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Table 1. IRPA 7 Congress Committees.

International Congress Organising Committee

R. ROSEN,
Chairman,

IRPA Vice-President for Congress Affairs

1. C. E. BUTTON,
Scientific Secretary
D. A. WOODS,
Secretary General

International Congress Program Committee

A. P. SLE. CARDEW,
Treasurer

D. ]. HIGSON,
Publications Co-ordinator
A. W. FLEISCHMANN,
Exhibition Co-ordinator

H. BRUNNER, A. HEFNER,
Chairman, Switzerland Austria
J. C. E. BUTTON, G. J. KOTELES,
Scientific Secretary, Australia Hungary
R. ROSEN, R. V. OSBORNE,
Australia(ex-officio) Canada
J. AKAISHI, M. H. REPACHOL,
Japan Australia
G. BENGTSSON, R. H. THOMAS,
Sweden U. S A
R. J. BERRY, G. UZZAN,
U. K. France
F. FLAKUS, G. A. M. WEBB,
IAEA U. K
Table 2. Program at a glance.
DATE TIME SCIENTIFIC OTHER SOCIAL
Sunday Morning Registration Mounting of Poster
10 April Presentations
Afternoon Registration
Evening Hospitality Evening
Monday Morning Opening Ceremony |Opening of Technical
11 April Sievert Lecture Exhibition
Afternoon Concurrent Sessions
Evening Australiana Night
Tuesday Morning Plenary Lecture
12 April Concurrent Sessions
Afternoon Concurrent Sessions
Evening A Night at the
Sydney Opera House
(optional)
Wednesday Morning Plenary Lecture
13 April Concurrent Sessions
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DATE TIME SCIENTIFIC OTHER SOCIAL
Afternoon Concurrent Sessions|General Assembly
Free
Evening Free
Thursday Morning Plenaiy Lecture
14 April Concurrent Sessions
Afternoon Concurrent Sessions |Associate Societies
Forum
Evening Congress Dinner
(optional)
Friday Morning Concurrent Sessions
15 April
Afte rnoon Plenary Session Closure
Saturday Morning ‘Technical Visits
16 April
Sunday Morning
17 April Afternoon
Evening ICRP Sixtieth
Anniversary
Table 3. Scientific program sessions by topic.
Session No.
ACCELERATOR SAFETY 5
ASSOCIATE SOCIETIES FORUM 17
BLOLOGY
Experimental Biology, Carcinogens and Teratogens 2d
Metabolism and Carcinogens 2a
Radiocativity in Beagles 2c
CERTIFICATION OF HEALTH PHYSICISTS 11b
CONTAMINATION FROM WEAPONS TESTS 7b
ENVIRONMENTAL TRANSFERS AND MODELLING 7a
ICRP
Plenary Session 16a
Panel 16b
INDUSTRIAL PRESENTATION 15b
INSTRUMENTATION
Environmental Monitoring 8a
General Instrumentation 8b
Industrial 8g
Internal Dosimetry Measurements 8e
Internal Dosimetry, Models, Basic Standards 8f
Neutron Dosimetry 8¢
Personnel Dosimetry 8d
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MANAGEMENT OF RADIOACTIVE MATERIALS
Contamination, Handling, Transport, Recycling, Disposal 9b
MEDICAL RADIATION EXPOSURE 4
NATURAL RADIATION i 6b
Radon Behaviour and other Aspects 6¢c
Radon in Dwellings 6a
Radon in Mining '
NON-IONISING RADIATION
Plenary Session 13a
Bioefiects, Surveys and Safety 13b
Electromagnetic Fields 134
Optical Radiation, VDTs 13c
NUCLEAR FUEL CYCLE
General 12a
Occupational Exposure 12b
OPERATIONAL SAFETY 14
RADIATION ACCIDENTS
Accident Scenarios, Medical Treatment 10c
Chernobyl (i) 10a
Chernobyi(ii) 10b
Emergency Procedures 10d
REGULATORY DEVELOPMENTS 3
RISK
Plenary Session la
Radiation Risks in Perspective 1b
TRAINING, EDUCATION, COMMUNICATION 11
ARt Program £ ¢fo|t},
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Table 4. Plenary oral presentations.

Title

Author(s)

Risk

1. How Safe Can We Be ?

2. Optimisation in Medicine : The
Potential and the Problems

3. International Approach towards Trea-
ting Radiation Exposure with Proba-
bilities Less than One

ICRP

1. Evolution and Trends of the Concept
of Dose Limits

2. Recent Biological Developments of
Importance in Radiation Protection

3. ICRP and the Radon Problem

4. ICRP Activities in Medicine-The
Development of Comprehensive Guides
to Good Practice

B. Lindell(Sweden)

G. A. M. Webb, J. R. Croft and
B. F. wWall(U. K)

J. U. Ahmed and A. ]. Gonzalez
(Austria)

D. Beninson(Argentian)
W. K. Sinclair(U. S. A)

B. Lindell(Sweden)
R. J. Berry(U. K.

Table 5. Program summary.

MONDAY, 11 APRIL
9.00a.m. OPENING OF CONGRESS
SIEVERT LECTURE
11.15a.m. OPENING OF SCIENTIFIC AND TECHNICAL EXHIBITION
1. 45p. m. (1b) RISK (8b) INSTRUMENTATION  (5) ACCELERATOR

Radiation Risks in General SAFETY
Perspective Instrumentattion

3. 55p. m, (2a) BIOLOGY {6c) NATURAL (8c) INSTRUMENTATION
Metabolism and RADIATION Neutron Dosimetry
Carcinogens Radon in Dwellings

TUESDAY, 12 APRIL
8 30a.m. PLENARY : (13a) NON-IONISING RADIATION
10. 20a. m. (13¢) NON-IONISING {(6a) NATURAL RADIATION(8c) INSTRUMENTATION

RADIATION Radon in Mining Personnel
Optical Radiation, VDT's Radon in Dwellings Dosimetry

1 15p. m. (13b) NON IONISING (8a) INSTRUMENTATION (12a) NUCLEARFUEL
RADIATION Environmental CYCLE
Bioeffects, Surveys Monitoring General

and Safety
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3. 25p. m, (13d) NON-IONISING (7a) ENVIRONMENTAL (4) MEDICAL
RADIATION TRANSFERS RADIATION
Electromagnetic Modelling EXPOSURE
Fields
WEDNESDAY, 13 APRIL
8. 30a.m, PLENARY : (1a)RISK
10. 30a. m, (10c) RADIATION (6b) NATURAL (3) REGULATORY
ACCIDENTS RADIATION DEVELOPMENTS
Accident Scenarios Radon Behaviour
Medical Treatment
1. 40p. m, (10d) RADIATION (8g) INSTRUMENTATION (11b) WORKSHOP
ACCIDENTS Industrial Certification of
Emergency Health Physicists
Procedures '
THURSDAY, 14 APRIL
8. 30 a.m. (PLENARY : (16a) ICRP
10.40 am.  (2c) BIOLOGY (10a) RADIATION (8e) INSTRUMENTATION (15b) INDUSTRIAL
Radiotoxicityin ACCIDENTS Internal Dosimetry PRESENTATIONS
Beagles Chernobyl (i) Measurements
150 pm.  (2d) BIOLOGY (9a) MANAGEMENT OF (14) OPERATIONAL
RADIOACTIVE SAFETY
MATERIALS
Recycling, Disposal
4.20 pom  ASSOCIATE SOCIETIES FORUM
FRIDAY, 15 APRIL
830 am.  (9b) MANAGEMENT OF (7b) CONTAMINATION (8f) INSTRUMENTATION
RADIOACTIVE FROM WEAPONS Internal Dosimetry
MATERIALS TESTS Models, Basic
Contamination Handling Standards
Transport
10. 30 a.m. (12b) NUCLEAR FUEL (10b) RADIATION (11a) TRAINING
CYCLE ACCIDENTS EDUCATION
Occupational Exposure Chernobyl (ii) COMMUNICATION
1.40 p.m. PLENARY : (16b)ICRP-PANEL
LS. 40 p.m. CLOSURE OF CONGRESS
Chaing 5% A ol-A el 8t 4 Modelling, 4 Bl g Ao U3 FolE A3 o]H Models EZE3e
A Model® 23 2 Chernobyl Al F o =339 o A 719" ALS A1k vt §9, Plen-
H) 2 (2)Indoor Radon®ll 7191¥ #gfdkdnra oF ary SessionolA] HRF JAF=F 7H HEE T

23 A, 98«59 v
¢ A, 2231 (3) Final Remarks ©lt}h #% &7
AA BAALs TAY REA I NEB A
I A gels) AiE R ARe upAbg #3 3

2 21 ¥ Models : &4

@3] et o 2o
(1) How Safe Can We Be ? by B. Lindell, Swedish
National Institute of Radiation Protection, Stockholm,

Sweden
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(2) Optimisation in Medicine : The Potential and
the Problems by G. A. M. Webb, J. R. Croft and B. F.
Wall, National Radiological Protection Board, Chilton,
U. K
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J. U. Ahmed, International Atomic Energy Agency
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(4) Evolution and Trends of the Concept of Dose
Limits by D. Beninson, Energia Atomica Argentina
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(5) Recent Biological Developments of Importance’
in Radiation Protection by W. K. Sinclair, NCRP, U.
S. A
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(6) ICRP and the Radon Problem by B. Lindell,
Swedish National Institute of Radiation Protection,
Stockholm
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Berry, ICRP, U. K.

o] =BE ASE Xeray AAV} AAA A
FApdol e HE%o) 78 299 ARstAA
WAL Aol E YT FOIE TN AL WA



el @ A 7 3 IRPA SAES3 S S8 £ yAdT 53 49

of thg ALARA 7ol H-g5oiof
At

oo
m[o
0%
b
_?L
=

adY 4 B9 ¥E RREY dPEREs 4
£ale) 2R BARAS) BAR Bobrh &9
M4, AR, HARF 7], AN D A
7\g e Sol 2HA S BAANA elA

ASo BE HAY PAIH 2. 24 UV, LASER, VDTs
5 Sauae A 2RNEs} A Eoke 2EE
3ok A a WAL Rolol A 27 A] AFEES &
sty oS 7 2k
(1) Limitation of Exposure to UV in Comparison to
Ionizing Radiation ; Policies and Regulations
(2) Hazard Control Measures for Lasers
(3) Risks of Chronic Exposure of the Eye by Opti-
cal Radiation
(4) Solar Radiation and Ultraviolet Radiation Ex-
posure Standard
(5) Alleged Radiation Risks from Visual Display
Terminals
(6) Activities at the Swedish National Institute of
Radiation Protection (NIRP) for the Control of
Hazards from Non-Ioﬁizing Radiation
(7) Radiofrequency Radiation Safe Working Prac-

tices in the Royal Australian Airforce

2 =

9 9 ~Ed Yo} Sydney 44 Hilton Interna-
tional Hotel#} Centerpoint Convention Centreol| 4 %
8 A72F IRPA = A& 3ol Arlsle] BI5F uprt

Wol Wrix] AMgHe Wi G2 A A 2o

(1) IRPA 7 program £.2Foll Al B wpe} o] =
AR AP A Bu A ATY Roprh et
B 9 ste] ZelAe] ATEokst H]Iﬂéﬂ Eu
2o dpgers Supsior ¥ Hads FxIA &
2 4 gl

(2) 7u] ZbEo| A olu| WhALA FHA| o] G A S
SI el a A E7ISkT lEut Sl WA A
o @k 3 9Ele wE Aduiel TARE e FE
#7153l QoA SI 99l & EYatalol HA.

(3) A7re] AAEA g BH3td S el A of =}
oAb 9 o 2 A Radonoll #3 A79 #4wAs
| AepAlol S Qe WA S JlsE &
1ol A modelling 3+ A7 & $29 F4HE B8
o7 e Aol sATh

(4) vAbd ATl QlolA Fuel e F2 Aen
A3 Bk 2o B A7 AFHeR
Hi glod oo e vl A gAtde B A7
= A3 Zdo] YA FHIL &S Fts A

(5) "WhARA Abare] @3 A ool A Chernobyl
Ade] HE oj2irtxe TR E s 25T
net o gA 39 F485 E UTh

gorate, ) aapagol 8t 2] A9 RN
29 Sydneyth 8lo] Al s 2EE dolun
o A zrsle wpelw 1992 Fhubthel EE AN
MH D A2 #8xl [RPA ZA|stelol= f-8 33
o] 3)glo] U] @ol A7 & AVIE viEA B2
Instrument : neutron dosimetry®#2] poster ses-
siond] A WEE ATEE “Fidt Sz Wy
% Cf-252 24 A A9 HEESHE AAT

P o

&

o]

os

o?‘:‘,



50 HEHREEE et | H13% # 15 19884F

Emission Rate Measurement of a Cf-252 Neutron Source
by Manganous Sulfate Bath Method

Sun-Tae Hwang

Korea Standards Research Institute
P. O. Box 3 Taedok Science Town, Taejon, Korea

Kun Jai Lee
Korea Advanced Institute of Science and Technology

P. O. Box 150, Cheongryang, Seoul, Korea

1. INTRODUCTION

The manganous sulfate (MnSO,) bath method
has been in use over two decades for the most accu-
rate measurement of neutron emission rate. The
MnSO; bath system has been developed accordingly
and the bath system has been operated for the stan-
dardization of neutron measurements at the Korea
Standards Research Institute (KSRI) since 1986.
There are three types of the radioactive neutron sou-
rces - (y,n), (a,n) and spontaneous fission. In this
research work, a spontaneous fission source, Cf-252,
as the reference neutron source calibrated by using
a standard neutron source, Am-Be, is introduced to
determine the characteristics of the bath system in
terms of the bath system efficiency ( ¢ ), the satura-
ted manganese activity (A,), the inverse manganese
neutron capture fraction (f') and eventually the bath

system correction factor (Cp).

2. PRINCIPLE OF THE METHOD

Figure 1 shows the events which take place in
the MnSQO, bath tank made of s. s. 316L during a Cf-
252 neutron source calibration. The neutron source is

mounted at the center of a spherical bath containing

MnSO4 IN
DISTILLED WATER

25(n,p)
FAST NEUTRON
CAPTURE

NEUTRON
LEAKAGE

Fig. 1. Schematic Diagram of Principle of MnSO*
Bath Method

an aqueous solution of manganous sulfate. The solu-
tion is continuously stirred by the impellers and at
the same time pumped into a closed circulation sys-
tem through a detection system. Neutrons from the
Cf-252 source are thermalized in the MnSO, solution
and captured by the various nuclei. The ¥Mn resul-
ting from the capture of neutron by *Mn is measured

by the counting system in the MnSO, bath system.
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Fig. 2. Schematic Diagram of MnSO, Bath Circulation System.

The neutron emission rate of a Cf-252 source, Q,

is given by
Q=(AJe) - (') -Cr

Where f is fraction of neutrons captured by *Mn.
In the existence of impurities in the solution, the in-
verse ®Mn neutron capture fraction becomes[1]

£1=1 + (Niw/Nua) = (om/omn) * [(1+F8) /(1 +

GEs)mnl+ [1+ (Niw/Nuw) ] * (o05/0wn)
LQ+78)s/ (14 G wod + (Ny/Nyo)
(on/omn) * [1/(1+GEs) wn]

Where Nun, Ny, and N are the respective con-
centrations of manganese, hydrogen and impurities in
the solution. The factor 1+ Gfts allows for the reésona-
nce capture in manganese. In the notation of Westcott
et al. (2), s is the resonance activation integral, T is

the epithermal flux parameter averaged over the

MnSO, bath and G is the resonance self-shielding fa-
ctor for the solution. Rearraging eq. (1)after substitu-
ting eq. (2) into eq. (1), a straight line is fitted to the
data by the least squares method (3).

3. EXPERIMENTAL PROCEDURE

3.1 Measurement of Bath System

Efficiency.

A quantity of radioactive *Mn of high purity is
divided into portions by weight, some of which are
used to activate the bath and others are absolutely
measured by the 4nf—y coincidence counting techni-
que to determine the specific activity. To obtain the
efficiency, the mean counting rate of *Mn y-rays

measured by the MnSO, bath counting system and
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corrected for decay back to a suitable reference time is
divided by the ¥Mn activity measured absolutely and
corrected to the same reference time. Since this qua-
ntity is concentration dependent, € is determined at
least once for each concentration of the MnSO, solu-

tion.

3.2, Calculation of Saturated Manganese
Activity, A,

The "*Mn activity produced during neutron irra-
diations in the MnSO, bath tank is counted by the two
1.5"¢X 15" Nal(TD scintillation detectors equipped
in a 12.5-liter detector bath of s.s. Marinelli beaker-
type. A third detector monitors the room background.
The saturated activities are calculated using the com-
puter program taken from the Gilliam model (4] in
the growth and decay phases of *Mn activity. The pa-
rameters used in the calculation are the total number
of counts (C)) observed during the counting period
which began at a time after insertion of the neutron
source into the bath, the duration of the neutron irra-
diatien, the decay constants of *Mn and Cf-252, and

the mixing constants.

3.3. Calculation of Inverse Mn Neutron
Capture Fraction, !

To obtain the inverse **Mn capture fraction from
eq. (2), the necessary data are taken from Mughab-
ghab et al. [5] and Hwang et al. [6]. The Ny/Nu, ra-
tio is determined by the gravimetric method by dry-

ing and weighing samples of the MnSO, solution.

4. EXPERIMENTAL RESULTS

The neutron emission rate of the reference sou-
rce, Cf-252, calibrated by the comparative method to
the standard source, Am-Be, is determined to be 2.

804 x 107 n/s at the reference time, 12 : 00 on Ja-

DEB13% 15k 1988F

nuary 1, 1987 [7]. The bath system efficiency and the
inverse ®Mn neutron capture fraction, the saturated
manganese activity are given in Table 1 and Table 2,

respectively.

Table 1. Bath Efficiency, and Inverse Neutron Cap-
ture Fraction, f',

NH/NMn [ (1O_ECpS/dpS) f
58. 1940 1. 39124 2. 516576
71. 5885 1. 45298 2. 863080
90. 1026 1. 41049 3. 264893
111. 0581 1. 42946 3. 862142
135. 5322 1. 44882 4, 547975
151. 8478 1. 49337 4. 879742

Table 2. Saturated *Mn Activity, Ag.

N /Ny Ag (cps) in Ag (cps) in
i Growth Phase| Decay Phase

58. 1940 183. 3155 —

71. 5885 123. 7365 121. 9785

90. 1026 109. 9660 108. 3483
111. 0581 94. 4561 93.7351
135. 5322 81. 4288 79. 9259
151. 8478 74. 8195 74. 2268

According to the data, the following empirical fo-
rmulae as a function of Ny/Nw, ratio are derived by
the least squares fitting method :

From Table 1, Y, =6.3218x107 X*-1.8918x10X"
+1.8447x10% X+0.8441

and Y.1=25706x10°X+1.0066

From Table 2, Ys=-0.6703X +172.8656 ( Growth

phase of *Mn)
and Y,=-0.6026X + 163.1447 (Decay phase of
%Mn)

Substituting these results into eq. (1), the bath

system correction factor, Cr, is obtained at the refere-

nce time.
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5. CONCLUSION

From the graphic analysis of data obtained by the
manganous sulfate bath method, the bath system cor-
rection factors to the neutron emission rate can be
determined as a function of the Nj/Nu, ratio. Figure

3 shows the straight lines fitted to the data in order

G : Growth Phase( )

C i
1.2000 ;_ D ! Decay Phase( °)
D Y=-1.0538 X 10X +1.1449
1,1000 |~
o
® (]
— ©
1,0000 |- T . e 0
G Y=5.1426X10°X +1.1245

v,
T | } | |
0

50 100 150 Nu/Nwn

Fig. 3. Bath System Correction Factor,

to determine the unknown correction factor of a Cf-

252 neutron source for a given Nu/Nu, ratio in a

MnSO; solution. In comparison of the line in *Mn
growth phase with the line in *Mn decay phase, the
difference of the correction factors between them tu-
rns out to be a range of 0.77% to 1.88% to the factor

for growth phase.
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The Trends of Radiation Research
Grasped at IRPA 7 Congress
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ABSTRACT

Overall reviews of papers presented at the seventh IRPA International Congress (Aprill 10-17, 1988)
held in Sydney, Australia have been done in order to grasp the trends of radiation research. In this report,
the changing and increasing matters in the field of ionizing radiation safety as well as non-ionizing radiation
application are introduced to the KARP. In addition, a research paper, “Emission Rate Measurement of a Cf-

252 Neutron Source by Manganous Sulfate Bath Method”, presented at the IRPA 7 Poster Session is follo-
wed.



