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Radiation Monitoring for Crew and
Space Vehicle

U Console Operations Support

A 24 hours Contingency Support
A 4 hour/day Nominal Support

U Active Radiation Detectors

A Tissue Equivalent Proportional Counter
(TEPC)

A Charge Particle Directional Spectrometer
(CPDS)
A Anomalous Long Term Effects in Astronauts

(ALTEA)

U Passive Radiation Detectors

Ve

A Crew Passive Dosimeter (CPD)
A ISS Radiation Area Monitor (RAM)

A Shuttle Passive Radiation Dosimeter




SRAG Operational Radiation

Measurements on ISS and Shuttle

U Current configuration of CPD/PRD/RAM
A 6 Luxel (AL,0,:C); 5 TLD-100 (LiF:Mg,Ti); 5 TLD-300 (CaF,:Tm); 3 TLD-600
(6LiF:Mg,Ti); 3 TLD-700 (’LiF:Mg,Ti); 2 PNTD (CR-39)

U Luxel: Risg TL/IOBIA15C/D Reader

A Light Stimulation: A = 525 nm; power ~ 43 mW,/cm?

A Optical Filtration: emission filters Hoya U-340 (7.5 mm)
A Pre-irradiation Bleaching: 2-3 minutes

A OSL Readout Time/Sample: 300 seconds

U TLDs: Harshaw 5500 TL Reader

A Pre-irradiation Annealing: 1h @ 400°C, slow cool (LiF); 1h @ 400°C & 2h @
100°C, fast cool (CaF,)

A Post-irradiation Annealing 30 min @ 100°C

A TL Readout: heating rate = 6°C/s; read to 400°C

U CR39: Zeiss Axioskop 40 Microscope

A Etching: 38 h, 60°C, NaOH (6.25N) Radiation Dosimetry Report
A Manual Scanning OSL/TL Dose Data (I6kET)
CR39 Dose Data (high.ET)

Dose Equivalent & Quality Factor
TEPC Data
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ISS Expd. 18 & 20 RAM Measured Dose
Rates

ISS Expedition 18-ULF2 (11/15/08-07/31/09; 358.5 km) ISS Expedition 20-2J/A (07/15/09-02/22/10; 351.1 km)
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ISS RAM Locations ISS RAM Locations

High absorbed dose rateSvi Crew Quarters; LAB: Lab window

Low absorbed dose ratesAB Sleeping Station; LAB Pharmaceuticals storage;
Node 2: Crew Quarters; Columbus




ISS Results: Expd. 18-ULF2 Radiation
Dosimetry Report Data

Dosimeter/
Location

Dosimeter
Type

Measured
Dose

(mGy)

Low-LET
Dose

(mGy)

High-LET
Dose
(mGy)

Total Dose
(mGy)

Dose
Equivalent
(mSv)

Quiality
Factor

SM-P327/
Overhead, forward
of treadmill

TLD-100

58.06N0.97

52.91N1.01

TLD-300

64.18N1.42

56.32N1.48

Luxel 300s

59.20N0.66

54.17N0.71

9.49N0.49

62.40N1.12

188.29N7.02

3.02N0.11

65.81N1.55

191.70N7.10

2.91N0.11

63.66N0.86

189.55N6.98

2.98N0.11

SM-P442/
Inside Stbd SM CQ
outboard wall aft
upper corner

TLD-100

81.09N1.59

73.01N1.65

TLD-300

91.02N2.27

78.79N2.36

Luxel 300s

86.88N 1.65

79.01N1.70

14.50N0.76

87.51N1.81

246.22N9.23

2.81N0.11

93.29N2.48

252.00N9.38

2.70N0.10

93.51N1.86

252.22N9.24

2.70N0.10

LAB1_TESS/
Temporary Sleep
Station
(07/15/0904/20/10)

TLD-100

45.74N1.06

40.45N1.10

TLD-300

50.28N0.68

42.38N0.81

Luxel 300s

48.12N0.75

42.98N0.80

9.31N0.52

49.76N1.22

151.05N6.28

3.04N0.13

51.69N0.96

152.97N6.24

2.96N0.12

52.30N0.96

153.58N6.23

2.94N0.12

TEPC RAM
(NOD2PD; SM-P327;
NOD?2 outside/inside

Port/Stbd CQ;
JPM1FD3; LAB1-S4;

SM-P410)

TLD-100

58.04N1.16

51.61N1.22

TLD-300

63.03N0.86

53.38N1.02

Luxel 300s

60.35N0.16

54.10N0.39

11.45N0.66

63.06N1.38

189.71N8.05

3.01N0.13

64.83N1.22

191.48N8.03

2.95N0.12

65.55N0.77

192.20N7.97

2.93N0.12




ISS Results: Expd. 20-2J/A Radiation
Dosimetry Report Data

Dosimeter/
Location

Dosimeter
Type

Measured
Dose

(mGy)

Low-LET
Dose

(mGy)

High-LET
Dose
(mGy)

Total Dose
(mGy)

Dose
Equivalent
(mSv)

Quiality
Factor

SM-P327/
Overhead, forward
of treadmill

TLD-100

49.65N0.97

44.74N1.01

TLD-300

50.66N0.41

43.29N0.58

Luxel 300s

49.78N1.10

45.00N1.13

8.77N0.49

53.51N1.12

148.50N/5.88

2.78N0.11

52.07N0.76

147.05N5.82

2.82N0.11

53.77N1.23

148.76N5.90

2.77N0.11

SM-P242/
Inside Port SM CQ-
outboard wall aft
upper corner

TLD-100

62.81N1.23

56.51N1.25

TLD-300

63.09N0.89

55.06N0.96

Luxel 300s

60.36N1.09

55.20N1.11

9.94N0.42

66.45N1.32

176.46N5.26

2.66N0.08

65.00N1.05

175.02N5.20

2.69N0.08

65.15N1.19

175.16N5.23

2.69N0.08

LAB1_TESS/
Temporary Sleep
Station
(07/15/0904/20/10)

TLD-100

50.82N1.13

45.38N1.17

TLD-300

53.03N0.95

44.86N1.05

Luxel 300s

51.29N0.90

46.00N0.94

9.58N0.51

54.96N1.28

152.75N5.88

2.78N0.11

54.44N1.17

152.23N5.86

2.80N0.11

55.58N1.07

153.37N5.84

2.76N0.11

TEPC RAM
(SM-P327; COL1A3
NOD2P3; JPM1FD3)

TLD-100

43.43N0.76

38.59N0.81

TLD-300

45.17N0.61

37.92N0.74

Luxel 300s

45.93N0.75

41.23N0.80

8.41N0.49

47.00N0.95

132.52N5.58

2.82N0.12

46.32N0.89

131.85N5.57

2.85N0.12

49.64N0.94

135.16N5.57

2.72N0.11




ISS Expd. 18 & 20 RAM Dose Eq and Q

ISS Expedition 18/ULF2 | ISS Expedition 20/2J/A | _

 SM-Pa42
_swpaz7 SR
LAB-TESS
SRS t, e

Radiation Quantities

0
Q
=
—
C
@©
>
o
c
9
I
©
©
o

B Measured Dose (WGy/d) |---mmmmmmmmmmmm e
@ Dose Equivalent (nBv/d)
€@ Quality Factor

RAM Locations RAM Locations




Measured Dose (nGy/day)

ISS Expd. 16, 18 & 20 RAM Dose Rates
Node 1 & Airlock

—HB— ISS 20/2J/A (07/15/09 - 02/22/10); Altitude = 351.1 km
—@— ISS 18/ULF2 (11/15/08 - 07/31/09); Altitude = 358.5 km
ISS 16-17/1J/A (03/11/08 - 11/30/08); Altitude = 353.2 km
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Measured Dose (nGy/day)

ISS Expd. 16, 18 & 20 RAM Dose Rates
Service Module & US Lab

—Hm—ISS 20/2J/A (07/15/09 - 02/22/10); Altitude = 351.1 km
—@— |SS 18/ULF2 (11/15/08 - 07/31/09); Altitude = 358.5 km
ISS 16-17/1J/A (03/11/08 - 11/30/08); Altitude = 353.2 km
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ISS Expd. 16, 18 & 20 RAM Dose Rates
Node 2 & JAXA Kibo Module

—Hm— ISS 20/2J3/A (07/15/09 - 02/22/10); Altitude = 351.1 km
—@— ISS 18/ULF2 (11/15/08 - 07/31/09); Altitude = 358.5 km
ISS 16-17/1J/A (03/11/08 - 11/30/08); Altitude = 353.2 km

—Hl— [SS 20/2J/A (07/15/09 - 02/22/10); Altitude = 351.1 km
—@— ISS 18/ULF2 (11/15/08 - 07/31/09); Altitude = 358.5 km
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ISS Expd. 16, 18 & 20 RAM Dose Rates
ESA Columbus Module

—Mm— |SS 20/2J/A (07/15/09 - 02/22/10); Altitude = 351.1 km
—@— ISS 18/ULF2 (11/15/08 - 07/31/09); Altitude = 358.5 km
ISS 16-17/1J/A (03/11/08 - 11/30/08); Altitude = 353.2 km
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ISS Expd. 16, 18 & 20 RAM Dose Rates
ESA Columbus Module

—HB— ISS 20/2J/A (07/15/09 - 02/22/10); Altitude = 351.1 km
—@— ISS 18/ULF2 (11/15/08 - 07/31/09); Altitude = 358.5 km
ISS 16-17/1J/A (03/11/08 - 11/30/08); Altitude = 353.2 km
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DOSIS 1 Results (07/15/09 -11/27/09)
ESA Columbus Module

Luxel 300s
I L uxel (300s)
B TLD-100 (MP) 174 — 250 uGy/d

I TLD-300 (HT)

Al
o

TLD100
174 — 249 uGy/d
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DOSIS 1 Results (07/15/09 -11/27/09)
ESA Columbus Module

@ DOSIS 1 (07/15/09 - 11/27/09)
B 2J/A (07/15/09 - 02/22/10)

CPD Dose

.
. S &

EPM EDR

123 456 78 910X
DOSIS 1 Box

DIONYIS
(07/15/09-11/27/09)

MIN 178 +4 uGy/d
MAX 257 + 3 uGy/d
Det#5 (EPM location)
189 + 2 uGy/d

ISS RAMSs 20/2J/A
(07/15/09-02/22/10)

EPM 200 *+ 4 uGy/d
EDR 192 +5 uGy/d



ISS CPDs/RAMs vs. TEPC Quality Factors
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ISS CPDs (all flights)

AQ(CPD) is 13 % higher than Q(TEPC)

Aratio of Q(CPD)/Q(TEPC) per flight
varies between 3% to 21%

Quiality Factor
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O ISS TEPC Total
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ISS flights (2008-present)

ISS RAMs (all flights)

AQ(RAM) is 17 % higher than Q(TEPC)

Aratio of Q(RAM)/Q(TEPC) per flight
varies between 13% to 22%




Shuttle CPDs vs. TEPC Quality Factors

SETEELLELIS L

Quiality Factor

6 8 10 12 14 16

STS flights (2006-present)

Shuttle CPDs (all flights)
AQ(CPD) is 1% higher than Q TEPC

Aratio of Q(CPD)/Q(TEPC) per flight is
within error bars




Differential LET Spectrum (Fluence)
(ISS-ULF2: Inclination 51.6°, 11/15/08 - 07/31/09, 259d)

with TEPC
at SM-P442
at SM-P327
at TESS
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Differential LET Spectrum (Flux)
(ISS-ULF2: Inclination 51.6°, 11/15/08 - 07/31/09, 259d)
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Differential LET Spectrum (Fluence)
(ISS-ULF2: Inclination 51.6°, 11/15/08 - 07/31/09, 259d)

with TEPC
at SM-P442
at SM-P327
at TESS
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Particles/(cmz.sr.keV/pm water)
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Differential LET Spectrum (Fluence)
(STS-125: Inclination 28.5°, 500 km, May 2009, 12.9d)
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Radiation measured without (*) and with fading (*) correction
for CR39 sensitivity (values include background)

Mission
(Time)

Exposure
Position

Absorbed Dose
G10keV/ Om

Dose Equi. (ICRP60)
wat 20 )kev/ O

Q
m Pacdolr e

(Days)

(mGy)

(mSv)

Matroshka-1
(616)

P1
Eye
Stomach
R1
R2

29.90"/ 36.94*
14.94 / 21.60
14.96/ 18.89
13.90/17.93
13.85/17.55

270.977/ 437.00*
176.59/274.82
156.95/246.13
148.74/217.31
135.29/215.04

9.06"/ 11.83*
11.82/12.72
10.49/13.03
10.70/12.12
9.77112.25

Matroshka-2
(367)

P1
Eye
Stomach
R2

10.86/12.90
9.13/10.99
8.40/9.66
11.23/12.97

121.10/150.66

106.88/134.48
96.23/118.82

123.85/152.16

11.15/11.68
11.71/12.24
11.46/12.30
11.03/11.73

Expedition 12
(190)

TEPC
TESS
SMP327
SMP442

5.31/6.19

4.92/6.22

5.31/6.83
7.99/10.59

60.06 / 69.03
59.21/68.89
68.98 /78.48
89.05/105.61

11.32/11.15
12.04 /11.08
12.98/11.49
11.14/9.97

Expedition 13
(183)

TEPC
TESS
SMP442

4.90/6.23
4.55/6.18
7.98/9.31

65.33/74.20
64.09/73.39
94.90/109.95

13.33/11.91
14.09/11.88
11.89/11.81




A comparison of radiation quantities measured with J$EPC and CB39
(Fading correction applied to CB9, ICRP60)

Absorbed Dose Equivalent Q
Space Mission Dose (TEPC / CR-39) Factor
(TEPC / CR-39) (TEPC / CR-39)

I T N O

Expedition 12 31.70/31.39 346.56 / 348.18 10.93 /11.09
Expedition 13 31.31/30.54 356.58 / 359.97 11.39/11.79
Matroshka-2 (R2) ~ 34* [ 33.08 ~ 390* / 388.39 11.47*/11.74

* Not the exactly location and exposure time period as Matroshka-2.




~adlation Oua = ompinea 1ro @ -8R
aple: Radlation QOua oMmpineag
=P 00. combinedq a s Talte
Detector TL/OSL Dose TL/OSL Dose CR-39 Total Total Dose Q
Location Type Low LET(Q=1) | High LET(Q>10) Dose Equivalent All LET
(mGy) (mGy) (mGy) (MmSv)
ISS-1JA TLD-100 4591 +£0.78 55,70+ 0.87 | 159.96+4.63 | 2.87 +£0.08
EDR TLD-300 42.45 +1.86 9.79+0.39 52.24+1.90 | 156.50+4.93 | 3.00+0.09
(265d) OSLD-300s 48.41 + 0.64 58.21+0.75 | 16246+4.61 | 2.79+0.08
OSLD-3s 49.92+1.04 50.71+1.11 | 163.97+4.68 | 2.75+0.08
TLD-100 4796 +£1.13 58.70+1.29 | 171.75+7.22 2.93+0.12
ISS-ULF2 TLD-300 46.23 +1.21 56.97+1.36 | 170.02+7.24 | 2 98+0.13
EPM OSLD-300s | 44.70 +1.52 10.74£0.62 | 55 454164 | 168.49£7.29 | 304 +0.13
(259d) OSL-3s 43.50 + 2.85 54.24+2.92 | 167.29£7.68 | 3.08+0.14
DOSIS TLD-100 24.00 = 0.50 29.08 + 0.57 77.80 = 3.05 2.68+0.10
JSC-11(x)* TLD-300 24.36 + 0.45 5.08 £+ 0.27 29.44 + 0.52 78.16 + 3.04 2.65+0.10
(135d) OSLD-300s 24.76 + 0.69 29.84 £+ 0.75 78.56 + 3.09 2.63+0.10




Integral LET Spectrum (Dose Equivalent, ICRP 60)
(STS-125: Inclination 28.5°, 500 km, May 2009)

I I I I I I LI I I [ I I I I |

e—e (CR-39: PRD-2
e—e (CR-39: PRD-1

4~ -4 (CR-39: with TEPC
- = TEPC

)(Sv/d)
S

Gt
=
-

IIIIIII

|

\__

A

=
=
—
&
3
o
—
[}
n
O
-

—
-

10°
LETinf_(keV/pm water)




Particles/(cmz.sr.keV/pm water)
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Differential LET Spectrum (Fluence)
(STS-125: Inclination 28.5°, 500 km, May 2009, 12.9d)
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Radiation measured with TEPC and CR-39
(STS-125 &

Detector

STS-125
CR-39: PRD-1

CR-39: PRD-2
JSC-TEPC
CR-39 with TEPC
STS-126

CR-39: PRD-1
CR-39: PRD-2

Absorbed
Dose

(mGy/d)

0.170+0.014

0.364+0.023
0.195+0.002
0.182+0.016

0.031+0.002
0.044+0.003

126,

Dose
Equivalent

(mSv/d)

1.934+0.156

4.033+0.250
1.721+0.018
1.835+0.163

0.357+0.017
0.498+0.038

O 10

keV/ O

Q

Factor

11.34+0.92

11.09+0.69
8.84+0.09
10.08+0.89

11.70+0.57
11.43+0.88




Table: Radiation combined from TL/OSL and CR-39
(STS-125, ICRP 60, combined at 10 keV/um water)

TLD/OSLD
Type
TLD-100
TLD-300
OSLD-300s
OSL-3s

TLD-100
TLD-300
OSLD-300s
OSLD-3s

Detector

Dose TL/OSL
Low LET(Q=1)
(MmGy)
18.26 + 0.36
17.75 + 0.47
18.76 £ 0.48
19.94 £ 0.75

52.38+£0.79
52.61+1.14
52.18 £1.55
55.60 £ 1.97

Dose CR-39
High LET(Q>10)
(mGy)

2.20+0.18

4.69 +0.29

20.45+0.41
19.95+0.51
20.96 £ 0.51
22.14 +0.77

57.06 £0.84
57.30+1.17
56.87 +£1.58
60.30 + 1.99

Total Dose
Equivalent
(mSv)

43.20 + 2.05
42.70 £ 2.07
43.71 £ 2.07
44.89 + 2.15

104.40 + 3.32
104.63 + 3.42
104.20 + 3.58
107.63 + 3.78

2.11+0.10
2.14+0.10
2.09+0.10
2.03+0.09

1.83 +£0.06
1.83 +£0.06
1.83 +£0.06
1.79+0.06




Next

A 1SS-RAD
i ~Q3 2013
A Crew active dosimetry
I 2digit dimensions (mm)
I <100g
I >10d on battery
I Z, E spectra/discrimination
A Purpose is direct risk estimation
A Mars/NEO thoughts
i Collaborations?
A JSC CR-39
I NASA current uncertainty
I Operational synergy between console ops and laboratory needs
I Systematics to TEPC
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For the isotropic radiation field, the differential fluence F is:

The differential absorbed dose (Gy) is then

The differential dose equivalent is obtained as DosexQ, where Q
IS the quality factor recommended by ICRP-60.

The integral spectrum is generated by summing the differential
spectrum from high LET to low LET.

The average quality factor is calculated by
Q (O LET) = integral dose equival el

The relationship of LETD -B9s:wat er
Log (LET, water) = 0.1689 + 0.984log (LET,,, CR-39)




DOSIS 1 Data Comparison
ESA Columbus Module

Detector [EPM Measured Dog EDR Measured Dog

(LGyday )

(UGyday )

ISSExpd 16/1J/A

JSETLD100

200.6+ 2.8

194.4+ 2.8

(03/11/08-11/30/08)

JSETLD600

201.7+5.9

208.7+5.1

JSETLD700

207.1+4.0

200.1+ 3.6

DLRTLD600

214.2+0.4

217.7+0.3

DLRTLD700

208.2+0.6

203.4+2.5

JSETLD100

205.1+ 3.6

193.9+5.3

ISSExpd 20/2J/A
(07/15/09 - 02/22/10)

JSETLD300

200.7+6.0

194.6+5.0

JSETLD700

190.4+ 2.0

201.0+2.4

JSETLD100

183.9+ 2.3

JSETLD300

198.2+1.2

DOSIS -Det 5SEPNM

DLRTLD300

236.8

(07/15/09 - 11/27/09)

DLRTLD600

245.4

DLRTLD700

231.5







AChemical etch (bulk etch <~ 25 um);
AManual scan;
ADip angle correction:;

AStrict LET calibration;
A Strict background subtraction.

So, LET spectra measured with SRAG CR-39
detectors agree well with those from JSC-TEPC.

VA



A Chemical etch of de













To combine the dose and dose equivalent measured by
TLDs/OSLDs and by CR-39 PNTDs,

IS needed and can be calculated by the formula:

where IS the differential dose measured by
the CR-39 detectors, IS the
Integral absorbed dose measured by CR-39 and IS

the detection efficiency of the TLDs/OSLDs.
The formula indicates that the higher the detection
efficiency, the higher the average detection efficiency.




IS then
1S
IS given by:

where (TLDs/OSLDs, Q=1) is the dose equivalent for
low LET measured by TLDs and OSLDs and the quality

factor is 1, is the dose equivalent ( Q0 keV/pm
water) measured by CR-39 PNTDs.

The above expression is essentially the same as that
recommended by NCRP (NCRP report 142, 2002).

Q iIs then




