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CRITICALITY EVALUATION - CASK UNLOADING USING THE SHIELDED TRANSFER SYSTEM 

Marc Leo Nadeau 
Westinghouse Safety Management Splutions 

Building 707-C/Savannah River Site 
Aiken, SC 29808 

ABSTRACT 

This evaluation reviewed the criticality aspects of Shielded 
Transfer System (STS) operation. The STS cask unloading 
process was divided into the following activities: 

0 

0 

Transport cask fo facility. 
Fill cask with water and place into Dry Well. 
Remove assemblies from cask cavity. 
Move Transfer Cask from Dry Well to Shielded 
Transfer Tube. 
Lower assemblies into Fuel Carriage. 
Move Fuel Carriage from under Shielded Transfer 
Tube. 
Remove assemblies from Fuel Carriage. 
Bundle assemblies and store underwater. 
Drain, decontaminate and return cask. 

The existing Nuclear Safety Control (NSC) elements were 
examined and new NSC elements were developed, as 
needed. 

These controls will ensure that an acceptable criticality 
margin is always maintained. 

INTRODUCTION 

L-Area Basin was originally designed for the underwater 
disassembly and storage of irradiated Savannah River Site 
(SRS) fuel assemblies. It has been modified for receipt and 
storage of Material Test Reactor (MTR) nuclear fuel. 

Shipping casks for offsite nuclear fuel are normally 
unloaded underwater, due to shielding concerns. Because 
of L-Area Basin’s design, some casks are too tall to allow 
underwater unloading (e.g. LWT & NLI-112). The STS has 
been designed to unload a fuel basket from one of these tall 
cask,  in air, using a remote grapple. The lid is taken 
away, then the baskets are removed, one at a time, until the 
cask is empty. 

System Descriution. 
The arrangement of the STS components is presented in 
shown in Figure 1. 

Figure 1: STS Schematic - Radial View 

For the purposes of this discussion, the STS is divided into 
the following major components: 

Cask: An offsite cask used to transport the MTR 
assemblies. The cask must fit inside of 
the Dry Well and be designed to be 
unloaded one basket at a time (e.g. LWT 
& NLI-lf). 
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Dry Well: 

Transfer Cask: 

Shielded 
Transfer Tube: 

Fuel Carriage: 

The stainless steel cylinder which holds 
the cask. As its name implies, it keeps 
water away from the cask. 

The movab€e lead and stainless steel tube 
which is used to shield the MTR 
assemblies as they are moved from the 
Cask to the Shielded Transfer Tube. 

The fixed lead and stainless steel tube 
which is used to shield the MTR 
assemblies as they are moved from the 
Transfer Cask to the Fuel Carriage. 

The cart which is used to move the 
assemblies from under the Shielded 
Transfer Tube. 

Selected STS dimensions are presented in Table 1. 

sfer Tube Inner 1 34.29 11 
Diameter I 

Further STS dimension details can be found in the 
drawings listed as Reference 1. 

THEORETICAL BACKGROUND 

Evaluation Methodolom. 

Each activity was examined in the following manner: 

1. Review the normal and off-normal conditions 
associated with activity. Determine if they have been 
previously evaluated. 

2. If a new evaluation must be performed to determine the 
system’s acceptability, establish a conservative 
approach for the performance of the new evaluations. 
The evaluation of one activity may bound several other 
activities. 

4. Once the above evaluations and comparisons are 
completed, determine the additional controls that are 
needed to support the safe operation of the STS. 

Evaluation Results. 

Phase 1 - Review of the Cask Unloading Process. 

A. Transport Cask to Facility. 

The cask vendor must evaluate transport accidents 
concerning the cask, as part of the cask licensing process. 
Until the cask lid is opened, the evaluations performed by 
the cask vendor remain valid. 

The transportation of the cask to the facility does not 
require a criticality safety evaluation by SRS personnel. 

B. Fill Cask With Water and Place Into Dry Well. 

1. Filling the Cask with Water. 

A previous criticality evaluation, reviewing the underwater 
unloading of an offsite cask, judged that filling a cask with 
water does not require a criticality safety evaluation by SRS 
personnel. 

2. Placing the Cask into the STS Drv Well. 

According to a Probabilistic Risk Assessment (PRA) 
performed for the STS, no credible mechanism could be 
identified that would release fuel from a dropped cask. 
This assessment used the following assumption: 

0 Lid bolts must not be removed from the cask until after 
the cask has been positioned in the Dry Well. 

An NSC is required to ensure that the above assumption is 
maintained. 

Cask handling Nuclear Safety Controls already exist for L- 
Area Basin, to govern the placement of an offsite cask into 
the water filled pit. 

These controls remain in place, to avoid dropping the cask 
onto previously unloaded fuel assemblies . 

3. If a new reactivity evaluation is performed, compare 
the new evaluation to an evaluation already performed 
at SRS. If the reactivity of the new evaluation is less 
than the reactivity of an acceptable assembly 
configuration, the potential STS configuration is 
acceptable. 
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The existing controls should be interpreted as follows, since 
the Dry Well is the only part of the STS where a cask is 
allowed: 

There shall be no fuel in either the water filled pit or 
the STS Dry Well prior to placing a cask into either the 
water filled pit or the STS Dry Well. 

A cask may not be placed into the STS Dry Well if a 
cask is already present in the water filled pit. 
Alternately, a cask may not be placed into the water 
filled pit i f  a cask is already present in the STS Dry 
Well. 

The placement of a cask into the STS Dry Well does not 
require a criticality safety evaluation by SRS personnel, as 
long as the above controls are in place. 

C. Remove Assemblies From Cask Cavity. 

1. Normal Operations. 

' A previous criticality evaluation, reviewing the underwater 
unloading of an offsite cask, judged that the normal 
removal of assemblies from a cask does not require an 
evaluation by SRS personnel. 

2. Off-Normal Operations - 
Assemblies Dropped Into the Cask. 

Previous evaluations have shown that dropping assemblies 
(without basket) into the LWT cask is not acceptable. It is 
conservative to assume that that dropping assemblies 
(without basket) into any other cask will be unacceptable. 

Therefore, cask specific evaluations must be performed to 
show that, during cask unloading using the STS, dropping 
assemblies (without basket) into the cask is not a credible ' 
scenario. 

D, Move Transfer Cask From Drv Well to Shielded 
Transfer Tube. 

1. Normal Operations. 

The normal movement of the Transfer Cask from the Dry 
Well to the Shielded Transfer Tube will be bounded by the 
off-normal conditions associated with moving the Transfer 
Cask. It is judged that further criticality safety evaluations 
are not needed. 

2. Off-Normal Operations - 
Crushing Assemblies During Transfer'Cask 
Movement. 

If the Transfer Cask is moved before the cask basket clears 
the Transfer Cask opening, the STS drive motors are 
powerful enough to crush the assemblies. If tlie basket of 
assemblies is crushed, control of the assembly geometry is 
lost and conservative mass limits for the uncontrolled 
storage of fissile material must be used. 

The Safety Analysis Report for Package (SARP)  documents 
for the LWT and NL1-1/2 casks use the HFBR assembly as 
the bounding MTR assembly in their (References 2 and 3). 
This assembly has the following characteristics: 
0 Maximum 235U content is 352 grams. 

0 ' Assembly enrichment is 93 wt % 

This means that a basket of assemblies contains up to 2464 
grams of ='U (93 wt % enrichment). Since the SRS limit 
for the uncontrolled storage of 93.5 wt 96 "'U is 580 
grams, the crushing of assemblies in the STS is 
unacceptable. 

enrichment. 

Controls are required to provide Double Contingency 
protection against the crushing of assemblies by the 
Transfer Cask. 

3. Off-Normal Ouerations - 
Assemblies Dropped Outside of the Cask. 

Assemblies Dropued in Water. 

The criticality evaluation of the HFBR assemblies showed 
that, for a submerged LWT cask, the placement of a group 
of seven assemblies adjacent to the cask wall did not 
significantly.affect the cask reactivity. 

It is reasonable to judge that this is also the case for other 
casks, since the cask walls contain similar Stainless Steel 
and shielding materials. 

Assemblies Drouued in Air. 

The presence of metal plates makes dropping assemblies to 
the level of the cask impossible, while the Transfer Cask is 
between the Dry Well wall and Shielded Transfer Tube. 
However, if the basket is dropped while the Transfer Cask 
is still over the Dry Well, it is possible that some of the 
assemblies will fall between the cask and the Dry Well 
wall'. 

' The dropping of a basket filled with assemblies is 
bounded by the dropping of assemblies without the basket. 



Since the calculations performed for the HFBR assemblies 
were made with the assemblies underwater and the space 
between the Dry Well wall and the cask will be filled with 
air, an evaluation must be performed to ensure that the lack 
of water does not increase the casklassembly interaction. 
Since the Dry Well may contain water, due to a leak, an 
assessment of partially submerged assemblies must also be 
performed. 

While the correct placement of the Dry Well Cover Plate 
would prevent this scenario, the removal of the Dry Well 

, Cover Plate is a normal part of operations. Evaluations are 
required to determine if the Dry Well Cover Plate must be 
treated as an NSC. 

The calculations performed for the STS showed that 
dropping assemblies next to the cask is acceptable. 
Therefore, the Dry Well'Cover Plate does not have to be 
treated as an NSC. 

E. Lower Assemblies Into Fuel Carriage. 

1, Normal Operations. 

The normal lowering of the basket into the Fuel Carriage 
will be bounded by the evaluation of dropping the 
assemblies in air. It is judged that further criticality safety 
evaluations are not needed. 

2. Off-Normal Operations - 
Assemblies Dropped Onto Fuel Carriage. 

If a basket of assemblies is dropped onto the Fuel Carriage, 
one of the following events may occur: 

a) Basket does not overturn and lands in the empty Fuel 
Camage. 

While the dropping of the basket may result in some 
equipment damage, from a criticality perspective it is 
the same as normal operation. 

b) Basket overturns in Shielded Transfer Tube and spills 
assemblies in air. 

Controls are not needed for this scenario, since the 
inner diameter of the Transfer Cask is slightly larger 
than the inner diameter of the Shielded Transfer Tube. 
The previously required basket size evaluations 
required will ensure that the basket cannot overturn in 
the Shielded Transfer Tube. 

F. 

Basket overturns below Shielded Transfer Tube and 
spills assemblies in water 
(No other assemblies in Fuel Carriage). 

This is not a concern, as long as the basket contains 
the Safe Number (NsAR) of assemblies.. Even if the 
spilled assemblies end up next to the cask, calculations 
for the HFBR assembly showed that the underwater 
placement of a group of seven assemblies adjacent to 
the cask wall did not significantly affect the cask 
reactivity. 

An NSC is required to ensure that the basket will 
contain 5Nsm assemblies. 

Basket overturns below Shielded Transfer Tube and 
spills assemblies in water 
(Other assemblies in Fuel Carriage). 
This scenario is unacceptable, since it would result in 
spilling > NSm assemblies. 
An NSC is required to ensure that the Fuel Carriage 
does not contain any fuel? 

Remove Assemblies From Fuel Carriage. 

The Fuel Carriage must be moved from under the Shielded 
Transfer Tube, in order to remove the assemblies from the 
Fuel Carriage. An NSC is required in order to prevent the 
spilling of the assemblies during carriage movement. 

The removal of assemblies from the Fuel Carriage does not 
require a criticality safety evaluation by SRS personnel, as 
long as the appropriate controls are in place. 

G. Bundle Assemblies and Store Underwater. 

The basket of assemblies will be moved to the underwater 
pit, for unloading. An NSC is required in order to ensure 
that, during movement to the underwater pit and 
unloading, this basket will be isolated (by at least 12 inches 
of water) from any other fuel handlinglstorage activities. 

The following controls are currently in place in L-Area 
Basin, to control the bundling and storage of fuel: 

0 Only one loaded bundle, bucket or carrier may be 
moved in either transfer pit at a time. 

0 A cask may not be placed into the underwater pit if a 
cask is already present in the STS Dry Well. 

I * This check must be made prior to removing a basket from 
the cask. 



As long as the above controls are in place, there will be no 
interactions between the assemblies being moved to the 
underwater pit and previously unloaded assemblies or 
another cask. Therefore, the NSC limits normally 
established for the assembly will be appropriate and the 
bundling and underwater storage of assemblies does not 
require a criticality safety evaluation by SRS personnel. 

Base Basket 

Intermediate Basket 

Top Basket 

Cask Cavity 
Transfer Cask 

H. Drain, Decontaminate and Return Cask. 

Diameter (cm) Reference 

33.71 10,11 

33.71 12, 13, 

33.71 14,15 

33.96 3 
35.56 1 The NSC which already exists in L-Area Basin, to govern 

the removal of an offsite cask from the water filled pit, 
should be interpreted as follows, since the Dry Well is the 
only part of the STS where a cask is allowed: 

There shall be no fuel in either the underwater pit or 

underwater pit or the STS Dry Well. 
’ the STS prior to removing a cask from either the 

While, the handling of the cask should be performed such 
that it is not damaged, once the last assembly is removed 
there are no criticality concerns associated with its 
handling as long as the above control is in place. Therefore 
criticality evaluations are not required for this activity. 

1 

Component Diameter (cm) Reference 

Base Basket 33.71 495 

Intermediate Basket 33.71 6 7  

Top Basket 33.7 1 839 

Cask Cavity 33.96 2 
Transfer Cask 35.56 1 

Phase 2 - Performance of Evaluations. 

A. Cask Basket Geometrv Evaluation 

The geometry of the STS was evaluated for the LWT and 
NLI-1/2 casks and it was determined that dropping 
assemblies (without basket) into the cask is incredible. A 
similar evaluation must be performed prior to the unloading 
of any other cask types using the STS. 

Table 3: NLI-1/2 MTR Basket Dimensions 

Performance of Dromed Assemblv Reactivitv 
Calculations 

All of the dropped assembly calculations were 
performed using the MCNP 4A computer code. The 
calculations used 100,000 neutrons (1 15 generations of 
1000 neutrons per generation, skipping the first 15 
generations). 

All of the dropped assembly calculations were 
performed using the LWT cask described in Reference 
2. 

It is reasonable to think that the conclusions drawn 
from these calculations can be applied to other casks, 
since the cask walls contain similar Stainless Steel and 
shielding materials. 

The cask was modeled in both air and water, with the 
water line corresponding to the center of the fuel. The 
cask was modeled as fully flooded, since References 2 
and 3 show that this is most reactive condition for the 
LWT and NLI-1/2 casks. 

The HFBR assemblies were homogenized, in order to 
simplify the cask calculations. 

The LWT cask contains six MTR baskets, each with a 
height of approximately 70 cm. Since each HFBR 
assembly is 58.05 cm., there is a space of 
approximately 10 cm. between assemblies. To be 
consistent with previous analyses, the axial variation 
(HFBR assembly, basket and water gap) was not 
modeled, and a 348.3 cm. long assembly was used 
inside the cask. The reactivity effect of this 
simplification was judged to be insignificant. 



The following dimensions were used to model the 
environment external to the cask body: 

External Environment 
Air or Water Thickness Around Cask 

Concrete Thickness Under Cask 

cm 
228.042 
60.000 

0 

Seven Homogenized HFBR 
Assemblies, No Cask 

LWT Cask, External HFBR 

0 

0.977 2.73E-3 0.971 

0.893 2.59 E-3 0.898 

The air thickness was chosen to provide room for the 
assemblies outside of the cask and still have 2 meters 
of air for isolation. While a water thickness of 12 
inches would have been sufficient? making the water 
thickness the same as the air thickness simplified the 
model. 1 
While the cask in the Dry Well will actually be on top 
of a Stainless Steel tube filled with lead, the cask was 
modeled as being on concrete, for simplicity. The 
difference between modeling the cask on concrete 
instead of a mixture of lead and Stainless Steel was 
judged to be insignificant. 

Assemblies in Air 
LWTCask,ExternalHFBR 0.907 3.27E-3 0.913 . 

The first dropped assembly calculation modeled the . 
assemblies in air, next to the top of the cask. While the 
basket was not present, the assembly spacing defined 
by the cask basket was maintained. 

To account for any water entrapment, the assemblies 
were conservatively modeled inside a cylinder of water. 
For simplicity, the water cylinder was the height of the 
assemblies and the radius of the cask cavity. 

The other dropped assembly calculation modeled the 
same arrangement of assemblies, with the assemblies 
partially submerged. In order to account for any water 
entrapment, the portions of the assemblies above the 
water line were conservatively modeled inside a 
cylinder of water, similar to the previous calculation. 

Phase 3 - Comparison to an Acceptable Assembly 
Configuration. 

The criticality evaluation of the HFBR assemblies showed 
that the placement of a group of seven assemblies in water 
is safely subcritical, by modeling the actual HFBR assembly 
geometry (e.g. plate dimensions) instead of homogenizing 
the assemblies. 

The acceptable assembly configuration was modeled by 
placing seven homogenized HFBR assemblies in water. 
The assemblies were arranged with the same spacing as the 
partially submerged assemblies and the assemblies in air. 
This calculation was also performed using the MCNP 4A 
computer code, using 100.000 neutrons. 

Calculations were performed to evaluate the effect of 
dropping the HFBR assemblies near the cask and the 
results of these calculations are summarized in Table 4. 

Table 4: Dropped Assembly Evaluations 

Based on a review of the above values, dropping assemblies 
next to the cask is acceptable. Therefore, the Dry Well 
Cover Plate does not have to be treated as an NSC. 

Phase 4 - Determination of Required Controls. 

During STS operation, an acceptable criticality margin is 
maintained as long as the following controls are in place. 

Existing Administrative Controls. 

The following controls were in place in L-Area Basin prior 
to the installation of the STS: 

0 Verify that there is no fuel in either the water filled pit 
or the STS Dry Well prior to placing a cask into either 
the water filled pit or the STS Dry Well. 

0 A cask may not be placed into the STS Dry Well if a 
cask is already present in the water filled pit. 

0 . A cask may not be placed into the underwater pit if a 
c,ask is already present in the STS Dry Well. 

0 Only one loaded bundle, bucket or carrier may be 
moved in either transfer pit at a time. 

0 Verify that there is no fuel in either the underwater pit 
or the STS prior tqremoving a cask from either the 
underwater pit or the STS Dry Well. 

’ The value for “Seven Homogenized HFBR Assemblies, 
No Cask” is keff - 2 a. 



New Administrative Controls. 

The following controls were implemented in L-Area Basin 
as a result of the STS evaluation: 

0 

0 

0 

0 

0 

Lid bolts must not be removed from the cask until after 
the cask has been positioned in the Dry Well. 

Prior to unloading a basket from the cask, a 
verification must be made confirming that the shipping 
papers for the cask show that the baskets being 
unloaded contain 5 Nsm assemblies. 

Prior to unloading a basket from the cask, a 
verification must be made confirming that the Fuel 
Carriage is empty of fuel material. 

Prior to unloading a basket from the c&k, a 
verification must be made confirming that the Fuel 
Basket arm(s) are in the CLOSED position. 

Prior to unloading a basket from the Fuel Carriage, a 
verification must be made confirming that the proposed 
fuel transfer path is clear. 

New Active Engineering Controls. 

The following Active Engineering controls were 
implemented in L-Area Basin, to provide Double 
Contingency protection against crushing the baskets in the 
STS : 

0 

0 

A drive torque limiting device is in place to stop 
movement if the Transfer Cask encounters resistance 
(e.g. mispositioned basket). The device is adjusted 
such that the Transfer Cask movement will stop before 
the assemblies are crushed. 

Periodic testing of the drive torque limiting device has 
been incorporated into the L-Area Basin Technical 
Safety Requirements. 

Limit switches are in place to stop movement if the 
Transfer Cask encounters resistance (e.g. 
mispositioned basket). The switch is adjusted such that 
the Transfer Cask movement will stop before the 
assemblies are crushed. 

NSC steps are in place requiring that the switches be 
tested prior to each use of the STS. 

NOMENCLATURE 

1. HFBR 

2. 

MTR assembly received from the High Flux Beam 
Reactor, located at the Brookhaven National 
Laboratory. 

LWT: 

A tall cask owned by NAC International, evaluated for 
unloading in L-Area Basin using the STS. 

3. MTR: . 

Material Test Reactor. 

4. NLI-1/2: 

A tall cask owned by NAC International, evaluated for 
unloading in L-Area Basin using the STS. 

5. NSC: 

Nuclear Safety Control. 

6. Safe Number (Nsm): 

The maximum number of assemblies which are 
allowed, uncontrolled, in water. Nsm assumes 
optimum assembly spacing and three sided concrete 
reflection (e.g. in a corner). 

7. SARP: 
Safety Analysis Report for Package. 

8. SRS: 
Savannah River Site. 

9. STS: 
Shielded Transfer System. 
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