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1 .O INTRODUCTION 
Current criticality safety limits for Solid Waste Management Facility (SWMF) T&uranic 

Waste Storage Pads are based on analysis of systems where mass is the only 
independent parameter and all other parameters are assumed at their most reactive values 
(Ref. 1). These limits result in administrative controls (Le., limit stacking of containers, 
coordination of drums for culvert storage based on individual drum fissile inventories, and 
mass limits for accumulation of polyethylene boxes in culverts) which can only be met by 

, redundant SWMF administrative controls. These andyses did not edit the nature of the 
I waste generator process that would provide bounding limits on the other parameters (i.e. ' less than optimal moderation and configurations within packages (containers)). They also 

did not indicate the margin of safety associated with operating to these mass limits. 
However, by crediting the waste generator processes (and maintaining such process 
assumptions via controls in the criteria for waste acceptance) sufficient margin of safety can 
be demonstrated to justify continued SWMF TRU pad operation with fewer administrative 
controls than specified in the Double Contingency Analysis (DCA) (Ref. 1). 

7. I OBJECTIVE 
This NCSE will justify a reduced set of criticality safety controls for receipt, handling, and 
storage activities for the Transuranic (TRU) waste based on credit taken for the nature of 
containerized TRU waste. The new criticality safety controls will continue to control (limit) 
container inventory, but will rely on the lack of excess moderating material in the container 
and credible physical limitations on fissile configurations within the container. This NCSE 
will demonstrate that under normal and credible abnormal conditions both the container 
fissile inventory limit and at least one of the bounding assumptions must be exceeded to 
result in a critical configuration. 

This NCSE is presented in four parts. The process description provides the reader with a 
description of the types of waste and the process by which waste is packaged by the waste 
generators (normal conditions). The evaluation section outlines the thought process by 
which normal conditions are combined with credible upset scenarios to identify the most 
reactive configurations. Each configuration is evaluated to determined the scenario's 
impact on reactivity and safety of the upset conditions. The results section indicates the 
margin of safety by which SWMF TRU waste storage pads are operated. The design 
features and administrative controls section identifies the waste acceptance criticality safety 
controls credited by this NCSE and the existing handling/storage controls that are no longer 
required for criticality safety. 

1.2 SCOPE 
This NCSE applies to receipt, handling, and storage of TRU waste on the Solid Waste 
Management Facility (SWMF) TRU waste storage pads. This includes drums, 
polyethylene boxes, steel boxes, concrete culverts, and concrete casks. This NCSE 
considered all TRU waste generators (Ref. 2). It covers both existing waste on the TRU 
pads and continuing waste receipt provided the waste generator practices upon which the 
NCSE is predicated are maintained. The NCSE covers both normal and credible abnormal 
conditions. 
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This NCSE is predicated on the following waste generation practices used by waste 
generators 
* No increases in current container fissile inventory limits as prescribed by thedte 

Waste Acceptance Criteria (WAC) 3.06 (Ref. 3). This is a key assumption used in 
determining the frequencies of criticality related conditions and configurations on the 
TRU pads (Ref. 4). Drum, polyethylene boxes, concrete casks, and steel boxes are 
limited to 195 g FGE Pu-239. Concrete culverts are limited to 390 g FGE Pu-239 
unless the culvert is filled with drums or polyethylene boxes to which 195 g Pu-239 
for each drum or box applies. 

I * The current practices, the same as those used in the past, of recovering usable fissile 
material and decontamination ensuring surface contamination is well attached and not 
easily dislodged will continue to be practiced in the future. 

* Waste generation process and packaging practices that “by their nature” limit 
polyethylene (or equivalent) to less than 30% by volume inside the container. 

* Fissile material contaminated waste is randomly distributed within waste containers. 
This is a key assumption used in determining the frequencies of criticality related 
conditions and configurations on the TRU pads (Ref. 4). 

Concrete culvert walldbases are at least 5” thick providing 4 hours of protection from 
external fires and have an internal volume of 4.8 m**3 or less limiting internal fres as 
used in the Fire Estimate (Ref. 5). 

- 

* 

Containers which can be exempted from these assumptions will have applicable criticality 
safety evaluations prepared and controls determined demonstrating their safety in Solid 
Waste configurations prior to receipt, handling, and storage in a Solid Waste Facility. In 
the past, exemptions have been granted for following waste receipts: 

HEPA filters in polyethylene boxes that have been overloaded due to known pre-filter 
failure (Ref. 6), but that were within the inventory limit for a culvert; 

Standard Waste Boxes (Ref. 7) that were not approved containers at the time of receipt 
but were within the inventory limit for a culvert (Ref. 8); 

Naval Fuels waste whose configuration was justified by a specific NCSE (Ref. 9); and 

This NCSE does not cover SWMF waste configurations with specific NCSE justifications 
(Naval Fuels and FB-Line Special Big Black Steel Boxes). These configurations are 
legacy waste whose safety has been determined by previous NCSEs. These configurations 
are closed to further waste handling activities and the Double Contingency requirements 
protecting them (posted signs and exclusionary fencing) were identified in the Solid Waste 
Double Contingency Analysis (Ref. 1). These specific Double Contingency Analysis 
(DCA) requirements are implemented via the SWMF Technical Safety Requirements (Ref. 
1 I)  and are verified for DCA compliance (Ref. 12). 

FB-Line Special Big Black Steel Boxes (Ref. 10). 
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This NCSE also does not cover receipt, handling, and storage of containers that are not 
approved (Ref. 8) or containers exceeding inventory limits (Ref. 6), unless they have been 
overpacked in other approved containers (i.e., containers identified in this NCSE) with 
higher inventory limits. Justification for acceptance includes an engineering evaldation, 
possibly including an NCSE, demonstrating the overpack container is bounded by the 
assumptions and limits identified by this NCSE. Receipt, handling, and storage is . 
performed to the limits and controls of the overpack container. 

1.3 TERMS AND DEFINITIONS 
Credible Event - an event that has a frequency of occurrence of larger than LOE-6 

I occurrences per year. 

Hvdrogenous Waste - waste containing high concentrations of hydrogen, primarily 
polyethylene and water, or other materials with good moderating properties. 

Keffective - Multiplication factor for a finite system. 

K-safe - Value of K-effixtive that is considered to be always safe, considering the 
appropriate bias, bias uncertainty, area of applicability margin, and minimum subcriticality 
margin. 

Red Pails - 5 gallon pails (painted red) that are used only for handling waste contaminated 
with fissionable material. The pails are critically safe for any waste that can fit inside the 
pail provided proper separation is maintained between pails. 

SWMF - Solid Waste Management Facility 

USOE - Unreviewed Safety Question Evaluation. 

WAC - Waste Acceptance Criteria, referring to the SRS Site 1s Manual 

Waste Cut - Quantity and type of items that have been contaminated from being used inside 
the process line where fissile material is regularly handed and processed, 

WIPP - Waste Isolation Pilot Project 

TRU - Transuranic isotopes with atomic number of 92 or higher. 

2.0 PROCESS DESCRIPTION 
This section provides the reader with an overview of waste generator processes related to 
the characterization and packaging of solid waste. This discussion will provide the nominal 
characteristics and internal configuration of waste in waste containers. These nominal 
configurations will be used as normal conditions for the discussion of contingencies and 
evaluation of safety margins. 

S WMF receives, handles, and stores fissile-contaminated waste packaged in approved 
containers. The waste is generated by various site processes and packaged by the waste 
generators in accordance with their procedures. The waste is packaged and shipped to 
SWMF in accordance with the Manual 1s Waste Acceptance Criteria (Ref. 3). The waste 
generator procedures contain sufficient controls to ensure the waste packaging and 
associated documentation complies with the requirements imposed by the Waste 
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Acceptance Criteria and the Double Contingency Principle (Ref. 2). Facilities packaging 
waste are reviewed prior to shipment and periodically monitored for compliance with the 
Waste Acceptance Criteria and Double Contingency Principle mef. 3). Frequently waste 
generator procedures impose more restrictive fissile content limits on containersdwn 
specified in the WAC (e.g., FB-Line generally imposes a 150 g FGE limit versus the 195 g 
FGE limit specified in the WAC for waste drums). 

Current criticality safety limits, their basis, and the associated criticality safety controls are 
identified in the SWMF DCA (Ref. 1). The limits are summarized in Chapter 6 of the 
SWMF SAR (Ref. 13) and are presented in Table 1. 

TabIe 1 - Waste Storage Pad Mass and Configuration limits 

Max. Culvert Total 2015 g Pu-239 

< 195 g Pu-239 FGE per Box Handling Polyethylene Boxes 
container HEPA or Roughing Filters 
with more than 1/2 Ci Outside 
Culverts 

Single Planar Array 

Polyethylene boxes Inside Culverts 1 < 390 g Pu-239 FGE per culvert I Two Tier Stacking I 

It should be noted that SWMF has implemented inventory limits for drums and 
polyethylene boxes that are more restrictive than the WAC limits based on past NCSEs. 
The past NCSEs used the more conservative approach of not crediting limited availability 

limits are implemented for all containers. In Table 1, engineering evaluations refer to a 
safety analysis, including criticality safety, performed prior to receipt that determines the 
safety of handlingktorage of the waste and ensures that proper procedures have been 
implemented. 

of moderation and credible distributions of fissile material within the container. Stacking - 
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The Savannah River Site (SRS) has multiple TRU waste generators that send waste to 
SWMF as well as the potential for off-site receipt of TRU waste (Ref. 2). The following 
SRS facilities have in the past shipped TRU waste to SWMF. 

FJ3-Line 
3 4 . t  

SRTC 

772-F Laboratory 

, HB-Line 

' 235-F 
Each facility may have multiple waste streams. Although the waste streams have many 
individual characteristics, there are two important characteristics that apply to all waste 
S t r e a m s :  

differences between job control waste and process waste, and 

difference in the type of container in to which the waste is packaged. 

JOB CONTROL WASTE VERSUS PROCESS WASTE 

The first characteristic that distinguishes waste streams is whether the waste is process 
waste or job control waste. Process waste comes from the process line where fissile 
materials are handled and job control waste comes from work areas surrounding the 
process lines. Job control waste has low fissile content, on the order of a few grams per 
container (drum), but contains large amounts of moderating material like polyethylene. 
Process waste has a higher fissile content than job control waste, but has lesser amounts of 
moderating material. 

Process waste normally doesn't contain excessive amounts of fissile because of nuclear 
material accountability, ALARA, waste minimization, and container inventory restrictions 
imposed on the waste generators. Material accountability practices require that waste cuts 
removed from the process and that are indicating 100 or more grams fissile are returned to 
the process line for recovery (Ref. 2). ALARA practices strive to reduce exposure by 
decontamination of waste prior to handling. Waste minimization strives to reduce the 

. Thesitewaste volume of TRU waste, subsequently TRU contamination is IlllIllfIllzed 
Acceptance Criteria sets the site limits for container inventories of Pu-239 or equivalent 
based on the type of container. 

. .  . 

A probability risk assessment has been performed to evaluate the likelihood of 
intermingling the process waste and the job control waste (Ref. 14). The PRA documented 
the incredibility of these two types of waste streams becoming mixed. The PRA credited 
waste generator procedures that maintain the separation of job control and process waste 
streams. 

There have been cases where process waste containers were mixed with job control waste 
containers (Ref. 15). These cases have been attributed to waste burial slips (Ref. 16) 
incorrectly indicating zero fissile material content; assays of the waste containers 
determined the fissile material content recorded on the slips to be incorrect (Ref. 15). 

-a 
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The second characteristic that distinguishes waste streams is the type of container. 
Approved containers for packaging waste included 55 gallon drums, polyethylene boxes, 
steel boxes, concrete casks, and concrete culverts. Table 2 indicates container materials 

I 

and dimensions. 

Table 2 - Ap 
Container Type ' 

55 Gallon 
Drums 

Polyethylene 
Boxes 

Concrete Casks 

Steel Boxes 

Concrete 
Culverts . 

roved Container Nominal Dimensio: and. Materials 

Polyethylene 

2.1 55 GALLON DRUMS 
This section provides a description of the waste generator process by which drums are 
loaded with waste. The description includes all types of drum waste and the nominal 
configuratiodcontent associated with the waste type. These nominal drum configurations 
will be used as the starting point for the evaluation section to be presented later in this 
NCSE. 

Waste placed in drums includes tools, vessels, lead lined gloves, glove box HEPA filters, 
plastic bottles containing swipes used to clean out cabinets, and job control waste. Job 
control waste are items used outside the process lines that have become contaminated 
because of the trace amounts of fissile material. The other items have been surface- 
contaminated from being used inside the process line where fissile material is regularly 
handled and processed. Each item is removed separately and referred to as a waste cut. 
Thus, waste placed in drums is characterized as job control waste and surface 
contaminated, atomic swipes, and glove box HEPA filters process waste. 

The SRS approved 55 gallon drums are described briefly in Table 2 and in detail in 
reference 17. 

JOB CONTROL WASTE 

Job control waste is generated by work performed outside the process line. Levels of 
fissile material contamination outside the process are maintained as low as reasonably 
possible to minimize worker exposure. However, waste generated in these areas can 
become contaminated with fissile material. This waste is collected into drums kept sparate 
from the waste removed from the process line (Ref. 14). Drums are scanned to determine 
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I 
Surface-contaminated process wastes are typically tools, vessels, and lead lined gloves 
used within the process line that must be changed out. These items are thoroughly 
decontaminated before beiig removed from the process line: thus any fissile contamination 
is affixed to surfaces and would take considerable effort to remove. These items are 
wrapped in polyethylene bags to l i t  the spread of contamination and removed via the 
bagout ports as waste cuts. Fissile material surfamcontamination can be in contact with 
polyethylene, but fissile material is attached to the waste and cannot mix with the 
polyethylene (mixed together in the sense that the polyethylene and fissile material cannot 
form an optimal fissildmoderator ratio). As they are removed, waste cuts are surveyed 
using a hand held neutron counter to estimate the amount of fissile material. Waste cuts 
with excessive amounts of fissile material are returned to the process line for further 
decontamination. “Excessive amounts of fissile material” is currently set at 100 g PU-239 
based on the Criticality Safety Limit in the mom containing the assay instruments (Ref. 2). 
Typical surface contaminated process waste contains on the order of gram quantities of Pu- 
239 and waste volumes are generally less than 0.5 liters. The majority of the waste cuts fit 
into red pails (Ref. 2) and are assayed to obtain an accurate account of the fissile material in 
the waste (Ref. 2). When sufficient waste cuts have been collected to fill one or more 
drums, operations determines which waste cuts are to be placed in each drum and initiates 
the drum filling process (typical of FB-Line). When waste cuts have ffled a drum, the 
dnun is closed and assayed (final portable far field gamma assay (Ref. 2)) to confirm the 
results of the waste cut scans. Larger waste cuts can’t be assayed. Their fissile material 
content is determined using a portable far field gamma assay. Both survey and assay 
methods have been characterized and calibrated to meet the requirements of the Waste 
Acceptance Criteria and to ensure fissile inventories are conservatively estimated (Ref. 2). 

Typically, 16 to 20 waste cuts may be placed in a drum. The waste cuts are not placed in 
the drum in any preferred order. The to& accumulation of fissile material in the drum may 
not exceed the operating limits of the drum (150 g Pu-239, Ref. 2). Free space is 
minimized to reduce the number of TRU containers, but waste is not forced into the drum 
to prevent the spread of contamination. Operating limits for the drums are less than the 
Nuclear Criticality Safety Limits for drum fissile inventory (Ref. 2). 

ATOMIC SWIPE PROCESS WASTE 

Atomic Swipes (Ref. 22) are used to clean out wet and dry cabinets in the process line. The 
clean out process results in the swipes becoming thoroughly contaminated with fissile 
material. - 
In wet cabinets, fissile bearing liquids are soaked into the swipe. The amount of fissile 
material is dependent on the concentration in the cabinet and the volume of the swipe. 
However, wet cabinets have administrative criticality safety controls limiting the 
concentration to always safe levels (less than 7.3 g per liter, A N S  8.1 (Ref. 23)). Thus, 
the amount of fissile material in the wet swipes is limited by the volume of the swipes. 
Used swipes are placed in 1-liter plastic bottles (Ref. 24). 

In dry cabinets, fissile material dust is collected with the swipe. The amount of fissile 
material is dependent on the amount of dust that can be collected and the volume of the 
swipe. Dry cabinets are not concentration limited. The swipes contain an unknown gimount 
of fissile material, possibly more than 100 g Pu-239. Clean out procedures treat them as 
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potentidy unsafe. Clean out procedures have procedural criticality safety control steps that 
limit no more than 6 swipes in one bottle, no more than two bottles in one cabinet., and 3 
foot separation between bottles (Ref. 22). 

All bottles are wrapped in polyethylene bags, removed via the bagout ports, neutron 
counter surveyed, and placed in red pails. As is the case with surface contaminated process 
waste, excessive waste cuts (greater than 100 g Pu-239) are returned to the process line to 
reclaim excess fissile material. All of these waste cuts, as 1 liter bottles, are assayed and 
fissile content conservatively estimated (Ref. 2). These wrapped waste cuts are placed in 
drums with surface contaminated process waste. No preferred order is used during 
placement. The drum inventory limit is not exceeded. 

' -I,$, 

, 

i GLOVE BOX FILTER PROCESS WASTE 

Glove box filters are small HEPA filters (small enough to fit in a red pail) attached to glove 
boxes. These filters are sometimes referred to as pre-filters or cabinet fdters. These filters 
protect the larger ventilation HEPA filters from becoming highly contaminated. The filter 
material is No07 filter grade media as specified in AG-1 (Ref. 25). The filter medium is 
made of B-typq borosilicate glass and traps (Le., release of contamination takes 
considerable effort) contamination by diffusion of the particulate into the material, The 
filter medium is folded such that air flows into the filter parallel to the medium and 
contamination is uniformly distributed throughout the filter (see Ventilation HEPA Filters 
Section 2.2). The filter medium is designed to withstand extreme conditions. The medium 
doesn't support combustion, and melting occurs only at high temperatures (lo00 degree 

. 

These ffiters are replaced on a regular schedule or when the pressure differential across the 
filter indicates the filter is saturated. The filters are wrapped in polyethylene bags, removed 
via the bagout ports, surveyed by a neutron counter, and placed in red pails. As is the case 
with surface contaminated process waste, excessive waste cuts (greater than 100 g Pu-239) 
are returned to the process line to reclaim excess fissile material (Ref. 2). All of these 
waste cuts are assayed and fissile content conservatively estimated (Ref. 2). These 
wrapped waste cuts are placed in drums with surface contaminated process waste. No 
preferred order is used during placement in the drum. The drum inventory limit is not 
exceeded. 

2.2 POLYETHYLENE BOXES 
This section provides a description of the waste generator process by which polyethylene 
boxes are loaded with waste. The description includes all types of polyethylene box waste 
and the nominal configuratiodcontent associated with the waste type. These nominal 
polyethylene box configurations will be used as the starting point for the evaluation section 
to be presented later in this NCSE. 

The SRS approved polyethylene boxes are briefly described in Table 2 and in detail in 
reference 18. 

Polyethylene boxes are used for short term confinement of contaminated waste. However, 
polyethylene boxes will melt and burn during a fire. Polyethylene has a melting point of 
120 - 135 degree C (Ref. 26). Polyethylene will flash bum at 340 degree C (Ref. 26). 
Polyethylene will burn, but it will hardly support combustion (Ref. 27). 
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SWMF has approved the receipt of roughing filters and ventilation HEPA filters in 
polyethylene boxes. Restrictions limiting waste types in polyethylene boxes are specified 
in the Waste Acceptance Criteria (Ref. 3). 

Other types of waste placed in polyethylene boxes include, for example, cabinet panels, but 
in these cases .the polyethylene boxes are placed in other containers (i.e., steel boxes). 
Polyethylene boxes are considered waste in the other containers. 

. A 1 1  

ROUGHING FILTERS 

I Roughing filters are used in the ventilation system to fdter air before passing through the 
ventilation HEPA filter. The roughing filters are similar to those used in home heating 
systems. The roughing filters strip out particles larger than 1 micron. Fissile 
contamination particles are generally smaller than 1 micron, ranging from 0.2 to 0.7 
microns, and generally pass though the roughing filter. Thus, roughing filters have 
significanty less fissile contamination than HEPA fdks. These fdters are replaced on a 
regular Schedi.de or when the pressure differentid across the fdter indicates the fdter is 
saturated. These filters are individually triple bagged and placed 8 roughing filters to a 
polyethylene box. These filters are too large to fit in a red pail. Fissile content is 
determined by portable far field gamma assay and documented dose-tocurie cdcplations 
(Ref. 2). 

VENTlLATION HEPA FILTERS 

Ventilation HEPA filters are large HEPA filters (24” x 24“ x 11.5”) that remove small 
particle contamhation from the ventilation system. These filters are protected by cabinet 
(glovebox) and roughing filters, thus they generally do not accumulate large amounts of 
fissile material. The filter material is NO07 fdter grade media as specified in AG-1 (Ref. 
25). The filter material is designed not to burn (limited to 7% by mass loss on ignition of 
organic binders at 360 degree C for 45 minutes (Ref. 25)). However, the material will char 
and melt, but only under extreme conditions (more than one hour exposure to loo0 degree 
C (Ref. 25). The fdter media is glued to steel frames. The frames are at least 11.5” deep. 
In contrast, the glove box filters have cardboard frames. 

The filter medium is a continuous sheet of folded filter paper. Folds are required by the 
specification to be 8 to 11.5” in length. The medium is made of B-type borosilicate glass 
(Ref. 25). The filter medium is folded such that air flows into the filter parallel to the 
medium and contamination uniformly diffuses into the filter medium (Ref. 28). Van der 
Waals forces trap 99% of Pu-239 contamination caught by the filter medium (Ref. 28). 
Fires cause the media fibers to melt together and further trap the fissile material in the filter 
medium (see Appendix B). Melting of HEPA filter fibers eliminates voids and reduces the 
filter medium volume. (see Appendix B). Thus, it is assumed that the fissile material 
received with the HEPA filter remains attached to the HEPA filter medium even after a fire. 

The fissile material is uniformly loaded over the surface of the filter because the folded 
design has a large effective flow area that is needed for high mass flow rate and low 
pressure drops across the filter (see Appendix B). The ventilation HEPA filter must 
maintain high flow rate (1000 ft**3/min) with low pressure drop (1  inch of water). To 
ensure this condition, large flow areas must be used. Thus, contaminated air must flow 
through the entire flow area of the filter @e., across the folds) of the filter. 

The folded medium incorporates considerable void into the filter volume (24” x 24” x 
11.5”). Based on minimum manufacturer specifications (280 sq. ft at 16.5 mils thick, Ref. 
29) the 108 liter filter volume is occupied by 10.9 liters of filter medium. 

http://Schedi.de
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These filters are replaced on a regular schedule or when the pressure differential across the 
fdter indicates the filter is saturated. The filter is triple bagged and placed one filter to a 
polyethylene box. The filter is too large to fit in a red pail. Fissile content is determined by 
portable far field gamma assay and documented dose-tocurie calculations (Ref. .2). 

2.3 STEEL BOXES 
This section provides a description of the waste generator process by which steel boxes are 
loaded with waste. The description includes all types of steel box waste and the nominal 
configuratiodcontent associated with the waste type. These nominal steel box 

' configurations will be used as the starting point for the discussion of evaluations to be 
1 presented later in this NCSE. 

The SRS approved steel boxes are briefly described in Table 2 and in detail in reference 20. 

Steel Boxes are constructed to contain retired equipment from the process lines. 
Dimensions of the boxes vary depending on the size of the equipment. Typical boxes have 
been 18' long by 12' wide by 7' tall, containing a decontaminated glove box. Steel boxes 
have been given a variety of names in the past including Big Black Steel Boxes, Engineered 
Steel Boxes, and Miscellaneous Steel Boxes. Steel boxes are stored on concretegads or in 
concrete culverts based on radiation levels. 

When a piece of equipment is retired from the process line, it is first decontaminated. The 
item is often highly contaminated and requires extensive decontamination before it is 
separated from the line. Decontamination includes both chemical and mechanical methods. 
Hand surveys, sensing at micro-curie levels, are performed to ensure all reclaimable 
materials have been removed. Decontamination practices eliminate loose or easily detached 
fissile contamination from the waste. The remaining fissile contamination is generally 
minor and is securely attached to surfaces. 

The item is separated from the process line after decontamination. Job control waste is 
placed inside the item to effectively use the space. The item is wrapped in polyethylene 
(perhaps a polyethylene box) and placed inside a plywood box. As the item is moved out 
through successively cleaner areas, more polyethylene is wrapped around the item When 
the item reaches the clean area, a steel box is constructed around the item The box is 
constructed with thick (3/8 inch) steel walls with side vents that allow gases to escape, but 
prevent rain from entering. 

Steel boxes are hand scanned after construction and fissile content is conservatively 
estimated using documented dose-to-curie calculations (Ref. 2). 

2.4  CONCRETE CASKS 
This section provides a description of the waste generator process by which concrete casks 
are loaded with waste. The description includes all types of concrete cask waste and the 
nominal configuratiodcontent associated with the waste type. These nominal concrete cask 
configurations will be used as the starting point for the evaluation section to be presented 
later in this NCSE. 

The SRS approved concrete casks are briefly described in Table 2 and in detail in reference 
19. 

Waste placed in concrete casks is generally surface-contaminated associated laboratory 
equipment. Associated laboratory equipment includes some polyethylene and other.' 
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hydrogenous material, but free liquids am prohibited. Small shavings of fssile material 
may be present, but do not represent a significant amount of fssile material (Le., less than 
15 g FGE Pu-239 per SCD-3, Ref. 30). Available fissile material is reclaimed for mass 
accountability prior to disposal. Fissile material content for each waste cut is detamhed by 
mass balance before and after the waste is generated. Waste items are placed inside steel 
cask liners and compacted with a lo00 lb. weight. When4he steel l inerhx is full, it is 
closed, removed from the shielded cell, and placed in a concrete cask. Fissile material 
content of the cask is determined by the waste cut data records. Fissile material is generally 
distributed throughout the container, but is not necessarily homogeneous. 

* 2.5 CONCRETE CULVERTS 
: This section provides a description of the waste generator process by which concrete 

culverts are loaded with waste. The description includes all types of concrete culvert waste 
and the nominal configuratiodcontent associated with the waste type. These nominal 
concrete culvert configurations will be used as the starting point for the evaluation section 
to be presented later in this NCSE. 

The SRS approved concrete culverts are briefly described in Table 2 and in detail in 
reference 21. ~ 

Concrete culverts are used to shield waste pad personnel from high alpha contaminated 
drums and polyethylene boxes. 

Concrete culverts are also used as waste containers for special cases. In each case, the 
waste is evaluated to document the actual configuration and content of the waste. Receipt 
of Standard Waste Boxes (Ref. 8) is one example where culverts were used to receive 
waste. In this case, the Standard Waste Boxes had not been documented as approved 
containers for SWMF receipt, but could be accepted as waste in a culvert. 
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3.0 REQUIREMENT DOCUMENTATION 
This NCSE fulfds the requirements of DOE Order 5820.2A (Ref. 3 1) mandating that 
criticaIity safety evaluations be performed on all DOE waste management fxilitid; 

This NCSE was performed to the requirements of the SRS Nuclear Criticality Safety 
Manual (Ref. 30). 

I 
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4.0 METHODOLOGY 
This NCSE does not set new criticality safety limits, but provides an evaluation of 
criticality safety margins given past and current packaging practices, including id’kntory 
limits. 

This NCSE compares nominal operating conditions to credible upset conditions to 
demonstrate the margin of safety in SWMF operations. 

Normal operating conditions for this NCSE are based on the following assumptions. 

* Container fissile material inventories are at their maximum allowed 
by the Site Waste Acceptance Criteria (Ref. 3). In reality, most 
packages have fissile materid content much less than the limits. 
Maximum moderation content is less than 30% of the waste volume 
based on the “nature of the waste generation and packaging 
process”, and 
Placement of waste cutdwaste‘materials is randomly distributed 
within the container based on documented process knowledge and 
procedures lacking specific instructions to distribute waste cuts. 

* 

* 

Credible upset conditions for this NCSE refer to mass errors, operator placement of waste 
cuts in the most reactive configuration (within containers) when containers are stacked next 
to each other, flooding of containers with water, degradation of internal waste cut 
segmentation, and fires. 

Normal waste configurations within individual containers are identified in the process 
description, section of this NCSE. No credit is taken for SWMF handling and storage of 
Containers. The worst possible array stacking is assumed as a nonnal condition. Credible 
abnormal conditions, including hypothetical fires and flooding, are identified in the 
evaluation section of this NCSE. Container dimensions used in this NCSE were obtained 
from approved design specifications (Ref. 17, 18, 19,20,21). 

Container inventories, Pu-239 mass per container, are treated as the independent variable. 
Credible mass errors are bounded by frequency analysis of past inventory errors (Ref. 4). 

The safety of identified conditions, both nominal and upset, will be evaluated based on 
A N S  standards, existing NCSEs, and analyses performed using MCNP4A mning on an 
IBM RS6000 workstation on the WSRC AFS network (Ref. 32). Configurations and 
dimensions are listed in the MCNP4A input models provided in Appendix A. Material 
atom densities and cross sections used in the MCNP4A calculations are listed in Table 3. 
Mixtures of materials were based on volume fractions (Ref. 33). Fissile material was 
assumed to be 100% Pu-239 (a conservative assumption for TRU waste). 
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TABLE 3 - Material Atom Densities 

All calculations in this NCSE were based on drum arrays since average fissile densities for 
drums and drum arrays are greater than any other waste containers. Thus, mass limits for 
drum arrays are conservatively applicable to all other container arrays. 

For all models, the Pu-239 atom densities were specified to get the desired amount of Pu- 
239 in the fissile lump. 

For models that required fissile/moderator material lumps with fixed volume, Pu-239 atom 
densities were kijusted to obtain a variety of Pu-239 masses. Lump volumes were 
modeled as the intersection of the drum cylinder and a sphere of given radius (Ref. 34). 
Lumps intersecting the base or top plane of the drum required larger radii to have the same 
volume. Thus, lumps at the midplane of the drum used a lump radius of 10 cm, but lumps 
at the bottom of the drum used 13 cm. The Pu-239 atom densities used in the models are 
listed in Table 4. 

Table 4 - Pu-239 Number Densities (Atoms/barn-cm) Used 
in MCNP4A Drum Array Calculations. 

Fissile lumps were modeled as a mixture of Pu-239, polyethylene, water, and air. For dry 
conditions, a 30/5/65 volume percent mixture of polyethylene, water, and air. respeGtiveIy, 
was assumed. This moderator mixture was used to bound the moderating properties of the 
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low density wood fiber used to make swipes. For wet conditions, a 30/70 volume percent. 
mixture of polyethylene and water was assumed. The remainder of the drum was Wed 
with polyethylene, water, and air based on whether dry or wet conditions are being 
modeled. . ‘‘81 

Calculations were run for a sufficient number of histories to ensure variations in the 
solution were small compared to the standard deviation of the mult. Results reported in 
this NCSE include both the K-effdve of the system and the standard deviation. A system 
is considered criticality safe if calculated K-effective plus two standard deviations is Iess 
than K-safe. 

K-safe used in this NCSE is 0.96. The nominal and upset conditions identified in this 
NCSE are the same its those covered by a previous NCSE (Ref. 33 and 35) which 
established an appropriate bias, bias uncertainty, area of applicability margin, and minimum 
subcriticality margin for SWMF TRU waste activities resulting in a K-safe of 0.96 for 
MCNP4A calculations using the ENDFB-V continuous energy cross section library. 

i 
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5.0 EVALUATIONS 
The following discussion will demonstrate that SWMF waste container configurations 
remain safely subcritical under normal and credible abnormal conditions (most dktive) 
taking credit for standard practices of packaging the waste. Discussion of contingencies is 
an integral part of demonstrating these conditions. 

Waste container types and typical contents were identified in section 2.0. However, 
interaction between containers is dependent on how containers are stacked together. 

Normal stacking of containers is based on the type of container and container inventory 
(see Table 1). Steel boxes, concrete casks, and concrete culverts are normally stacked 1 
high in square pitched arrays independent of container inventory. Drums with less than 1/2 
Ci of alpha contamination (equivalent of less than 8 g Pu-239) can be banded 4 drums to a 
pallet and stacked 3 high in square pitched arrays on the waste storage pad. D m  with 
more than 1/2 Ci must be placed inside a culvert to reduce worker exposure. Inside the 
culvert, the drums are stacked 2 high in a triangular pitch array with 11 of the drums limited 
to less than 130 g Pu-239. Polyethylene boxes are stacked two high when stored in 
culverts and the culvert inventory is limited 390 g Pu-239. All containers are handled 
assuming they contain their maximum fissile material inventory and are restricted to 1 high 
stacking. In this evaluation, stacking of all containers will be considered a credible upset 
condition to demonstrate that containers meeting the WAC inventory limits can be handled 
in any configuration. 

' 

Initiating events, leading to abnormal configurations, were limited to credible initiating 
events that would have a credible impact on criticality safety. Credible initiating events are 
those that would occur on a frequency greater than once in a million years. Credible events 
for this NCSE included operator/machinery errors, rain (flooding of container), fires, 
radiolytic decomposition of plastic containers, tornadoes, and high winds, but didn't 
include plane crashes and meteors. Those events having a credible impact on criticality 
safety would result in configurations that are more reactive than the normal configurations. 
Thus, operatodmachinery error, flooding, fires, radiolytic decomposition could effect a 
reactivity increase, but tornadoes and high winds would disperse containers. The resulting 
upsets that were identified included stackingkpacing of containers, operator distribution of 
waste within the container, exceeding container fissile inventory limits, exceeding 
hydrogenous waste content, flooding of the container, aginglradiolytic decomposition of 
internal plastic containers, and fires. 

These upsets will be discussed from two points of view. First, each upset is considered 
generically providing some background on the scenario and describing the effects the upset 
could have on content and configuration. In some cases, the generic description provides 
the justification for eliminating the upset from further consideration. Second, each of the 
upset scenarios are addressed in relation to the process description in section 2.0. 

Stacking - Current criticality safety limits limit some container stacking to single 
planar arrays (see Table 1). The intention of this NCSE is to demonstrate that stacking 
restrictions are not needed. Thus, this evaluation will consider stacking containers 2 or 
more high as an upset condition. 

Spacing - The error is SWMF places containers closer together than they are placed 
during normal operations. For example, pad stored drums are normally placed in 
square arrays with rolling rims touching. A spacing error would be placing thefirurns 
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in a triangular array with the rolling rim overlapping. This applies to drums which can 
be placed in either triangular or square pitched arrays and have rolling rims that can be 
mistakenly overlapped. The result is fissile material lumps within the container being 
placed closer to lumps in neighboring containers. '1'1 

Operator Loading - The error is a waste generator operator maldistributes several 
high fissile content Icmps, without exceeding drum inventory limits, in each of several 
containers such that these containers could be configured with the fissile lumps 
collocated. A review of Waste Generator procedures (Ref. 2) did not identify 
procedural steps that excluded the operator from preferentially placing waste cuts, 
potentially producing sections of the container with higher than nominal concentration 
of fissile material. The analysis of mass errors (Ref. 4) assumes lumps were randomly 
placed in the container and included the probability of collocation in the determination 
of credible mass errors. 

Container Fissile Inventory - The error is the amount of fissile material in a 
container has exceeded the limit due to operator or machinery errors and SWMF is not 
notified. This is referred to as a double batch when the fissile mass exceeds twice the 
limit (Ref.-30). An evaluation of past burial records and waste cut data (Ref. 4) has 
determined credible (i.e., frequency of once in a million years) mass errors for waste 
containers received by SWMF. The review identified credible singidmultiple container 
mass errors. 

Hydrogenous Waste - The error is the waste generator has packaged more 
hydrogenous waste in a container than normal. A previous study (Ref. 36) has 
bounded the normal and credible abnormal polyethylene content for current SRS waste 
generation operations at less than 30% by volume. All calculations will bound 
hydrogenous waste errors by assuming the waste volume always contain 30% 
polyethylene. 

Container Flooding - The error is a container becomes flooded with water. The 
container's normal condition is to be dry. Disposal of free liquid is not acceptable per 
the WAC (Ref. 3). Containers are vented and SWMF has experienced ingress of water 
into vented drums that were exposed to the environment (Ref. 37). However, SWMF 
has changed practices by storing vented drums on covered pads. Fire fighting could be 
a source of flooding; however, SWMF operating practice allows fires to burn 
themselves out unless the fire is causing significant radioactive releases (Ref. 1). 

Aging of Internal Segmentation - The error is that radiolytic decomposition of 
plastic (Le., polyethylene bottles or wrappings) within the container compromises 
structural integrity of internal segmentation which changes the configuration of fissile 
material. Gravity is the only force acting on the fissile material to cause migration to the 
bottom of the container (Ref. 4). Movement and reconfiguration is dependent on 
whether the fissile material is attached to or detached from the waste form. If attached 
to the waste form, the fissile material will be compacted with the other waste in the 
container. If detached from the waste form, the fissile material may gradually be driven 
to the bottom of the drum by gravity and dispersed (x-y dimension) when sifted 
through the other waste in the drum (Ref. 4). 

- 

Fires - The error is a fire that changes the distribution and concentration of 
fissile/moderator inside the container. However, fires inside containers are oxy en 
limited and will not spread to other nearby containers (Ref. 13). Fires outside & e 
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container would cook the contents, however, combustible materials are not ready  
available where containers are handled and stored (i.e., only vehicles used for delivery 
and handling will contain burnable fuel that could spill and ignite). 

The following sections provide discussion of specific upset conditions and configurations 
for the drums, polyethylene boxes, steel boxes, concrete casks, and concrete culverts. 

.!,a, 

5.1 55 GALLON DRUMS 
' 

i 

Drums containing plastic bottles filled with dry atomic swipe waste are considered to bound 
drums with other waste forms because of the potentially higher concentration of fissile 
material in the dry atomic swipe waste in the bottles (see section 2.1). Other wastes 
packaged in drums have lower concentrations than plastic bottles. The surface 
contaminated waste contains on the order of a few grams per waste cut with at most 20 
waste cuts per drum. Glove box filter loadings are also on the order of a few grams; a few 
have been recorded as high as 16 grams PU-239. Pu-239 concentrations within the cabinet 
filters are less than dry atomic swipe waste because of the large volume of the filters (e 7.3 
g per bottle). En contrast, the dry swipe bottles can contain more than 100 g Pu-239 in a 
single one liter bottle. 

A single drum is not a criticality concern under any condition for the following reasons. 
Inventory limits per drum are less than the always safe A N S  8.1 limit of 450 g 1-239 and 
the SRS limit of 390 g Pu-239. An operational inventory limit of 195 g h-239 per drum 
is required by the Waste Acceptance Criteria. In the past, some drums have exceeded the 
195 g limit (due to operator or machinery errors) and it is anticipated that some will exceed 
195 g in the future. An analysis of past and current operations, as well as burial records for 
all TRU waste containers, has determined the frequency with which over-loaded drums 
could be anticipated (Ref. 4). The study determined that no drums have been received with 
more than 220 g 1-239 and only 5 drums out of more than 19OOO exceeded the 195 g 
limit. The study concluded that the credible maximum fissile mass in a single drum would 
be 245 g Pu-239 and the maximum for 3 drums together to be 242 g in each drum. The 
amount of historical data would not support conclusions for more than three drums. Thus, 
a single drum by itself is not a concern. However, multiple drums warrant more 
consideration. 

Multiple drums are a concern when the fissile material in each of the drums has been 
localized such that fissile lumps can interact, perhaps as a single lump. Localization can be 
caused by either operator placement or aging of the waste. 

LOCALIZATION BY OPERATOR PLACEMENT 

Localization is dependent on the operator including plastic bottles with other wastes in each 
of three drums such that when the three drums are placed together the bottles are collocated. 
All waste the size of plastic bottles is placed into drums according to bag out procedures 
(Ref. 2). The scenario is the operator places bottles together at the middle plane and to the 
outside of drum. The operator does this for several drums. This increases the chances, 
while handling and storing the drums, that the bottles come together and interact as a single 
lump. 

- 

A frequency study has been performed that determined configurations and fissile content 
that would be credible in the three drum cases (Ref. 4). The study determined the 
frequency of 1.13E-6 events per year for the occurrence of 3 drums each containing 242 g 
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Pu-239. The study determined a probability of 4.22E-2 for a 3 drum combination having 
masses adjacent within a 30 cm radius sphere. The Combined probability of this 
configuration is 4.77E-8. 

The configuration predicted by the frequency study is not the most reactive (see 
The study pmiicts bottles are distributed along the surface of the 30 cm sphere (radius of 
adjacent masses). Bottles are equally spaced. A more reactive configuration would be to 
bring the bottles to the surface of the drum. This configuration was modeled as spheres 
intersected by cylinders with radii of 10 cm extending inward from the surface of the drum 
(Ref. 34). The study determined a probability of 2.15E-6 for a 3 drum combination having 

, masses adjacent within a 10 cm radius sphere (a combined probability of 2.42E-12). 

1). 

Figure 1 - Comparison of Drum Model Simplifications 

Radius 

Frequency Study 
Model 

This analysis considered cases of 3 drums arranged in an infinite planar array. Each drum 
contained the equivalent of 2 plastic bottles containing swipe waste (total volume of 2 liters) 
modeled as a partial sphere of radius 10 or 13 cm based on the whether the lump is at the 
base of the drum or at the drum’s mid-plane. Lumps were placed as close as possible to 
lumps in the adjacent drums. Each lump contained a mixture of fissile material and 
moderator. The amount of Fissile material changed from case to case to test the affects of 
exceeding the WAC inventory limits (Le., 195 g PU-239 per drum). Moderator was 
assumed to be a 30/5/65 percent volume mixture of polyethylene, water, and air, 
respectively (Pu-239 volume was neglected). This moderator mixture was used to bound 
the moderating properties of the low density wood fiber used to make the swipes. The 
remainder of the drum was filled with the moderator mixture. Drums were placed irs. a 
triangular pitched array separated by the lid diameter of the drum. Spectral reflection on a 
triangular cell was used to model an infinite planar array (See Figure A. 1). 
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For the 3 drum cases, bottles were placed at the midplane of the drum or the base of drum 
to consider the effects of concrete reflection. 

Table 5 - Comparison K-effective 4- One Standard 
Deviation depending on Fissile Lump Elevation in an 
infinite array of 3 Drum Trios (1-High) Configured with 
Two One-Liter Bottles containing Pu-239 and Dry 
Polyethyiene/Water/Air Mixture. 

970 P: Pu-239 I 0.88161i-/-0.00304 I 0.89448+/-0.00230 1 

The difference between the two sets of results is due to the reflective properties of the 
concrete slab at the base of drums. Cases with the lumps at the top of the drum were not 
performed, but would have been less reactive because of leakage out the top of the drum. 
The results in Table 5 show that the a one-high planar arrays of dnrms stacked one high 
with plastic bottles collocated between three drums could be safe for loadings of 970 g Pu- 
239 FGE in each drum under dry conditions. 

FLOODING 

Flooding inside the drums would decrease reactivity because the polyethylene bottles keep 
the water from mixing with the Pu-239 and the water surrounding the bottles would isolate 
the bottles. Bottle failure due to radiolytic decomposition or a fire releases the fissile- 
bearing waste and is expected to result in the fissile wastdpolyethylene mixture falling or 
dripping to the bottom of the drum forming a layer of fissile wastdpolyethylene on the 
bottom of the drum (Ref. 4). The K-effective of such conditions is discussed, for dry and 
wet conditions, in the next section. 

RADIOLYTIC DECOMPOSITION 

Radiolytic decomposition (aging) of the waste could affect the structural integrity of the 
plastic bottles and polyethylene wrapping around waste cuts. The resulting configuration 
of the fissile material is dependent on whether the fissile material is attached to the waste or 
detached. 

Fissile Material Attached to Waste Form 

Fissile material attached to the waste form would generally retain it’s shape and move as the 
other waste in the drum settles. The worst case scenario would be having bottles left in the 
bottom of the drum and decomposing in place. This scenario is equivalent to cases TELBP 
listing in Table 5. However, the fissile material could become wetted which is not covered 
by the previous results. This situation was analyzed using a two high stacked arraygf 
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drums with the fissile lumps left at the bottom of the drums. The dry 
polyethylene/water/air mixture was replaced with a wet mix- of polyethylene (30 volume 
%) and water (70 volume %). The results are listed in Table 6. 

Table 6 - Effects of Wetting Dry Swipes in 
Compromised Plastic Bottles (Bottles at Bottom of Drum 
and Drums Stacked Two High) on K-effective +/- 1 
Standard Deviation. 

Comparing these results to a similar dry configuration (cases TELBP) in Table 5 shows 
that wetting decreases the K-effective of the system. The decrease is due to the shielding 
effects of the water. 

Fissile Material Detached from the Waste Form 

Fissile material detached from the waste form would generally sift to the bottom of the 
drum due to gravity. Handling of the drum may cause some redistribution other than to the 
bottom of the b, however, this is unlikely because most handling occurs when the 
drummed waste is new and significant radiolytic decomposition has not occurred. The 
fissile material will generally become more dispersed (x-y dimension) as it sifts to the 
bottom. Thus, the likely configuration is a layer of fissile material spread across the bottom 
of the drum. 

The safety of this configuration was analyzed using a repeated arrangement of 3 drums 
with the fissile/moderator mixture forming a disk in the bottom of each drum. Both dry 
and wet conditions were analyzed for various amounts of fissile material using the most 
reactive mixture of fissile material to moderator. Dry conditions were modeled as a 30/5/65 
volume percent mixture of polyethylene, water, and air, respectively. Wet' conditions were 
modeled as a 30170 volume percent mixture of polyethylene and water. The mixture 
bounds the moderator mixture after a fire because a fire would have burned away the 
polyethylene that would be replaced with water during flooding. Polyethylene is a better 
moderator than water (Ref. 34). The Pu-239 density was maintained at 0.037 g/cc Pu-239 
for both wet and dry cases. The corresponding H/Pu is 740 at dry conditions. To test the 
effect of exceeding the WAC inventory limits (i.e., 195 g PU-239 per drum), the disk 
thickness (determines the amount of fissile material) was varied. 
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Comparison of Table 7 with Table 5 cases TELBP and Table 6 shows that spreading fEsile 
material over the bottom of a drum decreases K-effective for low masses (1-2 times WAC 
limit), but increases K-effective for larger masses. The difference is due to the thickness of 
the fissile layer. The thick layers have less neutron leakage than the thin layers. The 
flooded cases are more reactive than the dry due to increased moderation and decreased 
leakage (due to increased reflection). The &creased moderation and flooding incmtses 
reactivity such that aged flooded cases exceed K-safe for a mass less than 728 g h-239, 
but more than 485 g. However, the 485 g mass is still much greater than the credible mass 
of 242 g for each drum in a 3 drum configuration. 

SOLID WASTE OPERATOR OVERLAPPING DRUM FUMS 

The 55 gallon drums used to store waste have rolling rims and lids that extend beyond the 
side of the drum. The lid extends out 0.54 inches and the rolling rim 0.62 inches. The 
operator could overlap the rims causing the drums to be closer together. 

Hypothetical, most reactive, configurations were used to ensure this evaluation of drum 
separation would bound all other configurations. However, the resulting configurations 
are beyond incredible and are being used to demonstrate the relative importance of drum 
rolling rim separation. 

In this evaluation, the fissile lumps in the drum trios were positioned in the top of the 
drums. A second set of drums were placed on top. The fissile lumps in the second set 
were positioned in the bottom of the drums. Thus, six lumps are positioned together and 
could interact as a single lump. The chances of this configuration occurring was 
determined to be incredible by the frequency study (Ref. 4). However, it was used 
because it was the most reactive and it had been used in previous analysis (Ref. 38). The 
reactivity was further increased by extending the fissile lump beyond the confines of the 
plastic bottle to obtain an optimal Wpu of 740 (Ref. 33). This confguration would require 
five one-liter bottles (in each of six drums) come together at the common edge (closest to 
other five drums) with 39 g Pu-239 mixed with polyethylene (30% of volume) and water in 
each bottle. This is a total of 30 bottles and 1170 g Pu-239 that must come together. It is 
doubtful that all this will happen at the same time. 

The effect of rolling rims overlap is demonstrated by changing the center to center 
separation between drums. Cases TE2TF[ 1-21 used the drum lid diameter (60.1663 cm) 
for separating the drums. Cases TE2TFC[1-21 used the actual rolling rim diameter 
(60.563 1 cm). These two cases demonstrate the significance of using the lid diameter in 
place of the rolling rim diameter. Cases TE2TFO[ 1-21 used the rolling rim diametegless 
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Table 7 - Comparison of K-effective +/- 1 Standard 
Deviation for Dry and Wet Conditions after Radiolytic 
Decomposition of Internal Plastic Bottles and wrappers 
(One high stacking of drum trio in an infinite array). . l8.I 

DRY AGED WASTE AGED FLOODED WASTE 
Pu-239 mass Layer Thickness rnSAX[ 1-51 TDSX[ 1-51 

194 g 5.17 cm 0.40774+/-O.O0 182 0.50464+/-0.00166 
0.52349+/-0.00242 0.65526+/-0.00203 

388 g 10.33 cm 0.62170+/-0.00286 0.76449+/-0.00205 
485 g 12.91 cm 0.7069 1+/-0.00273 0.84790+/-0.00222 
728 e 19.37 cm 0.8689 1+/-0.00181 098715+/-0.00194 

7 7c ...m - 
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the thickness of the rim (59.0085 cm). Cases TEZ”FiC[l-Z] and TE2TFO[1-2]‘ 
demonstrate the significance of overlapping rolling rims while placing drums. 

Table 8 - K-effective +/- 1 Standard Deviation of 
Hypothetical Five Bottle per Drum Double-Stacked Drum 
Trios with Six Collocated Fissile Lumps Separated by 
Various Rolling Rim Thickness. 

-‘all 

LiDDMvlEIER ROLLINGRIM(- OVERLAPPING 
Cases TE2TF[1-2] TE2TFq1-21 TEzTEo[1-2] 

Center-to-Center 60.1663 cm 60.5631 cm 59.0085 cm 
94 g Pu-239 0.75045+/-0.00182 0.74036+/-0.OO 176 0.7720 14-0.00 169 
194 g Pu-239 0.944834-0.00180 0.94241+/-0.00188 0.97047+/-0.00175 

The results demonstrate that using the correct rolling rim diameter (as compared to lid 
diameter) decreases calculated K-effeztive of the normal (rolling rims in contact) planar 
array by between 0.002 and 0.010. Overall, K-effective of a planar array of dnuns with 
overlapping rolling rims is larger than K-effective of a planar array of drums with rolling 
rims in contact by 0.028 to 0.032. 

The cases reported in this NCSE, other than the TE2TFC and TEZTFO cases referenced in 
Table 8, used the lid diameter to determine drum spacing rather than the rolling rim 
This is not a concern because using the smaller diameter lends additional 
conservatism based on the results in Table 8. However, the results demonstrate 
that overlapping the rolling rims does have a significant affect on K-effective. 
The folIowing equation will be used to determine K-effective for evaluating the 
margin of safety. 

K-margin (case ) 

where 

K-margin 
case 
K-ef f ective I 

overlapping 

rolling rim 

= K-effective(case1 
+ 2 * sigmatcase) 
+ (K-effective(over1apping) - K-effective(rol1ing r i m ) )  

is the 
is the 
is the 

adjusted K-effective used to evaluate margin of safety. 
specific case being evaluated. 
value obtained from MCNP for the given case, the case 
with overlapping rims, or the case where the rolling rim 
diameter was used. 
standard deviation for the particular case obtained from 
MCNP. 
case where the rolling rim diameter was reduced by the 

case where the rolling rim diameter was used to define the 
separation between drum rather the lid diameter. 

is the 

is the 

is the 
thickness of the rolling rim to simulate overlapping. - 

The results in Table 8 supports bounding of overlapping rolling rims by 0.032 increase in 
K-effective. 

SQUARE VERSUS TRIANGULAR PITCHED DRUM PLACEMENT 

Normally SWMF operztions stores drums on concrete pads (drums with low enough alpha 
contamination to be stored outside a culvert) in a square pitched array. However, drums 

*& 
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can be placed in a triangular array where fissildmoderator lumps inside the dnims could be 
brought closer together. 

Three hypothetical configurations were analyzed to determine the reactivity &e& of 
square versus triangular pitched arrays of drums. The planar drum arrays were considered 
with 2,3, and 4 collocated fissildmoderation lumps in 2,3, or 4 drums (see Figure 2). 
This analysk assumed the most reactive geometry of partial spheres and concentrations of 
30/70 Polyethylene/Water with an HA% of 740 (Le., 0.037 g/cc Pu-239). All models used 
spectral reflection to obtain an infinite planar drum arrays (see Figure A. 1 for reflective cell 
used for triangular pitched drum array). 

* 

, Figure 2 - Configurations Used to Demonstration Importance of Triangular 
versus Square Pitched Arrays 

Polyethylene 

Polyethylene 

Polyethylene 

Polyethylene 
Water 

3 Lump, TRI 

Polyethylene 
Polyethylene 
Water 

Polyethylene 
Water 

The first configuration is a triangular pitched drum array with the fissile lumps (partial 
sphere centered on drum wall) located closest to it’s two other neighbors (3 LUMPS, TRI). 
WPU concentration is fixed and lump volume is increased to place more fissile material in 
the lump. Drums are separated by touching lid diameters rather than using the drum’s 
rolling rim diameter. The reactivities of this configuration for a series of masses ar? 
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reported in Table 9 as cases TEM0[0-5]. The amount of fissile material changd from case 
to case to test the affects of exceeding the WAC inventory limits (Le., 195 g PU-239 per 
drum). 

The second configuration is a square pitched array of drums with fissile lumps located next 
to another fissile lump (2 LUMPS, SQU). Wpu concentration is fmed and lump volume is 
increased to place more fissile material in the lump. Drum spacing was modeled using the 
lid diameter. The reactivities of this configuration for a series of masses are  ported in 
Table 9 as cases E2LS[O-51. 

1,- 

The final configuration is a modification of the 2 LUMPS, SQU model (E2L.S[O-5]) by 
rotating the drum container such that fissile lumps are closest to their 3 neighbors (4 
LUMPS, SQU). The reactivity of this configuration for a serh  of mass errors are 
reported in Table 9 as cases E4LS [O-51. 

Table 9 - MCNP4A Calculated K-effective +/- 1 Standard Deviation 
Comparing ModeIs with Triangular and Square Pitch with 2, 3, And 4 
Fissile Lumps Collocated. 

The results demonstrate that triangular pitched drums are more reactive than square pitched 
drums and the 2 lump square pitch array is more reactive than the 4 lump square pitched 
may. The 4 lump square pitched array is the least reactive because of the air space 
separating the fissile material lumps. The 2 lump configuration is more reactive because the 
fissile material lumps are brought closer together. The 3 lump configuration does not bring 
the fissile material lumps closer than the 2 lump model. However, the 3 lump model, like 
the 4 lump model, form a nearly complete sphere which minimizes the amount of leakage 
and results in the highest reactivity. 

AH results in this NCSE, with the exception of E2LS[O-5] and E4LS[O-5], were modeled 
using a triangular pitch. Triangular versus square pitched arrays represents an increase in 
reactivity of approximately 0.01 to 0.03 K-effective. 

STACKING CONTAINERS 

Past NCSEs have used overly conservative models of fissile material geometry and 
moderator inventory within drums (Ref. 38). The results of these NCSEs caused SWMF 
to restrict stacking of some drums (see Table 1, section 2). 

The configuration used in past NCSEs (Ref. 38) has been determined to be incredible by 
the frequency study reported in reference 4. The past NCSE assumed the fissile material 
from six drums came together at the common edge. The equivalent cases for plastic bottles 
containing swipe waste would be 12 bottles together at the common edge. The probability 
of a 6-Drum combination having masses adjacent is the 3-Drum combination squarql (Le. 
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i’igure A S  - (Cohtinue Case tesfaal) 
Ill 

n2 

nt2 
n3 

nt3 
n4 

n5 

n6 

7014.50~ 
8016.50~ 
94239.50~ 
1001.50~ 
8016.50~ 
6012.50~ 
7014 5Oc 
poly 01 t 
1001.50~ 
8016.50~ 
6012.50~ 
7014.50~ 

6012.50~ 
26000.50~ 
14000.50~ 
6012.50~ 
1302.7.50_c 
20000.50~ 
19000.50~ 
26000.50~ 
8016.50~ 
1001.50c 
12000.50~ 
14000.50~ 
13027.50~ 
20000.50~ 
26000.50~ 
8016.50~ 

poly. Olt 

4.25e-05 $ m.air 
1.13e-05 

2.721849e-2 
1.744690e-3 
1.18563e-2 
2.76250e-5 

0.0002336 $ rn-fiss 

2.721849e-2 $ m.mod 
1.744690e-3 
1.18563e-2 
2.76250e-5 

0.003921 $ m.stee1 
0.083491 
0.016665 $ m-concrete 
0.0001154 
0.0017436 
0.0015231 
0.0004615 
0 -0003474 
0.045778 
0.013846 
0.000114 
0.019887 $ m.soil 
0 -0033444 . 
0.001505 
0 - 0008062 
0 -047031 

mode n 
kcode 1000 1.0.10 100 
ksrc -15.28 80.06 92.00 

24.44 3.36 92.00 
61.11 7.33 92.00 

24.44 3.36 81.00 
-15.28 80.06 81.00 

61.11 7.33 81.00 
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inventory limits and the waste is randomly placed in each drum. The diffeimce between 
K-effective of the stacked arrays (TESGA cases) and K-effective of the unstacked arrays 
(TELBP cases) are less than the associated statistical error. The small differences in K- 
effective indicate that the fissile lumps in top and bottom dnuns are not significanhy 
interacting. Isolation is attributed to the separation distance and waste material between the 
two fissile material lumps. The separation distance between the fissile lumps is credited 
because of the random nature with which waste cuts are placed into drums. Adding a 3rd 
or 4th layer of drums is not expected to statistically affect K-effective because with the 
fissile material in the new drums comes waste that provides isolation for the new layer of 
drums. Thus, stacking drums is not considered a criticality concern provided the WAC 

3 container inventozy limits are met and the waste was randomly placed in the drum. 

5.2 POLYETHYLENE BOXES 
The following qualitative discussion demonstrates the safety of waste stored in 
polyethylene boxes (HEPA filters and roughing filters). 

Polyethylene boxes containing HEPA fdters (as discussed in section 2.2) contain more 
fissile material &an roughing filter waste. &-239 contamination particle size (0.3 - 0.7 
microns) is too small to be stopped by the roughing filter and passes through to the HEPA 
filter. 

Past NCSEs have set the polyethylene/HEPA mass inventory limit at 195 g Pu-239 
assuming an overly conservative model of the fissile material lumped at the walls and away 
from the comers of box. Interaction was limited to two boxes based on the horizontal 
dimensions of the polyethylene boxes, but not in the vertical dimension eef. 39). Thus, 
polyethylene boxes have been limited to single tier stacking because of the short interaction 
distance between the bottom and the top of polyethylene boxes. 

Under normal conditions, HEJPA filters are safe because fissile material is somewhat 
uniformly distributed over the volume of the filter and lack of moderation material in the 
filter medium. A polyethylene box can hold one HEPA filter. The filter occupies a volume 
of 108 liters filled with about 10.9 liters of fdter media. A polyethylene box has 195 g Pu- 
239 mass limit per the WAC (Ref. 3). The polyethylene boxes are keeping the HEPA 
filters separated from each other as well as isolated from other materials &e., water or 
other hydrogenous wastes). 

SPACING AND STACKING 

Past normal operations stored eight Polyethylene boxes stacked inside a culvert and the . 

195 g Pu-239, the whole culvert contains 1560 g Pu-239. However, frequency analysis of 
HEPA filter burial records has determined eight filters each with 195 g Pu-239 is incredible 
(Ref. 4). The study determined the maximum credible HEPA filter loading to be two 
HEPA filters totaling 310 g Pu-239 and 6 HEPA filters each with 100 g, for a culvert total 
of 9 10 g Pu-239. However, both configurations are safe because of low fissile material 
concentration and lack of moderation. 

culvert limited to 390 g Pu-239. This analysis assumes each polyethylene box contains - 

A filter filled with 195 g Pu-239, maximum Pu-239 inventory based on the WAC (Ref. 3), 
has a concentration of about 1.8 g/l (grams of Pu-239 per liter of filter medium). The 
ANS 8.1 always safe concentration is 7.3 g/l assuming full water moderation and 
reflection. The 7.3 g/l applies to an infinite homogenous system that implies no leakage. 
The culvert with eight polyethylene boxes is a limited system and does have leakagerrthus 



I 

Criticality Safety Envelope for Receipt, Handling. and Storage of Transuranic Waste 
6 Nov 97 

N-NCS-E-00008 
Page 30 of 71 

the needed concentration is greater than 7.3 g/I and 7.3 g/l can be used to bound this 
system. 

The HEPA filter is safe because of it's low Pu-239 concentration and the lack of '**, 
moderating material in the filter medium. Thus, three things must occur for a credible upset 
condition: 

increase fissile material inventory, 
decrease the volume within which the fissile material is concentrated, and 

1 increase the amount of moderating material. 

Spacing and stacking of polyethylene boxes together will create configurations with larger 
amounts of fissile material (assuming 195 g Pu-239 box) and larger volumes (108 liters per 
filter) than a single polyethylene box. However, each box has the same concentration of 
fissile material and the intact boxes are keeping water separate from the fissile material. 
Thus, spacing and stacking of intact polyethylene boxes does not represent a credible 
criticality safety concern. 

CONTAINER kSSILE INVENTORY 

Container fissile inventory and operator loading are interrelated. It is the operator who is 
responsible for removing the HEPA filter from the ventilation system (Ref. 2). If the 
operator fails to follow procedures, the filter cold become overloaded with fissile 
inventory. 

A review of past HEPA filter burial records has bounded credible HEPA fissile material 
masses (Ref. 4). The study identified two sets of HEPA fissile material inventories. The 
majority of TEPA inventories were due to normal operation of the HEPA filters. The 
second set of inventories included 5 cases exceeding the WAC mass limits because of pre- 
filter failures. ' 

Normal HEPA filter inventories ranged from 5 to 95 grams. Considering just these 
inventories, the frequency study (Ref. 4) indicates the credible maximum single HEPA 
filter inventory would be 195 g Pu-239 and the credible maximum double HEPA inventory 
would be 3 10 g Pu-239 (for both HEPA filters together). The study determined that 
assuming HEPA filter fissile inventory of 100 g Pu-239 per fdter would bound 99.2% of 
HEPA filter receipts. 

The five abnormal HEPA filters had inventories ranging from 242 to 333 g Pu-239 per 
filter. However, these high content HEPA filters were recognized prior to shipment and 
special precautions were taken to place them in culverts with total culvert fissile mass 
inventory limited to 390 g Pu-239 (Ref. 6). Future shipment requests that must exceed the 
WAC limits are covered by the WAC exemption procedure (Ref. 40). Thus, per the scope 
of this NCSE, these five HEPA filters are considered culvert waste and not considered as 
polyethylene box waste. 

HYDROGENOUS WASTE 

Hydrogenous waste included in the polyethylene box with the KEPA filter is limited to the 
polyethylene wrappers surrounding the HEPA filter. 

The polyethylene in the wraps and in the box walls represent a significant source of 
moderating material. However, the Pu-239 is trapped within the HEPA filter medium and 
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can’t mix with the polyethylene. Thus, the moderating properties do not affectfthe 
reactivity of the system. 

Polyethylene is also a good reflector of neutron and the presence of  polyethylene^^,,, 
surrounding the HEPA would affect reactivity. However, other factors outweigh the 
affects of reflection. First, comparing the HEPA filter fissile concentration (1.8 g/l) to the 
ANS 8.1 limit (7.3 g/l) implies that infinite systems ate being compared. The HEPA fiIter 
is a limited system and leakage of neutrons outweighs the affects of reflection. Second, the 
thickness of polyethylene is on the order of millimeters whereas good polyethylene 
reflectors must be more than several centimeters thick (Ref. 41 and 42). 

’ CONTAINER FLOODING 

In the event that a culvert fills with water including inside the polyethylene boxes, fissile 
material in the culvert would become fully moderated. Assuming all of the HEPA filters 
contained 100 g Pu-239, then the culvert would contain 800 g Pu-239. However, the PLX- 
239 is distributed throughout the volume of the HEPA filters. The Pu-239 is attached to the 
filter media fibers (see section 2.2) and will not move around when the filter is flooded. 
Each HEPA fdter has a volume of 108 liters. At a 100 g loading, the HEPA filter would 
have a Pu-239 concentration of 0.9 gfl. Assuming the maximum credible fissile material . 
inventory of 910 g Pu-239, two HEPA filters would have a concentration of 1.4 gA and the 
remaining 6 HEPA filters would have a concentration of 0.9 g/l .  In both cases, the 
concentration is less than the A N S  8.1 safe concentration of 7.3 gA. 

RADIOLYTIC DECOMPOSITION OF POL- BOXES 

Radiolytic decomposition will break down the walls of the polyethylene boxes. The result 
will be polyethylene dust that settles around the area where the HEPA filters are stored. 
Polyethylene boxes are stored eight to a culvert. The culvert makes a good container for 
keeping the polyethylene dust mounded around the HEPA filters. However, the dust is 
still outside of the filter medium and does not penetrate into the filter medium unless air is 
flowing through the filter. However, even if the dust could mix into the filter medium, the 
worst case concentration of the Pu-239 is between 0.9 and 1.4 gA. A N S  8.1 concentration 
limits (7.3 g/l Pu-239 in water moderated and water reflected) can be applied to this 
situation because polyethylene moderator strength is conservatively 30% better than water 
(Ref. 43). 

A fue estimate of HEPA filters in polyethylene boxes stored in culverts has been performed 
for SWMF TRU waste storagk pads (Ref. 5). The estimate considered effects of external 
and internal fires on the contents of the culvert. Effects of an external fire were mitigated 
by 5” concrete walls of the culvert. An internal fire resuits in a maximum temperature 
increase of 139 degree C (Ref. 5). It is expected that the inside of the culvert would reach 
162 degree C .  This temperature would cause some localized melting of the polyethylene 
boxes, but little charring/melting of the HEPA filter. The HEPA filter remains intact and 
maintains the fissile material within the filter. 

Melted polyethylene is assumed (worst case) to mix with the HEPA filters. Without gross 
melting of the HEPA filter, the maximum Pu-239 concentration could be 1.8 g/l for a single 
HEPA filter containing 195 g Pu-239 and less for other HEPA filter containing lesser Pu- 
239 inventories. As discussed in radiolytic decomposition section, mixing of the 
polyethylene and Pu-239 at this concentration is not a criticality concern. 

*a 
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A fire will expose the HEPA filters and enhance mixing of melted polyethylene @to the 
HEPA filter (Ref. 5). Subsequent flooding will allow mixing of water into the )3[EPA 
filter. Mixing of melted polyethylene and water will not occur. The resulting Pu-239 
concentration would be the same as during container flooding because fire impact on the 
HEPA filter is limited to localiz,ed chadmelting at the edges of the fdter. Thus, fires and 
flooding are not a credible criticality concern because Pu-239 concentrations will not exceed 
the A N S  8.1 limits. 

I 5.3 STEEL BOXES 
; The following qualitative discussion demonstrates the safety of waste stored in steel boxes. 

Steel boxes contain process equipment that have become surface contaminated with fissile 
material. As discussed in section 2.3, surface contamination is well attached to the 
discarded process equipment because of the actions taken to decontaminate the equipment. 

Under normal conditions, the steel box contains process equipment that is stuffed with job 
control waste. The equipment is wrapped iQ plastic, a wooden box is built around the 
waste, and more plastic is wrapped around the box, 

SPACING 

A previous analysis (Ref. 33) has shown steel boxes can be safely placed next to each other 
with 195 g Pu-239 in each box. The WAC limit for steel boxes is 195 g Pu-239 (Ref. 3). 
The frequency study (Ref. 4) reported that over loading of steel boxes has only occurred 
under anticipated circumstances where special analyses and procedures were implemented 
to ensure the safety of receiving, handling, and storage. 

STACKING 

S tee1 boxes can be safely stacked based on the height of the boxes and the distribution of 
fissile material within the waste. The box height is greater than the height of drums. The 
height of the container determines the separation of fissile lumps in top and bottom 
containers. Stacking of drums does not significantly increase the K-effective of the 
system. This conclusion is valid if lumps have not been preferentially placed in the bottom 
of top containers and the top of bottom containers. The criticality safety of containers with 
larger heights are bounded by containers with smaller heights. Decontamination practices, 
as discussed in section 2.3, justify assuming the fissile material is attached to the process 
equipment and can’t collect in the corners of the steel box. 

OPERATOR LOADING AND CONTAINER FISSILE INVENTORY 

Operator loading and container fissile inventory errors will not render steel boxes unsafe 
based on past operating history (Ref. 4) and decontamination practices. 

A frequency study of past steel box burial records has determined the majority of steel 
boxes contain on the order of 5 g Pu-239. A few boxes that contain much more than 5 g 
Pu-239 have been identified to be the result of special waste generator campaigns (Ref. 4). 
These containers were recognized prior to receipt as exceeding the container limits and an 
exemption was requested (Ref. 10). Special analysis (including NCSEs), controls, and 
procedures were implemented to ensure containers could be handled and placed safely. 

0 
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Decontamination practices maintain low fissile inventories in steel boxes. As discussed in 
section 2.3, decontamination reduces the radioactive contaminate present and likewise 
removes the excess fissile material. 

Decontamination practices can also be credited to maintain a distribution of fissile material 
such that fissile material is not likely to be loaded into the comer of the box. Mal- 
distribution of fissile contamination would result in hot spots that would be detected while 
surveying the equipment. Additional effort would be taken when hot spots are identified to 
ensure contamination is reduced. 

0.1 

Thus, it is reasonable to assume that inventory errors may reach 10 to 20 g Pu-239 per 
box, but exceeding the 195 g limit is unliiely because the level of contamination present 
would trigger considerable decontamination effort. In addition, decontamination practices 
provide a reasonable assurance that fissile material is not concentrated at comers of the steel 
box. 

HYDROGENOUS WASTE 

Normal packaging of steel boxes includes large amounts of hydrogenous materials as 
discussed in section 2.3. However, this is not considered a criticality concern w a u s e  - 
fissile contamination is attached to the surfaces of the discarded equipment and can not mix 
with the hydrogenous material. 

CONTAINER FLOODING 

Flooding is not considered a criticality safety concern because the fissile contamination is 
attached to the surfaces of the discarded equipment and can not mix with the water flooding 
the container. 

RADIOLYTIC DECOMPOSlTION OF POLYETHYLm WASTE 

Radiolytic decomposition of polyethylene waste is not considered a criticality safety 
concern because breakdown of the polyethylene will not enhance the chances that the 
polyethylene will mix with the fissile material attached to the surfaces of the discarded 
equipment. 

FIRES 

Fires could release some fissile contamination; however, amounts would be small based on 
the decontamination practices used to clean out the equipment (see section 2.3). Fires 
would be limited to a single container (Ref. 13) and the fissile material inventory limit for a 
single container (195 g Pu-239) is less than the safe mass limit of 450 g Pu-239 (Ref. 23). 

5 . 4  
The following qualitative discussion demonstrates the safety of waste stored in concrete 
casks is bounded by the safety of drums (see section 5.1). The fissile material inventory 
limit for concrete casks is 195 g Pu-239 (Ref. 3). The safety of concrete casks are 
bounded by the safety of drums for the following reasons. 

CONCRETE CASKS (TRU waste only) 

Concrete casks contain surface contaminated waste as discussed in section 2. I. Thus, 
since drum surface contaminated waste is bounded by atomic swipe waste, then surface 

=a 
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contaminated waste in concrete casks is bounded by atomic swipe fissile mhterial 
concentrations. . 

concrete casks contain primarily low level or intermediate level waste that coktain 
sufficient transuranics to be considered Transuranic waste. An analysis of past burial 
records indicate that 6 casks with fissile content as high as 49 g Pu-239 have been sent 
to SWMF (Ref. 4). 

0 Concrete casks are thick walled containers with approximately 6" of separation between 
the outside boundary of the container and the container's inside surfam. The separation 
is large enough that fissile material lumped into the inside comers of 4 casks would be 
no closer together than if the fissile material had been placed in 4 dnuns. 

5.5 CONCRETE CULVERTS 
Concrete culverts serve two purposes on SWMF waste storage pads: 

radiation shielding to reduce the radiation fields on the waste storage pads; and 

0 waste container appoved for storing fissile material contaminated waste. 
Concrete culverts are used to store drums and polyethylene boxes that meet the limits of the 
WAC (Ref. 3). The walls of the culvert provide shielding for waste pad workers. The 
criticality safety of the stacked array of containers within the culvert is bounded by an 
infinite array of like containers outside the culvert. 

Concrete culverts are only used as approved primary containers under special 
circumstances. Concrete culverts used as approved containers have a mass limit of 390 g 
h-239 (Ref. 39). Examples of such special circumstances include receipt of several high 
fissile content HEPA filters (Ref. 6)  and receipt of Standard Waste boxes fiom SRTC (Ref. 
8). As a part of these circumstances, evaluations are performed and procedures created, 
including criticality safety, to ensure sufficient controls maintain the criticality safety of the 
configured waste. 
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L 

Fissile Mass K-effective Credibility of Fissile Mass 

970 0.93 Incredible (<<l.OOe-6) 
242 0.85 Upper Bounds of Credibility (1.13e-6) 
195 0.83 Operating Limit ( 1.24e-2) 

4 5 0  - 0.81 Anticipated (1 .O) 

(c: Pu-239) (cases TEL3P) (occurrence frequency) 

I 

6.0 RESULTS 
This section demonstrates the margin of criticality safety by which SWMF receive, 
handles, and stores TRU waste containers when credit is taken for waste form 
characteristics and waste generator packaging practices (including presence of procedures 
requiring conformance with WAC mass limits). The margin of criticality safety for these 
results is defmed as the difference between IS-safe and the K-effective of SWMF TRU 
waste configurations. K-safe for SWMF configurations was determined in a previous 
NCSE (Ref. 33) to be 0.96. The range of configurations includes normal and credible 
abnormal conditions. Normal SWMF TRU operating configunitions are identified in 
section 2.0 and requirements on Waste Generators are listed in section 1.2. Credible 
abnormal conditions are based on frequency studies of past burial records (Ref. 4) and 
justifications provided in section 5.0. 

The SWMF storage configuration bounds receiving and handling configurations. The 
stored arrays are larger than receiving and handling arrays. Typically containers are 
received by the truck load, but are usually handled one at a time. 

Arrays of drums containing two plastic bottles filled with atomic swipe waste 
(encompassing the fissile mass in the dnun) were used as the bounding configuration for 
determining safety margins. Drums containing bottles of atomic swipe waste were found 
to have the most reactive configuration of fissile mass, moderator, and geometry under 
normal and credible abnormal operating conditions (Section 5.1 Drums). 

This demonstration of safety margins includes waste generator loading errors. As 
demonstrated in Figure 1 and discussed in section 5.1, placement of plastic bottle within 
the drum is important to the reactivity of the configuration. Configurations used in the 
calculations had the plastic bottles placed at the outside wall of the drum to increase 
interaction with bottles in adjacent drums. 

The K-effective values presented in Tables 1 1, 12, 13, and 14 include calculated statistical 
uncertainties and the 0.032 K-effective correction for overlapping of drum rolling rims as 
discussed in section 5.1. 

S A F E  MASSES FOR NOMINAL CONDITIONS 

Results of analyzing normal conditions of stored drums containing intact plastic bottles 
indicated the Pu-239 mass can be as high as 970 g (4.9 times 195 g WAC limit) and 
maintain criticality safety. A summary of drumhottle results are presented .in Table 1 1. 
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Credibility of fissile mass has been provided to demonstrate that the maximum’safe fissile 
mass can exceed the credible fissile mass. The boundary between credible and incredible is 
the occurrence frequency of 1.OE-6 events per year. 

SAFE MASSES FOR FLOODED CONDlTIONS 
.47 

Fissile Mass 
(g Pu-239) 

Safe masses for flooded conditions are bounded by the masses determined for nominal 
conditions. Flooding, without failure of the plastic bottles, will fill the spaces between 
bottles and reduce interaction. 

K-effective Dry K-effective Dry credibility of Fissile 
Layer at Drum Lump at Drum Mass (occurrence 
Bottom (cases Bottom Edge (cases frequency) 

TDSAX) TELBP) 

* SAFE MASSES FOR AGED CONDITIONS 

Results of analyzing aged conditions of stored drums that initially contained plastic bottles, 
but now contain fissile material deposited in the bottom of the drum (both as a flat layer and 
mounded at edge), indicate the h-239 mass can be as high as 728 g (3.7 times 195 g 
WAC limit) and maintain criticality safety. A summary of aged drum results are presented 
inTable 12. 

728 0.90 0.9 1 
195 1 0.44 0.83 

IncredibIe (<cl.Ooe-6) 
Operating Limit (1.24e-2) 

The K-effective of the aged conditions is significantly different from the normal conditions 
(Table 11) because of changes in geometry. For normal conditions, fissile material is 
modeled in the shape of a sphere of 30/5/65 volume percent polyethylene/water/air 
moderated fissile material, but for aged conditions the fissile material is likely to form a 
layer of fissile material at the bottom of the drum (Ref. 4). Neutron leakage ia the 
collapsed configuration reduces the K-effective compared to the nominal configuration for 
many amounts of fissile mass near the waste generator mass limit (195 g) (see Table 13). 
However, as more fissile mass is added, the fissile layer thickness is increased and leakage 
effects are reduced ( S e e  section 5.1). 

Table 13 - Comparison of K-effective using Spherical and Slab 
FissileModerator Lump Models 

The credibility of mass inventory has not changed because the frequency of occurrense for 
aging is assumed to be 1.0. 
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I 

SAFE MASSES FOR AGED-FLOODED CONDITIONS 

Fissile Mass K-effective Wet K-effective Wet Credibility of Fissile 
(g Pu-239) Layer at Drum Lump at Drum Mass (occurrence 

Bottom (cases Bottom Edge frequency) 
TDSX) (cases TESGW) 

970 Not Calculated 0.87 Incredible (<<1.ooe6) 
728 I .02 0.86 Incredible (<<1.OOe-6) 
485 0.88 Not Calculated Incredible (<<l.OOe-6) 
195 0.54 0.77 Operating Limit (I.24e-2) 

Results of analyzing aged and flooded conditions of stored drums that initially wpained 
plastic bottles, but now contain fissile material deposited in the bottom of the drcuh (flat and 
mounded), indicate Pu-239 mass inventory can be as high as 485 g (2.5 times 195 g WAC 
limit) and maintain criticality safety. A summary of aged and flooded drum results are 
presented in Table 14. 

The K-effective of the flat-layered aged-flooded conditions is significantly increased from 
the aged conditions (Table 14) because of changes in moderation. However, for the 
mounded lump conditions, K-effective decreases because of the shielding provided by the 
water surrounding the lumps. For aged conditions, the fissile material was under 
moderated, but for aged-flooded conditions the fissile material is optimally moderated. 

The credibility of mass inventory has not changed because the frequency of occurrence for 
aging-flooding is assumed to be 1.0. 
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7.0 DESIGN FEATURES (ACTIVE AND PASSIVE) AND 
ADMl N ISTRATIVE CONTROLLED LIMITS AND 
REQUIREMENTS 
This NCSE demonstrate criticality safety margins by providing K-effective for several 
bounding configurations (Tables 11,12, and 14) for SWMF TRU Waste Storage Pads 
taking credit for the form of the waste and practices taken by the waste generator. Past 
analyses didn’t take credit for these factors, yielding overly conservative safety margins. 

. ’*,’, 

’ 

: 

The following assumptions must be ensured by SWMF for the conclusions of this NCSE 
to be valid. This list is a refmement of the scoping assumptions listed in section 1.2. 
* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

Container fissile inventory limits as stated in WAC procedure 3.06 (Ref. 3) are 
maintained. 

The current practices, the same as those used in the past, of recovering usable fissile 
material and decontamination for ALARA will continue to be practiced in the future. 

Waste generation process and packaging practices that “by their nature” limit 
polyethylene (or equivalent) to less than 30% by volume inside the container shall be 
continued. 

Waste packaging practices that randomly place waste into containers are continued. 
That is the basis of the assumptions used in determining the criticality related 
frequencies of waste configuration (Ref. 4). 

Waste Characterization includes, but is not limited to, documentation of how fissile 
material is nominally distributed within the waste form and the extent to which the 
fissile material is attached to the waste form. 

HEPA filters continue to be qualified to the specification of ASME Code AG-1 (see 
Sections 2.2 and 5.2). 

Criticality safety evaluations are provided for containers that must be exempted from 
the above assumptions (Ref. 6). These criticality safety evaluations shall demonstrate 
the container safety in Solid Waste configurations and shall be prepared and approved 
along with appropriate procedures (new and upgraded) prior to receipt, handling, and 
storage of containers in a Solid Waste Facility. The evaluations must speclfy any 
special controls required to maintain the safety of those containers in Solid Waste 
Facilities. 

Four hour rated worth of concrete culvert walls (5” minimum) and base protecting 
culvert contents for external fires as used in the Fire Estimate (Ref. 5). 

Concrete culvert walls and bases are at least 5” thick providing 4 hours protect from 
external fires as used in the Fire Estimate (Ref. 5). 

Culvert internal volume of 4.8 m**3 or less limiting source of oxygen as used in the 
Fire Estimate (Ref. 5).  
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Handling of 55 Gallon Drums 
Drums containing 112 Ci or Less 
Excluding Cm-245, Cm-246, Cm- 
247, U-235, U-236, and U-238 
1/2 Ci or Less Including Cm-245, 
Cm-246, Cm-247. U-235, U-236, 
and U-238 
Steel Boxes with more than 1/2 Ci 
Concrete Casks with more than 1/2 

Past NCSEs, that have overlooked the credits taken in this NCSE, have required SWMF to 
use container inventory limits in addition to those requid by the WAC and limited 
stacking of some containers to ensure criticality safety (Section 2.0). The existing mass 
and configurations liits are summarizsd in Chapter 6 of SWMF SAR (Ref. 13)hnd 
included in Table 1 of section 2.0. This NCSE has demonstrated that SWMF can safely 
continue TRU waste storage pad operations without the additional limits required by tho* 
past NCSES (Section 5 and 6). The additional rimits that may be eliminated are summarized 
as follows: 

c 195 g Pu-239 FGE per drum None 
None None 

To be established in a specific To be established in a 
Engineering Evaluation specific Engineering 

Evaluation 
< 195 g Pu-239 FGE per steel box None 
< 195 g Pu-239 FGE per cask None 

* Single tier (and three tier where applicable) stacking restrictions on steel boxes, concrete culverts, 
concrete casks, 55 gallon drums, and polyethylene boxes as defined in Appendix A of the SWMF 
DCA (Ref. 1). This evaluation (section 5.0, all containers) shows stacking limits are not needed. 

Limiting 1 I drums to less than 130 g Pu-239 in configurations of drums greater than 1/2 Ci stored in 
culverts as defined in Appendix A of the SWMF TRU DCA (Ref. 1). This evaluation (section 5.1, 
Drums) shows drums containing 195 g Pu-239 and other waste can be safely stacked in an m y ,  2 or 
more high, with rolling rims overlapping. 

* 

Concrete Culverts with more than 
112 Ci 
Drums in Culverts 
Handling Polyethylene Boxes 
containing HEPA Filters or 
Roughing Filters with more than 1/2 
Ci Outside Culverts 
Polyethylene Boxes containing 
HEPA Filters or Roughing Filters 
Inside Culverts 

* Limiting culyerts to 390 g Pu-239 for configurations of polyethylene boxes containing HEPA filters 
or Roughing Filters stored in concrete culver& as defined in Appendix A of the S W  TRU DCA 
(Ref. 1). This evaluation (section 5.2, polyethylene boxes) shows polyethylene boxes containing 195 
g Pu-239 and other waste can be safely placed together in one culvert. 

< 390 g Pu-239 FGE per culvert 

< 195 g Pu-239 FGE per drum 
< 195 g Pu-239 FGE per polyethylene 
box 

None 

None 
None 

- 

< 195 g Pu-239 FGE per polyethylene 
box 

None 

Specific limits (and the associate controls) in the SWMF DCA (Ref. 1) should be revised 
per this NCSE. Table 15 lists the reduced set of mass and configuration limits for SWMF 
TRU waste storage pad operations. 

Table 15 - Summary of Reduced Mass and Configuration limits for 
SWMF Onerations of TRU Waste Storaee Pads. - n  a 

Waste Receipt Classification I Mass Limit I Configuration Limit 

Engineering evaluations refer to a safety analysis, including criticality safety, performed 
prior to receipt that determines the safety of handling/storage of the waste and enswathat  
proper procedures have been implemented. 
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8.0 SUMMARY AND CONCLUSIONS 
This NCSE has demonstrated that SWMF can continue receipt, handling, and storage of 
TRU waste using WAC mass limits ( 195 g m1-239 FGE per approved container) and 
unrestricted stacking configurations (Section 7). Fewer controls are needed because the 
analyses documented in this NCSE have credited Waste Acceptance Criteria (Ref. 3) 
controls, bounding moderation characteristics of the waste, and the distribution of waste 
when placed into containers by the waste generators that were disregarded in previous 
NCSB (Section 5 and 6). A process description was provided for all approved containers 
and the full range of TRU waste types produced by the waste generators (Section 2). ' 
Contingencies were identified and evaluations performed to determine the most reactive 
configurations under credible and limited incredible upset conditions (Section 5). 
Contingencies included container spacing and stacking, waste operator loading, fissile 
material inventories, excessive hydrogenous waste, flooding, aging due to radiolytic 
decomposition, and frres. Safety margins were demonstrated for newly received waste 
shipments and stored containers considering fissile material inventory, waste generator 
loading, aging, and flooding upset conditions (Section 6). Finally, assumptions regarding 
waste characteristics and waste generator actions credited in this NCSE were summarized 
(Section7). ~ 
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10.0 APPENDIX A - MCNP4A DRUM MODELS 
This analysis of drum arrays relied on MCNP4A spectral reflection on a triangulq,cell of 3 
half drums (see Figure A.l). Spectral reflection surfaces are indicated by asterisk (surfaces 
2,3, and 4). Each drum containers a mixture by volume of 30% Polyethylene, 5% Water, 
and 65% Air (Cells 16,20, and 24). Pu-239, of varied amounts, was lumped at the 
outside of the drum to be collocated next to other drums when spectral reflection is applied 
(Cells 15,19, and 23). Lump volume is defined by intersection of interior drum wall, 
interior drum base or lid if applicable, and a sphere of faed radii centenxi on the interior 
surface of the drum wall. These models ignored the volume of the Pu-239. Steel drum 
walls are included in the model (Cells 14,18, and 22). Drums are separated by touching 
lid diameters. Space between drums was filled with air (Cell 12). The drums were placed 
on a 12” concrete pad (Cell 8, not shown) on top of soil (Cell 9, not shown). Twelve 
studies were performed analyzing bottles in drums considering single versus double 
stacking, effects of concretelsoil absorption and reflection, and effects of collocation of 
fissile lumps at the drum interface versus being at the bottom of both drums. Specific 
examples of MCNP4A input are provided in figures A.2 through A.13. 

’ 
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Figure A.1 - XY View of Surfaces and Cells in Tri-Pitched Array of 55 
Gallon Drums Model using Spectral Reflection (small letters - surfaces; 
larger letters - cells; spectral reflection - 9 . a!,,, 

4 
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Figure A.2 - MCNP4A Input for Single Planar Array of Drums with 195 g - 
Pu-239 Lumps Located at the Midplane of the Drum (Case teleabl) . 
tri edge lumps elev air (teleabl) r:v = 10:1956 m = 195.00000 . :+,., 

! 
I 
L 
> 
> 
I 

3 
3 
.o 
.1 
.2 
-3 
.4 
-5 
t6 
L7 
18 
19 
10 
21 
12 
13 
14 

1 
2* 
3* 
4 *  
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
16 
19 
20 

0 .  
0 
0 
1 
1 
0 
5 
6 
0 
0 
0 
1 
0 
4 
2 
3 
0 
4 
2 
3 
0 
4 
2 
3 

so 
P 
P 
P 
PZ 
PZ 
c/ z 
PZ 
PZ 
c/z 
PZ 
PZ 
S 

1 
-1 
2 3 4  

5.38000e-05 #3 
5.38000e-05 5 

8.05939e-02 -6 20 
7.25744e-02 -20 

-5 6 

-7 -8 9 
-14 -8 9 
-17' -8 9 

5:38000e-05 #9 #10 #11 
-10 -11 12 

8.74120e-02 #13 
1.05535e-01 -13 
1.05667e-01 #15 

8.74120e-02 #17 
1.05535e-01 -16 
1.05667e-01 #19 

8.74120e-02 #21 
1.05535e-01 -19 
1.05667e-01 #23 

-15 -11 12 

-18 -11 12 

2406.65000 
-0.00000 
-0.86603 
0.86603 
86.51875 
-1.90500 

0.00000 
84.44814 
-0.15189 
0.00000 
84.29625 

0.00000 
28.57500 

c/z 0.00000 
c/z 0 * 00000 
s -14.28750 
C/Z -52.10550 
C / Z  -52.10550 
S -66.39300 
P Z  -32.38500 

1.00000 
-0.50000 
-0.50000 

0.00000 

0.00000 

0.00000 
60.16625 
60.16625 
84.91293 
30.08312 
30.08312 
5.33645 

fill4 
u=l filk2 
u=l 
u=2 
u=2 fill=3 
u=2 
u=2 
u=3 fill=4 
u=3 fill=6 
u=3 fill=8 
u=3 
u=4 fill=5 
u=4 
u=5 
u=5 
u=6. fill=7 
u=6 
u=7 
u=7 
u=8 fill=9 
u=8 
u=9 
u=9 

0.00000 
0.00000 
0.00000 

28.72689 

28.57500 

42.14813 
28.72689 
28.57500 
42.14813 
28.72689 
20.57500 
42.14813 

imp:n=O . 
imp:n=l 
imp:n=l 
inp:n=l 
imp:n=l 
imp : n=l 
imp:n=l 
imp:n=l 
imp:n=l 
imp: n=l 
imp:n=l 
imp: n=l 
hTtp:n=1 
imp:n=l 
imp:n=l 
imp : n=l 
imp:n=l 
imp : n=l 
imp:n=l 
intp:n=l 
imp:n=l 
imp:n=l 
imp:n=l 
imp:n=l 

$ c.wb 
$ c.inb 
$ c.tri 
$ c.more.drums 
$ c.skY 
$ c.drUms 
$ c.cncrt.pad 
$ c.soil 
$ c.drm.a 
$ c.drm.b 
$ c.drm.c . 
$ c.surr.drms 
$ c.hl1.a 
$ c.surr.drm.a 
$ c.flp.a 
$ c.mlp.a 
$ c.dw1l.b 
$ c.surr.drm.b 
$ c.flp.b 
$ c.mlp.b 
$ c.dwl1.c 
$ c.surr.drm.c 
$ c.flp.c 
$ c.mlp.c 

$ s-oob 
0.00000 $ s.pln.a 

-30.08312 $ s.pln.b 
-60.16625 $ s.pln.c 

$ s.drm.m.top 
$ s.drm.m.bot 
$ s.dw0.a 
$ s.drm.1d.top 
$ s.drm.bs.bot 
$ s.dwi.a 
$ s.drm.1d.bot 
$ s.drm.bs.top 

$ s.dw0.b 
$ s.dwi.b 

$ s.dw0.c 
$ s.dwi.c 

10.00000 $ s.dlp.c 
$ s.pad.bot 

10.00000 $ s.dlp.a 

10.00000 $ s.dlp.b 
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?igure A.2 - (Continue Case teleabl) 

It2 
!3 

it 3 
14 

S 

n 6  

7014.50~ 
8016.50~ 
94239.50~ 
1001.50~ 
8016.50~ 
6012.50~ 
7014.50~ 
poly. Olt 
1001.50~ 
8016.50~ 
6012.50~ 
7014.50~ 
poly.Olt 
6012. 5Oc 
26000.50~ 
14000.50~ 
6012.50~ 
13027.50~ 
20000.50~ 
19000.50~ 
26000.50~ 
8016 .) 50c 
1001.50c 
12000.50~ 
14000.50~ 
13027.50~ 
20000.50~ 
26000.50~ 
8016.50~ 

4.25e-05 $ rn.air 
1.13e-05 

2.721849e-2 
1.744690e-3 
1.18563e-2 
2.76250e-5 

0.0002511 $ m.fiss 

2.721849e-2 $ m.mod 
1.744690e-3 
1.18563e-2 
2.76250e-5 

0.003921 $ m.steel 
0.083491 
0.016665 $ m-concrete 
0.0001154 
0 -0017436 
0.0015231 
0.0004615 
0.0003474 
0.045778 
0.013846 
0.000114 
0.019887 $ m.soi1 
0 -0033444 
0.001505 
0.0008062 

0 -  047031 
node n 
ccode 1000 ‘1.0 10 100 
csrc 22.00 4.58 42.14813 

-15.28 77.00 42.14813 
-58.36 8.56 42.14813 
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Figure A.3 - MCNP4A Input for Single Planar Array of Drums with 195 g 
Pu-239 Lumps Located at the bottom of the Drum (Case t e lbp l )  . 
tri edge lumps bot p/wa/a ch2 itelbpl) r:v = 13:2103 m = 195.00000.i,,!, 

L 
2 
3 
L 

5 
7 
3 
a 
LO 
L1 
L2 
L3 
14 
L5 
L6 
17 
18 
19 
20 
21 
22 
23 
24 

1 
2* 
3* 
4 f  
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

> 

0 
0 
0 
1 
1 
0 
5 
6 
0 
0 
0 
1 
0 
4 
2 
3 
0 
4 
2 
3 
0 
4 
2 
3 

so 
P 
P 
P 
PZ 
PZ 
c/z 
PZ 
PZ 
C/ Z 

PZ 
PZ 

c / z  
c/z 

c / z  
c / z  

S 

S 

S 

P Z  

1 
-1 f ilk1 
2 3 4 u=l fill=2 

5.38000e-05 #3 u=l 
5.38000e-05 5 u=2 

8.05939e-02 -6 20 u=2 
7.25744e-02 -20 u=2 

-5 6 u=2 fill=3 

-7 -8 9 u=3 fill=4 
-14 -8 9 u=3 fill=6 
-17 -8 9 u=3 fill=8 

-10 -11 12 u=4 fill=5 
5.38000e-05 #9 #10 #11 u=3 

8.74120e-02 #13 u=4 
1.05535e-01 -13 u=5 
1.05667e-01 W15 u=5 

8.74120e-02 1117 u=6 
1.05535e-01 -16 u=7 
1.05667e-01 #19 u=7 

8.74120e-02 #21 u=8 
1.05535e-01 -19 u=9 
1.05667e-01 #23 u=9 

-15 -11 12 u=6 fill=7 

-18 -11 12 u=8 fill=9 

2406.65000 
-0.00000 1.00000 
-0.86603 -0.50000 
0.86603 -0.50000 
86.51875 
-1.90500 

0.00000 0.00000 
84.44814 
-0.15189 

0.00000 
84.29625 

0.00000 
28.57500 0.00000 0.00000 

0.00000 60.16625 28.72689 
0.00000 60.16625 28.57500 

-14.28750 84.91293 0.00000 
-52.10550 30.08312 28.72689 
-52.10550 30.08312 28.57500 
-66.39300 5.33645 . 0 .ooooo 
-32 -38500 

0.00000 

0.00000 
0.00000 
0.00000 

28.72689 

28.57500 

imp:n=O 
imp:n=l 
imp:n=l 
imp:n=l 
imp:n=l 
imp:n=l 
imp:n=l 
imp:n=l 
imp : n=l 
imp : n=l 
imp:n=l 
imp:n=l 
imp:n=l 
imp : n=l 
imp:n=l. 
imp:n=l 
imp:n=l 
imp:n=l 
imp:n=l 
imp:n=l 
imp : n=l 
imp: n=l 
imp: n = l  
imp: n=l 

$ c.oob 
$ c.inb 
$ c.tri 
$ c.more.drums 
$ c-sky 
$ c.drums 
$ c.cncrt.pad 
$ c.soil 
$ c.drm.a 
$ c.drm.b 
$ c.drm.c 
$ c.surr.d.rms 
$ c.dwl1.a 
$ c.surr.h.a 
$ c.flp.a 
$ c.mlp.a . 
$ c.dwl1.b 
$ c.surr.drm,b 
$ c.flp.b 
$ c.mlp.b 
$ c.dwl1.c 
$ c.surr.drm.c 
$ c.flp.c 
$ c.mlp.c 

$ s-oob 
0.00000 $ s.pln.a 

-30.08312 $ s.pln.b 
-60.16625 $ s.pln.c 

$ s.drm.rm.top 
$ s.drm.rm.bot 
$ s.dw0.a 
$ s.drm.1d.top 
$ s.drm.bs.bot 
$ s.dwi.a 
$ s.drm.ld.bot 
$ s.drm.bs.top 

$ s.dw0.b 
$ s.dwi.b 

$ s.dw0.c 
S s.cfwi.c 

13.::G323 $ s.dlp.c 
S s.pad.bot 

13.00000 $ s.dlp.a 

13.COOOO $ s.dlp.b 
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Figure A.3 - (Continue Case t e l b p l )  
m l  

m2 

nt2 
m3 

mt3 
m4 

m5 

m6 

mode n 

7014.50~ 
8016.50~ 
94239.50~ 
6012.50~ 
7014.50~ 
8016.50~ 
1001.50c 
poly. Olt 
6012.50~ 
7014.50~ 
8016.50~ 
1001 * 5oc 
poly.Olt 
6012.50~ 

26000.50~ 
14000.50~ 
6012. SOc 
13027. SQC 
20000.50~ 
19000.50c 
26000.50~ 
8016.50~ 
1001.50~ 
12000.50~ 
14000. 50c 
13027.50~ 
20000.50~ 
26000.50~ 
8016.50~ 

4.25e-05 $ m.&r 
1:13e-05 

0.011856 
2.7625e-05 
0.0017447 
0.027218 

0.0002336 $ m.fiss 

0.011856 $ m.mod 
2.7625e-05 
0.0017447 
0.027218 

0.003921 $ m.stee1 
0.083491 
0.016665 $ m-concrete 
0.0001154 
0.0017436 
0.0015231 
0.0004615 
0.0003474 
0.045778 
0.013846 
0.000114 
0.019887 $ m.soil 
0 -0033444 
0.001505 
0.0008062 
0.047031 

. *!,$, 

kcode 2000 1.0;lO 100 
ksrc 22.00 4.58 1.00 

-15.28 77.00 1.00 
-58.36 8.56 1.00 
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, 
Figure A.4 - MCNP4A Inmt for Double Planar Array of Drums with 195 E - - 

Pu-239 Lumps Locatid at the bottom of the Drums (Case tesg,al) .  
tri edge stack fiction 30/5/65 (tesgal) r:v = 13:2103 m = 195.00000""~' 
0 
0 
0 
1 
1 
0 
0 
5 
6 
0 
0 
0 
1 
0 
4 
2 
3 
0 
4 
2 
3 
0 
4 
2 
3 
0 
0 
0 
1 
0 
4 
2 
3 
0 
4 
2 
3 
0 
4 
2 
3 

so 
P 
P 
P 
PZ 
PZ 
PZ 
C/Z 

P= 
PZ 

$ c.oob 
$ c.inb 
$ c.tri 
$ c.more.drums 
$ C.Sk 
$ c.drums 
$ c.2.drUms 
$ c.cncrt.pad 
$ c.soil 
$ c.drm.a 
$ c.drm.b 
$ c.drm.c 
$ c.surr.drms 
$ c.dwl1.a 

I 
2 
$ 
L 
> 
> 
1 
3 
3 
to 
L1 
L2 
L3 
L4 
L5 
16 
L7 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 

1 
2* 
3* 
4" 
5 
6 
7 
8 
9 
10 

1 
-1 
2 

5.38000e-05 #3 
5.38OOOe-05 5 

-6 
-5 

8.05939e-02 -7 
7.25744e-02 -28 

-8 
-15 
-18 

5.38000e-05 #10 
-11 

8.74120e-02 #14 
l.OLi535e-01 -14 
1.05667e-01 #16 

8 -74120e-02 #18 
l.OS535e-01 -17 
1.05667e-01 #20 

-19 
8.74120e-02 #22 
1.05535e-01 -20 
1.05667e-01 #24 

-16 

-8 
-15 
-18 

5.38000e-05 #26 
-11 

8.74120e-02 #30 
1.05535e-01 -25 
1.05667e-01 #32 

8.74120e-02 #34 
1.05535e-01 -26 
1.05667e-01 #36 

-19 
8.74120e-02 #38 
1.05535e-01 -27 
1.05667e-01 #40 

-16 

imp:n=O 
imp:n=l 
imp:n=l 
imp:n=l 
imp : n=l 
imp: n=l 
imp: n=l 
ihp : n=l 
imp:n=l 
imp : n=l 
imp:n=l 
imp: n=l 
imp:n=l 
imp : n=l 
imp:n=l 
imp: n=l 
imp:n=l 
imp:n=l 
imp: n=l 
imp:n=l 
bp:n=l 
imp:n=l 
imp:n=l 
imp:n=l 
imp : n=l 
imp:n=l 
imp : n=l 
imp: n=l 
imp:n=l 
imp:n=l 
imp:n=l 
imp:n=l 
imp:n=l 
imp:n=l 
imp: n=l 
imp: n=l 
imp:n=l 
imp : n=l 
imp: n=l 
imp: n=l 
imp: n=l 

f ilk1 
f ill=2 

f ilk3 
f ilk10 

fill=4' 
fill=6 
f ilk8 

f ilL5 

4 3 u=l 
u=l 
u=2 
u=2 
u=2 
u=2 
u=2 
u=3 
u=3 
u=3 
u=3 
u=4 
u=4 
u=5 
u=5 
u=6 
u=6 
u=7 
u=7 
u=8 
u=8 
u=9 
u=9 
u=10 
u=10 
u=10 
u=10 
u=ll 
u=l1 
u=12 
u=12 
~ = 1 3  
~ = 1 3  
~ = 1 4  
~ = 1 4  
~ = 1 5  
u=15 
~ = 1 6  
~ = 1 6  

7 
6 
28 

10 
10 
10 
#12 
13 

-9 
-9 
-9 
#11 
-12 

$ c.surr.drm.a 
$ c.flp.a 
$ c.mlp.a 
$ c.dwl1.b - 
$ c.surr.drm.b 
$ c.flp.b 
$ c.mlp.b 
$ c.dwl1.c 
$ c.surr.drm.c 
$ c.flp.c . 
$ c.mlp.c 
$ c.2.drm.a 
$ c.2.drm.b 
$ c.2.drm.c 
$ c.2.surr.drms 
$ c.2.dwll.a 
$ c.2.surr.drm.a 
$ c.2.flp.a 
$ c.2.mlp.a 
$ c.2.dwll.b 
$ c.2.surr.dm.b 
$ c.2.flp.b 
S c.2.mlp.b 
s c.2.dwll.c 
$ c.2.surr.dnn.c 
$ c.2.flp.c 
$ c.2.mlp.c 

-12 13 f ilk7 

-12 13 f ilk9 

-21 
-2 1 
-2 1 
#27 
-2 3 

22 
22 
22 
#28 
24 

filldl 
fill=13 
fill=15 

filk12 

-23 24 filk14 

-23 24 filk16 

2406.65000 
-0. '30000 
-0.86603 
0.86603 

174.94250 
86.51875 
-1.90500 

$ s.oob 
O f  00000 0.00000 $ s.gln.a 
0.00000 -30.08312 $ s.2ln.b 
0.00000 -60.16625 $ s.pln.c 

$ s.teir3.reir2 
$ s.t2ir2.&um 
$ s.drum.pad 

1.00000 
-0.50000 
-0.50000 

0.00000 
84.44814 
-0.15189 

0.00000 28.72689 $ s.&o.a 
$ s.&m.lC.top 
$ s.&m.bs.bot 

11 
~~ c/z 0.09000 0.00000 28.57500 S s.&xi.a 

e- c 
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Figure A.4 - (Continue Case tesgal) . 
12 
L3 
L4 
15 
16 
L7 
18 
L9 
10 
21 
12 
13 
14 
15 
16 
27 
18 

nl 

n2 

nt 2 
n3 

nt 3 
n4 

n5 

m6 

PZ 84.29625 

S 28.57500 0.00000 0.000000 
c/z 0 f 00000 60.16625 28 -72689 
c / z  0.00000 60.16625 28.57500 
S -14 -28750 84.91293 0.000000 
C/Z -52.10550 30.08312 28 -72689 
C/Z -52.10550 30.08312 28.57500 
S -66 -39300 5.33645 0.000000 
PZ 172.87189 
PZ 88.27186 
PZ 172.72000 
PZ 88.42375 
S 28.57500 0.00000 88.41375 
S -14.28750 84.91293 88.42375 
S -66.39300 5.33645 88.42375 
PZ -32.38500 

PZ 0.00000 

7014.50~ 4.25e-05 $ mair - 
8016.50~ 1.13e-05 
94239.50~ 0.0002336 $ m.fiss 
1001.50~ 2.721849e-2 
8016.50~ 1.744690e-3 
6012.50~ 1.18563e-2 
7014.50~ 2.76250e-5 

1001.50~ 2.721849e-2 $ m . m d  
8016.50~ 1.744690e-3 
6012.50~ 1.18563e-2 
7014 -5Oc 2.76250e-5 

6012 - 5Oc 0.003921 $ m.stee1 

poly.Olt 

poly.Olt 

26000.50~ 0.083491 
14000.50~ 0.016665 $ m-concrete 
6012.50~ 0.0001154 
13027.50~ 0.0017436 
20000.50~ 0.0015231 
19000.50~ 0.0004615 
26000.50~ 0.0003474 
8016.50~ 0.045778 
1001.50~ 0.013846 
12000.50~ 0.000114 
14000.50~ 0.019887 $ m.soil 
13027.50~ 0.0033444 
20000.50~ 0.001505 
26000.50~ 0.0008062 
8016.50~ 0.047031 

mode n 
kccde 2000 1.0 10 100 
ksrc -15.28 80.06 92.00 

24.44 3.36 92.00 
61.11 7.33 92.00 

24.44 3.36 4.810 
-15.28 80.06 4.810 

$ s.drm.1d.bot 
5 s.drm.bs.top ""' 

$ s.dw0.b 
$ s.dwi.h 

5 s.dw0.c 
$ s.dwi.c 

$ s.2.drm.ld.top 
$ s.2.drm.bs.bot 
$ s.2.drm.ld.bot 
$ s.2.drln.bs.top 

13.00000 $ s.dlp.a 

13.00000 $ s.dlp.b 

13.00000 $ s.dlp.c 

13,00000 $ s.2.dlp.a 
13.00000 $ s.2.dlp.b 
13.00000 $ s.2.dlp.c 

$ s.pad.soi1 
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Figure A S  - MCNP4A Input for Single Planar Array of Drums with 195 g 
Pu-239 Lumps Located at the bottom of the Drum (Case tesfaai) . 
tri edge stack fiction 30/5/65 (tesfaal) r:v = 13:2103 m = 195.00000 '"" 

1 
2 
3 
4 
5 
6 
7 

9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 

a 

0 
0 
0 
1 
1 
0 
0 
5 
6 
0 
0 
0 
1 
0 
4 
2 
3 
0 
4 
2 
3 
0 
4 
2 
3 
0 
0 
0 
1 
0 
4 
2 
3 
0 
4 
2 
3 
0 
4 
2 
3 

1 
-1 
2 3 4 u=l 

5.38000e-05 #3 u=l 
5.38oooe-OS 5 u=2 

-6 7 u=2 
-5 6 u=2 

8.05939e-02 -7 28 u=2 
7.25744e-02 -28 u=2 

-15 -9 10 u=3 
-8 -9 io u=3 

-18 -9 io ~ = 3  
5.38000e-05 #IO #11 #12 u=3 

-11 -12 13 u=4 
8.74120e-02 #14 u=4 
1.05535e-01 -14 u=5 
1.05667e-01 #16 u=5 - 

-16 -12 13 u=6 
8.74120e-02 #i8 u=6 
1.05535e-01 -17 u=7 
1.05667e-01 #20 u=7 

-19 -12 13 u=8 
8.74120e-02 #22 u=8 
1.05535e-01 -20 u=9 
1.05667e-01 #24 u=9 

-8 -21 22 ~ = 1 0  
-15 -21 22 ~ = 1 0  
-18 -21 22 ~ = 1 0  

5.38000e-05 #26 #27 #28 u=10 
-11 -23 24 u=ll 

8.74120e-02 #30 u=ll 
1.05535e-01 -25 u=12 
1.05667e-01 #32 u=12 

-16 -23 24 ~ = 1 3  
8.74120e-02 #34 ~ = 1 3  
1.05535e-01 -26 ~ = 1 4  
1.05667e-01 #36 ~ = 1 4  

-19 -23 24 ~ = 1 5  
8.74120e-02 #38 u=15 
1.05535e-01 -27 ~ = 1 6  
1.05667e-01 #40 ~ = 1 6  

fill=l 
filk2 

f ilk3 
fill=lO 

f ill=5 

f ilk7 

filk9 

f ilk11 
filk13 
f ilk15 

fill=12 

fill=14 

fill=16 

imp:n=O 
imp:n=l 
imp:n=l 
imp:n=l 
imp:n=l 
imp:n=l 
irrp?:n=l 
imp : n=l 
irrp?:n=l 
imp : n=l 
imp:n=l 
imp:n=l 
imp:n=l 
imp:n=l 
w: n=l 
imp:n=l 
imp:n=l 
imp:n=l 
imp:n=l 
imp:n=l 
imp: n=l 
imp : n=l 
imp:n=l 
imp:n=l 
imp:n=l 
imp:n=l 
imp : n=l 
imp:n=l 
imp:n=l 
imp:n=l 
imp : n:l 
imp: n=l 
imp: n=l 
imp: n=l 
imp: n=l 
imp:n=l 
imp: n=l 
imp:n=l 
imp:n=l 
imp:n=l 
imp: n=l 

$ c.oob 
$ c.inb 
$ c.tri 
$ c.more.drums 
$ c.skY 
$ c.drums 
$ c.2.drums 
$ c.cncrt.pad 
$ c.soil 
$ c.drm.a 
$ c.drm.b 
$ c.drm.c 
$ c.surr.dnns 
$ c.dwl1.a 
$ c.surr.dnn.a 
$ c.flp.a 
$ c.mlp.a 
$ c.dw1l.b - 
$ c.surr.drm.b 
$ c.flp.b 
$ c.mlp.b 
$ c.dwl1.c 
$ c.surr.drm.c 
$ c.flp.c 
$ c.mlp.c 
$ c.2.drm.a 
$ c.2.drm.b 
$ c.2.drm.c 
$ c.2.surr.dnns 
$ c.2.dwll.a 
$ c.2.surr.dnn.a 
$ c.2.flp.a 
$ c.2.mlp.a 
$ c.2.dwll.b 
$ c.2.surr.dnn.b 
$ c.2.flp.b 
$ c.2.mlp.b 
$ c.2.dwll.c 
$ c.2.surr.drm.c 
$ c.2.flp.c 
$ c.2.mlp.c 
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1 

Figure A S  - (Continue Case teefaax)  
1 
2* 
3* 
4 *  
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 

2406.65000 
-0.00000 
-0.86603 
0.86603 

174.94250 
86.51875 
-1.90500 
0.00000 
84 44814 
-0.15189 
0.00000 
84.29625 
0.00000 
28 - 57500 
0.00000 
0.00000 

-14.28750 
-52 - 10550 
-52.10550 
-66.39300 
172.87189 
88.27186 
172 -72000 
88.42375 
28.57500 
-14.28750 
-66.39300 
-32.38500 

1.00000 
-0.50000 
-0.50000 

0.00000 

0.0'0000 

0.00000 
60.16625 
60.16625 
84.91293 
30.08312 
30.08312 
5.33645 

0.00000 
84.91293 
5.33645 ' 

0.00000 
0.00000 
0.00000 

28.72689 

28.57500 

84.2 9625 
28.72689 
28.57500 
84.29625 
28.72689 

84 -29625 
28.57500 

88 -42375 
88 -42375 
88.42375 

$ s.oob 
O.OOOOO $ s.pln.a . ''I?! 

-30.08312 $ s.pln.b 
-60.16625 $ s.pln.c 

$ s. teir3. teir2 
$ s.teir2.drum 
$ s.drum.pad 
$ s.dw0.a 
$ s.drm.1d.top 
$ s.dm.bs.bot 
$ s.dwi.a 
$ s.dnn.1d.bot 
$ s.drm.bs.top 

$ s.dw0.b 
$ s.dwi.b 

$ s.dw0.c 
$ s.dwi.c 

$ s.2.dnn.ld.top 
$ s.2.drm.bs.bot 
$ s.2.dnn.ld.bot 
$ s.2.drm.bs.top 

13.00000 $ s.dlp.a 

13.00000 $ s.dlp.b 

13.00000 $ s.dlp.c 

13.00000 $ s.2.dlp.a 
13.00000 $ s.2.dlp.b 
13.00000 $ s.2.dlp.c 

$ s.pad.soil 
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pigure A.6 - (Continue Case tdsaxl) 
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Figure A.6 - MCNP4A Input for Tri-Pitch Array of drums containing 
FissileModerator Mixture Occupying bottom of Drum with H/pu set 
for Dry Conditions (Case tdsaxl) . . 4ll 
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4.62E-12). This configuration was analyzed and included (cases TESFAA[1-8]) for 
comparison of this analysis to past NCSES. 

This analysis considered two sets of 3 drums stacked two high arranged in an irihik 
planar array, with each drum containing 2 plastic bottles placed as close as possible to 
bottles in the adjacent drums (cases TESGA[ 1-81). The two bottles worth of fissile 
material and moderator were modeled as a spherical section of approximately 2 liters with a 
radius of 13 cm. Lumps were positioned at the base of the drums because of the previous 
results (see Table 5 that demonstrates that lumps collocated at the base of dnun are more 
reactive than lumps collocated at the middle plane of drum.). 

; Each bottle contained a mixture of fissile materid and moderator. The amount of fissile 
material was varied to test the effects of exceeding the WAC inventory limits (i.e., 195 g 
PU-239 per drum). Moderator was assumed 30/5/65 percent volume mixture of 
polyethylene, water, and air, respectively (Pu-239 volume was neglected). This moderator 
mixture was used to bound the moderating properties of the low density wood fiber used to 
make swipes. The remainder of the drum was filled with the moderator mixture (30/5/65 
% volume mixture of polyethylene, water, and air, respectively). Drums were placed in a 
triangular pitched array separated by the lid diameter of the drum. Spectral reflection on a 
triangular cell was used to model an infinite planar array (See Figure A.l). 

Table 10 - Comparison of K-effective +/- 1 Standard 
Deviation for Stacked 6 Drums Configurations with Two 
1-Liter Bottles containing Pu-239 and Dry 
Polyethylene/Water/Air Mixture. 

728 P; Pu-239 I 0.96587+/-0.00287 I 0.8728 1+/-0.00207 I 0.87462+/-0.O019 1 
970 g Pu-239 I 0.99598+/-0.00325 I 0.89286+/-0.O02 18 I 0.89448+/-0.00230 

The results in Table 10 (cases TESFAA and TESGA) show the differences when K- 
effective of stacked drum configurations with realistic separations between fissile material 
lumps are compared to K-effective of similar drum configurations having fissile lump 
separations used in past NCSEs. The difference is due to the isolation between fissile 
material lumps provided by the other material in the drums. Using the old configuration 
would have significantly reduced the mass that could be tolerated before K-safe was 
exceeded. However, that reduced mass is greater than the credible 3-drum mass error (242 
g Pu-242 per drum) identified by the frequency study (Ref. 4). The stacked configuration 
used in this NCSE, TESFAA[ 1-81, demonstrated masses as high as 970 g Pu-239 could be 
tolerated. 

The results of Table 10 (cases TESGA and TELBP) also demonstrate that stacking of 
drums is not a criticality concern provided container inventories are maintained at the-WAC 
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Figure A.7 - MCNP4A Input for Flooded Tri-Pitch Array of drums 
containing FissileModerator Mixture Occupying bottom of Drum with 
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Figure A.7 - (Continue Case tdsxl) 
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Figure A.8 - MCNP4A Input for Double Planar Array of Drums with 195 g 
Pu-239 Lumps Colloacted at the Drum-Drum Interface with Wpu set 
for Wet Conditions (Case te2tfl). . ‘lIq 
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Figure A.8 - (Continue Case te2tfl) 
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m4 6012. 50c 0.003921 $ m.stee1 

2 6 0 0 0 . 5 0 ~  0.083491 
m5 1 4 0 0 0 . 5 0 ~  0.016665 $ m.concrete 

6 0 1 2 . 5 0 ~  0.0001154 
1 3 0 2 7 . 5 0 ~  0.0017436 
2 0 0 0 0 . 5 0 ~  0.0015231 
1 9 0 0 0 . 5 0 ~  0.0004615 
2 6 0 0 0 . 5 0 ~  0.0003474 

8016. 50c 0 -045778 
1 0 0 1 . 5 0 ~  0.013846 

1 2 0 0 0 . 5 0 ~  0.000114 
m6 14000 - 50c 0.019887 $ m.soi.1 

1 3 0 2 7 . 5 0 ~  0,0033444 
20000 - SO_c 0 -001505 
2 6 0 0 0 . 5 0 ~  0.0008062 

8016 - 5Oc 0.047031 
m o d e  n 
kcode 1000 1 . 0  1 0  200 
ksrc -15.28 80.06 92.00. 

24.44 3.36 92.00 
61.11 7 .33  92.00 

-15.28 80.06 81.00 
24.44 3.36 81.00 
61.11 7.33 81.00 
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Figure A.9 - MCNP4A Input for Modified case te2tf with correct roIling - 
rim diameter (Case te2fcl). 

Two Planar tri anti-g edge 30/70 corr. rim (te2fc) r = 17.720008~tcm 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 

1 
2* 
3‘ 
4* 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 

0 
0 
0 
1 
1 
0 
0 
5 
6 
0 
0 
0 
1 
0 
4 
2 
3 
0 
4 
2 
3 
0 
4 
2 
3 
0 
0 
0 
1 
0 
4 
2 
3 
0 
4 
2 
3 
0 
4 
2 
3 

so 
P 
P 
P 
PZ 
PZ 
PZ 
C/Z 
PZ 
PZ 
C/Z 
PZ 
PZ 
s 
c / z  
C/Z 
S 
C/Z 
c/z 
S 
PZ 
PZ 
PZ 
PZ 
S 
s 
S 
PZ 

5.38000e-0.5 
5.38000e-05 

8.05939e-02 
7.25744e-02 

5.38000e-05 

8.74120e-02 
1.05535e-01 
1.05667e-01 

8.74120e-02 
1.05535e-01 
1.05667e-01 

8.74120e-02 
1.05535e-01 
1.05667e-01 

5.38000e-05 

8.74120e-02 
1 - 05535e-01 
1.05667e-01 

8.74120e-02 
1.05535e-01 
1.05667e-01 

8.74120e-02 
1.05535e-01 
1.05667e-01 

2422.52500 
-0.00000 

’ -0.86603 
0.86603 

174 -94250 
86.51875 
-1 .go500 
0.00000 

84 -44814 
-0.15189 
0.00000 
84.29625 
0.00000 
28.57500 
0.00000 
0.00000 

-14.28750 
-52.44920 
-52.44920 
-66.73670 
172 .e7189 
88.27186 
172.72000 
88.42375 
28.57500 
-14.28750 
-66.7367Q 
-32.38500 

1 
-1 
2 

t3 
5 
-6 
-5 
-7 
-28 
-8 
-15 
-18 
t10 
-11 
#14 
-14 
t16 

t18 
-17 
t20 

222 
-20 
824 
-8 
-15 
-18 

-11 

-16 

-19 

C26 

C3 0 
-25 
t32 

t34 
-26 
#36 

t38 
-27 
#40 

-16 

-19 

3 

7 
6 
28 

-9 
-9 
-9 
tll 
-12 

-12 

-12 

-21 
-21 
-21 

-2 3 
C27 

-23 

-23 

4 

10 
10 
10 

112 
13 

13 

13 

22 
22 
22 

24 
#28 

24 

24 

1.00000 
-0.50000 
-0.50000 

0.00000 

0 .ooooo 

0.00000 
60 ~ 56312 
60.56312 
85.30980 
30.28156 
30.28156 
5.53489 

O f  00000 
85.30980 
5.53489 

u=l 
u=l 
u=2 
u=2 
u=2 
u=2 
u=2 
u=3 
u=3 
u=3 
u=3 
u=4 
u=4 
u=5 
u=5 
u=6 
U= 6 
u=7 
u=7 
u=8 
u=8- 
u=9 
u=9 
u=10 
u=10 
u=10 
u=10 
u=ll 
u=ll 
u=12 
u=12 
~ = 1 3  
u=13 
u=14 
u=14 
u=15 
u=15 
u=16 
u=16 

fill-1 
fill=2 

fi11=3 
fill=lO 

fi11=4 
fi11=6 
fill=8 

fill=5 

fill=7 

fills9 

filldl 
fill=13 
filk15 

fill=12 

f ilk14 

fill=16 

0.00000 
0 .ooooo 
0.00000 

28.72689 

28.57500 

84 -29625 
28.72689 
28.57500 
84.29625 
28.72689 
28.57500 
84.29625 

88.42375 
88.42375 
88.42375 

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

$ c.oob 
$ c.inb 
$ c.tri 
$ c.more.drums 
$ c.skY 
$ c.drums 
$ c.2.drums 
$ c.cncrt.pad 
$ c.soil 
$ c.drm.a 
$ c.drm.b 
$ c.dnn.c 
$ c.surr.drms 
$ c.dwl1.a 
$ c.surr.drm.a 
$ c.flp.a 
$ c.rn1p.a 
$ c.dwl1.b 
$ c.surr.drm.b 
$ c.flp.b 
$ c.rn1p.b 
$ c.dw1l.c 
$ c.surr.drm.c 
$ c.flp.c 
$ c.rn1p.c . 
$ c.2.drm.a 
$ c.2.d~xn.b 
$ c.2.drm.c 
$ c.2.surr.drms 
$ c.2.dwll.a 
$ c.2.surr.drm.a 
$ c.2.flp.a 
$ c.2.mlp.a 
$ c.2.dwll.b 
S c.2.surr.drm.b 
$ c.2.flp.b 
$ c.2.mlp.b 
$ c.2.dwll.c 
$ c.2.surr.drm.c 

$ c.2.mlp.c 
$ c.2.flp.c 

$ s.oob 
0.00000 $ s.pln.a 

-30.28256 S s.pln.b 
-60.56312 $ s.pln.c 

S s.  teir3. teir2 
$ s.teir2.drum 
$ s.drum.pad 
$ s.dw0.a 
$ s.drm.1ci.top 
$ s.drm.bs.bot 
$ s.dwi.a 
$ s.drm.ld..bot 
$ s.drm.b-c.top 

S s.dw0.b 
$ s.dwi.b 

S s.dw0.c 
$ s.dwi.c 

$ s.2.drn.Id.top 
$ s .2 .dnz. 5 s .  bot 
$ s.2.drm.ld.bot 
S s .  2 .drm. 3s. top  

17.72000 $ s.dlp.2 

17.72000 $ s.dlp.3 

17.72000 S s.dlp.c 

17.72000 $ s:2.dla.a 
17.72000 S s.2.dla.b 
17.72000 S s.2.dla.c 

S s.pad.soi1 
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n t2  
R3 

R t  3 
n4 

R5 

n6 

Figure A.9 - (Continue Case te2fcl) 
R 1  7 0 1 4 . 5 0 ~  4.25e-05 $ m.air 

8 0 1 6 . 5 0 ~  1.13e-05 
n2 9 4 2 3 9 . 5 0 ~  9.533e-05 $ m.fiss 

6 0 1 2 . 5 0 ~  0.011838 
8 0 1 6 . 5 0 ~  0.02332 
1 0 0 1 . 5 0 ~  0.070282 
lwtr -01 t 
6 0 1 2 . 5 0 ~  0.011859 $ m . m d  
8 0 1 6 . 5 0 ~  0.023363 
1001.50c .O .070445 
l w t r  . O l t  
6 0 1 2 . 5 0 ~  0.003921 $ m.stee1 

26000 - 50c  0.083491 
1 4 0 0 0 . 5 0 ~  0.016665 $ m.concrete 

6 0 1 2 . 5 0 ~  0.0001154 
13027 -5Oc 0.0017436 
2 0 0 0 0 . 5 0 ~  0.0015231 
19000 - 50c 0.0004615 
2 6 0 0 0 . 5 0 ~  0.0003474 

8016 - 50c 0.045778 
1001. 50c 0.013846 

1 2 0 0 0 . 5 0 ~  0.000114 
14000 - 50c 0.019887 $ m.soil 
1 3 0 2 7 . 5 0 ~  0.0033444 
20000,50_c 0.001505 
2 6 0 0 0 . 5 0 ~  0.0008062 

8 0 1 6 . 5 0 ~  0.047031 

:*m 

node n 
kcode 1000 1.0 10. 200 
k s r c  -15.28 80.06 92.00 

24.44 3.36 92.00 
61.11 7.33 92.00 

24.44 3.36 81.00 
61.11 7.33 81.00 

-15.28 80.06 81.00 
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, 
Figure A.10 - MCNP4A Input for Modified case te2fc with rolloing rims 

1 
2 
3 
4 
5 
6 
7 
B 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 

1 
2* 
3' 
4 *  
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
1 5  
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 

overIapping (Case te2fo1). 
- 

Two Planar tri anti-g edge 30/70 overlap rim ( t e 2 f o )  r = 17.72000 cm :+,:, 
0 
0 
0 
1 
1 
0 
0 
5 
6 
0 
0 
0 
1 
0 
4 
2 
3 
0 
4 
2 
3 
0 
4 
2 
3 
0 
0 
0 
1 
0 
4 
2 
3 
0 
4 
2 
3 
0 
4 
2 
3 

so 
P 
P 
P 
PZ 
PZ 
PZ 
c/z 
PZ 
PZ 
c/z 
PZ 
PZ 

c/z 
c / z  

c / z  
c / z  

PZ 
PZ 
PZ 
PZ 
S 
S 
S 

s 

S 

S 

PZ 

1 
-1 
2 

S.38000e-05 t 3  
5.38000e-05 5 

-6 
-5 

8.05939e-02 -7 
7.25744e-02 -28 

-8 
-15 
-18 

5.38000e-05 #lo 
-11 

8.74120e-02 P14 
1.05535e-01 -14 
1.05667e-01 t16 

8.74120e-02 t18 
1.05535e-01 -17 
1.05667e-01 t20 

8.7rM20e-02 P22 
1.05535e-01 -20 
1.05667e-01 t24 

-1 6 

-19 

-8 
-15 
-18 

5.38000e-05 #26 

8.74120e-02 
1.05535e-01 
1.05667e-01 

8.74120e-02 
1.05535e-01 
1.05667e-01 

8 -74120e-02 
1.05535e-01 
1.05667e-01 

2360.33800 
-0 .ooooo 
-0.86603 
0.86603 

174.94250 
86.51875 
-1.90500 

0.00000 
84.44814 
-0.15189 

0 * 00000 
84.29625 

0 ~ 00000 
28.57500 
0.00000 
0 .ooooo 

-14.28750 
-51.10282 
-51.10282 
-65.39032 
172.87189 
88.27186 
172.72000 
88.42375 
28.57500 
-14.28750 
-65.39032 
-32.38500 

3 

7 
6 
28 

-9 
-9 
-9 
if11 
-12 

-12 

-12 

-21 
-21 
-21 
#27 

4 

10 
10 
10 

t12 
13 

13 

13 

22 
22 
22 

1128 
-11 -23 24 
#3 0 
-25 
#32 

c34 
-26 
$36 

t 3 8  
-27 
t C O  

-16 -23 24 

-19 -23 24 

1.00000 
-0.50000 
-0.50000 

0.00000 

0.00000 

0.00000 
59.00845 
59 -00845 
83.75513 
29.50423 
29.50423 
4.75755 

0.00000 
83.75513 
4.75755 

u=l 
u=l 
u=2 
u=2 
us2 
u=2 
u=2 
u=3 
u=3 
ur3 
u=3 
u=4 
u=4 
u=5 
u=5 
U= 6 
U= 6 
u=7 
u=7 
U= 8 
u=8 
u=9 - 
u=9 
u=10 
u=10 
u=10 
u=10 
u=ll 
u=ll 
u=12 
u=12 
u=13 
u=13 
~ = 1 4  
u=14 
u=15 
u=15 
~ = 1 6  
~ = 1 6  

fill=l 
€ i 11.=2 

fillr3 
f ill=lO 

€ill=4 
fill-6 
fill=8 

fill=5 

fill=9 

fill=9 

fill=ll 
fill=13 
fill45 

fill=12 

fill=14 

f ilk16 

imp:n=O 
imp : n=l 
imp : n=l 
imp:n=l 
imp:n=l 
imp:n=l 
imp : n=l 
imp:n=l 
imp:n=l 
imp:n=l 
imp : n=l 
imp:n=l 
imp:n=l 
imp : n=l 
imp : n=l 
imp : n=l 
imp : n=l 
imp:n=l 
imp:n=l 
imp : n=l 
imp:n=l 
imp:n=l 
imp: n=l 
imp : n=l 
imp : n=l 
imp : n=l 
imp:n=l 
imp : n=l 
imp:n=l 
imp:n=l 
imp:n=l 
imp : n=l 
imp:n=l 
imp : n=l 
imp : n=l 
imp:n=l 
imp: n=l 
imp:n=l 
imp:n=l 
imp:n=l 
imp: n=l 

$ c.oob 
$ c.inb 
$ c.tri 
$ c.more.drums 
$ C . S b  
$ c.drums 
$ c.2.drums 
$ c-cncrt-pad 
$ c.soil 
$ c.drm.a 
$ c.drm.b 
$ c.drm.c 
$ c.surr.drms 
$ c.dwl1.a 
$ c.surr.drm.a 
$ c.flp.a 
$ c.rn1p.a 
$ c.dwl1.b 
$ c.surr.drm.b 
$ c.flp.b 
$ c.rn1p.b 
$ c.dwl1.c 
$ c.surr.drm.c 
$ c.flp.c 
$ c.rn1p.c - 
$ c.2.drm.a 
$ c.2.drm.b 
$ c.2.drm.c 
$ c.2.surr.drms 
$ c.2.dwll.a 
$ c.2.surr.drm.a 
$ c.2.flp.a 
$ c.2.mlp.a 
$ c.2.dwll.b 
$ c.2.surr.drm.b 

$ c.2.mlp.b 
$ c.2.dwll.c 
$ c.2.surr.drm.c 

$ c.2.mlp.c 

$ c.2.flp.b 

$ c.2.flp.c 

0.00000 
0 .ooooo 
0.00000 

28.72689 

28.57500 

84.29625 
28.72689 
28 - 5 7 5 0 0  
84.29625 
28.72689 
28.57500 
84.29625 

88.42375 
88.42375 
88.42375 

$ s.oob 
0.00000 $ s.2ln.a 

-29.50422 $ s.pln.b 
-59.00845 $ S.P~.C 

$ s.teir3.reir2 
$ s.teir2.L-um 
$ s.&&Q.pad 
$ s.ew0.a 
$ s.d-mi.ld.top 
$ s.dm.bs.jot 
$ s.6wi.a 
$ s.&x.lC.jot 
$ s . d-~. . bs . :op 
s S . e - d O . 5  
s s . k i . 5  

s s.cx3.c 
$ s.crr.2.c 

s s.2.d-z-..l3.top 
$ s.2.d-x.cs.bot 
S s.2.d=rd.:3.bot 
$ s .2 .E-?;. =3. top 

17.72000 5 s.ci1p.a 

17.72000 S s.Cly.z 

17.72000 S s.5la.c 

17.72000 S s.2.dls.a 
17.72000 S s.2.d:y.b 
17.72000 S s.2.C:p.c 

s s.aaC.so:l 
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Figure A.10 - (Continue Case te2fol) 
ml 7014 - 5Oc 4.25e-05 S rn.air 

mt2 
m3 

mt 3 
m4 

m5 

m6 

8016.50c 
m2 94239.50~ 

6012 SOc 
8016.50~ 
,1001. soc 
lwtr. Olt 
6012. 50c 
8016.50~ 
1001.5oc 
lwtr. Olt 
6012. SOc 

26000.50~ 
14000.50~ 
6012.50~ 

13027.50~ 
20000.50~ 
19000.50~ 
26000.50~ 
8016. SOc 
1001.50c 

12000.50~ 
14000 - 5Oc 
13027.50~ 

26000.50~ 
8016 - SOc 

20000.50~c 

mode n 

1. i je -05  

0.011859 $ m.mod 
0 -023363 
0.070445 

0.003921 $ m.stee1 
0.083491 
0.016665 $ m.concrete 

0 - 0001154 
0.0017436 
0.0015231 
0.0004615 
0.0003474 
0.045778 
0.013846 
0.000114 
0.019887 $ m.soil 

0.0033444 
0.001505 
0.0008062 
0.047031 

kcode 2000 1.0 10 100 
ks'rc -15.28 80.06 92.00 

24.44 3.36 92.00 
61.11 7.33 92.00 
-15.28 80.06 81.00 
24.44 3.36 81.00 
61.11 7.33 81.00 
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0 
0 
0 
1 
1 
0 
5 
6 
0 
0 
0 
1 
0 
4 
2 
3 
0 
4 
2 
3 
0 
4 
2 
3 

so 
P 
P 
P 
PZ 
PZ 
c/z 
PZ 
PZ 
c/z 
PZ 
PZ 

C/Z. 
C/Z 

c/z 
C/Z 

PZ 

S 

S 

S 

1 

Figure A.11 - MCNP4A Input for Modified case tels with Triangular Pitch 

tri-pitched drums collocated lumps (tels) r = 17.72000 ' k,., 
array of Drum with Three Edge Located Fissile Lumps (Case teIsOl). 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 

13 
14 
15 
16 
17 
1 8  
19 
20 
21 
22 
23 
24 

1 
2* 
3* 
4 *  
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

. ' 12 

1 
-1 
2 

5.38000e-05 13 
5.38000e-05 5 

-5 
8.05939e-02 -6 
7.25744e-02 -20 

-7 
-14 
- 17 

5.38000e-05 R9 110 111 
-10 -11 12 

8.74120e-02 R13 
1.05535e-01 -13 
1.05667e-01 1115 

4 3 

6 
20 

-8  9 
- 8 .  9 
-8 9 

-15 -11 12 
8.74120e-02 R17 
1.05535e-01 -16 
1.05667e-01 t19 

8.74120e-02 R21 
1.05535e-01 -19 
1.05667e-01 #23 

-18 -11 . 12 

2406.65000 
-0.00000 
-0 .E6603 
0.86603 

1.00000 
-0 - 50000 
-0.50000 

filkl 
u=l fill=2 
u=l 
u=2 
u=2 fill=3 
u=2 
UE2 
u=3 fill=4 
u=3 fill=6 
u=3 fill=8 
u=3 
u=4 fill=5 
u=4 
u=5 
u=5 
u=6 fill=7 
u=6 
ur7 
u=7 
u=8 fill=9 
ur8 
u=9 
u-9' 

0.00000 
0 .ooooo 
0.00000 

86.51875 
-1.90500 
0 .ooooo 0.00000 
84.44814 
-0.15189 
0.00000 0 - 00000 
0.00000 
28.57500 0.00000 
0.00000 60 - 16625 
0.00000 60.16625 

-'14.28750 84.91293 
-52.10550 30.08312 
-52.10550 30.08312 
-66.39300 5.33645 
-32.38500 

84.29625 

28.72689 

28.57500 

0.00000 
28.72689 
28.57500 
0 .ooooo 

28.72689 
28.57500 

0.00000 

imp:n=O 
imp:n=l 
imp:n=l 
imp:n=l 
imp : E= 1 
imp:n=l 
imp:n=l 
imp:n=l 
imp:n=l 
imp : n= 1 
imp : n= 1 
imp: n=l 
imp : n= 1 
imp:n=l 
imp:n=l 
imp:n=l 
imp:n=l 
imp : n=l 
imp :n=l 
imp:ntl 
imp:n=l 
imp : n=l 
imp:n=l 
imp:n=l 

$ c.oob 
$ c.inb 
$ c.tri 
$ c.more.drums 
$ c.skY 
$ c.drums 
$ c.cncrt.pad 
$ c.soil 
$ c.drm.a 
$ c.dnn.b 
$ c.drm.c 
$ c.surr.drms 
$ c.dwl1.a 
$ c.surr.drm.a 
$ c.flp.a 
$ c.mlp.a 
$ c.dw1l.b 
$ c.surr.drm.b 
$ c.flp.b 
$ c.rn1p.b 
$ c.dwl1.c 
$ c.surr.drm.c 
$ c.flp.c 
$ c.rn1p.c 

$ s.oob 
0.00000 $ s.pln.a 

-30.08312 $ s.pln.b 
-60.16625 $ s.pln.c 

$ s.drm.rm.top 
$ s.drm.rm.ht 
S s.dw0.a - 
$ s.drm.1d.top 
.$ s.drm.bs.bot 
S s.dwi.a 
$ s.drm.ld.bot 
$ s.drm.bs.top 

17.72000 $ s.dlp.a 
S s.dw0.b 
S s.dwi.b 

17.72000 $ s.dlp.b 
$ s.dw0.c 
S s.dwi.c 

17.72000 $ s.dlp.c 
$ s.pad.bot 
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It2 
13 

Ggure A . l l  - (Continue Case telsol) 
I1 7014.50~ 4.25e-05 $ rn.air 

12 94239.50~ 9.533e-05 $ m.fiss 
6012.50~ 0.011838 
8016 .SOc 0.02332 
1001.50~ 0 -070282 
1wtr.Olt 
6012.50~ 0.011859 $ m.md 
8016.50~ 0.023363 
1001- 50c 0.070445 

8016.50~ 1.13e-05 . .d,q 

It 3 
14 

lwtr.0lt 
6012.50~ 0.003921 $ m.stee1 

16 

26000.50~ 0 -083491 

6012.50~ 0.0001154 
13027.50~ 0.0017436 
20000.50~ 0.0015231 
19000.50~ 0.0004615 
26000.50~ 0.0003414 
8016.50~ 0 -045778 
1001.50~ 0 -013846 
12000.50~ 0.000114 
14000.50~ 0.019887 $ m.soil 
13027.50~ 0.0033444 
20000.50~ 0.001505 
26000. SOc 0.0008062 
8016.50~ 0.047031 

15 14000.50~ 0.016665 $ m.concrete 

lode n 
:code 1000 1.0 10 100 
Lsrc 22.00 4.58 1.00 

-15.28 77.00 1-00 
-58.36 8.56 1.00 
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Figure A.12 - MCNP4A Input for Modified case tels with Square Pitch 
array of Drum with Two Edge Located F i d e  Lumps (Case e21sl). 
Reflected Drum edae 2 1umrJs (e21.s) r = 17.72000 an . 

1 
2 
21 
22 
31 
32 
33 
34 
35 
41 
42 
51 
52 

1 
11 
12 
13 
21* 
22* 
23 * 
24 * 
31 
32 
33 
41 
42 
43 
51 

ml 

mt 1 
m2 

m3 

mt 3 
rn4 

m5 

rn6 

m7 

0 
0 
0 
0 
0 
2 
2 
4 
5 
0 
6 
1 
3 

so 
PZ 
PZ 
PZ 
PX 
PY 
PX 
PY 
CZ 
PZ 
PZ 
CZ 
PZ 
PZ 
S 

- 
1 
-1 
23 24 -21 -22 

c21 
-31 32 -33 

5.38000e-05 #31 12 -11 
5.38000e-05 11 
8.05939e-02 13 -12 
7.25744e-02' -13 

-41 42 -43 
8.74120e-02 #41 
1.05535e-01 -51 
1.05667e-01 51 

fill=2 
u=2 fill=3 
u=2 
u=3 fill=4 
u=3 
u=3 
u=3 
u=3 
u=4 fill=S 
u=4 
u=5 
u=5 

1203.32500 $ Problem boundary 
86.51875 .$ Top of Drum Rim 
-1.90500 $ Bottom of Drum Rim 
-32.38500 .$ Bottom of Concrete 
30.08312 .$ +x surface of cell 
30.08312 $ +y surface of cell 
-30.08312 .$ -x surface of cell 
-30.08312 .$ -y surface of cell 
28.72689 .$ OR drum wall 
-0.15189 $ Bottom surface D'rum base 
84.44814 $ Top surface Drum Lid 
28.57500 $ IR drum wall 
0.00000 $ Top surface Drum Base 
84.29625 $ Bottom surface Drum Lid 
28.57500 0.00000 0.000000 

94239.50~ 
8016.50~ 
1001.5oc 
6012.50~ 
lwtr.0lt 
7014.50~ 
8016.50~ 
8016.50~ 
1001.50c 
6012. SOc 
lwtr . Olt 
14000. SOc 
6012.50~ 

8016.50~ 
1001 - 5oc 

12000.50~ 
26000.50~ 
14000.50~ 
13027.50~ 
20000.50~ 
26000. SOc 
8016.50~ 
6012 ~ 5Oc 

26000.50~ 
6012.50~ 
8016.50~ 
1001.50~ 

imp : n=O 
imp:n=l 
imp:n=l $ reflected 
imp:n=l $ More Drums 
imp : n= 1 
imp:n=l $ rim gap 
imp:n=l .$ sky 
imp:n=l S pad 
imp:n=l $ soil 
imp: n=l 
imp:n=l $ drum walls 
imp:n=l S fissionable 
imp:n=l S reflector 

17.72000 $ Pu239/>lod 

9.533e-05 $ Pu239ch2h20 1.05535e-01 
0.02332 
0.070282 
0.011838 

4.25e-05 $ air 5.38000e-05 
1.13e-05 
0.023363 $ ch2h20 1.05667e-01 
0 - 070445 
0.011859 

0.016665 S concrete 8.05939e-0 
0.0001154 
0.0017436 
0.0015231 
0.0004615 
0 -045778 
0.013846 
0.000114 
0.0003474 
0.0198.87 $ soil 7.25744e-02 

0.0033444 
0.001505 
0.0008062 
0.047031 
0.003921 $ steel 8.74120e-02 
0 .083491 
G.012632 $ w o o d  5.81048e-02 
0.018947 
0.026526 

mode n 
kcode 1000 1.0 10 200 
ksrc 24.57500 0.00000 5.000000 
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1 
1 
11 
12 
31 
52 
33 
34 
35 
11 
42 
il 
52 

L 
11 
12 
13 
11* 
12* 
13* 
14* 
11 
$2 
13 
41 
12 
13 
51 

nl 

ntl 
n2 

n3 

nt3 
a4 

a5 

m6 

m7 

Figure A.13 - MCNP4A Input for Modified case tels with Square Pitch 
array of Drum with Four Edge Located Fissile Lumps (Case e4Isl). 
Reflected Drum edge 4 lumps (e41s) r = 17.72000 cm ' .',n 
0 
0 
0 
0 
0 
2 
2 
4 
5 
0 
6 
1 
3 

so 
PZ 
PZ 
PZ 
PX 
PY 
PX 
PY 
CZ 
PZ 
P Z  

P Z  
PZ 

CZ 

S 

. 1  
-1 
23 24 -21 -22 

Y21 
-31 32 -33 

5.38000e-05 #31 12 -11 
5.38000e-05 11 
8.05939e-02 13 -12 

8.74120e-02 Y41 
1.05535e-01 -51 
1 - 05667e-01 51 

7.25744e-02 -13 
-41 42 -43 

u=2 
u=2 
u=3 
u=3 
u=3 
u=3 
u=3 
u=4 
U=4 
u=5 
u=5 

imp:n=O 
fill=2 imp:n=l 
fill=3 imp:n=l $ reflected 

imp:n=l $ More Drums 
fill=4 imp:n=l 

imp:n=l $ rim gap 
imp:n=l $ sky 
imp:n=l $ pad 
imp:n=l $ soil 

imp:n=l $ drum walls 
imp:n=l $ fissionable 
imp:n=l $ reflector 

fill=5 imp:n=l 

1203.32500 $ Problem boundary 
86.51875 $ Top of Drum Rim 
-1.90500 $ Bottom of Drum Rim 
-32.38500 $ Bottom of Concrete 
30.08312 $ +x surface of cell 
30.08312 $ +y surface of cell 
-30.08312 $ -x surface of cell 
-30.08312 $ -y surface of cell 
28.72685 $ OR drum wall 
-0.15189 $ Bottom surface Drum base 
84.44814 $ Top surface Drum Lid 
28.57500 $ IR drum wall 
0.00000 $ Top surface D m  Base 
84.29625 $ Bottom surface Drum Lid 
20.20557 20.20557 0.000000 17.72000 $ Pu239/Mod 

mode n 

94239.50~ 
8016 - 50c 
1001.50~ 
6012.50~ 
lwtr .Olt 
7014.50~ 
8016.50~ 
8016. 50c 
1001.50~ 
6012.50~ 
lwtr .Olt 

e 14000.50~ 
6012.50~ 
13027.50~ 
20000.50~ 
19000.50~ 
8016.50~ 
1001.5oc 
12000.50~ 
26000.50~ 
14000.50~ 
13027.50~ 
20000.50~ 
26000 .50c 
8016.50~ 
6012.50~ 
26000 . S O c  
6012.50~ 
8016.50~ 
1001.50~ 

9.533e-05 $ Pu239ch2h20 1.05535e-01 
0.02332 
0.070282 
0.011838 

4.25e-05 S air 5.38000e-05 
1.13e-05 
0.023363 $ ch2h20 1.05667e-01 
0.070445 
0 .On859 

0.016665 $ concrete 8.05939e-0 
0.0001154 
0.0017436 
0.0015231 
0.0004615 
0.045778 
0 -013846 
0.000114 
0.0003474 
0.019887 $ soil 7.25744e-02 

0.0033444 
0.001505 
0.0008062 
0.047031 
0.003921 $ steel 8.74120e-02 

' 0.083491 
0.012632 $ wood 5.81048e-02 
0.018947 
0.026526 

kcode 1000 1.0 10 2C.O . 
ksrc 18.20557 18.20557 5.000000 
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t 

Figure A.14 - MCNP4A Input for Double Planar Array of Drums with 
Wetted 195 g Pu-239 Lumps Located at the bottom of the Drums (Case 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 

1 
2* 
3* 
4* 
5 
6 
7 
8 
9 

tri edge stack gravity 30/70 (tesgwl) r:v = 13:2103 m = 195.00000 
0 
0 
0 
1 
1 
0 
0 
5 
6 
0 
0 
0 
1 
0 
4 
2 
3 
0 
4 
2 
3 
0 
4 
2 
3 
0 
0 
0 
1 
0 
4 
2 
3 
0 
4 
2 
3 
0 
4 
2 
3 

so 
P 
P 
P 
PZ 
P Z  
PZ 
c/z 
P Z  

1 
-1 
2 3 4 u=l 

5.38000e-05 #3 u=l 
5.38000e-05 5 u=2 

-6 7 u=2 
-5 6 u=2 

8.05939e-02 -7 28 u=2 
7.25744e-02 -28 u=2 

-8 -9 10 u=3 
-15 -9 10 u=3 
-18 -9 10 u=3 

5.38000e-05 #10 #11 #12 u=3 
-11 -12 13 u=4 

8.74120e-02 1114 u=4 
1.05535e-01 -14 u=5 - 
1.05667e-01 #16 u=5 

-16 -12 13 u=6 
8.74120e-02 #18 ~ = 6  . 
1.05535e-01 -17 u=7 
1.05667e-01 #20 u=7 

-19 -12 13 u=8 
8.74120e-02 #22 u=8 
1.05535e-01 -20 u=9 
1.0566Te-01 #24 u=9 

-8 -21 22 1.140 
-15 -21 22 ~ = 1 0  
-18 -21 22 ~=10 

5.38000e-05 #26 #27 #28 u=10 
-11 -23 24 u=ll 

8.74120e-02 #30 u=ll 
1.05535e-01 -25 u=12 
1.05667e-01 #32 u=12 

-16 -23 24 1.143 
8 -74120e-02 #34 ~ = 1 3  
1.05535e-01 -26 ~ = 1 4  
1.05667e-01 #36 ~ = 1 4  

-19 -23 24 ~ = 1 5  
8.74120e-02 #38 ~ = 1 5  
1.05535e-01 -27 ~ = 1 6  
1.05667e-01 #40 ~ = 1 6  

imp:n=O 
fill=l imp:n=l 
fill=2 imp:n=l 

imp:n=l 
imp:n=l 

fill=3 imp:n=l 
fill=lO imp:n=l 

imp: n=l 
imp:n=l 

fill=4 imp:n=l 
fill=6 imp:n=l 
fill=8 imp:n=l 

imp:n=l 
fill=5 imp:n=l 

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

fill=7 imp:n=l 
imp:n=l 
imp:n=l 
imp:n=l 

f ill=9 imp:n=l 
imp : n=l 
imp:n=l 
imp:n=l 

fill=ll imp:n=l 
fill=13 imp:n=l 
fill=15 imp:n=l 

imp:n=l 
f ilk12 imp:n=l 

imp : n=l 
imp: n=l 
inp:n=l 

filk14 imp:n=l 
imp: n=l 
imp:n=l 
imp:n=l 

filk16 imp:n=l 
imp:n=l 
imp : n=l 
imp:n=l 

$ c.mb 
$ c.inb 
$ c.tri 
$ c.mre.drums 
$ c.sW 
$ c.drums 
5 c.2.dnrms 
$ c.cncrt.pad 
$ c.soi1 
$ c.dnn.a 
$ c.drm.b 
$ c.drm.c 
$ c.surr.drms 
$ c.dw1l.a 
$ c.surr.drm.a 
$ c.flp.a 
$ c.mlp.a . 
$ c.dwl1.b 
$ c.surr.drm.b 
$ c.flp.b 
$ c.mlp.b 
$ c.dwl1.c 
$ c.surr.drm.c 
$ c.flp.c 
$ c.rn1p.c 
$ c.2.drm.a 
$ c.2.drm.b 
$ c.2.drm.c 
$ c.2.surr.dnns 
$ c.2.dwll.a 
$ c.2.surr.dnn.a 
$ c.2.flp.a 
$ c.2.mlp.a 
$ c.2.dwll.b 
$ c.2.surr.dnn.b 
$ c.2.flp.b 
$ c.2.mlp.b 
$ c.2.dwll.c 
$ c.2.surr.drm.c 
$ c.2.flp.c 
$ c.2.mlp.c 

2406.65000 
-0.00000 1.00000 
-0.86603 -0.50000 
0.86603 -0.50000 

174.94250 
86.51875 
-1 - 90500 
0.00000 
84.44814 

0.00000 
0.00000 
0.00000 

0.00000 28 -72689 

$ s.oob 
0.03009 $ s.pln.a 

-30.08312 $ s.pln.b 
-60.15625 $ s.pln.c 

$ s.teir3.teir2 
$ s . teir2. drm 
S s.drum.pad 
$ s.dw0.a 
S s.drm.ld.tap 

10 pz -0.15189 $ s.drm.bs.bot 
& 
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1 

Tigure A.14 - (Continue Case tesgwl) 
-1 
L2 
13 
14 
15 
-6 
.7 
.8 
.9 
!O 
!1 
!2 
!3 
!4 
!5 
!6 
!7 
!8 

ll 

I2  

It 2 
l3 

It 3 
14 

Q5 

n6 

node n 

0.00000 
84.29625 
0.00000 

28.57500 
0.00000 
0.00000 

-14.28750 
-52.10550 
-52.10550 
-66.39300 
172.87189 
88.27186 
172.72000 
88.42375 
28.57500 
-14.28750 
-66.39300 
-32.38500 

7014.50~ 
8016.50~ 
94239.50~ 
6012.50~ 
8016.50~ 
1001.50~ 
lwtr . Olt 
6012.50~ 
8016.50~ 
1001.50~ 
lwtr -01 t 
6012.50~ 
26000.50~ 
14000.50~' 
6012.50~ 
13027.50~ 
20000.50~ 
19000.50~ 
26000.50~ 
8016.50~ 
1001.50~ 
12000.50~ 
14000.50~ 
13027.50~ 
20000 .50~  
26000.50~ 
8016.50~ 

0.00000 

0.00000 
60.16625 
60.16625 
84.91293 
30.08312 
30.08312 
5.33645 

0.00000 
84.91293 
5.33645 

28.57500 

0.000000 
28.72689 
28.57500 
0.000000 
28.72689 
28.57500 
0.000000 

88.42375 
88 -42375 
88.42375 

4.25e-05 $ m.air 
1.13e-05 

0.011838 
0.02332 
0.070282 

0.0002336 $ m.fiss 

0.011859 $ m.md 
0.023363 
0.070445 

0.003921 $ m.stee1 
0 - 083491 
0.016665 $ m.concrete 
0.0001154 
0.0017436 
0.0015231 
0 -  0004615 
0.0003474 
0.045778 
0.013846 
0.000114 
0.019887 $ m.soi1 
0.0033444 
0.001505 
0.0008062 
0.04703 1 

. $ s.dwi.a 
$ s.drm.ld.bot *;I,. 

$ s.drm.bs.top 

$ s.dwo.b 
$ s.dwi.b 

$ s.dw0.c 
$ s.dwi.c 

$ s.2.dnn.ld.top 
$ s.2.dnn.bs.ht 
$ s.2,drm.ld.bot 
$ s.2.dnn.bs.top 

13.00000 $ s.dlp.a 

13.00000 $ s.dlp.b 

13.00000 $ s.dlp.c 

13.00000 $ s.2.dlp.a 
13.00000 $ s.2.dlp.b 
13.00000 $ s.2.dlp.c 

$ s.pad.soi1 

ccode 1000 1.0 10 100 
csrc -15.28 80.06 92.00 

24.44 3.36 92.00 
61.11 7.33 92.00 
-15.28 80.06 4.810 
24.44 3.36 4.810 
61.11 7.33 4.810 
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11.0 APPENDIX B - HEPA FILTER CHARACTERISTICS 

cc:Mail for: kim hammer 

I agree to the statements you have made. 
when it is ccwleted. 

Please send ne a cwy of your report 

Forward Header 
Shject: HEPA Behavior &rhg aposure to Fire 
Mhor: b   am per at sTaxH23 
Date: 10127/97 3:05 RI 

rcaynOr; 

Warld you c~lcur that HEPA filters exhibit the following characteristics when 
exposed to fire?* 

1. Particu&te material (including fissionable materials) is uniformly loaded 
over the surface of a HEPA fi l ter  and throughout the filter d u m  because the 
structure of the fi l ter  is designed to prumte eqxxure of the air flow (with 
particulate) throughout the filter to the maximum total filter surface area 
while maintaining a high mass flow rate and low pressure drw actoss the filter. 

2. The HEPA fi l ter  fiber &um does not h r n  khaxge chemical form). 

3. i?xwsure to fire causes the HepA filter fibers to melt together further 
entraping particulate material Cincluaing fissionable naterial) within the 
ed ia .  As the fi l ter  fibers melt, the filter fibers shrink. cmlescing together 
atound the enbeddod partimlate, trming the particulate i n  the wlted 
mterial. 

4. Melting of HEPA f i l t e r  fibers eliminate voids and r d c e s  the filter medrum 
MLume. 

5 .  The elimination of the air voids wichin the filter medium results i n  
exclusion of water from within the melted glass material. 

6. However. water flooded onto a glass 'glob' may cause fracturing of the glass 
Iraterial. 
apart rather than splinterb.  
fkrther fracturing . 
'marks for your help. 

The fracturing that d d  take place m l d  be more like cracking 
Once cooled w i t h  the water there would be no 

&E. Hamner 
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