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ERMIN Development

EC Projects: EURANOS, NERIS-TP, PREPARE and HARMONE (OPERRA)
Partners: PHE, DTU, HMGU, KIT, DEMA, PDC, BfS, UCEWP

Implemented in jJRODOS and ARGOS
Lessons learnt from development CONDO, LCMT(RODOS), and EXPURT

Currently looking at uncertainty in ERMIN in the EC project “Confidence” part of
the CONCERT project
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Dry or wet deposition

x Bq m-2 Clean-up description

Empirical ratios distribute

Retention on urban surfaces | Database of unit Processes modified to
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urban surfaces

Surface contamination, Public doses indoors, \ " Waste amount
g ek 3 Worker doses Aa o
dose and dose-rates 5 ..] outdoors and normal living ¥ § and activity

51 of the 59 Management options from European Recovery T Option
[Handbook: http://www.eu-neris.net/index.php/library/handbooks.html]

17:Sandblasting walls

18:High pressure hosing walls
20:Treatment with ammaonium nitrate
21:Mechanical abrasion of wooden walls
27:Peelable coatings

2:Turning paving slahs

4.Tie-down to paved with bitumen
12:Tie-down to paved with water

AAFivalmminmg mmnimad

[[RODOS window for selecting options]

000000000
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ERMIN - implementation

JRODOS and ARGOS: map based interface, user delineates zones of
environments and management options
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Challenges of recovery in inhabited areas

A great many stakeholders, including the public

The accident and recovery options can profoundly impact peoples lives for
many months or years

Decision-making is non-linear, it has feedbacks and iterations
Uncertainty on predictions of residual dose

A large number of management options; combinations, locations and
implementation times

Different decision making processes/arrangements/structures possible

Rarely exercised
“... It is important that the public participate fully in establishing the
goals for recovery, be they based on radiological, economic,
environmental or other criteria.”
National Nuclear Emergency Planning and Response Guidance
(NNEPRG 2015), https://www.gov.uk/government/publications/national-
nuclear-emergency-planning-and-response-guidance
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ERMIN in the decision making process

Define
Situation

Monitor & _—
Evaluate P 4 peﬁne
| Situation

A

Monitor & Assess
Evaluate | Impacts

Implement
Decisions

Stakeholder
Involvement
Identify

Implement
Decisions Goals & |
Options

Make Evaluate |
Decisions | | Options

UK Recovery Handbooks for Radiation Incidents 2015
Inhabited Areas Handbook V4, PHE-CRCE-018: Part2

“Recovery is best achieved where the
recovery process begins as early as
possible during the response.”

(NNEPRG 2015)
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Define the situation

“Establish a picture of who or what

--> Total dose from all exposuré except ingestion: Maps: effective dose, all nuclides (sum), !

has been affected, to what extent. | _20uts potental 1 year[msv] e \‘
. . . , IOJCI.,F'. ijpothctlcal—au-ldcnt, Task: FDMT - run:Geralyn
Including levels of radioactive /E/‘%"S

contamination, ... land use |

affected ... and impacts on people /jﬂ R
... (NNEPRG 2015) N

Total dose from all ] A
@ Project: hypothetical-f—
Exercise
M -1E4
1E3-1E4
1E2-1E3
1E1-1E2
1E0-1E1
1E-1-1E0
1E-2-1E-1
1E-3-1E-2
M 1E-4-1E-3
M 1E-5-1E-4
((Jminor.shp
Onpp
¢ (] eu-lakes.shp
3 W@ [Jeu-rivers.shp -

.  — @ [(ELl cauntrias wins
: M u
| Contains OS data © Crown copyright and database right (2017)

Hypothetical accident at fictional NPP for illustration, output from RODOS
FDMT. Showing 1 year potential dose from all pathways except ingestion

In the early and transition phases
little monitoring available: reliance

on model output. Treat with
caution.
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AsseSS I l I l a‘ tS —> No further actions: Estimated time that reference dose is exceeded (days) [day]
. Project: hypothetical_ermin2_1, Task: ERMIN2 - run:Ervin

Maximum value: 1.75E4 day

.No further actions: Est
Project: hypothetical _¢
M 6.39E3- 1.75E4
2.33E3- 6.39E3
8.5E2- 2.33E3
3.1E2- 8.5E2
1.13E2-3.1E2
4.12E1-1.13E2
1.5E1 - 4.12E1
5.48E0-1.5E1

M 2E0- 5.48E0

1E0- 2E0

“Use data and models to assess
projected doses to people living in the
affected areas.” (NNEPRG 2015)

In early phase, project future
doses for a simple default
environment.

|

Contains OS data © Crown copyright and database right (2017)

Apply dose criteria to assess |

period/duration of impact _ _ o _ _
Hypothetical accident at fictional NPP for illustration, output from

ERMINZ2 shows predictions of the days that the projected dose

Look at consequences of varying exceeds a reference dose given as 20 mSv/y normal living
(0.9 occupancy ) in brick houses.

criteria Red >20years
Dark Orange 6-20 years
Light Orange 2-6 years
Yellow 1-2 years
Others < 1year
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Assess Impacts

“... Take account of exposure
scenarios habits and prevailing

Hospital environmental conditions” (
NNEPRG 2015)

Lightweight

housing

Environment

Playing fields

Street of detached prefabricated houses
| Street of semi-detached houses with basement |
Street of semi-detached houses without basement
Street ofterraced houses
Multi-storey hlock of flats amongst other house blocks
Brick housing Multi-storey block of flats opposite parkland
Industrial site
Large open area

. 5.00E+00
Industrial 4.50E+00
park 4.00E+00 I . -
2 3.50E+00 4{ ]y

M semi-detached, normal living

v L sreator. [ Caale d 9 4 £ .
Lo rcator, /Scale 1:29 : W_Vl\ v
— § 7 O 2.50E+00 -
. | A7 Jﬁ =

m prefabricated, normal living

Increasin S 2.00E+00
d it 9 Contains OS data © Crown copyright and E 1.50E+00 m playing fields, outdoor
epOSI on database right (2017) 1.00E+00 M hospital, indoor

5.00E-01
0.00E+00
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Identify goals and options

‘Engage communities in establishing recovery
goals — based on radiological, economic,

2500000

2000000

1500000

1000000

500000

0

Predicted surface density Cs'37 Bq m2, brick houses
m small areas of soil

small areas of plants

[ small areas of grass

Wtrees

W internal surfaces
mwalls

M roof

W other paved

W pavement

M paved road

environmental and other criteria. Agree how
radiological risk will be equated with measurable

radioactivity in the environment” (NNEPRG 2015)

Normal living annual dose (mSv), brick houses

msmallareas of soil
small areas of plants

W smallareas of grass

Wtrees

minternal surfaces

mwalls

M roof

M other paved

W pavement

M paved road

Normal living annual dose (mSv), light-weight houses
msmall areas of soil

11

smallareas of plants

msmallareas of grass

Wtrees

M internal surfaces

mwalls

M roof

W other paved
M pavement
M paved road

Outdoor, annual dose (mSv), playing field

N
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Identify goals and options

Hospital

--> Environmental breakdowns
Project: hypothetical_step2_ ERMIN2_3, Task: ERMIN2 - run:Jerlene

Playing fields

4: Roofs 1.06E-1 Sv

Found the following applicable recovery actions of 'constraints on application' type
8:Firehosing roofs; applicable after any deposition conditions; incompatibility walue 0%

""" | T | 15:Roof brushing; incompatibility walue 0%

| | | 19:Roof cleaning with pressurised hot water; incompatibility walue 0%

27:Peelable coatings; incompatibility wvalue 0%

63:Roof replacement; incompatibility walue 0%

64:High pressure hosing roofs; incompatibility wvalue 0%

3Z:Tie-dowm to buildings with winacryl; incompatibility wvalue 0%

Lightweight
houses

8: Small area of grass 7.9E-Z Sv

[Found the following applicable recovery actions of 'generally applicable' type
9:Cover with clean soil-small scale; incompatibility wvalue 0%
ll:Rotovating; incompatibility walue 0%
lé:Cover with asphalt-small scale; incompatibility walue 0%

Brick houses

6: Internal surfaces 6.35E-2 5w

Found the following applicable recovery actions of 'generally applicable' type
22:Washing interior surfaces; applicable after any deposition conditions; incompatibility wvalue 0%

Industrial
park

4: Roofs 2.65E-2 Sv

Found the following applicable recovery actions of 'constraints on application' type
8:Firehosing roofs; applicable after any deposition conditions; incompatibility walue 0%

S —— 15:Roof brushing; incompatibility walue 0%

| AY J TI’" /’ n 19:Roof cleaning with pressurised hot water; incompatibility walue 0%

27:Peelable coatings; incompatibility walue 0%

63:Roof replacement; incompatibility walue 0%

Contains OS data © Crown Copyright and 64:High pressure hosing roofs; incompatibility walue 0%
database r/ght (2017) 32:Tie-down to buildings with wvinacryl; incompatibility wvalue 0%

The JRODOS “Countermeasure Wizard” suggests
management options for different zones
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“Consider effectiveness, feasibility, capacity, time
scales, constraints, waste generation, worker doses,

Eval u ate O ptl O n S costs, impact on society, acceptability” (

NNEPRG 2015)
. Summary:hypothetical_step2_ERMINZ_3 ... X] |
Optl0n3 are pUt together as Result Mo further actions
- ieg” Maximum time which reference dose is -
packages: “strategies e 1.98E3
] ] Maximum reference dose (in first period) 1.97E-1
User defined strategies are (59 '
Compared againSt a base line Average reference dose (in first period) (Sv) | 1.38E-2
“NO Further aCtionS (N FA)” Maximum normal living total effective dose
{sum of resuspension and external 1.27E-1
Strategy. gamma) {in first period) (Sv)
Average normal living total effective dose
(sum of resuspension and external 1.38E-2
. gamma) {in first period) {Sv)
NFA a”OWS for Opt|0nS already Collective normal living total effective dose 111E1
undertaken in previous cycles A C) Y ‘
el 1 Maximum strategy period total effective
Of deC|S|0n maklng dos:a over all counterrrlmeasures (Sv}l 0E0
Average individual worker total effective 0ED
A” Other Strategies iﬂClUde the dose over all countermeasures (Sv)
NFA OptionS Sc?g:c(tsi\:g individual worker total effective 0ED
Total work summed over all 0ED
countermeasures (person hours)
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Evaluate options

P console messages:hypothetical_step2 ... | Summary:hypothetical_step2_ERMINZ_3 ... x|

| Map | ERMIN Ulhypothetical_step2 ERMINZ_ .. \
|
W A Result \ Mo further actions |
Results (&) . . 4
Maximum time which reference | oo
© Reference dose (RD) FT dose is exceeded (days)
Max time RD is exceeded .
Population in area RD is excee... (]
. 2560 1
Total area RD is exceeded .
Maximum reference dose Qg dzth
Average reference dose Q4 1,560
© Maximum normal living doses FTS Total area where the reference 18
Total effective 00 dose is exceeded (km2) ]
External gamma effective ac
Resuspension effective O OB~
Maximurm outdoor doses Days after deposition
Maximum indoor doses
5 Average normal living doses FTS

i . 4E3
Total effective Average normal living external

O
External gamma effective O gamma effective dose by = :
Resuspension effective O surface (Sv)

O

External heta skin 2E3

Average outdoor doses B3

AR RS Legend on the left under ’ \ ’ l
Collective normal living total effective .C] Suraces section (i]=1]

Countermeasure data AC 0.0 30 30.0 365.0 7300 36..

Days after deposition

Surfaces (¥) Collective normal living total
effective dose (in first period) 1.12E1
= (person Sy)
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Evaluate options

Init | Area of Interest | Environment Breakdowns EarlyCountermeasures[RecovewCuuntermeasures] Countermeasure YWizard

r Countermeasure Strategies —————————  CM Strategy. Low impact strategy
Mo further actions zone1l (grass cutting
The Conseq uences Of Low impact strategy [l Zone2 {turf rem and
Add Add Z .
one 3 {playing fields)

proposed strategies can be Detei —]
evaluated and compared Sopy

Freeze

- Countermeasures for Countermeasure Zone: Zone2 {turf rem and high pres all paved)

Exam ple |OW Im paCt Strategy Add Delete Mo further actions == 3.0 days <= Other strateg
Option Surface Start{day) End{day) PPE Re

5. Turf harvesting-small scale 8:Mowable grass 10.0 20.0 [:]

26:High pressure hosing paved 1:Paved road 10.0 200 O

26:High pressure hosing paved 2:Paved pavement 10.0 200 O

26:High pressure hosing paved 3:Paved other 10.0 20.0 C]

T~ ' By == .-====".
X \\7/ A
Sy, 1~ 1~
DK Contains OS data ©
\ @ ( Crown copyright and
\ \ database right
\ (2017)
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Evaluate options

Total effective 00 A Result | No further actions Low impact strategy |
A
External gamma effective OF -
Resuspension effective O SOEC 2.5650
External beta skin a 2E0 2680
Average outdoor doses Total oreth eED o
Average indoor doses rrffﬁe?mrceeac‘:;sir?st e 1eo -
Collective normal living total effective .[:] exceeded (km?2)
Countermeasure data AC SE-1 5E1
0ED 0B =
Surfaces ) (o) =Ho)  E=oHY) Bk Thoo  Shoo 0.0 3.0 30.0 365.0 730.0 36...
B Days after deposition Days after deposition
& M Road
@ ' Pavement
. Average normal living 4E-3 4E3
Other paved external gamma
@ M Roofs effective dose by HEs 3E3
. Walls surface (Sy) 2E3 e
. Internal surfaces 1E-3 l l l 1E3
& M Trees Legend on the left 0EO 1 L Ll om /L Ity
. . Small area OfgraSS under Suraces section 0.0 3.0 300 3. 7.0 3., 0.0 3.0 30.0 365.0 730.0 36...
& M small area of plants Days after deposition Days after deposition
& M small area of soil CUNECTIVE TTOTITTET
living total effective
. I Large area of grass dose (in first period) 1.12E1 9.1ED
. M Large area of plants hersnt ey ATy
. . Large area of soil period total effective g
dose over all OE( 4E-2
WI(DQ =
audl
Countermeasures ‘.i}"_j' worker total effective AE. 2 ] IE
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Evaluate options

Low impact strategy High impact strategy

2.5E0 2.5E0

2EO0 2E0

1.5E0 1.5E0

1ED 1 A Result Low impact... High impact ...

Average individual worker
0ED - total effective dose over all | 6.24E-3 3.55E-3

0.0 3.0 300 3650 730.0 36... 0.0 30 300 3650 countermeasures (Sv)

Days after deposition Days after deposi Collective individual
worker total effective dose | 1.25E1 3.8E1
(5v)

Total work summed over
3E3 - 3E-3 all countermeasures 1.07EA 2.28EB
(person hours)

2E-3
163 - Total cost summed over
' \l ’IL l L all countermeasures 5.09E6 8.01E7

1E-3 |I ‘
oeo 1L L h . 0EQ /= (Currency)

n 0.0 3.0 30.0 365.0 730.0 36... 0.0 3.0 30.0 365.0 TULEITIUTTIoErS UNWUTRETS

Days after deposition Days after depos summed over all
' - Y P countermeasures 2E3 1.07E4

fhersnnd

Total waste amount
summed over all 4 39E7 7.88E7
countermeasures (kg

Maximum heta gamma
concentration in waste 8.05E8 2.57ES
(B k)

1E0 -

5E-1 - 5E-1 1

OEOD -

4E-3 1 4E-3 1

2E-3 1
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Define
J Situation \
| Monitor & | Assess
| Evaluate Impacts

Summary/conclusions [ \

Involvement

Modelling tools do have a place, especially early on —— Identify
Decisions Goals &

when data is sparse, but also throughout for projecting | Options
consequences of proposed strategies

Make [ Evaluate
Decisions | Options
A

Requirements:
Operational (run-times short, user input requirements low, easy to use)

Do not prescribe the decision-making process, but:

allows the user to frame the problem according to current needs (e.g.
scale, available data, priorities etc)

recognise the iteration and feedbacks of decision making

allows the user to take what they need and apply it to the wider
decision-making framework (information must be easily extracted)

produces information that is usable (appropriate to the current
situation, understandable, complements other information)
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