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§§ The United Arab Emirates (UAE)

e The United Arab Emirates is a
constitutional federation of seven o

o (Bukhatta s

emirates, formed in 1971: -
, SRS et i

e Abu Dhabi, o = ¥

* Dubai,

e Sharjah,

* Ajman,

e Umm al-Qaiwain,
* Ra'sal-Khaimah
* Fujairah
 UAE lies along the south-eastern
tip of the Arabian peninsula.

Occupying an area of about
83,600 sg. km




§; Federal Authority for Nuclear Regulation (FANR)

* FANR Formed in 2009 by the Nuclear

Law:

* Independent regulator with respect to
nuclear safety, security, radiation ‘
protection and safeguards in the UAE ’ @

* One of FANRs roles includes establishing &, &g

. Policy of the United Arab Emirates on the
Evaluation and Potential Development of

frameworks for emergency preparedness =
and response for nuclear and radiological
facilities and activities




FEATURES OF APR 1400

, ; UAE Nuclear Power

* Currently 4 Korean APR1400
reactors under construction at
Barakah:

* Reference plants are Shin Kori 3and 4 &
(under construction in Korea)

e Unit 1-commercial operation 2017

 Remaining units, 2018, 2019, and
2020

* When complete — 25% of UAEs
electrical needs

* FANR received the Operating License [
Application for Units 1 and 2 in March ©
2015

* Fuel receipt- 2016







2) Nuclear Emergencies - RASCAL

FANR using RASCAL (version 4.3)

US-NRC Code, developed over 25
years ago, continuously
improved, includes Fukushima
updates:

* Multi-unit release

* |Increased calculation distance to
100 miles

 Atmospheric transport
e LTSBO
e + others

L
ACTORS

RASCAL: Radiological Assessment System for
Consequence AnaLysis

.1 B _RASCAL

~ Spotlight

|_GHOOSE A SECTION

Radiological Assessment System for
Consequence Analysis

RASCAL 4.3.1

December, 2014

U.S. Nuclear Regulatory Commission

For more information contact: RASCAL_Help@nrc.gov

| Continwe |
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RASCAL 4.3 Basis Document for

§§ RASCAL Customization Plan

Barakah NPPs
* Without customization, only includes USA e
Cre RASCAL 4.3
NPP and facilities
* FANR needed to customize to add .

Barakah units:

* Gather Inputs from license application

documents:
«  PSAR

« EIA

«  NCMS

* RASCAL manual
*  \Verify against FSAR

* Prepare Basis Document
 Update and control RASCAL
* Add customized files to all RASCAL PCs




§ How to Customize RASCAL (1)

* Climatedata

* Climate UF;—since N/A, fill with O’s
* Facility data

* Mettower data

e Sitedata

* Site met stations

careful checking!

To add new sites RASCAL needs:
Modified Facility NRC-430.mdb:

Hundreds of parameters — needs
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b!‘ e ¥ Cut Y %l Ascending T Selection ’7 =1 MNew 2 Totals
e Eg Co %l Descending Yo Advanced - H save 7 Spellin
View  paste P Filter fl 9 = Refresh v opeling
- - * Format Painter Z.# Remove Sort YToggIe Filter All~ x Delete - gMore'
Views Clipboard [F} Sort & Filter Records
Tables ® « SiteCode ~|  ID - StationID - ClicktoAdd -
T - | |ZION 2881 ZION
Climate | BNPP 2382 ABDH
B cimateUrs | |enep 2883 AJBG
B Faciity | BNPP 2884 ALGH
B3 Met stations || BNPP 2885 ALHA
B site | |BNPP 2886 ALQL
= - | |BNPP 2887 BNPP2
Site Met Stations B BNEP 2888 DAIS
| |bnpp 2889 RAMU
| |BNPP 2850 SBY
| |BNPP 2891 YAS
(New)

BES @ TABLE TOOLS Climate - hecess
HOME  CREATE  EXTERNALDATA  DATABASETOOLS  FELDS  TABLE
h./ ‘E X cut #l Ascending T Selection - IZ I New % Totslks H e Replace T 5 (ol -\11
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Views Copboard - Sort & Fiter Records Find e Text Formatting o
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Met Actual Met Predefined BNPP.gz0 BNPP.top

2; How to Customize RASCAL (2) ) )

* Base Maps on multiple scales a8 W

p2 p5 pl0 0

* From Google earth, and satellite s a2

BNPP-Puff-Map2 BNPP-Puff-Map5 BNPP-Puff-Mapl Facility_NRC-430
5 0 00

 Two empty folders which will hold
met data when running RASCAL

+ BNPP.gz0 5

d S u rfa C e ro u g h n eS S fi I e Appendix B.  Page from EPA AERSURFACE User Manual (page)

~
L]

Ese9d8 BB Gl Eliadl ks
FEORRA, AUTHORTY FOR MCLEAR REGULATION

Table A-3. Seasonal Values of Surface Roughness (m) for the NLCD92 21-Land Cover Classification System

. Class Seasonal Surface Roughness' (m)
e 22x22grid e EERERE
11 |Open Water 0.001 | 0.001 | 0.001 | 0.001 [0.001 Sl
12| Perennial loe/Snow 0.002 | 0.002 | 0.002 | 0.002 | 0.002 | StulF’
S50% 22
21 Low intensity Reskiential 040 2

* 10.0,5.0, 2.5, and 1.0 mile grid spacing

* Roughness from satellite images and
EPA AERSURFACE

* BNPP.top
* Topography file
* From Earth Explorer (GTOPO30)

Figure 3-2 Raster Image of the GTOPO30 File Used to Derive Site Terrain Elevation
Files (*.gz0) for RASCAL
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§g RASCAL Training

Course Attendance Sheet

¢ "'10 half day training mOdU|eS Course Name: Training, RASCAL.

Location: Training Conference/ Al Ahliya Building.

Date: S™ Scer 204 Modulet - Introduction and Containment Monitor - Part 1

* Training ~10 FANR staff to use No e [ | sgrawe
RASCAL + understanding
protective actions

N|lojlun | sa|lw N

* Training for other departments
to understand RASCAL :
capabilities (EMs, NSD, SRO, etc.) -

* Once trained — periodic refresher
training + drills

e Take part in full scale UAE
exercises

* Training in other tools, such as
SPADES+ and BARAM







IAEA-TECDOC-1162

' ; Radiological Emergencies

e FANR elected to use IAEATECDOC 1162, Generic procedures for
/ . assessment and response
GenerIC ProcedurESfor ASSESSI”ent and during a radiological emergency

Response During a Radiological
Emergency’, dose assessment
methodology as described in Section E:
* Pointsources

* Lineand spill sources

* Groundcontamination —Exposure )
(internal + external) from contaminated 7
grou nd’ fa Cto ri ng in resuspension INTERNATIONAL ATOMIC ENERGY AGENCY ”AEA

August 2000

e Skin contamination— Beta

* Inhalation —Exposure to airborne
radionuclides, incorporating material fire

release fractions, release rate, dispersion _
factors, wind, stability class, etc.

Step 2
Characterise the type of exposure involved and use the appropriate procedure(s):

* Ingestion S —

Point source

Tinc source and spill (small arcay

* Airimmersion =
* All supplemented by other codes, such =

Step 3

m
:
as RASCAL, IMBA, MicroShield, etc. B st e

84

Inhalation




2) Why Develop a Software Tool for 11627

Assessing radionuclide concentrations in air Procedure E3a Page 3 of 5

TECDOCrequires multiple unit ;
conversions, reading values from 1N | it
graphs, finding values in tables, etc. NS i - J
. . . IR "
Takes time to use in a calculation RN
and may resultin errorsunder = o PR N
stressful conditions A RN
) g NN
Developed software — easier/faster  # « NSRRI |
to change based on userrequests : = NSNS R
“af NN
- o T NI -%ﬁ?ﬁ
Spi w2 5 40 2 5 w0 2 5wt 2 5t
Effective dose Dis I:al:l_{:e {m]
Estimate the effective dose (external irradiation) from a spill using the following expression: Release height at 0 m
X 4R Rerence: (] FIG. EI. Dilution factor as a function of downwind distance.

E..=2n-CE-A,-T,:In
x*

]

sta.mx: from the centre of the spill [m]

ill radius [m]

ective dose [mSv]

“onversion factor from Table E1 [(mSv/h)/(kBq)]
Activity of the spill [Bg/m?]

Time of exposure [h]

S QR
L T 1 1 [
9 gge

Dose rate
Calculate the dose rate at a distance X from a spill using the following expression:

: X'+ R?
D=2n-CF -A,-In =

Where

D =Doserate [mGy/h]

CF7 =Conversion factor from Table E1 [{mGah)y(kBq)]
X =Distance from the line source (pipe) [m]

R =Spill radius [m]

Ay =Activity of the spill [Bg/m’]

TABLE E9. RELATIONSHIP BETWEEN STABILITY CLASS AND WEATHER
CONDITIONS

<2 A A-B B - D
2 A-B B C E F D
4 B B-C C D E D
6 C D D D D D

=6 C D D D D D

Reference: [24], p. 591.
* The degree of cloudiness is defined as that fraction of the sky above the local apparent horizon that is

covered by clouds.
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Radiological Emergency Calc

FANR developed RECT using
Macro enabled Excel

spreadsheet:

* One tab per exposure type

e Data tab containing all tables,
graphs, etc. (locked)

e All cells locked — except inputs

(in red)

* Dropdown menus for most
inputs/unit selections

e Summary sheet summarizing
inputs/outputs

 Warning when parameters
outside of expected range

Prepared documentation to

support RECT

1
2
3

.

B

Inputs to Determine Committed Effective Dose from a Release from a Fire

Instructions

C o}

ulation Tool (RECT)

F
E5a

5 |1 Enter only values in Red, the remainder are calculated using basic unit conversions
& |2. The final concentration is determined using the methodology detailed in IAEA-TECDOC-1162 (E5a)

29

34

.
o

which is shown on the "Data" tab

3. The final Committed Effective Dose is determined using IAEA-TECDOC-1162 methodology (Procedure ES)

4. FRF =Fire Release Fraction

Input this Intake into IMBA to calculate a more accurate CEDE {compound specific)

INPUTS 'GUIDANCE FOR WINDSPEED (IF UNKNOWN)
Radi lid Cs-137 itl
adicnuclide 5 unitless o p— w.l:rd
s vertigally 3
Activity of Nuclide in Fire (source 0.00E+00 kB S
0.00E+00 kBg o canstant motion, wind extends flag ;
and small branches.
FRF [material or isotope) Isotope wires whistle
Material Type Carbon mpeded
ructural dansge
Release Duration 1.00 hours
3.60E+03 sec
Average Wind Speed 200 mfs
7.20 kph
200 mfs
Stability Class | D i itless GUIDANCE FOR STABILITY CLASS
Distance 10,00 m
Occupancy Duration 60.00 mins A Al B 1
100 hours 4 luh n"4 : :; ; :j
[ C (&1 o 1] n n
i i b D ] i
QUTPUTS
MATERIAL FIRE RELEASE FRACTIONS
Half Life 302401 a Compoand Form FRF*
159E+07 mins e e pte st e e mses
Aatshe s combuntibe compounds Y]
Carbon anl
Isotope FRF 0.0100 unitless Noorveiaie powdr ol
Material FRF 00100 unitless Nomesiass b Tamesabl g et
SELECTED FRF 0.0100 unitless Nt sy o e
Release Rate 0.00E+00 kBg/s
Concentration of Cs-137 in Air 0.00E+00 kBg/m®
Dilution Factor (downwind) 7.14E-01 m™
Intake 0.00E+00 kBg
Ci i Ef ive Dose 0.00E+00 mSwv
0.00E+00 Sv




y Radiological Emergency Calculation Tool (RECT)

(vAQ)

a B c D EF G H 1 J A B c o £ E | 6 | w
L Lo, g Inputs to Determine External Dose from a Line Source and Spill E2

2 FANR (ﬁ?

: A AT ) Print All Pathways Instructions

4 . with Exposure roretomston
5 |Radiological Emergency Calculation Tool (RECT) Rev1 1. Enter only values in Red, the remainder are calculated using basic unit conversions

] 2. The final dose is determined using the methodology detailed in IAEA-TECDOC-1162 (E2) R e

7 Summary Page which is shown on the "Data" tab ——
P .

9 |Exposure Types Effective Dose (mSv) Report Information

10 |E1- Point Source - INPUTS (Line Source) INPUTS (Spill Source)

11 |E2- Line Source - Calculation completed: Radionuclide Co-60 unitless Radionuclide Cs-137 unitless
12 |E2- Spill - date/time

132 |E3 - Ground Contamination - Source Activity 0.00E+00 kBg/m Source Activity 0.00E+00 kBg/m2
14 |E4 - Skin Dose - Calculation By: 0.00E+00 kBg/m 0.00E+00 kBg/m*
15 |E5 - Dispersion + CED {Internal - 0.00E+00 pCifcm 0.00E+00 u(:i_.fcmz
16 |ESa - Fire Dispersion and CED = Input Information Source: 0.00E+00 Ci/m 0.00E+00 Cifm?
17 |E6 - Ingestion - [ Written data/message (attach)

18 |E7 - Air Immersion - [ Phone call/conversation Distance from Source 0.50 m Vertical Distance from Center of Spill  100.00 m

19 | TOTAL - msv When 1.64 ft 328.08 ft

20 Party

21 |Forinputs used to calculate doses, see individual sheets ] Spill Radius 1.00 llm

22 |Data Applicability Information 3.28 fi

23

24 |Date of Exposure:

25 |Start Time of Exposure: Exposure Duration 1.00 hours Exposure Duration 1.00 hours
26 |End Time of Exposure: 60.00 mins 60.00 mins
27 |Total Exposure Time:

28

29 |Location of Exposure:

30 |Mames of Exposed Individuals/Groups: QUTPUTS (Line Source) OUTPUTS (Spill Source)

31

32

33

2 (mGy/h)/(kBq) 3.60E-07 (mGy/h)/(kBg) 9.50E-08

s (mSv/h)/(kBq) 2.50E-07 (msv/h)/(kBq) 6.20E-08

36

37

38

= Effective Dose 0.00E+00 mSv Effective Dose 0.00E+00 mSv

j? Dose Rate 0.00E+00 mGy/h Dose Rate 0.00E+00 mGy/h

| Summary El-Point Source




§; Radiological Emergency Calculation Tool (RECT)

Instructions

1. Enter only values in Red, the remainder are calculated using basic unit conversions
2. The final dose is determined using the methodology detailed in IAEA-TECDOC-1162 (E3)

which is shown on the "Data" tab

INPUTS Use the equation:
Radionuclide Co-60 unitless .
E..=2.C,-CF,
=]
Average Ground Deposition 0.00E+00 m2
e po 8a/ = Effective dose fivm deposition fur the period of coupera [mSV)

Bg/cm2

Average deposition (ground ) concentration of radionuclide .f[kBq.fmzl

= Conversion, factor from Table E3; effective dose per umit deposition for
radionucligh f; includes extemal dose and committed effective dose from inhalation
due to ngfispension resubting from remaining on contaminated ground for the perod
of cong
Nun of mdionuclides

Shielding Factor

sUIDANCE FOR SHIELDING FACTORS
Occupancy Factor

1 m aharve an inflnie smooth surface (£

| m b erdinary groend [ 347082
e el D oy wined- framie Bamase (o basessen) 04 DI-0.5
Ciesy andl fusn story blosck: andd brick Bouse (nos hasemgnt) [ -4
Floarse baspmeni. one or two walls Salby expesed

= ene-siory, bess than | m of besemesi wall exposed 0.1 as-0.14

= s oy less thas | moof Basement wall expered {I.iﬂ 03007
mea'hnmy-nM{mnlmanumal"
= first and nocond floor
= hasement

Mulki-story srucsares (> 1000 a7 perlNGl™
- uppor
= hasement.

730.00 hours

Exposure Duration
s (3|00

Dropdown Equations Guidance for

menu for easy showing basis parameter
selection of RECT selection
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2; Future.....

* Drills/exercises
* Refresher training
 Nuclear exercises:

* Prior to fuel receipt
* Prior to fuel load






http://fanr.gov.ae/

