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Summary

A light-weight container for the air transport of piutonium, to be
designated PAT-2, has been developed in the USA and is presently undergoing
licensing. The very limited effective space for bearing piutonium required
the design of small size sample canisters to meet the needs of international
safeguards for the shipment of piutonium samples. The applicability of a
small canister for the sampling of small size powder and solution samples
has been tested in an intralaboratory experiment. The results of the
exDeriment, based on the concept of pre-weighed samples, show that the
tested canister can successfully be used for the sampling of small size PuO2-
powder samples of homogeneous source material, as well as for dried aliquands
of plutonium nitrate solutions.
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1. Introduction

Within the International Atonic Energy Agency's (IAEA) safeguards indepen-

dent verification activities, samples of special nuclear materials, mainly

Plutonium and enriched uranium, are taken in numerous countries and are

then transported to the IAEA Safeguards Analytical Laboratory. To meet

the objective of timeliness of detection air transport is necessary,

especially for long distance routes.

Air shipment of radioactive material in any quantity must comply with the

IAEA Regulations for the Safe Transport of Radioactive Materials—', the
2/

IATA Restricted Article Regulations— and generally with national rules

and regulations. '.The latter may differ significantly from country to

country.

The shipment of material in quantities exceeding 1000 times the exemption

limits require special transport containers (Type-B containers) holding a

license issued by the competent national authority- A commonly used

Type-B container has been for several years the DOT-6M container from the

United States of America, licensed for air-transport within and

between several countries. Legislative and regulatory events in the

United States in 1975 resulted in very stringent requirements being placed

on packages for the air transport of plutonium.

In the United States a new shipping container, PAT-1, was developed and

licensed by the Nuclear Regulatory Oonmissian (NRC) in 1978— . This

package was licensed to hold up to 2 kg of plutonium oxide. The large

size and 227 kg weight of the PAT-1 made its application for the.transport

of safeguards samples (which are typically a few grams) not very attractive

and created an interest in the development of a smaller safeguards sample

shipping package. The light-weight air-transportable accident resistant

container (LAARC), to be designated the PAT-2 nas passed the
4/development and very stringent testing— and is presently undergoing

licensing in the USA. The PAT-2 should better meet the needs of inter-

national safeguards for the shipment of plutonium samples. The container

was developed at the Sandia National Laboratories (SNL) and sponsored by

the US Department of Energy, Office of Safeguards and Security, International

Support Branch.
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Figure 1*: Lightweight Air-Transportable Accident Resistant Container

(Plutonium Air Transportable Model 2)

9 10 11 12 13 K 15 16 17 18 19 20 21 22 23 24 25 26

figure 2: Inner capsule of the PAT-2

* (Taken from the draft safety analysis report).
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The total weight of a PAT-2 package is 31 kg; a cutaway illustration is

shown in Figure 1 . The effective space for holding plutonium samples is

very limited, as the volume of the inner "capsule" is only about 70 cm3

(Figure 2).

This limitation led us to devise special sampling procedures for plutonium

containing materials. The two goals in mind were:

(a) Pack several samples in one container;

(b) Maintain the integrity of the sample between sampling and analysis.
5,

Practically none of the presently recommended sample bottl es ' would fit

into the inner capsule of the PAT-2. Following discussions between the

developer of the package and the Agency— , SNL has designed and fabricated

prototype canisters to accomodate various sizes of fuel pellets and various

types of plutonium and/or uranium salts and powders. These are called

BC-1 to BC-5 ; four of them are shown in Figure 3.

These canisters are made of brass and may be equipped with quartz inserts

and PVC-liners.

The main application of the BC-5 canister can be seen for the shipment

of sintered pellets; about 5 to 10 may be welded into a PVC-bag and still

fit into the capsule. For the sampling of oxides and evaporation of liquid

samples, e.g. plutonium nitrate solutions, its quartz insert might be

unfortunately too small for easy handling under field conditions. The

second smallest canister in this series, called BC-4, appeared most

attractive for the sampling of powder and solution samples. The results

of laboratory tests of their usability are described below.

2. Experimental

2.1 Objective of the tests

The objective of the tests was to demonstrate the applicability of

the BC-4 canister for the sampling of small size powder and solution

samples within the Agency's safeguards activities.

C *7 Q /

The principle is similar to previously described sampling procedures '- ' '.

In the case of small size plutonium and/or uranium samples the vreight

of the sample is accurately measured at the time of sampling and upon
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ELgure 3: Sanple canisters BC-1, BC-2, BC-4 and BC-5.
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receipt at the laboratory the entire sample is dissolved, its total

element content determined and the element concentration calculated

on the basis of the initial sample weight. This principle of pre-

weiglied samples eliminates prominent sources of systematic errors to

be expected in sampling unstable materials such as low fired oxides.

The case of the plutonium solution samples is different. In many

countries the shipment of plutonium in solution form is not possible.

The principle of the procedure we best here is very simple: concentrated

plutonium solutions (normally about 250 g/1 Pu) are first diluted 100 fold

at the plant. One (1) ml aliquots of this diluted sample are accurately

weighed and transferred into the BC-4 vial, evaporated to dryness and

shipped to the laboratory. At the laboratory the entire sample is

redissolved and transferred to a titration beaker for direct measurement.

2.2 Analytical Scheme and Procedures

The Analytical Scheme is described in Figure 4.

2.2.1 Source Material Characterization

Out of a homogenized batch of low fired PuCL' three subsamples

of about 1 g each were taken and dissolved according to our

routine procedure, i.e. weighing of the samples into round

flasks and dissolution in HNCL cone./ HF 0.01 M. Three

aliquands per dissolution were taken for titration in order to

characterize the source material.

2.2.2 Pu0o-powder samples in BC-4 vials:

In parallelithree subsamples of about 0.5 g PuO- each were

weighed into marked and tared BC-4 quartz inserts contained

in their protective brass canister. Transport conditions

ware simulated by vigorously shaking the closed canister for

several minutes.

For the dissolution of a sample the cap was removed and the

liner rinsed with H-SO^, 1 M into the dissolution vessel, a

tared 100 ml SOVIREL - Erlenmeyer flask.

The entire quartz insert of the BC-4 canister containing the

sample was dropped into the Erlenmeyer flask for dissolution

of the sample with HNO-, conc./HF 0.01M, using the "sealed-
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reflux dissolution"— device, as shown in Figure 5. After

complete dissolution the gross weights of the Erlenmeyer

flasks were measured and three aliquands per dissolution were

taken for titration. The plutonium content per aliquot was,

as in the characterization aliquots, around 10 mg.

The Plutonium concentration in the original sample, wt.% Pu is

calculated as follows:

Wt.% Pu =

where: Pu

** * % - TE
W~

(1)

is the plutonium concentration in the solution

(in mg/g),

T p and T^, are the tare weights of the Erlenmeyer

flask and of the BC-4 quartz insert (in g ) ,

W_ is the gross-weight of the Erlenmeyer flask,

containing the solution (in g),

W is the weight of the sanple, as measured at

the time of sampling (in g).

2.2.3 Dried Pu(NO,).-solution samples in BC-4 vials

The second part of the experiment was to test the applicability

of the BC-4 vials to dried mg-size samples originating from

plutonium nitrate solutions.

Out of one of the stock solutions from the round flask

dissolutions, seven aliquands each containing around 3 mg of

plutonium, were distributed into quartz inserts and evaporated

to dryness. The inserts were introduced into their protective

brass canisters, closed and transport conditions simulated by shaking.

It was observed that the evaporated Pu-nitrate compound firmly

stuck to the bottom of the quartz vial. Therefore, after

opening the brass containers, the PVC liners were not rinsed

The quartz inserts were transferred to a hot plate and a

mixture of 1 ml HNO3 conc./HF 0.01 M and 0.2 ml H2SO4 cone,

added. "The heating started at about 80°C and the temperature
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was slowly increased within some hours. After cooling the

redissolved sanples were directly transferred into titration

beakers with H-SO., 1M.

The plutonium concentration in the original oxide material

wt. % Pu, was calculated as follows:

Wt. % Pu = Pu
* TITER

100 (2)

where: Pu is the plutonium content determined in the vial

(in mg),

W A is the aliquand weight, taken from the stock

solution (in g),

TITER is the titer of the stock solution, i.e. mg sample/g

of solution.

2.2.4 Titration procedure

The plutonium in the aliquands was determined by the routine

laboratory procedure based on an argentic (II)-oxide oxidation,
9/

ferrous sulfate/potassium dichromate titration—' .

3. Results and Discussion

3.1 Subsampling of PuO., in round flasteand BC-4 canisters

The results of this part of the experiment are summarized in Tables 1

and 2. These tables give the results of the individual titrations

and the means and standard deviations of each subsamplel The sub-

sampling and dissolution in the round flasks is the standard laboratory-

procedure and served to establish the reference value of the

source material.

Table 3 summarizes the outcome of one-way analyses of variance of

the results of the two techniques.

The "within group standard deviations", SDI, are estimates of the

measurement precision and the "heterogeneity components of SDZ", SDH,

are estimates of the variability between subsamples. The F-test
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allows judgment of the significance of SDZ, the variability between
dissolution means, when compared to the measurement precision, SDI.

The "standard error of the means" is calculated by propagating SDI

and SDH:

The overall means, x, of the laboratory procedure and the new sample

vial method under testing are compared by a t-test:

0.11 _ - ,fi

°-051

They are statistically not significantly different at the 95 % probability

level (degrees of freedom = 4) and the standard errors of the means

are conparable.

From this it can be concluded that complete recovery of the PuO2 in

the BC-4 vials is achieved. We notice however in both techniques

a statistically significant "treatment error", SDH, which measures

the combined effects of the heterogeneity of the material and actual

weighing and dissolution errors. The coefficients of variation of

these effects are however small: 0.07 % for the two techniques. This

indicates that the use of the BC-4 canister does not introduce additional

dissolution errors.

3.2 Evaporated mg-size samples of evaporated PuCNO-J.-solutions

The results of this second part of the experiment are summarized in

Table 4. The seven aliquands were taken out of the solution of sub-

sample 3 of the round flask dissolutions. The mean titration result

of this subsample was 84.47 % Pu and is taken as reference value.

The mean of the mg-size samples, each containing around 3 mg Pu, is

statistically not. significantly different from the reference value;

however, the measurement precisions differ significantly (F-test).

This reflects a poorer precision of the titration at the 3 mg level.
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T a b l e 1

Subsanyling and Dissolution in Round Flasks

Subsairple

1
(1.4062 g)

2
(1.1725 g)

3
(0.8518 g)

Aliquand

1
2
3

1
2
3

1
2
3

X
(wt. % Pu)

84.35
04.42
84.39

84.37
84.33
84.31

84.45
84.49
84.46

(wt.

84

84

84

X
% Pu)

.39

.34

.47

Std.

0.

0.

0..

Dev.

035

031

021

T a b l e 2

Subsampling in BC-4 Canisters

Subsample

4
£0.5107 g)

5
(0.7024 g)

6
(0.4985 g)

Aliquand

1
2
3

T
i.

2
3

1
2
3

X
(wt. % Pu)

84.58
84.61
84.54

84.47
84.48
84.47

84.46
84.50
84.47

(wt.

• 84

84

84

X
% Pu)

.58

.47

.48

Std.

0.

0.

0.

Dev.

035

006

021
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T a b l e 3

Results of One-Way Analyses of Variance

Mean, x
Total Std. Dev., SDT

Within Group Std. Dev., SDI
Between Group Std. Dev., SDZ

F-Test (SDZ2/SDI2)
Level of Significance, P

Heterogeneity Caiponent, SDH

Standard Error of the Mean, SE

Round Flask

84.40
0.062

0.029
0.114

14.88
99.5 %

0.063

0.038

BC-4 Canister

84.51
0.C55

0.024
0.102

18.25
99.7 %

0.057

0.034

T a b l e 4

Results of 3 rag-size Samples of Evaporated
Pu-Nitrate Solutions

Aliquand

1
2
3
4
5
6
7

Ref. Value
(wt. % Pu)

84.47
84.47
84.47
84.47
84.47
84.47
84.47

Mean
Std. Dev.

Found
(wt. % Pu)

84.41
84.71
84.50
84.50
84.47
84.66
84.59

84.55
0.108

Difference
(% rel.)

0.071
-0.284
-0.035
-0.035
0.000

-0.225
-0.142

-0.093
0.128
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There is no indication of uncomplete recovery or losses durina the

evaporation step. It has to be pointed out, however, that the

evaporation of the solution aliquands is a critical step and has to

be performed with careful temperature control.

A measurement precision of 0.13 % relative on such small samples is

very satisfactory.

4. Conclusion

The results of this experiment show that the BC-4 canister proposed for

the shipment of Pu-bearing materials in the new PAT-2 container can be

successfully used for the sampling of small PuCL-powder samples of homo-

geneous source material, as well as for dried aliquands of plutonium

nitrate solutions. Up to 4 such sample vials can fit into the inner

capsule of the PAT-2 container which makes its utilization effectively

practical.

The concept of pre-weighed samples permits determination of the total

quantity in the sample vial and refers it to the weight of the sample at

the time of sanpling. The result is therefore independent of any sub-

sequent change that nay occur to the sample after sampling.
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Test of a Sample Container for Shipment of Small Size
Plutonium Samples with PAT-2"

Summary

A light-weight container for the air transport of plutonium, to be
designated PAT-2, has been developed in the USA and is presently undergoing
licensing. The very limited effective space for bearing plutonium required
the design of small size sample canisters to meet the needs of international
safeguards for the shipment of plutonium samples. The applicability of a
small canister for the sampling of small size powder and solution samples
has been tested in an intralaboratory experiment. The results of the
experiment, based on the concept of pre-weighed samples, show that the
tested canister can successfully be used for the sampling of small size PuO2-
powder samples of homogeneous source material, as well as for dried aliquands
of plutonium nitrate solutions.
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1. introduction

Within the International Atomic Energy Agency's (IAEA) safeguards indepen-

dent verification activities, samples of special nuclear materials, mainly

plutonium and enriched uranium, are taken in numerous countries and are

then transported to the IAEA Safeguards Analytical Laboratory. To meet

the objective of timeliness of detection air transport is necessary,

especially for long distance routes.

Air shipment of radioactive material in any quantity must comply with the

IAEA Regulations for the Safe Transport of Radioactive Materials-', the
2/

IATA Restricted Article Regulations—7 and generally with national rules

and regulations. The latter may differ significantly from country to

country.

The shipment of material in quantities exceeding 1000 times the exemption

limits require special transport containers (Type-B containers) holding a

license issued by the competent national authority. A commonly used

Type-B container has been for several years the DOT-6M container from the

United States of America, licensed for air-transport within and

between several countries. Legislative and regulatory events in the

United States in 1975 resulted in very stringent requirements being placed

on packages for the air transport of plutonium.

In the United States a new shipping container, PAT-1, was developed and

licensed by the Nuclear Regulatory Ccranission (NBC) in 1978-'. This

package was licensed to hold up to 2 kg of plutonium oxide. The large

size and 227 kg weight of the PAT-1 made its application for the transport

of safeguards samples (which are typically a few grams) not very attractive

and created an interest in the development of a smaller safeguards sample

shipping package. The light-^weight air-transportable accident resistant

container (LAARC), to be designated the PAT-2 has passed the

development and very stringent testing-' and is presently undergoing

licensing in the USA. The PAT-2 should better meet the needs of inter-

national safeguards for the shipment of plutonium samples. The container

was developed at the Sandia National Laboratories (SNL) and sponsored by

the TB Departnent of Energy, Office of Safeguards and Security, International

Support Branch.
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L A A R C ( P A T - 2 )
F igure 1 * : lightwefeht Air-Transportable Accident Resistant Container

(Plutonium Air Transportable Model 2)

9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26

Eigure 2: Inner capsule of the EAT-2

* (Taken from the dcaft safety analysis report),
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The total weight of a PftT-2 package is 31 kg; a cutaway illustration is

shown in Figure 1 . The effective space for holding plutonium samples is

very limited, as the volume of the inner "capsule" is only about 70 cm3

(ligure 2 ) .

This limitation led us to devise special sampling procedures for plutonium

containing materials. The tsro goals in mind were:

(a) Pack several samples in one container;

(b) Maintain the integrity of the sample between sampling and analysis.

Practically none of the presently recaranended sample bottles"'would fit

into the inner capsule of the EftT-2. Following discussions between the

developer of the package and the Agency-', SNL has designed and fabricated

prototype canisters to accomodate various sizes of fuel pellets and various

types of plutonium and/or uranium salts and powders. These are called

BC-1 to BC-5 ; four of them are shown in Figure 3.

These canisters are made of brass and may be equipped with quartz inserts

and PVC-liners.

The main application of the BC-5 canister can be seen for the shipment

of sintered pellets; about 5 to 10 may be welded into a PVC-bag and still

fit into the capsule. For the sampling of oxides and evaporation of liquid

samples, e.g. plutonium nitrate solutions, its quartz insert might be

unfortunately too small for easy handling under field conditions. Tlie

second smallest canister in this series, called BC-4, appeared most

attractive for the sampling of powder and solution samples. The results

of laboratory tests of their usability are described below.

2. Experimental

2.1 Objective of the tests

The objective of the tests was to demonstrate the applicability of

the BC-4 canister for the sampling of small size powder and solution

samples within the Agency's safeguards activities.

5 7 8/
The principle is similar to previously described sampling procedures ' .

In the case of .grail size plutonium and/or uranium samples the weight

of fee sample is accurately measured at the time of sampling and upon
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Eiqure 3: Sanple canisters BC-1, BC-2, BC-4 and BC-5.
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FIGURE 4: ANALYTICAL SCHEME OF THE EXPERIMENT
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receipt at the laboratory the entire sanple is dissolved, its total

element content determined and the element concentration calculated

on the basis of the initial sanple weight. This principle of pre-

waiglied samples eliminates prominent sources of systematic errors to

be expected in sampling unstable materials such as low fired oxides.

The case of the plutonium solution samples is different. In many

countries the shipment of plutonium in solution form is not possible.

The principle of the procedure we test here is very simple: concentrated

plutonium solutions (normally about 250 g/1 Pu) are first diluted 100 fold

at the plant. Cttie (1) ml aliquots of this diluted sample are accurately

weighed and transferred into the BC-4 vial, evaporated to dryness and

shipped to the laboratory. At the laboratory the entire sample is

redissolved and transferred to a titration beaker for direct measurement.

2.2 analytical Scheme and Procedures

The Analytical Scheme is described in Figure 4.

2.2.1 Source Material Characterization

Out of a homogenized batch of low fired PuO-, three subsamples

of about 1 g each ware taken and dissolved according to our

routine procedure, i.e. weighing of the samples into round

flasks and dissolution in HNO, cone./ HF 0.01 M. Three

aliquands per dissolution were taken for titration in order to

characterize the source material.

2.2.2 PuO^-powder samples in BC-4 vials:

In parallelrthree subsamples of about 0.5 g PuO, each were

weighed into marked and tared BC-4 quartz inserts contained

in their protective brass canister. Transport renditions

were simulated by vigorously shaking the closed canister for

several minutes.

For the dissolution of a sample the cap was removed and the PVC

liner rinsed with B^SC^, 1 M into the dissolution vessel, a

tared 100 ml SCK7IKEL - Erlenmeyer flask.

The entire quartz insert of the BC-4 canister containing the

sanple was dropped into the Erlenmsyer flask for dissolution

of the sample with BNO3 conc./HF 0.01M, using the "sealed-
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3agure 5: Sealecl-Beflux Dissolution Device
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reflux dissolution"— device, as shown in Figure 5. After

complete dissolution the gross weights of the Erlenmeyer

flasks were measured and three aliquands per dissolution ware

taken for titration. The plutonium content per aliquot was,

as in the characterization aliquots, around 10 mg.

The plutonium concentration in the original sample, wt.% Pu is

calculated as follows:

Pu * (W - T -
Wt.% Pu = ^ —

WS
* 0.1 (1)

where: Pu is the plutonium concentration in the solution

(in mg/g),

TE and T ^ are the tare weights of the Erlenmeyer

flask and of the BC-4 quartz insert (in g),

W_ is the gross-̂ weight of the Erlenmeyer flask,

containing the solution (in g),

W is the weight of the sample, as measured at

the tiire of sampling (in g).

2.2.3 Dried Pu(NOJ .-solution samples in BC-4 vials

The second part of the experiment was to test the applicability

of the BC-4 vials to dried irg-size samples originating from

Plutonium nitrate solutions.

Out of one of the stock solutions from the round flask

dissolutions, seven aliquands each containing around 3 mg of

plutonium, were distributed into quartz inserts and evaporated

to dryness. The inserts were introduced into their protective

brass canisters, closed and transport conditions simulated by shaking.

It was observed that the evaporated Pu-nitrate compound f inrly

stuck to the bottan of the quartz vial. Therefore, after

opening the brass containers, the PVC liners were not rinsed

The quartz inserts were transferred to a hot plate and a

mixture of 1 ml HNO^ conc./BF 0.01 M and 0.2 ml H-SO. cone.

added. The heating started at about 80°C and the temperature
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was slowly increased within some hours. After cooling the

redissolved samples were directly transferred into titraticn

beakers with H2SO4, 1M.

The plutonium concentration in the original oxide material

wt. % Pu, was calculated as follows:

Wt. % Pu = Pu
TITER

100 (2)

where: Pu is the plutonium content determined in the vial

(in ing),

VL is the aliquand weight, taken from the stock

solution (in g),

TTEER is the titer of the stock solution, i.e. mg sample/g

of solution.

2.2.4 Titration procedure

The plutonium in the aliquands was determined by the routine

laboratory nrocedure based on an argentic (II)-oxide oxidation,
9/

ferrous sulfate/potassium dichromate titration— .

3. Results and Discussion

3.1 Subsamplinq of PUOQ in round flasfeand BC-4 canisters

The results of this part of the experiment are summarized in Tables 1

and 2. These tables give the results of the individual titrations

and the means and standard deviations of each subsample. The sub-

sampling and dissolution in the round flasks is the standard laboratory-

procedure and served to establish the reference value of the

material.

Table 3 summarizes the outcome of one-way analyses of variance of

the results of the two techniques.

The "within group standard deviations", SDI, are estimates of the

measurement precision and the "heterogeneity components of SDZ", SEH,

are estimates of the variability between subsamples. The F-test
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allows judgment of the significance of SDZ, the variability between

dissolution means, when compared to the measurement precision, -3DI.

The "standard error of the means" is calculated by propagating SDI

and SDH:

(3)

The cvcsrall maans, x, of the laboratory procedure and the new sample

vial method under testing are compared by a t-test:

t =

/slf~
0.11
0.051 = 2.16

They are statistically not significantly different at the 95 % probability

level (degrees of freedom = 4) and the standard errors of the means

are comparable.

Prom this it can be concluded that complete recovery of die PuCL in

the BC-4 vials is achieved. Ws notice however in both techniques

a statistically significant "treatment error", SDH, which measures

the combined effects of the heterogeneity of the material and actual

weighing and dissolution errors. The coefficients of variation of

these effects are however small: 0.07 % for the two techniques. This

indicates that the use of the BC-4 canister does not introduce additional

dissolution errors.

3.2 Evaporated mg-size samples of evaporated Pu(NO,) .-solutions

The results of this second part of the experiment are summarized in

Table 4. The seven aliquands were taken out of the solution of sub-

sample 3 of the round flask dissolutions. The mean titration result

of this subsample was 84.47 % Pu and is taken as reference value.

The mean of the mg-size samples, each containing around 3 mg Pu, is

statistically not significantly different from the reference value;

however, the measurement precisions differ significantly (F-test).

This reflects a poorer precision of the titration at the 3 mg level.
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T a b l e 1

Subsanpling and Dissoluticn in Round Flasks

Subsanple

1
(1.4062 g)

2
(1.1725 g)

3
(0.8518 g)

Aliquand

1
2
3

1
2
3

1
2
3

X
(wt. % Pu)

84.35
84.42
84.39

84.37
84.33
84.31

84.45
84.49
84.46

X
(wt. % Pu)

84.39

84.34

84.47

Std. Dev.

0.035

0.031

0.021

T a b l e 2

Subsanpling in BC-4 Canisters

Subsanple

4
(0.5107 g)

5
(0.7024 g)

6
(0.4985 g)

Aliquand

1
2
3

1
2
3

1
2
3

X
(wt. % Pu)

84.58
84.61
84.54

84.47
84.48
84.47

84.46
84.50
84.47

X
(wt. % Pu)

84.58

84.47

84.48

Std. Dev.

0.035

0.006

0.021
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T a b l e 3

Besults of One-Way Analyses of Variance

Mean, x
Total Std. Dev., SOT

Within Group Std. Dev., SDI
Between Group Std. Dev., SDZ

F-Test (SDZ2/SDI2)
Level of Significance, P

Heterogeneity Oaiponent, SDH

Standard Error of the Msan, SE

Bound Flask

84.40
0.062

0.029
0.114

14.88
99.5 %

0.063

0.038

BC-4 Canister

84.51
0.055

0.024
0.102

18.25
99.7 %

0.057

0.034

T a b l e 4

Besults of 3 rag-size Samples of Evaporated
Pu-Nitrate Solutions

AHquaiKi

1
2
3
4
5
6
7

Kef. Value
(wt. % Pu)

84.47
84.47
84.47
84.47
84.47
84.47
84.47

Mean
Std. Dev.

Found
(wt. % Pu)

84.41
84.71
84.50
84.50
84.47
84.66
84.59

84.55
0.108

Difference
(% re l . )

0.071
-0.284
-0.035
-0.035
0.000

-0.225
-0.142

-0.093
0.128
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There is no indication of unccnplete recovery or losses during the

evaporation step. It has to be pointed out, however, that the

evaporation of the solution aliquands is a critical step and has to

be performed with careful temperature control.

A measurement precision of 0.13 % relative on such small sanples is

very satisfactory.

4. Conclusion

The results of this experiment show that the BC-4 canister proposed for

the shipment of Pu-bearing itaterials in the new EKF-2 container can be

successfully used for the sampling of small PuO2-pcw3er samples of homo-

geneous source material, as veil as for dried aliauands of plutonium

nitrate solutions. Up to 4 such sample vials can fit into the inner

capsule of the PKT-2 container which makes its utilization effectively

practical.

The concept of predesigned samples permits determination of the total

quantity in the sample vial and refers it to the weight of the sample at

the tine of sampling. The result is therefore independent of any sub-

sequent change that may occur to the sample after sampling.
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