 2.35E+05
c
ml 6000.60c 1 1001.60c 2
mtl poly.60t
m2 26000.55c 1.0
m3 25055.50c -0.02 15031.50c -0.01

28000.50c -0.10 24000.50c -0.19 26000.55c -0.68
m5 82000.50c -1.00
m7 8016.60c 0.220 7014.60c 0.780

$ poly

$ carbon steel
$ SS-304

$ lead
$ air

c
fc5
fS:n
c

Neutron dose rate in mrem/hr at 1 meter from outer surface
150.40376 0. 0. 20.
ANSI/ANS-6.1.1-1977 Neutron Flux to Dose Factors (mrem/hr)/(n/cm**2/s)

de5

df5

c

2. 5e-08
1 .e-03

2.5
20.0
3. 67e-03
3.766-03
1.25e-01
2.27e-01

1 .e-07

1 .Oe-02

5.0

3. 67e-03
3.56e-03
1. 56e-01

1.0e-06
1. Ce-01
7.0

4. 46e-03
2 .17e-02

1.47e-01

1.0e-05
5. Ce-01
10.0

4.54e-03
9. 26e-02
1.47e-01

1 . Ce-04
1.0
14.0

4 .18e-03
1. 32e-01
2. 08e-01

fcl5 Gamma dose rate in mrem/hr at 1 meter from outer surface
fl5:p 150.40376 0. 0. 20.
c ansi/ans-6.1.1-1977 flux-to-dose, photons (mrem/hr)/(p/cm**2/s
del5 0.01 0.03 0.05 0.07 0.10 0.15 0.20 0.25 0.30

0.35 0.40 0.45 0.50 0.55 0.60 0.65 0.70 0.80
1.00 1.40 1.80 2.20 2.60 2.80 3.25 3.75 4.25
4.75 5.00 5.25 5.75 6.25 6.75 7.50 9.00 11.0
13.0 15.0

dfl5 3.96-3 5.82-4 2.90-4 2.58-4.2.83-4 3.79-4 5.01-4 6.31-4 7.59-4
8.78-4 9.85-4 1.08-3 1.17-3 1.27-3 1.36-3 1.44-3 1.52-3 1.68-3
1.98-3 2.51-3 2.99-3 3.42-3 3.82-3 4.01-3 4.41-3 4.83-3 5.23-3
5.60-3 5.80-3 6.01-3 6.37-3 6.74-3 7.11-3 7.66-3 8.77-3 1.03-2
1.18-2 1.33-2
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5.3 Example NS30 Gamma Calculation (Co-60)
An example NS30 gamma calculation is below. The NS 15 gamma calculations are the same, although
the distance to the detector for the primary (98%) gamma source is 46.8870 inches.

HAC at Im Point Source Gamma Shieldinq Analysis for the NS30 Neutron Shielded

Canister

Unit Definition:

Units not standard to MathCAD and additional constants are defined as follows:

,y:= Bq-s v := y Ci:= 3.7-10 10 Bq eV:= 1.601- 19 .j
3 hr.7

KeV:= 1. Icv McV:= 1.10].CV mrcm:=

cm .s

Mass Attentuation Coefficients from ANSI/ANS 6.4.3-1991

Tabular mass attenuation coefficients as a function of gamma energy for 1) silicon, 2) chromium, 3) manganese,
4) iron, 5) nickel, and 6) lead are imported and assigned to the following variables:

Ti:= Mass attenuation coefficients.xls i:= 0.. rows(Ti) - I

2 2 2.,. Ti l0.MVcm .-.
EiTi := T.ii, 0"MOV ý Pi:= Ti i2i:= i,2' 4 3p =

2 .2 2.~ cmn cmn cm
•~i: T • i,4- ý Pi := T , . .C"-- ýt6pi := i'.6 . •P'O =TI4 g TI, g TI14

Iron Exposure Build Up Factor Coefficients from ANSI/ANS 6.4.3-1991:

Tabular iron exposure build up factor coefficients as function of gamma energy are imported and assigned to the
following variables:

Tj := Ironbuildup_coefficients.xls j 0.. rows(Tj) - I

Ej := "Tj *MeV a := j I b.:= 'j c := Tj, d: Tj xk "jj5

Flux to Dose Rate Conversion Factors from ANSI/ANS 6.1.1-1977:

Tabular flux to dose rate conversion factors as a function of gamma energy are imported and assigned to the
following variables:

Tk := Fluxdoseratefactors.xls k := 0..rows(Tk) - I

Ek k:= k,O'e Kkk := Tk k, I



A AREVA Federal Services LLC
AREVA Title: 72-B with NS15 and NS30 Shielded Canister Shielding Analysis

Document No: 01937.01.M005-03 Rev. No: 0 I Page 34 of 41
Project No: 01937.01.M005 Project Name: RH Technical Support

The following table defines the thickness, density, and percent composition of the shielding materials The
percent composition is defined by 1) silicon, 2) chromium, 3) manganese, 4) iron, 5) nickel, and 6) lead

m:= 0.. 5

Thickness Density %Silicon %Chromium %Manganese %Iron %Nickel %Lead

Tm :=
0 1 2 3 4 5 6 7

0 02500 7.8526 00000 0,0000 00000 1000000 00000 00000

1 03750 80128 1 0000 190000 20000 680000 100000 00000

2 10000 80128 10000 190000 20000 680000 10.0000 00000

3 1.2190 113500 00000 00000 0.0000 00000 0.0000 100.0000

41 15000 80128 1 0000 190000 20000 680000 10 0000 00000

5 01350 80128 10000 190000 20000 680000 100000 00000

6
7 ________ ____ ________

tnl:- Tram. 0*'m p l m : - "l ' mm , 2 .A p3 ):- TIrmni 4"0 p5 :- 1n,1 I*

pm :- Tinm I'
D r Te i ii

Detector Distance and Dose Limit Definition:

p
2

m>:- Tim. 3.0 p4m :- Tam, 5.0 p6 m :- Tram.01'

The dose limit is defined as 1):= JIOW.mremthr- I when measured at a distance of 1 meter from the surface of the
package The following table defines the horizontal and vertical distance from each point source to the detector
and calculates the resulting radial distance Also specified is the relative distribution of activity in each source

n i:= I n:- ; .. O .

Honzontal Vertical Distribution

0 1 2
0 438490 00000 00200

1 45.0110 0.0000 0.9800

2 0.0000 00000 00000

00000 00000 00000

4 00000 00000 00000

5 0.0000 00000 00000

6 000001 00000 00000

7 00000 00000 00000

8 00000 00000 00000

9 0.0000 0 0000 00000

10 0.0000 00000 0.0000

11 00000 0 0000 00000

12 00000 00000 00000

F3 0000o 00000 00000 R n:= 1(Tn n 0 )2 , ( Tnin, 1 ) 2 .in Dtid: Tn n,
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Radionuclide Gamma Energy and Intensity:

For the specified radionuclide, the gamma energies and gamma intensities are imported and assigned to the
following vanables.

TI :- Radionuclidedata.xls

while TI"0 - index

I - I

11 < TI, I I

uidex:- 16

I := ).. II

i4 0

while Tli,0 * index

i*-- I , I
II I• T ,I I

u it, 1

for j. ,0.11

F t- Iif0 if TlIh2 100

ITI ,2 otherwise

F.KeV

I :z 14< Q

while TIt,0 z_ index

1 4-I1 I

I 4 Tli, I I

for j; 0.,1]

1 4- TI
j IIJ.3

1%Q

Free Mean Path Calculations.

The following equations utilize mass attenuation coefficients as a function of gamma energy and the shield
composition definition to calculate the number of mean free paths for each of the gamma energies and shield
materials

(lilerPEi.~p.IpE1 .pm, pl 4 ,I~ePE~~.1 .mPi (I~ll(iI3. , )l ..3 .

(Imin-erp( Ei ni) ,,,) (Iiiil'eriEil,-P,.Et)-m.pm 11 pl ) (Iiiep(Ei ip .1I) E 1.'mP3, 1 )

X M, I:- f m'l~ltm
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Build Up Factor Calculations:

The following G-P geometric'progression equations (ANSI/ANS 6.43-1991) is utilized along with iron buildup
factor coefficients and the number of mean free paths to calculate a buildup factor for each of the gamma
energies.

h ~2J -tanh(-2)

YIx ~tetp(Ei'-EC -13iQtoa) ffieýj4E)+lintepEJ~d dE1ý). I-tn(2

B ( +liiterP(Ej b,El~)[I1 if k I

I + . E) - I) a. % ,I t- KI I

I + (lintcrpEj,b )- ).xtotlI if Kxl= 1

Maximum Activity Calculations:

The following equations'calbulate the total gamma dose resulting from 1 Ci of the specified radionuclide, then ratio
the total dose to calculate the activity required to meet the limiting dose rate. The.limiting activity is then utilized
to calculate the indiv!dual gamma dose contributions from each point source. The gamma dose calculations
utilize Rookwell's,methodology.

K,:= linteip(EkKkEl)

F DM•i .Ci:I,-'B,.K, -xata,

Drti~tOI.n := Dratioc°oPni '

Dratioli,,na ZDr~i.'..l

Alinit D I ;Ci if . rtioi.4 0
ADrelC . r

Dr%'-Ci 1,09 otherwise

-A4imitn-'l'B•'le-K XotalI
D h m i, co n i p, ., = 4 L R )

DIjndttgw',;= E DIi,.ý.Cnw (171ý (PDti,,it: Ita D ZnitrnitAtotal:= Zk.ý'
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Summary of Results:

The gamma energies and intensities for radionuclide index = 16 are as follows:

IT = (346.9300 826.2800 1.1732 x 103 1,3325 x 10' 2.15,88x 103 2.5050 5: 103)KeV

IT0=(7..6 7.6 10-C 99.974 99.986 1.11 - 10 -)%

The attenuation coefficients-and the number of mean free paths for each of the gamma energies and shield
materials are

"0.781 0.797 0,797 3.427 0.797 0.797)

0.514 0.525 0.525 0.937 0.525 0.525

T 0.438 0.447 0.447 0.708. 0.447 0.447 1 and

0.411 0.419 0.419 0.645 0.419 0.419 cm

0.326. 0.333 0.333 0.509 0.333 0.333

0.308 0.315 0.315 0.496 0.315 0.315)

0.496 0.759 2.024 1.0.61 3.037 0.273)

0.327 0.5 1.335 2.9901 2.002 0A18

T 0.278 0.426 1.136 2.192S 1.705 0.153

0.261 0.399 1.065 1.997 1.598 0.144

0.207 0.317 0.845 1.577 1.267 0.114

0.196 0.3 0.799 1.535 1.199 0.108)

such that.the total mean free path for each gamma energy is

T
XtotaI (17.199 7.245 5.891 5.464 4.326 4.137)

The buildup factors and flux-to-dose rate conversion factors for each of the gamma energiesare

BT = (34.464 11.227 7.678 6.703 4.466 4.09) and

KT =(8. 70Nx 01-4 1.719:. 10.3 2.21<x I3C 2.421x 1I- 3 3.376x . 1- 3.725 . 10- ,

The distances from each of the point-sources to the detector location are

R T = (43.85 45.01 )ii•

such that the individual gamma dose contributions from each gamma energy and point sources are

1T1.408>: x10-8 1.906 :x 1-4 8.536 12.515 4.2-8x 10-4 8.859:< 10-7) mrcm
Diniieop = ( 6.548 x I0-7 8.864>, 10-3 396.941 581.98 0.019 4.12 x: 10- 5) IV

Therefore, the total limiting dose of Dlimit = 1000 mreln is obtained with an individual point source activity of

(0.767)
Al 37.583) Ci for each of the ,n, + 1 = 2 source(s), with a total source activity of Atotal = 38.35'Ci.,37.583)
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5.4 Computer Run Record

COMPUTER RUN RECORD

Computer Run Number See Input File Names

Analysis Software MCNP5 vl.40

Hardware Description Windows XP/Xeon Processor

QA verification for MCNP5 v1.40 has been performed for this hardware
platform [4].

Models were executed on computer ADANC491TC.

Disk Storage Desdription Compact Disc

MCNP5 Input/Output Files
11/04/2009
11/04/2009
11/04/2009
11/04/2009
11/04/2009
11/04/2009
11/04/2009
11/04/2009
11/04/2009
11/04/2009
11/04/2009
11/04/2009
11/04/2009
11/04/2009
11/04/2009
11/04/2009
11/04/2009
11/04/2009
11/04/2009
11/04/2009
11/04/2.009
11/04/2009
11/04/2009
11/04/2009
11/04/2009
11/04/2009
11/04/2009
11/04/2009
11/04/2009
11/04/2009
11/04/2009
11/04/2009
11/04/2009
11/04/2009
11/04/2009
11/04/2009
11/04 /200 9

03:02
03:03
03:03
03:03
03:03
03:04

03:04
03:04
03:04

03:04
03:04

03:05
03:05
03:05
03:06
03:06
03: 07

03:07
03:07
03:07
03:07
03:07
03:07

03:08
03:08
03:08
03:08
03:08
03:08
03:09
03:09
03:09
03:09
03:09
03:09
03:09
03:10

PM
PM
PM
PM
PM
PM
PM
PM
PM
PM
PM
PM
PM
PM
PM
PM
PM
PM
PM
PM
PM
PM
PM
PM
PM
PM
PM
PM
PM
PM
PM
PM
PM
PM
PM
PM
PM

5,685
5,693
5,685
5,686
5, 686
5, 686
5, 685
5,686
5,686
5,685
5, 685
5, 685
5, 685
5, 678
5, 685
5, 685
5,686
5,686
5,686
5, 687
5, 685
5, 629
5,685
5,685
5,685
5,685
5,685
5,685
5,685
5,618
5,624
5,614
5,619
5,618
5,618
5,685
5,685

NS15Am241.i
NS15Am242m.i
NS15Am243.i
NS15Bk249.i
NS15Cf249.1
NS15Cf250.1
NS15Cf251.i
NS15Cf252.1
NS15Cf254.i
NS15Cm240.i
NS15Cm242.1
NS15Cm243.i
NS15Cm244.1
NS15Cm245.1
NS15Cm246.1
NS15Cm248.1
NS15Cm250..I
NS15Es253.i
NS15Es254.i
NS15Es254m.i
NS15Np237.i
NS15Pa231.1
NS15Pu236.1
NS15Pu238.1
NS15Pu239.i
NS15Pu240.1
NS15Pu241.1
NS15Pu242.1
NS15Pu244.i
NS15Th230.i
NS15Th232.i
NS15U232.i
NS15U233.i
NS15U234.i
NS15U235.i
NS15U236.i
NS15U238.i
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11/04/2009
11/04/2009
11/04/2009
11/04/2009
11/04/2009
11/04/2009
11/04/2009
11/04/2009
11/04/2009
11/04/2009
11/04/2009
11/04/2009
11/04/2009
11/04/2009
11/04/2009
11/04/2009
11/04/2009
11/04/2009
11/04/2009
11/04/2009
11/04/2009
11/04/2009
11/04/2009
11/04/2009
11/04/2009
11/04/2009
11/04/2009
11/04/2009
11/04/2009
11/04/2009
11/04/2009
11/04/2009
11/04/2009
11/04/2009
11/04/2009
11/04/2009
11/04/2009

11/04/2009
11/04/2009
11/04/2009
11/04/2009
11/04/2009
11/04/2009
11/04/2009
11/04/2009
11/04/2009
11/04/2009
11/04/2009
11/04/2009
11/04/2009
11/04/2009
11/04/2009
11/04/2009
11/04/2009
11/04/2009
11/04/2009
11/04/2009
11/04/2009

02 :51
02 :52
02:52
02:53
02:53
02:53
02 :54
02 :54
02 :54
02 :54
02: 54
02:54
02:55
02: 55
02: 55
02:55
02:55
02:55
02:56
02:56
02:56
02:56
02:56
02:56
02:57
02:57
02 :57
02 :57
02 :57
02 :57
02 :58
02 : 58
02 :58
02 :58
02 : 58
02: 58
02:59

04:24
04:34
04:44
04:54
05:03
05:13
05:23
05:32
05:42
05:52
06:01
06:11
06:21
06:31
06:40
06:50
07:00
07: 10
07:19
07:29
07:38

PM
PM
PM
PM
PM
PM
PM
PM
PM
PM
PM
PM
PM
PM
PM
PM
PM
PM
PM
PM
PM
PM
PM
PM
PM
PM
PM
PM
PM
PM
PM
PM
PM
PM
PM
PM
PM

PM
PM
PM
PM
PM
PM
PM
PM
PM
PM
PM
PM
PM
PM
PM
PM
PM
PM
PM
PM
PM

5, 617
5, 626
5, 620
5, 619
5, 619
5,620
5,619
5,619
5,620
5,618
5,619
5,618
5,618
5,611
5, 618
5, 618
5, 619
5, 619
5, 619
5, 620
5, 618
5 628
5, 618
5, 619
5,411
5, 618
5, 618
5,618
5,619
5,618
5,623
5,613
5,617
5,618
5,618
5,617
5,617

71,500
72, 016
65,507
65,015
63,271
65,259
73,334
70,283
63.,840
65,090
64,868
64,523
70,206
64, 925
64,165
70,788
69,323
65,608
64,679
63,236
70,272

NS30Am241.i
NS30Am242m.i
NS30Am243.i
NS30Bk249.i
NS30Cf249.i
NS30Cf250.i
NS30Cf251.i
NS30Cf252.i
NS30Cf254.i
NS30Cm240.i
NS30Cm242.i
NS30Cm243.i
NS30Cm244.i
NS30Cm245.i
NS30Cm246.i
NS30Cm248.i
NS30Cm250.i
NS30Es253.i
NS30Es254.i
NS30Es254m.i
NS30Np237.1
NS30Pa231.1
NS30Pu236.1
NS30Pu238.1
NS30Pu239.i
NS30Pu240.1
NS30Pu241.1
NS30Pu242.i
NS30Pu244.i
NS30Th230.1
NS30Th232.1
NS30U232.i
NS30U233.i
NS30U234.i
NS30U235.i
NS30U236.i
NS30U238.i

NS15Am241.o
NS15Am242m.o
NS15Am243.o
NS15Bk249.o
NS15Cf249.o
NS15Cf25O.o
NS15Cf251.o
NS15Cf252.o
NS15Cf254.o
NS15Cm240.o
NS15Cm242.o
NS15Cm243.o
NS15Cm244.o
NS15Cm245.o
NS15Cm246.o
NS15Cm248.o
NS15Cm250.o
NS15Es253.o
NS15Es254.o
NS15Es254m.o
NS15Np237.o
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11/04/2009
11/04/2009
11/04/2009
11/04/2009
11/04/2009
11/04/2009
11/04/2009
11/04/2009
11/04/2009
11/04/2009
11/04/2009
11/04/2009
11/04/2009
11/04/2009
11/04/2009
11/04/2009
11/04/2009
11/04/2009
11/04/2009
11/04/2009
11/04/2009
11/04/2009
11/04/2009
11/04/2009
11/04/2009
11/04/2009
11/04/2009
11/04/2009
11/04/2009
11/04/2009
11/04/2009
11/04/2009
11/04/2009
11/04/2009
11/04/2009
11/04/2009
11/04/2009
11/04/2009
11/04/2009
11/04/2009
11/04/2009
11/04/2009
11/04/2009
11/04/2009
11/04/2009
11/04/2009
11/04/2009
11/04/2009
11/04/2009
11/04/2009
11/04/2009
11/04/2009
11/04/2009

07:48
07:57
08:07
08:16
08:26
08:35
08:45
08:54
09:04
09:13
09:23
09:32
09:42
09:51
10:01
10:11
02:59
03:07
03:14
03:21
03:28
03:35
03:43
03:50
03:57
04 :04

04:12
04:19
04:27
04:34
04:41
04:49
04:56
05:04
05:11
05:18
05:25
05:33
05:40
05:47
05: 54

06:02
06:09
06:16
06:24
06:31
06:38
06:45
06:52
07:00
07:07
07 : 14

07:21

PM
PM
PM
PM
PM
PM
PM
PM
PM
PM
PM
PM
PM
PM
PM
PM
PM
PM
PM
PM
PM
PM
PM
PM
PM
PM
PM
PM
PM
PM
PM
PM
PM
PM
PM
PM
PM
PM
PM
PM
PM
PM
PM
PM
PM
PM
PM
PM
PM
PM
PM
PM
PM

70,230
71,214
62, 907
69,402
69,949
63,875
69,424
69,894
64, 844
68,888
72,262
63, 115
70, 929
64,578
72, 609
70,296
69, 187
64,332
66,626
67, 748
67, 467
69, 514
69, 657
67, 392
67, 467
69, 901
70, 663
68, 719
69,389
70,373
61,283
63,894
68, 642
71, 140
63, 146
56, 149
60, 018
60, 165
60, 903
68,429
69, 121
69, 180
60,868
67, 133
67,825
62, 801
70,250
68,504
69, 712
68, 972
68,407
67, 972
68,128

NS15Pa231.o
NS15Pu236.o
NS15Pu238.o
NS15Pu239.o.
NS1SPu240 .o
NS15Pu241 .o
NS15Pu242 .o
NS15Pu244 .o

NSI5Th230 .o
NS15Th232 .o
NS15U232.o
NS15U233.o
NS15U234.o
NS15U235.o
NS15U236.o
NS15U238.o
NS30Am241.o
NS30Am242m.o
NS30Am243 .o
NS30Bk249 .o
NS30Cf249.o
NS30Cf250 .o
NS30Cf251 .o
NS30Cf252 .o

NS30Cf254 .o
NS30Cm240 .o
NS30Cm242 .o
NS30Cm243 .o

NS30Cm244 .o
NS30Cm245 .o
NS30Cm246 .o
NS30Cm248 .o
NS30Cm250 o
NS30Es253 .o
NS30Es254 .o
NS30Es254m.o
NS30Np237 .o
NS30Pa231 .o
NS30Pu236 .o
NS30Pu238 .o
NS30Pu239 .o
NS30Pu240 o
NS30Pu241 .o
NS30Pu242 .o
NS30Pu244 .o
NS30Th230 o
NS30Th232 .o
NS30U232.o
NS30U233.o
NS30U234.o
NS30U235.o
NS30U236.o
NS30U238.o
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COMPUTER RUN RECORD

Analysis Software EXCEL and MathCADv 13.1

Disk Storage Description Compact Disc

The following EXCEL spreadsheets are utilized in the analysis.
NSCANSHIELDCALCHAC_13.1 .XLS is embedded with a MathCADv 13.1 application that
computes the gamma activities. The spreadsheet is constructed to automatically loop through each of
the gamma emitting isotopes. This spreadsheet also summarizes the results of the neutron activity
calculations and combines the results. The remaining EXCEL spreadsheets are used as input to the
gamma point-kernel analysis as implemented in MathCAD.

nscan shieldcalc hac 13.l.xls
flux doserate factors.xls
iron-buildup_coefficients.xls
mass attenuation coefficients.xls
radionuclide data.xls




