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JOSEPH ADAR ( 1925 - 1985)

Prof. Joseph Adar tried to fight off death as he tried to fight

arbitrary dispositions during his lifetime. Even as his body was

punctured and emaciated, and death began to mark his face, Yoka - as we

called him - continued to report to work, sitting at his desk, thinking

and writing. At lunchtime, he would visibly suffer from the effort to eat,

because - as he said - "I am told I must gain weight".

With his passing, there departed from the Israeli scene one of its

foremost scientist-engineers. His excellence was first recongnized at the

Electric Corporation and the wealth of his professional faculties were

successfully summoned, when he was appointed to head the Israeli team

charged with responsibility for the design and construction of the nuclear

research reactor at the Negev nuclear center. After a spell at academic

and industrial appointments, Yoka was recalled to the Atomic Energy Commission,

in order to head its Power & Water Div, when the Government decided that the

time had come to assess the practicality of nuclear power reactors for Israel

and to prepare for the choice and construction of such reactors.

Yoka's analyses of energy needs, comparative venues to satisfy those needs,

coupled with his intimate engineering knowledge, set standards of assessment

which made his name known far beyond the confines of Israel. Indeed, as

late as 1983, he was invited by EPRI to participate in a study designed to

compare the French and U.S. nuclear industries, and to suggest remedies

for the latter.

Yoka was uncompromising in demanding knowledge and understanding -

of himself and others - of whatever subject engaged his responsibility.

He had an inveterate faith in the power of facts and reason and reacted

bitterly to extraneuous considerations which figu re so largely in public

life. He was happiest in purely professional surroundings, yet government

bureaucracy could not do without him and he, for his part, could not do

without it. After all, it was only government which could put his

conclusions into practice. And Yoka was not content with knowing and

thinking and writting alone. Yoka found relief from his sustained intellectual

effort in music, of which his knowledge and discernment were remarkable, in

sailing, and in the loving and wise support of his home.

There are many people who - before passing judgement or voicing opinions -

will say: "I wish I could have talked to Yoka about this".

Shalheveth Freier



P R O G R A M

Monday, February 17th, 1986

08.30-09.30 - Registration - Mexico Bldg. lobby

09.30-12.30- Morning Session
Chairman: Dr. J. Alter

09.30-10.00: Welcome addresses
10.00—10.15: "In memory of Prof. J. Adar" — Prof. I. Dostrowsky — Weizman Institute
10.15-11.30: "HTR - The new alternative for nuclear energy" - Prof. Rudolf Schulten - Julich, FRG
11.30-12.30: "Research Studies for LWR Safety Improvements" Prof. W.E. Kastenberg- UCLA, U.S.

12.30-14.00: Lunch

14.00-16.00: Afternoon Session
Chairman: Mr. G. Frank

14.00-15.00: "Safety Experience of EDF Pressurized Water Reactors" - Mr. Pierre Tanguy - EDF, France.
15.00-16.00: "Comparative Review of U.S. and French Power Plant Construction Projects" - Dr. H. Braun,

EPRI, U.S. (in memory of Prof. J. Adar).

16.00-17.30: Panel Session
Chairman: Mr. M. Katz
"Technological Research & Development Policy in Israel".
Participating:
Mr. Y. Erlich — Chief Scientist, Ministry of Trade & Industry.
Mr. T. Grizim — General Manager, Ministry of Science & Development.
Dr. P. Glickstern — Chief Scientist, Ministry of Energy & Infrastructure.

Tuesday, 18th February, 1986

09.30—13.30: Morning Parallel Sessions (Wolfson Bldg.)

Session 1: Experimental Methods in Nuclear Engineering
Chairman: Prof. Z. Alfassi, room 134

Session 2: Reactor Technology and Safety (1)
Chairman: Mr. A. Einav, room 102

Session 3: Radiation Protection, Nuclear Medicine & Dosimetry (1)
Chairman: Dr. Y. Laichter, room 206

14.30-18.00: Afternoon Parallel Sessions (Wolfson Bldg.)

Session 4: Nuclear Reactor Theory
Chairman: Prof. Y. Yeivin, room 134

Session 5: Reactor Technology & Safety (2)
Chairman: Dr. L. Tepper, room 102

Session 6: Radiation Protection, Nuclear Medicine & Dosimetry (2)
Chairman: Dr. M. Israeli, room 206

(Note: A meeting of the radiation protection society members, will be held in room 206, following the
presentations).

14.00—17.00: Monthly meeting of the society of nuclear medicine continuing medical education — Tel Aviv
University Medical School.

"The role of nuclear medicine in the estimation of bone mineral" (4 lectures).
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THE POWER SHARING FORMULA FOR A SEED/BLANKET CORE

by

A. Radkowsky, M. Segev and A. Galperin

Ben-Gurion University of the Negev

Seed/blanket cores may be looked upon as the forerunners of such

concepts as the fusion/fission hybrid reactor and the accelerator coupled

nuclear lattice. In each case the bulk of power is to be generated by a

subcritical region called the 'blanket', which is activated by a source of

neutrons. In the seed/blanket core the source of neutrons is a small region

of relatively high enrichment which has a multiplication factor greater than

unity. In the other cases the source of neutrons may be a fusion reactor or a

spallation reaction.

Survey studies of a seed/blanket concept can be expedited and efficiently

oriented by utilization of an explicit formula for sharing of power between

the seed and blanket regions. In early work is was assumed that the one-group

formula was a good approximation:

PB vs ks - 1 kB
— = — —r •= !—- , with symbols defined below
PS VB S * ~ kB

Recently an extensive series of calculations on seed/blanket

arrangement was conducted in which the blankets were of thorium oxide

and the seeds contained uranium enriched to 20% in U. In many cases

the back leakage terms were large. Surprisingly the power sharing between

seed and blanket, as calculated by transport theory, seemed in close

agreement with the one-group formula but showed wide deviations from the

two-group formula. At first our results were thought to be due to some

peculiarity of thorium blankets, but a rederivation of the two-group

power sharing formula shows that the explanation lies in the effect of

epithermal absorption in the seeds.
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The following definitions are to be utilized in the power sharing formula:

f = subscript for fission cross section

S H subscript, or superscript, for the seed

B = subscript or superscript, for the blanket

D = diffusion coefficient (CM ) for the thermal group

I = macroscopic absorption cross section (cm ) for the thermal group

K = infinite lattice multiplication factor

v = infinite lattice average neutrons per fission

p 5 infinite lattice escape from capture in the epithermal group

^ B thermal flux in either seed or blanket of a critical SB core

P = power in either seed or blanket of a critical SB core

Consistent with the above definitions, the 'old' and 'new' power sharing

formulae are

(2)

where

r / r

(2. a)

(2.b)

Here I is a surface integral over all BS surfaces and J is a volume
BS B

integral over all B volumes. In other words, the numerator in (2.a) and

(2.b) is the B > S thermal neutron leakage rate measured relative to the

thermal neutron absorption rate in the blanket.

The classical seed/blanket power sharing formula has modified to include

epithermal captures in the seed. The new formula, Eq. (2b) predicts very

well the power sharing in various seed/blanket cores and the changes in

power sharing induced by changes in the magnitude of blanket to seed thermal

leakage.

(6K)

(6K)
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BS +
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REPLACEMENT OF 2-D CALCULATION BY 1-D CALCULATIONS WITH BIAS OPERATORS

Y. FAHIMA and Y. RONEN

Department of Nuclear Engineering

Ben Gurion University of the Negev, Beer Sheva, Is rae l

The Generalized Bias Operator method [1] was applied to replace two

dimensional (2-D) ca lcula t ions by several one dimensional calculat ions

(1-D). The 1-D calculat ions are done for N di f ferent s l i c e s in the actual

system. From the 1-D fluxes, <f>.(x) (j = 1 . . . . .N) , the 2-D fluxes, *(x,y)

map i s bu i l t by some sor t of a simple in terpola t ion method, in the y

d i rec t ion . The system eigenvalue i s then calculated by these fluxes.

The flux i|>.(x) in each s l i c e j , i s obtained from 1-D diffusion

calculat ion corrected with a su i table bias operator. The bias operator

re f l ec t s the differences between the axial fluxes <|>.(x) in each of the

s l i ces as obtained from 2-D or 1-D ca lcu la t ions . The difference between

the 1-D and 2-D <)>.(x) are due to leakage in the y-d i rec t ion .

The code 2DB [2] which or ig ina l ly solves the diffusion equation was

modified to solve the diffusion equation with a b ias operator . The 2DB

code was adopted for the 1-D ca lcu la t ions . Our 2-D calcula t ions were

performed by the diffusion option of DOT 4.2 [3] .

The replacement of 2-D calculat ions by 1-D ca lcula t ions procedure,

described above, was embedded in the BGUCORE [4] . The BGUCORE i s a

system of computer codes for the neutronic analysis of pressurized water

reactor cores . During the analysis of the fuel cycle, many 2-D calcula-

t ions of the core are needed. With the u t i l i z a t i o n of the generalized

bias operator most of the 2-D core calculat ions are replaced by 1-D

calculations.

Cycle 1 of unit 2 of the ZION power station (ZION-2) [5] was calcu-
lated. ZION-2 cores contain 193 fuel assemblies of ten different fuel
types. The ten fuel types come about from three fuel enrichments with
various burnable poison designs. The loading map of one quarter of
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ZION-2 core is shown in Fig. 1.

Two different types of calculations of the core were done. In the

first type of calculations all the core analyses were done by 2-D diffu-

sion code. In the second type of calculations, the core analyses were

performed with 1-D diffusion calculations with the bias operators. The

2-D representation of ZION-2 core and the location of the slices, for

which the 1-D calculations were done, is given in Fig. 2.

The number of mesh intervals in each dimension for the 2-D calcula-

tion is 43. The same division is in the axial direction for the 1-D

calculations for each of the 7 slices. Seven axial fluxes (<t>-(x))

sufficient to build the 2-D flux (<t>(x,y)), since there is a symmetry

along the diagonal.

The main parameters obtained from the two sets of calculations were:

a) critical soluble boron concentration during burnup

b) weights of fissiles fuel (U-235) in subassemblies

c) average power in each of the fuel assemblies

The results of the comparisoTi are given in Figs. 3-5. The results show

quite a good agreement between the two methods of calculations.

The number of mesh points in a 2-D calculation are (43 x 43) and

for 1-D calculations are (7 x 43). Assuming that the computational time

is quite proportional to the number of mesh points, thus, the computation-

al time ratio between the two types of core calculations is (7 x 43)/

(43 x 43) = 0.16, which is a quite large computational time savings

REFERENCES

1. Y. Ronen, D.G. Cacuci, J.J. Wagshal , Nucl. Sci. Eng. 77_, 426, (1981).

2. D. Mathews, "New 2DB Version," Memo 770114032 GCFR, Jan. 14, 1977.

3. DOT-4 Version 4.2, "Two-dimensional Discrete Ordinates Transport

Code System," CCC-320, Oak Ridge National Laboratory, RSIC, Oct. 1979.

4. A. Galperin, M. Segev, A. Goldfeld, and Y. Karmi, "BGUCORE - A

Computational System for Neutronics Analysis of PWR Core," Nucl.

Technol., Sept. 1985.

5. A. J. Impink Jr., B.A. Guthrie, "Reactor Data Physics Design and

Operating Data for Cycle 1 and 2 of the ZION PWR Power Plant," EPRI-NP-

1232, Electric Power Research Institute Report, Dec. 1979.
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2.98
3.18
-6.7

10.35
10.29
0.8

4.51
4.41
2 .2

5.75
5.7i
-0.5

3.92
«.O1
-2.3

5.84
8.13
-5.0

1.01

n.n
-4.0

6.21
6.72
-8.2

2.01
2.16
-8.5

17Q66

11.08
10.85
2.1

8.75
8.52
2.6

V.2S
4.10
3.5

8.2«
8.3»
-1.6

4.00
4.09
-2.3

S.83
6.13
-S.I

3.92
4.17
-8.4

2.90
3 . OS
-5.2

9.49
8.34
5.8

6.8!)

e.ss
3.3

5.82
S.5O
2-1

8.23
6.34
-1.8

3.92
4.01
-2.3

5.70
5.87
-3.0

S.90
1.98
-3.2

5TflNDflR0 ERROR

Fissile fuel (U-235) weights

end of cycle of core ZION-2.

. MUO/MT

11.47
i i . i e
2.7

8.68
8.36
3.7

s. as
8.85
3.3

4.25
4.10
3.5

5.74
5.78
-0.7

3.90
3.64
1.5

2.79
2.79
0.0

( % )

11.47
11.16
2.7

9.50
6.94
5.9

8.75
8.52
2.6

•4. SO
V.41
2.0

8.33
8.17
1.9

2.17
2.14
1.4

- >;

2-0
1-0
ERROR

11.08
10.85
2.1

10.35
10.29
0.6

9.73
9.44
3.0

5.00
4.91
1.8

.20

(in kg) in subassemblies at



10 -

0.770
0.810
S.2

1.070
1.100
2.6

1.2S0
1.260
o.e
1.230
1.20C
-2.4

1.220
1.140
-S.6

l . i e o
1.070
-9.3

1.170
1.070
-B.S

O.S90
0.540
-B.S

BURN-UP

1.600
1.700
6.3

2.170
2.260
4.1

2.380
2.430
2.1

2.1170
i.400
-2.8

2.400
2.2S0
-6.3

2.260
2.020
-10.6

2.340
2.110
-9.8

1.170
1.070

-e.s

1.420
1.450
2.1
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2.260
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-9.3

8673.
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l.eso
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-1.3

2.350
2.290
-2.6

2.410
2.270
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2.260
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1.660
1.840
10.8

..920
2.040

2.360
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2.S
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2.340
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2.400
-2,6

1.230
1.200
-2.4

5TflNDRRD ERROR

Fig. 5: Power sharing in core

normalized to 100%.

MUD/MT
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10.8

1.980
2.080
5.1

2.0S0
2.110
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ZION-2 at burnup

2-0
1-0
ERROR
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1.600
1.700
6.3

0.770
0.610
5.2

.90

8673 MWD/MT -
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HIGH CONVERTOR PRESSURE TUBES REACTORS

Yigal Ronen, Yaakov Fahima and Adi Eaura

Department of Nuclear Engineering

Ben Gurion University of the Negev, Beer Sheva, Israel

In recent years, there is a growing interest in water cooled high

convertor and breeder reactors. Different combinations of fuels as well

as coolants have been suggested. The fuel and coolants combinations that

are considered include:

1. 232Th and 233U with H20
fi:) or D2O

C2) as the coolant.

2. 238U and plutonium with H^3"12-1 or D^13'14-* as the coolant.

3. 2 3 8U, 235U and plutonium with H20 or D20 as the coolant^
14-1.

238 233 232
4. U with U and Th with plutonium with H20 or D-0 as the

coolant(15).

The common denominator in all these concepts was the use of a

pressure vessel type reactor like a PWR.

In this paper we are proposing the use of pressure tubes like the

CANDU reactor instead of a pressure vessel. There are several advantages

to the use of pressure tubes compared to a pressure vessel reactor:

1. Constant refueling, thus decreasing absorptions in poison and

increasing the conversion ratio accordingly.

2. More flexibility in determining the reactor power.

3. Less sensitive to the requirement of negative reactivity coefficient

of voids.

In our analysis, we have considered a CANDU type pressure tube with

61 fuel elements in hexagonal arrangements. The radius of the fuel

elements is 0.428 cm and has a zincalloy cladding of 0.047 cm. The

moderator to fuel volume ratio is 0.5. Thus the unit cell radius is
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0.562 cm. The length of the fuel element is 220 cm. The pressure tube

structure is similar to the one in a CANDU-600 reactor. No calandria

tubes in this reactor. There is no moderator between the pressure tubes.

We have considered a 3000 MWth reactor with 919 pressure tubes. The

total amount of heavy metal in the reactor is 65.8 MT.

We have eight different cases with different combinations of fuel
238 232 233 235

and coolants. The fuels considered, were U, Th, U, U and
jT.q 240 241 242

Plutonium (0.578 Pu, 0.266 Pu, 0.095 Pu, and 0.061 Pu). The

analysis was done with the WIMS-D code and library using the cluster

option. In our analysis we have calculated the value of k -- during

burnup, as well as the conversion ratio (C.R.) and the fj- sile inventory

ratio (F.I.R.). A typical case is given in Fig. 1. In this case we have
238

considered a U and plutonium as the fuel and H_0 as the coolant. The

fissile plutonium enrichment for this case was 8.2%, thus the initial

fissile loading in the reactor was 5396 kg. From Fig. 1 we can see that

the change in k -„ during burnup is quite linear. As a result, it is

quite adequate to use the linear reactivity model. From this model for a

constant refueling reactor the fuel will reach half of its burnup for

k ff= 1.005.Thus, for this case a 33,000 MWD/MT will be the discharged

burnup. The fuel consumption in this case is relatively small and it is

110 kg of fissile plutonium per year with a load factor of 0.78.

The summary of the cases investigated are given in Table 1. From

this table we can s*e that among the cases investigated a true breeding
238

can be obtained for U and plutonium as the fuel and D?0 as the coolant
238 235

(case 3). Fissile plutonium breeding can be obtained for the U, U

and plutonium fuel with H,0 and D70 as the coolants (cases 3 and 4).
232

An interesting case is the one with Th and plutonium as the fuel

and D^O as the coolant (case 6). For this case, a very long burnup can

be obtained (from the neutronic point of view only) with a relatively low

enrichment of 12%.
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A SUMMARY OF THF CASFS ANAI.YZFO (kQ f » I.OOS)

Car» l.nrichmpnt of F i s s i l e Ferti le fool-int Average conversion Discharged F i s s i l e inventory
Niimher f"i«;•= i I*» fuel fuel fuel ra ' io (CR) hurnup MWt>/WT r»tio

[739 . 241) " ^ "2° 0 S ° "

I n

R.('

P"r r i s « i l f |i|nt"ininn only ** For one b.iK-h Infilling (nnt a ronstnnt rrfuol inc) .

8.7 P u 2JRU H,0 0.935 33 0.952
(239 • 2 4 1 )

9.1 ( a s 9 t 2 4 I ) " 8 " 0,0 1.085 50 1.033

8.0 Pu

I.5R6 ;35 ( ) 0 -99 7

ft.O Pu 1.038*

f239 • 241) ?'*ll H20 I . ins* 30
2.M 23S,, 0.922

252Th D,0 1.038 30 1.009

733,, 2.12-. 11,0 O.8S8 31 0.859
II Tn c
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Fig .1 : The change of k f f , Conversion Ratio and Fissi le Inventory Ratio during
238'Burnup of a ° U- Pu - H20 reactor.
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ON THE ADJOINT AND FORWARD SPACE FOR THE SOLUTION OF TRANSPORT PROBLEMS

* +
Z. Shayer and E. Greenspan

Israel Atomic Energy Commission, Licensing Division
P.O. Box 7061, Tel-Aviv, Israel

+Nuclear Research Center-Negev
P.O. Box 9001, Beer-Sheva, Israel

It is well known (see for example, Refs. 1-6) that the calculation of the

response of a detector (real or fictitious) in a system subjected to an

external source of neutrons can be performed either in the forward or in

the adjoint space. The computational effort (computer time and memory

requirements) required for solving a single forward or the corresponding

adjoint equation to a given degree of accuracy is, usually, comparable.

An exception to this situation was recently reported by Caccuci, Wagschal

and Yaari (CWY) ; they encountered a problem in which the accuracy of

the adjoint solution is less sensitive to the order of the angular

quadrature than the accuracy of the forward solution, The purpose of the

present work is to find an explanation for this phenomenon, and to find

out whether there exists the inverse situation, that is, that the accuracy

of the forward solution using a low Sn order is higher than the accuracy

of the adjoint solution using the same Sn order.

The investigation is performed by considering a simple monoenergetic

spherical problem similar to that considered by CWY*- ', The reference

system, depicted at the insert of Fig. la, consists of a 1 mpf sphere

subjected to a central source and characterized by a total, scattering and

absorption macroscopic cross-sections of, respectively, 0.1, 0.09 and

0.01 cm . The performance parameter looked for is the probability of a

source neutron to be absorbed in a detector located at the outer 0,1 mpf

thick shell and characterized by £t = £ a = 0.1 cm" .
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Figure la shows the neutron absorption probability in the detector as

calculated, with ANISN, in the forward and adjoint spaces using different

SJI approximations. It is observed (Fig. la) that the accuracy of the

forward-space solution is sensitive to the angular quadrature order used,

whereas the adjoint-space solution is not sensitive to the SJJ order - thus

confirming the observation of CWY . Carrying-out a parametric study we

found that the underestimation of the absorption probability by a low S^

order forward solution increases the thicker becomes the spherical assembly

and the lower becomes the scattering-to-total cross-section ratio.

Examining the angular flux and adjoint distributions in the reference

system it is observed that, except near the center of the assembly, the

flux distribution is highly anisotropic whereas the adjoint distribution

is close to being isotropic (only the forward angular components of the

flux and adjoint distributions are considered). The strong anisotropy in

the flux distribution is an inherent feature of the specific geometry

considered - a spherical system subjected to a localized central source.

A low-order angular presentation of a strongly anisotropic flux in a

spherical geometry leads to an overestimation of the neutron absorption

probability in each spherical shell (i.e., interval) they are crossing

and, hence, to an underestimation of the leakage from the system (or of

the absorption at the outer layer of the sphere). The larger the

thickness of the assembly, the larger becomes the overestimation of the

absorption probability at the interior of the assembly. The larger the

scattering-to-total cross-section ratio, the more isotropic becomes the

flux distribution and the smaller becomes the overestimation of the

absorption probability at the interior of the assembly.

If anisotropy is the cause of the inaccuracy of the low-order Sj,

approximation, and if the anisotropy is due to the localized central

source in spherical geometry, then one might expect that in a spherical

assembly subjected to a uniform isotropic shell source at its outer

boundary, in which the detector is centrally located, the adjoint

distribution will be more anisotropic, and the adjoint-space calculated
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detector response more sensitive to the angular quadrature order than the

corresponding forward-space results. Figure lb confirms that this,

indeed, is the case.

It is concluded that the adjoint-space solution of the spaerical problem

considered by CWY is more accurate than the forward-space solution,

when both solutions use a low angular quadrature order, due to the

significantly higher level of anisotropy of the forward solution. There

exist problems in which the inverse situation prevails. Generally

speaking, in problems characterized by a localized source and extended

detector the adjoint-space solution is expected to be less sensitive to

the order of the angular quadrature used, whereas in problems

characterized by an extended detector and a localized source, it is

expected that the inverse situation will prevail.
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ON VIOLATION OF THE PRINCIPLE OF LINEAR -
SUPERPOSITION BY DISCRETE - ORDINATE CODES

Z. Shayer
Israel Atomic Energy Commission, Licensing Division

P. O. B. 7061, Tel-Aviv, Israel

and

E. Greenspan
Nuclear Research Center - Negev
P. 0. B. 9001, Beer-Sheva, Israel

The solutions of a linearized Boltzmann equation, such as the

neutron and/or photon transport equation, are to obey the principle of

linear superposition, namely - the amplitude of the flux at a given

phase-space interval (r) due to a given combination of sources should

equal the sum of fluxes at r, each corresponding to a different source

component (the sum of which makes up the full source of the reference

problem). Symbolically, let the reference problem be characterized by a

multi-component source S=£S. and a flux distribution, 0, such that

H0(r)=S. Then the principle of linear-superposition implies that

0(r)=S0.(r), where 0.(r) are the solution of the equations H0.(r)=S.,

and H is the Bolti.~-nn operator.

While applying the discrete-ordinates codes ANISN* ' and DOT-3.5* *

for the solution of neutron transport problems using the recently

developed LTH method , we encountered situations in which the

principle of linear-superposition was not preserved. The purpose of

this Note is to bring ihis violation to the attention of the community

of users of discrete-ordinates codes, and to point to possible remedies

of this violation.

Consider a monoenergetic problem consisting of a one-dimensional

slab of a uniform composition, 12 cm in thickness, represented by twelve

lcm thick intervals. The absorption, scattering and total macroscopic

cross-sections are selected to be, respectively, 0.1, 0.9 and 1.0 cm-1
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The systea is subjected to a boundary source the amplitude of the

angular components of which is unity. A vacuum boundary condition is

applied to both boundaries. The problem is solved with ANZSN using the

S approximation in two ways: (1) The straight - forward or "integral"

approach, in which the systea is subjected to the actual source, and

(2) The "superposition" approach, in which the contribution of each

source angular component to the angular flux throughout the systea is

first calculated, and the overall flux distribution is then obtained by

superimposing the contributions froa all source components. Volume

sources of infinitesiaally saall thickness were used for representing

surface sources in ANISN.

Table 1 summarizes the results thus obtained using two different

numerical interpolation options built in ANISN: (1) The "mixed-mode"

option (which is the option recommended for genral use) and, (2) The

"linear" option. It is found that the principle of linear superposition

is conserved when the linear interpolation scheme is used. This

principle is violated, however, when using the "mixed-mode"

interpolation scheme. Comparing the angular flux components it is also

found that whereas the "linear" and mixed-mode" interpolation scheaes

yield identical distribution of the angular flux due to the S_ source

component (corresponding to the forwardly peaked direction psO.86889),

the angular flux distribution corresponding to the S. source component

(psO.35002) depends on the interpolation scheae used. The saae holds

for the backward pointing (i.e., negative u) flux components. It should

be noted that when reruning the problem using a fine spatial mesh of 1/3

cm thick intervals, no violation of the principle of linear

superposition was observed.

Another dimension of violation of the principle of linear -

superposition was encountered with DOT-3.5, when applied using the

^mixed-Linear weighted" (FXT=4) and boundary source options. The system

considered and an~iHusJtration of the results obtained, w presented in

Table 2. The superposition of the results obtained with all the angular

source components located at interval 1 and at interval 2 is higher, for

the angular flux component No. 3 leaking from interval No. 2, by 18.9%
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Table 1. Contribution of the forward angular source components

(S. and Sg} to the forward angular flux components

(0. and 0 g), and the relative deviation of the linear

superposition of the S.and Sg components, calculated

with the ANISH "mixed-mode", from the exact results.

Spatial
Interval

1
2
3
4
5
6
7
8
9
10
11
12

"Exact"

0. Components

.13345

.75527-1

.44086-1

.25734-1

.15028-1

.87715-2

.51168-2

.29795-2

.17257-2

.98376-3

.53345-3

.22597-3

<

.29996

.17673

.10320

.60253-1

.35177-1

.20533-1

.11978-1

.69745-2

.40397-2

.23028-2

.12487-2

.52896-3

Results8

fiC Components

S4

.19243

.11338

.66203-1

.38654-1

.22568-1

.13175-1

.76887-2

.44827-2

.26061-2

.15022-2

.84385-3

.42616-3

S5

.45574

.26542

.15497

.90482-1

.52828-1

.30840-1

.17998-1

.10493-1

.61003-2

.35165-2

.19753-2

.99758-3

Relative
Deviation(%)d

"4

67.57
12.19
11.65
11.6S
11.68
11.68
11.68
11.68
11.68
11.68
11.68
11.68

e>5

-4.28
11.54
11.66
11.68
11.68
11.68
11.68
11.68
11.68
11.68
11.68
11.68

a.

b.

c.

d.

Calculated using the "linear-mode" (IFLU =1) interpolation scheme.

Angular flux component 0. corresponds to direction cosine

g=0.5300212, whereas a corresponds to p=0.8688906.

S. is the p=0.5300212 source component, whereas S- corresponds to

p-0.8688906.

[linear-superposition of the S. and Sg components calculated using

the "mixed-mode" (i.e., IFL0=0) interpolation scheme]/["exact"

results] - 1.0. Expressed in percents.
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Table 2. Contribution of the total source in each interval, to

the angular flux components 2 and 3 leaking from each

interval as calculated, for the system described below,

using the DOT-3.5 "mixed linear weighted" (i.e. FXT=4)

mode and the S- approximation.

interval

Angle

Source Int.l

Source Int.2

Sum

Source in
Int. 1+2

Relative
Deviation (%)

1

2

0.0

5.3538E-1

5.3538E-1

5.3536E-1

0.0

3

9.9989E-1

5.3538E-1

1.0004

1.0001

0.0

2

2

0.0

0.0

0.0

0.0

0.0

3

4.1880E-1

5.1930E-2

4.7073E-1

3.9593E-1

18.90

Vac. B.C.

Flux

Ret.
B.C.

Source

\x !\Z
Vaccum £,= S = 1.0cm

t a
Vac.
B.C.

Vac. B.C.

Interval No.



relative to the result obtained using the entire source description. It

was also found that the principle of linear - superposition can be

violated when applies to the individual components of the source located

at a given interval; this violation disappared, though, when a uniform

mesh (Ax = Ay) is used.

It is concluded that the ANISN and DOT-3.5 codes may not preserve

the principle of linear-superposition, so that their use for

applications like the solution of the transport equation using the LTM

method should be done with extra care. Improvements are desirable in

the algoritm for the numerical solution of the transport equation so as

to avoid the violation of the principle of linear-superposition.
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THE LEAKAGE TRANSFER MATRIX (LTH) METHOD FOR THE SOLUTION

OF RADIATION DEEP PENETRATION PROBLEMS

Z. Shayer
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and

E. Greenspan

Nuclear Research Center - Negev
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A recursive discrete - ordinates (RSN) method was recently
(l 2)

conceived ' for estimating the adjoint - function distribution for the

purpose of importance sampling in Monte-Carlo solution of radiation deep

- penetration problems. The RSN method was found capable of solving the

adjoint equation with accuracy which is satisfactory not only for
(1 2)

importance sampling, but also for certain direct applications ' .

The present work describes a complementary method for the calculation of

the flux distribution, and illustrates its accuracy and efficiency. This

method will be referred to as the Leakage Transfer Matrix (LTM) method.

The fundamental ingredient of the LTM method is the calculation

of the leakage transfer matrix (referred to earlier ' as the "transfer

matrix")- The element L . . , ,., . of the leakage transfer
g , m , l , 1 —> h , n , 1 + 1 , j

matrix (LTM) is defined to be the probabil i ty that a unit angular f lux
ty . .of neutrons and/or photons pertaining to energy group g emerging

9,m,1,1
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from interval m on surface 1 in direction i (see Fig. la) will

contribute to the angular flux component^. . . . of neutrons/photons
n j n j i * I 9 i

pertaining to energy group h emerging from interval n (=m,m±1,m±2 etc.)

on surface 1+1 in the direction j. Knowing the angular flux components

on surface 1 and all the elements of the LTM from surface 1 to surface

1+1, the angular flux components on surface 1+1 are constructable by

a linear superposition of the individual components contribution.

The elements of the LTM are to be calculated with a standard

discrete ordinates code such as ANISN or DOT-3.5 applied to

relatively small subregions of the assembly. To illustrate the

procedure let us consider the problem of Fig. la. To calculate the

L , . . ... . elements of the LTM, the S code is applied
g,m,l,i—•• n,n,i+i,j n

to the subsystem described in Fig. 1b which is subjected to a

fictitious surface source tf> , .'of unity magnitude. The subsystem
g,m,i,i

consists of the subregion enclosed between surface I and 1+1 to which

a buffer zone is attached, in the external source side, in order to

account for neutrons/photons backscattering effects. Only the forward

pointing angular flux components (i.e., the components pointing

towards the detector half-space) are considered explicitely, so that

the resulting iji. . - . components express the "first emergance"

flux. A single S calculation provides the LTM components pertaining

to all the range of h,n and j variables, gxmxi S calculations are

required for constructing the entire LTM pertaining to the subregion

bounded between surfaces I and 1+1. The LTM thus obtained for the 1

subregion is applicable to all other subregions of the system which

are of the same composition and size and which are far from the source

side of the system by., at least, the thickness of the buffer zone used

for the calculation of the reference subregion. The angular components

of the neutron/photon flux leaving the system (through the close-to-

detector surface) are obtained by first calculating the angular flux

components emerging from surface 1 (see Fig. 1), then operating on these
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Fig.1 A deep-penetration problem used for illustrating

the LTM method of solution.
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components with the LTM pertaining to the transfer from surface 1 to

surface 2, then operating on the resulting flux components (emerging

from surface 2) with the LTM pertaining to the transfer from surface

2 to surface 3, and so on until reaching the outer surface. Knowing

the angular flux of neutrons/photons leaving the system one can

calculate the dose-rate and response of any detector located beyond

the assembly.

To illustrate the accuracy and efficiency of the LTM method,

consider a simple monoenergetic one-dimensional uniform homogeneous

problem characterized by Z , £ and £ of, respectively, 1.0, 0.9

and 0.1 cm . Studying, first, the effect of the buffer-zone thickness

on the value of the LTM it is found that the LTM reaches essentially

its asymptotic value when the buffer-zone thickness is Amfp.

Consequently, two approaches were tried for the solution of the problem:

(J) Approach A - considering a 1mfp thick subregion backed by a 4mfp

thick buffer zone (except near the source side, where the actual system

thickness is used), and (2) Approach B - in which the subregion as well

as the buffer zone thickness are both ^mfp thick.

Applying the LTM method to the solution of a 120mfp thick problem

it is found that both Approach A and Approach B yielded the leakage

flux to within 8% of the corresponding ANISN results. The overall CPU

time required for the conventional ANISN solution using the S,, S~ and

S , approximations was, respectively, ^.7, 5 and 12 folds greater than

the time required by Approach A of the LTM method. Approach B was even

faster, requiring only 1/7, 1/8 and 1/15 of the respective ANISN

calculations.

It is concluded that the LTM method could be useful for the

solution of certain deep-penetration problems and deserves a further

exami nat ion.
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Minimus) weight is the design goal for certain radiation shields, such as

space reactor shields. Much work has been done, in the late sixties and

early seventies, for identifying minimum-weight shield designs (see, for
(4 51example, Refs. 1 to 3). Special optimization methods were developedv '

for this undertaking. These methods, based on boundary-displacement

perturbation theory, are designed to identify the location of the

boundaries of a predetermined number of discrete zones (each zone having

a predetermined, fixed composition) which will minimize the dose-rate

(other radiation effects could be used as well) beyond the shield.

The purpose of this work is to investigate the feasibility for further

reducing the shield weight by designing it to have a continuous (or

homogeneous) rather than discrete (or heterogeneous) composition. The

investigation is performed with the aid of the optimization code SWAN '

which is based on material-replacement perturbation theory. The

application of SWAN to minimizing the thickness of fusion reactor shields

resulted in homogeneous, rather than heterogeneous optimal compositions

(see, for example, Refs. 7 and 8).

The axial shield of the fast reactor designed by ORNL*- ' is used as the

reference for the present study. Its one-dimensional model consists of

spherical layers of tungsten (with M v/o Mo) and natural lithium hydride

(with v4 v/o stainless steel structure) surrounding a nickel "control

plug", a potassium-cooled UN-fueled core and a niobium reflector (see

Fig. 1 for dimensions). The shield extends from 19.05 cm to 112.37 cm.

The W(Mo) constitutes 8.3% of the shield weight (as optimized by ORNL*- ' ) .

One fission neutron, uniformly distributed throughout the core, is used

for the source, while the fission source is suppressed. The calculations

are performed using the SR-P, transport approximation using a 17n + 6y

infinite dillution group cross-sectiofr set derived from the DLC-37
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library (see, Ref. 7 for details).

Starting with a uniform initial distribution of W(Mo) and LiH(SS) across

the given geometry shield, the optimal shield composition arrived at by

SWAN, when subjected to the 8.3% constraint on the W(Mo) content, is that

shown in Fig. la. The SWAN optimal W(Mo) distribution is found to be

discrete, resembling the optimal reference shield composition"• J shown

in Fig. lc, but providing a somewhat better radiation attenuation - the

dose-rate beyond the SWAN optimized shield (of Fig. la) is ̂ 67% that of

the reference shield (Fig. lc). Further investigation of improvement

possibilities carried-out with SWAN revealed that the minimum dose-rate

for a given total weight shield (as of Ref. 3) is obtained when the

W(Mo) weight fraction is ̂ 6%; its value is ̂ 70% of the shield of Fig. la,

or t-47% of the ORNL reference shield (Fig, lc).

The heterogeneous nature of the optimal shield called for by SWAN was a

surprise, in view of the extensive experience accumulated in the

optimization of fusion reactor shields (see, for example, Refs. 7 and 8).

As one check of the validity of the results of Fig. la, SWAN was reapplied

to optimize the W(Mo) = 8.31 w/o shield, but now using only six uniform

composition zones, versus 37 zones considered for the calculation of the

shield of Fig. la. The optimal composition of the broad-zone shield is

shown in Fig. lb; its minimum dose-rate is 1.64 times that of the fine-

zone shield of Fig. la.

Examining the neutron and secondary-photon balance it is observed that

(1) The photons contribution to the total dose, D , is 44% and 55% in,

respectively, the fine-zone and broad-zone shields; (2) Most of this

contribution comes from secondary-photon production in W(Mo);

(3) The direct neutron contribution to the dose, D , in the broad-zone

shield is 1.32 times that in the fine-zone shield; (4) The corresponding

D ratios is 2.07. It is also observed that the contribution to D , of
Y y'

the W(Mo) located in low W(Mo) volume-fraction zones is high relative to

the contribution of high W(Mo) volume-fraction zones.

Analyzing the above evidence along with results from many additional

calculations it is concluded that the heterogeneous nature of the optimal

shield is due, primarily, to a reduction in the w(Mo) neutron capture
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probability brought-about by the heterogeneity. Other factors contribu-

ting to the heterogeneous nature of the optimal shield are: (1) The dual

shielding function of W(Mo) - the most effective location of a given

thickness layer of W(Mo) for reducing D and D is, respectively, the

front and back of the shield; (2) The spherical geometry - a given

quantity of W(Mo) makes a thicker and, hence, a better attenuating layer,

the closer it is to the sphere center, and (3) The weight constraint -

without this constraint the optimal composition would have been more

homogeneous.

It is concluded that optimal minimum-weight W(Mo)-LiH(SS) spherical

shields have heterogeneous composition. The heterogeneity effect is

expected to be even more pronounced than observed in this work, if

resonance self-shielding effects are taken into account.
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A thorough evaluation of a large variety of blanket concepts recently
concluded^ ' that "the self-cooled lithium blanket with a vanadium alloy
structure (Li/Li/V) is the top rated blanket". For tandem-mirror reactors,
the self-cooled liquid metal Li^Pbg-j/Li^Pbgo/V blanket concept ranked
second only to the Li/Li/V blanket.

Magnetohydrodynamic (MHD) considerations are of paramount importance
in the design and performance of self-cooled liquid-metal (LM) blankets (see,
for example, Refs. 1-4); the interaction between the magnetic field and the
flowing LM can have a significant effect on the pressure drop, the heat-
transfer rate, and the corrosion-rate.

It is commonly accepted that the interaction between the magnetic field
and the LM leads, in the fusion reactor blanket environment, to the suppression
of turbulence, and thus to a reduction in the heat-transfer and mass-transfer
rates. When the magnetic field direction is transverse to the LM flow direction,
the reduction in the heat-transfer coefficient, coupled with an increase in the
pressure drop along the LM coolant channel, can significantly complicate the
design of self-cooled LM blankets. For example, the poloidal-flow blanket
configuration (in which the lithium flows around the axis of the tokamak plasma
column) was found^ ' to be "geometrically the simplest among all the desiqn
options (for a self-cooled liquid metal blanket for tokamaks) considered".
However, in designing this blanket it was found^ ' that "the average LM velocity
required to maintain the maximum interface (i.e., first-wall) temperature at
an acceptable level is too high from either thermal efficiency point of view or
from MHD pressure drop (which determines the maximum primary stress level) point
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2.4 MPa; the resulting temperature drop AT is approximately 365°C. The
question is whether T. t could be maintained below 650°C. To address this
question, we solved, numerically, the two-dimensional forced convective
heat-transfer equation for the poloidal channel, using the heat-source
conditions of the reference blanket^ ' and a calculated velocity profile.
The turbulent thermal diffusivity, required by this equation, is deduced
from the theoretical model for "locally isotropic turbulent flows, developed
by Yakhot and Orszag * . This model, which proved to be accurate for
heat transfer calculations of fully developed turbulent liquid metal flows
in ducts, cannot be applied directly to strongly non-isotropic turbulent
flows. Therefore, the thermal diffusivity is scaled proportionally to the
product of the velocity fluctuations and the integral scale of turbulence.
The proportionality factor is based on experimental results^ ' .

Using the above model and assumptions it is found that the FW-bulk LM
temperature difference is ~75°C. For 1^ t = 650°C this implies T Q u t = 575°C
and coolant inlet temperature of 210°C. Alternatively, choosing u = 0.2 m/s
and T i n t = 650°C we find that Ap = 3.2 MPa, FW-bulk LM AT=55°C, T Q U t =595°C and
T i n = 320°C. Hence, for a comparable Ap, T t of the poloidal blanket can
be higher than that of the geometrically more complicated toroidal/poloidal
blanket (Ap = 2.85 MPa and JQUt = 550°C^

5h presently perceived (1'2>5) to be
the most attractive self-cooled LM blanket design concept. Another contribution
of the enhanced turbulence is uniformity of the temperature distribution across
the LM channel without the need for any mechanical measures (such as proposed
in Refs. 3 and 5).

It is concluded that the enhanced two-dimensional turbulence might
significantly increase the attractiveness of self-cooled liquid-metal blankets
by enabling (1) the design of simpler and, possibly, cheaper blankets, and
(2) the attainment of lower pumping power requirements and higher energy
conversion efficiency.

It is recommended that:
(1) A vigorous investigation aimed at a thorough understanding of the

turbulence phenomena in a presence of a strong magnetic field be performed, and
(2) The possibility .of designing realistic blankets benefiting from these

phenomena be studied.
The implications of the enhanced turbulence on the possible increase in the

first-wall corrosion-rate need also be examined.
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of view". Consequently, a more complicated toroidal/poloidal geometry was

selected for the self-cooled liquid metal blankets recently designed^ ' .

The analysis of the poloidal blanket (as of most, if not all, of the

self-cooled LM blankets considered so far) assumed a "slug" flow regime

(i.e., a complete suppression of turbulence and a flat velocity profile).

However, there exists experimental evidence (see Ref.7 for review) that, in the

case of a transverse magnetic field, strong residual flow disturbances

persist with an increase in the field intensity even when the LM flow is

"laminarized" (in the sense that the friction corresponds to a laminar

theory). These disturbances even strongly increase, in some cases, with

an increase in the field intensity.

Recently, an extensive experimental study performed at the Center for
(8 9)MHD Studies at the Ben-Gurion University ' established that the presence

of a strong transverse magnetic field, which suppresses the velocity

fluctuations parallel to the field, can, as a result of an inverse energy

cascade, both enhance the velocity fluctuations perpendicular to the field

and increase the integral scale of turbulence. The resulting strongly non-

isotropic turbulent field causes no substantial momentum transfer (i.e., no

pressure drop enhancement), but can enhance heat and mass transfer. The

purpose of the present work is to assess the implications that the recent

experimental findings might have on the performance of self-cooled LM blankets.

The assessment is done by considering the poloidal blanket concept of

Ref.5 which uses a vanadium alloy for the structure. Material strength and

LM compatibility considerations limit the first-wall (FW) and FW-LM interface

temperature to 75O°C^2'5\ When the FW is subjected to a 0.5 MW/m2 heat flux

a temperature drop of ~100°C will be established across it( 5), restricting the

FW-LM interface temperature to "rintc650°C.

Consider, first, the reference, slug-flow model for the LM flow in the

poloidal channel. For the LM coolant to maintain T. +s650° its flow velocity u
(S)should be at least 0.75 m/s^ . At this velocity the pressure drop along the

poloidal channel is Ap w 1 2 MPa - about four times higher than desirable. With

a total power of 5.9 MW deposited in the blanket per m FW area , the LM bulk

temperature increase along the channel is AT ̂ 75°C,and its outlet temperature is

T Q u t .$ 350 °C - too low to be of practical interest from the energy conversion

efficiency point of view.

Supnose, next, that the enhanced, two-dimensional turbulent flow regime

prevails. Let us impose a Q = 0.15 m/s, so as to reduce the pressure droD to
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Invest igat ion of the in terac t ions of 15 MeV neutrons with lithium is of a v i ta l

importance for the design of blankets for fusion reac tors , and for an accurate

determination of the tritium breeding ra t io in the blankets . Iniegrai meas-jre-

-ments of neutron energy spectra play a major ro le in checking the re l iab i l i ty

of the neutronic data and also the calculational tools for the fusion blankets.

in the present study, a measurement of the f a s t scalar f lux-dens i ty spectrum in

a large cylinder of lithium, i r r a d i a t e d with a collimated 14.75 MeV neutron

beam, have been compared with a d i s c r e t e - o r d i n a t e s transport calculations and

with a Monte Carlo calculation .

Experimental

The experimental setup used i s shown schematically in Fig. 1. The neutron

source was the solid Ti-T t a r g e t of a 150 keV Cockroft-Walton type neutron

g e n e r a t o r ( model Accelerator I of Accelerator Inc.). A Sketch of the lithium

tank, which had been borrowed from UCSB ( Universi ty of California, Santa -

Barbara), i s g iven in Fig. 2. The tank axis was d irec ted to the center of the

collimator. The fas t neutron detec tor used was a 2" diameter 2" high NE-213

liquid sc int i l la tor , encapsulated in a BA-1 type aluminum can, mounted through

a 12.5 mm thick plastic l ight pipe on a RCA-8575 photomultiplier tube. T's.s

detec tor was posi t ioned through the spherical cavity , with bottom 3.5 cm above

the ce ter of the cavity . A second NE-213 de tec tor , cal ibrated absolute ly with a

copper fo i l was used for normalization of the spectrum. The neutron spectrum

was obtained by unfolding the measured proton - racoi l spectrum in the liquid

sc int i l lator with the code FORIST (1) .

Calculations

Preliminary calculation of the neutron energy spectra in the lithium cylinder

were carr ied out using the 2-D d i scre te -ord ina te s DOT 4.2 transport code (2) .
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The geometry used for calculation was a R-Z geometry, with a 65 x Si spatial

mesh, Sato forward-biased quadrature set, and a ¥% order of scattering. The

multigroup formatted cross - section data were generated by the cross - section

processing code NJOY (3) from the ENDF/B-IV library. The energy group structure

used had consisted of 69 groups with equal widths of 0.2 MeV in the 1.0 - 14.8

MeV energy range and one group for the energy range below 1.0 MeV .

The spectrum calculated with DOT 4.2, at a detector position of 3.5 cm above

the center of the spherical cavity, was generally in poor agreement with the

measured data at energies above 10 MeV. The discrepancy is assigned to the

phenomenon of " Ray Effect " (4) , resulting from the very few number of rays

emitted from the D-T source, passing through the collimator , and reachina the

spherical cavity .

To remove the disagreement the spectrum was calculated again using the

continuous-energy Konte Carlo MCNP code (5}, also with cross-sections generated

from the ENDF/B-IV library. It was found that a 3-D model of the experimental

geometry is not adequate; and that by taking into account the self-shielding in

the NE-213 detector, and the contribution of the SS-304 walls of the spherical

cavity and the experimental channel, the spectrum is changing at some energy

points up to 20 X .

The measured spectra, at a detector position of 3.5 cm above the center of the

spherical cavity, the DOT 4.S spectrum calculation, and the MCNP 3-D

calculation are shown in Fig. 3 .

Discussion

It might be seen that the NCNP calculation is in a much better agreement with

the measured spectrum than the -DOT 4.2 calculation. Actually also ths MCNP

calculation disagree, to some measure, with the measured data. This discrepancy

it attributed to the inaccuracies of the ENDF/B-IV representation of the

angular distribution of elastically scattered 14.7 MeV neutrons and of the

secondary neutron spectrum from the (n,n't) reaction in lithium-7 .
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AN EVALUATION OF LOCA OUTSIDE CONTAINMENT IN A BWR(*)

D. Ilberg
Licensing Division Israel Atomic Energy Commission

and

N. Hanan
Risk Evaluation Group Brookhaven National Laboratory

INTRODUCTION

Analysis of a LOCA outside containment is a common part of most PRAs

of Nuclear Power Plants. However, in most cases the analysis covers

only large LOCAs having a break size of 10" in diameter or more. A

generic study of a very small LOCA outside containment was also

performed in the past. This is the study by the NRC staff of the

integrity of BWR scram system piping . In this work an analysis of

the medium LOCA break size is added, and a comparison of the relative

risk contributed by the different size of the possible spectrum of

breaks is made for a BWR.

METHODOLOGY

The study of a LOCA outside containment includes several steps as

outlined below:

a) Identification of any significant high energy lines leading from

the Reactor Pressure Vessel (RPV) to the Reactor Building (RB),

which is outside the primary containment or the BWR drywell. This

is in general provided in FSARs.

* Work partly supported by the U.S. Nuclear Regulatory Commission

Office of Nuclear Reactor Regulation.



b) Evaluation of break frequency:

- Identification of all sections and discontinuities for each pipe.

- Determining pipe and valve rupture failure rates.

- Determining a break size-frequency distribution for each pipe

(e.g. 10% 30% 100% of a guilliotine break).

c) Grouping according to break size.

d) Break flow-rate evaluation for any break size accounting for the

different behavior of steam arid liquid lines.

e) Evaluating the time needed to flood critical saftey equipments or

to reach adverse environmental conditions in a room or the entire

containment.

f) Evaluating early warning available and the isolation measures that

operator can utilize manually or by remote automatic actions.

Identifying instrumentations and energency operational procedures.

g) Determining safety equipment which remains available for core

cooling.

h) Construction of event-trees to evaluate the core damage frequencies

for the various accident sequences.

RESULTS

An analysis of this kind was performed for all pipes connecting a
(2)

BWR RPV to the RB . The results of the study were grouped into small,

medium and large break LOCAs having break size of a < 2", 2" s 0 < 6"

and 0 2. 6" respectively. Also, interfaciny LOCAs were included as a

separate group. The results are given in relative terms in Table 1.

As seen from Table 1 the contributions from small and medium LOCAs

are not always small compared to the large LOCA outside contaiment,

which is commonly taken into account in PSAs. The qualification of

isolation valve is important to verify, and so are the operator

procedures. The latter should be available to guide the operator to

treat the more frequent cases of potential small and medium LOCAs. If

qulification and procedures are available, which was in the case of the

BWR analyzed, the contribution of small and medium LOCAs are indeed

small relative to large LOCAs outside containment or interfacing LOCAs.



Table 1 Core Damage Frequencies For LOCAs Outside Containment.

Initiator

Interfacing LOCA

Large LOCA Outside
Containment

Medium LOCA
Outside
Containment

Small LOCA Outside
Containment

Total

Class V Core Damage Frequncy

Isolation Valves
Assumed to Fail

1.5 E 0

6.8 E+l

1.4 E+2

1.1 E+l

2.2 E+2

Isolation Valves
Assumed to Close

1.5 E 0

0.5 E 0

2.0 E 0

Isolation Valves
Failure
Probability
Included in
Analysis

1.5 E 0

1.5 E 0

1.4 E-l

1.1 E 0

3.2 E 0

REFERENCES

1. "Generic Safety Evaluation Report Regarding Integrity of BWR Scram

System Piping", NUREG-0803, August 1981.

2. Ilberg, n., Henan, N., "An Evaluation of Onisolated LOCA Outside

The Drywell in a BWR", Technical Report A-3740 of Brookhaven

National Laboratory, June 1985.



ANALYSES OF SINGLE AND MULTIPLE STEAM GENERATOR TUBE RUPTURE

EVENTS IN A PWR OF LOW AVERAGE CORE TEMPERATURE

Abraham Dayan
Tel Aviv University

Analyses were conducted to study the consequences of SGTR (steam generator

tube rupture) events in a PWR of low average core temperature. The plant

was modeled as a two asymmetric loops, consisting of 27 volumes and 37

junctions. Single and multiple 200% double ended tube brea*. were consi-

dered. A simplified model for such breaks was developed and successfully

tested.

Typical to plants of low average temperature, the reactor trip during

SGTR events is activated by a low pressure signal (as opposed to a AT

trip). Transients of 500 and 1400 seconds were studied for 1,2,5 and 10

tube breaks. The calculations revealed: depressurization rates, leak

rates, and collant inventories (in the pressurized and steam generators).

Transient analyses for a single tube break event reproduced independent

calculations obtained by the LOFTRAN code. These analyses also revealed

a 60% overprediction of break flow rates when the traditional conservative

break model was incorporated in the current RETRAN model.

The depressurization rate dependence on the number of ruptured tubes is

shown in Fig. 1. It is seen that sharp depressurization rates occur once

the pressurizer level is completely lost (see Fig. 2). After that stage,

fairly constant pressure and leak rates are established (see Fig. 3). Under

conditions of thermodynamic equilibrum in the steam side of the ruptured

boiler, the transient analyses indicated continued primary subcooling and

no need for steam line pressure relief. In addition, SGTR transients with

reactor trip while the pressurizer still contains water were found to

favorably reduce depressurization rates.

The current model was found to be less conservative than previous models

and yet be inexpensive and revealing.
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A UTSG MODEL FOR DSNP*

D. Gal and D. Saphier

Soreq Nuclear Research Center
Yavne 70600, Israel

E. Elias

Department of Nuclear Engineering
Technion - Israel Institute of Technology

Haifa 32000, Israel

A U-tube steam generator (UTSG) module for the DSNP was developed.

This module is to be used in the simulation of PWR transients and
(2)

accidents. The module is based on a moving boundary model in which

the interface between the boiling and nonboiling regions is a dynamic

variable.

The model has 11 nodes as shown in fig. 1. The primary side (inside

the tubes) and the tube walls are divided into three nodes each. The

secondary side has five nodes: the feedwater chamber, the downcomer,

the subcooled region, the boiling region and the steam dome. The

integral mass energy and momentum balance aquations are applied to each

of the nodes. A simplified slip model is employed in the boiling

region with the assumption of a linear change in the void fraction

along the UTSG.

The steam dome pressure is derived by applying the mass and energy

balance equations, and this pressure is assumed to prevail throughout

the secondary side. The UTSG recirculation flow is obtained by

solving the momentum equations using the DSNP - hydraulic network solver.

*
DSNP - Dynamic Simulator for Nuclear Power Plants
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Fig. 1: A schematic description of the UTSG model

The output variables of the module are: temperatures of each of the

eleven nodes, flow quality, void fraction and saturation conditions of

the two-phase mixture, steam and recirculation water flows, the height

of the boundary between the boiling and nonboiling regions, and the

pressure in the secondary side.
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Table 1: Event sequence for a LOFW transient

Event
Time (.sec) Time (sec) Time (sec)

DSNP LOFTRAN RELAP3B
calculation calculation calculation

Main feedwater ramped to

zero over 4 sec (input) 0-4

Turbine is assumed to

trip (input) 30

UTSG safety valves open 45

Auxiliary feedwater

initiation (input) 60

UTSG tubes are uncovered

(exit quality =0.9) 60.2

0-4

30

43

60

67.0

0-4

30

46

60

61.3

c
.-I » -

<U 43 -

10 -

33 -

20 -

IS —I , , ,_
J • r •

u n e - i s E c j • I O 1

Fig. 2: Steam dome pressure during LOFW transient
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The model was tested independently and as part of a PWR simulation. Tht_

plant analyzed was the four loop, 3411 MW Westinghouse Sequoyah PWR

The transient studied was a loss of feedwater (LOFW) accident. Results
(A)

and their comparison with the RELAP3B and LOFTRAN simulations of the

same transient are presented in table 1. The steam dome pressure during

the transient is shown in fig. 2.

REFERENCES:
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tory ANL-CT-77-20, Rev. EBR-34, 1983.

(2) Lee, J. C. et al., Review of transient modeling of steam generator

units in nuclear power plants, EPRI, NP-1576, 1980.

(3) Technology Manual - Pressurized Water Reactor, Westinghouse Design,

U.S.-NRC, 1983.

(4) Working paper: "Discussion of Alternatives to the Previous Staff
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October 1, 1976", Regulatory Staff, U.S.A.E.C., Seotember 1975.
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A Conjugate Heat Transfer Model for the

Rewetting of Kot Surfaces

S. Olek, Y. Zvirin - Dept. of Mechanical Engineering, and

E. Elias - Dept of Nuclear Engineering, Technion, Haifa

The rewetting of hat surfaces is a subject of great

importance in many heat transfer processes such as hot

rolling, metallurgical quenching, coaling af large super

conducting magnets and storage af cryogenic liquids. The

problem has gained much attention in the last two decades

mostly because of its role in the cooling of nuclear fuel

rods fallowing a hypothetical loss of coolant accident.

Experimental and theoretical studies of the rewetting

phenomenon have been reviewed by Elias and Yadigaraglu (1)

and by Collier <2).

The rewetting problem during top flooding in open

geometry is considered hare as a conjugate heat transfer

problem, i.e., a problem in which the energy equation is

solved simultaneously for the solid and the liquid. A lower

bound for the rewetting velocity is obtained by neglecting

boiling, radiation and precursory coaling and by simplifying

the liquid film motion. Unlike previos heat

conduction models which use as input the sputtering

temperature and heat transfer coefficient, the present model

uses as input the sputtering temperature only and yields the

heat transfer coefficient as part of the solution.

Figure 1 illustrates the model and some of the boundary
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conditions used in the analysis. The dry side o-f the solid

(denoted as section B) is assumed adiabatic. Heat sources in

the solid and heat sinks in the liquid are neglected and the

temperature at the edge of the advancing liquid film is

assumed to be linearily distributed (ather distributions were

also studied and shown to yield similar results).. The liquid

is assumed to /nave at a uniform and constant velocity, v,

with a uniform film thickness determined by Nusselt's

theory. These assumptions together with the assumption that

the quench front is moving at a constant velocity, u, make it

possible to formulate the problem as a quasi-steady one. The

energy equation can be expressed in a unified form far the

solid and liquid as:

I ± ( r n i l , + i!f + ^ | I a 0 i a , ( 2
n sr v 3 r ' 3Z2 a^ 3Z

r u, = u 0 < r < r. for i = 1{ 1 - - 1
u. = \

1 [ u.. = u - v r. < r < r2 for i = 2

which is suitable for slab (n=0) and cylindrical (n=l)

geometries. Indeces 1 and 2 denote the solid and liquid

respectively, A denotes the wet region iz < 0) in both the

solid and liquid and B denotes the dry solid region (2 > 0)

(cf. Fig 1).

Equation (1) was salved subject to the boundary

conditions indicated in Fig. 1 and the conditions of symetry

at the axis. The boundary condition on the solid-liquid
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inter-face is of the -fourth kind, i.e., continuity o-f

temperature and heat flux. The extended method a-f separation

o-f variables suggested by Yeh (3,4) was used in order to

address the problems of the discontinuity in geometry and

tne r and 2 dependency a-f the last term an the left hand side

of eq. (1). The solution has an iterative character; the

rewetting velocity, u, is guessed and the temperature

distributions in the liquid and the solid are computed. The

value of u is updated until the liquid and solid temperatures

at the triple interface line match a predetermined value of

the sputtering temperature, To.

The model was validated against experimental data of

water and liquid nitrogen. Figure 2 shows typical results

of the Peclet number (ur^/^) vs. the dimensianless wall

temperature for a S.S. 347 rod (D.D. O.627 cm) quenched by

water at atmospheric pressure. Solid lines represent the

results of the present model whereas the discrete symbols are

the experimental results of Duffey and Porthouse (5) measured

at three flow-rates. Clearly, the present model yields a

lower bound of the rewetting velocity. The discrepancies

between the model and experimental results increase with

the flow rate because of the neglection of the film

turbulence and precursory calling in the model.

References
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Figure 1: Illustration of the mathematical model
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LOWER BOUND FOR THE REWETTING VELOCITY
FLOW RATES ARE 0.33, 0.92, 2 . 1 , GR/SEC

ROD DIAMETER IS : 0.627 CM
DELTA1=0.05 CM

T0=260
TS=20

2.SCM a

2 . 2 5 -

2 . 0 0 -

1 -75-

p
E 1 . 5 0 -
C
L
E
T i . 25-

1 . 0 0 -

0-7 5 -

0 . 5 0 -

0 . 2 5 -

0 - 0 0 -

0.0 0. S I .0 i .5

THETA1--

2 . 0 2 • 5 3-0

2.: S.S.347 : K=24 , RO=7700 , C=610
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THERMO-HYDRAULIC CONDITIONS IN REACTOR CONTAINMENT

DURING EXTERNALLY INITIATED SEVERE ACCIDENTS.

Leib Reznick.

NUCLEAR ENGINEERING DEPARTMENT-ISRAEL ELECTRIC CORPORATION LTD.

Release and transport of fission products are strongly dependent on

thermo-hydraulic behaviour of the accident. This dependence is es-

pecially important for "core-melt" accident sequences accompanied by an

initial breach of the containment.

The reference reactor used for the analysis was a 1040 MWe class PWR -

[4-loop NSSS) with the containment of a large dry-type.

Accident sequences with relatively small leakage from the reactor cool-

ant system were analysed. In sharp contrast to a large LOCA sequence,

the reactor coolant system pressure remains elevated during the core

heat-up and melt-down phases.

Special attention was paid to proper evaluation of mass and energy

sources, heat and mass transfer between the containment atmosphere,

structures and sump water as well as thermal conduction in solids and

effects of partial or delayed operation of the ESF systems. The analy-

sis includes the use of computer programs such as RELAP, TRAC and MARCH,

employment of various engineering correlations, and parametric uncertain-

ty analyses.

For sufficiently large effective sizes of the containment breach an

interesting effect of the "breathing" was observed. During the periods

of the accident progression which are characterized by a low rate of

mass and energy source addition (such as a period after the vessel melt-

through) , due to the increased water-vapour mole ratio of the containment

atmosphere - a process of rapid steam condensation on the surfaces of

walls and structures takes place. Since the containment with a large

penetration size is at nearly atmospheric conditions the process leads

to a significant "in-leakage" of the outside air.

Although such periods of "in-leakage" are usually preceded and followed

by the periods of gas-steam-air mixture expulsion, they are important

to overall estimation of the extent of the release. Detailed results

of the analysis will be presented at the conference.



Inverted Annular Film Boiling -

Evaluation of Theoretical Models

Y. Barnea and E. Elias
Dept. of Nuclear Engineering, Technion, Haifa

I. Shai, Dept. of Mechanical Engineering, Ben-Gurion
University, Beer-Sheva.

Inverted Annual Flow (IAF) regime occurs in a boiling two phase flow

when the wall temperature is too high for the liquid to wet the wall.

This flow regime exists in the proccess of Bottom Reflooding, after

LOCA, when high flow rates of low quality refrigerant rewet an

overheated nuclear reactor core.

In IAF the liquid is separated from the hot wall by a flowing annular

film of steam, as shown in Figure 1. Heat is transferred from the

hot wall to the vapor and then to the liquid. Simultaneously some

heat is also radiated from the wall to the liquid. The heat

received by the liquid is partialy conducted into the bulk,while the

remainder evaporates liquid, producing more vapor.

Usually IAF flow regime starts at the Quench Front, a region of violent

boiling separating the cooled-wetted region from a hot-dry section.

Eventually, at a certain distance from downstream of the quench front,

the vapor flow rate becomes sufficient to break-up the core of liquid

into droplets and IAF gives way to a dispersed flow of droplets and vapor.

IAF lias much in common with traditional film boiling. Most models

for film boiling are based on the well known one developed by

Bromley- 'Torhorizontal pool boiling and extended by the same author

to forced convective boiling. It becomes apparent that post CHF heat

transfer cannot be properly assessed without extensive understanding of

combined, thermal and hydrodynamic behavior of the flow pattern.

It is the aim of this paper to concentrate the review on novel models

evaluating IAF and not generally film boiling.

Several assumptions are possible for the initial steam flow rate and

core thermal properties :

A) Zero initial steam flow rate; Core quality is zero (saturated

liquid)„



B) Zero initial steam flow rate; Core quality equal to quality

just below the quench front

C) Zero initial steam flow rate ; Heat released at quench front

goes into the core, increasing the quality.

D) Heat released at quench front generates steam; Core quality

equal to quality just below the quench front.

This four options construct the frame of TABLE 1. Clearly, most of

the studies before 1976 are of class A. Later works concentrate on

the effect of subcooling still neglecting the vapor production at

the quench front. Recent attempt to solve a two fluid model using

six conservation equation are also reviewed in Table la
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MASS REMOVAL OF NONCONDENSING CONSTITUENTS FROM GAS-VAPOR

MIXTURE BY H L M CONDENSATION

A. Ketter

Israel Atomic Energy Commission, Tel-Aviv, Israel

E. Wacholder & E. Elias

Department of Nuclear Engineering, Technion, Haifa, Israel

An integral solution is presented for predicting mass removal

rate of noncondensable gas from a ternary gas-vapor mixture by a

condensing laminar film flowing down along an isothermal vertical wall.

Problems involving transport of soluble matter from a vapor containing

a mixture of soluble ana nonsoluble noncondensing gases are encountered

in a number of operations in the chemical industry, and in the analysis

of fission product transport in a nuclear reactor containment vessel

during a hypothetical accident. The overall transport mechanism in this

case is controlled by the strong coupling between the mass and heat

transport processes of each of the constitutents. As the condensed

liquid vapor interface is impermeable to the non soluble noncondensing

gas, its concentration builds up at the interface. Consequently, the

condensation rate is reduced and strongly affects the removal rate of

the soluble gas.

This paper considers the heat and mass transport processes in the

condensate liquid layer and its associated gas boundary layer composed

of a ternary mixture of steam, air and trace amounts of elemental

iodine. The analytical model consists of a system of five coupled

boundary-layer equations:



1. Continuity:

**

2. Momentum:

3. Energy:

Di ffusion of air:

5. Diffusion of Iodine:

Where: u,v are velocity coroonents, T is temperature,/ , ^ are mixture

density in the boundc y layer and the bulk, w., w. are weight

fractions of a i r and k dine, }?, oC are the viscosity and thermal

d i fus iv i ty of the gas mixture, and D,,> D,2> D21, D_2 are ONSAGER

diffusion coefficients for multicomponent gas mixtures. The

condensate l iquid f i lm behavior is analyzed by the celebrated

Nusselt analysis of condensation. Two additional balance equations

for mass and energy transport at the interface are used to

accomplish the mathematical closure of the problem.

6. Mass balance of a i r at the gas-liquid interface:

7. Heat flux balance at the gas-liquid interface

f fa ** *"
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Where: J" is the condensate layer th ickness, L i d e n t i f i e s the l i q u i d

proper t ies , Tw is the wal l temperature, h f is the vapor

la ten t heat at the inteface and K is thermal conduc t i v i t y .

Equations 1-5 were integrated over the gas boundary layer using

polynomical p ro f i l e s for the ve loc i t y component pa ra l l e l to the w a l l ,

the temperature and the Iodine concentrat ion across the boundary layer .

The resu l t ing a lgebr ic equations were solved i t e r . j t i vely to y i e l d

the heat and mass t ransfer c o e f f i c i e n t s .

The removal rate of Iodine to a containment wal l can be expressd

in terms of the mass t rans fer c o e f f i c i e n t and the containment physical

dimensions. A convenient measure o f the removal 'ate is the time

per iod for decreasing the concentrat ion in the containmenc to ha l f of

i t s i n i t i a l value ( h a l f - l i f e ) .

Figure 1 shows an example of the h a l f - l i f e behaviour vs. the

r a t i o of bulk-wal l temperature d i f ference to the bulk temperature,

fo r two values of bulkfeir concentrat ion (0.77 and 0.^7), the c i r c l e d

dot represents the CSE experiment (2) f o r w , = 0.77 and the

t r iang le represents a comparison of the d i f f e r e n t i a l so lu t i on (1)

for w . , = 0.^7. good agreement w i th the present in tegra l method

is observed.

Results were obtained for a wide range o f parameters including

bulk composition and wal l and bulk temperatures. Close agreement is

found between the present predic t ions and the "exact" boundary layer

s i m i l a r i t y s o l u t i o n , however, the present in tegra l technique is fas ter

by several orders o f magnitude.
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PARAMETRIC ANALYSIS OF A LOSS OF FEEDWATER INCIDENT

FOLLOWED BY A SMALL BREAK LOCA USING THE CODE RELAP4/M0D6

S. Kaizerman, E. Wacholder, N. Toomarian, M. Rambam, E. E l i as

Department of Nuclear Engineering

Technion - I s r ae l I n s t i t u t e of Technology-

Haifa 32000, I s r ae l

The code RELAt-4/MOD6 has been used to simulate thedynaraic behavior

of a tyrpical large Westinghouse 4-loop PWR during a small break LOCA.

The t r a n s i e n t was i n i t i a t e d by a complete loss of feedwater during the

f i r s t second of the t r a n s i e n t , followed by a small break in the pressu-

r i z e r vent l i n e . In the present study the p lan t was simulated by

22 control volumes, 34 junct ions and 33 heat s l a b s . Due to the loss of

feedwater, the primary system's pressure increases . When the p r e s s u r i -

z e r ' s pressure reaches the se tpoint value of 2270 ps ia a simulated

Power Operating Rel ief Valve (PORV) i s instantaneously opened and i s

assur j to remain "stuck-open" during the e n t i r e period of the accident .

At t h i s time the reac to r scram occurs.

A number of parametric s tud ies have performed:

- the magnitude of the break area

- the ef fec t of degradation in the operat ion of ECCSs

- the ef fec t of main pump shut-off delay time

- the effect of cri t ical flow rates through the break

(using different models of RELAP4/MOD6 code]

It was found that if the ECCSs worked as designed no core damages

were predicted. On the other hand if the HPISs are unavailable the

DNB can occur during the first hour of the accident and high peak

clad temperatures are obtained.
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In fig. 1 representative results are illustrated. In this case,

in which HPISs are unavailable, a break area of 0.01615 square feet

and the HH-I critical flow model have been used. The main pumps were

stopped from the beginning of accident. The upper plenum pressure

drops to the saturation pressure (corresponding to its flur-d tempera-

ture) during less than 200 seconds. The pressure continues to decrease

during the next 25 minutes. Then the system's pressure remains almost

constant. In this period of time the pressure decrease tendency (due

to the loss of mass from system) is compensated by a large core voiding.

The cladding temperature decreases during the first 20 minutes of

accident when a nucleate boiling heat transfer region occurs. The fast

increase of peak clad temperature at about 30 minutes is due to the

occurrence of DNB, while its decrease at 35 minutes is connected to the

beginning of vaporization in the lower plenum and relative higher flow

rates in the core. After about 40 minutes a new increase of the peak

clad temperature, due to a high void fraction in the core can be noted.

In the lecture the comparison between different cases analysed

will be discussed.
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APPLICATION OF SENSITIVITY ANALYSIS METHODS

TO TWO-PHASE THERMAL-HYDRAULIC FLOW PROBLEMS

N. Toomarian, E. Wacholder, S. Kaizerman

Department of Nuclear Engineer ing

Technion - Israel Institute of Technology

Haifa 32000, Israel

A linked computer code system COTHA.-COSAM is developed and verified

aiming at the evaluation of sensitivity coefficients, with respect to all

input parameters at each point in space and time, of transient (and steady

state) two-phase flow problems treated by the code COTHA [1]. Two sensi-

tivity analysis methods, i .e. Direct Sensitivity Method (DSM) and Adjoint

Sensitivity Method (ASM), are implemented in the code and can be optionally

employed by the user. In general, for about the same investment of com-

putation effort, the DSM provides the sensitivity coefficients of all the

problem dependent variables to a single input parameter, while the ASM

gives the sensitivity coefficients of any desirable functional of the

dependent variables to all input parameters. The mathematical founda-

tions of these methods and their numerical formalism which is described

elsewhere [2,3] in detail, will be addressed in the lecture too.

An illustrative problem is presented and discussed that demonstrates

the sensitivity methods r isibil i ty, as well as the code's computation

accuracy and output graphical display capabilities. The problem is

concerned with a boiling two-phase flow through a uniformly heated channel

subjected to a sudden inlet mass flow decay. The dimensions of the channel

and the thermal-hydraulic initial and boundary will be presented in the

lecture.

In Figs. (1) and (2), typical behavior of the vapor mass concentration

nondimensional sensitivity coefficient with respect to the heat flux input
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parameter, (3c/8q") (q"/c), and the mass flux nondimensional sensitivity

coefficient with respect to a 2v (^/Sou,) O*?-?/^)' w n e r e a2z ^s a

coefficient in the liquid density correlation, is presented. It can

be clearly seen that the values of the sensitivity coefficients are

monotonically changed in both time and space. The curve of the sensi-

tivity coefficient versus the channel length Z in the plane t=0

represents the steady state initial conditions. This solution is

obtianed by the code automatically, prior to the transient calculation,

by simply running the code with prescribed constant boundary condition.

In Fig. (2) the value of the sensitivity coefficients become highly

negative as time increases, especially at the channel outlet. A

negative value of the sensitivity coefficient indicates a decrease

in the calculated function G(Z.t) as a result of an increase in the

input parameter, a23*

Some of the sensitivity coefficients calculated (not depicted here)

were found to tie larger than unity, and some others were found to

change their sign during the time and along the channel length. These

results are enlightening on the intricate and complicated way by which

uncertainties in the calculated functions of two-phase flow propagate

in space and time. Sensitivity coefficients which attain absolute

values greater than unity exhibit occurrences in which the relative

calculated function perturbations are larger than the relative varia-

tions in their respective input parameters. These occurrences can

be interpreted as an uncertainty amplification effect.

Some other results, which will be discussed in the lecture, show

that some input parameters of minor significance in the steady-state

solution are found to become very influential during the transient.

The opposite trend is found too, i.e. that input parameters of major

significance on the values of the steady-state sensitivity coefficients

diminish during transient as time goes on. It should be mentioned that

the behavior of many of the calculated sensitivity coefficients could

not be easily predicted without an application cf a systematic sensi-

tivity analysis method. The next paper (which is in preparation) will
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address the s ens i t i v i t y analysis of problems which involve flows

undergoing a change of s t a t e from single-phase to two-phase ( i . e .

moving boundary problems).
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EXAMINATION OF FILLED NUCLEAR FUEL

Victor Henzel
Nuclear Research Centre Negev

Yigal Ronen
Department o-f Nuclear Engineering
Ben Gurion University o-f the Negev

This work analysed the pDssibillity o-f -filling
annular fuels with ceramic oxides in order tc use it as a
thermal -fuse in a case o-f accidental meltdown.For the
analysis,we chose a number o-f ceramic materials having melting
point close to that o-f uranium oxide.

The analysis includes nuclear and thermal properties
of the -filler material and its compatibility with the -fuel,the
influence of the filler on neutron multiplication factor
(K),and the delay in the melting down of the fuel resulted by
the melting of the filler.

The prominent advantages of annular fel are : Lower
temperatures that lead to:Prevent ion of reaction between clad
and water; Pressure reduction of gaseous fission products
release. The use of annular pellets reduces the U02 loading in
the core and requires a slightly higher U02 burnup to achieve
the same total energy.(1)

During shutdown of the reator,power generation
cantinues.This power is generated by the radioactive decay of
fission products and neutron capture products.The total
residual heat generation is calculated by the following
corelat ion*. (2)

0.26
Ps=Po*0.095*Ts

Po-power before shutdown;Ps-power generated after
shutdown;Ts-time after shutdown(sec)

The ceramic materials proposed as fillers for the
annular fuel were selected to meet the following requirements:

1. Minimum influence on the neutron population (low absorption
cross sect ion).
2. Minimum activation of the filler.
3. Good chemical resistance of the filler.
4. Thermal linear expansion close to that of U02.
5. Good metallurgical stability at high temperatures.
6. Melting point close to that of U02.
7. High latent heat of the filler.
8. High density of the filler.
9. Good heat transfer coefficient of the filler.
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The materials selected and analysed in this work are
summarized in table 1.

Table 1.Advantage and disadvantage o-f ceramic materials.

ADVANTAGES DISADVANTAGES

BeO

1.Melting point close to U02. 1.Toxic.
2.High latent heat. 2.Reacts with water to
3. Excel lent heat transfer coefficient yield gaseous Be(0H)2.
4.Low vapor pressure. 3.Expensive.
5.High scattering cross section.
6.Low absorption cross section.
7.No solid solutions between Be0-U02
8.Good stability at high temperatures.

Si 02

1.Low thermal linear expansion. 1.Low melting point.
2.Low latent heat.
3.Poor thermal

conduct ivi ty.
4.High absorption cross

sec t i on.

MgO

l.High latent heat.
2.Low absorption cross section.

1.Melting point too high
2.Fair thermal

conductivity.
3.Soluble in U02

ZrO2

1.Adequate melting point,

2.Good latent heat.

3.Low vapor pressure.

l.Poor thermal
conduct ivi ty.

2.Low to medium
absorption cross
section

3.Soluble in U02.

A1203

1.Inert material, l.Low melting point.
2.Low to medium

absorption cross
sect ion
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The thermal analysis o-f the filled -fuel Mas done on
beryllia (BeO) and on depleted uranium oxide <DU). We examined
two different volume ratios o-f void/fuel and fi 1 ler/fuel.

In our analysis there are four assumptions:

l.At LOCA heat removal based on convection and conduction to
the steam and on heat radiation.
2.The heat capacity o-f the clad was neglected.
3.Clad melting was neglected.
4.Constant power density in the fuel.

The thermal analysis was based on numerical solution
of the time dependent heat transfer equations.

Table 2 shows the calculated time between shutdown to
the melting of the filler material and the melting of the
fuel.There are calculations for several fillers and for two
different volume ratios between filler and fuel.

Table 2. Premelting periods for different fuel
conf igurat ions

FUEL CONFIGURATION

VOID/FUEL
VOID/FUEL
BeO/FUEL
BeO/FUEL
DU/FUEL
DU/FUEL
VOID/FUEL
VOID/FUEL
BeO/FUEL
BeO/FUEL

RATIO
RATIO
RATIO
RATIO
RATIO
RATIO
RATIO
RATIO
RATIO
RATIO

11%
11%
11%
11%
11%
11%
22%
22%
22%
22%

FLUX

MEAN
MAX.
MEAN
MAX
MEAN
MAX
MEAN
MAX
MEAN
MAX

FILLER MELTING
TIME(sec)

873
168

1010
210
-

989
239

r

FUEL MELTING
TIME(sec)

r

1010
210
1241
263
1010
210
1129
278
1613
398

.__

DELAY
(sec)
. ij

-
231
53
-
-
-

484
120

The behaviour of the temperature
shutdown with a LOCA is given in Fig. 1.

of the fuel after
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Fig. 1: Temperatures in the -fuel rod a+ter shutdown as -function
of radius and time.

As shown above,the ceramic oxide (Beryllia> filled in
the hollow space o-f an annular fuel could delay the melt down
-for some minutes.This time may be critical during a LOCA.
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THE SINTERING BEHAVIOR OF A DOUBLE PELLET ThO,-UO2

M. Fisher , I . Jacob and Z. Hadari

Department of Nuclear Engineering

Ben-Gurion University of the Negev

Beer-Sheva, P.O.Box 653 Is rae l

The influence of the proper t ies and the treatments of UO, and ThO- powders

on the preparation of a double pe l l e t composed by UO, inner core and ThO,

outer hollow cylinder was s tudied. Although a simultaneous p ress ing-s in te -

ring process i s preferable due to i t s r e l a t ive s impl ic i ty and quickness,

good (uncraked) double pe l l e t s were manufactured only by a two-step sepa-

ra te UO and ThO_ pressing and s in t e r ing . Different shrinkage k ine t ics of

the two components are responsible for t h i s behaviour.

In order to shed more l i g h t on the di f ferent shrinkage ra tes of the urania

and thor ia powders, the UO, and ThO, ac t ivat ion energies , Q, for the s i n t e -

ring process were estimated for one of the oxide pa i rs selected for the

double-pel let preparat ion. This was done as the act ivat ion energ ies , r e -

ported in the l i t e r a t u r e ( e .g . 1-7 and references therein) show a wide va-

r i a t ion probably due t o d i f ferent powder h i s tory and p rope r t i e s .

The time dependence of the logarithmic l inear shrinkage a t various i so ther -

mal conditions i s ana ly t i ca l ly described (4) by

f t - (K(T).t)n

K(T) * K e"^ is the temperature dependent rate constant and n is a

constant depending on the sintering mechanism (4). The estimated values

of n from the approximately parallel isotherms were found to be 0.3 and

0.2 for UO. and ThO,, respectively. Consequently, K(T) may be derived for

each isotherm by utilizing the estimated n values. Finally one can readily

calculate the apparent activation energy from thss slope of the K(T) vs.

1/T lines. The results are Q » 555 kJ/nole for UO, and Q • 247 kJ/mole for

ThO,. The activation energy for the sintering of ThO. and UO, from the pre-

sent work are in a good agreement with other reported values (1,2,4-7).

It may be concluded that the cracks in the double pellets in the simulta-

neous pressing-sintering process are caused by a faster shrinkage kinetics
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of ThO_ as compared to U0- and this behaviour is consistent with the lower

sintering activation energy, Q, of ThCL.
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SOTFWARE QUALITY ASSu'MNCE FOR DATA PROCESSING SYSTEMS

SERVING NUCLEAR POWER PLANTS

Dov Hasan

Department of Nuclear Engineering, Technion-I.I.T., Haifa

There are various computerized systems used in nuclear power plants.

One example is a system controlling the access of personnel to different

zones within the plant according to criteria such as accumulated radiation

doses. Another example is a system for evaluating off-site doses resulting

from discharge of radioactive effluents from the nuclear installation

according to discharge rates, atmospheric conditions, population distribution

etc. (See ref. (1) ).

Obviously, such systems must be reliable. Similar to physical systems in

a nuclear plant, the way to ensure reliable computer software systems is by

the help of Quality Assurance (QA) procedures. The purpose of Software

Quality Assurance (SOA) is assurance that an application software system

performs as required, when required and with the reliability required.

This paper presents the implementing of the Software QA activity of Change

Control. The system described below operates on Control Data computers.

This computerized system operates hand in hand with administrative procedures.

The configuration of application systems subject to Software QA is managed

by Documentation Control on the one hand and by computer files' Change Control

on the other one.

The abovementioned system for off-site dose calculation, as any typical

application software system, interfaces with its engineering users on the

one hand, and with the computer operating system on the other one.

Each of these interfaces may continuously change : the users (of the system)

discover system inadequacies or errors which require corrective action or

request enhancements to the system; new versions of the operating system

(or its associated utilities) require at least a critical examination of

the system configuration, and often the adaptation of the software tools

available for installation, maintenance and conversion (ref. (2) ).
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There are two major objectives for a system devised to apply Change Control

on computer files : that modifications to computer files are made in a

controlled manner with a clear audit trail of the modifications; and that

the correct version of each file is used with no unauthorized private copies

of the software being allowed to exist. These objectives ensure that

the system itself is a protected resource which can only be modified in

a controlled manner and which can only be used in the manner specified.

The term computer files is used here to describe magnetic files containing

programs, procedures, or data. The SQA facilities ensure that the program

source and object codes always match (a situation which is frequently not

true in any data processing environment). The system procedure files

contain job control language necessary to run the application system.

Data files include files which are fairly static (and must be protected

against unauthorized modification) through to files which are extremely

dynamic and under the direct control of the user (and are therefore not

protected by the SQA facilities).

Some examples can be given to demonstrate the various types of files, with

reference to the previously mentioned computerized off-site dose calculation

(ref. (1) ). The system procedure files ensure access to the correct data

files by the various programs of which the system comprises. The "static"

data files contain libraries of isotopic data for the various decay schemes,

data on the properties of various chemical elements and materials, and so

forth. Data which are periodically updated include the population

distribution in the areas surrounding the nuclear power plant site.

Planned, measured, estimated or hypothesized release rates of the discharges

through the various pathways are data which are currently changed, i.e.

dynamic. The same is true for the constantly updated meteorological data,

and other conditions required by the environmental dispersion models.

In this context, data which would be much more static include the terrain

model. This would normally not change for the surroundings of a particular

site, but has to be input differently for different sites.
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Control of changes is, in the present context,the decision as to which

changes are to be made to computer files, the logging and documentation

of changes implemented and the ensuring that the correct files are used.

Recording of changes includes documenting the technical basis for the

file change, revision of the user manual and other user documents or

program maintenance documents (3). The Control Data UPDATE utility(4)

maintains all updates as correction sets in a program library thus

providing a history of all changes made as well as allowing previous

versions of source programs to be restored. The UPDATE utility is

therefore used in preference to the more convenient editing facilities

which provide no audit trail nor any protection against unwanted

modifications.

The Software Quality Assurance activity of Change Control is achieved for

data processing systems serving nuclear power plants through the use of

the principles and methods described above and standard library maintenance

utilities, multiple user names and files with restricted access modes

and passwords. It covers the entire software product life-cycle and

provides a satisfactory system that ensures against uncontrolled system

modification and which functions in a changing environment with the

specific example (described in ref. (2) ) of an operating system upgrade.
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THE SHIVTA SxTE INVESTIGATIONS, THE FINAL PHASE

A.A. Kidron S I. Kis.

THE ISRAEL ELECTRIC CORPORATION LTD., - Nuclear Project Department.

In 1983, after a thorough regional investigation conducted for about four

years by the Israel Electric Corporation Ltd., (I.E.C.), the Shivta Site

was selected for detailed investigation as the Site of the Nuclear Power

Plants of the first generation, in Israel.

The selection was based on numerous considerations such as safety, cool-

ing, electric grid development etc., but the safety of the population was

the governing factor in the decision process.

Organization for Site Investigations.

The coordination, management and liaison with the Licensing Division is

the responsibility of the Project Management Group established in the

IEC since 1974.

For overall professional consulting and integration of activities,

Woodward Clyde Consultants of USA, was retained.

All the local activities pertaining to geology and hydrology, are done by

Tahal Consulting Engineers. Seismological and geophysical work is done

by the Institute of Petroleum Research and Geophysics (I.P.R.G.)-

Geotechnical work is done by Geotech and the Technion's Laboratory.

In other fields several other firms, Institutes and Consultants, such as

The Weizman Institute, Geoprospect, The National Oil Company and highly

qualified professionals from Universities contributed their parts.

The Quality Assurance management and inspection is performed by the

Laboratories and Quality Control Unit of IEC.

Methodology of the Site Investigation.

All the activities were done in the frame of a 3 phase Program Plan.

The first phase was dedicated to compilation of the existing data.

The second phase consisted in identification of those critical features,

which needed further work, or specific investigation. During this phase,

field activities were performed, in order to complete the data or to

answer open questions.

The third phase which is now in progress, is the integrated activity of

the participants for interpretation and evaluation of the findings.

During this phase the reports are being written.
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Main Fields of Investigation:

A high sensivity seismological telemetered network is operated around

the Site, since 1980. For strong distant earthquake recording an

accelerographnetwork was established. A catalog of historical,felt and

measured seismic events was compiled.

Geological mapping of Site locality on a 1:10,000 scale and of the Site

area on a 1:20,000 scale was performed.

Geomorphological studies with special attention to anomalies of stream

beds, terraces and other features found in the quarternary deposits were

performed.

The whole area was screened for lineaments which may indicate faulting.

For this purpose satelite imagery, airphotos, and geophysical lineaments

were studied.

More than ten Prehistoric Sites were excavated and evaluated by archeo-

logists, to enable the dating of geologically recent strata.

About 1000 Km of existing geophysical seismic lines were reevaluated

and partly reprocessed. New high resolution geophysical method was used

on tens of kilometers.

Borings were performed for geotechnical and geological purposes, as well

as for correlation with geophysical investigations.

Several kilometers of trenches were excavated to investigate the upper-

most layers at the Site, and at other significant locations.

Analytical studies were conducted to evaluate and to solve technical-

scientific problems, for example the swelling features of the Taqiye

formation.

C14 and Uranium Thorium techniques are applied for age-dating the strata,

and faults, by modern newly procured equipment in the Weizman Institute.

Several other, most modern techniques for the age-datings are in ex-

perimental-trials in scientific institutes in the U.S.A. for the project.

The hydrology of the Site area and the surroundings is analysed and

evaluated.

A meteorological tower of 90 meters height is now in the process of

erection, and will collect data for design and for risk evaluation

studies.
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Status of the Site Investigations.

In the following months the information gathered from previous works,

from reevaluation of old findings and from newly generate data, will be

evaluated. The results of all these investigations will serve as input

data for the seismic exposure analysis of the Site and will be pre-

sented to the Licensing Division of the Atomic Energy Commission.

Other investigations such as seismological, hydrological and meteoro-

logical surveys will be continued on an on-going basis for at least two

more years.
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STEADY STATE UNAVAILABILITY OF COMPLEX SYSTEMS BY MONTE CARLO

A. Goldfeld, A. Dubi, D. Sasson

Nuclear Engineering Department

Ben-Gurion University of the Negev

Abstract: A simple efficient biasing scheme is described for the

calculation of the unavailability of complex systems in steady state.

Unavailability is one of the important quantities in evaluating the

safety and reliability of any system operating in steady state conditions.

The system may be a nuclear power plant or any subsystem of it. The

unavailability is the probability that at a given time the system is in a

"failed" condition and the steady state implies that this probability is

independent of time. An example of such a system is shown in Fig. 1.

Two basic assumptions are made.

a. In the systam a failed state occurs when the "input" to the system is

disconnected from the output. A failure of any one of the modules composing

the system (note the 53 modules of Fig. 1) disconnects the path through that

nodule. Thus, for example, in Fig. 1 if module No. 1 is failed the path

(1, 8, 15, 28, 42, 48, 51) is disconnected (along with some other paths)

yet there will be other paths connecting the "input" and the "output".

A failed state of the system is, thus, such that enough modules are failed

so that no path exists.

b. It is assumed that the steady state unavailability of each module is

known p.. The module can in itself be a whole subsystem with any inter al

functional logic (such as edundancy, stand by etc.). Note that once the

unavailability of the system in Fig. 1 is calculated and known

system can be used as a single module in a more inclusive system.
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Now let b(i) denote the state of module i. For simplicity we

assume that there is a single failed state for which b(i) = 0 (an unfailed

state is denoted by b(i) = 1). With this notation p. = Pr[b(i) = 0],

and Pr[b(i) = 1] = 1 - p.. In this notation the system state is the array

0>l, b^j-.-.b ) = B and there are 2 different states where n is the

number of modules in the system. The set of all the states of the system

is denoted by r. The set r can be written as a union r = I^ur where T^ is

the set of all the states in which the system is failed. The probability

that the system is in any specific state B. can be written as

n i
Pr(B.) = H 6(p., bJ.)

p. if b? = 0

where (p., bt )

1 - p. if b"! i 0

and b. is the state of module i in B..

The unavailability of the system can thus be written as

f1 if V r f
u = I ^[B^P (B.) KBj) - \ (2)\

¥.er I 0 otherwise

Equations U)and (2)suggest a simple algorithm for the calculation of

the unavailability. Every term in eq.(2)can be quite easily calculated.

This analytic method, although simple and straightforward, failes when n

increases and 2n becomes too high. If, for example, the system contains

53 modules then eq.(2)requires sorting and calculating =9 x 10 terms.



Even if tne processing time of a single term on the computer would be

10 sec we will need =10 seconds which renders this straight forward

apDroach worthless. The Monte Carlo approach is one realistic possibility

to solve that problem. Eq.(2)readily suggests the analog calculation

procedure as follows: 1. Sample the system state with probability

Pr(B.), i.e. for every module i sample b(i) = 0 with probability p..

2. For every state score the estimator i|i(B.)- For N scores of the system

state the estimation of the unavailability is simply

N

j = 1

Since this is a binomial estimation the P.R.S.D. (percentage relative

standard deviation) is given by

e W u.N X 10° (4)

If the unavailability of the system is small (̂ 10 ) the number of

histories needed to obtain a reasonable error increases and again

Prohibitively high computer time is required. For the system in Fig. 1

the p.'s are shown in Table 1.
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Module 1-3 4,5 6,7 8-10 11-13 14 15-17

p SxlO"4 8xlO"5 6xlO"4 6.5xlO"4 7xl0~4 4xlO"4 6xlO~4

44-47 48-53Module 18-27 28,29 30-33 34-37 38,39 40-43

Pi 2.7xl0"4 7xl0~5 9xlO"5 5xlO"4 7.5xlO"4 3.2x10'* 8xiO"5 4.5x10

TABLE 1: Unavailability of Modules in Test System

With the above probabilities the unavailability of the system is of the

order of 4xlO"10 thus to obtain a result with PRSD of 10% the number of

required histories is given by

N = 104 = 1 0
+ 14

u-e
400

2.5x10
11

again an unreasonable computer time will be needed.

To solve that problem biasing must be used. The biasing applied

in this case involves increasing the failure probability of each module.

Instead of taking p. for module i we use the transformation

"i "i i ' v

where 6 is a free parameter and m. is the "topologic importance" (TI)

of module i. It is defined as the ratio of the number of minimal cutsC3)

which include module i to the total number of mir4mal cuts. The TI is

a measure of the "importance" of a failure of module i to a failure of

the whole system.
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The parameter 6 is defined through an optimization process of the

biased second moment. With transformation .5 the biased probability of

Pr(B ) = n <5(p* bJ

J i=l X X

and the unavailability is given as

PrCB.) „ _
u = I î (B.) -j-^f— • Pr(B.) I

The probability for a failed state is increased and the estimator is now

with the second moment now being'KB.)' * -1 'L J PrOy J

s =_ I *(BJ. -T-T1-. PrCB.) (8)

The optimization of 6 is done via the explicit dependence of the

second moment on ft.

The TI for the modules of Fig. 1 are shown in Table 2 which is

obtained by a simple Monte Carlo simulation of the system.

For the test system near optimal value of 8 was found to be 6 = 850

and with the above transformation 180 seconds of a CDC computer time were

required to obtain a result
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u = 4.253 x 10"9 +_ 10.12%

The efficiency of the calculation is defined as (PRSD) >T = q thus in

our case

q = 10.122 x 180 = 18434.
11 9

For the analog case 2.5x10 histories will be nee Jed requiring 5.65x10

seconds and thus

qo = 10
2 x 5.65 x 109 = 5.65 x 1 0 U

thus the improvement in the calculation is by a factor of

B = — = 3.06 x 107

q

A huge improvement is thus obtained indicating that with the suggested

biasing scheme the Monte Carlo method can be a practical and efficient

tool for calculating the unavailability of complexed systems.

4.5181E-03
6.0241E-03
2.8464E-01
3.4639E-02
2.4096E-02
2.4096E-02
1.8072E-02
1.5060E-02
2.4096E-02
1.6265E-01

1.3554E-02
2.2590E-02
6.3253E-02
2.3946E-01
1.3554E-02
3.4639E-02
1.6566E-02
2.1084E-02
1.9578E-02
1.0994E-01
1.8675E-01

1.3554E-02
2.2590E-02
6.3253E-02
1.7620E-01
2.4096E-02
3.1627E-02
1.6114E-01
2.2590E-02
3.4639E-02
9.7892E-02
4.5482E-01

1.3554E-02
6.0241E-03
2.7108E-02
2.4096E-02
3.3133E-02
1.0693E-01
2.4096E-02
1.6566E-02
1.7771E-01
1.3S55E-01
1.7018E-01

4.5181E-03
6.0241E-03
2.71OSE-O2
2.7108E-02
2.1084E-02
1.9880E-01
1.6566E-02
1.8072E-02
1.2048E-02
1.2199E-01

TABLE 2: Unnormalized Topological Importances
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EFFECTIVENESS OF PROTECTIVE MEASURES IN REDUCING THE RADIOLOGICAL EFFECTS

DUE TO AN ACCIDENT IN A NUCLEAR POWER PLANT

Jacob Tadmor, Jean Koch and Eyal Gants

Soreq Nuclear Research Center, 70600 Yavne, Israel

A severe accident in a nuclear power plant may cause serious

radiological effects to an unprotected population. Different protective

actions may alleviate these effects. In the present study, the effec-

tiveness of sheltering and evacuation, as protective measures against

the different exposure modes contributing to external and internal

radiation doses, was investigated.

Accident consequences following an atmospheric radioactivity

release from a nuclear power plant were evaluated for an unprotected

and a protected population, and comprehensively determined by taking

into account a broad range of irradiation mechanisms and radiological

effects.

The REMAND computer code was used to calculate individual and

collective radiation doses and health effects for the unprotected and

sheltered populations. The RECLEAR computer program, coupling REMAND
(2)

with CLEAR - a simulation model, which calculates the evacuation

time from a given emergency zone, was used to evaluate radiation doses

and effects in the evacuated population.

Computations were performed on arbitrarily chosen reference cases

(PWR1 and PWR3 type accidents) occurring at a 1,000 MWe nuclear power

Study supported by the Israeli Ministry of Energy, through the Power

Reactors Division of the Israel Atomic Energy Commission. The views

presented are solely those of the authors and not necessarily those

of the sponsors.
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plant, hypothetical]/? located at different sites in Israel). The

following main results were found:

- Sheltering in civil defense shelters or even in regular (Israeli)

buildings, is highly effective in reducing early fatalities (Fig. 1)

and other nonstochastic health effects (Table 1), less effective in

mitigating stochastic effects.

- Evacuation efficiency is comparable to sheltering efficiency

(Table 2) and is dependent on various planning parameters (Table 3).

- Sheltering on specific - higher or lower - stories of buildings

should be decided as a function of the height of radioactivity

release and of the prevailing meteorological conditions.

- Shelters should be ventilated at an optimum time after passage of

the radioactive cloud, to avoid higher indoor than outdoor concentra-

tions of radioactivity.

- The efficiency of sheltering and evacuation is strongly dependent on

how soon after the accident these measures are taken and therefore

the installation of a fast alarm system for the population is

justified.

Due to the large uncertainties involved in the calculations, an uncer-

tainty analysis is needed to permit sound decision-making concerning

the use of offsite protective measures.

Source term: PWR3
Release duration : 0.5 h
Release height : 20-115m
Exposure duration : 24 h

10" 10'
Early fatalities (relolive units)

Fig.1 i CCDF of early fatalities for various sheltering levels
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Table 1: Sheltering effectiveness

Health effect

Early fatalities

Microcephaly

Male sterility

Late fatalities

Thyroid cancers

% reduction in

buildings

98

58

100

39

32

health effects by

shelters

99

66

100

40

32

Release type: PWR1, 30 mln-long, 20-145m effective

release height (according to meteorological

conditions).

Meteorology: probabilistic treatment according to the

annual frequencies of the various combinations

of atmospheric stability and wind velocity.

Table 2: Sheltering vs. evacuation

Case % reduction of early fatalities by

sheltering evacuation

Site A, PWR1 100 97

Site A, PWR3 100 100

Site A, PWRl, severe 100 92

Site B, PWRl 100 100

Ground-level release, neutral atmospheric stability

(class D), wind velocity = 4m/s.

Plume passing over a small town.
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Table 3: Planning parameters influence on

evacuation efficiency

Relative number of
Case

early fatalities

*
Reference case 100%

Two ?anes 72%

Evacuation by buses 74%

Perpendicular route 67%

*
Site A, PWR1, one lane, evacuation by private

cars, radial route

Peferences

1. Stern, E., Covaliu, Z., Kaufman, J. and Stark, M., 1985, "REMAND

A Computer Code for Assessing the Consequences of an Accident in

Nuclear Power Plants. Part B - User's Guide", Israel AEC Report

LDI 85-57.

2. Moeller, M. P., Urbanik, T. II. and Desroslers, A. E., 1982,

"CLEAR (Calculates Logical Evacuation and Response): A Generic

Transportation Network Model for the Calculation of Evacuation

Time Estimates", NUREG/CR - 2504 (PNL-3770).
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GASEOUS FISSION PRODUCT RETENTION BY SOLID SURFACES

Shlomo Ron

Power Reactors Division, Israel Atomic Energy Commission

Michael Baer

Applied Mathematics, Soreq Nuclear Research Center

Zeev B. Alfassi

Dept. of Nuclear Engineering, Ben-Gurion University

In the present study theoretical models were developed to evaluate

kinetic data corresponding to gaseous fission product retention by

solid surfaces. A specific study was performed for the iodine/iron

system. The results are in good agreement with the experimental values .

(2)Comprehensive investigations such as NUREG-0772 ' and the ANS Special

Committee Report on the Source Term warrant the study of gaseous

fission product retention by solid surfaces. The Source Term Evaluation

is needed for estimating the risk to the environment from nuclear power

plants. The gaseous fission product retention rates are governed by the

rate constants for the various mechanisms. Therefore rate constants will

be the object of the present study. The theoretical models developed

treat the microscopic behavior of the chemical process, namely the

description of collisions by molecules with the solid surface.

Then by using statistical methods, macroscopic values (such as rate

constants) were calculated. The average (macroscopic) values, can be

experimentally measured, and are usually shown in curves of relative



surface coverage versus gaseous dose. The surface coverage is relative

to the saturation level, and the rate constant is obtained from the

curve slope.

In this theoretical study the quasiclassical trajectory method was

employed. First we calculated a noncorrungated rigid surface model

and subsequently a dynamic (energy absorbing) and corrungated surface

model was developed, representing more realistic behavior.

The reaction rate constant for gaseous molecules reacting with a

corrugated and dynamic surface is given in the following equation:

CO 00 00

k i ( T ) =6 S I I I I f 1 ( T , v , j ) . f ^ ( T , V z ) . f - ( A ) . f / ( { T , V y ) ' ( 1 )
J o v=o j = o
•vVx Vy V2

• f r (T,V ).f, (Q ,P ).V .F.(V , v , j , n , V ,V , Q ,P ) dV dV dV, / ' £
5 x 6 s s z i z J x y s ' s z y *

where ki (T) is the rate constant for the i ty,ne react ion at temperature

T(K).V ,V ,V are the three components o f the i n i t i a l v e l o c i t y ,
z y x

v and j are the i n i t i a l v ib ra t iona l and ro ta t iona l quantum numbers,

respect ive ly . • is the i n i t i a l angle between the axis o f the molecule

and the sur face; i t s importance was shown in a previous study of

gaseous molecules haying 1ight - heavy masses. ? is the i n i t i a l

i ntermol ecul ar distance^!? ând P are the surface o s c i l l a t i o n coordinate

and momentum, respect ive ly . The various f are the molecules'Probabi1i ty

Density Functions - PDF) according to the parametric combinations (where

only Fi has a simple descr ip t ion having values of 0 or 1) .

The Monte Carlo method was employed, where fl, ft and f5 were sampled

using the Rejection method. Due to the special importance of the f2

function an improved Rejection method was used by sampling in discrete

intervals./3/f6 w*"^ sampled using the CDF method (Comulative Distribution
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Function).

It is obvious from Eq. 1 that ki(T) = <V .>, where < V .>is the averaged

initial vertical velocity resulting in i type collisions.V . converges

in probability to < V . > according to the following equation:

co.iverges in

Vz. = i I (V ) Probability » < V z . > = k i d ) (2)
n=1 Zl °

where N is the number of random samples.

In order to obtain F'\ (V ,v,j), quas iclass ical trajectories were

calculated for the various initial conditions. Trajectory calculations

consist of solving simultaneous differential equations to determine the

time dependence of the coordinates and momenta of the two atoms, relative

to the surface.

These differential Hamilton equations are described by the dynamical

coordinates Qj and Pj, where Qj are coordinates in the center of mass

system, and Pj are the corresponding conjugate momenta. Consequently the

differential Hamilton equations are:

dP. . ,„ 3V

i i = Qj = TF. J = 1'6 <*>

where H is the Hamiltonian describing the total energy of the system,

both the potential energy-Vpy and the Kinetic energy, \.-\e j =1,2,3

coordinates refer to the interatomic vibrational and rotational motion

and the j = ^,5,6 coordinates describe the translational motion of the

center of mass of the molecule. The collision time length is about

10 sec, within the surface forces range. After each calculated step

(~10 sec), an integration was performed to obtain the new coordinates
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of locat ion and momentum.

A Simple Harmonic O s c i l l a t o r (SHO) model was adopted to describe the

motion o f the s o l i d sur face, consequently two equations o f motion were

added:

% = Ps / ms ^

P = -m .to . Q - -r^- = -m . w/ .Q + -^2- + :-?£- (6)
s s n s )Q s n *s 3Q, 3Q, w

s 3 D

where (v is the initial quantum frequency of the solid oscillator

(w/ = 2I>'V!(nl + i ) ) . m is the oscillator mass, 0 is its vertical

Cartesian coordinate, and P are the conjugated momenta (Q,,Q, are the
s i o

vert ical distances of the two atoms relative to the surface).

The i n i t i a l conditions of IJ and P are derived from the following

equations:
m )'. cos {2KX ) (7)

a 11 S I

where 3 is a random number in the range (o,1J.

Ps = i ms .Wn - n£.w2 . QJ (8)
The potential energy surface employed in this study is a modified LEPS

ry
(3)

surface as introduced by McCreery and Wolken and Gefb^ , and was

used by us in previous articles

In a solid corrugated surface, the potential energy between the atoms of

the molecule and the surface can be approximated by the following

equation:

D.(x,y) = D.o (1 + £ x . c o s ( ^ ) + * y c o s ( ^ ) ) (9)

where £ and t are the corrugation magnitudes in the horizontalx y
Cartesian coordinates of the surface, and a,b are the interatomic

distances of the lattice surface.
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A system of l? molecules reacting with an Fe(100) surface was chosen.

For gaseous I» molecules reacting w;th an iron surface at temperatures

between 0° - 100°C, there are three different reactions that might occur

in each collision: inelastic, exchange and adsorption. Generally the

various kinds of collisions are:

!„ + F surf. Inelastic collision

I + I.F surf. Exchange collision
I + F -•-r - ^ ' e

e ' U-F surf. Adsorption collision

I + I + F surf. Dissociation collision
e

where the dissociation reaction takes place only at energies higher

than the one corresponding to 100 C in the I /F system.

The rate constant values obtained by the noncorrugated rigid surface

model at 25°l

deviations):

model at 25 C are (within the confidence intervals of the standard

k , = 1660 • 180 cm/secad.

k = 270 + I/O cm/sec

k , + 0.5k = 1800 cm/secad. ex.

(ad. and ex. are adsorpt ion and exchange type c o l l i s i o n s respec t i ve ly j .

For a dynamic surfacs

values obtained are:

For a dynamic surface model w i t h u ; = 3.0x10 sec , the rate constant

k . = 7 8 0 + 1 9 0 cm/secad.

k = 1570 ^ 380 cm/sec

k , + 0.5 k = 1600 cm/secad. ex.

Increasing the oscillator frequency {w ) increases k and decreases

k ,. This is due to different magnitude of the oscillator force acting

on the two atoms of the I molecule, which are in different vertical

coordinates when approaching the surface. Use of reasonable magnitudes
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ror surface corrugation showed no significant influence on the rate

constant. Artificial increase of the corrugation magnitude showed

behavior similar to the dynamic model, due to the two atoms of the l£

molecule being in different horizontal coordinates when approaching the

surface.

For the I?/Fe system, increasing the temperature from 25 C to 100 C

gives a theoretical increaseM:he rate constant by 23%.

The experimental adsorption rate constant was calculated from the slope

of relative surface coverage versus gaseous dose curve. For the system

of l_ reacting with a Fe(lOO) surface the slope for the initial linear

range is :

S . A x i O 1 2 ^ ^ ) " 1 sec'1, at 25°C (298 K).cm

The product of the experimental adsorpt ion rate constant and the number

of e f f e c t i v e s i tes per surface un i t can be compared w i th the value

obtained from theore t ica l ca l cu la t i ons . The concentrat ion o f i ron atoms

per surface un i t is 1.21^x10 atoms/cm . To obtain the number o f

e f f e c t i v e s i t e s , th is value has to be m u l t i p l i e d by the sa tura t ion

coverage of I - , r e l a t i ve to a monolayer of surface iron atoms (a

fac tor o f 0 .58) , and by 0.5 for having I . molecules rather than I atoms.

A value of 2.0x10 cm/sec is obtained fo r the to ta l capture rate o f

iod ine, on an Fe(100) sur face, in the l inear range (0< : 8<0.86) at room

temperature. Af ter m u l t i p l i c a t i o n by 0.86 a value of 1730 cm/sec is

obtained fo r the constant region of k (T) . The resul ts o f the present

theore t ica l ca lcu la t ions are in good agreement wi th th is empir ical value.
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THE RELATIVE IMPORTANCE OF SURFACE/GASEOUS

FISSION PRODUCTS CHEMISTRY IN REDUCING THE

SOURCE TERM

SHLOMO RON

Power Reactor Division, Israel Atomic Energy Commission

MICHAEL BAER

Applied Mathematics, Soreq Nuclear Research Center

ZEEV B. ALFASSI

Dept. of Nuclear Engineering, Ben-Gurion University

This study estimates the contribution of surface/gaseous fission

products retention following a hypothetical severe accident in light water

and gas cooled reactors, on the Source Term reduction.

The steady state inventory of iodine in a 3^00 MWT nuclear power plant

is about 12.k Kg, with radioactive isotopes accounting for about 8%

of this amount. The chemical behaviour of radionuclides is identical to

the stable isotopes. An assumption is made that most of the iodine is

released from the nuclear fuel, following a hypothetical accident, and

subsequently adsorbed on the containment surface area, in a closely packed

configuration. Assuming that the distance between each two centers of iodine

atoms is the same as for the gaseous I, (about 2.7A), the iodine concentration
15 2 (2)

at the surface will be l.AxlO atoms per cm , twice the experimental value
1 ̂  2

of 7x10 atoms per cm .
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Adsorption of the released iodine in a single atomic layer w i l l require

4x10 m , about three orders of magnitude than the containment wall area.

Experimental results showed that large amount of iodine are

retained by sol id surfaces. This shows that the iodine main removal

mechanism is penetration through the containment material, while only

a minor amount is adsorbed at the sol id surface. The rate constant of
(2)l» adsorption at iron surface, obtained from R. Jones experimental

results, is 1.7x10 cm sec , while Y. Ben-Haim obtained a value of

0.084 cm sec for the same reaction. This large discreponcy is due to

the fact that while the f i r s t study measured the adsorption mechanism

alone, the second experiment measured the reaction rate of iodine

penetration through the metal. These results indicate that there are

two processes which govern the l_ capture:

(a) Adsorption at the surface area, and

(b) Penetration through the material.

The main capture on dry surfaces w i l l therefore be controlled by the

diffusion mechanism through the sol id and only for small i n i t i a l

quantities the capture w i l l be controlled by the adsorption rate on the

sol id surface. However pure iron surfaces can rarely be found in a real

containment. Usually containment surface areas are of s teel , stainless

steel , concrete and painted layers. The empiric removal rate constant

of I on a stainless steel wall is 0.01 cm/sec according to a large

scale experiment . The values of I capture rate at 100°C (small

scale are 0.054 cm/sec for painted surfaces, 0.085 cm/sec for concrete,

and 0.084 cm/sec for i ron.

Suppose 0.054 cm/sec is the average removal rate constant in a

hypothetical dry containment of 5.1x10 cm volume and 0.9x10 cm

surface area (twice the containment wall area) and suppose that iodine

is exclusively released in the I . form, then the capture rate of l_

w i l l be:
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* 'i 0.05^x0.9x10

f L( )

The CSE (large scale) experimental results show t, to equal 15 min

for I capture on painted walls. But (j) in the large scale system was

one fifth that in a real nuclear plant as assumed in the present study

In addition half of the iodine in the CSE experiment was dissolved into

steam condensate. After taking these two factors into account, the two

results are consistent.

Although a comprehensive study was performed mainly for the I. molecules,

general conclusions can also be drawn. The removal rate of iodine in a

dry containment after an accident will be smaller than the above

mentioned values for reasons such as:

The I form is not the most abundant species released from molten fuel.

Preliminary comparative studies for CsI (probably the predominent

form of iodine/and l? did not show a significant difference in their

rate constant for iodine capture. However adsorbed Cs occupies surface

sites, and will limit iodine diffusion through the solid.

Large amounts of numerous other stable and radioactive gases will be

released to the containment atmosphere following a hypothetical severe

accident. These will compete with the iodine for the few adsorption

s i tes.

The experimental overall rate constant for lo retention on aqueous surfaces
(5)is lower than the overall rate on painted surfaces . However due to the

enormous total surface area of the aqueous aerosols, the resulting

retention rate may become dominant. These conclusions are in accordance

with the data from accidents which occurred in nuclear reactors. During

the Windscale accident, 0.125 of the iodine inventory was released to
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the environment. Water was absent during th is accident as the Windscale

reactor was an a i r -coo led uranium-graphite reactor . During the TMI-2

accident only 3x10 of the iodine inventory was released, due to the

aqueous aerosols present in the containment atmosphere of th is typ ica l

LWR reactor. The modw./»a Hi gh Temperature Gas-Cooled Reactor design is

aimed at keeping most of the f i s s i on products w i t h i n the core, even

a f t e r a severe accident . This is accomplished in part due to the very

s i g n i f i c a n t adsorpt ion of gaseous molecules by graph i te . However a

large f r ac t i on of the very small amounts o f f i s s i o n products released

to the containment might escape to the environment as l i q u i d aerosols

are absent. In LWR on the other hand a large f r a c t i o n o f the f i s s i o n

products w i l l be released from the core a f t e r the hypothet ica l severe

accident , but the large amount of aqueous aerosols, inherent ly present

in the containment atmosphere, w i l l d r a s t i c a l l y reduce the Source Term to

the envi ronment.
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ON INCORPORATING SEVERAL HIGH RESOLUTION GAMMA SPECTROSCOPY TECHMOUES

TO EVALUATE THE DISEQUILIBRIUM STATE OF NATURAL URANIUM IN ROCK SAMPLES

Ehud Neeman

Soreq Nuclear Research Center, Yavne, 70600, Israel

1. Introduction

U-238, accounting for 99.3% of naturally occurring uranium, is the

parent of a radioactive decay chain which terminates at Pb-206, a stable

isotope. (Fig. 1). If uranium has not undergone any replacement, then

it should be in radioactive secular equilibrium with its daughter products.

In order to have equilibrium, a closet1, system is implied in which the

daughter products are not fractionated from the parent.

Uranium is regarded as a mobile element in geochemical terminology.

A natural ground water environment can deplete uranium in one location by

oxidative dissolution and enrich it in another by radioactive precipita-

tion [1], [2] .

The ratio of Ra to U generally indicates any uranium movement which

might have taken place. This information is of vital importance to

uranium exploration geologists [3].

2. Methods used for the determination of Ra/U

Two well known techniques are combined here with a third new

approach to demonstrate the credibility of the complex disequilibrium

state determined using the gamma spectrometry method.

a) The absolute method for the determination of Ra/U in natural uranium

with energy around 186 keV [2], the two most intense lines belong to U-235

and Ra-226. The energy difference between the uranium ar.d radium lines

is too small to be completely resolved by the best existing gamma-ray

detectors. If we assume that the individual peaks can be represented by

simple Gaussians of a standard deviation a taken to be identical for both
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peaks, the composite peak is of the form:

N(x) = k. exp kRa 6 X P
Ra'

2a
(1)

where N(x) is the amplitude of the peak of channel x, P and P_ are the

x coordinates of the uranium and radium peaks, respectively, 1c and

are the amplitudes at P and P_ , respectively.
u Ka

The equilibrium percent is then obtained:

measured

equilibrium
(2)

During the deconvolution procedure the exact positions of the peaks are

free parameters.

b) By this method the Ra/U ratio in the sample is determined using an

ore standard in equilibrium relative to which all unknown equilibrium

ratios are obtained. The 186 keV line is common to both U-235 and Ra-26.

For 100 photons of Ra-226 there are 81.5 photons originating from U-235

when the sample is in radioactive equilibrium [3, 4]. The factor 0.449

is the theoretical fraction of the total intensity at the 186 keV peak

which gives the contribution of U-235 and is equal to 81.5/(100+81.5)

keeping the sample weight, geometry and counting time constant:

Ra/U (%) 100 (3)

where Y is the net intensity of the 186 keV peak and X is the ppm of

U- 238 in the ore determined by an accurate non-radiometric metnod. B

is the number of counts contributed by U-235 per ppm U-238 in the

equilibrium ore standard measured under identical conditions as the

sample. This is constant for a fixed experimental set-up.

c) The third method is a comparison method using the 1001 keV and 63

& 93 keV peaks from a standard U source and sample. For the determina-

tion of uranium by gamma spectrometry the most favorable lines are the
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63 it 93 keV and 1001 keV lines from the decay of Th-234 and Pa-234m,

respectively. Calibration of the experimental set-up is initially per-

formed on standard samples of known uranium concentration. Using the

calibrated spectrum, one can calculate the ratio of the 1001 keV peak

intensity with a closest peak - usually 1120 keV or 934 keV of Bi-214. By

using the comparison method, we can ignore the efficiency factor of the

Ge detector, as the standard and the sample have the same geometry

weight and U concentration. The self-absorption factor of the 1001 keV

line for samples of thicknesses lg/cm is only a few percent and practi-

cally independent of the chemical composition of the matrix. This is not

the case for the 63 keV and 93 keV lines. Deviation of the ratio 1001 keV

peak/934 keV peak in the sample spectrum from the value one gets from the

intensity (gamma rays/100 dis. U-238) of these peaks in the standard

spectrum, signifies the disequilibrium state of the sample.

3. Experimental

A 100 cm Ge(Li) detector is coupled to a charge sensitive PA (Seforad)

and a spectroscopy amplifier (Canberra Model 2010). The amplifier in-

corporates a pole zero cancellation system which helps in obtaining better

peak shape. The pulses from the amplifier were analyzed by a 4096 ADC

TRACO-TN-1750 computerized MCA. The system has an overall energy resolu-

tion (FWHM) of 2.1 keV for 1332.4 keV gamma-rays of Co-60, and a peak-to-

Compton ratio of 48-1. The system was calibrated with standard sources

(Antersham Mix Source and Lovberg, Riso, Denmark).

Only a small amount, about 6g, of sample or standard is required

for this analysis. However, the weight and geometry of the sample must

be as similar as possible to those of the standard.

Two rock samples 9039 and 9102 v*re analyzed. The results by the

three independent methods are given in Table 2 .

4. Results and Discussion

a) In the first method we used a computer program to find, by a least

square fit , the best amplitude (intensity) of the two gaussians around

ky and 1L . The energy difference between the uranium and radium peaks

is 488 eV [5].
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b) Using Eq. 3 one can calculate Ra/U from the 186 keV peak, by the

deconvolution technique, from the relation 2.966 yg U-238 correspond to

1 pCi [5] and the experimental value for the efficiency 0.033% and the data

in Table 1.

Table 1. Intensity of Ra & U in 186 keV peak

Energy

186.2

185.7

GtUffiQei Rays/100

3.30

2.49

dis . U-238 Element

Ra-226

U-235

c) From Fig.^ we can calculate the ratios 1120 keV/1001 keV and

934 keV/1001 keV to find the experimental values for the U-l standard.

From Figs. 3 and 2, we get the ratio of these peaks for the two samples.

The deviation of the latter from the standard value will give the disequi-

librium state directly.

Using the gamma-only technique for three independent methods we can

obtain the disequilibrium rank of rock samples without any interference

from the constituents of the uranium series. Comparison of the results

with the ratio of the reference measurements, D.N.A. and Nal (Table 2),

shows very good accuracy. The NDT type technique has a possible

advantage over alpha spectrometry used for disequilibrium measurements,

as the disturbance introduced by the latter laboratory procedure and

imposed on the constituents might influence the final results.

The large spread in the diseouilibrium state values can be explained

by the geological complexity of the area and the relatively large dis-

tance between the two rock samples.
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Table 2. Disequilibrium state U/Ra by three independent methods - rock

samples and reference measurements.

Method

Sample

9038

9102

No.

No. Gauss

1.

0.

I

unfolding

30±0.12

55±0.07

II

Standard
equivalent

1.38±0.13

0.60+0.06

III

Comparison method

1.40±0.15

0.59+0.06

Reference

D.N.A./Nal

1.44+0.08

0.64+0.04
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SELECTIVE OXIDATION OF TYROSINE - OXIDATION AT BASIC pll WITH NO2 AND C1O2

Zeev B. Alfassi
Department of Nuclear Engineering
Ben-Gurion University of the Negev
P.O.Box 653 Beer-Sheva, I s rae l

and

Radiation Lab. and Dept. of Chemistry
University of Notre Dame
Notre Dame, IN 46556 USA

Certain oxidizing radicals posses a considerable degree of selectivity in

their reaction with amino acid residues^ •'. This selectivity and its va-

riation with pH has been used to probe active sites of enzymes^ ' '. Mild

oxidants such as Br_ or N- were found to oxidize in neutral solutions of

either mixtures of amino acids or proteins specifically the residues of
(4 5)

tryptophan . A similar result was obtained in laser pulse photolysis

(265 nm) of oxygen saturated solution of peptides^ . This property was

used to study the electron transfer from the oxidized tryptophan radicals to

tyrosine in solution of the aminoacids, or of peptides and proteins con-

taining both tryptophan and tyrosine. It was found that while tnis oxida-

tion-reduction reaction does not occur readily in the aqueous solution of

the free amino acids it is a quite rapid process in the solutions of pep-

tides^ ' and proteins^ . This specifity is only for neutral solutions

while in basic solution the tyrosine is oxidized in almost the same rate
(9)

as tryptophan . The difference is due to the dissociation of tyrosine to

give the phenoxyl anion. The higher reduction potential of the phenoxyl

anion, which might be higher than that of indole (tryptophan)

phenoxyl anion > indole > phenol

might lead to the possibility of oxidizing specifically only the tyrosine

and not the tryptophan, by using milder oxidants than N or Br~ and working

in basic pH (pH > 10). This would enable the study of electron transfer

from the tyrosine radical to the tryptophan molecule and finding the equi-

librium constant of the process

tryptophan • + tyrosine ^~*~ tryptophan + tyrosine •

The study was done in aqueous solutions of the free amino acids, purged of
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oxygen and saturated with N_0 to convert hydrated electrons to hydroxyl

rad ica l s . The solutions were i r rad ia ted with 5 nsec electron pulses from

an ARCO LP-7 l inear accelera tor . C102 radical was produced by using 0.5M

solutions of NaCIO through the reaction

Oil + CIO" > Oil" + C102 and NCL radicals were produced

from OH • N0~ ) 0H~ + N02.

The solut ions were at pi 1 = 10.8 - 11.2.

CIO. radicals were found to oxidize both tyrosine and tryptophan as can be

seen from figures i and 2 which give the spectrum obtained in t h e i r solution

and which is s imilar to that found with N_. The ra te constant for CIO- +
7 - 1 - 1tyrosine was found to be 8.2.10 M sec while the ra te for CIO- + t ryp-

5 - 1 - 1tophan was 7.6.10 M . sec . Thus in the case of equal concentrations of

tyrosine and tryptophan 99% of the CIO- radicals will react with ty ros ine .

In the oxidation with N0_ radica ls tyrosine reacts with a ra te constant of
7 - 1 - 1 5

2.85.10 M .sec while for tryptophan a higher l imi t of 5.10 was found.
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Figure 1: The absorption spectrum after pulse radiolysis of aqueous

solution of N'aC102 + Tyrosine, pH= 12.2, N20 saturated.
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EXTINCTION COEFFICIENT (M1)

Figure 2: The absorption spectrum after pulse radiclysis of aqueous

solution of NaClO., + tryptophan, pH= 12.1, M.,0 saturated.
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LEACHING BEHAVIOR OF THE MINERAL BETAFITE: EVIDENCE FOR RAPID NATURAL

ANNEALING OF ALPHA-RECOIL DAMAGE WITHIN A METAMICT PHASE

* ** **
Y. Eyal , G.R. Lumpkin and R.C. Ewing

Department of Nuclear Engineering
Technion-Israel Institute of Technology, Haifa 32000, Israel

**
Department of Geology

University of New Mexico, Albuquerque, New Mexico 87131, USA

Most crystalline nuclear waste materials will become amorphous for

generally aperiodic) during time of disposal as a result of accumulation

of alpha-recoil damage from the decay of Cm, Am, Pu and Np isotopes as

well as their many intermediate alpha-emitting decay products. Therefore,

a principal concern is the effect of the damage on the structure and

dissolution of aperiodic nuclear waste forms. In particular, it is impor-

tant to know whether a certain degree of damage annealing occurs within

the amorphous state, leading to the formation of metastable structures

having suppressed chemical reactivity.

Betafite, a radioactive mineral, is the Ti-rich member of the pyro-

chlore group, Â^ 2
B2X6Y0 1 (Fd37n» z = 8)» where A = Ca, Na, U, Th, REE

(rare earth elements), Y, Ba, Sr, Bi, Pb; B = Nb, Ti, Ta, Zr, Sn, Fe;

X = oxygen; Y = 0, OH and F. The pyrochlore structure (or structural

derivatives, e.g. zirconolite in SYNROC), is a common constituent of

polyphase, crystalline radioactive waste forms. Naturally occurring

minerals with this structure often occur in the metamict state. Here we

describe the dissolution behavior of a metamict betafite specimen in a

bicarbonate-carbonate solution. The experiment demonstrates that fresh

alpha-recoil damage is preserved for some time as disordered region of

higher chemical reactivity in the metamict phase, but the damage is sub-

ject to low-temperature annealing in relatively short period of time,

approximately 2,000 years, within the aperiodic structure.

The betafite specimen (USNM #126235, UNM #083, from Bancroft,

Ontario, Canada) has been characterized according to a detailed electron
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microprobe analysis (EMPA), thermogravimetric analysis, differ-

ential thermal analysis, radiochemical analysis (RCA), aid x-ray

diffraction measurements of unheated and heat-treated samples. The

data are presented in Refs. 1 and 2. Briefly, EMPA indicates minor alter-

ation (hydration) along galena-filled veins, large voids, and micro-

fractures which occurred after the specimen was at least partially meta-

mict. The abundances (EMPA) of U0_ and ThO? in the major phase are 26.3

and 0.33 wt%, respectively, in unaltered areas, and 24.3 and 0.25 wt%,

respectively, in altered regions. The H?0 content is i> 10 wt%. We derive

a value of U/ Th = 244 for the uranium-to-thorium radioactivity

ratio. According to RCA, the activity ratios for members of the uranium

series are 234U/238U = 1.00 ± 0.01 and 23OTh/238U = 1.00 + 0.04, indicat-

ing a closed system for the last <v 10 years. The measured (RCA) absolute
238

U activity is 143,500 + 2,600 disintegrations per minute per gram of

betafite. This value is ̂  17% lower than that expected"from the EMPA.

probably due to the presence of non-radioactive impurities (e.g. PbS).

Because of the low abundance of Th relative to that of U, accurate values
228 232

for Th-content and Th/ Th activity ratio were not determined, but
within the present uncertainty (y 8%) it is experimentally established

232 228
that Th and Th are in radioactive equilibrium and that the value

of the Th/ Th activity ratio agrees with that expected from EMPA,
230 2^2

Th/ Th = 244. We adopt this value for the activity ratio for the

present analysis.

The specimen is x-ray diffraction amorphous. With the high concent-

rations of U and Th and an age of at least 800 million years, it is

estimated that the sample has experienced more than 50 displacements per

atom.

We have studied the dissolution behavior of iliM, 2 3 4U, 232Th, 230Th
228

and Th in betafite during leaching in an aqueous bicarbonate-carbonate

solution (0.1 M NaHCOjEnd 0.1 M Na2C03) at room temperature (̂  22°C).

Three portions (0.5 or 1.0 g each) of fine betafite powder (maximum par-

ticle size ̂  100 pm) were subjected, separately, to series of b or 9

successive leaching treatments (in fresh 10-ml portions of the above

solution) for a total of -v 50 or ̂  100 days. The radioactivities of U,
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U, Th, Th and Th in each solution were determined by alpha

spectrometry, preceded by chemical separation and purification of thorium

and uranium. '

The leaching data are presented in Table 1. The quantity R is the

relative leaching rate, given by the ratio of fractions of activities
234 238

leached. RC U/ U) values consistently show isotopic fractionations in

all leaching series. Much more pronounced isotopic fractionation is ob-

served for thorium. R( Th/ Th) values range from ̂  8 to almost 100

during the early stages of the dissolution process. These isotopic

fractionations clearly indicate the continued presence of alpha-recoil

tracks even in material that must be considered as fully-damaged and
228

aperiodic. However, because the nuclide Th is short-lived and the
234 228 230

nuclide U is long-lived, the much enhanced Th/ Th fractionation
234 238

relative to the amount of the U/ U fractionation indicates that the

ambient annealing time for alpha-recoil tracks in betafite must be
228 230

relatively short. It is important to note that R( Th/ Th) values

show considerable variation for early successive leaching treat-

ments in each series and between each of the three series. In addition,
228 230

the R( Th/ Th) values pass through a maximum shortly after the initi-

ation of the leaching experiment. At present, there is no direct or

simple explanation for this behavior. It must be mentioned that the value27R ,
of R( Th/ Th) is sensitive to the microdistributions of Th and U,

228 23^ 230
since Th is produced by decay of "Th whereas Th is a member of

238
the U-decay chain. The significant reduction in the value of
228 230

RC Th/ Th) as the dissolution process proceeds may be explained by
• 228

the rapid depletion of Th at grain surfaces in contact with the

solution.

Following the procedure of Eyal and Fleischer, ' the mean annealing

time, T., for alpha-recoil tracks in a mineral is given by

TA = T234 ' <R(234U/238U) " D / {R(228Th/232Th) - 1} (1)

where T . is the mean life of U (3.53 x 10 yr) and R is the initial

relative isotopic leaching rate. Therefore, it is desirable to know the
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TABLE 1. LEACHING DATA FOR UNHEATED BETAFITE*

Leaching

Treatment

L,
L2
L,
L3

L
Lfi
T o

L,
L2L5j

J /

L.
L
L

A
i?

L8

Cumulative
Leaching

Time (days)

0
0
0
1
3
11
21
56
101

0,
1,
2.
3.
7.
14.
24.
52.

0.
0.
0.
1.
4.
11.
18.
49.

.018

.030

.042

.03

.95

.0

.0

.1
= 0

.17

.06

.00
,09
,1
,0
0
I

012
023
034
13
02
0
0
2

Activity
(dis/min

238

23.9
5.4
3.9

21.7
16.2

18.9
19.3
19.0
14.2

58.5
19.9
15.4
13.6
20.4
26.8
22.3
27.5

19.4
4.5
3.1
17.8
13.3
15.0
9.0
17.6

U

Leached
•g )

230Th

Experiment 1

t 1.4
± 0.7
± 0.4
± 1.0
i 0.9
± 1.0
± 0.7
± 1.0
± 0.9

13.0 +
5.8 ±
3.0 ±
16.9 ±
16.0 ±
17.9 ±
13.5 ±
17.3 ±
12.7 ±

Experiment 2

± 1.6
± 1.1
± 0.S,
± 0.9
+ 1.2
+ 1.2
± 1.4
± 2.6

26.8 +
1?.4 ±
10.7 +
9.9 ±
15.4 ±
14.4 +
14.5 t
19.0 ±

Experiment 3

± 1.5
± 0.3
+ 0.2
± 0.8
+ 0.7
± 1.2
± 1.3
± 1.8

6.4 ±
3.3 ±
2.5 ±
11.9 ±
9.9 ±
9.7 ±
6.7 ±
10.8 ±

i

1
0
0
1
1
2
2
1
1

1
i,

0,
0,
1,
1.
1.
3.

0.
0.
0.
1.
0.
1.
0.
0.

.6

.7

.5

.8

.4

.1

.2

.5

.1

.2

.1

.8

.8
,4
,7
,7
,0

7
5
4
4
6
2
5
7

Relative

234^238

1.13 +
1.16 +
1.24 +
1.04 *
1.07 +
1.05 +
1.04 ±
1.14 ±
1.08 +

1.10 +
1.12 +
1.08 ±
1.15 +
1.01 ±
0.97 ±
1.00 ±
0.95 ±

1.20 ±
1.03 ±
1.06 ±
1.08 ±
1.01 ±
1.05 ±
0.99 ±
1.00 ±

0
0
0
0
0
0
0
0
0

0
0
0.
0,
0,
0.
0.
0.

0.
0.
0.
0.
0.
0.
0.
0.

Leaching Rate, Rb

U

.03

.18

.15

.04

.04

.04

.03

.06

.07

.02

.05

.04

.08

.06

.04
,06
,09

03
08
07
05
05
08
05
09

2 2 8Th/ 2 3 0Th

8.0
31.5
44.2
95.6
13.2
10.4
5.6
4.2
7.3

8.2
7.9
11.2
17.5
7.3
3.6
3.3
3.6

11.7
21.0

49.9
7.3
4.6
1.7
5.6
4.2

± 2.5
± 5.3
± 13.7
± 4.6
t 3.6
± 2.2
± 1.4
± 2.6
± 2.6

± 1.3
± 2.5
± 3.5
± 5.0
± 3.1
± 1.4
± 2.0
± 2.4

± 3.7
± 6.7
± 8.3
± 1.1
± 1.7
± 0.9
± 1.9
± 3.4

The results of three independent experiments are reported separately.
Experiments 1, 2 and 3 involved the leaching of 0.5, 0.5 and 1.0 g,
respectively, of unheated mineral powder in 10 ml of 0.1 H NaHCO, and 0.1 M
N a 2 C 0 . solution at •>> 22 "C.
M e a s u r e d radioactivities in units of disintegrations per minute per gram
betafite.
Relative leaching rates, R, given by the ratios of fractions of activities

leached.
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99O O TO

value of RC Th/ Th). Because of the low abundance of Th in the mine-

ral, relative to that of U, we were not able to determine accurately the
232

amount of the leached Th radioactivity. Nevertheless, if thorium and
uranium are distributed uniformly in the mineral phase, then T. IS also

2
given by

R(
2 2 8Th/ 2 3°Th)-C^ • { R ( 2 3 V 3 8 U ) - 1} • 1) - I

T230

where x,__ is the mean life of Th (1.15 x 10 yr). Here we assume that
230

the leaching of Th is mostly governed by the alpha-recoil damage cre-

ated by U decay, and that it is not influenced by the possible much

older nearby damage created by the primary nuclide in the decay chain,
2 3 8U.

By employing Equation (2), we obtain from the leaching data of Table

1 the annealing times given in Table 2. The initial relative isotopic

leaching rates were obtained by integrating the leached activities over

the first four leaching treatments for each experiment (L1 to L. in Table
228

1); because of the apparent delay in the release of the Th into solu-

tion, L, data alone do not give the true .initial relative leaching rates.

An average annealing time of T. = 2,000 + 1,300 yr is calculated

from the results of all three experiments (Table 2). The uncertainty is

determined from the dispersion in the values of the three separate

results.

In summary, the leaching experiments on metamict betafite demonst-

rate that individual alpha-recoil tracks are preserved for some time as

disordered regions of higher chemical reactivity in already fully-damaged

structures which result from alpha-decay events. This damage is most evi-
228

dent for the short-lived nuclide Th and to much lesser extent for the

long-lived nuclide U because the alpha-recoil tracks fade with time.

We have calculated an annealing time of approximately 2,000 years in the

metastable aperiodic structure. In crystalline thorianite, uraninite and

monazite, localized alpha-recoil tracks have calculated mean lives of

approximately 15,000 to 18,000 yr(Refs. 5 and 6). The present research
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TABLE 2. ANNEALING TIME OF ALPHA-RECOIL DAMAGE IN BETAFITE*

Experiment

1
2
3

Average

Initial

1.11 ± 0
1.11 4 0
1.12 + 0

Relative Leaching

.05

.03

.06

52.6 ± 6.3
10.2 ± 1.4
14.7 + 2.3

Annealing
x

550 ±
3,000 S 1
2,300 t 1

2,000 • 1

Tine

300
,100
,300

,300

The data pertain to the three leaching series reported in Table 1.
"initial relative leaching rates, R, given by the ratios of fractions of
initial activities leached. The data pertain to leaching treatments L. to L,
reported in Table 1.
Average annealing time from experiments 1, 2 and 3.

demonstrates that alpha-decay products may be selectively leached from

amorphous materials, but the damage is subject to low-temperature anneal-

ing in relatively short period of time. Similar alpha-recoil tracks

should be formed and annealed in aperiodic nuclear waste forms, such as

borosilicate glass.

This research was supported by a grant from the United States-

Israel Binational Science Foundation, Jerusalem, Israel.
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NEW APPLICATION OF RADON MEASUREMENTS BY THE ALPHA-TRACK

TECHNIQUE OVER BARREN COUNTRY-ROCKS

A. Strull, 0. Even, Y. Assael and H. Zafrir

Applied Research & Exploration Dept.

Soreq Nuclear Research Center, Yavne 70600, Israel

Intensive mineralization of a polymetallic assembly at Makhtesh-Ramon [1]

encouraged us to search for subsurface traces of uranium mineralization.

The alpha-track technique which detects and -measures radon gas emanating

from buried uranium mineralization [2] was chosen.

In a conventional survey alpha detectors are placed in an over-burden of

soil. The soil acts as a porous medium permitting radon signals from

underlying rocks to reach the surface quite effectively. Moreover, local

concentrations of uranium are rather low, yielding a low radon background.

This method was modified so that direct measurements of radon in fresh

rock out-crop are possible. To help compensate for higher concentrations

of uranium in rocks, one has to estimate the local contribution of radon

by collecting a rock sample and analyzing it for Bi-214 after letting it

reach equilibrium between radon and its daughter products. Excess radon,

unsupported by local radium, is considered to be a real radon anomaly,

i.e. a long-distance source of radon is a possibility.

It is commonly accepted that radon atoms migrate by two mechanisms:

diffusion and transport. Diffusion theory implies that measurable

amounts of radon will not survive at distances of more than 10-15 meters.

Radon signals from ore at greater distances up to 100 meters can only be

recognized if some more systematic transport mechanism than diffusion is

presant [3].

In general, the alpha-track method utilizes a small plastic film strip

attached to the inside base of a plastic cup to detect the activity of

alpha-emitting radon isotopes: 219, 220 and 222, which are the daughter
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products of uranium-235, thorium-232 and uranium-238, respectively [4].

Detecting the radon-222 isotope is of great interest in uranium explora-

tion because it is derived from uranium-238. However, severe interfer-

ence can be caused by appreciable quantities of radon-220 (thoron)

derived from thorium-232. By placing a membrane over the film, an

effective permeability barrier is created which stops the short-lived

radon-220 (half-life 55 sec), yet permits almost all the longer-lived

radon-222 (half-life 3.82 days) to reach the film [5].

The new system design (fig. 1) features a PVC pipe containing a poly-

carbonate film and an anti-thoron membrane. The anti-thoron membrane

employed was made of a thin plastic polymer and served a dual purpose:

first to filter-out dust particles and thus ensure real equilibrium has

been established between radon and its daughter products in the vicinity

of the film and secondly to stop thoron from entering the film zone.

The membrane was tested inside a container (1.0x1.0x0.7m) containing

800 ppm thorium and 10 ppm uranium. Average results without a membrane

gave 2500 tracks/sq.cmxd, vs 100 tracks/sq.cmxd, with a membrane, in

agreement with radon results from magmatic rock (fig. 2B) which produced

60 tracks/sq.cmxd for 4 ppm eU, clearly indicating the desired effect of

the membrane.

Field work included two stages: a preliminary survey designed to test

the equipment and evaluate radon background levels at different types of

lithologies, followed by a full scale radon alpha-track survey aimed at

identifying radon anomalies.

In the preliminary stage three types of lithologies were selected, each

type consisting of 10 shallow holes (60 cm depth) spaced a few meters

(2-4 m) apart. From the bottom of the holes samples were taken and

analyzed for eU (equivalent-uranium).

A plot of radon versus eU is shown in fig. 2 and is useful in determining

whether anomalous radon levels are either due to local concentration of

uranium daughter products or possibly include a contribution of radon

transported from a long-distance source.
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0
fintL-Thorott McmJ>t~a»e

Fig. 1

Radon alpha-track measuring system

Lithclogy type A (fig. 2) illustrates an example of carbonate rock with a

low concentration of eU accompanied by a low radon level; both values

are uniformly distributed. Fresh magmatic outcrop, type B, shows higher

levels of eU and radon, with two sites, 8 and 9, having a distinctly

elevated amount of radon (5 x background level) indicating the two sites

as radon anomalies. Type C consists of sedimentary rocks.mainly shales
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A second stage survey included 400 samples arranged 20 meters apart on a

grid. Preliminary results of this survey indicate several anomalies

centered on the magmatic intrusion.

It was concluded that meaningful radon anomalies can be found by applying

alpha-track measurements directly on barren rocks. However much research

is still needed in order to permit estimation of the distance radon

migrates from its source.
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RATES ANL MECHANISMS OF OXIDATION OF ZnTPP BY C C l ^ RADICALS ON VARIOUS

SOLVENTS

Z.B. Alfass i and S. Mosseri, Dept. of Nuclear Engineering, Ben-Gurion
University of the Negev, Beer-Sheva, Israel

P. Neta, Chemical Kinetics Divis ion, Center for Chemical Physics ,
National Bureau of Standards, Gaithersburg,
MD 20899, USA

A. Harriman, Devy Faraday Research Laboratory, The Royal Ins t i tut ion
21 Alberwarle Street , London WIX 4BS, UK

The radio lys i s of neat CC1. in the presence of oxygen y i e l d s the CC1-0,
1 1

radicals . These peroxyl radicals are known to oxidize iron porphyrins ,
2 3zinc porphyrins ' and many other rea i tants .

In the presence of ZnTPP (Zinc tetraphenylporphyrin) the following one

electron transfer reaction i s taking place:

CC1-O« + ZnTPP »• CCl-Or • ZnTPP* 1.

In pulse rad io lys i s study, the value of k was found to be 1.7.10 M sec .
9 - 1 -1Similar rate constant ( 1 . 6 . 10 M sec ) was found also when the reaction was

performed in a mixture of CC1. and cyclohexane.

Radiolysis of other solvents in the presence of CC1. and oxygen i s a lso ex-

pected to y i e ld CCl-O,. In some solvents however, the rate constant k, seems

to be affected by the nature of the solvent . Table 1 which contains several

values of k- found when dif ferent solvents were used shows that the solvent

exerts a strong e f f ec t on k . , which i s found to vary by two orders of magni-

tude. A previous work has shown that ZnTPP adopts a five-coordinate re -

organized structure by axial complexation of a solvent molecule.

An evidence for t h i s might be the bathochromic sh i f t ing in the two Q-absorp-

t ion bands and the decreasing of the R-value (where R equals the rat io of

molar ext inct ion coe f f i c i ents of Q2/Qj va lue) . According t o t h i s , in dried

CC1. .solution the ZnTPP should be weakly complexed while the addition of a

second solvent should cause a marked bathochramic sh i f t ing and drop in R-

value. Table 1 which shows these e f f e c t s with respect t o CH-C1- ( instead of

CC1.) shows a good correlation between k. and the energy of the Q, trans i t ion
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(the more easi ly determined spectral parameters). Large absorption changes

reflect strong complexation , although the IT-IT bands wil l be s l ight ly red

shifted solvents.

Figure 1 shows the dependence between k and the absorption spectral pro-

perties and indicates the decreasing of the kj value as the axial solvent

molecule i s bound more strongly, suggesting that reaction 1 proceeds

via an inner spherical mechanism.

CC12O2 + X-ZnTPP + CCl3O2-ZnTPP + X 2.

CCl3O2-ZnTPP + CC13O2 + ZnTPP* 3.

ZnTPP* + X •*• X - ZnTPP* 4.

Here, the electron transfer act (reaction 3) is preceded by complexation

(reaction 2), as suggested for reaction between iron porphyrins and al-

cohol peroxyl radicals. Since ZnTPP preferentially forms 5-coordinate

species, complexation requires elimination of the bound solvent molecule.

Peroxyl radicals are toxic and they play important roles in destruction of

plants, tissues, polymers and fabrics. The results reported here, together

with previous work , show that peroxyl radicals oxidise metalloporphyrins via

intermediate formation of a peroxide. The rate determining step is set by the

radical replacing the existing axial ligand so that blocking this site by

strong complexation or bulky groups should prevent oxidation. Possibly, this

is a general finding with respect to oxidation by peroxyl radicals and it is

not restricted to metalloporphyrins.
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El£CTRON BINDING ENERGIES AND SEGREGATION BEHAVIOUR IN UNiAl AS COMPARED

TO YNiAl AND ZrNiAl

I.Jacob, M. Fisher and Z. Hadari
Department of Nuclear Engineering
Ben-Gurion University of the Negev
Beer-Sheva, P.O.Box 653 Israel

The electron binding energies o f the metal components on the surface layer of

UNiAl were examined by XPS (X-ray photoelectron spectroscopy). The sample was

i n i t i a l l y exposed to a i r and then a depth prof i l e was performed u t i l i z i n g Ar

ions operated at 1 kV. The constituents were in oxidized s ta tes before the

sputtering procedure and there bulk electron binding energies were s i g n i f y

cantly different from those of the pure metals. In the usual experimental

set-up of the XPS the binding energies are related to the Fermi leve l of the

sample. In order to obtain the to ta l electron binding energy ( i . e . related

to the vacuum level of the sample) a knowledge of the relevant work function

i s required. The work function of UNiAl was estimated by operating the AES

(Auger electron spectroscopy) pulse counting mode at low electron k inet ic

energies . The so obtained electron binding energies showed an improved cor-

re lat ion with the e lectronegat iv i ty values of the metal components.

In addition, the segregation behaviour of UNiAl was examined and compared to

that of ZrNiAl and YNiAl. I t i s concluded that in a l l the cases studied (af ter

air-exposure, oxygen and residual gas exposure) a "rule of reverse s t a b i l i t y "

e x i s t s , i . e . the l e s s stable intermetal l ic compound exhibits the most pronounced

segregation.



DESIGN OF A HIGH EFFICIENCY NEUTRON SPECTROMETER

FOR NEUTRON MULTIPLICATION REACTIONS.

U.German - Nuclear Research Center Negev , Beer Sheva

G.Shani - Ben Gurion University of the Negev ,Beer Sheva

In addition to -fission neutrons, at 14 MEV bombarding neutron energies

<n,2n) and <n,3n) reactions have a signi-ficant contribution to neutron

multiplication. For evaluations o-f -fusion hybrid systems accurate

knowledge o-f the cross sections and o-f the neutron energy spectra -from

the various reactions are imperative. Experimental data concerning the

<n,2n) and (n,3n) secondary neutron energy spectra is very scarce.The

experimental method employed -for the (n,2n> reaction was the double

t ime-o-f-f 1 ight method -for which the e-f-ficiency is very low and needs

long accelerator running times. To our Knowledge,no trial was made to

measure the <n,3n) spectra.

In the present work a neutron spectrometer was developed which can be

used to measure directly the neutron energy spectra o-f up to 3 neutrons

emitted simultaneously -from a nuclear reaction. The spectrometer is

based on NE-213 organic scintillator and covers the energy range -from 0

to 14 MEV. The spectrometer was designed in an annular -form consisting

o-f 3 sections. A sample can be placed in its center where it can be

irradiated by a collimated neutron beam which does not interact with

the spectrometer. Only the secondary neutrons emitted -from the sample

are detected.The general scheme o-f the spectrometer is given in -fig.l.
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SAMPLE

NEUTRON BEAM

Fig 1 - The general spectrometer setup.

In order to determine the optimal dimensions o-f the system and the

spectrometer response -functions, a "Monte Carlo" computer code was used.

The basic version o-f the code used - OSS, was expanded and the geometry

subroutines were replaced to -fit the con-figuration o-f the spectrometer

in the present work. The source geometry was also expanded by adding an

isotropic neutron source option to the existing ones o-f parallel beams.

The expanded OSS code was run to calculate the zero bias e-f-f icienc ies

•for di-f-ferent spectrometer dimensions.The dependence on the length and

outer radius is given in -fig 2. The range 10 to 15 cm. seems to be the

optimal value -for both dimensions.
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•For di-f-ferent n e u t r o n e n e r g i e s (in M e w ) .



The radius o-f the inner hole o-f the annular detector was determined as

3.4 cm. ,in accordance with the neutron collimator geometry. The outer

radius o-f the detector was determined as 10.8 cm. ,based the results

given in -fig.2,on results o-f other works <1,2) and on technical

constraints.Because o-f light collection effects not taken into account

by the 05S Code,the length o-f the spectrometer was determined by

measuring experimentally the dependence o-f the N-GAMMA discrimination,

o-f the uni-formity and o-f the efficiency on its length < 3 ) . The optimal

length was found to be 10 cm.

The spectrometer was built, tested and operated using commercial

electronics. Pulses not produced by neutrons were eliminated employing

the Pulse Shape Discrimination method with an ORTEC 458 Pulse Shap.

Analyzer. The optimal discrimination bias for the PSD circuit was found

to be equivalent to 0.15 Light Units, which determines a neutron energy

threshold of about 1 MEU. The pulse height distributions were analyzed

using the FORIST Code whose response matrix was calculated by the OSS

Monte Carlo Code. Most of the calculational and experimental work was

performed at the facilities of the Ben-Gurion University of the Negev.

(1) Kalyna J.,Taylor I,J.,Nucl.Instr a n d M e t h . 88 (1970),p.277-287.

<2) Wakuta Y.,et.al. fNucl.Instr. and meth. 71 <1969),p.133-136.

<3) German U.,Shani G.,Nucl.Instr. a n d M e t h . 180 <1981>,p.503-508,



MEASUREMENT OF SECONDARY NEUTRON ENERGY SPECTRA

FROM <n,2n) REACTIONS.

U.German - Nuclear Research Center Negev,Beer Sheva.

G.Shani - Ben Gurion University o-f the Neo,ev,Beer Sheua.

Most o-f the works published which concern *he <n,2n> and the <n,3n)

reactions deal with ?valuations o-f the cross sections. The expected

neutron energy spectra o-f the secondary neutrons which are emitted

•from these reactions is mostly evaluated theoretically, based on the

evaporation model •from a compound nucleus. The pre-compo<<nd e-f-fect

has increasingly been integrated in the theoretical evaluations to

explain deviations between measured and calculated cross section

values.

A neutron spectrometer system designed to measure directly the energy

spectrum o-f up to 3 neutrons emitted simul tanously is mentioned in

a separate article.The system consists o-f 3 segments which are

operated in coincidence while a sample placed at its center is

irradiated by 14.7 MEV neutrons.The experimental setup is given in

•fig.l.The spectrometer is shielded -from the accelerator room by a

para-f-fin wall and a neutron beam is obtained through a 3.5 cm.

col 1imator.The beam strikes the sample but does not interact directly

with the spectrometer. In order to reduce the gamma background a lead

shield was added,The T<D,n) reaction was employed to obtain 14.7 MEU

neutrons -from a neutron generator.
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SAMF'LE

PARAFFIN WALL

Fig.l - T h e experimental setup.

Samples of different materials undergoing <.i,2n) reactions were used.

For background determination a graphite sample was placed in the

spectrometer with the accelerator running at standard conditions.The

lengths of the samples were chosen for similar neutron scattering to

achieve the same background contribution.After proper calibration and

checks the pulse height spectra were measured using coincidence from

two segment detectors as multichannel gating.Data was accumulated for

about 2 hours -for getting a net integral of about 10.000 counts.



T h e p u l s e h e i g h t s p e c t r a w e r e u n f o l d e d u s i n g the F O R I S T c o d e w i t h a

r e s p o n s e m a t r i x a d a p t e d to the p r e s e n t s p e c t r o m e t e r . A s a typical

e x a m p l e of the r e s u l t s the P b < n , 2 n ) u n f o l d e d s p e c t r u m is g i v e n in f i g . 2 .

ic

ENERGYfMEVl

Fig.2 - The secondary <n,2r»> energy spectrum from Pb.



T h e bulk o-f the n e u t r o n s b e l o n g to the e v a p o r a t i o n g r o u p and e x h i b i t

a typical M a x w e l l i a n d i s t r i b u t i o n . H o w e v e r t h e r e is a p o s s i b l e

i n d i c a t i o n o-f the p r e s e n c e o-f a n o t h e r g r o u p o-f n e u t r o n s w i t h h a r d e r

e n e r g i e s w h i c h can be a t t r i b u t e d to the p r e - c o m p o u n d r e a c t i o n m e c h a n i s m .

T h e p r e s e n c e o-f t h i s n e u t r o n g r o u p is -feasible -from the t h e o r e t i c a l

p o i n t o-f v i e w and w a s i n d i c a t e d a l s o in a w o r k u s i n g B i - 2 0 9 ( 1 ) .

E n e r g y s p e c t r a -from o t h e r m a t e r i a l s i n d i c a t e a s i m i l a r s p e c t r a l -form.

U i l d e L . , e t . a l . . J . P h y s . G : N u c l . P h y s . 3 ( 5 ) ( 1 9 7 7 ) p . L ? 9 - L 1 0 3 . .
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Unfolding of Complex Gamma Spectra

A. Gutman , E. Elias , and E. Levitan

* IEC - Israel Electric Corp.

** Department of Nuclear Engineering, Technionr Haifa

A** Faculty of Medicine, Technion, Haifa

A complex spectrum, such as that measured in prompt

neutron activation analysis <PNAA) or other applications, may

spread over a wide energy range <1 - 10 MeV) and consists of

dozens spectral lines on high continues bacground. When

measured with a medium resolution spectrometer (e.g., Nal)

the spectrum loses its component identity and poses a problem

for spectral analysis. More specifically, several spectral

lines from different radioisotopes may overlap, making the

unfolding analysis an ill-posed problem. In order to separate

such lines, a prior information on the lines positions and

intensities may be helpful, as presented below.

In this work different methods of spectrum unfolding

have been tested for a specific PNAA spectrum. For this

purpose folding - unfolding computer experiments have been

performed with 16 major spectral lines in the range of 1 to 8

MeV to simulate a gamma spectrum typically obtained in prompt

neutron activation of coal (1). Additional 32 broad lines

were used to simulate the continuos bacground. The response

functions suggested by Berger and Seltzer (2) for 3x3"

Nal(Tl) detectors were applied in 640 channels of 10 keV

each. Response matrix of 640x48 entries was constructed for

the 16 spectral lines and the 32 bacground components.

The simulated folded spectrum is presented in figure 1

(top) along with a measured spectrum (bottom) taken from Ref.

(1). A random Poisson noise was added to the simulated

spectrum before unfolding it by four different methods, as

follows:
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1. LS - Least squares analysis, weighted with the true

known variances (3).

2. CLS - Constrained weighted least squares analysis,

with restrictions imposed on the ratios between some of

spectral line intensities (3).

3. EM - Expectation maximization iterative algorithm,

adopted from the maximum likelihood reconstruction in

emission tomography (4).

4. CEM - constrained EM algorithm with smoothing over

the bacground and restrictions on the ratios of the

intensities of the spectral lines at each iteration.

Unlike the typical emission tomography reconstruction,

the EM algorithm is used here for the analysis in the energy

space of the scattered radiation emitted from the coal. The

EM iterative scheme can be described by the following

expression (4):

U6"1' * UW.RM' • M/ <RM u"(n>> (1)

where M is the vector of the "measured" spectrum in 640

channels, U is the unfolded vector of 48 components and RM is

the 640x48 response matrix.

The CEM algorithm proposed here corrects the obtained

n-th solution U w i n eq. (1) with a prior information on the

desired spectrum U. The corrected U("; is used in the above

scheme (eq. (1)) to obtain the (n-K)-th updated vector, etc.

Such treatments are used elsewhere (e.g., Ref (5)>, but

should be justified in each particular case.

The calculations have been performed using the SAS

statistical package (6). A summary of the results are

presented in Table 1 for the unfolded spectral lines part of

the solution vector U. The unfolded lines should be compared

with the incident intensities.

For the present particular case with the chosen level of
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background and counting errors it is concluded that:

1. The LS method gives unreasonable solution.

2. The CLS predictions may be in error of up to 251 .

3. The EM method is unable to separate overlapping

spectral lines <e.g., lines 8-9, 11-12 and 14-15) which

causes up to 100X error.

4. The proposed CEM method reduces the error to below

15X, which might be an acceptable level for certain

types of measurements.
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Table 1: Unfolded Values of Spectral Lines Intensities

No. Element Energy Intensity Prediction

(MeV) *10

LS CLS EM CEM

1 Al 1.623 15.18 14.79 14.24 15.58 15.11

2 Ca 1.943 9.6 10.27 8.62 10.25 8.92

3 Si 2.094 6.25 8.65 5.74 7.44 6.22

4 H 2.223 2004.86 2007.07 2002.61 2004.00 2006.72

5 S 2.380 3.08 3.65 3.00 3.67 2.73

6 Si 3.539 26.24 25.34 25.45 26.55 26.53

7 C 3.684 10.44 9.16 8.39 10.45 10.22

8 Si 4.934 27.72 2.72 25.44 26.25 27.61

9 C 4.945 26.04 44.74 20.94 26.44 25.49

10 S 5.42O 6.60 5.85

11 Si 6.380 5.64 28.02

12 Ti+Ca 6.419 18.8 16.38

13 Ti 6.760 12.96 -18.47

14 Fe 7.632 15.50 16.B8

15 Fe 7.646 12.5O 2.51

16 Al 7.724 7.50 6.43

6.43

5.18

16.88

11.64

19.36

15.61

7.04

6.99

10.66

12.63

12.17

12.77

12.20

8.76

5.85

5.62

17.46

12.02

14.44

11.64

7.46
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NORMALIZATION OF A COLLIMATED 14.7 MeV NEUTRON SOURCE

R. Ofek, A. Tsechanski, and Q. Shani

Department of Nuclear Engineering

Ben-Gurion Universi ty of the Negev, Beer Sheva 84105, I s rae l

An absolute normalization of the neu t ron source is needed in i n t e g r a l

experiments with fusion r e a c t o r mater ia ls , where measured neu t ron e n e r g y

spec t ra or o the r i n t e g r a l quan t i t i e s a r e compared with calculations. The

determinat ion of the absolute emission of neu t rons from the D-T source is

c a r r i e d out with the " Associated (Alpha) Par t ic les " method (i-3) . If the

neut ron source is i n se r t ed into the measured bulk or is a t tached to i t , then an

accurate determinat ion of the source an iso t ropy is needed too. The measurement

of the angular dependence of the source is performed with the "Foil Activation"

method ;3.4).

Never theless , the determinat ion of the source an i so t ropy is unnecessary for the

comparison of measured neu t ron energy spec t ra , obta ined with a collimated

neut ron beam, with calculations. In o r d e r to normalize the measurement, one has

only to compare the measured and calculated fas t neu t ron flux a t any point

th rough the collimator.

In the p r e s e n t work a method for the normalizat ion of a colUmated D-T

source is developed, which combines a measurement of the fas t neu t ron flux by

activation of a copper foil with a neutron transport calculation of the foil

activation per unit source.

The geometry of the collimated neutron beam is composed of a 14.7 MeV neutron

source positioned 30 cm in the front of a 6 cm diameter collimator, passing

through a 120 cm thick paraffin wall.

The determination of the normalization factor of the collimated beam consists

af the foilowing steps : -

<1> A copper foil is lserted into the collimator and irradiated with the

E-T neutrons. The maximum activation is achieved if the foil is

placed at the entrance to the collimator.
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(2) The 0.511 MeV gamma emission from the irradiated copper foil is measured

with a Ge-Li detector. The gamma radiatidn is created by the p+ emmision

from the ^ u nuclides, produced in the copper foil by the Cu (n,2n)*Xu

reaction.

(3) The efficiency of the Ge-Li detector is determined with a2aNa 0.511 MeV

gamma source.

(4) The measured gamma activity of the copper foil is compared with a neutron

transport calculation of the activity per a unit source. The calculation

is carried out with the 2-D discrete-ordinates DOT 4.2 transport code(5),Wjth

cross-section data processed with the code NJOY (6) from the ENDF/B-IV

library

(5) The geometric factor of comparing the gamma counts from the copper foil to

that of theaMa source is calculated with the Monte Carlo MCNP code (7)

The geometric effect is contributed by the different shapes of the two

gamma sources, the different distance of each of the two sources from the

Ge-Li detector face ( the copper foil is attached to the Ge-Li face, while

the^Na source, which is encapsulated in a plastic cell, is located about

1.5 mm far-off it ), and the shape of the active volume of the Ge-lj.

detector.

(6) The neutrons emitted from the D-T source a r e counted with a MS-213 liquid

scinti l lator, simultaneosly with the i r r ad ia ton of the coppar foil. The

NE-213 detector is adjusted to count only neutrons with energies above

12 MeV. Thus, an absolute calibration of the NE-213 detector is obtained .

The s t rength of the neutron source S, is re la ted to the gamma cdhts of the

copper foil C, as : -

c

where

E = the Ge-Li detector efficiency,

G = the geometric factor of the copper foil counting to thea*Na counting

ratio, calculated with MCNP,
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L is given by the expression : -

L = y

where

J} = the decay constant of Cu < 1.1873 x lO~3sec"1),

t = the copper foil irradiation time.

t< = the time from the end of irradiation to the beginning of counting,

t, = the time from the end of irradiation to the end of counting,

and Y is the gamma activity of the copper foil per unit neutron source,

calculated with DOT 4.£, which is given by : -

y =
where

W = Che copper foil mass,

A = Avogadro number

P = the isotopic abundance of°Cu in copper ( 69.09 X ),

3 = the branching ratio ofB*insa'Cu decay ( 1.956 ),

M = the atomic weight of Cu ( 63.546 ),

£>(e) = the energy-dependent neutron flux per a unit source, on the copper

foil.

Ti&.i - the energy-dependentfciCu (n,2n Ĵ Cu reaction cross-section

f6^an = 550 mb for En = 14.7 -iev ).

et̂ = the threshold energy of the 61Cu (n,2n)tu

e = the maximum enerov of the neutron source.

Ths uncertainty contributions to the determination of the source normalization

: sr .o: =,ni their origins are given in Table 1.

The method of normalization described above has been applied to the comparison

of measured neutron energy spectra in a lithium tank with a D-T neutron source

to transport calculations.
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Table 1. Maior Sources of Error in the Dstersiination of the Normalization

Factor and their Origins .

Source of Error Magnitude ( % )

1. Strength of the22Na source i\

3. Ma gamma counting statistics 0.35

3. Geometric effects m determination the 3

Cu foil counting tc 'ia counting ratio

4. Cu foil gamma counting statistics 4

5. _u (n,2n) Cu cross-section 2.5

6. Neutron transport calculation ^

7. NE-213 neutron counting statistics Q2

Total root-mean-square error 7
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THE LSF OF AN ULTRASONIC MEASUREMENT SYSTEM

P.Dickstein,D.Ingman,E.Segal,Y.Segal
Department of Nuclear Engineering

Technion,Israel Institute of Technology
Haifa-32000,Israel.

An Ultrasonic B-scan was carried out of a
specimen made of steel in which several controlled
flaws had been installed. All the flaws were of the
same depth but varied in their widths,which were
w=l,2,3,4,6,8,10,15 m"m accrrdingly. The responses
of the flaws to ultrasonic ^aves differed from one
to another. In figure 1. are given, on scale, the
responses from the flaws.

For each response a Gaussian function was
fitted ,of the form:

= r,<L '
where pl,p2 are fitting parameters and x denotes
the distance from the center of the flaw.
In analogy to the Normal-distribution function given
by:

the area beneath the curves was calculated and each
response was normalized so to have an area of unity.
A variety of G(x,w) values were calculated ,where
G(x,w) denotes the value of the normalized response
at a distance x from the center of the w-width flaw.
For each w a curve of G(x: ,wt ) was plotted and by
means of extrapolation procedure the values 6(x: ,0.)
could be found.

Note that G<x^ ,0) means the response to a
"0"-width flaw ,of which the area is "1", and this is
by definition ,the Line Spread Function-LSF of the
measuring system. The LSF was found to be a Gaussian.

For linear-time-invariant (LTI) systems the
LSF represents the transmission function of the system
and the response Rm is obtained by convolution between
the ideal response Ri and the LSF function.

Analytic calculation yielded:

fa
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A comparison between the experimental results and the
calculated responses pointed out that for each w there exists
a multiplication factor f(w) between the analytic and experi-
mental results. This factor is due to the fact that an ultra-
sonic measuring system cannot be considered as a linear one.

A fitting curve for f(w ) was computed of the form:

and the analytical responses were re-calculated taking into
account the correcting function. In figure 2. are plotted both
the analytical and experimental responses. It turned out that
the usage of the LSF together with the f(w) functions in the
procedure described gives quite a good approximation to the
experimental results.
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A contact-free nuclear continuous

volume-gauge, based on neutron-scattering

by Moshe PASI

Shlomo PIESTUM

Ivor CARAS

P.O.B. 900-, Beer-Sheva (Israel),

The continuous nuclear volume-gauges, which are based on the principle of

cunanulative gamma-radiation absorption by the measured medium, suffer from

quite low accuracy, owing to the exponential dependence of that absorption

on the width of the irradiated medium-layer, a fact which complicates the

approximated linearisation, especially towards the ends of the measuring

range.

In large vessels, with height of 10 meters and more, the accuracy of such

a gauge may drop tc

sometimes 1 metar«

a gauge may drop to- 5%, so leaving an uncertainty range which can attain

In 1979 we have reported abovt a portable level-gauge, based on neutron-

soattering (Eaf.1). The heart of that gauge is a chemical fast-neutron source

(Smericium-BeryIlium type) linked to a thermal-neutron detector (BF3 type);

if such a device is moved along the_ outem wall of a vessel captaining

some hydrogen-containing liquid, a great difference in the counting-rate

of the detector is recorded between the submerged and the liquid-free area,

owing to the thermal-neutron generation and scattering of the liquid layer*
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We have now develop ed that portable gauge into a. built-in accurate

industrial volume-meter. In this instrument, the neutron-source and the

BF3- detector are moving, linked together/ in a high lift running along

the entire wall of the vessel, well enclosed in a tight duct; the driving-

motor of that lift is commanGed by the thermal-neutron-rate counter, which

governs the source-detector-device upwards, downwards or still, according

to its relative position to the liquid level.

A prototype has been built, which works now continuously for a few months.

The neutron source may be linear or annular, with a strength of 50 to 200

millicuries. The BF3- dectector is 8 inches in length and 1 inch in diameter.

The device is shielded y a specially designed cadmium-paraffin plate.

The moving device compre, ?nds the source-detector^the pre-amplifier and

the high-voltage supply? fie moving cable conveys the 9-volt-supply to the

device and returns its amplified pulses to the counter, which dampers them

through a fr-seconds-time-constant, in order to smooth the command-reactions

sent to the motor. Under normal industrial liquid-motion speeds (up to

3 &q/min.), the device follows the liquid level with fidelity,better thani

1.5 cm, even if the steel-wall of the vessel has a 15 mm tkickness. An

electronic situation-broadcaster sends the position r̂f the device to the

control-room, where it is digitally and accurately displayed.

We acknowledge the valuable help given by the electronic technicians

V. ROnen and C. Assido of the N.R.C.N. .

References; H. Pasi and C. Assido, A portable industrial level-gauge,

based on neutron-scattsring. lAEC-ann. rep., IA-1356 (1978-9) pp. 235-6.
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The use of Hgl2 Solid State

detector in gamma ray densimetry

M.

0.

A.

by

PASI

SHAHAL

MATMOR

N.R.C.N

P.O.B. 9001, Beer-Sheva (Israel).

Most of the y-densimeters now in use operate with an ionizing-chamber

as detector. The rate-measurement is quite stable, but the fact that

all the photons are counted, without energy-se.'ection, leads to serious

perturbations from the build-up effect (a secondary radiation-matter

interaction effect, generating low-energy photons, which competes

with the normal Beer-Lambert absorption effect).

The alternative use of a scintillator-detector enables the selection

of the desired medium-energy photons and solves that problem, but

brings another disadvantage, the instability of the counting rate, due

to its high dependency on the high-voltage applied and the ambient

temperature (the photomultiplier being the main source of instability).

We have built a new type of ̂ -densimeter, based on a Mercuric-Iodide-

Solid-State detector (produced by the Yissum Co. Jerusalem). Its

main advantage is that the counting-rate is independent of the applied



high-voltage and the ambient temperature, within the ranges of 200 to 1100 volt

and 20 to 60°C.

This stability made possible to collect during weeks rate-figures with no

internal deviations larger than +2<t and enabled a major improvement in

the calibration of the instrument. The often-used linearization of the

density counting-rate response curve is of course uncorrect, the dependence

being exponential. But also the improved method, of building an exponential

curve between the two calibrated limits of the density-range, is inaccurate,

since the u-factor of the absorption equation (mass-absorption-coefficient),

which depends on the atomic composition of the medium, changes continuously

within the measured density-range.

The building of an accurate response-curve requiers the splitting of the

range into several sub-sections. The correlative values of the density

counting-rate pair of each limit between two sub-sections are experimentally

measured, the mean v-value within each sub-section is calculated and a new

poly-exponential chain-shaped calibration-curve is built proyiding increased

physical accuracy.

The instrument contains a microprocessor and a special program.

When operating in the calibration-mode, the instrument records automatically

the several correlative figure-pairs, calculates all the y-values, builds

the poly-exponential chain-curve and stores it in the memory. When operating

in measuring-mode, the instruments read the counting-rate, transform

them in density-values through the internally stored calibration-table

and displays directly the digital figure of the density.

A prototype of the instrument, has passed successful field-tests.

A commercial version is planned to be built soon.



RADIATION PROTECTION, NUCLEAR MEDICINE & DOSIMETRY (1)
(SESSION 3)

09.00 - 13.00, February 18,1986

Wolfson Bldg. room 206

Chairman: Dr. Y. Laichter



166 -

OCCUPATIONAL EXPOSURE TO IONIZING RADIATION IN ISRAEL IN THE YEAR 1984

Salom Malchi, Yair Shamal, Meron Israeli and Tuvia Schlesinger

Soreq Nuclear Research Center, Yavne, 70600, Yavne

A statistical analysis of the occupational radiation exposure of 7820

radiation workers in Israel in the year 1984 was carried out using a

specially prepared computer program. The analysis refers to external,

whole-body exposure to penetrating ionizing radiation including gamma,

X-re.y and fast and thermal neutron radiation as measured by conventional

monitoring devices (film badges, TL. badges, track etch detectors, etc.)

worn on the part of the body of the worker.

Workers and working places ware classified into 9 groups according to the

type of source and radiation exposure trends. A special computer program

allowed the calculation of the collective effective dose equivalent to all

workers and the average effective dose equivalent to the above subgroups.

The results are shown in table 1.

The collective annual effective dose equivalent for the whole group of

radiation workers analyzed was 1.9 Man-Sievert. Only 9.1% (710 out of

7820) of all workers monitored were exposed to radiation which could

be detected. The detection sensitivity was about 0.15 mSv for gamma

and X radiation, 0.1 mSv for thermal neutrons d 0.7 mSv for fast neu-

trons. The results indicate that the exposure is not distributed

uniformly among the different working groups. The groups most exposed

are industrial radiographers, nuclear medicine and cardiology department

staff and workers in research Institutes. Table 1 indicates also that

nuclear medicine staff is the group that has the largest number of

exposed workers (28% of those monitored were exposed).

The average exposure of all working groups was below 5 mSv, the value

recommended by the IGRP as the annual Dose Equivalent limit for workers.
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Table 1. Distribution of the annual effective dose equivalent according

to working place

No. of No. of
workers workers

exposed

exposed Average annual
effective Dose
equivalent (mSv)
of exposed
workers

Research Institutes
(including Medical
Laboratories)

Diagnostic Radiology

Dental Clinics

Nuclear Medicine

Cardiology

Oncology
(Radiotherapy)

Industry (Nondestructive
testing)

Industry (Nuclear gauges)

1353

1798

660

349

922

376

1382

899

118

169

21

97

74

69

83

62

8.7

9.4

3.2

28

8.0

18.4

6.0

6.9

2.5

1.9

1.0

3.4

2.2

1.9

4.1

2.2

Workers exposed beyond the detection limit at least once during the
year.
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IMPROVED FADING ESTIMATION IN ENVIRONMENTAL DOSIMETRY

WITH CaF2:Tm THERMOLUMINESCENT CARDS

B. Ben-Shachar, Y. Laichter, U. German and G. Weiser

Nuclear Research Centre - Negev, Israel

In the last decade, the thermoluminescent properties of 2

commercially known as TLD-300, are used in environmental and personnel

dosimetry. The main advantages of this crystal are:

1. A higher sensitivity for photons, compared to the well known

LiF(TLD-lOO) crystal. For Co the sensitivity is up to ten times

higher. The TLD-300 can therefore be used in environmental dosi-

metry, where low radiation doses are measured.

2. Its glow curve has three main peaks between room temperature and

300 C (1) as shown in figure 1. The third peak is separated from

the first two and therefore its area can be measured with high accu-

racy. In several papers (2,3) a difference has been shown in the

glow curve of TLD-300 crystals, when irradiated by gamma rays or

neutrons.

It is well known that there is a pronounced fading of the CaF_ crystals

(CaFj-'Dy, CaF-^Tmand CaF2:Mn), which can introduce uncertainties ir. the

dose measurements in environmental and in personnel dosimetry, where the

dose is measured once in a month (pr for longer periods). This fading

can be reduced by different annealing procedures (4,5), but this method

can not be used for TLD cards, because the glue which is used in these

cards can't stand temperatures over 100°C. The purpose of this work is to

reduce the uncertainty of ^ue dose measurement due to the fading.

We have measured several properties of the CaF_:Tm using the standard

Harshaw G-3 cards, each of which contain two TLD-300 crystals. The

reproducibility of each crystal in each card was measured by irradiating
90

the TLD cards by a Sr calibration source, to 1 mGy. The standard

deviation of each TLD-300 crystals was found to be 0.8*2.6%. The

linearity of TlD-300 crystals was measured by irradiating four G-3 cards

to five different doses in the 0.5*50 mGy range. The maximal deviation

from the linearity is less than 3%.
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The fading was measured by irradiated each G-3 card by the same dose

(5 mGy), evaluating each group of three cards after different periods of

time (from 1 to 31 days) and calibrating the results by the sensitivity

of each crystal. In table 1 the mean fading of six TLD-300 crystals and

their standard deviation is presented for each time interval.

Table 1. The mean fading of TLD-300 crystals

Time (days)

The mean
fading (%)

23

1

.9 + 2. 1 33

4

.8±2.2 36

8

.9+2. 2 37

15

.4 + 1.4 38.

22

5+3.2 41

31

.3+2.8

From the information presented in the tcble it can be seen that:

1. The fading of TLD-300 crystals is very high, especially during the

first 24 hours.

2. There is only a small difference between the fading of TLD-300 after

4 days compared to its fading after 31 days.

'herefore, a postponement of 4 days in the reading of the G-3 cards will

educe the uncertainty due to the fading to less than 4%.
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GAMMA RADIATION BACKGROUND MEASUREMENTS IN ISRAEL

B. Ben-Shachar, Y. Laichter, U. German and G. Weiser

Nuclear Research Centre - Negev, Israel

1. INTRODUCTION

In the last twenty five years, the thermoluminescent dosimetry was the

most suitable method for dosimetric measurements in personnel and

environmental dosimetry and in nuclear medicine. This method was

introduced in Israel, in the early seventies, for research and routin

personnel dosimetry.

The measurement and the results of the natural background radiation in

different European countries a^d in the U.S.A. are presented in several

papers:

Stranden (1) presents the results of the environmental radiation ir

Norway, measured by an ionization chamber. The mean outdoor gamma dose

rate in air is equal to 0.639 mGy/a, compared with 0.648 mGy/a in

Switzerland (2), 0.631 mGy/a in Italy (3), 0.797 mGy/a in East Germany(4)

and 0.458 mGy/a in West Germany (5). Fix (6) measured the natural

background dose in the environment of Hanford by CaF-iDy TLD crystals.

The annual dose equals to 0.78 mSv, including the terrestrial radiation,

the cosmic-one ar.d the neutron dose. Feldman (7) presents the results

of the annual doses of cosmic rays and terrestrial radioactivity in

different states and districts of the U.S.. The average total external

dose is estimated to be 1.05 mSv/a, changing from 0.60 m Sv/a in

Texax up to 3.00'mSv/a in Colorado.

2. EXPERIMENTAL

We measured the natural background radiation in Israel with LiF:Ti, Mg

(TLD-100) and CaF2:Dy (TLD-200) TLD crystals. The measurements were

performed in five places: two of them at the Mediteranean sea cost

(Ashquelon and Nethania), one in the Negev desert (Beer-Sheva), one at

high altitude of 900 meters (Jerusalem) and at relatively high altitude

in the Negev desert (600 meters at Arad).
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Five G-l cards containing two TLD-100 crystals in each and five G-2 cards

containing two TLD-200 crystals were used in each of the measurements.

Two of the G-l cards and two of the G-2 ones were preirradiated to a known

dose of gamma irradiation (5 mGy) just before the measurement at each

location began. These cards were used for assessing the fading of the

dose at each station. The natural background radiation at each station

was measured for a period of 300 days. The cards were charged every

30 days at each of the stations. The TLD crystals were counted in a

Harshaw automatic TL detector model 2271. The crystals were calibrated
90

by a Sr source and the correction due to the fading was done after-

wards as described elsewhere (8).
3. RESULTS

In table 1 and table 2 we are giving the results of the natural background

radiation, measured by TLD-100 and TLD-200 crystals, respectively. In the

first ten lines we are presenting the mean doses measured by six crystals,

in each station, during ten periods of 30 days. The standard deviation in

the dose measurement of the TLD-100 crystals is up to 25%, where for the

TLD-200 crystals is leas than 10%. Line eleven represents the mean

results and the standard deviation and line twelve shows the total annual

dose.

4. CONCLUSIONS

a) The total annual dose, measured by TLD-100 and TLD-200 crystals is

indeed the same for each station, but the standard deviation is about

twice greater for TLD-100 crystals.

b) The annual dose at the sea level ([measured in Ashquelon and Nethania}

and in Beer-Sheva (200 meters altitude) is almost the same, about

0.60 mGy It fits the results presented by different authors (1,2,3).

c) The natural background radiation is increasing with the altitude, as

seen from the results measured in Jerusalem (about 0.83 mGy) and in

Arad (about 0.74 mGy). Although two components contribute to the

external background radiation: cosmic and terrestrial. The

differences between the results and sea level compared to high

altitudes comes mainly from the differences of the cosmic irradiation.

According to Van-As (9), an increase of 0.02 mGy/a can be expected

when the altitude is increased by 100 meters.
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Table 1. The mean natural background measured in different places

by TLD-100, in 30 days (in mGy)

No. of
measurement Nethania Ashquelon Jerusalem Beer-Sheva Arad

1

2

3

4

5

6

7

8

9

10

Mean dose

Annual dose

0.048

0.04S

0.042

0.067

0.030

0.050

0.051

0.038

0.059

0.049

0.061

0.035

0.041

0.048

C.054

0.052

0.050

0.057

0.042

0.045

0.078

0.080

0.077

0.062

0.063

0.072

0.064

0.067

0.073

0.067

0.048+0.010 0.049+0.008 0.070±0.007

0.

0.

0.

0.

0.

0.

0.

0.

0.

0.

055

050

044

OSS

056

047

052

053

055

061

0.057

0.065

0.050

0.053

0.065

0.063

0.060

0.064

0.068

0.064

0.S75 0.582 0.844

0.05310.005 0.061+0.006

0.634 0.731

Table 2. The mean natural background measured in different places

by TLD-200, in 30 days (in mGy)

No. of
measurement Nethania Ashquelon Jerusalem Beer-Sheva Arad

1

2

3

4

S

6

7

8

9

10

Mean dose

Annual dose

0.051

0.038

0.049

0.050

0.043

O.0S1

0.047

0.052

0.055

0.054

0.049±0.005

0.588

0.0S3

0.052

0.054

0.058

0.049

0.045

0.055

0.054

0.047

0.048

0.052+0.004

0.618

0.071

0.063

0.069

0.068

0.068

0.067

0.064

0.072

0.073

0.069

0.069+0.003

0.828

0.056

0.060

0.058

0.052

0.047

0.051

0.057

0.051

0.055

0.050

0.054+0.004

0.644

0.065

0.068

0.065

0.060

0.061

0.070

0.062

0.058

0.061

0.065

0.064+0.065

0.762
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RADIOLOGICAL IMPLICATIONS OF USING PHOSPHOGYPSUM AS

A BUILDING MATERIAL IN ISRAEL

M. Margaliot, M. Israeli, T. Schlesinger, Y. Shamay and 0. Even

Department of Radiation Safety, Soreq Nuclear Research Center,

Yavne 70600, Israel

Gypsum (CaSO,-TIH?O) is produced in Israel at an annual rate of about

100.000 tons, as a by-product of the phosphate fertilizer industry, and

is presently a waste material. No large scale commercial use of this

gypsum (known as phosphogypsum) has been reported. Recently, a local

manufacturer started using this phosphogypsum for the production of internal

partitions in houses.
n ID

Since the phosphate rock contains relatively high concentrations of U

and its progeny (1), the radioactivity in phosphogypsum (mainly Ra and

its progeny) products is also higher than normal.

In order to estimate the radiological implications of using phosphogypsum

as a building material, the Ra content of 7 phosphogypsum boards and of

2 natural gypsum boards was measured. The measurements consisted of crush-

ing the boards, sealing them in air-tight bottles for two weeks (for Rn

build up) and then determining the Ra content from the intensities of

the 214Bi y rays (0.61 and 1.76 MeV).

A Ra content of 25+2.4 pCi/g was found in the phosphogypsum boards,
226

versus l pCi/g in natural gypsum boards. The presence of Ra in the

building material has a two-fold radiological significance:

a) The y exposure rate in the building is elavated
22 J

b) R/* is released into the building, exposing the lungs of the
residents to elavated a radiation levels.

The exposure rate in a 3x3x2.5 m room, constructed of phosphogypsum
226 ^

(walls only), with a Ra content of 25 pCi/g, a wall density of 0.95 g/cm ,
a wall half-thickness of 4 cm,was computed (assuming the appropriate
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self-absorption coefficients). We found that the dose rate in such a

room varies from 35 vR/h in a room corner (lm from the floor, 20 cm f

the wall) to about 15 uR/h at the center (including 5 pR/h from natura

background). To verify this we measured the intensity in an unfinished

office building constructed from phosphogypsum, in a 3x3x2.5 m room.

(Using a flat response plastic scintilator - Automess szintomat 6134A).

The experimental and theoretical results are presented in fig. 1.
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Fig. 1. Exposure rate in a 3x3x2.5 m3 room co-istructed from phosphogyp

along the main diagonal (1 m above ground), computed values (c

tinuous line), experimental values (circles, in nR/h).

The y dose increment resulting from a 100% occupancy of such a room is

(taking an average exposure rate enhancement of 20 uR/h) 175 mRem/y

(effective dose equivalent).

As to the Rn, we adopted the Krisiuk equation^ whith states that 1
222 22fi

Rn concentration in the room air is related to the Ra concentrat:
in the walls by:

"Rn 3.6 x 10 C_ n XB dp •s-
Ra Rn kv (1)

where: C is the radon concentration in the room air (pCi/g)
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C is the radium concentration in the wall material (taken as

25 pCi/g)

n is the radorn emanation coefficient (taken as 0.04 (3))
—6 —1

A is the radon decay constant (2.1x10 sec )

d is the wall half thickness (4 cm)

p is the wall density (0.95 g/cm)

S is the wall area (30 m )
3

V is the room volume (22.5 m )

K is the rate of air changes (we have taken a value of 2-/h.

This is probably on underestimate since a value of 1.8 applies

for cold climates (4)).

222
From eq. 1 we obtain an average Rn concentration increment in the air

of 0.19 pCi/J.. Assuming 0.35 as the equilibrium factor F for Rn

progeny (4) we obtain a radon exposure increment of 35 mWLM/y correspond-

ing (5) to 32 mRem/y (effective dose equivalent).

As a result of this work, some changes in the production process were

recommended in order to reduce the Ra content in the finished product

to less than 10 pCi/g, and the exposure increment to less than 90 mRem/y

(for a 100% occupancy) in accordance with the ICRP (6) recommendation that

the incremental dose to the population should not exceed 100 mRem/y,
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DOSE TO RADIOTHERAPY TECHNOLOGISTS FROM ACTIVATION

OF PATIENTS AT A FAST NEUTRON THERAPY FACILITY

M. Tatcher,* I. Rosenberg** and J. Couoh***

Fermilab Neutron Therapy Facility, POB 500, Batavia, IL
60510, USA

•Present Address:

••Present Address:

Department of Oncology,
Rambam Medical Center
Silver Institute of Biomedical Engineering
Technion- Israel Institute of Technology
Haifa, 32000, Israel

Regional Cancer Care Center
St. Joseph's Hospital, Elgin, IL 60120
USA

•••Present Address: Plasma Physics Laboratory
Princeton University, POB 451,
Princeton, N.J. 08544, USA

INTRODUCTION

In neutron therapy facilities, the main contributions to
personnel doses are photons from radioactivity induced in
shielding and collimators. When neutrons with energies
greater than 10 MeV are present, short-lived radionuclides
such as C-ll and 0-15 are produced in irradiated tissues via
the (n,2n) reaction. The treated patient thus becomes an
additional source of radiation. It is of interest to
determine the component of dose to radiotherapy technicians
(RTTs) that originates from patients to establish if it may be
a concern for radiation protection purposes.

To estimate this component for patients treated at the
Fermilab Neutron Therapy Facility (NTF), where the neutron
beam has energies up to about 60 MeV, we measured the
radiation from a number of patients and made an analysis of
the times required by RTTs to perform various tasks which
involve exposure to activated patients.
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MATERIALS AND METHODS

A calibrated GM survey meter was used to measure exposure
rates from a series of 26 patients at known times from the end
of irradiation. The probe was held at 40 cm from the surface
of the body. This separation was chosen as a reasonable
average working distance between the patient and the RTT. The
dependence of exposure rate on time and on distance from the
body were measured for a few patients. The times required for
the various tasks performed by the RTTs during treatments were
measured for 30 fractions. In addition to the regular
personnel monitor, each RTT was given a pocket dosimeter to
measure total exposure during the investigation.

RESULTS AND CONCLUSIONS

Fig. 1 shows a typical radioactive decay curve obtained
for a patient. The curve was fit graphically by two
exponentials, corresponding to the presence of 0-15(T-1/2=2.07
min) and C~ll(T-l/2=20.3 min). Measurements of exposure rate
versus distance, when corrected for decay during the
measurement period, show that, to a good approximation, the
inverse square law applies with respect to a virtual source at
the center of the irradiated volume.

The average treatment dose delivered to the patients was
1.7 Gy per fraction. The average exposure rate from patient
activation, extrapolated to time = 0 when the beam was turned
off, was 2.3 mR/hr. The average exposure for each relevant
RTT procedure was calculated with the aid of the time study
results and the experimental decay curve.

On the basis of these data, the average RTT dose
equivalent per fraction from activated patients was 0.8 M Sv
per fraction. This value has an uncertainty of about 50$,
arising mainly from variations in the measured quantities as
well as from simplifications introduced in the calculations.
According to the pocket dosimeter measurements, the average
RTT dose equivalent from all sources was 12 /A-SV per
fraction.

These results imply that the RTT dose equivalent from
activated patients at the Fermilab NTF is only about 7% of the
total occupational RTT dose equivalent so that no special
precautions need be instituted to handle patients.
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THE INFLUENCE OF NONUNIFORM SPATIAL DISTRIBUTION ON LUNG COUNTING

A. Talmor and Y. La ich te r

Nuclear Research Centre-Negev, ISRAEL

Y. Ben-Haim

Technion - Israel Institute of Technology

Haifa, Israel

A. Kushelevsky

Ben-Gurion University, Beer-Sheva, ISRAEL.

Introduction

Lung counting procedures are influenced by both inter-organ and intra-

organ distributions. The influence of inter-organ distribution

(translocation to liver, lymph nodes, etc.) is widely recognized and

calibrations have been made for such distributions. Although the

spatial distribution within the lung is nonuniform, calibrations generally

assume a uniform distribution since the magnitude of nonuniformities is

unknown. It was pointed out, theoretically [1], that "reasonable"

nonuniform distributions could lead to changes of 200-300% in the

calibration factor as compared to a uniform distribution.

The initial distribution depends on health, the breathing pattern at time

of deposition and the particle size. Deposited materials do not remain at

or near the site of deposition for the duration of their residence in the

lung.

The purpose of this paper is to show that a nonuniform distribution is a

reasonable expectation and to indicate, experimentally, the maximum error

in in-vivo lung counting calibration factor assuming uniform spatial

distribution. It is expected that the error decreases as the radiation

energy increases.
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Background

Data from animal studies [2,3,4] were analyzed to determine the changes in

spatial distribution with time, after exposure to plutonium oxide aerosol.

It was found that the spatial distribution of the material is relatively

uniform shortly after exposure, and it changes with time. The concentra-

tion of material in the parenchyma decreases, and increases in the

subpleural region. Some of the material is accumulated in the perivascular

and peribronchial regions. Some postmortem lung analyses of workers*

potentially exposed to plutonium aerosol indicate [S,6] concentration of

material in some subpleural regions long after exposure. Mclnroy [5]

measured concentration ratios ranging from 10 to 37 times as great in the

subpleural region as in the parenchyma. Nelson [6] reported a ratio of

59:1, and some accumulation in tracheobronchial lymph nodes. These results

are for workers with 25 and 26 years of potential exposure, respectively.

Results from an autopsy one month post exposure [5] did not show a

difference in the subpleural and parenchymal region concentrations.

Measurements and Results

A set of measurements for different spatial distributions of 2 radio-
O "3 G "J A 1

nuclides of low photon energy: Pu(20 keV), Am(60 keV), were

performed, using sealed sources,with a system based on an external

Nal-Csl phoswich detector [7], and a Lawrence Livermore Realistic Phantom.

These radionuclides were chosen to demonstrate extreme cases of low

energy.

The detector was placed near the phantom front chest surface. It was

found that the right phantom lung contributed most of the lungs counting,

so the measurements were done only for this lung.

The results for five extreme spatial distributions compared to the

uniform distribution are shown in Table No. 1.



Radionuclide

239Pu

241,Am

Uniform

100

100

SPATIAL

A<»

322

279

DISTRIBUTION

) B(b)

.7 10.8

.5 25.1

37.9

60.6

13

48

d)

.9

.3

ECe)

53.8

95.5

TABLE No. 1: Lung Counting Results for Different Spatial Distributions

(a) A - the material concentrates in the lung front

(b) B - the material concentrates in the lung back

(c) C - the material concentrates in the lung apex

(d) D - the material concentrates in the lung bottom

(e) E - the material concentrates in the lung center

Conclusions

1. The nonuniform spatial distributions causes an error in lung counting

calibration factor up to 1000%, as compared to uniform distribution.

2. The calibration error decreases sharply when the radionuclide radiation

is of higher energy.



- 185 -

References

1. K.L. Swinth, R.T. Hadley, K. Rhoads, "The Effects of Plutonium

Redistribution on Lung Counting," 6th Int. Congress of IRPA,

Berlin (West), May 7-12, 1984.

2. J.F. McShane, G.E. Dagle, J.F. Park, "Pulmonary Distribution of
239

Inhaled PuO2 in Dogs," 19 Ann. Hanford Life Sciences Symp,

Richland, KA. USA. 22-24 Oct. 1979 CONF-791002.

3. K. Rhoads, J.A. Mahaffey, C.L. Sanders, "Distribution of Inhaled

PuO_ in Rat and Hamster Lung," Health Physics, Vol. 42, No. 5,

pp. 645-656, 1982.

4. J.H. Diel, J.A. Mewhinney, M.B, Snipes, "Intralung Distribution and
238

Dose Pattern of PuO- Aerosol Particles Inhaled by Syrian Hamsters,"

Rep. LMF-84, Dec. 1980.

5. J.F. Mcinroy, H.A. Boyd, M.W. Stewart, B.C. Eutsler, G.L. Tietjen,

"Determination of Plutonium in Man," Los Alamos Report LA-6313-PR,

1975.

6. I.C. Nelson, K.R. Heid, P.A. Fugua, T.D. Mahony, "Plutonium in

Autopsy Tissue Samples," Health Physics, Vol. 22, pp. 925-930, 1972.

7. Y. Laicbter, u. German, E. Romro, G. Weiser, NRCN (TN) - 075, 1984

(in Hebrew).



186

RECOVERY OF A CONTAMINATED SITE

Ever Sberlo, Yefet Bashary, Ephraim Nairn

Nuclear Research Centre-Negev, NRCN.

Abstract

In August 1985 a warehouse of textile Polgat Complex was burnt down

completely. This warehouse had been provided with 16 smoke detectors
241containing Am sources. For fear of radioactive exposure, a radiation

safety team from the NRCN was called upon to monitor the site, locate the
241

Am sources, supervise the removal of the debris by a civil works

contractor and proceed to full decontamination. A variety of means was

used for this purpose. The task was completed in 6 days.

In August 1985 the "Polgat" complex which manufactures textiles and

clothing, applied to the Radiation Safety Department of the Nuclear

Research Centre-Negev (NRCN) for assistance. This came after one of its

warehouses containing raw materials had been burnt down completely.

Contamination was feared because the warehouse, which was about 100 meters

long and 30 meters wide, had been provided with 16 Cerberus F-600 smoke
241detectors, containing each Am source with activity of 15 yCi. Now the

warehouse with its iron skeleton lay in ruin with ashes of the raw

materials strewn all over the floor among distorted plates, booms,

profiles and other debris.

A supervisor from the State Radiation Safety inspection alerted for fear

of contamination, had actually found the floor near the entrance

contaminated and referred the plant to Radiation Safety Department for the

decontamination of the site. After a visit of the site by a health

physicist from this department, the following plan of action was laid down.
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a) The plant will hire a local contractor for removing the rubble and

cleaning the area.

b) The NRCN will send over a radiation safety team for the

monitoring, decontamination and removal of radioactive wastes.

This team will come with all the necessary means of protection,

including protection clothing.

c) The contractor will strictly follow the instructions given to him by

the radiation safety team. Clean debris will be sent to the regional

dump and scrap iron to melting ovens.

d) The head of the radiation safety team will finally declare the area

decontaminated.

The operation was carried out as follows:

Thursday, August 22

- A radiation safety team, comprising a radiation safety engineer and two

technicians arrived to the site.

- An outer tour of the area was made.

- A radiation safety station provided with portable monitors and protection

clothing was erected on the southern side.

- A sketch of the layout of the warehouse was made which divided it into

zones and pointed out the locations of the smoke detectors.

- The team put on protective clothes, entered the site and began to

monitor the area in order to find the sources or what was left.

This monitoring was done with a scintillation detector instrument

designed for x-ray detecting.

- After one hour the first source was found (6 left zone).

The radioactive material was glued to the two edges of a 4 cm iron stake.

- The results of smear test made on the source was background, direct

detection with a surface monitor: 200*300 K cpm, direct detection with

3y surface monitor: 80*150 cps (the two results belong to the two edges).

- The civil works contractor was allowed to begin work in every zone which

the source was found and no contamination was detected in the surrounding.
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Thursday, August 27

- The tractor swept away the ashes to the middle of the site. After every

sweep the team inspected with x-ray monitors both the ashes and the

tractor.

- The ash removed to a trench nearby and covered with soil.

- Execution of smear tests all over the concrete surface by walking with

fabric shoe covers.

- Flooding the surface with water. The flooding water flew to a trench

beside the site and from there to a municipal sewage.

- The water and the soil were checked and found below limited levels.

Wednesday, August 28

- 5 contamination spots previously marked with oil paint were treated with

lemon acid and rubbing with a rag.

- In a few spots it was required to chisel a considerable layer of

concrete to achieve good results. This work was done with masks.

- All spots were cleaned to a level of no more than 1.5 times background

- All the workers, and their equipment were carefully checked and

dismissed.

- At the end of the day after a last wide inspection, the area was

declared free of contamination.

241
Am and its Hazards

241

Am is a radioactive substance with a half life of 458 years. C2)

Specific activity : S.A. =3.2 Ci/g (2)

Main radiations : E =5.48 MeV (3)

• E = 60 keV (3)

Annual limit of intake, A.L.I, (class W) = 5.3xlO~3 yCi (1)

Derived air concentration D.A.C. = 2.2x10 uCi/m3 (1)

Sewage level limit C = 5xlO"6 yCi/cc (2).

Surfaces level limit S = 100 cpm (ex PROP' DET) (2)

or S' = 30 dpm/100 cm2 (2)
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- The contractor's workers with protective clothes began to take out the

debris from the allowed zones to the sides of the site.

- At the end of the day, 11 sources were found, the workers and their

equipment including the tractor, were monitored. They left the site only

after found "clean".

Friday, August 23

From the second day, the radiation safety team comprised two technicians.

They proceeded to:

- Monitor the pile of debris carried out previously, before being sent to

the regional dump or to a iron melting plant.

- Determine the allowed zones after a pedantic detection.

- The tractor from the outer side lifted the iron booms to enable

monitoring and searching for the missing sources,

- Till the end of the day two more sources were found.

Sunday, August 25

- The team supervised the contractor's workers.

- The debris were inspected again before loading on a truck.

- A few tinware was found contaminated up to2000 cpm, they were cleaned

to background and sent out.

- At the end of the day all the debris was moved to the sides of the site.

- The zones where contamination was found spread on a large area, was

covered with plastic sheets.

- All over the site was a thick layer of ash.

Monday, August 26

- A pedantic search of the three missing sources.

- In every contamination spot found, the ash was collected carefully and

stored in a barrel.

- At the end of the day, 5 contamination spots were left even after the

ash there was removed. These spots gave up to'25 K cpm in a a surface

monitor and up to 60 K cpm in a x-ray monitor.



190 -

Instrumentation and Protective Devices

The radiation safety team used a variety of monitoring instruments,

which included:

- Portable x-ray monitors with Nal scintillation detector, which served
241

mainly to locate Asi sources from a distance of about 50 cm.

- a surface contamination monitors with proportional air counters,

which served for low level contamination on smooth surfaces.

- 6Y surface contamination monitors with thin window Geiger counters

(Panckek), for detecting high level contamination even under ashes or

soil.

- An air sampling pump, by which air is pumped through a paper filter,

which is then counted by portable monitors. It was operated when

used a dusty work was carried out.

- It should be noted that because of the rough area, 1 to 2 instruments

out of a total of 14 were damaged every day.

- The protective clothing used by the team and the workers inside the

limited area included overalls, helmets, fabric and plastic shoe covers,

latex and leather gloves, full masks when needed or special welding

masks.

Results and Conclusions

241
13 Am sources out of 16 that had been installed in the warehouse were

found. Laboratory analysis gave the following results:

2 sources 13 yCi

3 sources 11 uCi

5 sources 10 uCi

1 source 9

1 source 8

1 source 6
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241

- In two zones, no Am source could be found, but contamination was

clearly detected in a few spots.

- In one zone no source and no contamination could be detected. Also, no

parts typical of smoke detectors could be found, so that there had

probably not been any smoke detector at all or it had melted away.

- All debris and iron bars sent to the regional dump or to an iron

melting plant after they were monitored and found clean,

- All the contaminated material and equipment like ash, soil, gloves, etc.

was packed and sent to a hot wastes facility.

- All workers were monitored every time they got out of the site by

passing through the radiation safety station.

- At the end of the sixth working day and after a carefully pedantic

inspection the site was "returned" to the Polgat management free of

contamination.

References

1. Limits for Intakes of Radionuclides by Workers, ICRP Publication 30,

Part 1, Annals of the ICRP 2, 1979.

2. Selected Data for Radiation Technicians, NRCN (GP) - 029, 1982.

3. The Health Physics and Radiological Health Handbook, Nucleon Lectern

Associates, 1984.



132 -

LOSS AMD RECOVERY OF A 10 mCi Co INDUSTRIAL SOURCE

Yosi Keren, Tuvia Schlesinger and Miron Israeli

Soreq Nuclear Research Center, Yavne 70600, Israel

In October 1985, a 10 mCi Co industrial source was lost and recovered.

The source was part of an industrial density gauge used in a feedback

system controlling a raw material feed conveyor. The loss was discovered

when the maintenance engineer tried to calibrate the system after it was

assembled.

An emergency team from the Radiation Safety Department at Soraq Nuclear

Research Center was called in and, after a short inquiry and a radiation

survey, the source was found in the ground near the gauge, and recovered.

During the inquiry the following facts were revealed.

1. Four similar density gauges were purchased by the factory and were

assembled, after arrival, by a person unqualified to handle radio-

active material and without the knowledge of the radiation safety

officer of the factory. The person who did the work did not u*e a

radiation monitor.

2. During the assembly one of the sources was detached from its holder

and fell into the sand near the machine.

3. The source was unshielded for a few days, but the time personnel

were exposed to the source was short.

4. The source was not damaged. A smear test taken after its recovery

did not show any external contamination.

5. Reconstruction of personnel movements resulted in a calculated

maximal dose of about 100 mRem to the person exposed to the

highest dose.

The incident will be described in detail and measures for prevention

of similar incidents in the future will be discussed.



- 193 -

15i

IN-VIVO DOSIMETRY OF RADIOIOD1NE ( I ) THERAPY OF THYROID CANCER

Tuvia Schlesinger

Soreq Nuclear Research Center, Yavne, 70600, Israel

Maggie Flower, Arash Masumi, V. Ralph McCready and Ian Adam

Royal Marsden Hospital, Sutton Surrey, U.K.

A study was carried out to explore the possibilities of using a dual-

headed whole-body scanner for in-vivo quantitative assessment of the

radiation dose delivered to thyroid cancer metastases during radio-

iodine therapy following thyroidectomy. The parameters measured were

the activity of I in the malignant tissue, its size and the effective

half-life of 1 3 1I in it.

There is evidence (1,2) that a total dose of at least 100 Gy (10,000

Rad), at dose rates of at least a few tens of Rads per hour, is needed

for effective therapy of thyroid cancer metastases. Such a dose and dose

rate can be delivered practically only if the uptake per gram and the

effective half-life of the I in the target tissue exceed definite

threshold values. For example, to deliver 100 Gy (10,000 Rad) with an

administered activity of 4.0 GBq (150 mCi) an uptake of at least 0.16%

per gram is needed if the effective half-life in the target tissue is

3 days, and at least 0.24% per gram if the effective half-life is only

2 days. The initial dose rates under these conditions are about

100 Rad/h and 150 Rad/h respectively.

Such short effective half-lives are very usual in thyroid cancer

patients. On the other hand uptakes of 0.16% per gram or 0.24% per

gram are relatively high and are observed only in some of the patients.

If the uptakes per gram are lower, the dose rates and accumulated doses

may be too low to achieve effective therapy and alternative treatment

has to be considered.
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A fairly good knowledge of the activity uptake by the tumor, the tumor

size and the effective half-life of the I in it Is therefore essential

to permit evaluation of the dose and to assist in taking decisions on the

future course of the treatment.

To acquire these data in-vivo we used a dual-headed whole body scanner

equipped with 12"x3" Nal crystal detectors coupled to a computer control-

led single channel analyzer counting system. The performance of different

collimators was tested in various scanning modes to establish optimal con-

ditions for adequate sensitivity while not losing too -much in spatial

resolution.

As a result of the study, a 9 hole (3 ram diam) parallel bore focussed

collimator was designed and built. Using this collimator and a tissue

equivalent phantom with specially built "point", "area" and "volume" I

sources, calibration factors were established for ir-vivo activity deter-

mination. In parallel the spatial resolution of the system was studied

and the system was calibrated for determination of source size and depth

of the source in the body.

The system was tested and used with several patients. Results indicate

the possibility of determining "point" source activities with a sensi-

tivity of about 2 MBq (about 70 yCi). The spatial resolution of the

system is about 1 cm with relatively little variations with source depth.

This means that using a total dose of A GBq (150 mCi) and assuming an

uptake of 0.1%/g, a small metastase 1 cm in diameter can be determined

in the presence of 2000 MBq I distributed in the total body with a

large part of this activity concentrated in the stomach, bladder, kidney

and other major organs.

The system will be described and the patient results presented.
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ANALYSIS OF GAMMA-IRRADIATED 8-LACTAM ANTIBIOTICS BY HIGH PERFORMANCE
LIQUID CHROMOTOGRAPHY

G.P. Jacobs (Ya'akovi) , L. Dobrilovic , R. Coombes

and N. Raghavan

Department of Pharmacy, School of Pharmacy, Hebrew University
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The feasibility of the radiation sterilization of a wide range of 8-lactam

antibiotics has been examined by us (Jacobs 1979, 1980a, 1980b, 1980c,

1981, 1983). The increased application of high performance liquid chrom-

otography (HPLC) as a reliable analytical tool has prompted us to apply

this technique for analysis of some of the irradiated B-lactam antibiotics

(cephalosporins and penicillins) that were earlier examined by other means.

It is envisaged that this approach may consolidate earlier findings, and

at the same time add weight to the conclusions thus derived, and hopefully

advance the acceptance by the appropriate regulatory authorities of the

sterilization of these drugs by gamma-irradiation. A number of drugs

have already been approved by the FDA and other authorities following

their radiation-sterilization (for example, Diding 1973, Nash 1974) .

This study is focused on five antibioitcs which cannot be sterilized

by conventional means such as autoclaving, and as such their sterilization

at present involves highly demanding and costly aseptic techniques. Thus,

they are potential candidates for radiation-sterilization, in which their

irradiation treatment can take place after the drugs have been packaged in

their outer and shipment containers.

The B-lactam antibiotics tested were the cephalosporins - cefoxitin

sodium and cephalothin and the semi-synthetic penicillins - flucloxacillin

sodium, nafcillin sodium and ticarcillin di-sodium. Gamma irradiation at

18.8°C of 1 g samples in open glass vials was undertaken using a Ganmacell

22060Ct> source. Doses delivered were 1,2.5 and 5 Mrad (10,25 and 50 kGy,

respectively) based on an approximate dose rate of 17 krad min .
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The HPLC methodology for cephalothin was essentially as follows:

The liquid chromatograph was equipped with a reverse phase micro Bondpak

Phenyl column, a 254 nm fixed UV detector and a Schoeffel variable wave-

length UV detector set at 270 nm connected in series. The mobile phase

was 0.01M ammonium acetate in either 25% or 35% aqueous methanol solution.

For cefoxitin, nafcillin and ticarcillin a reverse phase micro Bondpak C.g

column was used. The variable UV detector was set at 235 run for cefoxitin,

and 220 nm for nafcillin and ticarcillin. The mobile phase was either a

15% or 20% aqueous solution of acetonitrile containing 1% acetic acid for

cefoxitin; for nafcillin, either a 43% or 53% solution of methanol in

0.01M aqueous ammonium acetate; and for ticarcillin a 25%, 20% or 15%

solution of methanol in 0.1M aqueous ammonium acetate to which was added

0.5% of phosphoric acid (85%). For flucloxacillin, a reverse phase

Partisil PXS 10/25 Co column was used. The variable wavelength UV detector
o

was set at 220 nm. The mobile phase was either a 42%, 35% or 28% aqueous

solution of niethanol containing 0.01% sodium bicarbonate.

The modification and variation of the mobile phases was an attempt

to improve separation between the various radiolysis peaks. The choice

of the different wavelengths was generally a compromise between the Xmax

and a wavelength where degradation products could be detected and where

interference by the mobile phase components would not be problematic.

Presented in Table 1 are the percentage recoveries (that is, comparison

of the area under the curve of the major peak with that of the unirradiated

control) for the 5 Mrad irradiated samples of the drugs. The purity of

the antibiotic peak was routinely determined by absorbance rationm^,

in order to be sure that this peak was not masking radiolysis products

having the same retention time and which also absorb in the UV region.

This analysis indicated that each of the antibiotic peaks was representa-

tive of a single entity.

Cephalothin. From the earlier data it was apparent that gamma

irradiation somewhat reduces the potency of cephalothin. This reduction

on the basis of UV absorbance, chemical assay and specific optical rota-

tion measurements, is around 3.1% following a 5 Mrad dose, and 2.2%

(or 97.8% purity) as determined by UV absorbance alone. HPLC data
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indicate a percentage recovery of 94.88%. A number of peaks that are

present in both irradiated and unirradiated samples are larger in the

former, presuably as a result of interaction between hydrolysis and

radiation effects.

TABLE 1 PERCENTAGE RECOVERIES FOLLOWING A 5 Mrad IRRADIATION DOSE

AS DETERMINED BY HPLC

Antibiotic

Cephalothin

Cefoxitin Na

Flucloxacillin

Nafcillin Na

Ticarcillin di

Na

Na

% recovery

94.88

97.86

96.66

98.49

95.80

Cefoxitin sodium. Comparison of the chromatograms for the

irradiated and unirradiated cefoxitin indicates the presence of at least

3 or 4 radiolysis product peaks with retention times shorter

than that for the cefoxitin peak, and one large peak with a longer

retention time. Nevertheless, the HPLC data support the earlier conclusions

as to the high radiation stability of cefoxitin sodium. A contributory

factor to the radiation stability of this compound viay be its low water

content, which has been found to be less than 0.5% whereas with most anti-

biotic powders in our hands, this value is closer to 4%. Furthermore, it

has previously been suggested (Jacobs, 1981) that cefoxitin's chemical

structure with a 3-carbamoyloxymethyl moiety substituted into the di-

hydrothiazine ring may play an important role in this compound's radiation

chemistry

Flucloxacillin sodium. Examination of the chromatograms for the

irradiated and unirradiated drug indicates the presence of about 7

radiolysis product peaks in addition to the control peak. Both the earlier

findings and the present HPLC data confirm the radiation stability of

flucloxacillin sodium.



198 -

Nafcillin sodium. It is observed that there are some 6 peaks in

addition to the nafcillin peak. Again the data indicate the high stability

of this compound to gamma irradiation, with close correlation between the

HPLC and the earlier data.

Ticaracillin di-sodium. In the case of irradiated ticarcilli*- di-

, the HPLC analysis indicates the presence of about 9 peaks

addition to the control peak. Comparison of all the data, .indicates that

this compound is hardly affected by irradiation. This might be attributed

to its unique structure in which the phenyl group on the ot-carbon atom of

N-acyl side chain is replaced by a 3-thienyl ring.

The HPLC data support the earlier conclusions regarding the feasibility

of radiation sterilization of those B-lactam antibiotics considered, and

that it would be possible to sterilize cefoxitin, flucloxacillin and

nafcillin at doses of around 2.5 Mrad, and cephalothin and ticarcillin

at somewhat lower doses (say 1 Mrad) provided that initial contamination

(bioburden) is low.
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DNA REPAIR OF VASCULAR ENDOTHELIAL CELLS FOLLOWING

EXPOSURE TO GAMMA AND ULTRAVIOLET RADIATION

Ariella Prager, Michal Green, Emanuel Riklis
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Israel Vlodavsky, Amiram Eldor

Depts. of Radiation and Clinical Oncology, and of Hematology,
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The response of cells of the vascular system to radiation is a limiting

factor in radiotherapy protocols. Various techniques have beeen used to

study the vascular damage after radiation, in which morphological and

functional changes have been noted. Little attention was however given

to biochemical and metabolic alterations involved in the expression of

radiation induced damage to the vessel wall. The endothelial cells which

line the inner surface of blood vessels produce prostacycline (PGI_) as

a potent inhibitor of platelet activation, and this is regarded as one

of the important vascular defense mechanisms against thrombosis and

atherosclerosis. When cultured cells are exposed to ionizing radiation,

the production of prostacycline (PGI_) is decreased as a function of

dose and of the time intervals between irradiation and subsequent

stimulation, while the excretion of large quantities of PGI_ into the

medium is enhanced (1). Damage to the capacity to synthesize PGI2 from

the arachidonic acid cascade, and the large release of PGI. from the

cells to the bathing medium is an indication of serious damage which

should be studied, understood and modified. Studies were therefore

undertaken in order to determine the effects of radiation on cell

viability and on cellular capacity to repair damage to DNA.

The endothelial cells were cultured in DMEM supplemented with 10%

bovine calf serum at 37 C in 5% humidified incubator.
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Survival was scored as colony forming ability following exposure to gamma

radiation, and showed a survival with D of 133 rads and extrapolation

number of 3.2 (1). DNA repair capacity was measured in gamma or ultravio-

let (254 nm) irradiated cells, previously treated with Trimethylpsoralen

plus near UV light, the PUVA procedure (2,3). In this procedure the DNA

is crosslinked by the PUVA treatment, thus allowing determination of DNA

repair synthesis while the normal synthesis is fully inhibited.

Figure 1 shows the difference in DNA repair capacity between "young" (3

day culture) subconfluent, logarithmically growing cells, and in "old"

(14 days) confluent cells, exposed to gamma radiation.

The subconfluent cells show only a small increase in dose dependent

repair capacity. The confluent cells show a marked increase in repair

following exposure to doses higher than 200 Gy.

Figure 2 shows the difference in repair capacity of "young" and "old"

cells exposed to ultraviolet radiation (254 nm). It is clear from these

studies that capacity to repair DNA damage increases with the age in

culture of the cells. This indicates that young cells may be more

sensitive to radiation also in vivo, and explains the observation that

time is required before the start of repopulation of cells underlining

an irradiated aorta.
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Fig 1. DNA repair capacity of gamma irradiated endothelial cells.

0 "old" cells; 0 "Young" cells;

D0SE(6y)



- 203 "

Fig 2. DNA repair capacity of UV irradiated endothelial cells.
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EFFECTS OF A BEAM SPOILER ON AN 8 MV X-RAY 3EAM

FROM A MEDICAL LINEAR ACCELERATOR

S. Faerman*, M. Yudelev, Y. Mandelzweig and M. Tatcher
Department of Oncology, Rambam Medical Center

Technion - Israel Institute of Technology, Haifa

"Present Address: Department of Oncology,
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INTRODUCTION

In radiotherapy of the head and neck, beams of Cobalt-60
gamma-rays and equivalent energy (4MV) x-rays have the
advantage of combining skin sparing with achievement of
adequate dosage to the tumor volume as well as to superficial
regional lymph nodes. When higher energy x-rays are used for
such cases, tissues in the more extensive build-up regions may
be underdosed (4). A beam spoiler technique has been proposed
to improve the dose distribution in the build-up region for 10
MV x-ray beams (2,3,5). In the present work a dosimetric
analysis of central axis doses is made for 8 MV x-rays in the
presence of a beam spoiler. Special attention is devoted to
the superficial dose arising from electrons produced in the
spoiler, an aspect not dealt with in earlier reports.

MATERIALS AND METHODS

The measurements were performed for the Philips SL 75/10
linear accelerator, which provides 8 MV x-rays. Central axis
depth doses were obtained in a polystyrene phantom by means of
a Pitman Model 631 parallel-plate ionization chamber connected
to a Keithley 616 electrometer.

A Perspex plate 1.2cm thick was used as a beam spoiler.
The measurements were made for spoiler-to-surface
separations (SSS) from 2.5cm to 15cm and for field sizes from
5x5cm2 tO 20x20cm2 .

In order to obtain the doses due to electrons originating
in the spoiler, the ionization readings measured in the build-
up region without the spoiler were subtracted from the
readings at the same point with the spoiler. The x-ray
attenuation in the spoiler material was taken into account
when calculating the net electron doses.
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The central axis depth doses for a 10xl0cm2 field at
SSD=100cm for different SSS's are shown in Figure la. The
depth dose curves are normalized at depth 5g/cm2. It can be
seen that, when the SSS decreases, the superficial dose rises
and the dose maximum moves towards the surface. The net
electron contributions from the spoiler for various SSS's are
shown in Figure lb. The magnitude of the electron component
drops rapidly with increasing SSS. At the same time, the
electron energies tend to increase as indicated by the
decreasing slopes.

A comparison of central axis depth doses for spoiled and
unspoiled 8MV x-rays, Cobalt-60 gamma-rays and 4MV x-rays is
shown in Figure 2a. The curves are normalized to 6g/cm2
depth. The values for Cobalt-60 and 4 MV are taken from
published data (1,4). The central axis doses for two
parallel-opposed 10xl0cm2 fields with 12cm separation are
presented in figure 2b for 8 MV x-rays with and without the
spoiler and for Cobalt-60 gamma-rays.

DISCUSSION AND CONCLUSIONS

It has been shown that electrons originating in a beam
spoiler enhance the dose in the build-up region of 8 MV x-ray
beams. By choosing an appropriate SSS one can achieve build-up
curves approaching those of Cobalt-60 gamma-rays and 4 MV x-
rays .

When the spoiler is introduced in a parallel-opposed-
field technique using 8 MV x-rays, the resulting superficial
dose distribution is similar to that obtained at lower
energies, while the overall dose distribution is more uniform.
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1 00 8 MV X-RAYS

Without Spoiler

SSS: 2.5 cm
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1 — SSS = 2.5cm
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3 - SSS = 7.5cm
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Figure 1: a) Percent doses for a 10xl0cm2 8 MV x-ray beam for
different spoiler-to skin separations. Normalization is at
5.0g/cm2 depth, which corresponds to 91$ depth dose, b) Net
electron percent depth dose. 100? refers to the maximum dose
of the unspoiled x-ray beam.
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Figure 2: a) Central axis depth doses for 10xl0cm2 beams of
spoiled and unspoiled 8 MV x-rays, Cobalt-60 gamma-rays and
4MV x-rays. Normalization is at 6g/cm2 depth, b) Central
axis depth doses for parallel-opposed 10xl0em2 fields with
12cm separation, normalizaed to mid-depth.
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A_MORE_UNIFORM_WAY FOR_TREATING THE_MANTLE_AND_PARAORTAL_FIELDS

Amiran» Gu terman, Ph. D.

Sheba Medical Center, Tel-Hashomer, Israel 52621

In treatment of Hodgkins'Disease (the "Mantle" technique), a

large portion of the body is being irradiated. One of the problems en-

countered is achieving a uniform dose distribution throughout the lymph-

atic system. One typically treats the Mantle and the Paraortal areas with

both anteriour and posteriour ields, thus one has to deal with the pro-

blem of matching of four fields.

The Mantle field is typically a long field (e.g. 40 cm long),

and the focus-skin distance (F.S.D.) is typically increased to 120 cm.

The Paraortal field, on the other hand, is much shorter (e.g. 20 cm

long). If all fields are treated from the same F.S.D. it allows for hot

and cold areas. This point is illustrated in figure 1. In this figure

all fields are planned to cross between D11 and D12. The numbers on the

figure -1,2, and 3 refer to areas directly treated by 1,2, and 3 fields,

respectively. The figure also shove the relative doses at different

points. The doses were estimated from tables and the fields' lines were

taken to be the 50% from the central dose. The calculations were done for

8MeV photons beam. Variety of doses ranging from 30% to 170% is found.

FIXED S.S.D.
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A reasonable solution to this problem seems to be using a fixed

field angle (beam divergence angle) rather then a fixed F.S.D. for all

fields.

The result of doing this is illustrated in figure 2. Each point is

treated directly by two fields (unlike in figure 1) and a very uniform

dcse distribution is achieved.

In some cases, the calculated F.S.D. for the Paraortal field is

too short to be practical. If this occures, one should increase the

F.S.D. (while keeping the field angle fixed), and cover the extra length

with blocks. One must also keep a record of the field length and covered

area for a third field ( 'inverted Y") if needed.

Fto. 2 FIXED BEAM ANGLE
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1. INTRODUCTION

The problem of a very long field, (which cannot be treated as a

single field, but must be divided into two ajoining fields) is the pro-

blem of the matching zone of the two fields. It is difficult, if not im-

possible, to avoid a cold or hot zone in the matching zone, and this

can produce problems. A typical example is when one treats along the

spine: a cold point means a bad treatment, while a hot point might

be fatal.

The problem can be dealt with by making a gap between the two

fields, thus the hot point is not too dangerous. This method can also

be combined with the "Moving Gap" or "Shifting Gap" method, instead of

the excessive hot zone, one has 2-3 less hot zones.

Another method for fields' matching which can best be used with

cobalt machines, and gives a smooth joint between the two fields is

proposed here.

2. PROPOSITION

Tilting the two fields in opposite directions, will result in

matching a parallel fashion of the two optical fields as shown in Fig-

ure 1A rather then the usual way (Fig. 1B). The medial edge of the

beam will be perpendicular to the treatment area rather then the center

of the beam. In the term " the edge of the beam" is meant as the place

where the beam goes down to 50% of the central beam. The angle at which

the cobalt will be tilted is easily calculated by the formula:

(1 ) TAN (°< ) = F / ( 2'SSD)

Where F stands for the fields' length.

Angles up to 9 degrees are typical.



- 211

In this paper I would like to deal with the behaviour of the field, at

the matching area for different depth, and the effect of a reasonable

error in setcing-up for treatment.

Fl«. tA TWO TILTED FIELDS Flo. IB TWO UNTILTED FIELDS

3. MEASUREMENTS AND CALCULATIONS

Measurements were maie for single fields by scanning the fields at

different depth, using a therados radiation field analyzer (RFA-3), in the

scanning mode, with a semi-conductor probe, placed in a water-phantom.

Fig. 2A and 2B show the results of such scanning for untilted and til-

ted fields accordingly. In the untilted case, the field size increases

symetrically with the depth, while in the tilted field the size increases

on one side only, as expected.

The resulting field was calculated by adding the field to it's

mirror image. Fig. 3 shows the results. The matching area is tol-

erantly smooth, and the differtfftte iS less than 5%. This statement is

correct for all depths.
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4. DISCUSSION

The non-systematic error seems to be rather negligible, since treat-

ments are1 divided into many fractions, thus the non-systematic errors aver-

age out. The story is different with the systematic error. When cal-

culating the angular tilt according to formula (1), one usually gets an

angle which is a fraction, while the machines set-up must be a whole

number. This error will be repeated in each treatment. Assume that the

error in each field is up to half a degree, one can assume an angular

error of no more than one degree. This error will not affect the treat-

ment on the skin, since the field is marked on the skin, but rather at

depth. It could lead to a hot area (an overlap) or to a cold area (a gap).

Fig. 4A and 4B show both cases for 1 degree error, which is the maximal

error taken into account in this presentation. The calculations were

done by shifting the single-field graphs in accordance to their depth.

An angular error of 1 degree gives a linear shift of 2 mm at 10 cm

depth. This result seems to be reasonably satisfactory.

tea*
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Fl«.4A
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A remark concerning other machines (Accelerator, etc.):

Although the result is very satisfactory for treatments with a cobalt

machine it is not recommended for a Linear Accelerator as the penumbra of

a Linear Accelerator is rather sharp, and the systematic error might be

very effective, one niay overcome this limit b> creating an artificially

wide penumbra. One shouJd study all the aspects very carefully.
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