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ANALYSIS AT NUCLEAR FAGILITIES

Analysis: the act of examining a substance, especially by separating it into its parts,
in order to discover what it is or contains (Cambridge dictionary)
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Analysis

* Nuclides *°Sr, 24! Am, etc.

- Activity (Bq)

* Distribution
(homo- or heterogeneous)

* Chemistry (crystal structure,
solubility, stability, etc.)

!) If analysis data is insufficient, more conservative and over
equipped storage and disposal facilities could be selected.A

lack of analysis data could result in larger waste volume.

lllustrations from Graphical Flip-chart of Nuclear & Energy Rel pics, ©JAERO

Action Planning Based on

the Analysis results

* Selection of safer storage
methods

*  Waste processing and
conditioning plan

*  Waste disposal plan

*  Waste management cost
estimation

At lzast 7Oom
undarground

Bury underground

Future Disposal 3




o activity content (Bg/ton)

Classification and activity contents of Radioactive waste : :
* A suitable disposal

method is selected
1018 depending on the activity

- F contents and origin of
Long life, high toxicity

TRU

1016

High levellwaste

1018 waste the waste.

Treatment and

1om conditioning will be
Inltermediate el waste
1010 conducted for safe
- Low levef waste (near surface digbosal) disposal facility operation.
[Subject]
108

Where is the fuel

?ebgs P|acled ‘;;? For adequate
108 to be analyze . .
\ radioactive waste
10 management at
5} 10 12 14 16 18
10 108 10 N 10 10 10 10 FDNPP, the “Analysis”
B . v activity contents (Bg/ton) . .ss .
is critically important.

That should cover not
only activity contents,
but also hardness, heat,
chemical feature, and
etc.

, Very low lefel waste
07 1 (landfill difposal)




Quantity and Types of Waste Generated During Decommissioning

The total amount of waste generated in decommissioning a 1.1 million kW class
boiling water reactor (BWR) is approx. 536,000 tons.

DecommiSSioning Waste that does not emit radioactivity
of normal Approx. 93%
reactors

(Mostly waste concrete: approx. 495,000 tons)

Building concrete, glass, metal, ste.

Materials below clearance level

Approx. 5%

(Metal and concrete waste: approx. 28,000 tons)

An appropriate
waste classification

is demanded to
perform this ideal
decommissioning.

=

Concrete, glass,
metal, etc. Materials used

in dismantling

Low-level radioactive waste Ap p rox. 2%

(Mostly metal waste: approx. 13,000 tons)

9-1-2

Sourca: Nuclear and Industrial Safety Agency (at tha time), Decommissioning of Nuclear Faciliies 5
DJAERO




Cost estimation codes for the decommissioning of normal nuclear facilities are
proposed. These methods al lows easy estimation of decommissioning costs based
on the characteristics and similarities of facilities, dismantling methods,

eto.
From JAEA R&D Review 2020-21

Research and Development on Fuel Reprocessing, Decommissioning, and Radioactive Waste Management

8-1  Toward Public Use of the Decommissioning Cost Estimation Code DECOST
—Development of a Manual for the DECOST —

@ JAEA-Testing
Table 8-1 Input datasheet example for estimating the dismantling cost using DECOST ( = _20”'002 —
. . ] o ) . . . S . DOI10.11484/jaa-testing-2018-002
The information required for estimating the dismantling cost includes the unit cost per worker, building information related tc
of the facility, special equipment information for individually evaluating the work required, and waste-related information fo
total amount of work. In the manual, methods to obtain this information are explained and a summary datasheet is pro
necessary information acquired from the Japan Power Demonstration Reactor (JPDR) is summarized. JPDR was the first
to carry out nuclear power generation and was the first facility to demonstrate that we could dismantle and demolish a r m
Input information Data Input information Data Input information
Type of facility Reactor Accelerator shielding (Metal) ol t Concrete_CL
Consumption tax 3 % %L Accelerator shielding (Concrete) by wire saw 0rt Concrete_NR E?ﬁﬁiﬁﬁﬂﬂgﬂgfﬁﬁﬁgﬂzﬁﬁj —kK
. |Worker Xxxx| wman-day g ‘;C;i‘;’a’fmr shielding (Concrete) by batch 0f t | |Mmiscelianeous solid_Lo (DECOST) FIBY—=27JL |
E Manager of radiation ‘g. ) ] ) ] The User Manual of the Simplified Decommissioning Cost Estimation Code I
[= KX ¥/man-day Remote dismantling (Cell) Or¥:0tn Miscellaneous solid_L1 for Nuclear Facilities (DECOST)
= | management -E
Manager of work management | XXXX! ¥/man-day Metal_LO 0: t | 5 |Miscellaneous solid_L2 BB Bt =5 SAT B S RE ot m
. | Decontamination systems 0t n Metal_L1 441 ﬁ Miscellaneous solid_L3 =i n— BE 83
_“E Floor area of cell 0! m? % Metal_L2 118! t g Miscellaneous solid_CL Nobuo TAKAHASHI, Yurika SUEKANE, Ryosuke SAKABA, Takuya KUROSAWA m
_155” Floor area of controlled area 23800} m* | = [Metal L3 781 t | g [Miscellaneous solid_NR KEichSATO Y hibie MECDRD
E Floor area of building (steel slate) ol m ﬁ Metal_CL Be51 t = Casks X ”
Safe-storage period 01 year g Metal_NR 13241 t 1m® steel containers X
_%' Lining weight 230t g Concrete_L0 0]t Drum (epoxy coatings) X | | .
EJ— Centrifuge weight op t Concrete_L1 60y t Drum {galvanized containers) | X . e
'5 Large sized GB weight ot Concrete_L2 83t Drrum {concrete linings) X R e 7;;;ﬁ:§:§: =
% Small sized GB weight ot Concrete_L3 14771 t Flexible container X T S T A D e 6
Sector of Nuclear Fuel, Decom and Waste Technology Development m

Required info.: The total floor area of the controlled area and the amount of
dismantled waste, classified by disposal type (e.g., radioactive or non-radioactive) 63
and by materials (e. concrete or metal), etc.




WASTE IN FUKUSHIMA DAIICHI NPP---------,

Characteristics of Waste Generated by the Fukushima Daiichi Accident
(Estimation)

Waste generated out of control due to the accident

Contamination originated from nuclear fuel in the reactor core of Unit 1 to Unit 3
Difficulty in estimating the amount of waste produced with the varying status of decommissioning work

Extremely limited data due to an extensive contamination area and high-radiation locations (particularly for the
composition of nuclides with long half-life)

——

Dispersion and diffusion

| Water treatment system |---I

T 1
1
1
1
1
1
1

v

\I/ j
Rubble, felled trees, etc. :

: ’ Contaminated sacondary wastes generated from
ater contaminated water treatment

fwat
Rubble Felled trees .
econdary waste from Replaced pipes,
congaminated water treatr@ent\, Storage tanks, efc

o e
£ s (ol
O%alsﬂm’ spreading inio wide Waste generated from debris retrieval oL , )
ack of performance record in treatment o 9
O Lack of previous experience in O Very large amount with much volume of and disposal From TEPCO holdlngs INC.
treatment and disposal of trees and soil highly radioactive waste (O Some waste at the site is difficult to
OMainly surface contamination by sample.
dispersion and diffusion with some O Currently some waste is difficult to sample (O The amount of produced waste and
penetrating contamination by way of due to difficulty in accessing them contained nuclides can be partially
accumulated water estimated based on the system features

From IRID Subsidy Project of Decommissioning and Contaminated Water Management in the FY2016 and FY2017 Supplementary Budgets, “R&D for
Treatment and Disposal of Solid Radioactive Waste “, Accomplishment Report for FY2018, July 2019

e Difficulty in estimating the amount of waste produced (Necessity of Analysis) .
« The amount of waste will change depending on the way of decommissioning mission.
« Limited analysis data points due to the limitation in the hard- and software.

-6’/73/ /enge: Development of the Analysis strategy covering both haraware and HR. 7




General flow in waste analysis 1.Planning and sampling

Sampling at Fukushima Daiichi NPP

https://www.jaea.go.jp/04/ntokai/fukushima/fukushima_02.html

* Set the target of the analysis. (VWhat is the
purpose of this analysis?)

* Make a suitable plan of the sampling. (sample
numbers and its amount)

* Select sampling techniques. (remote or contact
sampling)

* Check the achievability of the plan in the point of
site situation.

Sludge sampling at the turbine building
HEL : JAEA-IRID BEJF - SBRAKNRTF — Lod /FEHE (528E) , Frk28FE3831H

KR TER

1TB-MI-SL3
1TB-MI-SL4

E DOOE .. Pocraolill
1TB-MI-SL3 1TB-MI-SL4 H%M#’ 8

12 H5—E L ZE TR X1




General flow In waste analysis 2. Pretreatment

ngh dose — Low dose

-yrrmw b!is:l:#ﬂﬁﬁuuucen.

Concrete Cell with e

manipulators Globe Fume Hood (Draft chamber)

* Conditioning and adjustment of the samples for the following analysis.
* Select suitable hardware depending on the dose level and feature of the sample.
* Generally, the operability of high shielding hardware is low. (trade-off relation)

Photos from JAEA web https://www.jaea.go.jp/04/ntokai/hot/hot _04.html and ATOMICA



https://www.jaea.go.jp/04/ntokai/hot/hot_04.html

©Tohoku University, Kirishima lab.
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General flow in waste analysis 2.Pretreatment (in chemistry)

- lon exchange to

Dissolution by reduce salinity
heated and

concentrated
nitric acid

Liquid sample

Liquid phase

’ | > | — Radiation Counting
—— dillution E V

- “y-ray spectrometry
Filtration to separate particles "L Spectrometry

from liquid

Liquid sample




General flow in waste

Ge semiconductor detector
(y ray spectrometry)

§ 0.25 4353

analysis 3.Radiation counting (activity)

Ra-223

——

{11d)

5607 [ .5,

i ;"

*e»f

Si semiconductor detector
(a spectrometry)
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General flow in waste analysis 4. Mass spectrometry(activity det.)

i FL‘@

Show - Thermo ELEMENT - [Resolution dal E@ﬂ

ile Math Chromatogram Display Peaks Label Zoom View Window Help x
= = wug\uu_ul«x<m>x»|9 D’Dlm,m/uﬂf?

Nr. 12 Res. Medium Date Jun 03, 2022 13:52:37

Intensity [cps]

6Fe.

0 |||| Hh

:

4071600

n

(] Ansuopuy ‘g

Photo - High Resolution ICP-MS
system ” Thermo Fisher Scientific
ELEMENT 2” @IMRAM Tohoku Univ.

lonize elements in the liquid sample by an
inductively coupled plasma.The atomized
elements are detected by a mass
spectrometer. Modern powerful tool for
several radioactive nuclides.
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General flow in waste analysis
5. Instrumental analysis (characterization)

(simulated fuel debris)

Investigate the chemical

and physical features of
the target.

A. Kirishima et al. / Journal of Nuclear Materials 527 (2019) 151795

Powder X-ray diffract
meter (p-XRD
(p-XRD)

Scannlng Electron Mlcroscope(SEM)

Intensityfarb.

|
Analyze fine structure

(d) 1600 °C

| 1

(¢) 1600 °C (magnified)

| U0, ICED:246831

L
| t-Zr0; No:01-070-7330

| o-Us0g No. 01-074-2101
l

Ca(UQ4) No.01-0853-0377

Ca(5i03) No.01-088-6463

40 50
208/degres
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General flow In waste analysis
6. Compilation and interpretation of analysis results

TERRIERAENS ZEH URFHIE (UEE7 TR

=R 288 (mg/100mg)
sbA NDC JAEAFRHERR NFD JAEAERIER a0 k Fe
() aER WEAE  DKOVBER | et SEVIIEE ot Ni .
U 20.5 £0.1 20.0 £0.6 21.9 +£1.0 17.5 £0.2 16.5 £0.8 17.3 £2.0 % -
Gd 1.7 1.3 £0.2 1.9 £0.1 1.5 £0.2 1.56 £0.11 1.59 £0.08 ED 30.0 .
E 5
Zr 10.8 11 +1.4 12 £1.7 11.3 £1.1 8.48 £0.71 10.2 £0.5 %
B 4.9 5.6 £0.5 4.7 £0.2 4.3 +0.2 4.63 £0.50 4.44 £0.20 E_ 25.0 u
Fe 39.0 22.0 £4.8 34.6 £3.9 34.7 £0.4 33.8 1.6 35.6 £1.6 .
cr 3.7 0.7 £0.9 2.8 £0.6 3.5 £0.1 2.75 £0.10 3.57 £0.15 g 200 F
Ni 2.2 0.3 £0.4 1.6 £0.3 2.0 £0.1 180 £10 31.0 £1.4 R zr .
Si 4.9 12.0 £2.4 3.6 £4.5 5.4 £0.4 3.40 £0.17 3.22 £0.16 # B ¥
o
(0] 12.2 £0.1 K 100 F .
R ) ) 0 = . . &
ot (BEEE60%) (GEREE91%) (JBfREE98%) & &
50 F e
) FEREAETEUBAR . BRSNS DEDSE TR B T o5
20 0o L
0.00 5.00 10,00 15.00 20,00 25.00 30.00 35.00 A40.00 45.00
mFNAY Fﬂﬁ; B (EHikA) (mag/100mgstsdl)
—. 16 _ B
= m SEE + 7L A | bR TEEM (SIEEME) OkE (0~45mg/100mgHiEH)
U
Y12 .
8 e Evaluate and validate the data from each
(==
5 .
R analysis step.
= . . .
= * Make a total interpretation of the analysis
with multidimensional view.Then compile
. . (13 »
© into a conclusive “fact of the sample”.

u Gd Ir B Fe Cr Ni Si I 6

Data from : [JAEA] SHREEMENEZE : MIRT 7 ODITEE O LR CRAZEE DHETE D 72 DEANFEFH D LR D

Bt https://dccc-program.jp/3797




Requirements for waste analysis (in human resource aspect)

[General analysis flow]

— 1| 1. Planning and sampling

[Personnel in analysis]

2. Radiation counting (activity) + Well trained in the operation
3. Mass spec. (activity) of the responsible analysis

|:> procedure. Require abilities
4. Instrumental analysis to detect trouble at the

operation and to report it
properly.
(Skilled Technician)

* able to be educated in an
equipped training facility

(characterization)

| 5. Compilation and interpretation

[Manager and Evaluator of the analysis]

* A person who well understands the objective of the analysis and is able
to make a sampling plan.
* A person who is able to compile and validate variety of analysis data,
then derives conclusion of the analysis project.
(Expert) How to educate? This education demands much time 17
and cost. Need smart strategy!!




Finally

[Analysis of the radioactive waste generated in the decommissioning operation]

Purpose : Prepare a waste catalog that is necessary for the waste management.

Features : Difficulty in estimating the amount and character of waste.

Issues : Limited analysis data due to the |imitation in the hardware and personnel.
Education of analysis managers and evaluators.

[Analysis of fuel debris]

Purpose() (decommissioning)

Col lecting fundamental information (activity component, heat release,
hydrogen generation, chemistry, etc.) for designing the safe storage,
treatment process, and final disposal system of the debris.

Purpose® (Accident-progression analysis)

Acquiring information on what happened at the accident and how it
progressed, which contributes the cause investigation and enhancement of
the safety of nuclear facilities. More detailed information is demanded
than “Purpose Q)" .

Issues

Same ones as above mentioned. Additionally, more detailed analysis is
required depending on the theme. As a result, purpose @ consumes more
time and cost. Need smart arrangement between purpose 1) and @.

e




