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FOREWORD

Protection of workers and members of the public from undue risks from exposure to

ionising radiation in and around die nuclear facilities in the country through a comprehensive

system of radiation monitoring and surveillance has remained the principal aim of Health Physics

Division, BARC. hi pursuance of this objective, R&D programmes in related subjects have been

undertaken and pursued primarily with a view to improving the quality of service. The Power

Project Safety Section, the Environmental Studies Section, the Internal Dosimetry Section and the

Industrial Hygiene and Safety Section of the Division carry out these activities for various nuclear

facilities of the Department of Atomic Energy in the country. The Division also conducts Health

Physics Stipendiary Training Course annually and thus generates a trained manpower base to

ensure comprehensive safety in the nuclear facilities.

This report provides a brief account of R&D activities carried out in Health Physics

Division during the period. 1994-95 Taken together with similar reports brought out earlier, it

essentially ensures continuity. It contains abstracts of scientific papers and technical reports

published or presented as well as extracts from IAEA Co-ordinated Research Programmes and

theses submitted for the award of M.Sc./Ph.D. degrees by research by the staff members of the

Division during the two year period

I am sure that this consolidated report, although in a condensed form, will be a useful

source of reference for all those working in these and related areas.

(S.Krishnamony)
Head, Health Physics Division



ABSTRACT

This report is a compilation of various R&D programmes undertaken, continued

and / or completed by Health Physics Division of BARC during the period 1994-

1995. The findings and results of several types of investigations on topics ranging

from environmental studies, radiation dosimetry - internal and external, operational

health physics, micrometeorology, instrumentation and techniques and industrial

hygiene and safety are presented in the form of abstracts. The abstracts have been

arranged subject wise. References to the scientific papers and technical reports

published or presented have been included. Also included are extracts from IAEA

Research Agreements and the theses submitted for the award of M.Sc. / Ph.D.

degrees by research by the staff members of the Division during the two year period
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ENVIRONMENTAL STUDIES



1. TITLE 2. CATEGORY: A - 1

Uptake of Radionuclides by Vegetation in the Natural Environment

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _

Vandana APulhtmi, AK.More, S.R.Sachan and KamalaRudran
Health Physics Envision, Bhabha Atomic Research Centre,
Mumbai - 400 085

4. ABSTRACT

Uptake of Cs-137 and Pu-239+240 by various parts of the naturally growing vegetation,
Morinda Citrifolia L (bartondi) and Saccharum (grass), from a known low level controlled
contaminated area has been studied. The uptake and transfer factor(TF) pertaining to soil types and
climatic conditions prevailing in Trombay are compared with the values available for temperate
regions. TF of Cs-137 in case of Morinda CL and grass are calculated as 0.75 and 0.16
respectively. TF values of Pu-239+240 for the same species are obtained as 0.0074 and 0.019
respectively.

5. REMARKS 6. STATUS 7. KEYWORDS
Completed Vegetation,

Transfer Factor,
Cs-137, Pu-239+240,

8. REFERENCES:

Bull, of Radiation Protection, Vol. 17, pp 36,1994



1. TITLE: 2. CATEGORY: A-2

Study of Background Radiation along the East Coast of Tamilnadu
- A Preliminary Report

3. AUTHORS/S AND ADDRESS:

KS.Lakshmi, S.Catherine, Kavitha Mishra, V.Meenakshi sundaram * &M.A.R.Iyengar **
Meenakshi College for Women, Kodambakkam, Madras-600 024
HASD, SR&HPG, IQCAR, Kalpakkam-603 102
Environmental Survey Laboratory, Kalpakkam-603 102**

4. ABSTRACT:

A detailed study of natural background radiation for the entire East coast of Tamilnadu
covering about 1000 Km was carried out Thirty three sites along the coast were selected for the
survey programme with a span of 25-30 Km separating individual sites. Ambient gamma radiation
levels were measured both on shore and inland around each site using a scintillometer [Nal (Tl),
44mm x 50mm]. Soil, vegetables, crops, fishes etc. were also collected and subjected to gamma
ray spectral analysis. The gamma radiation levels along the coast shows a non-uniform radiation
profile varying from 2-250 uR/hr and a single village inland showing 500 uR/hr. gamma spectra of
sand/soil samples confirmed the presence of monazite in many pockets along the coast, resulting in
enhanced radiation levels at these locations. Further analysis of other environmental matrices are
in progress, the data from which would be available in future for preparing a more comprehensive
document on the natural radiation profile of the east coast of India.

5. REMARKS: 6. STATUS:
In progress

7. KEYWORDS
Tamilnadu Coast,
natural radiation background,
Stntillometer,
r-spectrometry,
Higher background, Monazite.

«. REFERENCES:

Proceedings of IV National symposium on Environment, Anna University,
Madras, Feb. 7-10,1995



1. TITLE: 2. CATEGORY: A - 3

Radioactivity Aspects of Indian Coals

3. AUTHORS/S AND ADDRESS:

M.P.Rajan, M.A.R.Iyengar and T.V.Ramachandran *
Environmental Survey Laboratory, Health Physics Division,
Bhabha Atomic Research Centre, Kalpakkam-603 102

* EAD, BARC, Bombay-400 085

4. ABSTRACT:

There is considerable interest in investigating radioactivity aspects of coal and fly ash in
Indian Thermal power stations (TPS's) in view of their significance in environmental radiological
impact and possible public radiation exposures. A study was therefore carried out to study the
natural radioactivity distribution aspects in Indian coals and their fly ash materials in certain
selected TPS units in the country. Activity measurements were carried out by gamma spectrometry
and radiochemical methods for estimation of Ra-226, Ra-228, K-40, Po-210 and Pb-210 in the
samples. Radiation dose estimates to the population from two typical TPS units at Neyveli (lignite
based) and Ennore (coal based) have been attempted using the model developed following
guidelines of UNSCEAR and ORNL reports with appropriate correction for local population
density, plant load factor, fly-ash release, coal consumption per day etc. The total collective
effective dose equivalent commitment to the Ennore and Neyveli, TPS's workout to 0.58 and 3.11
maasv yr * respectively. It was observed, that uranium daughters contribute about 75, 77, 61 and
76% of the total dose, to the whole body, bone, lungs and thyroids respectively. The corresponding
figures for Ra-228 of thorium series were 22,18,33 and 22% of the total dose. The contribution to
the doses and dose commitments from the airborne releases of U and Th daughter products due to
inhalation and direct gamma irradiation from surface deposition are 6.5, 17, 38 and 6.4% to the
whole body, bone, lungs and the thyroid respectively, the remainder arising through ingestion
pathways.

5. REMARKS: 6. STATUS: 7. KEYWORDS
Completed. Coal,lignite,

Radioactivity,
Environment,
population,
radiation dose.

8. REFERENCES:



1. TITLE ; 2. CATEGORY: A - 4

Beryllium in Environmental Air, Water and Soil

3. AUTHORS/S AND ADDRESS :

P.N.BhatandKC. Pillai
Health Physics Division, Bhabha Atomic Research Centre
Mumbai-400 085.

4. ABSTRACT :

The study was specifically aimed to obtain concentration of beryllium in various
environmental matrices such as air, water and soil in the vicinity of Beryllium Metal Plant(BMP)
situated at Turbhe, Navi Mumbai. Two analytical techniques - Morin fluorescence method and
atomic absorption spectrophotometry using Graphite Furnace Atomic Absorption
Spectrophotometer were standardised for beryllium estimation. The beryllium concentration in
natural matrices studied- Air, Water and Soil were in the range of 0.41 - 0.43 ng/nP, 0.01 - 0.02
ng/ml and 325-767 ng/g respectively.

5. REMARKS: 6. STATUS : 7. KEYWORDS:
Completed Be in air,

water and soil

8. REFERENCES:

Water, Air and Soil Pollution Journal, The Netherlands (in press )



1. TITLE: 2. CATEGORY: A - 5

Studies on the Distribution of Natural Radioactivity in Marine Organisms

3. AUTHOR/S AND ADDRESS:

Vasanthi S. Bangera
Health Physics Division, Bhabha Atomic Research Centre,
Mumbai - 400 085

4. ABSTRACT :

Measurements were carried out to determine the concentration of natural radionuclides like
U(nat),Ra-226, Pb-210 and Po-210 in marine organisms such as fishes, lamellibranchs,
cephalopods and crustaceans of commercial importance from Bombay coastal waters to evaluate
internal radiation dose from natural radionuclides to the public by consumption of sea food. The
dose obtained was found to be tolerable.

Po-210 data showed a wide range of distribution in various fishes examined .Tissuewise
Po-210 activity is noted increasing as one goes from muscle to bone, then to internal organs like
liver/hepatopancreas and viscera of fishes, lamellibranchs, cephalopods and crustaceans studied.

Subcellular localization of Po-210 in the hepatopancreas of crabs, Scylla serrata was
studied by using differential centrifiigation, which was about 12% to 15% in the first and second
fractions consisting of cell debris, nuclei and mitochondria About 70% of Po-210 distribution
was associated with third fraction containing microsomes.

5. REMARKS: 6. STATUS: 7. KEYWORDS:
Completed Marine radioactivity,

Natural radioactivity,
Marine transfer of
radioactivity,
Internal Dose

8. REFERENCES:

Bull, of Radiation Protection, Vol. 18, Nos. 1 & 2, pp 192 - 197,1995



1. TITLE: 2. CATEGORY: A - 6

Leachability and Immobilisation of Beryllium from Solid Waste (Red-mud)
generated in Processing Beryl.

3. AUTHORS/S AND ADDRESS :

P.N.Bhat and K.C. Pillai
Health Physics Division, Bhabha Atomic Research Centre,
Mumbai-400 085

4, ABSTRACT:

In view of the toxic nature of beryllium and its compounds the disposal of waste materials
containing beryllium needs prior evaluation. The present study was undertaken to obtain
information on leachability and immobilisation of beryllium from solid waste (red-mud) generated
in processing beryl at Beryllium Metal Plant (BMP) at Vashi, Navi Mumbai. The studies showed
that 62% of the total beryllium in red-mud can be extracted by water by repeated leaching over a
period of 445 days. The mixing of the waste material with cement and casting into cement blocks
reduced the leachability of beryllium to 0.11% which got iuriher reduced to 0.02% by thermal
curing of cement blocks.

5. REMARKS : 6. STATUS : 7. KEYWORDS
Completed Be in solid,

Toxic waste

8. REFERENCES :

Water, Air and Soil Pollution Journal, The Netherlands (in preBS )



1. TITLE : 2. CATEGORY: A - 7

Studies on Immobilisation of Beryllium in Toxic Waste (Red-mud) by Vitrification

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

P.N.Bhat, D.K. Ghosh and S.Narayan
Health Physics Division, Bhabha Atomic Research Centre,
Mumbai-400 085

4. ABSTRACT :

Efibrts are being made to minimise the volume and immobilise the leachable beryllium in
red-mud so that waste disposal can occupy minimum space. Studies on techniques like
vitrification, i.e., preparation of glassy material, by heating red-mud at different temperatures is in
progress. Heating of red-mud at high temperature (>1200 °C) resulted in formation of glassy
material with reduced volume (about 50%) and leachable beryllium was reduced from 62% to
2.7% at 850 °C and 0.08% at 1400 °C.

Studies on the teachability characteristics and optimisation of temperature of glassy
material, prepared from red-mud is in progress.

5. REMARKS: 6. STATUS : 7. KEYWORDS:
In progress Beryllium,

Solid toxic waste
Vitrification
Leachability

8. REFERENCES



1. TITLE: 2. CATEGORY: A - 8

Impact of Impoundments on the Distribution ofNatural Radioactivity in Kaveri River
Ecosystem, Tiruchirapalli

3. AUTHORS/S AND ADDRESS:

P.Shahul Hameed, K.Shaheed and M.A.R.Iyengar *
Post Graduate Dept of Zoology, Jamal Mohamed College , Tiruchirapalli-620 020

* Environmental Survey Laboratory, BARC, Kalpakkam-603 102

4. ABSTRACT:

A programme is underway to study the natural radioactivity distribution and migration
aspects in the Kaveri River ecosystem in the Tiruchirapalli area of Tamilnadu. Radionuclide
concentration levels relating to Po-210, Pb-210 and Ra-228 activities in the river water, sediment
and in the biotic species such as weed, fish and shell fish have been investigated at three stations
of Kaveri river between Karur and Grand Anicut (95 Km) stretch. The study showed mat the
levels of radionuclides in water, sediment samples of Upper Anicut, Grand Anicut which are
impoundments, are higher than that of Mayanur, where the river is in flow. In biotic components
from the impoundments radionuclide concentrations maintained a trend similar to the abiotic
components. Po-210 concentrated to a relatively higher degree in soft tissues of animals
investigated, while Pb-210 and Ra-228 concentrated more in shell and bone. The concentration
factors for the aquatic organism ranged from 102-10^ for Po-210, 10-102 for Pb-210 and Ra-228,
indicative of the grater affinity of Po-210 to organic fractions. The study concludes that higher
levels of radionuclide in impounded water system of kaveri river are largely due to accumulation
of organic particulates besides increased biological productivity in the impounded system.

5. REMARKS: 6. STATUS: 7. KEYWORDS
In progress Kaveri River,

Impoundments,
Po-210,Pb-10,
Ra-228
Distribution, CFs

8. REFERENCES:

Proceedings of IV National symposium on Environment, Anna University,
Madras, Feb. 7-10,1995

8



1. TITLE: 2. CATEGORY: A - 9

Environmental Radiation Studies Using a Portable Gamma Spectrometer System
at MAPS, Kalpakkam

3. AUTHOR/S AND ADDRESS:

S.Rajaram, M.P.Rajan, V.Kannan and M.A.R. Iyengar
Environmental Survey Laboratory, Health Physics Division
Bhabha Atomic Research Centre, Kalpakkam - 603 102

4. ABSTRACT:

Kalpakkam site hosts a major nuclear complex consisting of a number of nuclear utilities
consisting of 2 PHWR units (2 x 220 MWe) of MAPS, Fast Breeder Test Reactor at IGCAR, a
centralised Waste Management Facility (CWMF), besides a number of related units. Early surveys
revealed the existence of a comparatively elevated natural radiation background (upto 400 uR/hr)
in the coastal areas, which was traced to presence of monazite in the local beach sands. However
villages situated away from the coast showed normal radiation background levels (8-38 uR/hr). In
the light of the special features, particularly of a very heterogeneous natural radiation background
in the area and the site hosting a number of nuclear facilities, it was of considerable significance to
investigate the radioactivity components constituting the radiation environment at Kalpakkam.
Field gamma spectrometry employing a 60cc Coaxial HPGe detector and a 4k portable MCA was
carried out covering more than 10 locations. The spectral data obtained clearly show a discrete
picture either due to natural gamma emitters existing at the location specific to elevated radiation
background due to monazite or due to fission and activation products from plant related activities.
The study has proved very useful in delineating the contrasting radiological characteristics of the
site environment and has demonstrated the important role of field gamma spectrometry in normal
and off-normal radiation surveys.

5. REMARKS: 6. STATUS: 7. KEYWORDS:
Completed Kalpakkam facilities,

Enhanced radiation
background, Portable
gamma spectrometer,
field spectrometry

8. REFERENCES:

Proceedings of IV National symposium on Environment, Anna University,
Madras, Feb. 7-10,1995



1. TITLE: 2. CATEGORY: A - 1 0

An Investigation of 239+240p^ m Kalpakkam Environment

3. AUTHOR/S AND ADDRESS:

V. Kannan and M. A.R. Iyengar
Environmental Survey Laboratory, Health Physics Division, BARC,
Kalpakkam-603 102

4. ABSTRACT:

Kalpakkam (12 N and 80 11' E) located about 75 Km south of Madras is known for
comparatively high natural radiation background levels (upto 400 uR/hr) due to the presence of
monazite in the local beach sands. Besides the operating PHWR units at MAPS and FBTR and
R&D facilities at IGCAR, a fuel reprocessing plant (KARP) is due to start operations shortly at
the site.

To evaluate the KARP operations in the context of possible environmental contamination, a
baseline survey of Pu-239+240 levels in the environmental matrices like sediment, soil, fish etc.
from marine and terrestrial ecosystem is being conducted Methods of Plutonium separation &
analysis from environmental samples were established and their calibration checks were carried
out The available data so far shows Pu-239+240 levels to be in the range: Soil : BDL (<0.03) to
0.06 + 0.01 Bq/kg dry,

Sediment: BDL (<0.03) to 0.04 + 0.01 Bq/kg dry. Fish :BDL (<4.3) to 7.4 + 2.3
mBq/kg wet These data compare favourably with fell out plutonium data available for other
regions.

5. REMARKS 6. STATUS 7. KEYWORDS
In progress Kalpakkam

Pu-239+240, soil
sediment, fishes

8. REFERENCES:

10



1. TITLE: 2. CATEGORY: A - 1 1

Studies ofTh'WT ratios in Tree Vegetation and Atmospheric Moisture at Kalpakkam

3. AUTHOR/S AND ADDRESS:

A.P.Thulsi Brindha, M.P.Rajan and M.A.R.Iyengar
Environmental Survey Laboratory , Health Physics Division,
Bhabha Atomic Research Centre, Kalpakkam-603 102

_ _ _ _ _ _ _ _ _ _

At Madras Atomic Power Station two units of PHWR type of reactors using heavy water
as coolant and moderator are operating for over 10 years. During normal operations of the reactor
tritium as HTO is released within permissible discharge limits through stack. Following release
the transfer of tritium to other environmental compartments such as water, vegetation, soil etc.
could be of significance in terms of environmental migration of tritium and possible exposures to
the public. la view of this, ESL has been making systematic measurements of tritium distribution in
the environment in site and offsite areas. The results of some of these measurements relating to
atmospheric environment in samples of air moisture showed a wide range of tritium concentration
in site locations and nearby villages depending upon (he proximity to stack and wind condition.
However, the mean tritium concentration in public domain were low and the corresponding
exposures are insignificant To understand the relevance of specific activity model for tritium
migration in the environment following tritium releases, studies on Tissue Free Water Tritium
(TFWT) in the vegetation of trees present in the area were carried. The ratio of tritium in
vegetation to air in a number of measurements were found to be less than unity in the range of 0.41-
0.86 under normal weather conditions. However during periods of rain this ratios appeared to
register arise approaching unity, possibly due to considerable washout of HTO in the atmosphere.
In addition to this TFWT in milk, vegetation and fish samples are also being carried out, all of
which showed negligible concentrations of tritium in these samples.

5. REMARKS: 6. STATUS : 7. KEYWORDS:
In progress PHWT, Kalpakkam

Tritium, stack releases,
Atmosphere,
vegetation,
TFWT ratios,

8. REFERENCES:

11



1. TITLE: 2. CATEGORY: A - 1 2

Natural Radiation Aspects in the High Background Areas at Kalpakkam

3. AUTHOR/S AND ADDRESS:

M.A.R. Iyengar and V.Kannan
Environmental Survey Laboratory, Health Physics Division, BARC,
Kalpakkam-603 102

4. ABSTRACT

Pre-operational radiological surveys revealed the existence of a relatively higher
background at Kalpakkam site, due to the occurrence of monazite mineral in the local beach sands
on the coast Since the prevalence of an elevated natural background in the area has considerable
significance in the evaluation of public exposures from the operation of MAPS & IGCAR units,
systematic studies were conducted to delineate the natural radiation background profile in the area
Detailed radiation surveys were systematically conducted by scintillometric measurements
covering the entire 20 Km stretch by dividing into 4 blocks of 5 Km each and taking the reading at
5 metre interval, 1 m above the ground. The survey data from these investigations clearly show mat
a very wide natural radiation background in the range 6-400 uR/hr is prevailing over the coastal
sand on either side of MAPS. Frequency distribution analysis for the 4 different blocks were also
carried out. Gamma spectrometry of the beach sands and soils; from (he area were carried out
which showed correspondingly higher amount Th-232, U-238 in the vicinity of locations showing
enhanced radiation levels e.g Mahabalipuram : (225 uR/hr) U-238 : 237 Bq/kg, Th-232 : 2969
Bq/kg, K-40 : 324 Bq/kg. In contrast the activities in an interior village e.g. Vengampakkam (8
uR/hr) U-238 : 14 Bq/kg, Th-232 : 35 Bq/kg, K-40 :194 Bq/kg. Some of the daughters activities
of U and Th (ex. Po-210, Ra-226, Ra-228) were also investigated in marine and terrestrial
environment, which showed a higher degree of Po-210 concentration in marine organisms.
Particularly striking was Po-210 accumulation in internal organs e.g Crustacean liver 180.8 -
2861.5 Bq/kg wet, fish liver 40.7 - 578.9 Bq/kg wet). Further work is in progress.

5. REMARKS 6. STATUS : 7. KEYWORDS :
In progress Scintillometer survey

Th-232, U-238, K-40,
Po-210 beach sands, soil,
Kalpakkam,

8. REFERENCES:

Proceedings of III National Symposium on Environment, Thiruvananthapuram,
pp 48-54, March 1994.
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1. TITLE: 2. CATEGORY: A - 1 3

Decontamination of Radiocesium in LEMP Effluents at MAPS using Copper Iron
Hexa Cyano Ferrate Dispersed in Acrylic Fibre - a Laboratory Study

3. AUTHOR/S AND ADDRESS:

S.Venkataraman and M.A.RJyengar
Environmental Survey Laboratory, Health Physics Division,
Bhabha Atomic Research Centre, Kalpakkam-603 102

4. ABSTRACT:

Copper Iron Hexa Cyano Ferrate (Cu-Fe-HCF) dispersed in acrylic fibre has been found to
be a good sorbent for preconcentration of trace levels of Cs-137 from seawater in our earlier
studies. From me very efficient uptake of Cs-137 noted in mis studies, it was desired to extend this
for the possible decontamination of Cs-134 and CB-137 from the LEMP effluents of MAPS which
accounts for >90% of beta gamma activity.

Following gamma spectrometric analysis of the LEMP effluent for quantitative assay of
Cs-137, Cs-134 and other gamma emitters present, the effluent is passed through a packed column
consisting of Cu-Fe-HCF coated acrylic fibre at selected flow rates. The effluent from the column
on subjecting to gamma spectrometry, showed near quantitative removal of Cs-137 & Cs-134 and
over 50% of removal of Co-60 activities. Repeated experiments confirmed the above efficiencies,
thus showing that the technique has very good potential to decontaminate the bulk radioactivities
present in the liquid effluents which are presently discharged into coastal water. Details of the
technique, consisting of preparation of Cu-Fe-HCF sorbent coated fibre, decontamination studies
conducted so far and some of the findings of the study which serve to demonstrate the good
potential of this new technique, are discussed

5. REMARKS : 6. STATUS : 7. KEYWORDS:
Completed LEMP effluent,

CuFe-HCF coated
Acrylic fibre,
Radio cesium
removal.

8. REFERENCES:

Proceedings of National Symposium on Management of Radioactive and Toxic waste
(SMART-95), BARC, Bombay, Mar. 20 - 21,1995.
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1. TITLE: 2. CATEGORY: A - 1 4

An Improved Method for Strontium-90 Estimation in Liquid Effluents
of MAPS- Kalpakkam

3. AUTHORS/S AND ADDRESS:

S. Venkataraman and M.ARJyengar
Environmental Survey Laboratory, Health Physics Division,
Bhabha Atomic Research Centre, Kalpakkam-603 102

4. ABSTRACT:

An analytical procedure for a rapid estimation of Strontium-90 (Sr-90) in Madras Atomic
Power Station liquid effluent samples consisting of a mixture of fission and activation products has
been developed It was observed that the final yttrium oxalate precipitate carrying Yttrium-90
(Y-90) activity appeared to carry some trace contamination levels of Sr-90 contributing to an
apparently higher recovery. Therefore the yttrium oxalate precipitate was given a purification step
by introduction of solvent extraction using Tri-Butyl-Phosphate (TBP) to eliminate the interfering
radionuclides resulting in a purer Y-90 yield leading to a more efficient method for Sr-90 analysis.
Using this method composite liquid effluent samples from MAPS are being analysed regularly for
the last two years.

5. REMARKS: 6. STATUS: 7. KEYWORDS:
Completed Liquid effluent,
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A Rapid Method for Estimation of Strontium-90 in Natural Waters

3. AUTHOR/S AND ADDRESS :

S.Venkalaraman and M.A.R.Iyengar
Environmental Survey Laboratory, Health Physics Division,
Bhabha Atomic Research Centre, Kalpakkam-603 102

4. ABSTRACT:

Environmental monitoring of Sr-90 in the aquatic environment is an important programme
in the vicinity of nuclear reactors in normal as well as emergency situation due to significance of
Sr-90 in public exposure studies. The currently used method, which employs ferric hydroxide
technique for Y-90 isolation followed by its oxalate precipitation and countingjias certain
drawbacks including poor method efficiency. Therefore a need was felt to develop a more rapid
and efficient technique for Sr-90 estimation, which consists of separating the daughter, Y-90 using
magnesium hydroxide precipitate followed by Y-90 precipitation as an oxalate and counting in a
low background beta counting system. The details of analytical procedure employed and
calibration of the method and application of this technique on some of the natural waters from the
area and their results are presented and discussed The overall analysis time is found to be in the
range of 6 to 8 hrs, thus making the proposed method a rapid analytical technique useful for many
applications.

5. REMARKS : 6. STATUS : 7. KEYWORDS :
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Sr-90/Y-90 Equilibrium,
Hydroxide,
Oxalate
precipitation.

8. REFERENCES:

Bull. ofRadiation Protection., 1? (1), pp 28 - 30,1994.

15



1. TITLE : 2. CATEGORY: A - 1 6

Evaluation of Transfer Factors for Radionuclides in Terrestrial and Marine Environment
ofTarapur.

3. AUTHOR/S AND ADDRESS :

JLS.Iyer, S. Chandramouli, D.D. Rao, K.G. Pimple, S.T. Mehendarge,
AG.Hegde&LS.Bhat*
Environmental Survey Laboratory, TAPS Colony, PO: TAPP, Dist Thane, 401 504.

• Formerly Head, ESS, HPD,BARC

4. ABSTRACT:

The transfer factors of radionuclides ( ^ ^ 1 , ̂ S r ^ ^ 137QSJ m tfje terrestrial samples like
air particulate, grass, vegetable, milk and thyroid were evaluated from the concentrations of
radionuclides in the samples. The values used for the evaluation of these factors are of samples
from the same location. Data for 13 IT was derived from Chernobyl fall-out only. The transfer
factors of radionuclides like 60C o , 63Nj> 90Sr> 99xc> 1 0 6 ^ 131^ 134+137C8) 144Ce md

239+240pu for various matrice of marine environment were evaluated by estimating the
concentration of radionuclides in marine samples like sea water, suspended matter, shore
deposited silt, marine algae and marine organism. This factor is a ratio of the concentration of
radionuclide in one matrix to the concentration of same radionuclide in sea water expressed as
Bq/unit vol. or weight The complied data for each matrix will form a part of technical document
to be published later.

5. REMARKS: 6.STATUS: 7.KEYWORDS:
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Assessment of Pollution due to Oxides of Sulphur and Nitrogen at Tarapur

3. AUTHOR/S AND ADDRESS :

V. Sudheendran, K.G. Pimple, D.D. Rao, S. Chandramouli, R.S. Iyer, & A.G. Hegde
Environmental Survey Laboratory, TAPS Colony, PO: TAPP, Dist. Thane, 401 504

4. ABSTRACT:

Tarapur which has an operating atomic power station has developed into a multi
disciplinary industrial centre. Among the atmospheric chemical pollutants sulphur dioxide was
found to be a major component The residential areas which are in the vicinity of the chemical
zone experience acute effects of sulphur dioxide pollution in the atmosphere from time to time
depending upon the seasonal variations of meteorological parameters. A study has therefore been
conducted to assess the levels of pollution at different locations around the industrial area due to
oxides of sulphur and also oxides of nitrogen at one of the locations. It was observed mat the
ambient SO2 and NO2 concentrations in the vicinity of the Tarapur industrial area are generally
within the prescribed air quality standards of 80 ug/m^ except during the monsoon months when
SO2 levels occasionally registered steep increases well above the prescribed standards at nearby
locations in the downwind direction of the chemical zone.

5. REMARKS: 6. STATUS: 7. KEYWORDS:
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Source and Distribution of Long Lived Fission Products in Tarapur Aquatic Environment

3. AUTHOR/S AND ADDRESS :

A. Baburajan, R.S. Iyer, S. Chandramouli, D.D. Rao & A.G. Hegde
Environmental Survey Laboratory, TAPS Colony
PO: TAPP.Dist. Thane, 401 504

4. ABSTRACT:

Low level waste samples from TAPS were analysed for fission products. The isotopic
ratios of Cs and Sr radionuclides were investigated in the waste samples. The radionuclide
analysed included Cs-137, Cs-134, Sr-89 and Sr-90. Different marine samples collected from
various locations away from discharge point were also analysed to evaluate the isotopic ratios.
The marine samples investigated are sea water, sedimeqt and suspended silt Other marine
environmental samples like marine algae and marine organisms are also being investigated The
mean value of percentage compositions of different radionuclides in waste samples were observed
as Cs-137 : 60%, Cs-134 : 10.3%, Sr-89 : 8.0%, Sr-90 : 1.6% and Co-60 : 6.5%. It was also
found that the mean of isotopic ratios of Cs-137 to Cs-134 and sr-89 to Sr-90 were 6.0 and 4.8
respectively.

Tritium content in radwaste samples were regularly estimated. Work is in progress to
collect the base line data for tritium in Tarapur environment prior to the commissioning of the
PHWR plant under construction.

5. REMARKS : 6. STATUS : 7. KEYWORDS :
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Environmental Impact of RAPS Operation

J. AUTHOR/S AND ADDRESS:

TSV Ramanan* and R.M. Sharma,
Health Physics unit, Rajasthan Atomic Power Station, Anushakti, Via Kota, Pin 323 303

* Station Director

4. ABSTRACT:

Main guiding principle adopted in Nuclear Power Plant operation is to ensure the safety of plant
personnel and environment by keeping the radiation exposures and emissions to as low as reasonably
achievable and in no case in excess of prescribed limits. A comprehensive radiation monitoring and control
programme is evolved to achieve this objective. Some controlled releases of low level radioactive gaseous
and liquid effluents take place to the environment Hence, the stringent safety requirements of siting,
operations, effluent discharges and waste disposal to environment are adhered to. In order to assure that the
stipulated Radiation Protection Standards are actually met, a routine programme of environmental
surveillance is established. The regulatory authorities critically review the design, construction,
commissioning and operation prior to issue of appropriate license. The well trained technically qualified and
licensed professionals operate the plant The training include handling of envisaged off-normal situations
also. Efforts undertaken to promote public awareness on the safety of nuclear power plant are also
highlighted. Plant performance in terms of radioactive releases and exposures are thoroughly documented
for independent verification by regulating agencies.

As a positive occupational health programme the plant workers are medically examined routinely to
assure their healthiness and fitness. Also medical surveys conducted by professionally competent team of
experts from State Government in the surrounding viDages of RAPS revealed that no untoward effects due
to operation of the nuclear power stations detectable.

The experience at RAPS has demonstrated the capability of operation with reliability while ensuring
safety of plant personnel and surrounding population with minimal impact on the environment. The
radiation contribution from the nuclear power plant operation is, in fact, much smaller than the population
exposures resulting from the already existing natural background radiation.

6. REMARKS 6. STATUS: 7. KEYWORDS:
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Role of Dose-Apportionments For Environmental Releases in Multifacility Sites

3. AUTHOR/S AND ADDRESS: ~ ~

K.K. Narayanan, M.Sundaram, S. Krishnamony
Health Physics Division, Bhabha Atomic Research Centre, Bombay - 400 085

4. ABSTRACT:

The concept of dose apportionment at multi-facility sites for establishing Derived Limits
for discharges of radionuclides into the environment is discussed. The methodology for translation
of dose apportionment to radionuclides into radioactive levels in (he effluents using appropriate
environmental dose modeling is described. The concept of three-tier system of regulatory control
on radioactive effluents is discussed. The rigorous and systematic approach of establishing (he
Derived Limits based on dose apportionment to radionuclide is compared with (he commonly used
"additivity" criteria.

5. REMARKS: 6. STATUS: 7. KEYWORDS
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Environmental Radiation Measurements Around
Tarapur Atomic Power Station (TAPS) site (1970-1993)

3. AUTHOR/S AND ADDRESS:

Environmental Survey Laboratory, Health Physics Division,
TAPS Colony, Tarapur, Dist Thane, 401 504

4. ABSTRACT:

This report presents a summary of the off-site radiological and meteorological
measurements carried out at Tarapur site environment during the period 1969-1993. Radioactivity
levels in different environmental matrices such as, air, water, dietary items, etc. at a number of
locations are given. These data are made use of for estimation of internal dose to the members of
the public. Using micrometeorological parameters and release data on fission product noble gases
from TAPS, mean external gamma dose is computed at different distances, the total annual dose
(external + internal) to a member of the public at 1.6 km over the last 24 years has been less than
10 % of the applicable ICRP limit and much less at farther distances.

5. REMARKS: 6. STATUS: 7. KEYWORDS
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Environmental Radiation Measurements Around
Rajasthan Atomic Power Station (RAPS) site (1974-1993)

5. AUTHOR/S AND ADDRESS:

Environmental Survey Laboratory, Health Physics Division,
RAPS Site, Kota, Rajasthan

4. ABSTRACT:

This report presents a summary of die off-site radiological and meteorological
measurements carried out at RAPS site environment during the period 1974-1993. Radioactivity
levels in different environmental matrices such as, air, water, dietary items, etc. at a number of
locations are given. These data are made use of for estimation of internal dose to the members of
the public. Using micrometeorological parameters and release data on Ar-41 from RAPS, mean
external gamma dose is computed at different distances. The total annual dose (external + internal)
to a member of the public at 1.6 km over the last 20 years has been less than or around 10 % of the
applicable ICRP limit and much less at farmer distances.

5. REMARKS: 6. STATUS: 7. KEYWORDS
Completed Fission product

Human population
Radioactive effluents
Radiation monitoring
Environmental effects
Background radiation

8. REFERENCES:

Environmental Radiation Measurements Around Rajasthan Atomic Power Station (RAPS)
site (1974-1993), BARC/1995/1 / 008,1995

22



1. TITLE: 2. CATEGORY: A - 2 3

Environmental Radiation Measurements Around
Madras Atomic Power Station (MAPS) site (1985-1993)

3. AUTHOR/S AND ADDRESS:

Environmental Survey Laboratory
-Health Physics Division, Kalpakkam - 603 102

4. ABSTRACT:

This report presents a summary of the off-site radiological and meteorological
measurements carried out at Kalpakkam site environment during the period 1985-1993.
Radioactivity levels in different environmental matrices such as, air, water, dietary items, etc. at a
number of locations are given. These data are made use of for estimation of internal dose to the
members of (he public. Using micrometeorological parameters and release data on Ar-41 from
MAPS, mean external gamma dose is computed at different distances. The total annual dose
(external + internal) to a member of the public at 1.6 km over the last 9 years has been less than or
around 10 % of the ICRP limit and much less at farther distances.

5. REMARKS: 6. STATUS: 7. KEYWORDS
Completed Fission product, Meteorology

Human population
Radioactive effluents
Radiation monitoring
Environmental effects
Background radiation

8. REFERENCES:

Environmental Radiation Measurements Around Madras Atomic Power Station (MAPS)
site (1985 -1993), BARC / 1995/1 / 009, 1995

23



1. TITLE: 2. CATEGORY: A - 2 4

Environmental Radiation Measurements Around
Narora Atomic Power Station (NAPS) site (1989-1993)

3. AUTHOR/S AND ADDRESS:

Environmental Survey and Micrometeorology Laboratory,
Health Physics Division, Narora, U.P.

4. ABSTRACT:

This report presents a summary of the off-site radiological and meteorological
measurements carried out at Narora site environment during the period 1989-1993. Radioactivity
levels in different environmental matrices such as, air, water, dietary items, etc. at a number of
locations are given. These data are made use of for estimation of internal dose to the members of
the public. Using micrometeorological parameters and release data on fission product noble gases
from NAPS, mean external gamma dose is computed at different distances. The total annual dose
(external + internal) to a member of me public at 1.6 km over the last 5 years has been around
0.1% of the applicable ICRP limit and much less at farther distances.

5. REMARKS: 6. STATUS: 7. KEYWORDS:
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Particle Size Distribution of Airborne Dust and Derived Concentration for Thorium in
the Beach Mineral Processing in India

3. AUTHOR/S AND ADDRESS:

P.M.B. Pillai*, Paul A.C.* and KamalaRudran
Health Physics Division, Bhabha Atomic Research Centre, Mumbai - 400 085

* Health Physics Unit, IRE Ltd, Udyogamandal - 683 501

4. ABSTRACT:

Detennination of size distribution of air borne dust and radioactivity in the beach mineral
separation Plants of M/s. Indian Rare Earths Limited has been carried out using an eight stage
Andersen Cascade Impactor. The dust and activity was found to follow log normal distribution.
Only about 34% of the dust and 27% of thorium were in the respirable range (<11 urn). The Mass
Median Aerodynamic Diameter (MMAD) of this fraction works out to 4.54 ± 1.80 urn. Activity
Median Aerodynamic Diameter (AMAD) for thorium was 3.7 ± 1.3 urn. The corresponding
pulmonary deposition varied from 7.7 to 18.5% with a mean of 12.7 ± 2.6% in the plants.
Solubtlisation experiments have shown that thorium in monazite bearing dust is extremely resistant
to chemical solubilization by body fluids. Giving weightage to these factors, the Derived Air
Concentration (DAC) for thorium in the mineral separation plants worked out to 0.6 B qm"^ 0.3 B
qm~3 being allocated for thorium -232 and thorium - 228 each present at equilibrium.

5. REMARKS: 6. STATUS: 7. KEYWORDS:
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Radiation Exposure at the High Background Area at Manavalakurichi
- The Changing Trends

3. AUTHOR/S AND ADDRESS:

A.C. Paul*, P.M.B. Pillai*,C.G. Maniyan*. T. Velayudhan*b andKC. Pillai
Health Physics Division, Bhabha Atomic Research Centre, Mumbai - 400 085

* Health Physics Unit, IRE Ltd, Udyogamandal - 683 501
*k Indian Rare Earths Limited, Manavalakurichi, Tamil Nadu - 629 252

4. ABSTRACT:

Large-scale surface mining and refilling of the mined areas with monazite-free tailings
have reduced the external radiation fields by an order of magnitude, at some locations at the
natural high background areas situated in the coastal regions of peninsular India. Significant
reduction by a factor of 3 has been observed in the airborne activity due to lower emanation of
thoron (220 Rn) at the refilled areas. The matched huts in the area are giving way to brick and
concrete structures, thus radically altering the indoor exposures. The exposure due to gamma
radiation from the external surroundings was reduced by a factor of 4 due to the shielding by the
construction materials. 220 Rn levels as high as 420 B qm~3 have been observed in some of the
mud houses. Significant levels of 232 Th and 228 Ra were found in the urine samples collected
from the adults residing in a village, situated in the high background area

5. REMARKS: 6. STATUS: 7. KEYWORDS:
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Trace Metals and Lanthanides in a Tropical River Environment

3. AUTHOR/S AND ADDRESS:

A.C. Paul*, K.C. Pillai and M. Parameswaran
Health Physics Division, Bhabha Atomic Research Centre, Mumbai - 400 085

* Health Physics Unit, IRE Ltd, Udyogamandal - 683 501

4. ABSTRACT:

The river Periyar in the State of Kerala, India is subjected to pollution from a number of
industrial units such as zinc smelter, rare earth plant, phosphatic fertilizer unit etc. The levels of
Zn and Cd in water and sediments in the river have in recent years increased ten-fold as compared
to a study reported earlier during 1970. The levels of these trace metals in water increase at the
backwater zone under high salinity in summer due to solubilisation from the sediments. Among the
lanthanides Ce is the most predominant in water. Elements such as Ce, La, Sm, Gd and Y show a
concentration factor of 10-* in sediments. The trace metals show maximum concentration at the top
layer of sediment column extending up to 20 cm from the surface. Particle size analysis of river
sediments in the industrial outfall area shows a mass median diameter of 11 um with a geometric
standard deviation of 2.4 for Zn and Cd.

5. REMARKS: 6. STATUS: 7. KEYWORDS:
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Environmental Radiological Surveillance at a Phosphatic Fertilizer Unit

3. AUTHOR/S AND ADDRESS:

A.C. Paul and P.P. Haridasan
Health Physics Unit, IRE Ltd, Udyogamandal - 683 501

4. ABSTRACT:

Environmental radiological surveillance was carried out near phosphatic fertilizer plants
situated at Udyogamandal and Ambalamedu to study the behaviour of Ra-226 in fertilizer solid
waste. Average Ra-226 concentration in phosphogypsum was 818 ± 100 Bq Kg'l. Wide
variations in the leaching of Ra-226 from gypsum were observed depending upon (he leaching
conditions. Enhanced levels of activity was observed in water and sediment at Chitrapuzha river,
due to the influence of phosphogypsm disposal in the nearby lands. The levels observed in water
were, however, lower than the Drinking Water Limit by at least an order of magnitude.

5. REMARKS: 6. STATUS: 7. KEYWORDS:
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Studies on the Equilibrium Factor for Rn 220 and Daughter Products

3. AUTHOR/S AND ADDRESS:

P.M.B. Pillai and A. C.Paul
Health Physics Unit, IRE Ltd, Udyogamandal - 683 501

4. ABSTRACT:

Studies carried out at the Monazite processing plant have shown that the mean ratio of the
airborne concentrations of Thoron decay products, ThC/ThB were 0.20 ± 0.08 and 0.55 ± 0.21 for
the process plant and outside respectively. The mean Equilibrium Factor "F for thoron and
daughters in the plant was determined as 0.003 ± 0.002. This value was 6 times tower man the ' P
value for the outside atmosphere (0.02 ± 0.01).
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Radiological Environmental Impact of Phosphogypsum- An Overview

3. AUTHOR/S AND ADDRESSES:

A.C.Paul, P.P. Haridasan and S. Krishnamony
Health Physics Unit, IRE lid, Udyogamandal - 683 501

4. ABSTRACT: ~~

The major radionuclide present in phosphogypsum from fertilizer manufacturing process is
226 R a Amount of phosphogypsum disposed on land is about 100 MT die world over accounting
for an activity of 100 T Bq per year. In India over 4 T Bq (approx 100 Ci) of 226 Ra is disposed
off through phosphogypsum every year by various fertilizer units. The concentration of 226 R a m

the aquatic environment near phosphogypsum piles vary from 0.002 to 0.04 Bq I'ljhowever the
movement of activity through soil is negligible. Higher uptake is reported in biological material
resulting in enhanced population dose. Direct exposure from gypsum piles is estimated to give a
per capita dose of about 3 mSv per year. Studies on the occupational and environmental radiation
exposure in the phosphate fertilizer industry and environmental impact of phosphogypsum disposal
in our country needs detailed study.
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Radionuclides in the Aquatic Environment of a Phosphatic Fertiliser Plant

3. AUTHOR/S AND ADDRESS:

P.P.Haridasan and A.C.Paul
Health Physics Unit, IRE Ltd, Udyogamandal - 683 501

4. ABSTRACT:

Concentrations of 2 2 6 ] ^ 210po m(i TJ m Chi(rapu2ha river water and sediment are
influenced by the industrial processing of rock phosphate and disposal of phosphogypsum. Studies
indicated leaching of 2 2 6 R & g-ora m e gypsum pile. Enhanced levels of 226Ra a^j u were
observed in the river sediment Higher activity levels were observed in non-monsoon as compared
to monsoon season. Higher Kj values in the river are attributed to higher Bulphate and phosphate
levels.
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Criteria for Disposal of Solid Tailings from the Beach Mineral Sand Separation Plants

3. AUTHOR/S AND ADDRESS:

AC. Paul and S. Krishnamony*
Health Physics Unit, IRE Ltd, Udyogamandal - 683 501

* Head,Health Physics Division, BARC, Mumbai - 400 085

4. ABSTRACT :

Major portion of solid tailings from the beach mineral separation plants consists of quartz.
Some of the specific operations such as individual mineral separation results in tailings having
high mineral content including monazite. The criteria for disposal of these tailings in the
environment has been evolved, such that the practice of tailings disposal does not result in any
additional radiation exposure for members of public at HBRA

5. REMARKS: 6. STATUS: 7. KEYWORDS:
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Modification of Radiological Environmental Aspects due to Mining
and Processing of Heavy Minerals

3. AUTHOR/S AND ADDRESS:

P.M.B. Pillai, A.C. Paul and P.P. Haridasan
Health Physics Unit, IRE Ltd, Udyogamandal - 683 501 and
T.VelayudhanJQRE Ltd, Manavalakurichi, Tamil Nadu,629 252

4. ABSTRACT:

The mining and mineral separation of the coastal mineral deposits are undertaken by M/s
Indian Rare Earths Ltd. The operations of the mineral separation plants at Chavara in Kerala and
Manavalakurichi in Tamil Nadu results in a reduction of the natural radiation background in the
mined and refilled areas. The reduction in radiation fields is by a factor of 10 at Manavalakurichi
and by a factor of 5 at Chavara The environmental exposure by way of liquid and gaseous effluent
discharges is negligible.
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Assessment of Thoron ,Radon and their Decay Products in the Occupational Settings
of Monazite Mineral Industry

3. AUTHOR/S AND ADDRESSES

A.C.Paul>P.M.B.Pillai and S.C.Saha
Health Physics Unit, IRE Ltd, Udyogamandal - 683 501

4. ABSTRACT:

Internal radiation exposure encountered in the physical and chemical processing of
Monazite is mainly due to the inhalation of Th bearing mineral dust,the inert radioactive gases
moron, radon and their decay products.The study deals with the various methods of measurements
adopted for Thoron ..Radon and their decay products,meir concentrations and realistic estimation
of the Committed Effective Dose due to these radionuciides in the plants of Indian Rare Earths
Ltd.,at Udyogamandal, Chavara, Manavalakurichi and Chatrapur(Oris8a).
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Natural Analogues to Radionuclides in Nuclear Wastes - Case Studies at
Natural High Background and Technologically modified Radiation Areas

3. AUTHOR/S AND ADDRESSES:

A C.Paul and S.Krishnamony*
Health Physics Unit, IRE Ltd, Udyogamandal - 683 501

* Head, Health Physics Division, BARC,Mumbai - 400 085

4. ABSTRACT:

Well defined High Natural Radiation Background Areas,Undisturbed Orebodies and
Technologically modified radiation areas have features that are analogous to shallow-land low-
level radioactive waste disposal sites.Studies aimed at obtaining correlations between the specific
activity of different naturally occurring radionuclides present in these areas,the resulting
concentrations in different environmental matrices and exposure occurring from different pathways
can offer insights for arriving at suitable radiological criteria for shallow-land disposal of low-
level radioactive wastes.Results of selected measurements that highlight these aspects are
presented as obtained from the high background areas of Manavalakurichi(Tamilnadu) and
Phosphogypsum waste disposal area at Udyoamandal(Kerala) as part of an ongoing study on (his
subject
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Transfer of Radionuclides and Trace Metals in a Tropical River Environment
and a High Background Radiation Area

3. AUTHOR/S AND ADDRESS:

Paul AC.
Health Physics Unit, IRE Ltd, Udyogamandal - 683 501

4. ABSTRACT:

The Transfer Factors for Ra-228, Ra-226, Po-210, Th, U, Cu, Mn, Zh, Cd, Pb and rare
earth elements observed in river Periyar and high background radiation area (HBRA) at
Manavalakurichi are described. The matrics covered were sediment, soil, humic matter,
vegetation, milk and fish. The TF for sediments varied from 3.4 x 10^ for U to 1.5 x 10* for Th.
The TF for trace metals were of the order of 10^. Cu showed high TF (10^) in humic matter as
compared to the sediment Transfer Factor in fish for Ra was 10 for flesh and 100 for bone. The
TF for milk ( milk to grass ) ranged from 6 x 10~3 to 9 x 10"^ for Ra The TF were lower at
HBRA due to lower availability of radionuclides as a result of mineralisation.
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Environmental 222R3don Profile in and Around Jaduguda

Shankar Jha, G.K.Srivastavaand AKLKhan
Health Physics Unit, Jaduguda, Bihar

4. ABSTRACT :

The present study is intended to arrive at a realistic spectrum of environmental
profiles in and around Jaduguda using both the grab sampling and time integrated methods.
Influence of some meteorological parameters on environmental - ^ R n levels have been quantified
and the significance of observed 222RJ, levels have been discussed

Log-normal analysis of 666 observations on environmental 2 2 2 R - concentration in and
around Jaduguda, obtained using low level radon detection system, yields a standard geometric
mean value of 22 Bq ra"3 with standard geometric deviation of 2.09.

The results of seasonal variation trends of environmental 222RU ieYels inferred from
continuous radon monitor are in good agreement with that from the low level radon detection
system, viz., both methods suggest that environmental 2 2 2 ^ levels are maximum during winter
and minimum during rainy season.

The impact of 2 2 2 R - jg-om m e technologically modified sources in the environment around
Jaduguda is positive but small. Further studies are in progress to take time averaged concentrations
also into considerations.
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Soil-Gas Radon in the Central Part of Singhbhum Thrust Belt

3. AUTHOR/S AND ADDRESS :

Giridhar Jha and G.K.Srivastava
Health Physics Unit Jaduguda, Bihar

4. ABSTRACT:

Measurements have been made on soil-gas radon concentration and the corresponding rate
of exhalation along the Singhbhum Thrust Belt (STB) . Capability of the radon concentration in
soil-gas to act as a supporting source for radon in air has also been evaluated, on the basis of
radon concentration available in houses located very near to the shear zone.
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Environmental Radiation Aspects Along Gopalpur Sea Coast of OriBsa

5. AUTHORS(s) NAME & ADDRESS :

S.C.Saha & D.Vidya sagar
Health Physics Unit, IRE Ltd., OSCOM, Orissa

4. ABSTRACT:

To utilise about 200 million tonnes of i>each sands containing valuable minerals, lying
within a total area of 25 Sq.Km. between Gopalpur in the south and Rushikulya river in the north,
Indian Rare Earths Ltd(IRE) has set up Orissa Sands Complex (OSCOM) near Matikhalo village
in the district of Ganjam of Orissa. OSCOM is expected to produce about 2.2 lakh tonnes of
Ilmenite per year alongwith Monazite and other associated minerals. Recently a Thorium Plant has
been set up and is in operation since March 1993. Processing of beach sands and production of
Monazite, Thorium Nitrate, ADU etc. may give rise to radiological hazards in addition to
conventional hazards.

Environmental radiation impact assessment studies are therefore essential in order to
protect the public and the environment from harmful effects of radiation. Preoperational studies
have been made on the external radiation levels, radioactivity in soils, surface and ground water.
Radioactivity in ambient air and cumulative exposure to nearby villagers have also been studied.
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Modes of Csl3*7 Desorption from Marine Sediment by Sea Water

3. AUTHORS and ADDRESSES:

M.V.M.Desai, Sathi.S.Kumar, KCPillai
Environmental Studies Section, Health Physics Division, B.A.R.C. Mumbai- 400 085

4. ABSTRACT:

Sea water is observed to be a good desorbing agent for C s ^ ? g-om marine sediments.
Investigations on the sites of C s ^ 7 binding and their abundance by desorption over extended
periods indicated that whatever the time of contact of sorption, Cs*3? has three modes of
desorption: fast component with desorption half time of 30-50 min, medium components with
desorption half time of 25-55 hrs, and slow component with desorption half time of 31-112 days.
These are expected to be sites of ion exchange and trapped Cs in the clay mineral layer lattices.
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Modes of Csl37 Desorption from Marine Sediments by Sea Water

3. AUTHOR/S AND ADDRESS:

M.V.M.Desai, Sathi.S.Kumar, K.C.Pillai
Environmental Studies Section, Health Physics Division,
B.A.R.C., Mumbai - 400 085

4. ABSTRACT:

Desorption studies of Cs*3? from Marine sediments by artificial sea water and artificial
sea water devoid of individual major cations such as Na^CaJVig and Sr indicated that only Na
and K were effective in the desorption of Cs*3?. Studies with various ionic strengths ranging from
.01-1.6M Kcl and Nacl solutions showed that Kcl desorbs constantly about 45% Cs**7 at and
above an ionic strength of 0.1. In case ofNacl, the percent desorption increases linearly with ionic
strength. The difference in desorption by K and Na is attributed to the Contraction of the clay
mineral layers by K ion and Expansion of the layers by Na ioa
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Influence of Humic Substances on Sorption and Methyation processes of Inorganic
and Organic-tin Species

3. AUTHOR/S AND ADDRESS:

Jurgen Kuballa, *M.V.M.Desai, and Rolf-Dieter Wilken
GKSS Research Centre, Institute of Chemistry, Max-Plank-Strasse
D-21502 Geesthacth, Gennany

* Bhabha Atomic Research Centre, Mumbai - 400 085

4. ABSTRACT:

The influence of humic substances on sorption and methyl at ion processes for inorganic
soecies is presented. Four sediment samples from different locations of the river Elbe. Mulde, and
Spittlewasser, Germany with different organotin and humic contents were selected to extract the
humic and fill vie acids. At low total organotin content,dibutyltin is found bonded to humic and
fulvic acids, .whereas at high organotin content dibutyltin is distributed more with the residual
sediment Most of the tributyltin is only in die humic acid fraction when it binds to humic matrix
mostly remains in the sediment. General observation indicates mat ionic butyltin species bind to
fulvic acid whereas the non-polar tetrabutyltin in not found in the fulvic acid fractions.There is»a
correlation between the humic content of the samole. and the formation of methyltin
species.Evidence is proved by experiments that humic substances act as methylation agents.
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Mercury in Contaminated Sediments and Flood Plains of the River Elbe-Assessment
of Major Species and Mobilisation Behaviour by means of a Mercury Specific Sequential
Extraction Procedure

3. AUTHOR/S AND ADDRESS:

D.Wallschlager, M.V.M.Desai*, M.Spergler and R.D.Wilken
Institute of Physical and Chemical Analysis, GKSS Research Centre
21502, Geesthacht, Germany.

*, Health Physics Division, BARC, Mumbai

4. ABSTRACT:

A novel sequential extraction procedure is presented that allows both the semi quantitative
determination of major mercury species in soils and sediments and the evaluation of the
remobilisation potential for mercury into the aqueous phase from these matrices.In contrast to
former sequential extraction approaches, this procedure was designed specifically for mercury and
takes into account its chemical particularities.lt consists of four subsequent extraction steps with
neutral) acidic,alkaline, and sulfidic water.Evidence is presented that mercury speciation in
sediments and floodplain soils changes along the course of the river from mobilizable to immobile
forms.lt is leading to a conclusion that mercury remobilisation under natural circumstances is
rather small and coupled unspecifically to the mobilisation of humic substances.
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Contribution of the Uranium Mine Exhaust to the Atmospheric Radon

3. AUTHOR/S AND ADDRESS :

A.H.Khan, S.Jha, R.Kumar and V.N.Jha
Health Physics Unit (BARC)
UCIL, Jaduguda, Singhbhum, Bihar - 832102

4. ABSTRACT :

Radon generated in the underground uranium mine during ore winning operations is
removed by ventilation. The mine exhaust air thus becomes a source of environmental radon. The
absolute radon concentrations in the exhaust air of Jaduguda and Bhatim uranium mines are
measured to evaluate the rate of radon released from these mines to the atmosphere. During 1994
and 1995 the concentrations of radon in the exhaust air of Jaduguda uranium mine varied from 4.4
to 9.7 KBq.nT^ with the mean value at 6.5 KBq.m"^. As average air exhaust rate from this mine is
88.4 m'-'. s ' l , the radon release rate works out to 5.75 x 10^ Bq.s"* i.e 49.6 GBq.d'l.

Similarly, the concentration of r adon in the relatively smaller uranium mine at Bhatin
during this period varied from 1 to 3.3 KBq.m'3 with the mean value at 1.8 KBq.m"-*. The average
air exhaust rate being 24.4 m-*. s"% the radon output from this mine works out to 4.39x10^ Bq. s~*
(i.e 3.8 GBq.d"1.

Since the mine exhaust adits are located at isolated places at a height of nearly 30 m, the
impact of these releases at locations beyond 0.5 Km from the source are indiscernible from the
background concentrations of about 10-15 Bq.m~3.

5. REMARKS: 6. STATUS 7. KEY WORDS:
In progress Atmospheric radon

Uranium mine exhaust

8. REFERENCES

44



1. TITLE: 2. CATEGORY: A - 4 5

Transfer Coefficient of Radiocesium in Vegetables in Tropical Environment (1974 - 94)

3. AUTHORS AND ADDRESS :

K.G.Varughese, R.P.Garg and S.Krishnamony
Environmental Survey Laboratory, RAPS, (Health Physics Division, BARC)
Bhabhanagar, Via - Kota (Rajasthan) 323 307

4. ABSTRACT :

The study presents the evaluation of Transfer Coefficients of Radiocesium in seasonal
vegetables grown in an experimental field. Low Level liquid effluent from RAPS was used as
irrigating water for the field. The relative transfer coefficients of radiocesium in vegetables ranges
between 0.05 to 0.9 with respect to ambient water, the highest being for leafy vegetables and the
lowest for root vegetables.
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Transfer Coefficient of Radiocesium and Radiostrontium in Various Environmental
Matrices in Tropical Environment (1974-94)

3. AUTHOR/S AND ADDRESS :

R.P.Garg
Environmental Survey Laboratory, RAPS, (Health Physics Division, BARC)
Bhabhanagar; Via - Kota (Rajasthan) 323 307

4. ABSTRACT :

Transfer Coefficients of radiocesium and radiostrontium in different environmental
matrices have been evaluated on the basis of the data collected during 1974-1994. The samples
were collected from aquatic and terrestrial environment of RAPS during normal surveillance
programme. In case of samples from aquatic origin the transfer coefficients were obtained with
respect to water whereas in case of samples from terrestrial origin they were obtained with
respect to soil.
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Potassium- 40 in Narora Environment

3. AUTHOR/S AND ADDRESS :

P.C.Verma, L.N.Shanna, M.Sundaram and S.Krishnamony
Environmental Survey & Micrometeorology Laboratory, NAPS
(Health Physics Division, BARC), Narora, Dist. Bulandshahar (UP) 303 389

4. ABSTRACT :

The paper presents the results of gamma spectrometric measurement or naturally
occurring K-40 in various samples collected from the environment of NAPS, Narora Transfer
coefficients (soil to sample ratio) of K-40 in different matrices have been obtained The transfer
coefficients ranged from 0.047 (Milk) to 0.826 (Grass). Among dietary items, cereals and leafy
vegetables showed higher transfer coefficients as 0.26 and 0.20 respectively. Assessment of daily
intake of K-40 has been made on the basis of the average daily intake of common dietary items
grown in this region and the associated K-40 content This works out to about 84 Bq/day.
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An Electrostatic Chamber for Measurement of Thoron in Breath

3. AUTHOR/S AND ADDRESS :

D.J.Mehta and R.C.Sharma
Health Physics Division, Bhabha Atomic Research Centre,
Mumbai - 400 085

4. ABSTRACT:

This paper describes a new apparatus based on electrostatic method for the measurement
of thoron in breath. The exhaled breath air is passed through the apparatus consisting of an
electrostatic chamber (35 1). Freshly formed decay product atoms of Thoron and Radon in the
exhaled breath sample are positively charged ions at their initial life time by virtue of the alpha
emission of their parent gases. Therefore,Thoron concentration is estimated by measuring alpha
activity of its daughter products deposited on the electrode maintained at a negative potential.
Details of the electrostatic chamber, its performance optimisation,calibration and use are given.
The overall efBciency of the present set-up is more than a factor of five better than that of the 150
litre Double Filter System developed earlier. The performance of the electrostatic chamber is
found comparable with the similar apparatus used elsewhere. It is possible to measure 2 2 8
thorax burden,as low as 1 Bq with 5% error with the developed apparatus.
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Biokinetics of Uranium

3. AUTHOR/S AND ADDRESS

V.R.Pullat, H.S.Dang and R.C.Sharma
Health Physics Division, Bhabha Atomic Research Centre
Mumbai - 400 085

4. ABSTRACT:

The uranium concentrations in diet, body fluids and tissues for subjects living in normal
background areas were determined. The data were employed to obtain some important biokinetic
para-meters of uranium. The gut absorption factor (f\) and excretion ratio were evaluated using
these data, as 0.016 and 41% respectively.

Uranium organ burdens were determined and compared with the derived organ burdens for
kidney, skeleton, muscle and soil tissues by the application of ICRP metabolic model to its intake
data for adult Indian population. Higher systemic burden was observed for kidney and muscles
including soft tissues, indicating longer retention half-lives for uranium retained in kidney and
muscle.
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Studies on the Pulmonary Clearance Fraction for a Group of Workers with
Chronic Exposure to Y Class Uranium

3. AUTHOR/S AND ADDRESS

RS.Dang, V.R.Pullat, T.Surendran, T.K.Haridasan, D.D.Jaiswal and R.C.Sharma
Health Physics Division, Bhabha Atomic Research Centre, Mumbai- 400 085

4. ABSTRACT:

The thorax burden and daily urinary excretion of U(Y-class) were simultaneously
estimated using the techniques of whole body counting and neutron activation analysis
respectively, for a group of 23 occupational workers in a U oxide plant The results of the
estimation showed a statistically significant (P< 0.05) linear correlation between the thorax
burdens and the corresponding daily urinary excretions. The values of the mean thorax burden and
the mean daily U excretion were employed to arrive at the pulmonary clearance fraction for the U
deposited in the pulmonary region. The value of this fraction (which is me ratio of uranium
excreted daily in urine to mat present in the thorax) was found to be 1.1 x 10"4 d"*. The lower
pulmonary clearance fraction indicates that Y class uranium deposited in lungs cleared with much
longer half-life in comparison to mat proposed by ICRP.
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Thorium Levels in the Blood Serum of Occupational Subjects
- A New Approach to Bioassay Monitoring of Actinides

3. AUTHOR/S AND ADDRESS

D.D.Jaiswal, RS.Dang and R.C.Sharma
Health Physics Division, Bhabha Atomic Research Centre, Mumbai - 400 085

4. ABSTRACT:

A new method for the assessment of internal dose due to thorium deposited in the body of
occupational workers was developed and standarised. It is based on Th concentration in blood
serum which is determined using the sensitive technique of neutron activiation analysis (NAA)
followed by radiochemical separatioa This method is capable of achieving a minimum detection
level of 0.1 uBq (0.025 ng) of 232jh in a blood serum sample.

The method was employed to determine the concentrations of Th in the blood serum
samples obtained from four groups of subjects: 1) normal population who were not exposed
occupationally to Th, (2) subjects who performed administrative duties in the Th plant, but at no
time directly handled Th, 3) subjects working in the Th plant for an average period of 8Y (5-10Y)
and 4) subjects working in the Th plant for an average period of 22Y (15-30Y). The geometric
mean concentrations of Th in the four groups were found to be 7.9, 27.3, 208.4 and 199.8 ng L "1
respectively.

In view of the inadequacy of whole body counting technique to assess Th body burden of
subjects belonging to these four groups, due to its poor detection limit (12 Bq of 220 Th activity in
chest and 52 Bq in the whole body), the Th concentrations in the blood serum of a group of nine
subjects were determined, for whom the whole body activity data has been obtained, using Thoron
in breath measurement. A statistically significant (p< 0.01) linear correlation was observed
between the two parameters. The study clearly showed that Th concentrations in the blood serum
could be effectively used to assess the Th body burdens for occupational subjects. It, thus, forms
an alternate method to the conventional bioassay procedure of daily urinary excretion of Th for the
internal dosimetry of radiation workers.
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Ultra-Trace Analytical Techniques for Internal Dosimetry of Actinides:
An Appraisal

3. AUTHOR/S AND ADDRESS

D.D.Jaiswal, HLS.Dang, V.R.Pullat andR.C. Sharma
Health Physics Division, Bhabha Atomic Research Centre, Mumbai - 400 085

4. ABSTRACT:

This paper briefly reviews and summarises the currently available analytical techniques
employed to determine important actinides ^^Th, 238TJ and 239, 240pu m bioassay samples for
internal dosimetry purposes. The techniques covered are Neutron Activation Analysis (NAA) ,
Delayed Neutron Activation Analysis (DNAA), Alpha spectrometry, Spectrophotometry,
Fluorimetry, Kinetic phosphororescence,Solid State Nuclear Track Detectors (SSNTD), Fission
Track Analysis (FTA), Inductivity Coupled Plasma Mass Spectrometry (ICP-MS) and Anodic
Stripping Voltametry (ASV). A comparison is made for the detection limits of various techniques
for individual actinides in terms of the fraction / multiple of the derived urinary excretion levels
such as derived recording levels (DRL) and derived investigation levels (DIL).

Each technique has its own advantages and limitations. However, when applied for
internal dosimetry at derived recording level (DRL), neutron activation analysis appears to be the
most sensitive, reliable and simple analytical technique for the determination of 232jh and 238TJ

in bioassay samples. Although alpha spectrometry which has the advantage of providing isotopic
information, can be applied to measure 239>240pu j n bioassay samples at DlLs, FTA (Fission
Track Analysis) appears to be the most suitable technique for measurements at or below DRLs.
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Daily Intake and Tissue Distribution of Some Trace Elements
for Adult Indian Population

3. AUTHOR/S AND ADDRESS:

M.Parameswaran, HS.Dang and S.Krishnamony
Health Physics Division, Bhabha Atomic Research Centre, Mumbai- 400 085

4. ABSTRACT:

In view of the importance of elemental data on daily intake and tissue distribution for
establishing metabolic parameters conceniing uptake and deposition of radionuclides in human
organs, bom the daily intakes and tissue distribution of Na, K, Ca, Mg, Cu, Zn, Mn, Fe and Rb
were estimated using Atomic Absorption Spectrophotometric techniques (AAS). The turnover
factors Tf (Which is the ratio of organ burden of an element and its corresponding daily intake)
were also calculated for these elements. The comparison of daily intake data for adult Indian
population with that of ICRP Reference Man, showed mat the dietary intakes of Na, Mg, Mn, Rb
and Fe were higher, whereas those of Cu, Zn, K and Ca were lower for adult Indian. With the
exception of Cu in skeleton and Mn in lung muscle and heart, the corresponding organ burdens for
an average adult Indian were generally lower than ICRP. The ratio of the Tf for Indian and ICRP
Reference Man was less man one for Na, Mg, Rb and Zn indicating shorter biological half lives in
Indian population in comparison to ICRP Reference Man representing the Caucasians.

5. REMARKS: 6. STATUS: 7. KEY WORDS:
Completed Daily intake

Radionuclides
Atomic absorption
spect rometry,
Turn over Factor
Reference Man

8. REFERENCES:

Bull, of Radiation Protection, Vol. 18, Nos 1 &2, pp 241, 1995

53



1. TITLE : 2. CATEGORY: B - 7

Detection Systems for Monitoring Intakes of Actinides at Trombay

3. AUTHOR/S AND ADDRESS :

TXHaridasan, T. Surendran, R.C.Sharma and S. Krishnamony
Health Physics Division, Bhabha Atomic Research Centre, Mumbai 400 085

4. ABSTRACT

This paper has described three different detection systems namely phoswich, HPGe
(LO-AX),and CdTe being operated at Trombay for monitoring intakes of actinides by the
occupational workers of fuel fabrication/reprocessing plants. Their performance characteristics
have been presented. The advantages offered by a variety of detectors in dealing with an actual
case of actinide intake have been demonstrated The illustrative case believed initially as of
inhalation intake,at one stage as mat of both inhalation and injection (wound) intakes,was finally
diagnosed as that of an intake by injection alone. CdTe measurements helped in exact localisation
and successful excision of wound activity. Analysis of subject's HPGe spectrum from the position
of left lateral axillary lymph-nodes by PC version of SAMPO code has provided: a) evidence that
the matrix-effect stated for transuranics in lungs may be valid for wound contaminations as well
andb) the verification of the estimate of effective depth of Am/Pu source. Similarly the analysis of
HPGe spectrum of wound lead to a reasonably accurate estimate of Pu.Am ratio in the
contaminant. These findings suggest that it would be prudent to equip an advanced in-vivo
monitoring laboratory with a variety of detection systems along with the sophisticated data-
analysis techniques.
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False Indications of Lung Burden Arising from a Contaminated Finger Wound

3. AUTHOR/S AM) ADDRESS :

R.C.Sharma/r.K.Haridasan and T.Surendran
Health Physics Division, Bhabha Atomic Research Centre, Mumbai - 400 085

4. ABSTRACT : ~ ~ ~ ~ ~

A routine lung monitoring of a worker from a fuel reprocessing plant was performed
at a laboratory located near the plant The result indicated an apparent 241 Am jyng contamination
suggesting likely inhalation intake of plutonium aerosols. Subsequently the subject was referred
to the in-vivo counting laboratory at Trombay where further investigative follow-up measurements
were made.This paper presents the very interesting results of the measurements which showed
that false indications of an actinide lung burden could arise from a contaminant present elsewhere
in the chest region.

Initial measurements on the subject at Trombay confirmed the finding of an apparent
241 Am lung burden. In addition, 241 Am contamination in a healed wound localised at the top of
the middle finger of the subject's left hand was discovered. Most of the contamination (~ 90%)
from the wound site was later removed. Subsequent measurements made with phoswich (200 mm
dia) over lefivmiddle and right chest to see if the response pattern was indicative of any activity in
the respiratory lymphnodeSjTevealed an abnormality of distribution of 241 Am in the chestResults
of anterior chest mapping carried out with the aid of a HPGe (51 mm dia) detector supported
phoswich observations and proved mat lungs contained no detectable 241 Am activity.This ruled
out an inhalation intake.The maximum response at the left arm pit location confirmed the
presence of contaminant in the axillary lymphnodes.Furmer.HPGe measurements located the
241 Am activity in the lateral group. These measurements conclusively established the intake
through injection route (wound) alone.Our findings suggest that while conducting various lung
monitoring programmes for occupational workers handling actinides due
consideration/attention needs to be given to the minor cuts / wounds in order to rule out
substantial overestimation of internal radiation doses.
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Retention of Natural U in Thorax BaBed on Direct and Indirect Monitorings

3. AUTHOR/S AND ADDRESS :

T.K.Haridasan,V.R.PullatrH.S.Dang,T.Surendran and R.C.Sharma
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4. ABSTRACT :

This paper presents the results of simultaneous direct and indirect monitorings for
Uranium conducted on a group of occupational workers selected from a fuel fabrication
plant Interpretation of the results predicted a retention half-time of Nat.U in thorax
characteristic of the plant The prediction was corroborated by the results of direct follow-up
monitoring on one of the subjects belonging to the group. It is suggested that while calculating
internal doses for the occupational workers.a plant specific rather man the ICRP recommended
value of retention half-time of U in thorax be used
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4. ABSTRACT:

Internal contamination monitoring of personnel forms an important part of the radiological
protection program at BARC. The occupational workers from various plants/laboratories are
regularly monitored at the whole body counting laboratory at Mod.Labs., using shadow shield
bed and shielded chair whole body monitors. These light weight shield monitors incorporate (10
cm dia x 7.5 cm thick) NaI(Tl) detectors. Entire gamma ray spectrum above about 150 keV is
recorded on a 4K MCA and monitoring data is used for evaluating the Annual Intakes and
Committed Effective Doses (CDE) in accordance with ICRP guidelines. A statistical analysis of
the monitoring data of the period 1990 - 93 was carried out in order to study the distribution of
the annual intakes and CEDs and to investigate the compliance with new dose limiis which
became effective in 1990. The data of annual intakes and CEDs received by the workers were
found to follow a single mode log normal distribution for 1-131 and Cs-137 and a bimodal log
normal distribution for Co-60 . The GM of CEDs for this combined data of four years is found
to be 21.4, 86, 290 and 760 uSv with SGD as 1.87, 2.7, 2.2 and 1.5 in the case of Cs-i37,1-131
and Co-60 (bom routine and operational) respectively. The maximum dose received are 120,858
and 3306 uSv respectively. Only two subjects received annual dose above 2mSv, one was in
1990 and the other in 1993. These observations are considered to be a reflection on the safe
working conditions in the various facilities of BARC.
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4. ABSTRACT :

Seven persons who were suspected to be involved in an inhalation exposure to Sb - 125
were monitored for their internal radioactive contamination of lungs as well as total body.
Subjects were given a thorough shower bath and all efforts were made to ensure that mere was no
external contamination. Special attention was given to hair cleaning. Monitoring was carried out
on both shielded chair as well as shadow shield bed whole body monitors. Measurements were
made by detecting 430,460, 600 and 640 keV gammas which Sb-125 emits in 30,10, 22 and 11 %
of disintegrations respectively. Two distinct gamma ray peaks were observed in the Nal(Tl)
spectrum, the first due to 430 and 460 keV and the second due to 600 and 640 keV photons. Initial
information about the exposure incident indicated mat the inhaled material was Sb- 125 oxide and
the aerosol could be of a very fine size and of the order of 0.2 -0.3 um AM AD. Preliminary
analysis of the data has indicated that biological elimination time from the lungs is of the order of
500 - 600 days in all the seven cases. This data suggests the need for reclassification of Sb oxide
from its present W class to Y class. Sb-125 is one of the radionuclides listed by ICRP for their
potential importance in occupational exposure. The maximum amount of individual intake
estimated was about 30 KBq. Investigation level for Sb-125 (W class) in special monitoring is
600 KBq (1/10 th of A l l ) . Thus the committed effective doses received would be well within the
limits. However, if the doses are calculated taking into consideration the observed lung retention
half life of 500 days in place of the 50 days used by ICRP and due allowance is given for the
estimated aerosol size, the ALI value gets reduced by a factor of 20 and intake becomes
comparable to Investigation level.
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4. ABSTRACT ~ ~ ~ ~

Over decades, whole body counting and bioasBay - the two principal methods of
internal dosimetry have been most widely used to assess,limit and control the intakes of
radioactive materials and the consequent internal doses by the workers of nuclear industry.This
paper discusses the whole body counting techniques. Beginning with the principles, general
design consjderations,the requirements and requisites of whole body counters are discussed in
detail. By far, the most formidable problems exist in the whole body /organ counting of low-
energy photon emitters, namely me actinides (U,Pu/Am).The types, designs and characteristics
of various whole body counters installed and operating in India are given.Current philosophy of
various body monitoring programmes for occupational workers of nuclear industry conducted
with these counters is described together with the methodology of internal dose calculations.
Some notable observations from our monitoring programmes have also been included These
are : a Chernobyl case, a case of 1311 uptake, assessment of internal dose due to inhalation of
thoron daughters and measurement data on the workers from the front and back ends of the
nuclear fuel cycle.Lastly,the problems inherent in the interpretation of monitoring data and likely
future directions of development in the assessments of internal doses by direct methods are
outlined
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4. ABSTRACT

This paper describes the requisites of direct methods of internal dosimetry of actinides
and their rational utilisation for conducting various internal monitoring programmes for
occupational workers at Trombay, together with some notable operational experiences. The
observations described have included an unusually long retention half-time of about 2900 days
(8y) for ceramic *grade natural uranium oxide in lungs suggesting a near super class Y behaviour,
a lung clearance half-life of about 1444 days ( 4 y) for 241AmO2 indicating its class Y behaviour,
a case showing super class Y retention of Pu oxide in lungs and consequently build-up instead of
decline of 241 Am due to ingrowth from 241Pu; yet another case in which an erroneous indication
of 241Am/Pu lung contamination was finally traced to a deposition of activity in the lateral
axillary lymph nodes. Implications of these findings with regard to the suitable biokinetic models
for actinides have been discussed Lastly, the need for new ICRP guidance on the design and
interpretation of internal monitoring programmes for actinides which would take into account the
super or near super class Y retention in lungs has been high-lighted.

5. REMARKS 6. STATUS 7. KEYWORDS
Completed Internal dosimetry,

Long-term follow-up,
Super Class Y Retention
Biokinetic models

S. REFERENCES:

1. Radiation Protection Dosimetry, Vol. 59, No. 1, pp 15 - 24, 1995
2. Bull, of Radiation Protection, Vol. 18, No. 1 & 2, pp 252 - 257,1995

60



1. TITLE: 2. CATEGORY: B - 1 4

Physical, Anatomical, Physiological and Metabolic Indian Data for Setting
Up a Reference Indian Man - Application to Internal Dosimetry

3. AUTHOR/S AND ADDRESS:

H.S.Dang, D.D.Jaiswal, M.Parameswaran and S.Krishnamony
Health Physics Division, Bhabha Atomic Research Centre, Mumbai - 400 085

4. ABSTRACT

The collection, collation and generation of physical antomical physiological and
metabolic data were carried out to propose the characteristics of Reference Indian Man, a human
model, for strengthening radiation protection infrastructure in India These data would be useful
in the development of phantoms and for evolving population specific radiation protection
standards (annual limit of intake ALJ, and derived air concentration DAC, for different
radionuclides). The Reference Indian Man represents low income group of Indian population
and the Reference Male and Female have body weights 53 and 45 kg and height 164 and 151 cm
respectively. Their daily consumption of energy, protein and fat are 2050 KCal, 55 g and 26 g
for male and 1750 KCal, 47 g and 22 g respectively for Reference Female. The physical
parameters as well as body compositon parameters for average Indian were smaller than ICRP
Reference Man. The daily fluid consumption and the sweat rate etc., which depend upon the
climatic conditions were larger for Indians in comparison to ICRP Reference Man.

The metabolic data collected as apart of mis study were applied to estimate the biological
half-lives of important radionuclides such as 137Cs, 3H and 1311 etc. which were found to be
shorter in comparison to those suggested for ICRP Reference Man suggesting that the dose
coefficients for Reference Indian for these radionuclides will be smaller than those for ICRP
Reference Man.
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4. ABSTRACT: ~~~

Tritium in the form of polystyrene is used coated on zinc sulphide as the active
component for the manufacture of self-luminous paint To study the radiological implication of
airborne tritium in the luminous paint industry, air monitoring study was conducted by cold strip
method and Andersen method. Airborne particulate in different locations in luminous paint (L.P.)
building and background areas were observed to be associated with AMAD of 1.8 to 5.0 urn.
Dose to soft tissue and lungs and effective whole body dose were evaluated.
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An Analysis of Seven Year Follow-up Study of Urinary Excretion of Plutonium
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4. ABSTRACT:

Urine analysis is an important method used for estimation of plutonium intake of an
occupational worker. Bio-kinetic models of Pju given by ICRP and other information available on
this subject help in this estimation. Based on the ICRP model and the currently available
information about other models, this paper presents analysis of urinary data for a follow-up
study in case of Plutonium exposure by inhalation. This case was followed for a period of nearly
seven years. A comparison of fitting the experimental data vis-a-vis different models is discussed
in detail. In an accident situation where it is not possible to know the solubility of the compound
inhaled, it is necessary to analyse the data separately for both W and Y classes. From an analysis
of the excretion data using various models, the intake has been estimated.
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Internal Radiation Dose to the Public from Polonium-210 due to consumption
of sea food from Bombay-Harbour Bay.

3. AUTHOR/S AND ADDRESSES :
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Health Physics Division, Bhabha Atomic Research Centre, Mumbai - 400 085

4. ABSTRACT:

Marine organisms such as fishes, molluscs and crustaceans are known to accumulate
Po-210.Distribution of Po-210 incoastal marine organisms mainly fishes and shell fishes is
studied. Concentration of Po-210 obtained in muscle of common fishes (edible portion) varied
from 2.10±0.11 to 21.90±5.00 Bq/kg dry muscle for fishes like Pampus argenteus(Pomfret).
CvnoglossuB elongatus(Sole)t Rastrelliger kanagurta (Mackerel), Harpodon nehereus (Bombay
duck) etc. Concentration factors for Po-210 in edible portion offish from sea water works out to
10E+03to 10E+04.Radiation dose to the public has been evaluated on the basis of daily intake of
40 g offish (15 kg/y). Committed Effective Dose (CED) due to Po-210 by consumption of sea
food is calculated, CED varied from 2.05E-03 to 4.0E-02 mSv/y.
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4. ABSTRACT: ~ ~

Probable urinary excretions for an intake of one ALJ per year in case of uranium
(Class D,W and Y) have been worked out for particles of size 5um AMAD.From the measured
values of urinary excretions for the past five years ,the probable intake of uranium is computed.
Observed excretion values are very small compared to the values that correspond to intake of
1ALI in an year for radiotoxicity; similarly in case of chemical toxicity also, the observed values
are found to be quite small compared to the limits for chemical toxicity.
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4. ABSTRACT: ~~~~

Radium-226 is a significant radio-toxic nuclide present in the material handled in the
uranium ore processing industry. Workers are likely to be exposed to internal contamination of
radium mainly in the initial stages of ore processing operations such as crushing , grinding,
milling and filtratioa The tailing slurry handled during waste management also has significant
Ra-226 activity. Recently developed electrostatic technique for radon in breath measurement has
been used for monitoring Ra-226 body burden on a routine basis. Most of the workers of
Uranium milling operations of UCIL have been monitoredRadium body burden data is analysed
against limiting values. The particle size distribution at plant is observed to be 3.5um AMAD.
Annual limit on intake for Ra-226 corresponding to 3.5 urn AMAD.has been worked out to be
17,142 Bq.Following intake at ALI/365Bq/day for the new ALI for 3.5um,AMAD. (CED 0.02
Sv),equilibrium body burden works out to be 2kBq.The data analysis shows that the exposure
status of the workers at UCIL has been less than 1 ALI (0.02 Sv equivalent) per year in all the
cases examined The body burdens are less than 25% of mat corresponding to 0.02 Sv per year
in all the cases.
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4. ABSTRACT:

The mean concentration of Th in the urine of occupational workers at the Monazite
Processing Plant is compared to that of the Mineral Separation Plant workers in the light of
inhalation exposures. The estimated average daily urinary excretion based on ICRP lung model
and metabolic model for thorium for Monazite Processing Plant workers and Mineral Separation
Plant workers who have put in 10 to 20 years of service have been compared with the observed
excretions. The observed excretion rates were higher for Monazite Plant workers and lower for
the Mineral Separation Plant workers though the airborne activity levels were higher at the
Mineral Separation Plant Lower values observed for Mineral Separation Plant workers may be
due to lower metabolisation of thorium present in the mineral dust which is extremely resistant to
physico-chemical degradation.
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4. ABSTRACT:

hi case of radionuclides of long residence time in the body , the body builds up a residual
burden and leads to low level urinary excretion of these nuclides. The increments due to annual
permissible intakes become difficult to be measured over and above the existing base level
excretion after a few years of occupational exposure. This also make it difficult to arrive at
annual CED. A procedure for interpretation of urinary excretion data in such cases is brought out
Annual Limits of Intake (ALI) of Sum AMAD inhalation Class W and Class Y, for CED 0.02 Sv,
have been computed for Th-232 as 80Bq and 220Bq respectively . A ready reckoner table which
gives excretions based on ICRP lung model and metabolic and excretion model for thorium
following intake of 1 ALI per year of Th-232 has been prepared . Observed urinary excretion
data following chronic exposure have been analysed against the computed data for a 5year period
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4. ABSTRACT:

Study was carried in two watch factories handling tritium labeled paint with the purpose
of evaluation of soft tissue dose due to HTO and lung dose of workers by studying
1) Solubilisation of luminous paint (L.P.) (inhalation class W) 2) Particle size and tritium
concentration in the aerosol and 3)Internal dosimetry of persons exposed to Tritium while
handling LP.

Study of solubilisation of LP. in bovine serum and synthetic serum shows around 12 to
13% is likely to be absorbed into the body as fast component with biological half-life
comparable to HTO. The remaining activity is retained in the lungs, gets solubilised slowly and
is eliminated as a slow component

Tritium concentration in urine samples of dial painters of clock factory is negligible, m
the majority of the cases, intake is less than 7% ALL But Tritium concentration in urine of LP.
workers from wrist watch factory indicate mat they are being exposed to tritium throughout the
year.

The airborne tritium in two watch factories was measured by Andersen Lnpactor and
cold strip method. The studies indicated that tritium in the atmosphere is mainly as tritiated
water. From the total inhaled intake (cold strip and water soluble activity from Andersen
Irapactor) as Class D and using observed particle size and benzene soluble activity measured by
Andersen Impactor as Class W compounds of tritium, CD to soft tissues, CD to lungs and CED
is evaluated and is found to be negligible.
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4. ABSTRACT:

Uranium thorax burden measurements were carried out using a standard 5" x 1/2" Nal
integral assembly in a steel room facility. The elimination pattern was estimated with
subsequent follow up measurements. Fourteen workers who were studied so far indicated
thorax clearance half-lives varying from 153 to 1868 days. The average and median values for
this group are 689 and 493 days respectively, as against the half- life of 500 days reported by
ICRP for pulmonary clearance of class Y compounds.
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4. ABSTRACT:

During the operational phase of MAPS starting from 1984, a total of 8730 occupational
workers from MAPS were monitored for internal contamination assessment due to fission
products (1-131, Cs-137, Zr-95/Nb-95, Ru-103+106 ) and activation products (Co-60, Zn-65
etc). The experience during the last 12 years of MAPS operations has demonstrated that over
95% of the cases did not show any internal contamination due to 1-131, Cs-134+137, Co-60 etc.
However cases of minute internal contamination were occasionally noticed due to 1-133,1-131,
Cs-134+137, Zr-95/Nb-95 , Zn-65 etc. during routine monitoring. While all these cases were
well below the permissible ALI limits of ICRP, it was of considerable interest to study their
body retention characteristics since such information would be useful for dose computations in
the absence of relevant, data under Indian conditions. Thus some of the cases relating to 1-133
and 1-131 (2 cases), 1-131 (6 cases), Cs-134+137 (1 case) and Ag-llOm (1 case) were studied in
some detail. The studies in respect of 1-131 & 1-133 have established the presence of 1-133
decaying with an effective half life [T(eff)] of 15.6 to 20.4 hours and 1-131 decaying with aT(eff)
of 5 to 7.8 days which are generally in conformity with those reported by ICRP-30(1979). From
me whole body counting and urine analyses data, the observed T(efi) for Cs-137 calculates to be
44 days as against me ICRP value of 115 days. Since the follow up period for Cs-137
contamination was not long enough, the longer component could not be obtained in the present
case. Also extensive studies showed that Ag-110m contamination was external in nature.
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4. ABSTRACT:

This paper presents observations on effective half-lives for Co-60, Cs-137 and 1-131 for
a few occupational workers who have been whole body counted and observed to have measurable
body burden. It was found that the effective half-lives for 1-131 and Cs-137 are lower whereas
the slow component effective half-life of Co-60 is higher compared to ICRP-54 values. Our
experience shows mat the gut transfer fraction (fj) value of Indian worker of Class Y compounds
of cobalt needs revision.
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4. ABSTRACT:

Rajasthan Atomic Power Station (RAPS) consists of two units of pressurised heavy
water reactor. Tritium is produced in the heavy water systems mainly by activation process.
Tritium present in oxide form and being soft beta emitter (Emax = 1 8 KeV) poses internal
hazard to the workers. Mode of tritium intake is mainly through inhalation and skin absorption.
Internal exposure due to tritium uptakes is about 20-30% of the collective station dose at RAPS.
For evaluating the dose commitment due to tritium a routine program for weekly bio-assay
sample submission is in vogue at RAPS. In addition, special samples are also collected from
workers receiving high tritium uptakes. Since dose commitment due to tritium is directly
proportional to its effective half-life (Tegf), a study on this parameter could be useful in reducing
the dose commitment Keeping this in view an attempt has been made to study Teff in 430 cases
of high tritium uptake for the period of last five year (1990-1994). It has been observed that
frequency distribution of Teg- follows log-normal distribution with geometric mean of 4.53 days
and standard deviation 1.50. The deviations observed in the values of ln(Tefffor 1 , 2_ and 3_
were 67.91%, 93.95% and 99.77% respectively which are in close agreement with the predicted
statistical model. The effect of seasonal variation in Teff has also been studied and discussed. The
radiation workers showing longer half-lives have been identified and encouraged to increase their
water intake rate. This enhanced the tritium elimination rate from their body and has in turn
reduced the internal dose commitment at the station.
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4. ABSTRACT

Depending on pulmonary clearance rate, aerosols have been classified into three classes
by ICRP viz.D,W and Y. According to ICRP, aerosols of plutonium belong to either W class (Pu
nitrate) or Y class ( Pu oxide) and that of americium to W class. For a uniform distribution of
pure plutonium-239 in lungs, the detection limit may typically be in the range 400 - 2000 Bq.
Some industrial sources of plutonium contain americium-241 for which the detection limit is
about 10 Bq. Hence, shortly after an acute intake through inhalation, measurement of Am-241 in
the lungs may permit evaluation of intake of plutonium-americium at or below ALL Therefore,
lung monitoring, to estimate 60 KeV gamma rays of Am-241, was carried out, using a phoswich
detector, for those workers, who were suspected to have acute intake. Lung monitoring, at
intervals, was continued for those workers who had detectable levels of Am-241 soon after the
acute intake. In some cases lung monitoring extended over a period of few years has shown
anomalous results with respect to pulmonary clearance rates viz. i) Pu-Am nitrate aerosols
behaving as class Y aerosols ii) under almost identical conditions at the time of intake, different
individuals giving widely different pulmonary clearance rates.

These observations are presented in the paper.
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1. TITLE : 2. CATEGORY: C - 1

Sources of Radioactivity in Primary Heat Transport, Moderator and Shield Cooling
Systems of Madras Atomic Power Station.

3. AUTHOR/S AND ADDRESS :

S.Venkataraman,, L.L.Moolya, P.Vijayan, V. Mohan, R.S.Varadhan and
K. Chudalayandi
Health Physics Unit, Madras Atomic Power Station, Kaipakkam - 603102

4. ABSTRACT:

Primary heat transport system Chemistry is important to check radioactivity due to
corrosion and fission products in a reactor. Radioactivity associated with the moderator system
is an important component during reactor operation. Various shields, water and air cooled, are
provided in the reactor to bring down the temperature of the selected components and the radiation
levels in the working areas of reactor building. The radioactivity in various systems at MAPS are
estimated and results are given in this report The sources of intense radiation fields in the
moderator equipment room during reactor operations are 16N and ^0. Corrosion products
originate from construction materials such as stainless steel and cupro-nickei tubes. In the PHT
system isotopes of Xe, Kr, I and 4 1Ar are identified . In the moderator system and Cover gas
56Mn, ^Cu and 187W are seen. 54Mn, 24Na dissolved tritium and 4 1 Ar are seen in end - shield
and biological shield coolant.
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1. TITLE : • . 2. CATEGORY: C - 2

3. AUTHOR/S AND ADDRESS :

K. Chudalayandi, R.S.Varadhan, V.Mohan, R.K.Kannan and N. Parasuraman*
Health Physics Unit, Madras Atomic Power Station, Kalpakkam - 603102

* NTC, MAPS, Kalpakkam

Role of Quality Circles in Radiation Protection at MAPS

4. ABSTRACT :

Quality Circle is a small group activity which help to improve the team spirit and brings
in participative management culture in the organisation. The Quality Circle trains the brains to
identify the work related problems systematically, analyse them scientifically, select optimal
solutions and provide the venue for implementation of the solutions identified by the members.
14 work related problems were identified and solved by Health Physics Quality Circle members.
Three projects ( introduction of PVC vials for 3H counting, minimising the difficulties in clearing
Radiological Work Permits, and development of an apparatus for decontamination of plastic
vials) implemented by the Quality Circle are discussed in this paper.
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Analysis of Doses in Providing Creep Relief to the Coolant Channels
at MAPS during 1983-1993.

3. AUTHOR/S AND ADDRESS :

R.S.Varadhan, K. Venkataramana, R.K. Kannan, B.S.K. Nair and K. Chudalayandi
Health Physics Unit, Madras Atomic Power Station, Kalpakkam - 603102

4. ABSTRACT:

In Pressurised Heavy Water reactors the coolant channels made of zircalloy-2 undergo
creep deformation under intense neutron irradiation in the reactor core. In order to measure and
provide for the changes in the dimensions, base line data of internal diameters, sag and length of
the 306 coolant channels are measured as Pre Service Inspection (PSI) before the reactor is
loaded with fuel prior to criticaiity. Subsequently as part of In Service Inspection (ISI), axial
creep of every channel is measured in every annual shutdown of the reactor and creep
adjustment is done on those channels where creep expansion margin for the next one year
operation is low. A study was carried at MAPS. Various measures adopted for reducing the
individual and collective doses on the job as discussed in this report.
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1. TITLE : 2. CATEGORY: C - 4

Minimising Difficulties in Issue/ Collection of Direct Reading Dosimeters
at Madras Atomic Power Station - RSQC Project

3. AUTHOR/S AND ADDRESS :

S.Narayanaswamy, P.Vijayan, K. Varalakshmi, A.A.Sukumar, D.C.P. Arasu,
M. Pandurangan, P. Kuselan, O.K. Subramanian, D. Ramachandran,
O.Velayudhan, E.Subramani, V.Jagannathan and K. Gopalakrishnan
Health Physics Unit, Madras Atomic Power Station, Kalpakkam - 603102

4. ABSTRACT : ~

One of the most important activities in radiation protection i.e. Issue/Collection of Direct
Reading Dosimeters to the Station personnel for accounting the doses received by them on day to
day basis. When both units are operating about 30 DRDs are issued/collected every day. When
one unit is shutdown - 200 DRDs are issued/collected in one day. The issue/collection of large
number of DRDs during shutdown periods create problems in the DRD issue counter in the
SHP's room. This also leads to errors in proper dose accounting. Radiation Safety Quality
Circle members selected this problem in their work area to minimise the difficulties during
shutdown period RSQC members collected data pertaining issue/collection of DRDs during
July 1994, identified several factors leading to problems, identified several solutions to solve the
problems.
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Improvements made in Tritium Counting Laboratory at Madras Atomic Power Station,
Model QC Project

3. AUTHOR/S AND ADDRESS :

K. Venkataramana, L.L. Moolya, V. Mohan, P.G. Mohandas, K.R.Viswambharan,
KKLKannan, U.K. Jayaram, A.V. Sathish, R. Sivaramakrishnan and D. Sundar,
Health Physics Unit, Madras Atomic Power Station, Kalpakkam - 603102

4. ABSTRACT:

Bio-assay Lab is a hectic centre where various samples are analysed for Tritium
concentration levels and Bio-assay samples for estimating internal doses of personnel who were
exposed to tritium in Reactor Building. The samples received in Bio-assay lab includes Air
Activity, LEMP, Process Water and system samples in addition to bio-assay samples. Tritium
specific activity in various samples ranges from a few pCi/ml to few mCi/ml. Hence, the
samples are diluted to an appropriate levels prior to analysis depending on the activity of the
samples. The samples are prepared by adding 5 ml of cocktail to 1 ml of sample and are
analysed by using Liquid Scintillation Spectrometer. During shutdown of the reactors, the
frequency of sample submission would be more compared to operation of the Reactors. Hence,
the MQC members selected a problem related to "Difficulties encountered in Bio-assay Lab".
This problem was analysed and solved using Quality Circle tools.

5. REMARKS: 6. STATUS : 7. KEYWORDS:
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1. TITLE: 2. CATEGORY: C - 6

ALARA Awareness at Madras Atomic Power Station

3. AUTHOR/S AND ADDRESS :

K. Chudalayandi and R.S. Varadhan
Health Physics Unit, Madras Atomic Power Station, Kalpakkam - 603102

4. ABSTRACT:

MAPS-1 is generating power since July 1983 and MAPS-2 is generating power since
August 1985. Several measures were introduced since 1983 towards keeping die individual as
well as collective dose at station at ALARA levels. The various measures adopted in the nuclear
power station are briefly discussed in this presentatioa
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1. TITLE : 2. CATEGORY: C - 7

Experience with Dilute Chemical De- contamination of Primary Heat Transport
System at MAPS - Health Physics View

3. AUTHOR/S AND ADDRESS :

K. Chudalayandi
Health Physics Unit, Madras Atomic Power Station, Kalpakkam - 603102

4. ABSTRACT:

Madras Atomic Power Station consists of Two Units of PHWRs of 235 MWe capacity
each. MAPS-1 attained first criticality on July 2, 1983 and MAPS-2 attained first cnticality on
August 12, 1985. Dose rates on primary heat transport system components and station
collective dose were observed to be increasing from the initial years. Several ALARA campaigns
were carried out to reduce the individual as well as collective dose in the station. Dilute
Chemical Decontamination of the PHT system was observed to be the most successful ALARA
campaigns so far. The impact of source ALARA campaigns adopted and in particular the
impact of DCD on PHT system and dose averted due to these are discussed in this report
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Evaluation of Protection Factors of Ventilated Plastic Suits in Field Conditions

3. AUTHOR/S AND ADDRESS :

G. Eswaran, V. Jagannathan, A. Gajendran and P.G.Mohandas
Health Physics Unit, Madras Atomic Power Station, Kalpakkam - 603102

4. ABSTRACT :

MAPS consists of Two units of Pressurised Heavy Water Reactors of 235 MWe
capacity each. In a pressurised heavy water reactor, Tritium is the major source o internal dose
to the station personnel. Tritium is produced by the (n, r) reaction of deuterium in the Primary
Heat Transport and Mod system heavy water.

Tritium in air is observed in the work environment (accessible areas and shut down areas)
of RBs-1 and 2 due to heavy water escapes from valves, joints etc. Tritium levels will rise
drastically if there is a spillage of heavy water.

Personnel working in tritiated areas have to use respiratory protection if the tritium air
concentration is more than 1 Derived Air Concentration (DAC) level. If the tritium air
concentration is more than 50 DAC or the exposure to tritium is expected to be more than 10
DAC-hour ventilated plastic suit (VP Suit) is the required protection against tritium. Moreover
during heavy water recovery operation usage of VP suit is a must to avoid tritium uptake due to
skin wetting.

The effectiveness of a VP suit to reduce tritium uptake is expressed by the term
'TROTECTION FACTOR" (PF). This report describes the methodology adopted to evaluate
the PF of a VP suit in field conditions.

5. REMARKS: 6. STATUS : 7. KEYWORDS:
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1. TITLE : 2. CATEGORY: C - 9

Baseline Data on Plutonium in Reactor Coolant Water of TAPS

3. AUTHOR/S AND ADDRESS :

A. G. Hegde
Environmental Survey Laboratory, TAPS Colony
PO: TAPP, DistThane, 401 504

4. ABSTRACT:

In view of experimenting with two MOX &el bundles in TAPS units 1&2, a study on
baseline data of Pu in reactor coolant water was undertaken. Eleven samples of reactor water
from both unit 1&2 of TAPS were analysed for Pu content

It was observed that there is a wide variation in the values of Pu concentration as well as
in the activity ratio of 2 3 8 ^ 2 3 ^ + 2 4 0 ^ n w a s ajgo found that concentration and ratio of Pu in
the reactor water was dependent on the history of the unit like startup shutdown, beginning of fuel
cycle and end of fuel cycle etc.

A mean value of 77.4 ± 18.5 mBq/1 of 239+240pu w a s obtained as baseline data for unit #
2 of TAPS. Quarterly cumulative radwaste of TAPS were also analysed for Pu. It was found that
activity levels of Pu in waste were much lower than mat in reactor water.

5. REMARKS: 6. STATUS : 7. KEYWORDS:
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On-line Occupational Dose Data Management Using Computer Software
Programm at Rajasthan Atomic Power Station.

3. AUTHOR/S AND ADDRESS:

B. S. Sajeev, Devesh Gupta and R.M. Shanna
Health Physics unit, Rajasthan Atomic Power Station,
Anushakti.ViaKota, Pin 323 303

J.~~ABSTRACT: ~ ~

Software Package for On-line Occupational Dose Control and Direct Reading Dosimeter
issue/Return has been developed and made operational at Rajasthan Atomic Power Station for the
first time on round-the-clock basis. The programme has been working successfully since June,
1992 on a continuous basis. It covers almost all the aspects of dose management in a Nuclear
Power Plant viz. information on latest dose status of radiation workers, updation of dose files,
Direct Reading Dosimeter (DRD) issued and return, date wise dose history of an individual,
outstanding DRD list, monthly DRD Dose Report, Job wise and Section wise Manrem report,
Internal dose calculation due to tritium uptake etc. The package has considerably reduced work
load in Shift Health Physics Office by providing instantaneous information about dose status of a
radiation worker. It has eliminated manual addition of doses for a large number of radiation
workers. On-line availability of up-to-date dose status of each radiation worker has been very
effective in exposure control at the station.
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C-14 Measurements during Channel Removal Operations at RAPS and NAPS

3. AUTHOR/S AND ADDRESS:

MLJoshi, R.M.Sharma, Shyam Vyas, G.R. Doshi,
T.M. Krishnaraoorthy and P. Urmilcumaran
Health Physics Division, Bhabha Atomic Research Centre, Bombay - 400 085

4. ABSTRACT:

The procedure adopted and the results obtained with regard to the measurement of C-14
during Coolant channel removal operations at the Raj as than Atomic Power Station and Narora
Atomic Power Station are described 0-11 coolant channel removal operation was carried out on
September 1,1992 in Unit-2 of RAPS and K-19 channel removal operation was carried out during
December 13-27 at NAPS-1. In the NAPS the calandria vault is filled with water and the annular
space between the calandria tube and the pressure tube is filled with recirculating carbon dioxide,
hi RAPS both the calandria vault and the annular space are air cooled

The Carbon-14 values obtained are tabulated ,
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Preoperational Radiological Monitoring at the Proposed Mineral Separation Plant
Sites of IREL at Ayiramthengu, Neendakara and Kudiraimozhi

3. AUTHOR/S AND ADDRESS:

A.C. Paul, P.M.B. Pillai, P.P. Haridasan, Sujata Radhakrishnan and S. Krishnamony *
Health Physics Unit, IRE Ltd, Udyogamandal - 683 501

• Head, Health Physics Division, BARC, Mumbai - 400 085

4. ABSTRACT:

Pre-operational monitoring at the IREL Project sites at Ayiramthengu, Neendakara and
Kudiraimozhi was undertaken by the Health Physics Unit, IREL Udyogamandal, during the
period from Feb.92 to June %98. External gamma radiation monitoring, air sampling and analysis
of soil, sediment, water, and biological samples were carried out in different seasons at the
proposed project areas and environs upto a radial distance of 10km. The study covered 173
locations for external gamma radiation monitoring. Total number of air samples analysed
amounted to 147. The study also involved collection and analysis of 59 samples of soil,
sediment, water and biological species.

Higher radiation fields ranging from 40 to 150 uR hr ' l were observed at the proposed mining
areas depending on the monazite content in the soil. Isolated spots at some locations, especially
at Neendakara showed radiation fields upto 500 uR hr*. Air activity at the proposed project
areas was lower than 2xlO~4 Bq m~3 in most of the samples. Sporadic higher levels were
attributed to higher resuspension in summer and due to human activities. Water samples from
different locations did not show any significant levels of activity as also uptake in biological
samples.
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Pre-operational Radiological Monitoring at the Proposed Mineral Separation Plant
Site of IREL at Bhimilipaman^Visakhapatnam, Andhra Pradesh

3. AUTHORS AND ADDRESS:

A C.Paul and P.P. Haridasan
Health Physics Unit, IRE Ltd, Udyogamandal - 683 SOI

4. ABSTRACT:

Environmental radiological monitoring at Bhimilipamam, the proposed mineral recovery
plant sites of IREL, showed external gamma radiation fields ranging from 10 to 300 uR hr*.
Higher radiation fields ranging from SO to 300 uR hr~l were observed at some locations along the
beach extending from Rushikonda to Nagamayyapalem. Seasonal variations in the fields at the
beach were attributed to enrichment of the overburden by deposition of fresh minerals during
monsoon.

Air samples from the project area and environs showed long-lived alpha activity ranging
from <0.1 to 0.4 mBq m'3. Seasonal variations resulting in lower and higher levels were
attributed to dry and wet ground conditions, respectively.

Soil activity levels (Ra-228) at the mineral deposit area showed upto 1.4 Bq g"1.

The sulphate carried gross alpha activity in surface water (river) samples ranged from <1
to 17 mBq I"1. Higher levels were observed in summer due to concentration by natural
evaporation. The activity levels in ground water, especially from tube wells showed higher values
upto 56 mBq 1"*.

The Ra-228 levels in rice and ragi, the staple food items grown in the locality showed
concentrations ranging from <1 to 7 Bq kg'1, however, dried fish collected from open sun drying
yards in me beach showed slightly elevated levels due to adherence of soil.
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Air-Borne Activity Due to Thoron Daughters and Associated Problems in a
Fuel Reprocessing Plant

3. AUTHOR/SAND ADDRESS:

M.D.Deshpande, S.Krishnamony and K.A.Pendharkar
Health Physics Division, Bhabha Atomic Research Centre, Mumbai - 400 085

4. ABSTRACT:

A fuel reprocessing plant is a radiochemical plant for processing spent fuel from
reactor. In these plants plutonium and uranium are separated from fission products using
PUREX Process. In fuel reprocessing plants special attention is paid, at all stages of operation,
to minimise inhalation hazards due to air-borne plutonium. In order to bring down inhalation
hazards of reprocessed uranium almost to the level of natural uranium, very stringent limit is put
on Pu concentration in product uranium. Because of various safety measures adopted, there are
very few instances of air-borne activity due to plutonium and uranium during the handling of
reprocessed uranium. However, since the time Power Reactor Fuel Reprocessing Plant, Tarapur,
under took reprocessing of power reactor fuel, air-borne activity because of th'oron and its
daughters is observed in some of the areas of the plant. In the ADU area, where uranium nitrate
solution is converted to U3O8 through ammonium-di-uranate route (ADU route), The observed
air activity due to daughters of thoron is 2 to 9 DAC, making use of respirators necessary.
Compared to this, air activity due to plutonium or uranium is below one tenth of the relevant
DAC during most of the operations. In other areas air activity due to daughters of thoron is fairly
low from the point of view of radiation protection, but significantly high to interfere in
estimation of air-borne plutonium. Different routes of formation of thoron daughters in the spent
fuel were investigated. It appears that Th-232, which is present to the extent of about 40 to 60
ppm of uranium in the fuel, gets activated to U-232 during irradiation in the reactor. U-232
decays by alpha emission to Th-228 which gives rise to thoron and its daughters. The paper
presents the routes of these measurements and discusses the associated problems.
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Handling Plutonium
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4. ABSTRACT "~

In spent fuel reprocessing plants and plutonium fuel fabrication plants, a fairly
large number of persons are required to handle plutonium in different physical and chemical
forms with possibility of exposure. An integrated plan for detection and assessment of internal
contamination arising from overt and covert incidents has been worked out to enable preliminary
estimates of intake in short term and further refined estimates subsequently. The plan makes use
of air-bome activity measurements in working environment both from installed air monitors and
spot air samplers, individual based measurements such as nasal swabs, facial contamination
followed by lung monitoring, faecal and urine measurements. Follow up at pre-determined
intervals enables refinement of preliminary estimates. The overall elements of this strategy are
presented in this paper.
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Radiological Evaluation of the Uranium Tailings Containment System at Jaduguda
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Health Physics Unit, Jaduguda, Bihar

4. ABSTRACT:

Tailings arising from uranium mining and milling facilities at Jaduguda contain all
the radionuclides other than uranium isotopes present in (he ore. Coarse fraction of the tailings is
sent for backfilling to the mines whereas fines are impounded in a repository called tailings pond.
Measurements are made regularly to evaluate radiological impact of these impounded tailings on
Jaduguda environment The study shows that the increase in environmental radiation is marginal.

The average gamma radiation level lm above the tailings surface is 2.4 u<3y.h~l compared
to the nearby background value of 0.09 jiGy.h"*. Similarly, radon concentration above the
tailings surface averages around 30 Bq.m"^ compared to the background value of 10 Bq.m"^.
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Analysis of Data on Radon Monitoring and Dose Estimates for Uranium Mines

3. AUTHORS AND ADDRESS :
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Health Physics Unit, Jaduguda, Bihar

4. ABSTRACT:

Radon progeny are (he major contributors to the radiation dose to uranium miners.
Monitoring for radon and gamma radiation is an integral part of radiation protection in such
mines. Data for equilibrium equivalent radon and the estimated mean annual doses are presented
in mis paper for Jaduguda uranium mine from 1986 to 1992. The 1992 data for Jaduguda and
Bhatin mines are compared The average annual effective dose for uranium miners is estimated at
around 15.5 mSv. With (he ICRP-65 dose conversion convention of 5 mSv/WLM , (he average
dose to mine workers works out to be nearly 10 mSv/y.
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Simultaneous Measurements of Radon and Thoron Daughters' Concentration
and Working Levels

3. AUTHOR(S) NAME & ADDRESS :

S.C.Saha and D.Vidya Sagar
Health Physics Unit, IRE Ltd., OSCOM, Orissa

4. ABSTRACT:

Thorium plant processes Thorium concentrate to produce Thorium Nitrate and
Ammonium Diuranate and both Radon and Thoron daughters are present in the working
atmosphere. Method has been developed for estimation of Radon and Thoron working levels.
Air samples are collected on filter paper and counted in _-counters on five intervals of time
varying from 5 mins to 320 mins delay after the end of sampling . Simultaneous equation are
solved to arrive at Radon and Thoron daughters' concentration from the five sets of readings.
This method has been used for estimating Radon and Thoron working levels at the new Thorium
plant, OSCOM. As expected, Radon daughters' concentrations are much lower than the Thoron
daughters, concentrations. Typical measurements showed Radon daughters', concentrations to
vary from 1-3 m working level whereas Thoron daughters' concentrations varied from 0.1-1
working levels in different work areas.
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4. ABSTRACT:
i

Recently a New Thorium Plant has been set up at Orissa Sands Complex (OSCOM) of
IRE Ltd, Chatrapur, Orissa for production of 150 tonnes of Thorium Nitrate per year based on
solvent extraction process using Thorium concentrate produced at ZRE's Rare Earth Division,
Udyogmandal, Kerala This plant is designed to handle about 900 Kg of Thorium concentrate to
produce valuable products like 500 Kg of Thorium Nitrate, 115 Kg of Rare Earth Hydroxide and
7.5 Kg of Ammonium Diuranate per Day. Since all these materials are radioactive, elaborate
arrangements have been incorporated to identify the effluent sources and their proper treatment
before discharging the same to public domain.

Various methods suitable for treatment of liquid effluents containing radioactivity and
nitrates generated in the process line have been developed

The process developed for effluent control include solar evaporation system and
confinement of radioactivity by chemical precipitation.
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4. ABSTRACT : ] "

The mechanism of radon release into the mine environment by different agencies,
factors affecting the build up of radon and radon decay products, air sampling techniques
normaJly adopted to assess their concentrations exposure and dose are presented in mis paper.
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4. ABSTRACT:

While the fission products detected recently in the moderator/cover gas systems of
MAPS-1 and NAPS-2 have been minor as per expectation, the levels found in RAPS-2 prior to its
long shutdown were significantly larger. To supplement the investigations in progress at the site
and elsewhere, a theoretical approach has been followed to find out the source of activity in
RAPS-2 moderator/Cover gas. The present report rules out in-leakages from the PHT system and
potential diffusion of FPs from the calandria tubes to the moderator, and concludes that the most
likely source is a small untraced mass of tramp uranium in the moderator system of the reactor.
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1. TITLE: 2. CATEGORY: D - 1

Intercomparison of Shadow-Shield Whole Body Radioactivity Monitors
in Operation at Various Nuclear Facilities in India

3. AUTHOR/SAND ADDRESS:

D. S. Katoch, D. J. Mehta and & C. Shanna
Health Physics Division, Bhabha Atomic Research Centre, Mumbai - 400 085

4. ABSTRACT:

Shadow-Shield Whole Body Radioactivity Monitors (SSWBRMs), installed by
Health Physics Division, BARC at the Nuclear Fuel Cycle Facilities in India, are being used
for monitoring of occupational workers for (heir internal radioactive contamination.
Intercomparison of these SSWBRMs was carried out to evaluate and compare the uncertainties
involved in estimating a known quantity of a radionuclide in the human body. Eleven
laboratories participated in mis programme. A water filled PVC reference phantom and
accurately standardised sets of sources of l^Ba, 137cg and 6**Co were used in these studies.
Each laboratory was asked to estimate the strength of each of these radioinucltdes using the
monitoring procedure followed by it The observed estimates were found to vary over a wide
range, being -6% to -44% for *°Co and 17% to - 57% for l31Ce. Statistical considerations
could only account for uncertainties of about + 15%. Subsequently, me monitors were
recalibrated for the above mentioned three radtonuclides using the reference phantom and sets of
standard sources. Upon use of the new calibration factors and counting procedure followed
during recalibration, all observed estimates were found to be well within me range of statistical
uncertainties.

Some monitor parameters of the participating SSWBRMs were observed to vary
significantly. The detector resolution varied from 7.5 to 12.7% for 662 keV, relative detector
efficiency from 28 to -15 %, scan length from 136 to 180 cm and counting time from 9.5 to 35
min. The effects of these variations in monitor parameters on the accuracy of estimation of
in-vivo radioactivity has also been investigated. It is planned to conduct the next phase of
intercomparison by circulating a few internally contaminated human subjects.

5. REMARKS: 6.STATUS : 7.KEYWORDS:
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An Unattended Shielded Chair Whole Body Monitor for Quick In-Vivo Monitoring

3? AUTHOR/S AND ADDRESS :

C.B.Ghatikar, D.S.Katoch and R.C.Shanna
Health Physics Division, Bhabha Atomic Research Centre, Mumbai - 400 085

4. ABSTRACT :

A Shielded Chair (SC) Whole Body Monitor with sides, back and bottom having 126 mm
thick mild steel shield weighing about 3.5 tonnes, has been in use at BARC for the past two decades.
A Nal(Tl) detector (101 mm dia x 16 mm thick) with 50 mm Pb shield, is mounted on a 6 mm mild
steel plate, hinged to the front face on a side shield. In the closed position, used during counting, the
detector views the subject's body upto the knees. In the open position it allows the subject in or out.
The chair geometry offers high sensitivity and therefore, body burdens of HEP emitters (except
22<>Ra and 232-ph) at or near the drived recording levels can be readily measured in counting times
of about 5 min. The SC is, thus, suitable to fulfill the need for fast screening of in-vivo radioactivity
in a large number of occupational workers.

The SC has a simple monitoring procedure. However, the number of workers screened in a
day does depend on the availability of the monitor operator. To facilitate screening of workers at
any time around the clock, work has been undertaken to convert it into an unattended walk-in
type of counter by a) Motorising the opening/closing operation of the door supporting the detector.
This task is at present nearing completion and b) Developing software for the computer based system
controlling the complete monitoring procedure in the following sequence. The subject, ready for
counting, enters his code into a numerical keyboard fixed to the monitor. The motorised door opens,
the subject sits in the chair and triggers the sensors fixed on the seat and back to start the counting
for a preset time. At the end of counting the door opens and the subject continues to receive the
message that counting is over until he intercepts the light beam while moving out Then, the door
closes and the system starts background counting until the next subject enters his code. The subject
counts, corrected for background, are compared with the stored counts corresponding to the derived
recording level for each HEP emitter encountered. The Health Physicist can access the data at any
convenient time, and recommend further actions for those exceeding the recording levels.

5. REMARKS : 6. STATUS : 7. KEYWORDS :
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Upgrading Programmes for the Shadow Shield Whole Body Radioactivity Monitors

3. AUTHOR/SAND ADDRESS: ~

D.S.Katoch, C.B.G8iatikar, D.J. Mehta and R.C.Sharma
Health Physics Division, Bhabha Atomic Research Centre, Murabai • 400 08S

4. ABSTRACT 1

In me late sixties, Health Physics Division, BARC, developed a Shadow Shield Whole
Body Radioactivity Monitor (SSWBRM), for monitoring of occupational workers for their
internal radioactive contamination. Since men thirteen such systems have been installed at
various Nuclear Facilities in India To improve monitor performance, functionally and
operationally, innovations incorporated from time to time resulted in a number of options for
each of its sub-systems namely a) Detector shield has four designs using mild steel(425 Kg) and
lead (220, 160 & 105 Kg). Depending on (he design and weight, it is mounted to have fixed or
adjustable height above the bed b) Bed drive system uses unidirectional or reversible motors and
steel rope/ sprocket & chain or rack & pinion for moving the bed c) Acquisition of counts is by
single or multiple step scanning. All me thirteen monitors, thus, have different configurations.
The cumulative experience in operating SSWBRMJB acquired over the last two decades ha* been
utilised to assess the performance of all the sub-systems and to define a monitor configuration
which is best suited to cater to the monitoring needs of a Nuclear Power Plant

A monitor of 1976 design was upgraded accordingly, and installed at the Environmental
Radiological Laboratory at Kakrapar. The monitor shield, supported on eight legs, has been
raised by 40 cm for convenience of managing the subject The space below has been utilised for
locating the bed drive arrangement The shielded detector can be positioned close to the subject
for organ counting and raised up by 30 cm for assessing higher radioactivity levels. Selection of
starting position of the scan and the scan-length can be made on the control panel. The multi step
seaming provides integral counts for total Bean length and also for any pre-defined segment The
merits of the modifications incorporated and proposed are discussed in this paper. Based on mis
experience an upgradation programme for all monitors installed earlier has been planned

5. REMARKS: 6. STATUS : 7. KEYWORDS:
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Assessment of Interference Due to Ar-41 Releases from CIRUS and DHRUVA
Reactors in Whole Body Radioactivity Measurements

3. AUTHOR/S AND ADDRESS :

S.P.Garg, LS.Singh and R.C.Sharma
Health Physics Division, Bhabha Atomic Research Centre, Mumbai -400085

4. ABSTRACT:

Ar-41 is released from the stacks of the CIRUS and DHRUVA reactors when in
operation. Many times, particularly during rainy season it diffuses towards ModLabs. and
causes considerable interference in the whole body radioactivity measurements. In order to
incorporate appropriate corrections in the monitoring data, studies were carried out to quantify
its contributions in relevant energy channels used for various radionuclides in terms of its 1.29
MeV gamma ray full energy peak intensity. Data was collected over a period of months and at
different times of the day. A correlation between the additional counts observed in various
energy regions of interest and 1.29 MeV full energy peak intensity was established These
correlation factors observed in the case of shadow shield bed and shielded chair whole body
monitors were found to be considerably different in case of many of the energy channels. The
factors were found to be higher for low energy regions and lower for high energy regions in the
case of shadow shield bed monitor in comparison with shielded chair monitor. This effect is
attributed to a higher multiple scattering probability for the photons in the vicinity of the
system in the case of shadow shield whole body monitor. The contribution of 1.29 MeV
photons in Cs-137, 1-131, Co-58, Co- 60, Sb-125, Zh-65, Mn-54, Cr-51, Ce-141, Hg-203,
Sn-113, Sr- 85, RulOo* - RhlO6/2r95 - Nb95, K-40 energy regions its found to be about 45, 95,
50,120, 85,35, 50,120,165,140, 72, 54, 78, 55, 75 % in the case of shielded chair monitor and
47,115,44, 106,125, 37,47, 148, 184, 179, 100, 72, 83, 54, 71 % in the case of shadow shield
bed monitor respectively. Efforts are being made to estimate the concentration of Ar-41 in the
laboratory air on the basis of the observed 1.29 MeV gamma ray spectrum. This data will men
be related to the Ar- 41 concentration discharged from CIRUS/DHRUVA reactors.

5. REMARKS: 6. STATUS : 7. KEYWORDS :
In progress Whole body counting

Ar-41 interference

8. REFERENCES:

99
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Development Work on Gas Scintillation Proportional Counter
: A New Type of Potential Radiation Detector

3. AUTHOR/S AND ADDRESS:

S.P.Garg, LS.Singh and JELCSharma
Health Physics Division, BARC, Mumbai - 400085

4. ABSTRACT:

We have a development program for a new type of radiation detector known as Gas
Scintillation Proportional Counter (GSPC). GSPCs can offer detection areas of few hundred cm2

along with good energy resolutions which in fact are comparable to those obtained with semi-
conductor detectors at low photon energies. ID addition GSPCs also permit the attainment of
extremely low backgrounds by using Pulse Shape Discrimination (PSD) technique. Earlier we
developed a variety of cylindrical, pill-box and parallel grid GSPCs with different types of
constructional materials and geometries. A study with PSD with a 1.7 mm dia Ni rod anode
cylindrical, Ar+2.5% N 2 GSPC improved its energy resolution from 33% to 16% at 5.9 keV.
The rise time of me pulses obtained at the optimum operating conditions was about 300 nSec.
Further studies with mis GSPC concentrate on me effect of ionization density o» the rise time
of the pulses and the total light output Work on the evaluation of its response characteristics to
Cf-252 is in progress. Studies an also being carried out to utilize information on electron
excitation mean free path in Ar + 2.5 % N2 as a function of electric field strength for optimizing
me length of scintillation production region and the field strength in it, in the new designs of
GSPCs. B will (hen be possible to design scintillation gaps for a given light gain in such a way
that its length is minimized giving the minimal PMT solid a ^ e effect on the energy resohmon.

5. REMARKS: «.STATUS: 7.KEYWORDS:
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Efficiency Determination of Oaseous Effluent Samples in Gamma Spectrometry
- Geometrical Factor Method

3. AUTHOR/S AND ADDRESS:

A.KL Shukla, S.K. Jain and R.M. Sharraa
Health Physics unit, Rajasthan Atomic Power Station
Anushakti, Via Kota, 323 303

4. ABSTRACT:

In any nuclear installation, qualitative and quantitative measurement of gamma emitting
radio-isotopes play an important role in controlling me occupational exposure and releases to the
environment This requires accurate determination of the efficiency of the counting system for
various sample geometries. As the standard soorcfs in the shapes of the' sampie geometry for
calibration are not readily available in the laboratories, the efficiency determination remains a
problematic task. At RAPS a geometrical factor method has been adopted for determining the
efficiency of radioactive gaseous samples using HPGe detector with particular reference to ** Ar.
The Geometrical Factor Method has been proved useful in comparison to the conventional
method in achieving the statistically meaningful data particularly in the conditions when the
source strength is low, distance between sample and detector is large and radionuclide of interest
is short lived As this method involves measurement of dimensions and mathematical
calculations, efficiency of the volumetric source can be easily determined by taking point source
efficiency at that point The reproducibility in this method at various distances from the
detector has also been established within acceptable limit

6. REMARKS 6. STATUS: 7. KEYWORDS:
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Calibratioo of Sample Channel Ratio (SCR) in Liquid Scintillation Counting

3. AUTHORS AM) ADDRESS:

A.K. Bhattacharya and R.M. Shanna
Health Physics unit, Rajasman Atomic Power Station,
Anushakti, ViaKota, Pin 323 303

4. ABSTRACT:

ID PHWR type nuclear power plants tritium is a major internal exposure hazard for
the plant personnel. The dose due to tritium is measured by periodic analysis of urine samples
by the liquid scintillation counting method. Due to the coloured and other impurity contents in
me urine, varying levels of quenching of the counts occur, thereby affecting the liquid
scintillation counting efficiency, m using the sample channel ratio (SCR) method of quench
correction it was observed that a single calibration curve does not hold good for all types of urine
samples. The variations seem to result due to different quench characteristics applicable to the
coloured and colourless Bampies. Hence the urine samples are segregated into coloured and
colourless samples using aUV-spectropbotometer and separate calibration curves are drawn for
these. The use of the appropriate calibration curves for the urine samples minimises me errors
associated with quenching during tritium measurement by liquid scintillation counting.

6. REMARKS 6. STATUS: 7. KEYWORDS:
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Development of a Static Radon Calibration Device

3. AUTHORS AND ADDRESS :

Giridhar Jha
Health Physics Unit, Jaduguda, Bihar

4. ABSTRACT:

A static device for calibrating passive radon dosimeter for measuring integrated radon
concentration IB developed for day to day use. The device is a 60 IKre chamber with provisos to
load 11 dosimeters at a time. Radon gas from a source ceil is introduced into the main chamber.
Concentration of radon in the chamber is monitored continuously with the help of two built-in
radon scintillation cell connected to photomultiplier tubes and counting devices. Measurement of
radon concentration and exposure of the dosimeters is done using appropriate mathematical
expressions.

5. REMARKS: 6. STATUS : 7. KEYWORDS:
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Experimental Determination of Total Linear Attenuation Coefficients of Three
Tissue Equivalent Materials for Low Energy Photons

3. AUTHOR/S AND ADDRESS:

R-C.Sharma, T.Surendran and TXHaridasan
Health Physics Division, Bhabha Atomic Research Centre, Mumbai 400 085

4. ABSTRACT:

The information on the linear attenuation coefficients of tissue equivalent materials at low photon
energies in the range of 13-50 keV is crucial for the calibration of actinide lung monitors and the experimental
data in literature is both scanty and sketchy. Most often, their estimates are obtained from the theoretically
calculated partial attenuation coefficients (photoelectric and Compton) of different elements entering into the
composition of a certain type of tissue. Therefore, we undertook the experimental determination of total linear
attenuation coefficients (Uj) of three tissue equivalent materials differing in their fat contents, for photons having
energies in the stated range. The materials chosen were the ones whose overlayers are commonly used to vary the
chest wall thickness and its composition of a realistic thorax phantom during the course of calibration of lung
monitors. This paper reports the experimental set-up employed and the results obtained

Specifically, U x values were obtained for three materials a) Muscle equivalent (M)i *>> 50H Muscle +
50% Adipose (MF) and c) 13% Muscle + 87% Adipose (F). The photc^ source used was a standard variaUe enertcf
X-ray source (VEX) supplied by Radiochemica! Centre, Ameraham. The source provides a highly collimated
photon beam ( mm). The photon energy is selectable in irradiated with an ^ A m source to excite their
characteristic X-rays. The low energy photons from the source were measured with a 2 cc planar HPGe detector.
Pulse height spectra from the detector were recorded on a HPD - 4K MCA with and without the absorber of known
thickness for each of the targets of the variable energy source. The linear attenuation coefficients (l*r) were
obtained from the observed total absorption peak areas of the unattenuated and attenuated photon beams. AA
narrow beam geometry was used in these measurements.The observed experimental values of Uj of three
materials namely, MMP and F, in the photon energy range 13-50 KeV are listed in a Table and their variations aa
a function of energy are given in the graphical form in the paper. In the energy range, 13-23 KeV, wherein the
energies of the L X-rays emitted by actinides (U,Pu^m, Cm) fall, the values of U? are deseribable as « power
function of photon energy. Following are the least squares fitted equations:
i) For M-material: Ux<E) -7 .61 x i o 2 x E " 2 1 9 5 4

ii) ForMFmaterial:XJI^> = 6 . 3 5 x l 0 2 x E - 2 - 3 0 1 8

Hi) For M-material :Ux(K)-3.61 x ^ x E ' 2 - 1 8 7 5

Here UjCE) is the total linear attenuation coefficient in Cm*1 and E is the photon energy in KeV. These
equations could be used as ready reckoners in order to get u -values at any photon energy. The associated
uncertainties with the estimates obtained from these equations are assessed as less than 10%.
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Evaluation of Charge Gain Factors to Validate the Light Gain Data and
Development of a Semi - empirical Expression for Light Gain Factors
in Gas Scintillation Proportional Counters

3. AUTHOR/S AND ADDRESS :

S.P.Garg and R.C.Sharma
Health Physics Division, Bbabha Atomic Research Centre, Mumbai -400085

4. ABSTRACT:

To understand the functional mechanism of Gas Scintillation Proportional Counters
(GSPC), attempts have been made to develop correlations between the experimentally observed
light gain factors data and the other physical and operational parameters of four different GSPCs
developed earlier at this laboratory. In order to validate the data of light gain factors , we have
evaluated the charge gain factors data from one of the four GSPCs by fitting it to four different
charge gain formulae taken from the literature. It iB found that data fits well with the formulae of
Curran & Craggs, Diethorn, Williams & Sara and formula No. 3 of Shalev & Hopstone.
Subsequently, assuming appropriate functional forms of electron excitation and ionization
coefficients and using derived or assumed values of some other unknown parameters, the relevant
integrals have been evaluated. Then the assumed values of unknown parameters are adjusted hi
such a way that the calculated values of light gain factors are comparable to the experimental
values. Thus a correlation between the light gain factors and other counter parameter* is
established. The values of the effective electron excitation coefficients as a function of electric
field strength per unit pressure in Ar + 2.5 % N2 have also been derived from these GSPCs having
considerably different electric field gradients.

5. REMARKS: 6.STATUS: 7.KEYWORDS:
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Sensitivity Studies of Air Scattered Neutron Dose from Particle Accelerators

3. AUTHORS AND ADDRESS :
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Calcutta-700064

4. ABSTRACT:

Sensitivity analysis of air scattered neutron dose at several distances from a
particle accelerator with respect to shield thickness and neutron yield distributions has been
carried out We illustrate die successful use of Response Surface Methodology m studying
the behaviour of the sensitivity co-efficients for main effects and interaction Senna A
comparison of the lull six factor design and the orthogonal Central Composite Design has
been made. The overhead shield is found to be the most sensitive parameter followed by the
high energy part of the neutron energy distribution.

5. REMARKS: 6. STATUS: 7.KEYWORDS:
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Excitation Function Measurement and Reaction Mechanism Analysis for
Alpha-induced Reactions on Au( 197)

3. AUTHORS AND ADDRESS:
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4. ABSTRACT:

Excitation functions have been measured for Tl(200-196), Hg(197) Au( 198,196-194)
produced by alpha-particle induced reactions on Au(197) in (he incident energy range of 33-50
MeV. The measured cross-sections are compared with earlier experiments. The experimental
data are analysed in terms of single-step direct, pre-equilibrium and equilibrinm emission of
ejectiles. Exciton model and geometry-dependent hybrid model are employed to determine the
pre-equilibrium emission cross-sections. The choice of the initial exciton number and inclusion
of multiple nucleon pre-equilibrium emissions significantly affect the calculated excitation
functions. The hybrid model which takes into account multiple nucleon pre-equilibrium
emissions but neglects pre-equilibrium cluster emissions satisfactorily predicts the
excitation function of the Ti-isotopes but fails in the case of Hg(197) and Au-isotopes. The
exciton model with pre-equilibrium cluster emissions included but pre-equilibrium nucleon
emission restricted to a single nucleon fails to reproduce the observed excitation functions in all
cases except for Au(196). An admixture of multiple pre-equilibrium nucleon emissions and
pre-equilibrium cluster emissions significantly improve the agreement of calculated and
measured excitation functions.
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A Study of the Variation ofNeutron Skyshine Dose with Respect to Roof
Thickness, Source Spectrum Distribution

3. AUTHOR/S AND ADDRESS :

G. Prabfaakar Rao and P.K. Sarkar
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1/AF, Bidhan Nagar, Calcutta - 700 064

4. ABSTRACT:

Sensitivities of neutron skyshine dose calculation from particle accelerators t* certain
parameterB like roof thickness, distance of the neutron source from the roof,, and fraction of the
high-energy part of the neutron spectrum were evaluated using response surface
methodology. The calculations were done for distances ranging from 100m to 2000m for various
nominal values of roof thickness and for SO and 60-MeV alpha-induced neutron spectra on
thick tantalum targets. Roof thickness is found to be the most sensitive parameter, and next is the
high-energy part of the source neutron distribution, followed by the interaction term of the two
variables.
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Estimation and Analysis ofNeutron Skyshine Dose from Particle Accelerators

3. AUTHOR/S AND ADDRESS :

O.Prabhakar Rao and P.K. Sarkar
Health Physics Unit, Variable Energy Cyclotron Centre
1/AFBidhanNagar, Calcutta-700 064

4. ABSTRACT :

An algorithm for the fast and inexpensive calculation of the neutron skyshine dose from
particle accelerator facilities is described Numerical results are obtained at various
distances (100-2000m) from the accelerator neutron source for different roof thicknesses and
for SO and 60-MeV alpha-particles incident on Ta Targets. A study of the variation in the
neutron skyshine dose with respect to roof thickness and the source neutron energy distribution
is made. The results indicate mat the neutron dose at large distances is sensitive to the high-
energy component of the source neutrons and thereby to the energy of the accelerated ions.
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An Alpha-Spectrometer for Measurements of Low-Level Activities of Actinides

3. AUTHOR/S AND ADDRESS :
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4. ABSTRACT:

An alpha spectrometer coupled to a personal computer has been commissioned for
estimation of low-levels of alpha activity of actinides in the biological and environmental
samples. The system incorporates a partially depleted silicon surface barrier detector
(Area:3OOmm2, Depl. thickness:lOOum) housed in a stainless steel vacuum chamber(21cm high
and 15.24cm diameter) and a microprocessor based 4K-MCA(HPD). An on-line personal
computer is used for acquisition and processing of the sample data. A constant vacuum of 3 Torr
is maintained in the chamber for more than 15 days. This enables the recording of reliable alpha
spectra of very low -level alpha active samples. The system has been optimised primarily for
routine analysis of bio-assay and environmental samples. Alpha activities of two electroplated
environmental samples(Sediment and Water) were estimated by recording their speotra for
different counting periods (24,48,72 hrs) as well as for different detector-source distances
(0.5 cm, 1.0cm and 2.0cm). The results were found to be reproducible and no significant
spectral changes in the recorded spectra were observed. A spectral resolution of 90 keV for
5.487 MeV ( ^ A m ) alpha energy and the counting efficiency of 15.6% are obtained for an
electrodeposited sample placed at 1 cm distance geometry. For 239+240pu region,the system-
background counting rate is 0.12 cph. It is possible to measure as low as 0.26 mBq of
239+240^ JJJ a sample with the present set-up.

Pulse shape discrimination(PSD) circuitry built around a rise-time to height converter unit
has been integrated with the alpha-spectrometer. The preliminary observations have shown some
advantage of using the PSD system for reduction of background counting rate in the energy region
of interest

5. REMARKS: 6. STATUS : 7. KEYWORDS :
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4. ABSTRACT :

The equations for relative computing time per history are derived for Monte-Carlo
radiation transport calculations using geometrical surface splitting and antithetic
transformations. Numerical results are obtained for one group slab geometry transmission
problems. The computed relative efficiencies show the distinct advantage of using antithetic
transformation with geometrical surface splitting and with weight dependent Russian roulette.
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Optimization ofNon-analog Monte-Carlo Games using Differential Operator Sampling
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4. ABSTRACT: " ~~ ~

The amount of change in the variance and in the efficiency of non-analog Monte Carlo
simulations for certain variations in the biasing parameters are quantities of importance in
optimizing such simulations. A new approach, based on the differential operator sampling
technique, is outlined here to estimate the derivatives of varianoe and efficiency with respect to
the biasing parameters using the same simulation constructed to solve the primary problem.
An algorithm requiring the first and higher order derivatives of the natural logarithm of the
second moment to predict minimum-variance biasing parameters is presented Equations
pertaining to the algorithm are derived and solved numerically for an exponentially
transformed one-group slab transmission problem for various slab thicknesses and scattering
probabilities. Results indicate that optimization of non-analog simulations can be achieved so
that the present method will be useful in self-learning Monte-Carlo schemes.
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A PC Based Educational Software "EMER" on Emergency Preparedness
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4. ABSTRACT:

An interactive, user friendly, educational software on Emergency Preparedness has been
developed The package is designed to demonstrate conceptf in emergency planning such as
emergency zones, presentation of affected sector, isodose curves and counter measures. The
software incorporates graphics capabilities to show space-time domain, contours of villages
around the plant site and animation of plume dispersion as other things.
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4. ABSTRACT:

The numerical simulation by a computer is a mighty tool to evaluate the off-site domain
boundaries during a radiological emergency exercise. The off-site areas are categorized into three
domains based on ground gamma dose rates, known as of-site domain boundaries. These
boundaries are the primary factor to make the decision for initiating and implementing various
countermeasures, such as, administration of stable iodine, sheltering and evacuation in me public
domain. Gamma dose rate from ground deposited activity computed for a specified release serves
as a reference parameter for deciding the domain boundaries. Distances for which dose rate > 0.1
mSv/h is Domain 1, dose rate > 0.01 and 0.1 mSv/h is Domain 2 and dose rate < 0.01 mSv/h id
Domain 3. A simulator has been developed to compute these off-site domain boundaries. It
simulates a database of various downwind distances and the corresponding ground gamma dose
rates from the deposited activity by using standard gaussian plume model and computes the
domain boundaries by fitting a 6th order orthogonal polynomial. Finite element method is used in
fitting the polynomial.

This paper describes the development of the simulator and the finite element method
technique in fitting the orthogonal polynomial. Accuracy in computation of dose database and in
fitting the curve for the computation of domain boundaries has been found to be of the order
of98%.
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Utilisation of UNIX ( AT & T SVR4.0 ) Operating System
in Establishing a Data Communication and Network for

Radiation Protection Management in Nuclear Installations
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4. ABSTRACT

UNIX operating system, a multiuser, timesharing networking operating tystem
(MUTNOS ) can be utilised for radiation protection surveillance and safety management A large
data-bank comprising the activities like personnel monitoring, internal dose assessment, industrial
accidents, Bafety related unusual occurrences, effluent releases, meteorological data processing
and emergency preparedness is required to buildup at H.P. Lab Tarapur. In this connection a
network for the communication of such kind of data is established by applying the TELNET
protoco] used in the Internet for remote terminal emulatioa File transfer protocol FTP is applied
to transfer the necessary data files from one station to other.

The most commonly used paradigm in building such land of distributed applications is
the Client/Server Model. The Client and server require a well known set of conventions before
service may be rendered(and accepted). This set of conventions comprises a protocol that must
be implemented at both ends of a connection.

Our paper describes the techniques of programming to build the required Client / Server
Model for the establishment of such a Radiological Data Communication Network
(RADCONET ). It also highlights our experience in installing the UNIX O/S and problems
appeared during partitioning of the fixed disk for the reservation of DOS under UNIX
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4. ABSTRACT: ~~ ~~~

Three software packages EXSYORS, RHICAP and EMER have been developed in the
Health Physics Division for shielding and dose calculations, occupational dose data storage,
retrieval and analysis and emergency preparedness respectively. EXSYORS, an expert system
software for radiation shielding computation for gamma sources, permits the user to evaluate (a)
(be shield thickness required around a source, for a specified dose rate outside the shield surface
or (b) the dose rate at the exterior of specified shield configuration surrounding a source.
Radiation History Card Package (RHICAP) is useful for exposure control of workers. This
computerized database management system provides a quick and easy access to the radiation
exposure history as well as the permitted future exposure of radiation workers. The emergency
preparedness package EMER is user friendly and serves as a training manual for operating
personnel at the power plants. The software has the capability of providing ieodose curves for
any given value of source term and known meteorological parameters. It can also predict the
countermeasures required to be taken for various radiological conditions.
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4. ABSTRACT:

Probabilistic Safety Assessment (PSA) study of Kaiga Atomic Power Project carried out
to identify the various dominating accident sequences contributing to the core damage frequency
of the reactor to assist in better/comprehensive understanding of the importance of each Process
and Safety system. Fault tree analysis of various systems has been carried out to identify the
significance of various components with respect to system and plant Bafety. The core damage
frequency (CDF) for mis reactor J2xlO~$ per reactor year.

A detailed Uncertainty analysis using Monte-Carlo and Fuzzy set methodologies has
beea carried out to incorporate the variability in input data and propagate the same to obtain a
range of values for system unavailability, accident sequence frequency and CDF. Human
reliability analysis based on Systematic Human Action Reliability Procedure (SHARP), the
methodology recommended by IAEA, is included.
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V.V.S. Sanyasi Rao
Power Project Safety Section, Health Physics Division,
BARC, Mumbai - 400085

4. ABSTRACT: ~~

Fault trees are used in the Level I Probabilistic safety/risk assessment of Nuclear and other
Industrial facilities. These provide a pictorial representation of component/subsystem failure
modes leading to system failures. Logic gates are used to connect the component failures to
subsystem failures and subsystem/component failures to system failures.

Given the fault tree as a set of logic gates, in text form, mis program checks for undefined
gates. The various gates are numbered in hierarchial order (the top most gate being me system
failure). Small fault trees are drawn in one page. If the fault tree extends to more than one page,
transfer gates are created and drawn in the additional pages. This program has been written in
C- language. It is very useful in quickly drawing fault trees.
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CORSOR: The Fission Product Release Code

3. AUTHOR/S AND ADDRESS:

V.K. Sharma and Chitra S.
Power Project Safety Section, Health Physics Division,
B.A.R.C.; Mumbai-400085

4. ABSTRACT:

The CORSOR computer code as a part of the USNRC's Source Term Code Package
[STCPj is used for computing the in-vessel part of the release in a LWR core-melt accident It
offers an empirical temperature-dependent estimation of the release of various materials
comprising the fuel, fission products, control rod materials and structural materials. The basic
code inputs are the release rate coefficients, core temperature and oxidation profiles, and mass
inventories of the various materials. The code outputs include the rates of release and the
cumulative releases of the relevant materials.

The CORSOR code has been commissioned on the ND computer system and PC 484$ and is
currently being adapted to the Indian PHWR. The physical model of the code assumes a reduction
of the PHWR core into a 10*10 nodal grid Temperature and clad oxidation profiles of the nodes
are generated for the dual failure scenario LOCA + ECCS failure using the HT/MOD3 code
developed in RSD. The core inventories of the fission products are determined by the ORIGENf
code. The gap inventory fractions of the volatiles is calculated using the code COREGAS. The
clad failure criterion, originally fixed at clad temperature 900°C, is now based on Rosinger's
model. The release rate coefficients have now been supplemented by models based on Booth's gas
diffusion model and the ARSAP (Advanced Reactor Severe Accident Program) model. CORSOR
has been run for the case where the temperature distribution amongst the core nodes is identical
with that of the maximum rated channel. A final report is under preparation.
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The COREOAS Gap Inventory Cod*
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4. ABSTRACT:

The amount of volatile fission product inventory built up in the void space of an operating
fuel element of a nuclear reactor is an important input ibr evaluating the radioactive releases
during normal operation. In accident safety analysis, when a large part of the core may be
postulated to fail over a short period, this so-called gap inventory constitutes a vital source term
for die initial releases. This report gives the methodology for the calculation of the gap inventory
and describes the models that go into the computer code COREGAS written for this purpose.
Computed gap inventories of the average-rated bundle, the maximum-rated bundle, maximum-rated
channel and the entire core of atypical 235 MWe Pressurised Heavy Water Reactor are presented
in this report
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4. ABSTRACT:

Nuclear waste packages for disposal are completely specified by their activity content as
well as their external dose rate. Curification involves the determination of the curie content of
reactor wastes from the externally measured gamma dose rates. A standard shielding code
(ACTDOR) for uniformly-distributed volume source in cylindrical geometry is modified and used
in the inverse mode for mis purpose. It calculates the dose on the cylindrical source using the
method of Ono and Tsuruo. ACTDOR is available on the ND computer system and on desktop
PC-486. The main inputs to the code are : User Supplied inputs which are radiation field measured
and waste sub-category selected; and the Code input data library consisting of the waste container
parameters, Source shield data and data on radionuchdes. The code outputs include the total
Curies in the waste package and individual activity components for each radionuclide. An input
data library is being generated for the various categories of research reactor wastes . Validation
of the code has been done for research reactor wastes using Cirus Primary Coolant Water (PCW)
son sxchaige resin.
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4. ABSTRACT:

The NAUA (Nach Onfall Atmosphere) containment code describes (he behaviour of
nuclear aerosols inside a reactor containment following a core-melt accident scenario. The code
has been developed, tested and validated at KfK, Karlsruhe and forms part of USNRCs Source
Term Code Package for LWRs. NAUA has been commissioned on ND computer and on PC 486.
The code includes aerosol removal by gravitational settling, difiusional plate-out and
diffiwiophoresis. The aerosol interaction and growth process are Brownian coagulation,
gravitational coagulation, and steam condensation on air-borne particles. Inputs to the code include
containment parameters, containment thermal-hydraulics, time-dependent aerosol source term*,
steam input rates, and leakages. Code outputs include: Air borne concentration, settled mass by
difiusional, gravitational and steam growth process, the average radius of the suspended particles
and the leakage rates. For multi-compartment calculations a modified version NAUA Mod-5M can
be used. The code can be combined with the numerous containment Engineered Safety Features
(ESFs), and can be expanded to include the effect of hygroscopic aerosols, and iodine chemistry.
An application of the NAUA code has been made to the FALCON experiments under International
Standard Problem #34, and for studying the effect of containment ESFs on the containment aerosol
decay.
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4. ABSTRACT: ~ ~ ~

The Computer Code CRAC2 (Calculation of Reactor Accident Consequences), originally
developed by the USNRC, provides realistic estimates of potential reactor accident consequences.
It can also be used for site evaluation, emergency planning and response and general risk
assessment The CRAC2 Code has been commissioned on ND (SINTRAN OS), LANDMARK-
860 (UNIX OS) and DESKTOP PC-486 (DOS). The CRAC2 Code consist of the following
models: (1) the Weather Sequence Sampling Method, (2) the Atmospheric Dispersion Model, (3)
the Dosimetry Model, (4) the Emergency Response Model, (5) the Health Effects Model and (6)
the Economic Effects Model. The inputs required by CRAC2 include a description of the accident
source term, one year's hourly sequential meteorological data for the site, site data file including
population distribution, annual wind rose, mixing height, land usage, emergency countermeasures
and dose conversion factors. The output includes an analysis of the meteorological data,
Complementary Cummulative Distribution Functions (CCDFs) for significant consequences and
variation of the magnitude of the consequences with distance. An application of the CRAC2 Code
has been made to the NAPS site for a postulated accident to the 235 MWe PHWR. Modification
contemplated on the CRAC2 Code include: (1) revision of some meteorological models in the
code, (2) changes in the dry deposition model to accept the polydisperse aerosols, (3) generation
of evacuation schemes for Indian conditions and (4) revision of dose conversion factors to
ICRP-60.
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4. ABSTRACT: ~ ~ ~

A computer code SPARC (Suppression Pool Aerosol Removal Code), a part of STCP
(Source Term Code Package) has been commissioned on the ND (SINTRAN OS), LANDMARK-
860 (UNIX OS) and DESKTOP PC-486 (DOS). This code is used to assess me effectiveness of
the suppression pool in scrubbing the fission product aerosols arising during a severe core damage
accident The code describes the deposition of aerosol particles on bubble walls as the gases
transporting the aerosols bubble up through a pool of water. The calculation of aerosol retention
includes the following deposition mechanisms: (1) random movement, (2) gravity, (3) inertia, (4)
diffusiophoresis (Stefan Flow) and (5) jet effect SPARC also includes models for the growth of
hygroscopic aerosols, and for the evaporation of water into the bubble during its rise to the pool
surface. Various models employed in SPARC were checked during commissioning and modified
where necessary. Sensitivity studies have been carried out to assess the important parameters
controlling the efficiency of the scrubbing process, such as particle size and siz» distribution,
fi-action of the non-condensible gases, the temperature of the pool, submergence depth, mean
equivalent bubble diameter and bubble shape.
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Mercury Exposure to Human System from Non Industrial Sources

3. AUTHOR/S AND ADDRESS:

M.Parameswaran and H.S.Dang
Health Physics Division, Bhabha Atomic Research Centre, Mumbai - 400 085

4. ABSTRACT:

Cold vapour Atomic Absorption Spectrophotometric technique was employed to
determine the concentration of Mercury in human tissues and body fluids. Mercury levels in
blood, urine, hair and nail were studied in normal healthy persons, with no known exposure to
Hg. Geometric mean concentration values for Hg in blood, urine, hair and nail were 5.2 ng ml "1,
6.2 ngml '*, 1.2ug g"1 and 0.4 tig g"1 respectively. Amongst 19 persons who had elevated levels
of Hg in their tissues and body fluids, 15 persons who had dental fillings showed GM
concentrations of Hg in their samples as 93 ngml"1, in blood, 116 ng mH in urine, 1.12 ug g*l in
hair and 0.45 ug g~* in nail. Three persons who were users of germical soaps had Hg
concentration (GM) 106 ng ml"1, 89 ng ml -1, 1.47 ug g"1 and 0.45 ug g"1 in their blood, urine,
hair and nail respectively. One person not falling in either of the above two categories had ten
times more Hg in blood and urine. He was found to have consumed some traditional Indian
medicine which contained Mercuric Oxide. These priliminary investigations showed that further
indepth study on this aspect of Hg exposure needs to be carried out
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4. ABSTRACT : ~

Beryllium and its compounds are very toxic and need careful handling. They can cause a
systemic disease called "Beryllium Disease" under excess exposure conditions. This paper
outlines the nature of beryllium disease and the control measures to be adopted in handling the
metal and its compounds. Brief descriptions of acute and chronic effects, mechanism of action are
given here. Engineering control measures including ventilation and air cleaning, personal control
measures, and medical control measures are given in brief Human exposure assessment methods
and air concentration values obtained in our indigenous Beryllium Plant have also been included
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4. ABSTRACT : ~~ ~ ~ ~ ~~~

BARC is a multidisciplinary research organisation. This multifaceted work involves
problems related to Chemical Engineering, Metallurgy, Mechanical Engineering, and Biological
Sciences. Primary objectives of the Accident Prevention Programme are ensuring safety in all
activities of BARC, prevention of accidents and the resultant injuries and promotion of safety
awareness among the employees. This report presents the features of mis programme and the
industrial safety activities mat are carried out in the Centre.
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4. ABSTRACT : ~~

Plasma torch cutting is used to cut SS plates of thickness 12 mm to 25 mm. During
the process, intense ultraviolet radiation is produced and high noise levels are encountered In
addition, the gases evolved during the process contain toxic gases such as ozone and oxides of
nitrogen. Surveys were conducted to assess these hazards and suggest suitable control measures
to protect the operators from harmful exposure to these hazards.
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Characterisation of Airborne Dust and Correlations of Dust Exposure
with Lung Function Parameters in a Group of Uranium Mines Workers
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4. ABSTRACT :

Dust exposure and pulmonary fibrosis- the etiologicaJ relationship of dust containing
free silica is widely recognised. Uranium mining involves drilling, loading, dumping of ore and
these operations disperse fine dust into working environment not withstanding dust
suppression measures. MoBt of the uranium bearing rocks in India contain about 30-50% free
silica which is of bio-significance. Silica bearing dust as encountered in different mining
operations has been characterised and cumulative dust exposure of workers evaluated in order
to determine its impact on lung function parameters. Regional variations in vital capacity
were also observed. Deposition of particles in the respiratory tract based on physiological
parameters with respect to different particle size is also evaluated. An important finding of
the present investigation is that the clinical symptoms that are sometimes late manifestations
of disease are not likely to identify individual at high risk but the test of lung
functions provides early indication of impairment as compared to radiological
examinations.

5. REMARKS : 6. STATUS : 7. KEYWORDS :
Completed Mining

Silica
Dust deposition
Lung function
Radiological examination

8. REFERENCES :

XII DAE Safety Professionals Meet and Seminar on Occupational Health
held at Jaduguda, Singhbhum, Bihar, November 2-4, 1995

129



I. TITLE: 2. CATEGORY: G - 6

Criteria for Reducing Inhalation Risk using Lung Function Parameters

_ _ _ _ _ _ _ _ _ _ _ _ _

D.K Ghosh and M.C. Subba Ramu*
Health Physics Division, Bhabha Atomic Research Centre, MUMBAI- 400 08S

* Environment Assessment Division

4. ABSTRACT :

Studies of the Measurements of deposition of particles of different sizes in the human
respiratory tract have shown that the physiological parameters such as tidal volume(Vt), the
breathing frequency^7) and the expiratory reserve volume(Vr) affect the deposition of particles
of a given size. Analysis of these measurements shows that the deposition of particles of a given
size in the size range 0.S-2.S micron is constant for a given set of physiological parameters.
Based on these studies, empirical equations for obtaining the deposition of particles in (he above
size range have been derived. Using these equations an index OV^t) has been obtained to
predict aerosol inhalation risk for workers with normal Forced Vital Capacity (FVC) and Forced
Expiratory Volume in the first one second (FEVj). This index can be used during premedioal
examination of a person for assigning work in different work atmospheres in industries
depending on the nature and the extent of dustiness.
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4. ABSTRACT :

Sub-micron particles which are generated in any mining or some industrial operation*
contain appreciable amounts of free silica. Inhalation of these particles over a prolonged period
can produce pulmonary changes in the individual. Method of operation ndd the nature or
composition of rock are the most importadt factors to influence wide variation is size ndd size-
distribution. Deposition of the inhaled particles in the lungs is mainly dependent on Maw
Median Aerodynamic Diameter (MMAD) which takes care of size, density ndd shape of the
particles and nlso physiological parameters of the lungs. An attempt has been made in mis paper
to describe the method of estimating MMAD from the size-distribution studies and
subsequently to obtain the pulmonary deposition.
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4. ABSTRACT :

A method for (he determination of beryllium in urine samples by Graphite Furnace
Atomic Absorption Spectrophotometer (GFAAS) has been developed The background
correction problem due to the sample matrix was overcome by solvent extraction step. Urine
samples were digested with a mixture of concentrated nitric and sulphuric acids. Beryllium in
solution was complexed win acetylacetone, extracted in chlorofonn at pH 8.5 and back extracted
in 2% (v/v) nitric acid for final analysis by AAS. The range of concentrations of beryllium
observed in urine samples covering both occupational and control subject was 0.03 - 0.37
og/ml.
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4. ABSTRACT :

Particle size distribution study was conducted by using the nine stage Anderson Mark II
cascade impactor sampler. Mass Median Aerodynamic Diameter (MMAD) values were used
for the estimation of regional depositioa Three lung models based on the different physiological
conditions were used. During nasal breaming 77 - 89% beryllium aerosols are likely to deposit
in the nasal compartment, while alveolar fraction was found in the range of 3 - 15%. During oral
breathing (at tidal volume 500 cm-') estimated alveolar fraction varied from 8 - 28%.

5. REMARKS : 6. STATUS : 7. KEYWORDS :
In progress Beryllium aerosols

Particle size
Respiratory
Deposition
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1. TITLE : 2. CATEGORY: G - 1 0

m-vitro Dissolution Studies of Beryllium Aerosols in Simulated Lung Fluid

3. AUTHORS/AND ADPRESS : "

D.D.Thorat, D.K.Ghosh * and S.Narayan *
Beryllium Machining Facility, Vashi Complex, Navi Mumbai

* Healm Physics Division, BARC
_ _ _ _ _ _ _

The dissolution rates of beryllium aerosol of different compounds processed in
Beryllium Plant were studied in simulated lung fluid Beryllium metal powder, Beryllium oxide
(BeO) produced at 900 °C, beryl ore and beryllium hydroxide (BH) were found relatively
insoluble. Red mud (RM)> inplant suspended beryllium bearing dust was found moderately
soluble while sodium beryllium fluoride (SBF), ammonium beryllium fluoride (ABF), beryllium
fluoride (BF) were found highly soluble in simulated lung fluid The ranking of me materials
depending on the observed dissolution constants was found

ABF>BF>SBF>RM>Be BEARING DUST>BH>BERYL ORE>BEO>Be METAL POWDER

S. REMARKS: 6. STATUS : 7. KEYWORDS:
In progress Beryllium aerosols

Simulated lung fluid
Dissolution kinetics
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1. TITLE : 2. CATEGORY: G - 11

Assessment of Annual Exposure of Beryllium in Occupationally Exposed Subjects

3. AUTHORS/AND ADDRESS : ~~

D.D.Thorat, P.N.Bhat *, C.S.R.Murthy *, D.K.G9iosh * and S Narayah •
Beryllium Machining Facility, Vashi Complex, Navi Mumbai

* Health Physics Division, BARC

4. ABSTRACT :

Pull shift exposure (8 hrs. TWA) to beryllium aerosols with respect to different
operations were estimated in the same cohort of the Beryllium Plant and Beryllium Machining
Facility workers. Based on this exposure individual cumulative annual exposure for the year
1994 and 1995 were estimated The median values of cumulative annual exposure considering all
&e individuals are 12.2 ug/m3.y ( range 2.4 - 16.2) and 8.0 ug/m3.y (range 1.9 - 12.5) for the
year 1994 and 1995 respectively.

life time exposure of each individual working in both the plants is in progress. This
study is aimed in order to find out correlations with lung function parameters, excretion of
beryllium in urine, and presence of beryllium in blood serum with respect to overall cumulative
exposure.

5. REMARKS: 6. STATUS : 7. KEYWORDS:
In progress Beryllium

Cumulative
exposure
assessment
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1. TITLE: 2. CATEGORY: H - 1

Micrometeorological Investigations at the Coastal Site of Kalpakkam
for the Period 1970-1993

3. AUTHOR/S AND ADDRESS:

E. Chandrasekaran
ES & M Laboratory, Health Physics Division,
Bhabha Atomic Research Centre, Kalpakkam - 603 102

4. ABSTRACT:

The systematic measurement of weather parameters like air temperature,
relative humidity and rainfall was initiated in the year 1967 at Kalpakkam site. The
measurement of wind data using 30 m open tower was started in the year 1970.

From the summary of wind data joint frequency distribution of wind Bpeed and wind
direction averaged over 1970-89 it is observed that the most predominant wind direction is south
wim a frequency of 11.9% and predominant wind Bpeed class is 12-19 kmph with a frequency
of 39.7%. The meteorological information at nuclear power plant has been very much useful
particularly for the establishment of radioactive effluent discharge limits, atmospheric dilution
factors and dose estimation in the environment from argon-41 release from the power plant stack.

5. REMARKS: 6. STATUS: 7. KEYWORDS
Completed Micromet data

Dose discharge limit
Atmospheric dilution factor
Dose estimation
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1. TITLE: 2. CATEGORY: I - 1

NATRAD - A PC based Software for Educational Program on Natural
Radioactivity and its Contribution to Radiation Exposure of the Public

3. AUTHOR/S AND ADDRESS:

Manju Parihar, D. Datta, S. A. Sukheswalla and S. Krishnamony
Health Physics Division, Bhabha Atomic Research Centre, Mumbai - 400 085

4. ABSTRACT:

With the advent of software engineering technology educational program
on various branches of health physics opens an era of better understanding of the subject
Radionuclides are widespread in our environment. Most occur naturally and are either
of Primordial origin or are Continually produced by natural processes. Radionuclides produced
by anthropogenic sources make a small additional contribution to environmental levels but are
subject to intensive monitoring programmes and perhaps inevitably, attract a disproportionate
share of public interest.

The aim of this paper is to educate a personnel about the sources of radioactivity in the
environment and the routes by which the population is exposed. An object oriented software
package is developed by using C++ for this purpose. External exposure and internal exposure are
considered as main objects. Data structure frame is used to represent these objects, regardless
of its level in the hierarchy, and store all the knowledge relevant to it through various question *
answers. Graphics is applied to generate the pictorial representation of per capita dose to Indian
population from all sources.

5. REMARKS: «: STATUS: 7.KEYWORD:
Completed External Exposure

Internal Exposure
Object oriented
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Proceedings of the III National Symposium on Environment, 1994.
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1. TITLE: 2. CATEGORY: 1 - 2

EM SIMULA - A Training Simulator for Decision Making
Analysis during a Radiological Emergency Exercise

3. AUTHOR/S AND ADDRESS:

D. Datta,R.N. Pujari*and S.A. Sukheswalla
Health Physics Division, Bhabha Atomic Research Centre, Mumbai - 400 085

* Radiation Safety Systems Division

4. ABSTRACT

The decision making process in implementing protective measures to mitigate off-site
radiological consequences of an accident in a nuclear installation or an installation handling
radioactive materials is based upon the various assessment techniques and methodologies.
Assuming that an assessment has resulted in at least an initial appreciation of actual or projected
consequences, the decision making process can be aided by considering the three basic
frameworks such as, the time phase framework, geographic framework and the technical
framework. It would be usefiil for the public authorities in conjunction with the nuclear facility
operators to prepare a training manual in decision making. This paper describes the development
of the simulator which can be applied to prepare the training manual for making the decision
during a radiological emergency exercise.

Software is user friendly and menu driven and is written under the UNDC platform.
Cursor-ba»ed(ETT) programming techniques and fmli utilities are applied in developing the
popup menus. Simulator consists of a database which selects the affected villages and
subsequently brings the details of those villages by applying the doubly linked list data structure
mechanism. Facilities for various hand-on training for the computation of sigma y, sigtna z, air
concentration, plume dose, ingestion dose, inhalation dose, dose rate from the contaminated
ground, etc. are provided in this package.

5. REMARKS: 6: STATUS: 7. KEYWORD:
Completed Activity,
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Air concentration
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IAEA RESEARCH PROJECT

Title

Agreement No.

Principal Investigator

Other participants

Period of study and status

Objectives

Reference Asian Man

5583 JN

Dr.HS.Dang
Health Physics Division,
BARC, Bombay 400 085

Dr.D.D.Jaiflwal
Shri. M.Parameswaran

1989 - 94
First phase of the project is completed

Collection and collation of human data on
anthropometric, anatomical and physiological
characteristics of Indian population for strenghthening
the radiation protection infrastructure in India and Asian
Region.

Present status of the project The work on the collation of physical, physiological and
anatomical data is completed Additional indepth
studies on the metabolic characteristics will be carried
out from 1996 onwards, as part of the second phase of
Reference Asian Man study.

139



PROJECT WORK

S. Soudararojaa : Reliability Analysis of Main Feed Water System
of a PHWR type Nuclear Power Plant

Regional Engineering College,
Tiruchirapalli
(Bharathidasan University)
(Dec.1995)

Project Work carried out as part of the curriculum for the
M.RDegree Course in Industrial Safety Engineering

Quides : Shri R.K.Saraf; Shn A.K.Babar
PSA Section, Reactor Safety
Division, BARC, and

DrK-P-Mohammed, Professor and
Head, Dept of Mechanical Engg.
R.EC, Tiruchirapalli.

SUMMARY :

Reliability is the probability mat a system performs its function adequately for
a given period of time under the stated operating conditions. This project work was
devoted to reliability analysis of the Main Feed Water System (MFWS) of a typical
Pressurised Heavy Water Reactor (PHWR) type Nuclear Power Plant Feed water is
essential for heat removal from Primary Heat Transport (PHT) System of the nuclear
reactor. Hence it is a vital process as well as safety requirement In this project work
reliability analysis of the MFWS was carried out step-wise. Assessed reliability
was found to be acceptable implying soundness of the system.
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PROJECT WORK

SJX Bharambe : Reliability Assessment of Process Water System
in a Nuclear Power Plant

Regional Engineering College,
Tiruchirapalli
(Bharafhidasan University)
(Jan. 1994)

Project Work carried out as part of the curriculum for the
M.E.Degree Course in Industrial Safety Engineering

Guides : Shri A K.Bab a
Head, PSA Section,
Reactor Safety Division, BARC, and

Dr.ICP.Mohammed, Professor and
Head, Dept. of Mechanical Engg.
R.E.C., Tiruchirapalli.

SUMMARY:

This Project Work is devoted to the study on Reliability Assessment of the
complete process water system of Nuclear Power Plant. Reliability is the probability
mat a system performs a specified function or mission under stated conditions
for a prescribed time. The study includes design features, functioning and safety
provisions built into the system. Since this system acts as heat removal system for
many other processes and safety systems, it is vital that this is highly reliable.
Assessed reliability was found to be acceptable implying soundness of the system.
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Dr. V, R. PuBat : Studies on Uranium in the Environment
and its Application to Human Biokietics

Ph.D. (Chemistry)

University of Bombay (1994)

Guide: Dr.K.C.Pillai

SUMMARY:

The work presented in die thesis was carried out to study U in man and his
environment and application of the data for understanding the behaviour of U in
human system. A sensitive and reliable analytical method involving NAA technique
followed by radiocfaemical separation of 23?Np was developed and standardised to
determine very low quantities of U in environmental and biological samples with
special emphasis on its quality control aspects. The method was applied to determine
U concentrations in diet, drinking water, air, urine, blood and human tissues for an
urban Indian population and occupational subjects. The main conclusions are:

1. The mean daily intake of U for Urban Indian population was estimated to be 0.8 ng.
2. The mean daily urinary U excretion in normal subjects from general population
was found to be 12.2 ng.
3. The gut absorption factor (fl) of U in-corporated in diet and water was calculated

as 0.016.
4. Pulmonary clearance fraction was obtained for occupational workers of a U oxide

plant as 1.1 x 10 "4 d-1
5. The excretion ratio as percentage of serum burden was observed as 41%.
6. The U organ burdens were estimated by determining the concentrations of U in

human tissues. The distribution
showed a pattern as bone > muscle > lungs > kidneys > liver > heart > blood serum
Organ burdens were derived for skeleton, kidney and soft tissues by applying
metabolic parameters as reported in ICRP-30 (1979).

7. The higher systemic U burden was observed in kidney and soft tissues indicating that
the retention half-lives are likely to be larger in these human organs man those
recommended by ICRP, which necessitates revision of AL1 vlaues for U for
occupational workers.
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Dr. V. M. Matkar : Study on plutonium and Aniericium in Coastal

Environment

Ph.D. (Chemistry)

University of Bombay (1995)

Guide : Dr.K.C.Pillai

SUMMARY:

The distribution and behaviour of plutoniuni & amerecium in the coastal environment
of Bombay harbour bay was studied. The study has resulted in the development of a
sequential method for estimation of ultratrace level (10E-18M in sea water) of Pu &
Am. The distribution factor(Kd) observed for Pu- 239,240 in sediment was 10E-4 to
10E-5 and for Am-241 was in order of magnitude higher than Pu-239,240 .Benfhic
organism (Kd-640) accumulates 4 to 5 times higher than non-benthic organisms.The
accumulation of Pu & Am increases with the increase in the age of organism. No
preferential concentration in salt was observed. The radiation dose to an individual
resulted from consumption of solar salt and fish harvested in the coastal area was
negligibly small. Most of the activity was observed to be nearer the discharge point
Organic matter, pHjedox condition, carbonate, oxidation states of Pu were found to
influence the dissolved Bpecies of Pu & Am in sea water. The transfer of Pu from
contaminated sediments to benthic organism and remobilisation of Pu from anoxic
sediments were found to be negligible. The binding of Pu & Am in the sediment was
studied for the assessment of subsequent fate of transuranics in the environment
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Dr. C. G. Maniyaa : Assessment of Thorium and Daughter Products in
the Working Environment and Methods of
Quantification of Internal Exposure.

Ph.D (Physics)

University of Bombay (1995)

Guide: Dr. M. R. Iyer

SUMMARY:

1. From the whole body counting data of persons who were under chronic exposure for
25 to 30 years, the thorax clearance half life of Th was calculated to be about 950
days.

2. From the simultaneous estimation of body burden by whole body counting and
breath analysis, the pulmonary thoron exhalation rate was calculated to be about
20%. The lung clearance half-life of thorium was calculated to be about 650 days.

3. The dissolution characteristics of thorium compounds have been studied with
simulated lung serum and found to be a mixture of W and Y class compounds
corresponding to monazite handling and Th handling areas respectively. Further, the
dissolution characteristics have been studied separately by generating specified
aerosols and found to be influenced by the chemical composition and by the
presence of rare earths.

4. A method has been developed to estimate the body potassium using a whole body
counter. The body K was apportioned for body weight, body build index,
sleDderness>age etc for veg and non-veg population. The body K was found to be
minimum for ages <30 Y and >50 Y and maximum for middle aged persons (35 to
45 Y). The average body K for healthy middle aged persons was 1.6 g/kg for non-
veg and 2.1 g/kg for veg. The absorbed dose due to K-40 was also calculated for
all the workers. While body K was proportional to body build index, it is inversely
proportional to slenderness. The studies led to the conclusion that diabetic patients
show low body K (0.9 gKg"1).
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Dr. J. V. Sawant r Evaluation of Radiation Exposure from Tritium to

Lungs and Whole Body in the Use of Luminous Paint

Ph.D. (Chemistry)

University of Bombay (1995)

Guide : Dr. K. C. Pillai

SUMMARY :

Study was carried in two watch factories handling tritium labeled paint with the
purpose of evaluation of soft tissue dose due to HTO and lung dose of workers by
studying l)Solubilisation of luminous paint (L.P.) (inhalation class W) 2) Particle size
and tritium concentration in the aerosol and 3)Internal dosimetry of persons exposed to
Tritium while handling L.P.

Study of solubilisation of L.P. in bovine serum and synthetic serum shows around 12 to
13% is likely to be absorbed into the body as fast component with biological half-life
comparable to HTO. The remaining activity is retained in the lungs, gets solubilised
slowly and is eliminated as a slow component

Tritium concentration in urine samples of dial painters of clock factory is negligible. In
the majority of the cases, intake is less than 7% ALL But Tritium concentration in urine
of L.P. workers from wrist watch factory indicate that they are being exposed to tritium
throughout the year.

The airborne tritium in two watch factories was measured by Andersen Impactor and
cold strip method The studies indicated that tritium in the atmosphere is mainly as
tritiated water.From the total inhaled intake (cold strip and water soluble activity from
Andersen Impactor)as Class D and using observed particle size and benzene soluble
activity measured by Andersen Impactor as Class W compounds of tritium, CD to soft
tissues, CD to lungs and CED is evaluated and is found to be negligible.
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Dr. G. K. Srivastava : A study of die potential internal radiation hazards
and their control in uranium mining and milling

Ph.D. (Physics)
University of Bombay (1995)

Guide : Dr. M. R. Iyer
SUMMARY:

Uranium mining and ore processing are the first stages of nuclear fuel cycle in the utilization of
nuclear energy. In uranium mining potential of workers being exposed to radiation hazards exists in
addition to conventional hazards associated with metalliferous mining .Appropriate dosimetric and
analytical methods for assessment of these hazards need to be developed for adopting suitable
preventive measures.

Due to iviy long age of uranium mineralisation compared to the half-life of uranium-238 and its
daughter products all the radionuclides in uranium-238 decay chain are in equilibrium with uraniurn-
238. Among these radium-226 and radon-222 and its «hort lived daughter products are of major
concern.

The work presented in this thesis is on methodologies for the assessment of internal radiation
hazards to the workers of uranium mining and ore processing industry. The major source of internal
exposure in uranium mining arises from inhalation of radon and its short lived daughter products
present in mine air. In addition to radon, potential for internal exposure from radium and to a lesser
extent, from uranium also exists in mines. Radium is the most toxic radionuclide in uranium-238
decay chain.

Various aspects of assessment of internal dose from radium and the limits are discussed. The
techniques generally followed for assessment of internal dose from intake of radium are whole
body counting and radon in breath measurement by charcoal adsorption method. Both thcBC
techniques are not found suitable for routine monitoring in field

An alternative method for radium body burden measurement of individual done by estimation of
radon in exhaled breath using a low level radon detection system is described Significance of
different components involved in the measurement method namely clinical oxygen, air reservoir,
moisture trap and hygrometer are discussed. Factors influencing measurement and measures to
reduce the uncertainties are described Advantages of the method compared to other conventional
techniques for estimation of radium body burden arc discussed The results of measurement of
radon in breath among the group of persons with known thoron in breath concentration is also
described

The internal radiation exposure of mine workers from radon and daughter products is assessed
from the estimation of radon daughter product concentration in different working area in the mine
by spot sampling and the occupancy period of the workers. The exposure so arrived at are compared
with the dose measured by using the personal radon dosimeter.

Analysis of last 5 year data of internal dosimetry are discussed Effect of different measures taken
for dose reduction are also assessed Results of radium body burden measurement of mine and
mill workers of U d L were analysed with reference to the nature of work, length of service and age
at the time of joining work.

Some of the natural streams in the interior local area are found to have elevated radium content
Radium body burden data of some of the village using this water is presented

Development of the Low level radon detection system has simplified monitoring of radon
concentration in atmosphere ad in dwellings . To assess the impact of uranium mining and ore
processing on surrounding environment,levels of gamma radiation and radon in the area were
estimated The data are compared with the general radiation levels prevailing in the region.
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