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Climate Change and Nuclear Power 

J. Koch 

Radiation Safety Division, Soreq Nuclear Research Center, Yavne, Israel 

The purpose of the lecture is to make members of the Nuclear Societies in Israel more 
familiar with the issue of climate change, so they can contribute in a more effective manner to 
the public discourse about nuclear power. 

Data about climate change will be presented, quoted from the authoritative Assessment 
Reports of the Intergovernmental Panel on Climate Change (IPCC), the international body of 
experts established by UNEP and WMO to assess the scientific, technical and socio-economic 
research conducted in the field of climate change(1). The dramatic increase in the atmospheric 
CO2 concentration during the last 150 years will be presented, along with the concurrent 
variations of the Earth's surface temperature and the variations of sea level. Predictions for the 
21st century will then be showed, based on a range of scenarios covering different patterns of 
economic development, demographic development, and technological change in the energy 
system. 

The reaction of the international community to global warming was to formulate the United 
Nations Framework Convention on Climate Change in 1992 and the ensuing Kyoto Protocol 
in 1997. Under the Convention and the Protocol, developed and industrialized countries 
(Annex I countries) are committed to reduce their emissions of greenhouse gases (GHGs) (the 
average reduction target being 5.2% below 1990 levels during the 2008-2012 window), while 
other countries are only committed to develop emission inventories and to devise reduction 
measures. 

The national inventory of emissions of GHGs in Israel, which is a non-Annex I country, will 
be presented(2). The inventory was developed according to the IPCC Guidelines^ and 
includes different sectors (energy, industrial processes, agriculture, land use change and 
forestry, and waste) and the three main direct GHGs (CO2, CH4 and N2O). Trends in CO2 
emissions from fuel combustion, by far the dominant contribution to total emissions of GHGs, 
are also presented in an international comparison since 1990. Emissions per capita in Israel, 
which can be considered as a 'recently-developed' country, are shown to be in the range of per 
capita emissions in the world largest economies. 

Even full compliance of all Annex I countries with their commitments under the Kyoto 
Protocol would be far from sufficient to stabilize atmospheric concentrations of GHGs 'at a 
level that would prevent dangerous anthropogenic interference with the climate system' (the 
ultimate goal of the Convention). Moreover, it will be shown that it is highly improbable that 
even the quite modest reduction goals of the Kyoto Protocol will be achieved. Taking also 
into account that emissions from developing countries are expected to overtake emissions 
from developed countries within a few decades, it becomes evident that a more radical 
approach will be needed in the post-Kyoto era. 
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Since renewable energies are not expected in any scenario to supplant combustion of fossil 
fuel in the foreseeable future, it becomes inevitable to recognize that nuclear power must 
make a significant part of the energy mix in order to bridge the gap and address seriously 
climate change. 

The Kyoto Protocol was innovative by defining three 'flexibility mechanisms' (Joint 
Implementation, Clean Development Mechanism and Emissions Trading) to lower the overall 
costs of achieving its reduction targets. The mechanisms were devised to enable Annex I 
Parties to reduce emissions in other countries and to be credited consequently. Unfortunately, 
anti-nuclear lobbying groups were very influential during the negotiations of the 2001 
Marrakesh Accords, which set the modalities and procedures for the Kyoto flexibility 
mechanisms. The adopted text states, against the position of the IAEA, that 'Annex I Parties 
are to refrain from using emission credits generated from nuclear facilities to meet their 
targets'. 

Encouraging signs of evolving mentalities are showing up in recent years. As an example, 
Professor James Lovelock, one of the world leading environmental scientists and 
environmentalists (the author of the Gaia theory) states that 'nuclear power is the only green 
solution,(4). The situation in different countries will be reviewed to assess whether nuclear 
power is beginning to make a comeback. 
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Comparative Risk Assessment: An Element for a More Rational and 
Ethical Approach to Radiation Risk 

P.R. Danesi 

Former Director of the IAEA Laboratories, Vienna, Austria 

INTRODUCTION 
There is general agreement among the experts that peaceful nuclear technologies can play an 
important role in serving human needs. Considerable evidence has been accumulated indicating 
that they provide safe and more environmentally friendly electricity generation, significantly 
contribute to improving human health, help enhancing food productivity in a sustainable manner, 
managing fresh water supplies, assisting sustainable industrial development and protecting the 
environment. Nevertheless they are still perceived by a large fraction of the general public, the 
media as well as by some decision makers, as more risky for mankind than many other 
"conventional" technologies. The reasons behind this so-called "radiophobia", namely the 
irrational fear that any level of ionising radiation is dangerous, are many and complex. Some 
have been mentioned in reference [1]. 

COMPARATIVE RISK ASSESSMENT AND LIMITATIONS FOR LOW PROBABILITY 
RISKS 
Although no simple and quick fix can be found to the problem of "radiophobia", one of the 
approaches that can help bringing more rationality and ethics into the picture is to present the risk 
associated with radiation and nuclear technologies in the frame of correctly conducted 
comparative risk assessments. However, although the mathematical definition of risk is formally 
simple, comparing different risks is not so straightforward as quantifying different risks on a 
comparable scale requires overcoming both conceptual and practical difficulties. Many risk 
specialists also claim that risks have non-quantifiable sociological and psychological elements. 
Here we will restrict ourselves only to the so-called " objective risks", namely to risk defined as a 
set of event probabilities and consequences. Risk (R) can then be expressed as the product of the 
probability (P) that a given undesired event, the risk, will occur, times the consequences of this 
event (C), i.e. R = P x C. In principle risks could be compared by simply ranking them according 
to the different values of R. However this simplistic approach is not always possible because the 
product P x C can become misleading when it is not clearly quantified what both the probability 
and the consequences are. Risk is a multi factorial quantity and to correctly compare risks all 
factors, circumstances and assumptions should be mutually equivalent and quantified. 
The mathematical probability of a given consequence can be calculated with an acceptable 
uncertainty only when large amounts of historical data or very reliable epidemiological studies 
are available. However the latter are in practice very difficult to perform when dealing with very 
low probability risks such as low-doses radiation risk. The main reason being that correct 
epidemiological studies not only must always be corrected for all confounding factors, but very 
large cohorts, in practice very rarely available, should also be used. The epistemological 
difficulties associated to epidemiological studies of the low probability radiation risk have been 
clearly described in reference [2]. 

* E-mail: piero@danesi.at 
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Regretfully many risks reported in the specialised literature have been obtained either from 
epidemiological studies based on insufficiently large cohorts, or extrapolating to human beings 
data from animal experiments in absence of sufficient scientific legitimacy, or have been 
obtained form calculated fault and tree events (especially for very rare events) that may have 
neglected some paths or wrongly estimated intermediate probabilities, or using non validated 
models (biological and/or physical). It follows that the risk numbers are often characterized by 
very large uncertainties and therefore have to be interpreted with extreme caution. 
To overcome the difficulty associated to communicate the actual meaning of very low risks in 
terms more easily understandable by the public, many laudable efforts have been made. In this 
context it is worth quoting the work conducted by Cohen et al. [3,4] where different risks have 
been expressed in terms of days of life expectancy lost (or "Loss of Life Expectancy" (LLE)). 
The LLE due to a risk can be easily understood as the average reduction of lifetime for 
individuals involved in a given activity. Another advantage of using LLEs in comparing risks is 
that these can be calculated for various age ranges, thereby permitting to quantify the fact that the 
premature death of an elderly person is less regrettable than the death of a much younger person. 
LLEs have been calculated utilizing mortalities rates obtained form Census statistics for a number 
of different causes. The LLEs data allow one to compare the amount of exposure giving the same 
risk. Using this information one could for example conclude that living one year near a nuclear 
power plant has the same risk incurred by a smoker smoking one extra cigarette every six years 
or by a 20% overweight person due to a weight increase of 0.6 grams. Mortality rates can also be 
used to compile lists of events or activities implying the same risk. However, when confronted 
with these risk comparisons the limitations due to the uncertainties present in the primary data 
and the various assumptions should never be ignored. 

RADIATION RISK IN PERSPECTIVE 
It is now possible to consider radiation risk in this context. According to the estimates of 
UNSCEAR (United Nations Scientific Committee on the Effects of Atomic Radiation) at low 
radiation doses the increase in the probability of developing excess malignancies (cancers) is 
considered to be 0.005% per mSv. This hypothesis of proportionality between excess harm and 
excess radiation dose is the so called linear, no-treshold (LNT) hypothesis. On this basis the 
International Commission on Radiation Protection (ICRP) [5] has assumed a nominal probability 
coefficient of 5% per Sievert for attributable death from cancer in an average individual. It has 
also selected the present dose limit of lmSv per year for public exposure. The risk to which the 
public can be exposed when receiving a dose of 1 mSv in one year can then be compared to some 
other familiar risks. By considering that an equivalent dose of 1 mSv should correspond to 50 
lethal cancers by 1 million people exposed (50 x 10"6 risks) this is approximately equivalent (in 
terms of probability of death) to bicycling for 600 km, driving for 3200 km, crossing a busy road 
twice a day for 1 year, drinking a glass of wine per day for 1 year, smoking 2.5 packets of 
cigarettes or being X-rayed once for kidney metabolism. It can be seen that the risk run by the 
public when reaching the maximum dose limit (calculated on the basis of the LNT hypothesis) is 
comparable to many other risks people are often ready to take. It must be however mentioned that 
according to many scientists the actual risk is far lower. The major argument to justify this more 
optimistic view on the risk by low dose radiation is that indications have been progressively 
accumulated that the assumption that any radiation dose, no matter how small, can result in 
health detriment and that the likelihood of this detriment is directly proportional to the dose 
received, is questionable. Moreover it is far too often forgotten that the official radiation safety 
limits were based on the LNT model because this was believed to exaggerate the limit (therefore 
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ensuring overprotection) as well as for rendering radiation protection practical. Other risk models 
such as the linear quadratic risk model (the most often supported model by specialists), the 
threshold model and the hormesis model have been also proposed, and all of them are consistent 
with the existing experimental data. Finally it should always be remembered that the additional 
risk of developing a lethal cancer (5 x 10") when one is exposed to an additional dose of 1 mSv 
has to be compared to the much higher normal risk of dying of cancer not caused by 
anthropogenic radiation which in industrialized countries ranges between 0.20 and 0.25. 

RADIATION RISK AT LOW DOSES AND ETHICS 
Nevertheless the policies and myths that were created half a century ago have convinced many 
people that radiation is harmful in any amount with the result that not only the general public but 
also many opinion and decision makers continue to ignore evidence of no statistically significant 
adverse effects of radiation at low doses and dose rates. All this has made difficult for scientists 
to respond in a credible manner to public fears and concerns about radiation. Moreover it has lead 
to an unjustified, huge financial and social price to be paid by society at large. The ethics of 
perpetuating these policies and myths are very questionable, to say the least, as the present 
radiation protection policy based on the LNT model has become far too costly as huge sums of 
money are being spent for projects and activities devoted to avoiding negligibly small risks from 
low level radiation with virtually no health effects. This can be appreciated when one considers 
that presently there are countries that consider acceptable spending about US $ 180 million to 
save one human life by implementing the present radiation protection regulations, but are 
reluctant in supporting much cheaper life-saving technological approaches. 

References 
1. Z. Jaworowski, Radiation Risk and Ethics, Physics Today, Sept. 1999, p.24, (1999) 
2. A.B. Gonzalez, "The Debate on the Health Effects Attributable to Low Radiation 

Exposure", Pierce Law Review, Vol.1, No. 1/2, pp. 39-67, Fall 2002 
3. B. L. Cohen and I-Sing Lee, A Catalogue of Risks, Health Physics, Vol. 36, p.707, (1979) 
4. B. L. Cohen, Catalogue of Risks Extended and Updated, Health Physics, Vol.61, p.317, 

(1991) 
5. ICRP.1990 Recommendations of the International Commission on Radiation Protection. 

ICRP Publication 60, Oxford Pergamon Press,1991 

The 23rd Congress of the Nuclear Societies in Israel 5 



S1 - Reactor Physics & Technology-A 

Critical Experiments to Determine Amount of U-235 in 
Research Reactor Fuel Assemblies 

M.Y. Bettan1, S.H. Levine2 

1Soreq Nuclear Research Center, Yavne, Israel 2Pennsylvania State University, University Park, 
Pennsylvania, USA 

INTRODUCTION 
Seven different critical core configurations of the IRR1(1) have been used to determine 
experimentally the reactivity changes caused by interchanging different fuel assemblies (FAs) in 
the same core position(1'2). The data obtained with the first four critical configurations, Cores 1, 2, 
3, and 4, are analyzed in this report; the other three will be analyzed and reported in a later paper. 
The different fuel assemblies (highly enriched MTR type fuel assemblies) interchanged in these 
cores varied in their burnup or loss in U-235, thus changing the core ^ w i t h each interchange. 
The ha, of a fuel assembly is a function of its U-235 inventory. The FA interchange forced the 
control blade to alter its height in order to compensate for the change in core reactivity. The 
control blade reactivity worth as a function of its height was measured by period measurements 
so the reactivity changes due to the FA interchange could be determined. Several different FAs in 
each core were measured in this manner. This experimental data can be calculated using reactor 
physics codes. 

COMPUTER CODES AND THE EXPERIMENTAL METHOD 
For many years, SCAR-LEOPARD, a set of two-dimensional diffusion codes, has been used at 
IRR1 to calculate the U-235 mass in each FA as a function of core depletion based on core 
operation data. The initial U-235 mass in each FA in the four different cores was estimated using 
this set of codes. In this work, WIMS/EXT2(3'4) codes are used to calculate the keff of a core 
configuration loaded with IRR1 FAs. By calculating the kef of each core after an FA interchange, 
change in core reactivity due to change in FA can be determined analytically. The EXT2 code 
was used to calculate keff by using the cross sections of each FA as determined by the WIMS 
code, which calculates the cross sections for an FA as a function of burnup in a two-step method. 
In the first step, WIMS calculates the U-235 and other nuclide number densities of both actinides 
and fission products in the FA as a function of burnup. These number densities are then put into 
WIMS to obtain cross sections at selected burnup steps for the FA. Each burnup step has a 
corresponding U-235 number density which establishes U-235 mass in the FA. Cross sections for 
each FA are thereby determined as a function of U-235 mass. 

The calculations began with Core 1 by first calculating its f u s i n g the U-235 mass for each FA 
as previously calculated by the codes used by IRR1. The highest keff of this core was calculated 
with an undepleted (fresh) FA in the experimental core position. A series of ^calcula t ions were 
then performed with a range of different FA burnups in Core 1 experimental position. These 
calculations defined the U-235 vs. Ap curve as shown in Fig. 1. The experiments measured the 
Ap for each FA, starting with fresh FA with a Ap = 0.0. The experimental Ap is used to determine 
U-235 mass of the FA in the experimental core position using the U-235 vs. Ap curve. 

Corresponding author E-mail: Bettan@soreq.qov.il 
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Americium Nuclear Battery for Space Applications: Evolutionary Design 
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III. A Nuclear Design 
All criticality calculations were performed with MCNP-4C [3] computer code using ENDF-
B/VI evaluated cross-section library at room temperature. The thickness of 242mAm fuel layer 
was kept the same (2 jam) in all cases. Such a fuel thickness allows escaping of about 29% of 
fission products. The 29% escaping FP fraction is based on the fact that in the isotropic FP 
emission, only one half of the FP born in the fuel layer are emitted toward the collected 
electrode and Only 59% of the fission products energy have a chance to escape bringing the 
overall escaping energy fraction to only 29%. Our energy and charge losses calculations were 
based on the assumption of constant Vy [4] (V=Velocity) and a linear dependence of the FP 
particle charge on velocity. The correlation between the FP velocity and the charge is 
described in Ref 5. In addition, we compared the current analysis results with earlier reports 
[6] and found good agreement supporting the use of the correlation. The FP's range was 
calculated by using SREVI2003 software [7]. 
In all calculated cases, the criticality of the system was adjusted to k-eff = 1.06. The value of 
k-eff = 1.06 was chosen because it allows achieving about 15% atomic burnup of the fuel, 
which is a reasonable assumption from the materials perspective. In the current work, we also 
consider burnable poison application for the battery reactivity control. We examined few 
burnable poison materials as well as several burnable poison location options. The candidate 
materials were: 10B and 157Gd. The 157Gd spread on the middle sphere resulted in most 
effective reactivity control. 

III.B Power Conversion Efficiency 
The efficiency of energy conversion is determined by the fraction of fission products that 
reach the anode. The FP are born isotropically, so that only about 29% of the FP escape the 
fuel. The FP emitted in a direction beyond certain angle relative to the fuel surface will not be 
collected due to the curvature of the emitting and collecting surfaces as well as non-
uniformity of the electric field or the mere fact that the electric field is present. Then, the 
fractional collected current (I) is a function of the applied voltage, charge and energy of the 
FP and geometrical factors. 
The electric power of the system is related to the fission reaction rate as: 

Pe=2-Zf<f>-V-q-e+-fesc-l(f3)-U 

Where, 2'Ef <P V is the rate FP particles emission [sec"1], qe+ is the FP's charge, U is the 
applied voltage and fesc is the probability for the FP particle to escape the 2um thick fuel 
layerfc= 0.29). 
III.C Thermal Design 
The major thermal design constraint in this analysis is the maximum fuel temperature, which 
ultimately determines the maximum power for a given battery dimensions. The maximum fuel 
temperature was assumed to be 1349K for Am metal and 2375K for Am203, which is about 
100K lower than their melting points. Between the electrodes, the heat is transferred by 
radiation, and within the electrodes - by conduction. We also assumed that both (inner and 
outer) fuel layers produce the same amount of heat. 

IV. RESULTS AND DISCUSSION 

IV. A Optimization of Voltage 
Consideration of two (inner and outer) collecting electrodes with different geometries and two 
distinct energies of the fission products required somewhat detailed analysis in order to 
optimize the voltage applied to the electrodes. We calculated the fraction of the collected 
particles relative to all FP emitted by both, inner and outer fuel layers. 
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Investigating a Partial LOCA in the IAEA Generic Research Reactor 

D. Saphier, M.Y. Bettan 

Soreq Nuclear Research Center, Yavne, Israel 
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Determination of Delayed Neutrons Source Time Dependence 
Based on In-Pile Oscillation Measurements 

Y. Yedvab1,2, A. Grober1,2, H. Ettedgui1, R. Harari3,I. Reiss1,2, E.N. Caspi1 

1 Physics Dept, Nuclear Research Centre, Beer-Sheva, Israel. 2Physics Dept, Ben-Gurion 
University, Beer-Sheva, Israel. 3IRR-2 Operation and R&D Dept, Nuclear Research Centre, 

Beer-Sheva, Israel 

1. Introduction 
Describing the time evolution of a non-critical reactor [1] requires the knowledge of the 

delayed neutrons fraction - j3 and their emission rate as a function of the time elapsed since 
the fission event. It is common to approximate the emission rate using the delayed neutrons 
group parameters - a set of effective decay constants of the delayed neutrons precursors, Xj, 
and delayed neutrons fractions in each group, $. Normalized Emission Rate (NER) as a 
function of the time elapsed since the fission event, t, is expressed by the group parameters: 

where 6{i) is the Heaviside step function. " J 

As a consequence of their importance to nuclear reactor theory, the results of more than a 
hundred measurements were previously published (c.f. Ref. 2), aimed to determine delayed 
neutrons group parameters. The analysis of these measurements, the majority of which out-of-
pile measurements resulted in various published compilations for the group parameters. Yet, 
as was clearly demonstrated by [2], there are significant discrepancies between the NER time 
dependence predicted by different compilations. 

A new method for determining the delayed neutrons NER, g(t), based on in-pile kinetic 
measurements was developed and is presented in the present work. It is based on 
measurements which utilize the reactor itself as the measurement system. In these 
measurements reactor reactivity oscillates around its critical state, power oscillations are 
measured, and kinetic equations are used for the derivation of NER analytically. In contrast to 
other in-pile measurements [3-5], this method does not require a multi-parameter fit process 
for determination of delayed neutrons NER. Measurements were performed in IRR-2 research 
reactor. 

2. Experimental details 
Trapezoidal reactivity oscillations, Spext(t), were introduced to a critical reactor by 

periodically moving a regulating rod. Thermal neutron count rate oscillations, which are 
proportional to power oscillations, SP(t), were measured using two 3He detectors. 

About 70 experiments were carried out, each with different oscillation period, in the range 
5.0 sec -;- 500 sec (co = 0.0126 rad/sec + 1.256 rad/sec). The power oscillation was about 5% 
of the average power. The duration of each experiment was in the range of 0.5 hour -e- 2 hours. 

3. Theoretical Analysis 
When reactivity feedbacks are negligible (e.g., when reactor power is very low), and 

reactivity oscillations are small compared to the average power - p0 (point-kinetics 
approximation is valid), relative power oscillation is proportional to reactivity oscillation in 
the frequency domain: 

^ l = R(a,).SpM, (2) 
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In-Core Measurements of Fuel Rods Depletion 

Y. Lederer, Y. Yedvab, D. Regev 

Dept. of Physics, NRCN, Beer Sheva, Israel 
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The procedure is applied iteratively in the following manner: consider first measurements 
performed in N sub-critical core configurations each composed of N fuel rods, as presented in 
figure 1. When the geometry and composition of the system are known, one can calculate for 
each configuration the neutron flux in the detector (i.e. the measurements j=l.. .N) by either 
of the following expressions: 

(1) (q>\D (P S <P 

Where: 

\(p) - The neutron flux 

(p*j- The adjo int flux 

L - The transport operator 

L (p 

S) - The source 

D) - The det ector 

Here, the ajoint flux is calculated in the usual manner, with the detector serving as a fixed 
source. 
Using a set of guessed fissile material densities the flux in the detector is calculated for each 
configuration. After some algebra one can write the difference between the measured fluxes 
and the calculated fluxes (based on the initial guess), in the following form: 

(2) A(cp\D (p L-L\ <p 

where A denotes a quantity calculated based on the initial guess. 

Finally, a pertubative approximation for equation (2) allows one to relate the difference 
between the measured and the calculated fluxes to the difference in the fissile densities, thus 
deriving a more accurate guess for the fuel densities: 

(3) 

N 

SL , . 
U. 

'j <P ——\ <P 

This algorithm is iteratively applied, until the calculated fluxes converge to the measured 
fluxes. 

RESULTS 
In order to study the feasibility of this method numerical calculations that simulated an 
experiment were carried out, using CITATION - a three-dimensional diffusion code. The 
geometry and composition of the fuel elements in the simulation were adapted for IRR-1 
research reactor, which is fueled by Highly Enriched Uranium MTR fuel. Figure 1 represents 
an example of such a simulation. First, "measured" fluxes were generated using known fissile 
densities. Then, as shown in figure 2, starting from an arbitrary guess for the fissile densities, 
the iterative procedure was applied, until convergence was achieved. 
As one can see, the convergence is rapid. This is due to the fact that equation (3) is almost 
exact. The only approximation is that the correct adjoint flux was substituted by the one 
calculated using the guessed fissile densities. 
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Reactor Design Strategy for Martian Research Base 

L. Droizman1, E. Shwageraus1, V. Dostal2 

1Nuclear Engineering, Ben Gurion University of the Negev, Beer Sheva, Israel 2 Research 
Laboratory for Nuclear Reactors, Tokyo Institute of Technology, Tokyo, Japan 

INTRODUCTION 
With the discovery of nuclear energy, the manned exploration of the Solar system became 
technologically feasible. Nuclear powered propulsion systems can provide high propellant 
utilization efficiency and short transfer times to other planets, while long-life and compact 
nuclear reactors can provide power-rich environment for the research activities on the planet 
surface. For example, Reference Mission of the Mars Exploration(1) developed at NASA relies on 
the Nuclear Thermal Rocket (NTR) concept for the men and equipment transfers from Earth to 
Mars. According to the same mission plan, the nuclear powered In-situ Resource Utilization 
(ISRU) unit should be set up on the Mars surface and produce methane fuel from the Martian 
atmosphere for the crew return trip. 

The members of Mars Homestead Project™ team are taking the challenge of space exploration 
one step further and aiming ultimately at establishing a permanent colony on Mars. The success 
of such enterprise would depend to a large extent on the availability of abundant and reliable 
energy source capable to satisfy the colony power needs. Considering the solar energy density at 
the Mars surface and the availability of other local resources, a nuclear power system is, clearly, 
the only technologically mature option for the near term deployment. The first estimate of the 
Mars colony energy needs has been recently reported by the Mars Homestead Project™ team at 
the 8th International Mars Society Conference(2). The main bulk of the energy is assumed to be 
supplied by three nuclear reactors 2 MWth each. 
This paper outlines the fundamental considerations of such nuclear reactor design. 

REACTOR DESIGN CONSIDERATIONS 
The major requirements for Mars base power system can be summarized as follows. 
- The system should have the highest possible power density. For a given electric or thermal 

energy output, the reactor should have the smallest possible mass and volume because the 
costs of transportation from Earth are very significant. 

- The system must have high reliability (low probability of failure) because the loss of power 
supply would inevitably lead to the failure of the mission. The design should take maximum 
advantage of readily available proven technologies to assure high reliability. 

- Long service life of the system is another desirable feature, since nuclear reactors cannot be 
manufactured locally and therefore should be transported from Earth once they reach the end 
of their service life. At the same time, the system maintenance activities should be as 
infrequent and as simple as possible. The numbers ranging from 15 to 25 years reactor life 
time have been quoted in various manned mission designs. 

- The system design should make maximum use of local resources in order to minimize the 
mass of the delivered components. 
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- Finally, the design should avoid using technological features, which may impede the mission 
progress due to political or environmental concerns. For example, the use of weapons usable 
nuclear materials may incite public opposition to launch of such materials into space. 
Moreover, in the case of an accident during the launch, the system criticality upon water 
submersion may result in some environmental contamination. Both issues have been 
considered in the past as significant "showstoppers" and therefore should be avoided. 

All these considerations affected the choice of reactor concept presented here. 

REACTOR CONCEPT DESCRIPTION 
The suggested reactor concept is based on Pebble Bed Modular Reactor (PBMR) 

technology currently under development in South Africa . The TRISO particle fuel technology 
planned to be employed in PBMR is remarkably robust with respect to fission product 
containment at high temperatures and burnup levels of up to 700MWd/kg. The reactor consists 
of a tall core pressure vessel gradually filled with fuel spheres. The fuel is added as necessary to 
maintain criticality and never removed. At the early stages of settlement construction, the reactor 
is shielded with local materials e.g. Martian rocks and soil or operates without the reflector at all. 
In the more advanced stages, once the water becomes available, or by the time the core barrel is 
completely filled with the fuel spheres, the empty volume surrounding the reactor is gradually 
filled with water serving as neutron moderator and reflector. In such a design, the long term 
reactivity control is achieved through the addition of fuel, or water level in the reflector, or both. 
The schematic view of the reactor is presented in Fig. 1. The possibility of reactivity control by 
variation of the reflector height is illustrated in Fig. 2. The reactor is cooled by C02 , which is the 
primary component (95%) of the Martian atmosphere so that the coolant does not have to be 
shipped from the Earth. The CO2, if brought to its supercritical pressure, can provide power 
conversion efficiency of up to 50% for the core outlet temperatures of less than 650°C (4). 

The choice of the neutron energy spectrum for the reactor operation is not obvious. 
Thermal spectrum reactors tend to have more favorable safety characteristics, proven 
technologies, and put considerably less strain on the reactor materials. However, the reactivity 
limited life of such reactors is relatively short and the presence of moderator increases the mass 
of the system. The fast spectrum reactors, on the other hand, are more compact, have longer life, 
but more challenging to control and maintain. 

The proposed reactor concept offers a large degree of the design flexibility allowing to take 
advantage of the favorable features of both - fast and thermal reactors. Initially, the fast 
spectrum can be employed providing compactness and fissile material breeding with uranium 
enrichment satisfying the proliferation resistance limit of 20%. At this stage, the reactor can 
operate with lower efficiency but larger safety margins and therefore higher operational 
flexibility. Later on, the water reflector switches the neutron spectrum to thermal energy range 
where the bred fissile material can be utilized more efficiently. In addition, the improved safety 
characteristic can allow uprating of the reactor operating conditions and increase its power 
conversion efficiency. 

The described approach provides high reliability of the power system. The reduced 
performance of individual component can be compensated by other components or more relaxed 
operating conditions while still being able to produce power. For example, the unexpected 
damage to the core barrel upon landing, damage to some fuel elements prior to loading to the 
reactor, or other geometry distortions can be compensated by larger fuel loading or higher water 
level in the reflector assuring the reactor criticality. 
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Gas Cooled Reactors Neutronic Simulation: 
VSOP vs. MCNP Benchmark 

L. Droizman, S. Kolesnikov, E. Shwageraus, A. Galperin 

Nuclear Engineering, Ben - Gurion University, Beer-Sheva, Israel 

INTRODUCTION 

The fast and thermal spectrum gas-cooled reactors (GCR) are both chosen by the international 
board of experts as two out of the six most promising Generation IV nuclear reactor concepts. 
As a result, an extensive research and development effort is ongoing worldwide to design the 
next generation of GCRs. The objective of this analysis is to test the calculation tool - the 
VSOP(1) computer code system available for GCR neutronic simulation against state of the art 
Monte Carlo particles transport code MCNP-4C(2). A series of benchmark calculations was 
performed in a unit cell and full core configurations typical of pebble bed gas-cooled reactor. 

COMPUTER CODES DESCRIPTION 

MCNP is a general-purpose Monte Carlo N-Particle code that can be used for neutron, 
photon, electron, or coupled neutron/photon/electron transport, including the capability to 
calculate eigenvalues for critical systems. The code treats an arbitrary three-dimensional 
configuration of materials in geometric cells bounded by first- and second-degree surfaces 
and fourth-degree elliptical tori. 

VSOP is a system of proven computer codes linked together for the numerical simulation of 
the nuclear reactor physics performance. It has been widely used for HTR although its 
applicability is directed to all types of thermal reactors. The calculations consist of cross 
section preparation, reactor and fuel element design, neutron spectrum evaluation, 2 or 3 
dimensional diffusion calculation, burn-up, fuel shuffling, control and thermal hydraulics of 
steady states and transients. 

MCNP vs. VSOP RESULTS COMPARISON 

The following benchmark cases were considered: 
Infinite medium of coated particles in graphite matrix 
Infinite medium of fuel pebbles 
Bare core 
Reflected core 

The main parameters of interest for the comparison were: 
The system criticality (neutron multiplication factor) 

- Reaction rates in individual isotopes 
Spatial distribution of group fluxes (for the full core cases) 
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Non-Linear Reactivity Model for P W R Core Characterist ic Est imates 

E. Shwageraus, E. Fridman 

Nuclear Engineering, Ben Gurion University of the Negev, Beer Sheva, Israel 

INTRODUCTION 
Linear Reactivity Model (LRM) (1) is frequently used for the estimation of discharge 

burnup, fuel cycle length, and LWR core reactivity. The analysis is based on a simple burnup 
calculation for the representative fuel unit cell (or 2-dimensional single fuel assembly). 
The full core characteristics are deduced from a simple or power weighted averaging of a unit 
cell characteristics obtained as a function of burnup. This paper examines the applicability of the 
LRM assumptions and proposes a calculation procedure for estimation of a core critical boron 
concentration based on LRM without performing complex and time consuming 3-dimensional 
full core simulation. 

DISCHARGE BURNUP ESTIMATION 
Typical assumptions of the LRM are linear dependence of representative fuel cell 

reactivity on burnup and equal power sharing between different fuel batches in the core. The 
former assumption is not necessarily true in most realistic cases. However, the effect of unequal 
power share on discharge burnup estimation is typically small(1). The latter assumption holds 
approximately for conventional UO2 fuel. However, in the case of more exotic fuel such as Pu-
fertile free fuel, the dependence of batch reactivity on burnup is clearly non linear, as illustrated 
in Figure 1. Therefore, the LRM estimation of the fuel discharge burnup in n-batch core simply 
as 2N/(N+l)xBUi introduces significant uncertainty into calculations. Here, BUi is the burnup of 
single batch core at which the corrected for leakage core reactivity becomes zero. 

In order to eliminate such an uncertainty in calculation of discharge fuel burnup by 
straight forward LRM, the calculated reactivity versus burnup data is fit to a polynomial function 
using Least Square Fit algorithm. 

p(BU) = A^+A,xBU + A2x BU2 + A3 x BU3 (1) 

Then, using the same assumption of equal power sharing between all fuel batches in the core, we 
postulate that average core (corrected for leakage) reactivity becomes zero at the end of each 
cycle (EOC). Therefore, the burnup accumulated by each batch in one cycle (BUCYCLE) can be 
found from the following relation: 

BatchX Batch 2 BatchN 

Pcore {EOC) = p™ +P**^ + ~ + PEFF = 

= pEFF(BUc) + pEFF(2xBUc) + ... + pEFF(NxBUc) 

N 

(2) 
0 

The 23rd Congress of the Nuclear Societies in Israel 27 



S1 - Reactor Physics & Technology-A 

The 23rd Congress of the Nuclear Societies in Israel 28 



S1 - Reactor Physics & Technology-A 

The 23rd Congress of the Nuclear Societies in Israel 29 



S1 - Reactor Physics & Technology-A 

BGCore - A Comprehensive Package for Reactor Core 
and Fuel Storage Analysis 

E Shwageraus, E Fridman, E. Abramski, A. Galperin 

Nuclear Engineering, Ben Gurion University of the Negev, Beer Sheva, Israel 

Simulation of Light Water Reactors behavior is performed by several well established 
computational systems used for industrial and research applications for several decades. 
Analysis sequence, based on physics of thermal lattices and almost standard fuel geometries 
and compositions was tested in numerous numerical and experimental benchmarks resulting 
in readily available and reliable calculation methods, starting from unit cell up to a full core 
representation. 

Recent interest in Fast Gas Cooled Reactors (GFR) requires major adaptations or 
evolutions of calculation tools to accommodate the innovative features of core design (new 
fuel and subassembly forms), fuel composition (homogeneous recycling of minor actinides). 
Fast neutron spectrum renders inadequate the familiar group reduction schemes and 
homogenization methods used in LWR analysis. In addition, the specificities of GFRs 
(materials, subassembly design, preferential direction for neutron leakage (streaming), high 
temperatures, particular reactivity effects, etc.) require at least an increase in the number of 
nuclides to be taken into account in the neutronic libraries with an extended tabulation in 
temperature. Enhancement of neutronic calculational tools is needed for S/A heterogeneity 
and anisotropy and to accurately model control elements and other nonfueled regions. 

Several computational systems recently developed are widely used (1'2'3) and several 
others are currently under development {A-5A1\ All of the systems are based on Monte-Carlo 
codes for a 3D representation of core and ORIGEN(8) code for fuel composition calculations. 
This abstract presents the outline and current progress of a development of a comprehensive 
calculational system for GFR carried out in Ben-Gurion University. The flow chart of the 
system (temporarily) designated as BG-CORE is shown in Fig. 1. 

Our approach follows, in general, that adapted in other systems, i.e. interfacing the core 
model (MCNP) with a SARAF - an independently developed code for calculating fuel 
composition in-core and spent fuel emissions following discharge. Two novel features are 
added: temperature distributions and feedback, and fuel management. The following modules 
comprise the BG-CORE system: 

MCNP - Monte-Carlo code for 3D core representation using cross-section data sets 
based on JEF-2/JEF-3 and ENDFB-VI. This module provides Keff, flux and power 
density distributions, and 1-group cross-sections needed to perform fuel burnup 
calculations. 
SARAF - A computer code (under development) for calculating the composition of 
fuel during burnup, and following discharge. Radioactivity (Ci), heat emission (w), 
and toxicity (Sv) of the discharged fuel are also calculated in order to provide data for 
an estimate of spent fuel storage requirements. SARAF is an equivalent of a widely 
used code ORIGEN. 
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A technical feature of the SARAF is that the code is created fully within the 
MATLAB development environment, including data manipulation and interfacing 
with other modules. This approach will result in a streamlined, transparent, and much 
shorter code, compared with ORIGEN (written entirely in FORTRAN). Transmutation 
and decay chains considered include about 100 actinides and about 500 fission 
products, which is sufficient to account for 99.999% of fuel mass, radioactivity, heat 
emission, and radiotoxicity emissions. 

- MC2SAR and SAR2MC - Interface modules to provide data flow from MCNP to 
SARAF (lg cross-sections), and from SARAF to MCNP (fuel composition). 
THERMO - A thermo-dynamic module (planned) is designed to provide detailed 
temperature distribution of all components of the core. This module will also allow 
accounting for fuel temperature feedback in full core calculations. 
FMAN - Fuel management module (planned) is designed to provide an efficient tool 
for performing in-core and out-of-core fuel management. The in-core functions will 
include aggregation of individual fuel assemblies into batches and optimization of 
loading configurations. The out-of-core functions will include managing the mass-
flow of fuel reprocessing and recycling, thus providing an efficient estimate of 
discharged fuel mass flow in core, out of core, and into a spent fuel storage facility. 
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Diffusing Alpha-emitters Radiation Therapy -
A New Approach for Solid Cancer Treatment 

L. Arazi1, T. Cooks2, Y. Keisari2,I. Kelson1, M. Schmidt1 

1Raymond and Beverly Sackler Faculty of Exact Sciences, School of Physics and Astronomy Tel 
Aviv University Tel Aviv, Israel. 2 Sackler Faculty of Medicine, Department of Human 

Microbiology, Tel Aviv University, Tel Aviv, Israel 

Alpha particle irradiation is known to be lethal to cancer cells. However, there is currently no 

treatment that effectively utilizes alpha particles against solid tumors. We propose a new 

approach - Diffusing Alpha-emitters Radiation Therapy (DART) - that, based on results obtained 

on murine models, holds great promise for the treatment of human solid cancer. The basic idea is 

to insert into the tumor a source, or a number of sources, bearing alpha emitting atoms closely 

below their surface. As these atoms disintegrate, their daughters, which are short-lived alpha-

emitters themselves, recoil into the tumor, spread through its volume and decay at therapeutically 

significant distances. Each source generates a 'killing zone' whose size is determined both by the 

tumor vasculature and by the half-lives of the diffusing atoms. We implement this scheme using 

228Th to generate sources bearing 224Ra, which, once inside the tumor, release by recoil 220Rn, 

216Po and 212Pb atoms into the tissue. In the article, we discuss the basic principles involved and 

demonstrate the effect of such sources on murine Squamous Cell Carcinoma (SCC) tumors. 

The 23rd Congress of the Nuclear Societies in Israel 33 



S2 - Radiation & Medicine 

Maximizing the Uptake of Metals in Tumor Cell DNA to Therapy 

V. Seror1, U. Sheleg1, S. Novick2, Z. Goldbart3, B. Laster1 

1Nuclear Engineering, Ben Gurion University, Beer Sheva, Israel. 2Medical Center, 
Bacteriology, Soroka Medical Center, Beer Sheva, Israel. 3Analytical Chemistry, NRCN Negev, 

Beer Sheva, Israel 

Introduction: Photon Activation Therapy (PAT) relies upon the presence of a medium or 
high Z atom physiologically targeted to tumor cell DNA in order to exploit the damage 
produced by Auger electrons at this critical site. Although the DNA is the critical target 
within the cell for its lethality from radiation (1), its miniscule size, 0.25% the mass of the 
entire cell (2), severely reduces the probability that a sufficient number of interactive 
damaging events from photons will take place at this site. Essentially, in PAT, the metal atom 
is bound to or complexed with the DNA prior to irradiation with photons whose energies are 
suitable for generating a photoelectric effect at either the K or L absorption edge of the atom. 
The currently-used clinical brachytherapy seeds(3,4), such as I and Pd are excellent 
sources for generating a photoelectric effect at the K or L absorption edge of an atom. During 
de-excitation of the atom after the photoabsorptive event, a series of electron vacancies in the 
atom's shells or sub-shells ultimately leads to the emission of several low energy, short range 
electrons whose energy is deposited at the site of their emission. Therefore, this phenomenon 
offers the possibility of directly ionizing the DNA in a tumor cell while sparing damage to 
surrounding normal tissues. However, crucial to the success of PAT is the ability to 
specifically target a large number of metal atoms to the DNA in order to maximize the 
number of photon/metal interactive events (5). Achieving this goal requires a chemical agent 
that can transport and bind metal atoms to tumor cell DNA, the optimization of the in vivo 
administration of this chemical agent, and a sensitive chemical analysis system that permits 
the measurement of small numbers of metal atoms present in DNA. In previous studies, the 
intravenous and intraperitoneal routes of drug administration yielded similar values of >107 Pt 
atoms in the DNA of tumor cells, with ~108 pt atoms in liver and kidneys. To reduce normal 
tissue toxicity, the intratumoral route was investigated. In the present study, a platinum (Pt)-
labeled porphyrin, PtTMPyP4, was used as the chemical agent, the intratumoral route of 
administration as the drug delivery system, and inductively-coupled plasma mass 
spectrometry (ICP-MS), the analytical system. 

Experimental System: A 1-2 mm fragment of the KHJJ murine mammary carcinoma (6) 
(donor to host) was implanted on the thigh of BALB/clas mice using the trochar-stylette 
technique. PtTMPyP4 (22.3 mg/kg in 60 ul) was injected via an insulin syringe into the tumor 

either as a single bolus in the center of the tumor or as 6 multiple 
injections of the same total concentration of 10 pi each, 
approximately as shown below. Twenty-four hours after the 
injections, in accordance with their weight, the mice were fully 
anesthetized with ketamine (10 mg/ml) and xylazine (1 mg/ml), 
and their blood withdrawn via orbital sinus. This was followed by 
cervical dislocation, and dissection of major organs (tumor, lungs, 
spleen, kidneys, brain, and heart, as muscle). 

1 
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Conclusion: Photon Activation Therapy relies heavily on the presence of metal atoms being 
localized to tumor cell DNA. By increasing the number of metal atoms bound to tumor cell 
DNA, we offer a proportional increase in the number of interactive events between the photon 
and metal atom that can take place. The intratumoral route for the administration of 
PtTMPyP4 proved to be superior to either the intravenous or intraperitoneal techniques. 
Since brachytherapy techniques are applied only to those tumors that are anatomically 
accessible, it seems reasonable to conclude that a drug can be applied intratumorally at the 
time of seed implantation. Furthermore, the use of a controlled-release drug delivery system 
might offer an opportunity for the metal atoms to continuously be available to the tumor cell 
DNA throughout the half-life of the brachytherapy seed. In a planned set of experiments, 
multiple serial daily injections of PtTMPyP4 will be administered to the mice to determine if 
a further increase in Pt uptake is possible. 
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Photon Activation Therapy with 103Pd Seeds and PtTMPyP4 
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Introduction: In a technique called Photon Activation Therapy (PAT), the energy deposition 
at critical subcellular sites within a tumor can be increased by specifically complexing the 
DNA with either medium or high Z non-radioactive atoms, and provoking the emission of a 
cascade of low energy electrons through the induction of a photoelectric effect. In the study to 
be presented, platinum (Il)-tetrakis (N-methyl-4-pyridyl) porphyrin chloride (PtTMPyP4) was 
used as the carrier of platinum (Z=78) atoms into the DNA of the KHTJ murine mammary 
carcinoma tumor cells. PtTMPyP4 intercalates between adjacent GC base pairs (1). It was 
anticipated that the 20.1 to 22.7 keV X-rays emitted from the 103Pd seeds would interact 
strongly at the L absorption edge of atoms (about 97% of these interactions are via the 
photoelectric effect). The photoelectron, with energy less than 11.1 keV, deposits its energy at 
distances up to a few urn from the platinum atom. The vacancy created in the L sub-shell is 
filled by another low energy electron bound to the atom. The successive creation of vacancies 
during de-excitation of the Pt atom causes an electron redistribution that ultimately leads to 
the emission of cascading Auger electrons (in the context of the present study, Auger 
electrons are meant to include the Auger, Coster-Kronig and super Coster-Kronig electrons, 
all emitted during the de-excitation of the atom). Therefore, the initial atomic de-excitation 
process results in the deposition of significant amounts of energy to the DNA itself and in its 
vicinity (2,3) 

Experimental System: Palladium-103 (103 Pd) brachytherapy seeds were interstitially 
implanted along the mid-plane of the KHII murine mammary carcinoma borne on the thigh of 
BALB/c mice. PtTMPyP4 was administered i.p. on days 1, 5, and 19 following seed 
implantation at concentrations of 9.9, 7.4, and 5 mg/kg, respectively. 
Uptake of Pt atoms in mice treated similarly was measured using inductively coupled plasma 
mass spectrometry (ICP-MS) after total digestion in nitric acid of the fractionated tumor 
components, that is, the TCA-insoluble fraction representing the DNA and high molecular 
weight proteins, and the TCA-soluble fraction representing the cellular degradation products. 
Tumors were measured 2-3 times weekly via a digital caliper. Because of the radio-resistance 
of the tumor model [TCD50 -54 Gy] (4) the time interval, in which the tumor volume 
increased by a factor of three relative to its volume on day 0, was the studied parameter. The 
product limit (or Kaplan-Meir) method was used to compare the various groups of mice. The 
data was censored when the brachytherapy seed was found outside the mouse body. The 
KHJJ tumors are hemi-ellipsoid in shape; thus their volume, V, was calculated according to 
the formula proposed by Dethlefsen and Prewitt (5): 

V = - (1 - 2s) (w-2s) { 3 [ (1 - 2s) (w-2s) / 4 ]V 1 + (h-s) } 
24 
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where the length, 1, is the largest dimension, width, w, height, h, and the skin thickness , s, 
(0.5 mm assumed to be constant throughout the study period as measured in a few sample 
tumors). 

An unpaired t-test was used to test for a possible difference of the mean tumor 
volumes among the groups on day 0. The data expressing the ratio of the tumor volume at a 
given time, V(t) pver the volume on day 0, V0, were fit by either exponential relationships, 
V(t) / V0 =exp^ct*t) over the entire study period, or by exponential relationships over two 
distinct time periods (bi-phasic exponential fitting), when applicable. Approval for 
experiments was provided by the BGU Committee for the Ethical Use of Experimental 
Animals. 

Results; The ICP-MS analysis showed platinum uptake in the TCA-insoluble fractions 
ranging between 3 and 5-107 Pt atoms per cell. Typical external dimensions on day 0 (the day 
of seed implantation) were 10.5 mm (1), 6.3 mm (w), and 4.2 mm (h), corresponding to a 
tumor volume, V0, of -95 mm3, with the skin thickness eliminated, as described above. No 
statistical difference was found between the mean tumor volumes of the mice in the various 
groups on day 0. The time for the tumor to increase in volume by a factor of three relative to 
day 0 is shown in the Kaplan-Meir plot in Fig. 1. In all control mice, tumor volume increased 
exponentially with time after day 0 [mean a-value (0.204 ± 0.033) d"1, range 0.16 to 0.27 d"1, 
corresponding to a doubling time of 3.4 d], as well as in the two mice injected with 
PtTMPyP4 (a-values 0.133 and 0.105 d"1, respectively). 

No animal was alive after day 42 in both groups of mice that got brachytherapy. Two 
mice in the PAT group, died on days 33 and 40, bearing tumors of small volume (25 and 132 
mm ). An exponential increase in tumor size with time was found in all mice in the 
brachytherapy only group, with the exception of one. The mean a-value of the remaining five 
mice, (0.0882 ± 0.0215) d"1 (range 0.067 to 0.119 d"1) was lower than that of the control group 
(p < 0.001). Tumor volume in the sixth mouse decreased with time between days 0 and 9 by a 
factor of about two (a-value -0.074, with a correlation coefficient of 0.994). During the next 
day of observation, day 12, the brachytherapy seed was found on the floor of the cage and 
tumor volume increased thereafter with a rate (a-value 0.21) comparable to that of the mice in 
the control group. 

An exponential increase in tumor volume was found during the first month in three out 
of six mice in the PAT group (a-values 0.041, 0.073 and 0.079 d"1). In a fourth mouse, the 
tumor volume remained practically constant up to day 19, gradually increasing in size 
thereafter. The brachytherapy seeds implanted in the remaining two mice were found on the 
cage floor on days 12 and 19. As long as the seed remained in the tumor, the tumor size was 
essentially constant in one of these mice, and gradually increased with time in the second (a-
value 0.046 d"1). 

A statistically significant difference in the mean tumor growth rate was found in the 
group of mice treated with brachytherapy relative to that in the control group (p = 0.001) as 
would be expected. The addition of PtTMPyP4 treatment to brachytherapy (PAT treatment) 
further decreased the tumor growth rate. More specifically a p-value of 0.002 was found by 
comparing the time to reach the three-fold volume increase in the PAT group of mice 
compared to the group of mice that received brachytherapy only. 
Conclusion. Photoabsorption at the L edge has been largely neglected, probably because the 
energies required for inducing photoabsorption at the L edge are too low to achieve adequate 
penetration to the depth of tumor from external radiation beams. However, the rationale for 
using a high Z element and targeting its L absorption edge with 103Pd photons, rather than the 
K absorption edge of a medium Z element, was that the cross section for inducing a 
photoelectric effect in a medium Z atom by the 103Pd photons is much lower than that for 
platinum. Furthermore, the non-radiative yield of Pt due to an L shell vacancy is higher than 
that due to a K shell vacancy, despite the expenditure of similar energy (6). 
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Retrospectively, it has become clear that the inefficiency for long-term tumor control 
observed in the present study might have a dosimetric basis. It was found that, in water, the 
dose at 2.5 mm radial distance vertical to the long axis of a seed at its center was 250 Gy for a 
seed remaining in its position for an indefinite time. However, under the same conditions, at a 
radial distance of 5 mm, and a 20° angle from the long axis of the seed, the absorbed dose was 
26.4 Gy. At this distance and angle, doses of 8 and 14 Gy were calculated in mice with fixed 
implants on days 9 and 19, respectively. Considering that the 50% control dose for KHJJ 
tumors following a single fraction of external irradiation is -54 Gy (4), a significant fraction 
of the tumor volume was severely underdosed, thus allowing for tumor regrowth. Improved 
securing of the seed position, and multiple-seed implantation, as is achieved in clinical 
brachytherapy practice, may offset the dose distribution problem encountered here. 

The current study seems to have demonstrated effectiveness for the PAT treatment 
when photons from Pd seeds, widely used in daily clinical practice, were targeted to the L 
absorption edge of Pt. The strong binding characteristics of metalloporphyrins to cellular 
DNA suggest their suitability as vehicles for transporting metal atoms to DNA for subsequent 
Auger electron emission. Improved securing of the seed position, and multiple-seed 
implantation, as is achieved in clinical brachytherapy practice, may offset the dose 
distribution problem encountered here. 

Figure 1. Time to Event. The time, in days, for 
the KHJJ murine mammary carcinomas to 
increase in volume by a factor of three relative 
to their tumor volume on the day of seed 
implantation. A. Untreated controls; B. 103 Pd 
brachytherapy seeds only; C. PAT, /103 

brachytherapy seeds plus PtTMPyP4). 
(iUJ Pd 

Time 
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A Method for Measuring the Volume of Tumors Containing 
Radioactive Sources 

A. Bross 1, O. Goldberg2, B. Laster1, J. Kalef-Ezra3, L. Freiberg 1 

1Nuclear Engineering, Ben Gurion University of the Negev, Beer Sheva, Israel. 2Electrical and 
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Physics, University of Ioannina Medical School, Ioannina, Greece 

Introduction. Radiation Safety Officers (RSO) are frequently confronted with the difficult 
decision of whether a proposed scientific experiment, that requires the use of radiation, falls 
within the established guidelines for radiation exposure to the personnel associated with the 
experiment. The ICRP defines a maximal permissible dose (MPD) as "that dose, which, in the 
light of present knowledge, is not expected to cause detectable bodily injury to a person at any 
time during his/her lifetime". Brachytherapy, or the implantation of small radioactive 
sources, 'seeds', into cancerous tumors, is an example of a radiation procedure used in 
radiation oncology clinics, that requires the attention of an RSO. Because X- and y- rays can 
penetrate the epidermis of the skin, personnel associated with brachytherapy procedures are at 
risk Personnel working with small animals in brachytherapy research programs are similarly 
at risk. The present preliminary study was undertaken to determine if tumor volume in mice 
could be remotely measured with sufficient accuracy using a photo-measurement technique. 
It was anticipated that a successful outcome of the project would be the reduction of radiation 
exposure to research personnel evaluating brachytherapy techniques that required high 
activity seeds. Since radiation exposure reduces as an inverse of the square of the distance, an 
accurate remote measuring system would be very useful. 

Experimental System. Briefly, the photo-measurement technique is based on establishing the 
ratio of pixels in a given photograph field to units of length, mm; that is, calibrating the 
number of pixels with units of length. The photographic field encompasses a rectangle of 
known measurements. Using standard photographic software the rectangle is delineated and 
coordinated with the pixel matrix. More specifically, a photograph was taken of a rectangle 
whose dimensions were drawn on a millimetric sheet. The tumor borders of the KHJJ murine 
mammary carcinoma, subcutaneously-implanted on the thigh of a fully anesthetized 
BALB/clas mouse, were marked to assure visibility in the photographic field. The length, 
width, and height of the tumor were measured using a digital caliper, the most commonly-
used instrument for measuring tumors. The tumor was positioned in the photographic field in 
the direction that permitted the camera to view the length and width in their entirety, and a 
photograph was taken. The tumor was re-positioned to permit the camera to see the length 
and height, and another photograph was taken. 
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To reduce the errors associated with measurements of the individual dimensions, the 
photographic-field itself should be computerized and printed so that it will be thinner and 
more visible to the digital camera. 

The tumor borders will have to marked with a thinner marker and the mouse positioned at a 
better angle to the camera along the straight line of the photograph field. It seems worthwhile 
to pursue further development of this technique in light of its potential value in reducing the 
radiation dose to personnel involved in brachytherapy experiments in small animals. 
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Auger Electron Emission in Cellular DNA Appears to 
Produce a High-Let Type Damage 

J. Feldman1, I. Orion1, S. Novick1, G. Le Duc2, B. Laster1 

1 Nuclear Engineering, Ben-Gurion University of the Negev, Bear Seva, Israel 2Medical Beam 

Line ID 17, European Synchrotron Radiation Facility, Grenoble, France 

INTRODUCTION: 
High-LET radiation damage, such as that imparted by 2.5 MeV a- particles or 14 MeV neutrons, 
in addition to others, is associated with cell killing as an exponential function of dose. The cell 
survival curve is a straight line with no shoulder, suggesting that there is no accumulation of 
radiation damage and repair. For sparsely ionizing radiations, such as y- or %-mys, the cell 
survival curve has a shoulder whose broadness or width is characterized by the degree of 
radiosensitivity or radio-resistance of the particular cell line or tissue. That is, the broader the 
shoulder, the more radio-resistant the cells (1). The induction of a photoelectric effect in a high Z 
atom ultimately leads to the emission of cascading low energy-short range Auger electrons during 
the de-excitation of the atom. Consequently, were a high Z atom bound to cellular DNA and the 
photoelectric effect induced in that atom, it would be expected that the DNA would be densely 
ionized by the cascading Auger electrons. This density of ionization directly at the site of the 
DNA might be expected to produce high-LET type damage, with limited reparability. To 
evaluate this phenomenon, in vitro studies were carried out at the biomedical beam line of the 
European Synchrotron Radiation Facility (ESRF), where monoenergetic photons above (78.4 
keV) and below (78.1 keV) the K absorption edge of platinum (Pt, 78.2 KeV) were used to obtain 
a cell survival curve for V-79 Chinese hamster cells that had been pre-incubated with and without 
a Pt-labeled porphyrin, PtTMPyP4, that has been shown to complex at the G-C bases in DNA (2). 
This study was followed by a split dose radiation experiment in which cells, with and without 
PtTMPyP4, were irradiated to a total dose of 8 Gy delivered either as a single acute dose, or in 
two fractions. Time was permitted between the fractions for the cells to recover from the damage 
imparted by the first fraction. It was anticipated that if Auger electron damage were high-LET in 
nature, there would be limited repair of radiation damage in those cells irradiated above the K 
absorption edge of Pt from both the single acute and the fractionated radiation doses. 

THE EXPERIMENTAL SYSTEM: 
V-79 Chinese hamster cells were incubated for 18 hours with and without PtTMPyP4 (0.1 
mg/ml) in complete DMEM medium. Cells were washed thoroughly 3 times with PBS lx, 
trypsinized, harvested, and counted. The DNA-High Molecular Weight Protein fraction of the 
cells was obtained from replicate dishes, using trichloroacetic acid (5% w/v TCA) to separate this 
fraction from the cellular degradation products, and was measured using inductively-coupled 
plasma mass spectrometry of the cells digested in nitric acid. The irradiation vessels were 
polyethylene freezing vials containing 1.5-105 cells in 1 ml medium. Two of these vessels were 
positioned horizontally in a hollow rod, capped at either end parallel to the beam. 
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However, at the longer intervals if time, recovery is significantly lower than that in the other 
samples treated similarly. Anomalous results were obtained (RF, 27) at the 2 h interval for 
fractionated PtTMPyP4 cells irradiated below the K absorption edge, so the point was removed 
as an outlier. 

CONCLUSIONS: 
The density of ionization at the level of DNA brought about after stimulating the emission of 
Auger electrons through the photoelectric effect using monoenergetic photons above the Pt K 
absorption edge was postulated to impart a high-LET type damage in cells and limit their ability 
to repair. Radiobiological studies have demonstrated a therapeutic gain factor for X-irradiation 
delivered in fractions due to the low LET nature of X-rays. Between the fractions, cells can 
repair the damage they have accumulated from the sparsely ionizing X-irradiation. For this 
reason, radiotherapy clinics utilize a fractionated regimen in treating malignant tumors. In the 
study reported here, cells were irradiated with X-rays and given an opportunity to repair their 
accumulated damage over various intervals of time. However, those cells that were irradiated 
above the K absorption edge of Pt evidenced little recovery at the three hour interval, compared 
to all other treatments. The minimal recovery was evident in both the fractionated and the single 
dose regimens. These findings are similar to those described in (3), where high-LET 35 MeV 
neutrons were used in a similar study and repair after the neutron radiations was negligible. In 
the work reported here, only low-LET X-rays were used to produce radiation damage for all the 
different treatments. Therefore, it seems reasonable to assume that an additional contribution to 
the X-ray dose delivered affected the cells' ability to recover their damage. It is suggested here 
that this contribution to radiation dose was a result of the emission of Auger electrons from Pt 
whose energy was directly deposited in the DNA causing dense ionization on a highly local basis 
to the critical target of the cell for radiation lethality that is comparable to a high-LET type 
damage. 
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Introduction: The storage of radioactive waste products, the environmental and health 
hazards associated with the nuclear industry, and the recent unconscionable acts of terrorists 
with access to supplies of depleted uranium (DU) strongly suggests further investigation into 
the cytotoxic and genotoxic effects of intracellularly-incorporated uranium. Furthermore, US 
soldiers in the Gulf War suffered from internal concentrations of DU imbedded in their skin 
as a result of shrapnel. Concentrations of 30 ug/L DU were found in the urine of these 
soldiers two years after the incident (1). From the DU testing ranges in the US, an association 
of DU with human mutagenesis, carcinogenesis, and diseases of the immune system has been 
described. Most of these studies report primarily on the physiological toxicity of DU (2-4). 
However, none of these studies included an analysis of damage at the level of DNA. In the 
present study, the toxic effects of DU were evaluated at the level of DNA. V- 79 Chinese 
hamster cells were incubated with two concentrations of depleted uranium, and the Comet 
Assay or Single-Cell Gel Electrophoresis Technique was employed to measure the extent of 
single and double DNA strand breaks resulting from the exposure. Thus far, data has been 
obtained at DU concentrations of 0.1 and 1 u.g/ml. 

Experimental System: V-79 Chinese hamster cells (2.0-105) were incubated with and 
without 0.1 and 1 ug/ml DU. After twenty-fours of exposure, cells were harvested by 
washing twice with PBS xl, trypsinizing with EDTA-free trypsin, and lifting the detached 
monolayer with medium. All reagents contained the same concentration of DU as the exposed 
cells. Harvested cell samples were counted and separated for inductively-coupled plasma 
mass spectrometry (ICP-MS) measurement of the number of intracellular DU atoms, and for 
the Comet Assay. Calculations assumed 109 cells per gram of tissue. For ICP-MS studies, 
cells were digested for 8 hours in a hot water/shaker bath at 80° in ultra-pure nitric acid. For 
the Comet Assay, the cells were centrifuged into a pellet, re-suspended in low melting point 
agarose, and plated on slides, previously-coated with agarose, two slides for each sample. 
The sample that would be bathed in an alkali solution to demonstrate both single and double 
strand breaks, was lysed for 24 h in a lysis buffer consisting of 2.5M NaCl, lOOmM EDTA 
lOmM Tris and DMSO, adjusted to a pH of 10 with NaOH. The sample for the neutral bath to 
demonstrate DNA double strand breakage was lysed in the same buffer for 1 h. Following an 
electric current applied to the slides (electrophoresis), the nuclei were stained with ethidium 
bromide and randomly selected cells were analyzed using fluorescent microscopy and the 
LUCIA software system. Experiments were replicated. 

Results: Cell growth with and without DU are shown below in Table 1. A slight, but gradual 
reduction in growth is apparent in cells exposed to DU. 
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Sample (No. of nuclei 
counted) 
Control alkali (188) 

Control neutral (63) 
0.1 ppm alkali (57) 
0.1 ppm neutral (63) 
1.0 ppm alkali (50) 
1.0 ppm neutral (50) 

% Head DNA 
Mean ± SD 
95.6 ±8.5 

94.7 ±9.3 
91.9±7.8 

90.3 ± 10.4 
96.4 ±3.9 
93.0 ±5.7 

% Tail DNA Mean 
±SD 
4.4 ±8.5 

5.3 ±9.4 
8.1 ±7.8 

9.7 ±10.4 
3.7±3.9 

7.0. ±5.7 

Tail length 
Mean ± SD 
2.6 ±4.3 

2.7 ±4.4 
21.0 ±14.4 
7.0 ±7.3 
22.7 ±17.1 
9.6 ±8.4 

((im) 
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Diagnostic Quality Portal Imaging for High-Energy Medical Linear 
Accelerators:Characteristics of a New 10 MV Unflattened Beam Mode 
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1Soroka University Medical Center, Oncology, Beer Sheva, Israel. 2Ben-Gurion University, 
Nuclear Engineering, Beer Sheva, Israel 

Low energy photons (<150 keV) are essential for obtaining high quality X-ray radiographs. 

These photons are usually produced in the accelerator target, but are effectively absorbed by 

the flattening filter and, at least partially, by the target itself. An experimental proof is 

presented for the existence of low-energy photons in the unflattened X-ray beam produced by 

a 10 MeV electron beam normally incident on the thinner of the two existing ports of the all-

Cu radiotherapeutic target of a Clinac 18 (Varian Associates) linear accelerator. A number of 

one-shot absorption measurements were carried out with 12 foils of Pb- absorbers with 

thicknesses varying from 0.25 to 3 mm in steps of 0.25 mm arranged symmetrically around 

the central axis on a 7.2 cm radius circumference. A Kodak ECL film screen-cassette 

combination was used as a detector in the absorption measurements, in which optical density 

was measured as a function of the thickness of the Pb absorbers. Two sets of absorption 

measurements were carried out: the first one with the Clinac 18 10MV unflattened beam and 

the second one with the Clinac 18 10MV therapeutic flattened beam. There is a striking 

difference between the two sets: the optical density versus Pb-absorber thickness curve shows 

sharp increase in optical density at small absorber thicknesses in the case of the unflattened 

10MV X-ray beam as compared with a gently sloping dependence in the case of the 6MV 

therapeutic beam. A semi-quantitative assessment of the low- energy photon contribution to 

the whole optical density/contrast is presented. A 0.85 mm thick Pb absorber intercepting the 

10MV unflattened X-ray beam eliminates almost totally the sharp peak in the optical density 

curve at small Pb-absorber thicknesses. This constitutes another evidence for the existence of 

low-energy photons (<150 keV) in the unflattened 10MV beam from the Cu therapeutic 

target. 
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Radiation Exposure from 131 Iodine-Treated Patients 
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Introduction 
Cancer patients treated with radioactive 131 Iodine are a potential source of external and 
internal exposure to family members and others in close contact with these patients. Iodine 
131 treatment is the common choice of therapy to thyroid cancer patients, patients are given 
usually an amount of 3.70-7.40 GBq. The protocol for releasing the patient from the hospital 
after the administration of the therapeutic dose may be different around the world 
In Israel, the regulatory guide published by the Ministry of Health in 2002(1) allows the 
release of a patient with an activity, in its body, of Iodine 131 over 1.10 GBq (30 mCi), 
provided that the dose to family members and others who will take care of the patient will be 
less than 5 mSv (exposure of children is limited to 1 mSv). However, the use of the 
guideline is permitted only when the conditions at the patient's home would allow an external 
and internal doses of less than 5 or 1 mSv, in case children are staying at the patient's home. 
Having a better understanding of the radiation exposure in the course of time post iodine 
administration is beneficial for radiation safety decision -making. Six families were given 
TLDs for external radiation measurements while one family got also directions for swab 
contamination measurements. 

Experimental System 
Six thyroid cancer patients had undergone total or near-total thyroidectomy before 
administration of iodine 131 with an amount of 3.70-5.55 GBq. To estimate the uptake of 
iodine 131 in thyroid tissue before therapeutic administration, a gamma camera scan was 
performed 24 h after administration of 0.2 MBq . 
External radiation doses were measured at the patients's homes by thermoluminescent 
dosimeters. The high sensitive TLD 700H/600H (LiF: Cu, P Mg) were given to each patient's 
family to put at home, at four locations: bedroom (patient's bedside chest, spouse's bedside 
chest), living room, kitchen. Radiation exposure were continuously monitored for the first 5-
12 days after the therapeutic 131 iodine administration as patients were released from the 
hospital few hours after the treatment. Each dosimeter consists of a card with 4 chips and a 
card holder and was read with a 8800pc Harshaw reader at Soreq NRC. Natural background 
was subtracted from the readings while fading correction was negligible. 
Swapping surface areas were performed in one case with cleaning towels (after house 
cleaning) to measure iodine contamination. Contamination readings of the iodine 364 keV 
gamma radiation were performed at Soreq with a Ge detector. 

Results 
The results of the measurements, the amount of iodine administrated and the percentage of the 
uptake are presented in the Table. 
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The measured exposures in this study, of patients released immediately after treatment 
with therapeutic quantities of sodium iodide, represent most of the theoretical dose. One can 
assume that the doses recorded in the 3 living areas reflect 100% compliance with the 
regulatory guide published by the ministry of Health (2). It should be mentioned that that the 
Basic Safety Standards series of the IAEA puts the limit at 5 mSv without any specific 
restriction (7). However, the instructions in the Israeli guide to keep close contact to a 
minimum for a few days is much needed, especially as it is shown in this study that much 
smaller doses were measured at the 2 different sides of the same bed in the patient's bedroom. 
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Updated Evaluation of the Radiological Risks in Mammography Screening 
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The long term risks of the exposure of the female breast to ionizing radiation in general and in the 

framework of mammography screening in particular are reviewed. Updated quantitative evaluation of 

these risks is based on the analysis of the results of several epidemiological studies. Among these 

studies are those of the Japanese atomic- bomb survivors and of several groups of women who 

underwent radiotherapy or medical diagnosis procedures involving multiple chest fluoroscopies. 

The review is based on recent UNSCEAR, NCRP and other publications ( " \ 

In general the great majority of the epidemiological studies indicate an increased incidence or 

mortality from breast cancer following irradiation. 

Some of the findings of these studies are: 

A linear dose-response function reasonably fits the epidemiological data. 

There is a latent period of at least 5 years between exposure and the start of risk increase. 

The results are consistent with a relative risk model. 

The fatality of radiation induced breast cancer is similar to that for other breast cancers. 

The risk is the highest for young women and is substantially reduced with age at exposure. 

The dose rate has no major effect on the risk. 

The NCRP concludes in its recent report related to mammography ( that the number of excess breast 

cancer death cases expected in a population of 100,000 women subsequent to an annual screening 

examination up to the age of 69 is 18 cases if they start the annual screenings at age 40 (a total of 30 

screenings), 9 cases if they start at age 45, 4 cases if they start at age 50 and 2 cases only if they start at 

age 55 (a total of 15 screenings). The total mean glandular dose assumed in these calculations is 4 

mGy for each examination. 

These numbers have to be compared to 16,131, 15,591, 14,569 and 13,211 breast cancer cases 

expected in that population, subsequent to the above ages, respectively, in the absence of screening. 

The conclusion of the NCRP is that: "In summary, it is clear that in terms of breast cancer mortality, 

the risk of radiation induced mortality, even given a series of 30 annual screenings, is offset by even 

a minimal benefit in reduced breast cancer mortality from screening as low as one percent" 

Seven epidemiological studies are reviewed in the NCRP report(2). All of these, but one, resulted in a 

significant reduction of 9-32 % in the breast cancer death rate in the screened population (as compared 

to the non screened population). 
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A national screening program is in place in Israel, and ca. 200,000 women were screened in 2003 (the 

total population of Israel was about 6,700,000). The screening detection rate was 6.8 per 1,000 women 

aged 50 and above (0.68%), whereas it was only 3.1 per 1,000 women aged 40 to 50 (0.31%)(5). 

70% of the cancer cases detected in the national screening program were diagnosed at early stages 

(allowing 90% survival), as compared to 26% only diagnosed at early stages among unscreened 

women . 

The risk of excess breast cancer due to the mammography screening is somewhat less than the figures 

mentioned in the NCRP report, since the mean glandular dose as measured in Israel was only about 3 

mGy(6). 
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INTRODUCTION 
The electron-capture decay rate depends on the density of atomic electrons within the 
nucleus. Several experiments were conducted during recent years to study the host medium 
effect on the decay rate of 7Be, the lightest radioactive nucleus that undergoes electron-
capture decay. In general, a Beryllium atom implanted in a medium having high electron 
affinity, generally loses a large fraction of 2s electrons compared to an atom of beryllium 
implanted in an element with low electron affinity. As an implanted target of 7Be loses more 
2s electrons its electron-capture rate will be lower. Large variations (up to 0.83%) in the 
decay rate of 7Be in C6o and Au were published (1>2'3'4). The present investigation has been 
undertaken in order to probe this phenomenon in greater detail because of the contribution 
of the half life on the precise measurements of the Be(p,n) B and He( He,y) Be cross 
section and their influence on the astrophysical factors S17 and S34 (5'6). 
In this work we report the measured decay rate of 7Be implanted in four host materials: 
Cupper, plastic, Al and AI2O3 (sapphire). 

EXPERIMENTAL 
Four targets of implanted 7Be in high purity Cu, Al, plastic and AI2O3 were produced at the 
ISOLDE (CERN) by direct implantation of 7Be at 60 keV. The primary source of 7Be for 
ISOLDE was a graphite target from the Paul Scherrer Institute routinely used for the 
production of 71 mesons. The Cu, Al and plastic targets consist of disks of 12 mm diameter 
and 1.5mm thickness while the AI2O3 target is a square target of 10.2x10.2 mm. The median 
implantation depth of 7Be into these materials has been estimated using the SRIM code as: 
12000, 24000, 470000 and 37000 nm, respectively, all implantation depth well away from 
any surface area. 
The 7Be samples were mounted on a fixed plastic holder having a fixed 133Ba source. The 
decay rate of 7Be was corrected relative to the 133Ba source to minimize systematic errors 
from variations in detection system performance. Source position uncertainty was estimated 
by successive measurements of a 137Cs source. The 7Be targets were measured by high 
resolution gamma spectrometry using a shielded low background HPGe detector of 60% 
relative efficiency and 1.95 keV energy resolution at 1.33 MeV. The targets were measured 
every two weeks approximately for up to 250 days. 

The 23rd Congress of the Nuclear Societies in Israel 55 



S3 - Radioactivity Measurements 

The 23rd Congress of the Nuclear Societies in Israel 56 



S3 - Radioactivity Measurements 

The 23rd Congress of the Nuclear Societies in Israel 57 



S3 - Radioactivity Measurements 

A Renovated Delayed Neutron Activation Analysis System 

T. Riemer1, G. Haquin1, Y. Nir-El1, Z. Weiss2, M. Livneh2, M. Shtilman2, Y. Cohen2 

1Radiation Safety Division, Soreq NRC, Yavne, Israel. 2Electrooptics Division, Soreq NRC, 

Yavne, Israel 

INTRODUCTION 
Neutron emission is a relatively rare phenomenon in radioactive decay. Except isotopes of 
heavy elements undergoing spontaneous fission, a limited number of radionuclides of very 
short half-life (ranging from fraction of a second to one minute) emit neutrons during decay. 
These nuclides are known as delayed neutron precursors which most of them are fission 
products which decay by |3 n processes. In effect the rate of the delayed neutron emission is 
determined by the half-life of the precursors. There are about six groups of fission products 
emitting delayed neutrons with half-lives from tens of milliseconds to 55.6 seconds as the 
case of 7Br. 
Irradiation of samples of natural origin in a reactor will emit delayed neutrons from fission 
products originated from U by thermal neutrons and fast neutrons on U and Th. The 
delayed neutrons from fission are accompanied by delayed neutrons emitted by 17N formed 
by (n,p) and (n,d) reactions with 1 7 0 and 8 0 . 
Delayed neutron activation analysis (DNAA) involves irradiation of the sample in a reactor, 
transfer of the sample to a neutron counting assembly and counting of delayed neutrons after 
a certain delay (1). Analysis of uranium has been extensively used during the past four decades 
at Soreq NRC reactor by DNAA. 
In this paper we present the renovation of the counting system, the integrated electronics, the 
software developed for analysis of data and measurements of standard samples. 

COUNTING SYSTEM 
The counting assembly is located close to the pneumatic pipe "rabbit" at the reactor hall. The 
assembly consists of six cylindrical BF3 proportional counters for neutron counting embedded 
in a block of paraffin wax as seen in figure 1. 

Outlet tube 
^^ BF3 detectors c\ 

c^ Trigger 

Pre-Amp + 
discrim. 

*- Counter 

paraffin 

Figure 1: DNAA counting assembly at the IRR1 reactor hall. 
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The charge created in each proportional tube by the reaction B(n,oc) Li, is integrated in the 
integrator box. The integral signal is amplified in the pre-amplifier and then discriminated to 
differentiate signals originated by neutrons from those from gamma radiation. The analogue 
signal is sampled with a PCI multi channel A/D board. A Visual C++ code controls the 
parameters of the counting procedure, register the counts in a database and calculate the 
uranium concentration in the sample. A second macro registers the number of counts every 
second during the measurement period. This last feature allows to follows the (3"n decay rate 
groups. 

RESULTS 
Measurements with a neutron source and a gamma source were performed for plateau 
determination and to set the discriminator threshold for pulses generated by neutrons or by 
gamma radiation.. 
The analysis regime includes: 

1. Irradiation for 1 minute in the pneumatic irradiation tube and transfer of sample from 
reactor to outlet tube. 

2. Delay of 20 seconds from end of irradiation to start of counting to allow transfer of 
the sample to the assembly and significant decay of 17N. 

3. Counting during 1 minute, found to be the optimal time to record the majority of the 
delayed neutrons(1). 

Standard samples with different concentrations of natural uranium were analysed by DNAA. 
The average count rate (cpm) per microgram of uranium was found to be 105±8. The 
background radiation (neutron, gamma and electronic) was monitored and found to be 
relatively stable at around 30±7.6 cpm, as can be seen in figure 2. This background level 
allows a minimum detectable mass (MDM) of around 270 ng/g (ppb) of natural uranium with 
0.72% 235U concentration. 
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Figure 2: Background measurements of the DNAA system. 
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Precise Measurement of the Activity of Intense 
and Weak Sources of 7Be 

Y. Nir-El1, G. Haquin1, G. Goldring2, M. Hass2, J.C. Hardy3, V.E. Iacob3 

1 Radiation Safety Division, Soreq NRC, Yavne, Israel. 2 Department of Particle physics, 
Weizmann Institute of Science, Rehovot, Israel. 3Cyclotron Institute, Texas A&M University, 

College Station, USA 

INTRODUCTION 
The cross sections of two nuclear reactions, Be(p,y) B and He( He,y) Be, were measured 
recently in the laboratory(1'2). The 8B produced in the Sun by the 7Be(p,y)8B reaction is the 
source of high-energy solar neutrinos that are detected in the Sudbury Neutrino Observatory 
(SNO), Super-Kamiokande and Homstake experiments. A precise determination of the cross 
section of this reaction is of great importance to our understanding of "The Solar Neutrino 
Problem" and to other related astrophysical studies. This precise determinationJ), involved a 
small 2-mm diameter implanted 7Be target from ISOLDE (CERN). The 7Be content in the 
target (the "strong" target) was of the order 1016 atoms and its activity was too intense (-1.5 
GBq) to be assayed in a standard y counting setup due to the problem of a very large dead-
time in the y detector. Therefore, an identical target, but -300 times weaker (the "weak" 
target), has been prepared. 

7 7 8 % A. H 

The Be target nucleus in the Be (p,y) B reaction is produced in the Sun by the He( He,y) Be 
fusion reaction. The precision of its cross section is a major source of uncertainty in 
determining the high-energy neutrino flux that results from the 7Be(p,y)8B reaction. The 
number of 7Be atoms produced in the laboratory by the 3He(4He,y)7Be reaction(2) was of the 
order 5 x 106 atoms and the activity was rather low (-0.75 Bq), but could be assayed precisely 
in a well calibrated y counting setup. 
The present paper describes a determination of the number of 7Be atoms in the target and in 

• 7 & 1 4 7 

the product of the reactions Be(p,y) B and He( He,y) Be, respectively. A brief description 
was presented in(1'2). 
EXPERIMENTAL 
Gamma-ray spectra were acquired with a p-type coaxial HPGe detector of 65% relative 
efficiency and 2.05 keV energy resolution. 7Be decays(3) by electron capture to the 477.6 keV 
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level in 7Li with Tm= 53.29(7) d and a branching ratio of 10.52(6)%. The number of 7Be 
atoms was determined by measuring the count-rate of the 477.6 keV peak in the spectrum. 
The "strong" and "weak" 7Be sources were measured at a reproducible distance of 5.5 meters 
from the detector. The absolute gamma-ray emission rate of the "weak" 7Be source was 
measured at Soreq Nuclear Research Centre (SNRC) at a distance of 100 cm from the detector 
endcap and at Texas A&M University (TAMU) at 15 cm. The detection efficiency was 
calibrated at SNRC by a reliable set of point gamma standards at 1 m. The ambient 
background was monitored carefully in all measurements of the weak source. 
The "strong" and "weak" 7Be sources were also measured at SNRC by an independent 
method, using a calibrated well-type pressurized ionization chamber. 
The very weak (~ 1 Bq) 7Be sources, of 20 mm diameter, produced at Weizmann Institute of 
Science (WIS) by the 3He(4He,y)7Be reaction in the Peletron accelerator, were measured at the 
geometry of 2 cm from the detector, to cover a large solid angle. This geometry was 
calibrated by the "weak" 7Be source that had decayed to a compatible level of- 103 Bq in the 
time period when the very weak sources were measured. The ambient background was 
monitored periodically. 

RESULTS 
The activity ratio of the "strong" and "weak" 7Be sources was measured several times with 
consistent results and found to be 317.8(8). The ionization chamber yielded the ratio 
318.4(17), i.e. very good agreement between the two methods. 
The gamma emission rate of the weak source was determined at SNRC and TAMU to be 
3.403(10) x 105 and 3.382(13) x 105 y s"1, respectively, on January 15, 2002, 10:15 AM Israel 
Winter Time (IWT; date and time of first measurement at SNRC; reference time in this work). 
Quoted uncertainties include contributions from counting statistics, detection efficiency and 
the published Ti/2 of 7Be. From the weighted mean of these values, the activity and number 
of 7Be in the intense target were calculated to be 1.026(7) GBq and 6.814(48) x 1015. This 
corresponds to 1.757(12) GBq and 1.167(8) x 1016 atoms of 7Be at the end of implantation at 
ISOLDE (December 9, 2001, 01:30 AM IWT). The uncertainty of the gamma emission 
probability (branching ratio) is the dominant contribution to the total uncertainty. 
Measurements of very weak 7Be sources produced by 3He(4He,y)7Be started at the beginning 
of August 2003. The "weak" source was re-measured at 20 cm and the emission rate corrected 
for decay to the reference date was found 3.373(35) x 105 y s"1. The ratio to the reference 
value was 0.994(11), showing that the gamma emission rate of the reference source had been 
maintained. The detection efficiency at 477.6 keV of a 20 mm diameter Be spot at 2 cm from 
the detector was calibrated by the weak source and found to be 0.0436(5) counts/gamma-ray. 
A typical background spectrum accumulated over ~ 4 d is shown in Fig. 1(2), demonstrating 
that there is no interfering peak around 477.6 keV. 
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The Localization of a Neutron Source in an Unknown Homogeneous Medium; 
The Planar Case 

S Dubinski, O Presler, Z.B. Alfassi 

Department of Nuclear Engineering, Ben Gurion University, Beer Sheva, Israel 

The possibility of localization of an unknown neutron source in various bulky 
homogeneous media (box) was studied. For the planar case two He detectors on the 
opposite faces of the box were used. A constant polypropylene shield around the box 
and the detectors was used to eliminate the varying contribution from the 
environment, to increase count rates of the detectors and to protect the 
experimentalist. It was found that the ratio of the count rates of the two detectors, R, 
is an exponential function of the distance of the source from one of the detectors. The 
exponential coefficient depends on the ratio of the count rates when the source is 
positioned in front of the box, R(0), and the length of the box (the distance between 
the two detectors), a. 

7?(x) = i ? (0 ) - ^ ; p 
21n[i?(0)] 

a 

From these equations the unknown location is given by: 

a 
2 \n[R(0){ 

It is shown that the location of a single small neutron emitting source in a large box 
can be found to a better than 7% by using two neutron detectors positioned on parallel 
faces of the box, coplanar with the source. The localization requires measurement of 
the count rate of both the unknown source and an extra source positioned on one of 
the faces of the box. 
The larger errors are close to the box faces and it was found that the errors can be 

reduced by placing about 5 cm of polypropylene between the detectors and the box. 
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The Localization of a Neutron Source in an Unknown Homogeneous Medium; 
The Three-Dimensional Case 

S Dubinski, O. Presler, Z.B. Alfassi 

Department of Nuclear Engineering, Ben Gurion University, Beer Sheva, Israel 

The possibility of localization of an unknown neutron source in various bulky homogeneous 

media (box) was studied. Earlier, it was shown that for the planar case, neutron source could 

be localized with accuracy better than 7%, by using ratio of the count rates of two 3He 

detectors on the opposite faces of the box. 

The influence of the deviation of the source from the virtual plane connecting the two 3He 

detectors was studied. It was found that for detectors placed on the centers of the box faces, 

larger distance of the source from the central line leads to larger error, up to 15% . 

It was found that while using the measurement of the ratio R(0)of extra source placed on the 

box face coplanar with unknown source, accuracy does not depend on the distance from 

central line. 

The different ways to determine the plane of the unknown source were investigated. 

It was found that it is impossible to determine it by looking for maximum count rate of one 

detector or geometric mean of pair of detectors. However, it's possible to localize the source 

by using several pairs of detectors and finding a pair with maximal geometric mean. 

Other possibility is localization by 4 detectors (1 detector on the center of each face of the 

box) and using iterative calculations. The vector analysis method for localization of a 

radioactive source via measurement by several detectors was also studied. 

The experimental results were confirmed with MCNP simulations. 
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Activity Determination of emitters in Swipe Assays by Using a 
Decomposing Glass Filter 

R. Gonen, U. German, E. Katorza, O. Pelled, R. Marco 

Radiation Protection, Nuclear Research Center Negev, Beer Sheva, Israel 

INTRODUCTION 
Swipe assays (often referred to as smear tests) are routinely used to monitor the presence of 
removable surface contamination. When monitoring alpha radioactive emitters, the accurate 
evaluation of the activity is difficult due to the self-absorption effect. The smear samples can 
be measured by liquid scintillation counting (LSC) or by proportional detectors, each method 
having its specific shortcomings. When counting by a proportional counter, a lower efficiency 
is expected, due to the different depths at which the alpha-emitting radionuclides were 
collected. When counting by LSC, the presence of the smear sample in the scintillator vial 
may affect the quench properties of the liquid scintillation solution(1). 
The present work describes the use of a special type of glass filter swipes - GF/A(2), which 
decompose in liquid scintillators, thus minimizing the quench effect. The method was 
optimized and compared to the standard method of proportional detector counting. 

THE EXPERIMENTAL SYSTEM 
In order to obtain a good a and f3 separation with the liquid scintillation counting system, we 
employed the Quantulus 1220 apparatus operated at Soreq Nuclear Research Center, which 
uses the Pulse Shape Analysis (PSA) method. The samples for counting were prepared by 
placing the GF/A smear filters (Whatman, 470mm) in 20ml of the liquid scintillator 
Optiphase 3 (Wallac), and mixing aggressively for about half a minute. The a activity was 
determined immediately after preparing the sample. All samples were counted for 30 minutes. 
We used a liquid standard alpha reference source of 241Am (Amersham) with an activity 
uncertainty of 0.82%. 
The counting system based on a proportional detector was a Tennelec LB-5100. This is a 
semi-automated and computerized system, where the discrimination between a and |3 
activities is achieved by changing the high voltage of the detector. The system was calibrated 
by a certified electrodeposited sources (IPL, Burbank California/ USA). The smear filters 
measured with this system were routinely used wipers (Kimwipers® EX-L, Mississauga, 
Ontario L5B3 Y5, Canada). The standard counting time was 30 minutes. 

RESULTS 
One of the basic characteristic of a LSC counter system is its ability to discriminate between 
the a and P contributions. In the the Quantulus 1220 LSC system it is done by pulse shape 
discrimination. In order to determine the optimal PSA setting, we used standard spiked 
samples of 400 dpm 241Am and 90Sr in 20ml of liquid scintillator (Optiphase 3, Wallac). The 
samples were counted with different PSA settings. The value of the parameter which 
characterizes the quenching, SQPE, was 825 for all cases. The results are shown in Fig. 1. 
It can be seen that the minimal crosstalk between the a and P contributions is obtained for a 
PSA setting of about 155. The crosstalk percentages for this optimal setting are about 0.25%, 
which are much lower than the counting error (5%). 
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Validation of Experimental Parameters for Measurement of HTO 
Content in Urine Samples by Liquid Scintillation Counting 

E. Katorza, R. Gonen, U. German, O. Pelled, R. Marco 

Radiation Protection, Nuclear Research Center Negev, Beer Sheva, Israel 

INTRODUCTION 
The method for determination of tritiated water (HTO) content in urine samples has been 
validated in our laboratory for accreditation to ISO 17025. Validation of laboratory methods 
is the process by which the accuracy and fitness of the methods used for a declared purpose 
are investigated (1). Acceptability of the performance of a method includes proper accuracy, 
precision, selectivity/specificity, sensitivity, linearity and stability(2). The validation gives a 
possibility to learn the characteristics, the limitations, and the quality of the results obtained 
when applying the investigated method. The present study presents a part of the validation of 
procedures used to determine the tritium content in urine samples of workers, which is a part 
of the general program of radiation workers follow-up. These processes included storage 
condition of the urine samples, the capacity of activated charcoal to absorb organic matter, the 
sensitivity, the linearity and the accuracy of the method. 

THE EXPERIMENTAL SYSTEM 
Samples were prepared by mixing 3 g of activated charcoal with 20ml of urine and stirring for 
1 minute. The mixtures were filtered through a Whatman N° 41 filter. 2ml of the filtrate 
and 13ml of liquid scintillator Ultima-Gold™ XR were pipetted into scintillator vials. The 
vials were shaken and counted by a liquid scintillation counter (LSC) of type Packard Tri-
Carb 1900 TR(3'4). 

RESULTS 
The storage temperature of the urine samples 
A standard HTO solution of known activity was added to a bulk urine sample. After proper 
mixing, the bulk sample was divided into three equal parts. Each sample was stored at 
different temperatures (-20°C ,4-8°C, and 20-24°C). At fixed time intervals during 30 days, 
20ml of urine were sampled and the samples were prepared for counting as described above. 
It was found that the activity measured is not dependent on the time and the storage 
temperature. Deep freezing, refrigerator and room temperature storage for 30 days give 
similar results, within the range of the measurements uncertainty. 

The capacity of 3 g activated charcoal to absorb organic matter 
Different amounts of glucose used to simulate the organic matter in urine, were mixed with 
equal amounts of Organic Bound Tritium (OBT) standard solutions with an activity of 1550 
DPM. The different organic matter samples were completed to a final volume of 20 ml with 
pure water, and then were prepared as mentioned above. When the capacity of the charcoal is 
saturated, the organic compounds which include OBT will pass through the charcoal to the 
filtrate and the OBT will contribute to the count rate. The fraction of the activity in the filtrate 
as a function of the organic matter amount is shown in fig. 1. 
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Check of the linearity 
The linearity was determined in two ranges of activity: l-10Bq/cc and 10-500Bq/cc. In both 
ranges it was found that there is a linear relationship between the added activity and the 
measured one. The regression coefficient for the range l-10Bq/cc was R =0.9965 and for the 
range 10-500Bq/cc it was R =1. 

Check of the accuracy 
The accuracy of the method has been checked in inter-comparison exercises of the "Procorad" 
company. Four samples of urine with a standard HTO solution of unknown activity have been 
received in our laboratory. The samples where prepared as mentioned above. Figure 2 
presents one of the results of all the laboratories which took part in the inter-comparison. As 
seen in fig 2 the result of our laboratory (no. 14) was very close to the target value. The 
accuracy for all four samples was in the range 97-100% of the target value. 

Fig 2: The activity of HTO 
[Bq/1] relative to the target 
value in the Procorad nter-
comparison. 
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CONCLUSIONS 
Characteristics of the method employed for determination of HTO in urine were investigated. 
It was found that urine samples can be stored for at least 30 days at different temperatures, 
and that 3 g of activated charcoal can absorb up to about lgr of organic compounds, 
corresponding to an urine volume of 15-50ml. The sensitivity was found to be better than 
lBq/cc, the results were linear in the range l-500Bq/cc and the accuracy was 97-100%. This 
study validates the described procedures applied in the laboratory for measurement of the 
HTO content in urine samples. 
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Volume Optimization for Activity Determination of Tritiated 
Water Samples by Liquid Scintillation Counting 

S. Tsroya, O. Pelled, Y. Livne, S. Levinson, U. German 

Radiation Protection, Nuclear Research Center Negev, Beer Sheva, Israel 

INTRODUCTION 
The method for determination of tritium activity in water samples by Liquid Scintillation 
Counting has been validated in our laboratory for accreditation to ISO 17025(1). The 
validation process included a renewed examination of the method with relation to the 
accuracy, precision, selectivity, stability, linearity and detection limit. The present work 
focused on determination of the optimal volumes for the samples preparation. It included the 
optimization of the total volume of the sample, and of the ratio between the volume of the 
sample and of the liquid scintillator. For determination of the optimal values, we have tested 
several parameters: the counting efficiency (which depends on the quenching in the sample 
and the counting geometry), the background and the minimum detectable activity (MDA). 

MATERIALS AND METHODS 
The measurements were performed by a liquid scintillator counter system(3'4), TRI-CARB 
model TR 1900 manufactured by PACKARD company, using Ultima Gold™ XR liquid 
scintillator and plastic counting vials of 20cc The spectrum was divided into two energy 
windows. The lower window corresponded to the tritium energy range (0-18keV), while the 
higher energy window (18-2000keV) was intended for evaluation of the activity of other 
radioisotopes which might be present in the sample and contribute also to the lower energy 
window. 

Determination of the optimal total volume of the sample 
For determination of the optimal total volume, three series of samples were prepared. The 
first one included 17 samples of 1ml tritiated water with addition of different volumes of 
liquid scintillator solutions, from 3 ml up to 19ml. The second group contained 15 samples of 
5ml tritiated water with addition of different volumes of liquid scintillator solutions from 1 ml 
up to 15ml. The third group contained 13 samples of 7ml tritiated water with addition of 
different volumes of liquid scintillator solutions from 1ml up to 13ml. The tritiated water was 
prepared using a standard solution of tritium with a specific activity of 2222 dpm/ml. 
Identical background samples where prepared using distilled water and liquid scintillator 
solutions. 

Determination of the ratio between the volumes of the aqueous part and the scintillator 
For determination of the optimal ratio between the aqueous and scintillator volumes, three 
series of samples were prepared. All series contained different volumes of tritiated water from 
lml up to 10ml, which were completed by scintillator volumes to a constant total volume. 
Each series contained a different tritium activity: 15, 32 and 111 dpm/sample. Identical 
background samples where prepared using distilled water and corresponding scintillator 
volumes. 

The 23rd Congress of the Nuclear Societies in Israel 72 



S3 - Radioactivity Measurements 

The 23rd Congress of the Nuclear Societies in Israel 73 



S3 - Radioactivity Measurements 

According to Fig. 2, the efficiency increases as the total sample volume is increased, for all 
cases. It reaches an asymptotic value for total volumes over 8cc for the aqueous volume of 
lcc and remains fairly constant over about 16cc for the aqueous volumes of 5cc and 7cc. 
Thus, the optimal total sample volume was determined to be 17cc for aqueous volumes up to 
about 7cc. For this volume, an efficiency close to the maximal value can be obtained using a 
minimal amount of liquid scintillator. 

Determination of the optimal ratio between the aqueous and the scintillator part in the sample 
Fig. 3 presents the change of the minimal detection activity (MDA) as a function of the 
aqueous volume for 17cc total volume, calculated by using the expression recommended in 
the ANSI standard(2). 

Fig 3: The MDA as a function of the 
aqueous volume in a total sample volume 
of 17cc. 

According to Fig. 3, a significant improvement in the MDA is achieved when the aqueous 
sample volume is increased up to a volume of about 5cc. For greater volumes the performance 
remains almost constant, within the range of statistical uncertainty. 

CONCLUSIONS 
The background count rate in the tritium energy channel (0-18keV) is constant and unaffected 
by the liquid scintillator volume, therefore it has no influence on the optimization of the 
sample volumes. 
When the amount of the liquid scintillator increases, we get a significant improvement in the 
efficiency, which has an asymptotic behavior. Almost optimal efficiencies can be obtained for 
total sample volumes over 16cc, containing up to 7cc aqueous solution. For a total sample 
volume of 17cc the MDA decreases when increasing the volume of the aqueous sample, but 
this decrease becomes insignificant for aqueous sample volumes over 5cc . 
A total volume of 17cc containing 6-7cc of aqueous sample and 10-1 lcc of liquid scintillator seems 
to be the best compromise, enabling us to get a maximum efficiency with a minimum MDA. 
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4pi Dosimetry for Brachytherapy Using Micro-Spherical Diodes 

G. Shani, A. Briosman 

Biomedical Engineering, Ben Gurion University, Beer Sheva, Israel 

Brachytherapy is a cancer treatment method in which radioactive seeds are inserted into the 
tumor as an internal radiation source (unlike the more common method in which an external 
beam from an accelerator is used). The most common isotopes used for brachytherapy are I-
125 and Pd-103. Dosimetry for brachytherapy is generally done with TLD or planar diodes. 
Neither of those dosimeters give a 4TT measurement of the dose. That is, the TLD and the 
planar diode have a preferred direction or a direction to which it is more sensitive. They also 
cause a serious perturbation of the dose distribution. 
Since the source is located in the tumor and its radiation is emitted in all directions, scattered 
radiation comes from all directions. Therefore in order to get the correct dose at any given 
point, the dosimeter should be equally sensitive to all directions, that is, a 4% dosimeter. The 
dosimeter should also be of small dimensions to cause a minimal perturbation. 
The solution we have found to those problems is applying the micro-spherical diode made by 
Kyoto Semiconductor Corp, for local, 4n dosimetry. The diode is described in figure 1, it has 
a diameter of 1.8 mm, inner core made of p type Si, covered by an n type Si spherical shell. 
The advantage of this diode, in addition to being a 4K detector, is its miniature size. The 
measurements were done in Perspex phantoms. We have measured the diodes current with a 
Keithly 617 picoampermeter. The diode current as a function of distance between the diode 
and an 1-125 seed, is shown in figure 2. The falloff is not quit 1/r2 because of backscattering 
from the phantom's material. The most important measurement is the one that verifies the 
4TT sensitivity of the diode. It was done with the diode placed at a center of a circle and the I-
125 seed placed at 12 different positions on the circle. The results are shown in figure 3. It 
shows that the diode sensitivity is perfectly 4n. 

We have compared the measurements done with the spherical diode, with those made with a 
planar diode, made by Detection Technology, model XRB, of sensitive area 5x5 mm. This 
diode "sees" radiation coming in an angle of 180 degrees to its sensitive surface. Results are 
shown in figure 4. 
In addition to comparing the results with the planar diode, we made Monte Carlo calculations 
using the codes MCNP for photons calculations and EGS4 for electrons. The fit between the 
measurements and the calculations was very good. 
A comparison of dose measurements with spherical diode and TLD (3.2x3.3x0.9 mm 
LiF(Mg,Ti)), and MCNP calculations, is shown in figure 5 as a function of distance from the 
source. Since the TLD is calibrated with Co-60 photons corrections must be made so that 
these measurements can be used for diode calibration. 
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INTRODUCTION 
The DNA is considered to be the most important and critical target for radiation-induced 
biological effects. The formation of initial damages like single strand breaks (SSBs), double 
strand breaks (DSBs) and base damages of various types is presumably the first step in the 
development of chromosome aberrations, mutations or cell inactivation. 
The radiation from a radioactive source must interact with the DNA, and cause double-strand 
breaks. The DNA size (about 0.25% of the whole cell) decreases the chance for double-strand 
brakes significantly. Therefore, any method that can enhance double-strand brakes in tumor cells 
should increase the effectiveness of the radiation. Adding a heavy metal atom to a compound 
incorporates that atom into the cellular DNA construction. By using external radiation sources, 
such as X-ray photons, the metal element is stimulated to emit Auger electrons. Auger electrons 
are emitted in a cascade process obtaining a set of discrete lines in a low-energy spectrum. The 
highest kinetic energy of the emitted electrons is in an order of a few keV decades - within the 
range of few nano-meters. Since the metal atom is attached to the DNA molecule, most of the 
electron's kinetic energy will be deposited into the DNA, resulting a damage to the DNA strands 
connections. 

Auger electrons emitters are a very useful tool in radiation therapy. Due to their short range, 
Auger electrons can damage organic molecules within 20 nm (DNA size) from their origin. 
The following three physical processes are associated with the emission of Auger electrons: 
electron capture, internal conversion and the photoelectric absorption. These processes produce K 
and L atom shell vacancies and result in the emission of low energy Auger and Coster-Kronig 
electrons. This work deals with the impact of Auger electrons emitted as a result of photoelectric 
absorption. 
Due to the stochastic nature of the particle track structure, Monte Carlo simulations are an 
adequate technique to investigate the effectiveness of different particles and initial energies, 
which is mainly considered as a consequence of different energy deposition densities. 

THE SIMULATION 
A detailed geometry model of a chromatin was defined in the EGS4 user-code for the simulations 
[1]. The chromatin is made of 8 histones cluster with DNA strains wrapped around it. The model 
is consisted of 6 DNA laying cylinders. In this study we used the KEK low energy photon 
package as well as the PRESTA algorithm for the optimal step-size electron transport [2]. The 
CSDA electron transport was also applied for secondary electrons energy deposition down to 100 
eV. 
We simulated the whole Auger electrons emission energy range to correspond any possible high 
Z-number material to be administered into the cell-nucleus. The Auger electron emission was 
assumed to be located in four basic positions inside the chromatin, as shown in Figure 1. 

The 23rd Congress of the Nuclear Societies in Israel 78 



S4 - Calculation Methods 

The 23rd Congress of the Nuclear Societies in Israel 79 



S4 - Calculation Methods 

The 23rd Congress of the Nuclear Societies in Israel 80 



S4 - Calculation Methods 

MCNP Monte Carlo Simulations for a Compton Scattering NDT Testing System 

T. Toledano1,I. Yaar2, M. Foster1, S. Mark3,I. Orion1 

1 Nuclear Engineering, Ben Gurion Univesity of the Negev, Beer-Sheva, Israel. 2Nuclear 
Research Center - Negev, Beer-Sheva, Israel. 3Software Engineering Department, Sami Shamun 

College of Engineering Beer-Sheva, Israel 

INTRODUCTION 
A Compton scattering imaging (CSI) method is studied using MCNP Monte Carlo 

simulations technique [1]. The proposed system is most suitable for the detection of damage 
done to the inner layer of a thick dual layer pipe. The CSI method is more suitable to this case 
than the conventional radiography technique since its response is directly depended on the 
object electronic densities, and therefore any density change will be reviled easily, and due to 
the need to penetrate through ticker layer of material in order to get the image. 

CALCULATIONS 
The testing system consist of two 137Cs (Ey = 662 keV) gamma point sources, 

encapsulated in a collimator with a few angles aperture. The apparatus is made of three sets of 
gamma detectors arrays positioned inside a collimation blocks. The detection system design 
was taken from a head imaging system presented in a previous work [2]. The object, made of 
two concentric cylinders (simulating a dual layer metal pipe), was put inside the apparatus. 
The inner cylinder was made of tungsten with a radius of 27 mm and thickness of 5 mm, and 
the outer cylinder was made of stainless steel with a radius of 32 mm and thickness of 3 mm. 
A cross-section view of the calculated system is shown in Figure 1. In the figure, the two 
detectors systems are shown together with a view of the outer pipe. 
The source, defined from the side (into the paper) toward the pipe, is moved 3 mm in each 
calculation step from left to right to obtain a ID-layer image of the pipe. The system is then 
shifted 3 mm along the Z-axis in order to get a 2D-image of the pipe in each of the detectors 
set. This setup, the geometrical details, and the materials gamma radiation cross-sections, 
were defined in the MCNP input files for each MCNP run, dune with 108 histories. 

RESULTS 
The irradiations imaging obtained for one layer is presented in Figure 2, together with 

the real image of the dual layer pipe. Different colors in the figure represent different 
scattering intensities. The scattered image is different from the real one, due to edge effects, 
statistical fluctuations and large calculation step of 3 mm. Some more results, made with a 
hole in the inner pipe, will be presented in the oral talk. 
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CONCLUSIONS 
2D-layer irradiation simulations were obtained using MCNP simulations. The MCNP 

simulations are strongly depended on the number of histories, and on the size of the 
calculation step. Therefore, it is recommended to carry out such imaging simulations tasks 
with a multiprocessors computer like the CONDOR system [3], were a 1 mm resolution 
calculations with 2X109 histories can be performed. A special program capable to obtain a 
3D-whole object view out of the 2D-images is now under developed. 
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INTRODUCTION 
The EGS4 Monte Carlo code system is one of the famous general-purpose codes for radiation 
transport simulations [1], The EGS4 code is an open-source code based on the MORTRAN 
language enclosed with a compiler for the FORTRAN translation. The usage of the EGS 
system by the user is depended on data-file preparation. The data-file should contain the 
relevant photons and electrons cross-sections due to the energy range and the requested 
materials to be simulated. Until now, many improvements were developed for the EGS4 in 
order to modernize the system, such as a geometry file preparation and viewer program [2] 
that was developed in KEK, Japan. 

THE METHOD 
The PEGS code (Preprocessor for EGS) is a stand alone utility program written in 
MORTRAN. PEGS purpose is to generate material data for the EGS code, and to provide 
other services for the user who is studying or simulating electro- magnetic interactions. The 
active operations of PEGS are functional; that is, they are operations whose arguments are 
functions (the functions related to physics interactions). 
Our new developments the PEGS4NMCRC version 2005 is a modified version of 1985 
PEGS4 software developed at Stanford Linear Accelerator Center. This program was 
developed under all the requirements and conditions of Object Oriented Analysis Design and 
Programming (C#, UML) that allows future code reuse and enhancement. 
The applications developed in the most extensively integrated development studio, contains 
an advanced user interface, full object oriented source code written in Visual C# .NET, 
improved algorithms for numerical computation and multithreaded architecture. Microsoft 
Visual Studio .Net 2003 allows developers to create friendly user interfaces using the drag 
and drop feature along with powerful business logic application hidden from user's view. 
The data files constructed from ASCII were modified to binary filed '*.dat' extensions. Tables 

of chemical elements were transformed into XML files for both desktop and distributed 
applications. 
The applications also perform an input validation before running the main routine and 

notifies user of input absence. Additionally to the main functionality of the application, 
graphical representation of all cross section types was developed. 
Up to 5000 lines of procedural code written in single MORTRAN file were replaced by 
logical architecture structure of classes and resources, organized in four modules (Component, 
Data, GUI and Help-tools). 

The 23rd Congress of the Nuclear Societies in Israel 84 



S4 - Calculation Methods 

The 23rd Congress of the Nuclear Societies in Israel 85 



S4 - Calculation Methods 

The 23rd Congress of the Nuclear Societies in Israel 86 



S4 - Calculation Methods 

Nuclear Soil-Carbon Detection System: 
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INTRODUCTION 

The possibility to detect carbon content in soil using a nuclear method was established during 
the last decade and is well known [1]. The nuclear system is a non-destructive non-invasive 
in-situ method for carbon detection in soil. Soil carbon is an important component in the 
carbon cycle, and therefore plays an essential rule in global warming forecasts. Soil 
sequestration of CO2 from the atmosphere occurs via photosynthesis in trees, crops and other 
plants, and also by plant litter. 

The method is based on soil irradiation by fast neutrons generated by a D-T generator. 
The source neutrons at 14 MeV were aimed perpendicularly toward the soil in order to obtain 
an INS (inelastic neutron scattering) reaction on the carbon nuclei. This INS on carbon leads 
to a 4.4 MeV gamma emission. 
The nuclear detection system is based on a Nal(Tl), 5" cubic gamma radiation spectrometer. 
The spectrometer is placed in order to score the gammas yield from the inelastic scattering 
neutrons on the Carbon. 

A preliminary MCNP4C [2], Monte Carlo simulations were aimed to determine the 
pulse characteristic dependence on INS reaction rate, or eventually, the Carbon amount in 
soil. Subsequent simulations were aimed to determine the spatial neutron flux distribution 
throughout the soil produced by the generator in order to distinguish the INS gamma rays 
distribution yield in depth. These gamma rays were used as sources for future simulation in 
order to score the pulse height inside the detector and were crucial in order to obtain the 
dependence of the analyzed soil amount with deepness. The spatial source distribution 
showed a different response compared to a simple centered point source in depth and gave an 
accuracy assessment of soil irradiated amount per irradiation. 

Time dependence simulations were preformed to examine the detector measuring-gate 
synchronization with the INS gamma yield, in order to eliminate prompt gammas. 

SIMULATION SETUP 
The neutrons yield from a D-T generator is dependent on the neutrons emission angle, the 
energy acquired by the accelerated deuteron, Q value of the fusion reaction and the generator 
properties mostly pronounced by deuterons currency [3]. A collimation setting applied in the 
system allows the caracteristies of the neutron beam to be treated as a pencil beam. Thus, the 
simulation was executed with a neutron pencil beam as the source, allowing a deferent 
collimation and source devising by inserting a correction factor to the neutron yield. 

In order to tally the neutron flux distribution throughout the analyzed soil, a 3300 cells 
of a 16 cm3 volume each, were introduced covering the total soil volume by 40 cm2 layers 
from the soils surface to a 33 cm depth in a one cm meshes. At this point the effective 
analyzed soil amount or volume can be obtained. 

An inelastic scattering reaction rate is now being determined in every cell of the soil to 
define the gamma ray source. 
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INTRODUCTION 
The Soreq Applied Research Accelerator Facility (SARAF) is based on a 5-40 MeV, 0.04-2 mA 
proton/deuteron RF superconducting linear accelerator, which is under construction at Soreq 
NRC and is planned to start generating a beam during 2010. SARAF will be a multi-user facility, 
whose main activities will be neutron physics and applications, radio-pharmaceuticals 
development and production, and basic nuclear physics research. 
The operational concept of SARAF will be 'one target at a time' and during irradiation, 
appropriate shielding will enable preparation and maintenance at other irradiation stations. This 
paper describes the planned facility operation program, the planned operations group, the location 
and layout of the main control room and the architecture of the main control system, including its 
interfaces with safety and applications. 

THE OPERATION PROGRAM 
SARAF will be a 'multi-user' facility but not a 'multi-tasking' one. Therefore, the operation 
program includes the foreseen activities and the change-over time between them. 
In addition, the program takes into account maintenance periods. We expect annual, quarterly and 
monthly maintenance periods of four weeks, two weeks and 48 hours, respectively. These periods 
leave 6700 hours per year over a 40 week period. Given the expected 90% availability, we plan 
for about 6000 beam hours per year. 
A typical weekly operation plan includes about 150 available beam hours per week, distributed 
over several applications with various ion type, energy and current. Given approximately 3 
transition hours between applications and a 30 hours weekend break, there is a total of about 100 
hours of beam-on-target per week. 

THE OPERATION GROUP 
The size and manning of the SARAF accelerator operation group fits the size and nature of the 
facility, which on the border between 'Commercial' and 'Government Laboratory'(1). Each of the 
operators is expected to be on a supervisor or engineer level and have a general knowledge of the 
entire system. In addition, each operator has one primary and one (or more) secondary and 
tertiary expertise. As the facility matures, non-expert operators of technician level may be added. 
While in operation, there will probably be at least two operators per shift. 
The anticipated expertise of the operators are: 1) High power RF and high DC voltage and 
current, 2) Electronics, computers, control and instrumentation, 3) Ultra high vacuum, 4) 
Cryogenics in the liquid helium range, 5) Beam dynamics and 6) Radiation safety. 
During the commissioning and first use of Phase I (2007), the accelerator will be manned by 
about 12 people, of whom half are researchers and half are engineers and technicians. In Phase II, 
this number may increase to 16, where the addition is probably in the operator/technician level. 
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THE MAIN CONTROL ROOM 
The size, layout location and safety zone of the main control room (MCR) in SARAF were 
designed in order to ensure optimal operation conditions. 
Regarding size and layout, the requirements were: 1) Comfortable size for all monitors and 
controls, 2) Easy access to all monitors and controls, 3) Housing of two permanent operators + a 
few more in special occasions, 4) Similar to other facilities of parallel size(2). 
The MCR size is 5x10 m2, with an adjacent 15 m2 servers and controllers room. 
The location and safety zone of the MCR were dictated by: 1) Proximity to frequently visited 
systems, 2) Centrality and proximity to main entrance, 3) Possibility for enlargement, 4) External 
walls with windows and 5) Minimization of safety zone change procedures. 
The MCR is located near most of the accelerator instrumentation, and it is in the 'yellow' 
(controlled) safety zone, where most of the accelerator instrumentation is. The accelerator is in 
the 'red' (restricted when beam is on) zone and the offices are in the 'green' (free) zone. 

THE MAIN CONTROL SYSTEM 
There were certain guidelines towards the realization of the Main Control System (MCS). We 
opted for a widely used commercial software package from an established company. The 
hardware (controllers, data acquisition cards, etc.) are also commercial, and incorporate the OPC 
standard, which is a universal protocol for hardware-software interfaces. It is advantageous to 
choose a company which produces both software and hardware. There is also a desire to 
minimize the types of hardware and software in the system. This has to be optimized with 
constraints that may be imposed by the many sub-contractors of the SARAF project, so we can 
settle for several types if inter-communication is possible. 
The architecture of the MCS was chosen to be 'server-client'. This means that there is a central 
server whose sole purpose is to manage the hardware controllers and the MCS. The users operate 
the systems and run additional programs on client computers, which are networked only to the 
server, and not directly to the hardware. This architecture improves reliability, may provide 
redundancy and ensures that a crash in the client computer does not affect other clients, the server 
and the entire facility. 
Based on the above guidelines, it was decided that the MCS software package will be Labview 
with a DSC module and an OPC server. Labview is widely used, is flexible and scientifically 
oriented. In addition, client licenses are inexpensive and so not depend on the amount of I/O. For 
hardware, we mainly use programmable logic controllers (PLC), of types FieldPoint, PXI 
(National Instruments), S7, S7-F (Siemens). All types were chosen due to sub-contractors' 
constraints, they are all OPC compatible and S7-F is compatible with international safety 
standards. The network will be Ethernet and all the software will run on PC's with Microsoft 
Windows. 

THE PERSONAL SAFETY SYSTEM 
The personal safety concept of SARAF is strongly inspired by the personal safety system (PSS) 
at Paul Scherer Institute (PSI) ' , where an accelerator with risks similar to SARAF is operated. 
In the following, we describe only the PSS of the accelerator. The PSS for the irradiation room is 
not designed yet. Regarding entry to the accelerator area (red zone), there are three safety 
statuses: Closed (red), where access is restricted and the accelerator may be on; Controlled 
(yellow), where access is controlled and the accelerator is off; Free (green), where access is free 
and the accelerator is of course off. The safety status is displayed by colored 'traffic lights' 
throughout the building and on the MCS screens. 
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In yellow status, entry to the red zone is limited to six users and is done by a strict procedure, 
which involves communication with the MCR and removing a special safety key from the entry 
panel that disables accelerator operation. In green status, entry is not monitored. 
The interface between the PSS and MCS is such that the accelerator can be operated and beam 
can be on only if the PSS provides a special 'enable' signal. This enable signal is dropped in the 
following cases: 1) one of the red zone external doors is opened, 2) one of the emergency buttons 
has been pushed, 3) one of the special safety keys has been removed from the entry panel and 4) 
the operators requested it via the MCS. PSS Radiation readings above threshold do not drop the 
enable signal, but generate an alarm. 

INTERFACE BETWEEN THE MCS AND THE APPLICATIONS 
In principle, this interface will be quite loose, as the accelerator applications are getting the 
required beam from the accelerator, and should not be involved in the details of generating this 
beam. Nevertheless, certain information should be transferred. The MCS should give to the 
applications signals of: accelerator on or off, beam ready, beam to application ready, ion type, 
beam current and energy according to the diagnostics closest to the application, status of the in-
beam instrument (in/out) closest to the application. The applications should send the following 
signals: status of in-beam instrument closest to the application, application is ready for beam, 
application at standby, beam current at application and an emergency accelerator stop. Feedback 
mechanisms are envisioned, where the energy and current at the application are set, and the MCS 
keeps them within a given range. 

SUMMARY AND OUTLOOK 
In this paper we presented the operation concept of SARAF, and the means with which this 
operation will be realized. The SARAF building, including the MCR is almost fully constructed, 
the MCS and PSS are fully designed and a significant part has been procured and programmed. 
The operation group is starting to form and recently a few chief operators at the engineer level 
have been recruited and are participating in the system's installation and commissioning. Phase I 
of the project is due to be completed by the end of 2006. Operation of Phase II is expected during 
2010. 
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Introduction 
The high intensity linear accelerator at SARAF [1] is designed for accelerating protons and 
deuterons up to energies of 40 MeV at intensity up to 4 raA. Such high projected beam 
intensities demand an accelerator design with minimal beam loss. Soreq requires Hands on 
maintenance, which places an upper limit for total beam loss of 1 nA/m [1]. ACCEL GmbH 
[2] is designing and building the SARAF accelerator components. The goal of the beam 
dynamics simulation performed in Soreq are for understanding the accelerator physics, for 
validating ACCEL's design and estimating the expected beam loss, and to support the linac 
operation. So far, we presented simulation for a proton beam [3]. In this paper we discuss 
deuterons beam dynamics simulation for the SARAF linac. 

Beam Dynamics Simulation 
The simulations were performed using two independent codes: the General Particle Tracer 
(GPT) software package [4] and the TRACK simulation code [5]. GPT and TRACK are 
capable of tracking a large number of particles through complex time varying 3D 
electromagnetic fields taking space charge effects into account. The equations of motion for 
particles traversing time varying electromagnetic fields are solved relativistically according to 
the Lorentz equation of motion. The initial particle distributions are created randomly using a 
random-number generator according to various distributions available or according to a user-
defined distribution. 
The simulations were a reconstruction of ACCEL's tune, based on parameters used by 
ACCEL with the PARMELA simulation code [6]. For the HWRs time varying RF fields, we 
used the 3D field maps obtained by ACCEL using the Micro-Wave Studio solution. As input 
for the TRACK simulations, we used the solenoid magnetic fields on z-axis obtained by 
ACCEL, using the OPERA code [7]. For GPT simulations, a parameterization of the 
solenoids, well fitted to OPERA solution, was used. This work simulation starts at the RFQ 
exit toward the end of the linac. 
We used a 6D Waterbag ellipsoid as initial particle distribution, assuming Twiss parameters 
and rms values as specified at the RFQ exit by the RFQ manufacturer [2]. Both codes created 
similar particle distributions according to this parameter (fig.l). 
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Figure 1. Initial deuteron beam distribution. Black: particles dist. constructed for the RFQ exit parameters 
using 5000 macro particles by GPT (similar to the TRACK dist.). Grey: particles distribution is the 
PARMTEQ simulated RFQ exit distribution of 4000 macro particles at 5 mA, provided by ACCEL [2]. 
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Ion Sputtering Contamination of Superconducting Surfaces at the SARAF Linac 

J. Rodnizki , E. Megidish , D. Berkovits 

SARAF, Soreq NRC, Yavne, Israel 
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INTRODUCTION 
Modern RF linear accelerators (linac) design pushes the transition from the first room 
temperature (NC) structure to the superconducting (SC) structure toward lower ion energies. 
This imposes problematic phenomena in matching the two sections. 
The SARAF accelerator is designed to accelerate 
deuterons and protons up to 40 MeV and 2 mA current 
[1]. The SARAF NC RFQ is designed to accelerate 
particles from a 20 keV/u to a 1.5 MeV/u CW beam. A 
65 cm long MEBT matches the beam to a SC HWR 
linac [1]. A Cu aperture of 6 mm diameter and 2 cm 
long is designed at the RFQ exit, for differential 
pumping, in order to protect the SC linac from residual 
gas contamination. 
The geometry of the aperture and the HWR bore radii 
are presented in fig. 1. The accelerated projectiles 
(deuterons or protons) hit the interior surface of the 
aperture and as a result Cu atoms are sputtered. Some 
of these Cu atoms go in the beam direction, accumulate 
on the SC surface and may damage the HWR. In this 
work the rate of the SC surface contamination by these 
Cu atoms, at the HWR is approximated. 

Figure 1: Schematic geometry of the 
RFQ exit and the first HWR. Beam 
goes on axis from left to right. 

THE METHOD 
The ion beam transversal distribution at the RFQ exit is given by Accel [2] and NTG [3], the 
RFQ manufactures, based on a 3D beam dynamic simulation of the RFQ, using 40 k macro 
particles and taking into account the space charge effect for a 5 mA deuterons beam. In this 
work the projectiles distribution at the Cu aperture bore radius is evaluated, neglecting the 
space charge effect, assuming that the ions are moving with constant velocity. The projectile 
hitting angle distribution with the normal to the Cu aperture interior surface is evaluated and 
introduced to the TRIM code [4]. The density distribution of the sputtered trajectory angle 
with the normal to the aperture interior surface is found. The sputtered Cu atoms spatial 
angular flux is approximated assuming isotropic azimuth distribution. Considering the 
sputtered Cu atoms angular flux and the HWR surface exposure spatial angle, the HWR 
contamination rate is evaluated as a function of the distance along the linac from the RFQ exit 
aperture, assuming the sputtered Cu atoms are electrically neutral. 
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Nozzle Effect on High Heat Flux Cooling with Water Jet Impingement 

I. Silverman, R. Fathei, A. Arenshtam, D. Kijel, A. Nagler 

SARAF, SOREQ NRC, Yavne, Israel 

Introduction 

In accelerator systems, the interaction of the particles beam with the target, both for radioisotope 

production and for neutron sources, generates very high density of thermal energy (Total power 

10-50 kW, heat flux above 1 kW/cm2). The design of these targets requires efficient heat removal 

techniques in order to preserve the integrity of the target. 

Few techniques exist to deal with such high heat fluxes. One of the techniques uses high velocity 

water jet-impingement [1]. However, one of the drawbacks of this technique is the high jet 

velocities required. In order to get these jet velocities, high pressure and high flow rate are 

required. For example, the system presented in this paper a 30 kW multistage centrifugal pump is 

required in order to gets the high speed cooling jet (50 m/sec). In order to reduce system and 

operational costs, the design should be optimized. 

Experimental setup 

Details of the cooling system can be found in our earlier publications [2]. Figure 1 presents the 

various nozzles used in this study together with a schematic drawing of the three different nozzles 

geometries used. Nozzles types A and B, have been used to study the effect of the velocity profile 

in the jet. The constant diameter, type A, nozzle is expected to give a fully developed turbulent 

flow at the exit. Type B, on the other hand, is made of large diameter pipe with a restriction at the 

end where the diameter is abruptly reduced to the jet diameter. This configuration is expected to 

give an almost constant velocity profile at the exit. Type C, the conical top nozzle, has been 

designed to provide almost constant flow area between the nozzle and the target, at every radial 

position from the jet center. This design is expected to keep the water velocity constant across the 

target and mitigate the reduction in heat transfer coefficient as the flow moves away from the 

stagnation point (see [1]). 

The target that is being cooled is made out of copper. The actual target used in the experiment is 

thicker than the one presented in Figure 1 and has eight temperature measurement locations in 

two levels. In each level there are four thermocouples (TC) that are inserted radially into the 

target to different radial distances from the center. One level is located 1 mm from the heated 

surface and the other one 1 mm from the cooled surface. Total target thickness is 5 mm. 
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The Beam Halo Monitor of SARAF Phase I 

I. Mardor1, D. Berkovits1, Y. Eisen1, G. Haquin1, D. Hirschmann1, E. Meroz1, O. Heber2, 
M. Hass2,Y. Shachar2 

1 Systems, Accelerators and Reactor, Accelerators, Soreq NRC, Yavne, Israel 2Particle Physics, 
Weizmann Institute of Science, Rehovot, Israel 

INTRODUCTION 
One of the main requirements from the SARAF accelerator is 'hands-on' maintenance, which 
implies a maximum beam loss of 1 nA per meter. A major goal of Phase I of SARAF(1) is to map 
the beam halo down to below 1 nA, in order to prove that the beam loss of Phase I is acceptable 
and to predict, using beam dynamics calculations, the beam loss in Phase H 
Mapping beam halo of 4-5 MeV protons down to the 1 nA level, at the vicinity of the full 2 mA 
beam is an unprecedented challenge. Further, the halo shape is not certain (Gaussian, double-
Gaussian or else). Therefore, we developed a beam halo (BH) monitor which incorporated a 
direct charge measurement and several nuclear techniques, in order to obtain independent 
mappings, which will increase the reliability of the results. 

In this paper, we present an overview of the SARAF Phase I BH monitor, including a brief 
description of the measurement techniques, the vacuum system, the targets and the feasibility 
studies at the Pelletron accelerator at the Weizmann Institute. Details of the nuclear techniques 
are presented in Ref. 2. 

THE MEASURMENT TECHNIQUES 
The measurement techniques that are incorporated into the BH monitor are as follows: 

1. Direct charge measurement using a Faraday Cup (FC), which is inserted gradually into the 
beam halo and maps it (Fig 1, left). The FC includes a suppressor, which will be optimized 
to circumvent uncertainties induced by secondary electrons resulting from interactions of 
the primary 2mA beam. The FC can be upgraded by adding an electrically biased thin foil 
in front of the FC, from which secondary electrons will be scattered and detected by a 
MCP, Channeltron or silicon. The FC can measure current down to 10 pA, whereas the 
additional secondary electron measurement can measure down to below 1 pA. 

2. Measurement of Rutherford scattered beam protons off a thin gold foil, Au(p,p')Au, using 
silicon detectors(2). The gold foil is gradually inserted into the beam halo and maps it. 
Measurements are made at both 100° and 45° in order to increase the dynamic range. This 
method is expected to yield the cleanest result, since analysis of the energy peak can select 
between beam protons, scattered protons and other particles. 

3. Offline measurement of the activation of thick LiF crystals, due to the reaction Li(p,n) Be, 
where the 478 keV gamma of the 7Be (Ti/2 = 53.23 days) is measured by high resolution 
gamma spectrometry(2). This measurement is immune to EMI and RF interference, which 
may hinder the abovementioned online measurements. Rings of crystals of several radii will 
be placed around the beam core, and by measuring the activity of each ring, the beam halo 
profile will be reconstructed (Fig. 1, right). 

4. Off the same thick LiF crystals, the reaction 19F(p,ay)160 will be measured online, where 
the 6.13 MeV gamma will be detected by a Nal scintillator^. This reaction will monitor the 
activation process and may also serve as another independent online nuclear technique. 
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Beam Halo Measurements at SARAF Prototype-Superconducting-Module 
Using Nuclear Reactions 

Y. Eisen,I. Mardor,D. Berkovits 

Soreq NRC, Yavne, Israel 

INTRODUCTION 
The main objective of this study is to measure the beam halo magnitude and the beam halo 
profile of SARAF prototype-superconducting-module (Phase-I) using nuclear techniques with 
appreciable cross sections at proton energies < 4 MeV. Whereas the main proton beam is of the 
order of 2 mA, the beam halo at a distance of about 1.5-2 cm from the beam center is expected to 
be of the order of 1 nA. 

DESCRIPTION OF NUCLEAR REACTIONS AND TECHNIQUES 
The following reactions are feasible to measure the beam halo at 4 MeV protons either on-line 
during full beam operation or off-line after irradiation: 

2.1 197Au(p,p) 197Au 
2.2 7Li(p,n) 7Be with Q=-l .69 MeV 
2.3 19F(p,a) 160* with Q= 2.06 MeV or 19F(p,a)160 (g.s) with Q=8.19 MeV 

. 1 Q"7 1 Q"7 . 

2.1 The reaction Au(p,p) Au has pure Coulomb cross section at ~4 MeV. The differential 
cross section in mbarn/sr is given by: 

da 

do: Rutherford 

1.3 mbarn-MeV 

sr 

( * i * 2 ) 

£'sm2(f) 

where zi=l and z2=79 and E' and 9' are the center-of-mass energy and the center-of-mass proton 
scattering angle, respectively. 
For laboratory angles 45 and 100 and incident energy of 4 MeV the differential cross sections 
are 23.6 barn/sr and 1.47 barn/sr respectively. 
The elastically scattered protons can be detected with silicon surface barrier detectors or by ion-
implanted silicon detectors. 
If a silicon detector is positioned at 45 with respect to the incident beam direction and covers a 
solid angle of about 1/900 sr, the gold target thickness is lmg/cm2 , the target covers about 12% 
of the beam halo and the beam halo current is InA, it is anticipated that the number of scattered 
protons reaching the detector is about 60 counts/s. 

2.2 The reaction 7Li(p,n)7Be with Q=-1.69 MeV has been studied extensively at proton energies 
below 10 MeV(1'2). This reaction can be used for on-line and off-line measurements. The total 
cross sections are of the order of few hundred mbarns in the region of 2- 4 MeV protons. The 
residual nucleus 7Be has a half life of 53.4 days and decays to the first excited state of 7Li with a 
probability of 10.3%. 
The above reaction can be useful to measure the beam halo either by detecting in real-time the 
emitted fast neutrons(1'2) using large volume plastic or liquid scintillator spectrometers or 
measuring off-line the activity of 7Be(3) using a large volume high purity Ge detector. We will 
concentrate on the off-line measurement. 
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During the decay of 7Be, only one gamma ray of energy 477 keV is emitted with an abundance of 
about 0.1 per decay. For maximum efficiency, an off-line measurement uses a thick LiF target. 
The abundance of 7Li in LiF is about 27%. When the proton of incident energy 4 MeV impinges 
the thick LiF target, it loses energy until it stops. The range of protons in LiF losing energy from 
4 MeV to 1.8 MeV is about 22 mg/cm . The average cross section in the above energy range is 
about 300 mb. 
If a beam of 1 nA impinges the LiF thick target for 30 minutes and the target covers a full ring 
around the main beam, it is anticipated that the activity of 7Be will reach nearly 400 Bq. A 7Be 
activity down to 0.5 Bq can be measured(4) using a large volume high purity Ge detector. 

2.3 - It is advantageous to use the LiF thick target for an additional on-line measurement using 
the reaction 19F(p,oc y)160(5) . Gamma rays are emitted promptly from excited states of 1 60. The 
energy of gamma ray emitted during the de-excitation from the 3- excited state of oxygen is 6.13 
MeV. The reaction 19F(p,a)160* is firmly established(5) and the cross sections have been 
measured extensively over the proton energy range from 1 to 12 MeV. The cross section contains 
various resonances . Those resonances are broad enough to allow a good estimation of the cross 
section while the proton traverses the LiF thick target. One of the most pronounced resonances is 
at proton energy of 872 keV. The total cross section for 19F(p,a,y)160 in the energy range 2- 4 
MeV amounts to about 200 mbarns. 
A large volume gamma ray detector well shielded from all sides except the viewing solid angle 
should be used in order to obtain an appreciable full energy peak contribution. A Nal(Tl) of 
diameter 15 cm and thickness 15 cm has a full energy peak efficiency of about 30%. 
If we assume that the emission of gamma rays is nearly isotropic and the solid angle for the 
gamma detector is 0.15 sr then we obtain about 2500 photopeak counts/s for a proton beam of 1 
nA. 
A thin LiF target can be used on-line. The reaction 19F(p,a)016(g.s) can be monitored by 
measuring the emitted alpha particles. Due to the very positive Q value of this reaction, the alpha 
particles are well distinguished from the elastically scattered protons from 19F. 
The experimental setup for the beam halo measurements is shown in Ref. 7. 

RADIATION BACKGROUND 
1 Q"7 1 Q"7 

Background in the silicon detectors during the Au(p,p) Au experiment can result from three 
sources: gamma rays, neutrons and backscattered protons from the tungsten beam dump 
interacting again with all the area of the gold foil. We will concentrate on the latter component. 
The full beam of 2 mA protons is stopped by a tungsten beam dump. Protons have a probability 
to backscatter by Coulomb interactions. If the beam dump is placed at a distance 300 cm from the 
gold target and the beam halo is In A, then the silicon detector positioned at 100° may observe 
interactions in the gold target due to backscattered protons. This interference is of a maximum 
amount of 2%. For the silicon detector positioned at 45° the interference due to backscattered 
protons is less than 0.1%. Therefore it will be feasible to measure with the forward angle silicon 
detector a beam halo as low as 100 pA 
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There are several gamma and neutron sources affecting the background in the detectors during 
on-line gamma and neutron measurements in the reactions 7Li(p,n)7Be and 19F(p,a,y)160. The 
main source of prompt gamma rays originates from (p,y) and the (p,ot,y) reactions in the copper 
components of the RFQ and the tungsten embedded in the beam dump. Also (p,p') inelastic 
reactions may excite low lying levels of copper and tungsten isotopes. However, the emitted 
gamma rays do not contribute to the energy window (6-7) MeV. (p,ay) reactions on copper have 
Q values ~ 4 MeV, W(p,y) Q values are between 4-6MeV and W(p, a) have Q values around 7 
MeV. Despite the fact that the Coulomb barrier is high, all these reactions may contribute to the 
energy window 6-7 MeV. However, the density of states in the excited region is high, therefore 
the probability of the decay is dominated by cascade of gamma rays of lower energies than (6-7) 
MeV. The low energies are easier to shield. This background gamma rays and other scatter 
gamma rays are well shielded by lead material surrounding the Nal(Tl) detector. 
There are no neutrons produced in the RFQ because the maximum proton energy of the RFQ is 
1.5 MeV and the Q values for Cu(p,n) are more negative than -1.5 MeV. Neutrons may be 
produced via (p,n) by several tungsten isotopes, although the cross sections are low due to the 
high Coulomb barrier. Those neutrons cannot be neglected because of the high current impinging 
the beam dump. 

SUMMARY 
This work describes feasible nuclear techniques to measure the proton beam halo of SARAF 
Phase-I. The measurement is carried either on-line during beam irradiation by detecting charged 
particles and also prompt gamma rays and neutrons, or off-line by measuring the residual 
activation caused by beam irradiation of Li. It was shown that both on-line and off-line 
measurements enable the determination of the beam halo to a level of the order of 1 nA. 
Rutherford elastic scattering at forward angles enables the measurement of the beam halo to 
levels as low as 100 pA. 
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Process for Production of 103Pd for Medical use in SARAF 

E. Lavie, H. Zauber, D. Vaknin, M. Veinguer, L. Broshi, E. Sayag 

Soreq NRC, Yavne, Israel 

INTRODUCTION 
A linear accelerator is presently under construction at Soreq NRC (SARAF [1]). The main 
features of the Linac are: ion energies of up to 40 MeV, high current (2 mA) and the option to 
use either proton or deuteron beams. Thus, SARAF will create opportunities to produce 
radioisotopes for both diagnostic and therapy applications. 
103Pd seeds are used mainly for treatment of prostate cancer, which is a very common cancer in 
men. Estimates suggest that in the U.S. alone 200,000 cases are diagnosed and approximately 
40,000 die from this disease annually. 

Pd was originally produced in reactors. However, production yield was poor and specific 
1 n^ 

activity was low. Accordingly, in recent years, Pd production has been based on irradiating a 
rhodium ( Rh) target by protons in a cyclotron, leading to carrier-free Pd. The present 
technology used by the industry suffers from several serious drawbacks, mainly: very long 
irradiation periods, and a complex chemical purification, with a yield of only 30%. The goal of 
the present work is to develop an improved procedure to overcome the above drawbacks. 

THE EXPERIMENTAL SYSTEM 
The target model used for the present study was either electroplated Rh over copper plate, or Rh 
foils (25-250 jim thickness). The Rh foils were tested for their resistance to rupture under air-
pressure at temperatures and pressures which simulate the irradiation conditions. 
The process comprises steps of a) target irradiation b) target dissolution, and c) separation of 
palladium from rhodium. The procedure is summarized in Fig. 1: 
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On the Temperature Lag Effect in TLD Crystals - I 
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INTRODUCTION 
In one of our recent publications^ we dealt with the issue of linearity of the high temperature 
peaks in LiF:Mg,Ti (TLD-100). LiF:Mg,Ti is known to have peaks also at temperatures higher 
than the main dosimetry peaks (peaks 4-5), which have different LET sensitivity. The different 
LET response of these peaks (mainly peaks 6 and 7) can be used in principle for discrimination 
between neutron and gamma components of a mixed radiation field, which may be a convenient 
method for neutron dosimetry. Works in the past reported a supra-linear response of peak 7 to 
gamma-rays, making the applicability of the peak ratio method to neutron-gamma discrimination 
questionable. As most of the results in the past were obtained for high irradiation doses, we 
performed experiments with much lower doses, common to personal dosimetry (up to about 
50mSv). We could prove that for this dose range, when using the ROI (Region of Interest) 
method, the sum of peaks 6+7, as well as the sum of peaks 4+5, is linear with dose for both 
gamma and neutrons radiations. 

However, our publication was criticized by a note sent to the Journal. It was claimed that we have 
made a basic mistake in our interpretation of the results, and that we actually have not measured 
the response of peaks 6 and 7, but some kind of isothermal decay. This controversy brings up an 
important aspect in TL dosimetry, which should be clarified. 

THE EXPERIMENTAL SYSTEM 
LiF:Mg,Ti Bicron/Harshaw cards containing 3mm x 3mm x 0.38mm chips were used. The 
readout of the irradiated crystals was performed by a 6600 TLD reader (Bicron/Harshaw). Each 
chip was calibrated individually by a 90Sr-90Y source, built in the reader. The heating of the TLD 
chips was performed by a hot nitrogen gas jet, delivering linear heating profiles. The glow curve 
of each chip is digitized to a 200 channel spectrum and stored on a PC computer. The heating 
profile was similar to the usual one used for routine dosimetry, consisting of a preheat to 50°C ( 
less than 0.5s) and a linear heating rate of 25°C/s up to 300°C and then kept at 300°C for up to 20 
sec. No annealing was performed, except for the usual reader annealing by reading. The glow 
curve spectra were analyzed by the "Region of Interest" (ROI) method. More details about the 
experimental system and procedures is given elsewhere(1). 

THE CLAIM 
An example of a typical glow curve obtained from a thermal neutron irradiated LiF:Mg,Ti crystal 
is presented in figure 1. The main claim was based on the following reasoning: 
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On the Temperature Lag Effect in TLD Crystals - II 
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INTRODUCTION 
A TLD crystal is heated to the readout temperature by applying a pre-defined Time-
Temperature Profile (TTP) to the heating element. Even for direct heating, as by a jet of hot 
nitrogen, it takes some time until the crystal reaches the heater temperature. Thus, a time lag 
of the crystal temperature is present, which has a direct effect on the shape of the glow curve, 
the most obvious effect being the shift of Tm. 
Some works dealt with this lag effect(1'2), mostly by applying heat transfer equations and 
performing computerized glow curve deconvolution (CGCD) to investigate the relation to the 
peaks position. In the present work we decided to take another attitude. We performed 
readouts by heating TLD crystals by an isothermal step function. We used a commercial 
routine read-out system with non-contact hot nitrogen heating, and employed gas 
temperatures between 125°C to 300°C. The results obtained stress the importance of the 
temperature lag effect, and support theoretical evaluations described in the literature. 

MATERIALS AND METHODS 
The experiments were performed with LiF:Mg,Ti Bicron/Harshaw cards containing four 
crystals of 3 x 3 x 0.38 mm. Two of the chips (3 and 4) contained 6LiF, and the other two 
chips (1 and 2) contained 7LiF. The readout of the irradiated crystals was performed by a 
6600 TLD reader (Bicron/Harshaw). Each chip was calibrated individually by a 90Sr-90Y 
source, built in the reader. The heating profiles were series of constant isothermal step profiles 
to different temperature between 300°C and 125°C. For example, the 300°C step function 
consisted of a preheat to the temperature of 300°C (in less than 0.5 sec), which was kept at 
this value for a total time of 30 sec. No annealing was performed, except for the usual reader 
annealing. 

The TLD cards were irradiated to gamma rays and thermal neutrons. Gamma irradiations 
were carried out using a 137Cs source. The neutron irradiations were carried out using 
thermalized neutrons from a 7.4* 104 MBq AmBe shielded source. The AmBe source was 
placed in a borated paraffin shielding equipped with collimator holes. The neutrons were 
thermalized by layers of polypropylene. The TLD crystals were irradiated to gamma doses of 
6mSv. The thermal neutron doses were similar gamma equivalent doses (producing the same 
amount of light as the specified gamma dose), which were determined by the card position 
and the irradiation time. 

RESULTS 
Figure 1 shows representative glow curves obtained by an isothermal step heating profile of 
300°C after irradiation with gamma rays and thermal neutrons. Almost typical glow curves 
can be observed for both types of radiation, although the crystals were heated by step 
functions, applying directly the readout temperature of 300°C. These glow curves are the 
result of a gradually increase of the temperature in the crystal, due to the temperature lag 
effect. 
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As can be seen from Table 2, the measured values by the monitors, especially at the low dose 
rates, are lower than those expected. It should be mentioned that the main use of the monitors 
is to activate an alarm whenever the integrated exposure during 60 seconds exceeds 5uGy/h. 
The buzzer-test was conducted under several exposure levels and in all occasions the response 
was adequate: an alarm was activated when appropriate and no false-alarms were obtained. 
Table 3 presents the results of outdoor gamma dose measurements reported in some recent 
publications (4-6), this work (TLD results) and the world population-weighted average, 
reported by the United Nation Scientific Committee (7). 

Table 3; Annual average outdoor gamma dose in air; 
Results in Israel and other countries 

Places Annual average dose uGy/y 

Israel 
Brazil (4) 
France (5) 
Saudi Arabia (6) 
World (7) 

450±30 
405±71 
405 (230-740) 
468-781 
520(160-810) 

Conclusion 
The high sensitivity LiF: Mg, Cu, P dosimeters are capable of reporting accurate 
environmental doses. 
The outdoor gamma dose measured at Soreq and Central Israel, as compared to the 
background values obtained in other countries, indicates a low outdoor value. 
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INTRODUCTION 
Normal TLD readout (heating to about 300°C) does not depopulate the deep traps, from which 
electrons can be transferred to the dosimetry traps. In cases where the exposure was high enough 
to leave significant population in the deep traps, re-assessment of the original dose is possible by 
additional readings. The simplest method to perform an additional reading is to use the same 
temperature profile as in the routine work (normally a high heating rate and a short readout time 
of about 13 sec). This is a direct "residual reading", and it is expected that this reading will be 
only about 0.15% from the original one(1). This very low yield means a high limit of detection for 
the re-assessment process. Another possible method is to use u.v. irradiation following the 
reading of the TL material to transfer electrons from the deep traps to the dosimetry traps(2_6). 
This method, named photo-transferred thermoluminscence (PTTL), increases the efficiency of 
the re-assessment process, and the secondary reading obtained by the PTTL method may reach 
10% of the original one. The major shortcomings of the PTTL method are high background, 
significant uncertainties (mainly when using TLD cards which contain Teflon covering of the 
TLD crystals) and being an additional process which is time consuming in routine work. 

We investigated an alternative method, which can be used to improve the re-assessment quality. 
The procedure consists of increasing the readout time of the residual readings to 30 seconds 
("extended readout period"), while keeping all other characteristics of the temperature profile 
constant. Although the efficiency relative to a standard 13.3 seconds residual dose readout is 
increased by a smaller factor compared to the factor obtained when applying the PTTL, the 
standard deviations of the results are smaller, as well as the background values. By using specific 
regions of integration of the glow curve, the standard deviation of the results can be further 
reduced. 

THE EXPERIMENTAL SYSTEM 
The measurements were performed using standard Harshaw/Bicron manufactured TLD100 cards 
containing 3x3x0.9 mm3 chips. Gamma irradiations were carried out using a 137Cs source. 
Neutron irradiations were carried out using a thermalized AmBe Source and u.v. irradiation was 
performed by a 15W u.v. lamp (^=254nm). The readouts were performed by an automatic 6600 
Harshaw/Bicron reader and the temperature profile consisted of a preheat to 50°C, then heating at 
25°C/second up to 300°C and keeping this temperature to the end of the reading cycle. The total 
reading time was 13.3 seconds for the standard and residual readouts and 30 seconds for the 
"extended readout period" and the PTTL additional readouts. 
The TLD cards were irradiated each time to a different dose and then were read by a standard 
readout procedure (13.3 sec). Followed a normal residual readout (13.3 sec), and a second, 
"extended period" readout (30 sec). The last step for each TLD card was to irradiate it for 30 
minutes with the u.v. lamp and then to read it for a period of 30 sec. 
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INTRODUCTION 
Fading is the decay of the TL glow signal with time, which may lead to an underestimation of 
the measured dose. Studies of this important characteristic of LiF:Mg,Ti (widely used in 
personal and environmental applications), indicate a great variability in fading rates(1) 

originating from different annealing and readout profiles, environmental conditions and the 
extent of exclusion of the rapidly fading peaks 2 and 3. Investigations show that fading is 
dependent not only on the decay of the trapped charges (Randall Wilkins decay), which is 
defined as post-irradiation fade, but also on changes in the unoccupied traps(2~3), and can be 
dependent on the storage time between the prior reading and the irradiation time (pre-
irradiation time). 
Several methods have been used to diminish the fading, such as pre-heating of the TLD 
crystals before readout, using a correction factor when integrating the total glow curve, and 
separating the TL information from the higher temperature peaks by analyzing the glow curve 
by the CGCD (Computerized Glow Curve Deconvolution) or the ROI (Region Of Integration) 
methods. In the present work, we studied the fading of 6LiF:Mg,Ti (TLD600) after thermal 
neutron irradiation as a function of the pre and post-irradiation times. 

MATERIALS AND METHODS 
Standard Bicron/Harshaw cards type LG7766 were used, containing four LiF:Mg,Ti 
(3x3x0.38mm3) chips, two of them consisting of 6LiF and the other two of 7LiF. Each chip 
was calibrated individually by a 90Sr-90Y built-in source of the 6600 Bicron/Harshaw TLD 
reader. The heating of the TLD chips was performed by a hot nitrogen gas jet, delivering 
precise linear heating profiles. The glow curve of each chip was digitized to a 200 channel 
spectrum and stored in a PC computer. In order to obtain a better separation between the 
different glow peaks, after a preheat to 50°C for 0.5 seconds, a 'slow' heating temperature 
profile was used consisting of a linear heating rate of 3°C s"1 up to 300°C, for a total cycle 
time of 106.6 s. 

The LiF:Mg,Ti crystals were irradiated to a constant neutrons dose of about 3 mSv equivalent 
gamma exposure, from a 7.4X104 MBq AmBe shielded source, placed in borated paraffin 
shielding equipped with collimator holes. The dose was determined by a fixed location of the 
chips and a constant irradiation time of 1 h. The experiments were performed for 3 months for 
two cases: a different pre-irradiation time for a fix post-irradiation time of 1 d, and a different 
post-irradiation time for a fix pre-irradiationon time of 1 d. The net neutron contribution was 
determined by subtracting the response of the TLD700 crystals from the response of the 
TLD600 crystals. The glow curves were analyzed by the CGCD and ROI methods. 
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INTRODUCTION 

The OECD/NEA/NSC is conducting coupled neutronics/thermal hydraulics benchmark^ in order 
to test and improve calculation methods and tools of the High Temperature Gas-cooled Reactors 
(HTGR). The reference core for these calculations is the Pebble-Bed Modular Reactor (PBMR) 
400MWth, designed by PBMR Ltd. (South Africa) and their business partners and is based on 
proven German technology of the AVR and THTR300 reactors. This modular advanced design 
introduces direct Brayton cycle with enhanced safety, short construction time and cost -
competitiveness. The Israel Electric Corporation (IEC) and the Ben-Gurion University are 
participating in the Benchmark. 

Phase I of the benchmark is the steady state calculations which includes neutronics solution with 
fixed cross-sections, thermal-hydraulic solution with given power/heat sources and combined 
neutronics- thermal hydraulic calculations. Neutronics and thermal hydraulics transient 
calculations are planned in the following stages of the benchmark. The calculations are 
performed using mainly, the VSOP (2) code system which simulates neutronics and thermal-
hydraulic behavior of Pebble-Bed HTGR reactors 

RESULTS 

The detailed description of the core is given in ref. (1) and it is outlined in figure la. This 
400MWTh core has inner reflector of lm radius, outer core radius of 1.85 m and 11m height. The 
core is fueled with 452,000 ceramics fuel pebbles, 6cm diameter and containing 9 gr of enriched 
U02 inserted into TRISO type coated particles of 0.92mm diameter. 

Fixed equilibrium 2-group cross-sections are supplied for stage I calculations. The energy cut-off 
is 3.059eV. For the void areas (see fig la), directional dependent diffusion coefficients are used 
by the VSOP code system. 

The resulting K-effective is 1.0029331 and the maximum power density is 10.4929 W/cc. Figure 
lb and lc represent the fast and thermal flux distribution. The fast flux maximum is shifted 
towards the top of the core, since fresh fuel is loaded from the top. The thermal flux maximum is 
located at the reflector. In this narrow core design heavy moderation appears at the reflector. 
Figure Id presents the power distribution. 
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INTRODUCTION 
Many research reactors in the world are pool type reactors that use MTR fuel elements. 

Those reactors are usually safe because of the large amount of water covering the reactor core 
and have a large cooling potential in case of an accident (Loss Of Coolant Accident - LOCA 
or Loss Of Flow Accident - LOFA). However, for high power levels or in a case of large 
breakage of one of the reactor main circulation tubes or one of the irradiation tubes, the fuel 
elements at the bottom of the reactor pool, will finally be exposed to the air. In that case, as 
long as the bottom of the fuel immersed in water there is a cooling potential to the exposed 
part of the fuel elements by longitudinal heat conductance and due to the boiling at the bottom 
part of the fuel elements. Those two mechanisms are important to assure core integrity during 
the accident and they were investigated in the past in few references [1-3] . 

In order to investigate the cooling potential of partially immersed heat generated plates, an 
experimental setup have been constructed. This paper present the results obtained in a set of 
experiments using an electrically heated plates simulating the fuel element heat fluxes, 
corresponding to the decay power in the fuel. Those experiments were performed to 
demonstrate the effectiveness of the boiling at the bottom of the fuel element as a cooling 
mechanism to the exposed zone. 

THE EXPERIMENTAL SYSTEM 
A schematic picture of the experimental apparatus is shown in Fig. 1. The experimental 

apparatus consists of a water tank (1), and the test section. The test section formed by two 
electrically 1 mm thick heated plates (2), maid of stainless steel 304. The dimensions of the 
plates are 60 x 600 mm and the gap between the plats is 2 mm. The two plates are in parallel 
electrically connected (3) fed by a regulated electrical current in order to achieve the required 
power, equivalent to the residual heat in the core after shutdown. Nine thermocouples (4) 
were soldered to the test-section's heated wall, inside holes which drilled on it in order to 
measure the wall temperature. The location of the thermocouples is shown in fig. 1. The 
experimental heat flux was calculated from the measured voltage drop across the heated 
plates, the electrical current and the plates surface area. The inlet water temperatures was 
measured using type K thermocouples which located at the bottom of the test section. The 
back side of the heated plates, were insolated by a ceramic paper and a Pertinax boards (5). 
The test section is located in the tank, and the water was filled to the required level. 
Experiments were carried out by discrete increase of power supply. In each step the 
temperature of the heated wall and the water at the inlet of the channel was measured. 
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RESULTS 
Figure 2 presents a typical experimental results for expose length of 300 mm for various 

values of power and heat flux. The black solid line presents the electrical power supplied to 
the channel and the symbols present the measured temperatures along the heated channel 
where Tl is at the top of the channel and T9 at the bottom. It can be seen that at the vertical 
direction, at a nominal power of 125 W, the wall temperature increases along the heated zone 
but at the top of the channel the measured temperature decreases due to end affect. 

At a higher channel power of 225 W, the boiling phenomenon at the immersed part of the 
channel becomes more intense and causing a reduction of the temperatures along the channel 
except of the temperature at the top of the channel. At that zone the effectiveness of the 
boiling at the bottom of the channel is not high enough to push the liquid to the top of the 
channel. At that low heat transfer coefficient ant a higher power the temperature at the top of 
the channel increases. Further increasing of the channel power to 325 W increases the boiling 
at the bottom of the channel and gives the liquid enough energy to reach the top of the 
channel. As it can be seen at the graph, at that power the top temperature of the channel 
begins to decrease. 

Figure 1: The test section 

CONCLUSIONS 
1. In case of partial LOCA at MTR fuel element, the boiling phenomenon at the 

immersed part of the fuel produces a cooling mechanism which can cool the exposed 
part of the fuel element. 

2. It was found that at exposed length of 300 mm, the temperature at the top of the 
channel reaches its maximum value at channel power of 225 W and than begin to 
decrease with the power. 

3. At lower level if the channel the wall temperatures reach to the maximum value at 
power of 125 W. Increasing the power to 225 W causing an effective cooling 
mechanism at that zone which reduces the wall temperature to te saturation value. 
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ABSTRACT 
Flow of cold water through the SNRC fuel element was simulated numerically. The main 
objective of the present study was to obtain the flow distribution among the rectangular channels 
of the element. The results of the simulations were compared to the overall pressure drop on the 
element measured in SNRC. The numerical model chosen has succeeded in predicting the 
pressure drop on the fuel element of up to 5% from the measured values. Flow through the IPEN 
IEA-R1 MTR fuel element was also simulated as a part of a model validation procedure. The 
numerical results were compared to the measurements available in the literature [1]. It was found 
that the water pool above the fuel element has a significant influence on the flow distribution 
among the channels of the element. The flow distribution reported in [1] was closely predicted 
numerically when the water pool was included into the simulated geometry. It can be concluded 
that flow distribution in the SNRC fuel element is flatter than that in the IPEN IEA-R1 MTR fuel 
element. 

INTRODUCTION 
The SNRC reactor has 20 fuel elements, 4 control fuel elements and a central irradiator, 
assembled in a square matrix 5x5. Each fuel element has 23 fuel plates assembled on two lateral 
support plates, forming 22 independent flow channels. The flow rate through the fuel elements is 
an important parameter in guarantying suitable safety margins and safe operation in any 
conditions. Up to date, the flow distribution reported in [1] was adopted for the 
thermohydraulical calculation of the reactor. The number of channels in DMPV-01 (dummy 
IPEN IEA-R1 fuel element) and SNRC fuel element is different. Also some geometrical and 
operational parameters in SNRC and DMPV-01 fuel elements are different. Hence, it is 
anticipated that the flow distribution in the SNRC fuel element will be somewhat different from 
theoneinDPMV-01. 

The general structure of the two fuel elements in question is similar. Both elements can be 
divided into four main regions: water inlet region, channels, transition (from rectangular to 
circular cross-section) and water exit regions (see Figure 1). 
Each region has an impact on the flow distribution among the channels. For instance, if one 
assumes plug flow at the inlet section of the fuel element, then the larger the length of the inlet 
region the more developed the flow and the larger the flow distribution. 
Decreasing the channels number will also result in sharpening the flow distribution. The water 
pool geometry will also alter the flow distribution. Hence, the differences in geometrical and 
operational parameters of the SNRC and the DMPV-01 fuel elements should impact the flow 
distribution between the channels. While most geometrical parameters of the two fuel elements 
are roughly the same, the number of coolant channels in the IPEN IEA-R1 MTR fuel element is 
17. Thus one should expect the sharper flow distribution in the Brazilian element. 

* Corresponding author. E-mail: rashkova@bgu.ac.il 
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The one-dimensional transient solution of thermal-hydraulic behavior of a coolant channel having 
a sinusoidal heat source is parametrically considered. The transient is initiated by imposing a 
positive step change in the channel inlet flow. At a certain distance from the entrance the liquid 
starts to boil, forming a moving boiling-boundary (BB). A two-phase mixture region prevails 
above the BB in which the vapor content increases monotonically until the liquid boils completely 
and a single-phase vapor flow is initiated. The present work focuses on the study of the two-
phase-flow region transient behavior and the simultaneous propagation of its top and bottom 
boundaries. The transient position of the BB is calculated using the analytical method developed 
by the present authors in Reference 1. The initial (steady-state) level of the vapor region and 
spatial distributions of density and velocity in the two-phase region are estimated using the semi-
analytical procedure described in Reference 2. Results are obtained for a flow channel that 
simulates a representative coolant channel in a partially uncovered nuclear reactor core during a 
typical bottom-reflooding phase of a LOCA scenario. 

Figure 1 describes the configuration considered in this work and defines the main geometrical 
parameters. Three major flow regions are thus considered along the channel of length L: 
Sub-cooled single-phase liquid water at the channel bottom part (z = 0 to zx (t)), two-phase 
mixture above it {{zx{f) to z2(t)) and a single phase superheated vapor at the upper part of the 
channel (z2(t) to L). The interface, z}(t), between the sub-cooled liquid region and the saturated 
two-phase mixture region is denoted here as the Boiling Boundary (BB) while the upper interface, 
z2{t), at which the ensuing two-phase mixture culminates and superheated vapor starts is denoted 
here as the Dry-zone Boundary (DB). The simulated transient is initiated by a step change in the 
incoming mass-flow rate from m0 to Xm0 where X is a prescribed factor, which can be less than 
or greater than 1. 

In previous works by the authors(1'2) the computational models were applied to calculate the initial 
(first few seconds) of the transient. The present work concentrates on the long term results from 
inception, through the entire transient until eventually reaching a new steady state. 

* Corresponding author. E-mail, Dov Hasan: mereagh@tx.technion.ac.il 
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INTRODUCTION AND OVERVIEW 
Neutron transport in complicated systems is often calculated with Monte-Carlo methods. For 
sensitivity- and uncertainty-analysis, one typically needs sensitivities to many reactions of 
several isotopes in a rather fine group structure. The well known MCNP(1) Monte-Carlo code, 
has sensitivity capabilities, which are designed for calculation of sensitivity to density, material, 
or isotopic composition; calculation of hundreds of sensitivities with MCNP could be 
cumbersome and time intensive. In the last years we have developed several sensitivity 
enhancements which were implemented in our modified local installation ("MCSEN") of 
MCNP4C. These enhancements enable efficient Monte-Carlo calculations of sensitivities of 
various detectors, including point-detectors(2), to various material parameters, such as cross-
sections, the average number of neutrons emitted by fission v, or the angular distribution of 
secondary neutrons(3). The MCSEN upgrade was created to calculate efficiently a large number 
of sensitivities to cross section parameters; it was designed for point-detector tallies and for 
track-length estimators, but no provision was taken to allow estimation of k(eff) sensitivities. 
However, as we show in this contribution, also some sensitivities to k(eff) can be estimated by 
proper application of the current MCSEN enhancements. 

K(EFF) SENSITIVITY ESTIMATION WITH MONTE-CARLO METHODS 
The basic program flow of a MCNP run for calculation of k(eff) ( " k c o d e " in MCNP parlance) 
is different than that of a point-detector ("F5") or track-length estimator ("F4") run. The 
Monte-Carlo game for k(eff) is different, inter alia, in that the particle history starts with a 
neutron created by fission, and when fission is encountered, the history is finished. No fission 
neutrons are created in the current history: They are the sources for the next history. 
One of the estimators used by MCNP for k(eff) is the track-length estimator. This estimator is 
incorporated in the kcode mode of MCNP. However, it can be also calculated separately (using 
F4) in parallel to kcode. This option can be used for MCSEN estimation of the sensitivities. 
MCSEN can calculate sensitivities to regular F4 tallies. Therefore the sensitivity to absorption 
and scattering could in principle be calculated as sensitivity to this F4 tally. However, since 
MCSEN was not designed for k(eff), it is possible that in a run where the F4 tally is applied as 
part of a kcode job, the appropriate parts of the code will not be reached. The calculation of 
sensitivity to v and Gfls is special and has to be estimated differently. Since fission terminates the 
history, sensitivity to v has to be calculated using the response reaction vafls with which the tally 
flux is multiplied. The sensitivity to Gfls is obtained as sum of that (positive) sensitivity to v, on 
one hand, and of the (negative) sensitivity to the fission cross section Gfls with no emitted 
neutrons on the other hand. 

When sensitivities of k(eff) were so calculated with MCSEN, we observed that negative 
contributions to the flux term were produced. No positive contributions to the flux term were 
produced, and it seems that the appropriate parts of the code have not been reached. Sensitivities 
to v were produced, too. 
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EXAMPLE: SENSITIVITIES OF K(EFF) OF JEZEBEL 
For validation, MCSEN was employed to estimate sensitivities of the well know Jezebel 
assembly. The sensitivities so obtained were compared to sensitivities calculated with the Sn 

code ERANOS(4). In both cases, the cross sections were based on the JEFF-3.0 cross section 
library. The sensitivities were calculated in the 175 group Vitamin-J group structure. Fig. 1 and 
Fig. 2 display the sensitivities of Jezebel's k(eff) to Pu239 and Pu240 parameters, respectively: the 
average number of fission neutrons v, the fission cross section afls, and the absolute value of the 
sensitivity to the capture cross section. 

Analysis of the results shows, that the sensitivity to v is correct: the difference to ERANOS is 
about 2%. The MCSEN sensitivity to absorption cross sections is qualitatively similar to 
ERANOS. However, MCSEN results are more negative: For the capture cross section they are 
lower by -25%; for the fission cross section they are lower by -15% (due to the absorption part). 
Scattering-reaction sensitivities cannot be calculated. 
Therefore we can state: Today's MCSEN can calculate some k(eff) sensitivities; for other 
sensitivities additional MCSEN updates are needed. 

SUMMARY AND CONCLUSION 
MCSEN has extensive sensitivity capabilities, and yields already now some plausible k(eff) 
sensitivities, without being designed for such a task. The discrepancy for absorption reactions 
has to be cleared up, and corrected if needed. Work has to be done in order to enable MCSEN to 
calculate sensitivities also for scattering reactions. 
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INTRODUCTION 
The work described here is the analysis of an adjustment campaign. The results are sensitive to 
various features of the code used and to the assumptions made in preparing all the input data for 
the process. We utilized the TSURFER module of the SCALE 5.1 system(1) to be released in 
2006. The analysis involves nineteen bare and reflected benchmark spherical metallic plutonium 
cores. In particular, the sensitivity of the results to the representation of the response 
uncertainties' correlations was checked. The procedures used to supplement missing parameters' 
uncertainties were also investigated. The sensitivity of the keff responses to the supplemented 
parameter uncertainties as well as to the response correlations will be discussed. 

ADJUSTMENT METHODOLOGY 
The generalized linear least squares methodology is implemented in the TSURFER module. The 
methodology utilizes the very accurate measured values of responses, r, such as keff, reaction 
rates, etc., and their respective uncertainties given as a variance-covariance matrix, Cr, and a 
series of parameters, /?, such as cross sections, number of neutrons emitted in fission, fission 
spectra, etc., and their respective uncertainties given as a variance-covariance matrix, Cp. Both 
the responses and the parameters are represented as vectors of different dimensions 
corresponding to the respective number of responses and number of parameters, and the 
uncertainties are square matrices of corresponding dimensions. The methodology combines the 
information and, among other things, results in the reduction of the uncertainties of both 
responses and parameters. These modified parameters, having a smaller uncertainty, can in turn 
be used to predict keff values in criticality safety applications. 
The modified parameter and response values are 

p' = p — CpS^Cjld , rf = r + CrCd
ld, where d = r(p)-r is the deviation vector of the calculated 

response values from their respective measured values. The matrices denoted by C are the 
respective variance-covariance matrices or "uncertainties," where 

Cd = C- +Cr-C-r -Cr- = SCpS^ + Cr -SCpr - C ^ , and the matrices S are the sensitivities 

of the responses to the parameters. The matrices Crp and its transpose Cpr represent possible 
parameter-response correlations. Usually such correlations are not provided. 
The new uncertainties in the modified, a.k.a. adjusted, parameters and in the adjusted responses 
and the resulting new correlations, this time also between adjusted parameters and adjusted 
responses, are given by 

c, = cp -cptf cd
lscp,cr, =cr-cr cd

lcr,cpy = cps' cd
lcr. 

Since the uncertainty matrices are, by their definition as variance-covariance matrices, positive 
definite, the uncertainties are reduced in such a campaign. The consistency of all data used is 
given by chi square which in our case reduces to the simple form of 

y2 =dtC:ld. 
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PLUTONIUM ASSEMBLIES 
The data of the nineteen metallic plutonium assemblies are from the International Handbook of 
Evaluated Criticality Safety Benchmark Experiments (2). A short description of the assemblies 
utilized in our analysis and their ICSBEP names are given in Table 1. 

1 pmf-001 Jezebel (5, 4.5at.% 240Pu) US bare Pu sphere 
2 pmf-002 Jezebel (5, 20.1 at.% 240Pu) US bare Pu sphere 

3 pmf-022 Bare (8, 98%239) VNIIEF layered Pu sphere 
4 pmf-029 Bare (a, 8 8%23 9) VNIIEF layered Pu sphere 
5 pmf-010 (5, 4.9at.% 240Pu) US (Planet) Pu sphere, 1.625" U reflected 
6 pmf-006 Flattop (5, 4.8at% 240Pu) US Pu sphere, 19.6088cm U reflected 
7 pmf-008 (5, 5.1 wt.% 240Pu) US (Thor) Pu sphere, 24.57cm thorium reflected 

8 pmf-005 (8, 4.9at.% 240Pu) US (Planet) Pu sphere, 4.699cm tungsten alloy reflected 
9 pmf-018 (5, 4.9at.% 240Pu) US (Planet) Pu sphere, 1.452" Be reflected 
10 pmf-030 (a, 88%239) VNIIEF layered Pu core, 4.49 cm graphite reflected 
11 pmf-023 (8, 98%239) VNIIEF layered Pu core, 2.35cm graphite reflected 
12 pmf-027 (8, 89%239) VNIIEF layered Pu core, 5.58cm polyethylene reflected 
13 pmf-024 (8, 98%239) VNIIEF layered Pu core, 1. 55cm polyethylene reflected 
14 pmf-031 (a, 88%239) VNIIEF layered Pu core, 3.69 cm polyethylene reflected 
15 pmf-011 (a, 5.18at.% 240Pu) US Pu sphere, 10" water reflected 
16 pmf-025 (8, 98%239) VNIIEF layered Pu core, 1.55cm steel reflected 
17 pmf-026 (8, 98%239) VNIIEF layered Pu core, 11.9cm steel reflected 

18 pmf-028 (8, 89%239) VNIIEF layered Pu core, 19.65cm steel reflected 
19 pmf-032 (a, 88%239) VNIIEF layered Pu core, 4.49 cm steel reflected 

Table 1. Overview of the metallic plutonium systems 

RESPONSE CORRELATIONS 
As can be seen in Table 1 the plutonium cores are of different composition (% of 239Pu) and of 
different phase (a, 8). Special attention was paid in order to identify cores that have the same 
composition, shells, phase and assembly machine, thus being highly correlated. The ICSBEP 
handbook (2) indicates the various uncertainty sources in keff of the different cores. The 
TSURFER module can generate a covariance matrix of the responses based on its input which 
consists of common uncertainty sources and the correlation between the contributions of the same 
uncertainty source for different assemblies. Since all the responses and parameters and their 
respective uncertainties were not consistent, as evaluated with the %2 parameter, some responses 
had to be rejected (3). The rejection of the least consistent assemblies from the campaign resulted 
in a consistent set of critical assemblies on which the importance of the correlations of the 
responses was tested. The sensitivity of the adjusted keff values to the assumed correlations are 
depicted in Figure 1. It can be seen that there is only a minor difference between the results based 
on a 0.95 or 0.85 correlations and there can be a difference of about 0.1% in the keff values if no 
correlations are taken into account. It should be recalled that the experimental uncertainty in the 
determination of keff is of the order of 0.1%. 
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Response and Fading of Implanted and Unimplanted Gate Oxide R A D F E T s 

A. Haran1,A. Jaksic2 

1 Radiation Safety Dept, Space Environment Group, Soreq NRC, Yavne, Israel 2Tyndall National 
Institute, Cork Ireland 

INTRODUCTION 
The Radiation-Sensing Field Effect Transistor (RADFET) has been employed as a dosimeter for 
various applications in space, in high-energy particle environments and for medical use (1_2). 
Continuous and reliable operation of RADFETs in space requires that the acquired data (in the 
form of transistor threshold voltage shift) would be retained during the entire mission time. 
Partial recovery (fading) of the threshold voltage would obviously disrupt the correct 
interpretation of the measured dose. Recently, the NMRC 400 nm implanted gate oxide RADFET 
has become widely used in various space projects. 

Our goal was to study the factors affecting the differences in response and fading of different 
RADFETs. In particular, we compared RADFETs of different gate oxide thickness (400 nm and 
1 |im), with and without boron implantation through the gate. Boron implantation in these 
devices is done to reduce their initial threshold voltage. Measurements of current-voltage (I/V) 
characteristics, charge pumping (CP) and threshold voltage shift in situ during irradiation and 
subsequent room temperature annealing have been performed. Differences in evolution of 
charge-trap density during irradiation and post-irradiation annealing are shown to be the source of 
the dissimilarities in RADFETs fading characteristics. 

THE EXPERIMENTAL SYSTEM 
We have studied 400 nm and 1 |im boron-implanted and unimplanted gate oxide RADFETs, 
produced at Tyndall National Institute, Cork, Ireland (formerly NMRC). Irradiation to 4 krad was 
performed with a 60Co source under dose rates of 170 rad/h. Irradiation was carried out either at 
grounded or biased-gate RADFET configuration. Annealing was performed at room temperature 
following irradiation under the same conditions. 
The measurements of the RADFET threshold voltage and I/V plots were performed using an 
automated system comprised of a Keithley 236 Source-Measure Unit and a 2400 SourceMeter, as 
well as an Agilent 3499B Switch/Control System. CP measurements were conducted employing 
a TTi TGA1241 Arbitrary Waveform Generator. All instruments were controlled by dedicated 

NI-LabVIEW software. 

RESULTS 
The radiation response and annealing of 400 nm and 1 |im gate oxide RADFETs are presented in 
Fig. 1. The 1 |im RADFETs are more sensitive to radiation damage than the 400 nm RADFETs 
because of the thicker gate oxide layer. 
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Fig. 1. Radiation response and annealing of nonbiased (a) and biased (b) 400nm and 1 fim gate oxide RADFETs. 

The fading of unimplanted 400 nm RADFETs is lower than that of the corresponding implanted 
ones. This difference has been attributed to the additional defects caused by the boron 
implantation process, which increases the sensitivity but reduces the long-term stability of the 
implanted RADFETs. Unlike for the other RADFETs, the fading values of the biased 400 nm 
implanted RADFETs are extremely higher than those obtained at nonbiased configuration. 
Changes in charge trap densities were extracted from the measured I/V curves by the midgap 
technique of Winokur and McWhorter(3), and plotted against irradiation dose and annealing time. 
The plots of the change of fixed traps (i.e. oxide traps) density (AMI) and the change of charge-
switching traps (i.e. interface and border traps) density (ANst) vs. dose and annealing time for 
400 nm implanted RADFETs are presented in Fig. 2a. The 400 nm implanted RADFETs show a 
huge increase of switching traps during irradiation under bias with respect to nonbiased 
RADFETs, in contrast to all other RADFET types. The CP curves (Fig. 2b) of the 400 nm 
implanted RADFETs show a much smaller difference between interface trap formation in biased 
and nonbiased configuration. In most I/V curves measured for biased 400 nm implanted 
RADFETs substantial fading of switching traps was observed during the annealing phase. This 
fading, however, was not observed in the CP plots. 
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Fig. 2. a. AATt (rectangles) and ANst (circles) vs. dose and annealing time for 400 nm implanted RADFETs. Shown 
are the nonbiased condition (full symbols), and of biased RADFETs (crossed and empty symbols). 
b. Interface trap density of nonbiased (full circles) and biased (empty circles) 400 nm implanted RADFETs during 
irradiation and annealing measured by Charge Pumping technique. 
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Because interface traps do not anneal at room temperature, the most probable explanation to the 
increased creation and fading of switching traps in 400 nm implanted RADFETs under bias is 
formation and annealing of border traps. Our I-V measurements which are made with a slow 
sweep rate may count an oxide trap as a switching trap if the former is close enough to the 
interface and may exchange charge with the Si within the time frame of the measurement. Thus, 
during irradiation phase of 400 nm implanted RADFETs, a high density of border traps were 
created under bias, and being closer to the silicon the border traps are more easily annealed 
during the annealing phase. 

The CP method counts almost exclusively the interface traps as switching traps. Despite the 
limitations of the two techniques, combining them allows us to clearly show the difference 
between the tested RADFETs and to conclude that a large amount of switching oxide traps 
(border traps) was generated during irradiation of 400 nm implanted RADFETs, and later faded 
during the annealing phase. 

Differences in oxide growth process and in ion implantation conditions may affect the number 
and characteristics of the traps formed within the gate oxide. The higher concentration of 
implanted ions in 400 nm is expected to cause different additional damage when reaching the 
critical region near the Si/Si02 interface, e.g. increased formation of border states. The process 
variations can account for the differences in response and fading of the different gate oxide 
thickness RADFETs and between implanted and unimplanted samples. 

CONCLUSIONS 
The origin of the different behavior of implanted and unimplanted gate oxide RADFETs varying 
in oxide thickness during irradiation and post-irradiation annealing was studied in detail. We 
showed that the significant fading of implanted 400 nm RADFETs under bias might be the result 
of unexpectedly high creation of border traps followed by their excessive annealing. This 
variability in fading characteristics and border trap density in different gate oxides may originate 
from differences in the nature of the traps inherent to the specific gate oxide growth parameters 
and differences in ion implantation process (boron ions energy and dose). 
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Gamma Detector with Compton Rejection 

E. Gonen, U. Wengrowicz , J. Nir , Y. Sayachi , Y. Kadmon , D. Tirosh 

Nuclear Research Center-Negev, Beer Sheva, Israel 
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The Performance of a CsI-BGO Based Anticompton Spectrometer 

I. Israelashvili, Y. Ben-Dov, E. Gonen 

Nuclear Research Center- Negev, Beer Sheva, Israel 

INTRODUCTION 

In the search for mobile systems for remote sensing of gamma radiation with improved 
sensitivity to low intensity radioactive sources in the background, we developed a Compton 
suppressed scintillation detector based on a CsI(Tl) main spectrometer surrounded by a BGO 
cylinder. The performance of the system was evaluated by measuring the spectra of several 
radioactive sources and natural background, with the AntiCompton (AC) condition on and off 
. The performance of the system was compared to that of the NANOSPEC 2"x2" CsI(Tl) 
spectrometer by TARGET. The performance of the CsI-BGO system was found to be better 
then that of NANOSPEC by nearly a factor of 2. Theoretical simulations indicate that a 
further 30% improvement is achievable. 

EXPERIMENTAL DETAILS 

Figure 1. : A schematic 

description of the CsI-

BGO AC system 

Csl (PMT 
not shown) 

A schematic description of the CsI-BGO AC system is given in fig 1. The main spectrometer 
was a 2"x2" CsI(Tl) crystal viewed by a 2" PMT. The BGO cylinder was 2 cm thick and 7 
cm long, viewed by 6 PMT's, 2 cm in diameter each. The CsI-BGO assembly was 
manufactured by SAINT-GOBATN. The dedicated electronic card, designed and 
manufactured at the NRCN, enabled turning the AC condition on and off at will, namely, 
either using the BGO as a static side shield (AC off) or, using in addition the signals from the 
BGO crystal (only those cause by Compton events originating in the Csl) to prevent signals of 
incomplete charge collection in the Csl scintillator, from being accumulated in the measured 
spectrum (AC on). All power supplies, amplification and shaping circuits were on board the 
dedicated electronic card. 
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Remote Fast Amplifier for In-Core Fission Chamber 

J. Nir, E. Marcus, A. Algom, E. Gonen, D. Sadan, Y. Kadmon, D. Tirosh 

Nuclear Research Center-Negev, Beer Sheva, Israel 

INTRODUCTION 

A remote fast amplifier was designed for use with a fission chamber for neutron flux 
measurement. Key specifications were counting rate over 106 counts per second and operation 
with a 100 m cable for connecting the amplifier to the fission chamber. These specifications 
dictated that the amplifier should have a low input impedance of 50Q to match the cable's 
characteristic impedance. 

Amplifier configurations, using an operational amplifier in the first amplification stage, were 
considered but failed to satisfy low noise requirement or tended to oscillate due to capacitive 
input. The chosen configuration for the first stage of the amplifier was a common base transistor 
amplifier. This type of amplifier is known for its well defined low input impedance and fast 
response [1]. 

CIRCUIT DESIGN 

In the heart of the circuit, a classic common-base transistor amplifier was assigned. In the 
common-base configuration, the input impedance was set to 50Q by setting the proper bias 
current in the transistor. Additional circuitry in the input allows test signal injection without 
physical disconnection of input signal. 

A second gain stage improves the gain and allows the circuit's output to drive a transmission line. 
See figure 1. 
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Figure 1. Simplified amplifier schematics 

The dominant noise source is the transistor's shot noise. The level of that noise is determined by 
the factors of transistor's bias current and circuit's bandwidth. The bias current could not be much 
reduced because the input impedance would become higher than 50Q. However, the bandwidth 
was limited to improve noise performance. 
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CdTe Spectral Resolution Improvement through Rise-Time and 
Energy Based Correction Function 

M. Sheinfeld1, A. Beck1, Y. Kadmon1, D. Tirosh1, E. Marcus1, G. Shani2 

1Nuclear Research Center, Beer Sheva, Israel. 2Department of Biomedical Engineering, Ben 
Gurion University of the Negev, Beer Sheva, Israel 
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Development of G a m m a and Neutron Personal Radiat ion Detector 

E. Dolev1, U. Wengrowicz1, A. Manor1, I. Brandys1, R. Atias1, D. Tirosh1, A. Osovizky2, 

M. Ellenbogen2,T. Mazor2,N. Tal2 

1 Nuclear Research Center-Negev, Beer Sheva, Israel 2Rotem Industries Ltd, Beer Sheva, Israel 

INTRODUCTION 

Illegal trafficking of nuclear materials and other radioactive material has been an issue of concern 
in the last decade and required for enhanced control and security of nuclear and radioactive 
materials. In response to that threat, an integration approach for the protection against nuclear 
terrorism has been adopted and activities concerned with physical protection of nuclear materials 
have been taken by world wide agencies. The first combating line against illicit trafficking and 
movement of radioactive materials is designated to Personal Radiation Detectors (PRO). These 
instruments worn by law enforcement personnel in the course of their regular duties constitute a 
flexible 'moving curtain' enhancing the detection capability of sites such as airports and seaports. 

The PDS-100, developed by NRCN engineers for Rotem Industries, is a PRO unit designed to 
meet ANSI 42.32[1] standard. The instrument is a very sensitive gamma and gamma/neutron 
PRD, easy-to-use, small in size, similar to a typical mobile phone, robust, water resistant and 
battery operated. 

PDS-100 DESCRIPTION AND MAIN COMPONENTS 

The PDS-100 generates a visual, audible and vibratory alarm when radiation intensity of gamma 
rays and/or neutrons exceeds background level. The PDS-100 can be carried on a belt for hands-
free operation or hand-held for searching and identifying a nearby suspected item. Operating in 
silent mode, the PDS-100 can warn the operator of the 
presence of radioactive materials, without alerting other 
persons in the proximity. 

The PDS-100 main detection components are cylindrical 
crystals, CsI(Tl) scintillator for gamma field and Lil(Eu) 
scintillator for neutrons, optically coupled to a 
photomultiplier tube. Although PRDs can be made with 
one of several different types of gamma radiation 
detectors, currently, only scintillation detectors are 
considered sensitive enough for this application. The 
scintillation detectors meet the ANSI radiologist 
requirements: for gamma a minimal detectable level of 
50 |iR h"1 within 2 seconds or 30 |iR/h within 5 seconds 
with detection probability better than 95% in backgrounds 
up to 100 |iR h"1, and for neutron a minimal detectable 
level of 2.5 n/s/cm2 within 2 seconds with detection probability better than 95%. To achieve the 
highest neutron detection efficiency, the PDS-100 should be worn close to the body to utilize the 
additional moderation from the body. 
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The graphic Organic LED (OLED) display providing continuous excellent digital readout, 
together with two operation keys, make the PDS-100 a simple, easy-to- use device. An internal 
Multi-Channel Analyzer (MCA) together with Infra Red Data Acquisition (IRDA) and Bluetooth 
(BT) wireless communication abilities, enable collection and transmission of the source 
radioactive energy spectrum, in order to identify it. IRDA and BT can also be used as a 
communication channel for set-up of the instrument parameters, to retrieve data from the 
instrument and also to upgrade the PDS firmware. The alarm threshold is pre-set and 
automatically compensated for background changes before the PDS-100 is being issued to the 
field users. In addition, background is evaluated on switching on, or by pressing a button in order 
to minimize false alarms without significantly reducing the system sensitivity. 

The PDS-100 has two user profiles: ROUTINE and EXPERT. The ROUTINE profile is designed 
to operate in the simplest manner, as a monitoring/alerting device. The EXPERT profile is 
designed for professional radiation control personnel. This profile provides the operator with 
extensive information necessary to evaluate a situation involving radioactive materials. 

The PDS-100 has two modes of operation: DETECTION mode and SEARCH mode. In the 
DETECTION mode the instrument awaits to alert for abnormal change in environmental 
radiation. The instrument is expected to be operated in DETECTION mode most of the time. The 
SEARCH mode is designed to assist the operator to locate a hidden radioactive material. In the 
SEARCH mode the observed counts are integrated over one second or less, to allow a fast 
response time. 

ENVIRONMENTAL CONDITIONS 

The PDS-100 withstands severe environmental conditions. The instrument case is PC+ABS 
plastic injected, where metal inserts are ultrasonically planted for increasing the case strength. 
Rubber shock absorber between the two main case parts, combined with layers of foam around 
the sensitive parts, provide ruggedness and enable the instrument to withstand drop from 1.5 m to 
hard concrete without significant damage. 

Operation in a wide temperature range of -20°C to +50°C is enabled due to an internal 
temperature sensor connected to the outer surface of the crystal and to an algorithm compensating 
module for environmental temperature changes. The instrument is splash proof for reliable 
operation in rain and high humidity conditions. It can also withstand a light decontamination 
procedure. An inner acoustic chamber combined with an amplifying circuit was designed in order 
to achieve a loud alarm above 85dB at a distance of 30 cm, to enable noticing it in noisy 
environments. 

Inner conductive paint helps to achieve Electromagnetic Interference (EMI) immunity. The PDS-
100 withstands an electromagnetic field of 10 kV/m for a frequency range of 100 MHz to 10 
GHz, and is not interfered by cell phones and radio transmission. Two AA batteries provide 200 
hours of continuous operation. 
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Training Probe for Radiat ion Monitoring Teams 

A Broide1, E. Marcus1, A. Manor1, E. Vax1, Y. Cohen1, Y. Kadmon1, D. Tirosh1, 
B. Ashkenazi2 

1 Nuclear Research Center-Negev, Beer-Sheva, Israel 2Rotem Industries Ltd, Beer-Sheva, Israel 

INTRODUCTION 

A radioactive plume is formed in case of a nuclear plant malfunction such as a reactor breach. 
This cloud can be carried away and expand in correlation with the wind speed and direction, 
occasionally for a long period of time. It is important to determine the position and activity of the 
radioactive contamination remaining on the ground. Radiation monitoring teams conduct 
trainings on a regular basis to keep operational competence. In these trainings radiation sources 
with short half-life are dispersed to simulate the radioactive contamination. There are two 
problems with this method, the teams are exposed to unnecessary radiation and the plume 
simulation is not accurate. In order to overcome these problems, a training probe which is used 
with the RAM R-200 radiation survey meter was developed. This paper presents the training 
probe main features and the ways to overcome the problems of training radiation monitoring 
teams. 

DESCRIPTION 

The location and intensity of the radiation and contamination sources are determined by an 
original PC software. The training probe is then preprogrammed via RS-232 port with the 
locations and activities of these virtual radiation sources. When the probe operates in the training 
area, it receives the location of the RAM R-200[1] via GPS and according to this location and that 
of the virtual sources, the probe calculates the radiation level and sends the data to RAMR-200 
for display. During the training, the radiation monitoring team member surveys the ground in 
search for contaminated areas. Approaching locations of increased radiation levels initiates the 
RAMR-200 alerts and the team member can map the contaminated area. In this way the exposure 
to unnecessary radiation levels is reduced and the team member is still able to be trained and 
improve his monitoring capabilities. 

The training probe is constructed of three sub-systems (see block diagram in figure 1): 

1. Microprocessor subsystem responsible for: 
• Communication with the PC. 
• Computing the radiation levels based on the radiation sources and the probe location. 
• Communication with the RAMR-200. 
• Receiving inputs from the push- buttons and displaying information on the LEDs. 

2. Buttons and LEDs sub-system responsible for: 
• Indication of the probe's operation mode. 
• Indication on the GPS status and the quality of the satellites signals. 
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Portable Neutron Search Detector 

U. Wengrowicz, A. Broide, R. Seif, J. Nir, R. Gihon, E. Marcus, Y. Kadmon, D. Tirosh 

Nuclear Research Center-Negev, Beer-Sheva, Israel 

INTRODUCTION 

A portable Neutron Search Detector (NSD) has been developed in the NRCN. The NSD is a high 

efficiency detector for counting fast and thermal neutrons with improved gamma rejection. The 

detector measures from background to a count rate higher than 1000 cps. The NSD includes two 

operating modes: count rate and count integration. In count rate mode, the fast response enables 

detection of hidden sources; in count integration mode an accurate flux measurement is achieved. 

The neutron detection is based on two 3He tubes installed within a polypropylene moderator. 

Low background is achieved by discrimination of gamma and electronic noise pulses. 

The NSD consists of four main units including the following components: 

1. Detection unit - two 3He neutron tubes, polypropylene moderator. 

2. Signal processing unit - charge amplifier, discriminator, filters for gamma and noise 

rejection. 

3. Power supply unit - operating voltage supply for the electronic circuits, HV for the 

sensor. 

4. Display unit - data processing, serial communication, Human Machine Interface (HMf) 

including display and control buttons. 

The above units are assembled in a rigid carrying case as shown in Figure 1. 

The physical conception of neutron detection by NSD will be reviewed in this paper. 

PHYSICAL CONCEPT AND SYSTEM DESCRIPTION 

Neutrons have mass but no electrical charge; they cannot produce ionization in a detector, and 

therefore cannot be directly detected. Detection is based on nuclear reaction (conversion process) 

between the neutrons and target materials. In the NSD[ the neutrons interact with the nucleus of 
3He atoms releasing a kinetic proton and tritium nucleus. 

The chance for an interaction, called cross section, is mainly based on the neutrons energy. The 

detector efficiency is in direct correlation with the cross section. The lower the neutron kinetic 

energy the higher the cross section, therefore to increase the detector sensitivity neutrons should 

be moderated. An effective moderator should have high hydrogen concentration such as: Paraffin 

or Polypropylene. 

The detection process within the 3He sensors is based on the following reaction: 

lvalue 

1"' 3"~ * \p+lH + Qvalm 0n + 2He 
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An Environmental Model for Limiting the Radioactivity 
Content of the Building Materials 

V. Steiner 

Radiation Safety and Noise Abatement Dept, Ministry of the Environment, Jerusalem, Israel 

Present technological-economical constrains require the enhancement of the radionuclide 
concentration in building materials and therefore to impose regulations on the products. 

This work describes the Israeli Standard 5098, the first binding regulation in the world to limit 
the radioactivity content in building products, presently under revision. We present a new 
approach to define the radiation index by setting the reference dose in the environment. We 
show improved index coefficients, obtained by a more realistic and accurate calculation. 

By this approach, all present building materials are accepted and at the same time we limit the 
excess annual ionizing radiation dose to the general population to less than 0.3 mSv, as 
compared to the environment. 
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Monitoring and Survellance of Radio-Cesium in Cultivated Soils and 
Foodstuff Samples in Israel 18 Years after the Chernobyl Disaster 

N. Lavi1,G. Golub1,Z.B. Alfassi2 

1 Environmental Services Company Ltd, Env. Radiation Lab, Tel Aviv, Israel. 2Nuclear 
Engineering Department, Ben Gurion University, Beer Sheva, Israel 

Following a nuclear explosions and accidents (e.g. the Chernobyl one) a large number of short 
and long-lived radionuclides are released into the atmosphere and could settle on the ground. 
This radioactive fallout results in a large number of radioactive nuclides entering the food 
chain through the plants and animal chain. The most important hazardous radionuclides 

on 111 17 

entering food chain are Sr, I and Cs. Therefore, it is very important to control and to 
examine the radioactive nuclides content in various foodstuff samples as well as in cultivated 
soils. The concentrations of radioactive nuclides in environmental samples (e.g. soils, water, 
vegetation, etc.) are usually very small. 
Therefore, in order to obtain quantitative accurate results the detector must be calibrated with 
a radioactive standard source homogenously distributed in a beaker of the same dimension 
and preferably containing the same material, or at least with the same density, as of the food 
sample. Densities of environmental samples vary appreciably, typically from 0.5g/cm3 (dry 
organic material) to 1.5 g/cm3 (soil). 
The density of commercial milk powders vary from 0.550-0.554 g cm"3 for the common 
powder and 0.678-0.744 g cm"3 for pressed material. This is the reason why it is so important 
to be able to prepare a calibrated Marinelli standard in each laboratory. 
The different densities can be obtained by the use of various powders, either organic or 
inorganic materials, Lavi and Alfassi[1'2]. 
Samples of cultivated soils were taken from the top 5 cm of the soil using a 15 cm diameter 
steel corer. Soil samples were dried at 90° C, homogenized and transferred into Marinelli 
Beakers of 1 L. Two types of foodstuff samples were prepared and transferred into Marinelli 
beakers for determination by gamma-ray spectrometry: samples in original form, (raw 
material) and dried samples which were blended in a fine powder having lower densities of 
0.5-0.7 kg dm"3 

The concentration of radio-cesium and radio-beryllium in foodstuff samples was measured 
together with natural radioactivity (40K and Th, U chains) in Marinelli (reentrant) beakers 
using y-ray spectrometry. 
Due to low amount of radioactivity in raw materials, samples were concentrated. 

Results and discussion 
The results obtained from measurements of radioactivity3 are summarized in Table 1. 
The measured activity ratio of 40K (dry weight/raw material) vs. dry fraction of foodstuff 
samples is shown in Fig. 1. 
Radio-cesium in foodstuff and soils samples varies from 0.1 to 0.5 and from 1.5 to 20 Bq 
kg"1, respectively. 
The concentration of radio-cesium measured in dry milk powders, concentrated from 
composite raw, whole milk samples varies from 0.06 to 0.08 Bq kg"1. 
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Radon Survey of Israel 
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INTRODUCTION 
OOO 00^\ 

Radon ( Rn) is a naturally occurring radioactive gas produced by the alpha decay of Ra. 
222Rn is an inert, colorless, odorless and tasteless gas with a half-life of 3.825 days, produced 
in most soils and rocks. As a result, in all houses, as well as in outdoor air, there is some 
concentration of radon. 222Rn is known as the major contributor to the exposure of the 
population to ionizing radiation. The major source of radon is emanation from soil and rock 
which was extensively studied in Israel(1), with a minor contribution from building materials. 
From miners studies it was established that the health risk related to radon and radon progeny 
exposure is lung cancer. The American Environmental Protection Agency (EPA) estimates 
that 7,000 to 30,000 annual lung cancer deaths in the USA are caused by exposure to 
residential radon. 
In 1998 the Israeli Ministry of the Environment promoted the conduction of the first indoor 
radon survey in the country with two main purposes: a) Estimation of the National average 
222Rn concentration and b) determination of radon prone areas where precautionary steps 
should be applied. The first survey included aproximattely 1650 long term radon 
measurements from which an average 222Rn concentration of 48 Bq/m3 was determined, but 
the attempt to determine the radon prone areas failed. Later on in the year 2003 a second 
survey was initiated, in order to determine the radon prone areas in Israel. 
In this work we present the reanalysis of the first survey data, the methodology used to 
complement the original data with more measurements to determine in a more reliable way 
the radon prone areas and to calculate the national indoor radon average concentration. A 
correlation of indoor radon with the geological conditions is also presented. 

METHODOLOGY 
The first survey data includes 1654 long term radon measurements in dwellings performed by 
an authorized radon service company. The study methodology includes: 

1. Calibration of the first survey data by repetitive measurements in selected dwellings. 
The repetitive long term measurements were performed using calibrated solid state 
nuclear track detectors of the type CR-39 manufactured at Soreq NRC. 

2. A first division of the studied area into 52 natural zones, as defined by the Central 
Statistical Bureau, having almost similar geographical, geological and climatic 
characteristics. Statistical analysis of the first survey data in the above natural zones 
was carried out. 

3. Definition of a robust statistical criteria for the addition of measurements in a natural 
zone based on the number of measurements in the first survey, the size of the 
population, the average and/or the standard deviation of the measured concentrations. 

4. Long term radon measurements at selected locations fulfilling the above criteria. 
These long term measurement were conducted under strict quality assurance program 
(blanks, duplicates and spikes). 
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CONCLUSIONS 
The radon survey of Israeli dwellings, consisting of nearly 2000 measurements was 
completed. 
The National average radon concentration was found to be 47 Bq/m3, identical to the average 
obtained in the first survey performed in 1998. 
The country was divided into 56 regions having similar geographical and geological 
characteristics. The local geology, in terms of radon emanation from rocks and soil, was used 
to define the boundary of several areas. Mount Scopus rocks are well known to exhibit 
relatively high radon emanations. A statistical approach of fitting a Lognormal distribution to 
the radon results was applied. The characterization of each area was based on the probability 
distribution rather than on the single radon measurement. 
Six areas were defined as radon prone according to the ICRP definition. In these areas, radon 
measurements and mitigation steps should be taken in public and private dwellings. The 
major cities in those radon prone areas are: Arad, Meitar, East Jerusalem (the part on MSG 
rocks), Maale Adumim, the part of Carmiel on MSG rocks, Ma'alot Tarshiha, Beit Jann, 
Kisra-Sumei and others. Nine areas were defined as intermediate areas, meaning that further 
efforts should be invested to clearly define their status at a high confidence level. The other 
areas do not present radon problems. 
A stong correlation was found between geological conditions and indoor radon concetration. 
Houses built on MSG rocks have an average radon concentration (80 Bq/m3) almost twice as 
high as houses built on other rock units (43 Bq/m3). This correlation can be used as a planing 
and developing tool in inhabited areas in Israel. 
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INTRODUCTION 
During the past decades Natural Occurring Radioactive Material (NORM) has been receiving 
growing attention by radiation protection agencies, including chronic exposure to radon and 
radiation from building materials. A new Israeli Standard (IS 5098)(1) which limits the 
radionuclide concentration in building material entered into force in 2003. 
Building materials are made of natural raw materials which contain natural radionuclides 
from the 238U-226Ra decay series, 232Th decay series and 40K. The radionuclide concentration 
in the building material depends on the source of the raw material, manufacturing process and 
the addition of technically enhanced NORM (Te- NORM) like fly ash, phospho-gypsum, etc. 
The radioactivity in building materials in Israel have been investigated*-2-*, but not the raw 
materials from local quarries. 
In this paper we present the natural radioactivity in quarries substances in Israel and an 
assessment of the radioactivity in concrete according to IS 5098. 

EXPERIMENTAL 
This study covered a total of 24 quarries all over Israel that manufacture different types of 
quarried substances like Limestone, Dolomite, Basalt, Gypsum, Clay, Gravel and Chalk. The 
quarries were selected according to geological-geographical criteria such that almost all types 
of quarried materials throughout Israel were investigated. Each quarry was sampled for three 
aggregate sizes: 0.15-4.75mm ("sand"), 2.36-9.5mm ("sumsum") and 4.75-14.0mm ("adas"). 
The radionuclide measurements were performed by high resolution gamma spectrometry after 
crushing the sample, overnight drying at 105°C and homogeneization of the sample as 
specified in IS 5098. The samples were then closed in plastic containers and left for 3 weeks 
before counting to achieve secular equilibrium of 226Ra and its progeny. 
Twelve common concrete mixtures were evaluated according to IS 5098 criteria, i.e. standard 
room characteristics and effective dose limit of 0.45 mSv/y, using IS 5098 tables of 
radionuclides concentrations. The "virtual" concrete mixtures were produced using the 
analyzed quarried aggregates from different regions in the country, fly ash, quartz and fossil 
sand and cement. . 
The evaluation was performed according to IS 5098 procedure using the following equation 
for three different wall width and concrete characteristics: 

, _ A(40K) A(226Ra) A(232Th) 

V°K] + [226Ra] + [232Th] 

Where the ["Y] is the radionuclide factor taken from tables in the IS 5098 and A("7) is the 
activity concentration in the building material. Index i = 1, represents an effective dose in a 
regular room of 0.45 mSv/y. 
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INTRODUCTION 

Naturally occurring radium isotopes at relatively high concentrations are found in 
groundwater in the southern part of Israel in two main aquifers of the Negev and the Arava 
Valley: the Nubean Sandstone (Kurnub group) and the Lower Cretaceous (Judea group)(1). 
Radium is being transferred from the host rock into the aquifer by geochemical processes and 
it is commonly found in the groundwater as three isotopes: Ra (half-life of 5.75y), Ra 
(half-life of 1600y) and224Ra (half-life of 3.66d). 
High radium concentrations may play a key role in the potential exploitation and utilization of 
groundwater for drinking water as well as for agricultural purposes. 
Radionuclides of natural origin, including radium, are present in all foodstuffs at varying 
degrees. In essence, the doses from natural radionuclides are not worthy to control since the 
concentrations are mostly low and the resources required to control exposure would be out of 
proportion to the benefits achieved for health. Nevertheless, in prone areas, where radium 
concentrations in the ground water are significantly higher than drinking water standards, it is 
recommended to investigate the effect of using such water sources for agricultural purposes. 
Irrigation with water containing high radium concentrations may imply that the radium could 
find its way into the food chain having been integrated into the plant with the water(2'3). 
Water from the Shizafon 1 and 11 drillings is intended to be used for irrigation. The Shizafon 
drillings are characterized by a radium concentration exceeding the current Israeli drinking 
water standards by ca. 300%. 
The current study investigates the influence of drip irrigation with radium-containing water on 
the culture medium. 

METHODOLGY 
To study the effect of drip irrigation on radium accumulation in the soil radioactive 
measurements of soil profiles (cores) were carried out in an experimental system consisting of 
9 lysimeters filled with local soil (volume of 1.5 m3). Lysimeters are containers that enable to 
carry out controlled experiments including taking a full inventory of water. Cucumber plants 
were planted in each of the lysimeters and irrigation included three levels of 226Ra 
concentration in the water: groundwater enriched with 226Ra to a concentration of 110 Bq/1, 
groundwater from Shizafon 11 with 2 Bq/1 and control water with 0.04 Bq/1. The purpose of 
the treatment with water enriched with 226Ra is to simulate accumulation over a long period of 
time, i.e. to study the effect of many years of irrigation with high concentration of radium-
containing waters. 
In addition, core samples were also taken from soil in Hazeva where drip irrigation is already 
conducted for several years. 
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The amount of irrigation was calculated so that the drainage is up to a third of the total 
irrigation water amount, so not to create a deficit or surplus in the humidity content of the 
culture bed. The water balance was calculated according to: 

ETa =I-D-dW 

where ETa is the evapotranspiration rate, / is the total irrigation amount in mm per area, dW 

is the change in water content in the lysimeter and/)is the amount of drainage in mm per 
area. 
Radium concentrations were measured by gamma ray spectrometry. Soil samples were dried, 
sifted to 1 mm grains, homogenized and sealed in a standard container for a period of at least 
three weeks to achieve secular equilibrium between radon and its gamma emitting decay 
products. 

RESULTS 
The depth profile of the Ra concentrations for the lysimeter irrigated with Ra enriched 
water and Hazeva experiments are shown in Fig. 1. The soil background at the lysimeter is 21 
Bq/kg, while at Hazeva is 89 Bq/kg.. 
The lysimeter experiment showed unique phenomenon of mineral chromatography separation 
on the ground surface, i.e. the minerals were deposited according to their solubility product. 
Minerals that were deposited closest to the drip hole had an average 226Ra concentration of ca. 
5500 Bq/kg. The halite and the gypsum minerals had an average concentration of 45 and 340 
Bq/kg respectively. 
226-Ra concentration in the drainage water was very low, below detection level. 
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Figure 1: Depth profile of 226Radium in a. lysimeter irrigated with water enriched with 226Ra (circles) b. Hazeva 
soil (squares). 
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CONCLUSIONS 
The effect on soil of irrigation of crops with water containing high 226Ra concentration was 
studied. The lysimeter results showed that the 226Ra is mainly concentrated in the upper 15 cm 
of the soil. The fact that its concentration in the drainage water was negligible implies that 
during years of irrigation with water containing high concentrations of radium, the radium 
concentration in the surface layer, the root vicinity, will increase steadily. Hazeva results 
show that the natural radioactivity of the culture bed (top 60 cm) is lower than the natural 
radioactivity of the local soil. This precipitation of 226Ra on the top surface layer may limit the 
use of the soil after decades of continuous irrigation without treatment. 
Rising concentrations in the soil may imply that radium could find its way into the food chain 
for example by being integrated into the plant with the water through its roots. 
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Revision of the Drinking Water Quality Regulations - The Radiological Aspects 

J. Koch, G. Haquin 

Radiation Safety Division, Soreq Nuclear Research Center, Yavne, Israel 

INTRODUCTION 
The Ministry of Health established a commission in 2004 to review and revise the 
Regulations for Drinking Water Quality in Israel. This paper presents the revisions 
recommended by the commission with regard to the radiological quality of drinking water. 

The contribution of drinking water to total radiation exposure is typically very small. It is due 
largely to naturally occurring radionuclides in the uranium and thorium decay series, in 
particular radium-226/228, but releases of radionuclides from artificial origin can also enter 
water sources serving as drinking water supplies (for instance in case of improper medical use 
and disposal of radioactive materials). 

In Israel, almost all water sources are fit for human consumption with regard to their 
radiological quality, apart from some wells in the southern part of the country (in the Negev 
and especially in the Arava Valley). Wells located in the limestone aquifer of the Judea Group 
show high concentrations of radium-226, while wells located in the Nubian sandstone aquifer 
are also characterized by high concentrations of radium-228 and radium-224(1). 

THE CURRENT REGULATIONS 
The current regulations concerning the radiological quality of drinking water are based on the 
following recommendations, as presented in the second (1993) edition of the WHO 
Guidelines for Drinking Water Quality(2): 

• The committed effective dose due to one year's consumption of drinking water should 
be less than 0.1 mSv (for an adult consuming 2 liters per day). 

• For practical purposes, screening levels were set as activity concentrations of 0.1 
Bq/liter and 1 Bq/liter for gross alpha and gross beta activity, respectively. 

• If one of the screening levels is exceeded, then the specific radionuclides should be 
identified and their activity concentrations measured and compared with the reference 
activity concentrations (the concentrations corresponding to the reference level of dose 
of 0.1 mSv/year). 

THE RECOMMENDED REVISIONS 
Annual dose limit 
Since drinking water can be regarded as one of the practices causing exposure of the public 
according to the approach of the ICRP, the commission discussed whether to adopt a dose 
constraint of 0.3 mSv/yr or to stay with the dose limit of 0.1 mSv/yr recommended by the 
WHO. 
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A value of 0.3 mSv/yr has become well established in recent years as the dose constraint for a 
single practice, e.g. in the Israeli standard on the content of radionuclides in building 
materials or for radioactive waste disposal, according to the recommendations of the ICRP(3). 

On the other hand, the WHO recommends again a reference dose level of 0.1 mSv in the third 
(2004) edition of its Guidelines(4), on the following grounds: 

• This value represents 10% of the intervention exemption level recommended by the 
ICRP for dominant commodities (e.g., food and drinking water) for prolonged 
exposure situations^3-*, which is most relevant to long-term consumption of drinking-
water by the public. 

• This value also represents 10% of the dose limit for members of the population, 
recommended by both the ICRP and the International BSS. 

The issue was also raised before the interministerial commission of experts for radiation 
control in Israel. It was finally decided to recommend the WHO value to be adopted, rather 
for public acceptance considerations than on radiological grounds, i.e. taking into account the 
difficulty in presenting to the public a raised standard, which is also higher than the WHO 
value. 

Activity concentration limits for initial screening 
Gross alpha activity: The commission recommended a screening level of 0.2 Bq/1 to be 
adopted (instead of the level of 0.1 Bq/1 in the current regulations based on the 1993 WHO 
Guidelines). This level is lower than the value of 0.5 Bq/1 recommended in the 2004 WHO 
Guidelines, which is well suited for cases in which 226Ra is the main radionuclide. However, 
this level permits to warn about an activity concentration of 228Ra close to the concentration 
limit, which is not necessarily detected by the screening level for gross beta activity. Warning 
is given by the alpha-emitting decay products of Ra (e.g. Ra). 
Gross beta activity: The commission recommended the current screening level of 1 Bq/1 to be 
kept (in accordance with the value recommended in the 2004 WHO Guidelines). 

Activity concentration limits for single radionuclides 
The commission recommended limits to be derived based on updated dose coefficients, i.e. 
the most recent coefficients developed by the ICRP(5). These concentration limits are 
presented in Table 1 (radionuclides from natural sources) and Table 2 (those radionuclides 
from anthropogenic sources found in the 1993 WHO Guidelines and the current regulations), 
as well as the ICRP dose coefficients from which they were derived. It was recommended to 
adopt the calculated values, unlike the 2004 WHO Guidelines in which the guidance levels 
are rounded to the nearest order of magnitude. 
The ratio of the recommended limit to the current limit is also presented in Tables 1 and 2. 
While the ratio is higher than- or equal to one for all radionuclides from artificial sources 
appearing in Table 2, it is 0.8 for Ra and only 0.4 for Ra. The adoption of the new limits 
will therefore cause more wells in the South to be defined as unfit for human consumption on 
radiological grounds, especially in the Nubian sandstone aquifer. 
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Using of Biological Soil Crust as a Top Layer of Radioactive Waste Disposal Site 
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INTRODUCTION 
The present research relates to an environmental friendly method for enhancing the formation 
or recovery or microfloral soil crust, particularly in contaminated area. The authors suggest 
using the biological soil crust (BSC) as a cap layer over contaminant area to minimize 
radioactive waste dispersion to the environment. The new method (invention) was signed as 
patent No. 168527(1). 

OBJECTIVE 
To provide a new method for isolating waste disposal site by accelerating the colonization of 
native microorganisms over a cap layer of waste disposal site. 

WHAT IS BIOLOGICAL SOIL CRUST? 
The biogenic soil crust, being usually between 1 and 15 mm thick(3), and often covering up to 
70% of the arid or semi-arid area, is inhabited predominantly by cyanobacteria, soil bacteria, 
algae, and lichens, which may be accompanied by mosses in more humid areas, the species 
composition varying from place to place*-4-*. Algae and cyanobacteria produce mucilaginous 
polysaccharides that seal the surface and form the crust. 
The most important among the crust organisms are cyanobacteria, called also blue-green 
algae, organisms that have been present on the Earth for at least 3.5 billion of years, and have 
created the Earth's oxygen atmosphere. Cyanobacteria move through soil, and leave 
polysaccharide sheaths behind. The soil grains are glued together by said viscous 
polysaccharides secreted by cyanobacteria or green algae, and form a hard layer(2). 
Filamentous cyanobacteria, such as Microcoleus sp., are especially efficient in the crust 
formation in arid environments. The soil particles are immobilized by being both glued to 
each other and entrapped in the web of fibers, wherein the cyanobacterial basis may be further 
strengthened by green algae, lichen species, or other plants, according to the climate of 
region(3). From among lichens, which are algae or cyanobacteria symbiotically living with 
fungi, Colema may be named as a typical representative, important in microfloral crusts. 

ADVANTAGES OF BSC 
• Reducing water percolation and therefore reducing dramatically leaching of 

contaminants towards groundwater. 
• Reduce soil erosion of the cap layer. 
• Longevity and durability of the crust. 
• Prevent of deep roots plants to grow over the cap layer. 
• Minimizing the maintenance of cap layers. 
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A Study of Damage Evolution in Irradiated Sapphire (Alpha-Al2O3) 
Using Positron Annihilation and Optical Transmission Methods 
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Introduction 
Previous works showed that neutron irradiation of Sapphire, to a dose of ~1018n/cm2, 
increases its strength along the c axis[1]'[2]. It was assumed that damage clusters created during 
the irradiation process, inhibited propagation of twin defects. Our study is focused on point
like defects formation in Sapphire after neutron irradiation to doses of 
{1,2,3,4,5,6}- 1018n/cm2, and their evolution when the material is annealed to temperatures 
between 543K and 1773K for 30 minutes each time. We used positron annihilation lifetime 
(PAL) and optical transmission (OT) techniques, as they are sensitive mainly to cation (Al) 
and anion (O) vacancies, respectively, due to the different effective charge of the empty cite 
in the crystal. 
Experiments and data analysis 
The PAL system is described elsewhere[3]. The time resolution was 240 ps (FWHM). Each 
spectrum contained ~106 events. 22NaCl was used as the positron source (-2-106 Bq). It was 
dried between two Ni foils, lu,m thick. These foils were mounted between two Perspex rings, 
served also as "housing" for two identical samples on both sides of the source. Contributions 
of annihilation processes in the Ni foils, the Perspex ring and the source material itself to the 
lifetime spectra were estimated by measurements of fully annealed Fe (4N) and un-irradiated 
Sapphire. All PAL spectra were fitted, to sum of decaying exponents in convolution with the 
system's resolution function, using POSITRON program^. OT measurements were done with 
a JASCO-570 spectrometer, at wavelength region of 200-800 nm. Anion vacancies are called 
color centers because the energy of an electron trapped in them is quantized, causing light 
absorption in specific wavelength regions and thus a change in the crystal's color. One (two) 
electrons trapped in an oxygen vacancy in Sapphire is called F+ (F) center. F2 and F2

+ centers 
refer to oxygen di-vacacies. Light absorption in F centers in Sapphire dominates over that in 
cation vacancies (V centers)^ The transmission spectra were divided into eight regions. 
Regions 1,2 (200-220 nm, 224-242 nm), 3 (244-290 nm), 4,5,6 (290-318 nm, 320-346 nm, 
346-380 nm), and 7,8 (415-540 nm, 540-610 nm) are related to the wavelengths absorption in 
the F, F+,F2 and F2

+ centers, respectively[5]. The integrated transmission intensity in each 
region was normalized to that obtained from the un-irradiated sample. 
Results and discussion 
PAL results: As the time resolution was not sufficient to distinguish between bulk and mono-
vacancies lifetimes for the un-irradiated sapphire sample, we fixed the value of the shortest 
lifetime on 70ps (the bulk value found by Schaefer and Forster[6]). Table 1 lists the lifetimes 
and relative intensities for all PAL measurements. The fits to PAL spectra from the irradiated 
samples resulted in similar lifetimes and intensities for all irradiation doses. The mean of their 
values are listed in the third row of Table 1. Comparison to the results from the un-irradiated 
sample shows longer x2 and larger intensity, indicating that larger vacancy clusters were 
produced by neutron irradiation and that their concentration was high enough to trap all 
positrons already after the lowest irradiation dose. 

* Corresponding author: Email: israelas(g)bgumail.bgu.ac.il Tel:+972 8 656 8077 Fax: +972 8 656 7878 
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Radiogenic Silicon Precipitates in Neutron Irradiated Aluminum 

E. Brosh, A. Kiv 

Department of Materials Engineering, Ben-Gurion University of the Negev, Beer Sheva, Israel 

Abstract 

A theory of precipitation of radiogenic Si in Al is developed. The aim of this study is to 

predict quantitatively the variation of microstructural parameters such as precipitates number 

and sizes dependently on irradiation parameters. Analogy with deposition of thin films and 

formation of silver halides is discussed. A model for the precipitation of radiogenic Si in Al is 

developed on the basis of the theory of Ostwald ripening in precipitation processes with 

constant rate addition of monomers. The model predicts that after the precipitation process 

enters the "late" stage, the number of precipitates depends only on the ratio between the 

thermal and fast neutron fluxes but not on the absolute values of flux and fluence. A 

quantitative interpretation of the spectral effect, suggested by Farrell (1995), is given. The 

predictions of the model are compared with experimental results. 

PACS Codes: 

28.41.Qb Structural and shielding materials 

28.50.Dr Research reactors 

28.52.Fa Materials 

61.80.Hg. Neutron radiation effects 

61.82.Bg. Metals and alloys 

64.75.+g. Solubility, segregation, and mixing; phase separation 

81.30.Mh. Solid-phase precipitation 

Additional keywords: 

Transmutation, radiogenic, Si, Al, Al Alloys, neutron irradiation, precipitates 
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Kinetic Theory of Self-Irradiation Damage 

E. Yahel, O. Levy, G. Makov 

Dept. of Physics, NRCN, Beer-Sheva, Israel 

Self irradiation is a microscopic mechanism for structural damage in radioactive materials. 

The products of the radioactive decay, the recoiling atom and emitted particle, move through 

the crystal and create local damage in the form of Frenkel pairs. The accumulated damage and 

its development in time under various conditions may affect the macroscopic properties of the 

material e.g. electrical conductivity, elastic moduli, etc. These coarse grained effects may be 

measured by conventional experimental methods. It is commonly accepted that these 

macroscopic effects of the radiation damage are proportional to the bulk average 

concentration of defects formed in the crystal. 

We propose a simple kinetic model for the time evolution of the concentration of self 

irradiation induced vacancies and interstitials. The model includes terms describing the 

microscopic processes of creation, recombination and the capture of defects in crystal 

dislocations. An analysis of this model leads to several conclusions. 

1. At low temperatures the damage saturation time is independent of temperature. 

2. At high temperatures the damage evolution is dominated by recombination and the 

saturation time decreases with temperature. 

3. The kinetics at low concentrations is also dominated by recombination. 

4. The time constants for both short time behavior and long time saturation can be 

explicitly related to the rates of the microscopic processes. 

We apply the model to published experimental data on actinides. 

* Corresponding author. E-mail: loMd@bgu:ac:il 
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Applications of the Alpha Energy Loss Spectroscopy (AELS) 
Method in Solid State Device Fabrication 

L. Arazi, I. Kelson 

Raymond and Beverly Sackler Faculty of Exact Sciences, School of Physics and Astronomy, Tel 
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Optical Slip Ring - Laser Diode Safety and Fault Detection 

A. Amitzi, M. Margaliot 

Radiation Safety, Soreq NRC, Yavne, Israel 

INTRODUCTION 

The Philips Mx8000 IDT is a third generation 16-slice helical CT scanner, with a 60 kW 
generator, 6.5 MHU tube and a fast gantry rotation time of 0.5 sec. The minimal nominal slice 
width for axial scans is 0.6 mm. Several alternatives have been considered in order to meet the 
required fast data transfer between the rotating X-ray tube and the data acquisition and processing 
unit in the new CT system. 
The solution adopted by Philips is the "Optical Slip Ring". Each optical channel gets high-speed 
data communication. The transmission bit rate is 1.28 Giga bit per second. The data is transmitted 
by 4 laser diodes, each connected to an optical fiber. The laser beam is received by a photo diode 
while rotating in the "optical slip ring". 
During the system integration process, technicians who perform tests of laser diodes and optical 
alignments, are potentially exposed to dangerous laser radiation and suffer from dazzling that 
disrupts their work. 
In order to solve this problem, it is necessary to calculate all the safety parameters of the laser 
diodes and choose suitable safety eyewear according to the results. It is also necessary to find an 
effective method for testing the laser diode and make the optical alignments. 
This paper shows the ways to solve simultaneously these two problems: 
1 - Protecting the technicians' eyes, 
2 - Allowing the technicians to identify faulty laser diodes and make optical alignments. 
The solution presented in this document includes the calculations of safety parameters for the 
laser diodes and combines the human eye's photopic response, the laser safety eyewear 
transmission and the fluorescent card spectral response together with the laser diode beam 
characters, which allow the technicians to safely perform all the needed tasks. 

THE EXPERIMENTAL SYSTEM 

The first problem is the technician eye safety. The technical data of the laser diode are: 
Laser beam wavelength - 655-666 nm 
Exposure to beam time frame - 250 ms (Unintentional viewing) 
4 Diode laser output average power - 17.3X4 = 69.3 mw 
Numerical aperture - 0.5 
Laser to target distance - 10 mm 

- Pulse repetition frequency - 1.28 GHz 
- Pulse wid th -300 ps 

Limiting aperture - 7 mm 
Pulse train duration - 250 m 

- C5 =N"25 = .00748 (Effective pulse tram 320 M) 
Ce = 1 for a < amin (Under conservative assumption the 4 diodes are assumed to be point 
source) 
T2 = 10 s for a < amjn 
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The Source of Variation in Policies around the World: 
The Case of Protection of Human Health from ELF EMF 

S. Kandel 

Social Sciences, School Of Public Policy, Hebrew University, Jerusalem, Israel 

Scientific evidence supposedly plays a dominant role in environmental and public 

health regulation. This paper uses the example of Extremely Low Frequency (ELFs) 

Electromagnetic Fields (EMFs) regulation to test whether this is indeed the case. The paper 

first shows that there exists a significant variation in health protection policies for ELF EMFs 

around the world. Some countries adopt the international scientific-based guidelines while 

other countries choose to apply additional precautionary regulations of varying severity. EMF 

policy makers around the world indicate that the Cost Benefit Analysis (CBA) is one of the 

parameters considered for their choice among various policy options. A simple CBA 

framework is presented, utilizing scientific evidence on health risks from ELF as well as 

parameter values used in the CBA studies from California, Netherlands, Israel, and the United 

Kingdom to determine the justification of using several mitigation techniques. This CBA 

using data from the different countries leads to a clear conclusion: under all parameter values 

considered, only the low cost intervention measures, such as re-phasing and compacting lines, 

are justified. Re-routing lines, except in cases of very close proximity to residences, and under 

grounding existing lines cannot be justified due to the high costs involved and the small 

health benefits that are projected. Since the stringent policies cannot be accomplished with the 

low-cost measures, this suggests that if the Cost Benefit Analysis were indeed the basis for 

the policies implemented in different countries, one would expect a smaller variation in the 

worldwide policies observed today. The divergence between the policies that are implemented 

and those that can be supported by the CBA suggests that the CBA is either not used to 

choose the policy, or that other considerations play a much more important role in the 

decision making process. 

Several such considerations are outlined for further study. 
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Environmental Radio Frequency Radiation (RFR) Levels in Israel 

A. Shachar 1,2, R. Hareuveny1, M. Margaliot 1, G. Shani2 

1Radiation Safety Division, Soreq NRC, Yavne, Israel. 2Bio-Engineering, Ben Gurion Unevrsity, 
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Conclusions 
We found that all the measured RFR levels where significantly lower than the ICNIRP 1998 
Guidelines [5]. The main sources of exposure were in descending order: broadcasting radio 
stations (AM), SW broadcasting stations and cellular communication base stations. Other 
sources including TV broadcasting were found to be insignificant compared with those main 
sources (figure 4). The findings defined three general areas in the country regarding the RFR 
levels in descending order of exposure: 

1. Residential areas near powerful radio and TV broadcasting stations. 
2. Residential areas in the vicinity of base stations. 
3.Residential areas without any stations and in open spaces. 

Our future plans include improvement the system by integrating in a geographic location 
system (GPS/GIS) for mapping the measurement areas. In addition we intend to execute 
measurements in different configurations (e.g. day versus night). 
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Figure 4: Typical levels of each spectral subdivision at Residential areas in the vicinity of 
base stations, in nW/cm2. 
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Portable R F Monitoring System and Its Implementation during 

Fast Vehic le Motion 

I. Eliyahu,R. Hareuveny 

Radiation Safety Div, Soreq NRC, Yavne, Israel 

Introduction 

The increased use of radio frequency radiation (RFR) has raised the concern of possible 

hazardous health effects. Those concerns increased the demand for intensive RFR measurements 

over large areas. To response to that demand we developed a mobile RFR monitoring system. 

The system which will be described in the lecture consists of a commercial electric field meter 

(W&G model EMR-300, probe E-8, frequency response 100 kHz - 3 GHz, sensitivity 0.6 V/m), 

a GPS (Magellan model Meridian Color) and a laptop computer. The system is easy to operate, 

and enables to perform fast continuous measurements over large areas. 

However, in recent measurements conducted with a different system e.g. spectrum analyzer 

(Shachar 2004), very large differences (3-4 fold) were found between static measurements and 

those taken during vehicle motion. Although the previous measurements were only preliminary, 

we found it necessary to clarify this phenomenon before going on with large scale surveys. 

Consequently, the aim of the present work was to examine our portable system in various 

conditions (static versus movement in two different speeds) and to characterize the differences in 

the results. 

Methods 
Measurements were performed along a 9 km-road in close proximity to a powerful radio 

broadcasting station. This was done in order to ensure both stable and high enough levels of RFR. 

A paved smooth road was chosen to minimize vibrations of the meter. To reduce possible 

interference of the vehicle with the RFR, the meter was placed on a specially designed non 

conductive cart towed by the vehicle. The cart was covered with a large plastic sheet to protect 

the meter and to avoid other possible undesirable effects. 

Three sets of measurements were performed along the same path and direction: 

1. Static: 68 measurements were taken every ca. 100 - 120 meters, while the vehicle was 

totally at rest. 

2. 40 kph: RFR levels were sampled every two seconds while driving the same path at 

speed of ca. 40 kph, totaling 420 measurement points. 

3. 80 kph: Same as above, while driving at 80 kph (209 points). 
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A Mathematical Model for Assaying Gaseous 
Radioiodine in Charcoal Cartridges 

T. Kravchik1, S. Levinson1, S. Oved1, S. Tsroya1, O. Pelled1, M. Haim2, Y. Livne1, 
I. Ballon1, U. German1 

1 Nuclear Research Center Negev, Beer-Sheva, Israel. 2Ben-Gurion University of the Negev, 
Beer-Sheva, Israel 

INTRODUCTION 
Sampling radioiodine in ambient air or gaseous effluent streams is accomplished by passing an 
air sample through a charcoal cartridge. Since gaseous radioiodine may be presented in various 
chemical forms including elemental and organic species, the charcoal is impregnated with 5% 
TEDA (TetraEthylenDiAmine) to convert organic iodide species to forms that can be collected 
on charcoal. Charcoal cartridges' producers (e.g., F&J) test their cartridges against non
radioactive iodine at concentrations that are about 9-10 orders of magnitude higher than 
radioiodine concentrations that could be encountered in nuclear industry (1). Thus, the suitability 
of their reported adsorption efficiencies to the radioiodine concentration range is doubtful. 
The analysis of a cartridge containing radioiodine is generally performed by germanium gamma-
ray spectrometer (2). The cartridge is counted with the inlet side facing the detector and assuming 
most of the activity is concentrated in the front side of the cartridge (2). When sampling is 
performed for long periods (over several days), radioiodine can be found in deeper parts of the 
cartridge. In such cases the analysis may lead to major discrepancies between the measured value 
and the true value. Another problem rises in very long sampling periods (around one month) 
where breakthrough of the cartridge may occur. In such a case, the measured value does not 
account for the radioiodine that crossed the cartridge. In the present study, a numerical model 
was developed, to estimate the total amount of radioiodine that is adsorbed in the cartridge and 
the amount that breaks-through the cartridge. In order to use the model, the cartridge was divided 
into 14 layers and calibration was performed for the counting of each layer from the front and 
rear sides of the cartridge. Such a calibration has to be performed for each radionuclide and for 
each detector. 

THE MATHEMATICAL MODEL 
The distribution of radioiodine in the charcoal cartridge is dependent on the iodine compound, 
humidity, temperature, sample flow rate and length of exposure. These factors can effect the 
distribution and the penetration depth of the radioiodine in the cartridge. 
The mathematical model assumes, based on published literature (3"5), that each of these factors 
causes a distribution inside the charcoal cartridge which can be expressed by an exponential 
decay function. The resulting radioiodine distribution will therefore be expressed also by an 
exponential decay function. 
An efficiency calibration of the charcoal cartridge for radioiodine adsorption was performed. In 
each calibration stage, a filter containing known activity of radionuclide mixture, covering 
energy range that includes the radioiodine energy, was placed in one of the 14 layers while all 
the other layers were filled with charcoal, and the whole cartridge was counted, using an HPGe 
detector, from the front and rear sides. Using the 14 efficiency values from the calibration 
measurements, the following two equations were solved, using MATHCAD code: 
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Use of Spring-Coiled Shaped Green Algae for Determination of 
137Cs and Potassium Bioaccumulation 

R. Gonen1, E. Katorza1, U. German1, O. Pelled1, E. Cohen2, A. Dody 1, Z.B. Alfassi3, 
R. Marco1 

1 Radiation Protection, Nuclear Research Center Negev, Beer Sheva, Israel. 2Institute for Applied 
Research, Ben Gurion University, Beer Sheva, Israel. Nuclear Engineering, Ben Gurion 

University, Beer Sheva, Israel 

INTRODUCTION 
One of the useful technologies for removing pollutants from the environment is 
phytoremediation. By this method, living or dead plants (including various algae and 
cyanobacteria) are used to concentrate pollutants from soil or from water sources by 
biologically active or by passive processes. We isolated from one of the water pools in the 
Negev green filamentous algae. They exhibited a regular spring-coiled shape typical to 
Spirulina filaments, but lacked the beaded filaments seen in Anabaena which belongs also to 
the cyanobacteria(1). The easily growing algae at the high temperatures of the Negev summers 
(35-45°C) and under extremely alkaline conditions (pH=9-ll), were used to test their 
potential to accumulate radio-isotopes. We performed our investigations by using 137Cs, 
which is a fission product and is regarded as an environmental contaminant. Cesium, 
Rubidium, Lithium and Sodium follow the uptake route of the macronutrient potassium(2) and 
appear to share the K+ transport carrier, therefore they are easily transported into plant cells. 
Potassium is generally considered as an effective inhibitor for radio-cesium uptake by plant 
roots(3). It was also shown that Ca++ and Mg++ depressed the Cs uptake (4). Bioaccumulation 
factors (B AF)(5) were used to predict radionuclide concentrations in whole organisms or their 
tissues. 

THE EXPERIMENTAL SYSTEM 
We grew the filamentous algae outdoors, as a batch culture in nylon sleeves. They grew in 
Zarrouk's medium containing 7.0xl0"7 uCi/ml of 137Cs, bubbled with 1-3% of filtered CO2 
from the bottom of the sleeves. One week from the beginning of growth, two 100 ml samples 
were taken. One sample, containing the algae and the medium was counted by gamma 
spectrometry for determination of total 137Cs content. In the other sample, the algae were 
harvested by centrifugation. The pellets contained the algae, and the supernatant contained the 
growing medium. The algae pellets were washed four times with acidic distilled water (pH=4) 
diluted 1:20, in order to remove organic matter and loosely bound 137Cs complexese. The rest 
of the batch culture was handled in the same manner. The content of 137Cs was determined in 
all samples by gamma spectrometry with a HPGe detector (manufactured by Eurisys 
Mesures®/France) for 50,000 seconds, calibrated to the 100 ml vial geometry. 

The second part of the experiment was dedicated to measurement of other elements present in 
the samples. Three samples were prepared. The washed algae pellet from the batch culture, 
was weighted and divided into two parts. The third sample consisted of a 50 ml sample from 
the growth medium. 
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• The first algae part was used for preparation of the sample for element analysis. The 
fresh tissue was weighted, 4 ml of distilled water was added, and the sample was 
frozen (for homogenization of the elements content). It was then thawed and sonicated 
for 10 minutes. The sample was dissolved in 50.4 ml of 7.8N HNO3, 5.6 ml of 30% 
H2O2 and 500ul of octanol (antifoam reagent). The mixture was stirred and heated to 
90°C for 90 minutes, cooled and adjusted to the initial volume. The potassium content 
was determined by atomic absorption, calcium and magnesium were determined by 
Optic- ICP (ICP-OES, Spectro Company). 

• The second algae part was weighted, placed on a weighted metal disk and dried in an 
oven (80°C), for 24 hours. From 8 hours on, the biomass weight was constant. The 
dried biomass weight was used to evaluate the algae mass concentration in the original 
batch culture. 

• The 50 ml sample from the growth medium was processed as the first algae part and 
used for determination of the elements concentration in the original growth medium. 

RESULTS 
The results obtained from the 100 ml sample are presented in table 1. The algae activity is the 
amount concentrated in the algae mass, after the washing. It can be seen that after the second 
wash no outer contamination is detected. 

Table 1: 137Cs activity of the total mixture (algae+medium), medium (supernatant), pellet's 
wash 1, pellet's wash 2, and algae pellet in 100 ml samples. 

Sample (100 ml) 137 Cs (jiCi/ml) 

Algae + medium 
Medium (supernatant) 

Washl 
Wash 2 

Algae (pellet) 

6.67E-07±1.06E-07 
3.79E-07±8.83E-08 
3.99E-08±2.76E-08 
<MDA(2.25E-08) 

1.52E-07±6.60E-08 

According to these results, by increasing the algae biomass from 0.087 gr/1 (the content in the 
100 ml sample) approximately three times, the Cs activity in the medium will decrease 

Q 

below the minimum detection level (MDA=2.25xlO~ uCi/ml), supposing linearity. No algae 
growth saturation (stationary phase) is expected, as in another batch culture we found that the 
biomass could easily reach a value of about 1 gr/1 (11 fold increase). 
The radio-cesium concentration in the algae, as well as the concentration of other elements, 
can be quantitatively evaluated by using the definition of BAF (Bio-accumulation factor)(5): 

(1) B(7?)i=[i?]i/[i?]w 
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where: 
B(R)[ = bioaccumulation factor of radionuclide R in organism or tissue /'. 
[R]i = radionuclide concentration (juCi /gr. fresh weight) in sample /'. 
[i?]w = radionuclide concentration in water (juCi /gr). 
Figure 2 presents the BAF results for the different elements. The algae potential to 

137, 137/ accumulate Cs, along with inhibitor metals for radio-cesium uptake, can be seen. i J /Cs 
bioaccumulation is remarkable in comparison to the macronutrient 
bioaccumulation, and may further increase in case of potassium deficiency. 
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Fig. 2: Bioaccumulation factors 
of different elements of the 
isolated alga. 
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CONCLUSIONS 
The potential of algae to concentrate radio-cesium was investigated. A Cyanobacterium (blue 
green algae) present in southern Israel, probably belonging to Spirulina species, was used for 
the experiments. The BAF was found to be high, in spite of the presence of high 
concentrations of potassium, known to be an inhibitor for radio-cesium uptake. The 
effectiveness of the phytoremdiation process can be further improved by using a higher algae 
concentration, as values of about 10 gr/1 were reported in the literature for a fed-batch 
culture(6). 

REFERENCES 
1. Canter-Lund, H., Lund, J.W.G. Fresh water Algae, Their microscopic world 

explored. Biopress Ltd, Bristol, England, 194-237, (1996). 
2. Greger, M., Uptake of nuclides by plants. Technical Report- TR-04-14. 

www.skb.se/upload/puhcations/pdf/TR-04-14webb.pdf, 27-29, (2004). 
3. Belli, M., Sansone, U., Ardiani, R., Feoli, E., Scimone, M., The effect of fertilizer 

application on 137Cs uptake by different plant species and vegetation types. 
Journal of Environment Radioactivity, 27, 75-89, (1995). 

4. Smolders, E., Sweeck,, L., Merckx, R., Cremers, A., Cationic interactions in 137Cs 
uptake from solution by spinach. J. Environ. Radiact, 34, 161-170 (1997). 

5. Vanderploeg, H.A., Kercher, J.R., Effects oflimnilogical variables on 
Bioaccumulation factors, in "Radiation research, biomedical, chemical and physical perspectives". 

Academic Press inc., p. 1192-1204, (1975). 
6. Zhang, X.W, Zhang, M.Y, Chen, F. Kinetic models for phycocyanin production by 

high cell density mixotropic culture of the microalga Spirulina platensis. Journal of 
Industrial Microbiology and Biothechnology. 21(6), 283-288, (1998). 

corresponding author : e-mail : rafigonen@bezeqint.net 

The 23rd Congress of the Nuclear Societies in Israel 226 

http://www.skb.se/upload/puhcations/pdf/TR-04-14webb.pdf
mailto:rafigonen@bezeqint.net


S12 - Applied Methods 

Turbulent Airflow Patterns in Nuclear Workplace -
Computer Simulation and Qualitative Tests 
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INTRODUCTION 
Concentration of airborne radioactive materials inside a room can vary widely from one 
location to another, sometimes by orders of magnitude even for locations that are relatively 
close [1]. Inappropriately placed samplers can give misleading results and, therefore, the 
location of air samplers is important. 

Proper placement of samplers cannot be determined simply by observing the position of 
room air supply and exhaust vents. Gas-aerosol flow patterns should be analyzed theoretically 
(numerical simulations) and experimentally, such as the release of smoke aerosols. The 
significance of air and aerosol flow pattern studies depends on the purpose of sampling - for 
estimating worker intakes, warning of high concentrations, defining airborne radioactive areas, 
testing for confinement of sealed radioactive materials, etc. 

When sampling air in rooms with complex airflow patterns, it may be useful to use 
qualitative airflow studies with smoke tubes, smoke candles or isostatic bubbles. The "U.S. 
Nuclear Regulatory Commission - Regulatory Guide 8.25" [2], suggests that an airflow study 
should be conducted after any changes at work area, including changes in the setup of work 
areas, ventilation system changes, etc. 
The present work presents a turbulent gas-aerosol flow patterns study conducted in a working 
room using two methods: a 3-D computer simulation and a qualitative test using a smoke tube. 

COMPUTER SIMULATION MODEL 
A laboratory room, depicted in Fig. 1 was chosen to check the air flow patterns. The overall 
dimensions of the room were 9.4x5.45x3.6 m. It contained various elements arranged in two 
lines. The first line contained three experimental setup and one electrical power supply 
systems. The three experimental systems were represented by three rectangular boxes with 
three smoke sources, placed at the middle of each box. The second line contained a sampler 
and several work-stations. The ventilation air supplies and exhaust vent are shown in Fig. 1. 
The following assumptions, concerning the air flow, were made in the present 3-D model: 

• The turbulent flow inside the room is steady state and incompressible. 
• The interaction of momentum between the particles and the air is negligible. 
• The aerosol flow is dilute. 
• The aerosols (dispersed phase) follow the air path (carrier phase) with the same 

velocity. The turbulent fluctuations of the air affect the aerosol's flow. 
• The material properties are constant. 
• The body force, of the dispersed aerosols, is negligible. 

The 3-D governing equations of the air flow were the mass and momentum equations. 
The Lagrangian equations for the aerosols were solved according to 1cm conical jets, injected 
from points 1 to 3 (Fig. 1). 
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Fig. 3 - Smoke test results inside the room at a 1-2 m height. 

DISCUSSION 
The comparison between the computer simulation and the smoke test results showed good 
agreement with respect to the general direction of the airflow path close to release points 1, 2 
and 3 at 1.5m height. Both evaluations indicated small values of air velocities, around 10 m/s 
and less. It should be pointed out that random air velocities were measured and partial 
agreement with the experimental values was obtained. 

The computer simulated flow field was more detailed and showed some small airflow 
vortices inside the room. These were not observed in the smoke test since they were too small 
and because of the visibility limitations which characterize smoke tests. 

SUMMARY AND CONCLUSIONS 
An airflow patterns comparison study between a computer simulation and a qualitative test 
using smoke tube was conducted. The computed and the measured paths of the airflow were 
in good agreement. Both the computer simulation and the smoke test showed that the 
appropriate location of an air sampler was between points 2, 3 and the west wall. 

The results of this paper showed the applicability of the computer simulation in 
predicting airflow patterns in complex geometrical structure (nuclear workplace) and in the 
decision about the appropriate location of air samplers. Additionally, the computer simulation 
could be a good tool for geometrical and air ventilation design of nuclear workplaces. 
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INTRODUCTION 
A modern Lung Counter system is based on four HPGe detectors. The basic assumption made 
when calibrating the system is that the deposition of the radioactive aerosols in lungs is 
homogenous and therefore the calibration is made with realistic phantoms containing lung sets 
with homogeneous contamination, but the deposition of the radioactive aerosols is mostly a 
function of the aerosol size and breathing rate. In some cases, the contamination can even be 
present in form of single "hot" particles or in form of several particles with heterogeneous 
distribution. As the shape and the location of the aerosols distribution is unknown, there is an 
uncertainty which can reach more then one order in magnitude, depending on the photon energy 
which is emitted (1). The uncertainty can be reduced by taking into consideration the count rates 
ratios of the four detectors. The method employed by us is based on building a normalized 
reference library of the response of the 4 detectors to point source locations in the lungs of a 
phantom, and finding the optimal correlation between the system response to the unknown 
location of the point source and the response characterized by one of the library vectors. 

In the present work, the following aspects were studied: 
- Localization and activity determination of a point source in the lungs, based on the information 

of the count ratios from the 4 detectors, by employing the multi-parameter identification 
method. The use of the information from the several photon energies emitted by uranium 
(separately and simultaneously) was investigated. 

-The influence of the isotopic ratio on the accuracy of the evaluated activity. 

THE EXPERIMENTAL SYSTEM 
The measurements were performed by the NRC-Negev Lung Counter system, which consists of 
four Semi-Planar HPGe detectors (manufactured by Eurisys Mesures- France) and with a natural 
uranium point source located at 56 points in inert (unloaded) lungs of a Lawrence Livermore 
National Laboratory phantom. 224 measurements were done, four cycles for each point. The 
average counts of the four results for each of the detectors, for the 56 source positions, were used 
to build a reference matrix of 56 rows, each row consisting of four values which represent the 
average counts of each detector. Each average was calculated from four experimental values. 
Each row was normalized to unit length. 

RESULTS 
Improvement of the activity accuracy, by finding the physical location. 
The ratio of the 4 detectors count rates is used to determinate the radioactive aerosol location in 
the lungs. Since the efficiency for the point source at a specific location is known, the error in the 
activity determination is greatly reduced. The investigation was preformed by using the different 
photon energies emitted from the uranium and its daughters. Several matching criteria were 
examined, which are described elsewhere(2'3). The study was performed by 3 steps: 
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Enriched Uranium Unat Depleted Uranium 

Fig 1: The percentage of "hits" obtained for different K values, when normalizing the two energy 
peaks together. 

CONCLUSIONS 
The location determination of a "hot spot" in the lungs improves significantly the 

accuracy of activity determination. The average error could be reduced to about 10%, when the 
analysis was based on either the 186 keV peak or the 92 keV peak. 

By analyzing simultaneously two energy peaks, the performance is generally improved, 
when the 63 keV energy peak is not included in the analysis. Also when analyzing 
simultaneously three energy peaks, the disturbing influence of the 63 keV peak can be noticed, as 
the results are not better than for analysis of the other two peaks. 

The simultaneous analysis of two energy peaks is very sensitive to variations in the 
isotopic composition of the uranium source. In order not to reduce the accuracy, separate 
normalization of the two peaks must be performed. 
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PDS-100 Testing and Compliance for PRD ANSI Standard Requirements 
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INTRODUCTION 
In order to enhance the control over illicit trafficking of nuclear materials, the USA Department 
of Homeland Security (DHS) developed a group of standards that specify instruments' 
performance criteria for radiation detection and measurement in a variety of environmental 
conditions. The performance criteria for Personal Radiation Detectors (PRD) are described in the 
ANSI N42.32 standard. 
PRDs are small, lightweight radiation monitors worn on the body for detecting or searching 
gamma and neutron radiation. Their inherent mobility allows closer approach to a suspected 
radiation source. They are required to alert the user about the presence of a source of radiation 
that is distinctly above the local background radiation level. 
A PRD type instrument, the PDS-100, was developed by the NRCN for Rotem industries and was 
designed to meet all the ANSI N42.32 standard requirements. The PDS-100 maintains two user-
profile modes of operation: ROUTINE profile and EXPERT profile. In the ROUTINE profile the 
instrument is operated at the simplest manner as a monitoring, alerting and searching device 
carried on the operator's belt. The EXPERT profile is dedicated for professional radiation control 
personnel and includes spectrum acquisition capability and display of radiological units: |aSv/h or 
|aR/h. 

PERFORMANCE REQUIREMENTS 
PRDs devices such as the PDS-100 are used to detect and indicate the presence and magnitude of 
ionizing radiation. According to ANSI N42.32[1] standard, radiological requirements include 
alerts for fast and gradual increases of gamma radiation levels and for neutrons detection. For a 
rapid gamma radiation increase of 50 jaR/h, the instrument alarm mean time shall not be more 
than 2 seconds. Tests are performed with 241Am, 137Cs and 60Co radiation sources at three 
different ambient background levels of 20, 60 and 100 |xR/h. Detection of gamma radiation 
increase is performed by placing the instrument in a 20 jaR/h background, increasing gradually 
the radiation intensity in a period of 5 seconds, when radiation reaches a 50 jaR/h level the 
instrument has to alert within 2 seconds. Detection of neutrons fluency is performed by placing 
the instrument in the center of a 30x30x15 cm phantom. For an unscattered fluency rate of 2.5 
neutrons s"1 cm"2, the alerting mean time shall be less than 2 seconds. A 95% alert confidence 
level is required for gamma and neutron tests. The mean time to false alarm should be greater 
than 1 hour. The accuracy requirement for jaR/h shall be within ±30% for the whole instrument 
measurement range. Over-range display is required for radiation intensity higher than the 
maximum measurement range. The PDS-100 design considerations for mechanical, electrical, 
electromagnetic and environmental performance requirements are out of the scope of this paper. 
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DESIGN CONSIDERATIONS AND TEST RESULTS 
In order to meet the standard requirements for a PRD type of instrument, an extensive research of 
radiation sensors has been performed during the development of the 
PDS-100. Different types of scintillators, photodiodes and photomultipliers (PMT) were tested. A 
small size, low power consumption detector was selected in order to meet the dimensions and 
operating time restriction derived by the ANSI N42.32 standard for PRDs. The standard requires 
alert in less than 2 seconds integration time for neutrons and for a wide energy range of gamma 
rays. Detectors based on direct detection by photodiode were not sensitive enough for the high 
energy gamma rays. For low energy gamma rays (e.g. 241Am), the intrinsic noise of large area 
photodiodes is generally higher than the output signal of a CsI(Tl) scintillator coupled to a 
photodiode. The best performance was achieved using a compact size PMT coupled to a CsI(Tl) 
scintillator for gamma rays and to a 6LiI(Eu) scintillator for neutrons. A "corkcroft-walton" type 
power supply was developed to provide high voltage for the PMT and thus consume less than 
1mA current from two AA cells. The 137Cs source sensitivity is higher than 2000 cps per mR/h. 
The PDS-100 neutron response is higher than 0.6 cps per n s" cm" . A dedicated analog circuit 
was developed providing simultaneous counts rate measurement for different gamma energy 
windows and for neutrons. The dose rate accuracy for 60 keV to 1500 keV gamma energies is 
better than 10%. The analog circuit also includes pulse processing integration for spectrum 
measurement. 

A sophisticated, real time software was developed. Neutrons are distinguished from gamma 
pulses according to the pulse amplitude. The algorithm for gamma alert considers dose rate 
increase over background and statistical calculations for count rate. The neutron alert algorithm 
calculates both the neutron count rate and the ratio of high energy gamma counts to neutron 
counts. The instrument software provides fast alert for neutrons and for gamma radiation 
increase, with very low false alert rate. To achieve dose rate measurement up to lOmR/h the 
instrument software includes dead time compensation factors for different radiation intensities. 

RESULTS AND CONCLUSIONS 
The PDS-100 has been tested according to the ANSI N42.32 standard requirements. The alarm 
mean time for all the gamma background requirements is less than 1 second for Am and Cs 
sources and about 1 second for 60Co source. The alarm mean time for neutron flux is less than 2 
seconds. The mean time to false alert is higher than 1 hour. Even for radiation intensities 10 times 
higher than the maximum measurement rate the PDS-100 still displays overflow. The accuracy 
for all the measurement ranges is better than ±15%. According to the performed tests, the PDS-
100 exceeds the radiological performance requirements for ANSI N42-32 standard. 
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INTRODUCTION 
In case of a nuclear accident, it is important to estimate the nuclear fallout, i.e., the contamination 
left on the ground surface after the polluted plume has passed. A common radiation measurement 
of the contaminated area utilizes airborne radiation monitoring systems [1]. An innovative 
method for estimation of nuclear fallout activity is suggested, using the airborne detectors' 
radiation measurements. Several estimation algorithms were investigated, however they proved 
to be bound to limitations such as non convergence of the results, poor resolution, high noise 
sensitivity and more [2]. The superior performance, robustness to diverse noisy conditions and 
high resolution capabilities made the suggested method ideal for contamination estimation. 

THE ALGORITHM 
The central concept of the algorithm is based on assumption that there is a resemblance between 
the scattered contamination and the radiation field above it. At first, the contamination texture is 
assumed to be similar to the texture of the radiation field. The contamination values are adjusted 
to cause field values lower than the measured field values. The next step is to calculate the 
difference between those fields and to find, in the same way, a contamination that will cause this 
field difference. The number of steps depends on the required accuracy. After reaching a 
satisfying difference, or when the difference is not reduced, no further steps are required. One of 
the reasons for the difference not getting smaller is when it mostly contains errors such as 
measurement errors. Superposition of all the contaminations is the estimated contamination. 

Input: Measured Field 
Output: Contamination 

1. Field Error = Measured Field; 
2. Contamination = 0; 
3. alpha = 0.1; 
4. for k = 1 to Number ojIterations, 
5. Delta Contamination = Field Error; 
6. Delta Field Error = Calculate Field (Delta Contamination); 
7. Ratio = m&x(Field Error) I max(Z)e/to Field Error) * alpha; 
8. Field Error = Field Error - Delta Field Error * Ratio; 
9. Contamination = Contamination + Delta Contamination * Ratio; 
10. end 

Comments: The straightforward stop condition of a particular number of iterations can be 
replaced by an error depended condition. The error for the condition can be calculated as shown 
in formula (1): 
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Radiation Monitoring System for Explosive and Narcotic Portal 
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Nuclear Research Center-Negev, Beer Sheva, Israel 

INTRODUCTION 
An integrated approach for protection against terrorism should include detection of illicit 
trafficking of nuclear materials, explosives, narcotics, biological and other hazardous 
materials. According to the International Atomic Energy Agency (IAEA) and Homeland 
Security (HLS) department, fixed Radiation Portal Monitors (RPM) should be used in 
checkpoints such as road border crossings and airports or seaports, to detect and alert in the 
presence of gamma and neutron radiation. RPM systems include pedestrian and vehicle 
portals. The pedestrian RPM systems' operation is based on measuring gamma and neutron 
radiation levels, while a person walks-through the detection area. The RPM should alert in 
case the measured values exceed preset alarm thresholds. 
Usually, border crossing checkpoints also include dedicated portals for explosive and narcotic 
detection. Checking pedestrians through a number of portals is a nuisance and it is time 
consuming too. A dedicated pedestrian portal, containing simultaneous detection capabilities 
such as explosive, narcotic and nuclear materials, shall improve the examination ability. The 
possibility to add gamma and neutron measurements for an existing explosive/ narcotic portal 
has been tested. 
This work presents a developed innovative Radiation Monitoring System (RMS), consisting 
of a neutron detector, a gamma detector and data acquisition software. This system was tested 
in a dimensionally compatible dummy portal based on existing commercial specifications. 
The proposed system is totally independent, and uninfluenced from the portal detection 
processes of explosives and narcotics. The RMS function does not disturb in any way the 
portal regular activity. Adding the proposed RMS makes it possible to include detection 
capabilities to a non-radiological portal, according to the ANSI N42.35 standard 
requirements. 

THE SYSTEM DESCRIPTION 
In order to meet all the ANSI N42.35[1] standard requirements for RPMs, different radiation 
sensors were tested. Considering the dimensions and measurement period for detection of 
explosive and narcotic materials specified for commercial ports, radiological capabilities were 
tested by installing the detectors in various locations in the portal. Figure 1 shows the RMS 
block diagram configuration and its proposed installation in a commercial portal. The 
suggested system consists of shelf products manufactured by ROTEM Industries such as the 
RMV software and the neutron and gamma detectors. 
The Neutron Detector (ND) is based on two 3He tubes: c(> = 50 mm, L = 10 cm. The ND 
should be placed inside or outside the portal detection area. It is recommended to locate it as 
shown in figure 1, in order to avoid reduction of the detection area and/or disturbance of the 
portal regular activity. The ND is battery fed or powered by an external DC power supply. 
The ND specifications are: 200mm width, 300mm height, 150 mm depth, 7.2 Kg weight; the 
operating temperature range is -5°C to + 40°C and the count rate is 0 to 10 Kcps. The ND 
measures thermal and fast neutrons till 10 MeV. 

The 23rd Congress of the Nuclear Societies in Israel 239 



. - Abstracts that were not included in the Program 

The 23rd Congress of the Nuclear Societies in Israel 240 



. - Abstracts that were not included in the Program 

The 23rd Congress of the Nuclear Societies in Israel 241 



. - Abstracts that were not included in the Program 

PDS-100 Firmware Update 

Y. Cohen1, A Broide1, R. Seif 1, A. Manor1, Y. Kadmon1, D. Tirosh1, M. Ellenbogen2 

1 Nuclear Research Center-Negev, Beer-Sheva, Israel 2Rotem Industries Ltd, Beer-Sheva, Israel 

INTRODUCTION 

Modern radiation monitoring instruments are based on microcontrollers that collect the measured 
data from different sensors. Common recent radiation instruments measure, display or broadcast 
the spectrum to a host computer. The need for updating the operation code appears from time to 
time, according to client's new requirements, or in order to perform any other code fixing or 
upgrading. In the past, firmware updating of electronic devices including old radiation 
instruments, was very complicated and expensive. Usually, the procedure included recalling the 
instruments to the manufacturer labs where the technician opened the instruments and updated 
the code by replacing the EPROM (Erasable Program Read Only Memory) with an updated one. 
The new code was tested and the instrument was sent back to the costumer. The need for recalls 
is eliminated by a new approach for updating the instruments firmware code at the clients' home-
base. This new approach will be described and elaborated in this paper. 

The PDS-100 (Personal Detection System), a new radiation instrument for homeland security 
purposes developed in the NRCN for Rotem Industries, includes in its features the possibility to 
update software in an easy, efficient and smooth way. 

THE METHOD DESCRIPTION 

The PDS-100 is based on Silicon Labs C8051F060 microcontroller. It processes and calculates 
the data with various algorithms, identifies threshold levels, displays the measured data in 
different modes such as raw data in cps or counts and radiation units as |iR/h or |iS/h. The PDS-
100 has the capability to communicate with a PC, a Laptop or any other host by cable-less 
communication. 

The PDS-100 has built-in Infra-Red (IR) and Bluetooth (BT) communications channels. Both 
channels are used to connect to the host in order to configure and calibrate the 
PDS-100 and to send the data out to the host. IR is a common, easy-to-use, low power and low-
cost media used to transceive information. Among the few wireless communication choices, IR is 
the most common way that offers significant compatibility advantage with a lot of hosts. The BT 
communication capability, model dependent, is a cable-replacement technology. The BT is a 
standard for a small, cheap radio chip to be plugged into computers and electronic devices. The 
BT chip is designed to replace cables by taking the information normally carried by the cable, 
and transmitting it at a special frequency to a BT chip receiver, which will then send the 
information to the computer. 
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FIRMWARE UPDATING 

PDS-100 firmware update is performed via IR, since: 

• The IR port is part of the base module in all the PDS-100 modules while the BT is an optional 
module of the PDS-100. 

• Using the BT wastes a lot of code space whereas the need for code space by IR is smaller. 

The microcontroller has built-in 64 Kbytes of flash memory usually for an application code 
programmed through JTAG (IEEE 1149 Standard Test Access Port and Boundary Scan 
Architecture) interface into the flash memory. The solution consists of two program codes that 
reside at the same flash memory area. One program is an update loader code and the other is the 
application code. The firmware code update process is very critical to the instrument operation 
and has to be reliable for a hundred percent. A fault during the flash programming of the 
instrument will cause a non-operational PDS-100. 

The process was divided into two major steps. The first step is to download the new application 
code transmitted from the PC through the IR into the EEPROM (Electronic Erasable Program 
Read Only Memory) of 64 Kbytes as a mirror of the flash memory code. The code is executed 
only from the flash memory. During the transmission the program checks every line of the 
transferred data. Any fault during code transmission stops the process, and the user can restart the 
process again, or reset the PDS-100 using the current firmware. This is achieved since the data is 
loaded to the EEPROM and not to the flash memory. The second step takes place after a 
successful code loading into the EEPROM. The controller informs the user that the code has been 
checked, verified and ready to be loaded into the flash memory. The new code is copied from the 
EEPROM into the flash memory. This action is performed internally and takes a short period of 
time. At the end of the process the controller resets the PDS-100 which displays the new 
firmware version at the opening message on the LCD display, proving that the upgrading process 
has been performed successfully. 

CONCLUSIONS 

The customer who had new special requirements can obtain the updated application software via 
internet. Using the PC PDSconfig.exe software, the customer can load the new application code 
into the flash memory. This procedure is very reliable and easy to use even by a novice user. The 
process is performed without any cables or opening of the PDS-100, so there is no need for any 
kind of tool to perform this procedure. The only means required for code updating is just a plain 
PC with IR interface. 
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INTRODUCTION 

According to the Department of Homeland Security (DHS) specifications regarding illicit traffic 
of nuclear materials, a Personal Radiation Detector (PRD) has been developed. PRDs are small, 
lightweight radiation monitors worn on the body, used to detect the presence of or to search for 
gamma and neutron radiation. This type of instrument can be supplied to unprofessional radiation 
trained personnel for detection and alert of radioactive materials. 

A wireless connection of PRD instruments to a remote risk assessment center increases the 
possibly to contain a radiological incident in its beginning, until the nuclear Hazards Materials 
(Haz/Mat) specialists estimate and evaluate the event. Integrating spectrometry capability and 
wireless communication into the PRD has many advantages. For example, energy spectrum can 
be transmitted from the field in real time, enabling the specialist at the risk assessment center to 
manage the control actions in an event involving the presence of radioactive materials. 

A PRD developed instrument, the PDS-100, includes internal low power Multi Channel Analyzer 
(MCA) and Blue Tooth (BT) wireless communication. The detector includes neutron and gamma 
scintillators, a PMT tube, novel pulse processing electronics and sophisticated software. In order 
to decrease the power consumption, a Cockcroft Walton type power supply was developed. The 
PRD software enables fast alert in case of radiation increase over background. This work 
introduces the MCA design approach and experiments results showing the actual performances of 
the PDS-100. 

SYSTEM DESCRIPTION 

The system block diagram is presented in figure 1. The MCA design approach is based on 
integration of the PMT pulses during a predetermined time, in order to evaluate their energy. 
These pulses are sampled using successive approximation analog to digital converter (ADC). 
This approach is much simpler and has lower power consumption compared to the traditional 
peak detection and base line restorer circuitry with high frequency and power hungry Wilkinson 
type ADC. 

The need for base line restoring is avoided by allowing a relaxation time following the pulse 
sampling. Pile up correction is achieved by double pulse rejection method. A medium speed, high 
resolution ADC, is used to sample pulse amplitude which is relative to the energy deposited in 
the detector by the radiation interaction. To avoid ADC limitation such as dynamic non-linearity 
and quantization, the resolution is decreased. 
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