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PLUTONIUM STORAGE STUDY 

This paper is a contribution to the Task H (Technologi

cal Alternatives for Plutonium Storage) of the Sub-group 4B, 

and it is based on the document "Plutonium Storage Study" pre

sented to the European Nuclear Conference held at Paris 21-2 5 

April 1975. 

1. GENERAL CRITERIA 

The design of an installation for plutonium storage in 

large quantities must be based in a set of considerations in

cluded in a general safety criteria, which fundamentally are: 

location of the storage 

characteristics of the installation 

ventilation system 

radiological protection 

containment features 

fire protection 

criticality control 

auxiliary services 

Concerning the storage site, there must be considered 

the location, meteorology, hydrology, geology and seismology 

of the place. In this study, it iti assumed that the storage 

facility will be located at an already existing site, associa

ted with a reprocessing plant and a mixed oxide fuel fabrica

tion plant (MOFFP), and therefore it will make use of an exis

ting infrastructure. 

For the structural design of the storage installation, 

several natural phenomena must be considered such as wind, 

tornados, seism, snow, rain, flooding, etc., also the selec

tion of fireproof materials. 

A total control and collection of water from the insta

llation must be stablished. 

The inside surface should be constructed in such a way 
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that it allows the total or partial decontamination of the 

installation. 

Ventilation system has to be designed in a way that en 

surer continuity of operation, acceptable cleanup, "in situ" 

periodic testing, etc. 

The _'=idiological protection should take into account 

the continuous measurement of the radiation level and environ 

mental contamination. 

The storage installation will have the necessary sys

tems of fire detection and automatic fire extinction. 

The design of the storage system and the operational 

procedures should be in accordance with those of the nuclear 

safety. The installation should be designed in such a way that 

if there were an internal or external incident, this one would 

not reach the fissionable material with the consequent modifi

cation of distribution and its incidence to form potential crî  

tical situation. 

It must be made sure that auxiliary services cannot be 

interrupted, specially the power supply. 

After enumerating the previous consideration?., in this 

report a study of each of them has not been made but only has 

been taken into account the incidence of some of the concepts 

mentioned concerning the facility design. 

3. MATERIAL FOR STORAGE 

According to a normal Purex fuel reprocessing flowsheet, 

the final plutonium product recovered is usually plutonium ni

trate solution with a concentration between 100 and 2 50 g. 

Pu/1. The actual trend in fuel reprocessing is to obtain a mo

re completed final product and in the particular case of pluto 

nium as an oxide (Pu02>. This one is obtained by precipitation 

of the plutonium nitrate with oxalic acid and ulterior calcina_ 

tion of the obtained oxalate. In this study only the plutonium 
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storage as PuOo will be considered. 

The plutonium to be stored will come from light water 

reactors and its isotopic composition will be the following 

(1) (2). 

Pu-238 2.5% 

Pu-239 55.0% 

Pu-240 24.0% 

Pu-241 14.0% 

Pu-242 4.5% 

Takirg into account the isotopic composition and the va 

lues of the PuC>2 density C3), the composition of PuC>2 (% pluto 

nium, % oxygen, % hydrogen) and the ratio H/Pu can be obtained. 

These values are given in the Figures 1 and 2. 

The nuclear properties of the plutonium to be stored 

are the following: 

-,alpha activity 

- beta activity 

- gamma activity 

- neutron activity. 

Alpha radiation is the major source of energy released 

by plutonium product. The specific activity and energies of 

the alpha particles emitted are: 

Isotope 

Pu-238 

Pu-239 

Pu-240 

Pu-242 

mCi/g. Pu product 

420 

33.9 

54.5 

0,2 

En ergy, Mev. 

5.49 

5.12 

5.15 

4.90 

TOTAL 508.6 5.4 3 

Assuming a maximum storage period, about 13 years, the 

50% of Pu-241 (beta emitting plutonium isotope) will become 

Am-241 (alpha-emitting isotope) wich activity and energy of the 

alpha particles will be: 227.5 mCi and 5.48 Mev. At these 
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conditions the specific alpha activity of the plutonium will 

be 736 mCi/g. Pu product emitting 5.46 Mev. 

The principal beta emitter is the Pu-241 isotope which 

activity will be 16.1 Ci/g. Pu product Co.02 Mev) and after 13 

years storage this activity will be 8.05 Ci/g.Pu product. Any 

way, beta radiation will not contribute significantly to the 

specific power or to the shielding problems associated with 

plutonium storage. 

The gamma activity of the plutonium will consist of gam 

ma rays from: 

- decay of plutonium isotopes and their decay products. 

- prompt spontaneous fission of plutonium isotopes. 

- continuous production of fission products by the 

spontaneous fission of plutonium isotopes. 

- radioactive impurities. 

- interaction of alpha particles with oxygen. 

The most important source of gamma radiation is the de_ 

cay of plutonium isotopes. The tramma activity and energies of 

the emitted, gamma radiation is: 

Isotope 

Pu-238 

Pu-239 

Pu-240 

Pu-242 

TOTAL 

Photons/(sec) (g.Pu product) 

4.4 x 109 

3.4 x 108 

4.8 x 108 

1.7 x 106 

5.3 x 109 

Energy, Me 

0.044 

0.05 

0.045-0.32 

0.045 

0.05 

Assuming a maximum storage period, about 13 years, the 

50% of Pu-241 will become Am-241, which gamma activity and 

energy of its gamma radiation will be: 8.4 x 109 photons /(sec) 

(g.Pu product) and 0.06 Mev. At these conditions the gamma acti_ 

vity of the plutonium product will be /\/ 1.4 x 1010 photons/(sec) 

(g.Pu product) emitting 0.06 Mev. The other gamma radiation 

sources are minor compared with the decay of plutonium isotopes. 

The neutron radiation from the plutonium product will consist 
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of neutrons from the^C , tf reaction with light elements (oxy

gen) and from the spontaneous fission of plutonium isotopes. 

The quantities of neutrons formed by the reaction of alpha 

particles with oxygen are: 

Isotope Neutrons/ (sec) Cg. Pu product) 

Pu-238 8.4 x 102 

Pu-239 5.3 x 10 

Pu-240 8.4 x 10 

Pu-242, 0.2 

TOTAL 9.8 x 102 

Assuming a maximum storage period, about 13 years, the 

50% of Pu-241 will become Am-241, which neutron emission rate 

will be 4.9 x 102 neutrons/(sec) (g. Pu.product). At these con 

ditions the neutrons release rate will be A/ 1.5 x 103 neutrons/ 

(sec)(g. Pu product). 

The neutrons produced by spontaneous fission are func

tion of the plutonium isotopic composition, being the Pu-2 38, 

Pu-240 and Pu-242 the most contributing. The presence of Am-241 

does not mean an increase of the spontaneous fission, therefore 

in short or long term storage the neutrons emission rate due to 

spontaneous fissions will remain constant. The number of neu

trons produced by spontaneous fission is: 

Isotope Neutrons/(sec) (g.Pu product) 

Pu-238 0.6 x 102 

Pu-240 2.3 x 102 

Pu-242 0.9 x 102 

TOTAL 3.8 x 102 

The total neutron emission rate will be approximately 

1.9 x 103 neutrons/(sec) (g. Pu product), and its spectrum 

may be similar to that of Pu-238 (4) giving an average energy 

of 2.9 Mev. 

The thermal emission of the plutonium to be stored is 



mainly due to the alpha radiation compared with the other ra

diation sources. The heat generated has been calculated assu-

ming that the 50% of Pu-241 because Am-241, resulting a ther

mal emission of about 22.3 cals/Ch) (g.Pu.product). 

3. CAPACITY OF STORE 

The plutonium oxide storage facility must be adopted 

to a fuel reprocessing plant capacity, for instance to plant-

base case elaborated for INFCE/WG.4 (A). 

design capacity : 5 tons U/d. 

maximum availability : 300 d/y 

maximum plutonium production : 5 Kgs/d. 

Assuming a storage capacity about 30 tons.Pu, the mini

mum storage time will be 2 years and the maximum will depend 

of the availability of the adjacent reprocessing plant and 

MOFFP. 

4. HAZARD EVALUATION 

In this study the following hazards have been conside

red: 

- criticality 

- gas generation 

- radiological shielding 

- heat generation. 

4.1. Criticality 

The criticality study of the storage facility has been 

done following the definitions, recojnendations and criteria of 

the "Guide for Nuclear Criticality Safety in the Storage of 

Fissile Materials" (N.16.5.ANS-87). 

Four main calculations have been done: 

Determination of the storage unit (Unit). 
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Determination of the storage cell (Cell). 

Determination of the storage array (Array). 

Determination of the storage module (Module). 

4.1.1. Storage Unit 

The definition of storage unit is a mass of fissile ma 

terial considered as an entity. The material may be of any 

shape and a unit may consist of separate pieces. 

The criticality calculations has been done for fully 

water reflected systems which could be arisen in the case of a 

total flooding in one storage module or in the whole installa

tion. The critical parameters for fully water reflected spheres 

(3) are given in Fig. 3. 

In this study a PuO? density of 2 g/cm
3 has been assu

med. This value is very conservative but from the criticality 

point of view it will avoid, even in case of higher density, 

a critical situation be reached. For a PuC>2 density of 2.0 

g/cm3, the critical parameters (Figs. 1, 2 and 3) are the fo

llowing: 

Ratio H/Pu 13.0 

Critical radius sphere 10.5 cm 

Critical mass 10.0 Kg. Pu02 

As first postulate it has been adopted that in one sto

rage unit the maximum amount of PuC>2 stored will not be higher 

than 45% of the critical mass. This is justified to avoid 

that, even in case of double batching, the critical mass could 

never be reached putting two storage units together. According 

to the critical mass (10 Kg. Pu02) it results that the maximum 

Pu02 stored in each storage unit will be 4.5 Kg. Pu02 (45% of 

the critical mass), corresponding a maximum amount 3,971g. of 

plutonium for each storage unit, assuming a pure PuC^. 

The container type to be used as storage unit will be a 

cylinder with safe dimensions in function of the critical ra

dius for fully water reflected sphere. Considering that two 

geometrical bodies are nuclear equivalent when their geometric 



buckling are equal, it results that the critical diameter of a 

safe cylinder, with infinite length, will be 14.5 cm. As the 

volume occupied by the material (4.5 Kg Pu(>2, density 2.0 g/crn̂ ) 

in each storage unit will be 2.25 liters, a free volume must 

be kept for long storage and it has been assumed it will be 

100% of the volume occupied by the material. Consequently the 

total volume of the storage unit will be 4.5 liters with the 

following dimensions 14.5 cm. diameter and 27.3 cm. length. 

Each storage unit will be a stainless steel cylinder of the 

previously mentioned dimensions, rfith a minimum wall thickness 

of 6 mm. 

4.1.2. Storage Array 

The definition of storage array is a regular arrange

ment of storage cells, which is a volume having ^fined bounda 

ries within which a storage unit is positioned. 

The method for determining critically safe sxorage 

arrays for fissile materials involves correlating the surface 

density of the array, defined as the mass of fissile material 

per unit floor area, with the surface -to- volume ratio of the 

storage units in the array C5). For plutonium oxide, the surfa 

ce density is given by the ratio between the total volume (li

ters) of fissile material stored in each storage array and the 

area (m^) on which is distributed (6). 

For the calculation of the storage units which can be 

placed in each storage array, the values given in U.S.A. Guide 

N.16.5 (ANS-8.7) have been used. At Fig. 4 are given the maxi

mum number of storage units in function of the minimal dimen

sions of the storage cell. This curve has been made assuming 

that all plutonium stored is Pu-239, which is the most unfavo

rable case, for a ratio K/Pu - 13 and a plutonium amount of 

3,97lKg. in each storage unit. Assuming in each storage array 

the maximum plutonium stored will be 500 Kg., the number of 

storage units will be 126 and the minimum dimensions of the 

cubic storage cell (Fig. 4) will be a cube of 48.2 cm. side 
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with a volume of 98 liters. Given that each storage unit must 

be centered in the cavity of each storage cell, it makes a ci_ 

linder of H6,5 cm.^diameter and 59.3 cm. lenght. 

Taking into account the different obtained values, each 

storage array will have a floor area of 19 nr corresponding a 

surface density of 15 liters/m2. 

Summarizing the obtained results, each storage array 

will have the following characteristics: 

126 storage units. 

567 Kg. Pu02 stored. 

5G0 Kg. plutonium stored (maximum). 

19 m2 storage area C19 x 1 m 2 ) . 

The distribution of the storage units in each storage 

array will be done as indicated in Fig. 5. 

4.1.3. Storage Module 

It is a room where each storage array is located. Each 

storage module will have the following dimensions 20.5 m. 

length, 3 m. width and 3 m. height with walls, ceiling and 

floor of 30 cm. concrete (2,3 g/cm3 density) (Fig. 6) and a 

access door of 1.8 x 1.0 m . 

1.1.4. General Storage System 

Taking into account the characteristics of each storage 

unit, storage cell, storage array, storage module and total 

storage capacity, the general storage system can be determined. 

The conditions to make a storage system criticality sa

fe (keff <0.9) are the following (7). 

a) All storage modules have 30 cm. thick concrete walls. 

b) All wessels containing plutonium oxide will have wall 

thicknesses of at least 3 mms. of stainless steel. 
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c) The standard room (module) is 20 x 20 x 3 m. 

d) The storage units must be kept at least 30 cm. from 

the floor, ceiling and walls. 

e) The jninimum floor area for a single module is 2.32 

m^ and the maximum area is 418 m̂ '. 

f) Double batching of units must be prevented. 

g) Neither dimension of module can be less than 0.76 m. 

h) Modules may be grouped, provided that a 30 cm. thick 

concrete wall separates adjacent modules. 

All these conditions have been taken into account, par 

tly and generaly, in the design of the storage system, making 

sure that from the viewpoint of criticality is entirely safe. 

The distribution of the 64 storage modules, needed to 

store about 30 tons, of plutonium, is given at Fig. 7. 

4.2. Gas Generation 

Once the maximum plutonium amount in each storage unit 

is known, it must be checked if the characteristics and dimen

sions of the cylinder container can keep, in safe conditions, 

the gases (He) produced by alpha radioactive desintegration of 

the stored product. All the alpha emitters isotopes have been 

taken into account (Pu-238, Pu-2 39, Pu-240 and Pu-242) and al

so it has been considered that the 5 0% Pu-241 (beta emitter) 

became Am-241 (alpha emitter). The amount of helium generated 

in each storage unit will be about 5.6 x 10 moles per year. 

Assuming that the inside temperature of the cylinder container 

Storage unit) is not higher than 100°C, the overpresure inside 

the cylinder will be about 2.3 Kg/cm2 after 13 years storage 

without any change in its structural characteristics. 

4.3. Shielding 

In the design of a plutonium storage facility, the gamma 

photons and neutrons emitted must be considered from a shiel

ding point of view. 
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In function of the nuclear radiations given "n the pa_ 

ragraph 2 of this paper and using the code SABINE-3, the shiel. 

ding materials as well as thickness have been calculated for 

each storage unit. 

In a first approach and assuming 6 cms. of lead, 4 cms. 

of light material Clow density and high content in hydrogen) 

and S cms. of heavy concrete (3,3 g/cm3 density) around the 

storage unit cylinder, the following radiation levels were ob

tained at different points (Fig. 8). 

Point mR/h 

Number Neutrons Photons 

1 1.5 x 103 

2 4.3 x 102 

3 1.9 x 102 

4 5.0 x 101 

4.4. Heat Generation 

One of the hazards in the plutonium oxide storage is 

the generation of heat due to the radioactive decay of pluto

nium, mainly alpha radiation, as a function of its isotopic 

composition. 

Assuming the 50% of Pu-241 because Am-241 results a ma

ximum heat generation of about 90 Kcals/h per storage unit, 

and 11.300 Kcals/h in each storage module. This heat will be 

eliminated by air renovation of the room. With 15 changes of 

the air per hour will result an average temperature about 30°C 

inside the storage modules. The heat build up in the storage 

unit does not appear to be a problem. The expected temperature 

build across the shielding material has been calculated using 

literature values and the method given in Ref. 8. 

The temperature differences obtained are the following. 

(Fig. 8). 

8.9 x 10 

3.3 

3.0 

1.1 
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P o i n t s 

Number 

1-2 

2 -3 

3-4 

4 t °C 
1 

37 

8 

This temperature differences added to an ambient tempera 

ture of 30°C will result in a temperature at the wall of the 

stainless steel cylinder of about 76°C. This value gives an 

idea of the internal temperatura of the oxide, which could be 

several degrees higher but never more than 100°C. 

5. DESCRIPTION OF THE STORAGE FACILITY 

The storage facility will be a new building with three 

floors housing inside the different zones which are the follo

wing: 

collection and control systems for water arising from 

normal or accidental causes. 

Plutonium storage zone. 

ventilation and air filtration zone. 

radioactive services zone. 

cold services zone. 

collection and control systems for rain water. 

The collection and control systems for water arising 

from normal or accidental causes will be located at both 

sides of the building on the lowest floor, being eight the nura 

ber of zones, four at each side. These zones are separated hy 

concrete walls of 30 cm and surrounded by another concrete 

wall of 60 cm. Inside each one of them there will be five catch 

tanks of 5 cm^ each to collect waters arising from eventual 

accidents (flooding) or normal operation (radioactive or cold 

services). 

The plutonium storage zone will be located at the inter 

mediate floor with a total surface of 200 x 37,5 m2 and inside 
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height of 3.0 m. This zone will be divided into four equal 

parts and inside each of them there will be 16 storage modules, 

eight at each side separated by a 2 m. width corridor. Each 

storage module will have the inside dimensions of 20,E x 3,0 x 

3,0 m. with 30 cm. concrete walls. The floor will be of 60 cm. 

concrete and the ceiling of U5 cm. The storage modules will ha 

ve shielded and fireproof access doors of 1,8 m. height and 

1,0 m. width. At both sides of each corridor there will be an 

air lock, one for the entrance of the operating personnel and 

the other one for the material to be stored. 

The four ventilation and air filtration zones will be 

located at the uppest floor and must be separated one to ano

ther by 30 cm concrete walls. At both sides of these zones there 

will be an air lock, one as access to the cold services zones 

and the other one for the radioactive. 

The radioactive services zone will be located at one si

de of the up>pest floor. In this zone will be the entrance and 

exit of the material to be stored as well as the radioactive 

auxiliary services of the facility. 

The cold services zones will be located at the other si

de of the uppest floor. In this zone will be the cold services 

of the facility, air conditioning, entrance and exit of opera

ting personnel, offices, etc. 

At the lowest level and surrounding the building there 

will be a system to collect the rain water to avoid filtration 

to the building. 

At Fig. 9 is given the future panoramic view of the plu 

tonium storage facility. 

6. COST EVALUATION 

The cost of plutonium oxide storage has been evaluated 

taking into account the following values: 

Storage capacity : 36.2 88 Kg. Pu02 (maximum). 
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Utilization time of the facility : 20 years 

Investment <, cost : /V1500.106 pts. 

Operation and maintenace cost : rJ 100 x 10 pts/year 

Capital cost : 10% 

Other assumptions have been made: 

Construction time : 4 years 

Inflation : none 

Decommissioning cost : none 

Residual value : none 

Also it has been assumed that the storage facility is 

located on an already existing site and all time is full, and 

that all ' investment cost has been done before to star the 

storage facility. 

Taking into account these previous values and assump

tions, the estimated cost of plutonium oxide storage is about 

7700 ptas/Kg. PuOj/.year equivalent to 110 U.S. $/Kg Pu02/year. 

The actual exchange (January 1979) is 70 ptas/U.S. $. 
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