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Executive Summary 

Glovebox HA-20MB is located in Room 235B of the 234-52 Building at the Plutonium 
Finishing Plant. This enclosure contains mixers, mixer bowls, a crusher unit, an isolated 
inoperable conveyor unit, plutonium residue feed cans. cemented cans, and a feedwater 
container. Plutonium residue, not conducive to other forms of stabilization, is prepared for 
storage and ultimate disposal by cementation. The feed residue material cans can have 
plutonium contents of only a few grams or up to 200 grams. This evaluation accommodates this 
wide range of container fissile concentrations. 

Two glovebox limit sets are supported by this document. One limit set is for residue in 
any form except solutions and allows up to 1200 g plutonium or fissile equivalent in the 
glovebox. Up to 500 g plutonium can be in feed or cement cans, 200 g plutonium in each of two 
mixing bowls, and 300 g plutonium as glovebox holdup. The second limit set is specifically for 
sand, slag, and crucible (SS&C), ash, or oxide feed material and allows up to 2100 g plutonium 
or fissile equivalent. Up to 500 g plutonium can be in cemented billets, 900 g plutonium in cans 
as feed, 200 g plutonium in each of two mixing bowls, and 300 g plutonium as glovebox holdup. 

Evaluation of this glovebox operation included normal, base cases, and contingencies. 
The base cases took the normal operations for each type of feed material and added the likely off- 
normal events. Each contingency is evaluated assuming the unlikely event happens to the 
conservative base case. A hazards assessment was conducted to assure that each credible 
unlikely event or set of correlated unlikely events was included in this analysis. The results of 
this evaluation show that the intended operation in Glovebox HA-2OMB meets the double 
contingency requirement. That is, at least two unlikely, independent, and concurrent changes in 
process conditions are required before a criticality is possible. Therefore, this CSER meets the 
requirements for a criticality evaluation contained in the Hanford Site Nuclear Criticality Safety 
Manuals, HNF-PRO-334 (FDH 2000), HNF-PRO-537 (FDH 1997a), and HNF-PRO-539 (FD€I 
1997b). ANSI standards (ANSI 1998), and DOE Order 5480.24 (DOE 1992). 'This CSER also 
follows Fluor Federal Services, Inc. Practice 134.290.1 12 1 (FFS 1999). 

... 
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1.0 INTRODUCTION AND SUMMARY 

1.1  INTRODUCTION 

The plutonium stabilization program at the Plutonium Finishing Plant (PFP) involves 
treatment of the residual inventory of plutonium at the plant by various means, dependent on the 
material form and makeup, to convert it into forms amenable to long term storage at PFP or for 
disposition elsewhere. There is a significant quantity of scrap plutonium-bearing materials stored 
in cans in various vaults and gloveboxes. Some of the scrap is in the form of sand, slag and 
crucible (SS&C), ash, or oxide. These materials, along with other fissile residues that could be 
stabilized by the cementation process, are addressed by this criticality safety evaluation report 
(CSER). 

It has been decided that the most expeditious means for storage and disposal of stabilized 
SS&C scrap will be cementation by mixing granulized SS&C with portland cement to form 
contaminated concrete billets. The Glovebox HA-20MB in Room 23SB has been selected for this 
operation, and the equipment therein is to be converted to the special requirements for the 
cementation process. As opposed to the other stabilization process gloveboxes (for furnace firing). 
the HA-20MB activities involve Pu mixed with water, and at a dilution that full moderation of the 
fissile material is the norm. The Pu-bearing slurry containers will include 4.73 L (5 qt) mixing 
bowls and 2.73 L cementing cans. Ash, oxide, and other less characterized fissile scrap may also 
undergo this process. 

Criticality safety control is achieved with plutonium inventory limitations of 21 00 g 
plutonium or fissile equivalent total in the glovebox for the limit set when the feed material is 
characterized as SS&C, ash, or oxide. When the feed is not one of these materials, only 1200 g 
plutonium or fissile equivalent is allowed. No more than 200 g of this fissile material is allowed in 
any one container and no more than 300 g of this fissile material can be holdup and it must be 
evenly distributed throughout the glovebox. 

Holdup is analyzed separately from the process material in this CSER, contrary to the 
standard practice of combining it with the other fissile material in the most reactive arrangement. 
Normally, the holdup is a small percentage of the fissile mass allowed in the glovebox and can be 
conservatively combined with the process mass, not significantly impacting glovebox operation. 
However, for cementation operations, the holdup is a significant portion of the allowable fissile 
mass so it must be analyzed separately as a distributed mass. A spill is considered part of the 
process mass and must be cleaned up prior to continuing operation, so that the holdup does not 
become concentrated. 

When cured, the 14-cm (5.5-in.) diameter by 17.78 cm (7 in.) tall cans of hardened cement 
will be loaded out of the glovebox for eventual disposition in special 55 gallon drums, which will 
accommodate up to three of these cemented cans. A loading limit of 200 g is imposed per drum, so 
that a cement can loaded to the container limit would still be acceptable by itself. 

1-1 
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The evaluation shows that under the controls specified, assurance of subcriticality under 
normal and plausible upset conditions is provided which satisfies the double contingency criterion 
set forth in the Hanford Site Nuclear Criticality Safety Manuals. That is, at least two unlikely, 
independent, and concurrent changes in process conditions are required before a criticality is 
possible. 

There is a pre-existing holdup of Pu as surface contamination of the walls and floor in 
Glovebox HA-20MB. Although the total NDA value of 179 g of plutoniunl for the present 
quatity of holdup is on the order of a third of a Minimum Critical Mass (MCM), the material is 
so thinly distributed to be of minor consequence to the criticality safety controls. 

1.2 DOUBLE CONTINGENCY DOCUMENTATION 

This section presents a summary description of expected operations, expected normal 
conditions, base case of normal condition plus anticipated off-normal conditions for cementation 
operations and results of the contingency analyses. 

Emected Ooeration: 

Sand, slag, and crucible (SS&C) scrap is processed through a crusher to prepare a particle 
size to expedite reaction of residual calcium. A sieve may be used to sort out pieces that require 
further grinding. The resultant material is reacted in 4.73 L mixing bowls containing 
approximately 1.5 L of chilled water. After reacting the calcium, cement powder and water are 
added to create a cement mud that is poured into 14 cm (5.5 in.) diameter, 17.8 cm (7 in.) tall 
cans. After curing, the cans are transferred out of the glovebox to 55 gallon drums for storage. 
Incinerator ash, oxides, and other residues could also be stabilized by this cementation process 
and may not use the crusher. There will be no liquid feed material. 

The criticality safety of this operation depends upon the characterization of the neutron 
moderation possible for these materials. It is assumed that the mixing bowls can contain fully 
moderated plutonium and the cement mud could be up to 90% water. Two limit sets are 
developed to accommodate either fully moderated feed material or SS&C, ash, or oxide (feed 
material that fits the description of Appendices F and G). One limit set allows unrestricted 
moderation feed. The second limit set allows more fissile mass in the glovebox but requires the 
operator to examine each container as it is brought into the glovebox if the material is ash or 
oxide to verify contents and assure no free liquid in the container. SS&C does not require 
operator verification because it is not credible to have H/X>20, free liquid, or to confusc 
container with other material types. 

1-2 
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1.2.1 LIMIT SET A: 1200 G LIMIT WHEN FEED MATERIAL TYPE OR 
MODERATION DOES NOT SATISFY REQUIREMENTS OF LIMIT SET U 

Expected Normal Conditions: 

For limit set A, Glovebox HA-20MB may contain general scrap materials with plutonium 
and/or uranium in metal, alloy, or oxide form with unrestricted moderation. The glovebox total 
fissile mass, including holdup, is limited to 1200 g plutonium or fissile equivalent with the 
uranium 2isU enrichment less than or equal to 50%. This mass is limited to 200 g Pu in each 
mixing bowl, 500 g Pu, total, in the other containers, and 300 g Pu evenly distributed around the 
glovebox as holdup. If the holdup is predominately in one location, such as a spill, then the 
holdup must be considered part of the mass limit for the containers it spilled from. Therefore, 
spills should be promptly cleaned up. Each container can contain up to 200 g Pu or fissile 
equivalent and is limited to a height of 17.8 cm (7 in.) when resting on the glovebox floor. 
Normally, material enters the glovebox in containers with about 60 g Pu and leaves the glovebox 
in cement billets with up to 180 g Pu. Container volumes are limited to 4.73 L for mixing bowls 
and 2.76 L for other containers, except for the sieve assembly that can be 4.9 L and the 
augericonveyor unit that can be 2.83 L. Minimum spacing of 25.4 cm (10 in.) is required 
between mixing bowls and between mixing bowls and other containers except when transferring 
material into or out of a mixing bowl. Minimum spacing of 25.4 cm is also maintained to fissile 
items in Conveyor Glovebox HA-28. No spacing is required among the other containers inside 
Glovebox HA-20MB. Transition and storage spacing of 45.7 cm (18 in.) and 91.4 cm (36 in,), 
respectively, for fissile material outside of Glovebox HA-20MB apply with one exception. 
Waste drums containing up to 200 g of plutonium or fissile equivalent are allowed to pass by the 
north end of Glovebox HA-20MB with 15.2 cm (6 in.) spacing to fissile containers inside the 
glovebox. A five-gallon feedwater container is allowed, but it is prohibited to add fissile 
material to this container. Any opening to the feedwater container must be configured such that 
there is no credible accidental means of introducing fissile-bearing material. 

Base Case Model for Limit Set A: 

The base case encompasses the normal and worst-case likely off-normal events. Two 
mixing bowls each contain 200 g Pu homogeneously mixed with water. The other 500 g of Pu is 
modeled conservatively as 18 cm (7.1 in.) tall, 2.76 L containers. The most reactive arrangement 
of these containers is to place the 500 g in seven containers completely surrounded by containers 
of cement or water and the two mixing bowls placed adjacent to each other in the corner of the 
glovebox and spaced 25.4 cm (10 in.) from the other containers. For the mixing bowls, the 
corner of the glovebox surrounded by 30.5 cm of water provides the maximum neutron reflection 
for containers that must be spaced 25.4 cm (10 in.) from other fissile-bearing containers. On the 
other hand, cement cans or cans of water, close packed. provide the greatest reflection for other 
fissile material that can be grouped without spacing. The mixing bowls are placed together to 
allow containers to be brought together for material transfer, for mixing, crushing, and conveying 
into the mixing bowl, or to simulate the likely loss of spacing between two containers. This 
arrangement is more reactive than if the containers were at the other end of the glovebox with a 
4.7 L container with 400 g of fully moderated Pu on Conveyor HA-28 spaced 25.4 cm (10 in.) 

1-3 
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from these containers. A 2.76 L volume containing 200 g of Pu representing a waste drum 
passing just 15.2 cm (6 in.) past the north end of the glovebox in the normal case is less reactive 
than the 30.5 cm (12 in.) water reflection that surrounds the entire glovebox. Water reflection of' 
2.54 cm (1 in.) is placed around non-adjacent containers to represent hands, rags, and plastic 
waste packages and structural components that may be present in the glovebox. A 2.54 cm ( 1  
in.) of water reflection is placed on top of all containers. The 300 g Pu as holdup is distributed 
uniformly on the floor of the glovebox including under the fissile containers with 30.5 cm water 
reflection under that. The k,, for this base case is 0.8647k0.0009 (case c00Ol flb7b). 

Table 1-1. Glovebox HA30MB -Limit Set A Base Case Limits Summary 

Controlled Parameter 

Mass 

Volume 

Moderation 
Interaction 

Limit 

Maximum 1200 g Pu & fissile 
equiv. Glovebox total including 
holdup; 200 g Pu per mixing 
bowl; 500 g total in other 
containers with no more than 
200 g in any one container; - 
300 g Pu holdup 
Two mixing bowls with - 
maximum 4.73 L per bowl; 
4.9 L sieve pan assembly; 50 ml 
of lubricants; crusherihopper 
1.1 L; augerhopper 2.83 L; other 
containers with maximum height 
of 17.8 cm and maximum 
volume of 2.76 L except one 
five-gallon feedwater container 
into which it is not permitted to 
introduce fissile material and no 
credible accidental means of 
adding fissile material exists 
NA 
No stacking of containers; 
25.4 cm ( I O  in.) minimum 
spacing between mixing bowls 
and between mixing bowls and 
other containers except during 
material transfer; 25.4 cm 
minimum spacing to fissile 
material in Conveyor Glovebox 
HA-28; 15.2 cm minimum 
spacing between waste drums on 

9bnormal but anticipated 
:onditions (conservatism for 
malysis) 
411 fissile modeled as '"Pu 

bfixing bowls were modeled as 
1.8 L; other containers as 2.76 L 

rwo full mixing bowls are placed 
iext to each other and next to full 
ieutron reflection glovebox walls 
o conservatively simulate 
ransfer of fissile material from 
:ontainer to container. 
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Limit 

the north side of the glovebox 
and fissile material containers 
inside glovebox 
Dry fire suppression system 
within glovebox 

Pu in designated containers with 
a maximum 17.8 cm (7 in.) 
height except holdup uniformly 
distributed on floor 
NA 
Maximum 50% 235U in U 

NA 
NA 

NA 

Controlled Parameter Abnormal but anticipated 
conditions (conservatism for 
analysis) 

Full water reflection around 
glovebox, 2.54 cm ( 1  in.) water 
reflection around fissile 
containers if not closely packed 
Containers modeled 18 cm tall 

100% 2"Pu 

equivalent 

Plutonium in the most reactive 
arrangement among the 
containers 

U treated as '"Pu fissile 21s 

Reflection 

Geometry 

Isotopics 
Enrichment 

Density 
Concentration 

Poisons 

The mass of fissile material in each feed container is determined before it is brought into 
Glovebox HA-20MB. Therefore, it is unlikely that the mass limits in the table above will be 
exceeded and subsequently no anticipated abnormal mass conditions are included in the base 
case. 

Contingencv Summary for Limit Set A: 

Table 1-2 summarizes the analyses of the unlikely, independent, off-normal events 
(contingencies). Each event is assumed to occur with the glovebox configured as the described 
base case with the contingency added. The resultant computed reactivity is compared to the 
subcriticality target ken of 0.932 for MCNP calculations of metal plutonium systems, as 
explained in Section 4.0. This table summarizes the results of the contingency evaluation found 
in Section 5.0. Specific k,, calculations were not made for contingencies in Table 1.2 that were 
bounded by other analyzed contingencies. 
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Table 1-2. Glovebox HA-2OMB - Limit Set A Contingency Summary 

Contingency 
Description 

Seismic event with 
container spill and 
flooding that 
washes fissile 
material from 
containers and 
holdup to 
accumulate in 
conveyor housing 
Seismic event with 
containers 
grouping together 
with no spacing 
surrounded by cans 
of cement or water 

Fire with 
interspersed water 
and fissile material 
washing out of 
containers 

Fire with 
interspersed water 
and material stays 
in containers 
Mixing bowl 
stacked on 2.76 L 
containers 
Extra container with 
200 g Pu in 
glovebox, stacked 
on 2.76 L 
containers 
Wagon with max. 
I 

Pu loading under 
glovebox 

Affected 
Parameter 

Volume 
Geometry 

(SI 

Interaction 

Geometry 
Reflection 

Reflection 

[nteraction 

Uass 
Interaction 

nteraction 

Barriers that make contingency 
unlikely 

Seismic event unlikely; requires severe 
damage to glovebox, breaking windows 
and seal to cover of conveyor housing 
under glovebox, breaking of fire 
suppression system piping, all 
containers spilling and washing into 
conveyor housing. 

Seismic event unlikely; requires severe 
damage to glovebox, breaking windows 
with all containers collecting together 
in the most reactive arrangement, and 
breaking of tire suppression system 
piping; it is unlikely that interspersed 
water from fire suppression system 
would have as high of a density as 0.1 
g/cc 
Major building fire that melts glovebox 
panels is unlikely; it is unlikely that 
the fire sprinkler water would add as 
high of an interspersed water density as 
0.1 g/cc and cause all the fissile 
material to be washed from containers 
Major fire that melts glovebox glass is 
unlikely; it is unlikely that the fire 
sprinkler water would add as high of an 
interspersed water density as 0.1 g/cc 
Operator training, procedure, no 
stacking anywhere at PFP 

Operator training, procedure, fissile 
inventory control, posted limits 

Operator training, procedure 

kernbounding 
contingency 
(case ID) 
0.4344 f 0.0007p 
( coo0 1 fl q5 ) 

0.9226 f 0.0009 
(coo01 f lq  l a  ) 

0.8329 k 0.0008 
( C O O 0  1 f l  f2) 

0.8567 k0.0009- 
(cO001 fl f l )  

0.9296 fO.0008 
(c0001fls3) 

0.9078 k 0.0009 
(COO01 fl  s5) 

D.8451 kO.0010 
:c0001flwl) 
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Contingency 
Description 

Mixing bowls 
stacked 
Loss of 15.24-cm 
(6-in.) spacing 
between drum 
passing on north 
end and contents of 
glovebox 
Loss of spacing to 
item on Conveyor 
Glovebox HA-28 
(400 g, 4.7 L, 
H/X>20) 
Extra mixing bowl 
with some fissile 
mass out of other 
containers 
Excess holdup 
exceeding glovebox 
mass limit 
Container too large 

Extra oil or plastic 

Affected 
Parameter 

Interaction 

Interaction 

(SI 

Interaction 

Volume 

Mass 

Volume 

Moderation 

Barriers that make contingency 
unlikely 

Operator training, procedure 

Operator training, procedure 

Operator training, procedure, unlikely 
to have container greater than 2.7 L 

Operator training/procedure; more 
likely to use smaller container to clean 
up a mess 

Operator trainingiprocedurelinventory 
control 

Operator training/procedure 

Operator trainingiprocedure 

k,, bounding 
contingency 
(case ID) 
0.8674 kO.0008 
(c0001fls6) 
0.8687 k 0.0008 
(c0001flb7g) 

0.9097 f0.0009 
(c0001flb17) 

Less reactive than 
extra container 
stacked 

Less reactive than 
extra container 
stacked 
Less reactive than 
bowls stacked 
Less reactive than 
fire analysis for 
reasonable 
quantities of 
plastic present 

The hazards assessment determined that it is not credible to have uranium with '"U 
enrichment exceeding 50% in this glovebox. Therefore, no contingency was evaluated for 
enrichment. 

1.2.2 LIMIT SET B: 2100 G LIMIT FOR SS&C, INCINERATOR ASH, AND OXIDE 

Expected Normal Conditions: 

For limit set B, feed material into Glovehox HA-20MB shall contain SS&C, incinerator 
ash, or oxide described in Appendices F and G, provided there is no free liquid inside the feed 
containers. Each container of ash and oxide will be examined upon entry into the glovebox to 
verify contents and that there is no free liquid. SS&C does not need examination. The material 
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in Appendices F and G can be characterized as having HIX less than or equal to 20. lJnlike limit 
set A, a distinction must be made between the feed containers with limited moderation and thc 
fully moderated cemented fissile containers. The feed material must be spaced at least 25.4 cm 
away from the cemented fissile material containers as well as the mixing bowls, except when 
transferring material into the mixing bowls, or crushing, mixing and conveying feed into the 
mixing bowls. The glovebox total fissile mass, including holdup, is limited to 2100 g plutonium 
or fissile equivalent with the uranium "'U enrichment less than or equal to 50%. This mass is 
limited to 200 g Pu in each mixing bowl with unrestricted moderation, 500 g Pu, total, in other 
containers as cement with unrestricted moderation, 900 g Pu in other containers as feed material 
with no free liquid, and 300 g Pu evenly distributed around the glovebox as holdup. Only feed 
material with plutonium content of up to 200 g in any number of containers can be open at a 
time. Spills must be promptly cleaned up or considered part of the mass of the group of 
containers from which it was spilled. Each individual container can contain up to 200 g Pu or 
fissile equivalent and must be limited to 17.8 cm (7 in.) in height when resting on the glovebox 
floor. Normally, material enters the glovebox in containers with about 60 g Pu and leaves the 
glovebox in cement billets with up to 180 g Pu. Much of the feed material fissile mass will enter 
as less than 60 g Pu per container, but no cemented billet will contain more than 200 g Pu. 
Container volumes are limited to 4.73 L for mixing bowls and 2.76 L for other containers, exccpt 
for the sieve assembly that can be 4.9 L. Minimum spacing of 25.4 cm ( I O  in.) is required 
between mixing bowls and between mixing bowls and other containers except when transferring 
material into or out of a mixing bowl. Minimum spacing of 25.4 cm is also maintained to fissile 
items in Conveyor Glovebox HA-28. No spacing is required among the other containers inside 
Glovebox HA-20MB. Transition and storage spacing of 45.7 cm (18 in.) and 91.4 cm (36 in.), 
respectively, for fissile material outside of Glovebox HA-20MB apply with one exception. 
Waste drums containing up to 200 g of plutonium or fissile equivalent are allowed to pass by the 
north end of Glovebox HA-20MB with 15.2 cm (6 in.) spacing to fissile containers inside the 
glovebox. A five-gallon feedwater container is allowed, but it is prohibited to add fissile 
material to this container. Any opening to the feedwater container must be configured such that 
there is no credible accidental means of introducing tissile-bearing material. 

Base Case Model for Limit Set B: 

The base case for limit set B includes the normal and worst-case likely off-normal events. 
Two mixing bowls each contain 200 g Pu homogeneously mixed with water and placed adjacent 

to each other in the corner of the glovebox. Cement containing 500 g of Pu is modeled as 90% 
water and 10 Yo plutonium and silicon oxide in seven adjacent, close packed 2.76 L, 14 cm 
diameter, 18 cm high containers completely surrounded by containers filled with cement. Feed 
material is placed in 7 containers with 900 g of Pu with H/X = 20 and the remaining volume 
filled with 33% carbon and 67% silicon oxide. These seven containers are also completely 
surrounded by containers of cement because neutron reflection is greater than if surrounded by 
containers of water or next to the 30.5 cm of water reflection modeled around the glovebox. 
Glovebox holdup of 300 g Pu is distributed on the floor of the glovebox, including under each of 
these containers, with 30.5 cm of water under that. The glovebox is completely surrounded by 
30.5 cm thick, full neutron reflection water to simulate operators standing close by. The mixing 
bowls are placed together to allow containers to be brought together for material transfer, for 
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mixing, grinding, and conveying into the mixing bowl, or to simulate the likely loss of spacing 
between two containers. This arrangement is more reactive than if the material was placed 
within 25.4 cm (10 in.) of a 2.76 L container with 400 g of fully moderated Pu that is allowed on 
the conveyor. A 2.76 L volume containing 200 g of Pu representing a waste drum passingjust 
15.2 cm (6 in.) past the north end of the glovebox in the normal case is replaced with a more 
reactive full water reflection wall. Water reflection of 2.54 cm (1 in.) is placed around the 
containers that are not close packed to represent hands, rags, and plastic waste packages that may 
be present in the glovebox. A 2.54 cm (1 in.) of water is modeled on top of all containers. Table 
1-3 summarizes the base case for Limit Set B. The k,, for this base case is 0.8607~0.0009 (case 
cOOOlfLb4). 

Table 1-3. Glovebox HA30MB - Limit Set B Base Case Limits Summary 

Controlled Parameter 

vIass 

Volume 

Moderation 

Limit 

Maximum 2100 g Pu & fissile 
equiv. Glovebox total including 
holdup; 200 g Pu per mixing 
bowl; 500 g Pu total in cement 
containers, 900 g Pu total with 
200 g Pu per container in feed 
material, containers and crusher/ 
hopper, augerhopper; 300 g Pu 
holdup 
Two mixing bowls with 
maximum 4.73 L per bowl; 
4.9 L sieve pan assembly; 50 ml 
of lubricants; crusherhopper 
1.1 L, augerhopper 2.83 L:other 
containers with maximum height 
of 17.8 cm and maximum 
volume of 2.76 L except one 
five-gallon feedwater container 
into which it is not permitted to 
introduce fissile material and no 
credible accidental means of 
adding fissile material exists 
No free liquid in feed containers: 
no more than 200 g Pu in open 
feed containers, auger, crusher, 
or homer at a time 

4bnormal but anticipated 
conditions (conservatism for 
analysis) 
411 fissile inodeled as '"Pu 

Llixing bowls were modeled as 
4.8 L; other containers as 2.76 I .  
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Controlled Parametei 

Interaction 

Interaction (continued) 

Reflection 

Geometry 

tsotopics 
Enrichment 

Density 
Concentration 

Poisons 

Limit 

No stacking of containers; 
25.4 cm ( I O  in.) minimum 
spacing between mixing bowls 
and between mixing bowls and 
other containers and between 
feed material and cement 
containers with fissile material 
except during material transfer; 
spacing is not required among 
feed containers or among cement 
containers with fissile material, 
25.4 cm minimum spacing to 
fissile material in Conveyor 
Glovebox HA-28; 15.2 cm 
minimum spacing between waste 
drums on the north side of the 
glovebox and fissile material 
containers inside glovebox 
Dry fire suppression system 
within glovebox 

Pu in designated containers with 
a maximum 17.8 cm (7 in.) 
height except uniformly 
distributed holdup 
NA 
Maximum SO% z35U in U 

NA 

Abnormal but anticipated 
conditions (conservatism for 
analysis) 
Two mixing bowls placed next t o  
each other to simulate fissile 
material transfer. 

Full reflection around glovebox 
and 2.54 cm (1 in.) water 
reflection on top of and around 
fissile containers not close packed 
Containers modeled 18 cm tall 

1 00% *I9PU 
U treated as IlqPu fissile 235 

equivalent 

Pu concentration to maximize 
reactivity 

The mass of fissile material in each feed container is determined before it is brought into 
Glovebox HA-20MB. Therefore, it is unlikely that the mass limits in the table above will bc 
exceeded and subsequently no anticipated abnormal mass conditions are included in the base 
case. 
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Contingency Summary for Limit Set B: 

Table 1-4 summarizes the analyses of the unlikely, independent, off-normal events 
(contingencies). Each event is assumed to occur with the glovebox configured as the described 
base case with the contingency added. The resultant computed reactivity is compared to the 
subcriticality target k,, of 0.942 for MCNP calculations of plutonium nonmetal systems. 
conservative for the combination of materials in the limit set, as explained in Section 4.0. This 
table summarizes the results of the contingency evaluation found in Section 5.0. Specific k,,, 
calculations were not made for contingencies in Table 1.4 that were bounded by other analyzed 
contingencies. 

Table 1-4. Glovebox HA-2OMB - Limit Set B Contingency Summary 

Contingency 
Description 

Seismic event 
with container 
spill and 
flooding that 
washes fissile 
material from 
containers and 
holdup to 
accumulate in 
conveyor 
housing 
Seismic event 
with containers 
grouping 

together with 
no spacing 
surrounded by 
close packed 
cans of cement 
or water 
Fire with 
interspersed 
water and 
fissile material 
washed out of 
containers 
Fire with 
interspersed 
water and no 

4ffected 
Parameter(s) 

Volume 
3eometry 

hteraction 

3eometry 
Xeflection 

ieflection 

Barriers that make contingency 
unlikely 

Seismic event unlikely; requires severe 
damage to glovebox, breaking windows 
and seal to cover of conveyor housing 
under glovebox and breaking of fire 
suppression system piping 

Seismic event unlikely; requires severe 
damage to glovebox, breaking windows 
with all containers collecting together in 
the most reactive arrangement, and 
breaking of fire suppression system 
piping; it is unlikely that interspersed 
water from fire suppression system 
would have as high of a density as 0.1 
glcc 
Major building fire that melts glovebox - - 
panels is unlikely; it is unlikely that the 
fire sprinkler water would add as high of 
an interspersed water density as 0.1 gicc 
and cause all the fissile material to be 
washed from containers 
Major fire that melts glovebox glass is 
unlikely; it is unlikely that the fire 
sorinkler water would add as high of an 

- 
k,, bounding 
contingency 
[case ID) 
D.7199 i- 0.0008 
:coo0 1 f2q4a) 

3.941 3 f 0.0009 
:c000112ql) 

3.6569 f 0.0009 
:coo0 1 f213) 

3.8515 f 0.0009 
:c0001 f2f5a) 
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Contingency 
Description 

fissile material 
washed out of 
containers; one 
feed container 
open 
One feed 
container with 
unrestricted 
moderation 
brought into 
glovebox 

Feed container 
H/X=200, 
representing 
more H 
associated with 
carbon content 
Mixing bowl 
stacked on 2.76 
L, containers 
Extra container 
with 200 g Pu 
in glovebox, 
stacked on 2.76 
L containers 
Wagon with 
rnax. Pu 
loading under 
;lovebox 
Mixing bowls 
stacked 
Loss of 
I 5.24-cm 
16-in.) spacing 
Jetween drum 
mssing on 
3orth end and 
:ontents of 
rlovebox 

Affected 
Parameter(s) 

Moderation 

)deration 

Interaction 

Mass 
Interaction 

Interaction 

Interaction 

Interaction 

Barriers that make contingency 
unlikely 

interspersed water density as 0.1 g/cc 

Feed container contents are from 
processes with H/X I 2 0  and stored in 
vaults where this moderation limit is 
imposed, so unlikely to get a more 
moderated container; visual inspection 
and removal of container from glovebox 
assures a second moderation violation is 
not credihle 
From contents of Appendices F & G, not 
likely to have that much material with 
carbon and hydrogen 

Operator training, procedure, no stacking 
anywhere at PFP 

Operator training, procedure, fissile 
inventory control, posted limits 

Operator training, procedure 

Operator training, procedure 

Operator training, procedure 

k,,bounding 
contingency 
(case ID) 

~ ~~~ 

Less reactive than 
fire with one feed 
container open 

0.8601k0.0008 
(c0001f2b7) 

0.9236 k0.0009 
(c0001f2sl) 

0.9022 k 0.0009 
(c0001f2s3) 

0.8427 k0.0009 
(COO0 1 f2wl) 

0.8584 k0.0008 
(c0001f2s2) 
0.8602 k 0.0008 
(~0001 f2bh4) 
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Contingency 
Description 

Loss of spacing 
to item on 
Conveyor 
Glovebox 
HA-28 (400 g, 
4.7 L, H/X>20) 
Extra mixing 
bowl with 
some fissile 
mass out of 
other 
containers 
Excess holdup 
exceeding 
glovebox mass 
limit 
Container too 
large 
Extra oil or 
plastic 

Affected 
Parameter(s) 

Interaction 

Volume 

Mass 

Volume 

Moderation 

Barriers that make contingency 
unlikely 

Operator training, procedure, unlikely to 
have container greater than 2.7 L 

Operator trainingiprocedure; more likely 
to use smaller container to clean up a 
mess 

Operator traininglprocedureiinventory 
control 

Operator training/procedure 

Operator training/procedure 

kenbounding 
contingency 
(case ID) 
0.9048 10.0008 
( ~ 0 0 0 1  f2b9) 

Less reactive than 
extra container 
stacked 

Less reactive than 
extra container 
stacked 

Less reactive than 
bowls stacked 
Less reactive than 
tire analysis for 
reasonable 
quantities of 
plastic present 

The hazards assessment determined that it is not credible to have uranium with '''11 
enrichment exceeding 50% in this glovebox. Therefore, no contingency was evaluated fot 
enrichment. 

1.3 SUMMARY 

Glovebox HA-20MB is located in Room 235B of the 234-52 Building at the Plutonium 
Finishing Plant. This enclosure contains mixers, mixer bowls, a crusher unit, an isolated 
inoperable conveyor unit, plutonium residue feed cans, cemented cans, and a feedwater 
container. Plutonium residue, not conducive to other forms of stabilization, is prepared for 
storage and ultimate disposal by cementation. The feed residue material cans can have 
plutonium contents of only a few grams or up to 200 grams. This evaluation accommodates this 
wide range of container fissile concentrations. 

Two glovebox limit sets are supported by this document. One limit set is for residue in 
any form except solutions and allows up to 1200 g plutonium or fissile equivalent in the 
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glovebox. Up to 500 g plutonium can be in feed or cement cans. 200 g plutonium in each of two 
mixing bowls, and 300 g plutonium as glovebox holdup. The second limit set is specifically for 
sand, slag, and crucible (SS&C), ash, or oxide feed material and allows up to 2100 g plutonium 
or fissile equivalent. Up to 500 g plutonium can be in cemented billets, 900 g plutonium in cans 
as feed, 200 g plutonium in each of two mixing bowls, and 300 g plutonium as glovebox holdup. 

This criticality safety evaluation controls mass, volume, spacing, reflection, and geometry 
for both limit sets. For limit set B, moderation for the feed material is also controlled by feed 
material type and operator inspection to assure no free liquids. No fissile material can be 
allowed in the feedwater tank. Noticeable accumulations of fissile material, such as from spills, 
must be cleaned up before continuing operation. The cement content of the plutonium, water and 
cement mix must be adequate to assure that the moisture content of the cement does not excccd 
90 volume percent. A ratio of at least 1500 g cement in 4.73L is sufficient to displace I O  volume 
percent water. Cementation procedures require more than this ratio of cementation to water 
mixed prior to placing the mixture in the cement billet containers. During HEPA filter 
changeouts, all fissile-bearing containers must be removed from the glovebox. For limit set H, a 
maximum of 200 g of plutonium can be in open containers, auger, crusher, or hopper at one time. 
The other feed material must be in closed containers. Also, for limit set B, each ash and oxide 
feed container must be inspected when loaded into HA-20MB to assure that it contains no free 
liquids. SS&C containers need not be inspected. No containers can be stacked and PFP 
transition and storage spacing applies to fissile-bearing containers outside of the glovebox except 
for waste drums passing by the north side of HA-2OMB where a minimum spacing of 15.2 cni ( 6  
in.) to material inside the glovebox is required. 

Evaluation of this glovebox operation included normal, base cases, and contingencies. 
The base cases took the normal operations for each type of feed material and added the likely 
off-normal events. Each contingency is evaluated assuming the unlikely event happens to the 
conservative base case. A hazards assessment was conducted to assure that each credible 
unlikely event or set of correlated unlikely events was included in this analysis. The results of 
this evaluation show that the intended operation in Glovebox HA-20MB meets the double 
contingency requirement. That is, at least two unlikely, independent, and concurrent changes in 
process conditions are required before a criticality is possible. Therefore, this CSER meets the 
requirements for a criticality evaluation contained in the Hanford Site Nuclear Criticality Safety 
Manuals, HNF-PRO-334 (FDH 2000), HNF-PRO-537 (FDH 1997a), and HNF-PRO-539 (FDH 
1997b). ANSI standards (ANSI 1998), and DOE Order 5480.24 (DOE 1992). This CSER also 
follows Fluor Federal Services, Inc. Practice 134.290.1 121 (FFS 1999). 
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2.0 SYSTEM DESCRIPTION AND NORMAL OPERATIONS 

Glovebox HA-20MB will be used to process plutonium scrap material by cementation. 
The normal operational sequence relating to criticality safety is given in Section 2.1 below. 
Figure 1 shows a sketch of the approximate layout of the glovebox in relation to the other 
gloveboxes and conveyors used for thermal stabilization activities at the PFP. Figures 2 and 3 
are sketches showing equipment and containers to be used, but not necessarily in the specific 
glovebox locations. 

The following sections describe the facilities, fissionable materials, and technical 
practices and process features of the handling processes. 

2.1 OPERATIONAL SEQUENCE 

Plutonium residue for cementation in Glovebox HA-20MB can be SS&C, ash, oxide, or 
other less characterized material. A glovebox limit of 2100 g plutonium or fissile equivalent is 
allowed as described in Section 3.0 if the feed material is SS&C, ash, or oxide as characterized by 
the material described in Appendices F and G. If not, then the glovebox fissile mass limit is 
1200 g. The SS&C feed contains calcium that is reacted before cementation. The other scrap 
material can be directly cemented. 

Material enters Glovebox HA-20MB through Conveyor Glovebox HA-28, the airlock, or 
through a port. Mixing bowls are used for the calcium reaction process and for combining the 
plutonium material with cement. The contents of the bowls are stirred by electric mixers or by 
hand. A feedwater container provides water for these processes. Cans of cemented material are 
stored while curing and then transferred out of the glovebox through the HA-28 conveyor. 

A minimum separation of 25.4 cm (10 in.) is required between mixing bowls, between 
mixing bowls and other containers, and between feed containers and cemented containers with two 
exceptions. A mixing bowl can be brought together with another mixing bowl or be brought next 
to a feed or cement container for the transfer of material. Also, for limit set A. 1200 g of plutonium 
or fissile equivalent, there is no separation requirement between feed and cement containers. 

2.1.1 Load-In of Feed Material 

Processing of feed material begins with load-in of cans through a sphinter port, bag port, the 
Conveyor Glovebox HA-28, or the airlock cell. Allowed fissile mass and required minimum 
spacing depend upon which limit set is posted. Logistics and space availability may limit the can 
count. For limit set B (2100 g Pu), ash and oxide containers must be opened upon entry into 
Glovebox HA-2OMB to assure that the type of feed material is consistent with Appendix G 
material and that there is no free liquid in the container. If these conditions are not met. then the 
container must be removed before another feed container is brought into the glovebox. For SS&C, 
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as described in Appendix F, it is not credible to have an HK>20, to have free liquid, or be confused 
with another container because of the process used to create the SS&C and can it (Roemer 1986). 

When feed containers are opened and the material removed, these containers and any plastic 
bagging are rendered into “non-containers” and processed for disposal in the usual manner for 
glovebox waste. For limit set B, only 200 g of plutonium or fissile equivalent in feed material may 
be in open containers, auger, crusher or hopper at a time. A lid replaced on a slip lid can is no 
longer considered open, whether or not it is taped. The analysis requires that the feed containers 
not fill with water under the contingencies involving glovebox glass damage and sprinkler water 
entry into the glovebox. For limit set A, a 200 g fissile mass is allowed in each mixing bowl and 
500 g fissile mass is allowed in the other containers. For limit set B, 200 g fissile mass is allowed 
in each mixing bowl, 900 g fissile mass is allowed in feed containers, and 500 g fissile mass is 
allowed in cemented containers. For both limit sets, 300 g fissile mass is allowed as distributed 
holdup throughout Glovebox HA-20MB and spills must be expeditiously cleaned up. 

2.1.2 SS&C Material Preparation 

One container, at a time, is opened in the process area and weighed. Pu is tracked through a 
running inventory. The SS&C is sieved to separate out the large pieces, which are then transferred 
to a size reduction unit (crusher) and re-sieved through an &mesh screen. An optimum particle size 
of 8 mesh was determined through laboratory testing and assures that the Ca metal oxidation 
reaction with water will proceed to completion. Following this pre-cementing activity, the SS&C is 
transferred into a hopper and fed via a variable speed auger to the mixing bowl containing water. 
This step is necessary to assure a controlled reaction of the calcium with water. After this stage the 
material should be a relatively homogeneous blend of calcium fluoride (CaF,), calcium iodide 
(Cal,), unreacted calcium, magnesium oxide (MgO) sand, plutonium fluoride (PuF,), plutonium 
oxide (PuO,) and silicon oxide (SiO,) as powder grains andor chips and grains as well as metallic 
Pu (and possibly other compounds of Pu in minute amounts). Then, batches of up to 2000 g total 
SS&C will be transferred into the hopper of the auger for subsequent slow metering into a mixcr 
bowl. 

Due to WIPP requirements each SS&C can will be processed on a one to one basis so the 
output can would retain the same Pu mass and assay accuracy as the original input can. This would 
simplify tracking of the area Pu inventories. On occasion the bulk cemented mixture may not tit in 
one cement can. In this case, Pu mixture will be assumed to be homogeneous and the Pu 
accounting for split batches would be determined using the gross weight ratios for the granulized 
and blended SS&C charge portions. Charges will not be combined. 

2-2 



HNF-5988 Rev. 0 

Figure 1. Approximate Layout for Gloveboxes and Conveyors Utilized for Thermal 
Stabilization Activities 
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Figure 2. Cutaway End View from North of Glovebox HA-20MB 
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Figure 3. Layout of Glovebox HA-2OMB for Cementation Processing 
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2.1.3 Reacting Charge Material 

The SS&C feed will require its calcium to be reacted with water. A 4.73 L, 5 quart mixing 
bowl loaded with 1.4L to 1.5L of water (from the chilled water tank), will be prepared for reacting 
the new charge. Infrared thermocouples are affixed to the mixer arms for monitoring the fluid 
temperature. With the mixer beaters activated, the SS&C material is slowly fed from the auger into 
the bowl of water, at a rate to limit the slurry temperature heatup caused by the residual free 
calcium reacting with water. 

Once the bowl contains a designated charge of SS&C material (up to 2000 g), the auger is 
stopped and the mixing is continued for about 20 minutes, or until the temperature stabilization 
indicates no further reaction is occurring. Excess material in the auger, if any, would be transferred 
to a dry slip lid can for use in another charge. 

2.1.4 Cementing 

For cementing, approximately1 500 g of cement is added to the water and SS&C or other 
feed material slurry mixing bowl. The maximum water content of the cement to have the cement 
setup with no liquid standing on top, as required by PFP cementation procedures, is 44 volume 
percent as explained in Appendix J (Greenhalgh 1996). The bowl is set under mixer beaters for 
stirring. Appropriate quantities of water and additional dry cement powder are added to the bowl 
as required to achieve a proper consistency for the cement mud. Loading of the cementing cans 
is done directly by hand from the mixing bowl. It may turn out that the bowl of wet cement 
volume exceeds the desired can fill volume, in which case the excess is poured into either another 
can as a partial fill or as a smaller can. PFP operations tracks Pu contents on the basis of total- 
weight ratios. Loaded cement cans will remain in the glovebox for at least 24 hours to cure. After 
curing, any free liquid is poured back into a mixer bowl for use in the next batch. The cement cans 
are sealed out of the glovebox in vented PVC bags. 

2.2 FACILITY AND EQUIPMENT DESCRIPTION 

The glovebox and the equipment within it are described in this section. Figure 3 shows 
Glovebox HA-20MB equipment layout and Figure 4 shows the cementation process, but not 
necessarily in the specific glovebox locations. 
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Figure 4. Cementation Process 
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2.2.1 Glovebox HA-20MB Description 

Glovebox HA-20MB, located in the main PFP Building 234-52 in Room 235B next to 
Glovebox HA-211, will be used for cementation processing. Glovebox HA-20MB has access to the 
conveyor box system though its connection at the south end to Conveyor Glovebox HA-28. 
Materials are brought into HA-20MB via HA-28, an airlock, a sphincter port or bag port. Items can 
be taken out via Conveyor Glovebox HA-28 or bag port, but no containers will be transferred out 
through the airlock 

HA-20MB is a conventional glovebox with a 132.1 cm (52 in.) wide by 472.4 cm (1 5.5 
ft) long floor supported 91.4 cm (36 in.) above the room floor by a table frame. It has an inside 
height of 91.4 cm (3 ft), and as shown by the end view in Figure 2 the long walls slope inward 
somewhat starting about midway from floor to ceiling. Running beneath the floor of the box is a 
30.5 cm (12 in.) wide by 35.6 cm (14 in.) deep by 350.5 cm (1 1.5 ft) long conveyor trough, down 
the middle and about centered lengthwise; this channel has been covered and sealed. The 
Conveyor Glovebox HA-28 connects to Glovebox HA-20MB at the south end, opposite the end 
with the airlock. 

Figure 3 shows a possible layout of equipment in Glovebox HA-20MB for the cementing 
operations. As indicated in this diagram, the northwest (lower left) portion of the glovebox has 
an air isolation chamber for staging the input SS&C cans from storage. The semicircles evident 
on the drawing express the extent of gloved hand reaches, which through ports on either side 
give complete coverage for ease of container movements. 

The CPS equipment list is to include as "equipment" the crusher, scale, mixers and auger, 
which include their hoppers, Under allowed containers, beside the liquid-loading types cited 
above, will be the sieve pans and cans of the source material. Dry SS&C material may be 
distributed among one or more of the allowed containers. Not more than 200 g Pu is to be 
included in any one container. 

A summary of the process equipment and containers expected in Glovebox HA-20MB for 
operations is given below. 

The equipment available in Glovebox HA-20MB are: 

. one crusher unit 
one hoppedauger unit 
two mixers . two electronic scales 

The containers available in Glovebox HA-20MB are: 

feedcans 1.1 L o r  1.5 L, up to 2.73 L 
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mixer howls 
crushdhopper 
sieve catch pans 
hoppdauger 
cemented cans 
slip-lid cans 
graduated cylinder 
feedwater tank 

4.73 L 
0.6 L 
1.65 L 
2.83 L 
2.725 L 
1.2 L 
0.200 L 
18.9 L 

Other materials available in Glovebox HA-20MB are: 

infrared thermocouples 
auger lidded metal box 
electronic scales 

A 94.6 L (25 gal.) makeup water tank for the glovebox is located outside the glovebox 

Glovebox HA-20MB is listed as a “seismically qualified” glovebox 

2.2.2 Process Source Material 

The SS&C scrap materials input for cementation are the leftovers from the button making 
process whereby plutonium fluoride was mixed with calcium in a magnesium oxide crucible and 
fired at high temperature in an electromagnetic furnace. In a fully efficient operation, all of the Pu 
would be converted to metal, leaving a Pu metal button (up to 2.5 kg mass allowed), plus calcium 
fluoride slag, calcium iodate, unreacted calcium, and the MgO crucible fragments from breaking 
out the button. However, usually not all of the PuF, was converted to metal, and sometimes metal 
chips may have been carried away with the slag and crucible (SS&C) residues. 

The process for making a Pu button of up to 2500 g Pu mass, which is 10.5 mol., would 
thus provide up to 42 mol. (798 g) of fluorine. Full conversion (to Pu + CaF,) would require then at 
least 21 mol. (842 g of calcium) for each batch - - and likely much more. Typical analyses of 
SS&C material indicate about equal parts by weight of CaF, and MgO, so that each hatch will also 
include about 1600 g of MgO sand. However, for most of the relevant past button production runs, 
the typical crucible charge had less than 2000 g Pu, and the inventory of SS&C compounds in a 
storage can could be as low as 50% of the masses cited above. Process flow documentation for 
SS&C is presented in Appendix F. 

The SS&C residues are in multiple-can storage containers, the primary containers of which 
are untinned cans of up to 1.5 L volume (meant to he fed to a SS&C dissolver in the PRF). Assay 
records for the inventory of these SS&C scrap containers indicate Pu contents of up to 200 g per 

Ash material is a mixture of combustible residues that was generated in plutonium 
C a n .  

processing and recovery operations and processed in incinerators. The residues were burned to 
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reduce volume, destroy volatile constituents, and recover plutonium. Oxide is generally the most 
stable form of metals and is expected to be the main species formed as a result of incineration. 

Oxide material is plutonium oxidesimixed oxides of < 30 wt% Pu or Pu+lJ, and are 
typically oxide and mixed oxide residues recovered from glovebox processes. All oxides were 
thermally stabilized prior to placing into vault storage. 

Other materials that may be processed for cementation include sludges, reactive scrap, 
nitrates, oxalates, oxycarbonates, and others. Ash and oxide are described further in Appendix G. 
Other feed materials may have undetermined diluent matter along with the plutonium. 

2.2.3 Mixers and Other Equipment 

The items inside Glovebox HA-20MB for the cementation process considered as fixed 
equipment (as opposed to containers) include two mixers, a crusher, electronic scales, an auger (for 
controlled material feed rates), and a chilled feedwater tank. A larger tank for water supply and a 
chiller unit to supply the cooling coil in the inside feedwater tank are located on the mezzanine to 
the northeast of the glovebox. 

2.2.3.1 Mixers 

Conventional beater style mixers (industrial strength) are used for two stages of the 
operation, 1 )  reaction of residual calcium in the SS&C scrap, and 2) mixing of the granulated scrap 
slurry with cement prior to transferring to the 14-em (5.5-in.) diameter cementing can. The 
proportions in the Figure 2 diagram indicate an overall height of 48 cm (1 9 in.) for the mixer units. 

2.2.3.2 Crusher 

A crusher placed in HA-20MB is for size reduction of the feed material. The hopper for 
this crusher has a capacity of 0.6 L. 

2.2.3.3 Auger 

The auger unit is all enclosed in a 21.6 x 21.6 x 17.8 em (8.5 x 8.5 x 7 in.) tall, lidded metal 
box, procured from AccuRateTM. According to manufacturers specifications, the feed hopper in the 
unit has a volume of 2.83 L (0.1 fi'), or about a third of the overall auger box volume. Material is 
metered out of the auger through a 9.14 cm (3.6 in.) long pipe extending out horizontally from a 
bottom comer of the box. Normal operating feed rate will be 24 gimin. The maximum operating 
limit of the auger is 46 gimin. 

2.2.3.4 Scales 

One or two electronic scales are available to check weights of SS&C material 
accumulations in cans at various stages of the processing, as needed. The portland cement charges 

AccuRate i s  a trademark o f  Schmeck Corporation o f  Whitewater Wisconsin. 
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to the cementing cans will already be properly weighed out and put in the cans before transfer into 
the glovebox. 

2.2.3.5 Feedwater Tank 

The interior feedwater tank for the HA-20MB process is an open top vessel of 18.9 L 
(5 gal.) capacity, formed from an inverted polypropylene carhuoy jug with its bottom cut off. Its 
diameter is 27.9 cm (1 1 in.), and the full height from the outlet to the base is 38.1 cm (1 5 in.). This 
interior tank is fed by gravity through piping from a 94.6 L (25 gal.) makeup water tank located on 
the mezzanine to the northeast of the glovebox. As Figure 4 shows, water is drawn by gravity out 
of the conical lower end of the tank to charge the mixer bowls. The cooling coils inside of the tank 
are supplied in a closed loop circuit from a 4.5 L (1.2 gal.) chiller unit outside of the glovebox. It is 
prohibited to introduce fissile material to this tank and its opening must be configured such that it is 
not credible to have fissile material accidentally enter this tank. 

2.2.3.6 Makeup Water Tank Outside Glovebox 

The 94.6 L (25 gal.) outside makeup water tank for the glovehox is also open on top, and is 
filled by hand using a bucket from a tap on the plant sanitary water line. Thus, replenishing the 
chiller tank can he accomplished by gravity flow without any threat of unrestricted accidental flow 
due to line pressure from the plant water system. The geometry of this outside source tank is not 
important because it is not credible that plutonium would get into it. Glovebox flooding from this 
tank is no more severe than from the fire or seismic events. 

2.2.3.7 Instrumentation 

Instrumentation for the processing will include the infrared thermocouples attached to the 
mixer. 

2.2.4 Containers for SS&C Material and Slurries 

Containers intended to hold the SS&C residues include the storage cans, the mixer bowls, 
the cementing cans, and possibly other small cans for transfer or cleanup purposes. It is intended 
that the mixer bowls and cement cans will be the only allowed container types to hold SS&C 
residues-plus-water slurries or sludge (perhaps also a slip lid can of up to 1.2 L capacity for 
cleanup). 

2.2.4.1 SS&C Containers 

Two sizes of cans have been used in the button making runs, a 1.1 -L unit of 10.1 cm (4 in.) 
diameter and 14.0 cm (5.5 in.) height, and a 1.5 L unit which is 11.3 cm (4.5 in.) diameter by 15.2 
cm (6 in.) high. As brought into the glovebox though a sphincter port or bag-in port, the cans are 
crimped sealed and enclosed in a sealed, tight fitting plastic bag. Containers are limited to a height 
of 17.8 cm (7 in.) when resting on the glovebox floor. 
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2.2.4.2 Sieve Pans 

The sieve pans and catch pans are the same as for the sieve-shaker equipment described also 
in CSER 96-003 (Hess 1996), where each 20.3 cm (8 in.) diameter by 5.1 cm (2 in.) tall sieve or 
catch pan can hold as much as 1.65 L. 

2.2.4.3 Slip-Lid Cans 

Dry SS&C residues will be transferred during the preparations, grinding, splitting, and 
weighing operations in these pans, or in 1.2 L slip-lid cans. These “2 lb” slip-lid cans, 10.8 cm 
(4.25 in.) in diameter by 14.0 cm (5.5 in.) tall, may also be used for cleanup of spills. 

2.2.4.4 Mixer Bowls 

The mixer bowls (or beater vessels) are conventional, rounded bottom, 4.73 L (5-quart) 
stainless steel bowls, 20.3 cm (8 in.) in diameter by 17.8 cm (7 in.) deep. 

2.2.4.5 Cementing Cans 

The cementing cans are 14.0 cm (5.5-in.) diameter by 17.8 cm (7 in.) tall, for a volume of 
2.725 L, and these are equipped with a slip-lid style cover. Load in of these cans into the glovebox 
may be with the charges of dry cement powder needed for the operations. After curing and load- 
out, the cemented SS&C cans will be loaded into 55 gallon waste drums. 

2.2.4.6 Graduated Cylinder 

The allowed container list also includes a 0.2 L graduated cylinder for accurate 
measurement of the water charge required for the cement mixtures. 

2.3 FISSIONABLE MATERIALS DESCRIPTION 

The fissionable material handled in Glovebox HA-20MB is plutonium in the forms of 
SS&C, metal, oxide, ash, sludge, scrap, and other compounds. The fissionable isotope content 
and physical forms are discussed below. 

2.3.1 Fissionable Isotopes 

Each container is labeled with the mass of plutonium or fissile material. The plutonium 
and other fissile mass is assumed to be 239Pu. This simplification is conservative for the 
plutonium with more z4”Pu than *“PU, which is the case for the reactor produced plutonium at 
PFP. The 239Pu assumption also applies to the fissile atoms in depleted or natural uranium or 
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mixed oxides of plutonium and uranium that may be present. For uranium, the 2'511 enrichment 
must not exceed 50 weight percent in order for the 2'9Pu to conservatively model this uranium. 

2.3.2 Carbon Content 

The carbon content of the feed material may vary. For the materials described in 
Appendices F and G, the carbon could be as high as 33% of the material. For other material, the 
carbon content is assumed to be lo%, maximum. 

2.3.3 Residual Pu Contamination of the HA-20MB Glovebox 

Glovebox HA-20MB was used in the past for other plutonium handling operations which 
have resulted in some residual Pu contamination on the wall and floor surfaces in the glovebox. 
Appendix H reports on the NDA determinations of this holdup made after the most recent 
cleanup efforts and prior to installation of the cementation equipment. An NDA high-side 
estimate of 179 g Pu was obtained for the total distribution throughout the glovebox proper 
which included the installed HEPA filter. The NDA also showed no particular hot-spots for the 
material. It is not visually evident where the old deposits are, so that it can be assumed the 
contamination is as a very thin film spread out on the majority of interior surfaces. The average 
areal density is on the order of 10.8 g Pdm2 (1 g Pdft'), and not likely to exceed 53.8 g/m2 
(5 g/ft2) in more than a few locations. If additional material is spilled, it must be expeditiously 
cleaned up or its mass must be included in the limit set for the type of material from the container 
it spilled from. Periodic NDA measurements will confirm glovebox holdup changes over time. 

2.4 FISSIONABLE MATERIAL HANDLING 

Fissionable material will be inventoried as containers enter and leave the type of 
container controlled by the posted limit set. Controls include multiple levels of protection of a 
safe batch such as limits on fissionable mass, maximum container volume, elimination of 
moderation, and separation distance from other fissionable materials. The multiple levels of 
protection will assure that criticality safety will not be jeopardized by the inadvertent failure o fa  
single control. 

In addition, processing will be stopped as necessary to clean up visible accumulations of 
fissionable materials from spills or processing. 

2.4.1 Receipt of Fissionable Material 

Material will be received in Glovebox HA-20MB in cans. Two sizes of cans had been 
used in the button making runs, a 1.1-L unit of 10.1 cm (4 in.) diameter and 14.0 cm (5.5 in.) 
height, and a 1.5 L unit which is 11.4 cm (4.5 in.) diameter by 15.2 cm (6 in.) high. The 
maximum container mass will be 200 g Pu or fissile equivalent and maximum container volume 
will be 2.76 L except for mixing bowls and sieve shaker. 
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2.4.2 Waste Packages 

Glovebox waste is generated from PFP plutonium stabilization operations. It is placed 
into plastic bags, transferred to Isolated Transport Containers, assayed, then placed into waste 
drums. This waste consists of gloves, bags, rags, containers used to port-in items, etc. Prior to 
bagging, all noticeable fissile material is shaken or brushed from these items and no fissile item 
is intentionally placed in these packages. Inspection of historical assay data shows that normally 
these packages contain only 1 or 2 g of fissile material. Appendix H documents this inspection 
and supports the conclusion that it is not credible for the packages to contain more than a few 
tens of grams of fissile material except for the upset of a fissile item in the waste package, which 
is bounded by other upset conditions (reflection). 

Waste packages are allowed in Glovebox HA-20MB and would result from glovebox 
cleaning operations. Waste packages created in this glovebox would only contain the fissile 
material already inventoried and resultant neutron reflectiodmoderation is already conservatively 
modeled by water in the base calculations. 

It is unlikely that a waste package containing fissile material from another glovebox 
would be transferred to HA-20MB because it is not a destination glovebox for waste packages. 
This event is not forbidden and is bounded by the analysis of upset conditions for Glovebox 
HA-20MB. 
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3.0 LIMITS AND CONTROLS 

Table 3-1 lists each of the parameters of concern for criticality safety, and discusses 
whether these parameters are necessary. 

Table 3-1. Controls on Parameters Related to Criticality in Glovebox HA-20MB 

Yes 

Yes 

Yes 

No/Yes 

I Parameter 

Maximum mass limit per container, per group of feed containers 
per group of cement containers (combined with feed containers i 
limit set A), and glovebox holdup 
Volume limit on mixing bowls, sieve pan assembly, lubricants, 
and other containers 
Minimum spacing between mixing bowls and other containers, 
containers on the HA-28 conveyor, and waste drums on north 
side of glovebox, otherwise, general transition and storage 
spacing requirements outside of glovebox; no stacking 

Optimum moderation in analysis for limit Set Aifeed must be 
SS&C, ash, or oxide with no free liquids for limit Set B. 

I Mass 

Plutonium, 
no; 

Uranium, 
ves 

Volume r 

Plutonium was assumed to be IO0 wt% 219Pu. This 
conservatively encompasses all allowed fissionable materials 
includine uranium enriched to 50% 2isU. 

Spacing r 
No 
Yes 

I Moderator 

Most reactive credible densities were used for all materials. 
Plutonium in designated containers with a maximum height of 
17.8 cm (7 in.) except holdup uniformly distributed on floor 

Enrichment 

Geometry 

3.1 LIMITS 

Controlled I Discussion (Limit or Process Control if Yes, Reason if No) I 

Yes I Dry fire suppression system within glovebox 

No 

No 
1 Poisons were not used in this analysis, 

1 Worst credible concentrations were analyzed. 

The operations in Glovebox HA-2OMB are defined in Section 2.0. Operations are 
performed in the main glovebox area. There are two fissionable material mass limit sets for 
cementation glovebox operation. Tables 3-2 and 3-3 show the parameter limits for the 1200 g 
fissile unrestricted feed and 2100 g fissile SS&C, ash, and oxide limit sets, respectively. 
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Table 3-2. Limit Set A: 1200 g Total Glovebox Fissile Mass 

Mass 

Volume 

1 Spacing 

L 
Poisons 

Enrichment 

I 
Geometry 

Max. 1200 g plutonium or fissile equivalent in glovebox 
Max. 200 g plutonium or fissile equivalent per mixing bowl 
Max. 500 g plutonium or fissile equivalent in feed and cement 
containers, crusher, auger, hopper with a maximum 200 g 
plutonium or fissile equivalent in any one container, crusher, 
auger, or hopper 
Max. 300 g plutonium or fissile equivalent glovebox holdup 
Two mixing bowls, each 4.73 L, max. 
Sieve pan assembly, 4.9 L, max. 
Lubricants, 50 ml, max. 
Crusherhopper, 1.1 L 
Augedhopper, 2.83 L 
Other containers, 2.76 L, max. except one 18.9 L (five-gallon) 
feedwater container in which fissile material not permitted and no 
credible accidental means of adding fissile material exists 
Minimum spacing of 25.4 cm (1 0 in.) between mixing bowls and 
mixing bowls and other containers except during material 
transfer; 25.4 cm minimum spacing from fissile material in 
glovebox to that in Conveyor Glovebox HA-28; 15.2 cm (6 in.) 
minimum spacing between fissile material containers in glovebox 
to that in waste drums on the north side of the glovebox; no 
stacking 

None 

Dry fire suppression system within glovebox 

Poisons were not used in this analysis. 

Worst credible concentrations were analyzed. 

Plutonium was assumed to be 100 wt% 239Pu. This 
Gonservatively encompasses all allowed fissionable materials 
including uranium enriched to 50% 23iU. 

Most reactive credible densities were used for all materials. 
Plutonium in designated containers with a maximum height of 
17.8 cm (7 in.) except holdup uniformly distributed on floor 
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Table 3-3. Limit Set B: 2100 g Total Glovebox Fissile Mass 

Allowed Material Tvoe: SS&C. Ash. and Oxide 
Mass 

1 Volume 

L 
Spacing 

Moderator 

Reflector 
Poisons 

Concentration 

Enrichment 

Density 

Geometq 

Max. 2100 g plutonium or fissile equivalent in glovebox 
Max. 200 g plutonium or fissile equivalent per mixing bowl 
Max. 900 g plutonium or fissile equivalent in feed containers. 
crusher, auger, hopper with a maximum 200 g plutonium or 
fissile equivalent in any one container, crusher, auger. or hopper 
Max. 500 g plutonium or fissile equivalent in cement containers 
Max. 300 g plutonium or fissile equivalent glovebox holdup 
Two mixing bowls, each 4.73 L. max. 
Sieve pan assembly, 4.9 L, max 
Lubricants, 50 ml, max 
Crusherhopper, 1.1 L 
Auger/hopper, 2.83 L 
Other containers, 2.76 L, max. except one 18.9 L (five-gallon) 
feedwater container in which fissile material not permitted and no 
credible accidental means of adding fissile material exists 
Minimum spacing of 25.4 cm (1 0 in.) between mixing bowls and 
mixing bowls and other containers and between feed containers 
and fissile material bearing cement containers except during 
material transfer; 25.4 cm minimum spacing from fissile material 
in glovebox to that in Conveyor Glovebox HA-28; 15.2 cm (6 
in.) minimum spacing between fissile material containers in 
glovebox to that in waste drums on the north side of the 
glovebox; spacing is not required among feed containers or 
among fissile bearing cement containers no stacking 

Feed material must be SS&C, ash, or oxide with no free liquid 

Dry fire suppression system within glovebox 

Poisons were not used in this analysis. 

Worst credible concentrations were analyzed. 

Plutonium was assumed to be 100 wt% 239Pu. This 
Gonservatively encompasses all allowed fissionable materials 
including uranium enriched to 50% 235U. 
Most reactive credible densities were used for all materials. 
Plutonium in designated containers with a maximum height of 
17.8 cm (7 in.) except holdup uniformly distributed on floor 
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3.2 PROCESS CONTROLS 

To assure continued criticality safety during operations, the following process controls 
are required. 

A maximum of 200 g of plutonium feed material in open containers, auger, crusher, 
or hoppers at a time for limit set B. 
Each feed container will be opened and examined for free liquid before another 
container is brought into the glovebox for limit set B. 
No fissile material will be placed into the feedwater tank. 
Containers shall not be stacked. 
Noticeable accumulations of fissionable materials, such as from spills, are not 
allowed to remain in Glovebox HA-20MB, and are to be cleaned up before continuing 
operating. 
During HEPA filter change out, all containers with fissile material shall be removed 
from the glovebox. 
Fire fighting category C. 
Waste packages minimized to those required for cleanup of HA-20MB. 
No waste packages, generated outside HA-20MB. shall be brought into glovebox 
HA-20MB. 
At least 15.2 cm (6 in.) spacing must be maintained between fissile material in 
HA-20MB and waste drums passing by the north end of this glovebox (this spacing 
can be either inside or outside HA-20MB). 
PFP transition and storage spacing shall be maintained on the east and west sides of 
HA-20MB and on the north side for fissile containers other than waste drums. 
Cement brought into HA-20MB must be in containers no larger than 2.76 L or 7 in. 
tall. 
Contents of only one container can be transferred to another at one time. 
No liquids shall be added to feed containers for limit set B. 
Rags (maximum 6 sq. ft. total) allowed for cleaning. 

3.3 ENGINEERED CONTROLS 

Engineered controls are the primary means of preventing a criticality in the Glovebox 
HA-20MB. These controls include the following: 

- . 
Containers limit height of fissile material to 17.8 cm (7 in.). 
Glovebox seismically qualified to remain upright during an earthquake. 
Cover seal over old conveyor housing under the glovebox so that fissile material does 
not enter during a fire. 
Old conveyor equipment remains in the housing to prevent fissile material containers 
from falling into conveyor during earthquake, if cover comes loose. 
Potential liquid depth around containers limited to 5.08 cm (2") because elevation of 
HA-20MB only 5.08 cm (2") lower than HA-28 

. 
- 
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3.4 ADMINISTRATIVE CONTROL IMPLEMENTATION 

Criticality Prevention Specifications (CPS), postings and procedures provide limits and 
controls for handling fissionable materials, moderators. and other conditions that will assure 
criticality safety. These controls will address the limit sets of Tables 3-2 & 3-3 and process 
controls of Section 3.2. 

The criticality analysis in this document demonstrates that a single failure of any 
administrative control will not result in a k,, that will exceed the criticality prevention criterion. 

3.5 SUPPORTING INFORMATION 

Operations within Glovebox HA-20MB require: 

Fire Fighting Category: C 

This allows mists or fogs during fire fighting, but no directed solid streams of water are 
allowed (that may move or upset containers of fissionable materials). 

3.6 EVALUATION ASSUMPTIONS 

The important assumptions of this criticality safety evaluation are: 

. 

. 

The only operation analyzed is cementation. 
Glovebox holdup is evenly distributed throughout glovebox. 
It is not credible for significant quantities of fissile mass to get into the five gallon 
feedwater tank. 
Glovebox is seismically qualifed and remains upright and horizontal during 
earthquake. 
Neutron reflection from people and other objects external to glovebox is 
conservatively modeled as 30.5 cm of water. 
Neutron reflection from hands and other objects internal to glovebox is conservatively 
modeled as 2.54 cm of water around single containers and around the outside of 
close-packed groups of containers. 
Fissile material is conservatively modeled as 2i9Pu, 
It is not credible to have uranium with enrichment greater than 50% 235U, 
It is unlikely that SS&C, ash, or oxide, as described in Appendices F and G has 
H/X>20. 
Maximum water content in cemented billets is 90 volume percent. A ratio of at least 
1500 g cement in 4.73 L is sufficient to displace 10 volume percent water. 
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Cementation procedures require more than this ratio of cement to water mixed prior 
to placing the mixture in cement billet containers. 
The augericonveyor and crusher units are part of the feed material when determining 
quantity of plutonium in open feed containers. 
Internal glovebox fire suppression is dry so that a major fire or earthquake is required 
to get water into glovebox. 

. 
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4.0 METHODOLOGY 

4.1 ANALYSIS PHILOSOPHY 

It is desired to both maximize the quantity of SS&C, ash, or oxide to be processed and 
allow any non-solution plutonium residue to be cemented in Glovebox HA-20MB. 'Therefore, 
two limit sets are evaluated. One set limits the glovebox to 1200 g fissile based upon plutonium 
and water conservatively representing any plutonium or uranium (2isU enrichment less than or 
equal to 500/) compounds. The second set allows up to 2100 g fissile in the glovebox if the feed 
material is characterized as SS&C, ash, or oxide as described in Appendices F and G and there is 
no free liquid in the feed container. 

The computer code, MCNP 4B;*is used to calculate the k,, of the allowed limit sets and 
credible upset events. Validation of this code was performed by evaluation of benchmark 
experiments involving the materials that will be used in this glovebox. As described in Section 
4.2, Erickson evaluated plutonium and uranium in systems involving water and concrete as 
reflectors and water as a moderator. Because Glovebox HA-20MB will be mixing cement with 
the fissile material, another benchmark experiment using concrete as a moderator was evaluated 
as reported in Appendix B. 

4.2 MCNPCODE 

The Monte Carlo code MCNP Version 4B, was certified (Schwinkendorf 1998) and 
validated (Erickson 1998a and Lan 1999) for plutonium systems such as the operation in this 
glovebox. Because that validation did not include concrete or cement as a moderator, an 
additional validation was performed and reported in Appendix B, MCNP 4B Computer Code 
Validation. Room temperature cross sections were used for the MCNP calculations. In 
Appendix B, a maximum allowable k,, value of 0.932 was established for calculations for limit 
Set A that could contain metal chunks large enough to warrant the metal limit. For limit set B, 
the material charaterized by the descriptions of Appendices A and F can be considered non-metal 
for purposes of setting a k,, bias with a maximum allowable k,, value of 0.942. These values are 
for calculations with statistical uncertainties I 0.002 and assure subcriticality with an acceptable 
margin, including the uncertainties in the analytical methods and benchmark experimental data. 

4.3 SUBCRITICALITY LIMIT 

For the purposes of this report, the principal criticality prevention criterion or parameter 
is that the effective neutron multiplication (or criticality) factor (ken) shall not exceed 0.95 
(i.e., k,,< 0.95) for all permitted normal configurations ofmaterials, containers, etc., and for any 
credible off-normal event. This criterion is based on implementing the applicable DOE Orders, 
ANSI standards, and HNF-PROS. The subcriticality criterion is used to judge the acceptability 
of a calculated k,, value for fissionable material configuration. This criterion must account for 

*MCNP & Monte Carlo a re  trademarks o f  the Regents of  the University of Ca l i fo rn ia ,  
Los Alamos National Laboratory. 
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the bias inherent in the code and cross sections used, any uncertainties in the physical problem 
being analyzed, and the uncertainties in both the bias determination (the experimental basis) and 
the calculational methods. 

4.4 APPLICATION OF DOUBLE CONTINGENCY PRINCIPLE 

This analysis must meet the requirements of HNF-PRO-334, C'riliculity Safrty Generul 
Requirements, (FDH 2000), HNF-PRO-537, Criticality Safety Control of Fissionable Muteriul. 
(FDH 1997a) and HNF-PRO-539, Criticulity Sufi@ Evuluutions (FDI-I 1997b). HNF-PRO-539 
states that for all new operations and changes pertinent to criticality safety issues in existing 
operations, the CSER is required to demonstrate that there is an acceptable margin of 
subcriticality for all normal and credible abnormal conditions. To demonstrate the Double 
Contingency Principle is satisfied, this CSER must show that there are sufficient factors of safety 
in the operation of Glovebox HA-20MB such that at least two unlikely, independent, and 
concurrent changes in process conditions are required before a criticality accident is possible. 

4.5 HAZARDS ASSESSMENT 

Identification of the contingencies for the operation described in Section 2.0 and 
evaluated in Section 5.0 used a hazards assessment technique called a Preliminary Hazard 
Assessment (PHA). The goal of this effort is to identify deviations from the planned operation 
that may pose a challenge to criticality safety. Analysis is performed as necessary to demonstrate 
that each identified condition satisfies the criticality safety criteria. 

In a PHA, an interdisciplinary team uses a disciplined, systematic approach to identify 
hazards and deviations that could lead to undesirable consequences. Because the criticality 
safety concerns usually arise from deviations from the process design, an experienced team 
leader systematically guides the team through the planned operation. Off-normal events are 
identified and separated into likely and unlikely to happen during the lifetime of the operation. 
The likely events become part of the base case and the unlikely events are the contingencies of 
Section 5.0. The detailed results of this assessment are presented in Appendix D. 
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5.0 EVALUATION AND RESULTS 

5.1 NORMAL CASE 

Normally, this glovebox receives containers with 60 g or less plutonium and mixes these 
together in bowls to prepare containers that contain on the order of 180 g of plutonium for 
disposal. However, the feed containers could contain just a few grams or 200 g of plutonium 
each. Because of the variability of the plutonium content of this residue, it would be hard to 
define what the normal case would be. In fact, such a model would add very little value over the 
base case, except to conclude that the reactivity would be less if the fissile material was not in the 
worst concentration assumed in the base case. Also, one spacing violation is assumed in the base 
case that also covers the quasi-normal condition of a container or augerkonveyor with the 
maximum 200 g of plutonium being used to top off a mixing bowl with nearly 200 g in it. 

The models used for this criticality safety evaluation are described in Section 5.2 as base 
cases. There will be one for limit set A, 1200 g plutonium and one for limit set B. 2100 g 
plutonium glovebox limit. Contingencies are described in Section 5.3. Input files can be found 
in Appendix C and model figures can be found in Appendix E. 

5.2 BASECASE 

This section presents the standard model of the HA-20MB Glovebox under base 
conditions of operations. The base case is composed of the normal operation with all parameters 
at their limiting values and likely abnormal conditions. This model includes two adjacent mixing 
bowls to represent either one spacing violation or the transfer of material from one container to 
another. Fissionable, moderating, and reflecting materials are modeled in the most conservative 
arrangement to represent the highest neutron multiplication for the glovebox. 

Base cases for Limit Set A (1200 g plutonium) and Limit Set B (2100 g plutonium) are 
described in detail in the sections below. The items modeled within the glovebox are the mixer 
bowls, cement billet cans, and feed cans. A 2.54 cm (1 in.) of water is placed around containers 
or groups of containers in the model to represent neutron reflection from operator hands and 
other objects within the glovebox. A full neutron reflecting, 30.5 cm water jacket is placed 
around, under, and over the glovebox to allow operators and technicians to approach the 
glovebox from any angle. Details of the base model for Limit Sets A and B are summarized in 
Table 5-1, and Table 5-3, respectively. 

5.2.1 Base Case Model for Limit Set A: 1200 g Plutonium Limit Set 

The base case model for the unrestricted moderation feed had a k,, of 0.8647*0.0009 
(case c0001flb7b). This value is well below the allowable k,, of 0.932. Description ofthis 
model is as follows. 
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Table 5-1. Base Case Model for 1200 g Plutonium Limit Set 

Glovebox Assumptions 

Glovebox dimensions 

Mixer bowls 

Feed cans and Billet cans 

Sieve Pan Assembly 
:rusher Unit 
4ugedConveyor Unit 
Feedwater tank 

Maintenance fluids 

Sweeps container 

ioom Assumptions 

Glovebox is surrounded with a minimum of 30.48 cm (1 2 in.) of 
water for neutron reflection. 
Rectangular transverse cross-section instead of actual slanted-side 
outlines. 
2.54 cm ( 1  in.) water reflection representing hands around each 
container group. 
Array of close packed triangular pitched 2.76 L cans filled with 
cement or water surround each group of cans. 
Pu holdup in glovebox included in total glovebox mass limit. 
Modeled as 300 g Pu in thin 0.001 cm layer over entire floor of 
glovebox. 
132.1 cm(52in.)deep,91.44cm(36in.)high.518.16cm 

(204 in.) long. The length is 45.7 cm ( 1  8 in.) longer than the 
actual glovebox to include the adjoining Conveyor Glovebox HA- 
28. 
Two 4.80 L bowl shape 20.3 cm (8 in.) diameter and 18.0 cm 
(7.1 in.) deep. Lower part of bowl is hemispherical with flattened 
bottom. The height is modeled slightly greater than the actual 
height of 17.8 cm (7 in.) so the volume is larger than the actual 
volume of 4.73 L. 
Each bowl contains 200 g Pu as PuO, mixed with water to the full 
volume. The two bowls are touching to represent a single spacing 
violation, and are located in a corner of the glovebox spaced 
25.4 cm (1 0 in.) from other containers. 
2.76 L cylinder 14.0 cm (5.5 in.) diameter and 18.0 (7.1 in.) high. 
The height is modeled slightly greater than the actual hcight of 
17.8 cm (7 in.) so the volume is larger than the actual volumc of 
2.73 L. 
500 g Pu in 7 cans filled with 90 vol% water, 10 vol% carbon 
represents both unrestricted moderation feed cans and cement 
filled cans. 
Not explicitly modeled since covered by feed and billet cans. 
Not explicitly modeled since covered by feed and billet cans. 
Not explicitly modeled since covered by feed and billet cans. 
Not explicitly modeled since covered by external water reflection 
and cement cans reflection. 
Not explicitly modeled since covered by water reflection. 

Not included since more reactive to have all Pu in billet cans, feed 
cans, and bowls. 
One 2.76 L cylindrical can 15.2 cm (6 in.) from glovebox wall 
with 200 g Pu with water representing waste barrel moving past 
north end of glovebox. 
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5.2.2 Glovebox HA-2OMB 

A Glovebox HA-20MB model for the MCNP problems was established based on 
dimensions in the drawings from which the Figures 2 and 3 were derived. A rectangular 
transverse cross-section was adopted in the model instead of the slanted-side outline shown in 
Figure 2. The metal glovebox walls, floor, and ceiling were not modeled, but were surrounded 
by 30.48 cni (12 in.) full water reflection. 

Only the mixer bowls, cementing cans, and feed cans were modeled inside the HA-20MB 
Glovebox. Volumes of the various equipment items that would hold feed materials such as the 
auger hopper and crusher hopper were not explicitly modeled, but assumed to be part of the 
group of feed containers with mass within that limit. Cemented fissile-bearing cans were 
modeled in a close cluster surrounded by close packed cans of cement. Clusters of fully filled 
mixer bowls were modeled up against the glovebox wall in a corner. 

For all cases the plutonium involved was assumed to be entirely *''Pu. Also, none of the 
calculations accounted for the iodine constituent of the real SS&C residues, a conservative 
omission because of the high neutron absorption properties for the element (7 barns at thermal 
energies, a factor of 20 times the absorption for hydrogen). For the cement mix, iron oxide, as 
sometimes present in concrete, was excluded. 

5.2.3 Feed and Cement Container 

Feed and cement containers were modeled as cylinders with a volume of 2.76 L as the 
interior cylinder of 14.0 cm (5.5 in.) diameter by 18.0 cm (7.1 in.) height. They contain either feed 
material with fissile material, cement with fissile material, or cement without fissile material. For 
mixtures of cement and fissile material, the cement acts as a moderator and the most reactive 
container is one with the most water. Cementation procedures require more cement than required 
to displace 10 volume percent water. Therefore, 90 volume percent water content was used for 
those containers. For limit set B the rest of the cement container is filled with the specified mass of 
plutonium as plutonium oxide and silicon oxide to fill the 2.76 L per container. The silicon oxide, 
water, and plutonium oxide mixture bonds the cement for limit set B. Cement containers without 
fissile material act as reflectors where the greatest neutron reflectivity occurs with 9% water in the 
cement and close packing around the containers with fissile material. 

Feed and cement containers are modeled differently for limit set A than for limit set B. For 
limit set A, the feed and cement container is 90 volume percent water with the remaining 10 
volume percent containing both the specified plutonium as plutonium oxide and carbon which is 
the most reactive constituent along with the plutonium oxide. The carbon, water, and plutonium 
oxide mixture bounds both the feed material and cement for limit set A. For limit set B, the 
material in the feed containers is characterized by Appendices F and G and has an effective 
maximum moderation H/X <20. That feed material is modeled as the plutonium as plutonium 
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oxide, sufficient water to make H/X = 20 with the rest of the volume of the container filled with 
67% silicon oxide and 33% carbon. 

5.2.4 Mixer Bowl 

A detailed model of the curved bottom mixer bowl was created. For the feed material 
charged to the bowl, concentrations of Pu and water were assumed, in a full volume of water. Two 
4.80 L bowls, each 20.3 cm (8 in.) diameter and 18.0 cm (7.1 in.) deep are included in the model. 
The lower part of the bowl is hemispherical with a flattened bottom. The height is modeled 
slightly greater than the actual height of 17.8 cm (7 in.) so the volume is larger than the actual 
volume of 4.71 I.. Each bowl contains 200 g Pu as PuO, mixed with water to the full volume. 
The two bowls are touching to represent a single spacing violation, and are located in a corner of 
the glovebox spaced 25.4 cm (10 in.) from other containers. 

5.2.5 HA-28 Conveyor Fissile Movement Past HA-2OMB Glovebox 

Glovebox HA-20MB is open to the HA-28 conveyor, providing a path for fissile material 
movement to, from, and past HA-20MB. The PFP conveyor CPS (CPS-Z-165-80031) requires 
an edge-to-edge spacing limit of 25.4 cm (10 in.) between a container on a conveyor and a loaded 
container in a connecting glovebox. It is more reactive to have the containers in Glovebox 
HA-20MB fully reflected than to be spaced 25.4 cm (10 in.) from allowed fissile containers in 
Conveyor Glovebox HA-28. Therefore, the base case was reflected. A variation of the base case 
was created with one 4.7 L can containing 400 g plutonium of unrestricted H/X from conveyor 
HA-28 inside the glovebox with 25.4 cm (10 in.) spacing from other containers. For the loss of 
spacing contingency, the conveyor can was brought into contact with the plutonium cans while 
maintaining reflective cement cans on the other sides of the plutonium cans. 

5.2.6 Glovebox Filter Holdup for HEPA Filter Replacement Operation 

PFP gloveboxes have in-place High Efficiency Particulate Air (HEPA) filters in the 
exhaust lines to remove plutonium dust and other particulate. The nominal 20.3 cm x 20.3 cm x 
15.2 cm (8 in. x 8 in. x 6 in.) filter is normally located in a recess in the glovebox roof. A 
glovebox would only have one significantly contaminated filter since experience has shown that 
even if there are two filters in sequence, only the first is contaminated with sufficient fissile 
material to be of any concern for criticality safety. The second filter will be contaminated but 
only with milligram quantities of plutonium (unless the first filter has been physically broken 
through). 

CSAR 80-014 shows that over the credible range of plutonium particle densities, 
criticality in an optimally moderated filter is not credible at either full or nominal water 
reflection. In Glovebox HA-20MB with water lines, nominal reflection is considered normal. 
Per CSAR 80-014, dozens of filters are needed to approach criticality at low plutonium densities; 
at higher densities, tens of kg of plutonium are needed; and in between, both the number and 
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mass required for criticality is incredible. Clearly the HEPA filter alone is not a threat to 
criticality safety. 

The HEPA filter is made of material that is considered a moderator, so the HEPA filter is 
classified as having unrestricted moderation. CSER 80-014 shows that for a critical 
configuration at an optimal moderation of 30 g P d L  and full water reflection, the 1 1 1 g of 
plutonium contained in the 3.72 L media volume of the 20.3 cm x 20.3 cm x 15.2 cm (8 in. x 8 
in. x 6 in.) HEPA filter at 30 g/L is about 21% of the minimum critical mass. Glovebox holdup 
is limited to 300 g and includes the fissile material in the HEPA filter. Even if all this holdup 
was in the filter, not a credible scenario, the result is only 60% of a MCM. No containers of 
fissionable material are allowed in the glovebox while removing a HEPA filter. Floor 
accumulations are minimized by the requirement to expeditiously clean up spills. Therefore. 
reactivity would not be increased significantly above that for the filter by itself, which is well 
within allowables for credible accumulations in the filter. 

5.2.7 Base Cases Results for Limit Set A 

Base case evaluations were conservatively modeled to represent the operations defined in 
Section 4.4. The results for all of the base case evaluations are given in Table 5-2. These k,,,s 
are all significantly less than the criticality safety limit of 0.932. The criticality safety criterion 
has been met for the base situation with unrestricted moderation feed. 

The base case (case cOOOlfl b7b) had a k,, of 0.8647k 0.0009. The other cases in Table 
5-2 are sensitivity studies that were used to develop this base case. These cases addressed issues 
of fissile material location, reflection, moderation, composition, and interaction. 

Case c0001flb7c showed that it is more reactive to have the fissile cans surrounded by 
close packed cement cans than to have the cans located in a corner of the glovebox with full 
water reflection on two sides. Case c0001flb7e, with water in the close packed cans surrounding 
the fissile containers, had essentially the same k,, as the base case c0001flb7b. with cement in 
the surrounding containers. 

The set ofcases c0001flb3a, c0001flb4a, cOOOlflbla, c0001flb6a, cOOOlflbXa, 
c0001flblOb, and cOOOlflb1 la  varied the number offissile cans from three to ten, with the same 
500 g Pu fissile content. This showed that concentrations higher or lower than the base case of 
seven cans would have lower reactivity. 

The k,, for Case c0001flb13a was lower than the base case cOOOl fl b7b, showing that it 
is more reactive to have close packed cement cans reflection surrounding the fissile cans (with 
nominal 5.1 cm water reflection on top of the containers) than to have the fissile containers 
against the fully reflecting glovebox wall along with nominal 5.1 cm water reflection around the 
containers. 
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Case 

c0001flb7b 

c0001flb7e 

Comparing case c0001flb18 with the base case cOOOlflb7b showed that it is more 
reactive to have close packed cement can reflection surrounding the fissile containers than to 
have the most reactive container that could be on the HA-28 conveyor (400 g Pu in 4.7 L fully 
moderated with water) spaced at 25.4 cm from the glovebox fissile containers 

Cases cOOOlfl b23, c0001flb21, c0001flb22, together with the base case cOOOIflb7b. 
showed that displacing ten percent of the container volume with carbon is more reactive than 
substituting silicon oxide or cement for the water. 
cemented product containers. The 90 % water content covers hydrogeneous materials as well as 
water in the feed and cement containers. 

The fissile cans represent both feed and 

Description Kc.,, 10 

500 g Pu in 7 cans 90% by volume water, 10% carbon 
400 g Pu in 2 bowls filled with water. 
300 g Pu holdup on floor. 
Close packed cans surrounded by cement cans(9% water). 

Same as c0001flb7b except water cans reflection 0.8641 0.0010 

0.8647 0.0009 

Case c0001flb20 illustrates that the two adjacent bowls in the comer of the glovebox 
alone provide a k,,of 0.808l~0.0008. Adding the container with 200 g Pu representing a drum 
outside the north wall of the glovebox at 15.2 cm (6 in.) spacing (case cOOOl fl  bl9a) provides a 
negligible decrease in reactivity. The impact of the outside container at 15.2 cm spacing was 
also evaluated by comparing the base case c0001flb7b with case cOOOlfl b7f, which located the 
drum container near the two bowls and indicated a negligible increase in keiT The impact of the 
outside container at 15.2 cm spacing was also evaluated by comparing the case cOOOlflb7c (with 
the fissile cans in the glovebox comer without the outside drum container) with case cOOOlfl b7d 
(with the drum container at 15.2 cm from the cans), which had identical k,,,.’s. The net result of 
these studies was that the outside drum container spaced 15.2 cm from the fissile containers in 
the glovebox has a negligible impact on the glovebox reactivity. 

c0001flb7c 

cOOOlflb7d 

cOOOIflb7f 

c0001flb18 

Table 5-2. MCNP Calculational Results of Base Cases in Glovebox HA-20MB for Limit 
Set A: 1200 g Plutonium Glovebox Total 

Same as c0001flb7b except cans in comer of glovebox 

Same as c0001flb7c except 200 g in 2.76 L can 15.2 cm 
(6 in.) outside glovebox close to cans 

Same as c0001flb7b except 200 g in 2.76 L can 15.2 cm 
(6 in.) outside glovebox close to bowls 

Same as c0001flb7b except 400 g in 4.7 I, can representing 
container on conveyor 25.4 cm (10 in.) from cans 

0.8540 0.0008 

0.8540 0.0008 

0.8665 0.0008 

0.8510 0.0008 

1 c0001flb3a 1 Same as cOOOlfl b7b except 500 g in 3 cans 1 0.8324 I 0.0009 I 
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Case Description 

I - 1 c0001flbla ISame as cOOOlflb7b except 500 g in 5 cans 
cOOOlflb6a 

cOOOIflb8a 

cOOOlflblOb 

Same as c0001flb7b except 500 g in 6 cans 

Same as c0001flb7b except 500 g in 8 cans 

Same as c0001flb7b except 500 F! in 9 cans 
c000lflbl l a  

c000lflbl3a 

c0OOlfl b7i 

c000lfl b20 

c000lfl b19a 

c0001flb22 

Same as cO00lflblaexcept 500 g in 10 cans 

Same as c0001flb7b except 2.54 cm (1 in.) water around 
sides of cans as well as top, no close packed cement cans for 
reflection. Container groupings 25.4 cm (10 in.) apart. 

Same as c0001flb7b except 18% water content cement cans 
reflection 

c0001flb21 
c0001flb23 

Only 2 bowls, full water reflection from glovebox walls 

Only 2 bowls plus 200 g Pu can located 6” from bowls 
outside glovebox 
Same as c0001flb7b except 7 cans with 10% SiO, rather 
than Carbon 
Same as c0001flb7b except 7 cans with Pu + water 
Same as c0001flb7b except 7 cans with 10% cement rather 

L I than Carbon 

0.8591 1 0.0009 1 

0.8721 1 0.0008 1 

5.2.8 Base Case Model for Limit Set B: 2100 g Plutonium Total Glovebox 

The base case model for the feed, restricted to the compositions of SS&C. ash, or oxides 

0.0009 (case c0001f2b4). This value is well 
documented in Appendices F and G and a physical inspection by operators that the feed 
containers have no free liquid had a kerf of 0.8607 
below the allowable k,, of 0.942. 
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Table 5-3. Base Case Model 2100 g Plutonium Limit Set 

;lovebox Assumptions 

;lovebox dimensions 

vlixer bowls 

'eed cans 

3illet cans 

Glovebox is surrounded with a minimum of 30.48 cm ( I  2 in.) of 
water for neutron reflection. 
Rectangular transverse cross-section instead of actual slanted-side 
outlines. 
2.54 cm (1 in.) water reflection representing hands around each 
container group. 
Array of close packed triangular pitched 2.76 L cans filled with 
cement or water surround each group of cans. 
Pu holdup in glovebox included in total glovebox mass limit. 
Modeled as 300 g Pu in thin 0.001 cm layer over entire floor of 
glovebox. 
132.1 cm (52 in.) deep, 91.44 cm (36 in.) high, 518.16 cm 

(204 in.) long. The length is 45.7 cm (1 8 in.) longer than the 
actual glovebox to include the adjoining Conveyor Glovebox HA- 
28. 
Two 4.80 L bowls 20.3 cm (8 in.) diameter and 18.0 cm (7.1 in.) 
deep. Lower part of bowl is hemispherical with flattened bottom. 
The height is modeled slightly greater than the actual height of 
17.8 cm (7 in.) so the volume is larger than the actual volume of 
4.73 L. 
Each bowl contains 200 g Pu as Pu02 mixed with water to the full 
volume. The two bowls are touching to represent a single spacing 
violation, and are located in a corner of the glovebox spaced 25.4 
cm (10 in.) from other containers. 
2.76 L cylinder 14.0 cm (5.5 in.) diameter and 18.0 (7.1 in.) high. 
The height is modeled slightly greater than the actual height of 
17.8 cm (7 in.) so the volume is larger than the actual volume of 
2.73 L. 
900 g Pu as Pu02 with H/X =20 in 7 cans filled with 33 wt% 
carbon, 67 wt% silicon dioxide representing restricted moderation 
feed cans containing one of the identified feed materials ( ash, 
oxide scrap, or sand, slag and crucible material). These cans are 
grouped together and surrounded close packed by other cement 
filled cans, but are spaced 25.4 cm (1 0 in.) from the Pu containing 
billet cans. 
2.76 L cylinder 14.0 cm (5.5 in.) diameter and 18.0 cm (7.1 in.) 
high. 
The height is modeled slightly greater than the actual height of 
17.8 cm (7 in.) so the volume is larger than the actual volume of 
2.73 L. 
500 g Pu in 7 cans filled with 90 vel% water, 10 vol% silicon 
dioxide represents unrestricted moderatiou cement filled cans. 
These cans are grouped together and surrounded close packed by 
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Sieve Pan Assembly 
Crusher Unit 

other cement filled cans, but are spaced 20.5 cm ( I O  in.) from other 
Pu containing containers. 
Not explicitly modeled since covered by feed and billet cans. 
Not exolicitlv modeled since covered by feed and billet cans. 

AugerIConveyor Unit 
Feedwater tank 

Maintenance fluids 

1 Sweeps container 1 Not included since more reactive to have all l’u in billet cans. feed 1 

Not explicitly modeled since covered by feed and billet cans. 
Not explicitly modeled since covered by external water reflection 
and cement cans reflection. 
Not explicitly modeled since covered by water rcflection. 

__ . 

Room Assumptions + cans, and bowls. 
One 2.76 L cylindrical can 15.2 cm (6 in.) from glovebox wall 
with 200 g Pu with water representing waste barrel moving past 

I I north end of dovebox. I 

5.2.9 Base Case Model Differences from Limit Set A 

To increase the glovebox mass limit to 21 00 g plutonium or fissile equivalent, less than 
optimum moderation must be assumed for the feed material. The mass limit is increased by 
separating the feed material from the cemented billets and requiring that the feed be material 
characterized as SS&C, ash, or oxide. Appendixes F and G describe the composition of that 
material. Also, the feed containers must be inspected as they are brought into the glovebox to 
assure that there is no free liquid and only one container at a time can have its cover off. 

Feed containers are then restricted in moderation due to the nature of the material and the 
requirements of where it is stored. SS&C, ash, or oxides must have an HIX 5 20, so using 
H/X=20 in these calculations is conservative. Vigilance must be exercised to maintain this 
restricted moderation level by inspecting each container brought into the glovebox for free liquid. 
Also, only one feed container can be uncovered at a time to not allow the cans to fil l  with water 
if an event breaks the glovebox windows and actuates the fire suppression water. 

A minimum 25.4 cm spacing is maintained between the feed containers and the cemented 
billet cans. This requirement is in addition to the spacing required between the mixing bowls and 
the bowls and cement cans of limit set A. 

5.2.10 Base Case Results for Limit Set B 

Base case evaluations were conservatively modeled to represent the operations for the 
2100 g plutonium total glovebox limit. The results for these base case evaluations are given in 
Table 5-9. These kcfi are all significantly less than the criticality safety limit. The criticality 
safety criterion has been met for the base situation with SS&C, ash, or oxide feed. 

The base case (case cOOOlfLb4) had a k,, of 0.8607+ 0.0009. The other cases in Table 5- 
4 are sensitivity studies that were used to develop this base case. These cases addressed issues of 
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Case 

coo01 f2b4 

fissile material location, reflection, moderation, composition, and interaction 

Case cOOOlf2b5 with water in the close packed cans surrounding the fissile containers, 
had a k,,, of 0.8579+0.0008 which is negligibly smaller than the k,, for the base casc c0001f2b4 
with cement in the surrounding containers. 

Description 

500 g Pu in 7 cans 90% by volume water, 10% silicon oxide 
400 g Pu in 2 bowls 100% water touching. 
900 g Pu in 7 cans H/X=20 33% carbon 67% silicon oxide 
300 g Pu holdup on floor. 
200 g Pu in 2.7 L outside glovebox at 15.24 cm (6 in.) 
spacing from glovebox wall next to bowls representing drum 
passing by. 
Close packed cans surrounded by cement cans 
2.54 cm (1 in.) water reflection on top of cans. 

The set ofcases c0001f2b3, cOOOIf2bh3, cOOOlf2bh1, and c0001f2bh4 varied the 
number of fissile limited moderation feed cans from five to ten, with the same 900 g Pu fissile 
content. The number of fissile cans was also varied in cases cOOOlf2bl and cOOOlf2b2. These 
cases showed that concentrations higher or lower than the base case of seven cans would have 
lower reactivity. 

Sensitivity to the number of feed cans was demonstrated in the sensitivity studies for the 
Limit Set A base case in Section 5.2.7. As a check, the case cOOOlf2b3 reduced the number of 
fissile cement feed cans from seven to five, with the same 500 g Pu fissile content. The resulting 
lower k,, showed that concentrations higher than the base case of seven cans would have lower 
reactivity and indicated that the most reactive configuration would be the same . 

The k,, for case cOOOl f2b6a was lower than the base case cOOOIf2b4, showing that it is 
more reactive to have close packed cement cans reflection surrounding the fissile cans (with 
nominal 5.1 cm water reflection on top of the containers) than to have the fissile containers 
against the fully reflecting glovebox wall along with nominal 5.1 cm water reflection around the 
containers, 

Comparing case cOOOlf2b8 with the base case c0001f2b4 showed that it is more reactive 
to have close packed cement can reflection surrounding the fissile containers than to have the 
most reactive container that could be on the HA-28 conveyor (400 g Pu in 4.7 L fully moderated 
with water) spaced at 25.4 cm from the glovebox fissile containers. Case cOOOlf2b8 located the 
conveyor container 25.4 cm fiom both feed and cement product container groupings. 

Table 5-4. MCNP Calculational Results of Base Cases in Glovebox HA-20MB for Limit 
Set B: 2100 g Plutonium Total Glovebox 

0.8607 

10 

0.0009 
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Case 
cOOOIfLb3 

cO0Olf2bl 

cOOOlf2b2 

Description k,,,, 10 

Same as c0001f2b4 except 900 g in 5 cans, H/X=20. 

Same as c0001f2b3 except 500 g i n  5 cans, 90% water, 10% 
silicon oxide, 900 g in 5 cans, H/X=20. 

Same as cOOOlf2bl except 900 g in 6 cans, H/X=20. 

0.8591 0.0009 

0.8530 0.0009 

0.8535 0.0008 
cOOOlf2b5 

cOOOlf2b8 
Same as cOOOIf2b4 except water cans reflection. 0.8579 0.0008 

Same as cOOOlf2b4 except 4.7 L can with 400 g Pu, 25.4 cm 0.0008 
(10 in.) from other cans representing container on HA-28 
conveyor. 

0.8456 

cOOOlf2b6a 

cOOOIf2bh2 

Same as cOOOIf2b4 except 2.54 cm ( 1  in.) water around 
sides of cans as well as top, next to walls, no close packed 
cement cans for reflection. 400 g in 4.7 L can representing 
conveyor container. Container groupings 25.4 cm (10 in.) 
apart. 

Same as c0001fLb4 except no 500 g Pu in 7 cans, 
900 g in 5 cans wX=20. 

0.8553 0.0008 

0.8074 0.0008 

5.3 CONTINGENCY ANALYSIS 

cOOOIf2bh3 

c000lf2bhl 

The contingency analysis section addresses the effect of various unlikely, off-normal 
events on the critical parameters and their associated controls to confirm the double contingency 
criterion has been met. 

Mass is controlled administratively by measurement. The total fissile mass of the 
glovebox is limited to1200 g plutonium or fissile equivalent for limit set A and 2100 g plutonium 
or fissile equivalent for limit set B. These mass limits were determined by the maximum mass 
that would satisfy the criticality safety limits on k,, for the limiting conditions of the seismic 
contingency analysis. Sections 5.3.4, 5.3.5, 5.3.10, and 5.3.1 1 address the contingency of 
exceeding the glovebox mass limit as well as the container limit of 200 g plutonium or 
equivalent. 

Same as c0001f2b4 except no 500 g Pu in 7 cans, 
900 g in 6 cans H/X=20. 

Same as c0001f2b4 except no 500 g Pu in 7 cans, 
900 g in 7 cans H/X=20. 

0.8088 0.0008 

0.8094 0.0009 

Volume and Geometry are physically controlled by restrictions on container volume and 
height. It is important in an unrestricted moderation glovebox not to allow largc, low neutron 

cOOOIf2bh4 

5-1 1 

Same as c0001fLb4 except no 500 g Pu in 7 cans, 
900 g in 10 cans H/X=20. 

0.8076 0.0009 
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leakage arrangement of containers, This is accomplished by limiting the height of the containers 
in the base case and the size of container that could be mistakenly stacked. Container height is 
limited to 17.8 cm and the volume of containers other than mixing bowls, sieve pan assembly, 
and crusherhuger is 2.76 L. Sections 5.3.4 and 5.3.10 address the contingency of exceeding the 
volume limits. 

Density is not controlled. The most reactive credible densities were used for all 
materials. 

Moderation is not controlled for limit set A. For limit set B, the feed material must be 
SS&C, ash, or oxide as described in Appendices F and G, cannot have free liquid in the feed 
containers, or more than one feed container open at one time. Sections 5.3.9 and 5.3.1 1 address 
the contingency of the H/X ratio being too high in the feed material. 

Reflection is controlled by a dry fire suppression system within the HA-20MB Glovebox 
but not controlled by the volume of water or number of water-bearing containers within the 
glovebox. Sections 5.3.1, 5.3.2,5.3.8, and 5.3.9 explain the contingencies where an earthquake 
or major fire causes the glovebox windows to melt or break and the fire suppression system to 
rain water down on the glovebox contents. 

Interaction is controlled administratively by a minimum 25.4 cm (10 in.) spacing 
requirement between mixing bowls and between mixing bowls and the other containers of fissile 
material for both limit sets. For limit set B, the feed material and cemented fissile containers 
shall be separated by 25.4 cm. One spacing violation is included in the base case. Sections 5.3.4 
and 5.3.10 address the contingency of container stacking. Firefighting Category C is specified to 
restrict solid streams of water that could cause significant loss of interaction control. Stacking 
bounds a second spacing violation. 

Enrichment, Concentration, and Isotopes are not controlled for plutonium which was 
assumed to be 100 wt% 239Pu. This conservatively encompasses all allowed fissionable materials 
including uranium enriched to 50% 23sU. The hazards assessment, Appendix D, states that it isn’t 
credible to exceed this uranium enrichment in Glovebox HA-2OMB. 

Neutron Absorption is not controlled. 

The off-normal situations of fissionable material handling for the operations in Glovebox 
HA-20MB are listed in Tables 1-2 and 1-4. The following discussions in this section give a 
description of the off-normal conditions and the calculational results. Each of the unlikely 
off-normal events results from a loss of one or more controls, and is therefore considered to be a 
contingency. For each contingency, the model assumed the most limiting allowed conditions for 
criticality controls shown in Section 3.0 including likely off-normal events. 

5-12 



HNF-5988 Rev. 0 

cOOOlflqla 

5.3.1 Contingencies for Limit Set A 

Contingencies for the 1200 g plutonium or equivalent fissile mass limit set are evaluated 
by imposing the unlikely event upon the base case described in Section 5.2.1. Each of these 
events are described below. 

500 g Pu in 5 cans 90% by volume water, 10% carbon 1 0.9226 0.0009 

5.3.2 Seismic Event 

The seismic contingency is the limiting event for setting the glovebox fissile mass limits. 
The Plutonium Finishing Plant Final Safety Analysis Report (FDH 1999) states that Glovebox 

HA-2OMB is seismically qualified. The glovebox will remain upright but the contents can move 
around during an earthquake. The worst case is for the feed, cement billets, and mixing bowls to 
group together, thus losing the 25.4 cm spacing control between these groups of containers and 
then flooding. 

The source of possible, but highly unlikely, flooding during a seismic event would be 
breakage of the room fire sprinkler pipes or heads combined with breakage of the glovebox 
windows to allow entry of water to the glovebox and contents. Open containers could collect 
water and free liquid could accumulate to a depth of 5.08 cm (2 in.) on the floor before draining 
into the HA-28 conveyor. Analysis with water to this depth adequately covers the potential 
flooding depth caused by this elevation difference. Table 5-5 shows the seismic event for several 
arrangements of the base case containers where k,, does not exceed 0.923 for sprinkler spray 
densities up to 0.1 g/cc. 

Water spray densities from the sprinkler system was evaluated as described in Appendix 
I. Fire suppression water densities will be on the order of 0.01 g/cc or less for contingencies that 
could actuate or break the water lines. Table 5-5 shows a parametric study of interspersed water 
through the credible range of sprinkler water densities for the seismic contingency for limit set A. 
The reactivity steadily rises with no intermediate peak. It is assumed in this evaluation that 
unlikely water densities could range up to 0.1 g/cc and greater water densities are not credible. 

Table 5-5. MCNP Calculational Results of Seismic Cases in Glovebox HA-20MB 
for 1200 g Plutonium Limit Set 

Case I Description I t t  I 1 0  

I 1  400 g Pu in 2 bowls filled with water. 
300 g Pu holdup on floor. 
All containers grouped together with close packed cement 
cans surrounding all Pu cans and bowls. 
Glovebox flooded to 5.08 cm (2 in.), rest of glovebox filled 
with 10% dense water spray. 
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Case Description 1 k C " k  I 10 

1 I I I cOOOlflq4 /SameascOOOIflqlabut7cans I 0.9120 I 0.0009 
cOOOIflq3 

c000lflq5 

cOOOlflqle 

COOOlflqlb 

cOOOlflqlc 

cOOOlflqld 

Same as cOOOlflqla but 7 cans (same can arrangement as 
base case coo0 1 f l  b7b) 

1200 g Pu in slab on floor of conveyor housing at 150 g/L 0.4344 0.0007 

Same as cOOOlflqla except 0.001 g/cc water spray 0.8789 0.0008 

Same as cooolflqla except 0.01 gicc water spray 0.8840 0.0009 

Same as cOOOlflqla except 0.05 g/cc water spray 0.9004 0.0009 

Same as cOOOlflqla except 0.15 r/cc water sarav 0.9398 0.0009 

0.9015 0.0009 

I I - .~ I 1 I 

Case 

5.3.3 Major Fire 

It is unlikely that the PFP will have a major structural tire that will melt the glovebox 
windows and actuate the fire suppression sprinklers. That contingency is evaluated two ways. 
One is to assume that open containers fill with water but don't overflow in such a way as to wash 
out fissile material. The other evaluation assumes that all the fissile material in open containers 
washes out onto the floor of the glovebox that fills to a 5.08-cm (2-in.) depth before draining into 
the HA-28 conveyor. This depth adequately covers the potential flooding caused by the 
elevation difference between the two gloveboxes. Table 5-6 shows the results of these 
calculations with the k,,'s less than 0.86. 

Description I k,d, 

Table 5-6. MCNP Calculational Results of Flooding Cases in Glovebox HA-20MB for 

cOOO1flfl 

cOOOlflf2 

c000lflf3 

cOOOlflf4 

Same as base case cOOOlflb7b except glovebox flooded to 
5.08 cm (2 in.), rest of glovebox filled with 10% dense water 
spray. 

Same as base case cOOOlflbl3a (no close packed cement 
cans for reflection) except flooded to 5.08 cm (2 in.), rest of 
glovebox filled with 10% dense water spray 

1200 g Pu mixed with water in 5.08 cm (2 in.) layer on 
glovebox floor 

1200 g Pu in water in 0.13 cm thick slab on glovebox floor 
at 150 e/L 

0.8567 

0.8329 

0.2047 

0.6571 

10  

0.0009 

0.0008 

0.0003 

0.001 1 
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cOOOlfls3 

5.3.4 Stacking Event 

Stacking is prohibited at the PFP. Also, operators are trained not to move one container 
over another. However, it is credible, but unlikely, that either a mixing bowl or another fissile 
container is moved over the top of another. For this contingency, a mixing bowl is analyzed 
stacked on top of another mixing bowl or on the top of the most reactive arrangement of other 
fissile containers. Also, an additional 2.76 L container with 200 g of plutonium is stacked on top 
of the most reactive arrangement of other fissile containers. These results are presented in 
Table 5-7 with k,, not exceeding 0.93. 

Same as base case cOOOlflb7b except one bowl with 200 g 
Pu stacked on top of seven 2.76 L cans containing 500 g Pu 
in center of glovebox with cement can reflection. 

0.9296 

Table 5-7. MCNP Calculational Results of Stacking Cases in Glovebox HA-2OMB fur 
1200 g Plutonium Limit Set 

c0001fls4 

c0001flsl 

I Case 1 Description I kc,,, 

Same as base case cOOOlflb7c except one bowl with 200 g 
Pu stacked on top of seven 2.76 L cans containing 500 g Pu 
in comer of glovebox with cement can reflection. 

Same as base case cOOOlflb7b except one bowl with 200 g 
Pu stacked on top of five 2.76 L cans containing 500 g Pu in 
center of glovebox with cement can reflection. 

0.9223 

0.9276 

c0001fls2 

c0001fls6 

c0001fls5 

Same as base case c0001flb7b except one bowl with 200 g 
Pu stacked on top of five 2.76 L cans containing 500 g Pu in 
corner of glovebox with cement can reflection. 

Same as base case c0001flb7b except one bowl stacked on 
top of other bowl. 

Same as base case cOOOlflb7b except one extra 2.76 L can 
with 200 g Pu stacked on top of seven cans containing 500 g 
Pu. 

0.9214 

0.8674 

0.9078 

0.0008 

0.0009 A 
5.3.5 Interaction Events 

Minimum spacing is required for certain fissile containers within the glovebox and 
between these containers and fissile containers in Conveyor Glovebox HA-28, and to waste 
drums and wagons in Room 235B. One spacing violation inside the glovebox is likely and is 
included in the base case. The other spacing violations are unlikely and are analyzed as 
contingencies. The seismic event conservatively bounds the loss of spacing within the glovebox. 
Loss of the 25.4 cm minimum spacing to containers in Conveyor Glovebox HA-28, the 15.2 cm 
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Case 

cOOOlflw1 

cOOOlflb7h 

c000lflb7g 

minimum spacing to the waste drums passing the north side of the glovebox, and the wagons 
allowed in the room are reported in Table 5-8. No k,, exceeds 0.91. 

The sensitivity cases described in Section 5.2.1 showed that the drum container would 
have a negligible impact on the glovebox reactivity as long as the 15.2 cm spacing is maintained 
to the containers in the glovebox. Interaction contingencies were evaluated to assess the impact 
of losing this spacing. The k,, for case cOOOIflb7g of 0.8687+0.0008, with the outside can 
against the glovebox wall next to the two bowls, can be compared directly to the base case 
c0001flb7b k,, of 0.8647+0.0009. The k,, for case c0001flb7h of 0.8669+0.0008, with the 
outside can against the glovebox wall next to the fissile cans in the corner of the glovebox, can 
be compared directly to the case c0001flb7c k,,, of 0.8540+0.0008, with the fissile cans in the 
corner of the glovebox. This comparison indicated an increase in k,,, of 0.01 3 associated with 
losing the 15.2 cm spacing. While the k,,'s calculated for this contingency are well below the k,,, 
limit of 0.932 for this system, the increase in ken associated with the loss of spacing could impact 
other contingencies, such as stacking and seismic, if the loss of spacing was included as part of 
the base case. To illustrate this impact, case cOOOlfls8 was constructed as a duplicate of the 
stacking contingency case c0001fls4 with the fissile cans and a stacked bowl in the glovebox 
comer, with the addition of the outside drum container adjacent to the glovebox wall next to the 
cans. The k,,of case cOOOIfls8 was 0.9351k0.0009, which is 0.013 higher than the case 
c0001fls4 k,, of 0.9223k0.0009, and exceeds the k,, limit of 0.932. A similar increase would be 
expected on seismic contingencies, which would also exceed the k,, limit. Therefore, the 15.2 
cm spacing limit is required for the current analysis assumptions. 

Description 

Same as base case c0001flb7c except one wagon with max 
Pu loading under glovebox directly under cans. 

Same as base case c0001flb7b except 2.76 L container with 
200 g Pu representing drum outside glovebox located against 
glovebox wall adjacent to seven 2.76 L cans containing 500 
g Pu in corner. 

Same as base case c000lfl b7b except 2.76 L container with 
200 g Pu representing drum outside glovebox located against 
glovebox wall adjacent to two 4.8 L bowls containing 400 g 
Pu in comer. 

Table 5-8. MCNP Calculational Results of Interaction Cases in Glovebox HA-20MB 
for 1200 g Plutonium Limit Set 

cOOOlflb17 Same as base case c0001flb7b except 400 g in 4.7 L can 
adjacent to other cans 

kd, 
0.8451 

0.8669 

0.8687 

0.9097 

1 0  

0.0010 
- 

0.0008 

~ 

0.0008 

0.0009 

5-16 



HNF-5988 Rev. 0 

cOOOlflbs8 
I Case I Description I kc,,, I 1 0  I 

Same as stacking case c0001fls4 except 2.76 L container 
with 200 g Pu representing drum outside glovebox located 
against glovebox wall adjacent to seven 2.76 L cans 
containing 500 g Pu in corner. 

0.9351'"' 0.0009 

5.3.6 Other Contingencies for Limit Set A 

Extra Mixing Bowl with Some Fissile Mass Out of Other Containers 

The additional 200 g Pu container stacked on the other containers (case c0001fls3) 
covers the contingency of an extra mixing bowl with some of the fissile mass outside the other 
containers with a k,, of 0.9296k 0.0008. 

Excess Glovebox Holdua Exceedinp the Glovebox Mass Limit 

The additional 200 g Pu container stacked on the other containers (case c0001fls3) 
covers the contingency of excess holdup exceeding the glovebox mass limit by up to 200 g since 
it is more reactive to have the excess Pu concentrated in one container on top of the other 
containers than to have the Pu distributed around the glovebox as holdup. 

Container too Laree 

The stacking of two 4.8 L mixing bowls, each containing 200 g of Pu with unrestricted 
moderation (case c0001fls6) provides a bounding reactivity for up to 400 g Pu in a total of 9.6 L, 
which is much larger than any container that could be introduced into the glovebox. Therefore 
the contingency of having a container larger than the 4.8 L mixing bowl is covered. 

Extra Oil or Plastic 

The fire case cOOO1flfl is an analysis of the base case configuration with 5 cm of water 
flooding on the floor and 10% dense water spray filling the glovebox. The k,, for this case was 
0.8567f 0.0009, which was lower than the 0.8647f0.0009 k,, for the base case with nominal 
reflection (case cOOOlfl b7b). Extra oils or plastics in the glovebox would have to be very 
extensive in order to exceed the hydrogen content of the water in either of these cases. 

5.3.7 Contingencies for Limit Set B 

Contingencies for the 2100 g plutonium or equivalent fissile mass limit set are evaluated 
by imposing the unlikely event upon the base case described in Section 5.2.2. Each of these 
events is described below. 
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Case 

cOOOlf2ql 

cO001fLq2 

5.3.8 Seismic Event 

Description kd, 10 

500 g Pu in 4 cans 90% by volume water, 10% silicon oxide 
400 g Pu in 2 bowls 100% water. 
900 g Pu in 7 cans, H/X=20 33%, carbon, 67% silicon oxide. 
300 g Pu holdup on floor. 
All containers grouped together with close packed cement 
cans surrounding all Pu cans and bowls. 
Glovebox flooded to 5.08 cm (2 in.), rest of glovebox filled 
with 10% dense water spray. 

Same as cOOOlfLqI except water cans reflection 0.9410 0.0010 

0.9413 0.0009 

The seismic contingency is the limiting event for setting the glovebox fissile mass limits. 
The Plutonium Finishing Plant Final Safety Analysis Report (FDH 1999) states that Glovebox 
HA-20MB is seismically qualified. The glovebox will remain upright but the contents can move 
around during an earthquake. Worst case is for the feed, cement billets, and mixing bowls to 
group together, thus losing the 25.4 cm spacing control between these groups of containers and 
then flooding. 

cOOOIf2qla 

Cooolflq4 

The source of possible, but highly unlikely, flooding during a seismic event would be 
breakage of the room fire sprinkler pipes or heads combined with breakage of the glovebox 
windows to allow entry of water to the glovebox and contents. Open containers could collect 
water and free liquid could accumulate to a depth of 5.08 cm (2 in.) on the floor. Flooding of the 
glovebox with more than 5.08 cm (2 in.) of water is not credible due to drainage out the conveyor 
glovebox. Table 5-9 shows the seismic event for several arrangements of the base case 
containers where k,, does not exceed 0.942 for sprinkler water densities up to 0.1 gicc. 

Water spray densities from the sprinkler system was evaluated as described in Appendix 
I .  Fire suppression water densities will be on the order of 0.01 g/cc or less for contingencies that 
could actuate or break the water lines. Table 5-9 shows a parametric study of interspersed water 
through the credible range of sprinkler water densities for the seismic contingency for limit set B. 
The reactivity steadily rises with no intermediate peak. It is assumed in this evaluation that 
unlikely water densities could range up to 0.1 g/cc and greater water densities are not credible. 

Same as cOOOlfLql except 0.9387 0.0008 
500 g Pu in 5 cans, 90% by volume water, 10% silicon oxide 
900 g Pu in 5 cans, H/X=20 33%, carbon 67%, silicon oxide. 

2100 .g Pu in water layer in under-floor conveyor region. 0.6553 0.0009 

Table 5-9. MCNP Calculational Results of Seismic Cases in Glovebox HA-20MB for 2100 g 
Plutonium Limit Set 
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Case 

c0001f2fl 

5.3.9 Major Fire 

Description hdc 1 0  

Same as base case c0001f2b4 except glovebox flooded to 
5.08 cm (2 in.), rest of glovebox filled with 10% dense water 
spray. 

0.8494 0.0009 

It is unlikely that the PFP will have a major structural fire that will melt the glovebox 
windows and actuate the fire suppression sprinklers. That contingency is evaluated two ways. 
One is to assume that open containers fill with water but don’t overflow in such a way as to wash 
out fissile material. The other evaluation assumes that all the fissile material in open containers 
washes out onto the floor ofthe glovebox that fills to a 5.08-cm (2-in.) depth before draining into 
the HA-28 conveyor. Table 5-10 shows the results of these calculations where k,,, does not 
exceed 0.85. 

cOOOIf2f2a 

cooo~fLf3 

COOolf2f4 

Same as base case c0001f2b5 (no close cement reflection 
around cans) except glovebox flooded to 5.08 cm (2 in.), rest 
of glovebox filled with 10% dense water spray. 

2100 g Pu mixed with water in 5.08 cm (2 in.) layer on 
glovebox floor 

2100 g Pu mixed with water at 150 g/L in 0.22 cm thick slab 
covered by water to 5.08 cm (2 in.) on glovebox floor 

0.8283 

0.6569 

0.6575 

0.0009 

0.0009 

0.001 1 

cOOOlf2f5a Same as cOOOlfLfl except one 2.76 L can with 200 g Pu 
filled with water, 6 other cans with 700 g and H/X = 20 

1 0.8515 101)009 1 
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Case 

cOOOlf2sl 

Cooo~f2S2 

5.3.10 Stacking Event 

Stacking is prohibited at the PFP. Also, operators are trained not to move one container 
over another. However, it is credible, but unlikely, that either a mixing bowl or another fissile 
container is moved over the top of another. For this contingency, a mixing bowl is analyzed 
stacked on top of another mixing bowl or on the top of the most reactive arrangement of other 
fissile containers. Also, an additional 2.76 L container with 200 g of plutonium is stacked on top 
of the most reactive arrangement of other fissile containers. These results are presented in Table 
5-1 1.  The most reactive arrangement is for the mixing bowl to be stacked on top of the seven 
2.7 L cans containing 500 g Pu with reflection from close packed cement cans. The k,,, for that 
case is less than 0.924. 

Description kd, 10 

Same as base case c0001f2b4 except one bowl with 200 g Pu 
stacked on top of seven 2.76 L cans containing 500 g Pu in 
center of glovebox with cement can reflection. 

Same as base case c0001f2b4 except one bowl with 200 g Pu 0.8584 
stacked on top of other bowl. 

0.9236 0.0009 

0.0008 

Table 5-11. MCNP Calculational Results of Stacking Cases in Glovebox HA-ZOMB for 
2100 g Plutonium Limit Set 

C0001fLS3 

~OOOlf2~5 

cOOOlfLs4 

Same as base case c0001f2b4 except one extra 2.76 L can 
with 200 g Pu stacked on top of seven cans containing 500 g 
Pu. 

Same as base case cOOOIf2b4 except one extra 2.76 L can 
with 200 g Pu stacked on top of seven cans containing 900 g 
Pu, H/X=20. 

Same as base case c0001f2b4 except one bowl stacked on 
top of seven 2.76 L cans containing 900 g Pu, H/X=20. 

0.9022 0.0009 

0.8591 0.0009 

0.8610 0.0008 

5.3.1 1 Interaction Events 

Minimum spacing is required for certain fissile containers within the glovebox and 
between these containers and fissile containers in Conveyor Glovebox HA-28, and to waste 
drums and wagons in Room 235B. One spacing violation inside the glovebox is likely and is 
included in the base case. The other spacing violations are unlikely and are analyzed as 
contingencies. The seismic event conservatively bounds the loss of spacing within the glovebox. 
Loss of the 25.4 cm minimum spacing to containers in Conveyor Glovebox HA-28, the 15.2 cm 

minimum spacing to the waste drums passing the north side of the glovebox, and the wagons 
allowed in the room are reported in Table 5-12. The kef+ do not exceed 0.91. 
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Case 

cOOOl f2wl 

Table 5-12. MCNP Calculational Results of Interaction Cases in Glovebox HA-20MB for 
2100 g Plutonium Limit Set 

Description L C  1 0  

Same as base case c0001f2b3 except one wagon with max 
Pu loading under glovebox directly under 7 cans with 500 g 
Pu. 

0.8427 0.0009 

~ ~~ 

c0OOlfLb4h 

c0001fZb9 

cOOOlf2b7 

cOOOlf2bl l a  

c0OOlf2b13 

Same as base case c0001f2b4 except 2.76 L container with 
200 g Pu representing drum outside glovebox located against 
glovebox wall adjacent to two 4.8 L bowls containing 400 g 
Pu in comer. 

Same as base case cOOOIf2b4 except 400 g in 4 7 L can 
adjacent to other cans 

Same as base case c0001f2b4 except one 200 g can with 
H/X=200 in middle of 6 cans with 700 g Pu, H/X=20 

Same as base case c0001f2b4 except 200 g in 2.2 L furnace 
boat mixed with water adjacent to other cans 

Same as base case c0001f2b4 except 200 g in metal cubed 
2.2 L furnace boat filled with water adjacent to other cans 

0.8602 0.0008 

0.9048 0.0008 

0.8601 0.0008 

0.8689 0.0009 

0.8583 0.0009 

5.3.12 Other Contingencies for Limit Set B 

Extra Mixing Bowl with Some Fissile Mass Out of Other Containers 

The additional 200 g Pu container stacked on the other containers (case cOOOIf2s3) 
covers the contingency of an extra mixing bowl with some of the fissile mass outside the other 
containers with a k'"of 0.9022+0.0009. 

Excess Glovebox Holduo Exceeding the Glovebox Mass Limit 

The additional 200 g Pu container stacked on the other containers (case c000l f2s3) 
covers the contingency of excess holdup exceeding the glovebox mass limit by up to 200 g since 
it is more reactive to have the excess Pu concentrated in one container on top of the other 
containers than to have the Pu distributed around the glovebox as holdup. 

Container too Large 

The stacking of two 4.8 L mixing bowls, each containing 200 g of Pu with unrestricted 
moderation (case cOOOlfLs2) provides a bounding reactivity of 0.8584k0.0008 for up to 400 g Pu 
in a total of 9.4 L, which is much larger than any container that could be introduced into the 
glovebox. Therefore the contingency of having a container larger than the 4.8 L mixing bowl is 
covered. 
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Extra Oil or Plastic 

The fire case c0001f2fl is an analysis of the base case configuration with 5 cm of water 
flooding on the floor and 10% dense water spray filling the glovebox. The k,, for this case was 
0.8494k 0.0009, which was lower than the 0.8607k0.0009 k,, for the base case with nominal 
reflection (case cO0Ol f2b4). Extra oils or plastics in the glovebox would have to be very 
extensive in order to exceed the hydrogen content of the water in either of these cases. 

One Feed Container with Unrestricted Moderation Broueht into Glovebox 

The fire case cO0Ol fLf5a provided a k,, of 0.85 15k0.0009 for the configuration of one 
2.76 L container with 200 g and unrestricted moderation surrounded by other 2.76 L containers 
with a total of 700 g Pu as feed material with H/X=20. The interaction case cOOOIf2b7 provided 
a k,,of 0.8601k0.0008 for the configuration of one 2.76 L container with 200 g and H/X=2OO 
surrounded by other containers with a total of 700 g Pu as feed material with HIX =20. 
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Independent Peer Reviewer Comments: K. N. Schwinkendorf - 03/03/2000 

This CSER was independently peer reviewed by K. N. Schwinkendorf, a qualified Criticality 
Safety Specialist in the Criticality and Shielding group of Fluor Federal Services. This technical 
review covered all aspects of this CSER with the exception of checking computer code input and 
output files. This phase of the review was carried out by S. R. Gedeon, also of the Criticality and 
Shielding group of Fluor Federal Services. As shown in the two Independent Review Checklists, 
taken together, this CSER has been reviewed with no gaps. 

The construction of base case models using bounding, abnormal but credible conditions was well 
documented and is conservative. There were some analyzed cases that exceeded the criticality 
safety criterion, but these were determined not to be credible (for example, interspersed 
moderation in excess of 0.10 gicm’). One validation issue was raised. The sand, slag, and 
crucible (SS&C) material, as defined in this CSER, may include Pu metal-phase material, so the 
metal system k,, limit of 0.932 was used for the “Limit Set A” materials (1 200 g Pu limit set), 
instead of the 0.942 limit for non-metal systems, as per the Pu validation document. Use of the 
0.942 limit was retained for the “Limit Set B” materials (2100 g Pu limit set) because these 
material are more well characterized, and will not contain large Pu metal pieces. Although some 
fine metal phase particles may still be present, they will be well-mixed with other materials such 
that the system may be considered “non-metal” from a neutronics perspective. Reducing the 
criticality safety criterion for Limit Set A did not impact any evaluated contingencies, as they 
were all below 0.932. 

No single contingency violated the criticality safety criterion, and so this reviewer concurs with 
the conclusion of this CSER, that this cementation process satisfies double contingency. 

Finally, minor editorial comments were suggested, and were incorporated into the linal version 
of the CSER. 

lndependent Peer Reviewer Comments: S. R. Gedeon - 03/03/2000 

Computer inputs, outputs and spreadsheets were checked for consistency and reasonableness 
Densities were checked with data in ARH-600 and found equal or conservative. 

Input files were checked for model adequacy, material densities, geometry, and container 
volume. K,, values given in the report were verified against output files. Output files were 
reviewed for adequate convergence. Minor typographical errors were corrected. 
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March 3,2000 

To: 

From: Warner A. Blyckert 

Kenneth D. Dobbin, Fluor Federal Services, Inc. 

Subject: Review of CSER 00-001 : Criticality Safety Evaluation Report for Cementation 
Operations at the PFP (HNF-5988 Rev 0) 

Document HNF-5988, Rev. 0, CSER 00-001: Criticality Safety Evaluation Report for 
Cementation OperaHOnr ut the PFP, was given an independent technical review. The approach 
to analyzing the proposed operations and the technique used were checked for suitability, 
accuracy and completeness The input files were used to generate pictures of the calculation 
models used in the evaluation. 

The material which was reviewed consisted of the draft of the final report. The output files of the 
computer calculations were not reviewed during the review and the results were accepted as 
recorded in the report. The correctness and results of the validation effort was not reviewed so 
that the limits used in the CSER were not checked for accuracy nor applicability 0the.r than the 
narrative account of the approach which is reported in an appendix. The referenced CSERs and 
CSARs were not reviewed and the statements concerning their results were accepted without 
verification. 

&spouses to the reviewer’s comments have been incorporated into the final report and 
adequately address the comments. 

The reviewer agrees with the conclusion of the report that the proposed cementation operations 
may be safely conducted with the postulated material under the limiting conditions of operation. 

Warner A. Blyckert 
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B.l VALIDATION PROCEDURE 

Validation of the computer code methods in this analysis consisted of testing the code and 
neutron cross sections on calculations of known critical configurations. These benchmark experiments 
have fissile isotopes in systems similar to that evaluated by this CSER. The computed and measured 
k,,s for the benchmark configurations were compared to establish a bias that includes the uncertainty in 
the calculational methods. A bias-adjusted k,, for the benchmark systems was defined to include both 
the deviations of the calculated from the measured k,is, and experimental and calculational 
uncertainties along with the spread in the ability of the computer code to calculate similar systems. In 
addition, criticality safety criteria require that the bias-adjusted k,,, for CSER analysis calculations not 
exceed the established k,, safety limit at the 95% confidence level. 

This method is illustrated in Figure B.l. Critical is defined as a k,, of unity, adjusted by the 
bias established from the comparison of calculations with benchmarks. The bias is combined with the 
safety margin of 0.05 (a safety limit that k,, must be less than or equal to 0.95) to compare with the 
calculated value and statistical uncertainty of the computer calculated k,,'s of this CSER analysis. The 
calculated target k,, is established by adding the bias, 0.05, and 1.645 times the one-sigma uncertainty 
of the calculated k,, for the particular CSER analysis and subtracting that value from 1 .O. For the 
analyses in this CSER, all the computer statistical uncertainties were less than 0.002. so this value was 
used to set the target k,ks as described in Section B.2. 

Experiment, Benchmark Computer Code Calculation 

Critical 1.(100+bias 

I ItO.0 

Figure B. 1. Logic of Validation Procedure 
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B.2 GENERIC VALIDATION FOR PLUTONIUM SYSTEMS 

A report by J. S. Lan, MCNP Version 4B Approvul For lJse Documentution d: Authorized User 
List (Lan 1999), presents the results of calculations to determine a generic bias for plutonium 
configurations, as encountered in the Plutonium Finishing Plant. One hundred and forty three bench- 
mark experiments were calculated. There were different material types that were considered in the 
plutonium validation calculations: 

Plutonium metal, 
Plutonium oxide, 
Plutonium solutions, 
Plutonium solutions with cadmium (a neutron poison), 
Water and polystyrene moderators, and 
Water, plexiglass, paraffin, polyethylene, and steel and concrete reflectors 

The lower tolerance limit b, was calculated for the benchmark experiments such that there is 
95% confidence that 95% of the benchmark calculated ken's is above that limit. This is expressed by 
the following formula: 

b, k,,, - K, * o , , ~  

where: b, = lower tolerance limit for 95% confidence that 95% of the benchmark calculated 
k,,'s is above this limit, 

= the average of the k,,'s calculated by MCNP 4B, 
= a multiplier found from statistical tables for non-central t-distribution, and depends 

on number of degrees of freedom, and 
= standard deviation of the MCNP k,,'s. 

k,", 
KIJ 

%, 

Bias is calculated by the following formula: 

bias = b, - k,,,, 

where: 
kc,,, = the average of the k,fs for the critical experiments; for the plutonium experiments 

k,,, = 1.000. 

The bias for the plutonium metal group was significantly different than for all other groups. 
For this reason, it was concluded that separate bias values for metal and non-metal groupings would be 
appropriate. The lower tolerance limit for the metal group ( 1  7 benchmark critical experiments) 
calculated to be 0.9884. The lower tolerance limit for the non-metal group (126 benchmark critical 
experiments) calculated to be 0.9991. These lower tolerance limits yielded the bias appropriate for 
each material category: 

Plutonium metal bias is -0.01 16, 
Plutonium non-metal bias is -0.0009. 
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For conservatism, these calculated biases were recommended to be increased to: 

Plutonium metal 
Plutonium non-metal 

recommended bias is -0.01 50, 
recommended bias is -0.0050. 

The safety criteria for future calculations on undetermined systems requires that the 
bias-adjusted k,, does not exceed 0.95 at the 95% confidence level. This is expressed by the following 
formula: 

k,, = k,,,, - bias + 1.645 * ocaIC 5 k,,,,,,, 

where: k,,,, 
bias 
1.645 

oCIlc 

k,,,,,i, 

= k value given by MCNP 4B calculation for system in question, 
= -0.015 for Pu metal, and -0.005 for Pu non-metal systems, 
= a constant number of standard deviations for 0.95 of the distribution for a 

one-sided standard normal distribution 
= standard deviation given by MCNP 4B calculation for system in question, and 
= 0.95 for plutonium systems, generally. 

k,,,,,;, is generally taken to be 0.95 for plutonium systems 

For a standard deviation (ocaIC) of 0.002 or less, the k,,, value for plutonium metal systems is: 

k,,,, - (-0.015) + 1.645 * 0.002 5 0.95, or 

k,,,, 50.95 + (-0.015) - 1.645 * 0.002 = 0.932 

On this basis, it is determined that the true k,, of an analyzed configuration with plutonium will 
not exceed 0.95 with a 95% confidence level for plutonium metal systems if the calculated value (k,,,,, 
and o 50.002) is limited to a maximum value of 0.932. 
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For a standard deviation (o,,,~) of  0.002 or less, the k, ,  value for non-metal systems is: 

k,,,, - (-0.00s) + 1.645 * 0.002 < 0.95, or 

k,,,, 5 0.95 + (-0.005) - 1.645 * 0.002 = 0.942. 

On this basis, it is determined that the true k,, o f  an analyzed configuration with plutonium will not 
exceed 0.95 with a 95% confidence level for plutonium non-metal systems if the calculated value (k,,,,, 
and (J 2 0.002) is limited to a maximum value of 0.942. 

Experiment,  Benchmark Computer C o d e  Calculation 
~ ~~~ ~~ ~ 

I . 000+bias=  1 .OOO+(-0.00s) 

f: ki~m~t+bias=0.950+(-0.0OS) 

Safety Margin=O.OS 
~ ~~~~~~~~~ 

~ ~~ ~~~ ~~~ ~ ~~ ~ ~ 

kl'""+bias- I .64S,EP'c= 

Critical 

~~ 

k 1 , ~ ~ ~ ~ - 0 . 9 5  

O . ~ S O + ( - ~ . O O S ~ -  I .64s(0.002) 
-0.942 4 2 0 .0  

Figure B.3 Implementation of Validation Procedure 
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8.3 VALIDATION OF MCNP 4B 

The validation of the MCNP4B code on the new computing system, IntergraphTM, 
400/450 MHz Pentium 11, personal computers was documented in Lan, 1999. The essence of the 
validation was cross-correlation of calculational results obtained with this code version and 
results of critical experiments, as reported in MCNP Version 4B Approvul,fi,r Use 
Documentation & Authorized User List (Lan 1999). 

B.4 CONCRETE AS MODERATOR BENCHMARK 

B.4.1 INTRODUCTION 

The MCNP Version 4B Monte Carlo code was certified (Schwinkendorf 1998) and 
validated (Erickson 1998a and Lan 1999) for plutonium systems. The benchmark configurations 
analyzed for the validation included plutonium solutions with concrete reflection. Some 
concerns were identified about the application of the documented calculational biases to 
configurations expected in the cementation process that involve mixing plutonium compounds 
with water and cement. To address these concerns, additional experimental configurations were 
identified that included both moderation and reflection by concrete. Calculation of these 
benchmark experiments with the MCNP code provides additional assurance that MCNP 
calculational biases can be applied to the cementation process configurations. 

B.4.2 EXPERIMENTAL CONFIGURATION 

Critical experiments were performed at the Pacific Northwest Laboratory - Critical Mass 
Laboratory from 1985 to 1987 with mixed Pu+U nitrate solutions in annular geometry (Smolen 
1994). Figure B.4 shows a schematic of the experimental configuration. The 25.4 cm diameter 
central region of the annular vessel contained various inserts, including a bottle containing fissile 
solution and annular concrete inserts. For the complete set of experiments, the fissile solution 
concentrations ranged from 47 to 226 g P d L  with PdPu+U ratios of 1.0, O S ,  and 0.2. While 
these geometrical configurations and material compositions do not correspond closely to the 
configurations and materials involved in the HA-2OMB cementation process, they do provide a 
means for identifying systematic calculational issues involving significant internal moderation 
and scattering from the constituents in concrete. Two of these experimental configurations were 
modeled in detail to evaluate the biases of the MCNP code for these types of calculations. 

Table B. 1 summarizes the important parameters for the two critical experiments selected 
for analysis. Experiment Run 091 consisted of a mixed Pu+U nitrate solution with an annular 
concrete insert between the outer solution tank and the center solution bottle. This was the only 
experimental configuration with no B,C in the concrete insert. Experiment Run 095 consisted of 
I n t e r g r a p h  i s  a t r a d e m a r k . o f  the I n t e r g r a p h  C o r p o r a t i o n  o f  H u n t s v i l l e ,  Alabama. 
Pent ium i s  a t r ademark  o f  I n t e l  C o r p o r a t i o n ,  S a n t a  C l a r a ,  Alabama. 
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a primarily Pu nitrate solution with an annular 2 wt% R4C concrete insert. All of the primarily 
I’u solution configurations included this 2 wt% B4C concrete insert. 

The critical experiments were performed in a Type 304L stainless steel, 53.34 cm 0.d. 
annular cylinder that had a 25.4 cm i.d. central region. The 13.82 cm thick annular region of the 
cylinder contained fissile solution. The average inside height of the annular solution vessel is 
105.57 cm. The side wall thickness is 0.074 cm, and the thickness of the top and bottom plates 
are 0.953 and 0.653 cm, respectively. The experiments were performed with various items 
located in the central region of the annular vessel. During the experiments, a 14.56 cm i.d. bottle 
was placed in the center of the vessel. The bottle was fabricated of Type 304L stainless steel, 
with a wall thickness of 0.074 cm. The bottle was elevated so that the heights of the fissile 
solution in the bottle and annulus were equal. 
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8.4. Schematic of annular cylinder with concrete insert and bottle. 
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Run Water Pu (g/L) U (g/L) Density 
height (gicm3) 

Tank 24.1 102.69 364.88 1.6780 
(cmY 

09 1 
OWt% 
B,C 
concrete 
insert 
095 
2wt% 

concrete 
insert 
a distance 

B4C 

Free Critical 
Acid Height 

0.77 48.99 
(MI (cm) 

Bottle B-2 

Tank 

Bottle B-3 

103.36 363.30 1.6777 0.77 59.4 

24.1 195.61 6.5 1.4390 3.28 27.51 

194.92 5.1 1.4362 3.31 36.8 

-~ 

Annular concrete inserts were placed in the central region separating the annular tank and 
the bottle. These concrete inserts were 5.0 cm thick. The inserts were fabricated so that the 
elevation of their tops would be within 4 mm of the top of the annular vessel. The density of the 
concrete insert was determined to be 2.19 ? 0.05 g/cm'. The isotopic composition of the concrete 
inserts used in the two inserts is described in Table B.2. The analysis of the B,C used in the 
fabrication of some ofthe inserts disclosed that 'OB constitutes 20.02 kO.1 at.%, with the balance 
being "B. The elemental composition of each insert was measured. The amount of water in the 
hardened concrete was measured as the total of free and chemically combined water. The 
estimated uncertainty in the actual water content for each insert is f 1 wt%. 

Analysis of selected fissile solution samples indicated the average concentration of 
impurities shown in Table B.3 related to acidic corrosion products from the stainless steel storage 
tanks. As the plutonium concentration is diluted, the impurities would also be diluted. 

Analysis of the fissile solution used in the critical experiments was periodically 
performed to assess the change in plutonium and uranium isotopic concentrations over time 
Table €3.4 shows the isotopic concentrations corresponding to the dates that the particular 
experiments were performed. 

A summary of the estimated uncertainties on key experimental parameters is shown in 
Table B.5. The overall uncertainty in k,,due to the experimental uncertainties was estimated to 
be on the order of k0.0020 in Smolen 1994. 
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Element Insert Composition (wt”/) 
OB,C 2B,C 

Aluminum 
Boron 
Barium 
Calcium 
Copper 
Iron 
Potassium 
Lithium 

Manganese 
Sodium 
Silicon 
Strontium 

Magnesium 

4.82 4.82 
0.02 1.56 
0.07 0.07 
15.4 13.9 
0.01 0.01 
4.39 4.35 
0.54 1.52 
0.02 0.02 
1.12 1.15 
0.07 0.07 
1.89 1.48 
21.8 22.1 
0.04 0.03 

Titanium 
Zirconium 
Carbon 
Hydrogen 
Oxygen 

0.57 0.58 
0.04 0.10 
0.0 0.43 
0.95 0.87 

48.25 46.94 

B-11 

Titanium 
Zirconium 
Carbon 
Hydrogen 
Oxygen 

0.57 0.58 
0.04 0.10 
0.0 0.43 
0.95 0.87 

48.25 46.94 

Element 
Iron 
Aluminum 
Chromium 
Calcium 
Nickel 
Titanium 
Manganese 
Cadmium 
Boron 

Specific Concentration (pg/g Pu) 
2935 
950 
746 
598 
542 
225 
148 
57 
49 
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Isotope 

238Pu (W%o Pu) 
23qPu (wt% Pu) 
240Pu (W% Pu) 
24'Pu (W% Pu) 

Table B.4. Isotooie Comoosition of Mixed Pu+U Solutions 
Isotopic composition 

Run 091 Run 095 
0.029 0.027 
91.118 91.572 
8.310 7.940 
0.450 0.393 I 

242Pu (wt% Pu) 0.093 
238u (W%o U) 99.236 
2'6u (W% U) 0.053 
n5u (W% U) 0.704 
2'4u (W% U) 0.007 
'''Am (mol0 Pill 5 1  

I 

0.068 
97.103 
0.467 
2.292 
0.138 
49 

Parameter 
Pu concentration (%) 
U concentration (%) 

Table B.5. Experimental Parameter Uncertainties 
Uncertainty 

k0.2 
k0.2 

Density (g/cm') 
Free acid concentration (M) 
Critical height fcm) 

k0.0003 
k0.04 
+n.ih 

B.4.5 CALCULATIONAL MODEL 

Computational models were developed for each of the experimental contigurations using 
MCNP Version 4B. The models included the annular cylinder walls, bottom, and lid. The 
concrete inserts rested on the bottom of the annular vessel, and the full height of the inserts was 
modeled. The rebar in the concrete inserts was not modeled since the four 1.27 cni diameter rods 
were centrally located within the concrete and comprised only 1.6 ~01%.  Although the bottles 
actually extended above the annular vessel, the height of the bottle in the model was truncated at 
the top of the annular vessel. The cruciform stainless steel bottle support stand was not included 
in the model. Full water reflection was included around the annular vessel, to model the actual 
water thickness of greater than 35.57 cm for the experiments analyzed. Full water reflection was 
also included below the annular cylinder. Figure B.5 shows a cross section of the model. 
Listings of the models have been included in this report. 
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Figure B.5. Calculational Model of Annular Tank with Concrete Insert 
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B.4.6 CALCULATIONAL RESULTS 

Table B.6 summarizes the results of the MCNP calculations for the two experimental 
configurations. The calculated k,, for Case ‘annulus2’ with plutonium solution of 1.0050 
*0.0008 is consistent with the mean of 97 MCNP calculated plutonium benchmark solution cases 
of 1.01 19 +0.0056 documented in Erickson 1998. Therefore, no change to the calculational bias 
for plutonium systems is justified. The calculated k,,T for Case ‘annulusl’ of 0.9925 k0.0007 is 
lower than the mean k,, for non-metal plutonium benchmarks. However, the ‘annulusl ’ 
configuration is not a plutonium system, but a mixed uranium+plutonium system. Marusich 
1999 showed that the mean value of k,, calculated using MCNP for uranium solutions is 
approximately 0.02 lower than for plutonium solution benchmarks. The calculated k,,’s for case 
annulusl and case annulus2 agree with the differences between uranium and plutonium solutions 
sytems observed in Marusich 1999. Thus, these results show that the presence o f  concrete 
moderation does not change the conclusions of Marusich 1999 that the calculational biases for 
plutonium and uranium systems allows for the presence o f  less than 50% enriched uranium in 
plutonium systems. 

Case ‘annuluslwater’ is a calculational variation of case ‘annulusl’ where the concrete 
insert was replaced with water. The k,, for this case, 1.0055 +0.0007, is higher than the k,, foi 
case ‘annulusl’ by 0.0130 Ak, which is significantly larger than the range of uncertainty in the 
calculated k,,s and the estimated uncertainty in k,, due to the measurement uncertainties of 
0.002. This case illustrates that for this configuration water is more effective as a moderator than 
concrete and can be conservatively substituted for concrete. 

Case 
4nnulus 1 

4nnulus2 

innulusl water 

Table B.6. Calculational R 
Description 

Experiment 09 1 - Part 24/B-2 
Tank: 0.22 Pu/Pu+U 

103.37 g Pu/L 
H/X= 225 

Bottle: B-2 
Insert: Part 24=annular concrete 
insert with 0 wt% B,C 
Experiment 095- Part 26/B-3 
Tank: 0.97 PdPu+U 

195.61 g PLIL 
H/X= 126 

Bottle: B-3 
Insert: Part 26=annular concrete 
insert with 2 wt% B4C 

Same as case annulus1 except 
concrete insert replaced with water 

uits 
~ 

k*l 
~ 

3.9925 

____ 
1.0050 

~ 

1.0055 

~ 

10 
0.0007 

3.0008 

1.0007 
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MCNP Models 

annulusl 
t 

c 

2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
1 5  
16 
11 
18 
19 

~~ 

I 
2 
3 
4 
5 
6 
7 
8 
9 

10 
!1 
12 
13 
1 4  
15 
!6 
1'7 

19 
20 
100 

mode 
ml 
mtl 
m2 

m3 

18 

mt3 
m4 

mt4 
m5 

1 -1.00 
0 
5 -1.6776 
0 
2 -8.03 
2 -8.03 
2 -8.03 
2 -8.03 
0 

ank criticality benchmark annulusl 091 24/b2 
n (9:-10:201 -100 imp:n=0 5 outside w o r l d  

(l8:-11]: 1-14 61) -9 -18 10 imp:n=l $water tank 
18 -20 8 -9 
-1 E 15 -16 :mp:n=l $solutlon t a n k  
16 -19 -7 E Imp:n=l $air above s01uil0n 
-8 7 15 -19 ima:n=: Ssoln tank outer  wall 

imp:n=: $air above Water 

3 - 2 . 1  
2 -8.03 
2 -8.03 
0 
2 -8.03 
0 
6 -1.6711 
2 -8.03 
0 

1001.50~ 
1wtr.01t 
6012.50 

25055.50 
1001.50 

22000.50 
12000.50 
26000.55 
5010.50 
iwtr. n i t  

7.354 
7.428 
7.5465 
12.541 
12.700 
12.174 
26.594 
26.668 
47,630 
-40.905 
-22.005 
-20.735 
-19.465 
-0.635 
0.0 

21.61 
59.4 
82.425 

105.512 
106.525 
300. 

-6 5 12 -19 
19 -20 -8 5 
14 -15 - 8  6 
12 -20 4 -5 
- 4  3 13 -20 
12 -13 3 -4 
11 -12 -6 
12 -20 2 - 3  
12 -20 1 -2 
17 -20 -1 
-1 15 -11 
14 -15 -1 
12 -14 -1 

Imp:n=l 
imp:n=l 
imp:"=l 
imp: n=1 
imp:"=] 
imp: n=1 
mp:n=1 
llnp: n=1 
1mp:n=1 
imp:n=l 
mp:n= :  
imp:n=l 
i mp : n=1 

$30:" tank inner wall 
$301" tank top 
$soln tank bottom 
$ a L r  gap 
$concrete I n s e r t  
$concrete insert bottom plate 
$center hole bottom plate 
$concrete Insert a l r  gap 
Ssolurion bottle wall 
$solution tank plenum 
Ssalutlun bottle sol" 
$solution tank plenum 
$solution tank plenum 

$ outside world 

3.66667 8016.50c 0.3333 5 rho=1.00 , hZ0 

0.000161 14000.50 0.000861 24000.50 0.017671 
0.000880 26000.55 0.060151 28000.50 0.008238 $304 s tee l  
-0.95 8016.50 -48.2 40000.50 -0.04 
-0.51 14000.50 -21.8 11023.50 -1.89 25055.50 -0.07 
-1.12 3006.50 -0.0013 3007.55 -0.0187 19000.50 -0.54 
-4.39 29000.50 -0.01 20000.50 -15.4 56138.50 -0.01 
-0.0037 5011.55 -0.01629 13027.50 -4.82 $concrete 0xb4c 

~~ ~~~ 

1001.50 -0.87 8016.50 -46.94 6012.50 -0.43 40000.50 -0.10 
22000.50 -0.58 14000.50 -22.1 11023.50 -1.48 25055.50 -0.07 
12000.50 -1.15 3006.50 -o.ooi? 3007.11 - n . n i ~ 7  1 9 n n n . ~ n  -i 5 7  

~ ~~~~ ~ ~~ 

26000.55 -4.35 29000.50 -0.01 20000.50 -13.9 56138.50 -0.07 
5010.50 -0.28922 5011.55 -1.2708 13021.50 -4.82 $concrete 2fib4c 
Iwtr.01t 
94238.50 -2.998E-05 
94239.55 -9.419E-02 
94240.50 -8.590E-03 
94241.50 -4.652E-05 
94242.50 -9.613E-05 
92238.50 -3.609E-01 
92236.50 -1.92lE-04 
92235.50 -2.560E-03 
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rnt5 
m6 

mt6 
m7 

92234.50 -2.546E-05 
95241.50 -5.479E-04 
1001.50 -9.206E-02 
1014.50 -7.792E-02 
8016.50 -1.041E+00 

26000.55 -3.034E-04 
13027.50 -9.820E-05 
24000.50 -7.711E-05 
20000.50 -6.182E-05 

22000.50 -2.326E-05 
2 5 0 5 5 . 5 0  -1.530E-05 
48000.50 -5.892E-06 
5010.50 -5.065E-06 

28000.50 -5.603~-05 

1wtr. Olt 
54238.50 -2 .597E-05  
94239.55 -5.418E-02 
54240.50 -8.589E-03 
94241.50 -4.651E-05 
94242.50 -9.612E-05 
92238.50 -3.605E-01 
92236.50 -1.925E-04 
32235.50 -2.558E-03 
92234.50 -2.543E-05 
95241.50 -5.478E-04 
1001.50 -9.220E-02 
7014.50 -7.774E-02 
8016.50 -1.041Et00 

26000.55 -3.034E-04 
13027.50 -9 .815E-05 
24000.50 -7.711E-05 
20000.50 -6.181E-05 
28000.50 -5.602E-05 
22000.50 -2.326E-05 
25055.50 -1.530E-05 
48000.50 -5.852E-06 
5010.50 -5.065E-06 

Iwtr.01t 
94238.50 -5.281E-05 
54239.55 -1.791E-01 
54240.50 -1.553E-02 
94241.50 -7.687E-04 
94242.50 -1.330E-04 
92238.50 -6.312E-03 
92236.50 -3.036E-05 
92235.50 -1.490E-04 
92234.50 -8.970E-06 
95241.50 -9 .585E-04 
1001.50 -9.537E-02 
1014.50 -9.252E-02 
8016.50 -1.049E+OO 

26000.55 -5.141E-04 
13027.50 -1.858E-04 
24000.50 -1.459E-04 
20000.50 -1.llOE-04 
28000.50 -1.060E-04 
22000.50 -4.401E-05 
2 5 0 5 5 . 5 0  -2.835E-05 
48000.50 -1.115E-05 
5010.50 -9.585E-06 

mt7 
rn8 

92235.50 -1.163E-04 
92234.50 -7.038E-06 
55241.50 -5.551E-04 
1001.50 -9.525E-02 
1014.50 -9.261E-02 
8016.50 -1.048Ei00 

7 6 0 0 0 . 5 5  -5.721E-04 
13027.50 -1.852E-04 

Sb-2 tank solution 

Sb-2 bottle 5olutLon 

Sb-3 tank solution 
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24000.50 -1.454E-04 
20000.50 -1.166E-04 
28000.10 -1.056E-04 
22000.50 -4.386E-05 
25055.50 - 2 . 8 8 5 E - 0 5  
48000.50 -1.lllE-05 
i010.50 -9.551~-06 

mt8 Iwtr.0lt 
kcode 5000 1.0 10 300 
ksrc 0 0 15 0 15 15 
prdmp 3 -300 1 3 

$h-3 bottle solution 

tOtn" 
p r l " L  
ctmr 600 

m n u l a r  tank criticality 

6 2 -8.03 
1 2 -8.03 
8 2 -8.03 
9 2 -8.03 
10 0 
11 4 -2.1 
12 2 -8.03 
1 3  2 -8.03 
14 0 
15 2 -8.03 
16 0 
11 8 -1.4362 
18 2 -8.03 
19 0 

~_~_~~.~............. 
1 c z  7.354 
L cz 7.428 
3 c z  7.5465 
4 C L  12.541 
5 cz 12.700 
6 C Z  12.774 
7 c z  26.594 
8 cz 26.668 
Y c z  47. 
10 p z  -40 

benchmark a n n u l u s 2  095 26/b3 
i9:-10:201 -100 imp:n=0 $ Outside world 
I i8 : -111:  (-14 61 1 -9 -18 1 0  imp:n=l $water tank 
18 -20 8 -9 imp:n=l $air above water 
-1 6 15 -16 imp:n=l $solution t a n k  
16 -19  -7 6 imp:n=l $air above solution 
- 8  7 15 -19 imp:n=l $sol" tank outer wall 
-6 5 1 2  -19 imp:n=l $301" tank inner wall 
19 -20 -8 5 imp:n=l $soln tank top 
1 4  -15 -8 6 imp:n=l $sol" tank bottom 
12 -20 4 -5 imp:n=l $ a i r  gap 
- 4  3 1 3  - 2 0  imp:n=l $concrete i n s e r t  
12  -13 3 -4 imp:n=l $concrete insert bottom plate 
11 -12 -6 imp:n=l $center hole hottom plate 
12 -20 2 -3 imp:n=l $concrete insert a i r  gap 
12 -20 1 -2 imp:n=l $solution bottle wall 
17 -20 -1 imp:n=l $solution tank plenum 
-1 15 -17 imp:n=l $solution bottle s o i n  
14 -15 -1 imp:n=l $solution tank p l e n u m  
12 -14 -1 imp:n=l $solution Tank plenum 

1 4  
15 
16 
17 
18 

mode r 
m l  
:nt1 
in? 

mi 

rnt3 

1001.50~ 
1wtr. Olt 
6012.50 

250S5.50 
1001.50 

22000.50 
12000.50 
26000.55 
5010.50 
1wtr. Olt 

-0.631 
0.0 

27.51 
36.80 
82.425 

105.572 
106.525 
300. 

0.66667 8016.50~ 0.3333 

$ outside wor ld  

$ rho=l .00 , h2O 

0.000161 14000.50 0.000861 24000.50 0.011671 
0.000880 26000.55 0,060151 28000.50 0,008238 5304 s1cei 
-0.95 8016.50 -48.2 40000.50 -0.04 
-0.57 14000.50 -21.8 11023.50 -1.89 25055.50 -0.01 
-1.12 3006.50 -0.0013 3007.55 -0.0187 19000.50 -0.54 
- 4 . 3 9  29000.50 -0.01 20000.50 -15.4 56138.50 -0.07 
-0.0037 5011.55 -0.01629 13027.50 -4.82 $concrete 0%b4c 

rn4 1001.50 -0.81 8016.50 -46.94 6012.50 -0.43 40000.50 -0.10 
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m t 
mi 

4 

mt5 
m6 

m t 6  
m7 

22000.50 -0.58 14000.50 -22.1 11023.50 -1.48 25055.50 -0.07 
12000.50 -1.15 3006.50 -0.0013 3001.55 -0.0187 19000.50 -1.57 
26000.55 -4.35 29000.50 -0.01 20000.50 -13.9 56138.50 -0.07 
5010.50 -0.28522 5011.55 -1.2708 13027.50 -4.82 $concrete 2Yb4c 

1001.50 -9.206E-02 
7014.50 -7.752E-02 
8016.50 -1.041Et00 

26000.55 -3.034E-04 
13027.50 -5.82OE-05 
24000.50 -7.7llE-05 
20000.50 -6.182E-05 
28000.50 -5.603E-05 
22000.50 -2.326E-05 
25055.50 -1.530E-05 
48000.50 -5.892E-06 
5010.50 -5.065E-06 

1wtr.01t 
54238.50 -2.997E-05 
54239.55 -9.418E-02 
54240.50 -8.5893-03 
54241.50 -4.651E-05 
54242.50 -9.612E-05 
52238.50 -3.605E-01 
92236.50 -1.925E-04 
92235.50 -2.558E-03 
52234.50 -2.543E-05 
55241.50 -5.478E-04 
1001.50 -5.220E-02 
7014.50 -7.774E-02 
8016.50 -1.041E+00 

2 6 0 0 0 . 5 5  -3.034E-04 
13027.50 -5.819E-05 
24000.50 -7.711E-05 
20000.50 -6.l8lE-05 
28000.50 -5.602E-05 
22000.50 -2.326E-05 
25055.50 -1.530E-05 
48000.50 -5.892E-06 
5010.50 -5.065E-06 

rntl 
,“8 

52238.50 -6.312E-03 
92236.50 -3.036E-05 
92235.50 -1.490E-04 
92234.50 -8.970E-06 
55241.50 -9.585E-04 
1001.50 -5.537E-02 
7014.50 -5.252E-02 
8016.50 -1.049Et00 

26000.55 -5.141E-04 
13027.50 -1.858E-04 
24000.50 -1.459E-04 
20000.50 -1.llOE-04 
28000.50 -1.060E-04 
22000.50 -4.401E-05 
25055.50 -2.895E-05 
48000.50 -1.115E-05 
5010.50 -9.5853-06 

1wtr.01t 
54238.50 -5.263E-05 
94219.55 -1.785E-01 

Sb-2 bottle solution 

Sb-3 tank solution 
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94240.50 -1.548E-02 
94241.50 -7.660E-04 
94747.50 -1.325E-04 
92238.50 -4.552E-03 
92236.50 -2.382E-05 
92235.50 -1.169E-04 

22000.50 -4.386E-05 
25055.50 -2.885E-05 
48000.50 -1.lllE-05 
5010.50 -5.551E-06 5b-3 bottle solution 

mt8 lwtr.01t 
kcode 5000 1.0 1 0  300 
ksrc 0 0 15 0 1 5  15 
prdmp 3 -300 1 3 
totnu 
print 
ctme 600 

*t*t***tt*..t.*.***.tl+lt++******************.~~~*~****.**,*.***.******~*.*****~.~.*.*,*, 

annuluslwater 
a n n u l a r  tank criticality 

1 0 
2 I -1.00 
3 0 
4 5 -1.6176 
5 0 
6 2 -8.03 
1 2 -8.03 
8 2 -8.03 
9 2 - 8 . 0 3  
10 0 
1: 1 -1.0 
12  2 -8.03 
13 2 -8.03 
14 0 
15 2 - 8 . 0 3  

1 cz 7 . 3 5 4  
2 C Z  7 . 4 2 8  
3 cz 7.5465 
4 cz 12.541 
5 cz  12.700 
6 CL 12.774 
1 c z  26.554 
8 C L  26.668 
9 c z  41.630 

11 pz -22.005 

l ?  pz - 1 5 . 4 6 5  
14 PZ -0.635 

10 pz -40.505 

12 P Z  -20.735 

benchmark annulus1 051 24/b2 concrete -,water 
1 9 : - 1 0 : 2 0 )  -100 lmp:n=O $ Outside world 
lI8:-11): (-14 611 -5 -18 10 imp:n=l $water tank 
18 -20 8 - 9  imp:n=l $air above water 
-1 6 15 -16 rmp:n=l $solution tank 
16 -19 -7 6 Imp:n=l $air above solution 
-8  1 1 5  -19 imp:n=l $ s o h  tank o u t e r  wall 
-6 5 12  -15 imp:n=l S s o l n  tank inner wall 
19 -20 -8 5 imp:n=l S s o l n  tank top 
14 -15 -8  6 imp:n=l Ssoln tank bottom 
12 -20 4 -5 imp:n=l $air gap 

12 -13 3 - 4  imp:n=l $concrete insert bottom p l a t e  
11 -12 -6 imp:n=: $center hole bottom plate 
1 2  -20 2 - 3  imp:n=l $concrete insert air gap 
1 2  -20 1 -2 imp:*=: $solution bottle wall 
17 -20 -1 imp:n=l $solution tank plenum 
-1 15 -11 imp:n=l  $solution bottle soln 
14 -15 -1 imp:n=l $solution t a n k  plenum 
12 - 1 4  -1 imp:n=l $solution tank plenum 

- 4  3 13 - 2 0  Imp:n=l $concrete insert 

1 5  PZ 0 . 0  

1 1  PZ 55.4 
18 P Z  82.425 

16 P Z  27.61 

1 9  pz  105.512 
20 pz 106.525 
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100 so  300. $ Outside world 

mode n 
“,I io01.50~ 0.66667 8016.50~ 0.3333 $ rho=1.00 , h20 
mt 1 
m2 

m3 

rn t3 

1wtr.0:t 
6012.50 

25055.50 
1001.50 

22000.50 
12000.50 
26000.55 
5010.50 
1wtr. Olt 

0.000161 14000.50 0.000861 24000.50 0.017671 
0,000880 26000.55 0.060151 28000.50 0.008238 $304 steel 
-0.55 8016.50 -48.2 40000.50 -0.04 
-0.57 14000.50 -21.8 11023.50 -1.85 15051.50 -0.07 
-1.12 3006.50 -0,0013 3007.55 -0.018’1 19000.50 -0.54 

-0.0037 5011.55 -0.01629 13027.50 -4.82 $con<- re t e  Llib4c 
-4.39 29000.50 - 0 . 0 1  20000.50 - 1 5 . 4  5hi38.50 -0.07 

rn4 1001.50 -0.87 8016.50 -46.94 6012.50 -0.43 40000.50 -0.10 
22000.50 -0.58 14000.50 -22.1 11023.50 -1.48 25055.50 -0.07 
12000.50 -1.15 3 0 0 6 . 5 0  -0.0013 3001.55 -0.0181 19000.50 -1.12 
26000.55 -4.35 25000.50 -0.01 20000.50 -13.9 56138.50 -0.07 
5010.50 -0.28922 5011.55 -1.2708 13027.50 -4.82 $concrete 2Bb4c 

mt4 
m5 

m i 5  
m6 

mt 6 
Ill7 

52235.50 -2.560E-03 
92234.50 -2.546E-05 
95241.50 -5.479E-04 
1001.50 -9.206E-02 
7014.50 -7.792E-02 
8016.50 -1.041Et00 

26000.55 -3.034E-04 
13021.50 -9.820E-05 
24000.50 -7.711E-05 
20000.50 -6.182E-05 
28000.50 -5.603E-05 
22000.50 -2.3263-05 
25055.50 -1.530E-05 
48000.50 -5.852E-06 
5010.50 -5.065E-06 

1wtr.01t 
94238.50 -2.597E-05 
94239.55 -5.418E-02 
94240.50 -8.585E-03 
94241.50 -4.651E-05 
94242.50 -5.612E-05 
92238.50 -3.605E-01 
92236.50 -1.525E-04 
92235.50 -2.558E-03 
92234.50 -2.543E-05 
55241.50 -5.418E-04 
1001.50 -9.220E-02 
1014.50 -7.774E-02 
8016.50 -1.041E+00 

26000.55 -3.034E-04 
13027.50 -5.819E-05 
24000.50 -7.711E-05 
20000.50 -6.l8lE-05 
28000.50 -5.6023-05 
22000.50 -2.326E-05 
25055.50 -1.530E-05 
48000.50 -5.892E-06 
5010.50 -5.065E-06 

IWtT.0lt 
94238.50 -5.281E-05 
54239.55 -1.751E-01 
94240.50 -1.553E-02 
94241.50 -1.68lE-04 
94242.50 -1.330E-04 
52238.50 -6.312E-03 
92236.50 -3.036E-05 
92235.50 -1.490E-04 
92234.50 -8.970E-06 
95241.50 -9.585E-04 
1001.50 -9.537E-02 

5b-2 tank s o l u t i o n  

Sb-2 bottle solution 

B-2 1 
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mt7 
m8 

totnu 
print 
ctme 

7014.50 -9.252E-02 
8016.50 -1.049E+00 

26000.55 -5.141E-04 

24000.50 -1.459E-04 
20000.50 -1.170E-04 
2 8 0 0 0 . 5 0  -1.060E-04 
22000.50 -4,4013-05 
25055.50 -2.895E-05 

5010.50 -9.585E-06 

1302i.50 -i.a5n~-04 

4no00.50 -I.II~E-E 

9423n.50 -5.263~-05 
1wtr.01t 

94239.55 -1.185E-01 
94240.50 -1.548E-02 
94241.50 -7.660E-04 
94242.50 -1.325E-04 
92238.50 -4.952E-03 
92236.50 -2.382E-05 
92235.50 -1.169E-04 

95241.50 -9.551E-04 
1001.50 -9.529E-02 
7014.50 -9.261E-02 
8016.50 -1.048Et00 

26000.55 -5.121E-04 
13021.50 -1.85ZE-04 
24000.50 -1.454E-04 
20000.50 -1.166E-04 
28000.50 -1.056E-04 
22000.50 -4.386E-05 
25055.50 -2.885E-05 
48000.50 -1.lllE-05 
5010.50 -9.551E-06 

92234.50 -7.038~-06 

1wtr.01t 
5000 1.0 10 300 
0 0 15 0 15 15 

3 -300 1 3 

600 

Sb-3 bottle solution 

E-22 
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APPENDIX C 

MCNP INPUT FILES 
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C000lflblb.i 
glovebox ha20mb 
c base case 
c qlovebox 

c 

c 

c 
c 
c 
c 
c 
c 
c 

1 

2 

4 
S 

6 

c 

c 

c 

c - 
c 

8 

9 

10 

I I  

1 2  

13 

c 

c 

c 

24 

2s 

26 

c 

201 
702 
203 
204 
20s 
206 
201 

2 8  

Cementation model ~ base case 1200 g pu ~ c0001flb7b 
9009 + 0 g ~ o n v e y o r  + 3 0 0 g  holdup + Og Outside 

~ full water reflection on a l l  sides, cement can r e f1  

bowls ~ t w o  bow15 i n  c o r n e r  10" from cans 
0.04167 q pu/cc pu 
0.200 kg pu/bowl 
h/x=634 
sides, bottom Of bow15 not included 

Containers - 1 2.76 L c a n s  907 water 10% carbon 
0.02585 PUICC 
h / x = 9 2 1  
500 q pu total 

glovebox 
0 1 -2 3 -4 20 -6 
glovebox floor conveyor box 
1 -1.0 24 -25 7 -5 8 -9 
alovebox lead sidewall and window 
1 -1.0 ( -1 :2 : -31  110 -11 12 -4 5 - 1 9 )  #23 imp:n=l 
1 -1.0 (-1:2:-31 110 -11 12 -4 19 -61 imp:n=l 
f"l1 water reflection 
1 -1.0 ~ 1 ~ 1 ~-10:11:-12:4~61~13 -14 15 -16 5 -18 #2311: 

I 113 -14 15 -16 -5 211 lll:(-23 22 -27 261) 
1-8:-7:9:-24:2S111 153:-70:28111:(-13 -67 -68 17) 

imp:n=l 
outside world 
0 14:1-13 ~67:6811:-1S:16:18:-21: 

11-22:23:21:-261 -171 imp:n=0 
bowl 

bowl water reflection 
1 -1.0 (163 -33 -20 132:2811:1-63 61 -E2 691: 

3 -1.0431 ( 1 6 3  - 2 8 1 :  1-63 - 6 1  691 1 -32  1mp:n=1 

( - 6 9  7 0  - 6 2 1 )  -2 1 103 imp:n=l 
0 - 3 3  -E3 70 62 -2 1 103 imp:"=l 
bowl 
3 -1.0431 ((63 - 2 8 ) : ( - 6 3  -58 6 9 1 )  -34 imp:n=l 
bowl water reflection 
1 -1.0 ( 1 6 3  -35 - 2 0  134:2811:(-63 58 -60 691: 

1-69 70 -6011 -2 1 -103 imp: n=l 
0 -35 - 6 3  70 EO -2 1 -103 imp:n=l 
Container i n  drum outside glovebox 
I -1.0 7 0  -28 -53 imp:n=l 
1 -1.0 70 -28 53 64 -65 41 66 -1 imp:n=l 
holdup on floor 
8 -5.562 5 -70 1 -4 -2 3 imp:n=l 
filled cans 
0 1 3 -433 -444 70 -20 33 35 

0 -331 334 -330 333 -329 332  u=l lat=2 
fill= -5:12 -1:10 0 : o  
4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4  
4 4 4 4 4 3 3 3 3 3 3 3 3 3 3 3 4 4  
4 4 4 4 4 3 3 3 3 3 3 3 3 3 3 4 4 4  
4 4 4 4 3 3 3 3 3 3 3 3 3 3 3 4 4 4  
4 4 4 4 3 3 3 3 3 2 2 3 3 3 4 4 4 4  
4 4 4 3 3 3 3 3 2 2 2 3 3 3 4 4 4 4  
4 4 4 4 4 3 3 3 2 2 3 3 3 4 4 4 4 4  
4 4 4 4 4 3 3 3 3 3 3 3 3 4 4 4 4 4  
4 4 4 4 4 3 3 3 3 3 3 3 4 4 4 4 4 4  
4 4 4 4 4 3 3 3 3 3 3 3 4 4 4 4 4 4  
4 4 4 4 3 3 3 3 3 3 3 4 4 4 4 4 4 4  
4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4  

4 - 1 . 0 5 8  -201 -28 u=Z 

f i l l = l  17.035 7.035 01 

1 -1.0 28 U=2 
0 201 -28 u=2 
10 -2.511 -201 -28 u=3 
1 -1.0 28 u=3 
0 201 -28 u=3 
0 7 1 1  u=4 
0 1 - 2  3 -4 (433:444) 70 -20 3 3  35 

Imp:n=l 

Imp:"-1 
imp:n-l 
ima: n=l 
Imp:"=l 
imp: n=l 
1*p:n=1 
imp: n=l 

Imp: n = 1  
imp: n=1 

I px 0.0 

c-3 
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py 132.08 

6 

8 
9 
10 
11 
12 
13 
14 
15 
16 
11 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
5: 
52 
53 
54 
55 
56 
51 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
7: 
101 
102 
103 
104 
105 
106 
107 

PY 0.0 
P X  518.16 
P.? 0.0 
p z  91.44 
P z  -35.56 
an 60.96 
PX 411.48 
px -1.27 
py 133.35 
py -1.27 
px -30.48 
py 162.56 
py -30.48 
px 548.64 
PZ -30.48 
PZ 121.92 
pz 41.91 
pz  20.57 
pz  -66.04 
PX 30.48 
px 441.96 
pY 50.80 
py 81.28 
py 20.32 
py 111.16 
PZ 18.03 
P i  35.133 
p r  38.213 
c / z  10.21 121.87 10.16 
c / z  10.21 121.81 12.70 
C / Z  10.21 101.45 10.16 
C / L  10.21 101.45 12.70 
c / z  281.94 10.16 6.985 
C / L  281.94 10.16 9.525 
c / z  113.344 19.315 6.985 
C / Z  127.316 19.315 6.985 
c / z  34.99 125.09 6.985 
c / z  113.344 65.405 6.985 
C / Z  121.316 65.405 6.985 
c / z  34.99 111.11 6.985 
c / z  6.99 125.09 9.525 
c / z  6.99 111.11 9.525 
C / Z  20.99 111.11 9.525 
c/z 34.99 111.11 9.525 
c / z  34.99 125.09 9.525 
c / z  20.99 125.09 9.525 
py 101.585 
PX 30.515 
C / L  -23.495 121.87 6.985 
PX 6.986 
pn 20.958 
py 125.094 
py 111.122 
s 10.21 101.45 9.98 10.16 
p z  21.68 
s 10.21 101.45 9.98 12.70 
5 10.21 121.87 9.98 10.16 
s 10.21 121.87 9.98 12.10 
PZ 9.98 
PY 114.885 
py 128.855 
PX -23.495 
C / Z  -23.495 121.87 31.465 
p z  48.514 
pz 0.33 
P Z  0.001 
PZ 5.080 
Py 104.136 

py 1 1 1 . 6 6  
p r  30.48 
py 132.08 
pn 106.35 

C / Z  130.49 121.918 35.56 

py 121.918 

c-4 
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1 0 8  
I I l 9  
1 1 0  
1 1 1  
112 
201 
329 
330 
331 
332 
333 
334 
433 
4 4 4  
202 
203 
204 
205 ~~ 

206 
177 

px 130.49 
C / L  17.465 13.0353 12.70 
c / z  17.465 1 3 . 0 3 5 3  10.16 
5 17.465 13.0353 27.68 10.16 
s 17.465 13.0353 27.68 12.70 

u -0.5 0.866025 0 7 . 0 3 5  
cz 6.985 

0.1 0.866025 0 7.035 
p~ 7.035 
p - 0 . 5  0 . 8 6 6 0 2 5  0 -7.031 

PX 
P X  
PY 
c / z  
c/z 
C / L  

c/z 
c / z  
P Z  to P"t on cards with none 

ml 1 0 0 1 . 5  2 8016.5 1 swater 
mtl lwtr.01 
mi 94239.55 -0.04167 8016.50 -0.89002 I O O I . ~ ~  -0.11144 $pu + water 
mt3 lwtr.01 
m4 94239.55 - 0 . 0 ~ ~ 8 ~  8016.50 -0.80048 1001.~0 -0.10042 

mt4 lwtr.01 
ms 94239.55 -0.07237 8016.50 -0.89143 IOOI.SO -0.1111fl spu + water 
mt5 lwtr.01 
m7 94239.55 -0.14679 8016.50 -n.a948s 1 0 0 1 . ~ 0  -0.i1028 $p0 + water 
mt7 Iwtr.01 
ma 94239.55 -4.80769 8016.50 -0.67026 1001.~0 -0.08445 spU + water 
mta Iwtr.01 
m10 znonn.so -0.411973 14000.50 -0.09182 13027.50 -0.03853 

6012.50 -0.17100 Spu + carbon +water 

120oo.50 -0.03293 8016.50 -0.41092 1001.50 -0.01007 Scemerlt 99 hzc 
mt10 lwtr.01 

94239.55 -0.04612 8016.50 -0.78170 1001.50 -0.00392 
6012.~0 -0.68842 i4000.50 -0.65338 SP" + C + S l 0 2 +  w a t e r  

mtll lwtr.01 
kcode 5000 1.0 1 0  200 
ksrc 84. 43. 10 

98. 43. 10 
77. 5 5 .  10 
91. 55. 10 
105. 5 5 .  10 
8 4 .  68. 1 0  
98. 68. 10 
10. 122. 10 
IO. 101. IO 

ctme 2 4 0  
print 10 40 5 0  
prdmp 1 I I 3 

* * * * * f ~ * * . + f * * + f * + f * * * * * * * * + * * * * ~ . * ~ * * . * * * * * ~ * * * * ~ * * * * * ~ , * . * . * * * * * * * * * * * . * . * . * ~ * ~ * ~ * * * * . * .  

diff c0001flble.i c0001flb7b.i >difflb7eb7b 
I C 1  
< glovebox ha20mb cementation model - base case  1200 g pu - c0001flb7e 

,, glovebox ha20mb cementation model ~ base case 1200 g pu ~ c0001flb7b 
3c3 
< c  glovebox - full water reflection an a l l  sides. water can ref1 

> c  qlovebox - full water reflection on a l l  sides. cement c a n  ref1 

< 204 1 -1.0 -201 -28 u=3 imp:n=l 

> 204 1 0  -2.911 -201 -28 u=3 imp:n=l 

. f * * * * + * + * + * f * f * t * * * * . * * * * * * * * * * * * * ~ , , * * , * * . * * * ~ . * , , * ~ * * * * * * ~ * * * * ~ ~ * . * * , * * ~ * * ~ * + * . ~ , * . * . *  

diff c0001flb7c.i c0001flb7b.i >dlfflblcblb 
I C 1  
i glovebox ha20mb Cementation model - base case 1200 g pu ~ c0001flb7c 

~~~ 

... 

6ac68 

... 

~~. 
glovebox ha20mb cementatlan model ~ base case 1200 g pu - c0001flb7b 

c - 5  
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i flll 
13,17c53,58 

4 4 4 4 4 4 2 2 3 3 3 3 3 3 3 3 4 4  
4 4 4 4 4 2 2 2 3 3 3 3 3 3 3 4 4 4  
4 4 4 4 4 2 2 3 3 3 3 3 3 3 3 4 4 4  
4 4 4 4 3 3 3 3 3 3 3 3 3 3 4 4 4 4  

3 3 3 3 3 3 3 3 3 3 4 4 4 4  4 4 4 4  

=1 17.035 7.035 01 

Imp:n=l 

Imp:n=l 

... 
> 4 4 4 4 4 3 3 3 3 3 3 3 3 3 3 3 4 4  

4 4 4 4 4 3 3 3 3 3 3 3 3 3 3 4 4 4  
> 4 4 4 4 3 3 3 3 3 3 3 3 3 3 3 4 4 4  
> 4 4 4 4 3 3 3 3 3 2 2 3 3 3 4 4 4 4  
> 4 4 4 3 3 3 3 3 2 2 2 3 3 3 4 4 4 4  
> 4 4 4 4 4 3 3 3 2 2 3 3 3 4 4 4 4 4  
19d59 

4 4 4 4 4 3 3 3 3 3 3 3 3 4 4 4 4 4  
1751175 
< m4 94239.55 -0.02585 8016.50 -0 80048 1001.50 -0.1004 
... 
I m4 94235.55 -0.02585 8016.50 -0.80048 1001.50 -0.10042 
191,197~191,197 
< ksrc 14. 7. 10 
I 28. 7. 10 
< 7 .  19.  10 

21. 19. 10 
J 35. 15. 10 
< 14. 31. 10 
< 28. 31. 10 

> ksrc 84. 43. 10 
98. 43. 10 

> 77. 55. 10 
> 9 1 .  5 5 .  10 

105. 5 5 .  10 
> 84. 68. 10 
> 98. 6 8 .  10 

* * f * f * f * * * t f * f ~ f * f * * * * . * . * * * * * * t * * * * ~ * * . * . * * ~ * . * ~ * * ~ * . , * * * . * * * * * * * * ~ * * * * * , . * * * " * * *  

diff c0001flbld.i c0001flb7b.i >difflbldb7b 
I ,  2821, 2 
< glovebox haZ0mb Cementation model ~ base case 1200 g pu ~ c0001flbld 
' C  base case 9009 + 0 g conveyor + 3009 h o l d u p  + 2009 Outside 

> glovebox haZ0mb cementation model - base case 1200 g pu - c0001flb7b 
> c  base case 5009 + 0 g conveyor + 3009 h o l d u p  + Og Outside 
1 4  l i d 1 7  

... 

~ ~, 
< c  room - 1 2.76 L can 6" spacing from glovebox wall 
< c  0.200 kg pu + water 
45.4 6~43.44 
< 22 5 -1,0745 70 -28 -53 imp:n=l 
< 23 0 70 -28 53 64 -65 41 66 -1 imp: n=l 
... 
> 22 1 -1.0 70 -28 -53 imp: n=l 
> 23 1 -1.0 70 - 2 8  53 6 4  -65 41 6 6  -1 ime: n=l 
5lc49 
< fill=] I0 7.035 01 imp:n=l 
... 

fill=l 

< 4 4 4 4 4  
55,59C53,58 

I 4 4 4 4 4  
4 4 4 4 4  
4 4 4 4 3  

< 4 4 4 4 3  

> 4 4 4 4 4  
, 4 4 4 4 4  
> 4 4 4 4 3  
> 4 4 4 4 3  
> 4 4 4 3 3  
i 4 4 4 4 4  
6 1 6 5 9  

... 

(7.035 7.035 0) 

4 2 2 3 3 3 3 3  
2 2 2 3 3 3 3 3  
2 2 3 3 3 3 3 3  
3 3 3 3 3 3 3 3  
3 3 3 3 3 3 3 3  

3 3 3 3 3 3 3 3 
3 3 3 3 3 3 3 3 
3 3 3 3 3 3 3 3 
3 3 3 3 2 2 3 3  
3 3 3 2 2 2 3 3  
3 3 3 2 2 3 3 3 

mp:n=1 

3 3 3 4 4  
3 3 4 4 4  
3 3 4 4 4  
3 4 4 4 4  
3 4 4 4 4  

3 3 3 4 4  
3 3 4 4 4  
3 3 4 4 4  
3 4 4 4 4  
3 4 4 4 4  
4 4 4 4 4  
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< 4 4 4 4 4 3 3 3 3 3 3 3 3 4 4 4 4 4  
1261124 
J 53 c / z  -23.495 15.220 6.585 

> 53 C / L  -23.455 121.87 b .9R5  
131,138~135,136 
< b4 p y  12.235 

65 p y  26.205 

.. 
> 65 py 128.855 
1 4 0 ~ 1 3 8  
< 61 c / z  -23.455 15.220 37.465 

> 61 c / z  -23.495 121.81 31.465 
111~115 
< m4 54235.55 -0.02585 8016.50 -0.80048 1001.50 -0.1004 

> rn4 54239.55 -0.02585 8016.50 -0.80048 inn1.5n -n.ion42 
153,155~151,151 
i ksrc 14. 7 .  10 

28. 1. 10 
i 7 .  1 9 .  10 

21. 1 9 .  1 0  
35. 15. 10 

< 28. 3 1 .  10 
1 4 .  31. i n  

~~~ 

i ksrc 84. 43. 10 
> 58. 43. in 
> 77. 55. in 
> 91. 55. in 
> 105. 55. 10 
> 84. 68. 10 
> 98. 68. 1 0  
2026199 
< -23. 19. 10 

I f * f ~ . + . * * * * . + * * f , + * + * f * - * - l - t - t l - t + t + t f * * . * . * * * ~ . ~ ~ * * t * + * * f * * * . * * * * * * * * * I * * * * * ~ . * . * ~ * ~ * . ~  

diff c0001flblf.i c0001flblb.i rdifflblfblb 
1,2c1,2 
< glovebox ha20mb cementation model ~ base case 1200 g pu ~ c0001flblf 
< c base case 5009 + 0 g conveyor + 300g holdup + 2009 outside 
~~~ 

> glovebox ha20mb cementation model - base case 1200 g pu - cOO0lflbib 
> c base case 5009 t 0 g conveyor + 3009 holdup + 0 g  outside 
14,15613 
< c  room - 1 2.76 L can 6" spacing from glovebox wall 

4 5 , 4  6~43.44 
< 22 5 -1.0749 i o  -28 -53 imp:n=l 
< 23 0 10 -28  53 64 -65 41 66 -1  imp:n=l 

i 22 1 -1 .0 in -28 -53 i m p :  n=l 
> 23 1 -1.0 10 - 2 8  53 64 -65 41 66 -1 imp:n=l 
Z02d155 
< - 2 3 .  121. in 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

diff c0001flb18.i c0001flblb.i >difflbl8blb 
1.2c1.2 
< glovebox ha20mb cementatlon model - base case 1200 g pu ~ c0001flb18 
< c base case 9009 + 400 g conveyor + 3009 holdup + 0g outslde 

i glovebox ha20mb cementatlon model - base  case 1200 g pu - c0001flblb , c base case 9009 + 0 g conveyor + 3009 holdup + 0g outside 
14.17d13 

< c  o . 2 m  kg  pu + water 

... 

-~~ 

< c  conveyor container - I 4.1 L can pu + water 10" from c a n s  

' C  h/x=309 

46.49d41 

< c  0.08511 pu/cc 

< c  400 q pu total 

I C  container on conveyor  
i 15 7 -1.088 in -28 -138 
i :n 1 -1.0 10 -20 138 -139 

c-7 
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< ? I  1 -1.0 28 -20 -138 
5 6 ~ 4 8  
, 25 0 1 3 -433 -444 70 -20 33 35 #19 #20 #21 
-~~ 

1mp:n=1 

> 25  0 1 3 -433 -444 70 -20 
61.67c53.5Q 
< 4 4  
< 4 4  

4 4  
i 4 4  
< 4 4  

4 4  
4 4 4 4 4 3 3 3 3 3 3 3  

4 4 4 4 4 3 3 3 3 3 3 3  
> 4 4 4 4 4 3 3 3 3 3 3 3  
> 4 4 4 4 3 3 3 3 3 3 3 3  

~~~ 

4 4  
> 4 4  
> 4 4  
> d d  . .  
178,1806169 
< 17R r / i  

4 4 3 3 3 3 3 2 2 3  
4 3 3 3 3 3 2 2 2 3  
4 4 4 3 3 3 2 2 3 3  
4 4 4 3 3 3 3 3 3 3  

140.00 31.4 9.1091 

33 35 

4 4 4  
4 4 4  
4 4 4  
4 4 4  
4 4 4  
4 4 4  
4 4 4  

3 3 3  
3 3 3  
3 3 3  
3 3 4  
3 3 4  
3 4 4  
3 4 4  

4 4 4  
4 4 4  
4 4 4  
4 4 4  
4 4 4  
4 4 4  
4 4 4  

3 4 4  
4 4 4  
4 4 4  
4 4 4  
4 4 4  
4 4 4  
4 4 4  

~. .  . . 
I 139 c/z 140.00 31.4 11.6491 
< 142 c / a  133.665 31.405 30.25 
191C180 
< mi 54235.55 -0.06511 8016.50 -0,89207 1001.50 -0.11096 Spu + water 

> m7 94239.55 -0.14679 8016.50 -0.85485 1001.50 -0.11028 Spu + water 
211d199 
< 140. 31. 10 

... 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

diff c0001flb3a.l c0001flb7b.i >difflb3abib 
IC1 
< glovebox ha20mb cementation model - base case 1200 y pu ~ c0001flb3a 
.._ 
> glovebox ha20mb Cementation model - base case 1200 y pu - cO001flb7b 
10.12c10.12 
< c  containers - 3 2.76 L cans 90% water 10% carbon 
< c  0.06032 y pu/cc  
< c  h/x=393 

> c  containers ~ 7 2.76 L cans 50% water 101 Carbon 
> c  0.02585 y pu/cc 

... 

i c  h / x = 9 2 1  
56, 5 . 1 ~ 5 6 .  58 
< 4 4 4 4 3 3 3 3 3 2 3 3 3 3 4 4 4 4  
< 4 4 4 3 3 3 3 3 2 2 3 3 3 3 4 4 4 4  
... 
> 4 4 4 4 3 3 3 3 3 2 2 3 3 3 4 4 4 4  
> 4 4 4 3 3 3 3 3 2 2 2 3 3 3 4 4 4 4  

4 4 4 4 4 3 3 3 2 2 3 3 3 4 4 4 4 4  
59659 
< 4 4 4 4 4 3 3 3 3 3 3 3 3 4 4 4 4 4  
6 5 ~ 6 5  
< 201 4 -1.133 -201 -28 u=2 u n p :  n=1 
... 
> 201 4 -1.098 -201 -28 u=2 imp:n=l 
175~175 
< m4 94235.55 -0.06032 8016.50 -0.80207 1001.50 -0.10004 

> m4 94239.55 -0.oz5ei 8016.50 -0.a0048 1001.50 -0.10042 
1 9 1 , 1 9 2 ~ 1 9 1  
< ksrc 10. 43. 10 
< 84. 43. 10 

> k 5 r C  84. 43. 10 
195a195.157 
_I 105. 55. 10 
> 84. 68. 10 
> 98. 6 8 .  10 

~~~ 

t * f * * * * t l * l l . t + t * * * ~ f - t t t l + + * f * * f i f - - t * l * * * * ~ * * . * ~ . , ~ * * * * * * * ~ * * * * * * * * * , * ~ * * * ~ . ~ * ~ . * ~ * * * ~ *  

diff c000lflb4a.i c0001flbib.i >difflh4abib 
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1CI 
qlovebox ha20mb Cementation model - base c a s e  1200 g pu - c 0 0 0 1 f l b 4 a  

~~~ 

> glovebox ha2Omb Cementation model - base case 1200 g pu - c O O O l f l b 1 h  
I 0 . 1 2 C 1 0 . 1 2  

,- containers - 4 2 . 7 6  L cans  90% water 10% c a r b o n  

<; h / x = 5 2 5  
( C  0 . 0 4 5 2 3  q p u / c c  

.~~ 
> c  COntalneLs - 1 2.16 I. cans 9 0 %  water 10'6 carbon 
i c  0.02585 g p u / c c  
> c  h/x=921 
5 6 . 5 7 c 5 6 . 5 8  
< 4 4 4 4 3 3 3 3 2 2 3 3 3 3 4 4 4 4  
< 4 4 4 3 3 3 3 3 2 2 3 3 3 3 4 4 4 4  

4 4 4 4 3 3 3 3 3 2 2 3 3 3 4 4 4 4  
> 4 4 4 3 3 3 3 3 2 2 2 3 3 3 4 4 4 4  
> 4 4 4 4 4 3 3 3 2 2 3 3 3 4 4 4 4 4  
59d59 
< 4 4 4 4 4 3 3 3 3 3 3 3 3 4 4 4 4 4  
€ 5 ~ 6 5  
< 201 4 -1.118 - 2 0 1  - 2 8  u=2 imp:n=l 

> 2 0 1  4 -1.098 -201 - 2 8  u=2 imp: "-1 
I 7 5 c 1 7 5 
< m4 9 4 2 3 9 . 5 5  - 0 . 0 4 5 2 3  8 0 1 6 . 5 0  - 0 . 8 0 1 3 7  1 0 0 1 . 5 0  - 0 . 1 0 0 7 1  

~.~ 

... 

..~ 
> m 4  9 4 2 3 9 . 5 5  - 0 . 0 2 5 8 5  8 0 1 6 . 5 0  - 0 . 8 0 0 4 8  1 0 0 1 . 5 0  -0.1004~ 
191,192~191 
< ksrc 70. 4 3 .  1 0  
< 8 4 .  4 3 .  1 0  

> k s r c  8 4 .  4 3 .  10 
195a195,197 
> 105. 5 5 .  1 0  
> 8 4 .  6 8 .  10 
> 98. 68.  1 0  

.~. 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

d i f f  c0001flbla.i c0001flb7b.i x I i f f l b l a h 7 h  
I C 1  

glovebox ha20mb Cementation model - base case 1200 g pu - c000lflbla 

> glovebox ha20mb cementation model - base case 1200 g pu - c0001f lb7b  
10.12c10.12 

~~~ 

( C  c o n t a i n e r s  - 5 2 . 1 6  L cans 90% water 10% carbon 
< c  0 . 0 3 6 1 9  (i au/cc - .  
< c  h / n = 6 5 7  

> c  c o n t a i n e r s  - 7 2 . 7 6  L cans 90% water 10% carbon 
~~~ 

> c  0 . 0 2 5 8 5  g pu/cc 
> c  h / x = 9 2 1  
5 6 . 5 1 c 5 6 . 5 8  
< 4 4 4 4 3 3 3 3 2 2 2 3 3 3 4 4 4 4  
< 4 4 4 3 3 3 3 3 2 2 3 3 3 3 4 4 4 4  
... 
> 4 4 4 4 3 3 3 3 3 2 2 3 3 3 4 4 4 4  
> 4 4 4 3 3 3 3 3 2 2 2 3 3 3 4 4 4 4  

4 4 4 4 4 3 3 3 2 2 3 3 3 4 4 4 4 4  
59659 
< 4 4 4 4 4 3 3 3 3 3 3 3 3 4 4 4 4 4  
€ 5 ~ 6 5  

201 4 -1.108 -201 - 2 8  u=2 I m p : l l = l  

> 2 0 1  4 - 1 . 0 9 8  - 2 0 1  -28 u=2 imp:n=l 
.~~ 

1 '1 5 c 17 5 
< m4 9 4 2 3 9 . 5 5  - 0 , 0 3 6 1 9  8 0 1 6 . 5 0  - 0 . 8 0 0 9 5  1 0 0 1 . 5 0  - 0 . 1 0 0 3 1  
~~~ 

> m 4  9 4 2 3 9 . 5 5  - 0 . 0 2 5 8 5  0 0 1 6 . 5 0  - 0 . 8 0 0 4 8  1 0 0 1 . 1 0  - 0 . 1 0 0 4 2  
1 9 1 , 1 9 2 ~ 1 9 1  
< k s r c  70. 4 3 .  1 0  
< 8 4 .  4 3 .  1 0  

* I  

~~~ 

> k s r c  8 4 .  4 3 .  1 0  
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195a195.191 
105. 55. 10 
8 4 .  68. 10 

> 98. 68. 10 

* * i f * f * . * f * f * f f * * . f f * * * , . , * * * * * * * * * * ~ * * , * ~ * * ~ * ~ * ~ ~ . ~ * . ~ * * . * , ~ * ~ * , * * * ~ ~ * , * , ~ ~ * ~ . ~ ~ * ~ ~ , * , * .  

diff c0001flb6a.i c0001flb7b.i rdifflb6iib7b 
IC1 

9lovebox ha2Omb cementation model ~ base case 1200 g pi, ~ c0001flb8a 

glovebox ha20mb Cementatlon model - base case 1200 g pu ~ c0001flb7b 
... 

10,1ZCl@, 12 
I C  containers - 8 2.16 L c a n 5  90% water 102 carbon 
( C  0.02262 g p u / c c  
< c  h/x=1053 

> c  containers ~ 1 2.16 L cans 90% water 1 O Y  carbon 
> c  0.02585 9 p u / i c  
> c  h / x = 9 2 1  
5RciH 

... 

4 4 4 4 4 3 3 3 2 2 2 3 3 4 4 4 4 4  

4 4 4 4 4 3 3 3 2 2 3 3 3 4 4 4 4 4  
~~~ 

6 5 ~ 6 5  
< 201 4 -1.094 -201 -28 u=2 Imp: n=1 
~~~ 

i 201 4 -1.098 -201 -28 u=2 imp: n = l  
175~175 
i m4 94239.55 -0.02262 8016.50 -0.80033 1001.50 -0.10046 
~~~ 

> rn4 94239.55 -0.02585 8016.50 -0.80046 1001.50 -0.10042 
198~1197 

112. 68. 10 

f f f f , f * f * * t + * * * * f * * * f * f * f f * f * . * * * ~ ~ * ~ * ~ * , * * * * * * . * * * ~ * ~ , ~ , * * ~ * ~ . , * * ~ ~ * * * ~ * * * * * * * * * * * * ~ ~ * ~ ,  

diff c0001flb8a.i c0001flb7b.i >dlfflb8abih 
1'21 
< qlovebox ha20mb Cementation model ~ base case  1200 q p u  ~ c0001flb8a 

, glovebox ha20mb cementation model - base case 1200 q pu - c0001flb7b 
10.12c10.12 
< c  containers - 8 2.16 L cans 90% water 10% ca rbon  
( C  0.02262 g pu/cc 
< c  h/x=1053 

> c  containers - 7 2.16 L c a n s  9 0 %  water 10% carbon 
, c  0.02585 g pu/cc 
' C  h/x=921 
5 8 ~ 5 8  
< 4 4 4 4 4 3 3 3 2 2 2 3 3 4 4 4 4 4  

> 4 4 4 4 4 3 3 3 2 2 3 3 3 4 4 4 4 4  
6 5 ~ 6 5  
< 2 0 1  4 -1.094 -201 -28 u=2 1mp:n-1 

> 201 4 -1.098 -201 -28 u=2 imp:n=l 
175~175 
< m4 94239.55 -0,02262 8016.50 -0.80033 1001.50 -0,10046 

> m4 94239.55 -0.02581 8016.50 -0,80048 1001.50 -0.10042 
1986197 
i 112. 68. 10 

I t t + * + i f i f / f * * f . . * * * ( t + * * t * * i t i r t + + + t t i f * ~ * * ~ . * . ~ , * * t * f , + f * f * * * * t l . * * + + f i t i f i - t - * . t t t i t i t  

dlff c0001flblOb.i c0001flblb.i >difflblObb'b 
I C 1  

i glovebox ha20mb Cementatlon model - base case 1200 g pu ~ c000lflblOb 

> qlovebox ha20mb Cementation model ~ base case 1200 g pu - cO001flb1b 

I: c containers - 9 2.76 L cans  909 water 10% carbon 

( C  h/x=1185 

> <- containers - 1 2.76 L cans 90% water 10% carbon 

~~~ 

~~~ 

~~~ 

..~ 

~~~ 

~~~ 

10,12c10,12 

,, 0.02010 9 pu/cc 

~~. 
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) C  0.02585 g pu/cc 
> c  h/x=921 
5 b c 5 L  
< 4 4 4 4 3 3 3 3 3 2 2 2 3 3 4 4 4 4  

> 4 4 4 4 3 3 3 3 3 2 2 3 3 3 4 4 4 4  

< 4 4 4 4 4 3 3 3 2 2 2 3 3 4 4 4 4 4  

> 4 4 4 4 4 3 3 3 2 2 3 3 3 4 4 4 4 4  
€ 5 ~ 6 5  

~~~ 

jacia 

... 

< 201 4 -1.092 -201 -28 u=2 1mp: I l= l  
~~~ 

> 201 4 -1.098 -201 - 2 8  u=2 imp:n-l 
115cll!> 

m4 94235.55 -0.02010 8016.50 -0.80021 1001.50 -0.10045 

i m4 94235.55 -0.0258s aoi6.50 - 0 . 8 n 0 4 ~  1001.50 -0.10042 
19a.19~d191 

... 

< 112. 68. 10 
< 70. 43. 10 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

dlff cil001flblla.~ c0001flb7b.l >difflbllahlh 
IC1 
< g lovebox  ha20mb Cementation model ~ base case 1200 g pu ~ cOOOlflb1la 

> glovebox ha20mb cementation model ~ base c a s e  1 2 0 0  g pu ~ cOOOltlb'7b 
10.12c10.12 
< c  containers - 10 2.16 L cans 5 0 %  water 10% carbon 
< c  0.01809 g pu/cc 
< c  h/x=1317 

> c  containers - 1 2.76 L cans 90% water 10% ca rbon  
> c  0.02585 g pu/cc 
> c  h/x='321 
53d52 
< 4 4 4 4 4 3 3 3 3 3 3 3 3 3 3 3 3 4  
55.55C54.58 
< 4 4 4 4 3 3 3 3 3 3 3 3 3 3 3 3 4 4  
< 4 4 4 4 3 3 3 3 3 2 2 2 3 3 3 4 4 4  
< 4 4 4 3 3 3 3 3 2 2 2 2 3 3 3 4 4 4  
< 4 4 4 4 4 3 3 3 2 2 2 3 3 3 4 4 4 4  
< 4 4 4 4 4 3 3 3 3 3 3 3 3 3 4 4 4 4  

> 4 4 4 4 4 3 3 3 3 3 3 3 3 3 3 4 4 4  
> 4 4 4 4 3 3 3 3 3 3 3 3 3 3 3 4 4 4  
> 4 4 4 4 3 3 3 3 3 2 2 3 3 3 4 4 4 4  
> 4 4 4 3 3 3 3 3 2 2 2 3 3 3 4 4 4 4  
> 4 4 4 4 4 3 3 3 2 2 3 3 3 4 4 4 4 4  
61, 62~60, 62  
< 4 4 4 4 4 3 3 3 3 3 3 3 3 4 4 4 4 4  
< 4 4 4 4 3 3 3 3 3 3 3 3 4 4 4 4 4 4  

4 4 4 4 4 3 3 3 3 3 3 3 4 4 4 4 4 4  
> 4 4 4 4 4 3 3 3 3 3 3 3 4 4 4 4 4 4  
> 4 4 4 4 3 3 3 3 3 3 3 4 4 4 4 4 4 4  
6 5 ~ 6 5  

~~~ 

~~~ 

~~~ 

... 

2 0 1  4 -1.090 -201 -28 u=2 imp:"-1 

> 201 4 -1.098 -201 -28 u=2  imp:n=l 
162~162 

... 

433 px 168.840 

... 
> m4 94235.55 -0.02585 8016.50 -0.80048 1001.50 -0.i0042 
1936192 
< 112. 43. 10 
197d155 
< 119. 55. 10 
200d197 

112. 68. IO 
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**.ifT,**.* f l f t ~ * t , * + - f i * - r - - l l l i t ) i l i f * , . * * * ~ ~ * , , * ~ * * , ~ * * * ~ * ~ * * * * ~ ~ * ~ ~ * ~ . . * ~ * * ~ . . . . . * . ~ ~  

d l i f  c ( l l i 0 l f l b l 3 a . i  c0001flblb.i >difflbl3ab7b 
1 . 3 C l .  3 

' C  base case 9009 t 400 g Conveyor t 3009 holdup i 2C0g O u t s i d e  
' C  qlovebox ~ full water reflection on a l l  s z d e s ,  1" w a l i i r  r e f1  

., glovebox ha20mb cementation model ~ base c a s e  1200 y pu - c0001flb7b 
> c  base case 90Oy + 0 g conveyor  + 300g holdup + 09 outside 
> c  glovebox - f u l l  water reflection on all sides, c e m e n t  can ref1 
1 4 . 1 9 d 1 3  
' C  conveyor container ~ 1 4.7 L c a n  p o  + water 10" f r o m  cans 

< c  h/x=309 
< c  400 y pu t o t a l  
< c  room - 1 2.76 L can 6" spacing f r o m  glovebox wall 
' C  0.200 ky pu + water 

glovebun ha20mb cementatIan model ~ base case 1200 g pU ~ ;ODOlflbl3a 

... 

< c  o.on5ii g PU/CC 

52,53c43,44 
< 22 5 -1.0749 70 -28 -53 

2 3  0 70 -28  53 64 -65 41 66 - 2  
~~~ 

> 22 1 -1.0 70 -28  -53 
> 23 I -1.0 70 -28 53 64 -65 41 66 -1 

-1zn 
-122 
-124 
-126 
-128 
-130 

70 
70 

in 
70 

70 
70 

-28 

-28 
-28 
-28 
-28 

-28  

~~ 

< 201 4 - 1 . 0 9 8  -132 70 -28 
< 208 1 -1.0 ( 1 - 1 2 1 : - 1 2 3 : - 1 2 5 : ~ 1 2 9 : - 1 3 1 : - 1 3 3 )  
< 1120 122 124 128 130 132 1 3 4 1 1  134 -28 10 -2 

I 209 
i 210 
< 211 
< 212 
< 28 

1 

> 2 5  0 1 3 -433 -444 70 -20 33 35 
> fiii=i 17.035 7 . 0 3 5  n) , 26 n -331 334 -330 333 -329 332 u = i  1a t=2  

> 
> 

> 

> 

~ ~~ 

flii= - 5 : i z  -]:IO o:n 
4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4  
4 4 4 4 4 3 3 3 3 3 3 3 3 3 3 3 4 4  
4 4 4 4 4 3 3 3 3 3 3 3 3 3 3 4 4 4  
4 4 4 4 3 3 3 3 3 3 3 3 3 3 3 4 4 4  
4 4 4 4 3 3 3 3 3 2 2 3 3 3 4 4 4 4  
4 4 4 3 3 3 3 3 2 2 2 3 3 3 4 4 4 4  
4 4 4 4 4 3 3 3 2 2 3 3 3 4 4 4 4 4  
4 4 4 4 4 3 3 3 3 3 3 3 3 4 4 4 4 4  
4 4 4 4 4 3 3 3 3 3 3 3 4 4 4 4 4 4  
4 4 4 4 4 3 3 3 3 3 3 3 4 4 4 4 4 4  
4 4 4 4 3 3 3 3 3 3 3 4 4 4 4 4 4 4  
4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4  

> 201 4 -1.098 -201 -28 u=2 
> 202 1 -1.0 28 "=2 
> 2 0 3  0 201 -28 u=2 
> 204 10 -2.911 -201 -28 u=3 
> 205 1 -1.0 2 8  u=3 
> 206 0 201 -28  u=3 
i 207 0 711 u=4 

170.189d169 
< 120 c l i  56.280 125.045 6.985 
~' 121 c l z  56.280 125.045 9.525 
,' 122 c/z 1 0 . 3 1 0  125.045 6 . 9 8 5  

> z n  0 I -2 3 -4 (433:4441 70 -20 33 35 

imp: n-1 
Imp:"=l 

Imp:"=l 
imp:n=1 

i m p : " = ]  
imp:"=] 

imp: n=1 
imp: n=l 
rmp:n=l 
imp:n=l 
1mp:n=1 
imp:"=] 
imD:n=1 

Imp: "=I 
- 2 )  1mp:n=1 

1mp:n=1 
1mp:n=1 
1mp:n=1 

1mp:n-l 
33 35 

imp:n=i 
imp:"=] 
imp: n-1 
Imp: n=i 
Imp:n=l 
Imp:n=l 
Imp:"=l 

Imp:"=l 
Imp: "=I 

c-12 
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< 1 2 3  ciZ 70.350 izs.045 9.525 
i 124 c / z  49.245 112.860 6.985 
< 125 c / z  49.245 112.860 9.525 
< 126 c / z  63.115 112.860 6.985 
i 121 c / z  63.315 112.860 9.525 
< 128 c / z  77.385 112.860 6.985 
< 129 c / r  77.385 112.860 9.525 
< 130 c / z  5 6 . 2 8 0  100.675 6.985 

< 132 C / L  70.350 100.675 6.985 

< 134 c / z  63.315 112.860 12.185 
< 135 pn 1 0 . 3 5 0  
< 136 px 56.280 
< 137 py 125.045 

<. 139 c / z  63.325 59.131 11.6491 

< 131 56.280 ino.675 9.525 

< 133 c i Z  10.350 100.675 9.525 

< 138 ciZ 63.315 59.131 9.1091 

200~180 
< m7 54239.55 -n.o8511 8016.50 -0. ,89202 1001 .50 -0 .1105h 5P" * w a t e r  

< 6 3  112 in 
i 17  112 10 
< 56 inn IO 
< 70 100 1 0  
.~. 

ksrc 8 4 .  43. 1 0  
98. 43. 10 

> 7 7 .  55. 10 
> 91. 55. 1 0  
> 105. 55. io 
> 84. 68. 10 
> 9 8 .  68. in 
220,221d199 
< 63. 5 9 .  10 
< -23. 121. 10 

* * * t i *  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

diff c0001flbli.i c0001flblb.i >difflbllb7b 
IC1 
< glovebox ha20mb cementation model - base case 1 2 0 0  g pu - c0001flbl1 

> glovebox ha20mb Cementation model - base case 1 2 0 0  g pu - c0001flblb 
68~68 
< 204 in - 2 . i ~ ~  -201 -28 ~ = 3  irnp:n=l 

> 204 IO -2.911 -201 - 2 8  "=3 I m p  : n= 1 

... 

~~~ 

184,185c184.185 
< m1n znonn.50 -0.36921 i4000.50 -0.08815 13027.50 -0.03472 
< i2000.50 -0.02967 8016.50 -0.45811 1001.50 -n.ozo14 $cement 1 8 9  h:o 
... 

* * * f . f * * * + * + * * * t f * f * f - t l + f i * * * * t * ( t - t t l - * * * , , , * * * ~ * , * * . * ~ , , * * ~ * * * * . * ~ * * * ~ * ~ * ~ * * . * ~ * * * * * ~ .  

diff c0001flb20.i c0001flbib.i >difflbZOblb 
I, 3cl. 3 
< glovebox hazomb cementation model - base s e n s  case 1200 g pu - innnifib20 
< c  base case 4 0 0 9  + 0 g conveyor + 000g ho ldup  + 0g Outside 
< c  glovebox - full Water reflection an all sides, 1" water r e f l  

> glovebox ha20mb cementation model - base case 1 2 0 0  g pu ~ c0001flb7b 
> c  base case 9009 t 0 g conveyor + 3009 holdup + 0g Outside 
> c  qlovebox - full water reflection on all sides. cement can  refl 
10Cl0 

... 

< c  iontalners - o 2.76 L cans 90% water l o a  carbon 
... 
> c  containers - 7 2.76 L cans 90% w a t e r  10% carbon 
13,19cl3 

I C  conveyor container - 0 4.7 L can pu + water 10" from c a n s  
( C  0 g pu total 

C-13 
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' C  0 . 0 8 5 1 1  g pu/cc 
h/x=309 

I r 0 g P" t o t a l  
< 8: room ~ 0 2 . 7 6  L c a n  6" spacing from glovebox wal: 
( C  0 . 0 0  kq pu + water 
... 
> c 500 q pu total 
4 8 . i n d 4 1  
1 c  container on COnYeyor 
< 2 0  0 1 0  -28  -138  
' I 1  0 70 -20  1138:281 - 1 3 9  
5 2 ~ 4 3  

'mp:n=l 
imp:n-1  

c 72 1 - 1 . 0  7 0  -28 - 5 3  imp:n=l 
~~~ 

:, 22 I -1.0 70 -28 -53 Imp:"=] 

< 24 0 5 - 7 0  1 - 4  - 2  3 Imp: "=1 
5 5 ~ 4 6  

... 
, 24 8 - 5 . 5 6 2  5 - 7 0  1 - 4  -2  3 
5 7 . 7 2 c 4 8 . 7 2  
< 2 0 1  0 -120  70 - 2 8  
< 202 0 - 1 2 2  1 0  -28  
i 203 0 -124 7 0  - 2 8  
< 204 0 -126  7 0  - 2 R  

2 0 5  0 -128  70 - 2 8  
< 206 0 -130  i o  -28  

i m p : n = l  

imp: n=l 
imp: n = l  
imp:n=l 
imp:n=l 
1mp:n-1 
imD:n=I 

< 207 0 -132 i n  -28  imp:n=l 
208 0 1 1 ~ 1 2 1 : ~ 1 2 3 : - 1 2 5 : - 1 2 9 : - 1 3 1 : - 1 3 3 !  

1120 1 2 2  124 1 2 8  1 3 0  132 1 3 4 1 )  134  -28  70 -2 
, ,171 

< 2 0 5  0 I 
': 210 0 1 2 0  122  124 126 128 130 132 
< 2 1 1  0 1 2 1  1 2 3  1 2 5  1 2 7  1 2 9  1 3 1  1 3 3  
< 2 1 2  0 -135  1 3 6  1 3 1  1 2 0  1 2 2  - 
< 2 8  0 1 -2 3 - 4  1 2 1  1 2 3  1 2 5  1 2 7  1 2 9  ill ill 114 i u  -iu 11 13 
< 1-136:135: -137:2  

, L d d : - 1 3 6 : - 1 3 1 1  i m p : n = l  
~ - 1 2 1 : - 1 2 3 : - 1 2 5 : ~ 1 2 7 : 1 2 9 : 1 3 1 : - 1 3 3 1  2 8  - 2 0  -:I1 ~mp:n=l 

-134 -28  1 0  imp:n=l 
-134 2 8  -20  Imp: n=1 

2 -28  7 0  i m p : n = l  ._. .__ -"  ^ ^  _ _  ... 
8 )  1 3 9  1mp:n=1 

... 
> 2 5  0 1 3 - 4 3 3  - 4 4 4  1 0  -20  3 3  3 5  
> f i l l = l  ( 7 . 0 3 5  7 . 0 3 5  0 )  
> 2 6  0 -331  334 -330 3 3 3  -329  332 u = l  l a t = 2  

4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4  
> 4 4 4 4 4 3 3 3 3 3 3 3 3 3 3 3 4 4  
> 4 4 4 4 4 3 3 3 3 3 3 3 3 3 3 4 4 4  

4 4 4 4 3 3 3 3 3 3 3 3 3 3 3 4 4 4  
> 4 4 4 4 3 3 3 3 3 2 2 3 3 3 4 4 4 4  

4 4 4 3 3 3 3 3 2 2 2 3 3 3 4 4 4 4  
> 4 4 4 4 4 3 3 3 2 2 3 3 3 4 4 4 4 4  
> 4 4 4 4 4 3 3 3 3 3 3 3 3 4 4 4 4 4  
> 4 4 4 4 4 3 3 3 3 3 3 3 4 4 4 4 4 4  
> 4 4 4 4 4 3 3 3 3 3 3 3 4 4 4 4 4 4  
> 4 4 4 4 3 3 3 3 3 3 3 4 4 4 4 4 4 4  
> 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4  

> 2 0 1  4 - 1 , 0 9 8  -201  -28 u=2 
> 2 0 2  1 - 1 . 0  2 8  u=2 
> 2 0 3  0 2 0 1  - 2 8  u=2 
i 204 1 0  - 2 . 9 1 1  - 2 0 1  -28 u=3 
> 2 0 5  1 - 1 . 0  2 8  u=3 
> 2 0 6  0 2 0 1  -28  u = 3  
> 2 0 1  0 1 7 7  u=4 
> 2 8  0 1 - 2  3 -4  1433:4441 1 0  -20 3 3  35 
110,189d169 
< 1 2 0  c/z 5 6 . 2 8 0  1 2 5 . 0 4 5  6 .585  

i 122 c / z  7 0 , 3 5 0  1 2 5 . 0 4 5  6.985 
< 1 2 3  c / z  7 0 . 3 5 0  1 2 5 . 0 4 5  9 . 5 2 5  
I 124 c / z  4 9 . 2 4 5  1 1 2 . 8 6 0  6 . 9 8 5  
< 1 2 5  C I L  4 9 . 2 4 5  1 1 2 . 8 6 0  9 . 5 2 5  
< 1 2 6  c / z  6 3 . 3 1 5  1 1 2 . 8 6 0  6 . 9 8 5  
< 1 2 1  c/z 6 3 . 3 1 5  1 1 2 . 8 6 0  9 . 5 2 5  
< 128 c / z  7 7 . 3 8 5  1 1 2 . 8 6 0  6 . 9 8 5  
,: 1 2 9  c / z  7 1 . 3 8 5  1 1 2 . 8 6 0  9 . 1 2 5  
i 110 C / I  5 6 . 2 8 0  1 0 0 . 6 7 5  6 . 9 8 5  
,' 1 3 1  c/?. 1 6 . 2 8 0  1 0 0 . 6 7 5  9 . 5 2 5  

fill= - 5 : 1 2  -i:10 o : o  

> 

121 56.280 1 2 5 . 0 4 5  9 . 5 2 5  

imp:n=l 

imp: n = l  
Imp: n=l 
imo:n=l 
Imp:n=l 
i m p : n = l  
imp:n=l 
m p : n = 1  

imp: n=l  
Imp:"-1 
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< 132 c/z 
< 133 c / z  
< 134  c / z  
' 135 px 
< 136 px 
~ 137 py 
< 138 c / z  

70.350 100.675 6.985 
70.350 100.675 9.525 
63.315 112.860 12.185 
70.350 
56.280 
125.045 
63.315 59.131 9.1051 
63.325 55.131 11.6491 < 1 3 9  c / z  

200~180 
< m7 94235.55 -0.08511 8 0 1 6 . 5 0  -0.89202 1001.50 -0.11096 5pu t water 

.14679 8 0 1  .6.50 ~0.89485 .50 - 0 . 1  1028 5pu + wate r  

< 5 6  100 10 
70 1 0 0  10 

~-~ 
> ksrc 8 4 .  43. 10 
> 98. 43. 10 
> 77. 55. 1 0  
> 51. 55. 10 
> 105. 55. 10 
> 84. 68. 10 
> 98. 68. 10 
220,221d159 
< 63. 59. 10 
< -23. 1 2 1 .  1 0  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

diff c0001flh15a.i c0001flb7b.i >difflbl9ab7h 
1 , 3 c 1 , 3  

glovebox ha20mb Cementation model - base sen5 case 1200 g pu - c0001flb19a 
c base case 4009 + 0 g conveyor + 0009 holdup + 2009 Outside 
c glovebox - full water reflection on a l l  sides. 1" water refl 

..- 
> glovebox ha20mb cementation model - base case 1200 g pu ~ c0001flblb 
> c  base case 900g + 0 g conveyor + 3009 holdup t 0 g  Outside 
> c  glovebox - full water r e f l e c t i o n  on all sides, Cement can refl 
i r l C l 0  
< c  containers - 0 2.76 L can5 90% water 10% ca rbon  

' C  containers - 1 2.76 L cans  90% water 10% ca rbon  
l3,19c13 
< c  0 g pu total 
< c  c o n v e y o r  Container - 0 4.7 L can pu + water 1 0 "  from cans 

... 

< c  0.08511 g pu/cc 
< c  h/x=309 
< c  0 g pu total 
< c  room - 1 2 . 7 6  L can 6 "  spacing from glovebox w a i l  
< c  0.200 kg pu + water  

> c  500 g pu totai 
48,50641 
' C  container on C O ~ V ~ V O I  
< 20 0 70 -28'-138 
< 21 0 '0 -20 1138:281 -139 
52,53c43,44 
< 22 5 -1.0749 70 -28 -53 
< 23 0 70 -28 53 64 -65 41 66 -1 
..~ 
> 22 1 -1.0 70 -28 -53 
> 23 1 -1.0 70 -28 53 64 - 6 5  41 66 -1 
5 5 ~ 4 6  
< 24 0 5 -70 1 -4 -2 3 

> 24 8 - 5 . 5 6 2  5 -70 1 - 4  -2 3 
57.72c48.72 
< 201 0 -120 70 -28 
i 202 0 -122 7 0  -28 
< 203 0 -124 70 - 2 8  
< 2 0 4  0 -126 7 0  - 2 8  

Imp:n=l 
Imp:n=l 

imp:"=] 
imp:"=l 

Imp:n=l 
imp:n=l 

imp:n=l 

Imp: "=I 

1mp:n=1 
imp:n=l 
Imp:"=l 
imp:n=l 

* *  
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* 205 
/06 

, 201 
208 

2 0 5  
< 210 
'' 2 1 1  

> 2 6  

> 

0 

0 
fl 

~ 1 2 8  10 -28  imD:"=l 
-130 70 - 2 8  Imp:"=l 
-132  70 - 2 8  i m p : n = l  

1120 122 124 1 2 8  130 132 13411 134 -28  1 0  -2  
1135: -136: -137)  imp:n=l 

(1-121:-123:~125:~127:-129:-131:-1331 2 8  - 2 0  -21 imp:"-1 
120  122 124 1 2 6  1 2 8  1 3 0  132 -134 -28 70 imp:n=l 

I l ~ 1 2 1 : ~ 1 2 3 : - 1 2 5 : - 1 2 9 : - 1 3 1 : - 1 3 3 ~  

1 2 1  1 2 3  1 2 5  127 1 2 9  1 3 1  1 3 3  -134 78 -20 1rnp:n=1 
-135 136  137 120 122 - 2  -28 70 1mp:n=1 

1 -2  3 - 4  1 2 1  1 2 3  1 2 5  127 129 1 3 1  1 3 3  134 1 0  - 2 0  3 3  3 5  
1 - 1 3 6 : 1 3 5 : - 1 3 7 : 2 8 )  139  1mp:n=1 

1 3 - 4 3 3  - 4 4 4  1 0  -20 33  35 
f i l l = l  1 7 . 0 3 5  7 . 0 3 5  0 )  

- 3 3 1  334 -330  333 -329  332 u = l  
.11= - 5 : 1 2  - 1 : 1 0  0 : o  

4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4  
4 4 4 4 3 3 3 3 3 3 3 3 3 3 3 4 4  
4 4 4 4 3 3 3 3 3 3 3 3 3 3 4 4 4  
4 4 4 3 3 3 3 3 3 3 3 3 3 3 4 4 4  
4 4 4 3 3 3 3 3 2 2 3 3 3 4 4 4 4  
4 4 3 3 3 3 3 2 2 2 3 3 3 4 4 4 4  
4 4 4 4 3 3 3 2 2 3 3 3 4 4 4 4 4  
4 4 4 4 3 3 3 3 3 3 3 3 4 4 4 4 4  

4 4 4 4 4 3 3 3 3 3 3 3 4 4 4 4 4 4  
4 4 4 4 4 3 3 3 3 3 3 3 4 4 4 4 4 4  

> 4 4 4 4 3 3 3 3 3 3 3 4 4 4 4 4 4 4  
> 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4  

> 201 
> 2 0 2  
> 203 
:, 204 
> 2 0 5  
i 206 
> 207 

-201 - 2 8  u=2 
2 8  u=2 
2 0 1  -28  u=2 

-201  -28  u=3 
2 8  u=3 
201 -28  u=3 
717 11=4 

1 a t = 2  

~~ ~ 

> 28 0 1 - 2  3 - 4  1433:4441 7 0  -20 3 3  35 
170.1896169 
< 120 c / z  5 6 . 2 8 0  1 2 5 . 0 4 5  6 . 9 8 5  
< 1 2 1  C / Z  5 6 . 2 8 0  1 2 5 . 0 4 5  9 . 5 2 5  
< 122 C / Z  70.350 1 2 5 . 0 4 5  6 . 9 8 5  
< 123 C / Z  7 0 . 3 5 0  1 2 5 . 0 4 5  9.525 
< 124 c / z  4 9 . 2 4 5  1 1 2 . 8 6 0  6 . 9 8 5  
< 1 2 5  c / z  4 9 . 2 4 5  1 1 2 . 8 6 0  9 . 5 2 5  
< 1 2 6  C / L  6 3 . 3 1 5  1 1 2 . 8 6 0  6 . 9 8 5  

< 1 2 8  c / z  7 7 . 3 8 5  1 1 2 . 8 6 0  6 . 9 8 5  
< 129 c/z 7 1 . 3 8 5  1 1 2 . 8 6 0  9 . 5 2 5  

< 127 C / Z  6 3 . 3 1 5  1 1 2 . 8 5 0  9.525 

< 1 3 0  c / ~  5 6 . 2 8 0  1 0 0 . 6 7 5  6 . 9 8 5  
131 c / ~  5 6 . 2 8 0  1 0 0 . 6 7 5  9 . 5 2 5  

1 3 3  c/z 70.350 100.675 9 . 5 2 5  
< 134 c i Z  63.315 112.860 1 2 . 1 8 5  

< 132 c / z  70.350 1 0 0 . 6 7 5  6 . 9 8 5  

< 1 3 5  PX 7 0 . 3 5 0  

m p : " = l  

Irnp:n-l  
Lmp:n=l 
i rnp :n=l  
i r n p : n = l  
imp:n=1 
imp:n=1 
i m p : n = 1  

1mp:n=1 
i m p : n = l  

> m7 94239.55  - 0 . 1 4 6 7 9  8 0 1 6 . 5 0  -0 .89485 1 0 0 1 . 5 0  - 0 . 1 1 0 2 8  Spu + wate r  
2 1 1 . 2 1 l c l 9 1 . 1 9 1  . 

ksrc 56 1 2 5  1 0  
70 1 2 5  10 
49 112 10 
63  112 10 
77 112 1 0  

< 5 6  1 0 0  i n  
< 70 i o n  1 0  
.~. 
> ksrc 8 4 .  43.  1 0  

98 .  43 .  1 0  
, 7 7 .  5 5 .  10 
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91. 5 5 .  10 
105. 5 5 .  10 
8 4 .  68. 10 

> 98. 68. 10 
270.221d199 

6 3 .  5 9 .  10 
- 2 3 .  121. 10 

f r f * f * _ *  f * f f * f * . . * * f I t + f f l f l * * - t - t l l i + l + * * * * ~ ~ * * * * * * * ~ , ~ . . * ~ * * * * * * * * * , * * * . . . * . . * * . . * ~ * * * .  

diff c0001flbZl.i c0001flb7b.i >difflbZlb7b 
1 C l  
< glovebox ha20mb Cementation model - base case 1200 g pu - cOn0lflhLl 

> glovebox ha20mb cementation model - base case 1200 y pu ~ c0001flblP 
l O C l 0  
I C  Containers ~ 7 2.76 L cans pu + water 

> c  conralners - 7 2.76 L cans  901 water 10'6, carbon 

~~~ 

..~ 

12c12 
< c  h/x=1024 
... 
> c  h/x=921 
fisc65 
< 201 4 -1.027 -201 -28 u=Z imp:fl=l 
.~~ 
> 201 4 -1.098 -201 -28 u=2 mp: I l= l  
175~175,116 
< m4 94239.55 -0.02585 8016.50 -0.88929 1001.50 -0.1116: 5pu + water 
... 
> m4 94239.55 -0.02~8s 8016.50 -0.aoo4a :00:.5o -0.10o42 
> 6012.50 -0.17100 5pu + carbon +water 

......................................................................................... 

diff c0001flb22.i c0001f:blb.i >difflb22b7b 
IC1 
< glovebox ha20mb cementation model - base case 1200 y pu - c0001flb22 

> glovebox haZ0mb cementation model - base c a ~ e  1200 9 pu - c0001flb7b 
10ClO 
' C  containers - 7 2.76 L cans pu + 5102 + Water 

' C  containers - 7 2.76 L cans 90% water 1OY carbon 
6 5 ~ 6 5  
< 20: 4 -1.167 -201 -28 u=2 imp:  n=l 

~~~ 

~~~ 

... 
> 201 4 -1.098 -201 -28 u=2 rmp:n=1 

< 14000.50 -0.11200 5pu + 5102 + water 

> m4 9 4 2 3 9 . 5 5  -0.02585 ao16.50 -0.80048 1001.50 -0.10042 

175,116~175,176 
< m4 94239.55 - 0 , 0 2 5 8 5  8016.50 -0.92848 1001.50 -0.10042 

... 

6012.50 -0.17100 5pu + carbon +Water 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

diff c0001flb23.1 cO001flb7b.l >diffl23b7b 
I C 1  
< glovebox ha20mb cementation model - base case 1200 y pu ~ c0001flb23 

> glovebox ha20mb cementation model - base case 1200 9 pu - cO001flb7b 
lOCl0 
< c  containers - 7 2.76 t cans 90% water 1 0 8  dry cement 

' C  containers ~ 7 2.76 L cans 90% water 10% ca rbon  
6 5 ~ 6 5  
< 201 4 -1.026a -20: -28 U = Z  imp:n=l 

> 201 4 -1.098 -201 -28 U=Z imp:n=l 
115,117~175,176 
< m4 94239.55 -0.02585 8016.50 - 0 , 8 3 6 8 5  1001.50 -0.10042 
< 20000.50 -0,04503 14000.50 -0.01075 13027.50 -0.00421 
< 12000.50 -0,00362 Spu t cement +water 

> h 0 1 2 . 5 0  -0.11100 Spu + carbon + w a t e r  

... 

... 

... 

... 
> m4 94239.51 -0.02585 8016.50 -0.80048 1001.S0 -0,10042 
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l . * t * + t + t * t + * t * f * f * + * * * * * * * t * t t - t t l l i t l t ~ , ~ ~ * ~ * * * ~ * . , * * * , * * * * * * * . * * * * * * * ~ * , * * * * * * * * * ~ * ~ ~ *  

dilff c0001flqla.l c0001flb7b.i .dlfflqlablb 
I C 1  

glovebox ha20mb cementation model ~ seismic t w o  bowls - c000lflqla 

> glovebox ha20mb cementation model - base case 1200 g pu ~ c0001flblb 
4d3 
< c  2" water flooded, 10% water s p r a y  
6c5 
< c  bowls ~ two bowls next to cans 

> c  bowls ~ two bowls in corner 10" from c a n s  
11.13~10.12 
< c  containers - 5 2 . 7 6  L can5 90% water 10% carbon 
< c  0.03619 g pu/cc 
i c  h/x=627 

> c  containers - 7 2.16 L cans  90% water 10% carbon 
> c  0.02585 g p u / c c  
> c  h/x=921 
1 1 ~ 1 6  

..~ 

... 

... 

< 1 1 -0.1 1 - 2  3 -4 20 - 6  1mp:n=1 
... 
. 1 0  1 - 2  3 -4 20 -6 imo:n=l 
31d29 
' C  containers 
33.35c31.35 
< 8 3 -1.0431 (163 -281: 1-63 -61 691, -32 
< 5 1 -0.1 -32 -63 61 11 
< 10 1 -1.0 -32 10 -11 161:-65) 
... 
> 8 3 -1.0431 I163 -28): 1-63 -61 6911 -32 
' C  bowl Water reflection 
> 9 1 -1.0 1163 -33 -20 132:281):(-63 6 1  -62 691: 
> 1-69 70 -6211 -2 1 103 
> 10 0 -33 - 6 3  70 6 2  -2  1 103 
31.45~37.41 
< 11 3 -1,0431 1163 -281:1-63 - S 8  6911 -34 

< 13 1 -1.0 -34 10 -71 158:-691 
< 12 I -0.1 -34 -63 5 8  71 

< c  
< 14 
< 15 
< 1 6  
< 11 
< 18 

can  
10 -2.911 -202 70 - 2 8  
10 -2.911 -203 70 -28 
io -2.911 -204 70 -28 
10 -2.911 - 2 0 s  70 -28 
10 -2.911 -206 70 -28 

> 11 3 -1.0431 1163 - 2 8 1 :  1-63 - 5 8  €91) -34 
) C  bowl water reflection 
> 12 1 -1.0 I163 -35 -20 134:2811:(-63 58 - 6 0  69): 
> 1-69 70 -6O)l -2 1 -103 
> 13 0 -35 -63 10 60 -2  1 -103 
5 2 ~ 4 8  
< 2 s  o 1 3 -433 -444 70 -28  32 34 202 203 204 205 206 
~~. 
> 25 0 1 3 -433 -444 70 -20 33 35 
51. 66~53.62 

4 4 3 3 3 3 3 3 3 3 3 3 3 3 3 3 4 4  
4 4 3 3 4 3 3 3 3 3 3 3 3 3 3 4 4 4  
4 4 3 3 3 3 3 3 3 3 3 3 3 3 3 4 4 4  
4 4 3 4 3 3 3 2 2 3 3 3 3 3 4 4 4 4  
4 4 3 3 3 3 2 2 2 3 3 3 3 3 4 4 4 4  

< 4 4 4 3 3 3 4 4 4 3 3 3 3 4 4 4 4 4  
~~~~~~~~~ 

< 4 4 3 3 3 4 4 4 4 3 3 3 3 4 4 4 4 4  
4 4 3 3 3 3 3 3 3 3 3 3 4 4 4 4 4 4  

< 4 3 3 3 3 3 3 3 3 3 3 3 4 4 4 4 4 4  
< 4 3 3 3 3 3 3 3 3 3 3 4 4 4 4 4 4 4  

> 4 4 4 4 4 3 3 3 3 3 3 3 3 3 3 3 4 4  
> 4 4 4 4 4 3 3 3 3 3 3 3 3 3 3 4 4 4  
> 4 4 4 4 3 3 3 3 3 3 3 3 3 3 3 4 4 4  
> 4 4 4 4 3 3 3 3 3 2 2 3 3 3 4 4 4 4  
> 4 4 4 3 3 3 3 3 2 2 2 3 3 3 4 4 4 4  
> 4 4 4 4 4 3 3 3 2 2 3 3 3 4 4 4 4 4  
> 4 4 4 4 4 3 3 3 3 3 3 3 3 4 4 4 4 4  

... 

Imp:n=l 
zmp:n=l 
Imp:n=l 

Imp:"-1 

imp:n=l 
imp:n=l 

imp:n=l 
1mp:n-1 
imp:n=l 

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

imp: n=l 

i m p :  n = l  
imp:n=l 
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> 4 4 4 4 4 3 3 3 3 3 3 3 4 4 4 4 4 4  
4 4 4 4 4 3 3 3 3 3 3 3 4 4 4 4 4 4  
4 4 4 4 3 3 3 3 3 3 3 4 4 4 4 4 4 4  

6 9 . 7 9 ~ 6 5 . 1 2  
< 201 4 -1.108 -201 u=2 
< 202 
< 203 

204 
< 205 

208 

< 2 0 6  
< 207 

< 27 
< 2 8  
< 29 
... 

- 0 . 1  201 11 u=z 
-1.0 201 -71 U = Z  

- 0 . 1  201 71  u = 3  
- 1 . 0  201 -11 u=3 

- 0 . 1  1 3 - 4 3 3  - 4 4 4  28 -zn 

1 -2.911 - 2 0 1  u=3 

-0.1 11 u=4 
-1.0 -71  u=4 

-0.1 1 -2 3 -4 1433:4441 71  - 2 0  
-1.0 1 -2 3 -4 (433:444) 10 -71 

> 201 4 -1.098 -201 -28 u=2 
> 202 1 -1.0 28 U=2 
> 203 0 201 -28 U=Z 
> 204 10 -2.911 -201 -28  u=3 
> 2 0 5  I -1.0 2 8  u=3 
> 2 0 6  0 2 0 1  - 2 8  u=3 
> 207 n 1 7 1  u=4 
> 28 n 1 -2 3 - 4  1 4 3 3 : 4 4 4 1  7n - 2 0  3 3  35 
111,114~104,107 
< 32 c / z  60.162 7 2 . 6 9 0  10.16 
< 3 3  c / z  6 0 . 1 6 2  72.690 1 2 . 7 0  
< 34 c / z  8 0 . 5 3 8  12.690 10.16 
< 35 c/z 8 0 . 5 3 8  7 2 . 6 9 0  1 2 . 7 0  

> 32 c / z  10.21 121.87 1 0 . 1 6  
> 33 c / z  10.21 121.81 12.10 
> 34 c / z  10.21 1 0 1 . 4 5  10.16 

~~~ 

> 35 C / Z  10.21 101.45 12.70 

... 
, 58 s 10.21 101.45 9 . 9 8  10.16 

... 
> 60 S 10.21 101.45 9.98 12.70 
> 6 1  s 10.21 121.87 9.98 in.16 
> 62 5 10.21 121.87 9.98 1 2 . i ~  
1 5 2 ~ 1 4 5  
i 1 0 3  pn 1 2 0 . 3 3  
... 
> 103 py 111.66 
169~162 
< 433 px 1 5 5 . 8 7 0  
... 
> 4 3 3  px i s 4 . 7 i n  
182~175 
< m4 94239.55 -0 .03619 8016.~0 -0.80095 1001.so -n.inn31 
..~ 
> m4 9 4 2 3 9 . 5 5  - 0 . 0 2 5 8 1  8 0 1 6 . 5 0  - 0 , 8 0 0 4 8  1001.50 -0.10042 
1 8 5 ~ 1 7 8  
< m i  9 4 2 3 9 . 5 5  - 0 . 0 7 3 3 9  8016.50  -0.89148 10oi.50 -n . i1109 

> ms 94239.55 -0 .01237 a016.50 -0.89143 iooi.50 -0.1iiio 
i~a,~nici91,19~ 

... 

< ksrc 56. 4 3 .  10 
I 70. 43.  10 
< 84. 4 3 .  i o  
< 63.  5 5 .  1 0  
~.. 

,,np:rl=1 
~ m p : n = l  
i m p : n = l  
imp:n=l 
imp:”-1 
m p : n = l  
i m p : n = l  
i m p : n = l  
Llllp:”=l 
imp: n = l  
i m p  : n = l  

imp:n=l 
Imp: n = l  
m p : n = l  
i m p : ” = ]  
i m p : ” = ]  
1 m p : n = l  

i m p : n = l  
imp: n-1 

spu + water 

Spu i water 

i 42. 4 3 .  in 
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4 9 .  5 5 .  1 0  
6 0 .  7 2 .  10 
8 0 .  7 2 .  10 

1 0 5 .  5 5 .  10 
8 4 .  6 8 .  1 0  

> 9 8 .  6 8 .  1 0  
1 0 .  1 2 2 .  1 0  

> 1 0 .  1 0 1 .  10 

+ f * t * t f f ~ * t + l * * * + f * f * * * * * * * * ~ * * . * * ~ ~ * ~ . ~ * , * , . * * , * * * * * ~ * * * * * * * ~ * * . ~ ~ ~ ~ * * ~ ~ . ~ , ~ , * ~ * . . , * * * * *  

d i f f  c0001flql.i c 0 0 0 1 f l q l a . i  > d i f f l q l q l a  
I " ,  
/.I 

< glovebox ha20mb cementation model - srlsmic two bowls ~ c O O 0 l i l q l  

> glovebox ha201703 Cementation model ~ seismic t w o  bowls - cODOlflqla 
lil 
< c  0 . 0 4 2 2 8  q p u l c c  pu 

' C  0 . 0 4 1 6 7  g p u / c c  pu 
9C9 
s. c h / x  

> c  h/x=634 
11, l i c l l ,  1 3  
i c  containers - 4 2 . 7 6  L cans  90R water 1 0 %  carbon 
i c  0 . 0 4 5 8 7  g p u / c c  
i c  h / x = 5 2 5  

> c  containers - 5 2 . 7 6  L cans  90% water 10% ca rbon  
.> c 0 . 0 3 6 1 9  g p u / c c  
) '  h/x=627 
61~61 

... 

~~. 

... 

... 

4 4 3 3 3 3 3 2 2 3 3 3 3 3 4 4 4 4  

> 4 4 3 3 3 3 2 2 2 3 3 3 3 3 4 4 4 4  
69~69 
< 2 0 1  4 - 1 . 1 1 8  -201  u=z 

... 

~.. 
> 2 0 1  4 -1 .108 - 2 0 1  u=2 
1 3 1 ~ 1 3 1  
< 53 c/z - 2 3 . 4 9 5  111.11 6 . 9 8 5  

i m p : n = l  

imp:n- l  

> 5 3  c/z - 2 3 . 4 9 5  1 2 1 . 8 7  6 . 9 8 5  
1 4 2 , 1 4 3 ~ 1 4 2 , 1 4 3  
< 64 p y  1 0 4 . 1 2 5  
i 6 1  p y  1 1 8 . 0 9 5  
~~~ 

> 64 py 1 1 4 . 8 8 5  
', 65 p y  1 2 8 . 8 5 5  
1 4 5 ~ 1 4 5  

61 c / z  - 2 3 . 4 9 5  111.11 3 7 . 4 6 5  

> 67 c / r  - 2 3 . 4 9 5  1 2 1 . 8 7  3 1 . 4 6 5  
I82ClR2 
< m4 9 4 2 3 9 . 5 5  - 0 . 0 4 5 2 3  8 0 1 6 . 5 0  - 0 . 8 0 1 3 7  1 0 0 1 . 1 0  - 0 . 1 0 0 2 1  

> m 4  94239.55  - 0 . 0 3 6 1 9  8 0 1 6 . 5 0  -0 .80095 1 0 0 1 . 5 0  - 0 . 1 0 0 3 1  

~~~ 

~~~ 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

d i f f  c 0 0 0 1 f l q 4 . 1  c 0 0 0 1 f l q l a . l  > d i f f l q l q l a  
I C 1  
I glovebox ha20mb Cementation model - se ismic  two bowls ~ c 0 0 0 1 f l q 4  

> glovebox ha20mb c e m e n t a t i o n  model ~ seismlc two bowls - c 0 0 0 l f l q l a  
11,13c11,13 
i c  containers ~ 1 2 . 7 6  L cans 9 0 %  water 1 0 1  carbon 
< c  0 . 0 2 5 8 5  g p u / c c  
< c  h / x = 9 2 1  

> c  Containers ~ 5 2 . 7 6  L Cans  908 water 10% ca rbon  
) C  0 . 0 3 6 1 9  q p u / c c  
) C  h / x = 6 2 7  
5 1 , 6 1 c 5 1 . 6 1  

... 

.~~ 

4 4 4 4 4 3 3 3 3 3 3 3 3 3 3 3 4 4  
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4 4 4 4 4 3 3 3 3 3 3 3 3 3 3 4 4 4  
4 4 4 4 3 3 3 3 3 3 3 3 3 3 3 4 4 4  
4 4 4 4 3 3 3 2 2 2 3 3 3 3 4 4 4 4  
4 4 4 3 3 3 2 2 2 2 3 3 3 3 4 4 4 4  

. .~ 
4 4 3 1 3 3 3 3 3 3 3 3 3 3 3 3 4 4  

> 4 4 3 3 4 3 3 3 3 3 3 3 3 3 3 4 4 4  
> 4 4 3 3 3 1 3 3 3 3 3 3 3 3 3 4 4 4  
, 4 4 3 4 3 3 3 2 2 3 3 3 3 3 4 4 4 4  
i 4 4 3 3 3 3 2 2 2 3 3 3 3 3 4 4 4 4  
6 5 ~ 6 9  
< 2 0 1  4 - 1 .098  - 2 0 1  u=2 Imp:"-1 

,> 701 4 -1 .108 - 2 0 1  u=2 1mp:n-l 
1 8 Z C 1 8 2  
< m 4  9 4 2 3 9 . 5 5  - 0 . 0 2 5 8 5  8 0 1 6 . 5 0  - 0 . 8 0 0 4 8  1 0 0 1 . 5 0  - 0 . 1 0 0 4 2  
~~~ 

> m4 9 4 2 3 9 . 5 5  - 0 , 0 3 6 1 9  8 0 1 6 . 5 0  - 0 . 8 0 0 9 5  1001.50 - 0 . 1 0 0 3 1  
20 16200 
< 4 9 .  5 5 .  1 0  
2 0 4 a 2 0 4 . 2 0 8  
> 4 9 .  31. 10 
> 6 3 .  3 1 .  1 0  
> 7 1 .  3 1 .  1 0  
> 4 2 .  4 3 .  1 0  
> 4 9 .  5 5 .  1 0  

+ * + , * * ~ * * f . f * l * . , * t + * , * * . * ~ ~ ~ * , * * , ~ * * * . * ~ * * ~ * * * * * * * ~ * ~ * ~ . * * * * * * * * * . ~ ~ * . * * * ~ * * ~ * ~ * ~ ~ . ~ * ~ ~ .  

diff i0001flq3.i c0001flqla.l >difflq3qla 
1 c11 
< glovebox ha20mb cementation model - seismic two bowls ~ c0001flq3 

> glovebox ha2Omb cementation model - seismic two bowls ~ c0001flqla 
1 1 . 1 3 c 1 1 . 1 3  
( C  containers - 7 2.76 L cans 90% water 101 carbon 
< c  0 . 0 2 5 8 5  g pu/cc 
( C  h/x=921 

~~~ 

' C  containers - 5 2.76 L cans 90% water 1 0 8  carbon 
"2 0 . 0 3 6 1 9  4 pu/cc 
> c  h / x = 6 2 7  
5 7 ,  61C51. 61 
I 4 4 4 4 4 3 3 3 3 3 3 3 3 3 3 3 4 4  
< 4 4 4 4 4 3 3 3 3 3 3 3 3 3 3 4 4 4  
< 4 4 4 4 3 3 3 3 2 2 3 3 3 3 3 4 4 4  
/ 4 4 4 4 3 3 3 2 2 2 3 3 3 3 4 4 4 4  

4 4 4 3 3 3 3 2 2 3 3 3 3 3 4 4 4 4  

> 4 4 3 3 3 3 3 3 3 3 3 3 3 3 3 3 4 4  
> 4 4 3 3 4 3 3 3 3 3 3 3 3 3 3 4 4 4  
> 4 4 3 3 3 3 3 3 3 3 3 3 3 3 3 4 4 4  
> 4 4 3 4 3 3 3 2 2 3 3 3 3 3 4 4 4 4  
> 4 4 3 3 3 3 2 2 2 3 3 3 3 3 4 4 4 4  
6 9 ~ 6 9  
< 2 0 1  4 -1.098 -201 u=2 imp:n=l 

> 201 4 -1.108 - 2 0 1  u=2 imp:n=l 
1 8 2 ~ 1 8 2  
< m4 9 4 2 3 9 . 5 5  - 0 . 0 2 5 8 5  8 0 1 6 . 5 0  - 0 . 8 0 0 4 8  1001.50 -0.10042 

> m4 9 4 2 3 9 . 5 5  - 0 . 0 3 6 1 9  8 0 1 6 . 5 0  - 0 , 8 0 0 9 5  1 0 0 1 . 5 0  - 0 . 1 0 0 3 1  
2 0 2 a 2 0 3 . 2 0 4  
> 9 1 .  5 5 .  1 0  
> 4 9 .  3 1 .  1 0  
2 0 4 a 2 0 1 , 2 0 8  
> 4 2 .  4 3 .  1 0  

4 9 .  5 5 .  1 0  

~~~ 

... 

... 

* I f * * * * f * f * f * * * f t * * * f * l I t + * f * t t - - l + * * . * * , ~ * * . * ~ * * * * , * * . * * * * * , ~ * * ~ * * * * , , . , * * * * * , ~ . * * * * * * , ~ * * * * * * *  

diff c0001flq5.i c0001flqla.i >difflq5qla 
1.6c1.4 
< glovebox ha20mb Cemen ta t ion  model - seismic case 1 2 0 0  g pu - c 0 0 0 1 f l q 5  
< c  base case 9009 t 13009 holdup 
< c  glovebox ~ full water reflection on all sides 
< c  
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( C  1 2 0 0  g pu at 1 5 0  g/L i n  water In glovebox conveyor  housing under floor, 
< c  2"  water on f l O O l ,  10% water spray 

> glovebox ha20mb cementation model - seismic two bowls - c 0 0 0 l f l q l a  
> c base case 9009 + 0 9 conveyor + 3 0 0 9  ho ldup  + D g  outside 
> c  glovebox - full water reflection on all sides. cement can re f1  
> c  2" water flooded, 1 0 8  water spray 
7a6.14 
i c  bowls  - two b o w l s  next to cans 
' C  0 . 0 4 1 6 7  g p u / c c  pu 
) C  0 . 2 0 0  kq p u / b o w l  

.~. 

> c  h / x = 6 3 4  
' C  sides, bottom of bow15 n o t  included 
' C  c o n t a i n e r s  - 5 2 . 7 6  L cans 90: water 1 0 %  carhori 
> c  0 . 0 3 6 1 9  g p u / c c  
> c  h / x = 6 2 7  
' C  500 g pu total 
10c17 
< 1 I -0.1 1 -2  3 - 4  7 1  - 6  
... 
> 1 1 -0.1 I - 2  3 - 4  2 0  - 6  
1 2 . 1 3 c I g  
< 2 20 - 1 . 1 5 5 2 4 2  24 -25 7 -72 8 -9 
< 3 1 - 1 . 0  2 4  -25 72 - 5  8 - 9  

> 2 1 - 1 . 0  24 -25 7 -5 8 - 9  
2 5 , 2 6 c 3 1 , 4 5  
< c  2 i n c h  l a y e r  on floor 
< 8 1 - 1 . 0  1 -2 3 - 4  7 0  - 7 1  

> c  containers 
... 

'> c bOWl 
> 8 3 - 1 . 0 4 3 1  l ( 6 3  - 2 8 ) :  ( - 6 3  - 6 1  6 9 ) )  -32 
> 9 1 - 0 . 1  -32  - 6 3  61 7 1  
> 1 0  1 - 1 . 0  -32  70 -71 161: -691  
> c  bowl 
> 11 3 - 1 . 0 4 3 1  l ( 6 3  - 2 8 ) :  ( - 6 3  -58 6911 -34 
> 12 1 - 0 . 1  -34 - 6 3  58 7 1  
> 1 3  1 - 1 . 0  -34 7 0  - 7 1  158 : -691  
> c  can  ~~~ 

> 1 4  10 - 2 . 9 1 1  -202 7 0  -28  

> 1 6  10 - 2 . 9 1 1  -204 1 0  -28  
> 1 5  10 -2.911 - 2 0 3  70 -28  

> 17 1 0  -2.911 -205  7 0  -28  
> 18 10 -2.911 -206  7 0  -28 
2 8 , 2 9 c 4 7 , 4 8  
i 2 2  1 - 1 . 0  7 0  -28 - 5 3  
< 2 3  1 - 1 . 0  7 0  -28  5 3  64 - 6 5  4 1  66 -1 

> 22 1 - 1 . 0  7 0  -28  - 5 3  
> 2 3  1 - 1 . 0  70 -28  5 3  64 -65 4 1  6 6  -1 
3 1 ~ 5 0 . 7 9  
< 2 4  1 - 1 . 0  5 -70  1 - 4  - 2  3 

8 - 5 . 5 6 2  5 -70  1 - 4  -2 3 
filled cans 
0 1 3 -433  - 4 4 4  7 0  -28  32 34 202  2 0 3  204 205 

0 -331  334 - 3 3 0  3 3 3  - 3 2 9  3 3 2  u=l lat=2 
fill=l 1 7 . 0 3 5  7 . 0 3 5  01 

fill= 
4 4 4  
4 4 3  
4 4 3  
4 4 3  
4 4 3  
4 4 3  
4 4 4  
4 4 3  
4 4 3  
4 3 3  

- 5 : 1 2  
4 4 4  
3 3 3  
3 4 3  
3 3 3  
4 3 3  
3 3 3  
3 3 3  
3 3 4  
3 3 3  
3 3 3  

-1:10 
4 4 4  
3 3 3  
3 3 3  
3 3 3  
3 2 2  
2 2 2  
4 4 4  
4 4 4  
3 3 3  
3 3 3  

0:o 

4 3 3 3 3 3 3 3 3 3 3 4 4 4 4 4 4 4  
4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4  

4 - 1 . 1 0 8  - 2 0 1  u=2 
1 -0.1 201 71 u=2 

Imp:"-1 

1mp:n-1 

imp:n=l 
imp : n- 1 

Imp : I>= I 

imo:n=l 

imp:"-1 
I m p : n = l  
imp:n=l 

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

imp:n=l 
i m p : " = ]  
imp: n = l  
imp: n = l  
imp:n=l 

Imp:n=l 
imp:n=l 

Imp:"=l 
imp: n-1 

Imp:n=l 

imp:n=l 

206 
Imp:n=l 

Imp:n=l 
imp:n=l 
Imp:n=l 
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> 203 1 - 1 . 0  2 0 1  -11 u=2 
204 1 0  - ? . q i i  -20: u=3 
2 0 5  1 - 0 . 1  201  71 ,1=7 ~ ~~ 

> 2 0 6  I - 1 . 0  2 0 1  -11 u=3 
> 2 0 1  1 - 0 . 1  11 u=4 
> 2 0 8  1 - 1 . 0  -11 u=4 
> 2 1  1 - 0 . 1  1 3 - 4 3 3  - 4 4 4  28 -20  
> 28 1 - 0 . 1  1 -2 3 - 4  1433:4441 7 1  -20 
> 25 1 - 1 . 0  1 -2 3 - 4  1433:4441 1 0  -11 
6 3 , 6 6 c l l l ,  1 1 4  
i 32 c/z 1 0 . 2 1  1 2 1 . 8 7  1 0 . 1 6  
< 3 3  c / z  1 0 . 2 1  1 2 1 . 8 7  1 2 . 7 0  
< 34 c / z  1 0 . 2 1  1 0 1 . 4 5  1 0 . 1 6  
i 35 c / z  1 0 . 2 1  1 0 1 . 4 5  1 2 . 1 0  

> 32 c/z 6 0 . 1 6 2  7 2 . 6 9 0  1 0 . 1 6  
> 3 3  c/z 6 0 . 1 6 2  7 2 . 6 5 0  1 2 . 7 0  
> 34 c / z  8 0 , 5 3 8  7 2 . 6 5 0  1 0 . 1 6  
> 3 5  C / L  8 0 . 5 3 8  7 2 . 6 9 0  1 2 . 7 0  
8 8 ~ 1 3 6  
< 5 8  s 1 0 . 2 1  1 0 1 . 4 5  9 . 9 8  1 0 . 1 6  

... 

... 
> 5 8  s 8 0 . 5 3 8  1 2 . 6 9 0  9 . 9 8  1 0 . 1 6  
9 0 . 5 2 ~ 1 3 8 . 1 4 0  
< 60 s 1 0 . 2 1  1 0 1 . 4 5  9 . 9 8  1 2 . 7 0  
< 6 1  s 1 0 . 2 1  1 2 1 . 8 7  9 . 5 8  1 0 . 1 6  
< 62 s 1 0 . 2 1  1 2 1 . 8 7  5 . 5 8  1 2 . 7 0  

> 60 s 8 0 . 5 3 8  7 2 . 6 5 0  5 . 5 8  1 2 . 7 0  
> 6 1  s 6 0 . 1 6 2  7 2 . 6 9 0  9 . 9 8  1 0 . 1 6  
> 62 5 6 0 . 1 6 2  7 2 . 6 9 0  9 . 5 8  1 2 . 1 0  
1 0 2 d 1 4 9  
< .I2 pz  - 3 4 . 8 1  
1 0 5 ~ 1 5 2  
I 1 0 3  p y  111.66 
... 
> 1 0 3  px 1 2 0 . 3 3  
1 2 1 a 1 6 5 , 1 1 0  
> 4 3 3  px 1 5 5 . 8 1 0  
> 4 4 4  p y  1 2 4 . 6 1 3  
1 2 8 , 1 6 5 d 1 1 6  
< 1 2 0  r / z .  
I 1 2 1  
< 1 2 2  
< 1 2 3  
< 124 
< 1 2 5  
< 1 2 6  
< 1 2 1  
< 1 2 8  
< 1 2 9  
< 1 3 0  
< 1 3 1  
< 132 
I 1 3 3  
< 134 
< 1 3 5  
< 1 3 6  
< 1 3 1  
< 1 3 8  
< 1 3 9  
< 420 
< 4 2 1  
< 422 
< 4 2 3  
I 424 
< 4 2 5  
< 426 
< 427 
< 428 
< 4 2 9  

< 4 3 1  
< 432 
< 433 

< 430 

~. ~ 

c / z  
c/2 
C/Z 
c/2 
c / z  
c / z  
c/i. 
c/z 
c/z 
C / Z  

C / Z  

C / Z  
c / z  
c / r  
PX 
P X  
PY 
C / Z  

c/z 
c / z  
c/z 
c / z  
C / Z  
c / z  
c / 3  
c / z  
C / L  
c/z 
c/z 
c / z  
C / Z  

c / z  
C / L  

5 6 . 2 8 0  1 2 5 . 0 4 5  6 . 9 8 5  
5 6 . 2 8 0  1 2 5 . 0 4 5  9 . 5 2 5  
7 0 . 3 5 0  1 2 5 . 0 4 5  6 . 9 8 5  
7 0 . 3 5 0  1 2 5 . 0 4 5  9 . 5 2 5  
4 9 . 2 4 5  1 1 2 . 8 6 0  6 . 9 8 5  
4 9 . 2 4 5  1 1 2 , 8 6 0  9 . 5 2 5  
6 3 . 3 1 5  1 1 2 . 8 6 0  6 . 5 8 5  

5 6 . 2 8 0  
1 2 5 . 0 4 5  
6 3 . 3 1 5  5 9 . 1 3 1  9.1091 
6 3 . 3 1 5  55 .131  1 1 . 6 4 9 1  
1 2 3 . 8 9 0  1 2 5 . 0 4 5  6 . 9 8 5  
1 2 3 . 8 9 0  1 2 5 . 0 4 5  9 . 5 2 5  
1 3 1 . 9 6 0  1 2 5 . 0 4 5  6 . 5 8 5  
1 3 7 . 9 6 0  1 2 5 . 0 4 5  9 . 5 2 5  
1 1 6 . 8 5 5  1 1 2 . 8 6 0  6 . 9 8 5  
1 1 6 . 8 5 5  1 1 2 . 8 6 0  9 . 5 2 5  
1 3 0 . 5 2 5  1 1 2 . 8 6 0  6 . 9 8 5  
1 3 0 . 9 2 5  1 1 2 . 8 6 0  9 . 5 2 5  
1 4 4 . 9 5 5  1 1 2 . 8 6 0  6 . 9 8 5  
1 4 4 . 5 9 5  1 1 2 . 8 6 0  9 . 5 2 5  
1 2 3 . 8 9 0  1 0 0 . 6 7 5  6 . 5 8 5  
1 2 3 . 8 9 0  1 0 0 . 6 7 5  9 . 5 2 5  
1 3 7 . 5 6 0  1 0 0 . 6 7 5  6 . 5 8 5  
1 3 1 . 5 6 0  1 0 0 . 6 7 5  9 . 5 2 5  
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... 
> ksrc 56. 4 3 .  10 
> io. 43. 10 
> 84. 4 3 .  10 
> 6 3 .  55. in 
> 17. 5 5 .  in 
> 91. 55. 10 
> 45. 31. 10 

63. 31. 10 
> 77. 31. 10 
> 42. 43. 10 
> 49. 5 5 .  10 
> 60. 12. 10 
> 80. 72. in 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

diff c0001flqle.i c0001flqla.i >difflqleqla 
IC1 
< glovebox ha20mb cementation model - seismic two bowls - c000lflqle 

> qlovebox ha20mb cementation model - seismic two bawls  ~ cOOOlflqla 
... 

2 "  water flooded, 0.001 g/cc  water spray 

2" water f looded ,  10% water spray 

1 -0.on1 1 -2 3 -4 20 -6 

1 -0.1 I -2  3 -4 20 -6 

1 -o.ooi 

1 -0.1 

1 -0.001 

1 -0.1 

1 -n.oni 

1 -0.1 

1 -0.001 

1 -0.1 

1 -0.001 

1 -0.1 
71,78c17,78 
< 21 1 -0.no1 
< 28 1 -n.noi 
... 

-32 - 6 3  61 71 

-32 -63 61 71 

- 3 4  -63  58 71 

-34 -63 58 71 

201 71 u=2 

201 71 u=2 

201 71 u=3 

201 71 u=3 

71 u=4 

71 u=4 

1 3 -433 - 4 4 4  28 -20 
1 -2 3 -4 (433:444) 71 -20 

Imp:"=l 

Imp: n=l 

imp:"-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 
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> 21 I -0.1 I 3 - 4 3 3  - 4 4 4  28 -20 imp:n=l 
> 28 1 -0.1 1 -2 3 - 4  1 4 3 3 : 4 4 4 1  71 -20 1rnp:n-1 

* f * * t * t t t f * * * t f * . . f + f * f * + * * * * . ~ ~ * * * * * * ~ ~ * * * ~ , ~ * * * , * * . * * ~ * " ~ . * ~ , * , * , * * * * ~ * . " , , ~ , , ~ . , . * * * * .  

diff c0001flqlb.i c0001flqla.i >difflqlbqla 
I C 1  
< glovebox haZ0mh cementation model - seismic two bowls - cOOOlflq1b 

> qlovebox ha20mb cementation model - sei5mic two bowls - c00Olflqla 
~~~ 

4 c 4  
< c  

> c  
17Cl7 
< 1  

> I  
3 4 c 3 4  
i Y  

> 9  
3 8 ~ 3 8  
I 12 

> 12 
7 0 ~ 1 0  
< 202 

> 202 
7 3 ~ 1 3  
< 205 

~~~ 

... 

... 

~~~ 

~~~ 

... 
> 205 
7 5 ~ 7 5  
< 207 

> 207 
11.78 
< 2 1  
< 28 

> 27 
> 28 

..~ 

... 

c7 

2" water flooded, 1% water spray 

2" water flooded, 10% Water s p r a y  

1 -0.01 1 - 2  3 - 4  20 - 6  

1 -0.1 1 -2 3 - 4  20 - 6  

1 -0.01 -32 - 6 3  61 71 

1 -0.1 -32 - 6 3  6 1  71 

1 -0.01 -34 - 6 3  58 71 

1 -0.1 -34 -63 58 11 

1 -0.01 201 71 u=2 

1 -0.1 201 71 u=2 

1 -0.01 201 11 u = 3  

I -0.1 201 71 "-3 

1 -0.01 71 u = 4  

1 -0.1 71 u = 4  
1.78 
1 -0.01 1 3 - 4 3 3  - 4 4 4  28 -20 
1 -0.01 1 -2 3 - 4  l 4 3 3 : 4 4 4 1  7 1  -20 

1 -0.1 I 3 - 4 3 3  - 4 4 4  2 8  -20 
1 -0.1 1 -2 3 - 4  ( 4 3 3 : 4 4 4 )  71 -20 

irnp:n=l 

mtp:n=l 

imp:n=l 

Imp: n=l 

imp:n=l 

imp:n=l 

imp:n=l 

imp:n=l 

imp: n=l 

1mp:n=1 

imp:n=l 

1mp:n=1 

1mp:n=1 
1rnp:n-1 

imp:n=l 
imp: n=l 

. * . . * * * * / + i f * ~ . . * * * * * * f * t _ _ _ _ _ * t * * t t f t t f ~ ~ * * * * * * * * * * * * * , , * * * * ~ * , * * . * ~ ~ * * , * * , * * * ~ * * * * * * * * *  

diff c0001flqlc.i c0001flqla.i >difflqlcqla 
IC1 
< glovebox ha20mb cementation mode l  - seismic two bowls - cO00lflqlc 

> glovebox haZ0mb Cementation model ~ seismic two bowls - c000lflqla 
.~~ 

4 c 4  
< c  

> c  
1 7 ~ 1 7  
< 1  

> 1  
3 4 c 3 4  
< 9  

> 9  
3 8 C 3 8  
< 12 

> 12  
7 0 ~ 7 0  
i 202 

5 202 
73c73 
i 205 

> 205 
75175 

... 

... 

~.. 

_~. 

_.. 

_.- 

2" water flooded, 5% water s p r a y  

2" water flooded, 10% water spray 

1 -0.05 1 - 2  3 - 4  20 - 6  

1 -0.1 1 -2 3 - 4  20 - 6  

1 -0.05 -32 - 6 3  61  11 

1 -0.1 - 3 2  - 6 3  61 71 

1 -0.05 - 3 4  - 6 3  58 71 

1 -0.1 - 3 4  - 6 3  58 71 

1 -0.05 201 71 u=2 

1 -0.1 201 71 u=2 

1 -0.05 201 71 u = 3  

1 -0.1 201 71 u = 3  

1mp:n-l 

irnp:n=l 

1mp:n=l 

Imp: n=l 

1mp:n=1 

imp:n=l 

imp: n=l 

i rnp :n=l  

1mp:n=1 

imp:n=l 
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< 20-1 I -0.05 7 1  ~ = 4  
~~~ 

., 207  1 -0.1 7 1  u = 4  
71,78c17,78 

< 2 8  1 -0.05 1 -2 3 -4 < 4 3 3 : 4 4 4 1  71 -20 
i 27 1 -0.05 1 3 -433 - 4 4 4  28 -20 

... 
> 2 1  1 - 0 . 1  1 3 -433 - 4 4 4  28 -20 Imp:"=l 
> 28 I -0.1 1 -2 3 - 4  i 4 3 3 : 4 4 4 1  71 -20 Imp:n=l 

.*.* l i f * f + f * * * * * * f * * , * * * * * * ~ . ~ ~ ~ . , ~ * * , * * * * ~ * * , * ~ * ~ , * , . * . . . ~ * * . * . * . * * ~ . . ~ ~ * * * * * , , ~ . ~ ~ ~ * * * ~  

d i f f  c0001flqld.i cO001flqla.i >difflqldqla 
I C 1  
< glovebox ha20mb Cementation model ~ seismic two bowls - cnO0lflqld 
... 

glovebox ha20mb cementation model - seismic two bowls ~ cnnnifiqia 
4 c 4  
( C  

> c  
llc17 
< 1  

> 1  
3 4 c 3 4  
< 9  

> 9  
3 8 ~ 3 8  
< 12 

> 12 
70ClO 
< 202 

> 202 
7 3 c 7 3  
< 205 

> 205 
7 5 ~ 1 5  
< 207 

._. 

... 

... 

... 

... 

... 

~~. 
> 207 

2" water flooded, 15% water Spray  

2" water flooded, 10% water spray 

1 -0.15 

1 -0.1 

1 -0.15 

1 -0.1 

1 -0.15 

I -0.1 

I -0.15 

1 -0.1 

1 -0.15 

I -0.1 

1 -0.15 

1 -0.1 ~~ ~~ 

17,78577,78 
< 27 1 -0.15 
< 28 I -0.15 
... 
> 21 1 -0.1 
> 28 1 -0.1 

1 -2 3 -4 20 - 6  

1 -2 3 - 4  20 -6 

-32 - 6 3  6 1  71 

-32  -63  6 1  7 1  

- 3 4  -63 58 71 

-34 - 6 3  58 7 1  

201 71 u=2 

201 71 u=2 

201 71 u=3 

201 7 1  u=3 

71 u=4 

7 1  u=4 

1 3 - 4 3 3  - 4 4 4  28 -20 
1 -2 3 -4  i 4 3 3 : 4 4 4 1  71 -20 

1 3 - 4 3 3  - 4 4 4  28 -20 
1 -2 3 -4 1 4 3 3 : 4 4 4 )  7 1  -20 

imp:n=l 

imp: n-1 

i m p :  n = l  

imp:n=l 

imp:n=l 

imp: n=1 

m p : n = l  

imp:n=l 

imp:n=l 

imp:n=l 

~mp:n=l 

imp:n=l 

imp:n=l 
imp:n=l 

imp: n=l 
Imp: n=l 

f f ~ * , + * f * * * f ~ ~ . t ~ * * * f - t - t - * * * ~ * * ~ * * * * * * * * ~ * . * , * * * * * * ~ ~ * * , * * * * * * ~ * ~ * * * ~ * * ~ * * * ~ ~ ~ * * ~ * . * *  

d i f f  cO001flfl.i c0001flb7b.i >difflflb7b 
1c1 
< qloveban ha20mb Cementation model - fire case 1200 g pu - cO0Olflfl 

> glovebox ha20mb Cementation model - base case 1200 g pu - c0001flb70 
6 c 6  
< c  0.04228 g pu/cc pu 

) C  0.04161 q pu/cc pu 
8 C 8  
< c  h/x 

... 

... 

.~~ 

... 
3 - 4  2 0  - 6  

-63 61 71 
70 -11 1 6 1 : -  
28 -20 

- 6 9 1  

Imp:n=l 

imp : n=  1 
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> c  bowl water reflection 
', 9 1 -1.0 I163 -33 -20 132:281!:1-63 61 -62 691: 

1-69 70 -6211 -2  1 103 
> 10 0 -33 -63 70 62 -2  1 103 
37.40c31.41 

12 3 -1.0431 1(63 -28): ( - 6 3  -5s 6911  - 3 4  
13 1 -0.1 -34 -63 58 71 

-. 1 4  1 -1.0 -34 io -71 (sa:-691 
< 15 1 -0.1 - 3 4  28 -20 

> 11 3 -1.0431 1163 -281: 1-63 - 5 8  6 9 1 1  -34  
~~~ 

> c  bowl water reflection 
> 12 1 -1.0 1163 -35 -20 (34:28!1:1-63 58 -60 69): 

> 13 0 -35 -63 70 60 -2 1 -103 imp:n=l 
4 7 ~ 4 8  
< 25 0 1 3 -433 -444 70 -20 32 34 

> 1-69 70 -6OJl -2 1 -103 imp:n=l 

... 
> 25 0 1 3 -433 -444 70 -20 3 3  35 
65.15c66.12 

io2 
< 203 
< 204 
< 205 
< 206 
i 201 
< 208 
< 209 
< 210 
< 28 
< 2 9  

> 202 
> 203 
> 204 
> 205 
> 206 
> 201 
> 28 
121~124 
< 53 

... 

~~~ 

i -0.1 -201 2 8  u=z 

io -2.911 -201 -28 ~ = 3  

1 -0.1 201 71 u=2 
1 -1.0 201 -71 u=2 

1 -0.1 -201 28 u=3 
1 -0.1 201 71 u=3 
1 -1.0 201 -71  u=3 
1 -0.1 71 u=4 
1 -1.0 -71 "-4 
1 -0.1 1 -2 3 - 4  1433:4441 
1 -1.0 1 -2 3 - 4  1433:4441 

1 -1.0 za u=2 
0 201 -28 U=Z 
10 -2.911 -201 -28 ~ = 3  
1 -1.0 28 u=3 
0 201 -28 u=3 
0 777 u=4 
0 1 -2 3 - 4  1433:4441 

c/z -23.495 111.11 6.985 

71 -20 32 34 
70 -71 32 3 4  

70 -20 33 35 

imp: n=l 
Imp:n=l 
1 mp: n i l  
'mp:"=l 
imp:"-1 
1 mp : n=1 
imp:n=l 
imp: n=l 
1 mp : n = l  
imp: n = l  
I*p:"=l 

imp:n=l 
1rnp:n-l 
imp:n=l 
Imp:n=l 
imp:n=l 

Imp:n=l 
i m p :  n=l 

> 53 c / z  -23.495 121.87 6.985 
138,139~135,136 
< 64 p y  104.125 
< 65 py 118.095 
... 
i 64 p y  114.885 
> 65 p y  128.855 
141~138 
c 67 c / z  -23.495 111.11 31.465 

> 61 c/z -23.495 121.81 37.465 

< 103 py 111.66 

..~ 

148~145 

> 103 py 111.66 
165~162 
< 433 PX 155.~70 
... 
> 433 px 1 5 4 . 7 1 0  
181C118 
< mi 94239.55 -0.01339 8016.50 -0.89148 1001.50 -0.11109 Spu + w a t e r  
~~. 

~~~ 

> 10. 1 0 1 .  10 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
diff c0001flf2.i c0001flb13a.i >difflfZbl3a 
1c1 
< glovebox ha20mb Cementation model - floodlng case 1200 g pu - c0001flfZ 
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~~~ 

., glovebox ha20mb Cementation model ~ base case 1200 '1 pu  ~ c0001flb13a 
3 , 4 c 3  
< c  glovebox - full Water reflection on a l l  s i d e s ,  no can r e f l e c r i o r i  
' c  glovebox f looded  to 2 " .  108 water s p r a y  

> c  glovebox - f u l l  water  r e f l e c t i o n  on all sides, I" water  r e f1  
2 3 c z z  

... 

* 1 2 -0.10 I -2 3 -4 20 -6 Imp:n=l 
... 
, l o  1 -2 3 -4 20 -6 imp:"=] 
40,43c39,41 
< 9 2 -0.1 1163 -33 -20 132:2811:l-63 61 -62 . I 111  - 2  1 1 0 3  imp:n=l 
< 10 I -1.0 70 -71 -62 161:-691 -2 1 103 Imp:"=] 
< 11 2 -0.1 -33 -63 71 62 - 2  1 103 Imp:"=l 
< 12 1 -1.0 -33 -71 70 62 -2 1 101 imp:n=l 
... 

9 I -1.0 ((63 -33-20 (32:za)l:l- 
1-69 70 - 6 2 1 1  - 2  1 103 

> 10 0 -33 -63 70 62 -2 I 103 
45143 
< 13 3 -1.0431 I 1 6 3  - 2 8 1 : ( - 6 3  -58 651 

> 11 3 -1.0431 ( ( 6 3  - 2 8 ) :  1-63 -58 691 
_._ 

41.50c45.41 
< 1 4  2 -0.1 
< 15 1 -1.0 
< 16 2 -0.1 
< 11 1 -1.0 

> 12 1 -1.0 
... 

> 13 0 
52648 
< 19 1 -1.0 
54c50 
< 21 2 -0.1 

> 21 1 -1.0 
57c53 
< 2 3  0 

... 

~~~ 

> 23 0 
68,69c64,65 
< 208 2 -0.1 

... 
> 208 1 -1.0 

7 1.82 c61.11 

3 6 1  -62 69): 
imp: n = l  
imp:n=1 

-34 imp: n=l 

-34 imp:n=l 

( 1 6 3  -35 -20 134:2811:1-63 5 8  -60 7111 - 2  1 -103 imp:n=l 
70 -71 -60 i58:-69) - 2  1 -103 imp:n=l 
-35 -63 71 60 - 2  1 -103 imp:n=l 
-35 -71 70 60 -2 1 -103 imp:n=l 

( 1 6 3  -35 -20 134:2811:1-61 58 -60 691: 

-35 - 6 3  10 60 -2 1 -103 imp:n=l 
(-69 70 -6011  -2 1 -103 1mp:n=1 

70 -71 138 -139 Imp:n=l 

71 -20 1138:281 -139 imp: n = l  

70 -20 1138:281 -139 Imp:n=l 

70 -28 53 64  -65 41 66 -1 

70 -28 53 64 -65 41 66 -1 

1l-121:-123:~125:~129:-131:-1331 
(120 122 124 128 130 132 1 3 4 i i  134 - 2 8  11 -2  

i1-121:-123:-125:~129:131:-133) 
(120 122 124 128 130 132 134)) 134  -28 10 -2  

imp: n=l 

imp:"-1 

< 209 2 -0.1 I 1-121:-123:-125:-127:-129:131:-1331 2 8  -20 - 2 )  imp:n=l 
< 210 2 -0.1 120 122 124 126 128 130 132 -134 -28 71 Imp: n=1 
< 211 2 -0.1 121 123 125 127 129 131 133 -134 28 -20 Imp:n=l 
< 212 2 -0.1 -135 136 137 120 122 -2 -28  1: imp:n=l 
< 213 1 -1.0 i1~121:-123:-125:-129:-131:-1331 
< 1120 122 124 120 130 132 13411 134 -11 10 -2 
< (135:-136:-137) imp:n=l 
< 214 1 -1.0 120 122 124 126 128 130 132 -134 -71 70 imp:n=1 

< 1-136:135:-137:281 139 1mp:n=1 

< 215 1 -1.0 -135 136 137 120 122 -2 -71 70 imp:n=l 
< 2 8  2 -0.1 1 -2 3 -4 121 123 125 127 129 131 133 134 71 -20 33 35 

< 2 5  1 -1.0 1 -2 3 -4 121 123 125 127 129 131 133 134 70 -11 33 35 

> 209 1 -1.0 1 1 - 1 2 1 : - 1 2 3 : ~ 1 2 5 : - 1 2 7 : - 1 2 9 : 1 3 1 : 1 3 3 1  28 -20 -2i imp:n=l 
> 210 0 120 1 2 2  124 1 2 6  128 130 132 -134 -28 10 i m p : " = ]  

> 212 0 -135 136 137 120 122 -2 -28 70 imp:"-1 
> 28 0 1 - 2  3 - 4  I21 123 125 127 129 I31 1 3 1  134 70 -20 33 35 
204.205d192 

< mt2 1wtr.01 

..~ 

> 211 0 121 123 125 127 129 131 133 -134 28 -20 1mp:n=1 

< m2 1001.5 2 8016.5 1 $water 
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< qlovrhon ha20mt cementation model - f l o o d i n q  case 1 ? O P  q pu ~ c 0 0 0 l f l f 3  
< c  base case 9OOg * +300g holdup 
( C  glovebox - f u l l  water reflection on all sides 
< c  
( C  1 2 0 0  g pu i n  2" s l a b  on floor mixed with water. 10'. water spray 

> qlovebon ha2Omb cementation model - base case 1 2 0 0  q pu - c 0 0 0 1 f l b 7 b  
> c  base case 9 0 0 9  + 0 g conveyor + 300q holdup + 0q outside 
> c  glovebox ~ full water reflection on all sides, cement can r e f :  
6aS.  1 3  
> c  bowls - t w o  bowls in corner 1 0 "  from c a n s  
,, c 0 . 0 4 1 6 7  g pu/cc pu 
i c  0.200 kg pu/bowl 
> c  h/n=634 
> c  sides, bottom o f  bowls not. included 
> c  c o n t a i n e r s  ~ 7 2 . 7 6  L c a n s  9 0 %  water 1 0 %  carbon 
i c  0 . 0 2 5 8 5  g p u / c c  
) C  h/x=921 
) C  500 g pu t o t a l  
9116  
< 1 1 - 0 . 1  1 -2 3 - 4  7 1  - 6  

~~~ 

-~~ 
, l o  1 - 2  3 - 4  20 - 6  
2 3 ~ 3 0 . 4 1  
< 8 2 0  - 1 . 0 0 3 9 1 8  1 -2 3 - 4  70 - 7 1  
~.. 
> c  bowl 
, 8 3 - 1 . 0 4 3 1  1163 - 2 8 1 :  1-63 - 6 1  651 1 - 3 2  
> c  bowl water r e f l e c t L o n  
> 9 1 - 1 . 0  ! I 6 3  -33 - 2 0  1 3 2 : 2 8 ! i : ! - 6 3  6 1  -62 69): 

(-69 7 0  - 6 2 1 )  -2 1 103  
> 1 0  0 - 3 3  - 6 3  7 0  62 -2 1 1 0 3  
' C  

> 11 

> 1 2  

> 1 3  

> c  

> 

bowl 
3 - 1 . 0 4 3 1  1163 - 2 8 i : ! - 6 3  -58  691i  -34 
bowl water reflection 
1 - 1 . 0  I163  -35  -20 1 3 4 : 2 8 ) ) : ( - 6 3  5 8  -60  6 9 1 :  

1-69 7 0  - 6 0 1 )  -2 1 -103 
0 -35 - 6 3  7 0  60  -2 1 -103  

2 5 , 2 6 c 4 3 , 4 4  
< 22 1 - 1 . 0  7 0  - 2 B  - 5 3  
< 23 I - 1 . 0  7 0  -28  5 3  6 4  -65 4 1  66 -1 

> 22 1 - 1 . 0  7 0  -28  - 5 3  
> 23 1 - 1 . 0  7 0  -28  5 3  6 4  -65 4 1  6 6  -1 
2 8 ~ 4 6 . 1 2  
< 24 

> 2 4  

> 25 

> 2 6  

.._ 

> c  

> 

> 
> 
> 
> 
> 
> 

> 
> 
> 
> 
> 
> 
> 
> 2 0 1  
> 2 0 2  
> 2 0 3  
> 204 
> 205 
> 2 0 6  
> 207 

20  - 1 , 0 0 3 9 1 8  5 -70 1 -4 -2  3 

8 - 5 . 5 6 2  5 -70 1 -4 - 2  3 
filled cans 
0 1 3 - 4 3 3  - 4 4 4  7 0  - 2 0  3 3  35  

0 - 3 3 1  334 -330  333  - 3 2 5  332 
f i l l= l  ( 7 . 0 3 5  7 . 0 3 5  0) 

fill= - 5 : 1 2  -1:10 0:o 
4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4  
4 4 4 4 4 3 3 3 3 3 3 3 3 3 3 3  
4 4 4 4 4 3 3 3 3 3 3 3 3 3 3 4  
4 4 4 4 3 3 3 3 3 3 3 3 3 3 3 4  
4 4 4 4 3 3 3 3 3 2 2 3 3 3 4 4  
4 4 4 3 3 3 3 3 2 2 2 3 3 3 4 4  
4 4 4 4 4 3 3 3 2 2 3 3 3 4 4 4  
4 4 4 4 4 3 3 3 3 3 3 3 3 4 4 4  
4 4 4 4 4 3 3 3 3 3 3 3 4 4 4 4  
4 4 4 4 4 3 3 3 3 3 3 3 4 4 4 4  
4 4 4 4 3 3 3 3 3 3 7 4 4 4 4 4  

4 - 1 . 0 9 8  - 2 0 1  -28 u=z 
1 - 1 . 0  2 8  u=2 
0 2 0 1  -28  u=2 
1 0  - 2 . 9 1 1  - 2 0 1  -28  u=3 
1 - 1 . 0  2 8  u=3 
0 201  -28  u=3 
0 717 u=4 
0 1 -2 3 - 4  ( 4 3 3 : 4 4 4 )  i 2 8  

1 1 7 a 1 6 2 , 1 6 3  

"=I 1 a t = 2  

4 4  
4 4  
4 4  
4 4  
4 4  
4 4  
4 4  
4 4  
4 4  
4 4  
4 4  
4 4  

7 0  - 2 0  3 3  35  

ImD:n=l 

Imp: n=1 
Imp:"=l 

m p : n = 1  

imp: n = l  
imp:n=l 

imp:"=: 
imp:"-1 

imp:"=: 
Imp:n=l 

Imp:n=l 

1mp:n=1 

imp:n=1 

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

imp:n=l 
imp:n=l 

imo:n=l 

imp: n = 1  

imp: n = l  
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> 4 3 3  px 154.770 
> 444 py 124.613 
124.161dl69 
6 120 
,' 121 
.: 122 
< 123 
< 124 
< 125 
< 126 
< 121 
i 128 
< 129 
< 130 
< 131 
< 132 
< 133 
< 134 
i 135 
< 136 
< 131 

< 1 3 9  
< 420 
< 421 
< 422 
< 423 
< 424 
i 425 
< 426 
< 421 
< 428 
< 429 
<. 430 
< 431 
< 432 
< 433 
< 434 
< 435 
< 436 
< 411 

< 138 

C / Z  56.280 125.045 6.985 
c / ?  5 6 . 2 8 0  1 2 5 . 0 4 5  9.525 

c i r  49.245 112.860 6.985 

c / ~  63.315 112.860 9.525 
C / Z  71.385 112.860 6.985 
C / Z  71.385 112.860 9.525 

c / z  70.350 125.045 6.985 
c / z  70.350 125.045 9.525 

C / L  49.245 112.860 9.525 
c / z  63.315 112.860 6.985 

c / z  56.280 100.675 6.985 
C / L  56.280 100.615 9.525 
c / z  70.350 100.615 6.985 
c / z  10.350 100.615 9.525 
c/z 63.315 112.860 12.185 
px 70.350 

py 125.045 
c / z  63.315 59.131 9.1091 
c / z  63.315 59.131 11.6491 
C / Z  123.890 125.045 6.985 

C / L  131.960 125.045 6.985 
c / z  137.960 125.045 9.525 

px 56.280 

C / Z  123.890 1 2 5 . 0 4 5  9.525 

C / Z  116.855 112.860 6.965 
= / z  116.855 112.860 9.525 
c/z 130.925 112.860 6.985 
c / z  130.925 112.860 9.525 
c l z  144.995 112.860 6.985 
c / z  144.9'35 112.860 9.525 
c / z  123.890 100.675 6.965 
C / Z  123.890 100.615 9.525 
c / ~  131.960 100.675 6.985 
c / z  137.960 100.675 9.525 
c / z  130.925 112.860 12.185 
px 131.960 

py 125.045 
p~ 123.890 

.. 
112C180 
< m7 94239.55 -0.oa511 8016.50 -0.89202 1001.50 -0.ii096 spu + water 
... 
> m7 94239.55 -0.14619 8016.50 -0.89485 1001.50 -0.11028 $pu + water 
ia2.183dia9 
< m;o 94239.55 -0.003786 8016.50 -0.888214 iooi.50 -0.11i859 sPu + water 
< mt20 1wtr.01 
185, 186c191, 199 
< ksrc 56 125 2 
< -23. 121. 10 

> ksrc 84. 43. 10 
> 98. 43. 10 
> 11. 55. 10 
> 91. 55. 1 0  

105. 55. 10 
> 84. € 8 .  IO 
> 98 .  6 8 .  10 
> 10. 122. 10 
> 10. 1 0 1 .  10 

* * * * f + l , + * * * f f * f * . * * + * * * . * . , , * * * - t l l f _ t * * * * ~ * , * * , * * . * . * ~ * * ~ * * * * ~ * * . * * * * , * * , * . , ~ . ~ * ~ , * * * ~ *  

diff c0001flf4.i c00Olflblb.i >difflflblb 
1, 6c1, 3 
< glovrho~ ha20mb cementation model - flooding case 1200 g pu - c0001flf4 
< c  base case 9009 +300g holdup 
< c  qlovebox - f u l l  water reflection on a l l  s i d e s  
< r  
I C  1 2 0 0  g pu I" 2" s l a b  on floor mixed With water, 108 water 5 p r a y  
< c  150 g / c c  pu w i t h  water above 
~.. 
i qlovebox ha20mb Cementation model - base case 1200 g pu ~ c0001flblk 
> c  base  case 9009 + 0 g conveyor  + 3009 holdup t Oq Outside 
> c  glovebox - full water reflection on all s ides .  Cement  can ref1 
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7a5 .13  
> c  bow15 - t w o  bow15 in corner 1 0 "  from can3 
> c  0.04167 g pu/cc pu 
> c  0.200 kg pu/bowl 
> c  h/x=634 
> c  sides, bottom of b o w l s  not included 
., c containers - 7 2.76 L cans 90% water 10% carbon 

;> c h/x=921 
> c  500 g pu total 
1 0 ~ 1 6  
< 1 1 -0.1 1 -2 3 -4 71 -6 

. 1 0  1 -2 3 - 4  20 -6 
24,25c30,41 
i 8 20 -1.155242 1 -2 3 -4 70 -72 
< 9 1 -1.0 I -2 3 - 4  72 - 1 1  

) C  0 . 0 2 5 8 5  g puiCc 

~~~ 

> c  bowl 
> 8 3 -1.0431 1 1 6 3  - 2 8 ) :  1-63 -61 691) -32 
> c  bowl water reflection 
> 9 1 -1.0 (163 -33 -20 (32:28)1:1-63 61 -62 691: 
i (-69 70 - 6 2 1 )  -2 1 103 
> 10 n -33 -63 70 62 -2 1 103 
> c  bowl 

) C  bowl water reflection 
> 12 1 -1.0 1163 -35 -20 ( 3 4 : 2 8 1 1 : 1 - 6 3  5 8  - 6 0  6 9 1 :  
> (-69 10 -6011 -2 I -103 
> 1 3  n -35 -63 70 60 -2 1 -103 
27,28c43,44 

~: 23 n 70 -28 53 64 -65 41 66 -1 

> 22 1 -1.0 70 -28 -53 
> 23 1 -1.0 10 -28 53 64 -65 41 66 -1 
30~46.72 

11 3 -1.0431 i(63 -281:1-63 -58 6911 -34 

< 22 5 -1.0749 70 -28  -53 

... 

< 24 

> 24 
> c  
> 2 5  

> Z t  

~~~ 

> 

> 
> 
> 
> 
> 
> 

> 
> 
> 

> 
> 
> 
> 201 
> 202 
> 203 
> 204 
> 205 
> 206 
> 2 0 1  
> 28 
l0ldl 

20 -1.155242 5 -70 1 - 4  -2 3 

a - 5 . 5 6 2  5 -70 I -4 -2  3 
filled cans 
0 1 3 -433 -444 70 -20 33 35 

0 -331 334 -330 333 -329 3 
fill=l 17.035 7.035 01 

4 4 4 3 3 3 3 3 2 - -  
4 4 4 4 4 3 3 3 2 2 3 ~ - ~ ~  
4 4 4 4 4 3 3 3 3 3 3 3 3 4 4  
4 4 4 4 4 3 3 3 3 3 3 3 4 4 4  
4 4 4 4 4 3 3 3 3 3 3 3 4 4 4  
4 4 4 4 3 3 3 3 3 3 3 4 4 4 4  
4 4 4 4 4 4 4 4 4 4 4 4 4 4 4  

32 u=l 

4 4 4  
3 4 4  
4 4 4  
4 4 4  
4 4 4  
4 4 4  
4 4 4  
4 4 4  
4 4 4  
4 4 4  
4 4 4  
4 4 4  

1at=2 

1mp:n-l 

imp:n=l 

zrnp:n=1 

Imp:n=l 
Imp: n=l 

irnp:n=l 

Imp:"=: 
Imp: n=l 

irnp:n=l 
i rnp :n=l  

imp: n=l 
imp: n=l 

irnp:n=l 

imp:n=l 

imp:n=l 

i rnp :n=l  
4 -1.098 - 2 0 1  - 2 8  "=2 imp:n=l 
1 -1.0 2 8  U=Z imp: n=1 
0 201 -28  u=2 imp: n = l  
io -2.911 -201 -28 ~ = 3  Irnp:n=l 

0 2 0 1  -28 "=3 imp:n=l 
0 177 u=4 irnp:n=l 
0 1 -2 3 - 4  l433:4441 70 - 2 0  33 35 Irnp:n=l 

I -1.0 2 8  " = 3  1mp:n=1 

42 
< 72 pz 
120a162,163 
> 433 px 
> 444 py  
127,164d169 
i 120 c / z  
< 121 c / z  
< 122 c/z 

0.128205 

154.170 
124.613 

5 6 . 2 8 0  125.045 
56.280 125.045 
70.350 125.045 

6.985 
9.525 
6.985 
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< 123 
i I 2 4  
< 125 
< I26 
< 177 
< 128 
< 129 
< 130 
< 131 
I 132 
< 133 
< 1 3 4  
< 135 
< 136 
< 137 
< 138 
< 139 
< 420 
< 421 
< 422 
< 423 
< 424 
< 425 
< 426 
< 427 
< 428 
< 429 
< 430 
< 431 
< 432 
< 4 3 3  
< 434 
< 435 
< 436 
, A ? ,  

c / z  70.350 125.045 9.525 
c/z 49.245 1 1 2 . 8 6 0  6.985 
c/i 49.245 112.860 9.525 
c/z 63.315 112.860 6.985 
c / z  63.315 112.860 9.525 
c/z 71.385 112.860 6.985 
c / z  71.385 112.860 9.525 
c / z  56.280 100.675 6.985 
c/z 56.280 100.615 9.525 
c / z  70.350 100.615 6.985 
c / z  70.350 100.615 9.525 
c/z 63.315 112.860 12.185 
px 70.350 
px 56.280 
p y  125.045 
c/z 63.315 59.131 9.1091 
c / z  63.315 59.131 11.6491 
c / z  123.890 125.045 6.985 
c / z  123.890 125.045 9.525 
c / z  137.960 125.045 6.985 
c / z  137.960 125.045 9.525 
c/z 116.855 112.860 6.985 
c / z  116.855 112.860 9.525 
c / z  130.925 112.860 6.985 
c / z  130.925 112.860 9.525 

c / z  144.995 112.860 9.525 
c j z  123.890 100.675 6.985 
c / z  123.890 100.675 9.525 
c/z 131.960 100.615 6.985 
c / z  137.960 100.675 9.525 
c / i  130.925 112.860 12.185 
px 131.960 
px 123.890 
py 125.045 

c / ~  144.995 ii2.860 6.385 

. 
115~180 
< m1 94239.55 -0,08511 8016.50 -0.89202 1001.50 -0.11096 $PU + Water 
.~_  
> m7 94239.55 -0,14679 8016.50 -0,89485 1001.50 -0.11028 $pu + water 
185,186d189 
< m20 94239.55 -0 .1500 8016.50 -0.895002 1001.50 -0.11024 SPU i water 
< mt20 1wtr.01 
188~191.199 
< kJrC 56 125 0.1 

,.~.*t~***./.*.,.***/**~~*.*.**,**.*.~*,******.*~***,***~***,~,~****"***~** 

diff c0001f153.i c0001flb7b.i .diffls3h7b 
IC1 
< glovebox ha20mb cementation model - base case 1200 9 pu - c0001fls3 

> glovebox ha20mh cementation model - base case 1200 Y PU ~ c0001flb7b 
5,6c5 
< c  bowls - one bowl in corner 10" from cans 
( C  one bowl stacked on cans 

> c  bowls - two bowls  in corner 1 0 "  from cans 
1 1 ~ 1 6  
r 1 0  1 -2 3 - 4  20 - 6  #14 #15 imp: n=l 

. 1 0  1 -2 3 - 4  20 -6 imp: n=l 
35,36c34.35 

... 

~~- 

. ~_  

< ( - 6 9  10 -621) -2 1 imp:n=l 
~' 10 0 -33 -63 70 62 - 2  1 I m p  : n= 1 

> (-69 10 - 6 2 1 )  -2 1 103 imp:n=l 
.~_  
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> 10 0 -33 -63 70 62 -2 1 103 

': c container Stacked 
< 14 3 -1.0431 -110 28 -29 (159 -291:(-59 -11111 -110 
I C  container water reflection 
< 15 1 -1.0 20 -30 (159 - 1 0 9  (110:29)1:1-59 111 -11211 

1 11 3 -1.0431 ((63 - 2 8 1 :  1-63 -58 6911 -34 
> c  bowl water reflection 
> 12 1 -1.0 1163 -35 -20 ( 3 4 : 2 8 1 1 : ( - 6 3  58 -60 6 9 1 :  
> 1-69 7 0  -6011 -2 1 -103 
> 13 0 -35 -63 70 60 -2  1 -103 

3n,4 1 ~ 3 7  ,4 1 

... 

4 8 ~ 4 8  
I z5 o I 3 -433 -444 70 -20 33 (111:-2a; 
... 
> 2 5  0 1 3 -433 -444 70 -20 33 35 
1 2 ~ 7 2  
< 28 0 1 -2 3 -4 r433:4441 70 -20 33 

> 28 0 1 -2 3 -4 1 4 3 3 : 4 4 4 1  70 -20 33 35 
151,154~151,154 

... 

< in9 C / Z  91.455 55.775 12.10 

imp: n=1 

imp:n=1 

imp:n=1 

imp:n=l 

Imp:n=l 
Irnp:n=l 

imp:n=l 

Imp:n=l 

J 110 c / z  91.455 55.775 10.16 
< 111 5 91.455 55.715 27.68 10.16 
< 112 5 91.455 55.775 27.68 12.70 
... 
> 109 c / z  17.465 13.0353 12.70 
> 110 c/z 17.465 13.0353 10.16 
> 111 s 17.465 13.0353 27.68 10.16 
> 112 s 17.465 13.0353 27.68 12.10 
199~199 ~~~~~ 

< 01. 55. 30 

> 10. 101. 10 
... 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

diff c0001fls4.i c0001flblb.i >dlffls4b7b 
IC1 
< qlovebon ha20mb Cementation model - base case 1200 q pu - ~0001fls4 

i qlovebox ha20mb cementation model - base case  1200 q pu - c0001flb7b 
... 

5, 6c5 
< c  bowls - one bowl in corner 10" from cans  
( C  one bowl stacked on cans  

. c  bowls - two bowls  I" corner 1 0 "  from cans 
1 7 ~ 1 6  
< l o  1 -2 3 - 4  20 -6 #14 #15 

~~~ 

... 

. 1 0  1 -2 3 - 4  20 -6 
35.36c34.35 
< (-69 io - 6 2 ) )  -2  I 
< 10 0 -33 -63 70 62 -2 1 

> 1-69 10 -6211 -2 1 103 
> 10 0 - 3 3  -63 70 62 -2 1 103 
38.41~37.41 
< c  container stacked 
< 14 3 -1.0431 -110 28 -29 ((59 - 2 9 1 : l - t  
( C  container water reflection 

-111)) - 

imp:n=l 

imp:n=l 

imp: n=l 
*rnp:n=1 

imp: n=1 
imp: n=l 

imp:n=l 

< 1 5  1 -1.0 20 -30 I(59~li09 1110:2911:1-59 111 -11211 imp:n=l 

> 11 3 - 1 . 0 4 3 1  ((63 -281: (-63 -58 6911 -34 imp:n=l 
> c  bowl water reflection 
> 12 1 -1.0 I 1 6 3  -35 -20 (34:281):(-63 58 -60 691: 

> 13 0 -35 -63 70 60 -2 1 -103 imp:n=l 

< 25 0 1 3 -433 -444 70 -20 33 (111:-281 

... 

> 1-69 70 -6011 -2 1 -103 m'p:n=1 

48.49C48.49 

< fill=l (0 7.035 0) mp:n=l 

> f i l l = l  (7.035 1 . 0 3 5  0) imp:n=l 
53,5n~53.58 
i 4 4 4 4 4 4 2 2 3 3 3 3 3 3 3 3 4 4  

~~. 
> 25  0 1 3 -433 - 4 4 4  70 -20 3 3  3 5  
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4 4 4 4 4 2 2 2 3 3 3 3 3 3 3 4 4 4  
< 4 4 4 4 4 2 2 3 3 3 3 3 3 3 3 4 4 4  
< 4 4 4 4 3 3 3 3 3 3 3 3 3 3 4 4 4 4  
< 4 4 4 4 3 3 3 3 3 3 3 3 3 3 4 4 4 4  
< 4 4 4 4 4 3 3 3 3 3 3 3 3 4 4 4 4 4  

4 4 4 4 4 3 3 3 3 3 3 3 3 3 3 3 4 4  
~~~ 

4 4 4 4 4  
72c12 
< 28 0 1 -2  3 -4 (433:4441 70 -20 33 

> 28 0 1 -2 3 -4 1433:4441 70 -20 33 35 
151,151C151.154 
< 109 c / z  21.105 19.220 12.70 
< 110 c/z 21.105 19.220 10.16 
< 111 s 21.105 1 9 , 2 2 0  27.68 10.16 
< 112 s 21,105 19.220 27.68 12.70 

... 

... 
> 109 c / z  17.465 13.0353 12.10 
> 110 c / z  17.465 13.0353 10.16 
> 111 s 17.465 13.0353 27.68 10.16 
> 112 5 17.465 13.0353 27.68 12.70 
191,19?c191,197 
< ksrc 14. 1 .  10 
< 2 8 .  7 .  io 
I 7. 1 9 .  10 
< 21. 19. 10 
< 35. 19. 10 
< 14. 31. 10 
< 28. 31. 10 
... 
> k s r c  84. 43. 10 
> 98. 43. 10 
> 7 1 .  55. 10 
> 91. 55. 10 
> 105. 55. 10 
> 84. 68. io 
> 98. 68. 10 
199c199 
< 21. 19. 30 

> 10. 101. 10 
... 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

diff cO001flsl.i c0001flblb.i >difflslb7b 
IC1 
< glovebox ha20mb cementation model - Stacked bowl 1200  g pu - cOOOlflsl 

> glovebox ha2Omb cementation mode l  - base case 1200 g pu - c0001flblb 
5.  6c5 
< c  bowls - one bowl in corner 10" from cans 
< c  one bowl stacked an  c a n s  

> c  bowls - two bowls in corner  10" from cans 
11,13c10,12 
' C  containers - 5 2.76 L cans 90% water 10% carbon 
< c  0.03619 g pu/cc 
' - c  h/n-651 

i c  Containers - 7 2.76 L cans 90% water 10% carbon 

> c  h/x=921 
1 1 ~ 1 6  
r 1 0  1 -2 3 -4 20 -6 #14 #15 

. I O  1 -2 3 -4 20 -6 
35,40c34,41 
< 1-69 70 -6211 -2 1 
< 10 0 -33 -63 70 62 -2  1 
i c  container stacked 

... 

.~~ 

.~~ 

> c  0.02585 g PU/CC 

~.. 

1 4  3 -1.0431 -110 28 -29 (159 -291:1-59 -11111 -110 

imp:"=l 

imp:n=l 

imp: n=l 
imp: n=l 

imp:n=l 



HNF-5988 Rev. 0 

< r  COntalner water reflection 
15 I -1.0 20 -30 I159  -109 

~~~ 

(-69 70 - 6 2 1 )  -2 
> 10 0 -33 -63 70 62 -2 

110:2911:l-59 111 -11211 imp:"-1 

103 
103 

imp: "-1 
imp:n=l 

> tT bowl 
> 11 3 -1.0431 (163 -281: 1-63 -58 6911 -34 imp: n=l 
> c  bowl water reflection 
> 12 1 -1.0 I I63 -35 -20 134:281 I :  1-63 58 -60 691: 
> 1-69 10 - 6 0 1 )  -2 1 -103 m p : n = 1  
> 13 0 -35 -63 70 60 -2 1 -103 Imp:n=l 
4.1~48 
< 2s 0 1 3 -433 -444 70 -20 33 1111:-281 
~~~ 

> 25 0 1 3 -433 -444 70 - 2 0  33 35 
55.57c56.58 

4 4 4 4 3 3 3 3 2 2 2 3 3 3 4 4 4 4  
4 4 4 3 3 3 3 3 2 2 3 3 3 3 4 4 4 4  

< 4 4 4 4 4 3 3 3 3 3 3 3 3 4 4 4 4 4  

> 4 4 4 4 3 3 3 3 3 2 2 3 3 3 4 4 4 4  
, 4 4 4 3 3 3 3 3 2 2 2 3 3 3 4 4 4 4  
> 4 4 4 4 4 3 3 3 2 2 3 3 3 4 4 4 4 4  
6 4 ~ 6 5  
< 201 4 -1.108 -201 -28 u=2 

> 201 4 -1.098 -201 - 2 8  u=Z 
7 l c 7 2  
< 28 0 1 - 2  3 - 4  l433:4441 10 -20 33 

> 28 0 1 -2 3 -4 1433:4441 70 -20 33 35 

~~~ 

... 

150,li3C151,154 
< 109 c / z  84.420 49.6825 12.70 
< 110 c / z  84.420 49.6825 10.16 
i 111 s 84.420 49.6825 27.68 10.16 

112 s 84.420 49.6825 27.68 12.70 
.~. 
i 109 c / z  17.465 13.0353 12.70 
> 110 c / z  17.465 13.0353 10.16 
> 111 s 17.465 13.0353 27.68 10.16 
> 112 5 17.465 13.0353 27.68 12.70 
174~175 
< m4 94239.55 -0.03619 8016.50 -0.80091 1001.50 -0.10031 
.._ 
> m4 94239.55 -0.02581 8016.50 -0.80048 1001.50 -0.10042 
190,191c191 
< ksrc 70. 43. 10 
< 84. 43. 10 

imp : n=1 

imp:n=l 

imp:"=] 

imp: n=1 

~.. 
> ksrc 84. 43. 10 
194a195.197 

> 84. 68. 10 
> 98. 68. 10 
197d199 
< 84. 49. 30 

105. 55. 10 

* * * *  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

diff c0001fls2.1 c0001flb7b.i >difflsZblb 
I C 1  
< glovebox ha20mb cementation model - stacked bowl 1200 g pu - ~0001flsZ 

> glovebox ha20mb cementation model - base case 1200 g pu - c0001f lb7b  
5 . 6 ~ 5  

... 

< c  bowls - one bowl in corner IO" from c a n s  
< c  one bowl stacked on cans 
~~~ 

> c bowls ~ two bowls in corner 1 0 "  from cans 
11,13c10,12 
I C  containers - 5 2.76 L cans 90% water 10% carbon 
i r  0.03619 g pu/cc 
< c  h/n=657 

> c  Containers ~ 7 2.76 L cans 90% water 10% carbon 
,, c 0.02S85 g pu/cc 

... 
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r 1 0  I -2 3 -4 20 - 6  
35,40c34,41 
< 1-63 70 -62j! -2 1 
< 10 0 -33  -63 70 62 -2 1 
< c  container stacked 

< c  container water reflectloll 
14 3 -1.0431 -110 2 8  -29 !is9 - z ~ ! : I - s ~  -iii!! -110 

imp:n=l 

imp:n=l 
imp:n=l 

imp: n=l 

< IS 1 -1.0 20 -30 1159 -109 1110:29i!:I-59 111 -112)i 1 3 imp:n=l 

(-69 7 0  - 6 2 1 )  -2 1 103 imp: n=l 
I 10 0 -33 -63 70 62 -2  1 103 imp: n=l 
> c  bowl 
> 11 3 -1.0431 (163 -28): 1 - 6 3  -58 € 9 ) )  -34 imp: n=l 
> c  howl water reflection 
> 12 1 -1.0 (163 -35 -20 134:2811:!-63 5 8  -60 6 9 1 :  

... 

> 1-69 70 -601) -2 1 -103 imp: n=l 
> 13 n -35 - 6 3  7 0  60 -2 1 -103 Imp:n=l 
4 1 ~ 4 8  

25 n 1 3 -433 -444 70 -20 33 (i11:-za! 
... 
> 25 0 1 3 -433 -444 70 -20 3 3  35 
52.s3c53.54 
< 4 4 4 4 4 2 2 2 3 3 3 3 3 3 3 3 4 4  
< 4 4 4 4 4 2 2 3 3 3 3 3 3 3 3 4 4 4  
~~~ 

> 4 4 4 4 4 3 3 3 3 3 3 3 3 3 3 3 4 4  
> 4 4 4 4 4 3 3 3 3 3 3 3 3 3 3 4 4 4  

< 4 4 4 4 3 3 3 3 3 3 3 3 3 3 4 4 4 4  
< 4 4 4 3 3 3 3 3 3 3 3 3 3 3 4 4 4 4  
< 4 4 4 4 4 3 3 3 3 3 3 3 3 4 4 4 4 4  

5s. 5 7 ~ 5 6 , 5 8  

~~~ 

> 4 4 4 4 3 3 3 3 3 2 2 3 3 3 4 4 4 4  
> 4 4 4 3 3 3 3 3 2 2 2 3 3 3 4 4 4 4  
> 4 4 4 4 4 3 3 3 2 2 3 3 3 4 4 4 4 4  
64'265 
< 201 4 -1.108 -201 -28 U = Z  

> 201 4 -1.098 -201 -28 U=Z 
~~. 

7 1 ~ 7 2  
< 28 0 1 -2 3 - 4  1433:444! 70 -20 3 3  
... 
> 28 0 1 -2 3 - 4  1433:444! 7 0  -20 3 3  3s 
150,153~151,154 

< 110 c / z  21.105 11.0967 10.16 
< 111 s 21.105 11.0967 27.68 10.16 
< 112 s 21.105 11.0967 27.68 12.70 

in9 c / ~  21.105 11.0967 12.70 

~~~ 

> 109 c / z  17.465 13 .0353  1 2 . 7 0  
> 110 c / z  17.465 13.0353 10.16 
> 111 s 17.465 13.0353 27.68 10.16 
> 112 s 17.465 13.0353 27.68 1 2 . 7 0  
174~175 
< m4 94239.51 -0.03619 8016.50 -0.8oogs 1001.50 -0.10031 
~~~ 

> m4 94239.55 -0.02585 8016.50 -0 .80048  ion1.5n -0.10042 
190,194c191,197 
< kSIC 7. 7. 10 
< 21. 7 .  10 
< 35. 7. 10 
< 14. 19. 10 
< 28. 19. 10 

> ksrc 8 4 .  43. 10 
> 98. 43. 10 
> 77. 55. in 
> 91. 55. 10 
> ins. 5 5 .  in 
> 84. 6 8 .  io 

98. 6 8 .  10 

.._ 

imp: n=l 

imp:n=l 

imp:n=l 

m p : n = 1  
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197d199 
21. 11. 30 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
diff c0001fls6.~ c000lflb7b.i >diffls6blb 
1, 2c1.2 
i glovebox ha20mb Cementation model - Stacked case 1200 g pu ~ ~0001fls6 
< c  base case YO0q t 0 q conveyor  + 3009 holdup + 200g Outside 

> glovebox ha20mb Cementation model - base case 1200 q pu - cOOOlflb7b 
) C  base case 9009 + 0 g conveyor + 3009 holdup + 0g o u t s i d e  
5. 6ci 

... 

i c  bowls ~ one bowl in corner  1 0 "  from c a n s  
< c  one bowl stacked on other bowl 

> c  bowls - t w o  bowls in corner 10"  from cans  
15.16d13 
< '  room - 1 2.76 L can 6" spacing from glovebox wall 
< c  0.200 kq pu + water 
1 9 ~ 1 6  
< 1 0  1 -2 3 -4 20 -6 #14 # 1 5  

. I O  1 -2 3 -4 20 -6 
37.42c34.41 
< (-69 70 -621) -2 1 111 
< 10 0 -33 -63 70 62 -2 1 
< c  container stacked 
< 14 3 -1.0431 -110 28 -29  i l 5 9  - 2 9 i : l - 5 9  -1111i -110 
< c  container water reflection 
< 15 1 -1.0 20 -30 1159 -109 1110:29i): 1-59 111 -1121 i 

~~~ 

... 

... 
> (-69 70 - 6 2 1 )  -2 1 103 
> 10 0 -33 -63 70 62 -2 I 103 
> c  bowl 
> 11 3 -1.0431 1163 -28): (-63 -58 65ii -34 
> c  bowl water reflection 
> 12 1 -1.0 i 163 -35 -20 l34:28) 1 :  1-63 58 -60 69): 
> 1-65 70 -6011 -2 1 -103 
> 13 0 -35 -63 70 60 -2 1 -103 

< 22 5 -1.0149 70 -28 -53 
< 23 0 70 -28 53 64 -65 41 66 -1 

44,45c43,44 

~~~ 

imp: n = l  

imp: n = l  

imp: n=l 
imp: n = l  

imp: n=l 

1 -2 imp:n=l 

imp: n=l 
Imp: n=1 

Imp:n=l 

imp:n=l 
imp:n=l 

imp:n=l 
Imp:n=l 

> 22 1 -1.0 70 -28 -53 imp:n=l 
> 23 1 -1.0 70 -28 53 64 -65 41 66 -1 imp:n=l 
49C48 
< 25 0 1 3 -433 -444 7 0  -20 33 1111:-28) 

> 25 0 1 3 -433 -444 70 -20 33 35 
7 3 ~ 7 2  
< 28 0 1 -2 3 -4 1433:444) 7 0  -20 33 

> 28 0 1 -2 3 -4 (433:444) 70 -20 3 3  35 
152.155~151, 154 
< 109 c / z  10.21 121.87 1 2 . 1 0  
< 110 c / z  10.21 121.87 10.16 
< 111 s 10.21 121.87 27.68 10.16 
I 112 5 10.21 121.87 27.68 12.10 

... 

.~. 

... 

imp:n=l 

imp: n = l  

> 109 c/z 17.465 13.0353 12.70 
> 110 c / z  17.465 13.0353 10.16 
> 111 5 17.465 13.0353 27.68 10.16 
> 112 s 17.465 13.0353 27.68 12.70 
200,201~199 
< 10. 122. 3 0  

~~ 

-23. 121. 10 
.~. 
> 10. 101. 10 

* f * f * f * f * t * * f * f f f * . l . I + t + t * * f * * * * * * * * - t - * * * * ~ . . * , * * , * * * * * * * , * * * . ~ ~ * ~ ~ * ~ * . ~ . * , , , * , , , * * ~ * ~ *  

diff c0001fls5.i c0001flb7b.i >difflsibib 
I ,  Z C l .  2 

( C  base case 900g + 0 q conveyor + 3 0 0 9  holdup t 0q Outside +2009 s t a c k ~ d  
glovebox ha20mb cementation model - stacked case 1200 q pu - c0001fls5 

.~~ 
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> glovebox ha20mb cementation model - base case 1200 g pu ~ c0001flb7b 
> c ba.?e case 9009 + 0 g conveyor + 3009 holdup + Og outside 
14.l5d13 
c 1 2.76 L can  90% water 10% carbon stacked 

' C  200 u DU tDtal _ .  
lac16 
1 1 0  1 -2  3 -4 20 - 6  #1? #I5 

< c  container Stacked 
< 14 12 - 1 . 1 4 6  -113 28 -29 
< c  container water reflection 
< IS 1 -1.0 20 -30 - 1 1 4  1113:29! 
54r4R 

2s o I 3 -433 -444 70 -20 33 35 i-~a:1131 
... 
> 25 0 1 3 -433 - 4 4 4  lo -20 33 35 
176,177d163 
< 1 1 3  c / z  91.455 5 5 . 7 7 5  6.985 
< 114 c/i 91.455 55.775 9.525 

imp: n=l 

1 mp : "=I 

* f * f * * * * * * * * f * * i f * f f f * f t - f - f t - t . l - - - 1 1 - - * ~ ~ * * ~ * * * , * * , * * * ~ , * * * ~ ~ . * . * ~ * ~ * ~ * * * , ~ * * * * ~ . " . * * * *  

dlff c0001flwl.i c0001flh13a.i >difflwlhl3a 

< glovebox ha20mb cementation model - wagon case 1200 y pu - COOOlflwl 
< c base case 9OOg 1400 g conveyor t300g holdup t200g outside 

i glovebox ha20mb cementation model - base case 1200 g pu ~ c0001flh13a 
> c  base case 9009 + 400 y conveyor + 3009 holdup + 2009 outside 
20d19 
( C  - 5 position wagon with 5 2.7 L cans 400 g pu + Water 

1,2c1,2 

... 

30,34c29,32 
< E 1 -1.0 i1~-10:11:-12:4:6~113 -14 15 -16 5 - 1 8 1 ! :  
< 1-13 -67 -68 1111 U22 #23 1mp:n=1 
< 60 I -1.0 if13 -14 1s -16 -s 17 i-a:9:-24:zsii: 
< 11-23 22 -27 2 6  21 -17 211 1-8:-7:9:-24:25)1 

1516:-517:-518:5191 imp:n=l 
... 
> 6 1 -1.0 11~1~-10:11:-12:4:61113 - 1 4  15 -16 5 -18 # 2 3 1 1 :  
> (113 - 1 4  1 5  -16 -5 211 117: (-23 22 -27 261) 
> i-a:-7:9:-24:~51)i 153:-70:zaii i:1-13 -67 - 6 8  171 

imp: n=l 
36,38c34,35 
- 7 0  14:1-13 i67:6a:~ii)1:-is:i6:i8:-504 imp:"=@ 
< 570 0 1-14 1 5  -17 13 -16 5041 1-22:23:27:-26:-211 
< 1520:-521:-522:5231 imp:n=l 

> 20 7 -1.088 i o  - 2 8  -138 
76, 92d72 
< c  5 position wagon under glovebox 

I 501 
< 5 0 2  

< 504 
< 505 

< 5 0 3  

~~ 

< 506 

508 

5 1 0  

< 507 

< 505 

i 511 

50 -1.153 
1 - 1 . 0  
50 -1.153 
1 -1.0 
S O  -1.153 
1 -1.0 

-505 
-506 
-501 

503 
503 

.. 5 0 3  

-509 503 
-510 503 

-508 so3 

so -1.153 -511 503 

- 5 0 2  
-501 
-502 
-501 
- 5 0 2  
-501 
-SO? 

1502:  5051 

1502: 5071 

1502: 5091 

si8 

-119 
~~ ~~~ ~~~ 

1 -1.0 -512 503 -501 (502:5111 
50 -1.153 -513 503 -502 
1 -1.0 -514 503 -501 1502:5131 
0 503 -101 -516 517 518 -519 

imp:n=@ 

imp:n=l 

imp:n=l 

imp:n=l 
mp:n=l 
1mp: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 
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51: 
' 513 

114~94 
< 2 1  

> 21 
181.316 
> 433 
i 444 
207.24 
< 139 
< 420 
< 421 
< 422 
< 423 
< 424 
< 425 
< 426 
< 421 
< 428 
< 429 
< 430 
< 431 

432 
< 433 

434 
< 435 
< 436 
< 437 
< 501 
< 502 
< 503 

504 
i 505 
<. 506 
< 507 ,. 508 
< 509 
i 510 
< 511 
< 512 
< 513 
< 514 
< 516 
< 517 
< 518 
< 519 
I 520 
< 521 
< 522 
< 523 

> 135 

~~~ 

... 

2 .  

7c 

0 501 -516 517 518 -515 -5 imp:n=l 
1 -1.0 11504 - 5 2 0  521 522 -5231 

i~503:516:-517:-518:51911 -11 127:-21:-221 1mp:n=1 

p z  -63.224 

p z  -66.04 
163 
px 154.770 
p y  124.613 
189 
C / L  63.315 59.131 11.6491 
c / z  123.890 125.045 6.985 
c / z  123.890 125.045 9.525 
c / z  137.960 125.045 6.985 
c / z  137.960 125.045 9.525 
C / L  116.855 112.860 6.985 
C / L  116.855 112.860 9.525 
c / z  130.925 112.860 6.985 
c / z  130.925 112.860 9.525 
c / z  144.995 112.860 6.985 
c / z  144.995 112.860 9.525 
C / L  123.890 100.675 6.985 
c / z  123.890 100.675 5.525 
c / z  137.960 100.675 6.985 
c/z 137.960 100.675 9.525 
c l r  130.525 112.860 12.185 
p x  137.560 
px 123.890 
py 125.045 
pz -39.37 
pz  -41.91 
p z  -63.224 
p r  -53.704 
c/z 39.157 120.538 6.350 
c / z  39.157 120.538 8.890 
c / z  63.315 120.538 6.350 
c / z  63.315 120.538 8.890 
c/z 87.473 120.538 6.350 
c / z  87.473 120.538 8.890 
C / L  51.236 105.183 6.350 
c/z 51.236 105.183 8.890 
c/z 75.394 105.183 6.350 
c/z 75.394 105.183 8.890 
py 131.81 
py 93.91 
px 30.628 
px 96.002 
py 162.29 
p y  63.43 
px 0.148 
px 126.482 

c / z  63.325 59.131 11.6491 
268,269d209 
< m50 54239.55 -0.14815 8016.50 -0.85492 1001.50 -0.11026 Spu + w a t e r  
< mt50 lwtr.01 
282.2866221 
< 39 120 -50 
< 63 120 -50 
< 87 120 -50 

51 105 -50 
< 15 105 -50 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

d i t f  c0001flblh.i c0001flh7h.i >dlfflb7hblb 
1, ZCl, 2 
i glovebox ha20mh cementation model ~ base case 1200 g pu ~ c0001flh7h 
< c base case 9009 + 0 g conveyor + 3009 holdup + 2009 outside 

i glovebox ha20mb cementation model - base case 1200 g pu - c0001flb7b 
> c base case 9009 t 0 g conveyor  + 3009 holdup + 0 g  outslde 
14.15d13 
': c room - 1 2.16 L c a n  6" spacing from glovebox wall 
.< c 0.200 kg pu t water 

... 

c-39 
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22C2O 
<. 4 I -1.0 ( - 1 : 2 : - 3 !  110 -11 12 -4 5 -191  #22 #23 
... 
> 4 1 -1.0 1-1:2:-3! 110 -11 12 -4 5 -19) #23 
41.46c43.44 
< 22 5 -1.0749 70 -28 -53 
< 23 0 70 -28 53 64 - 6 5  41 66 -1 
.__ 
, 22 1 -1.0 70 -28 -53 
> 23 I -1.0 70 -28 53 64 -65 41 6 6  -1  
5 l c 4 c I  

fill=l 10 7.035 O! 
.~. 
> fill=l 17.035 1.035 01 
55,59c53,58 

4 4 4 4 4 4 2 2 3 3 3 3 3 3 3 3 4 4  
4 4 4 4 4 2 2 2 3 3 3 3 3 3 3 4 4 4  

< 4 4 4 4 4 2 2 3 3 3 3 3 3 3 3 4 4 4  
4 4 4 4 3 3 3 3 3 3 3 3 3 3 4 4 4 4  

< 4 4 4 4 3 3 3 3 3 3 3 3 3 3 4 4 4 4  

imp:n=l 

imp: n=l 

Imp:n=: 
imp:"=: 

1rnp:n=1 
imp : n = l  

Imp:"=: 

imp: n=1 

~~~ 

> 4 4 4 4 4 3 3 3 3 3 3 3 3 3 3 3 4 4  
> 4 4 4 4 4 3 3 3 3 3 3 3 3 3 3 4 4 4  
> 4 4 4 4 3 3 3 3 3 3 3 3 3 3 3 4 4 4  
> 4 4 4 4 3 3 3 3 3 2 2 3 3 3 4 4 4 4  
> 4 4 4 3 3 3 3 3 2 2 2 3 3 3 4 4 4 4  
> 4 4 4 4 4 3 3 3 2 2 3 3 3 4 4 4 4 4  
61d59 
< 4 4 4 4 4 3 3 3 3 3 3 3 3 4 4 4 4 4  
126~124 
< 53 c / z  - 1 . 0 3 5  1 9 . 2 2 0  6.985 

> 53 c/z -23.495 121.87 6.985 
137,140~135, 138 
< 64 p y  12.235 
< 65 py 26.205 
< 66 ox -7.035 
< 67 C / L  -23.495 13.220 37.465 
~~~ 

> 64 py 114.885 
> 65 DV 128.855 .. 
> 66 pn -23.495 
> 67 c/z -23.495 121.87 37.465 
177~175 

m4 94239.55 -0.0~585 8016.50 -0.80048 1001.50 -0.1004 

> m4 94239.55 -0.02~8s 8016.50 -0.80048 1001.50 -0.i0042 
193,199~191,197 
< ksrc 14. 7. 10 
< 2 8 .  7 .  i o  
< 7. 19. 10 
< 21. 19. 10 
< 35. 19. 10 
< 14. 31. 10 
< 28. 3 1 .  10 
~~~ 

> kSrC 84. 43. 10 
> 98. 43. 10 
> 77. 55 .  10 
> 9:. 5 5 .  1 0  
> 1 0 5 .  55. 10 
> 84. 68. 10 
> 98. 68. 10 
202d199 
< -7. 19. 10 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

diff c0001flb7y.i ~0001flb7b.i >difflb7gb7b 
1 ,  zc: ,  2 
< ylovebox ha20mb cementation model - base case 1200 g pu ~ c0001flb7y 
< c base case 9009 + 0 q conveyor + 300y holdup + 2009 outside 
~~~ 

glovrbox ha20mb cementation mode: - base case 1200 y pu - c0001flb7b 
, c base case 900y + 0 g conveyor + 3009 ho ldup  + Og Outside 
14,lSd13 
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< c  room - 1 2.16 L can 6" spacing from glovebox wall 
i c 0.200 kg pu + water 
22C2O 
< 4 1 -1.0 1-1:2:-31 110 -11 12 - 4  1 -19) u22 # 2 1  
~~- 
> 4 1 -1.0 l-1:2:-31 110 -11 12 -4 5 -191 #23 
45,4 6~43.44 
< 22 5 -1.0749 70 -28 -53 
< 23 0 10 -28 53 64 -65 41 66 -1 

> 22 1 -1.0 70 - 2 8  -53 
> 23 1 -1.0 70 -28 53 64 -65 41 66 -1 
126~124 
< 53 c/z -7.035 121.87 6.985 
... 
> 53 c / z  -23.495 121.81 6.981 
139~13 I 
i 66 px -7.035 

imp:n=l 

imp:n=l 

imp:n=l 
imp:n=l 

imp:n=l 
imp:n=l 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

d i f f  c0001flb11.1 c0001flblb.i >difflbl7blb 
I ,  2c1, 2 
< glovebox ha20mb cementation model ~ base case 2100 g pu - c0001flb17 
< c  base case 9009 + 400 g conveyor + 3009 holdup + Og outside 
.~~ 
> glovebox ha20mb cementation model ~ base case 2100 g pu - c000lflblb 
> c base case 9009 + 0 g conveyor + 300q holdup + Oq outside 
14,lld13 
< c  conveyor container ~ 1 4.7 L can pu + water next Lo cans  
i c  0.08511 g pu/cc 
< c  h/x=309 
' C  400 g pu total 
4 6,49d41 
< c  Container on conveyor 
< 19 7 - 1 . 0 8 8  70 -28 -138 
< 20 1 -1.0 70 -20 138 -139 (-1421 
< 21 1 -1.0 2 8  -20 -138 
5 6 ~ 4 8  
< 25 0 1 3 -433 

> 25 0 1 3 -433 
61.67c53.59 
< 4 4 4 4 4 3  
< 4 4 4 4 4 3  
< 4 4 4 4 3 3  
< 4 4 4 4 3 3  
< 4 4 4 3 3 3  
< 4 4 4 4 4 3  
I 4 4 4 4 4 3  

... 
-444 10 

-444 70 

3 3 3 3  
3 3 3 3  
3 3 3 3  
3 3 3 2  
3 3 2 2  
3 3 2 2  
3 3 3 3  

-20 

-20  

3 3  
3 3  
3 4  
2 4  
2 4  
3 3  
3 3  

33 35 

33 35 

4 4 4  
4 4 4  
4 4 4  
4 4 4  
4 4 4  
4 4 4  
4 4 4  

U19 #20 U21 

4 4 4  
4 4 4  
4 4 4  
4 4 4  
4 4 4  
4 4 4  
4 4 4  

1mp:n-l 
imp: "-1 
imp:n=l 

~~~ 

> 4 4 4 4 4 3 3 3 3 3 3 3 3 3 3 3 4 4  
> 4 4 4 4 4 3 3 3 3 3 3 3 3 3 3 4 4 4  
> 4 4 4 4 3 3 3 3 3 3 3 3 3 3 3 4 4 4  
> 4 4 4 4 3 3 3 3 3 2 2 3 3 3 4 4 4 4  
> 4 4 4 3 3 3 3 3 2 2 2 3 3 3 4 4 4 4  

4 4 4 4 4 3 3 3 2 2 3 3 3 4 4 4 4 4  
> 4 4 4 4 4 3 3 3 3 3 3 3 3 4 4 4 4 4  
1l8.1806169 
< 138 c / z  114.6 42.446 9.1091 
i 139 c / z  114.6 42.446 11.6491 
< 142 c / z  133.665 31.405 30.25 
191C180 
< m7 94239.55 -0.08511 8016.50 -0.89202 1001.50 -0.11096 Spu + water 

> ml 94239.55 -0.14679 8016.50 -0.89485 1001.50 -0.11028 Spu + water 
211d199 
< 114. 42. 10 

... 
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c 
c 
c 
c 

c 

c 
c 
c 
c 
c 
c 
c - i 
c 
c 
c 
c 

1 

2 

4 
5 

6 

c 

c 

c 

c 
7 

c 
8 

9 

10 

I1 

12 

13 

22 
23 

24 

25 

26 

c 

c 

c 

r 

c 

201 
20: 
2 c  3 
204 
205 

glovebox ha20mb Cementation model ~ base case 2100 g pu ~ c0001fZb4 
r base case 9009 + 0 g conveyor + 300g holdup + 200q outside +90Og h/x=%O 

glovebox ~ f u l l  Water reflection on all sides, Cement can ref1 

howls ~ two bowls in corner 10" from cans 
0.04167 g pu/cc pu 
0.200 kg pufbowl 
h/x=634 
sides, bottom of bowls not included 

containers - 7 2.16 L cans 90% water 10% si02 
0.02585 g pufcc 
h/x=921 
500 g pu total 

7 2.76 L cans putwater+carbon+s102 
0.04652 a / c c  011 
h/x=ZO 
9009 pu total 

room ~ 1 2.16 L can  6" spacing from qlovebox w a l l  
0.200 kg pu + water 

glovebox 
0 1 -2 3 -4 20 - 6  I m p :  "=I 
glovebox floor conveyor box 
1 -1.0 24 -25 7 -5 8 -9 I m p :  n = I  
glovebox lead sidewall and window 
1 -1.0 1 - 1 : 2 : - 3 1  I10 -11 12 -4 5 -191 1123 Imp:"=l 
1 - 1 . 0  1-1:2:-31 I 1 0  -11 12 -4 19 -61 imp:n=l 
full water reflection 
1 -1.0 11111-~0:~1:-~2:4:61113 -14 15 -16 5 -18 U 2 3 1 1 :  

1113 -14 15 -16 -5 211 117:(-23 22 -27 2611 
1-8:-1:9:-24:25111 153: -70:28111:1-13  -61 -68 171 

imi) :n=1 
outside world 
0 14:1-13 (67:6811:~15:16:18:~21: 

11-22:23:21:-261 -171 imp:n=G 
bowl 

bowl water reflection 
1 -1.0 1163 - 3 3  -20 (32:2811:1-63 61 -62 69): 

0 -33 -63 70 62 -2 1 103 1mp:n-1 
bowl 

3 -1.0431 I I63  -281: 1-63 -61 691 I -32 Imp:"=l 

1-69 70 - 6 2 ) )  -2  1 103 Imp:"=l 

3 -1.0431 1163 - 2 8 1 : 1 - 6 3  - 5 8  69)) -34 
bowl water reflection 
I -1.0 1163 -35 -20 134:28)1:1-63 58 -60 691: 

1-69 10 -6011 -2 1 -103 
0 -35 -63 70 60 -2 1 -103 
container in drum outside glovebox 
5 -1.0749 70 -28 -53 
0 70 -28 53 64 -65 41 66 -1 
holdup on f l o o r  
8 -5.562 5 -70 1 -4 -2 3 
filled cans 
0 1 3 - 4 3 3  -444 70 -20 33 35 

fill=l 17.035 7.035 01 
0 -331 334 -330 333 -329 332 u=l lat=2 
fill= -5:14 -1:IO 0:0 
4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4  
4 4 4 4 4 3 3 3 3 3 3 3 3 3 3 3 3 3 3 4  
4 4 4 4 4 3 3 3 3 3 3 3 3 3 3 3 3 3 4 4  
4 4 4 4 3 3 3 3 3 2 2 3 3 3 3 3 3 3 4 4  
4 4 4 4 3 3 3 3 2 2 2 3 3 3 3 3 3 4 4 4  
4 4 4 3 3 3 3 3 2 2 3 3 3 3 3 3 3 4 4 4  
4 4 4 4 4 3 3 3 3 3 3 5 5 3 3 3 4 4 4 4  
4 4 4 4 4 3 3 3 3 3 5 5 5 3 3 3 4 4 4 4  
4 4 4 4 4 3 3 3 3 3 5 5 3 3 3 4 4 4 4 4  
4 4 4 4 4 3 3 3 3 3 3 3 3 3 3 4 4 4 4 4  
4 4 4 4 3 3 3 3 3 3 3 3 3 3 4 4 4 4 4 4  
4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4  

4 -1.167 -201 -28 u=Z 
1 -1.0 28 u=2 
0 201 -28 u=2 
10 -7.911 -241 -28 u = 3  
I - 1  0 28 u=3 

1mp:n=1 

imp:n=1 
imp:n=l 

imp:n=l 
imp:n=l 

imp:n=l 

i m p :  n=l 

imp:n=l 
imp:n=l 
imp: n=l 
imp:n=l 
imp:n=l 
imp: n = l  
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206 
2 0 1  
208 

210 
2 8  

2 0 5  

5 
6 

8 
9 

1 8  
1 9  
20 
2 1  
2 2  
2 3  
24 
25  
2 6  
27 
28 
2 9  
30 
32 
33  
34 
35 
3 6  
37  
38  
3 9  
40 
41 
42 
43  
4 4  ~~ 

45 
4 6  
4 1  
48 
49 
5 1  
52 
5 3  
54 
5 5  
5 6  
5 1  
5 8  
59  
60 
6 1  
62 
6 3  
64 
65 
6 6  
6 1  
68 
69  
1 0  

0 2 0 1  -28 ~ = 3  
0 7 7 1  u=4 
11 - 2 . 1 1 3 9  -201  - 2 8  u=5 
I - 1 . 0  28 u=5 
0 2 0 1  - 2 8  u=5 
0 1 -2  3 - 4  ( 4 3 3 : 4 4 4 1  7 0  -20 33  3 5  

px 0 . 0  
py 1 3 2 . 0 8  

ox 5 1 8 . 1 6  
P Y  0.0 

pz  0 . 0  
p z  9 1 . 4 4  
p z  - 3 5 . 5 6  
px 6 0 . 9 6  
DX 4 1 1 . 4 8  
px - 1 . 2 7  
py 1 3 3 . 3 5  
p y  - 1 . 2 7  
PX - 3 0 . 4 8  

p y  - 3 0 . 4 8  

pz  1 2 1 . 9 2  
pz  4 1 . 9 1  
pz  2 0 . 5 7  

py 1 6 2 . 5 6  

pn 5 4 8 . 6 4  
pz  - 3 0 . 4 8  

pz  - 6 6 . 0 4  
px 3 0 . 4 8  
px 4 4 1 . 9 6  
py 5 0 . 8 0  
p y  8 1 . 2 8  
p y  2 0 . 3 2  
py 1 1 1 . 7 6  
pz 1 8 . 0 3  
p z  3 5 . 7 3 3  
p z  3 8 . 2 7 3  
c / z  1 0 . 2 1  1 2 1 . 8 7  1 0 . 1 6  
c l z  1 0 . 2 1  1 2 1 . 8 7  1 2 . 7 0  
c / z  1 0 . 2 1  1 0 1 . 4 5  1 0 . 1 6  
c / z  1 0 . 2 1  1 0 1 . 4 5  1 2 . 7 0  
c / z  2 8 1 . 9 4  1 0 . 1 6  6 .985  
c / z  2 8 1 . 9 4  1 0 . 1 6  9 . 5 2 5  
c/z 1 1 3 . 3 4 4  7 9 . 3 7 5  6 . 9 8 5  
c / z  1 2 7 . 3 1 6  7 9 . 3 1 5  6 . 9 8 5  
c l z  3 4 . 9 9  1 2 5 . 0 9  6 . 9 8 5  
c l z  1 1 3 . 3 4 4  6 5 . 4 0 5  6 . 9 8 5  
c l z  1 2 1 . 3 1 6  6 5 . 4 0 5  6 . 9 8 5  
c / z  3 4 . 9 9  111.11 6 . 9 8 5  
c / z  6 . 9 9  1 2 5 . 0 9  9 . 5 2 5  
c l z  6 . 9 9  111.11 9 . 5 2 5  

c l z  3 4 . 9 9  111.11 9 . 5 2 5  
c l z  3 4 . 9 9  1 2 5 . 0 9  9 . 5 2 5  
c / z  2 0 . 9 9  1 2 5 . 0 9  9 . 5 2 5  
p y  1 0 1 . 5 8 5  
P X  
c/z 
PX 
PX 
PY 
PY 

p z  

C / Z  20.99 111.11 9.525 

s 

s 
s 
s 1 0 . 2 1  1 2 1  
pz 9 . 9 8  
p y  1 1 4 . 8 8 5  
py 1 2 8 . 8 5 5  
px - 2 3 . 4 9 5  
c l z  - 2 3 . 4 9 5  1 2 1 . 8 7  3 7 . 4 6 5  
pz  4 8 . 5 1 4  
p z  0 . 3 3  
P Z  0 . 0 0 1  

Imp: n = 1  

1mp:n=1 
i m p :  n=1 
1mp:n=1 
1mp:n- l  

1 m p : I l = 1  
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7 1  
1 0 1  
102 
1 0 3  
104 
1 0 5  
1 0 6  
107 
I 0 8  
1 0 9  
110 
111 
1 1 2  
2 0 1  
329 
330 
3 3 1  
332 
3 3 3  
334 
4 3 3  
4 4 4  
202  
2 0 3  
204 
2 0 5  
206 
1 7 7  

m l  
r n t l  
m3 
m t 3  
m4 

m t 4  
m5 
mt5 
m7 
m t 7  
m8 
m t a  
m 1 0  

pz 5 . 0 8 0  
p y  1 0 4 . 1 3 6  
c / z  1 3 0 . 4 9  1 2 1 . 9 1 8  '15.56 

i : / z  1 7 . 4 6 5  1 3 . 0 3 5 3  1 0 . 1 6  
ti 1 7 . 4 6 5  1 3 . 0 3 5 3  2 7 . 6 8  1 0 . 1 6  
ti 1 7 . 4 6 5  1 3 . 0 3 5 3  2 7 . 6 8  1 2 . 7 0  
C L  6 . 9 8 5  
p - 0 . 5  0 . 0 6 6 0 2 5  0 7 . 0 3 5  
p 0 . 5  0 . 8 6 6 0 2 5  0 7 . 0 3 5  
px 7 . 0 3 5  
p - 0 . 5  0 . 8 6 6 0 2 5  0 - 7 . 0 3 5  
p 0 . 5  0 , 8 6 6 0 2 5  0 - 7 . 0 3 5  
D X  - 7 . 0 3 s  ~~~~ C~ 

px 1 9 6 . 9 8 0  
p y  1 2 4 . 6 1 3  
c/z 7 0 . 3 5 0  8 6 . 5 7 7  6 . 9 8 5  
c / z  8 4 . 0 7 9 7  8 9 . 5 6 7 4  6 . 9 8 5  
c / z  9 5 . 4 7 2 6  8 1 . 3 1 2 5  6 . 9 8 5  
c / z  5 6 . 6 2 0 3  8 9 . 5 6 7 4  6 . 9 8 5  
c / z  4 5 . 2 2 7 4  8 1 . 3 1 2 5  6 . 9 8 5  
p z  - 7 7 1 .  $ r e d u n d a n t  S u r f a c e  t o  p u t  on c e l l  Cards w i t h  none 

1 0 0 1 . 5  2 8 0 1 6 . 5  1 $ w a t e r  
1wtr.01 

1 w t r .  01 
3 4 2 3 9 . 5 5  - 0 . 0 4 1 6 7  8 0 1 6 . 5 0  - 0 . 8 9 0 0 2  1 0 0 1 . 5 0  - 0 . 1 1 1 4 4  $pu + water  

3 4 2 3 9 . 5 5  - 0 . 0 2 5 8 5  8 0 1 6 . 5 0  - 0 , 9 2 8 4 8  1 0 0 1 . 5 0  - 0 . 1 0 0 4 2  
1 4 0 0 0 . 5 0  - 0 . 1 1 2 0 0  Spu + c a r b o n  + w a t e r  

3 4 2 3 9 . 5 5  - 0 . 0 7 2 3 7  8 0 1 6 . 5 0  - 0 , 8 9 1 4 3  1 0 0 1 . 5 0  - 0 . 1 1 1 1 0  Spu + water 

3 4 2 3 9 . 5 5  - 0 . 1 4 6 7 9  8 0 1 6 . 5 0  - 0 . 8 9 4 8 5  1 0 0 1 . 5 0  - 0 . 1 1 0 2 8  $ p u  + water 

3 4 2 3 9 . 5 5  - 4 . 8 0 7 6 9  8 0 1 6 . 5 0  - 0 . 6 7 0 2 6  1001.50 - 0 . 0 8 4 4 5  $0" + water 

1 w t r . 0 1  

1wtr.01 

1 w t r . 0 1  

1wtr.01 
2 0 0 0 0 . 5 0  - 0 . 4 0 9 7 3  1 4 0 0 0 . 5 0  - 0 . 0 9 7 0 2  1 3 0 2 7 . 5 0  - 0 . 0 3 8 5 3  
1 2 0 0 0 . 5 0  - 0 , 0 3 2 9 3  8 0 1 6 . 5 0  - 0 , 4 1 0 9 2  1001.10 - 0 . 0 1 0 0 7  $ c e m e n t  98 h 2 o  

m l l  9 4 2 3 9 . 5 5  - 0 . 0 4 6 5 2  8 0 1 6 . 5 0  - 0 . 7 8 1 7 0  1 0 0 1 . 5 0  - 0 . 0 0 3 9 2  
6 0 1 2 . 5 0  - 0 . 6 8 8 4 2  1 4 0 0 0 . 5 0  - 0 . 6 5 3 3 8  Spu + c + s i o Z +  water  

m + i i  iwtr.ni . ... . ~~ ~~ 

k c o d e  5000 1 . 0  1 0  2 0 0  
ksrc 70. 4 3 .  1 0  

8 4 .  4 3 .  1 0  
9 8 .  4 3 .  IO 
7 7 .  5 5 .  1 0  
9 1 .  5 5 .  1 0  
7 0 .  3 1 .  1 0  
8 4 .  3 1 .  1 0  
1 0 .  1 2 2 .  IO 
IO. 1 0 1 .  1 0  
1 2 6 .  6 8 .  1 0  
1 4 0 .  6 8 .  1 0  
1 1 9 .  8 0 .  1 0  

1 4 7 .  8 0 .  1 0  
1 2 6 .  9 2 .  1 0  

133 .  8 0 .  10 

140. 9 2 .  1 0  
- 2 3 .  121. 1 0  

ctme 240 
p r i n t  1 0  4 0  5 0  
v d m p  1 1 I 3 

* * * * * *  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

d i f f  c 0 0 0 1 f 2 b 3 . i  c 0 0 0 1 f Z b 4 . i  > d i f f Z b 3 b 4  
IC1 
< qlovebox ha20rnb Cementation m o d e l  - base case 2 1 0 0  g pu ~ c 0 0 0 1 f 2 b 3  
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> glovebox ha20mb cementation model ~ base case 2100 g pu - c0001f2b4 
14.15~14.15 
< c  5 2 . 7 6  L c a n s  pu+water+carbon+slo2 
( C  0.06513 y/cc pu 

> c  1 2.76 L cans pu+water+carbon+sio2 

65a66 
> 4 4 4 4 4 3 3 3 3 3 5 5 3 3 3 4 4 4 4 4  
61d61 
< 4 4 4 4 4 3 3 3 3 3 3 3 3 3 3 4 4 4 4 4  
18C18 
< 208 11 -2.1746 -201 -28 u=5 Imp : n- 1 

... 

) C  0.04652 ylcc pu 

~~~ 

> 208 11 -2.1739 -201 -28 u=5  Imp: "=I 
196,197~196,197 
< mll 94239.55 -0.06513 8016.50 -0.18415 1001.10 -0,00545 

6 0 1 2 . 5 0  -0.61704 14000.50 -0.64258 Spu +c+sioZ+ w a t e r  
~~~ 

> mll 94239.55 -0.04612 8016.50 -0.18110 1001.10 -0.00392 

213aZ14,215 
> 126. 52. 10 
> 140. 92. 10 

> 6012.50 -0.68842 14000.50 -0.65338 Spu +c+si02+ water 

* f . * . t + * * f . f * ~ l ~ * * * f _ I - i + r f * f t l . i t * * . * ~ * ~ * ~ * ~ ~ ~ . * * * * ~ * * . ~ * * * . . . . . . * ~ * * , * * * * * * , * * * * * * * * * * . , * * * * ~ ~  

diff c0001fZbl.i c0001fZb4.i >diffZblb4 
1 . 2 C l .  2 
< q lovehox ha20mb cementation model - base case 2100 g pu ~ cO001fZbl 
< c  base case 9OOy + 0 y conveyor + 3009 holdup + 0g Outside 19009 h/x=20 

> qlovebox ha20mb cementation model - base c a ~ e  2100 y pu - c0001f2h4 
' C  base case 9OOy + 0 q conveyor + 3009 holdup + 2009 outside 19009 h/x=2O 
IO, 12c10.12 
( C  containers - 5 2.76 L cans 90% water 10% s i 0 2  
( C  0.03619 y p u l c c  
< c  h/x=657 

) C  Containers - 7 2.76 L cans 50% water 10% s i 0 2  
> c  0.02585 y p u l c c  

~.. 

~.. 

> c  h/x=521 
14.15~14.15 
< c  5 2.76 L cans puiwatertcarbonisio2 
< c  0.06513 y/cc pu 
... 
> c  1 2.76 L cans putwater+carbon+siaZ 
> c  0.04652 g/cc pu 
1 l a l 8 . 1 9  
) C  room - 1 2.76 L can 6"  s ~ a c i n q  from qlovebox udll 
> c  
41, 48~49, 50 
< 22 1 -1.0 10 -28 -53 
< 23 1 -1.0 10 -28 53 64 -65  41 6 6  -1 

0.200 ky pu + water 

imp: n=l 
imp:n=l 

> 22 5 -1.0749 70 -28 -53 lmp:n=l 

5 9 ~ 6 1  
I 23 0 70 -28 53 6 4  -65  41 6 6  -1 mp:n=1 

< 4 4 4 4 3 3 3 3 3 3 3 3 3 3 3 3 3 3 4 4  

> 4 4 4 4 3 3 3 3 3 2 2 3 3 3 3 3 3 3 4 4  
63a66 
> 4 4 4 4 4 3 3 3 3 3 5 5 3 3 3 4 4 4 4 4  
65667 
< 4 4 4 4 4 3 3 3 3 3 3 3 3 3 3 4 4 4 4 4  

~~~ 

6 9 ~ 1 1  
< 201 4 -1.177 -201 -28 u=2 
... 
> 201 4 -1.167 -201 -28 u=2 
1 6 ~ 7 8  
< 2 4 8  11 -2.1746 -201 -28 u=5 

rmp:n=l 

imp:n=l 

imp: n-l 

> 208 I I  -2.1735 -201 -28 u=5 imp:n=l 
182~184 
< m4 9 4 2 3 5 . 5 5  -0.03619 8016.50 -0.92895 1001.50 -0.10031 
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> m4 (14239.55 -0,02585 8016.50 -0.92848 1001.50 -0.10042 
144,155~196,191 
J m11 9 4 2 3 9 . 1 5  -0.06513 8016.50 -0.78475 1001.50 -0.00549 
/ 6012.50 -0.67704 14000.50 -0.64258 Spu i c i s i o 2 r  water 

> m l l  94239.55 -0,04652 8016.50 -0.78170 1001.50 -0.00392 

202a205.206 
> 6012.50 -0.68842 14000.50 -0.65338 spu + c + s i o 2 +  w a t e L  

10. 31. 10 
84. 31. 10 

209a214,216 
126. 92. 10 

> 140. 92. 10 
> -23. 121. 10 

f ~ l * f * f * ~ * * f f * t t + f / + * * * ~ * * * f * + * - * l f * * * * * * * * * * * ~ * * * * , , * * * ~ * , . * * * ~ * * * * ~ * * . * . , * * * * * * * ~ * ~ * ~ * * * * ~ * ~ *  

diff c0001f2bZ.i c0001fZb4.1 .diffZb2b4 
1.2Cl. 2 
< glovebox ha20mb cementation model - base case 2100 g pu - c0001f2bZ 
i c base case 9009 + 0 g conveyor + 3009 holdup t Oy Outside +90Og h/x=20 

> glovebox ha20mb cementation model - base case 2100 y pu - c0001f2b4 
> c base case 9009 + 0 g conveyor + 3009 holdup + 2009 outside +900g h/x=20 
10.12c10.12 
( C  containers - 5 2.76 L cans 90% water 10% si02 
< c  0.03619 g pu /cc  
( C  h/x=657 

> c  containers - 7 2.76 L cans 90% water 10% si02 
) C  0.02585 g p u / c c  
> c  h/x=921 

~~~ 

.~~ 

1 4 . 1 5 ~ 1 4 . 1 5  
< c  6 2.76 L can5 pu+water+carbon+sio2 
< c  0.05428 g / c c  pu 

> c  7 2.76 L cans puiwatertcarbonisio2 
i c  0.04652 g/cc pu 
17a18,19 
> c  room ~ 1 2.76 L c a n  6" spacing from glovebox w a l l  
> c  0.200 kg pu + water 
4'1,4 8c4 9, 5 0  

< 2 3  I -1.0 70 -28 53 64 -65 41 66 -1 
22 I -1.0 7 0  - 2 8  -53 

.. 
Imp: n=1 
imp: "=I 

> 22 5 -1.0149 7 0  -28 -53 
> 23 0 10 -28 53 64 -65 41 66 -1 
591-61 ~~ ~~~ 

< 4 4 4 4 3 3 3 3 3 3 3 3 3 3 3 3 3 3 4 4  

> 4 4 4 4 3 3 3 3 3 2 2 3 3 3 3 3 3 3 4 4  
6 1 ~ 6 3  
< 4 4 4 3 3 3 3 3 2 2 3 3 5 3 3 3 3 4 4 4  

> 4 4 4 3 3 3 3 3 2 2 3 3 3 3 3 3 3 4 4 4  
63a66 
> 4 4 4 4 4 3 3 3 3 3 5 5 3 3 3 4 4 4 4 4  
65d61 
< 4 4 4 4 4 3 3 3 3 3 3 3 3 3 3 4 4 4 4 4  
65~71 
< 201 4 -1.177 -201 -28 u=2 imp:n=l 

~~~ 

... 

... 
> 201 4 -1.167 -201 -28 u=2 1mp:n=1 

< 208 I 1  -2.1742 -201 -28 u=5 Imp:n=l 

> 208 11 -2.1739 -201 -28 u=5 imp: n=l 
182,183~184,185 
< m4 94239.55 -0,03619 8016.50 -0.92895 1001.50 -0,10031 

7 6 c ' l R  

~~~ 

14000.50 -0.11200 Spu + Sl02 +water 
... 
> rn4 94239.55 -0.02585 8016.50 -0.92848 1001.50 -0.10042 

194.195~196.197 
> 14000.50 -0.11200 Spu t carbon +wate r  

m l l  94239.55 -0.05428 8016.50 -0.78280 1001.50 -0.00458 
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< 6012.50 -0.68368 14000.50 - 0 . 6 4 8 8 8  spu +C+5102b wrir-1 

> 6012.50 -0.68842 14000.50 -0.61338 Sp" i C t J 1 D Z - i  wa'ier 

.._ 
> mll 94239.55 -0.04652 8016.50 -0.78170 1001.50 -0.00192 

2023201,206 
> 70. 31. 10 
i 84. 3 1 .  1 0  
2 1 0 ~ 2  l4,2 1 6  

133. 55. IO 
.~. 
> 126. 9 2 .  10 
> 1 4 0 .  92. 10 
> -23. 1 2 1 .  10 

* * * , * ~ * * * l f ~ * + l + l + ~ * ~ , * * , ~ , ~ * * ~ * . * , , * ~ * ~ * * ~ * ~ * ~ * * * ~ * , * ~ * * ~ , ~ , * ~ * , * * * * * . * * ~ * , ~ * ~ * ~ ~ ~ ~ ~ . * ~ *  

diff c0001f2h5.i c0001f2h4.1 >diff2b5b4 
I C 1  
< glovebox ha20mb Cementation model - base Case 1100 q pit ~ c0001f2h5 

> glovebox ha20mb cementation model ~ base case 2100 g pu - c0001f2b4 
3c3 
< c  glovebox - full water reflecflon on all s i d e s ,  wate r  can refl 

> c  glovebox - full Water reflection on all sides. cement can r e f l  
74c74 
< 204 1 -1.0 -201 -28 u=3 1mp:n=1 

> 204 10 -2.911 -201 -28 u=3 m p : n = 1  

..~ 

... 

... 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

diff c0001f2b8.i c0001f2b4.1 >diff2b8b4 

< glovebox ha20mb cementation model ~ base case 2100 g pu ~ c0001f2b8 
< c base case 9009 + 4009 conveyor + 3009 holdup + 2009 Outside t900g h i x = 2 0  

> glovebox ha20mb cementation model - base case 2100 g pu - c0001fZh4 
> c base case 900g + 0 g conveyor + 3009 holdup + 2009 Outside +900g h/X=20 

1.2c1.2 

~.. 

20.23d19 
< c  conveyor container - 1 4.7 L can pu + water next to cans 
< c  0.08511 g p u / c c  
< c  h/x=309 
< c  400 g p u  total 
52,55641 

< 19 7 -1,088 70 -28 -138 
< 20 1 -1.0 70 -20 138 -139 
< 21 1 -1.0 28 -20 -138 
6 2 ~ 5 4  
< 2 s  0 1 3 -433 -444 70 -20 33 3 5  #I9 #20 # 2 1  

> 2 5  0 1 3 -433 -444 70 -20 33 35  
67.71c59.63 
< 4 4 4 4 4 3 3 3 3 3 3 3 4 4 4 4 4 4 4 4  
< 4 4 4 4 4 3 3 3 3 3 3 4 4 4 4 4 4 4 4 4  
< 4 4 4 4 3 3 3 3 3 2 2 4 4 4 4 4 4 4 4 4  
< 4 4 4 4 3 3 3 3 2 2 2 4 4 4 4 4 4 4 4 4  
< 4 4 4 3 3 3 3 3 2 2 3 4 4 4 3 3 3 4 4 4  

< c  container on conveyor 

... 

... 
> 4 4  
> 4 4  
> 4 4  
> 4 4  
> d d  . .  
181,188d178 
< 138 c / z  
< 139 c/z 
149r189 

4 4 4  
4 4 4  
4 4 3  
4 4 3  
4 3 3  

136.4 
136.4 

3 3 3 3 3 3 3 3 3 3 3 3 3 3 4  
3 3 3 3 3 3 3 3 3 3 3 3 3 4 4  
3 3 3 3 2 2 3 3 3 3 3 3 3 4 4  
3 3 3 2 2 2 3 3 3 3 3 3 4 4 4  
3 3 3 2 2 3 3 3 3 3 3 3 4 4 4  

26.4 9.1091 
26.4 11.6491 

imp:n=l 

imp:n=l 
mp:n=1 

~~~ 

< m7 94239.55 -0,08511 8016.50 -0.89202 1001.50 -0.11096 Spu + Water 

> mJ 94239.55 -0.14679 8016.50 -0.89485 1001.50 -0.11028 Spu + water 
2276216 
i 136. 2 6 .  10 

~.. 

I * . + + * t * * * * * * f i f * . + + t * l * t * t l l l * * * * * * * * * * * * * ~ * * * * . * ~ * * ~ * * * * . ~ , * * * * * * * * * . ~ ~ ~ , * ~ . * * * ~ . . ~ , . * * * * * .  

diff c0001fZb6a.i c0001fZb4.1 >diff2b6ab4 
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1 . 3 ~ 1 ,  3 
6 glovebox ha20mb cementation model ~ base case 2100 g pu - c 0 0 0 1 f 2 b b a  
<. c base case 9009 1400 g conveyor t 3 0 0 q  holdup +ZOO9 n u t s l d e  1 9 0 0 9  h/x-:O 
'' c glovebox - full water r e f l e c t i o n  on all sides, I "  uater r e f l  
... 

qlovebon ha20mb cementation model - base case  2100 g po - c0001f2b4 
> c base case 9009 + 0 q conveyor + 3 0 0 9  holdup + l l l 0 g  outside +90Og h/x-:C 
> c  glovebox - f u l l  water reflection on a l l  s i d e s ,  cement can refl 
lH.21d17 
< c C O n v e Y O I  container ~ 1 4 . 7  L can pu + water 10'' from cans 
< c  0.08511 q pu/cc 
< c  h/x=309 
( C  400 q pu total 
52,5464 1 

5 6 C 4 9  
< 22 5 -1.0749 70 -28 - 5 3  imp:n=l 
... 
> 22 5 -1.0749 70 -28 -53 imp: n=l 
61.92c54.81 
< 201 
< 202 
I 203 
< 204 
< 205 
< 206 
< 207 
< 208 

< 209 
< 210 
< 211 
< 212 
< c  
< 401 
< 402 
< 403 
< 404 
< 405 
< 406 
< 4 0 7  
< 4 0 8  
< 
< 
< 409  
< 410 
< 411 
< 412 
< 28 
< 
< 
~~~ 

> 2 5  

> 2 6  

4 -1.167 -120 70 -28 
4 -1.167 -122 70 -28 
4 -1.167 -124 70 -28 
4 -1.167 -126 10 -28 
4 -1.167 -128 70 -28 imp:n=l 
4 -1.167 -130 70 -28 imp:n=l 
4 - 1 . 1 6 7  -132 70 -28 Imp:n=l 
1 -1.0 1 ~ - 1 2 1 : - 1 2 3 : - 1 2 5 : - 1 2 9 : - 1 3 1 : - ~ 3 3 1  

1120 122 1 2 4  128 130 132 13411 134 -28 70 -2 
1135:-136:-137) imp:n=l 

1 -1.0 ~1-121:-123:-125:-127:~129:-131:-1331 28 -20 -21 imp:n=l 
n l 7 n  1 7 7  1 7 4  126 128 130 132 -134 -28 '70 imp:n=l 

, 127 129 1 3 1  133 -134 2 8  -20 imp:n=l 
17 1 2 0  122 -2  -28 70 imp:n=l 

. . . . . . . . . 
0 121 123 125 
0 -135 136 IS 
filled cans 
11 -2.1739 - 4 2 0  70 -28 Imp: n-1 
11 -2.1739 -422 70 -28 I m D :  n=1 
11 
11 
11 
11 
11 

1 
0 

-2.1739 
-2.1739 
-2.1739 
-2.1739 
-2.1739 
-1.0 

- 1 . 0  I ( -  

-424 70 -28 

-428 70 -28 
-430 70 -28 
-432 70 -28 
1 1 - 4 2 1 : - 4 2 3 : - 4 2 5 : - 4 2 9 : - 4 3 1 : 4 1 3 )  

(435: -436: -437) 

-426 70 -28 

1420 422 424 428 430 432  4341) 4 3 4  -28  

420 477 474 426 428 430 4 3 2  -434 -28  70 
- 4 2 1 : - 4 2 3 : - 4 2 5 : - 4 2 7 : - 4 2 9 : - 4 3 3 1  2 8  ~ 

4 2 7  429 411 417 -434 28 -20 
70 

2 t  
'8 70 
-20 

-424 70 -28 

-428 70 -28 
-430 70 -28 
-432 70 -28 
1 1 - 4 2 1 : - 4 2 3 : - 4 2 5 : - 4 2 9 : - 4 3 1 : 4 1 3 )  

(435: -436: -437) 

-426 70 -28 

1420 422 424 428 430 432  4341) 4 3 4  -28  

420 477 474 426 428 430 4 3 2  -434 -i 
- 4 2 1 : - 4 2 3 : - 4 2 5 : - 4 2 7 : - 4 2 9 : - 4 3 3 1  ~ 

4 2 7  429 411 417 -434 2E 
70 

70 

2 0  

-2  

-2) 

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 
i m n :  n=1 

~~~ ~~~ ~~~ 

0 4 2 1  4 2 3  425 ~~ ~~~ ~~~ 

0 -435 436 437 420 422 -2 -28 
0 1 -2 3 - 4  121 123 125 127 1 2 9  131 133 134 70 -20 33 35 

l-136:135:-137:281 139 421 423 425 427 429 431 433 434 
(-436:435:-437:281 imp: n=l 

- 

0 1 3 -433 - 4 4 4  70 -20 33 35 
fill=l 

3 3 2  
17.035 7.035 01 

o -331 3 3 4  -330 333 - 3 2 9  
f i l l =  -5:14 -1.10 0:O 
4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4  
4 4 4 4 4 3 3 3 3 3 3 3 3 3 3 3  
4 4 4 4 4 3 3 3 3 3 3 3 3 3 3 3  
4 4 4 4 3 3 3 3 3 2 2 3 3 3 3 3  
4 4 4 4 3 1 1 3 7 7 2 3 3 3 3 3  

7 1 7 7 1 7  
4 4 4 4 4 3 3 3 3 3 3 5 5 3 3 3  
4 4 4 4 4 3 3 3 3 3 5 5 5 3 3 3  

"=I 

4 4 4  
3 3 3  
3 3 4  
3 3 4  
3 4 4  
3 4 4  
4 4 4  
4 4 4  

1at=2 

> 4 4 4 4 4 3 3 3 3 3 5 5 3 3 3 4 4 4 4 4  
4 4 4 4 4 3 3 3 3 3 3 3 3 3 3 4 4 4 4 4  

> 4 4 4 4 3 3 3 3 3 3 3 3 3 3 4 4 4 4 4 4  
4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4  

> 
> 201 4 -1.167 -201 -28 u=2 
, 7 0 2  1 -1.0 28 "=Z 
> 203 0 201 -28 u=2 
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> 28 0 
1 8 1 a 1 7 1 . 1 7 2  
i 4 3 3  px 1 9 6 . 9 8 0  
> 4 4 4  UY 1 2 4 . 6 1 3  

- 2 0 1  - 2 8  u=3 
28 u=3 
2 0 1  - 2 8  u=3 
1 1 7  u=4 

- 2 0 1  - 2 8  u=5 
28 u=5 
2 0 1  - 2 8  u=5  
1 -2 3 - 4  1433:4441 7 0  -20 3 3  35 

imp:  n = l  
imp:"=] 
imp:  n=l 

1 m p : n = 1  
imp:"=] 
Imp: "-1 
1mp:n-l 

imp:n=l 

< 1 2 1  
< ;22 
< 1 2 3  
< 124 
< 1 2 5  
< 126 
< 127 
< 128 
I 129 
< 1 3 0  
< 131 
< 1 3 2  
< 1 3 3  
< 134 
i 1 3 5  
< 1 3 6  
i 1 3 7  
< 1 3 8  
< 1 3 5  
< 420 
< 4 2 1  
< 422 

4 2 3  
< 424 
< 425 
< 426 
< 427 
< 428 
< 429 
< 430 
< 4 3 1  
< 432 
< 433 
< 434 
< 4 3 5  
< 436 
< 4 3 1  

1 8 8 . z 2 5 d i j ~  
< 120 c/z 5 6 . 2 8 0  1 2 1 . 0 4 5  6 . 9 8 5  

c/z 5 6 . 2 8 0  1 2 5 . 0 4 5  9 . 5 2 5  
c/z 7 0 . 3 5 0  1 2 5 . 0 4 5  6 . 9 8 5  
c / z  7 0 . 3 5 0  1 2 5 . 0 4 5  5 . 5 2 5  
c / z  4 5 . 2 4 5  1 1 2 . 8 6 0  6 . 9 8 5  
c / z  4 9 . 2 4 5  1 1 2 . 8 6 0  9 . 5 2 5  
C / Z  63.315 1 1 2 . a 6 0  6 . 9 8 5  
C / Z  63.315 i i z . a 6 0  9 . 5 2 5  
c/z 7 7 . 3 8 5  1 1 2 . 8 6 0  6 . 9 8 5  
c / z  7 1 . 3 8 5  1 1 2 . 8 6 0  9 . 5 2 5  
c / z  5 6 . 2 8 0  1 0 0 . 6 7 5  6 . 9 8 5  
c / z  5 6 . 2 8 0  1 0 0 . 6 7 5  9 . 5 2 5  
c / z  7 0 . 3 5 0  1 0 0 . 6 1 5  6 . 9 8 5  
C / L  7 0 . 3 5 0  1 0 0 . 6 1 5  9 . 5 2 5  

p x  7 0 . 3 5 0  
pn  5 6 . 2 8 0  
py 1 2 5 . 0 4 5  
c / z  6 3 . 3 1 5  5 9 . 1 3 1  9 . 1 0 9 1  
c / z  6 3 . 3 1 5  5 9 . 1 3 1  1 1 . 6 4 5 1  
c / z  1 2 3 . 8 9 0  1 2 5 . 0 4 5  6 .985  
c/z 1 2 3 . 8 9 0  1 2 5 . 0 4 5  9 . 5 2 5  
c / z  1 3 7 . 9 6 0  1 2 5 . 0 4 5  6 . 9 8 5  
c / z  1 3 7 . 9 6 0  1 2 5 . 0 4 5  9 . 5 2 5  
c/i 1 1 6 . 8 5 5  1 1 2 . 8 6 0  6 . 9 8 5  

c / z  1 3 0 . 9 2 5  1 1 2 . 8 6 0  6 . 9 8 5  
c / z  1 3 0 . 9 2 5  1 1 2 . 8 6 0  9 . 5 2 5  
c / z  1 4 4 . 5 9 5  1 1 2 . 8 6 0  6 . 9 8 5  
c / z  1 4 4 . 9 9 5  1 1 2 . 8 6 0  9 . 5 2 5  
c / z  1 2 3 . 8 9 0  1 0 0 . 6 7 5  6 . 9 8 5  
c / z  1 2 3 . 8 9 0  1 0 0 . 6 7 5  9 . 5 2 5  
c/z 1 3 7 . 9 6 0  1 0 0 . 6 7 5  6 . 9 8 5  
c / z  1 3 7 . 9 6 0  1 0 0 . 6 7 5  9 . 5 2 5  

px 1 3 7 . 9 6 0  
px 1 2 3 . 8 5 0  
u v  1 2 5 . 0 4 5  

C / Z  63.315 1 1 2 . a 6 0  1 2 . 1 8 5  

C / Z  116.855 1 1 2 . 8 6 0  9 . 5 2 5  

C / Z  1 3 0 . 9 2 5  112.a60 1 2 . 1 8 5  

._  
2 3 2 ~ 1 8 5  
< 1 4 0 0 0 . 5 0  - 0 . 1 1 2 0 0  Spu  t si02 +water 
~~~ 

> 1 4 0 0 0 . 5 0  - 0 . 1 1 2 0 0  Spu t carbon +water 
236~189 
< m7 9 4 2 3 9 . 5 5  - 0 . 0 8 5 1 1  8 0 1 6 . 5 0  - 0 , 8 9 2 0 2  1 0 0 1 . 1 0  - 0 . 1 1 0 9 6  5pu + water 

> m7 9 4 2 3 9 . 5 5  - 0 . 1 4 6 7 9  8 0 1 6 . 5 0  - 0 . 8 9 4 8 5  1 0 0 1 . 5 0  - 0 . 1 1 0 2 8  Spu + water  
2 4 7 , 2 5 3 ~ 2 0 0 , 2 0 6  
< ksrc 56 1 2 5  1 0  
< 7 0  125 1 0  
< 4 9  1 1 2  1 0  
< 63 1 1 2  10 
< 7 7  1 1 2  1 0  
< 5 6  1 0 0  10 
< 7 0  1 0 0  1 0  

> k s r c  7 0 .  4 3 .  1 0  
> 8 4 .  4 3 .  1 0  
> 9 8 .  43 .  1 0  
> 7 7 .  5 5 .  1 0  
> 9 1 .  5 5 .  1 0  
> 7 0 .  31. 1 0  
> 8 4 .  3 1 .  10 
2 5 6 ~ 2 0 9 . 2 1 5  

~~. 
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61. 55. i n  
... 

1 2 6 .  68. 10 
> 140. 68. io 

1 1 9 .  80. 10 
133. 80. io 
141. 80. 10 
126. 92. 10 

> 140. 92. 10 
218,264d216 
< 123 1 2 5  10 
< 131 125 10 

116 1 1 2  1 0  
< 1 3 0  112 10 

1 4 4  1 1 2  1 0  
< 123 100 10 
< 131 100 10 

f * f * f * + + f + ~ f , + * + * + * t i + t * t * ~ * * * * . * * * * . * + * i + * i * * * * * f * * * * * * l . * * ~ . ~ * ~ * ~ * . * ~ * * * * * * * * * * * * * ~ * * * ,  

diff c0001fZbh2.i c0001fZb4.1 >diffZhhZb4 
1.2Cl. 2 
< glovebox ha20mb cementation model - base Ca5e 2100 g pu ~ c0001f2bh2 
< c  base case Og t 0 g conveyor  + 300g h o l d u p  + 2009 Outside i 9 0 O g  h/x=:O 

> glovebox ha20mh cementation model ~ base case 2100 g pu ~ c000112b4 , C base Case 9009 + 0 g conveyor  t 300g holdup + 2009 outs id^ +900y h/x=ZO 
l0'lO 
( C  containers - 0 2.76 L cans 90% water 1 0 %  5102 

~.~ 

~~- 
> '  containers - 7 2 . 7 6  L cans 90% water 1 0 %  3102 
1 4 . 1 5 ~ 1 4 . 1 5  
< c  5 2.16 L cans p u t w a t e r t c a r b o n i s i o 2  
< c  0.06513 g / c c  pu 
... 
> c  7 2.16 L can3 putwateiicarbontSlO2 
> c  0.04652 a l c c  nu 
61.63~61.63 
< 4 4 4 4 3 3 3 3 3 3 3 3 3 3 3 3 3 3 4 4  
< 4 4 4 4 3 3 3 3 3 3 3 3 3 3 3 3 3 4 4 4  
< 4 4 4 3 3 3 3 3 3 3 3 3 3 3 3 3 3 4 4 4  
~~. 
> 4 4 4 4 3 3 3 3 3 2 2 3 3 3 3 3 3 3 4 4  
> 4 4 4 4 3 3 3 3 2 2 2 3 3 3 3 3 3 4 4 4  
> 4 4 4 3 3 3 3 3 2 2 3 3 3 3 3 3 3 4 4 4  
65366 
> 4 4 4 4 4 3 3 3 3 3 5 5 3 3 3 4 4 4 4 4  
67667 
< 4 4 4 4 4 3 3 3 3 3 3 3 3 3 3 4 4 4 4 4  
7 8 ~ 7 8  
208 11 -2.1746 -201 -28 u=5 

... 
imp:"-] 

> 208 11 -2.1139 -201 -28 ~ = 5  imp: n i l  
196,191~196,191 
< mll 54~39.55 -0.06513 8016.50 -0.18435 in01.50 -0.00549 
< 6012.50 -0.61704 14000.50 -0.64258 $0" + c + s L o 2 +  w a t e r  
~~~ 

> 94235.55 -0.04652 8016.50 - 0 . 7 8 1 7 0  iooi.sn -n.ou392 
> 6012.50 -0.68842 14000.50 -0.65338 spu +c+s1a2+ w a l . P I  
213a214,215 
> 126. 92. 10 
> 1 4 0 .  92. 10 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

diff c0001f2bh3.1 c0001f2b4.1 xliff2hh3b4 
1.2Cl.2 
< glovebox ha20mb Cementation model - base case 2100 g pu ~ c0001fZbhi 
< c base case 0 g  + 0 9 conveyor + 3009 h o l d u p  + 2OOy outside 19009 h/x=%O 

> glovebox ha20mb cementation model - base case 2100 y PO - c0001f2h4 
> c base case 90Og + 0 g conveyor + 300g h o l d u p  t 2009 O u t s i d e  t 9 0 0 g  h/x.:O 
lOCl0 
< c  containers - 0 2.16 L cans 90% water 1 0 %  s i 0 2  

... 

... 
> c  containers ~ 7 2.76 L cans 50% water 10% 3102 
1 4 ,  15~14. I5 
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< c  6 2 . 7 6  L c a n s  pu+water+carbon+sio: 
< c  0 . 0 5 5 4 2 8  g / c c  p u  

> c  7 2 . 7 6  L cans pu+water+carbon+slo: 
.> c 0 . 0 4 6 5 2  g/cc pu 
61.63c61.64 

4 4 4 4 3 3 3 3 3 3 3 3 3 3 3 3 3 3 4 4  
< 4 4 4 4 3 3 3 3 3 3 3 3 1 3 3 3 3 4 4 4  
< 4 4 4 3 3 3 3 3 3 3 3 3 3 3 3 3 3 4 4 4  

4 4 4 4 3 3 3 3 3 2 2 3 3 3 3 3 3 3 4 4  
> 4 4 4 4 3 3 3 3 2 2 2 3 3 3 3 3 3 4 4 4  
> 4 4 4 3 3 3 3 3 2 2 3 3 3 3 3 3 3 4 4 4  
> 4 4 4 4 4 3 3 3 3 3 3 5 5 3 3 3 4 4 4 4  

~~~ 

~~~ 

61. 6 6 ~ 6 6  
? 4 4 4 4 4 3 3 3 3 3 5 5 5 3 3 3 4 4 4 4  
< 4 4 4 4 4 3 3 3 3 3 3 3 3 3 3 4 4 4 4 4  
... 
> 4 4 4 4 4 3 3 3 3 3 5 5 3 3 3 4 4 4 4 4  
78C78 
< 208 11 - 2 . 1 1 4 2  -201  -28  u=5 Imp:"=l 

> 208 11 -2 .1139 -201  -28 u=5  Imp:"=l 
1 9 6 , 1 9 7 ~ 1 9 6 , 1 9 7  
< mll 9 4 2 3 9 . 5 5  -0.05428 8 0 1 6 . 5 0  - 0 . ~ 1 8 2 8 0  1001.50 - 0 . 0 0 4 5 8  
< 6 0 1 2 . 5 0  -0 .68368 14000.50 - 0 . 6 4 8 8 8  Spu r c + s 1 0 2 +  w a t e r  

i 6 0 1 2 . 5 0  -0.68842 1 4 0 0 0 . 5 0  - 0 . 6 5 3 3 8  s p u  tCtSlO2t w a t e r  

~~~ 

_ _ ~  
> mll 94239.55  - 0 . 0 4 6 5 2  8 0 1 6 . 5 0  - 0 . 7 8 1 1 0  1 0 0 1 . 5 0  - 0 . 0 0 1 9 2  

209d208 
< 112. 68.  10 
2 14aZ 1 4 , 2  1 5  
> 1 2 6 .  9 2 .  10 

1 4 0 .  9 2 .  1 0  

f*f**f***~+l,l****+***fitl-t-tlt++f*f**+***********~***~.**********~.***,~.,.*,***,*~*~** 

d i f f  c0001f2bhl.i c0001f2b4.i > d i f f 2 b h l b 4  
1,ZCl. 2 
< 9lovebox ha20mb cementation model - sensitivity case 2100 g pu ~ c 0 0 0 1 f 2 b h l  
< c base case 0g + 0 q conveyor t 3009 h o l d u p  + 200g outside 1900g h/x=20 

> glovebox ha2Omb cementation model - base case 2100 g pu ~ c 0 0 0 1 f 2 b 4  
> c base case 900g + 0 g conveyor + 3009 h o l d u p  t 2009 Outside +900g h / x = 2 0  
lOCl0 
< c  containers - 0 2 . 7 6  L cans  90% water 10% 3102 

> c  c o n t a i n e r s  ~ 7 2.16 L cans  9 0 1  water 10% 3 1 0 2  
61 .  6 3 ~ 6 1 ,  63  
< 4 4 4 4 3 3 3 3 3 3 3 3 3 3 3 3 3 3 4 4  

4 4 4 4 3 3 3 3 3 3 3 3 3 3 3 3 3 4 4 4  
< 4 4 4 3 3 3 3 3 3 3 3 3 3 3 3 3 3 4 4 4  

> 4 4 4 4 3 3 3 3 3 2 2 3 3 3 3 3 3 3 4 4  
> 4 4 4 4 3 3 3 3 2 2 2 3 3 3 3 3 3 4 4 4  
> 4 4 4 3 3 3 3 3 2 2 3 3 3 3 3 3 3 4 4 4  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

diff c0001fZbh4.i c0001f2b4.i > d i f f 2 b h 4 b 4  
1.2c1, 2 
I glovebox ha20mb Cementation model ~ base case 2100 g pu - c0001fZbh4 
< c 

> glovebox ha20mb cementation model - base case 2100 g p u  ~ c 0 0 0 1 f 2 b 4  , c: base case 9009 + 0 g conveyor + 3009 h o l d u p  + 200g outside 1900q hlx-20 
l O C l 0  
< c  containers ~ 0 2.76 L cans 90% water 10Y s102 

) C  containers - 7 2.76 L cans 90% water 10'1 5102 
1 4 . 1 5 ~ 1 4 . 1 5  
< c  1 0  2 . 1 6  L cans  puiwatertcarbonisio2 
< c  0 . 0 3 2 5 7  g/cc pu 

> c  7 2 . 7 6  L cans Du+water+carbon+sioz 

~~~ 

~~~ 

~~~ 

base case Og + 0 g conveyor + 3009 h o l d u p  t ZOO9 outside +900g h/x=ZU 
... 

~~~ 

... 

> c  0 . 0 4 6 5 2  g / c c  p i  
6 1 , 6 5 c 6 1 , 6 6  
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I 4 4 4 4 3 3 3 3 3 3 3 3 3 3 3 3 3 3 4 4  
4 4 4 4 3 3 3 3 3 3 3 3 3 3 3 3 3 4 4 4  
4 4 4 3 3 3 3 3 3 3 5 5 5 3 3 3 3 4 4 4  

< 4 4 4 4 4 3 3 3 3 5 5 5 5 3 3 3 4 4 4 4  
< 4 4 4 4 4 3 3 3 3 5 5 5 3 3 3 3 4 4 4 4  
~~~ 

i 

h7dih7 

4 4 4 4 3 3 3 3 3 2 2 3 3 3 3 3 3 3 4 4  
4 4 4 4 3 3 3 3 2 2 2 3 3 3 3 3 3 4 4 4  
4 4 4 3 3 3 3 3 2 2 3 3 3 3 3 3 3 4 4 4  
4 4 4 4 4 3 3 3 3 3 3 5 5 3 3 3 4 4 4 4  
4 4 4 4 4 3 3 3 3 3 5 5 5 3 3 3 4 4 4 4  
4 4 4 4 4 3 3 3 3 3 5 5 3 3 3 4 4 4 4 4  

~ ~~ 

< 4 4 4 4 4 3 3 3 3 3 3 3 3 3 3 4 4 4 4 4  
78ClR 

z o a  11 -2.17345 -201 -28 "=5 imp: n =  I 
~~~ 

> 2 0 8  11 -2.1739 -201 - 2 8  "=s 1mp:n-l 
196,191~196,191 
< mll 94239.55 -0.03257 8016.50 -0.71971 1001.50 -0.00275 

6012.50 -0.69695 14000.50 - 0 . 6 6 1 4 1  $1"' +c*slo2+ wdter 

> 6012.50 -0.68842 14oon.so -0.65338 spu +C+SlOZ+ w a t e r  

._. 
> mll 94239.55 - 0 . 0 4 6 5 2  R016.50 -0.78170 1001.50 -0.00392 

209d208 
< 112. 68. 10 
21Zd210 
< 10s. a o .  10 
2166213 
< 112. 92. 10 

t*~l**+l*l+ft+*+****f*titt-l.l+l+tt+f*f****~**"****.*.*~**~**~***,****~**..*,~.*..~,~.*,* 

diff c0001fZql.i c0001f2b4.i .diffZqlb4 
I,ZCl,2 

< c base case 900q + 0 q conveyor + 300q holdup + 0y Outside 190011 h/x=20 

> glovebox ha20mb cementation model - base case 2 1 0 0  y pu - c0001f2b4 
> c base case 9009 + 0 q conveyor + 300g holdup + 2009 Outside +900q h/x=20 
463 
< c  2" water flooded, 1 0 %  water spray 
6c5 
< c  bowl3 - t w o  bowls next to cans 

> c  bowls - t w o  bowls in corner  10" from cans 
11. 13~10.12 
< c  c o n t a i n e r s  ~ 4 2.125 L cans 908 water 10% si02 
( C  0.04523 q pulcc 
< c  h/x=525 

> c  containers - 7 2.76 L cans 90% water 10% s 1 0 2  
> c  0.02585 g pu/cc 
> c  h/x=921 
1 5 ~ 1 4  
< c  7 2.725 L cans @"+water+= 

qlovebox ha20mb Cementation model - S e i S m C  t w o  bowls ~ c000112ql 

... 

~~~ 

... 

... 
> c  1 2.76 L cans pu+water+carbontslol 
18a18.19 
> c  room - 1 2.76 L can 6'' spacing from qlavebon w a l l  
> c  0.200 kq pu + water 
Z l C 2 2  
< I 1 -0.1 1 -2 3 - 4  2 0  -6 

( C  containers 

< 9 1 -0.1 -32 -63 61 71 
< 10 1 -1.0 -32  70 -71 I61:-691 

38,39~3a,41 

~~~ 

> c  bowl water reflection 
> 9 1 -1.0 (I63 -33 -20 132:281):1-63 61 -62 691: 

(-69 70 -621) -2 1 103 
i 10 0 -33 -63 70 62 -2 1 103 
42.49~44.41 

imp:n=l 

i m o  : n-- 1 

imp:n=l 
imp:n=l 
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< 12  1 - 0 . 1  - 3 4  - 6 3  5 8  7 1  . li I -1.0 - 3 4  70 - 7 1  1 5 8 : - 6 9 1  

1 4  10 -2.~11 -202 7 0  - 2 8  
1 5  10 - 2 . 9 1 1  - 2 0 3  70 -28  

< 1 6  1 0  -2.911 - 2 0 4  7 0  - 2 8  
17 10 -2.911 -205 70 - 2 8  

< 18 10 - 2 . 9 1 1  -206 70 - 2 8  
... 
i c  bowl water reflection 
> 12  1 - 1 . 0  1 1 6 3  - 3 5  - 2 0  l 3 4 : 2 8 l l : I - h 3  5 8  - 6 0  6 9 1 :  

1-69 7 0  - b o l l  -2  I - 1 0 3  
> 13 0 - 3 5  - 6 3  7 0  60 - 2  1 - 1 0 3  
5 1 . 5 2 c 4 9 . 5 0  

< 2 3  1 - 1 . 0  70 - 2 8  53 6 4  - 6 5  4 1  66  -1 
< 2 2  1 - 1 . 0  7 0  - 2 8  - 5 3  

... 
, 2: 5 - 1 . 0 7 4 9  70 -28 - 5 3  

< 25 0 I 3 - 4 3 3  - 4 4 4  7 0  -28 3 2  3 4  201 2 0 3  2 n d  2 0 5  2 0 6  

> 7 3  0 7 0  - 2 8  5 3  64  -65 4 1  6 6  -1 
5 6 ~ 5 4  

... 

< 
< 
< 
< 
< 
< 
< 
< 
< 

< 

... 
> 
> 
> 
> 
> 
> 
> 
> 
> 
> 
> 
> 
> 
7 3 ,  8 6 ~  
< 2 0 1  
< 202  
< 2 0 3  
< 2 0 4  
< 2 0 5  
< 2 0 6  
< 2 0 7  
< 2 0 8  
< 2 0 9  
< 210  
< 2 1 1  
< 2 7  
< 28 
< 29 

201 
> 20% 
> 2 0 3  

> 2 0 5  
> 2 0 6  
> 2 0 7  
> 208 

... 

> 2 n d  

> 
5 9 ,  

2 5  0 1 3 - 4 3 3  

fill= -5:12 
4 4 4 4 4 4  
4 4 4 4 4 3  
4 4 4 4 4 3  
4 4 4 4 3 3  
4 4 4 4 3 3  
4 4 4 3 3 3  
4 4 4 3 3 3  

.71c57. 69 
- 4 4 4  7 0  -20 3 3  35 

4 4 3 3 3 4  
4 4 3 3 3 3 3 3 3 3 3 3 4 4 4 4 4 4  
4 3 3 3 3 3 3 3 3 3 3 3 4 4 4 4 4 4  
4 3 3 3 3 3 3 3 3 3 3 4 4 4 4 4 4 4  
4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4  

fill= - 5 : 1 4  -1:lO 0 :o  
4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4  
4 4 4 4 4 3 3 3 3 3 3 3 3 3 3 3 3 3 3 4  
4 4 4 4 4 3 3 3 3 3 3 3 3 3 3 3 3 3 4 4  
4 4 4 4 3 3 3 3 3 2 2 3 3 3 3 3 3 3 4 4  
4 4 4 4 3 3 3 3 2 2 2 3 3 3 3 3 3 4 4 4  
4 4 4 3 3 3 3 3 2 2 3 3 3 3 3 3 3 4 4 4  
4 4 4 4 4 3 3 3 3 3 3 5 5 3 3 3 4 4 4 4  
4 4 4 4 4 3 3 3 3 3 5 5 5 3 3 3 4 4 4 4  
4 4 4 4 4 3 3 3 3 3 5 5 3 3 3 4 4 4 4 4  
4 4 4 4 4 3 3 3 3 3 3 3 3 3 3 4 4 4 4 4  
4 4 4 4 3 3 3 3 3 3 3 3 3 3 4 4 4 4 4 4  
4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4  

17 

1 - 0 . 1  71 u = 4  
1 -1 .0  - 7 1  u-4  

1 - 0 . 1  2 0 1  7 1  u = 5  
1 - 1 . 0  2 0 1  - 7 1  u=5 

11 - 2 . 1 7 3 9  - 2 0 1  "=s 

1 - 0 . 1  1 3 - 4 3 3  - 4 4 4  28 -2n  
1 - 0 . 1  1 -2  3 -4  1 4 3 3 : 4 4 4 1  7 1  - 2 0  
1 - 1 . 0  1 -2  3 - 4  1 4 3 3 : 4 4 4 1  7 0  - 7 1  

I .  
11 - 2 . 1 7 3 9  - 2 0 1  - 2 8  u = 5  

imp: r l = l  
1mp:n-l 

imp: n-1 
imp:n=l 
zmp:n=l 
Imp: n=1 
m p : n = 1  

1 mp : n = l  
imp : "-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:"=l 
i m p : n = l  
1mp:n=1 

Imp: n=1 
imp:". 1 
imp:n=l 
imp:"=] 
imp:n=l 
i m p :  n-1 

imp:"=l 
i rnp :n=l  
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> 209 I -1.0 28 u=5 
> 210 0 201 -28 u=5 

118,121~113,116 
< 32 c / z  60.162 12.690 10.16 
< 3 3  c / z  60.162 72.690 12.10 

34 c / z  80.538 72.690 10.16 
I 35 c/z 80.538 1 2 . 6 9 0  12.10 

> 7 8  0 I -2 3 - 4  1433:4441 in -20 3 3  35 

~~~ 

imp:n-1 
imp:"=] 
imp:n=1 

> 32 c / r  10.21 121.81 10.16 
> 33 c / z  10.21 121.87 12.70 
> 34 c / z  10.21 101.45 10.16 
> 35 c / z  10.21 101.45 12.70 
1 3 8 ~ 1 3 1  

53 c / z  -23.495 111.11 6.985 

> 53 c/z -23.495 12I.Rl 6.985 
143cliR 
< 58 i 80.538 1 2 . 6 9 0  9 . 9 8  10.lh 

> 58 5 10.21 101.45 9.98 10.16 
145,141~140,142 
< 60 5 80.538 72.690 9.98 12.70 

< 62 s 60.162 72.690 9 . 9 R  12.70 

~~- 

< 61 s 6 0 . 1 6 2  .iz.690 9.98 10.16 

... 
> 60 s 10.21 101.45 9.58 12.10 
> 61 s 10.21 121.87 9.98 10.16 
> 62 s 10.21 121.87 9.98 12.10 
149,150~144,145 
< 64 nv 104.125 ._ 
< 6 5  p y  118.095 
-~~ 
> 64 py 114.885 
> 65 py 128.855 
152c141 
< 61 c / z  -23.495 111.11 37.465 
~~. 
> 6 1  c / z  -23.495 121.87 37.465 
159~154 
< I 0 3  pn 1 2 0 . 3 3  

> 103 py 111.66 
116~17 1 
< 433 px 155.810 
... 
> 433 PX 196.980 

< 14000.50 -0.11200 5pu t S I 0 2  twater 

> 14000.50 -0.11200 5pu t ca rbon  t w d t i i i  

189,190~184,185 
< m4 94239.55 -0,04523 8016.50 -0.92937 1001.50 -0.10021 

... 
> m4 94239.55 -0.02585 8016.50 -0.92848 1001.50 -0.10042 

192C181 
< m5 94239.55 -0.01339 8016.50 -0.89148 1001.50 -0.11109 Spu + water 
... 

< ksrc 56. 43. 10 
< 1 0 .  43. 10 

> k*LC 10. 43. 10 
208CZ02 

63. 55. 10 

~~~ 

... 
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70. 31. 10 
8 4 .  31. 10 
1 0 .  122. 10 
10. 101. 10 

> 1 4 0 .  68. 10 
i 119. 80. 10 

126. fie. 10 

> 1 3 3 .  8 0 .  1 0  
> 141. 8 0 .  1 0  
i 126. 92. 10 
> 140. 92. 10 

- 2 3 .  121. 10 

* * * , t f , + + + , , * t * * * + t * * * * * , ~ * * * * * t f * f - * * * * * * ~ * * " * * ~ * ~ * * * * ~ ~ * . ~ . * . ~ ~ . ~ * * ~ * ~ * * ~ ~ ~ * ~ * ~ ~ ~ ~ ~ ~ ~ ~ ~ * ~  

diff c0001f2qZ.i c0001f2ql.i >diff2q2q1 
IC1 
< glovebox ha20mb Cementation model ~ seismic two bowls ~ c 0 0 0 1 f 2 q 2  

> glovebox ha20mb cementation model - Seismic two bowls - c0001fZql 
3c3 
< c  glovebox ~ full water reflection on a l l  sides, warer  can ref1 

> c  glovebox - full water reflection on all sides. c e m e n t  can ref1 

... 

-~~ 

4 5 , 4  9c4 1 ; 4 9 
< 14 1 - 1 . 0  
< 15 1 -1.0 
< 16 1 -1.0 
< 17 1 -1.0 
< 18 1 -1.0 

- 2 0 2  70 -28  
- 2 0 3  70 -28 
-204 70 -28 
-205  70 -28 
-206 10 -28 

> 14 10 - 2 . 9 1 1  -202  10 -28 
> 15 10 -2.911 -203 7 0  - 2 8  
> 1 6  10 -2.911 -204 7 0  -28  
> 17 10 -2.911 -205 70 -2R 
> 1 8  10 - 2 . 9 1 1  -206 7 0  - 2 8  
7 6 ~ 7 6  

Imp:"=: 
1mp:n=1 
imp:"=l 
imp:*-1 
imp:n=l 

imp: n=l 
~ m p :  n = l  
imp:n=l 
Imp:"-1 
imp:n=l 

< 204 1 - 1 . 0  -201 ,1=3 imp: n=l 

> 204 1 0  -2.911 -201 u=3 imp: n-1 
... 

f * f * * f * f l f . f l . ~ f * ~ * * * , * * * * * * f * * * * * * . * ~ * * * * * * * * * ~ * * * * ~ * * * * * * ~ * * * * * * * * * * * * ~ ~ * ~ * * , , . * . ~ ~ ~ ~ ~ ~ ~  

diff c0001f2qla.i c0001f2ql.i >diffZqlaql 
1c1 
< glovebox ha20mb cementation model - seismic two howls ~ c0001fZqla 

> glovebox ha20mb Cementation model ~ seismic two bowls - cOOO1f2ql 
~~~ 

< c  
< c  
... 
> c  
> c  
20d19 
< c  
3 8 ~ 3 1  
< 8 3 -1.0431 

> 8 3 -1.0431 
~~~ 

4 2 ~ 4 1  
i I1  3 -1.0431 

5 2.76 L cans 90% water l o a  si0z 
0.03619 g pu/cc 
h/x=627 

4 2 . 7 2 5  L cans  9 0 %  Water 108 s i 0 2  
0.04523 g pu/cc 
h/x=525 

5 2.76 L cans pu+water+carbontsioZ 
0.06513 g / c c  pu 

1 2.725 L cans pu+water+c 
0.04612 g/cc pu 

I 1 6 3  -281: ( - 6 3  -61 69) 1 -32 

( ( 6 3  -281: 1-63 -61 691) -32 

1163 -281: 1-63 -58 691) -34 

( 1 6 3  -281: 1-63 -58 6 9 1 )  - 3 4  

1mp:n=1 

imp:n=l 

I m p :  "=I 

imo:n=l 
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4 4 3 3 3 3 2 2 2 5 3 3 3 3 4 4 4 4  

4 4 4 4 4 3 3 3 3 3 3 3 3 3 3 3 4 4  
4 4 4 4 4 3 3 3 3 3 3 3 3 3 3 4 4 4  
4 4 4 4 3 3 3 5 5 5 3 3 3 3 3 4 4 4  

> 4 4 4 4 3 3 5 2 2 5 3 3 3 3 4 4 4 4  
4 4 4 3 3 3 5 2 2 5 3 3 3 3 4 4 4 4  

1 4 ~ 1 3  
< 201 4 -1.117 - 2 0 1  u=2 

~~~ 

~~~ 

> 201 4 -1.187 -201 u=z 
82,83c81.82 
< 209 11 -2.1146 -201 u=S 
< 210 1 -0.1 201 71 u=S 
... 
> 209 11 -2.1739 -201 u=5 
, 210 1 -0.1 201 11 u=5 
139~138 
< 53 c / z  -23.495 121.87 6 . 9 8 5  
~~~ 

Imp:n=l 
imp:n=l 

> 53 c / i  -23.495 111.11 6.985 
150,151~149,150 
< 64 py 114.885 
< 6 5  p y  128.855 

> 64 py 104,125 

153~152 
> 65 py 118.095 

61 c / z  -23.495 121.8'1 31.465 

> 61 c / z  -23.495 111.11 37.465 
190~189 
< m4 94239.55 -0.03619 8016.50 -0.92895 1001.50 -0.10n3i 

~.. 

... 
> m4 94239.55 -0,04523 8016.50 -0,92937 1001.50 -0.10021 
202,203~201,202 
< mll 94239.55 -0.06513 8016.50 -0.78435 1001.50 -0.00549 
< 6012.50 -0.61104 14000.50 -0,64258 Spu + C + S l O 2 +  water 

> mll 94239.55 -0.04652 8016.50 -0.781iO 1001.50 -0.00392 
> 6012.50 -0,68842 14000.50 -0.65338 spu +C+SlOZ+ water 

+ t f t , + + + * + + * t * f * f * f t . . * . ~ * * * * * . * ~ . * ~ * , * * * * ~ * * . * . * ~ ~ * , * * * , ~ * * * * ~ * * * * * * * * ~ * * * * , * ~ ~ ~ * . * . ~ * . .  

diff c0001f2q4.i c0001f2ql.i >diffZq4ql 
1 .6c1 .4  
< glovebox ha2Omb cementation model - seismic case 2 1 0 0  g pu ~ c0001fZq4 

c base case 18009 + + 3 0 0 g  holdup i 2 0 0 g  outside 
< c  glovebox ~ full water reflection on all sides 
( C  

< c  2100 g pu mixed with water in glovebox conveyor housing under floor, 
< c  2" water on floor, 108 water s p r a y  
... 
> glovebox ha20mb Cementation model - se ismic  t w o  bowls - c0001fZql 
> c base case 9009 + 0 q conveyor + 300g holdup + Og Outside 1900g h/x=20 
> c  glovebox - full water reflection on all s i d e s ,  cement can re f1  
' C  2" water flooded, 108 water spray 

> c  
> c  
> c  
i c  

room ~ 1 2 . 1 6  L can 6" spacing f r o m  glovebox wall 
0.200 kg pu + water 

bowls - two bowls next to c a n s  
0.04161 g p u / c c  pu 
0 . 2 0 0  kg pu/bowl 
h/x=634 
sides, bottom Of bow15 not included 

containers - 4 2.125 L cans 9 0 %  water 10% s m 2  
0.04523 q pu/cc 
h/x=525 
500 q pu total 

7 2.125 L cans puiwatertc 
0.04652 g / c c  pu 
h/x=ZO ~~ 

> c  9009 pu total 
1zcz1 

I I -0.1 1 -2 3 -4 11 -6 

C-56 
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~~~ 

> I I -0.1 1 - ?  3 - 4  20 -6 
1 4 ~ 2 3  
< 2 20 -1.005121 24 -25 7 - 5  8 -9 
~~~ 

> 2 I -1.0 24 -25 i -5 8 -5 
26,27c35,49 
< c  2 inch l a y e r  on f l o o r  
< 8 1 -1.0 1 -2 3 -4 10 -11 

> c  c o n t a i n e r s  
... 

> c  bowl 
> 8 3 -1.0431 1163 -28!:1-63 -61 6911 -32 
> 5 1 -0.1 -32 -63 61 11 
> 10 I -1.0 -32 10 -71 161:-€51 
> c  bowl 
> I1 3 -1.0431 1163 -281: 1-63 -58 6911 -34 
> 12 1 -0.1 -34 -63 58 11 

1 3  1 -1.0 -34 10 -71 158:-651 
> c  can 
> 14 10 -2.911 -202 10 -28 
, 15 10 -2.911 -203 10 -28 
> 16 10 -2.911 -204 10 -28 
> 11 10 -2.911 -205 70 -28 
> 18 10 -2.911 -206 10 -28 
29.30~51.52 
< 22 5 -1.0749 70 -28 -53 
< 23 0 70 -28 53 6 4  -65  41 66 -1 
.. 
> 22 I -1.0 10 -28 -53 
> 23 1 -1.0 10 -28 53 64 -65 41 66 -1 
32~54.86 
< 24 1 -1.0 5 -10 1 - 4  -2 3 
... 
> 24 8 -5.562 5 -70 1 -4 -2 3 
' C  filled cans  

25 

26 

0 1 3 -433 -444 70 -28 32 34 T O ?  703 204 
f l l l = l  17.035 7.035 01 

0 -331 334 -330 333 -325 
fill= - 5 : 1 2  -1:10 0 :o  
4 4 4 4 4 4 4 4 4 4 4 4 4 4  
4 4 4 4 4 3 3 3 3 3 3 3 3 3  
4 4 4 4 4 3 3 3 3 3 3 3 3 3  
4 4 4 4 3 3 3 5 5 5 3 3 3 3  
4 4 4 4 3 3 5 2 7 5 7 7 3 3  

332 u=l 

4 4 4 4  
3 3 4 4  
3 4 4 4  
3 4 4 4  
4 4 4 4  

4 4 4 3 3 3 5 2 2 5 3 3 3 3 4 4 4 4  
4 4 4 3 3 3 4 4 4 3 3 3 3 4 4 4 4 4  
4 4 3 3 3 4 4 4 4 3 3 3 3 4 4 4 4 4  
4 4 3 3 3 3 3 3 3 3 3 3 4 4 4 4 4 4  

> 4 3 3 3 3 3 3 3 3 3 3 3 4 4 4 4 4 4  
> 4 3 3 3 3 3 3 3 3 3 3 4 4 4 4 4 4 4  
> 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4  

1at=: 

> 201 
> 202 
> 203 
> 204 
.- 205 
> 206 
> 207 
> 2 0 8  
> 209 
> 710 

4 

I 
10 

1 
1 
1 
11 

-1.187 
-0.1 
-1.0 
-2.511 
-0.1 
-1.0 
-0.1 
-1.0 
-2.1739 
-0.1 

- 2 0 1  u=z  
201 11 u=2 
201 - 7 1  u=2 

201 11 u=3 
201 -11 u=3 
11 , , = 4  

-201 u=3 

~ .~ 
-11 u=4 
-201 u=5 
201 11 u=5 

> 211 1 -1.0 201 -11 u=5 
> 21 I -0.1 1 3 -433 -444 28 -20 
., 28 1 -0.1 1 -2  3 -4 (433:4441 71 -20 
> 29 I -1.0 1 -2 3 -4 (433:444) 70 -71 
64,67cl18,121 
< 32 C / L  10.21 121.87 10.16 
<. 33 c / z  10.21 121.81 12.70 
< 34 c/z 10.21 101.45 10.16 

35 c / z  10.21 101.45 12.70 
.~~ 

2 0 5  

imp: n-.l 

Imp:"-1 

imp:"=] 

zmp:n=1 

irnp: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 
~mp:n=l 
m p : n = 1  

~ r n p : n = l  
Imp:n=l 

irnp:n=l 
irnp:n=l 

imp:n=l 

imp:"-1 

2 0 6  
lm":"=l 

imp:n=l 
imp:n=l 
imp:"=] 

Imp:"-1 
Imp:n=l 
imp: n=l 
mp:n=l 
irnp:n=l 
Irnp:n=l 
irnp:n=l 

imp: n = l  
imp:n=l 
1ma:n-1 

Imp:"=? 

imp:"=] 

, 37 C / L  60.162 72.690 10.16 
, 33 C / L  60.162 72.690 12.10 
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> 34 C / L  80.538 12.690 10.16 
> 35 C / L  80.538 12.690 12.70 
8 4 ~ 1 3 8  
< 53 C / L  -23.495 121.87 6.985 

> 53 c / z  -23.495 111.11 6.985 
89~143 
< 58 5 10.21 101.45 9.98 10.16 

> 58 5 80.538 72.690 9.98 10.16 
Y1,43C141,147 

f in  s 10.21 101.45 9.98 12.10 .. 
I 61 s 10.21 121.87 9.98 10.16 
< 62 5 10.21 121.81 9.98 12.10 

9.98 
9.98 
9.98 

12.70 
10.16 
12.70 

.~~ 
> 64 py 104.125 
> 65 py 118.095 
98C152 
< 67 c/z -23.495 121.87 31.465 
... 
> 67 c / z  -23.495 111.11 37.465 
105~159 
< 103 py 111.66 

< 121 
< 122 
< 123 
< 124 
< 125 
< 126 
< 121 
< 128 

129 
< 130 
< 131 
< 132 
< 133 
< 134 
< 135 
< 136 
< 131 
I 138 
< 139 
< 420 
< 421 
< 422 
< 423 
< 424 
< 425 
< 426 
< 421 
< 428 
< 429 
< 430 
< 431 
< 432 
< 433 
< 434 
< 435 
< 436 
< 437 

c/z 56.280 125.045 6.985 
c / z  56.280 125.045 9.525 
c/z 70.350 125.045 6.985 
c / z  70.350 125.045 9.525 
c / z  49.245 112.860 6.985 
c / z  49.245 112.860 9.525 
c/z 63.315 112,860 6.985 
c / z  63.315 112.860 9.525 
c / z  17.385 112.860 6.985 
c / z  77.385 112.860 9.525 
c / z  56.280 100,675 6.985 
c / z  56.280 100.615 9.525 
c/z 70.350 100.615 6.985 
c / z  70.350 100.675 9.525 
c / z  63.315 112.860 12.185 
px 70.350 

py 125.045 
c / z  63.315 59.131 9.1091 
c / z  63.315 59.131 11.6491 

C / L  123.890 125.045 9.525 
c/z 137.960 125.045 6.985 
c / z  137.960 125.045 9.525 
c/z 116.855 112,860 6.985 

c / z  130.925 112.860 6.985 
c/z 130.925 112.860 9.525 
c/z 144.995 112.860 6.985 
c / z  144.995 112.860 9.525 
c/z 123.890 100.675 6.985 
c / z  123.890 100.675 9.525 
c / z  137.960 100.675 6.985 
c / z  131.960 100,675 9.525 
c / z  130.925 112.860 12.185 
pn 137.960 
pn 123.890 
PY 125.045 

px 5 6 . 2 8 0  

C / Z  123.890 125.045 6.985 

C / Z  116.855 112.860 9.525 

171,172ci89.190 
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< m4 94239.55 -0.02585 8016.50 -0.8004H 1001.50 - 0 . 1 0 0 4 2  
6012.50 -0.17100 Spu + carbon + w a t e r  

~~. 
., m4 94239.55 -0.04523 8016.50 -0.92937 1001.50 -0.10~21 

< m5 94239.55 -0.0723i 8016.50 - 0 . 8 9 1 4 3  1001.50 -0.11110 $ P U  + water 

> 94239.55 -0.07339 8016.50 -0.89148 1001.50 -0.11109 S P U  + water 

14000.50 - 0 . 1 1 2 0 0  $p" + 5102 +water 
174~192 

~~~ 

176~194 
< m7 94239.55 - 0 . 0 8 5 1 1  8 0 1 6 . 1 0  - 0 . 8 9 2 0 2  1001.50 -0.11096 Spu + w a t e r  

> mi 94239.55 - 0 . 1 4 6 7 9  8016.50 -0.89485 1001.50 -0.11028 Spu t w a t e r  

< m2a 94239.55 -0.00552a 8016.50 -0.aai614 1001.50 -0.111839 $PU + wate r  

~~~ 

186,187d203 

< mt20 1wtr.01 
189,190~205,217 
< ksrc 235. 66. -17. 

-23. 121. 10 

11. 31. 10 
> 42. 43. 10 
> 49. 55. 10 
> 60. 72. 10 
> 80. 1 2 .  10 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

diff c000lfZq4a.i c0001fZql.l >diffZqlaql 
1,6c1,4 
< glovebox ha20mb cementation model - seismic case ?I00 g pu ~ c0001f2q4a  
< c base case 18009 + 13009 holdup t2009 outside 
< c  glovebox - f u l l  water reflection on all sides 
< c  
< c 2100 g pu at 30 g/L i n  water in glovebox conveyor  housing under floor, 
< c  2" water an f l o o r ,  10% water spray 
... 
> glovebox ha20mb Cementation model - seismic two bowls - c0001fZq l  
> c base case 9009 + 0 g conveyor + 3009 holdup + 0g outside t900q h / x = 2 0  
> c  glovebox - full water reflection on all sides, cement can ref1 
i c  2" water flooded, 10% water spray 
8, 9~6.18 
< c  room - 1 2.76 L can 6" spacing from glovebox wall 
< c  0.200 kg pu + water 

bowls - two bowls next to cans 
0.04161 g pu/cc pu 
0.200 ka ou/bowl _ .  
h/x=634 
sides, bottom of bowls not included 

containers ~ 4 2.725 L cans 90% water 10' s i 0 2  
0.04523 g pu/cc 
h/x=525 
500 g pu total 

7 2.725 L cans putwater+<: 
0.04652 g / c c  pu 

_~.  
, 1 1 - 0 . 1  1 -2  3 - 4  20 -6 
1 4 . 1 5 ~ 2 3  
< 2 20 -1.031048 24 -25 7 -72 8 -9 
i 3 1 -1.0 24 - 2 5  72 -5 8 -9 

1mp:n=l 

1mp:n=1 

imp:n=l 
imp:n=l 

imp:n=l > 2 I -1.0 24 -25 J -5 8 -9 
21.28~35.49 

c -59  
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I C  2 inch layer on f l o o r  
a I - 1 . 0  1 -2 3 - 4  7 0  - 7 1  

~~~ 

I <' c o n t a i n e r s  
., c howl 

> 9 I - 0 . 1  -32  - 6 3  6 1  7 1  
,% 10 1 - 1 . 0  -32 70 - 7 1  161: -69)  
1 5  bowl 
> 11 3 - 1 . 0 4 3 1  ( 1 6 3  - 2 8 ) : ( - 6 3  -58 6911 -34 
> 1 2  1 - 0 . 1  -34 -63 5 8  7 1  
> 1 3  ! - 1 . 0  -34 7 0  - 7 1  ( 5 8 : - 6 9 1  

8 3 - 1 . 0 4 3 1  ( 1 6 3  - 2 8 1 :  1-63 -61 6911 -32 

- 6 5  4 1  6 6  ~ 

~~~ 

, 22 1 - 1 . 0  7 0  - 2 8  - 5 3  
> 2 3  I - 1 . 0  70 - 2 8  5 3  6 4  - 6 5  4 1  66 -1 
3 3 ~ 5 4 . 8 6  
< 24 1 - 1 . 0  5 -70  1 -4  -2 3 
..~ 
i 24 8 - 5 . 5 6 2  5 -70  1 - 4  -2 3 
> c  filled cans 
> 25 0 1 3 - 4 3 3  - 4 4 4  7 0  -28 32 34 202  2 0 3  204 2 0 5  2 0 6  
> fill=l ( 7 . 0 3 5  7 . 0 3 5  0 )  
> 2 6  0 - 3 3 1  334 -330  333 -329 332 u = 1  lat=Z 
i fill= - 5 : 1 2  - ] : I 0  0:O 
> 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4  

4 4 4 4 4 3 3 3 3 3 3 3 3 3 3 3 4 4  
> 4 4 4 4 4 3 3 3 3 3 3 3 7 7 1 4 4 4  

~~~~~~~~~~~ 

> 4 4 4 4 3 3 3 5 5 5 3 3 3 3 3 4 4 4  
> 4 4 4 4 3 3 5 2 2 5 3 3 3 3 4 4 4 4  

4 4 4 3 3 3 5 2 2 5 3 3 3 3 4 4 4 4  
> 4 4 4 3 3 3 4 4 4 3 3 3 3 4 4 4 4 4  

4 4 3 3 3 4 4 4 4 3 3 3 3 4 4 4 4 4  
4 4 3 3 3 3 3 3 3 3 3 3 4 4 4 4 4 4  

> 4 3 3 3 3 3 3 3 3 3 3 3 4 4 4 4 4 4  
> 4 3 3 3 3 3 3 3 3 3 3 4 4 4 4 4 4 4  
> 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4  

> 2 0 1  4 - 1 . 1 8 7  - 2 0 1  u=2 
> 202 1 - 0 . 1  2 0 1  7 1  u=2 
> 2 0 3  1 - 1 . 0  2 0 1  -71 ,,=7 ~~~ ~ 

> 204 1 0  - 2 . 9 1 1  - 2 0 1  u=3 
j l  205 1 - 0 . 1  2 0 1  7 1  u=3 
> 2 0 6  1 - 1 . 0  2 0 1  - 7 1  u=3 
> 207 1 - 0 . 1  7 1  u=4 
> 2 0 8  1 - 1 . 0  - 7 1  u=4 
> 209 I 1  - 2 . 1 7 3 9  -201  u=5 
> 210 1 - 0 . 1  2 0 1  7 1  u=5 
> 2 1 1  1 - 1 . 0  201  -71  u=5 
> 27 1 - 0 . 1  1 3 - 4 3 3  - 4 4 4  28 -20  
> 28 1 - 0 . 1  1 -2 3 - 4  ( 4 3 3 : 4 4 4 )  7 1  -20 
> 2 9  1 - 1 . 0  1 -2 3 - 4  1433:4441 7 0  -11  
65,68c118,121 
< 32 c/z 1 0 . 2 1  1 2 1 . 8 7  1 0 . 1 6  
< 3 3  c / z  1 0 . 2 1  1 2 1 . 8 7  1 2 . 7 0  
< 34 c / z  1 0 . 2 1  1 0 1 . 4 5  1 0 . 1 6  
i 35 c / z  1 0 . 2 1  1 0 1 . 4 5  1 2 . 7 0  

> 32 c / z  6 0 . 1 6 2  7 2 . 6 9 0  1 0 . 1 6  
> 33 c/z 6 0 . 1 6 2  7 2 . 6 9 0  1 2 . 7 0  
> 34 C / L  8 0 . 5 3 8  7 2 . 6 9 0  1 0 . 1 6  
> 35  c/z 8 0 . 5 3 8  7 2 . 6 9 0  1 2 . 7 0  
RSc138 
< 5 3  C / L  - 2 3 . 4 9 5  1 2 1 . 8 7  6 . 9 8 5  

... 

~~~ 

imp:n=l 

Imp: "-1 
Imp : "-1 
imp:n=l 

imp:n=l 
imp:n=l 
imp:n=l 
Imp:"=l 
imp:"-1 

imp: n = l  
1mp:n-1 

Imp:n=l 
imp:n=l 

imp:n=l 

imp:n=l 

imp: n = l  

I m p :  n = l  
m p : n = 1  
Imp:n=l 
I m p : n = l  
imp:n=l 
Imp: n=1 
Imp: "=I 
imp:n=l 
i m p : n = l  
Imp:"-l 
imp:n=l 
imp:"-1 
imp:n=l 
imp: n = l  
imp:n=l 

., '53 c / i  - 2 3 . 4 9 5  1 1 1 . 1 1  6 . 9 8 5  
9 0 ~ 1 4 3  
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> 58 s 8 0 . 5 3 8  7 2 . 6 9 0  9 . 9 8  1 0 . 1 6  
5 2 , 9 4 c 1 4 5 , 1 4 7  
< 60 s 1 0 . 2 1  101.45 9.98 12:iu 

61 10.21 1 2 1 . 8 7  9.98 10.16 
< 6 2  10 .21  1 2 1 . 8 7  9.98 1 2 . 7 0  
~~~ 

6 0  s 8 0 . 5 3 8  7 2 . 6 9 0  9 . 9 8  1 2 . 7 0  
> 61 s 6 0 . 1 6 2  7 2 . 6 9 0  9 . 9 8  10.16 

6 2  s 6 0 . 1 6 2  7 2 . 6 9 0  9 . 9 8  1 2 . 7 0  
9 6 . 9 7 ~ 1 4 9 ,  l5U 
< 64 p y  1 1 4 . 8 8 5  

65 p y  128.855 

> 64 p y  1 0 4 . 1 2 5  
> 65 py 1 1 8 . 0 9 5  
99~152 
i 67 c / z  - 2 3 . 4 9 5  1 2 1 . 8 7  3 7 . 4 6 5  

... 

... 
> 67 c/z - 2 3 . 4 9 5  111.11 3 7 . 4 6 5  
1 0 4 d 1 5 6  
< 7 2  p z  - 2 9 . 0 0 8  
IU7C159 
< 1 0 3  p y  1 1 1 . 6 6  
... 
> 1 0 3  px 1 2 0 . 3 3  
1 2 3 a l 7 6 . 1 7 7  
> 433 p x  1 5 5 . 8 7 0  
> 4 4 4  p y  1 2 4 . 6 1 3  
13U.167dlR' i  
< 1 2 0  
< 1 2 1  
< 1 2 2  
< 1 2 3  
< 124 
< 1 2 5  
< 1 2 6  
< 1 2 7  
< 1 2 8  
< 1 2 9  
< 130 
< 1 3 1  
< 1 3 2  
< 1 3 3  
< 1 3 4  
< 1 3 5  
< 1 3 6  
< 1 3 7  
< 1 3 8  
< 1 3 9  
< 420 
< 4 2 1  
< 422 
< 423 
< 424 
< 4 2 5  
< 426 
< 427 

4 2 8  
< 429 
< 430 
< 431 
< 432 
< 4 3 3  

434 
435 

c / z  5 6 . 2 8 0  1 2 5 . 0 4 5  6 . 9 8 5  
c / z  5 6 . 2 8 0  1 2 5 . 0 4 5  9 . 5 2 5  
c / z  7 0 . 3 5 0  1 2 5 . 0 4 5  6 .985  ~ ~ ~ ~~~ 

c / z  7 0 . 3 5 0  1 2 5 . 0 4 5  9 . 5 2 5  
c / z  4 9 . 2 4 5  1 1 2 . 8 6 0  6 . 9 8 5  
c / z  4 9 . 2 4 5  1 1 2 . 8 6 0  9 . 5 2 5  
c / z  6 3 . 3 1 5  1 1 2 . 8 6 0  6 . 9 8 5  
C / L  6 3 . 3 1 5  1 1 2 . 8 6 0  9 . 5 2 5  
c / z  7 7 . 3 8 5  1 1 2 . 8 6 0  6 .985  
c / z  7 7 . 3 8 5  1 1 2 . 8 6 0  9 . 5 2 5  
c/z 56.280 1 0 0 . 6 7 5  6 . 9 8 5  

c / z  70.350 1 0 0 . 6 7 5  6 . 9 8 5  
c/z 7 0 . 3 5 0  1 0 0 . 6 7 5  9 . 5 2 5  
c / z  6 3 . 3 1 5  1 1 2 . 8 6 0  1 2 . 1 8 5  
px 1 0 . 3 5 0  
px 5 6 . 2 8 0  
py 1 2 5 . 0 4 5  
c / z  6 3 . 3 1 5  59 .131  9 . 1 0 9 1  
c / z  6 3 . 3 1 5  5 9 . 1 3 1  1 1 . 6 4 9 1  
c / z  1 2 3 . 8 9 0  1 2 5 . 0 4 5  6 . 9 8 5  
C / L  1 2 3 . 8 9 0  1 2 5 . 0 4 5  9 . 5 2 5  
c / z  1 3 7 . 9 6 0  1 2 5 . 0 4 5  6 . 9 8 5  
c/z 1 3 7 . 9 6 0  1 2 5 . 0 4 5  9 . 5 2 5  
c / z  1 1 6 . 8 5 5  1 1 2 . 8 6 0  6 . 9 8 5  
C / Z  116.855 1 1 2 . a 6 0  9 . 5 2 5  
C / Z  1 3 0 . 9 2 5  1 1 2 . 8 6 0  6.985 

C / Z  144.995 1 1 2 . 8 6 0  6 . 9 8 5  
C / L  144.995 1 1 2 . 8 6 0  9 . 5 2 5  
c/z 1 2 3 . 8 9 0  1 0 0 . 6 7 5  6 .985  
C / Z  1 2 3 . 8 9 0  1 0 0 . 6 7 5  9.525 
c / z  1 3 7 . 9 6 0  1 0 0 . 6 1 5  6 . 9 8 5  
c / z  1 3 7 . 9 6 0  1 0 0 . 6 7 5  9 . 5 2 5  
C / Z  130.925 112.860 1z.185 
PX 1 3 7 . 9 6 0  

C/I 5 6 . 2 8 0  1 0 0 . 6 7 5  9 . 5 2 5  

c / z  1 3 0 . 9 2 5  1 1 2 . 8 6 0  9 . 5 2 5  

... 
> m 4  9 4 2 3 9 . 5 5  - 0 . 0 4 5 2 3  8 0 1 6 . 5 0  - 0 . 9 2 9 3 7  1 0 0 1 . 5 0  - 0 . 1 0 0 2 1  
> 1 4 U 0 0 . 5 0  - 0 . 1 1 2 0 0  S i ) "  + s i 0 2  twatcr 
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< mt2O lwtr.01 
191,192~205,217 
I k s r c  2 3 5 .  6 6 .  -30 
I - 2 3 .  121. 10 
... 
> ksrc 56. 43. 1 0  

84. 43. 1 0  
> 6 3 .  5 5 .  in 

i o .  43. in 

77. 55. IO 
> 51.  55. 10 
> 49. 31. 10 

63. 3 1 .  10 
> 77. 31. 10 

42. 43. 10 
> 49. 55. 10 
> 60. 72. 1 0  
> 80. 72. in 

1, 6 ~ 1 . 4  
< glovebox ha20mb cementation model - seismic case 2100 q pu ~ c00OIf2q4h 

c bdSe case 1800g + t300g holdup i20Og outside 
< c  olovebox - full water reflection on all sides  
< c  
< c 2100 g pu at 150 g/L in water in glovebox conveyor housing under f l o o r ,  
< c  2" water on f l o o r ,  10% water s p r a y  
... 
> qlovebox ha2Omb Cementation model - seismic two bowls - ~0001fZql 
' C  base case 9009 + 0 g conveyor + 3009 holdup f Oq outside 19009 h/ii=2C 
> c  glovebox - full water reflection on all sides, cement can ref1 
> c  2" water f looded ,  10% water s p r a y  
8, 9c6. 18 
< c  room - 1 2.76 L can 6" spacing from glovebox wall 
( C  0.200 kg pu + water 

bowls - two howls next to cans 

0.200 kg pu/bowl 
h/x=634 
sides. bottom of bowls not included 

0.04167 pu/cc pu 

c o n t a i n e r s  ~ 4 2.725 L cans 90% w a t e r  10% si02 
0.04523 pu/cc 
h/x=525 
500 g pu total 

1 2.725 L cans puiwateric 
0.04652 g/cc pu 
h / x = 7 n  ~. , . .  .. 

) C  9009 pu total 
12c21 
< i 1 -0.1 1 -2 3 -4 71 -6 
~.. 
> I I -0 .1  I -2  3 -4 20 - 6  
1 4 . 1 5 ~ 2 3  

2 20 -1.155242 24 -25 7 -72 8 -9 
': ~i 1 -1.0 24 -25 72 -5 8 -9 

, 2 I -1.0 24 -25 7 -5 8 -9 
21,28c?5,45 
.: c 2 inch l a y e r  on floor 
< 8 1 -1.0 i -2 3 - 4  70 - 1 1  imp:n=i 

'i CODtalners 
, c bowl 
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> 8 3 -1.0431 1i63 - 2 8 1 : 1 - 6 3  - 6 1  691) -32 
:, 9 I -0.1 -32 -63 61 71 
, 10 I -1.0 -32 ~70 - 7 1  161:-691 
i c  bowl  

11 3 -1.0431 1163 -2a1:1-63 -58 6911 -34 
12 1 -0.1 -34 -63 58 71 

> 13 I -1.0 -34 7 0  - 7 1  158:-691 

, 14 10 -2.911 -202 70 -28 
> c  c a n  

> 15 10 -2.911 -203 70 -28 
> 1 6  10 -2.911 -204 70 -28 
> 17 10 -2.911 -205 70 -28 
> 18 10 -2.911 -206 70 -28 
30.31~51.52 
I 22 5 -1.0749 70 -28 -53 
< 23 0 70 -28 53 64  -65 41 6 6  - 1  
. .. . 
> 22 I -1.0 70 -28 -53 
> 23 1 -1.0 70 -28 53 64 -65 41 6 6  -1 
3 3 ~ 5 4 . 8 6  

24 I -1.0 5 -70 1 - 4  -2 3 
... 
, 24 8 -5.562 5 -70 1 -4 -2 3 

> 26 

> 
> 4 4 4 3 3 3 5 2 2 5 3 3 3 3 4 4 4 4  
> 4 4 4 3 3 3 4 4 4 3 3 3 3 4 4 4 4 4  
> 4 4 3 3 3 4 4 4 4 3 3 3 3 4 4 4 4 4  
> 4 4 3 3 3 3 3 3 3 3 3 3 4 4 4 4 4 4  

4 3 3 3 3 3 3 3 3 3 3 3 4 4 4 4 4 4  
> 4 3 3 3 3 3 3 3 3 3 3 4 4 4 4 4 4 4  
> 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4  

:, 201 4 -1.187 -201 u=2 
> 202 1 -0.1 201 71 u=2 
> 203 1 -1.0 201 -71 u=2 
> 204 10 -2.911 -201 u=3 
> 205 1 -0.1 201 71 ~~~ ~ ~ ~ 

> 206 1 -1.0 201 -71 u=3 
> 207 1 -0.1 71 u=4 
> 208 1 -1.0 - 7 1  u=4 
> 209 11 -2.1739 -201 u=5 
> 210 1 -0.1 201 71 u=5  
> 211 1 -1.0 201 -71 u=5 

> 28 1 -0.1 1 -2 3 - 4  1 4 3 3 : 4 4 4 1  11 
j 2 9  1 -1.0 1 -2 3 - 4  (433:4441 70 
65,68c118,121 
i 32 c/z 10.21 121.87 10.16 

33 c / z  10.21 121.87 12.70 

> 27 1 -0.1 1 3 -433 - 4 4 4  za - 2 0  

34  C / Z  10.21 101.4s 1 0 . 1 6  ~~ 

< 35 c/z 10.21 101.45 12.70 

> 32 c / z  60.162 72.690 10.16 
> 33 c l r  60.162 72.690 12.70 
> 34 c/i 80.538 72.690 10.16 
> 35 c / z  80.538 72.690 12.70 
8 5 ~ 1 3 8  
< 5 1  c/z -23.495 121.87 6.985 

~~~ 

~~~ 

> 53 c / z  -23.495 111.11 6.985 
9 0 ~ 1 4 3  
< 5 8  10.21 101.45 9.98 10.16 

-20 
-71 

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

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

1mp:n-1 
irnp:n-1 
Imp:n=l 
Imp: ii= 1 
I rnp:n=l  

1mp:n-1 
Imp:"=l 

,mp:n=1 
imp: n-1  

imp: "=I 

Imp:n=l 

1rnp: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 
irnp:n=l 
i m p :  n = l  
imp:n=l 

> 5 8  80.538 72.690 9.98 10.16 
92,94c145,147 
< 60 s 10.21 101.45 9.98 12.70 
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J 61 s 10.21 121.87 9.98 10.16 .: 6 2  5 10.21 121.87 9.98 12.10 
~~~ 

60 s 80.538 72.690 5.98 12.10 
,, 61 s 60.162 72.690 9.98 10.16 
> 62 s 60.162 72.690 9.98 12.70 
96.97~,149,150 
< 64 py 114.885 

65 py 128.855 

~~. 
> 67 C / L  
1 0 4 d 1 5 6  
< 72 pz  
107~155 
< 103 py 
... 
i 103 px 
123a176.171 
> 433 px 
> 444 py 
130,1616183 
< 120 c / z  

121 C / L  
< 122 c / z  
< 123 C / L  

C / Z  < 124 
< 125 
< 126 
< 127 

< 129 
< 130 
< 131 
< 132 
< 133 
< 134 
8 135 
< 136 
< 137 
< 138 
< 139 
< 420 
< 421 
< 422 
< 423 
< 4 2 4  
< 425 
< 426 
< 427 
< 428 
< 429 
< 430 

431 
< 432 
k 433 
< 434 
< 435 

< 128 

c / z  
c/z 
c / z  
c/z 
c / z  
c / z  
c / z  
c/z 
c/z 
c / 2  

P X  
P X  
PY 
c / z  
c / z  
C / Z  
c / z  
C / Z  

c / z  
c / z  
C / Z  
C/i 
C / Z  
c / z  
C / Z  

c / z  
c/z 
C / L  

c / z  
c / z  

-23.495 111.11 

-34.25 

111.66 

120.33 

155.810 
124.613 

56.280 125.045 
56. 280 12s. 045 
70.350 125.045 
70.350 125.045 
49.245 112.860 
49.245 112.860 

37.465 

6.985 
9.525 
6. 985 
9.525 
6.985 
9.525 

63.315 112.860 6.985 
63.315 112,860 9.525 

17.385 112.860 9.525 
56.280 100.675 6.985 
56.280 100.675 9.525 
10.350 100.675 6.985 
10.350 100.615 9.525 
63.315 112.860 12.185 
10.350 
56.280 
125.045 
63.315 59.131 9.1091 
63.315 59.131 11.6491 
123.890 125.045 6.985 
123.890 125.045 9.525 
137.960 125.045 6.985 
137.960 125.045 9.525 
116.855 112.860 6.985 
116.855 112.860 9.525 
130.925 112.860 6.985 
130.925 112.860 9.525 
144.995 112.860 6.985 
144.995 112.860 9.525 
123.890 100.675 6.985 
123.890 100.675 9.525 
131.960 100.675 6.985 

130.925 112.860 12.185 

77.385 112.860 6.985 

137.960 100.675 9 . 5 2 5  

px 137.960 
< 436 px 123.890 
< 431 py 125.045 
113,174~189,190 
< m4 94239.55 -0.02585 8016.50 -0.80048 
< 6012.50 -0,17100 

> m4 94239.55 -0.04523 8016.50 -0.92937 
> 14000.50 -0,11200 
17 6c1 92 

001.50 -0.10042 

001.50 -0.100zi 

Spu + carbon +.water 

5pu + s i 0 2  +water  

< m5 94239.51 -0.07237 8016.50 -0.89143 ioni.50 -O.IIIIO spu + water 

> m5 94239.55 -0.07339 an16.50 -0.89148 ion:.so -0.11109 S P U  t water 
118~194 

~~~ 

C-64 



HNF-5988 Rev. 0 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

diff c0001fZqlb.i c0001fZql.l >diffZqlbql 
IC1 
< glovebox ha20mb cementation model - seismic two bowls ~ c0001f2qlb 

> glovebox ha20mb cementation model - 5eismic two b o w l s  - c0001f2ql 
.~. 

2" water flooded. 0 . 0 1  glcc Water s p r a y  

2" water flooded. 10% water s p r a y  

1 -0.01 

1 -0.1 

1 -0.01 

1 -0.1 

1 -0.01 

1 - 0 . 1  

I - 0 . 0 1  

1 -0.1 

1 -0.01 

I - 0 . 1  

1 - 0 . 0 1  

1 -0.1 

1 -n.o1 

1 -0.1 
8 4 , 8 5 c 8 4 , 8 5  
< 2 1  1 -0.01 
< 28 1 -0.01 
... 
> 21 1 -0.1 
> 28 1 -0.1 

1 -2 3 -4 20 -6 

1 -2 3 -4 20 -6 

-32  -63 61 7 1  

-32 -63 61 71 

-34 -63 58 71 

-34 -63 5 8  11 

201 71 u=2 

m i  71 U = Z  

201 11  u=3 

201 71 u=3 

71 u=4 

11 u=4 

201 71 u=5 

201 71 u=5  

1 3 -433 -444 28 -20 
1 -2 3 -4 ( 4 3 3 : 4 4 4 )  71 -20 

1 3 -433 - 4 4 4  28 -20 
1 -2 3 -4 1 4 3 3 : 4 4 4 1  7 1  -20 

i*p:n=1 

Imp:"=l 

1mp:n=1 

i m p : n = l  

imp:"-1 

I m p : " = >  

i rnp :n=l  

imp: n=l 

zmp:n=1 

imp : n= 1 

imp:n=l 

imp: n=l 

1mp:n=1 

imp:n=l 

imp: n = l  
imp: n=l 

1mp:n=1 
Imp:n=l 

+ I  .. 

I * . l * * * f * * i * * f f f f . . + ~ . , * * * * * * f l f . ~ . ~ * + * f * * f * f * t t i , + * * * * * * - - l t l t t t i t i f r t * - * l t 1 , ~ , ~  

diff c0001fZqlc.i c0001fZql.i .diff2qlcql 
I C 1  

glovebox ha20mb Cementation model - seismic two howls ~ c0001f2qlc 
... 
., glovebox ha2Omb Cementa t ion  model - seismic two bowls ~ c0001f2ql 
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4 <I 4 
( C  
... 
>i 

? I C ? l  

< I  

> I  
3 8 C 7 8  
r 9  

> 9  
4 2 ~ 4 2  
< 1 2  

> 1 2  
1 4 ~ 7 4  
< 202 

> 202 
1 7 ~ 7 1  
< 205 

... 

... 

... 

... 

~~~ 

> 205 
1 9 ~ 7 9  
< 207 

> 2 0 1  
8ZC82 
< 210 

... 

... 

2" water flooded, 0.05 g / c c  water spray 

2" water flooded, 10R water spray 

1 -0.05 

1 -0.1 

1 -0.05 

1 -0.1 

1 - 0 . 0 5  

1 -0.1 

I - 0 . 0 5  

1 -0.1 

1 -0.05 

1 -0.1 

1 -0.05 

I -0.1 

1 - 0 . 0 5  

> 210 I -0.1 

i 21 1 -0.05 
8 4 , 8 5 0 3 4 .  a5 

2a I -0.05 
~~~ 

1 -2 3 - 4  20 -6 

1 -2  3 -4 20  - 6  

- 3 2  -63  6 1  7 1  

- 3 2  - 6 3  6 1  11 

- 3 4  - 6 3  58 11 

-34 - 6 3  58 11 

2 0 1  7 1  u=2 

201 11 u=2 

201 71 u=3 

201 7 1  u = 3  

11 u = 4  

11 u = 4  

201  11 u=5 

201 7 1  u=5 

1 3 - 4 3 3  - 4 4 4  2 8  - 2 0  
1 -2 3 - 4  ( 4 3 3 : 4 4 4 1  71 - 2 0  

> 2 1  1 -0.1 1 3 - 4 3 3  - 4 4 4  28 -20 
> 28 1 -0 .1  1 -2 3 - 4  ( 4 3 3 : 4 4 4 )  71  -20 

Imp:n-l 

imp:n=l 

imp:"-1 

,mp:n=1 

m p : n = 1  

m p : n = l  

imp:n=l 

imp:n=l 

lmp:"=l 

i m p :  "=I 

i*np:n=1 

imp:"-I 

1mp:n=1 

Lmp:"=l 

1mp:n=1 
imp:n=l 

imp:n=l 
imp:n-l 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  * * * t f * f * . + f *  

diff c0001f2qld.i c0001f2ql.l >diff2qldql 
IC1 
< glovebox ha20mb cementation model - seismic two bowls ~ c0001f2qld 

> qlovebox ha20mb cementation model - seismic two bowls - c0001f2ql 
... 

4c4 
< c  

> c  
ZlCZ1 
< I  

> I  
3 8 C 3 8  
< 9  

> 9  
4 2 ~ 4 2  
< 12 

> 1 2  
1 4 ~ 7 4  
< 202 

> 202 
7 7 5 7 7  
< 205 

> 205 
7 9 ~ 1 9  
< 207 

... 

~~~ 

... 

... 

~~~ 

... 

... 
> 207 
8 2 C 8 2  
< 210 

2"  water flooded, 0.15 g / c c  water spray 

2" water flooded, 10% water spray 

1 - 0 . 1 5  

1 -0.1 

1 -0.15 

1 -0.1 

1 -0.15 

1 -0.1 

I -0.15 

1 -0.1 

1 -0 .15  

1 -0.1 

1 -0.15 

1 -0.1 

1 -0.15 

1 -2 3 - 4  2 0  - 6  

1 -2  3 - 4  20 - 6  

- 3 2  - 6 3  6 1  1 1  

- 3 2  - 6 3  6 1  11 

- 3 4  - 6 3  sa 11 

-34 -63  58  7 1  

201 7 1  U=Z 

201 11 u=2 

201 11 u=3 

201 71 u = 3  

11 u = 4  

11 u = 4  

201 11  u=5 

1mp:n=1 

1mp:*=1 

imp:n=l 

i m p  : n-1 

Imp:"=l 

1rnp:n=1 

Imp:"-1 

m p : n = i  

m p : n = 1  

I m p  : r i =  I 

1mp:n=1 

imp:n=l 

imp:n=l 
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, 210 1 -0.1 2 0 1  ii  U = S  Imp: "-1 
8 4 . 8 5 c H 4 . 8 5  

2 1  1 -0.15 1 3 - 4 3 1  - 4 4 4  2 8  - 2 0  

1 C 1  
< glovebox ha20mb cementation model ~ seismic two bow15 - c 0 0 0 1 f Z q l e  

> qlovebox ha2nmb cementation model ~ seismic two bowls - cOOOlf2ql 
4c4 

~-~ 

2" water flooded, 0.001 g/cc water spray 

2" water flooded, 1 0 %  water spray 

1 -n.on1 1 -2 3 - 4  2 0  - 6  

1 -0.1 1 -2 3 - 4  20 -6 

1 - n . n o i  - 3 2  -63 61 71 

1 - 0 . 1  - 3 2  -63 6 1  7 1  

I - 0 . 0 0 1  -34  - 6 3  5 8  ii 

1 - 0 . 1  -34  - 6 3  58 7 1  

1 - 0 . 0 0 1  2 0 1  11 U = Z  

1 -0.1 2 0 1  11 u=z 

1 -0.001 201 11 u=3 

1 - 0 . 1  201 11 u=3 

1 - 0 . 0 0 1  71 u=4  

I - n . 1  11 u=4 

I -0.001 2 0 1  11 "=s 
1 - 0 . 1  2 0 1  7 1  u=5 

> 2 7  1 - 0 . 1  1 3 - 4 3 3  - 4 4 4  28 - 2 0  
> 2 8  1 -0.1 1 -2 3 -4 1 4 3 3 : 4 4 4 1  11 - 2 0  

imp:n=l 

imp : n= I 

m p : n = 1  

i m p :  n = l  

i m p :  n = l  

mp:n=l 

imp:n=l 

imp:n=l 

imp:n=l 

i m p : n = l  

1 mp : "=I 

i m p : n = l  

imp:n=l 

imp:n=l 

imp:n=l  
imp:n=l 

Imp:n=l 
imp:n=l 

* * * * * * * , + / f * t * t * ~ . * . f f i f t * f * * i t l - l + l + + t * * * * * * ~ , * . * ~ * * * * ~ * . * * . * * * * * * . * . * * * * * ~ * , * ~ . * . * ~ . ~ . *  

diff cnnnifzq5a.i cnnn1f~qi.i >diffZqSaql 
IC1 
< glovebox ha20mb CementatLon model - seismic two bowls ~ c0001f2q5a 

> Qlovebox ha20mb cementation model - seismic two bowls - c000lfZal 
... 

> 1 4  
i I 5  
> 1 6  
> 11 
> 1 8  
l h c l h  

imp:n=l 
i m p :  n=l 
I m p :  n=l 
imp:n=l 
1rnp:n=1 

imp:n=l 
imp:n=l 
imp:n-! 
imp:"=] 
imp:"-! 
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> 204 10 -2.911 -201 u=3 mp:n=1 
198,199~198,139 

< izo00.50 -0.029669 8016.50  -0.4s8114 1001.50 - 0 . 0 2 0 1 4 2  $cement 181 h:o 
m ~ o  zoo00.50 -0.36921 i4o00.50 -0.ona147 13027.50 -0.034.ii7 

~~~ 

> 2oo00.50 - 0 . 4 0 9 7 3  14000.50 -0.09782 13027.50 - 0 . 0 3 8 5 3  
> 12000.50 -0.03293 8 0 1 6 . 5 0  -0.41092 1001.50 -0.01007 $cement 98 h2o 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

d r f f  c0001fZfl.l cOOOlfZb4.1 >dlffZflb4 

< glovebox ha20mb cementation model - f i r e  case 2 1 0 0  y p u  ~ c0001f2fl 
< c base case 9OOg + 0 g conveyor + 3009  h o l d u p  t Og Outside 19009 h / x - ; ? C  

> glovebox ha20mb Cementation model - base case 2100 g pu - c0001f2b4 
> c  base case 9009 + 0 q conveyor  + 3009 h o l d u p  + 2ODg o u t s i d e  190Oy h/X=?O 
6c6 
' C  0.04228 q pu/cc pu 

1.2c1.2 

~.. 

~~~ 

> c  0.04167 g p u / c c  p u  
8'8 
< c  h / x  

> c  h/n=634 
zzc22 
< 1 1 - 0 . 1  1 -2 3 - 4  20 - 6  

. I O  1 -2  3 - 4  20 -6 
36d35 
< c  COntalnerS 

~~~ 

~~. 

3 9 . 4 1 ~ 3 8 . 4 1  
< 9 1 - 0 . 1  - 3 2  - 6 3  6 1  71 
< 10 I - 1 . 0  -32 70 - 7 1  ( 6 1 : - 6 9 1  
< 11 1 -0.1 -32 28 -20 
... 
> c  bowl water reflection 
> 9 I -1.0 ((63 - 3 3  -20 132:2a)i:i-63 61 -62 69): 
> 1-69 70 -621) -2 1 103 
> 10 0 -33 - 6 3  70 62 -2 1 103 
4 3 . 4  6~43.47 

> 11 3 -1.0431 ( ( 6 3  -281: 1-63 -58 6 9 1 1  -34 
> c  bowl water reflection 
> 12 1 -1.0 (163 -35 -20 i34:28)): 1-63 58 -60 69): 
> ( - 6 9  7 0  - 6 0 1 )  -2 1 -103  
> 13 0 -35 - 6 3  70 6 0  -2 I -103 
4 8 C 4 9  
< 22 s -1 .0749 7 0  -28 - 5 3  
~~~ 

> 22 5 -1.0749 70 -28 - 5 3  
53c54 
< 25 0 1 3 -433 -444 7 0  -20 32 34 

> 25 0 1 3 -433 - 4 4 4  70 -20 33 35 
... 

71.as~7z.8i 
I 202 
< 203 
< 2 0 4  
i 205 
< 206 
< 207 
< 208 
< 203 
< 210 
< 211 
< 212 
< 213 
< 214 
< 28 
< 29 
... 

1 -0.1 
I -0.1 
1 -1.0 
10 -2.911 
1 -0.1 
1 -0.1 
1 -1.0 
1 -0.1 
1 -1.0 
11 -2.1739 
1 -0.1 
1 -0.1 
1 -1.0 
1 -0.1 
1 - 1 . 0  

-201 28 u=2 
201 71 u=z 
2 0 1  -71 u=2 

-201 28 u=3 
201 71 u = 3  
201 -71 u=3 
71 u=4 
-71 u=4 
-201 -28 u=5 
-201 28 u=5 
201 71 u=5 
201 -71 u=5 
1 -2  3 - 4  i433:4441 
1 -2 3 - 4  i433:444) 

-201 -28 " = 3  

7 1  
70 

- 2 0  32 34 
-71 32 3 4  

C-68 

imp : n = l  

I m o :  n = l  

imp:n=l 
imp:"=] 
imp: n=l 

imp:n=l 
imp:n=l 

imp: n=l 
imp: n = l  
imp: n=l 
m p : n = l  

Imo:n=l 

imp:n=l 
Imp:n=l 

Imp:n=l  

imp:n=l 

imp: n = l  
1mp:n-1 
Imp:n=l 
imp:n=l 
i m p  : n=  1 
imp:n=l 
imp: n = l  
Imp: n=1 
Imp:n=l 
1mp:n-1 
Imp:n=l 
imp:n=l 
imp: n=l 
imp:"=] 
imp:n=l 



HNF-5988 Rev. 0 

> 202 1 -1.0 28 u=2 
> 203 I 1  201 -28 u=2 
., 204 10 -2.911 -201 -28 u=3 
i 205 1 -1.0 28 u=3 

i 207 0 777 u=4 
> 208 1: -2.1739 -201 -28 u=5 
> 209 1 - 1 . 0  2 8  u = 5  
> 210 0 201 -28 u=s  
i 2 8  0 1 -2 3 - 4  1433:4441 70 -20 33 :is 
158~154 
< 103 py 111.66 

, 706 0 201 - Z B  u=3 

Irnp:"=l 
1rnp:n-1 
1rnp:n-1 
I m p :  n=1 
1mp:n-l 

1mp:n=1 
m p : n = 1  
Imp:n=l 
Ir"p:n=I 

llnp : n= 1 

... 
> 103 py 111.66 
189~185 
< 14000.50 -0.11200 spu + 5102 +water 

> 14000.50 -0.11200 Spu + carbon +water 
.~~ 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

diff c0001fZf2a.i c0001f2bS.i >diffZf2ab5 
1, 4c1, 3 
< glovebox ha20mb Cementation model - flooding case 2100 g pu - c0001fZf2a 
< c base case 9009 1400 g conveyor 13009 holdup +ZOOq Outside 19OOg h/x=ZO 
i c  glovebox - full water reflection on a l l  sides, no can reflection 
( C  glovebox flooded to 2". IOY water spray 

> glovebox ha20mb Cementation model - base case 2100 g pu ~ c0001t2b5 
> c base case 9009 + 0 g conveyor  + 300g holdup t 2009 outside t900g h / n - 2 0  
) C  glovebox - full water reflection on all s ides ,  water  can ref1 
19,22617 
( C  conveyor c o n t a i n e r  ~ 1 4.7 L can pu + water  10" f r o m  c a n s  
' C  0.08511 g p u l c c  
< c  h / x = 3 0 9  
< c  400 9 P" total 

... 

. .  
2 7 ~ 2 2  
< 1 2 -0.10 1 -2 3 - 4  20 -6 2mp:n=1 

. 1 0  1 -2 3 - 4  20 -6 Imp : ni=1 
44.47c39.41 
I 9 2 -0.1 ( 1 6 3  -33 -20 132:2811: 1-63 6 1  -62 .ill: -2 1 1 0 3  ~mp:n=l 
< IO 1 - 1 . 0  7 0  - 7 1  -62 (61:-691 -2 1 1 0 3  mp:n=l 
< I1 2 -0.1 -33 -63 71 62 -2 1 103 Imp:n=l 
< 12 1 -1.0 -33 -71 70 62 -2 1 103 imp:n=1 
._~ 
> 9 1 -1.0 ( ( 6 3  -33 -20 132:2811:1-63 6 1  -62 691: 
> 1-69 70 -621) -2 1 103 
, 10 0 -33 -63 70 62 -2 1 103 
49c43 
< 13 3 -1.0431 1163 - 2 8 1 :  1-63 -58 6911 -34 
... 
> 11 3 -1.0431 ((€3 -28):(-63 -58 6 9 ) )  -34 
51,58c45,47 
< 1 4  2 - 0 . 1  ( 1 6 3  -35 -20 134:28)1:1-63 58 
< I S  1 -1.0 70 -71 -60 (58:-691 -2 1 -103 
< 16 2 -0.1 -35 - 6 3  71 60 -2 1 -103 
< 17 1 -1.0 -35 -71 70 60 -2 1 -103 
< c  container on conveyor 
< 1 9  1 - 1 . 0  70 -71 138 -139 
< 20 7 -1.088 70 -28 -138 
< 2 1  2 -0.1 71 -20 1138:281 -139 
~~~ 

-60 7111 -2 1 

> 1 2  1 -1.0 ((63 -35 -20 (34:2811:1-63 58 -60 691: 
> 1-69 70 -6011 -2 1 -103 
> I 3  0 -35 -63 70 60 -2  1 -103 
6 0 ~ 4 9  
< 22 5 -1.0749 70 -28 -53 

> 1 2  1 -1.0 ((63 -35 -20 (34:2811:1-63 58 -60 691: 
> 1-69 70 -6011 -2 1 -103 
> I 3  0 -35 -63 70 60 -2  1 -103 
6 0 ~ 4 9  
< 22 5 -1.0749 70 -28 -53 

> 22 s -1.0749 
65,109CS4.81 
< 201 4 -1.167 

202 4 -1.167 
< 203 4 -1.167 
204 4 -1.167 
i 205 4 -1.167 

70 

-120 
-122 
-124 
-126 
-128 

- 2 8  -13 

70 -28 
70 -28 
70 -28 
70 -28 
70 - 2 8  

imp:*=1 
1mp:n=i 

Imp : ,,=I 

Imp:n=l 

Imp:ll=: 
imp:n=1 
1mp:n-l 
imp:n=l 
zmp:n=1 
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< 206 4 -1.167 
i 207 4 -1.161 
< 208 2 -0.1 
< 
< 
< 209 2 -0.1 1 1 .  
I 210 2 -0.1 
< 211 2 -0.1 
< 212 2 -0.1 
i 213 1 -1.0 

< 214 1 -1.0 
< 215 1 -1.0 
< c  filled cans 
< 401 11 -2.1739 -420 10 -28 
< 402 II -2.1139 -422 70 - ? R  

-130 10 -28 I m p :  "=I 
-132 10 -28 i m p : " = ]  
( 1 - 1 2 1 : - 1 2 3 : ~ 1 2 5 : - 1 2 9 : - 1 3 1 : - 1 3 3 1  
(120 122 124 128 130 132 13411 134 -28 11 -2 
(135:-136:-137) imp:n=l 

120 1 2 2  124 126 128 130 132 -134 - 2 8  71 imp:n=l 
121 123 125 127 129 131 133 -134 ?8 - 2 0  imp:n=l 

1 1 ~ 1 2 1 : - 1 2 3 ! - 1 2 5 : - 1 2 9 : 1 3 1 : 1 3 3 1  
(120 122 124 128 130 132 1 3 4 i l  134  -71 10 -2 
1135:-136:-1371 imp:n=l 
120 122 124 126 1 2 8  130 132 -134 -7: 70 imp:"-1 
-135 136 137 120 122 -2 - 7 1  70 imp:n=l 

-121:~123:-125:-127:-129:~131:-1331 28 -20 -21 imp:n=l 

-135 136 131 120 122 -2 -28 1 1  Imp:n=l 

~~ ~~~ ~ ~~ 

< 403 1 1  - 2 . 1 7 3 9  -424 70 -28 
< 404 11 -2.1139 -426 10 -28 
< 405 11 -2.1139 -428 10 -28 
< 406 
< 407 
< 408 
< 

< 409 
< 410 
< 411 
< 412 
< 413 
< 
< 
< 414 
< 415 
< 28 
< 
< 
< 2 5  
< 
< 

11 
11 
2 

1 

1 
1 
2 

1rop : n=1 
I m p :  "=I 
Imp:"-l 
I m p :  n=1 
I mn. " 2 1  

~~ ~~ ~ 
~~ 

-2.1739 -430 70 -28 1mp:n=1 
-2.1139 -432 70 -28 1mp:n=1 
-0.1 ( 1 - 4 2 1 : - 4 2 3 : - 4 2 5 : - 4 ? 5 : 4 3 1 : 4 3 1 : ~ 4 3 ~ )  

1420 422 424 428 430 432 4 3 4 i 1  434 -28 .I1 -2 
1435:-436:-4371 imp:n=l 

-0.1 l 1 - 4 2 1 : - 4 2 3 : ~ 4 2 5 : - 4 2 7 : - 4 2 9 : - 4 3 1 : 4 3 3 )  28 -20 -2) imp:n=l 
-0.1 420 422 424 426 428 430 432 -434 -28 71 1 mp : "-1 
-0.1 421 423 425 421 429 431 433 -434 28 -20 Imp:"=l 
-0.1 -435 436 437 420 422 -2 -28 11 1mp:n=1 
-1.0 ( 1 - 4 2 1 : ~ 4 2 3 : - 4 2 5 : - 4 2 9 : - 4 3 1 : 4 3 1 )  

(420 422 424 428 430 432 43411 434 -71 70 -2 
(435:-436:-4371 imp:n=l 

-1.0 420 422 424 426 428 430 432 - 4 3 4  -11 70 Imp:n=l 
-1.0 -435 436 431 420 422 -2 -11 10 imp:n=l 
-0.1 1 -2 3 -4 121 123 125 127 129 131 133 134 71 -20 33 35 

-136:135:-137:281 139 421 423 425 421 429 431 433 434 
:-437:281 imp:"=] 

127 129 131 133 134 7 0  -71 33 35 
4 2 1  429 431 433 434 

-431: 281 Imp:"=l 

> 25 0 1 3 -433 -444 10 -20 33 35 
> fl l l=l 17.035 7.035 01 
> 26 0 -331 334 -330 333 -329 332 u-1 lat=Z 
> f l i i =  - 5 : 1 4  - > : i n  n : n  ~~~ ~~~~~~~ 

> 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4  
> 4 4 4 4 4 3 3 3 3 3 3 3 3 3 3 3 3 3 3 4  
> 4 4 4 4 4 3 3 3 3 3 3 3 3 3 3 3 3 3 4 4  

> 

4 4 4 4 3 3 3 3 3 2 2 3 3 3 3 3 3 3 4 4  
4 4 4 4 3 3 3 3 2 2 2 3 3 3 3 3 3 4 4 4  
4 4 4 3 3 3 3 3 2 2 3 3 3 3 3 3 3 4 4 4  
4 4 4 4 4 3 3 3 3 3 3 5 5 3 3 3 4 4 4 4  
4 4 4 4 4 3 3 3 3 3 5 5 5 3 3 3 4 4 4 4  
4 4 4 4 4 3 3 3 3 3 5 5 3 3 3 4 4 4 4 4  
4 4 4 4 4 3 3 3 3 3 3 3 3 3 3 4 4 4 4 4  
4 4 4 4 3 3 3 3 3 3 3 3 3 3 4 4 4 4 4 4  
4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4  

> 201 4 -1.167 -201 -28 u=Z 
> 202 I -1.0 28 u=2 
> 203 0 201 -28 u=2 
> 204 1 -1.0 -201 -28 u=3 
> 205 1 -1.0 28 u=3 
> 206 0 201 -28 u=3 
> 201 0 171 u=4 
> 208 11 -2.1139 -201 -28 u=5 
> 209 1 -1.0 28 u=5 
> 210 0 201 -28 u=5 
> 28 0 1 -2 3 -4 1433:4441 
198a111.172 
> 433 px 196.980 
i 444 p y  124.613 
205.2426178 
< 120 c / z  56.280 125.045 6.985 

121 c / z  56.280 125.045 9.525 

1 0  - 2 0  33 35 

mp:n=l 

imp:"=l 
imp:n=l 
I m p :  "=I 
imp:n=l 
1mp:n-1 
imp:n=l 
imp:n=l 

imp: n=l 
imp:n=1 
Imp:"=l 
imo:n=l 

imp:n=l 
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< 122 
' 123 
124 

i 125 
' 126 
<. 1 2 1  

' 129 
i 130 
i 131 
'~ 132 
< 131 
< 134 
< 135 
< 136 
< 137 
< 138 
< 139 
< 420 
421 
422 

< 423 
4 2 4  

< 425 
< 426 
< 421 
< 428 
< 425 
< 430 
< 431 
i 432 
c 433 
i 434 

I 128 

C / 1  10.350 125.045 6.965 
c / z  7 0 . 3 5 0  125.045 9.525 

c / i  44.245 112.860 9 . 5 2 5  
c / z  63.315 112.860 6.985 
c/z 63.315 112.860 9 . 5 2 5  
c / z  17.385 112.860 6 . 9 8 5  
c / z .  77.385 112.86n 9.525 
c / z  56.280 100.675 6.985 
c / z  56.280 100.6?5 9.525 
c/z 70.350 100.675 6.985 
c J z  70.350 100.675 9 . 5 2 5  
c / z  63.315 112.8t fJ  12.185 
p x  70.350 
px 56.280 
py  125.045 
i / r  63.315 59.131 9.1091 
c/z 63.315 59.131 1 ~ 1 . 6 4 9 1  
C/Z 123.890 125.045 6.985 
C / L  123.850 1 2 5 . 0 4 5  9.525 
c/z 137 .960  1 2 5 . 0 4 5  6.985 
c/z 137.960 125.045 9.525 
C / Z  116.855 1 1 2 . 8 6 0  6.985 
C / Z  1 1 6 . 8 5 5  112.860 9.57s 

C / Z  130.925 iiz.860 9 . 5 2 5  

C / Z  49.245 112.860 6 . 9 8 5  

C / z  1 3 0 . 9 2 5  1 1 2 . 0 6 0  6.985 

c / z  144.995 112.860 6.985 
C / L  1 4 4 . 9 9 5  112.860 9.525 
c / z  123.bRO 1 0 0 . 6 7 1  6.985 
c i z  123.890 100.675 9.525 
c l ' z  137.960 100.675 6.905 

c/z 130.925 112.860 17.185 
c i z  1 3 7 . 9 6 0  ion.67: 9.525 

< 435 px 137.960 

< 437 py 125.045 
24 6,247618 1 
< mZ 1001.5 2 8016.5 1 

< 435 PX 123.890 

< mt2 iwtr.ni 
251~185 
< 14000.~0 -n.11200 

> 14000.50 -0.11200 
2 5 5 ~ 1 8 9  

._- 

m7 94239.55 -0.n8511 8 0 1 6 . 5 0  -0 .89202 1001.50 -0.1 ~-~ 

$wate r  

$PO + 9 1 0 2  t w a t r i  

Spu + carbon +water  

1096 s p u  + water 

> ml 
266,272~200,206 
I k s r c  56 125 10 
i 70 1 2 5  in ' 4 9  112 1 0  

63 1 1 2  ID 
i 71 1 1 2  1 0  
c i b  ion 10 
i 70 100 10 

94239.55 -0.14679 8016.50 -0.89485 1001.50 -0.11028 $pu + Water 

_ _ _  
> k s r c  70. 4 3 ,  10 
> 84. 43. 10 
> 98. 43. 10 
> 71. 55. 10 
> 9 1 .  55. 10 
, 70. 31. 10 
> 8 4 .  3 1 .  10 

> 126. 68. 10 
, 140. 68. 10 
, 119. 80. I0 
> 1 3 3 .  80. 10 

1 2 6 .  92. 10 
> 1 4 0 .  9 2 .  in 
2 1 7 . 2 8 3 d 2 1 6  

1 1 4 7 .  80. in 

123 125 10 

C-7 1 
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< 131 1 2 5  10 
1 1 6  112 10 

6 130 112 10 
< 144 112 10 

< 1 3 1  100 1 0  
123 i n 0  10 

~.l.l.i.it*+*lf+f*f***+******~.*.~.~***~***,.**~**.***~~.,.*.*~~*.**,~,~.*** 

d l f f  c 0 0 0 1 f 2 f 3 . 1  c0001f2b4.1 > d i f f 2 f l b 4  
1 , 5 c  1, 3 
< glovebox ha20mb Cementation model - floadlng case 2100 q pu - c 0 0 0 l f Z f 3  
< c  base case l8OOq + + 3 0 0 g  holdup 1200q Outside 
' C  glovebox ~ full water reflection on all sides 

i c  2100 g pu ~n 2" slab on floor mixed with water, 101 water s p r a y  

> glovebox ha20mb cementation model ~ base case 2100 g pu ~ c000112b4 
> c base case 90Oq t 0 g conveyor + ?00g holdup + 2009 o u t s i d e  1900q h/S-20 
> c  qlovebox - full water reflection on all sides, rernent can re f1  

... 

bowls - t w o  bowls in corner 10" from cans 
0 . 0 4 1 6 1  q pu/cc pu 
0.200 kg pu/bowl 
h/x=634 
sides, bottom O f  bowls n o t  included 

contalners - 7 2 . 7 6  L cans 90% Water i n +  S ~ O Z  

0 . 0 2 5 8 5  g pu/cc 
h/x=921 
500 g PU total 

1 2 . 7 6  L cans  pu+water+carbontsioZ 
0.04652 q/cc pu 
h/x=ZO 
9009 pu total 

1 - 0 . 1  1 -2 3 - 4  7 1  -6 
... 
. I 0  1 -2 3 - 4  20 -6 
2 5 ~ 3 6 . 4 1  
< 8 2 0  - 1 . 0 0 6 8 5 6  1 -2 3 - 4  1 0  -71 
~.. 
) C  bowl 

> c  bowl water reflection 
> 9 1 - 1 . 0  ( I 6 3  -33 -20 (32:281 1 :  1-63 6 1  - 6 2  6 9 1 :  

( - 6 9  70 -6211 -2 1 1 0 3  , i o  n -33  -63  1 0  62 -2 1 103 

> a 3 -1.0431 1 1 6 3  -281:  1-63 -61 691) - 3 2  

> c  bowl 
i 11 3 -1.0431 ( ( 6 3  - 2 8 ) :  1-63 -58 6 9 ) )  -34 
) C  bowl water reflection 
> 1 2  1 - 1 . 0  1163 -35 -20 ( 3 4 : 2 8 ) ) : 1 - 6 3  58 -60  6 9 1 :  
> 1-69 1 0  -6011 -2 1 -103  
> 13 0 -35  -63  1 0  60 -2 1 - 1 0 3  
2 1 , 2 8 c 4 9 , 5 0  
< 2 2  5 - 1 . 0 1 4 9  70  -28 -53  
< 2 3  0 70 -28 5 3  64 -65  4 1  66  - 1  
... 
> 22 5 -1 .0749 70 -28 -53  
> 2 3  0 1 0  -28 5 3  64 -65  41 66 - 1  

< 2 4  

> 2 4  
> c  
> 2 5  

> 2 6  

... 

> 

, 
> 
> 
> 
> 
> 
> 
> 
> 

3 0 ~ 5 2 . 8 1  
2 0  - 1 , 0 0 6 8 5 6  5 -10 1 -4 -2 3 

8 - 5 . 5 6 2  5 -70 1 - 4  -2 3 

35 

332 u = l  l a t = 2  

4 4 4 4 4 4  
3 3 3 3 3 4  
3 3 3 3 4 4  
3 3 3 3 4 4  
3 3 3 4 4 4  
3 3 3 4 4 4  ~~ ~~ 

3 3 4 4 4 4  
4 4 4 4 4 3 3 3 3 3 5 5 5 3 3 3 4 4 4 4  

C-72 

I m p :  n=1 

Imp:n=l 

1mp:n=1 

imo:n=l 

imp:n=l 
Imp:"=l 

i m p : " = ]  

1rnp:n=1 
1mp:n=1 

Imp:"=l 
Imp'"=l 

I m p :  n=1 
imp:n=l 

Imp:"=l 

Imp: n=1 

i rnp :n=l  
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> 4 4 4 4 4 3 3 3 3 3 5 5 3 3 3 4 4 4 4 4  
> 4 4 4 4 4 3 3 3 3 3 3 3 3 3 3 4 4 4 4 4  

4 4 4 4 3 3 3 3 3 3 3 3 3 3 4 4 4 4 4 4  
4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4  

> 201 4 -1.167 -201 -28 u=2 
> 202 1 -1.0 28 U = 2  
> 203 0 201 -28 u=z  
> 204 10 -2.911 -201 -28 u=3 
> 205 1 -1.0 28 u=3 
> 706 0 201 -28  ~ = 3  ~ 

> 207 0 777 u=4 

> 209 1 -1.0 28 u=5 
208 II -2.1739 -201 - 2 8  "=5 

> 210 0 
> 28 0 
119a111.172 
> 433 pn 
> 444 p y  
126,163d178 

120 c / z  
< 121 c / z  
< 122 c / z  
< 123 c/z 
< 124 c / z  
< 125 c / z  
< 126 c / z  
< 127 c/z 
< 1 2 8  C I Z  

< 129 c / z  
< 130 c/z 
< 131 c / z  
< 132 c / z  
< 133 c / z  
< 134 c / r  
< 135 px 
< 136 px 
< 137 p y  

138 C / Z  
< 139 c / z  
< 420 c / z  
< 421 c / z  
< 422 c/z 
< 423 c / z  
< 424 c/z 
< 425 c / z  
< 426 c / z  
< 42' C I Z  

< 428 c / z  
< 429 c / z  
< 430 c / z  
< 431 c/z 
< 432 c / z  
< 433 c / z  
< 434 c / z  
< 435 px 
< 436 DX 

201 -28  "=5 
1 -2  3 - 4  1433: 

196.980 
124. 613 

4 44) 70 -20 33 35 

63.315 112.860 6.985 
63.315 112.860 9.525 
77.385 112.860 6.985 
77.385 112.860 9.525 
56.280 100.675 6.985 
56.280 100.675 9.525 
70.350 100.615 6.985 
70.350 100.675 9.525 
63.315 112.860 12.185 
70.350 
56.280 
125.045 
63.315 59.131 9.1091 
63.315 59.131 11.6491 
123.890 125.045 6.985 
123.890 125.045 9.525 
137.960 125.045 6.985 
137.960 125.045 9.525 

130.925 112.860 12.185 
137.960 
123.890 

i m p : n = l  
Imp: "-1 
imp:n=l 
imp: ri=l 
Imp : n= 1 

imp:n=l 
Imp: n=l 
imp:  n=l 
i m D :  n=l 

< 4 3 1  py 125.045 
169,170~1a4.185 
< m4 94239.55 -0.02585 8016.50 -0.80048 1001.50 -0.10042 
< Spu + carbon twater 6012.50 -0.17100 
... 
i m4 94239.55 -0.02585 8016.50 -0.92848 1001.50 -0.10042 

1 7 4 c 1 8 9 
< m7 94239.55 -0.08511 8016.50 -0,89202 1001.50 -0.11096 Spu + water 

> 14000.50 -0,11200 $pu + carbon +water 

... 

< mi0 
< mt2O Iwtr.01 

94239.55 -0.006625 8016.50 -0.888404 1001.50 -0.111827 spu + water 

187~200,215 
< ksrc 56 125 2 

> ksrc 70. 43. 10 
... 
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84. 43. i o  
> 98. 43. 10 
> 77. 5 5 .  1 0  
> 91. 55. 10 

> 147. 80. 10 
> 126. 9 2 .  10 
> 1 4 0 .  92.  10 

f * * i f * f * * * * f * f * f * f * f , * . * * * * f * * * * * * * * * ~ * * . ~ * * * . * ~ * , ~ , * . * * * , * * * * ~ * * * * . ~ ~ * * * * * ~ , ~ * * ~ ~ * * * * * . * ~  

diff c0001f2f4.i c0001f2b4.i >diff2f4b4 
1, 6c1, 3 
< glovebox ha20rrio cementation model - floodlng case 2100 g pu - c 0 0 0 1 f 2 f 4  
< '  base  case 18009 t 13 
< c  91ovebox - 
( C  
< c  2100 9 pu in 2" Slab on floor mined with water, IO+ water spray 
( C  150 9/cc pu with water above 

> glovebox ha20mb cementation model ~ base case 2100 g pu ~ c0001fZb4 
> c base case 9009 + 0 g conveyor + 3009 holdup + 200g outside 19009 h/x;=20 
> c  glovebox - full water reflection on all sides, cement can ref1 
/ai, 17 
> c  bowls - t w o  bowls in corner 10" from cans 
> c  0.04167 9 pu/cc pu 
> c  0.200 kg pu/bowl 
> c  h/x=634 
> c  s i d e s ,  bottom Of bowls not included 
> c  containers - 7 2.76 L cans 90% Water IO? 5 1 0 2  
> c  0.02585 9 pu/cc 
> ?  h / x = 9 2 1  

~.. 

> c  500 9 pu total 
> c  7 2 . 1 6  L cans pu+water+carbon+sio2 
> c  0.04652 9/cc pu 
> c  h/n=ZO 
> c  9009 pu total 
1zcz2 
< 1 I -0.1 1 -2 3 -4 71 - 6  
... 
. I 0  1 -2 3 -4 20 - 6  
26,:1c36,41 
< 8 20 -1.155242 1 -2 3 -4 70 -72 
< 9 1 -1.0 1 -2 3 -4 72 -71 
.~~ 
> c  bowl 
> 8 3 -1.0431 ( I 6 3  -281: 1-63 -61 6911 -32 
> c  bowl water reflection 
> 9 1 -1.0 1 ( 6 3  - 3 3  -20 132 :281  1 :  (-63 61 -62 691: 
> 1-65 70 -6211 -2  1 1 0 3  
> 10 0 -33 -63 70 62 -2 1 103 
> c  bowl 
> 11 3 -1.0431 1163 -281: 1-63 -58 6 5 1 )  -34 
> c  bowl water reflection 
> 12 1 -1.0 (163 -35 -20 134:2811:1-63 58 -60 691: 
> ( - 6 5  1 0  -6011  -2 1 -103 
> 13 0 -35 -63 70 60 -2  1 -103 
29.30c49.50 
< 22 5 -1.0749 70 -28 -53 
< 23 0 70 -28 53 64 -65 41 66 -1 
.~~ 

22 5 -1.0749 70 -28 -53 
> 23 0 7 0  -28 53 64 -65 41 66 -1 
32~52.81 
< 24 20 -1.155242 5 -70 1 - 4  -2  3 

> 24 8 -5.562 5 -70 1 -4 -2 3 
> c  filled c a n s  
> 25 0 I 3 -433 -444 70 -20 33 35 

_.~ 

imp:n=l 

imp:n=l 

imp: n=l 
Imp:n=l 

lmD:*=I 

Imp:n=l 
Imp: n = l  

mp:n=1 

imp:n=l 
imp:n=l 

Imp:n=l 
1mp:n-l 

1mp:n=1 
imp:n=l 

imp:n=l 

imu:n=l 

C-I4  
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> 
2 6  

> 
> 
> 
> 
> 

> 
> 

> 2 0 1  
> 202 
> 2 0 3  
> 204 
> 2 0 5  
> 2 0 6  
> 207 
> 2 0 8  
> 2 0 3  
> 210 
> 2 8  
1 0 3 6 1 5  
< 77 

f i l l - 1  ( 7 . 0 3 5  7 . 0 3 5  01 
0 - 3 3 1  334 -330  3 3 3  - 3 2 3  332 u = l  l a t = 2  
fill= -5:14 - 1 : l O  0 : O  
4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4  
4 4 4 4 4 3 3 3 3 3 3 3 3 3 3 3 3 3 3 4  
4 4 4 4 4 3 3 3 3 3 3 3 3 3 3 3 3 3 4 4  
4 4 4 4 3 3 3 3 3 2 2 3 3 3 3 3 3 3 4 4  
4 4 4 4 3 3 3 3 2 2 2 3 3 3 3 3 3 4 4 4  
4 4 4 3 3 3 3 3 2 2 3 3 3 3 3 3 3 4 4 4  
4 4 4 4 4 3 3 3 3 3 3 5 5 3 3 3 4 4 4 4  
4 4 4 4 4 3 3 3 3 3 5 5 5 3 3 3 4 4 4 4  
4 4 4 4 4 3 3 3 3 3 5 5 3 3 3 4 4 4 4 4  
4 4 4 4 4 3 3 3 3 3 3 3 3 3 3 4 4 4 4 4  
4 4 4 4 3 3 3 3 3 3 3 3 3 3 4 4 4 4 4 4  
4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4  

4 - 1 . 1 6 7  - 2 0 1  -28 u=2 
1 - 1 . 0  28 "=2 
0 2 0 1  - 2 8  u=2 
10 - 2 . 9 1 1  - 2 0 1  -28 u=3 
1 - 1 . 0  2 8  u=3 

1 
~ ~~ 

1 2 2 a 1 7 1 ,  1 7 2  
> 433 px 
> 4 4 4  py 
129,166d17E 

0 
0 

" 7  

0 2 0 1  -28 "-3 
0 777  u=4 
11 - 2 . 1 7 3 3  - 2 0 1  - 2 8  u=5 
1 - 1 . 0  28 u=5 

2 0 1  - 2 8  u=5 
1 - 2  3 - 4  1433:4441 70 -20 3 3  35 

< 1 2 0  
< 1 2 1  
< 122 
< 1 2 3  
< 1 2 4  
< 1 2 5  
< 1 2 6  
< 1 2 7  
< 1 2 8  
< 1 2 9  
< 1 3 0  
< 131 
< 1 3 2  
< 1 3 3  
< 134 
< 1 3 5  
< 1 3 6  
< 1 3 7  
< 1 3 8  
< 1 3 9  
< 420 
C 4 2 1  
< 422 
< 423 
< 424 
< 4 2 5  
< 4 2 6  

427 
< 428 
< 429 
< 430 
< 431 
< 432 
< 433 
< 434 
< 4 3 5  
< 436 
< 477 

c/z 
c / z  
C/Z 
c / z  
c / z  
c / z  
C / Z  
c/z 
C / Z  

C / 2  

c/z 
c/z 
c/z 
c/z 
c / z  
P X  
PX 
PY 
c / z  
C / Z  

c / z  
C / L  
c/z 
c / z  
c / z  
c/z 
c / z  
c / z  
c/z 
c / z  
c/z 
c / z  
c / z  
C / L  
c / z  
PX 
P X  

0 . 2 2 4 3 6  

1 9 6 . 9 8 0  
1 2 4 . 6 1 3  

5 6 . 2 8 0  1 2 5 . 0 4 5  6 . 9 8 5  
5 6 . 2 8 0  1 2 5 . 0 4 5  9 . 5 2 5  
7 0 . 3 5 0  1 2 5 . 0 4 5  6 . 9 8 5  
7 0 . 3 5 0  1 2 5 . 0 4 5  9 . 5 2 5  
4 9 . 2 4 5  1 1 2 . 8 6 0  6 . 9 8 5  
4 9 . 2 4 5  1 1 2 . 8 6 0  9 . 5 2 5  
6 3 . 3 1 5  1 1 2 . 8 6 0  6 . 9 8 5  
6 3 . 3 1 5  1 1 2 . 8 6 0  9 . 5 2 5  
7 7 . 3 8 5  1 1 2 . 8 6 0  6 . 9 8 5  
7 7 . 3 8 5  1 1 2 . 8 6 0  9 . 5 2 5  
5 6 . 2 8 0  1 0 0 . 6 7 5  6 . 9 8 5  

70 .350  1 0 0 . 6 7 5  6 . 9 8 5  
7 0 . 3 5 0  1 0 0 . 6 7 5  9 . 5 2 5  

7 0 . 3 5 0  

5 6 . 2 8 0  1 0 0 . 6 7 5  9 . 5 2 5  

63 .315  1 1 2 . 8 6 0  1 2 . 1 8 5  

1 3 0 . 9 2 5  1 1 2 . 8 6 0  9 . 5 2 5  
1 4 4 . 9 9 5  1 1 2 . 8 6 0  6 . 9 8 5  
1 4 4 . 9 9 5  1 1 2 . 8 6 0  9 . 5 2 5  
1 2 3 . 8 9 0  1 0 0 . 6 7 5  6 . 9 8 5  
1 2 3 . 8 9 0  1 0 0 . 6 7 5  9 . 5 2 5  
1 3 7 . 9 6 0  1 0 0 . 6 7 5  6 . 9 8 5  
1 3 7 . 9 6 0  1 0 0 . 6 7 5  9 . 5 2 5  
1 3 0 . 9 2 5  1 1 2 . 8 6 0  1 2 . 1 8 5  
1 3 7 . 9 6 0  
1 2 3 . 8 9 0  
1 2 5 . 0 4 5  
1 R5 

imp:"-1 

imp:n=l 
1mp:n=1 
imp:n=l 
imp:n-l 
imp:"=l 
imp:"-1 
imp:n=l 

imp:n=l 
imp:"-1 
Lmp:n=l 
m p : n = 1  

imp:n=l 

~ PY 
1 7 2 , 1 7 3 ~ 1 8 4 , - - .  
< m4 9 4 2 3 9 . 5 5  - 0 . 0 2 1 8 5  8 0 1 6 . 5 0  - 0 . 8 0 0 4 8  1 0 0 1 . 5 0  - 0 . 1 0 0 4 2  
< 6 0 1 2 . 5 0  - 0 . 1 7 1 0 0  Spu + ca rbon  +water  
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m4 94239.55 -0.02585 8016.50 -0.92848 1001.50 -0.10114~ 
14000.50 -0.11200 S p u  + c a r b o n  i w a t r r  

7 7 ~ 1 8 4  
m7 94239.55 -0.08511 8016.50 -0,89202 1001.50 -0.11~196 Spu + water 

> m7 94239.55 -0.14679 8016.50 -0.89481 1001.50 -0.11028 Spu + water 
187.188d198 
< m20 94239.55 -0.1500 8016.50 -0,895002 1001.50 -0.11024 Sou + w c i t e i  

~~~ 

< mt20 lwtr.O1 
190~200,215 
< ksrc 56 125 0.1 

> ksrc 70. 43. 10 
> 84. 43. 10 
> 98. 43. 10 
> 77. 'is. 1 0  ~ ~~~ ~~ 

> 91. 55. 10 
> 70. 31. 1 0  
> 84. 31. 10 
> 10. 122. 10 
> 10. 101. 10 
> 126. 68. 10 

t . . t . * * * t * * + * , t + l + ~ + * t * + * f * * * i f * f - - 1 I I I 1 . * . * * * , ~ , * * * , * ~ . * * * * * * * * ~ * ~ ~ ~ . * * ~ . * . * ~ . ~ . * ~ . * * ~ * ~  

diff c0001f2fia.i c0001f2fl.i >diffZfiafl 
1, zc1. 2 
< glovebox ha20mb cementation model - f i r e  case 2 1 0 0  g pu - c0001f2f5a 
< c base case 9009 + 300g holdup t 2009 Outside 1700g h/x=20 +ZOO9 h/x-364 

> glovebox ha20mb cementation model - fire case 1100 g pu ~ c0001fZfl 
> c base case 9009 + 0 q conveyor + 3009 holdup t 0g outside +90Og h / x = Z O  
8 C 8  
( C  h/x =625 

. .. . 

... 

7 2.76 L cans puiwatertcarbonisio2 
0.04652 g/cc pu 

7009 pu t o t a l  
1 2.76 L cans putwater 
0.07237 g/cc pu 
h/x=364 
200g pu total 

> 4 4 4 4 4 3 3 3 3 3 5 5 5 3 3 3 4 4 4 4  
8 4 ~ 8 0  
< 211 11 -2.1738 -201 -28 u=5 I m p  : n~: 1 
~~~ 

> 211 11 -2.1739 -201 -28 u=5 Imp:"-] 
8 8 .  9 ~ 8 3  
< 215 12 -1.075 -201 -28 u=6 imp:"=l 
< 216 1 -0.1 -201 28 u=6 Imp:n=l 
< 217 1 -0.1 201 71 u=6 imp: n=l  
< 2 1 8  1 -1.0 201 -71 u=6 imp:n=l 
208,209cZ00.201 
< mll 94239.55 -0.04222 8016.50 -0.78108 1001.50 -0.00356 

6012.50 -0,69105 14000.50 -0.65587 Spu i c t s i o 2 t  water 
... 
i m11 94239.55 -0.04652 8016.50 -0.78170 1001.50 -0.00392 

211.212d202 
6012.50 -0.68842 14000.50 -0.65338 Sp" + C + S l 0 2 +  W a i C r  
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< m l 2  94239.55 -0.07237 8 0 1 6 . 5 0  -0.89143 1001.50 - 0 . 1 ? 1 i O  5pu + w a t e r  
< mt12 lwtr.01 

. * * f * f * . r f f . f t f . * * f * f * f * f f * . * * * * * ~ ~ * * * * ~ * * . . * ~ . * ~ * ~ * * * . . + . * ~ ~ * * ~ * ~ * , * ~ * . * ~ * , * ~ * . * * * . * * * ~ ,  

d i f f  c0001fZsl.i c0001fZb4.i >diff2slb4 
I C 1  
< glovebox ha20mb CementatiOn model - stacked bowl 2 1 0 0  g pu ~ c0001f2sl 

> qlovebox ha2Omb cementation model - base  case 2100 g pu - cOOUlf2b4 

I C  h o w l s  - one bowl in corner 1 0 "  from cyans 
( C  one bowl stacked on cans 

~~~ 

5 . 6 C 5  

... 
> c  howls ~ two bowls in coiner IO" from can3 
2 3 ~ 2 2  
, i o  1 -2 3 -4 20 - 6  #14 i l l 5  

> I 0  I -2 3 - 4  70 - 6  
41.42~40.41 
< 1-69 70 -6211 -2  1 
< 10 0 - 3 3  -63 70 62 -2 1 

Imp: " = I  

Imp:"-1 

rmp:n=l 
imp:n=l 

~~~ 

> 1-63 70 - 6 2 ) )  -2 1 103 I m p :  n = l  
> 10 0 -33 - 6 3  70 62 -2 1 I03 imp: n=l 
44.47c43.47 
< c  container Stacked 

< c  container water reflection 
< 14 3 -1.0431 -110 28 -29 1 ( 5 9  - 2 9 1 :  1-19 -1111) -110 Irnp:"=l 

< 1 5  1 -1.0 20 -30 (I59 - 1 0 9  1110:29i i :  1-59 111 - 1 1 2 )  l imp:n=l 
... 
> 11 3 -1.0431 1 1 6 3  -281: 1 - 6 3  -58 f i g ) !  -34 
> c  bowl water reflection 
> 12 1 - 1 . 0  1163 - 3 5  -20 (34:28)1:1-63 58 -60 69): 
> ( - 6 9  70 - 6 O l i  -2 1 -103 
> 13 0 -35 -63 70 6 0  -2 1 -103 
54c54 
< 25 0 I 3 - 4 3 3  - 4 4 4  70 -20 33 ( 1 1 1 : - 2 8 )  

> 25 0 1 3 -433 -444 70 -20 33 35 
81C81 
< 28 0 1 -2 3 -4 (433:4441 70 -20 33 

~~~ 

.. 
> 28 n 1 -2 3 -4 1433:444i 70 -20 33 35 
160,163~160,163 
< 109 C / L  8 4 . 4 2  43.59 12.10 
< 110 c/z 8 4 . 4 2  43.59 1 0 . 1 6  
< 111 5 84.42 43.59 2 7 . 6 8  1 0 . 1 6  
< 112 s 84.42 43.59 21.68 12.70 

1rnp:n=1 

imp:n=l 
1mp:n=1 

.~. 
> 109 c/z 17.465 13.0353 12.70 
i 110 c / z  17.465 13.0353 10.16 
> 111 I 17.465 13.0353 21.68 1 0 . 1 6  
> 112 s 17.465 13.0353 2 7 . 6 8  12.10 

< 84. 4 3 .  30 

> 10. 101. 10 

* t * f * f * f * f f * f * f . f * . * * * * * * * * t i + t i t * - l * * * * * * * * ~ * * * * * * ~ * , * * * * * * * * . * ~ * . * * ~ * ~ ~ , , * , , , , * * , . * * * * *  

diff c0001fZs2.1 c000112b4.1 >diff2s2b4 
IC1 
< glovebox ha20mb cementation model - Stacked bowl 2100 g pu - c0001f2~2 

> glovebox ha20mb cementation model - base ca5e 2100 g pu - c0001f2b4 
5 , 6 C 5  
( C  bowls ~ one bowls in corner  10" from cans 
< c  one bowl stacked on Other bowl 

> c  bowls ~ two bowls i n  corner 10" from cans 
2 3 ~ 2 2  
< l o  1 -2  3 - 4  20 - 6  # I 4  #I5 imp: n = l  

2 0 a ~ 2 0 8  

... 

... 

~~~ 

... 

. 1 0  1 -2 3 -4 20 - 6  Imp: n=1 

1-69 7 0  -6211  -2 1 111 Ima:n=l 
41,46c40.47 
< 
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0 - 3 3  - 6 3  1 0  6 2  -2  1 
c o n t a i n e r  stacked 
3 - 1 . 0 4 3 1  -110  2 8  - 2 9  ( ( 5 9  - 2 9 1 : ! - 5 9  -llllI -110 
c o n t a i n e r  w a t e r  r e f l e c t i o n  
1 -1.0 2 0  -30  ((59 -109 (110:2~>1:!-59 111 -II?)I 

1-69 1 0  -6211 -2 I 1 0 3  
0 -33  - 6 3  7 0  6 2  -2 I 1 0 3  
bowl 
3 - 1 . 0 4 3 1  ( 1 6 3  - 2 8 1 :  1-63 - 5 8  6 9 1 1  -34 
bowl w a t e r  reflection 
1 -1.0 ( 1 6 3  - 3 5  -20 ( 3 4 : 2 8 1 1 : ! - 6 3  5 8  -60 691: 

( - 6 9  70 -6011 -2  I - 1 0 3  
0 - 3 5  - 6 3  1 0  6 0  -2 1 - 1 0 3  

0 1 3 -433  - 4 4 4  1 0  -20  3 3  ! 1 1 1 : - 2 8 1  

0 1 3 - 4 3 3  - 4 4 4  1 0  -20 3 3  3 5  

0 1 -2 3 -4 ! 4 3 3 : 4 4 4 )  1 0  - 2 0  33 

> 2 8  0 1 -2 3 - 4  1 4 3 3 : 4 4 4 1  1 0  - 2 0  3 3  35 
159 ,162c16O.  1 6 3  
I 1 0 9  c/; 10.21 1 2 1 . 8 1  1 2 . 1 0  
< 110 c / r  1 0 . 2 1  1 2 1 . 8 7  1 0 . 1 6  
< 111 s 1 0 . 2 1  1 2 1 . 8 1  2 1 . 6 8  1 0 . 1 6  
< 1 1 2  s 10.21 1 2 1 . 8 7  2 1 . 6 8  12.70 

imp:"=: 
imp:n=l 

~.. 
> 1 0 9  c/i 1 7 . 4 6 5  1 3 . 0 3 5 3  1 2 . 1 0  
> 110 c / ;  1 7 . 4 6 5  1 3 . 0 3 5 3  1 0 . 1 6  
> 111 s 1 7 . 4 6 5  1 3 . 0 3 5 3  2 7 . 6 8  1 0 . 1 6  
> 1 1 2  s i J . 4 6 5  1 3 . 0 3 5 3  2 1 . 6 8  1 2 . 7 0  
2 o l c z o 8  

I O .  122. 3 0  
~~~ 

> 1 0 .  1 0 1 .  10 

....................................................................................... 

diff ~ 0 0 0 1 1 2 ~ 3 . ~  c 0 0 0 1 f Z b 4 . 1  > d i f f Z s 3 b 4  

< glovebox ha20mb Cementation model - stacked can 2 1 0 0  g pu - c0001f253 
< c base c a ~ e  9009 + 2 0 0 9  c a n  + 3009 h o l d u p  + 2 0 0 9  outside 19009 h/x=?O 

> 9lovebox ha20mb Cementation model - base case 2100 9 pu - c0001fZb4 
> c base case 9OOg + 0 g conveyor + 3009 holdup + 2009 oiitslde 1 9 0 0 9  h / h = i O  

1 , Z C l . Z  

... 

1 8 . 1 9 d I l  
< c  1 2 . 1 6  L can 90% water 1 0 b  s i 0 2  s t a c k e d  

2 4 ~ 2 2  
< c  200 9 pu t o t a l  

< I 0  1 -2  3 - 4  2 0  - 6  # 1 4  #15 lmp:"=l 
~~~ 

. 1 0  1 -2  3 - 4  20 - 6  
4 2 . 4 3 ~ 4 0 . 4 1  
< ( - 6 9  70 -6211 -2  1 1 0 3  
< 1 0  0 - 3 3  -63  10 62 -2 1 1 0 3  
... 

Imp:n=l 

imp:n=l 
Imp:n=l 

> ( - 6 9  1 0  -6211 -2 1 1 0 3  i m p : " - l  
> 1 0  0 -33  -63  1 0  6 2  -2  1 1 0 3  i m p : n = l  
5 0 ,  5 3 6 4 1  
< c  c o n t a i n e r  Stacked 
< 1 4  1 2  - 1 . 2 1 5  -113 2 8  -29  
< c  container water r e f l e c t i o n  
< 1 5  1 - 1 . 0  20  - 3 0  - 1 1 4  1113:291 
m c i 4  ~~~~~ 

< 2 5  0 1 3 - 4 3 3  - 4 4 4  7 0  -20 33  3 5  ! 1 1 3 : - 2 8 1  

> 2 5  0 1 3 - 4 3 3  - 4 4 4  1 0  - 2 0  33 35 
1 6 6 , 1 6 9 c 1 6 0 . 1 6 3  
< 1 0 9  c / z  8 4 . 4 2  4 3 . 5 9  1 2 . 7 0  
< 110 c / z  8 4 . 4 2  4 3 . 5 9  1 0 . 1 6  

i 112 s 8 4 . 4 2  4 3 . 5 9  2 7 . 6 8  1 2 . 1 0  

~~~ 

i 111 s 8 4 . 4 2  4 3 . 5 9  2 1 . 6 8  10.16 

~~~ 

~ m p : n = l  

I m p  : n= 1 

> 109 c / z  11.461 1 3 . 0 3 5 3  1 2 . 1 0  
> 110 C / L  1 7 . 4 6 5  1 3 . 0 3 5 3  1 0 . 1 6  
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> 111 s 11.465 13.0353 27.68 
I 112 s 17.465 13.0353 27.68 

10.16 
12.70 

185.186d178 
< 113 c / z  84.420 43.590 6.985 
< 114 c / z  84.420 43.590 9.525 
201,209d198 
< m12 94239.55 -0.07231 8016.50 -0.93062 1001.50 -0.09991 

< mt12 lwtr.01 
2 19C208  
< 8 4 .  4 3 .  30 

> 10. 101. 10 

< 14000.50 -0.11200 5pu 5102 + w a t e r  

~~~ 

****f~flf*l*****f.l,f+l+if*******~****~****.**.~***~.~***~***~****.*~*~**.*,~*~,*.~..~.**. 

d i f f  c0001f254.i c0001f2b4.1 >dlff2s4b4 
IC1 
< glovebox ha20mb cementation model ~ Stacked bowl ?!On '1 r'li ~ c0001fZs4 

> alovebox ha20mb cementation model - b a s e  case 2100 (I 311 - c000lfZb4 
... 

5 . 6 c 5  
I C  bowls 
( C  
... 
> c  bowls  
2 3 ~ 2 2  
t 1 0  
._. 
. I 0  
41.42c40.41 
< 
< 10 0 
... 

> 10 0 
44.41c43.4i 

one bowl i n  corner 10"  from cans  
one bowl Stacked on 900 g cans 

two bowls in corner 10" from cans  

1 -2 3 -4 20 - 6  #14 #I5 

1 -2 3 - 4  20 -6 

(-69 1 0  -6211 -2 1 
-33 - 6 3  70 62 -2  1 

1-69 70 -6211 -2 1 103 
-33 -63 10 62 -2  1 103 

< c  container Stacked 
< 1 4  3 -1.0431 -110 28 -29 (I59 -291:(-59 -11111 -110 
< c  container water reflectlo" 
< 15 1 -1.0 20 -30 1159 -109 1110:2911: (-59 111 -11211 

> 11 3 -1.0431 (163 -281: 1-63 -58 6911 -34 
> c  bowl water reflection 
> 12 1 -1.0 (163 - 3 5  -20 134:2811:1-63 58 -60 691: 
> (-69 1 0  -6011 -2 1 -103 
> 1 3  0 -35 -63 70 60 -2 1 -103 
54c54 
< 25 0 1 3 -433 -444 70 -20 33 i111:-281 

> 25 0 1 3 -433 -444 70 -20 33 35 
81C81 
< 28 0 1 -2 3 - 4  1433:4441 70 -20 33 

~~~ 

> 28 0 
160.163~160 
< 109 c / z  
< 110 c / z  
c 111 i 

I 112 5 

> 109 c / z  
> 110 c / z  
> 111 5 
> 112 s 
2 0 8 C 2 0 8  

.._ 

133 

> 10. 
... 

', 
1 -2 3 - 4  1433:4441 10 -20 33 35 

1 6 7  

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 

1mp:n-1 

imp:n=l 

17.465 13.0353 12.70 
17.465 13.0353 10.16 
11.465 13.0353 21.68 10.16 
17.465 13.0353 27.68 12.70 

80. 30 

101. 10 

~ * . + + * t * f * * f f f * f l f + * ( t f * * * * * . * * * * . * ~ , * . * ~ * * * * ~ ~ ~ . * . , , * * . * * * * ~ * * . ~ . ~ ~ . * * * * * * * . ~ * * ~ . ~ . " . ~ ~ . ~  

diff c0001f2sS.i c0001f2b4.i >diffZsib4 
1,2c1,2 
< glovebox ha20mb cementation model - stacked can 2100 g pu ~ c0001f2s5 
< c base case 9009 + 2009 can + 3009 holdup + 2009 outside 19009 h/x=?O 
... 
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> glovebox ha20mb 
> c  base case 
1 8 . 1 9 6 1 1  

cementation model - base c a ~ e  2100 y pu ~ c 0 0 0 1 f 2 b 4  
9OOg + 0 g Conveyor + 3009 holdup + 200g outside 19009 h/x=ZO 

< c  1 2 . 7 6  L c a n  90% Water 101 510: stacked 

2 4 ~ 2 2  
1 1 0  1 -2 3 - 4  2 0  - 6  # 1 4  # l 5  Imp:n=l 

< c  200 y p" total 

... 
> i n  1 -2 3 - 4  20 - 6  
4 2 . 4 3 c 4 0 . 4 1  

1-69 70 - 6 2 1 1  -2 1 1 0 3  
< 1 0  0 - 3 3  -63  7 0  6 2  -2 1 1 0 3  

j .  1-69 7 0  -6211 -2 1 103 
> 1 0  0 - 3 3  - 6 3  70 62 -2 I 103 
50 ,  53d47 
< c  container Stacked 
< 1 4  1 2  - 1 . 2 1 5  - 1 1 3  2 8  - 2 9  
< c  container water reflection 

6 0 ~ 5 4  
< 15 1 -1.0 20 -30 - 1 1 4  ( i i 3 : 2 9 1  

< 25 n I 3 - 4 3 3  - 4 4 4  70 -20 33 35 ! i i 3 : - 2 8 1  

> 2 5  o 1 3 - 4 3 3  - 4 4 4  70 -20 3 3  35 
~~~ 

1 6 6 , 1 6 5 ~ 1 6 0 , 1 6 3  
< 1 0 9  c / z  8 4 . 4 2  4 3 . 5 9  1 2 . 1 0  
< 1 1 0  c / z  8 4 . 4 2  4 3 . 5 9  10.16 
< 111 s 8 4 . 4 2  4 3 . 5 9  27.68 1 0 . 1 6  
< 1 1 2  5 8 4 . 4 2  4 3 . 5 9  2 7 . 6 8  1 2 . 7 0  

> 109 c i Z  1 7 . 4 6 5  1 3 . 0 3 5 3  12.70 
> 1 1 0  c / z  1 7 . 4 6 5  1 3 . 0 3 5 3  1 0 . 1 6  
> 111 s 1 7 . 4 6 5  1 3 . 0 3 5 3  2 7 . 6 8  1 0 . 1 6  
> 1 1 2  s 1 7 . 4 6 5  1 
185,186dI78 
< 1 1 3  c / z  1 3 3 . 6 6 5  
< 1 1 4  c / z  1 3 3 . 6 6 5  
207,209d198 
< m12 9 4 2 3 9 . 5 5  - 0 .  
< i 4 o 0 0 . 5 0  -0. 
< m t l 2  lwtr.01 
2 19C208 
< 1 3 3 .  8 0 .  3 0  

1 0 .  1 0 1 .  10 
... 

.3 .0353 2 7 . 6 8  1 2 . 1 0  

8 0 . 1 4 5  6 . 9 8 5  
8 0 . 1 4 5  9 . 5 2 5  

07237 8016.50  - 0 . 9 3 0 6 2  
1 1 2 0 0  

1 0 0 1 . 5 0  -0. 0 9 9 9 1  
SPU 

1mp:n=1 

Imp:n=l 
i m p : n = l  

i m p : n = l  
i m p : " - 1  

imp:"=] 

I m p :  "=I 

SI02 +water 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

diff c 0 0 0 1 f Z w l . i  c 0 0 0 1 f 2 b 3 . i  x i i f f Z w l b 3  
1 , 3 c 1 , 3  
< glovebox ha20mb Cementation model - wagon case 2100 g pu - cOOOlf2wl 
< C base case 9OOg 1 4 0 0  g conveyor 1 3 0 0 g  holdup 1200y Outside 190Og h/x-20 
< c  glovebox - full water reflection on a l l  Sides, 1" water r e f l  

> glovebox haZ0mb cementation model - base case 2100 y pu - c0001fZb3 
> C base c a s e  9009 t 0 g conveyor + 3009 holdup + 2009 outside 19009 h/n-?O 
> c  glovebox - full water reflection on all sides, cement c a n  refl 

... 

1 4 , 1 5 c 1 4 , 1 5  
< c  1 2 . 7 6  L cans pu+water+carbon+sioZ 
< c  0 . 0 4 6 5 2  g / c c  pu 

> c  5 2 . 7 6  L cans  puiwatericarbonisio2 
> c  0 . 0 6 5 1 3  y l c c  pu 
1 8 . 2 1 d l l  
' C  conveyor container - 1 4 . 7  L can pu + water  10" f r o m  c a n s  
< c  0 . 0 8 5 1 1  g p u / c c  
( C  h/x=309 
( C  400 g pu total 
2 4 d 1 9  
< '  - 5 position wagon with 5 2 . 7  L c a n s  400 g pu + water 
3 4 , 3 8 c 2 9 , 3 2  

6 1 -1.0 ~ l ~ - l O : ~ l : ~ l 2 : 4 : 6 l ! l 3  - 1 4  15 -16  5 -1811: 
< ( - 1 3  -67 -68  1711 # 2 2  # 2 3  i m p : n = l  

< !(-23 2 2  -27  2 6  2 1  -17 211 1-8 : -1 :9 : -24:2511 
< 1516: -517: -518:5191 i m p : n = l  

I 60 1 - 1 . 0  ( ( 1 3  - 1 4  1 5  -16 -5  1 7  It5121 ( - 8 : 9 : - 2 4 : 2 5 1 1 :  
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b 1 -1.0 l!l11~10:11:~12:4:6i113 -14 15 -16 5 -18 # 2 3 1 ) :  
1113 - 1 4  15 -16 - 5  211 1 1 7 : 1 - 2 3  22 -27 2 6 1 1  

1-8:-7:5:-24:25111 !53:-70:2811!:1-13 -67  -68 111 
> 1mp:n=1 
4 0 , 4 2 c 3 4 , 3 5  
< ~I 0 14:(-13 167:68:-1711:-15:16:18:-504 1mp:n=0 
< 570 0 (-14 15 -17 13 -16 5041 (-22:23:27:-26:-21i 
< (520:-521:-522:5231 imp:n=l 
~~~ 

r 7 0  1 4 : 1 - 1 3  167:6811:-15:16:18:-21: 
> 11-22:23:27:-261 -171 
55,57647 
< c  container on conveyor 
< 20 7 -1.088 70 -28 -138 
< 21 1 -1.0 70 - 2 0  1138:281 -139 
5 5 ~ 4 9  
< 22 5 
... 
> 22 5 
64,112cF.A 
< 201 
< 202 
< 203 
< 204 
< 205 
< 206 
< 207 
< 208 

< 
< 205 
< 210 
< 211 
< 212 
< <; 
< 401 
< 402 
< 403 
< 404 
< 405 
< 406 
< 407 
< 408 

< 

< 
< 
< 405 
< 410 
< 411 
< 412 
< 28 
< 
< 
‘ C  
< c  
< 501 
< 502 
< 503 
< 504 
< 505 
< 506 
< 5 0 7  
< 508 
< 509 
< 510 
c 511 

< 512 
< 513 

< 

< 
.~~ 
i 25 

> 2 6  
> 

> 

. - ,  
4 
4 
4 
4 
4 
4 
4 
1 

1 
0 

-1. 

-1. 
!a1 

0745 

0745 
, _ I _  

-1.167 
-1.167 
-1.167 
-1.167 
-1.167 
-1.167 
-1.167 
-1.0 

-1.0 l l ~  

70 -28 -53 

70 -28 -53 

-120 70 -28 
-122 70 -28 
-124 70 -28 
-126 70 -28 
-128 70 -28 
-130 70 -28 
-132 70 - ? R  ~~~ ~ ~~ 

1 ~ - 1 2 1 : - 1 2 3 : - 1 2 5 : ~ 1 2 9 : - 1 3 1 : - 1 3 3 ~  
1120 122 124 128 130 132 1 3 4 1 1  134 -28 70 
1135:-136:-1371 ~ ~~ 

~121:-123:-125:-127:-129:131:-133) 28 -20 
120 122 1 2 4  126 128 130 132 -134 -28 70 

-2 

-21 

imp: n=O 

imp:n=l 
Imp:”-1 

m p : 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  

m p : n = l  
imp:n=l 
imD:n=I 

0 121 123 125 127 129 131 133 -134 28 -20 imp:n=l 
0 -135 136 137 120 122 -2 -28 70 1mp:n-1 
filled cans 
11 -2.1735 -420 70 -28 imp:n=l 
11 -2.1735 -422 70 -28 imp:*-1 
11 -2.1739 -424 70 -28 imp:n=l 
11 -2.1735 -426 70 -28 imp:n=l 
11 -2.1739 -428 70 -28 imp : n=l 
11 -2.1735 -430 70 -28 imp:n=l 
11 -2.1735 -432 70 -28 imp:n=l 
1 -1.0 ( 1 - 4 2 1 : - 4 2 3 : ~ 4 2 5 : - 4 2 9 : - 4 3 1 : - 4 3 3 1  

( 4 2 0  422 424 428 430 432 43411 434 -28 70 -2 
1435:-436:-4371 irnp:n=l 

1 -1.0 1 1 - 4 2 1 : - 4 2 3 : - 4 2 5 : - 4 2 7 : - 4 2 5 : - 4 3 1 : ~ 4 3 3 )  28 -20 -21 Imp:n=l 
0 420 422 4 2 4  426 428 430 432 -434 -28 70 imp:n=l 
0 421 423 425 427 429 431 433 -434 28 -20 imp:n=l 
0 -435 436 437 420 422 -2 -28 70 imp:n=l 
0 1 -2 3 -4 121 123 125 127 129 131 133 134 70 -20 33 35 

(-136:135:-137:281 135 421 423 425 427 425 431 4 3 3  434 
1-436:435:-437:28) 

5 position wagon under glovebox 

50 -1.153 -505 503 -502 
1 -1.0 -506 503 -501 1502:5051 518 
50 -1.153 -507 503 -502 
1 -1.0 -508 503 -501 (502:5071 
50 -1.153 -509 503 -502 
1 -1.0 -510 503 -501 1502:5091 -515 
50 -1.153 -511 503 -502 
1 -1.0 -512 503 -501 (502:511) 
50 -1.153 -513 503 -502 
I -1.0 -514 503 -501 1502:513! 
0 503 -501 -516 517 518 -515 

0 501 -516 517 518 -519  -5 
1 -1.0 (1504 -520 521 522 -5231 

506 508 510 512 514 

1 - 5 0 3 : 5 1 6 : ~ 5 1 7 : - 5 1 8 : 5 1 5 ) 1  - 1 7  127:-21: 

0 1 3 -433 -444 70 -20 33 35 

0 -331 334 -330 333 -325 332 u = l  l a t = 2  
fill= -5:14 -1:10 0:0 

flll=l 17.035 7.035 01 

-221 

Imp: n=I 

imp:n-1 
Irnp:n=l 
imp:n=l 
imp: n = l  
imp: n=l 
imp:n=l 
Imp:n=l 
1mp:n-1 
imp:n=l 
imp:n=l 

imp:n=l 
imp: n=l 

Imp:n=l 

imp:n=l 
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4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4  
> 4 4 4 4 4 3 3 3 3 3 3 3 3 3 3 3 3 3 3 4  
, 4 4 4 4 4 3 3 3 3 3 1 1 3 3 3 3 7 7 4 4  

~~~~~~~~~~~~~~~~ 

> 4 4 4 4 3 3 3 3 3 2 2 3 3 3 3 3 3 3 4 4  
> 4 4 4 4 3 3 3 3 2 2 2 3 3 3 3 3 3 4 4 4  
, 4 4 4 3 3 3 3 3 2 2 3 3 3 3 3 3 3 4 4 4  
> 4 4 4 4 4 3 3 3 3 3 3 5 5 3 3 3 4 4 4 4  
> 4 4 4 4 4 3 3 3 3 3 5 5 5 3 3 3 4 4 4 4  
> 4 4 4 4 4 3 3 3 3 3 3 3 3 3 3 4 4 4 4 4  
> 4 4 4 4 4 3 3 3 3 3 3 3 3 3 3 4 4 4 4 4  
> 4 4 4 4 3 3 3 3 3 3 3 3 3 3 4 4 4 4 4 4  

4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4  

> 2 0 1  
> 202 
> 2 0 3  
> 204 
> 2 0 5  
> 206 
> 2 0 1  

4 - 1 . 1 6 7  
1 - 1 . 0  
n 
1 0  - 2 . 9 1 1  
1 - 1 . 0  
0 
0 

- 2 0 1  - 2 8  "12 
2 8  "=2 
2 0 1  - 2 8  u=2 

- 2 0 1  - 2 8  u=3 
2 8  u = 3  
2 0 1  - 2 8  u=3 
7 1 1  u=4 

> 208 11 - 2 . 1 7 4 6  - 2 0 1  -28 u=5 
> 209 1 - 1 . 0  2 8  u=5 
> 2 1 0  0 2 0 1  -28 u=5 
> 28 0 1 -2 3 - 4  ( 4 3 3 : 4 4 4 )  7 0  - 2 0  3 3  3 5  
1 3 4 ~ 1 0 3  
< 2 1  p z  - 6 3 . 2 2 4  
~~~ 

> 2 1  p z  -66 .04  
Z O l a l l l .  112  
> 4 3 3  p x  1 9 6 . 9 8 0  
> 4 4 4  p y  1 2 4 . 6 1 3  
2 0 8 . 2 6 1 6 1 7 8  
< 1 2 0  
< 1 2 1  
< 1 2 2  
< 1 2 3  
< 124 
< 1 2 5  
< 1 2 6  
< 1 2 7  
< 1 2 8  
< 1 2 9  
< 1 3 0  
< 1 3 1  
< 1 3 2  

1 3 3  
< 134 
< 1 3 5  
< 1 3 6  
< 1 3 1  
< 1 3 8  
< 1 3 9  
< 420 
< 4 2 1  
< 422 
< 4 2 3  
< 424 
< 425 
< 426 
< 4 2 1  
< 428 
< 429 
< 4 3 0  
< 4 3 1  
< 432 
< 433 
< 434 
< 435 
I 436 
< 437 
< 5 0 1  
< 502 
< 5 0 3  
i 504 
< 505 

c / z  
C / L  
c / z  
c / z  
c / z  
c / z  
c / z  
C / Z  

c / z  
c / z  
C / L  
c / z  
c / z  
c/z 
c / z  
P X  
PX 
PY 
c/z 
' / Z  

c / z  
c / z  
c / z  
C/Z 
c / z  
c / z  
C / Z  
C / L  
c/z 
c / z  
c / z  
c / z  
c / z  
c / z  
C / L  

P X  
P X  
PY 

PZ 
PZ 

e z  

PZ 
c / z  

5 6 . 2 8 0  1 2 5 . 0 4 5  6 . 9 8 5  
5 6 . 2 8 0  1 2 5 . 0 4 5  9 . 5 2 5  
7 0 . 3 5 0  1 2 5 . 0 4 5  6 . 9 8 5  
1 0 . 3 5 0  1 2 5 . 0 4 5  9 . 5 2 5  
4 9 . 2 4 5  1 1 2 . 8 6 0  6 . 9 8 5  
4 9 . 2 4 5  1 1 2 . 8 6 0  9 . 5 2 5  
6 3 . 3 1 5  1 1 2 . 8 6 0  6 . 9 8 5  

7 7 . 3 8 5  1 1 2 . 8 6 0  6 . 9 8 5  
7 7 . 3 8 5  1 1 2 . 8 6 0  9 . 5 2 5  
5 6 . 2 8 0  1 0 0 . 6 7 5  6 . 9 8 5  
5 6 . 2 8 0  1 0 0 . 6 7 5  9 . 5 2 5  
7 0 . 3 5 0  1 0 0 . 6 7 5  6 . 9 8 5  
7 0 . 3 5 0  1 0 0 . 6 7 5  9 . 5 2 5  
6 3 . 3 1 5  1 1 2 . 8 6 0  1 2 . 1 8 5  
7 0 . 3 5 0  
56.280 
1 2 5 . 0 4 5  

63 .315  1 1 2 . a 6 0  9 . 5 2 5  

1 4 4 . 9 9 5  1 1 2 . 8 6 0  9 . 5 2 5  
1 2 3 . 8 9 0  1 0 0 . 6 7 5  6 . 9 8 5  
1 2 3 . 8 9 0  1 0 0 . 6 1 5  9 . 5 2 5  
1 3 1 . 9 6 0  1 0 0 . 6 1 5  6 . 9 8 5  
1 3 1 . 9 6 0  1 0 0 . 6 7 5  9 . 5 2 5  
1 3 0 . 9 2 5  1 1 2 . 8 6 0  1 2 . 1 8 5  
1 3 1 . 9 6 0  
1 2 3 . 8 9 0  
1 2 5 . 0 4 5  
- 3 9 . 3 7  
- 4 1 . 9 1  
- 6 3 . 2 2 4  
- 9 3 . 7 0 4  
3 9 . 1 5 7  1 2 0 . 5 3 8  6 . 3 5 0  

i m p : n = l  

imp:n=l 
i m p : n = l  

i m p : n = l  
imp:n=l 

Il"p:"=l 

I m p :  n=: 
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< 506 

J 5 O H  

< 510 

507 

509 

< ill 
< 512 
< 513 
< 514 
< 516 
< 517 
< 518 
< 519 
< 520 
< 521 
< 522 
< 523 

c/z 39.151 120,538 8.890 
c / z  63.315 120.538 6.350 
c / r  61.315 120.538 8.890 
c / z  87.413 120.538 6.350 
c / i  87.413 120.538 8.890 
c / z  51.236 105.183 6.350 
c / z  51.236 105.183 8 . 8 9 0  
c / z  75.394 105.183 6.350 
c / z  15.394 105.183 8.890 
py 131.81 
py 93.91 
px 30.628 
px 96.002 
py 162.29 
py 63.43 
px 0.148 
PX 126.482 

274~185 
< 14000.50 -0.11200 5pu + S I 0 2  +water 
~~~ 

> 14000.50 -0.11200 Spu + Carbon +water 

< m7 94239.55 -0.08511 8016.50 -0.89202 1001.50 -0.11096 spu + water 
278~189 

> m7 94239.55 -0.14679 8016.50 -0.89485 1001.50 -0.11028 Spu + water 
285,286~196,191 
< mll 94239.55 -0.04652 8016.50 -0.78170 1001.50 -0.00392 
< 6012.50 -0.68842 14000.50 -0.65338 5pu + C + S l 0 2 +  water 

> mll 94239.55 -0.06513 8016.50 -0,78435 1001.50 -0.00549 
> 6012.50 -0.67704 14000.50 -0.64258 SD" tc+s1oz+ w a t e r  

... 

288.289d198 
< mi0 94239.55 
< mt50 lwtr.01 
291,297~200,206 
< ksrc 56 125 10 
< 70 125 10 
< 49 112 10 
< 63 112 10 
< 71 112 10 
< 56 100 10 
< 70 100 10 

> k s r c  70. 43. 10 
... 

-0.14815 8016.50 - . a 9 4 9 2  1 1001.50 -0.11026 Spu + water 

~~~ 

> 126. 68. 10 
> 140. 68. 10 
> 119. 80. I0 
> 133. 80. 10 

< 5 1  105 -50 
< 15 105 -50 

f + l * t + t + + t , f * + * t * * f f . * . ~ . * . . . * * t * * * * * . * ~ * * ~ , . * ~ , * ~ * * * * ~ * * * * ~ * * * ~ ~ ~ ~ . ~ * * , , . * * * * * * * * * * . * ~ * . ~  

d i f f  cO001f2b4h.i c0001fZb4.1 >dlf fZb4hb4 
IC1 
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< qlovebox ha20mb cementation model - spacing case 2100 9 pu - s0001fZb4h 
... 
> glovebox ha20mb Cementation model - base case 2100 4 pu - c0001f2b4 
18C18 
c c  room - 1 2.76 L can 0" spacing from glovebox w a l l  
... 
> c  room - 1 2.76 L can  6" spacing from glovebox wall 
26~26 
< 4 1 -1.0 1-1:2:-31 [IO -11 12 -4 5 -191 u22 #23 

> 4 I -1.0 1-1:2:-3) (10 -11 12 -4 5 -191 U23 
133~133 
< 53 c i z  -7.035 121.87 6.985 

> 53 c/i -23.495 121.87 6.985 

~~~ 

... 

147~147 
< 67 c/z -7.035 121.87 37.465 
... 
> 67 c / ;  -23.495 121.81 37.465 
216~216 
< - 7 .  121. 10 

> -21. 121. 10 
... 

* * * * * + f + . , ~ * t f * . * + * * * , * * * * * * * * * . * * * ~ . ~ . * . ~ , ~ ~ * . , , * * * * * * * * * ~ * * , * * * * * * . * . ~ ~ ~ . ~ ~ * . * ~ * * * * , * ~ *  

dlff c0001fZb9.i c0001f2b4.i >diff2b9b4 
1 . 2 C l .  2 
< glovebox ha20mb cementation model - base case 2 1 0 0  g pu ~ cU001f2b9 
< c  base case 9009 + 4009 conveyor + 3009 holdup t 2009 outside +9009 h/x=ZO 

> 9lovebox ha20mb Cementation model - base case 2100 g pu ~ c0001fZb4 
> c base case 9009 + 0 9 Conveyor + 3009 holdup + ZOO9 ourside +900g h/x=ZO 
20,23d19 
< c  conveyor container - 1 4.1 L can pu t water next to cans  
< c  0.08511 g pu/cc 
< c  h/x=309 
< c  400 g pu total 
52,55d47 

... 

' C  contdlner on conveyor 
< 19 1 -1.088 70 -28 -138 
< 20 1 -1.0 7 0  - 2 0  138 -139 (-1421 
< 21 1 -1.0 28 -20 -138 
6 2 ~ 5 4  
< 25 0 1 3 -433 -444 70 -20  33 3 5  U19 #20 #21 
... 
> 25 0 1 3 -433 -444 70 -20 33 35 
6 7 . 7 1 ~ 5 9 . 6 3  
< 4 4 4 4 4 3 3 3 3 3 3 3 4 4 4 4 4 4 4 4  
< 4 4 4 4 4 3 3 3 3 3 3 4 4 4 4 4 4 4 4 4  
< 4 4 4 4 3 3 3 3 3 2 2 4 4 4 4 4 4 4 4 4  
< 4 4 4 4 3 3 3 3 2 2 2 4 4 4 4 4 4 4 4 4  
< 4 4 4 3 3 3 3 3 2 2 3 4 4  

> 4 4 4 4 4 3 3 3  
> 4 4 4 4 4 3 3 3  
> 4 4 4 4 3 3  

~~. 

> 
4 4 4 3 3 3 3 3 2 2 3 3 3  

181,189d178 
< 138 c/z 107.57 30.26 9.1091 
< 139 c / z  101.51 30.26 11.6491 
< 142 c / z  126.63 19.22 30.25 ~ ~~ ~. ~ 

200C189 
< mi 94239.55 -0.08511 8016.50 
... 

4 

3 

-0. 

3 3 3  

3 3 3  
3 3 3  
3 3 3  
3 3 3  
3 3 3  

89202 

4 4 4  

3 3 4  
3 4 4  
3 4 4  
4 4 4  
4 4 4  

1001.50 -0.11096 

Imp:n=l 
1mp:n=1 
imp:n=l 

> m7 94239.55 -0.14679 8016.50 - 0 . 8 9 4 8 5  1001.50 -0.11028 5pu + water 
228d216 
< 107. 30. 10 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

d i f f  c0001f2b7.1 c0001f2b4.i >diffZb7b4 

< glovebox ha20mb cementation model - base case 2100 9 pu ~ c0001fZb7 
< c base case 9009 +Og con t300g holdup t2009 Out +?O09 h/n=ZO 12009 h/n-ZOO 

1,ZCl. 2 

~~~ 
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> glovetmn ha20mb C e m e n t a t i o n  model - base case 2100 g pu ~ c0001fZb4 
> c base case 9009 + 0 g conveyor + 3009  holdup t 2 0 0 q  autslde 1 9 0 0 9  h/n:2C 
14, 15~14, 15 
i c  6 2.16 L cans puiwatericarbonisio2 
< c  0.04222 g/cc pu 
... 

1 2.16 L cans  ~ ~ t ~ a t e r i ~ d r b o n i s 1 0 2  

i a rbon ta  ,102 

4 4 4 4 4 3 3 3 3 3 5 6 5 3 3 3 4 4 4 4  

> 4 4 4 4 4 3 3 3 3 3 5 5 5 3 3 3 4 4 4 4  
... 

708 11 -2.1739 -201 - 2 8  ~ = 5  
a5,aidao 
211 12 -1.59223 -201 -28 u=6  
212 1 -1.0 2a u=6 
213 n 201 -28 u = 6  

203,204~196,191 
* mil 94239.55 -n.o4zzz 8016.50 

6012 5 0  - n . 6 9 i n 5  14nnn.~o 
-n.i8ioa 1001 
-n.fi55ai 

.50 - -0 . n o 3 5 6  
SP" 

imp:"=] 

imp:n=l 
imp:"=] 
imp:n=l 

+ r + s 1 0 2 +  water 

C-85 



HNF-5988 Rev. 0 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

r i l f t  c0001f2blla.i c0001f2b4.i >diff2bllab4 

i,ZCl.Z 
glovebox ha20mb cementation model ~ base case 2100 y pu - c0001fZblla 

< c  base case 900y  + 20009 conveyor + 3009  h o l d u p  i 700q Outside 1 9 0 0 q  h/x=?O 
~~~ 

> glovebox ha20mb Cementation model - base case 2100 y pu ~ c0001f2b4 
> c  base case 900g + 0 g c o n v e y o r  + 3009 h o l d u p  + ZOOq o u t s i d e  19009 
20,Z i d 1  9 
< c  c o n v e y o r  container - 1 2 . 2  L haat pu + water nex t  to cans 
< c  0.9090 y p u / c c  

h /x=20 

. 
5 2 . 5 5 d 4 7  
< c  container on 

< 20 1 -1.0 
19 13 -1.86271 

h/n=28 
2000 g pu 

c 0 ""e y 0 r 
605 -606 
612 -611 

total 

601 -602 
607 -602 

6 0 3  
609 

-604 
-610 

i (-605:606:-601:602:-603:604) 
6 2 ~ 5 4  
< 25 0 1 3 -433 -444 1 0  -20 3 3  35 #19 #20 

> 25 0 1 3 -433 -444 10 -20 3 3  35 
67.70c59.62 
< 4 4 4 4 4 3 3 3 3 3 3 3 4 4 4 4 4 4 4 4  
< 4 4 4 4 4 3 3 3 3 3 3 4 4 4 4 4 4 4 4 4  
< 4 4 4 4 3 3 3 3 3 2 2 4 4 4 4 4 4 4 4 4  
< 4 4 4 4 3 3 3 3 2 2 2 4 4 3 3 3 3 4 4 4  

> 4 4 4 4 4 3 3 3 3 3 3 3 3 3 3 3 3 3 3 4  
i 4 4 4 4 4 3 3 3 3 3 3 3 3 3 3 3 3 3 4 4  
> 4 4 4 4 3 3 3 3 3 2 2 3 3 3 3 3 3 3 4 4  

4 4 4 4 3 3 3 3 2 2 2 3 3 3 3 3 3 4 4 4  

... 

... 

187,198di78 
< 601 1 p y  -6.35 
< 602  1 p y  6.35 
< 603 I px -13.97 
< 6 0 4  1 px 13.97 
i 605 1 p z  5.915 

6 0 6  1 p z  12.115 
607 I py - 8 . 8 9  

< 608 1 p y  8 . 8 9  
< 609 1 px -16.51 
< 610 1 px 16.51 
< 611 1 pz 14.655 
< 612 1 p z  3.375 
209~189 
< m7 94239.55 -0.08511 8016.50 -0.89202 1001.50 -0.11096 Spu + water 

> m7 94239.55 -0.14619 8016.50 -0.89485 1001.50 -0.11028 spu + water 
219,220d198 
< m13 9 4 2 3 9 . 5 5  -0.909091 8016.50 -0.84691 1001.50 -0.10671 s p u  + water 
i mt13 Iwtr.01 
239d216 
< 1 0 6 .  3 0 .  3 
2 4 3 ~ 2 2 0  
< * t r l  106.56426 30.8050 0 60 330 90 150 60 90 

... 

~~~ 

> 

......................................................................................... 

diff c0001fZb13.i ~0001f2b4.1 >diff2b13b4 

1.2c1.2 
< ylovebox ha20mb cementation model - base case 2100 g pu - c0001f2h13 
< c base case 9009 + 20009 conveyor + 300y h o l d u p  + 2009 outside +900g h/x=ZO 

> glovebox ha20mb cementation model - base case 2100 4 pu ~ c0001fZb4 

20.23d19 
< c  conveyor container ~ 1 2.2 L boat pu metal button + water next to cans 
< c  19.6 y p u / c c  
( C  h/x=O 

52,56d41 

... 

c base case YOOq + 0 g c o n v e y o r  + 3009 h o l d u p  + 2009 outside 190Oq h / n = 2 0  

<' c 2000 y pu total 
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< <. c o n t a i n e r  on conveyor  
<. 18 14 -19.6 620 -621 622 -602 605 - 6 0 6  Imp: n=1 
i 19 I -1.0 605 - 6 0 6  601 -602 603 -604  (621 : -6 :0 : -622 i  ~mp:n=l 

< (~605:606:~601:602:-603:604~ imp:n=i 
< 2 0  1 -1.0 612 -611 601 -602 609 -610 

6 3 ~ 5 4  
zi o 1 3 - 4 3 3  -444 70 -20 33 35 1118 #i9 #zo 

_.. 
, 2 5  0 1 3 -433 -444 7 0  -20 33 35 
68,11c',Y, 62 

4 4 4 4 4 3 3 3 3 3 3 3 4 4 4 4 4 4 4 4  
< 4 4 4 4 4 3 3 3 3 3 3 4 4 4 4 4 4 4 4 4  

4 4 4 4 3 3 3 3 3 2 2 4 4 4 4 4 4 4 4 4  
4 4 4 4 3 3 3 3 2 2 2 4 4 3 3 3 3 4 4 4  

~~~ 

4 4 4 4 4 3 3 3 3 3 3  
> 4 4 4 4 4 3 3 3 3 3 3  

4 4 4 4 3 3 3 3 3 2 2  
> 4 4 4 4 3 3 3 3 2 2 2  
1 a 8 , ~  0 x 1  7 8 
< 601 i py -6.35 
< 602 1 PY 6.35 
< 603 I px -13.91 
i 604 1 pn 13.91 

605 i pz 5.915 
< finfi I uz 12.115 ... . . 
607 1 PY -8 .89  

< 608 1 py 8.89 
< 609 1 pn -16.51 
< 610 1 OX 16.51 
< 611 I pz 14.655 
< 612 1 pz 3.375 
< 620 1 px -9.0635 
< 621 1 px -1.0065 
< 622 1 py 2.293 
213~189 
< ml 94239.55 -0.08511 8 0 1 6 .  

3 3 3  
3 3 3  
3 3 3  
3 3 3  

50 -0. 

3 3 3  
3 3 3  
3 3 3  
3 3 3  

3 3 4  
3 4 4  
3 4 4  
4 4 4  

1001.50 ~0.11096 spu + water 
... 
> m7 94239.55 -0.14679 8016.50 -0.89485 10o1.50 -0.11028 Spu + water 
223,225d198 
< mi3 94239.55 -0.45454s 8016.50 -0.86750 1001.50 -0.10931 Spu + water 
< mt13 1wtr.01 
< m14 94239.55 -19.6 Spu metal 
244d216 
< 98. 27. 3 
248~220 
< 'tr1 106.56426 30.8050 0 60 330 90 150 60 90 
~~~ 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

diff c0001flS8.i ~0001f154.1 >diff258s4 

1. 2c1, 2 
< glovebox ha20mb Cementation model - baSe case 1200 9 pu - c0001fls8 
< c  base case 9009 + 0 g conveyor + 3009 holdup + 2009 autside 
~~~ 

> 9lovebon ha20mb cementation model - base case 1200 9 pu - c0001fis4 
> c  base case 9009 + 0 9 conveyor + 3009 holdup + 09 outside 
15.16d14 
< c  room - 1 2.76 L can no spacing f r o m  glovebox wall 
< E  0 . 2 0 0  kg pu + water 
2 3 ~ 2 1  
< 4 I -1.0 1-1:2:-3) 110 -11 12  - 4  5 -19) # 2 2  #23 I*"p:"=l 

> 4 1 -1.0 (-1:2:-3j (IO -11 12 - 4  5 -19) #23 imp:"-1 
28~26 
< ( - 8 : - 7 : 9 : - 2 4 : 2 5 1 ) 1  I53:-10:28ij1:(-15 -67 -68 17) 

> (-8:-7:9:-24:25)1) (53:-10:28111:1-13 -61 -68 111 
3 1 ~ 2 9  
t l 0  14:1-15 161:68i1:-13:16:18:~21: 

~~~ 

... 

~~- 
. 7 0  14:1-13 167:68)1:-15:16:18:-21: 
45.4 6~43.44 
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i 22 5 -1.0749 70 -28 -53 
,. 2 3  0 70 -28 53 64 -65 66 - 3  

> 2 2  I -1.0 70 - 2 6  -53 

1 2 6 ~ 1 2 4  
2 3  1 -1.0 70 -28 53 64 -65 4 1  66 -I 

I 53 c i z  14.070 -7.035 6.985 
~~~ 

> 53 c / z  -23.495 121.81 6.985 
131,140ci35.13a 

64 DX 7.035 
< 65 px 21.105 

66 py -7.035 
< 67 c/z 14.070 -23.495 37.465 

> 64 py 114.885 
> 65 py 128.855 
> 66 px -23.495 
i 67 c i z  -23.495 121.61 37.465 
192c190 
< kcode 5000 1.0 10 400 

> kcode 5000 1.0 10 200 
202d199 
< 14. -1. 10 

... 
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D1.O HA-20MB CEMENTATION GLOVEBOX CRITICALITY PRELIMINARY 
AZARDS ANALYSIS 

D1.l PURPOSE 

The purpose of this Preliminary Hazard Analysis (FHA) is to identify the 
important process parameters and conditions that could impact the potential for the 
occurrence of a criticality in the PFP HA-20MB Glovebox. The results of this PHA will 
be used for input into the HA-20MB Glovebox Criticality Safety Evaluation Report 
(CSER). 

D 2.0 HAZARDS EVALUATION 

A PHA is a hazards identificatiodevaluation technique derived from the U.S. 
Military Standard System Safety Program Requirements (MIL-STD-882). A PHA is a 
structured discovery process involving a multi-disciplinary team and focuses on the 
hazardous materials and major process areas of a facility. The results of the PHA are 
recorded using a tabular format. Because of its military heritage, the PHA technique is 
useful for reviewing process areas where energy can be released in an uncontrolled 
manner. In general, the PHA formulates a list of hazards and hazardous situations by 
considering the following process characteristics: 

Plant equipment 
Facility layout 
Operating environment 

Interfaces among system components. 

Raw materials, intermediate and final products, and their reactivity 

Operational activities (testing, maintenance, etc.) 

The American Institute of Chemical Engineers (AIChE) recognizes the PHA 
process as a creditable method of hazard evaluation. AIChE describes this process in 
their publication titled “Guidelines for Hazard Evaluation Procedures“ (AIChE 1992). 

The depth of a PHA is directly related to the experience and knowledge of the 
participants. A short resume of each team member is included (Section 3.0) to document 
the experience and knowledge of the PHA team. 
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D2.1 PHA EVALUATION STRUCTURE 

The hazardous condition of concern for this PHA is a nuclear criticality. 
Criticality events are prevented by establishing limits for specific parameters. These 
parameters are referred to as controlled parameters. This PHA was structured to address 
the following controlled parameters: 

Mass . Volume . Geometry 
Moderation 
Reflection 
Interaction . Enrichment 
Density . Concentration . Poisons 

The process occurring in the HA-20MB Glovebox involves stabilization of Pu 
bearing materials in a Portland cement matrix. The PHA considered the controlled 
parameters in the context of the process steps that occur in the glovebox during the Pu 
cementation operation. 

D2.2 PHA TABLE DESCFUPTION 

The PHA table (Table A-1) was structured to ensure a systematic and thorough 
evaluation of the controlled parameters. The PHA table captured the following 
information: 

ID: Item Identification; used to record a unique identifier for the hazardous condition 

Process Condition: The process condition for which deviations of controlled parameters 
are being evaluated for the potential to cause a criticality in the HA-20MB 
Glovebox. 

Controlled Parameter: Parameters that are controlled to prevent the occurrence of 
criticality events. Ten parameters are used: mass, volume, moderation, 
interaction, reflection, geometry, enrichment, density, concentration, and 
poisons. 

General Cause: The general cause leading to the hazardous condition. In many cases, 
multiple hardware or operational faults are required to produce the hazardous 
condition. This column, in conjunction with the following column, identifies the 
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sequence of hardware or operational faults postulated to produce the hazardous 
condition. 

Detailed Causes: Specific causes within the general group of causes identified in the 
preceding column that can lead to the hazardous condition. This column is used 
to capture details that may be important in the analysis that will define the 
controls to prevent a criticality. 

Existing Eng Safety: Hardware items identified by the PHA team that have the potential 
to mitigate or prevent the hazardous condition of concern 

Existing Admin Safety: Administrative controls such as facility worker training and 
safety procedures identified by the PHA team that have the potential to mitigate or 
prevent the hazardous condition 

Freq Cat NC: Frequency Category, No controls - The frequency ranking is a qualitative 
estimate of whether the hazardous condition is considered credible or not. 
Conditions considered not credible will not be evaluated further. 

Remarks: Miscellaneous observations or clarifying comments for a given item. This 
column is also used to capture criticality analysis requirement decisions of the 
PHA team. 

D2.3 PHA RESULTS 

The results of this PHA are in the form of information to be considered as part of 
the Criticality Safety Evaluation Report (CSER). The raw data is presented in Table Al .  
The information contained in the PHA table is used to ensure that the CSER analysis 

addresses the appropriate conditions that may contribute to a criticality in the HA-20MB 
Glovebox. The following assumptions that are important to the CSER analysis were 
extracted from Table A1 . 

PFP Glovebox HA-20MB Criticality PHA Assumptions and Dispositions Derived 
from the PHA: 

Assumptions Regarding Physical Configuration Outside Glovebox HA-20MB : 

1. Assume lard can wagon, five position wagon, or waste drum can pass next to the 
north side of Glovebox HA-20MB. The criticality safety evaluation report 
(CSER) will assume that either are present as part of normal operations. 

2. Only one waste drum at a time is allowed to be moved in Room 235B during 
normal operations. 
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3.  The lard can or a five position wagon could pass underneath the glovebox. These 
will be considered as a contingency in the CSER. 

4. Boats from HA-211 could, but would not normally, be moved past the glovebox 
on conveyor HA-28. The CSER will consider a container of 400 g of fully 
moderated material on the conveyor to bound this condition. 

5. Material from Glovebox 23s could, but would not normally go by the glovebox 
on conveyor HA-28. The CSER will consider a container of 400 g of fully 
moderated material on the conveyor to bound this condition. 

6 .  It will be assumed that no Hanford Convenience Cans (HCCs) will be present on 
Conveyor Glovebox HA-28 or in Room 23SB. This is based on the current 
HA-28 Criticality Prevention Specifications (CPS) which does not allow this. 
Operations does not anticipate using Convcyor Glovebox HA-28 for HCCs in the 
future. 

Assumptions Regarding Internal Glovebox Operations: 

1. Several operators may be present during the cementation operations. Full 
reflection around the glovebox will be analyzed. 

2. Multiple operations within the glovebox are anticipated to take place 
concurrently. The limits established in the CPS will accommodate this mode of 
operation. 

3. The current anticipated feed is sand, slag and crucible (SSC). However, the 
CSER will consider future feed materials of sludge, ashes, fluorides, oxides (floor 
sweeps), and oxides < 30% Pu. The CSER analysis will bound these future feed 
materials by analyzing optimally water moderated Pu. 

4. Moderatotdreflectors better than water are not considered credible. 

5. Access to the bottom of the glovebox is possible. This is bounded in the CSER 
by considering movement of material under the glovebox or personnel access 
under the glovebox. 

6. Only 2 mixing bowls will be in use. I t  is anticipated that additional mixing bowls 
will be present but turned upside down so as not to be containers. 

Assumptions Regarding Physical Configuration Inside Glovebox HA-20MB: 

I .  The glovebox is seismically qualified will remain upright and will not collapse 
during a seismic event (SE). 
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2. Equipment mountings inside the glovebox are not seismically qualificd. Thus. 
equipment contents could be spilled i n  a seismic event. 

3. A sealed metal plate covers a conveyer belt at the bottom ofthe glovebox. 
However, the seal is not qualified as a safety barrier and could fail and allow 
water, powder, or slurry to accumulate in the conveyor housing. This material 
will be analyzed as distributed along the floor. 

4. The glovebox has no criticality drain. However, the maximum liquid depth in the 
glovebox is -5.08 cm (-2 in.) due to a ledge between the glovebox and the HA-28 
conveyor. Above this depth, liquids in HA-20MB drain into the HA-28 conveyor. 
The CSER will consider the ledge trapping water in the glovebox. 

5. Liquid in the HA-28 conveyor drains into HA-211 which has a criticality drain 

6. It is desirable to simultaneously have in the glovebox at least 4 slip lid cans with a 
charge in them, a charge in reactor, a charge in mixer, an indeterminate number of 
feed cans, an indeterminate number of billet cans present, and material in the 
crusher and crusher pan. The Pu mass limit identified in the CSER will bound 
this condition. 

7. When not in use the sieve assembly is turned upside down so that i t  is not a 
container. 

8. Pu is assumed to be 239Pu; it is not credible for uranium to exceed 50% 23sIJ 
enrichment in this glovebox. 

9. Addition of fissile material into the glovebox feedwater tank will not be 
considered in the CSER. Purposeful introduction of fissile material into this tank 
will be procedurally prohibited. Accidental addition of fissile material into the 
tank is not credible based on the following considerations: storage of material is 
at a lower level than the tank; material movement does not occur over the tank; 
tubes block the opening of the tank; glovebox structural support blocks the 
opening in the top of the tank. 
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D3.0 PHA TEAM MEMBER BIOGRAPHIES 

LaPriel Dayley - Proiect Enhancement Corporation. Proiect Engineer. Ms. Dayley has 
15 years of experience working at the Hanford Site. She spent about 4 years as technical 
support for N Reactor and 7 years as Process Engineer at PFP. She was the Cementation 
process cog engineer for initial process start up in 1996. Her experience includes 
specifying equipment, acting as PIC for equipment installation, developing procedures 
and technical basis documents and shift technical support. Ms. Dayley has a Bachelor of 
Science degree in Chemical Engineering from the llniversity of Washington. 

Ken Dobbin - Fluor Federal Services, Inc. Criticality Safety Engineer - Mr. Dobbin has 
25 years experience as a nuclear engineer, 20 of these years analyzing reactor physics and 
fuel management and 5 years in criticality safety. He is qualified as a Criticality Safety 
Engineer at the Plutonium Finishing Plant and has 20 months experience with PFP 
systems. During his PFP tenure, he contributed criticality safety expertise for the 
successful completion of an Operational Readiness Review to resume thermal 
stabilization of plutonium. Mr. Dobbin has both undergraduate and masters degrees in 
nuclear engineering. 

David G. Erickson - Fluor Federal Services. Criticality Safety Engineer. Mr. 
Erickson has a B.S. in Physics, and has been at the Hanford Site for 16 years 
performing analysis in the fields of reactor physics and 13 years in criticality 
safety. He is familiar with the codes used in criticality analysis and has 
performed analysis and reviews of other PFP operations. He is a qualified 
Criticality Safety Specialist with FFS, and is the Technical Peer Reviewer for 
this project. 

Brit E. Hey. Fluor Federal Services, Inc - Scribe for PHA. Mr. Brit Hey has over 18 
years of combined engineering and management experience in the commercial and DOE 
nuclear industries. For the last 10 years Mr. Hey has performed safety analysis for 
numerous Hanford facilities and activities including tank farms, the waste encapsulation 
and storage facility, B-Plant, and the plutonium finishing plant. Mr. Hey has successfully 
completed the Process Hazard Analysis Leader training course offered by the ABS 
Group, Inc. Mr. Hey has both undergraduate and masters degrees in nuclear engineering 
from North Carolina State University. 

Alan Ramble - B&W Hanford Company, PFP Facility Engineering - Mr. Ramble is 
currently the Criticality Safety Representative, the cognizant engineer for the Safety 
Analysis Report, and project manager for the Solution Stabilization Project at the 
Plutonium Finishing Plant. As Criticality Safety Representative, Mr. Ramble has 
responsibility for implementation of the criticality safety program at PFP, including 
approval of Criticality Safety Evaluation Reports, Criticality Prevention Specifications, 
operating procedures, initial training and annual retraining of fissile material handlers, 
and inspection for compliance with criticality safety requirements of PFP. 
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Robert F. Richard. Fluor Federal Services, Inc., Criticality Safety Engineer - B.S. Nuclear 
Engineering. Thirteen years experience at Hanford performing nuclear engineering 
analyses in fuel management, reactor physics, radiation shielding, and seven years in 
criticality safety. 

Maria E. Shaw - B&W Federal Services -Nuclear Criticality Safety Representative ~ 

Nuclear Engineer. Ms. Shaw has worked as an engineer since 1991 and has been at the 
Hanford site since 1998. She has worked at the Plutonium Finishing Plant as a criticality 
safety representative and is plant certified as a Criticality Safety Representative. She has 
worked on the PFP thermal stabilization project. Ms. Shaw holds a B.S. in Math from 
Idaho State and M.S. in Chemistry from Univ. of Idaho. Prior to Hanford, she worked in 
the criticality safety field at Idaho National Engineering Laboratory and at the Navel 
Nuclear Fuel Facility (Lynchburg, VA.) 

Milton V. Shultz. Jr. -Fluor Federal Services Inc., Safety Analysis and Risk Assessment. 
B.S. Nuclear Engineering Technology. Facilitator for Glovebox HA-20MB PHA. More 

than twenty-six years experience in a broad range of engineering and technical 
assignments at the Hanford Site. Experience includes leading PHAs and HAZOPs for a 
variety of TWRS and PFP projects, including several for the TWRS FSAR and BIO 
efforts, contributor to the hazards analysis work for the TWRS BIO. Has performed 
independent Nuclear Safety evaluations of reactor plant design and operation at Hanford’s 
N Reactor. 

Brian D. Skeels - Flour Hanford Company, PFP Stabilization Operations. Thermal 
Stabilization Supuort Team Leader. Mr. Skeels has 15 years experience at the Hanford 
Site. His experience has been at 100-KE/KW basins, lOON and PFP. Mr. Skeels has 
been at PFP for 12 years with 9 years as a First Line Supervisor/Manager. Mr. Skeels is 
currently the Team Leader for the Thermal Stabilization Support Team (TSST). Prior to 
being assigned as the TSST Team Leader, Mr. Skeels was a Shift Manager in charge of 
both the Cementation and Thermal Stabilization Processes during their operating 
campaigns. Mr. Skeels is currently qualified on the Cementation process as it was 
operated during the last campaign. 

Alan D. Wilkinson. Fluor Federal Services. Inc. Criticality Safety Engineer, - Mr. 
Wilkinson has a B.S. Nuclear Engineering and M.S. Nuclear Engineering with an 
emphasis on Nuclear Criticality Safety. He has five years experience at Rocky Flats 
performing nuclear criticality safety analysis, and is now supporting PFP as a nuclear 
criticality safety engineer. 

David W. Wootan, Fluor Federal Services. Inc, Criticality Safety Engineer, ~ Mr. 
Wootan has a B.S. Nuclear Engineering and M.S. Nuclear Engineering: He has twenty 
years experience at Hanford performing nuclear engineering analyses in the areas of 
reactor physics, shielding, and characterizing radiation environments, with 4 years 
experience in criticality safety. 
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Figure 1 1200 g base case with cement can 
reflection Case e0001flb7b 

Figure 2 1200 g base case variation with 
nominal water reflection case c0001flb13a 

Figure 3 1200 g base case variation with cans 
in corner case c0001flb7c 

Figure 4 1200 g base case variation with 
conveyor container case cOOOlfl b18 
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Figure 5 1200 g seismic case cO0Olflqra Figure 6 1200 g spacing case c0001flb17 

Figure 7 Verical Cross section of model 
showing two bowls 

Figure 8 Vertical cross section showing cans and 
conveyor container ease c000lfl b13a 
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Figure 9 Verical cross ection showing canister in 
wagon under glovebox case cOOOlflw1 

Figure 1 1  2100 g base case with cement can 
reflection Case cOOOl f2b4 

Figure 10 horizontal cross section showing 
wagon under glovebox case cOOOlflwl 

Figure 12 2100 g base case with nominal water 
reflectioncase coo01 Rh6a 
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Figure 13 2100 g base case variation with 
conveyor container case cOOOl RbE 

Figure 14 2100 g spacing case e0001Rb9 
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APPENDIX F 

SAND, SLAG, AND CRUCIBLE CEMENTATION PROCESS FLOW AND 
STABILIZATION CEMENTATION DOCUMENTS 
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PLUTONIUM FINISHING PLANT 

PROCESS FLOW DOCUMENT 

Prepared By: 
A.  M. Stubbs 

Engineer 
PFP Process Engineering - - - 

SAND, SLAG, AND CRUCIBLE CEMENTATION PROCESS FLOW DOCUMENT 

PFD-Z-200-001 
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I .  In t roduct lon  

A cementation process wi l l  be appl ied t o  inmobilize material con ta in ing  
plutonium f o r  eventual disposal  t o  the Waste I so la t ion  P i lo t  P l a n t  
(WIPP).  
were generated from pas t  PAC production runs. Since t h i s  mater ia l  
con ta lns  calcium, which i s  r e a c t i v e ,  s t eps  wlll be taken in the  p rocess  
t o  render  the mater ia l  nanreac t ive  before mixing w i t h  ceaent. SS&C 
items t r e a t e d  i n  t h i s  process will be packaged fo r  WIPP/WAC'  and^ IRU 
requirements per t h e  Hanfcrd S I t e  Sol id  Waste Acce3tance C r i t e r i a  . 
cemented SS&C will  then be shipped f o r  long term storage. The PFP 
Stab t l  i za t ion  Final Environmental Impact Statercent (DOE/EIS-0244-F, 
APP-E)' immobi] i za t ion  a l t e r n a t i v e  evaluates  the impacts o f  imeobil i z i  ng 
this  mater ia l  . 

2 .  Process Summary 

Sand, Slag, and Crucible  (SSAC) items specif ied for cementat ion 

The 

SSAC which will be cemented i s  staged f o r  introduction i n t o  t h e  HA-20MB 
glovebox, where i t  i s  opened, weighed, sieved and processed through a 
p a r t i c l e  s l z e  reduction u n i t .  A measured amount  o f  S S b t  i s  mixed w i t h  
c h i l l e d  water i n  a mixer r e a c t o r  t o  r e a c t  residual calcium metal .  Th i s  
, s t e p  wi l l  enable  coqtrol of  the  exothermic react ion tenperatures  and 

. .hydroJen g e n x a t i o n  . Following t h e  calcium oxidation, cement, water ,  
and SSSC are  eixed t O  form a cement m a t r i x .  When the  c e x n t e d  can i s  
cured, i t  is sealed wt ,  peckaged, and s h i p p e d .  

3. Process Description 

SSSC and o the r  necessary Cementation material i s  staged for  i n t r o d u c t i o n  
i n t o  glovebox HA-2OMB. 
process  a rea  and weighed. Total unreacted SSAC i n  the  glovebox i s  
limited t o  5 8,500 grams and i s  tracked th rough  a r u n n i n g  inventory .  
The SSAC i s  sieved t o  sepa ra t e  ou t  the l a rge  pieces ,  then t r a n s f e r r e d  t o  
a size reSuction u n i t  t o  o b t a i n  an optimum p a r t i c l e  s i z e  t o  a s s u r e  
reaction completeness. Optimum5particle s i ze  was determined through 
labora tory  t e s t i n g  t o  be 8 mtsh . Following t h i s  precenenting a c t i v i t y ,  
t h e  SSAC i s  t r ans fe r r ed  i n t o  a hopper t h a t  feeds t he  vzrizble speed 
augel > r i o r  t o  f u r t h e r  processing (Figure One). 

k norinal  3 ' i t e r s  Of c h i l l e d  process water i s  g rav i ty  fed i n t o  t h e  
mixer r e a c t c r  bowl. S S K  !r fed in t a  the  mixer reactor  twl under 
a g i t a t i o n  a t  a r a t e  rangi'nq from 0-45 g/min t o  react calcium metal .  The 
mixer r eac to r  temperature i s  noni tored us ing  redundant in f ra red  
thermocouples and d i g i t a l  rconitors. Additional ch i l led  water may be 
added i n  100 t o  200eL amounts during the  a d d i t i o n  o f  t h e  SS&C t o  o f f s e t  
any water loss fro* the  m t e r / c a l c i u n  react ion.  When t h e  t enpe ra tu re  
reaches 80aC, the auger i s  auto.?at ical ly  s h u t  o f f  o s j n g  2 t e c p e r a t u r e  
in t e r lock  t o  t h e  auger. 
t eapera ture  in t e r lock  i s  a c t i v a t e d  a t  90cC t a  s top  t h e  auger .  When t h e  
calcium reac t ion  i s  co-p le te ,  t h e  mixer reactor  i s  nmually s topped 
us ing  switches located o u t s i d e  of t h e  glovebox. 
removed from t h e  mixer 2nd  a new reac tor  bowl i s  ins ta l led  o n  t h e  mixer 
and t h e  process described above i s  repeated.  

One SS&C container  a t  a t i n ?  is  o2ened i n  t h e  

I f  t h e  f i r s t  inter lock f a i l s  a redundant 

The reactor  bowl i s  
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The solids a r e  t r a n s f e r r e d  t o  a h o l d i n g  c o n t a i n e r  un t i l  enough i s  
accuxulated f o r  a cementation ba tch  (F igure 2 ) .  

The accumulated SSbC, cement, and water are mixed t o  form a cement 
m a t r i x ,  
proposed s t o r a g e l s h i p p i n g  con ta ine r  is shown i n  F i g u r e  3 .  

al lowed t o  cure, sealed out, and packaged f o r  s h i p p i n g .  The 

4 ,  Process Techno1 ogy 

4 .1  Feed S t o  ck  

The S S K  m a t e r i a l  being processed i n  t h e  cement ing o p e r a t i o n s  was 
generated i n  t h e  ILYC b u t t o n  l i n e  operat ions.  
m a t e r i a l  l e f t  a f t e r  t h e  p lu ton ium b u t t o n  was removed f r o m  t h e  
c a s t i n g  mold. 

4.1.1 S S K  Froa RMC ODerat i ons 

The SSbC m a t e r i a l  be ing  processed o r i g i n a t e d  from RKC button 
c a s t i n g  operat lons.  Plutonium m e t a l  p r o d u c t i o n  r e q u i r e d  t h e  
m i x i n g  of pluton ium f l u o r i d e ,  c a l c i u m  metal .  and o t h e r  
r e a c t a n t s .  The m i x t u r e  was p laced i n t o  a magnesium o x i d e  
c r u c i b l e  (mold) and heated t o  1093°C u s i n g  an I n d u c t i o n  
furnace.  The h i g h  temperature caused t h e  p lu ton ium f l u o r l d e  
t o  be reduced t o  p lu ton ium meta l .  The mold c o n t a i n i n g  t h e  
p l u t o n i u n  was p laced i n t o  t h e  RMC l i n e  mold c u t t e r .  The mo ld  
c u t t e r  broke t h e  mold, which r e l e a s e d  what was c a l l e d  a 
" b u t t o n " .  The b o t t o n  was then removed by hand f rom t h e  
adher ing s lag .  The remaining s o l i d s  were c o l l e c t e d  and 
processed through t h e  h a m e r  m i l l  and p laced  i n t o  s t o r a g e  
cans f o r  f u t u r e  process ing i n  PRF. The p lu ton ium r e d u c t i o n  
process d i d  n o t  consume a l l  t h e  p l u t o n i u m  f l u o r i d e  r e d u c t i o n  
rezgents.  A t y p i c a l  composi t ion o f  S S K  i s  sho in be low.  

I t  c o n s i s t s  o f  

Conmound MoleKan - Wt'i. 

Ma0 18.36 46 .42  
C i F ,  
Ca 

6.57 
3.49 

41.97 
8.78 ~. .. ~ 

CaI, 0.09 1.65 
Pu 
PUF. 

0.03 
0.01 

0.66 
0.20 

PFD-2-200-001 

Pub; 0.01 0.17 
SiO, 0.12 0.45 

Calciun Metal  

Unrescted excess ca lc ium metal  l e f t o v e r  from p l u t o n i u m ~ m e t a l  
p r o d u c t i o n  i s  s t i l l  p resent .  Calc ium n e t a l  i s  h i g h l y  
r e a c t i v e  an8 when mixed with a m a t r i x i n g  agent such as 
cenent and water, w i l l  r e a c t  w i t h  t h e  wa te r  and g e n e r a t e  
excess heat  and hydrogen. An Unreviewed Safety  Q u e s t i o n  
E v a l u a t i o n  (USQ) was performed t o  bound p o t e n t i a l  a c c i d e n t s  
p e r  t h e  c u r r e n t  PFP FSAR. The USQ a n a l y s i s  showed t h a t  b y  
r e s t r i c t i n g  t h e  amaunt o f  unreacted S S K  t o  9 , 5 0 0  grams, 
keeping a l l  d i spe rsab le  m a t e r i a l  covered. and a l l o w i n g  no 
more t h a n  100 grams d i spe rsab le  Pu p e r  con ta ine r ,  t h e  
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SShC feeding in at a 50 g/min rate with 20% Ca Metal I 
I 1 

process was bounded by the current PFP FSAR. 
concentration of hydrogen in the glovebox during normal 
operation will be kept below flamrnablility limits by 
limiting the flow o f  S S K  into the mixer reactor to 550 
gramslminute. 
the hydrogen flammability limit of 4% in the space above the 
mixer bowl. This is conservative as the calculation doesn't 
take into consideration that HA-20MB is ventilated at 
59451 L/!w. 

The 

This keeps the hydrogen concentration below 

A material balance based on a feed rate of 50 grams/minute of S S N  
containing 2oX calciurn is shown in Table 1. 

Table I - SS&C Feed 

Naterial Balance: A 
- -  

ZH,O t Ca' -t Ca(OH), t H, t (0 at 24.74 kcal) 

5 .  Process Control 

The instrunentation and controls for the process are located in Room 
235-8 inside and outside of HA-20MB. 

5.1 Bixer Reactor TernDeratUre Control 

The mixer reactor operating teaperature will bs monitored using a 
temperature sensor. S S K  contains unreacted calcium metal from 
the reduction o f  plutonium fluoride to plutoniun metal. Calcjum 
metal .-eacts vith water producing heat and hydrogen. The 
tenperature o f  the mixer reactor will be monitored and is 
interlocked with the auger to stop feed addition when the reacting 
mixture reaches 80'C. This will allow the,water to cool and linit 
the generation of water vapor and hydrogen. If th2 first 
temperature interlock fails, a second interlock is set t o  stop the 
auger at gO°C. 

6.' Off-Standard Conditions 

Loss o f  the E-4 ventilation system would allow the possible build up of 
hydrogen within the glovebox. The operational procedures will instruct 
the operator to stop the SSSC auger f e e d .  Ventilation loss during 
processing aclirities still would not generate hydrogen to the 
flannability limit of 4 perceit. Hydrosen amounts calculated from 
averege calcium anount waight concentrations in SSSC wjll produce 3..9 
percent hydrogen in the glovebox ever. if the whole 2000 gram charge is 
fed into the sixer bowl with no air flow in the glovebox. 

PFO-2-200-001 Rev A - 2  
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7 .  Equipment Description 

The cementatlon process  will be ca r r i ed  out i n  HA-20MB. The glovebox i s  
loca ted  i n  Rm 2358. 
equipment used i n  t h e  cementation process. 

7.1 Mixer Reactor 

T h i s  s ec t ion  descr ibes  the  loca t ion  and type o f  

The commerical mixer r e a c t o r  i s  a Hobart" model number N-SO o r  
equal. The comnerical mixer reac tor  is capable of opcrat ing a t  
t h ree  speeds. The spe'ed.contro1 wi l l  be s e t  a t  the co r rec t  speed, 
the  mixer wi l l  be, s e t  t o  t he  on p m i t i c n ,  and a remote on/off 
switch,  loca ted  on t h e  ou t s ide  of t he  glovebox near t h e  mixer, 
will be used t o  s t a r t  a n d  s t o p  t h e  mixer. 

7.2 

The process feed auger has var iab le  speed and can feed mater ia l  t o  
the mixer r e a c t o r  a t  r a t e s  ranging from 0-45 gfmin. 
operat ing feed r a t e  w i l l  be nominally 24 g/min. Since the maximum 
allowable feed r a t e  i s  50 gfmin, th i s  represents  an engineered 
cont ro l .  The auger i s  inter locked with tecpera ture  c o n t r o l l e r s  t o  
s t o p  opera t ion  when t h e  temperature i s  above the  spec i f i ed  l i m i t .  
The auger has a d i f f e r e n t  plug'and receptac le  configurat ion t o  
przvent over r id ing  temperature in te r locks .  

Normal 

7.3 c h l l l e ' r  

Process water coo le r  produces 3751 btu/hr of cooling t o  c h i l l  t h e  
water used t o  r e a c t  t h e  calcium metal and a i d  i n  process 
tecpera ture  c o n t r o l .  
above t h e  glovebox with t h e  cooling co i l  tubing penetrat ing t h e  
glovebox wall and going i n t o  t h e  process water reservoir .  

Process water will be provided by a 9 4 . 5  l i t e r  capacity tank  
. located o n  t h e  mezzanine. Process w t e r  vi11 be h a n d  loaded t o  

control t h e  amount of water t h a t  could po ten t i a l ly  en te r  t h e  
glovebox. 

The c h i l l e r  u n i t  i s  located on the  mezzanine 

7.4 

The scales have d i g i t k l  readouts  dnd will be located i n  H4-20MB. 
Scales  wil l  be used t o  measure n u t  charges in to  s l i p  l i d  
conta iners  and t o  v e r i f y  percent Pu i n  each cemented item. ... 

7.5 Jemera tu re  Control System 

The mixer r e a c t o r  temper i ture  wi l l  be control led using i n f r a r e d  
thermocouples and d i g i t a l  monitors .  T h e  con t ro l l e r  wi l l  be 
in te r locked  t o  t h e  SShC auger. SS&C addi t ion t o  t h e  mixer r e a c t o r  
i s  stopped a t  8OCC through t h i s  in te r lock .  A redundant auger  s t o p  
loop i s  i n  place t o  s t o p  t h e  auger a t  W C  i f  l o o p  one f a i l s  t a  
opera te .  Process r e s t a r t  i s  done manually when the  t enpe ra tu re  
f a l l s  below 60°C. 

Hobar t  i s  a t r a d e m a r k  o f  t h e  Hobar t  C o r p o r a t i o n ,  Troy, Ohio. 
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7.6 SlZ e Reduction 

The SShC Will be reduced to the optimum particle size o f  8 mesh 
using a general purpose crusher. 7he crusher is a standard 11SVAC 
1PH unit. 

7.7 ~ieve 
’ A standard 8 mesh sieve i s  used to remove any particles larger 

than 8 mesh. The sieve screen can be from bulk 8 mesh material cut 
to fit or of custom manufacture. 

8. Safety ’ . 

The principle hazards associated with glovebox HA-ZOHB operations 
are heat of reaction, off-gas flamabllity, criticality, and 
radiation. The following sections will address these items. 

8.1 k a t  of Reactton 
The reaction of calcium metal and water generates enough heat to 
boil wzter. Temperature controls are installed to control t h e  
amount of heat generated from the reaction by stopping the 
addition o f  SS&C. Further, the mixer reactor i s  continuously 
operatd to d.i;sipate heat o f  reaction. 

8.2 Qff-sas Flammabllit~ 

Hydrogen is generated when calcium metal i s  reacted with water. 
.Temperature controls are installed on the mixer reactor to limit 
the SS&C feed. Controlling the SSkC feed rate to 5 50 g/min limits 
the hydrogen generated above the bow1 to 3% yhich i s  below the 4% 
flammability limit for hydrogen. Since the maximum auger feed 
rate i s  45 g/min, this is a engineered control. Also, by limiting 
the charge stzes to 5 7.000 grans onreacted S S K ,  i f  the 
ventilation were to stop and all the material in the auger fed 
into t!.e mlxer reactor, the hydrogen level in the glovebox would 
be belov the flamability limit (<4X hydrogen). 

PFD-2-200-001 Rev A-2 
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8.4  Cd ovebox Ex haust F l o  W 

Glovebox ven t i l a t ion  i s  required t o  maintain glovebox a i r f low a t  
spec i f ied  values f o r  prudent engineering control and defense in  
dspth t o  prevent hydrogen buildup a s  discussed in  section 8.2. 
The glovebox exhaust flow i s  maintained a t  grea te r  than 20 scfm 
and i s  monitored on flow ind ica to r  FI-20MB-1. 

The flow monitor i s  read a5 a p re requ i s i t e  t o  s t a r t u p  and read 
per iodica l ly  while processing per  procedure 20-160-060. This 
spec i f i ca t ion  i s  required when r eac t ing  S S K ,  other a c t i v i t i e s  a r e  
permitted a s  l o n g  as glovebox t o  room d P  requirements a re  
s a t i s f i e d . .  

8.5 C r i t i c a l i t Y  

P lu ton lm i s  a f i s s i l e  mater ia l  and therefore ,  c r i t i c a l i t y  l i m i t s  
a r e  required. C r i t i c a l i t y  Prevention Specification 
CPS-2-165-80D30 (Glovebox HA-ZOMB in Room 235-9. 234-52 Building) 
wi l l  be appl iczble  during a l l  operations i n  HA-ZOMa. C r i t i c a l i t y  
spec i f i ca t ion  l i m i t s  f i s s i l e  mater ia l  t o  500 grams in the a i r lock  
and 5D0 grams i n  t h e p r o c e s s  a rea .  F i s s i l e  material i s  l imi ted  t o  
180 g r a s  in a'y l iquid-bearing container (nixing bowl o r  cement 
can). No d i r e c t  water l i n e s  will be cannected t o  t h e  glovebox, 
t he re fo re  l imi t ing  t h e  t o t a l  water ava i l ab le .  Spacing of t he  
f i s s i l e  material i s  not requi red .  

8 .6  Ra d ia t ion  

Remote operation of equipment through p lacemnt  of controls 
ou ts ide  o f  t h e  glovebox wi l l  reduce opera tor  exposure. The 
mid-section o f  t h e  glovebox has lead p l a t e s  installed f o r  dosq 
reduction. However, t h i s  process i s  labor  intensive and operations 
and maintenance a c t i v i t i e s  in  the  glovebox will be ninimized u s i n g  
A L A N  pr inc ip l e s  of  tiri:e, d i s t aace ,  and shielding will be wed  i n  
developing prccedures. 

9. Essent ia l  Material : 

No es sen t i a l  material i s  required f o r  this process. I t  i s  des i rab le  t h a t  
t h e  sans cement manufacturer be used t o  ensure consistent product. 

PFD-2-200-001 R e v  A-2 
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FIGURE 1 - CEMENTATION PROCESS PREPARATION FLOW SHEET 
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FIGURE 2 - SShC CEMENTATION FLOW SHEET 

Figure 2 - SS&C CEMENTATION FLOW SHEET 
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Figure 3 - Pipe-container-in-drum 

PFO-2- 200-00 1 Rev A-2 

F-14 

12 o f  12 



HNF-5988 Rev. 0 

: ] WRITE NEW DOCUMENT 
1 1 . ~ ~  privlde rte tollruing Informarlon. 
s mlnlmm, fn  Dtscrlptlm OR Attach a 
raft  I 1  .r.lloble: 

. ,  
P i l l U l  ~re"Ic*ar* / .~ ,o"rrr l" . l ld . t~r  

&(OM. 
DUI I ISR r.l.tI-hlp ard rp.clflcs. 
R.rpnrlblc Craft/wOp+r.tor. . 
rqU4p, Y a m ,  ~ e d d ,  r.rln, 
Yawf.Cturar, E tc .  
Rcft,cnsc Dr.rlngs mnd V d r  
I n f P m t t E " .  . 
F.CILtty cmt.cts. 
L I ~  o f  decal1 

In APPROVALICCYCURREUU s.cCiW 

-* - . .  
PFI' II DOCUMENT APPROVAL FORM 11111 Tlrikirg N 3 .  OAF-97-786 

[ ] 
(Check L;proprlr!r It-):  [ > tARCfLIVOID WCWEMT 
t I T n z w a r y  Chanpe (appr0v.d 101 one shift 

O d Y ,  . i t m ~ l m a  mIt bc .Fplwed trr * ~ v m m \  1 1  l U l C l l V * I E  -EN1 
authortt i  on a rhlft  by f h l f t  b i i l i l  1s.. 2nd 
pas. f o r  . ly la t"ro l )  [ 1 REAClIVAlE DOCVIlEUl 

REVISE DOCUMENT p ~ r  deisrlprlm [ I CHANGE DOCUMENT STATC 

[ X I  .TechnlCml ChhW. 
I I Aik1nIl:latlVe (Edi tor la \ )  Charpe 1 1  Csnrnl DAF C 
t 1 Ccrelc:r rrvlrlcn I rrqulrM ecsqlrrc r.vl.w 

by o r l p i m l  deslm.ted .pprwcrsI 
I I CPP Ehanse.eipir.tlm date: O n  page 2 o f  DAF. 

Provide justli icmtion 

t 1 us0 r+r.dl 
C 1 PHZS r w ~ s l o o  r.qulrd7 
t I JCS r e v l d m  required? 
C I Procedure D i t 4  6heet rerlilon riqulrrd? 

. _ _  . . . - 

.*: 

II ! r d  can: 

F-15 



HNF-5988 Rev. 0 

P I 

PFP DOCUMENT APPROVAL FORM (CONTINUATION SHEET) 

6, Descri p t l  on contl nued: 

I 

I "-ocedural Basis (Technical, Adminlstrative or Design) for  requested action: 

LHANGE RFQUIRED-S THE CURRE NT OPERA T I  0 N 0 F T HE C E M ENTATION PROCESS A 5 AGAINEO , 

.HROUGH OPERATIONAL EXPERIENCE. 

*ved emuor by the approval 
! u t h o r i t y  or delegate on a shift by s h i f t  basis)  

F-16 



HNF-5988 Rev. 0 

STEPBYSTEP 

P L U T O N I U M  F I N I S H I N G  P L A N T  

S T A B I L I Z A T I O N  O P E R A T I O N S  

STABILIZATION CEMENTATION 

20-160-060  
Revision G. Change 3 

Page 1 o f  29 

Approva l  Designator SQ 

I S S U E  DATE 11/14/99 1 

WORKING C O P Y  V E R I F I E D  B Y :  D A T E :  

F-17 



HNF-5988 Rev. 0 

. 

2 0 - 1 6 0 - 0 6 0  
Rev. G. Ch 3 
Page 2 o f  96 

STAB1 LI ZATl ON CEMENTATI ON 

C"GE 

R E V .  G -0  
O A F - 9 7 - 0 1 7 3  

HOD. G - 1  
OAF-97-0464  
DATE 5 / 1 / 9 7  

M O D .  6 - 2  
O A F - 9 7 - 0 8 5 1  
DATE 9 / 1 6 / 9 1  

Change 3 
OAF-99-1284  
1 1 / 1 4 / 9 9  

REVISION STATUS 

P A G E  CSY DESCRIPTION 

ALL COMPLETE REVISION 

7 IMPROVED WAY OF MEASURING OFF-GAS FLOW I N  STEP 
6.1.1. 

16 

17  

21  

1. 2. 5 .  A d m i n i s t r a t i v e  change  t o  update  personnel and group 
13. 2 0 .  t i t l e s  t o  r e f l e c t  those i n  t h e  redes igned  
2 4 .  26-28 o r g a n i z a t i o n .  

STEP 6.6 .14 .a .  CHANGED " 6 . 1 0 . 1 "  TO " 6 . 1 1  1" 

STEP 6.6.16 CHANGE0 "6.5.19" TO " 6 . 6 . 1 7 "  

ATTACHMENT 2 REMDVEO "6.5.26" FROM ATTACHMENT 

V A L I D A T E D  ON 0 2 / 2 0 / 9 7  

F-18 



HNF-5988 Rev . 0 

2 0 - 1 6 0 - 0 6 0  
Rev . G . Ch 3 
Page 3 o f  % 

STAB1 LI &TI ON CEMENTATI ON 

TABLE OF CONTENTS 

SECT I ON D E S C R I P T I O N  

1 . I NTAODUCTI ON . . . . . . . . . . . . . . . . .  
1.1 Purpose . . . . . . . . . . . . . . . . .  
1 .2  Scope . . . . . . . . . . . . . . . . . .  
1.3 Appl i cabi I i t y  . . . . . . . . . . . . . .  

PAGE 

4 
4 
4 
4 

. 

2 . PRECAUTION AND LI MI TAT1 ONS . . . . . . . . . . . . . . . . . . . .  4 
2.1 C r i  t i  cal i t y  Statements . . . . . . . . . . . . . . . . . . .  4 
2 . 2  Warning Statements . . . . . . . . . . . . . . . . . . . . .  5 
2 .3  Caution Statements . . . . . . . . . . . . . . . . . . . . .  5 
2 . 4  Admi ni s t r a t i  ve 5 

3 . PREREWI SITES . . . . . . . . . . . . . . . . . . . . . . . . . . .  5 

4 .  SPEC1 AL TOOLS . EQUI PHENT . AND MATER1 ALS . . . . . . . . . . . . . .  6 

5 . PERFORMANCE DOCUMENTS . . . . . . . . . . . . . . . . . . . . . . .  6 
5 . 1  Records . . . . . . . . . . . . . . . . . . . . . . . . . . .  6 

. . . . . . . . . . . . . . . . . . . . . . .  

6 . PERFMNCE . . . . . . . . . . . . . . . . . .  
6 . 1  Prel i mi nary I nstructi  ons . . . . . . . .  
6 . 2  Valve and Swi tch Li ne-up . . . . . . . .  
6 . 3  Water Make-up . . . . . . . . . . . . . .  
6 . 4  Chi I I er  Operati on . . . . . . . . . . . .  
6 .5  Prepare Sol i ds F O r  Cal ci urn Reacti ng . . .  
6 .6  React Cal ci un . . . . . . . . . . . . . .  
6 .7  Cement Reacted Solids . . . . . . . . . .  
6.8 Bi I I e t  Can Preparati on . . . . . . . . .  
6 . 9  F i l l  B i l l e t c a n s  . . . . . . . . . . . .  
6 . 1 0  Respond t o  Material Spi I I s . . . . . . .  
6 .11  AI  arm/Emergency Responses . . . . . . . .  

7 
7 
7 
9 

1 0  
11 
1 5  
18 
20 
2 1  
23 
2 3  

7 . BIBLIOGRAPHY . . . . . . . . . . . . . . . . . . . . . . . . . . .  25 

Attachment1 . CHARGE PREP DATA SHEET . . . . . . . . . . . . . . . . . .  26 

Attachment 2 . CALCIUM REACTION/CEHENTATION DATA SHEET . . . . . . . . .  27 

Attachment 3 . BILLET CAN DATA SHEET . . . . . . . . . . . . . . . . . .  28 

Attachment 4 . OPEN UNREACTED SS&C I N V E N T O R Y  SHEET . . . . . . . . . . .  29 

F-19 



HNF-5988 Rev. 0 

2 0 - 1 6 0 - 0 6 0  
Rev. G, Ch 3 
Page 4 o f  ?b 

STAB1 LI ZATl ON CEMENTATI ON 

1. I NTRODUCTI ON 

1.1 Purpose 

P r o v i d e  I n s t r u c t i o n s  f o r  cementing Sand. S lag .  and C r u c i b l e  (SSSC) 
I n  g lovebox HA-20HB. The cemented SSSC s h a l l  be packaged i n  waste 
drum i n  p r e p a r a t i o n  f o r  shipment t o  Waste I s o l a t i o n  P i l o t  P l a n t  
( W I P P ) .  

1 . 2  scope 

T h i s  procedure a p p l i e s  t o  SSSC w i t h  p l u t o n i u m  l e v e l s  accepted  f o r  
d i s p o s a l .  The SS&C c o n t a i n s  c a l c i u m  meta l  wh ich  does n o t  meet 
W I P P  r e a c t i v i t y  requ i rements  and w i l l  be r e a c t e d  w i t h  w a t e r  p r i o r  
t o  cement ing.  

1 . 3  Appl i cabi I i t y  

I tems  w i t h  l e s s  t h a n  60 grams p lu ton ium t h a t  have been s e l e c t e d  
f o r  d i s p o s a l  by t h i s  method. S e c t i o n s  a r e  independent  and may be 
performed s imu l taneous ly  (excep t  6 . 1 1 .  

2. PRECAUTI ON AND LI MI TAT1 ONS 

2.1 Cri  ti cal i t y  Statements 

2 .1 .1  Amount o f  p lu ton ium a l l owed  i n  HA-20MB process  area i s  n o t  

2.1.2 Amount o f  p l u t o n i u m  a l l owed  i n  HA-20MB a i r l o c k  i s  n o t  t o  

t o  be more than  500 grams above HA-20HB h o l d - u p .  

exceed 500  grams. 

No more than  180 grams o f  p l u t o n i u m  i n  any one l i q u i d  
b e a r i n g  c o n t a i  ner  . 

Maximum c o n t a i n e r  volume n o t  t o  exceed a nominal  5 q u a r t s  
( 4 . 7 3  l i t e r s ) .  

2 .1 .3 

2 . 1 . 4  

2.1.5 S tack ing  o f  c o n t a i n e r s  i s  n o t  a l l o w e d  
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2 . 2  

2.3 

2 . 4  

Warni ng 5tatements 

2 . 2 . 1  T o t a l  unreac ted  SSBC i n  open c o n t a i n e r s  ( i n c l u d i n g  
m a t e r l a l  h e l d  I n  s l i p - l i d  cans)  i s  l i m i t e d  t o  l e s s  t h a n  
8500 grams i n  HA-20MB. 

i n d i v i d u a l  c o n t a i n e r s  w i t h  d r y  SS&C i s  5100 grams.  
2 . 2 . 2  To l i m i t  d i s p e r s i b l e  Pu t o  100 grams, maximum Pu f o r  

Cauti on Statements 

2 . 3 . 1  W o r k n i t .  HD. Smltty o r  l e a t h e r  g loves  s h a l l  be worn when 
opening cans and h a n d l i n g  sharp edged l t e m s .  

Admi ni s t r a t i  ve 

2 . 4 . 1  Operati ng MODE 
The Main F a c i l i t y  AND Process Area 3 s h a l l  be i n  MODE 1 o r  
MODE 2 a n d  meet rnlnimum s t a f f i n g  l i m i t s  ( t w o  c e r t i f i e d  
N C O s  and one c e r t l f l e d  manager/Team Leader ) .  a rea  1s 
i n  NODE 2 .  LCOs 3.1. 3.2. and 3 . 3  s h a l l  be me t .  

3 .  PREREQUISITES 

N O N E .  
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4 .  SPEC1 AL TOOLS, EQUI WENT. AND MATER1 ALS 

Graduated Cy1 i n d e r  
Tape 
Spa tu la  
2 l b .  S l i p - l i d s  
S c i s s o r s  
Bucket 
P a i n t  Brush ( t o  c l e a n  up s p i l l s )  
Workn i t  H D .  S m i t t y  o r  Leather  Gloves 
B i l l e t  Cans ( 5 % "  x 7"  s l i p - l i d  cans w i t h  welded seam) 
P u t t y  K n l f e  
Crusher  Feed Funnel 
Crusher  Catch Pan 
Scupula 
Hammer 
P o r t 1  and Cement 
Sc rewdr i ve r  

5. PERFORMANCE DOCUMENTS 

20-170-299. Seal O u t  
20-170-301. Seal I n  
2 0 - 2 0 0 - 1 0 1 .  Zero And Operate M e t t l e r  And Sc ien tech  Balances 

5.1 Records 

CHARGE PREP DATA SHEET 
C A L C I U M  REACTION/CEMENTATION DATA S H E E I  
B I L L E D  CAM DATA SHEET 
OPEN UNREACTED SSEC INVENTORY SHEET 
CEMENTATION LOG BOOK 
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6. PERFORMANCE 

6 . 1  Prel i mi nary I nstructi oris 

6 . 1 . 1  VERIFY Flow Reading on FI-20HB-1 n o r t h  o f  g l o v e  box 
HA-20MB i s  g r e a t e r  than 2 0 %  and v a l v e  V-28311-25A i s  
c l o s e d  whenever p e r f o r m i n g  S e c t l o n  6 . 5 .  

p r e s s u r e  i s  between 0 . 5  and 2.0 i n .  WG t o  e n s u r e  
c o n t a m i n a t i o n  c o n t a l n m e n t .  

6.1.2 V E R I F Y  g l o v e b o x  n e g a t i v e  p r e s s u r e  r e l a t i v e  t o  r o o m  

6 . 1 . 3  ENSURE f a i l e d  o r  e x p i r e d  g l o v e s / b a g s  have been r e p l a c e d  or 

6 . 1 . 4  V I S U A L L Y  l n s p e c t  e l e c t r i c a l  c o r d s  for  damage m t o  

6 . 1 . 5  REPLACE equ ipmen t  o r  c o m p l e t e  r e p a i r  o f  damaged cord PRrOR 

c o v e r e d  w i t h  p i e  p l a t e .  

u s i n g  e l e c t r i c a l  equipment  i n  g l o v e b o x  HA-20MB. 

t o  equipment  use.  

6 . 2  Val ve arid Swi tch Li ne-up 

6 . 2 . 1  ENSURE v a l v e s  a r e  p o s i t i o n e d  a s  f o l l o w s  b e f o r e  i n i t i a l  
w e e k l y  s t a r t - u p .  

V a l v e  P o s i t i o n  L o c a t i o n  

V -20MB-  1 C l o s e  N o r t h  end O f  HA-20HB 
V -2OM8-2 C l o s e  M i d d l e  o f  HA-20MB 
V -2OMB-3 C l o s e  M i d d l e  o f  HA-20MB 
V-20MB-4 Close N o r t h  end o f  HA-20MB 
V -  20MB-5 C l o s e  N o r t h  end O f  HA-20MB 
V -  20MB- 6 C l o s e  M i d d l e  O f  HA-20MB 

F-23 



HNF-5988 Rev. 0 

2 0 - 1 6 0 - 0 6 0  
Rev. G. Ch 3 
Page 8 o f  96 

STAB1 LI ZATl ON CEMENTATI ON 

6.2.2 ENSURE s w i t c h e s  a r e  p o s i t i o n e d  a s  f o l l o w s  b e f o r e  i n i t i a l  
w e e k l y  s t a r t - u p .  

S w i t c h  P o s i t  i on S w i t c h  P o s i t  i o n  

HS- 2 0 M B - 1  OFF HS - 20MB-4 O F F  
HS- 20MB-2 OFF HS - 20MB-5 OFF 
H S - 2 0 M B - 3  OFF HS- 20MB- 6 O F F  

6.2.3 ENSURE v a l v e s  a r e  p o s i t l o n e d  a s  f o l l o w s  a f t e r  w e e k l y  
shutdown.  

V a l v e  P o s l t i o n  Location 

V -  20MB - 1 C l o s e  N o r t h  end  o f  H A - 2 0 M B  
V-2OMB-2 C1 ose  M i d d l e  o f  HA-20MB 
V -2OMB-3 C l o s e  M I d d l e  o f  HA-20MB 
V-20MB-4 C l o s e  N o r t h  end o f  HA-20MB 
V -  20MB-5 C l o s e  N o r t h  end  o f  HA-20MB 
V-20HB-6 C 1 ose M i d d l e  o f  H A - 2 0 M B  

6.2.4 ENSURE s w i t c h e s  a r e  p o s i t i o n e d  a s  f o l l o w s  a f t e r  w e e k l y  
shutdown.  

S w i t c h  P o s i t  i on S w i t c h  P o s i t  i o n  

HS-20MB-  1 OFF HS- ZOMB-4 OFF 
H S -  20MB-2 OFF H S - 2 0 H B - 5  OFF 
H S - 2 0 M B - 3  OFF HS-  20MB- 6 OFF 
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6.3 Water Make-up 

6 . 3 . 1  make-up w a t e r  t a n k  i s  a t  b e l o w  l o w  l e v e l .  f i l l  a s  
f o ~ l o w s  : 

a .  PLACE t r a n s f e r  b u c k e t  under  s a n i t a r y  w a t e r  l i n e  b y  
v a l v e  V-2940-23C.  

THEN CLOSE v a l v e  V -2940-23C.  
b .  OPEN v a l v e  V-2940-23C t o  fill b u c k e t .  

c .  TRANSFER w a t e r  f r o m  b u c k e t  i n t o  make-up w a t e r  t a n k  

d .  REPEAT S t e p  6 .3 .1  a s  n e c e s s a r y  u n t i l  w a t e r  i s  between 
l o w  l e v e l  and h i g h  l e v e l ,  

6 . 3 . 2  1E. C h i l l w a t e r  Tank I s  a t  @ b e l o w  l o w  l e v e l .  fill as 
f o l l o w s  : 

a .  ENSURE l e v e l  of make-up w a t e r  t a n k  i s  above l o w  l e v e l .  

b .  OPEN v a l v e  V-20MB-1. 

c .  O P E N  v a l v e  V - Z O N E - 2  

d .  WHEN C h i l l w a t e r  Tank i s  between l o w  l e v e l  and h igh  
l e v e l ,  CLOSE v a l v e s  V-20HB-2 a n d  V - 2 0 M B - 1 .  

e .  REPEAT S t e p  6 .3 .2  as  n e c e s s a r y  
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6 . 4  Chi I I e r  Operati on 

I C h i l l e r  o p e r a t i o n  i s  necessary t o  m a i n t a i n  water  i n  C h i l l w a t e r  Tank a t  
I 2-104:  t o  a l l o w  maximum SSBC t h roughpu t  pe r  b a t c h .  T h i s  t a s k  may be 

performed when necessary .  

When power t o  c h i l l e r  i s  ON, pump w i l l  be a u d i b l e  a n d  l l g h t  
i l l u m i n a t e s  on s w i t c h .  

I L_____-------------------------------------------------------------------------------.---------- 

6 . 4 . 1  WHEN c h i l l e r  i s  r e q u i r e d ,  pe r fo rm t h e  f o l l o w i n g :  

a .  OPEN va lves  V - 2 O W B - 4  and V - 2 0 H B - 5 .  

b .  START c h i l l e r  w i t h  power s w i t c h  DS-20HB-1 

6 . 4 . 2  WHEN c h i l l e r  i s  n o t  required.  p e r f o r m  t h e  f o l l o w i n g  

a .  STOP w i t h  power s w i t c h  D S - 2 0 W B - 1 .  

b. CLOSE v a l v e s  V-20MB-4 and ‘ J - 2 0 M B - 5 .  
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6.5 Prepare Sol i ds For Cal ci un Reacti ng 

6 . 5 . 1  RECORD i t ems  t o  be processed i n  CEMENTATION LOG BOOK AND 
CROSS re fe rence i t e m s  t o  those l i s t e d  i n  d a i l y  Opera t i ng  
Inst r u c t i o n s .  

_II__ 

WARN1 NG 

To l i m i t  d i s p e r s i b l e  Pu t o  100 grams. maximum Pu f o r  i n d i v i d u a l  
c o n t a i n e r s  w i t h  d r y  SS&C i s  ~ 1 0 0  grams. 

CRI TI CALI TY 

Amount o f  p l u t o n i u m  a l l owed  i n  H A - 2 0 M B  process area i s  n o t  t o  be more 
than  500 grams above HA-20MB h o l d - u p .  

Amount o f  p l u t o n l u m  a l l owed  i n  HA-20MB a i r l o c k  i s  n o t  t o  exceed 500 
grams. 

S t a c k i n g  o f  c o n t a i n e r s  i s  n o t  a l l owed .  

6 . 5 . 2  SEAL I N  SSBC i t e m s  pe r  20-170-301.  

6 . 5 . 3  RECORD I t em Number and Element Weight f o r  i t e m  t o  be 
DrOCeSSed on CHARGE PREP DATA SHEET. 
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T o t a l  unreac ted  S S & C  i n  open c a n t a l n e r s  ( i n c l u d i n g  m a t e r i a l  h e l d  i n  
s l i p - l l d  cans) 1 s  l l m l t e d  t o  l e s s  t han  8500 grams i n  H A - 2 0 M B .  

6 . 5 . 4  WEIGH i t e m  AND RECORD on CHARGE PREP DATA SHEET. 

6 . 5 . 5  ENSURE a d d i t i o n  o f  t h i s  we igh t  w i l l  n o t  cause  r u n n i n g  
i n v e n t o r y  on OPEN UNREACTED SSgC INVENTORY SHEET t o  exceed 
8500 grams o f  S S & C  before c o n t i n u i n g .  

CAUTI ON 

W o r k n i t .  HD. S m l t t y  or l e a t h e r  g l o v e s  s h a l l  be worn when opening cans 
and h a n d l i n g  sharp edged i t e m s .  

6 . 5 . 6  OPEN i t e m  TRANSFER t o  4-mesh and 8-mesh s i e v e  t r a y s  
w l t h  empty c a t c h  pan. 

6 .5 .7  REMOVE f o r e i g n  m a t e r i a l  AND PLACE i n t o  w a s t e  container 
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e .  WHEN c rusher  pan i s  f u l l .  STOP c r u s h e r  w i t h  s w i t c h  
HS-20MB-2. 

f .  EMPTY c rusher  pan i n t o  c a t c h  pan w i t h  8-mesh s i e v e  

g. 

h .  MATERIAL  l a r g e r  than 8-mesh s h a l l  be r e c y c l e d  th rough  

REPEAT Step 6.5.8 w i t h  remainder  o f  m a t e r i a l .  

c rusher  pe r  Step 6 .5 .8 .  

1. AFTER 2 passes th rough  c r u s h e r ,  Team Leader may 
approve a d d i t i o n  o f  > 8-mesh m a t e r i a l  t o  
s l i p - l i d  can. 
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6 . 5 . 9  PLACE up t o  2000 grams o f  m a t e r i a l  i n t o  a covered s l i p - l i d  
can a s  f o l l o w s :  

a .  RECORD S l l p - l i d  C a n  Number on CHARGE PREP DATA SHEE? 

b. WEIGH Empty S l i p - l i d  Can w i t h  L i d  AND RECORD on CHARGE 
PREP OATA SHEET. 

T-------L--L--------L----”-----------------------------------------------------------------------~ 
NOTE 

, 
I F i n a l  we lgh t  o f  SS&C I n  s l l p - l i d  can shall n o t  exceed 2000 grams. I 

! I 

i 

c .  TRANSFER m a t e r i a l  f r o m  c a t c h  pan t o  s l i p - l i d  can .&& 
REPLACE l i d .  

d .  WEIGH Covered S l i p - l i d  C a n  w i t h  M a t e r i a l  AND RECORD on 
CHARGE PREP DATA SHEET. 

e .  CALCULATE Weight o f  M a t e r i a l  I n  S l i p - l i d  Can AND 
RECORD on CHARGE PREP DATA S H E E T .  

f .  ADD s l i p - l i d  i t e m  t o  OPEN UNREACTED S S K  INVENTORY 
SHEET. 

g .  REPEAT Step 6.5.9 u n t i l  a l l  m a t e r i a l  i s  removed from 
c a t c h  pan.  

6 . 5 . 1 0  CALCULATE S l l p - l i d  Can Element Welght f o r  each s l i p - l i d  
can AWD RECORD on CHARGE PREP OATA SHEET. 

6 . 5 . 1 1  SIGN & D A T E  CHARGE PREP DATA S H E E T .  

6.5.12 REPEAT Steps 6.5.3 t h rough  6 . 5 . 1 1  a s  needed. 
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6 . 6  React Cal ci urn 

6 . 6 . 1  A S S I G N  n e x t  consecu t i ve  React ion  Batch  Number AND RECORD 
O n  CALCIUM R E A C T I O N / C E H E N T A T I O N  DATA SHEET. 

6 . 6 . 2  p rocess ing  new s l i p - l i d  can. 
THEN RECORD S l i p - l i d  Can Number, S l i p - l i d  Can Element 
Weight .  and Weight o f  M a t e r i a l  i n  S l i p - l i d  Can f rom CHARGE 
PREP DATA SHEET on C A L C I U M  REACTION/CEMENTATION DATA SHEET 
- OR 
- I F  p rocess ing  a r e c y c l e d  s l i p - l i d  can,  
THEN RECORD S l i p - l i d  Can Number, Unreacted M a t e r i a l  
Element Weight a s  S l i p - l i d  Can Element Weight .  and 
Unreacted M a t e r i a l  Weight a s  Weight of M a t e r i a l  i n  
S l i p - l i d  from p r e v i o u s  CALCIUM REACTIONlCEMENTATION DATA 
SHEET on c u r r e n t  C A L C I U M  R E A C T I O N /  CEMENTATION DATA SHEET. 

6.6.3 WEIGH Empty M ix ing  Bowl ANO RECORD on C A L C I U M  REACTION/  

6 . 6 . 4  PLACE m i x i n g  bowl on to  r e a c t o r  mixer  

6 .6 .5  F ILL  m i x i n g  bowl w i t h  c h i l l e d  water  f r o m  C h i l l w a t e r  Tank 

CEMENTATION DATA SHEET. 

a s  f o l l o w s :  

a .  OPEN v a l v e  V-20MB-6. 

b .  F ILL  graduated c y l i n d e r  by t e m p o r a r i l y  open ing  v a l v e  
V-20MB-3 . 

c .  EMPTY i n t o  m i x i n g  bow l .  

d .  REPEAT 6 . 6 . 5 . b .  and 6 . 6 . 5 . c .  u n t i l  1 4 0 0 - 1 5 0 0  m l  of  
water  i s  added t o  m i x i n g  bow l .  

e .  CLOSE v a l v e s  V-20HB-3 and V-20MB-6.  
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6 . 6 . 6  TRANSFER m a t e r l a l  i n t o  auger hopper f rom s l i p - l i d  c a n .  

6 .6 .7  P O S I T I O N  auger ave r  m i x l n g  bow l .  

6 . 6 . 8  ENSURE EMERGENCY STOP b u t t o n  1 5  enab led .  

6 . 6 . 9  ENSURE r e a c t o r  mixer  speed c o n t r o l  l e v e r  i s  i n  speed (1) 
s e t t i n g .  

6 . 6 . 1 0  P O S I T I O N  ON-OFF s w i t c h  on s i d e  o f  r e a c t o r  m i x e r  t o  ON 

6 . 6 . 1 1  START r e a c t o r  m i x e r  w i t h  s w i t c h  H S - 2 0 M B - 4 .  

6 . 6 . 1 2  S E T  auger speed between 5 and 6 on speed c o n t r o l  knob. 

6 .6 .13  START auger w i t h  s w i t c h  H S - 2 0 M B - 1 .  

6 .6 .14  P E R I O D I C A L L Y  m o n i t o r  ( e v e r y  10-15 minu tes )  m i x i n g  bowl 
tempera ture  a s  d i s p l a y e d  on MIXER #I H I G H  TEMPERATURE 
a l a r m  s w i t c h  and MIXER #1 HIGH H I G H  TEMPERATURE a l a r m  
s w i t c h  d u r i n g  a d d i t i o n  o f  m a t e r i a l .  

a .  If m i x l n g  bowl tempera ture  1 s  2 80°C. 
THEN RESPOND per  Step 6.11.1. 

6.6.15 ADJUST auger speed between 0 and 10 on speed c o n t r o l  knob 
a s  necessary t o  c o n t r o l  r e a c t i o n .  t empera tu re .  and 
f oaml ng . 
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6 .6 .16  11 excess ive  foaming occurs .  a d j u s t  feed r a t e  o r  STOP 
a d d i t i o n  o f  m a t e r l a l  from auger w i t h  sw i t ch  HS-ZOMB-1  
t e m p o r a r i l y  u n t i l  foaming subsides. - THEN RESTART auger w i t h  sw i t ch  H S - 2 0 M B - 1  CONTINUE w i t h  
Step 6.6.17. 

heat and evapora t ion  occurs.  - THEN ADD approximately 1 0 0 - 2 0 0  m l  o f  water  f rom c h i l l w a t e r  
t ank  t o  r e a c t l o n  bowl as f o l l o w s :  

a .  PLACE t u b i n g  from C h i l l w a t e r  Tank  i n t o  graduated 

6 .6 .17  E excesslve t h i c k e n i n g  o f  r e a c t i o n  bowl m a t e r i a l  from 

cy1 i nder . 

o f  water i s  i n  graduated c y l i n d e r .  
- THEN CLOSE va lves  V-20MB-3 and V - 2 0 M B - 6 .  

b .  OPEN va lves  V - 2 0 M B - 6  and V-20MB-3 u n t i l  d e s i r e d  amount 

c .  ADD water f r o m  graduated c y l i n d e r  t o  m i x i n g  bowl AND 
RECORD amount i n  Comment s e c t i o n  o f  CALCIUM 
REACTION/CEMENTATlON DATA SHEET. 

d .  REPEAT Step 6 . 6 . 1 7  as  necessary 

6.6.18 lJ" auger i s  empty. more m a t e r i a l  may be added i n t o  auger 
hopper by R E P E A T I N G  Steps 6. 6. 2 and 6.6.6 u n t i l  up t o  2000 
grams have been added t o  r e a c t i o n  ba tch .  
- THEN STOP auger w i t h  s w i t c h  H S - Z O M B - 1 .  

6 . 6 . 1 9  ALLOW m a t e r i a l  t o  con t inue  m i x i n g  f o r  approx imate ly  20 
minutes o r  u n t i l  r e a c t i o n  i s  complete.  ( tempera ture  STOPS 
i n c r e a s i n g  and a d d i t i o n a l  foaming ceases).  
THEN STOP r e a c t o r  mixer  w i t h  sw l t ch  HS-20MB-4. 

o r i g i n a l  s l l p - l i d  can .  
6.6.20 IF r e q u i r e d ,  TRANSFER any m a t e r i a l  remain ing  i n  auger i n t o  

6 . 6 . 2 1  RECORD Unreacted M a t e r i a l  Weight on CALCIUM R E A C T I O N /  
CEMENTATION DATA SHEET. 
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6 . 6 . 2 2  C A L C U L A T E  Unreacted M a t e r i a l  Element Weight AND RECORD on 
C A L C I U M  R E A C T I O N / C E M E N T A T I O N  D A T A  S H E E T .  

6.6.23 RECYCLE unreacted m a t e r i a l  t h rough  process pe r  Sec t i on  
6.6. 

6 . 6 . 2 4  C A L C U L A T E  M a t e r l a l  Reacted we lgh t  AND RECORD on C A L C I U M  
R E A C T I O N / C E H E N T A T I O N  DATA SHEET. 

6 .6 .25  C A L C U L A T E  Element Weight i n  Batch from s l i p - l i d  can 
RECORD on C A L C I U M  R E A C T I O N / C E M E N T A T I O N  D A T A  S H E E T .  

6.6.26 C A L C U L A T E  T o t a l s  AND RECORD on C A L C I U M  R E A C T I O N /  
C E M E N T A T I O N  D A T A  SHEET. 

6.6.27 REMOVE i t e m  m a t e r l a l  we igh t  f r o m  OPEN U N R E A C T E D  S S K  
INVENTORY S H E E T .  

6 .7  Cement Reacted Sol i ds 

r---------------------------------"--'--------------------------------------------------------- 1 

I NOTE 

To reduce losses  when adding cement i n t o  s l u r r y .  make m u l t i p l e  
a d d i t i o n s  t o  ach ieve  r e q u i r e d  cement q u a n t l t y .  

, 

I N o  more than 180 grams o f  p lu ton ium i n  any one l i q u i d  b e a r i n g  
c o n t a i n e r .  I 

6 . 7 . 1  ADD approx imate ly  1500 grams o f  dry cement t o  m i x i n g  bow l .  

6 . 7 . 2  E m l x e r  f a i l s  o r  bowl i s  t o o  f u l l .  cement may be manua l ly  
mixed. 
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6 .7 .3  WHEN mix ing  i s  complete, STOP cement m i x e r .  

6 . 7 . 4  needed. add a d d i t i o n a l  cement a s  r e q u i r e d  t o  o b t a i n  
d e s i r e  m i x t u r e  as f o l l o w s :  

a .  ADD d r y  cement t o  m i x i n g  b o w l  a RECORD amount i n  
Comment s e c t i o n  o f  CALCIUM REACTION/CEHENTATION DATA 
SHEET. 

b .  If mixer  f a l l s  o r  bowl 1 s  t o  f u l l .  cement may be 

c .  WHEW rnix lng i s  complete. STOP cement m i x e r .  

d .  REPEAT Step 6 . 7 . 4  a s  necessary.  

manual ly mixed. 

6 . 7 . 5  m a t e r i a l  i s  d r y .  add water t o  m i x t u r e  a s  f o l l o w s :  

a .  PLACE t u b i n g  from C h i l l w a t e r  Tank i n t o  graduated 
cy1 i n d e r  . 

of water 1 s  i n  graduated c y l i n d e r .  
THEN CLOSE va lves  V-20MB-3 and V-20MB-6. 

RECORD amount i n  Comment s e c t i o n  o f  C A L C I U M  
REACTION/CEMENTATION OATA SHEET. 

b .  OPEN va lves  V-20HB-6 and V-20MB-3 u n t i l  d e s i r e d  amount 

c .  ADD water from graduated c y l i n d e r  t o  m i x i n g  bowl AND 

d .  = m i x e r  f a i l s  or bowl i s  t o o  f u l l .  cement may be 

e .  m i x i n g  i s  complete. STOP cement m i x e r .  

f .  REPEAT Step 6 . 7 . 5  a s  necessary.  

manual ly mixed. 
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6.7.6 

6 . 7 . 7  

6 . 7 . 8  

6 . 7 . 9  

6 . 7 . 1 0  

6 . 7 . 1 1  

6 . 7 . 1 2  

POSITION O N - O F F  s w i t c h  on s i d e  o f  mlxer t o  O F F .  

REMOVE m i x i n g  bowl from mixer. 

REMOVE e x c e s s  m a t e r i a l  from B F l a t  B e a t e r  AND ADD t o  
n i x l n g  b o w l .  

WEIGH m i x i n g  bowl  AND RECORO as  F i n a l  Cement M i x i n g  Bowl 
W e i g h t  o n  CALCIUM REACTlON/CEMENTATION DATA SHEET. 

CALCULATE P e r c e n t  P u  i n  Cement AND RECORD on CALCIUM 
REACTIONICEMENTAT I O N  DATA SHEET- 

- I F  P e r c e n t  Pu i n  Cement i s  > 2%. 
- THEN CONTACT Team L e a d e r  and T e c h n i c a l  S u p p o r t  before 
c o n t i n u i n g .  

S I G N  AND DATE CALCIUM REACTIONlCEMENTATION DATA SHEET. 

6 . 8 . 1  LABEL b i l l e t  can (s )  w i t h  I D  Number a s s i g n e d  by S p e c i a l  

6 . 8 . 2  RECORD B i l l e t  Can Number on BILLET C A N  DATA S H E E T .  

N u c l e a r  M a t e r i a l  ( S N M )  S p e c l a l j s t  o r  Team L e a d e r .  

F-36 



HNF-5988 Rev. 0 

2 0 - 1 6 0 - 0 6 0  
Rev. G. Chg. 3 
Page 21 o f  29 

STAB1 LI U T I  ON CEMENTATI ON 

Weight may be ob ta ined  a f t e r  s e a l - i n .  j , I 

6 .8 .3  W E I G H  empty B i l l e t  Can. 

0 RECORD d S  f i r s t  B i l l e t  Can Weight O n  BILLET C A N  DATA 
SHEET. 

0 RECORD a s  TARE WEIGHT on can 

0 SEAL I N  b i l l e t  can p e r  20-170-301. 

6 . 9  F i l l  B i l l e t  Cans 

6 . 9 . 1  RECORD React ion  Batch  Number and Percent  Pu i n  Cement f rom 
CALCIUM REACTION/CEMENTATION DATA S H E E T  On BILLET CAN DATA 
SHEET. 

6 . 9 . 2  TRANSFER cement from m i x i n g  bowl u n t i l  b i l l e t  c a n ( s )  i s  
w i t h i n  314 i n .  o f  t o p  o r  m i x i n g  bowl i s  empty.  

6 . 9 . 3  N E I G H  B i l l e t  C a n  A f t e r  A d d i t i o n  AND RECORD on BILLET CAN 
DATA SHEET. 

6 . 9 . 4  REPEAT Steps 6.9.1 t h rough  6 . 9 . 3  t o  fill b i l l e t  cans and 
empty M i x i n g  B o w l s  comp le te l y .  

a .  SCRAPE ou t  m i x i n g  bowl using s p a t u l a  

6.9.5 CALCULATE Weight a f  Cement Added t o  B i l l e t  Can &NJ RECORD 
on BILLET CAN DATA SHEET. 

6 . 9 . 6  CALCULATE Element Welght Added t o  B i l l e t  Can ANO RECORD on 
BILLET CAN DATA S H E E T .  
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CRI TI CALI TY 

S tack lng  of  c o n t a l n e r s  i s  n o t  a l l owed .  

6 .9 .7  REPLACE l i d  on b i l l e t  cans, 
- THEN ALLOW cement i n  c o n t a i n e r  t o  c u r e  f o r  24 hours 

a .  ENTER on BILLET CAN DATA SHEET TIME and DATE b i l l e t  i s  
f i l l e d .  

6.9.8 INSPECT cement f o r  f r e e  l i q u i d s .  

a .  FREE s tand ing  l i q u i d  s h a l l  be r e c y c l e d  i n t o  a 
subsequent r e a c t i o n  b a t c h .  

b .  water  was removed. ALLOW c o n t e n t s  o f  c o n t a i n e r  t o  
c u r e  a s  necessary.  
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6 . 1 0  Respond t o  Mater1 al Spi I I s  

6 . 1 0 . 1  c o n t a i n e r  h o l d i n g  unprocessed  m a t e r i a l  i s  s p i l l e d .  
SWEEP up s p i l l e d  m a t e r i a l  AND REPLACE I n  c o n t a i n e r .  

a .  R E W E I G H  c o n t a i n e r  and make changes t o  CHARGE P R E P  DATA 

6.10.2 abnormal s o l u t i o n  s p i l l a g e  o c c u r s .  SHUTDOWN p r o c e s s  p e r  

6.10.3 1+ c o n t a i n e r  h o l d i n g  cemented S S & C  i s  s p i l l e d .  CLEAN u p  

SHEET as n e c e s s a r y .  

S t e p  6 .11 .3  (EMERGENCY RESPONSE)  AND CLEAN U P  s p i l l .  

s p i l l e d  m a t e r i a l  AND REPLACE i n  b i l l e t  c a n .  

a .  REWEIGH c o n t a i n e r  and make changes t o  B I L L E T  CAN DATA 
S H E E T  a s  n e c e s s a r y .  

6 . 1 1  AlarnVEnergency Responses 
r------------------'------------------------------------------------------------------'-------- 
I NOTE 

I 

The H I G H  TEMPERATURE a l a r m  1 s  s e t  a t  80°C and i s  i n t e r l o c k e d  t o  s h u t  
I 
I down t h e  f e e d  a u g e r .  
L-----------------------------------------------------------------------------------------------~ 

6 . 1 1 . 1  RESPOND t o  M I X E R  #1 H I G H  TEMPERATURE a l a r m .  

a .  REMOVE power t o  f e e d  auger  w i t h  s w t t c h  H S - 2 0 M B - 1 .  

b. W" v e s s e l  t e m p e r a t u r e  1 s  l e s s  t h a n  8 0 ° C .  RESET a l a r m  

c .  ALLOW t e m p e r a t u r e  t o  c o o l  t o  < 60°C. 

b y  p r e s s i n g  #1 H I G H  R E S E T .  

- THEN GO TO S t e p  6 .6 .13 .  
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-I c----------------------------------------------------------------------------------------------- 
I NOTE t 

I The HIGH-HIGH TEMPERATURE a l a r m  i s  s e t  a t  90°C and i s  i n t e r l o c k e d  t o  
shutdown f e e d  a u g e r .  T h i s  p r o v i d e s  a b a c k - u p  f o r  H I G H  TEMPERATURE 

1 
j I I a l a r m .  

, 
L_.__--_________I-_----------------------------------------*------------------------------------~ 

6 .11 .2  RESPOND t o  MIXER #1 H I G H - H I G H  TEMPERATURE a l a r m .  

a .  R E M O V E  power t o  feed auger  w i t h  s w i t c h  HS-20MB-1 

b .  WHEN v e s s e l  t e m p e r a t u r e  i s  l e s s  t h a n  80°C. RESET a l a r m  
b y  p r e s s i n g  #1 H I G H  HIGH RESET. 

c .  IN IT IATE i n v e s t i g a t i o n  i n t o  f a i l u r e  o f  #l H I G H  
TEMPERATURE i n t e r l o c k ,  i n t e r l o c k  f a i l e d .  

d .  WHEN i n t e r l o c k  i n v e s t i g a t i o n  i s  r e s o l v e d .  RESTART 
p r o c e s s  pe r  S t e p  6.6.13. a f t e r  t e m p e r a t u r e  has  c o o l e d  
t o  l e s s  t h a n  60T. 

6.11.3 EMERGENCY RESPONSE o r  o t h e r  abnormal c o n d i t i o n s  o c c u r .  

a .  SHUT OFF s w i t c h e s  o u t s i d e  g l o v e b o x  (HS-ZOMB-1. 
HS-20MB~Z.  H S - 2 0 H B - 3 .  HS-20MB-4. HS-20ME-5. and 
HS-ZOMB-6). 

b. SHUT OFF c h i l l e r  w i t h  s w i t c h  DS-20HE-1 

c .  PUSH EMERGENCY STOP b u t t o n .  

d. RESTART sys tem p e r  T e c h n i c a l  S u p p o r t  and Team Leader  
d i r e c t i o n .  
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L 

7 .  El ELI OGRAPHY 

7 . 1  OSD-Z-184-00020.  CH-TRu S o l i d  Waste Disposal 

7 . 2  OSD-2-184-00025 .  Glovebox Gloves & Differential Pressure 

7 . 3  CPS-2-165-80634. Sand,  Slas And C r u c i b l e  Cementat ion Process .  
Glovebox HA-2DMB 
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Attachment 1 - CHARGE PREP DATA S H E E T  

I SteD I I Formula I 

6 . 5 . 1 0 .  S l i p - l i d  C a n  Element G ( I )  
x A  Weight I - ..... 

G + H  
o r  
H 

G + H  
x . 4  J - ....- 

D a t e :  
D a t e :  
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Attachment 3 - B I L L E T  CAN DATA SHEET 

tommen t 5 : --- 

6. 9. 7 .  a. Billet can filled 
T I M E  DATE 
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Attachment 4 - OPEN UNREACTED SS&C INVENTORY S H E E T  

* T o t a l  r u n n i n g  i n v e n t o r y  o f  open S S 8 C  m a t e r i a l  shall be < 8500 g r a m s  
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INCINERATOR ASH AND OXIDE<30WT%(PU+U) 
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I N T E R O F F I C E  C O R R E S P O N D E N C E  

To: J. J. McKibben, Acting Manager 
Project Management , 

Datc: February IS, 2000 

From: T, J. Venetz, Engineer %$ Telephone: 376-9669 
Materials Planning and Disposition 

CC: R. R. Borisch R3-57 
L. T. Cunningham R3-56 
R. C. Hoyf R3-57 
A. L. Ramble T5-54 
m n B  R3-57 

TNCMERATOR ASH AND LOW ASSAY PLUTONIUM OXIDE RESIDUES WHITE PAPER 
- 

Subject: 

The attached document contains information on incinerator ash and plutonium oxide residues that 
was compiled at the verbal request ofMr. R. R. Leugemors, B m .  

Kyou need additional information on this matter, you may reach me at 373-9669 

rs 

Attachment 

.~ - . . . . .  ~ ~ ~ . ... .... . ... . .~ 

A4001-121 (OMS) 
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General Description Of Hanford Residue Categories: 
Incinerator Ash And Oxide 0 0  wt % (Pu+U) 

Pumose; 
The purpose of this paper is to provide general process knowledge and chemical and 
physical characterization information on two categories of plutonium bearing residues 
stored at the Plutonium Finishing Plant (PFP) that are under consideration for 
stabilization via a cementation process. The two residue categories are plutonium 
bearing incinerator ash and oxides with less than 30 wt % Special Nuclear Material 
(SNM) (i.e. Ru + U) 

Incinerator Ash 
Ash is mixture of coarse, granular, fine and very fine particulate materials from the 
furnaces. The ash is not homogeneous and may contain bits oftramp metal, unburned 
feed materials and carbon from the incomplete oxidation of some feed materials. The . 
Hanford incinerator ash category contains about 530 items. These items consist of either 
individual cans of ash or large metal cans (industry-denoted as a 50 pound lard can) 
containing numerous individual cans of ash. Thus, the item number is not a count of the 
number of cans of ash. There are three broad components that comprise the incinerator 
ash category: 
rn 

rn 

ash which was generated at the Hanford 232-2 incinerator 
ash which was generated at Rocky Flats Plant (RFP) [site is currently called the 
Rocky Flats Environmental Technology Site (RFETS)] 
ash which was received from the Battelle Northwest National Laboratory (BNNL) 
[currently Pacific Northwest National Laboratory (PNNL)]. 

The majority o f  the Hanford incinerator ash inventory consists ofabout one hundred lard 
cans, each ofwhich contains from 5 to 7 individual smaller cans. The incinerator ash 
items from RFP consist of about 410 items which are 7 inch food pack containers. The 
ash received from BNNL consists ofabout 20 ofthe 7 inch food pack cans o f  ash. The 
average plutonium content of incinerator ash for which there is net weight data available 
is 12.3 weight per cent plutonium. Only 13 items are recorded as having a Pu'" content 
greater then 7 percent. 

The incinerators were used to process combustible residues that were generated by 
plutonium processing and recovery operations. The combustible residues were burned to 
reduce volume, destroy volatile constituents and recover plutonium. Large quantities of 
ash were leached in boiling nitric acid to recover the plutonium, and some of this ash was 
re-burned prior to dissolution. The items in the present inventory had not been processed 
when the Plutonium Finishing Plant (PFP) continuous dissolvers were shut down. 

Rockv Flats Incinerator Ash 
The RFP ash was produced in an oxygen-purged, hand-fed, self-sustaining incinerator 
maintained at about 700' C.[Trip Report, 65454-83-134, C.H. Delegard, November 15, 
19531. The incinerator system included a ball mill that was generally used to pulverize 
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the ash as it was generated. The ash was milled to pass through a 100-mesh screen, but 
may contain some of the particles that are retained on a 20-mesh sieve. 

Source combustibles which produced RFF’ ash consisted ofplastic such as polyvinyl 
chloride (PVC) (45 percent feed) and polyethylendpolypropylene (35 percent feed), 
paper’(5 percent feed), liquid ( 5  percent feed), drybox gloves (4 percent feed), filters with 
carbon (3 percent feed), metal (2 percent feed), and wood (lpercent feed). 

The ash composition varies widely and was generally analyzed only for plutonium. The 
major ash components are silica (15 to 75 percent, but typically 45 percent) and carbon 
( 5  to 40 percent, but generally about 20 percent); minor components such as aluminum 
oxide, calcium oxide, iron oxide, and sodium oxide can normally vary from 1 to 10 
percent. [T. C. Johnson, RFP-250, Recovery ofPlutonium from Incinerator Ash at Rocky 
Flats, 1976][C. H. Delegard, RHO-RE-SA-95P, Plutonium Dissolution from Rocky Flats 
Plant Incinerator Ash, June 1955[ [C. H. Delegard, SD-CP-DTR-005, Laboratory Tests 
on Plutonium Recovery from Rocky Flats Ash Using Nitric Acid-Fluoride Leaching, . 
3-30-841. Table 1 shows the laboratory analysis for typical RFP incinerator ash received 

at PFP. Additional analyses are reported in Table 4 and 5 .  

Table 1. Typical RFP Incinerator Ash Composition* 

* Data from RFP-2520 
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The metal ions, except for carbon, are reported as oxides. Analyses did indicate that 
some incinerator ash contained an average of 0.6 wt percent fluoride and 2.5 wt percent 
chloride [J.L. Long, "Analysis of Incinerator Ash &Heel, Internal Rocky Flats lob 
Report No. 1-74, DPA 950348, January 4, 19471. The oxide is the thermodynamically 
stable form of most metals from an oxygen rich incineration process and is expected to be 
the predominant species formed as a result of incineration. However, under the 
incineration conditions, other species could have been formed such as chloride salts from 
the reaction with HCI generated from the decomposition of polyvinyl chloride (PVC), 
carbonates from the reaction with COz, and silicates and aluminates depending on the 
initial source ofthe silicon and aluminum, The more reactive alkali and alkaline metals 
are not characteristically found in nature as the oxide and these metals would tend to 
form chlorides, carbonates and silicates. Delegard specifically mentioned the presence of 
calcium silicate and lead ferrate in ash received from RFP. He also mentioned that 
incinerator ash received from RFP contained pieces ofglass, bits of metal and varying 
amounts of incompletely burned carbonaceous materials. 

The W P  incinerator ash will probably be characterized as Resource Conservation and 
Recovery Act (RCRA) hazardous by the derived-from rule. The hazardous constituents 
include F-listed wastes, chromium @007) and lead (DOOS). It appears that leaded gloves 
must have been burned during early RFP campaigns because some "old" ash contains 
more than 50 wt percent lead. 

All of the RFP ash presently stored at Hanford was subsequently re-burned to meet PFP 
vault storage requirements. Most of the items were re-burned in oxygen-rich tube 
furnaces in Glovebox HA-40-F, located in Room 169 of the 234-52 building IpFD-Z- 
180-00005, Process Flowsheet for HA-40-F Calcination, May 25, 19541. The procedure 
mandated that the I'.. . ash shall be re-burned at 600" C for four hours with good oxygen 
contact. Heating rate shall be carehlly controlled between 400" C to 600' C, depending 
on fuel value. Air  shall be supplied for dilution of oxygen, as may be required, for ash 
with high fuel value (Le. large amounts of carbon)." The calciners were equipped with 
two paddles operating up to 12'rpm to stidagitate the ash and ensure good ash-oxygen 
contact. Those items that were not re-burned in  the HA-40-F calciners were re-burned in  
the furnace in glovebox HC-21C. This re-burning further reduced the carbon content. 
All the RFP items met the PFP Loss on Ignition (LOI) requirements for vault storage 
after re-burning. The LO1 tests were performed at 450" C because there was 
volatilization of salts when the tests were carried out at 1000" C. 

As mentioned earlier, most of the resulting ash was treated to recover plutonium. 
Plutonium recovery was achieved by leaching ash in boiling 1 l u n i t r i c  acid containing 
0.1 to 0.2 Kfluoride ion. Ash was processed in  the continuous dissolvers in the 
Plutonium Reclamation Facility (F'RF) that was used for sand, slag & crucible (S&C) 
dissolution. Several hundred cans of both RFP and 232-2 ash were processed at PFP. 
Laboratory tests were made on the recovery of plutonium from RFP incinerator ash (M. J. 
Rasmussen and H. W. Crocker, Recovery of Plutonium From Incinerator Ashes, HW- 
72285, January 15, 1962) (C. H. Delagard, Laboratory Tests on Plutonium Recovery 

- 
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from Rocky Flats As Using Nitric Acid-Calcium Fluoride Leaching, SD-CP-DTR-005, 
March 30, 1984). There was no mention ofunexpected, energetic reactions when RFF’ 
incinerator ash was contacted with boiling (about 115’C) 1 IM nitric acid using CaF2 as 
the fluoride source. 

PJP Incinerator Ash 
The 232-2 incinerator was conceived as a way to reduce the volume of combustible 
wastes for recovery of plutonium from “various miscellaneous solid wastes’’ generated at 
both the 234-52 Building and the 231-2 Building. The incinerator was a dual- 
chambered, externally heated, mufile-type incinerator fed by chopped Pu-bearing waste 
that entered the incinerator glovebox via a continuous wire-mesh conveyor belt. Plant 
operations began in  January 1962 and were shut down in 1973. The system occasionally 
experienced operating problems due to equipment failures and various mechanical 
problems. Smoking, backfiring, and temperature differentials within the incinerator itself 
occurred as occasional problems, along with jamming of the chopper feed belt. The lack 
of good air flow control was a basic design flaw. m - E P - 0 9 2 4 ,  History 2nd 
Stabilization of the PFP Complex, Hanford Site]. Typical operating conditions for the 
232-2 incinerator firnace included primary combustion chamber temperature of 700°C t o  
800°C and about 20 minutes residence time in the furnace (full  residence time range was 
from 6 to 60 minutes based on the belt speed capability of 2 to 20 inches per minute 
through a heated chamber that was 9 feet 10 inches long. Typical belt speed was 6 inches 
per minute). 

Panesko pntemal Letter J.V. Panesko to D. G. Harlow, March 18, 1975, Information on 
2 Plant Incinerator] [ J:V. Panesko, ARH-1981, Batch Dissolution ofhcinerator Ash, 
February 19711 indicated that 232-2 incinerator feed was mostly PVC plastic with 25 
percent rags and paper (towels and cartons). Cardboard was added to achieve a 50-50 
plastic-paper mix. He also indicated 5 percent asbestos in one feed material. Only the 
fingertips of leaded glovebox gloves were incinerated. Process oils absorbed onto paper 
towels were also incinerated. All material charged to the furnace was sorted and 
chopped. The 232-2 incinerator process operated such that feed was sent through the 
chopper into a bin from which it then exited via a rubber belt with cleats, it then fell onto 
the’vibrating chute, and then moved onto the continuous wire mesh conveyor belt and 
into the furnace. 

The PFP Safety Analysis Report (SAR) WC-SD-CP-SAR-021 Revision 0, page 9C- 
1 I ]  indicates that the ash produced by the 232-2 incinerator routinely contained on the 
average 10% plutonium. The range ofplutonium in ash varied from 3 to 20 % plutonium. 

In a process test conducted in 1970 to determine processing advantages gained by re- 
burning the normal incinerator ash, [Evaluation of Process Test PRF-68-2, Re-burning of 
Incinerator Ash, dated July 6, 19701, it was reported that re-burning resulted in  a 45 
percent reduction in volume, a 36 percent reduction in  the weight ofthe ash and a 
“reduction oftars and organic material in  the ash.” However, they also reported a 14 
percent loss of plutonium which suggests that the weight and volume data is biased high. 
In later studies, Panesko reported “the average weight loss of the first three ashes was 
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approximately 15.0 percent.” The ash batches were described as ranging from 
homogeneous fines to coarse mixtures containing charcoal chunks and fibers. 

The re-burning changed the color ofthe ash from a gray-black to a dark tan. The 
incinerator operating conditions for the 1970 process test were: nominal temperatures of 
primary inlet was 7OO0C, primary outlet was 800’C and secondary stage was 800’C. The 
incinerator belt speed was 6 inchedminute; air flows were 5 cfm for the primary inlet, 7 
cfm for the primary outlet, and 8 cfm for the secondary. It was reported during 
laboratory dissolution experiments “of re-burned and control ash”, that dissolution of re- 
burned ash yielded a lighter colored and less tarry dissolver heal with smaller undissolved 
particles than that for regular ash. The regular ash foamed excessively during acid 
dissolution even after the addition of antifoam, while the re-burned ash foaming problem 
was easily controlled by the addition of antifoam.” In a test to physically fractionate the 
ash [letter A. H. Case to L. A. Grande, Incinerator Ash January 8, 19701, the ash was 
described as about 72.5 percent coarse and 27 percent fines. In one test, the ash was 
slurried in  water and there was no mention of any heat generated from dissolution of any 
saltdoxides. 

Data on the analysis ofPFP generated incinerator ash is sparse compared to information 
on RFP incinerator ash. The result of an analysis on PFP incinerator ash can number 85 
is shown in Table 2. The oxide compound is a calculated value resulting from an 
analysis of the element concentration. 

Table 2. PFP Incinerator Ash Composition 

The PFP SAR indicates that the major cations in ash include sodium, potassium, 
magnesium, calcium and iron, but references were not cited. The presence of chloride 
would suggest that some of the more reactive metals would be present as chloride salts. 
Analysis of incinerator slag [Letter, V:L. Schuelein to C. M. Peabody and R. E. Felt, 
Analysis of 232 Incinerator Slag, May 30, 19731 indicated the presence of a number of 
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cations. Their concentration in decreasing order (> 10,000 ppm) were silicon, lead, 
aluminum, calcium, magnesium, zinc, gallium, iron, and nickel. 
Consequently, Hanford generated incinerator ash is not expected to contain target levels 
of hazardous materials. 

Other Gene ral Remarks rela tine to Ash and Cementation of Ash 
There should be insignificant generation ofgases during cementation ofash. The ash 
material was oxidized at  temperatures of around 650°C or higher. 

Any alkalilalkaline metals, i.e. Na, would have been oxidized to the oxide. In the case of 
SS&C there i s  a Ca metal that would be oxidized by water to form the oxide and 
hydrogen. There could be tramp metal, ie. Iron nuts and bolts, but they would not be 
oxidized by water. 

There is the possibility of small particles ofPu metal in the ash which might not have 
been oxidized, These could react with water and liberate hydrogen. But the Pu would be 
widelydispersed and in small concentration, so the rate of hydrogen generation would be 
slow and not lead to flammable mixture. SS&C would contain more particulate Pu metal 
than the ash. 

We do not have any heat of reaction data for ash. Sodium oxide is reported to dissolve in 
water with the liberation of considerable heat. The other alkaL'alkaline metal oxides do 
not dissolve with the liberation of much, ifany, heat, Le. BaO MgO, K20. But the real 
issue is how much if any sodium oxide is there and what is its concentration. As we have 
stated there is no analytical data that indicates that theNa is present as the oxide. With 
the presence of chloride, carbonate, aluminate and silicate, the sodium oxide content 
would be small. Ifthere were sodium oxide present, it would be well dispersed in the ash 
and entrapped in  ash particles so the rate of dissolution would be slow and not generate 
much heat per unit of time. The heat generated from the reaction with Ca or the heat of 
hydration from the making ofcement is probably greater that anything that could come 
from the dissolution of ash in water. 

Cement is a mixture of calcium carbonate, silica, alumina, iron oxide, and calcium 
sulfate. It is not apparent that any of the components - anions or cations - of ash would 
cause energetic reactions with cement and water that would be greater than the normal 
heat evolved from the hydration and setting of cement. The ash components could retard 
the curing time of the cement and affect the compressive strength ofthe cement. Ash 
should be less reactive that SS&C since ash has been stabilized by burning and calcining 
at an elevated temperature. 

Many hundreds of cans of Hanford source incinerator ash have been leached/dissolved in 
concentrated nitric in  both batch and continous dissolvers at Hanford. Persons familiar 
with that work recall no remarkable heat or gas generation. We would expect less 
response to water or a mixture ofPortland cement and water. We would expect similar 
behavior from lean plutonium oxide scraps that have been stabilized in a furnace with an 
air atmosphere. Review of Rocky Flats documentation on aqueous dissolution ash 
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indicate that over 9,000 kilograms of ash have been processed in a continuous cascade 
dissolver system. No mention is made of reactivity problems; however, plugging of the 
offgas system with silica was cited as a major problem. Silica is formed by vapor 
deposition and hydrolysis ofsilicon tetrafluoride, which is formed by the n i t r i m  acid 
used to dissolve the ash. 

There is in the PFP history document, HNF-EP-0924, pages 12-9, reference made to a 
November 1968 event in which an explosion or implosion ofglass vessel ash dissolver 
occurred. The document states that inspection ofthe system showed a restriction on the 
vent pipe. This could have been caused by over-pressurization due to vent line plugging 
with silca. , 

Plutonium OxidedMixed OxidedAIlov < 30 weieht oercent Pu orPu+U 
There are less than 500 items in the plutonium oxidedmixed oxidelalloy <30 Wt percent 
Pu or Pu + U category. The items are in 35 different PFP category codes. They are 
typically oxide and mixed oxide residues and some low Pu content alloys, they are . 
summadzed in Table 3. 

Table 3. Plutonium OxidesMixed Orides/Alloy < 30 weight percent Pu or Pu+U 

Sub-category I Category Codes I Percent of total 
Rocky Flats I 102.900 110% 

PFP Generated Oxide Residues 
PFP stabilized oxide residue comprises the majority of the material. The low grade oxide 
residue is plutonium oxide generated from the thermal stabilization ofplutonium material 
recovered from the process gloveboxes that resulted from process spills and powders 
generated during process operations. The majority of the residue came from Remote 
Mechanical C @MC) line operations and from PRF operations. Although some of this 
material could have contained reactive and organic chemical constituents (i.e., tri-butyl 
phosphate degradation products), thermal stabilization was required prior to placing the 
material into vault storage, effectively reducing these constituents to de-minimus levels. 
The non plutonium constituents remaining will consist of the flowsheet process 
chemicals (compounds of AI, Ca, Mg. and Mn) and iron, nickel and chromium from 
corrosion of process equipment. 
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Rockv Flats Ox ide Oxides 
The FCFP oxide residues (about 10 percent of the total) consist of plutonium oxide 
recovered from various pyrochemical operations and consequently contain high 
concentration of chlorides. However thermal stabilization of the materials would have 
removed all moisture, and reactive or gas generating components. These materials were 
stabilized to an LO1 of less than 1 percent at 450 C, to meet shipping requirements. 

Tests were conducted in the analytical laboratory on Rocky Flats plutonium oxides which 
included washing with dilute sodium hydroxide andor acid dissolution (1 1 M nitric 
acid). pettei, T. D. Cooper to M. J. Schliebe, Removal of Chloride from Plutonium 
Oxide Via Washing, May 24, 1988][Letter, C. H. Delegard and D. G. Bouse to K. S .  
Kalkofen, Characterization, Particle Size and Dissolution Tests of Three Rocky Flats 
Oxides, August 30, 19851. There were no reported indications of any unexpected 
energetic reactions when the oxides were mixed with dilute base, water or nitric acid. 
The salts were described as consisting of pebble sized particles, fine powder, and some 
contained black chunks like anthracite. Some of the black chunks were identified as 
graphite and others appeared to be parts of kactured crucibles. Also encountered were 
pieces of wire and broken bits of glass and plastic. In one test the scrap was sieved 
through a US series 20 mesh screen to remove large chunks. Small beads of metal also 
collected on the screen. The beads were characterized as containing plutonium. 

Mixed Oxide and Alloys 
Mixed oxide and alloy residues are scrap materials which resulted from 300 Area fuel 
fabrication research in support of commercial, research, and test reactors. As noted in  
Table 3 they comprise 23 different PFP category codes, but 62 percent of the items are 
listed as Pu-U or Pu-EU oxide. The materials vary widely in composition. Almost all the 
items contain uranium compounds. Aluminum and/or zirconium is also reported to be 
present in some ofthe items, which is expected, as these elements were commonly used 
in reactor fuel compositions. The low grade scrap (non alloy) can be expected to contain 
materials generated fiom fuel fabrication operations and glovebox sweepings, such as 
grinding media, typically tungsten carbide. Organic chemicals in the form of binders and 
dye lubricants were used i n  the fuel pelletizing process, but these materials were 
removed, by thermal stabilization to meet either vault storage or LO1 shipping 
requirements. 

. 
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Table 5 
Composite Rochy Flats ash composition based on all available 
analysis 
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- _. Dobbin, Kenneth D 

Fmm: 
Sent: 
To: 
cc: 
Subject: 

RamMe. Alan I 

Shaw. Maria E; Ramble. Alan L 
Fw. G Pu in Waste Packages 

Ken, some data. More to follow AI 

AI has asked for a littls more informatm on what I have mentmned below In my earlier message 

There are h calibration WN?S thal w e  mmg in ITCs are counted on 
< 25 lbs., bw density. both combusti& and non-combustible (X l )  
dense items or ITCr > 25 Ibs. (#2) 

Looking at the data below, and classifying the 100 anaIyses (down from 102 d le to some confusion in classification), the 
information can be grouped as bllms: 

v ElLQnml 
0-2 gram 
2-10 grams 15 
10.20 g r a m  1 
20-30 grams 0 
3040 grams 1 
40+ gnms 0 

High value 3543 
Average value 2.16 

15 
9 
2 
1 

3 
9.82 
68.53 

Based 01 this lnformabon 8 YOJ make me aswmptlon that aJ of the Rems that wuulo be mnsldered *wane packa es' are 
less man 25 IDS and do notcontaln any dense metal Items your CSER eva uahon of a was:e package containing% grams 
as the "twnnal ard bpe cam condltm would be vald You woulo also DB curred in Dulrmng out tne 30 gram iten 
idenmed as a conbngency I woum tee a w e  uncomfoaole n stating mat Itern to be he' only contingeicy Identlfeo 

scan 

in assay data nistory. howwer 

RE: 0 Pu ii 

I agree wth Ine comments Dennis makes I nave i 
present. and can make the followmg oisewvabois 

W F  
2-18gamr 24 
10-2 grams 3 
20-30grams 1 
3040grams 2 
40+grams 3 

id al the ITC results 

Total 102 

Average gram Pu value, all items ~ 4.5 grams 
Average gram value,, 0 - 10 gram toms (93 items) . 1.7 grams 
Highest value for a single item - 88.53 grams 

If you Iwk only at items counted 9/1199 to the present, the numbers change to: 

m ! Nal munter 1 1 to the 
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Total 41 

Average gram Pu value. all items - 6 0 grams 
Average grem value. 0 - 10 gram items (36 items) - 2 4 grams 
Hghert value for a single fiem - 45 29 grams 

There is no way I can determine what ,terns were waste. scrap sludge etc 
maximum gram uann might be Operanons does not ide?n I errs Heil a ld  as a result the informatan you requestea 

ano. Icr (bat maffer m a l  the average or 

cannot be easuy%enti#ed Most waste i t em are assayed on x :  e Nal comter - which is % O R s  (Baker) responwilih, 

I.m not sure where me 30 ram maximum came from. Based upon the measurement rmsults I've revmwed. I doubt any 
reasonable statement can$ made regarding average or maximum qmntltes. 

Similar comments below 

Dennis 

-U!gh.l Task- 
SublUl. G Pu inw..b P a a w  
PrlOrllY Nomu1 

smidmm: Mon llllYl989 
D u  dam: Hon llIlY1oBo 

Please Iwk in your vast memorierr or b 
average paasge quantv and the u p p E 3 ~ a n t i t y  arE reasonable Thank you 

George 

Geo e could you confirm the 30 gram number. Mike this is the prccass upset for waste peckages we are considering in 
g,ov%x 211 

AI Ramble 

of papers and let AI Ramble (with a copy to me) know by COB 11/15 if the 

-Or!gnal M u u g t  
From: O o M .  K.n& D 
SmlI: 
To: 

CC: DDwh Mn~mthD 

NWmbr 10.1989 752AM ZzaV a G MI-, E M  M: Rmbb. A m  L; Richard. Rcbnl F S h .  Ma* E; Tofbr, Hans, Whlnson. Alan D: WtM. 
h a w  

SUbJ.a wads Pia* Ds(inM 

Yoolrday atemoon. we agreed bpan the M n M n  of a waste package to be used for CSERs associated with plutwium 
stabilkaton The purpose of tho mea- is to put that definitean in writing and dbw mee*ng participants a :hanca to 
comment Unless I hear back today the follomng dafinillon wd be used IF th- CSERs 

Gmvebox waste is lad from PFP plumnim stablkaion operations It is placed hto plastic nags. transferred to 
Isolated Transport E-. assayed. Inen lam into waste awms This waste wnsisb ofgloves. rags contamers 
used to pein ilms. etc Priu lo baggin stnowable h i l e  material is brushed from these items [Fazzari, Dmnnis Mj I 
doubt this IS true I s~spect me items aretagged and wnoved witnour bNShlng ard no %sile item IS nlentionally phcea 
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n these packages Inspedion of hmmcal assay aata show that numa y these packages amtam only 1 or 2 g a m  ot 
Rsslle matenal {Fazzari, Dcnnlr Ul NO I don't belleve there Is any lecnrcal oasis for this sta'ement Tne greatest 
quantity found was one package that m b l n e d  30 grams of pluton um [Fanari. Oennls MI Where d d  this va1.e come 
h3TP 

Thm CSER evalt.atm ~ncludss a was- pauage conmning 2 grams as fie noma1 and base case conditrrs For this 
fissile loadin tho package ach as a rotkctor and pouiMv adds inrerswrsed m e r a b o n  between containers. however. 
no more so ttan already modaw in the ba- case The only contingency idenMed 6 the e x m s  fissile IMU wndibon of 
30 grams thst was found once in me a data hotory [Feuad, Dennb MI 777 Errors associated wcth loadir &sile 
objects into the waste package are n o t % h e d  beca~se d baded n this gbvebox they w u l a  be alreaoy covered(by 
evaluamn. ana if tha loading ermr m u m  in other gbeboxes and transferred tc Inis Slovebox then two enom woula w 
required Waste packages are not nomaUy nrought horr other gloveboxes to this one 
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R. D. Pickett. Cog 
F~~~ PFP Facility Syste T4-20 

Sub1 FlRE FLOODING AND SPRAY ANALYSIS FOR ROOM 638 

B & W Hanford Co. 
a McDemolt cornmy 

A L Ramble, Engineer 
To PFP Facility Engineering T5-54 

File No 
or 

Date May 17, 1999 

155 10-99-RDP-038 

Reference: Telephone Request for Fire Water Flooding and Spray Analysis, dated May 7, 
1999. 

ASSUMPTIONS 

- 
~ 

Fire department on scene within 40 minutes (see FSAR section 9.2.2A). 
120 psi at each sprinkler head (this isvery conservative since line losses and operation of 
other sprinkler heads would decrease this pressure). 
Fight a fire with two hoses for a total of400 gpm (one hose at 100 gpm and second hose at 
300 gpm per information provided by the fire department). Note: these hoses are variable 
stream types so the pattern and flows are adjustable. 
For flooding, assume all sprinkler heads operate (this is worse than a shear of a 1 112" water 
line). 
1 second of flow from a sprinkler head or hose will suspend the amount ofwater to achieve 
the maximum density. 
Assume 3 sprinkler heads worth of flow into the cage area. 
No leakage out of the room. 
There is 8 Ib. Water in 1 gallon. 
Exclude floor space and volume of room 639 and 640. 

- 

- 

- 

- 
- 
- 
- 

BACKGROUND 

- Areaoftheroomfloor- 130A2. 
- 
- 
- 
- 
- 
- 
- 
- 

14 sprinkler heads in the room (see CVI 21097) 
Sprinklers have a In" orifice with a 5.62 K-factor. 
There are 7.481 gallons perR3. 
Occupational Classification is Ordinary Hazard (see CVI 21097). 
Caged area has two sprinkler heads. 
Ceiling height is 9' 6". 
Floor dimensions of caged area 7'x 18' 3" 
Probability of tire not being noticed and the fire department being delayed 30 minutes is 
discussed in section 9.2.2A ofthe FSAR 
Flooding cannot occur when a fire hose is used since the doors to the room have to be open 
along the hose route all the way to the outside ofthe  building^ There are no hose connections 
inside 2736-28 or 2736-2. 

- 
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A. L. Ramble, et. d. 
Page 2 
May 17, 1999 

15510-99-RDP-038 

CALCULATIONS 

Flow per sprinkler head = Q = K fi= 5.62 6= 61.56 gpm 

Sprinkler flow into cage area = 3 61.56 = 185 gpm 

Sprinkler flow into the whole room = 14 * 61.56 = 862 gpm 

Volume ofcage area = 7’ 18’ * 9.5’- 1200 cu. fi. 

CAGE DENSITY CALCULATIONS 

Cage Density during fire fighting in cage area= 185 gpm from sprinklers + 400 gpm from fire 
hoscs = 585 gpm total flow. 

Water released in 1 second of sprinklers and hoses = 585 gpm * (1 mid60 sec) * 1 sec = 9.75 
gal. 

Water density in cage wea = 9.75 gaU1200 cu. ft. = 0.0081225 gab: fl 

FLOODING CALCULATIONS 

Volume of water release in  40 minutes = 40 min 862 gpm * (1 cu. fl.17.481 gal) = 4609 cu. A. 

Water level after 40 min. = 4609 EU. ft.11340 sq. A. floor area = 3.44 ft 

CONCLUSIONS 

After 40 minutes of sprinkler flow, the water level in  room 638 will be 3.44 feet. The maximum 
density ofwater suspended in the cage area is 0.008-gaVcu. fi. 

klm 

Distribution 
Fluor Daniel Northwes 
K. D.  Dobbin B4-44 
J. S .  Lan B4-44 
J. A. Miller B4-44 
RDP File/LB 

A.6002-136 (0*398) 
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Westinghouse Internal 
Hanford Company Memo 

From: Process Eng ineer ing  
Phone: 376-9616 L5-31 

8A400-96-032 

Date:  July 2 ,  1996 
Sub jec t :  RESULTS OF THE PFP CEMENTATION PROCESS 

To: G.  A .  Funston T5-55 

cc:  D. M. Bogen T5-50 J .  A. Hunter L5-31 
L .  Dayley T5-55 G. L. Pippy T5-50 
D. E. Gana L6-33 W .  L. Winsted T5-55 
M. W. Gibson T5-50 WOG F i l e / L B  

References: (1) L e t t e r ,  L a P r i e l  Dayley, WHC, t o  W .  0. Greenhalgh, WHC, 
"Request Cost Est imate f o r  T e s t i n g  t o  Prov ide Data i n  
Des ign ing  a Cementation Process," 15530-96-LD-042, da ted  
A p r i l  18, 1996. 

I s o l a t i o n  P i l o t  P lant , "  l a t e s t  Revis ion,  Waste I s o l a t i o n  
D i v i s i o n ,  Car lsbad, New Mexico. 

(3)  J .  W .  P h i l l i p s ,  " Q u a l i f i c a t i o n  o f  Waste Forms t o  Meet t h e  
Requirements o f  10 CFR-61," Waste Management ' 8 4 ,  Vol .  2, 
da ted  March 11-15, 1984, pp. 183-187. 

( 2 )  WIPP-DOE-069, "TRU Waste Acceptance C r i t e r i a  f o r  t h e  Waste 

INTRODUCTION 

Th is  l e t t e r  r e p o r t  c o n t a i n s  a summary o f  t h e  r e s u l t s  o f  work requested i n  
i n t e r n a l  memo 15530-96-LD-042 (Reference 1 ) .  The i n t e r n a l  memo requested 
t h e  f o l l o w i n g  t e c h n i c a l  suppor t :  

o Determine t h e  maximum r a t i o  o f  PFP sand, s lag,  and c r u c i b l e  ( S S K )  
waste t o  cement t o  o b t a i n  a product  t h a t  meets WIPP/WAC 
requi rements o r  o p t i o n a l l y  some o t h e r  s o l i d i f i c a t i o n  
agent t h a t  w i l l  meet t h e  requirements o f  10 CFR-61 
( d e f i n i t i o n  o f  a s o l i d  which i s  i n t e r p r e t e d  as waste 
form e x h i b i t i n g  a compression s t r e n g t h  @ 50 p s i  a f t e r  
s o l  i d i  f i c a t i o n .  (Reference 3)  

Determine t h e  s e t  t imes  f o r  cement/s lag waste m ix tu res  
and admixture chemicals  o r  techniques which cou ld  be use 
t o  i n c r e a s e  o r  decrease these t imes.  

Develop a composi t ion range diagram. 

. 

o 

o 

Hanford Operations and Engineering Contractor tot the US Dopanman1 o t  Enorgy 
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o Provide information to aid in the selection of mixer 
equipment to handle product cans roughly 5.5 inches in 
diameter by 6 to 8 inches high. 

Provide mixing instructions which can be used to develop 
tyaining/procedure tasks for the process operation. 

o 

WIPP-WAC 

The cement solidified SS&C waste product will be a transuranic (TRU) waste 
because it contains residual plutonium and possibly other transuranic 
radionuclides. 
specified criteria and then be shipped to the Waste Isolation Pilot Plant 
(WIPP) in New Mexico for disposal. 
WIPP, or WIPP-WAC, as stated in, "WIPP-DOE-069," (Reference 2) that appear 
to be applicable to the proposed solidified SS&C waste is a s  follows: 

immobilized if more than 1 wt.% of the waste matrix in each 
package is in the form of particles below 10 microns in diameter; 
or if more that 15 wt.% is in the form of particles below 200 
microns in diameter." 

liquid remaining in well-drained inner packages shall not exceed 1 
vol.%, and the total liquid in the waste package shall not exceed 
1 vol.%." 

The solidified waste will have to be certified a s  to meeting 

The Waste Acceptance Criteria (WAC) for 

. "Powder, ashes, and similar particulate waste materials are 

. "The TRU waste shall not be in free liquid form. Minor residual 

The PFP plutonium SS&C waste consist of a variety of powdered or particulate 
materials that require immobilization according to the WIPP-WAC. 
cemented, it must be done in a manner that no free liquid is left over, or 
generated, by the immobilization process. 
standard measurement for solids, such as compression strength. However, in 
the future, it is expected that the United States Nuclear Regulatory 
Commission (NRC) will take over regulatory requirements a t  WIPP. They are 
expected to require conformance with 10 CFR-61, which is currently viewed by 
NRC as being at least 500 psi for cement solidified nuclear waste rather 
than the lower 50 psi allowed for other solidification media. Therefore, 
the only waste solids considered as an acceptable waste product for this 
report are those cement products exhibiting a compression strength of 500 
psi, or greater, having no free water, and essentially having no dispersable 
solids. Portland cement appeared to be very compatible with the simulated 
PFP SS&C waste tested so no other solidification media was studied. 

If 

The WIPP-WAC does not set any 
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WATER/CEMENT/WASTE PHASE DIAGRAM 

The operable water, cement, and SS&C waste parameters are generally best 
described or determined using a triangular ( 3  dimension) phase diagram. 
This phase diagram is listed as a compositional range diagram and is shown 
in Figure 1. (Attachment 5 ) .  
Table 1 (Attachment 1). The composition diagram gives the outer limit range 
o f  operation for the three components. The minimum water line represents 
the minimum water that can be added, and still be able to make a 
homogeneous, consistent, and smooth mix. This is typically thought of as 
that minimal amount of water required to allow the mixer to function 
properly and prepare a cementable mix. 

The maximum water is the upper limit, where the addition of any further 
appreciable water will result in a dual phase product consisting of cement 
solids, and a lighter aqueous liquid phase, generally on top of the cement. 

A third broad line is based on compression strengths, and is a boundary 
1 imit where compression strength estimates, or actual measurements on 
representative cement/waste products would decrease below 500 psi, based on 
7-day cured specimens. 
typically cured 28 days. 
values that are significantly higher (>20%) for 28 day cure samples. 
the 7-day cure test samples will provide an extra margin of reliance in 
meeting the 500 psi minimum cement compression strength. The general 
procedure for the phase diagram and 7-day compression strength work is 
included in Appendix A. 
waste, are shown in Figures 2 and 3. The compression strength as expected 
decreases with increasing waste content; these figures are used to predict 
how much waste can be added before the compression strengths values decrease 
below 500 psi. 

CEMENT SET RATES 

How long it takes for cement to set is of concern to the PFP cement process 
since they literally will have thousands o f  SS&C waste cans to process. 
Typically, a cement immobilized waste form is allowed to set a minimum of 24 
hours after mixing, to set up and cure. After the 24 hour period, the waste 
solid can normally be removed. 
that it has completely hardened, has no_"free liquid", and is ready to be 
stored or packaged for subsequent disposal. 
retarder material is added or is present in the waste it could take longer. 
In contrast, addition o f  a set accelerator or certain other modifications 
could allow the cement to set quicker allowing faster handling and 
processing. 

The values for the diagram are listed in 

Cement/concrete compression strength samples are 
The samples usually exhibit compression strength 

Use o f  

Compression strength values, as a function of wt.% 

At this time it is visually checked to see 

However, if a cement set 
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The PFP Process Eng ineer ing  requested cement s e t t i n g  d a t a  f o r  t y p i c a l  t y p e  
mixes, as w e l l  as some i n f o r m a t i o n  on cement m o d i f i e r s .  Tab le  2 has t h i s  
i n f o r m a t i o n ,  where t h e  " i n i t i a l  s e t "  i s  based on a penetrometer p e n e t r a t i o n  
r e a d i n g  o f  500 p s i ,  and t h e  " f i n a l  s e t "  i s  one o f  4,000 p s i .  As mentioned 
e a r l i e r ,  a 500 p s i  s t r e n g t h  produc t  i s  t h e  va lue  t h a t  i s  r e q u i r e d  t o  meet 
assumed NRC waste s o l i d i f i c a t i o n  requirements.  F i n a l  s e t s  (4,000 p s i )  a re  
shown t o  p r o v i d e  an i n d i c a t i o n  o f  a f i n a l  s e t .  However, i t  shou ld  be no ted  
t h a t  t h i s  t e s t i n g  assumed p e n e t r a t i o n  r e s i s t a n c e  va lues  (Penetrometer 
read ings )  i n  p s i  t o  be e q u i v a l e n t  t o  compression s t r e n g t h  va lues ,  b u t  t h e y  
may n o t  be, even though t h e  same u n i t  i s  used. 

Tab le  2 (Attachment 2 )  prov ides  t h e  se t  t imes o f  a l i s t  o f  mixes a t  t h e  same 
waste con ten t  a long w i t h  t h e i r  r e s p e c t i v e  i n i t i a l  (500 p s i ) ,  and f i n a l  
(4,000 p s i )  s e t t i n g  t imes.  The l i s t  o f  se t  t i m e s  i nc ludes  s e t  t i m e s  f o r  
mixes c o n t a i n i n g  some common cement m o d i f i e r s .  

Calc ium c h l o r i d e  ( s a t .  s o l ' n )  a t  about 2% w i l l  hasten t h e  o v e r a l l  s e t  t ime,  
and g i v e  a good compression s t r e n g t h  product.  F l y  ash, c l a s s  F, w i l l  de lay  
t h e  i n i t i a l  s e t  t ime ,  but t h e  o t h e r  r e t a r d e r s  (g lucose and P o z z o l i t h e )  d i d  
n o t  work w e l l  w i t h  t h i s  p a r t i c u l a r  mix. However, adjustment o f  t h e  water  
c o n t e n t  appears t o  be t h e  o v e r a l l  bes t  method o f  a d j u s t i n g  s e t  t ime, as is 
i n d i c a t e d  f o r  t h e  f i r s t  t h r e e  runs  a t  cons tan t  waste conten t ,  b u t  v a r y i n g  
wa te r  content.(See F igu re  4 ) .  The i n i t i a l  s e t  t i m e  i s  approx imate ly  - 
p r o p o r t i o n a l  t o  t h e  water  con ten t  ( w t . % ) .  The i n i t i a l  s e t  t i m e  i s  reduced 
about 1 . 2 5  h r  f o r  each 1% decrease i n  water con ten t .  The f i n a l  s e t  t i m e  
cu rve  i s  p a r a b o l i c ,  b u t  i n  t h e  minimum water area, a 1% change i n  wa te r  
con ten t  causes about 0.8 h r .  change i n  s e t  t ime. (See F.igure 4) 

The above e f f e c t  w i l l ,  o f  course, change i n  u n i t  d imension w i t h  changes i n  
compos i t ion .  However, t h e  values shown should g i v e  a good i n d i c a t i o n  on how 
t o  mod i f y  s i m i l a r  mixes f o r  h i g h e r  o r  lower  se t  t imes .  
used f o r  de te rm in ing  cement s e t  t imes f o r  t h i s  work i s  i nc luded  i n  
Appendix A (Attachment 3 ) .  

MIXER INFORMATION 

What i s  t h e  bes t  m ixe r  o r  t y p e  o f  mixers t o  use f o r  m i x i n g  a l a r g e  q u a n t i t y  
o f  smal l  cement mixes i n  a glove-box o r  s i m i l a r  t y p e  f a c i l i t y ?  The s i z e  o f  
t he  mixes, - 1/2 t o  I g a l l o n ,  p rov ides  an e x c e l l e n t  o p p o r t u n i t y  t o  use t h e  
c o n t a i n e r  i t s e l f  as a mixer  recep tac le ,  and merely have t o  add t h e  
i n g r e d i e n t s .  Adding a metal marble ( s t e e l i e )  i n t o  t h e  can h e l p  f a c i l i t a t e  
t h e  m i x i n g  process. 
most commonly used se l f - con ta ined  mixers f o r  t h i s  s i z e  o f  mix t o  be p a i n t  
can mixers .  Use o f  a h i g h l y  a g i t a t o r  mixer ,  as opposed t o  a " r o l l e r , "  o r  
c i r c u l a r  mo t ion  i s  thought  t o  be b e t t e r  f o r  cement s o l i d i f i c a t i o n .  Such a 
m ixe r  i s  marketed by Red D e v i l ,  and i s  shown i n  F i g u r e  5. Several  o t h e r  
types  o f  p a i n t  t y p e  mixers  a re  a v a i l a b l e  a t  a moderate p r i c e .  
2 t o  3 weeks a r e  r e q u i r e d  t o  o b t a i n  one us ing  a c r e d i t  ca rd  t y p e  purchase. 
P r i c e  i n f o r m a t i o n  f o r  t h e  Red D e v i l  mixers a re  a l s o  i nc luded  i n  Appendix B 
(Attachment 4 ) .  

A genera l  procedure 

A b r i e f  survey o f  t h e  commercial market found t h a t  t h e  

Approx imate ly  
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Other o p t i o n s  i n c l u d e  a range o f  open mixers .  These, o f  course, r e q u i r e  
f r e q u e n t  c l e a n i n g  and some r o u t i n e  decontaminat ion around t h e  m i x i n g  area. 
M ixe rs  o f  t h i s  t y p e  should be capable o f  >I50 rpm, and a t o r q u e  o f  
90 f o o t - l b s . ,  o r  an equ iva len t  m ix ing  c a p a b i l i t y .  Several  commercial,  and a 
number o f  l a r g e  home-type mixers  would p robab ly  work a l l  r i g h t .  K i t c h e n  A i d  
and s imi la r .mixer -s  w i l l  work f o r  t h i s  a p p l i c a t i o n .  

The suggested m ix ing  technique i s  t o  l i g h t l y  b lend  a l l  s o l i d s  f i r s t ,  and 
then add t h e  d e s i r e d  l i q u i d  t o  p rov ide  t h e  smoothest mix.  I f  d u s t i n g  i s  a 
problem, you can add t h e  s o l i d s  t o  t h e  l i q u i d ;  bu t  do i t  s l o w l y ,  a t  a 
c o n t r o l l e d  r a t e  f o r  bes t  r e s u l t s .  

OPTINUN WASTE LOADINGS 

I n  genera l ,  t h e  h i g h e r  t h e  waste load ing ,  t h e  lower  t h e  d i s p o s a l  cos ts .  
The h i g h e s t  waste l oad ings  a re  on t h e  r i g h t  hand s i d e  o f  t h e  diagram. The 
minimum wa te r  mixes e x h i b i t  h i g h e r  waste l oad ings  than maximum wa te r  mixes 
un less  t h e  water  used i s  a l s o  a waste m a t e r i a l .  The h i g h e s t  waste l o a d i n g  
va lues  shown i n  F igu re  1 t h a t  meet t h e  WIPP-WAC and NRC requ i rements  a r e  
about 50 W t . % .  Bulk  d e n s i t i e s  f o r  t he  s imu la ted  waste were measured t o  be 
about 1.64  g l c c  compared t o  1.29 gm. f o r  bulk cement powder. The waste 
1 o a d i n g T - r Z : l l y  e q u i v a l e n t  t o  about 59 v01.X. s ince  waste volumes n o t  
we igh ts  a r e  t h e  u n i t s  by which waste q u a n t i t i e s  a r e  measured and t racked .  
More work c o u l d  be done on optomizing waste l oad ings  t o  reduce waste 
d i s p o s a l  c o s t s .  A 5 t o  10% i nc rease i n  waste l o a d i n g  i s  v e r y  l i k e l y  w i t h  
a d d i t i o n a l  work. 
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CONCLUSIONS 

1. 

2. 

3. 

4 .  

5. 

6. 

Minimum wa te r  compos i t ion  values were f a i r l y  cons tan t  a t  about 24 t o  25 
w t . %  wa te r  f o r  t h e  Ashgrove type 1-11 cement used f o r  these t e s t s .  The 
minimum wa te r  mixes e x h i b i t e d  e s s e n t i a l l y  zero  (no) slump. 

Maximum wa te r  compos i t ion  values increased s l i g h t l y  w i t h  waste c o n t e n t  
as shown i n  F i g u r e  1 from a zero waste va lue  o f  32 wt .%.  

Compression s t r e n g t h  l i m i t  l i n e  o f  500 p s i  i s  t h e  o t h e r  l i m i t i n g  
parameter. 
f rom s t r e n g t h  measurements made on minimum and maximum wa te r  samples 
and t h e  graphs i n  F igures  2 and 3. 

Cement m ix  set t i m e s  were  f a s t e s t  f o r  minimum wa te r  mixes, and f o r  
mixes t o  which s a t .  ca l c ium c h l o r i d e  l i q u i d  has been added t o  
a c c e l e r a t e  t h e  s e t .  

In -can m ix ing ,  us ing  t h e  waste con ta ine r  as t h e  m i x i n g  r e c e p t a c l e ,  i s  
recommended f o r  s o l i d i f y i n g  t h e  waste. 
con tamina t ion  would be minimal f o r  t h i s  t ype  o f  m ixe r  p rocess ing .  

Waste l o a d i n g  d a t a  i s  minimal,  b u t  e f f i c i e n c i e s  approaching 60% appear 
p o s s i b l e  f o r  waste p roduc ts  t h a t  w i l l  meet WIPP-WAC requ i rements .  
These s o l i d  waste produc ts  s h a l l  e x h i b i t  a t  l e a s t  a 500 p s i  minimum 
compression s t r e n g t h .  

The compression s t reng th  l i m i t i n g  va lues  were es t ima ted  

Mixer  c lean-up and glove-box 

W .  0 Greenhalgh, P r i n c i p a l  Chemist 
Process Eng ineer ing  

cmr 
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b. 
C .  

d .  
e .  
f .  

M i n .  Water 

9 .  
h. 
i. 

j. 
k .  
1 .  

8A400-96-032 
ATTACHMENT 1 

Tab le  No. 1 

F I N A L  PHASE DIAGRAM COMPOSITION 
AND 

COMPRESSION STRENGTH MEASUREMENTS 

31.98 0.00 68.02 
32.25 5.94 61.80 
31.94 12.37 55.69 
32.70 19.43 47.87 
33.59 26.56 39.85 
34.77 34.70 30.54 

24.35 0.00 75.65 
24.70 5.38 69.92 
25.56 11.11 63.33 
24.08 17.52 58.40 
24.82 24.25 50.93 

24.24 31.57 44.19 

Average 
Com.  S t r e n s t h  ( o s i )  

3900 
3190 
2240 
1990 
1200 

510 

6620 
6560 
5450 

4650 
3810 

3790 
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Table No. 2 

CEMENT/WASTE SET TINES 

Penetrometer r e a d i n g s  have been used t o  es t ima te  t h e  f o l l o w i n g  s e t  t imes  f o r  
t h e  l i s t e d  compos i t i ons :  

a. 

b. 

C .  

d. 

e. 

f .  

9 .  

h .  

i. 

j. 

k. 

1. 

m. 

n. 

0. 

P. 

ComDosit ion ( W t % )  

Water 

33.8 

29.0 

24.0 

29.0 

29.0 

29.0 

29.0 

29.0 

29.0 

29.0 

29 .0  

29.0 

29.0 

22.0 

22.0 

22 .0  

&.& 

26.5 

26.5 

26.5 

26.5 

26.5 

26.5 

26.5 

26.5 

26.5 

26.5 

26.5 

26.5 

26.5 

26.5 

26.5 

26.5 

Cement 

39.7 

44.5 

49.5 

39.5 

39.5 

39.5 

39.5 

43.0 

39.5 

42.5 

42.5 

42.5 

42.5 

49.5 

49.5 

49.5 

Set Times ( h r s )  

A d d i t i v e  I n i t i a l  

0 15.9 26.6 

0 9.2 16.9 

0 3 .6  12.4 

5 - Sucrose No F i n a l  Set  

5 - F lyash 14.5 25.2 

5 - P o z z o l i t h  No Set  No Set 

5 - S lag  Cem. 15.6 28.3 

1.5 - Calcium 10.8 17.1 
C h l o r i d e  l i q .  

5 - Calcium 3 . 1  17.9 
C h l o r i d e  L i q .  

2 - Sucrose 44.8 89.5 

2 - F lyash 12.7 17.0 

2 - P o z z o l i t h  365 No Set  

2 - Slag Cement 8 .4  18.3 

2 - Sucrose Data I n c o n c l u s i v e  

2 - P o z z o l i t h  29.7 50.9 

2 - Calcium 4 . 9  9 .2  
C h l o r i d e  L i q .  
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Test Procedures 

Procedure No. 1 consists o f  6 pages 

Procedure No. 2 consists o f  3 pages 
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WASTE SOLIDIFICATION COMPOSITION DIAGRAM 

Procedure No. 1 
Wilbur Greenhalgh - A p r i l  30, 1996 

INTRODUCTION : 

Waste I s o l a t i o n  P i l o t  P lan t  (WIPP) i n  New Mexico. 
C r i t e r i a  f o r  WIPP (WIPP-WAC) r e q u i r e  t h a t  (1). "Powders, ashes, and s i m i l a r  
p a r t i c u l a t e  waste ma te r ia l s  are immobil ized i f  more than 1 w t X  o f  t he  waste 
m a t r i x  i n  each package i s  i n  the  form o f  p a r t i c l e s  below 10 microns i n  
diameter, o r  i f  more than 15 w t %  i s  i n  the  form o f  p a r t i c l e s  below 200 microns 
i n  diameter". (WIPP-DOE-069) (2 ) .  "The TRU waste s h a l l  n o t  be i n  f ree-  
l i q u i d  form. Minor res idua l  l i q u i d  remaining i n  wel l -drained inne r  packages 
s h a l l  no t  exceed 1 volX and the  t o t a l  l i q u i d  i n  the waste package s h a l l  no t  
exceed 1 ~01%" .  (WIPP-DOE-069) These requirements mean t h a t  s o l i d i f i c a t i o n  
procedures must be used t h a t  w i l l  f i x  any powders o r  d i s p e r s i b l e  mater ia ls ,  
and any " f r e e  l i q u i d s " .  

Por t land cement ( type  1-11) tes ted  i n  these procedures i s  a hydrau l i c  
s e t t i n g  cement, which means it w i l l  set up even under water. 
s e t t i n g  p roper t y  makes i t  easy t o  measure the excess water i n  t e s t  
compositions w i t h  a s l i g h t  excess o f  w a t e r .  
comes t o  t h e  t o p  ( l ess  dense than cement), and the  cement forms a s o l i d  
product beneath the  l i q u i d .  The excess l i q u i d  i s  removed and measured. 
maximum cement-water composit ion i s  the o r i g i n a l  mix composit ion minus the 
excess water content.  The cement mix composition i s  cor rec ted  f o r  t he  amount 
t h a t  was determined t o  be i n  excess. 
fo r  a system can be determined by varying the r a t i o  o f  cement t o  waste residue 
and then determining the  maximum water. 

The o the r  working boundary o f  cement mixes i s  t h e  minimum water boundary 
l i n e .  Th is  l i n e  i s  no t  as we l l  def ined as the  maximum water l i n e  and i s  
p r i m a r i l y  a f u n c t i o n  o f  t h e  mixer. It i s  probably best understood as  t he  
boundary where j u s t  enough water has been added t o  the  cement o r  
cement/residue mix t h a t  a smooth (no lumps) water s l u r r y  o r  pourable sludge 
can be made. Th is  mix tu re  should e x h i b i t  a nea r l y  constant, reproduc ib le  
slump. 
measurement. 

METHOD FOR DETERMINING THE MAXIMUM WATER COMPOSITION LINE 

Apparatus: 

1. U t i l i t y  cement mixer, 1 g a l .  capaci ty.  

2. 

3 .  Automatic compression s t reng th  tes te r .  

4 .  

5. Powder blender 

Plutonium contaminated residues and wastes are t o  be disposed a t  the 
The Waste Acceptance 

Th is  hydrau l i c  

As t he  cement sets,  excess l i q u i d  

The 

The maximum cement-water compositions 

A p o r t a b l e  slump t e s t e r  w i l l  be used t o  f o l l o w  t h i s  concrete 

Top load ing  automatic 1000 gram balance. 

Por tab le  K slump t e s t e r  o r  i t s  equivalent.  
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Supplies: 

1. 

2. Distilled or demineralized water. 

3. Simulated or actual waste residue matrix. 

4. 

5. 
to weight measurements. 

6. 

Chemicals: 

Portland cement type (1-11) unless otherwise specified. 

Metal slip top tin cans, 1 pint or their equivalent. 

Graduated glass cylinders for excess water measurement as a verification 

Test Log Book (official WHC numbered notebook) 

1. Magnesium oxide sand 

2. Calcium fluoride powder 

3 .  Calcium iodide powder 

4. Calcium oxide powder 

5. 

6. Silica oxide powder 

Assumptions: 

1. 
properties. 
trace plutonium and plutonium compounds listed in the original button slag 
waste. 
not expected to have any appreciable effect on the physical properties of the 
test cement products. 

Iron filings or its equivalent 

Plutonium is an actinide that exhibits many alkaline earth type 
Calcium compounds will be used as a stand-in for the very small 

Substitution of calcium compounds for the trace plutonium compounds is 

PROCEDURES 

A. Prepare Simulated Crucible Slag Waste Matrix 

1. Prepare one or more 1 kilogram batches of simulated crucible 
slag waste matrix (CSWM) by weighing in the hood the following 
proportions per kg of waste matrix: (Note: percentages have been 
adjusted for the substitution of calcium oxide for calcium metal.) 
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Chemical WT% 
Mag. Oxide Sand 41 .OO 410.0 
Calcium Fluoride 37.25 372.5 
Iron Filings 8.32 83.2 
Calcium Iodide 1.46 14.6 
Silica Oxide 0.40 4.0 
Calcium Oxide 11.57 115.7 

2. 
least 10 minutes and then place in a one-gallon wide mouth jar 
that cqn be sealed. Keep in a dry place. 

3. 
communication label (NFPA sticker) that best reflects a composite 
of their MSDS’s in regard to health, flamability, and reactivity 
risks. 

Note: Calcium metal is the one remaining ingredient listed in the 
slag that is not present (8.44% or 84.4 g/kg): calcium oxide will 
be used instead at the same mole ratio which amounts to 11.41 wt%. 
The additional trace lime listed in the table above represents a 
trace o f  plutonium oxide present in the original waste matrix. 

Place all the ingredients in a powder blender and mix for at 

Label and date the bottle and place a hazardous material 

B. Determine the Maximum Water Composition Line 

1. 
out (8 mesh or finer) any lumps or large particles. 
type and brand of cement in the 

2. 
approximate formulations and 250 grams total for each test sample 
required: (Note: Add dry materials first and then slo*ly add 
water). 

Visually check the portland cement before each use and screen 
Record the 

test log book. 

Prepare water rich cement mixes using the following 

Water Waste (dry1 Cement fdrvl 

a .  4 1  wt% 0 wt% 
b. 43 5 
c. 45 10 
d. 48 1 5  
e. 50 20 
f. 53 25 

59 wt% 
52 
4 5  
37 
30 .. 
22 

3. 
compositions. 

Perform steps 8-4 through 6-10 for each of the above 

4. 
in a preweighed pint tin can or other pint size non-leaking 
container. 

Mix formulation for at least 5 minutes and then pour the mix 

5. 
present and record the weight value. 

Weigh the contents to determine the weight of cement mix 
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6. Put on the can l i d  and tape seal c losed any a i r  openings i n t o  
the  can. 

7. l a b e l  the can and s e t  i t  aside on a s h e l f  t o  set-up f o r  24 h r s  
a t  ambient temperature (25 f 5 deg. C)  and reco rd  the  temperature. 

8. A f t e r  24 hours, remove the tape seal  and c o l l e c t  t h e  f r e e  
l i q u i d  i n  a pre-weighed 10 o r  25 m l  graduated c y l i n d e r .  

9. Measure and record both the  weight and volume o f  t he  f r e e  
l i q u i d  present i n  the  can, r e t a i n  a l l  cement l i q u i d s .  (haz. eval . )  

10. Subtract the weight o f  " f r e e  l i q u i d "  (FL) from t h e  app l i ed  
fo rmula t ion  and ca l cu la te  a " f r e e  l i q u i d "  
as shown below: 
41 w t %  water composition) 

co r rec ted  composit ion 
(Example: assume 5 g "FL" measured f o r  an i n i t i a l  

%Water (corrected) = 0.41 X 250a - 59 X 100 
2509 - 59 

%Water (corrected) - 39.8% 

or  

%Water (corrected) - 1001(water como.)fmix w t . )  - f F L ) I  
mix w t .  - FL 

10. 
then p l o t  the values on a t r i a n g u l a r  phase diagram us ing  cement, 
water, and waste ma t r i x  a t  t he  apexes ( p o i n t s  o f  t h e  t r i a n g l e ) .  

11. Adjust  each succeeding fo rmula t ion  i n  Step 2 by adding o r  
sub t rac t i ng  water based upon the  r e s u l t s  obtained f o r  t h e  previous 
formulat ion.  
wt%, then reduce the q u a n t i t y  o f  water. 
l i q u i d  i s  observed then increase t h e  water. I f  no f ree  l i q u i d  was 
observed the  maximum water l i n e  was no t  reached and the  r u n  must 
be repeated w i t h  a h igher  r a t i o  o f  water.  

Record a l l  cor rec ted  maximum water contents i n  a l o g  book and 

If  the " f r e e  l i q u i d "  i s  s t a r t i n g  t o  exceed 2 t o  3 
If very  l i t t l e  f r e e  

C. Determine Compression Strengths f o r  Maximum Water Samples 

1. Schedule Standards Laboratory t o  c a l i b r a t e  one o f  t he  
compression strength t e s t e r s  t h a t  meet ASTM s p e c i f i c a t i o n s  and 
prov ide  w r i t t e n  guidance as t o  the  accuracy o f  t h e  t e s t e r .  

2. Repeat the prepara t ion  o f  t he  l i s t e d  fo rmula t ions  us ing  t h e  
cor rec ted  maximum water values. 
s i z e  batch. Pour a t h i r d  o f  the ma te r ia l  i n t o  the  p i n t  can t o  
check the  maximum water co r rec t i on  and pour t h e  o the r  two po r t i ons  
i n t o  2-inch cubes f o r  compression s t reng th  samples. 

3. V i s u a l l y  inspect f o r  f r e e  l i q u i d  a f t e r  24 hours and reco rd  the  
r e s u l t s  f o r  t he  mix placed i n  the  t i n  can. 
i s  present repeat steps 8-8 through 8-10. 

Prepare a t r i p l i c a t e  (750 gram) 

I f appreciable water 
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4. Remove the  two cubes (compression s t reng th  samples) a f t e r  24 
hours, weigh, and seal i n  a p l a s t i c  bag. 

5. 
i nch  cube sample by 131.1 cc the  volume o f  a 2-inch cube, t h i s  
w i l l  g i v e  the  dens i t y  i n  g/cc. 

6.  Cure t h e  compression s t rength  samples (sealed i n  p l a s t i c  bags) 
f o r  seven days a t  room temperature (25? 5 deg. C). 

7. Perform a compression strength measurement pe r  ASTM C109-95 
and reco rd  the  values i n  lbs/sq. in .  ( p s i ) .  

Compute a sample dens i ty  by d i v i d i n g  the  weight (9) o f  t h e  2- 

D. Determine t h e  Minimum Water Composition L ine  

1. Prepare dup l i ca te  minimum water sample mixes f o r  each 
fo rmu la t i on  l i s t e d  i n  Step D-2 using 300 grams m i x  pe r  sample. 

2. Prepare t h e  mixes by adding the d r y  components f i r s t  and then 
adding t h e  water s lowly u n t i l  j u s t  enough water has been added t o  
a l l ow  t h e  cement t o  be entrained i n  a smooth mix (no lumps). Use 
t he  approximate w t . %  formulat ions l i s t e d  below: 

Water Waste I drv )  

a .  26 
b. 30 
c. 33 
d. 35 
e. 38 
f. 40 

0 
5 
10 
15 
20 
25 

74 
65 
57 
50 
42 
35 

I f  t h e  m i x  appears t o  exceed the minimum water appearance ( too  t h i n  01 
wet), then add add i t i ona l  waste and cement i n  the  c o r r e c t  r a t i o  
f o r  t h a t  s p e c i f i c  formulat ion.  

3 .  
formul a t  ions. 

4. 
record  t h e  slump value. 

5. 
24 hours t o  use as compression s t rength  samples. 

6.  
dens i t y  as done prev ious ly  i n  Procedure Step C-5. 

7. Place the  cube forms i n t o  p l a s t i c  bags, seal, and a l l o w  t o  
cure a t  room temperature (25 

8. 
method. 

Perform Steps 0-4 through D-9 f o r  each o f  t h e  above 

Measure the  mix slump using a po r tab le  "K-slump" t e s t e r  and 

Place the  mix i n t o  two-inch cube forms and l e t  it set-up f o r  

Remove the cube forms, weigh the  cubes and compute a sample 

5 deg. C) f o r  7 days. 

Measure and record the  compression s t rengths  per  ASTM C109-95 
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9. P l o t  ou t  t h e  minimum water composit ion l i n e  on t h e  t r i a n g u l a r  
diagram used j u s t  p rev ious ly ,  a lso  p l o t  compression s t r e n g t h  as a 
f u n c t i o n  o f  t h e  waste content. 

E. Determine Bu lk  Dens i t ies  f o r  the  Cement and Waste M a t r i x  

1. Take two preweighed graduated 100 m l  cy l i nde rs .  F i l l  one 
c y l i n d e r  w i t h  bu l k  cement and o the r  w i t h  b u l k  waste m a t r i x  powder. 
Manually v i b r a t e  and f i l l  o r  ad jus t  volume u n t i l  t h e  100 m l  mark 
i s  reached and doesn’t s e t t l e  w i t h  cont inued v i b r a t i o n .  

2. 
by d i v i d i n g  t h e  bu lk  cement o r  waste m a t r i x  weight i n  gram u n i t s  
by 100 ml(cc).  

3 .  
t o  compute volume percents fo r  customer r e p o r t  needs. 

Reweigh t h e  graduated cy l i nde rs  and compute t h e  b u l k  d e n s i t i e s  

Record t h e  bu lk  d e n s i t i e s  i n  t h e  l o g  book and use these values 

F. Handl ing Test M a t r i x  Wastes 

submitted t o  Acceptance Services f o r  des ignat ion .  
regu la ted  f o r  a l l  compositions where the  percent ca lc ium f l u o r i d e  i s  less than 
10 w t X  o f  t h e  t o t a l .  
less t h a t  10 w t X  and are non-regulated. 
inc luded w i t h  t h e  procedure. 1 

The composit ion o f  t h e  r e s u l t a n t  cement t e s t  products have been 
The t e s t  samples are  non- 

A l l  o f  the  compositions l i s t e d  i n  these procedures are  
A copy o f  t h e  predes ignat ion  i s  

Procedure Prepared by 

306-E B u i l d i n g  Manage 
DG Panther 

Process Engineering Mgr. 
Date 
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CEMENT SOLIDIFICATION SET TIMES AND ADMIXTURES 

Procedure No. 2 

Wilbur Greenhalgh - May 20, 1996 

INTRODUCTION: 

The PFP operation is planning on solidifying some of their plutonium 
button slag wastes in cement to make a product that meets Waste Isolation 
Pilot Plant (WIPP) disposal criteria. A cement solidification composition 
diagram is being prepared for the cement/water/waste parameters. 
times for the candidate mixtures are needed for planning processing 
procedures. In addition, general admixture set times might be useful to 
either slow down or speed up set times to optomize operations or perhaps 
ensure mixtures receive sufficient mixing before setting occurs. 

METHOD FOR MEASURING SET TIMES: 

Apparatus: 

1. Penetrometer - built to ASTM standards or recommendations. 

2. 

3. Cement Mixer - lab size. 
4. Portable K slump tester. 

5. Watch or clock timer. 

Supplies: 

1. Portland cement type (1-11). 

2. Distilled or demineralized water. 

3. Simulated waste residue matrix material. 

4. 

Chemicals: 

1. Cement Admixtures: 

1.  Glucose 
2. Flyash, class F 
3. Pozzolith 122 HE 
4. Slag cement 
5. Calcium chloride liquid 

Cement set 

Penetrometer Needles - Sizes 1, 1/2, 1/4, 1/10, 1/20, and 1/40 in.* 

Cement sample containers, 3-in. min. dia. x 3-in. min. height. 
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PROCEDURES 

1. Set up the penetrometer apparatus so it is ready for operation. 

2. Set-up to prepare duplicate 700 gm samples of the following wt.% 
compos i t f ons : 

rn 
a, 33.8 

b. 29.0 

c. 24.0 

d. 29.0 

e. 29.0 

f. 29.0 

9. 29.0 

h. 29.0 

(simul ant) 

26.5 

26.5 

26.5 

26.5 

26.5 

26.5 

26.5 

26.5 

Cement 

39.7 

44.5 

49.5 

39.5 

39.5 

39.5 

39.5 

43.0 

Addi t iv? 
(specified) 

0 

0 

0 

5 - Sucrose 
5 - Flyash 

5 - Pozzolith 
5 - Slag Cement 
1.5 - calcium chloride liq. 

(2 gal ./yd concrete) 

3. 

4. Prepare only one duplicate set of samples at a time, add all ingredients 
except water and add water last of all. 

5. 
readily read. 

6. 
mix into the cement container. 

7. 
1 hour, 2 hours, 4 hours and 24 hours per Section 9.2 of ASTM C 403-95 
(procedure attached). 

8. Compute and record the penetration resistance in lbs/in. . 
9. 

WASTE MANAGEMENT: 

formed so all test sample products and residues will be non-regulated. 

Perform procedure steps 4 through 8 for each composition above. 

Start the timer as soon as water is added, and place timer where it can be 

After mixing, measure the slump using the slump tester and then pour the 

Make penetrometer readings using 3 needles per sample at approx. 30 min., 

2 

Plot penetration resistance versus elapsed time on log/log paper. 

None of the admixtures are regulated, and there will not be any liquid 
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5/m/?6 

306-E Building Manager 5/33/q.5 

Process Engineering Mgr. %hl' 

Date 

DG Panther Date 

JA H u n q r  Date 

Procedure Prepared by 
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Mixer In format ion  

Consist ing o f  1 page 
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@Red DevII LIST PRICING 
' REDDEVILEQUII'MENTCO. Effective January 1,1996 

ONE GALLON SHAKERS 

5400 Twin One Gallon Shakers 
Model NO. 
0-5400-02 
0-5400-OM 
0-5400-OH 

0-5400-M3 
0-5400-H3 
0-5400-XZ 
0-5400-X3 
0-5400-E2 
0-5400-EM 
0-5400-EH 
0-5400.E3 
0-5400-Y2 
0-5400-Y3 
0-5400-A1 

c-5400-32 

Description price 
6 Minute Push Bunon Timer $1.191 
15 Minute Mechanical hmer $1,109 
1 Hour Mechanical Timer 51.109 
Heavy-Duly, 6 Minute Timer 
Heavy-Duty. 15 Minute Timer 
Heavy-Duty. 1-Hour Timer 
Explosion-Proof 
Explosion-Proof, Heavy Duly 
6 Minule Timer, 220V 
15 Minute Timer, 220V 
1 Hour Ti,ner, 22CV 
Heavy-Duty, 220V 
Explosion-Procf, 220V 
Explosion-Proof, Heavy-Duty. 220V 
Air-Driven 

$1.310 
51.219 
51,219 
$1.543 
51.569 
$1.264 
$1.176 
51.176 
$1,340 
51.683 
$1.790 
$1.129 

5410 Sinole One Gailon Shakers 
Model No. 

0-5410-02 
0-5410-OM 
0-541 0-OH 
0-5410-32 
0-5410-M3 
0-541 0-H3 
0-5410X2 
0-5410-X3 
0-54 1O-E2 
0-5410-EM 
0-541 0-EH 
0-5410-Y2 
0-5410-Y3 

... 
Description Price 

6 Minule Push Bullon Timer 
15 Minute Mechanical Timer s 948 

51.021 
1 Hour Mechanicsl Timer s 948 
Heavy-Duty. 6 Minu!e Timer $1.123 
Heavy-Duly. 15 Minule Timer $1,044 
Heavy-Duty. 1 Hour Timer $1,044 
Explosion-Proof S I  ,326 
Explosion-Proof. Haavy-Duly $1.434 
6 Minute Timer, 220V $ 1,089 
15 Minule Timer, 220V s1.011 
1 Hour Timer, 220V s1.011 
Explosion-Proof, 220V 51.448 
Explosion-Procf. Heavy-Duly. 220V S I  ,539 

0-5710-00 Air-Driven 5 480 

Bases 
Model No. Description Price 
0-5153-00 Counler Ease $ 104 
0-5151-00 Pedestal Base S 196 

5600 Auto Sperse"Shaker 
Price 

0-5600-01 Aula Sperse , High-speed $1,051 
0-5600-El Auto Spersew. High-speed. 220V $1.156 

Model No. 2escription - 

RED DEVIL EQUIPMENT CO. 
7150 Boone Avenue North 
Minneapolis. MN 55428 

Sales €. Service (US): 80012211083 
Sales & Service (lnl'l): 6121533-2969 

Fax: 61215334015 

Auto Sperse i s  a trademark o f  Red D e v i l ,  Inc . ,  o f  Union, New Jersey. 
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Appendix C 
F i g u r e s  1 th rough 5 

C o n s i s t i n g  o f  1 page each 
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FIGURE 5: PAINT CAN MIXERS 

541 0 ONE GALLON SINGLE SHAKER 

quarts, and one 
galion of paint 
simultaneously. 
Requires a Counter 
Base or counter- 
high Pedestal Base I lor best oDeratine 

4 Operates on 120V. 60 Hr. or 220V. 
50 Hz 

2 1 7 ' L x 2 4 ' \ k ' x 1 7 ' H  
(43 crn x 61 crn x 43 crnl 
Snipping weight I38 Ibs (63 kgs. I 

3 UUCW Listed 

HEAVY-DUTY OPTION 
Features a % h.p. motor and heawduty 
clamp assembly. Designed for industrial or 
high-volume uses. Choose between a six 
minute or one hour timer. Heavy- 
Duty/Explosion-Proof Option available. 
EXPLOSION-PROOF OPTION 
Features an explosion-proof motor and 
wiring lor safe use in flammable 
environments. Optional ExplosimProof 
'On-Off' Switch. Heavy-Duty/ Explosion- 
Proof Option available. 
AIRQRIVEN OPTION 
All the features and benefits of the 5400 
Series in an air-driven shaker. Air 

5 15 1 PEDESTAL BASE 

Rubber suction feet securely hold base to 
the floor reducingvibration and noise. For 
Red Devil 5400/5410 Seriesand 5710 
paint shakers. 
1 1 8 ' L x 2 0 ' \ V x 2 9 "  

146 cm x 51 cm x 74 cml 
Shipping Weight 75 Ibs. (34 kgs.1 

Model No. Dersrlptlon 

0-5151-00 Pedestal Bise 

5410-02 Wfh 6153 CounlerBare I 

requirement of 8 CFhd at 100 psi. 
Explosion-Proof. Can be used in Class I, 
Group D Hazardous Environments. 

MODEL NO. DESCRIPTION 
0-54IC-02 Single Shaker, 6 Min. Timer 
0-5410-OM Single Shaker. 15 Minute Timer 
0.5410.OH Single Shaker, I Hour Timer 
0-5410-E2 Shaker, 220V.50 Hz. 
0-5410.H3 Heavy-Duv, I Hour Timer 
0-5410-32 6 Minute Timer 
0.541 0-X2 Explosion.Proo1 
0-5410.X3 Heavy-DutylExplosion-Proof 
5322000 Opt. explosion-Prod Sn41ch 

s 153 COUNTER BASE 

T spring . .  suspension lor smooth, quiet. 
wo piece cast iron base featuring coil 

counter-top operation. For Red Devil 
540015410 Series and 5710 paint shakers, 
1 I8Y L x 20%' W x 2'H 

(47 cm x 53 crn x 5cmI 
Shipping Weight 20 Ibs. 19 kgs.1 

Model No. Dercriptlon 

0.5153-00 Counter Base 
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