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ABSTRACT 

Krško NPP was designed to temporary store a limited number of spent fuel assemblies 
(SFA). They were planned to be either removed for reprocessing or permanently stored. By 
the design the plant would run out of capacity for temporary storing of SFAs in 2003. This 
means that the plant could not operate further without additional changes since valid 
regulations require the Spent Fuel Pit (SFP) free storage capacity for the whole emergency 
core unloading (ECU).  

The purpose of the SFP Reracking Project is to assure a safe storage of all SFAs in the 
existing SFP during the plant lifetime. Design solutions and related analysis did not only 
consider the quantity of spent fuel for the plant lifetime, i.e. up to the year 2023, but also a 
possibility of the SFP extension for eventually extended plant lifetime of 20 years. 

According to the project, racks were designed to provide up to 1694 cells for storage of 
FAs in Phase I which is sufficient for normal NPP operation up to its lifetime, i.e. the year 
2023. The extension of temporary storage capacity of SFAs in the SFP was made by a 
combination of existing and new high-density racks. Three modules from the existing 12 were 
eliminated. Thus leaving 621 cells. There are nine new racks added with up to 1073 super-
compacted cells installed in the empty part of the pool. The spacing between new cells is 
smaller than the one between existing cells because of special plates, made of borated 
stainless steel. 

The design of the racks fulfils all the applicable requirements to ensure sub-criticality of 
all stored SFAs, enriched up to 5 % U 235 with peak pellet burnup above 40 GWD/MTU. 
Besides static and dynamic seismic loading of both, the racks and the fuel handling building, 
sufficient cooling of FAs is provided as well as accident conditions precluded. Greater 
cooling capacity is achieved by installing the third heat exchanger, connected in parallel to 
existing two exchangers. The design and manufacturing of the new heat exchanger and its 
respective equipment (piping, valves) is performed in accordance with the American 
legislation for such equipment (ASME, Class 3). 
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1. INTRODUCTION 

The SFP at NEK was reracked for the first time in 1983, increasing its capacity from 
180 to 828 fuel assembly storage locations. This capacity would not be sufficient and NEK 
would run out of capacity for storing of fuel assemblies following its refueling outage in April 
2003. Therefore there was a need to increase SFP capacity before the outage 2003. The new 
design satisfies storage needs for operating lifetime of the plant (40 years) and for eventually 
extended lifetime of 20 years.  

In order to increase the SFP storage capability all of required analyses were performed. 
Those analyses were the basis for the needed modifications in the spent fuel pool and in the 
related cooling systems. In the first step, the storage capacity of the fuel pool is expanded to 
1694 fuel assembly storage locations in total. A second step is to be foreseen for later 
expansion of the storage capacity to a total of 2319 locations. 

To ensure sufficient heat removal from the increased number of stored fuel assemblies, 
the SFP cooling system is equipped with a third heat exchanger with design capacity of 5.8 
MW. The third heat exchanger SFAHSF03 is integrated into the spent fuel (SF) and 
component cooling system (CC). The heat exchanger SFAHSF03 and connected piping are 
designed, manufactured and installed in compliance with the applicable codes and standards 
(ASME III Class 3). 

2. DESIGN AND LICENSING ANALYSIS 

Since, as stated above, it was assumed that the design should take into account storage 
capability extension needed until 2023 (step 1) and possible plant life extension for additional 
20 years (step 2) it was decided that all the required design and licensing analyses should be 
performed for both steps. That means that where possible one bounding case was analyzed 
covering both steps, otherwise two separate sets of required analyses were performed. During 
the first step of the licensing process NEK obtained the required licensing amendment for step 
1 only. However, all the requested licensing steps up to the point of request for licensing 
amendment are covered within this project. 

To evaluate the impact of the increased number of spent fuel elements to the existing 
pool, several analyses were performed according to the required licensing requirements and 
standards [1] [2] [3] [4] [5] [6] [7] [8] [9]. These analyses are the basis for the new system 
design and are prepared for all the systems impacted by this modification. 

 
2.1. Storage Capacity 

Storage capacity analyses consider the design of special racks to provide storage of 
1694 cells of FAs. The design allows complete unloading of the core (121 FAs) at any time. 
The impact on existing equipment (gates, skimmers, lights, bottom plates etc.) is very low, 
and necessary modifications are performed. In case of plant life extension (Step 2) total 
number of cells would be increased to 2319. 

 
2.2. Structural Design of Racks 

Dynamic 2D multi-rack and 3D block-model analyses were performed for load case 
operational basis earthquakes (OBE) and safe shutdown earthquakes (SSE). The relevant 
racks and rack configurations were investigated. The calculations took into account the non-
linear dynamic behavior of the storage racks including the fluid-structure interaction between 
racks and water. As a result, the maximum loads for the storage racks and the civil structure 
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were determined and it was demonstrated that there would be no impacts between racks and 
pool wall and between rack blocks.  

Structural analyses were performed for load cases with dead weight (including 
buoyancy) and dynamic loads due to external events. The rack that was investigated was the 
highest loaded rack. Based on a detailed finite-element model the structural integrity was 
demonstrated with respect to stresses and buckling.  

Accident analyses were performed for a straight deep drop of a fuel assembly onto the 
base plate of the rack above a rack foot and a straight shallow drop of a FA onto the top of the 
rack. The maximum load on the civil structure was specified and, as a result, the effects of 
plastic deformations to the functional capability of the rack were observed. 

 
2.3. Fuel Handling Building and Spent Fuel Pit Structural Design 

The Spent Fuel Pit (SFP ) of the Krško NPP located in the Fuel Handling Building 
(FHB) was evaluated for an increased spent fuel stored in the new rack modules. Structural 
calculations including the thermal, seismic and accidental loading was considered and the 
ability of the structures to accommodate the new load conditions was demonstrated. The 
evaluation of the reinforced concrete structures and of the liner was performed in compliance 
with U.S. structural codes and standards for application to nuclear safety related structures, 
seismic category I. 

 
2.4. Nuclear Criticality 

NEK requirement was that the racks' design shall be such to safely store fuel with initial 
enrichment of 5.0 w/o, which has accumulated an average exposure (burnup) above 40 
GWD/MTU, or fuel with burnup bellow 40 GWD/MTU, or fresh unburned 5% enriched fuel 
assemblies (Region I). In step 1, the existing old rack will serve as Region I racks, while in 
potential step 2 (life extension - remaining old rack replacements) new Region I rack for 
storage of fresh fuel without limitation will be installed. Due to that the required analyses 
have been divided into two parts (step 1 and step 2). It is important to note that NEK has 
already licensed burnup credit criticality analyses, since we were allowed to store fresh fuel of 
5% enrichment or fuel with burnup lower than 4 GWD/MTU in the three out of four 
arrangements. Fuel that has higher burnup can be stored in the existing racks without 
limitations.  

The maximum calculated reactivity of the storage rack include a margin for uncertainty 
in reactivity calculations and in manufacturing tolerances such that true Keff  shall be less than 
0,95 with a 95% probability at a 95% confidence level. Credit for neutron poison rod 
assemblies or any kind of neutron absorbers inserted into fuel elements was not taken into 
account. In the analyses, the array of storage cells was assumed to be infinite in lateral extent 
except as necessary to evaluate accident conditions. Reactivity uncertainties due to 
manufacturing tolerances were independently evaluated and combined statistically. 

For normal storage conditions, the moderator was assumed to be pure water at the most 
reactive density corresponding to temperatures between 40C and maximum design 
temperature. Calculations were provided showing the variation in reactivity with temperature, 
and shall also consider the effect of pool boiling. Boron credit was only taken into account for 
accident conditions according to allowable standards and licensing requirements [10] (fuel 
misloading, ...).  

In Figure 1: Loading Curve showing the outcome of these analyses - loading curve for 
Region II racks. The fuel with burnup below the loading curve cannot be stored into these 
new racks (Region II) and shall be stored into existing old racks under the existing limitations. 
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Figure 1: Loading Curve 
 

2.5. Thermo-hydraulic Analysis  

Internal spent fuel cooling analysis demonstrates sufficient cooling of the stored fuel 
elements [11]. Both the maximum local coolant temperature as well as the maximum cladding 
temperature were evaluated. It was demonstrated that in all normal and abnormal cases, the 
two-phase conditions near fuel cladding will not occur. Calculations were done assuming the 
worst case of completely filled storage racks after re-racking step 2 containing a completely 
discharged core (core unloading starts at 100 h after reactor shut down) and only two out of 
three heat exchangers in operation. 

 
2.6. Radiation Protection 

The shielding of the SFP was investigated to ensure radiation protection of the staff 
using the areas and rooms adjacent to the SFP. The major criterion for this objective was the 
allowable dose rates in the rooms adjacent to the SFP. It was demonstrated that the existent 
wall thickness and water level has sufficient shielding capacity in Step 1 and in Step 2 of the 
reracking project. 

 
2.7. Cooling Capacity Analysis 

Increasing the total SFP storage capacity in total of 1694 cells for step 1 and 2319 cells 
for step 2 would lead to decay power increase to 8.7 MWt (bounding case - step 2). As a 
consequence of NEK request that the operating margins shall remain the same the heat 
removal capacity of the cooling chain was enhanced by backfitting an additional heat 
exchanger. The design of the new spent pool heat exchanger ensured sufficient low bulk 
temperatures in the fuel pool in all modes of operation. This is achieved by parallel operation 
of new heat exchanger and either of the two existent heat exchangers.  

 
2.8. Fuel Handling Accidents 

All necessary accident analyses and licensing documentation were elaborated to satisfy 
requirements of applicable Codes and Standards. It was demonstrated that the fuel racks could 
withstand fuel handling and associated accidents. The consequences of specified drop 
accidents were demonstrated to remain within acceptable reactivity, thermal, structural and 
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radiological limits. The extent of damage sustained by an irradiated FA (with tool), dropped 
from the manipulation elevation above the rack, was demonstrated for the following 
scenarios: straight deep drop - The dropped FA falls through an empty storage cell and 
impacts the baseplate, with no direct impact on liner, and no overstress to pool slab, straight 
shallow drop, the dropped FA hits a stored irradiated assembly with a head-on impact, the 
dropped FA hits the edge of rack, fuel misplace, etc. 

Possible rack drop during installation was also evaluated. The drop of the heaviest 
module from water level to the bottom of SFP was assumed in the worst position. The 
integrity of pool slab was demonstrated. There were contingency analyses performed 
considering all possible damage that could occur (damage to liner of SFP, racks, cranes, etc.), 
referring to resources, procedures and planning of corrective actions. To cover these events 
(particularly fuel misplacement), the soluble boron credit was taken as suggested and allowed 
by the applicable licensing requirements [1] [2] [3]. In our case it was shown that the 
minimum boron concentration in the SFP should be 1073 ppm. 

 

3. RERACKING OF THE SPENT FUEL PIT 

3.1. Existing Design 

 
Spent fuel assemblies were temporarily stored in racks, which were located in the Spent 

Fuel Pit. Its dimensions are 16,5x8x12,7 m. The racks consisted of stainless steel storage cells 
connected in modules of 72 and 63 cells respectively. The total storage capacity was 828 FA 
locations and 670 among them were already being used – see Figure 2: Old Spent Fuel Pit 
Layout. Axial interface of cells satisfies the criteria of sub-criticality of the FAs, enriched up 
to 5 % U 235 with designed peak pellet burnup above 4 GWD/MTU. Fresh fuel and fuel 
elements with burnup below the loading curve were stored in arrangement 3/4. There were 12 
modules in the SFP, connected together, free sliding on big support base plates. 

 

 
Figure 2: Old Spent Fuel Pit Layout 

 



401.6 

Proceedings of the International Conference Nuclear Energy for New Europe, Portorož, Slovenia, Sept. 8-11, 2003 
 

Approx. one third of FAs from the core was stored in the SFP each year (appr. 36 FAs). 
The storage capacity of 121 FAs in case of an emergency core unloading was provided all the 
time. Considering the occupation of 670 cells means that the plant had enough storage 
capacity until the year 2003 inclusive. Afterwards the plant could not operate under that 
conditions of temporary storing. 

 
3.2. New Design 

The extension of temporary storage capacity of FAs in the SFP for step 1 was designed 
by a combination of existing and new high-density racks [12]. Three modules from the 
existing 12 were eliminated, thus leaving 621 cells. The three eliminated racks were cleaned 
and stored in the Krško Multi-Purpose Building. There are nine new racks with up to 1073 
supercompacted cells installed in the empty part of the pit. The spacing between new cells is 
smaller than the one between existing cells because of special plates, made of borated 
stainless steel. The arrangement of the new racks in the pool for step 1 can be seen in the 
general layout drawing Figure 3: New Spent Fuel Pit Layout. 

The new racks design satisfies all the applicable requirements to ensure sub-criticality 
of all installed SFAs, enriched up to 5 % U 235 with burnup according to the Figure 1. Beside 
static and dynamic seismic loading of both, the racks and the FHB, sufficient cooling of FAs 
is provided as well as accident conditions precluded - FA being dropped or stuck during 
storing and handling. The racks are designed, manufactured and installed in compliance with 
the applicable codes and standards for ASME III Class 3 components. They are installed as 
one block, which means that the nine racks are connected at the base plates. The block of new 
racks has no connection to the remaining block of the existing nine racks. The building 
structure remains unchanged. The building capability to remove additional loads by the new 
racks during normal, abnormal and accident conditions have been evaluated.  

Removal of existing racks and installation of new ones was performed during the plant 
operation cycle taking into account every precondition for safe and undisturbed cooling of 
stored FAs. For this purpose the temporary crane above the pool and different remotely 
controlled fuel handling tools and tools for underwater works were used (cutting, welding, 
and cleaning).  

 
 

Figure 3: New Spent Fuel Pit Layout 
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3.3. Material Requirements 

The rack consists of structural 
material and neutron absorption material. 
The structural material used for 
manufacturing of new racks is stainless steel 
304 L. The material used in racks for 
neutron absorption is the Borated Stainless 
Steel (BSS). It is used as neutron absorber 
only and not for structural parts. No bending 
or structural welding of the BSS plates is 
performed. 

 
The new rack No.1 is shown in Figure 

4: New Rack at Workshop 
 

 

     
3.4. Layout and Arrangement Requirements 

The spent fuel pit consists of two regions where fresh and old fuel can be stored. The 
layout of the regions depend on the spent fuel pit reracking phase (Step 1 or Step 2). 

In Step 1 the Region 1 arrangement for the storage of fresh fuel is used in an existing 
racks in checkerboard arrangement. The Region 2 designed to store spent fuel only (fuel 
elements with burnup above the loading curve) is composed of the existing racks and with the 
new racks based on a full credit burnup and a highly enriched Borated Stainless Steel 
absorber which allows compact density storage. 

In Step 2 the Region 1 arrangement is designed in a new rack with enriched Borated 
Stainless Steel absorber which allows to store the fuel in any position. The complete Region 2 
used to store spent fuel with burnup above the loading curve is designed with the new racks 
composed by the BSS sheets. 

 
3.5. Indexing System for the Fuel Handling Machine 

After the installation of new racks and precise adjustment of supports, a new indexing 
system was installed. The purpose of this positioning system is to improve both handling 
performance as well as approach accuracy. The positioning system consists of several 
positioning straight edges. The positioning straight edges are arranged on the pool’s top edge 
in the region of the travelling bridge and on the bridge girder of the trolley. They can be 
considered as a system of co-ordinates. The straight edges consist of a carrier system to which 
the indexing plates are attached. Each fuel assembly position is marked correspondingly. The 
storage rack positions to be approached are engraved in the indexing plates.  

  

4. EXTENSION OF THE COOLING SYSTEM 

Greater cooling capacity is achieved by installing the third heat exchanger, connected in 
parallel to the existing two heat exchangers [13]. The design and manufacturing of new heat 
exchanger and its respective equipment (piping, valves) is performed in accordance with the 
American legislation for such equipment (ASME, Class 3). 

The component cooling system is connected with the shell side of the new heat 
exchanger. The CC system operational temperature changed slightly but will remain within 

Figure 4: New Rack at Workshop 
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the system's original design range. The Essential Service Water system (ESW) remains 
unchanged. The ESW system capability to remove the additional heat load input by the new 
heat exchanger into the CC during normal, abnormal and accident conditions has been 
evaluated. 

Sufficient low bulk temperatures in the pool in all modes of plant operation would be 
assured with parallel operation of the new SFP heat exchanger (SFAHSF03) and either of the 
two existing heat exchangers (SFAHSF01 and SFAHSF02) in the following combinations: 
• SFAHSF01 is working alone 
• SFAHSF02 is working alone 
• SFAHSF01 is working together with SFAHSF03 
• SFAHSF02 is working together with SFAHSF03 
• SFAHSF01 is working together with SFAHSF02 

Monitoring and testing of cooling capabilities is performed using thermometers 
mounted on the SF and CC outlet lines from heat exchangers and flow rate measurement 
devices.  

New heat exchanger SFAHSF03 is installed above the existing heat exchanger 
SFAHSF02 and supported with steel construction fixed on the room’s walls – Figure 5: New 
Heat Exchanger Location. For the purpose of new heat exchanger and steel construction 
installation a trolley crane is installed on the ceiling of the room. 

 

 
 
 
 

Figure 5: New Heat Exchanger Location 

- new pipes 

- new pipes 
 

- new heat exchanger and valves  
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1 CONCLUSION 

Many of operating plants from the United States, Europe, Korea, etc. were forced to 
redesign their existent spent fuel pools installing new supercompacted racks. Krško Nuclear 
Power Plant has followed the world practice redesigning the existent SFP storage capacity by 
installing nine supercompacted racks. Only the approved methods were used in the analyses 
and with the new borated stainless steel plates as neutron absorber it is enabled the redesign of 
the existent SFP . 

By this project the Slovenian strategy for nuclear waste management was adopted. All 
equipment was installed and is in function from March 2003. The new racks were filed with 
the spent fuel according to the project plan. Following this new arrangement, nuclear fuel will 
be temporary stored on site for the whole plant lifetime.  
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