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Pille Measurements on ISS

(September 2022 — March 2024)
and the latest upgrade of the Pille System
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'HUN-REN Centre for Energy Research, Budapest, Hungary
2State Scientific Center, Institute for Biomedical Problems, Russian Academy of Sciences, Moscow, Russia
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Outline

* Introduction
» September 2022 — March 2024 data
« Comprehensive analysis of the Pille EVA doses

» Upgrade of the Pille-MKS system with new type of
Pille dosimeters
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Introduction
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The Pille TLD system

« Space qualified TL system with on-board reader
* Bulb dosimeter (CaS0O4:Dy) in dosimeter key
e @20 mm * 60 mm
« 70 g (with protective case)
 Built-in chip with unique ID and calibration data
* Measuring range (s<10%): 3 pGy ... 10 Gy (CaS0O,:Dy)
« TLD Efficiency for LET,(H,0) < 10 keV/um: e=1+10% A
o Accuracy (above 10 uGy) 0 < 5% Credits: IMBP/Roscosmos/Enyergia
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Accuracy and corrections

« Usual accuracy: £10%

» Bulbs are selected for flight for which the reproducibility is
within an accuracy of 5%.

« Dosimeters are calibrated with a standard 13’Cs source beam
(gamma-rays) on ground (air kerma).

« Data presented by HUN-REN EK are not corrected
for LETh,0>10 keV/um.

Credits: IMBP/Roscosmos/Enyergia

* No conversion to absorbed dose in water or tissue-equivalent
material is applied by HUN-REN EK. Russian specialists use a
conversion factor of 1.1.
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The Pille TLD system

« Since 1980, on board Salyut-6,-7, Space Shuttle, Mir, ISS
« DOSMAP project in 2001
« Service dosimetry system on Zvezda since 2003 (Exp. #8)
« Dose mapping
» Personal dosimetry during SPE-s
* Personal dosimetry during EVA-s
« Automatic read-out on every orbit (90-min)

Original kit (in 2003): a Pille reader and a set of 10 dosimeters
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The Pille TLD system

 Original kit (in 2003): a Pille reader (No. 16)
and a set of 10 dosimeters (A0301 — A0310)

* 4 new dosimeters (A0311 — A0314) were
delivered to ISS and 2 old ones
(A0303, AO308) retrieved in 2009
(Simonyi’s 2" flight)

« Warranty period got over

 Anew reader (No. 20) and 5 additional
dosimeters (A0O151 — A0155) delivered to
ISS in June 2018; A0301 and A0306 out of use since Aug 2018

03 Sept 2024 27t Workshop on Radiation Monitoring on Internation Space Station , Boulder, CO 7
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September 2022 — March 2024 data
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Automatic measurements with dosimeter #A0151

Availability: only 54%
After manual read-outs, unfortunately,. automatic measurements are not always restarted

Change of memory cards —
/ \

ON

O
N

g g U i Vi
Oy Dy Oy P P

03 Sept 2024 27" Workshop on Radiation Monitoring on Internation Space Station , Boulder, CO 9

ol D
¢ &
P> P>




HUN &
REN &

Centre for

Energy Research

&) SPACE

Ref.: UKL2024-EK-SCI-HO-0003_01_00
Template: UKL2023-EK-PQA-HO-0003_00_01

@EK-UKL 2024 The copyright in this document is vested in HUN-REN Centre for Energy
Researc h. This document may only be reproduced in whole or in part, or stored in a
retrieval system, or transmitted in any form, or by means electronic, mechanical,
photocopying or otherwise, either with the prior permission of HUN-REN Centre for Energy
Research.

Automatic measurements with dosimeter #A0151

Mean dose rate (uGy/h)
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Monthly read-outs
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EVA doses

DEVA,exrra = DEVA,readour - Dref,readam (1)

DEVA,ref = dref,read(mr * IEVA (2)

Divaexira + DEva res
dEVA,mean = (3)
[EVA

 Dosimeters used for EVA dosimeter: A0152, A0153, A0402, A0403

* For reference dosimeter: A0O305, A0408
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EVA doses (example)

US EVA-81; Nov. 15, 2022. 14:14-21:25 UTC:; duration 7 hrs 11 min
Reference dosimeter:

"

Total readout

Dosimeter |  dose [UGy] Devaexra [HGY] | evamean [HGY/h]
(time [h])
A0152 649 (49.4) 139 28.8
A0153 864 (49.4) 354 58.7

RS EVA-56; Nov. 17, 2022. 14:39-21:07 UTC:; duration 6 hrs 25 min ==

03 Sept 2024

Reference dosimeter:

Total readout

Dosimeter dose [uGy] Devaextra [HGY] deva,mean [HGY/h]
(time [h])
A0152 1430 (45.6) 968 161
A0153 1680 (45.6) 1221 200
27t Workshop on Radiation Monitoring on Internation Space Station , Boulder, CO 13
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Comprehensive analysis of Pille EVA

doses
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Dose measurements with the Pille-1S
thermoluminescent dosimeter system during
extravehicular activities (2004-2022)

extravehicular activities (2004-2022)

Parik Pincaés™, At Hire®, Itvia Apithy®, Sindoe Deme. Konstantin 0. Isozemtser®, Olga A Ivanova®, Vyacheslay A
Sheralon® 5

.14 Budepest. 1121, Hunpery
123007, Moscow. Russian Fedenation

« Manuscript to be submitted to LSSR soon

the most problesmatic goals for radiation sl
¢ itics (EVA|
42 Research Network (HUN-REN
“easastments no aly inside the spacecraft

decades termatsonal Spoce I

ng extra vebacular

1SS trajecaory

tlantic An

e EMU) and Ortay
ol scenario (without $44

EMU pacesait: and 103 ¥Gy/h ca

< 1 condtions,
Boas provided by two kinds

» Results are only for information of the WRMISS
community

g during EVA) are

264Gy,
e, with may WGy

00 avera,
S value of 25 WGy foe o
% on average regardiess the sl
e 10 the EVA is sl

"th mavimym

Saadar, S! iy 5
. di\\.;:i\: dosimeter. T sob !h’:~ [vmv(N:.\\
iolved cebogrd l\S]nv!N;\ . o P.]

the skin dose can he

Keywonty e

Iteraytice,
L ¢ MeISRmENtS starting from

! Spe

xtivay < Station

(VA come 2220 055, el doiny thermol
i g molum

eSCent dosimetry, pijge Meter, hy
ry dosi CXravehicylyy
“

« 131 EVA doses were recorded in different conditions (solar e
activity, ISS trajectory along the SAA, and shielding
conditions provided by two kinds of spacesuits: the
Extravehicular Mobility Unit (EMU) and Orlan).

Activities haye

Possible
v e whea ISS 7y,
d Bengh; S

181). Considering

506 16 hory,
o ) S
Ui oeity T
ol missjon g

03 Sept 2024 27t Workshop on Radiation Monitoring on Internation Space Station , Boulder, CO




R hD + t retrieval system, or transmitted in any form, or by means electronic, mechanical,
esearc eparimen photocopying or otherwise, either with the prior permission of HUN-REN Centre for Energy
Research.

\ \_/ Ref.: UKL2024-EK-SCI-HO-0003_01_00
/ Ce ntr‘e for 7 N Template: UKL2023-EK-PQA-HO-0003_00_01
\J E R h (( )) PA @EK-UKL 2024 The copyright in this document is vested in HUN-REN Centre for Energy
. . Research. This document may only be reproduced in whole or in part, or stored in a
R E N o nergy Researc ) 4 S CE

Pille mean EVA dose rates (2004-2022)

- Dosimeter in a T aE o
pocket on the outside 15 TN
of the spacesulit:

* Orlan: at the leg

« EMU: at the
shoulder? (TBC) -

Source: IBMP RAS
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Pille mean EVA dose rates (2004-2022)

* Difference: most probably 40/
due to different shielding
configuration
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Pille mean EVA dose rates (2004-2022)
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Pille mean EVA dose rates (2004-2022)

- Based on Pille-ISS EVA measurements, the mean dose rates during EVA with
SAA crosses are at least 30% higher on average for both suits.

* The maximum increase based on median values are 70% for EMU and 54%
for Orlan.

« The large difference between the mean EVA dose rates measured on Orlan
and EMU (different shielding conditions of the Pille ISS dosimeter): the shin
(Orlan) are exposed to a higher solid angle compared to the tool bag (EMU).
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Upgrade of the Pille-MKS system with
new type of Pille dosimeters
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Motivation

* Pille electron sensitivity
can be increased by
removing the protective
metal case (Hirn, 12t
WRMISS, 2007)
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Depth-dose curves for GCR and ERB protons and electrons at
ISS orbit (400 km altitude, 51.69 inclination) in solar maximum

and minimum*

1000 -
——GCR Solar Max
N — —ERB-P Solar Max
10 S E— ERB-E Solar Max
“.._ Gloves and helmet s Mm_
e T e i ERB-P Solar Min
i P ’ - --ERB-E Solar Min
______ ™, Pille sensor
) : \
S s |
& 14 = e N —
£ § e S 0 S
o)
0,1 - ”
*Kartashov,Shurshakov
Acta Astronautica 144,
201]8.
0,01 T T i
0,1 05 1 10 100

X, g/cm?

Skin and eye lens shielded ~0.4 and ~ 0.5 g/cm? thickness by spacesuit

parts (gloves and helmet).
Pille sensor has ~0.9 g/cm? thickness.

“~— Gorokhova et al 2018
\\\M 239 WRMISS, Tsuruga, Japan, September 2018
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New type of Pille dosimeters for EVA

Envelope Total Shielding Al- Minimal energy of
dimensions mass,g  equivalent in the low penetrating
lateral direction, cosmic particles,
g-cm_2 MeV
Standard 120 mm x 90 1.6 Electrons: 3.2 MeV
PILLE-ISS ?23 mm Protons: 30 MeV
Dosimeter
Modified 42 mm x 10 0.5 Electrons: 1.2 MeV
PILLE-ISS ?13 mm Protons: 16 MeV
Dosimeter

#A0402, #A0403, #A0404, #A0406, #A0408
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* Pre-flight calibration with 150 MeV protons I—Rm;m——ﬁ
* On-board cross-calibrations M T —
« Variability of the relative TL sensitivities does not exceed (5—-
10)%
* The additional EVA dose did not exceed (0.37-0.75) mGy (in
water).

 consistent with the previous readings of other dosimetric
equipment installed on the outer surface of ISS,

« also consistent with the readings of other onboard instruments

(such as onboard dosimeter R-16). Hirn et al 2024
(Radiat Meas 177, 107255)
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In memoriam Sandor Deme

» The father of the Hungarian space dosimetry activities (esp. Pille, TRITEL)

« Contributions to radiation protection and safety of space station crew (and
workers in nuclear facilities)

» Motivating teacher/supervisor, friend

Sandor Deme (1936 — 2024)

WRMISS in 2013 in Budapest
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Thank you for your attention!

Hungarian Research Network (HUN-REN) Centre for Energy Research (EK),

Space Research Department:
https://www.ek.hun-ren.hu/en/space-research-department/

hirn.attila@ek.hun-ren.hu
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