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[ HisTORY AND PURPOSE

An Updated Nuclear Criticality Slide Rule dated of April 1997
= ORNL/TM-13322/V1 & V2: Technical Basis / Functional Slide Rule

The document gives an order of magnitude estimates of key parameters, useful for emergency response

staff and public authorities for U systems only:
* The magnitude of the number of fissions based on personnel or field radiation measurements or various

critical system parameter inputs, .
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» Prompt Neutron- and gamma- dose at variable unshielded distances from the accident, R é@jg;;/,
\v‘? _i : k- Ao,

» The skyshine component of the dose,

» Time-integrated radiation dose estimates,

» One-minute decay-gamma radiation dose,

= Dose-reduction factors for variable thicknesses of steel, concrete and water.
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[ LoNG TERM DOE/NNSA NCSP — IRSN COLLABORATION

NCSP wants to develop and maintain modern Slide Rule *) NUCLEAR CRITICALITY SAFETY PRO

U.S. DEPARTMENT OF ENERGY

Accid Ivsis: Budget Priority i
ms' lelliﬂl . 11 NCSP Program Integral Nuclear Analytical Information i a;“ e Nondestructive

- - - Home | Management = Experiments Data Methods | Preservation | .| AssayProgram

Field-deplovable emergency response | Develop and maintain modern,

methods on portable. handheld accident analysis capability

platform (SlideFunle)

Criticality Slide Rule
IRSN wants to review and improve its French “Slide Rule” jonlene®t  About the Nuclear Criticality Slide Rule Project

Analytical Methods AVWE (UK), IRSN (France), LLNL (USA) and ORNL (US4} began a long-term collaboration effort in 2015 to
Working Group update the Nuclear Criticality Slide Rule for emergency re: to 2 nuclear criticality accident to
medernize and expand the technical content of the pr updated by ORNL

Criticality Slide Rule

Pro posa | of acomp lete wo rk’ divided into several p hases - el A S A

coordinater, Johann Herth (IRSN) at johann.herth@irsn.fr.

ONE MINUTE DOSE‘E“ED MCNP User Symposia
ESTIMATED FISSION YIELD, DISTANGE FROM
INCIDENT AND TIME OF ENTRY AFTER INGIDENT wweTe

o) Radiation Safety Phase Document Title Date
™ — information Type
R p— p— .
‘ FICHES ACEIDENT-TrPE ‘ EUTRON 7 GAMMA | ML MoDERE G = G 5 summary Update of the Nuclear Criticality Slide Rule: Review of the Estimation | 2022 Jun
RSICO) " . :
Paper of the Number of H
SCALE Users’ Group 4 Summary Update of the Nuclear Criticality Slide Rule Calculations: Plutonium | 2022 Jun
Workshop Paper Systems - Delaved Fission Gamma 1
Task Update of the Nuclear Criticality Slide Rule Calculations: Plutonium 2020 Nov
specification  Configuratiens - Delayed Gamma 27
H Summary Update of the Nuclear Criticality Slide Rule Calculations; Studies with 2018 Aug
Paper Common shielding Materials 27
Task ‘Update of the Nuclear Criticality slide Rule Calculations - Sensitivity 2017 Sep
Specification  Studies 12
12 Report Update of the Nuclear Criticality slide Rule, Technical Basis 2019

Mii o

w e IRSN abacus
US Slide-Rule

https://ncsp.linl.gov/analytical-methods/criticality-slide-rule
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https://ncsp.llnl.gov/analytical-methods/criticality-slide-rule

SLIDE-RULE

[ PHASES (BRIEF RECAP)

IRSHN

[ INITIAL CONFIGURATIONS — [U SYSTEMS]

| Objectives: Redo with modern radiation
transport tools, for the same configurations
and assumptions, the calculations performed
initially for the 1997 estimation of the doses
for 5 uranium systems.

! Evaluation of N/P prompt doses and delayed
gamma dose rates over time.

ESTIMATED PROMPT DOSES
'BASED ON TOTAL FISSION YIELD,
AND DISTANCE FROM INGIDENT

ESTIMATED FISSION YIELD
BASED O DISTANT GAMMA
DOSE RATE AND ELAPSE

1] 00
ENSTANCE FROMIBNCIENT W FEET

Figure 13 Damp U(93.2):0, @ HA¥U = 10
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SLIDE-RULE

[ PHASES (BRIEF RECAP)

IRSHN

[ NEw CONFIGURATIONS - [PU SYSTEMS]

! Introduce Pu systems (bare sphere)
* Prompt N/P dose

= 239py metal homogeneously mixed with water
5 moderation ratios (H/Pu = 0, 10, 100, 900 and 2,000)

| Additional configurations
* New source geometries (bare cylinders)
= Steel reflected sphere

Steel

. ‘

Cylinder 1 Cylinder 2 Cylinder 3
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SLIDE-RULE

[ PHASES (BRIEF RECAP)

[ SENSITIVITY STUDIES — [U SYSTEMS] \
| Objectives: quantify the impact of various shielding

materials / thicknesses and sensitivity studies on

radiation doses

» Radiological screen (lead, steel , concrete, water) :

» Sensitivities studies (air humidity, ground
composition and thickness, skyshine effect)

! Spherical
d detector

source
‘ L
I
1
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SLIDE-RULE

[ PHASES (BRIEF RECAP)

[ DELAYED FISSION GAMMA — [PuU SYSTEMS] \

I ObjectiVES: Distance (m)
» Estimate the fission product release dose rates b

1.00E+04
(created by the accident)
II‘DDEVCIl

1.00E-02

1.00€-03

—#-10 sec
1.00E-04

—&-1min
1.00E-05

Dose rate (rad/min)

—&-5min

€L

1.00E-06

—8—10 min
1.00E-07

—&—50 min
1.00E-08

—e—100 min
1.00E-09

—8—500 min
1.00E-10

—8—1000 min

1.00E-11 /
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SLIDE-RULE

[ PHASES (BRIEF RECAP)

[ ESTIMATION OF THE NUMBER OF FISSIONS

| Objectives:

» Estimate the total number of fissions for the entire e

criticality accident duration (including boiling for
system with water)

1.06+18

| Formulae based on the “heat energy formula”

1.08+17

Total number of fisslons (fiss)

[N
1.06-16

Mass of solution (kg)

I ® SILENEwithoutboling W  SILENE withboiling ™ = = Formuia without bofling s Formula with boing
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SLIDE RULE: WORK IN PROGRESS

[ REPORT

' Update of IRSN report (rev. B) to integrate Hertouaue IRSH
phase [1-5] with consolidated results e FRRE

| Imminent release ! UPDATE OF THE NUCLEAR

CRITICALITY SLIDE-RULE

TECHNICAL BASIS

PSN-RES/SNC
Report IRSN 2024.0266

NEW

bt oE
ETSON
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SLIDE RULE: WORK IN PROGRESS

Radiological screen

[ PHASE 6 — Pu SYSTEMS

Distance from the critical event

Spherical detector

| Key focus:
» Quantify the impact of various shielding materials / thicknesses and
sensitivity studies on radiation doses, replicating the calculations
done for uranium systems.

| Shielded configurations:
» Radiological screen (lead, steel , concrete, water)
* Thickness of the wall (e)
= Position from the source and the detector (L, d)

wall

suurce.- L A Spherical
| Sensitivities studies: it I ) detector
= Air humidity
» Ground composition and thickness

= Skyshine effect

I/W" Results expected early 2025
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LR THE NUCLEAR CRITICALITY T@
/ __Slide Rule
N I\’ffﬂ:"i.
WEB APP C b,
[ s |\ e
Objectives I — "““"/‘_’"‘”
= Create a user-friendly emergency response application for handheld devices \@— e \
(e.g., smartphone or tablet PC) et || v || i

= Replace the existing tool with the up-to-date results

Data visualization platform

» Based on Streamlit (open-source Python framework)

» Reactive interface (auto-adapts to data changes and different devices)

* Code and datasets hosted on IRSN's GitLab (open to external companies)

Explore results database
» Forall users
— Visualize multiple series of results
— Compare results
» For NCSP analytical team
— Find anomalies (missing values, high uncertainty, discrepancies)

https://sliderule.streamlit.app/

Calculate the number of fissions and adjust the associated dose https://gitlab.extra.irsn.fr/snc/SlideRule

IRSHN



https://gitlab.extra.irsn.fr/snc/SlideRule
https://sliderule.streamlit.app/

[ Wes App

Already available in the app

* Prompt doses results for U bare systems

» Radiological screens for U systems

» Number of fissions calculation (based on formulae)
» |Interpolation for any distance

Under development

= Aggregate all results from the updated report (Pu results, delayed gamma doses,
sensitivity studies)

* Interpolation for custom shield thickness values (prompt dose reduction factors)

= Work to conclude on final reference values

* Turn web app into an offline executable

User feedbacks
= List of contact users provided by Doug Bowen = creation of a user group

» To be launch: survey of users' current use of slides rules and future needs
» Submit an idea, request a feature or report a bug = GitLab or contact PoC)

IRSHN


https://gitlab.extra.irsn.fr/snc/SlideRule
mailto:johann.herth@irsn.fr

SLIDE RULE: WORK IN PROGRESS

[ Wes App DEMO !

| Calculate the number of S % 2O
fissions
& slideRule app
Number of Fissions Flsslle SD lUtIOI‘I
B Dose Dashboard With boiling of the solution, the total number of fissions, whatever
the duration of the accident, is estimated with the following
formula:
Type of criticality accident
Solution v Ny =13 x 10"V duy + 8 x 10" - (V = Voigicatigeom))
Boiling ? v @ d_sol @ V_crit_geom @
© Yes 1.00 - o+ 1.00 - o+ 0.50 - o+

) No

Estimated number of fissions

5.3e+16

< Manageapp
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SLIDE RULE: WORK IN PROGRESS

[ Wes App DEMO !

| Visualize: . oo re—
. . LEULE] Bususicr [ compore [l Avomates
= Select and visualize —

- visualize [ Compare [l Anomalies hoowe verers o ot bk o wapand woilapse] M
& slideRule app

multiple series at a . - St ot 538
Il Number of Fissions Choose series to plot (click to expand/collapse) N

@D s log scaie

I H pose Dashboard Filter dataframe on @ vasislogsale
glance °-
» Adjust the number of B e L e
5.5e+18 o

. . . —_—
fissions < associated oseo |0 oo

OR enter the number of fissions. (-4
dose

5.5e+18 - L Values for ode

°v
Choose series to plot (click to expand/collapse)

@ compare [ Anomalies

L valuesfor Particle
N x o~
L Valuesfor Screen

Estimated prompt dose based on total fissions: 1.1e+17 o v

L valuesfor Thickness (cm)

'“" o v

@D ¥-axis log scale

@D v-axis logscale
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SLIDE RULE: WORK IN PROGRESS

[ Wes App DEMO !

Select the plot type: Select the plot type:

| Compare © scatter ot O scatter lot

() Bar Chart © BarcChart

- 12

visualize | [ Compare | [ Anomalies

- \u,mziﬁane-a Serie 1 - 'Sereen': [Steel vs_ Mone], ‘Thickness (em)': [10vs. 0] .
=
+ )
0.4 o
- & 06
03 S
. & 0.293 +2.01e-3 | Serie 1 - 'Screen': [Steel vs. None], ‘Thickness (cm)": [20vs. 0]
. g _
~
L.
- ~o- -
_ "-Q-_...'_-l-__l.
04
- m, N B
02 L) -
_ A
- \\ 0z
- AY
® .
® -
01
[
1 2 5 10 20 50 100 200 300 500 7

Dose Ratio
Dose Ratio

1 : - 10 - - 100 - - 1000
00 1000 1200
Distance (m) [Log10]
Distance {m)
Click on logends below to hide/show- Click on legends below to hide/show:
) B Serie 1 - 'Code’: [COG 112 vs. MCHP 6.1 [N]

=@ Serie 1 - ‘Screen': [Steel vs. None], ‘Thickness (em)': [20 vs. 0] . ‘Code" IN]
—@— Serie 1 - 'Screen': [Steel vs. Nonel, ‘Thickness {em]'s [10 vs. 0] Serie 1-'Code’:[SCALE 6.2.2vs. MCNF 6.1]

B serie2-'Code’: [COG 112 vs. MCNF 6.1][P]
I serie2- ‘Code’: [SCALE 6.2.2 vs. MCHP £.1][P]
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SLIDE RULE: WORK IN PROGRESS

[ Wes App DEMO !

| Find anomalies:
= Missing values To———— T ————
= High calculation uncertainties B r— o [a
= Discrepancies between codes S m— VO

repancies @ Missing values | High uncertainty

20.00 100.00 30.008 100.00
L . hd hd
cmman 0.60 e
©.00 & Qo Loan
>-dose conversion factor | Screen | Thickness(cm) | Particle | Distance (m} Dose(Gy) -+ lsuncertainty Absolute Uncertainty pcreen | Tickness (crm)) |\ Farticla’| Distance (m) | ISEEESI Coded Dossicodaty(iloset Codaxy | Rete Na TDNTS Rencs
Visualize m Compare . Anomalies HPS N13.3 Lead 0 P 1000 8.68e07 50.43% 5.16e07] Concrete b 100 O L e e R
hpsnaz Steal o |p 00 | 731006 e P Concrete w0 N 1200 | COG112 SCALE622 4.36e08  T7.80e08  44.06%
HPSN13.3 Steel 2 P 1000 2.08e-06 50.32% 1.05e-06 Lead s|P 300 [ MCNPEL | CO613.2 4.316-04 6.29¢-04 3L46%
? Missing values I High uncertainty & Discrepancies hpsnaz Veater e 1000 | 345006 596% Lsee0s Lead 5 P 700 | MCNP6L COGIL2 153605 24605  31.90%
HPSN133 Lead 20 P 1000 4.02e06 45 18 Lead 5 P 700 | MCNP6.1 SCALE6.22 1.53e-05 2.21e-05 30.87%
O, Lead e 20 | 3006 p— L esesn Lead 10 P 1200 | MCNP6L COGIL2  3.80e07 255007  33.03%
Lead 10 P 1,200 | COG1L2 SCALE6.22 2.55e-07 4.62e-07 44.83%
HPS N13.3 Lead 20 P 1200 3.38e-07 39.36% 1.33e-07
Lead 0 P 700 | MCNPEL COGIL2 752006 38306  49.00%
HPSN13.3 Lead 1 °F 1000 7.91e-06 39.16% 3.10e-06
Lead 20 P 700 | COG1L2 SCALE6.22 3.83e-06 7.87e-06 51.28%
HPS N13.3 Lead 5 P 1000 6.77e-06 38.71% 2.62e-06
Lead 0 F 1,000 SCALE622 654007  96le07  3193%
HPS N133 Steel 5 p 1000 655606 3695% 242¢.06
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SLIDE-RULE: PHASE 6 Radius ofth homogencous Air

bare fissile sphere

Thickness of the screen

[ SHIELDED CONFIGURATIONS

Screen position

Z

L.

| Geometry: one air sky layer (1530m) above 50 cm
concrete layer (ground)

05m

| Source:
= Pu critical bare spheres — 1 meter over the ground N 1530 m o
= 5 moderation ratios (H/Pu =0, 10, 100, 900, 2.000) I
= fission burst yielding a total of 107 fissions

Thickness of the screen

.
»° Radius of the homogencous

bare fissile sphere Distance from the critical

s “\\ sphere
! Radiological screens: /
= placed halfway between the source and the detector / - o

= 4 compositions : steel, water, lead, concrete
= 5thicknesses : 1, 5, 20, 40 cm ‘.

7 Screen position

¥

! Dose detection: L.
= Neutron and gamma prompt doses '
= 30 cm to 1.2 km between source and dose detection

= 2 flux-to-dose conversion factors (ANSI/HPS N13.3-2013, fine group structures

for neutron and gamma)
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SLIDE-RULE: PHASE 6

[ RADIOLOGICAL SCREEN POSITION

| Objective: evaluate the impact of the screen's position on radiation
protection effectiveness

| Screen position: (“L”) 6 different positions relative to the total

distance "D" (distance between the source edge and the center of the
detector): L=1/4, 1/3, 1/2, 2/3, 3/4, and 4/5 of “D“

| Configurations: cases 1 (H/Pu = 0) and 4 (H/Pu = 900)

| Screen
= Composition: concrete, water
= Thickness: 20 cm

| Measurement distances: 1, 2, 5, 10, 50, 100 m

| N/P prompt doses

Th

Screen

Source

STATUS OF THE SLIDE RULE UPDATE — NCSP TPR 2025 — DECEMBER 3-5, 2024
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Air

SLIDE-RULE: PHASE 6 R ot e s
[ SENSITIVITY STUDIES 1530 m /g;::ce from the critical
| Unshielded configurations (no radiological screen) 1“ L
m Im X
‘ 0.3048 m

| Comparison:
= Air composition: at 10% and 100% humidity 1530m 1530m
» Soil composition: regulatory concrete and dry soil (without hydrogen).
= “Skyshine”: results with a height of 10 m to the the initial height of 1530 m

Air

Radius of the homogeneous
bare fissile sphere

! Configurations: cases 1 (H/Pu =0) and 4 (H/Pu = 900)

Distance from the critical

| Measurement Distances: all f

! N and P (prompt) doses Sl

1530m s --=""1530m
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[ STREAMUIT WEB ApP
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M % Slide-Rule - Streamlit

S

¥ Netinary snc Bienvenue surle Wi.. [l mobil

&Y slideRule app
Number of Fissions

H bose bashboard

sliderule.streamlit.app

sf ORESIAV33-Accu.. 0§ webmailirsnfr  #% Débuter avec Firefox

MNCSP Slide-Rule project

Need a feature, report a bug

—+

® G @ ®

=

i Autres favoris

share f¥ £ ©)

Welcome to the Slide-Rule
app!

&

Manage app

https://sliderule.streamlit.app/

MNP @@L - RO N 2R 74%

@ & sliderule.streamlitapp/Dose_(

/Visualize [ Compare [H Anomalies

Choose series to plot (click to expandjcollapse) v
Estimated prompt dose based on total fissions:
1.0e+17
@ X-axis log scale

@ VY-axis log scale

Click on egends below L Q
=@ U_C1(U4.95/02F2 [H/235U = 410)|_MCNP 6.1_N_None_0
35U = 410)]_MCNP6.1_L!
35U = 410)|_MCNP 6,

Concrete_20

_Concrete_40



https://sliderule.streamlit.app/

[ IRSN’s GiTLAB

SNC/ SlideRule - GitLab

gitlab.extra.irsn.fr.

#) Débuter avec Firefox [ Pages - Accueil Il La boussole numéri il Autres favoris
[ . .
SlideRule & O || fstar |0 || $Fork | 0|
Project ¥ main v | SlideRule / | + ~ History Find file Edit v m Project information
SlideRule
Removed distutils from requirements.txt
v 3975d6e3 | B - 44 Comnmits
X Pinned Astangul authored 4 weeks ago &
18Branch
Issues 12 1 4
i & 0 Tags
Merge requests 0 Name Last commit Last update
B3 27.8 MiB Project Storage
88 Manage > B3 .devcontainer Added Dev Container F... 9 months ago
README
B Plan ’ B3 .github/ISSUE_ Update issue templates 6 months ago 8
<> Code 5 @ MIT License
B streamlit resolving issues 1month ago 4 Add CHANGELOG
& Build >
BB minor changes 5 months ago + Add CONTRIBUTING
O secure >
+ Enable Auto DevOps
Datasets/Open.. modifs 6 months ago
@ Deploy > B P ! fmor 9
+
& B3 Notebooks resolving issues 1month ago
® Operate > ] 9 + SetupCIfC
B2 monitor > B3 Report modifs 6 months ago + Add Wiki
i Configure Integrations
Analyze ’ Baicons resolving issues 1month ago + Configure Integratio
>
©@ settings Bapages add NoF page 4 weeks ago Created on
April 23, 2024
= B3 utils resolving issues 1 month ago
@ Help

https://gitlab.extra.irsn.fr/snc/SlideRule
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[ WesAPP
B @ O % @ Slide-Rule-Streamiit = -+

Calculate the number of fissions D T LD o

@ Netinary snc Bienvenuesurle Wi.. [l mobilitisnfr & ORESIAV33-Accu.. 0% webmailirsnfr #) Débuteravec Firefox [ Pages - Accueil Il Ls boussole numéri.. [ Le Kiosque de RSN

[rewen
sior
fRuLE]

« SlideRule app

¥ NomberofFsions Welcome to the Slide-Rule app!

2 Dose Dashboard

< Manageapp
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