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Characteristics of neutrons generated from the lithium target
bombarded with high energetic deuterons of 10-40 MeV have been
calculated to determine the specification for the neutron irradiation
material test facility ( ESNIT ) planned at Japan Atomic Emergy Research
Tnstitute. The simple nuclear reaction model was applied to estimation
of neutron flux distribution and energy spectrum and the results
showed an agreement with the reported experiment within a factor of 2.
The present calculation gives the basic spectrum data for estimation
of damage parameters in test samples to evaluate the high energy

neutron effect on them.
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1. INTRODUCTION

Energy Selective Neutron Irradiation Test Facilty (ESNIT) to use for material research in a
fusion reactor is planned at Japan Atomic Energy Rescarch Institute .'? To obtain various neutron
flux spectra, a deuteron-lithium reaction neutron source is proposed for the high energy neutron
irradiation facility with capability of deuteron energy selection. In damage processes due to the
neutron irradiation, the variation of neutron energy causes changes to the damage parameters such
as PKA (primary knock-on atoms) energy, the amount of displacement (dpa), electronic energy
loss and nuclear transmutation products. Such changes to the damage parameters lead to the
neutron energy dependence of radiation demage and irradiation effects. Therefore the energy
selectivity is very atiractive to study the damage phenomenon depending on neutron energy. The
requirements for the neutron irradiation field for such material studies are summarized in Ref. 1 as
follows: 1) maximum flux of more than 1.5-3 x 10"* n/em®s ( 10-20 dpa for stainless steel ), 2)
irradiation volume of more than 125 cm® with the neutron flux above 1.5 x 10'%, 3) flux gradient
less than 10% and 4) more than three peak energy adjustments.

A deuteron-lithium (D-Li) reaction source was extensively discussed for 35 MeV deuteron
energy case in the earlier work of the neutron irradiation material research facility such as the FMIT
program.® The ESNIT concept, however, incorporates deuteron energy selection in order to vary
neutron energy spectra. Parametric neutronic calculations are necessary for various incident
deuteron energy to optimize the design of deuteron beam profile and specification and to study the
sensitivity of netron spectrum obtained from the D-Li source to the damage parameters. In
addition, the source neutron condition influences the neutron shielding design to construct such a
facility.

The calculations mentioned above basically require the double differential "1.i(d,n) reaction
cross section as a function of deuteron energy. But the experimental data®® obtained so far seems
to be inconsistent with each other and then not adequate for the present purpose. Hence, we
adopted a simple theoretical model of the cross section so as to perform the above neutronic
calculations in a certain degree of accuarcy and to overlook the characteristics of such facility. In
this paper, simplified nuclear model adopted for neutron production reaction and calculation
method for neutron flux distribution in irradiation field are described. And the characteristics of

neutron field with and without test material are discussed.
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2. CALCULATION METHOD
2.1 Neutron Spectrum near the Target

Since the accelerated deuterons slow down in the lithium layer due to ionization energy
loss, the reaction energy with lithium is changed as the deuteron goes through the trajectry in the
lithium, This provides distributed source as a function of the depth inside of the lithium target as

shown in Fig. 2.1. Representing the reaction point as (x',y',z), where z' denotes beam direction,

the neutron source strength S with energy E_ and angle © for the incident deuteron energy E, is

given by the following equation in a laboratory system.

S(x‘,y',z‘;En,@)=Ii'J i | PA0:E) (2.1)
dQdEn fcm |a(QL,EnL)|
[n/(sr-sMeV-cm?)],

where N is the density of 1i atom and J = J(x',y"), the deuteron current density profile, e is the

unit charge, (d*6/dQdE )., is the double differential cross section of neutron production in a center
of mass system and the last term is Jacobian for the frame transformation from the center of mass
to the laboratory systems. This relation can be formulated by relativistic kinematics. (See Appendix
1) The Li(d,n) cross section is given later by a simple nuclear reaction model.

To obtain the neutron flux spectrum at the point (x,y,z) in irradiation space in front of the
target, neutron source distribution S is integrated over the source region (x',y',z) with a
relationship of 1/ to the point (x,y,z) as shown in Fig. 2.2.

®(T.E,) = [n/(s-cm®*MeV)] (2.2)

source | r_r’l
volume

Assuming that the attenuation of deuteron flux through the range is negligible, the integration
through the trajectory can be transformed to the integration by deuteron energy using stopping
power. Here we replace the integration with respect to z' by the deuteron energy which can be
related to the depth 2’ by using the stopping power.

To simplify the integration, we assume cylindrical symmetry and introduce cylindrical

coordinates (r',8") in stead of (x',y"), and then J=J(r). Finally, we calculate as follows:



JAERI-M 92-181

- S(FE @) 1
QT ,Ep) = L dr'd8'dEq , 2.3

where (dE,/dX) is the stopping power . The stopping power is represented for the incident energy
range of 1-100 MeV as the following formula given in Ref. 9.

- .
dBa) _{a. 2] 1 /A8 | a2 ¥ 4. i
(&)= {aeB {m Il E}Aws(lnEd)}

- [eV/(10"atoms/cm?)] (2.4)

where E, = deuteron energy/deuteron mass [keV/amu], B = v/c and A; is given for lithium in the
table of Ref. 9 as A,=0.00153, A,=21470, A ;=-0.5831, A,=0.562, A =-0.1183, A, ,=0.009298
and A,,=-0.000166, respectively. Figure 2.3 shows the relation between the depth and deuteron
‘energy calculated for 40 MeV deuterons in lithium. One can see that the relation in the region of
20-40 MeV is almost linear, and the reactions below 20 MeV take place in the last 6 mm. The
stopping power also gives energy deposition rate in the material, i.e., a heat deposition profile as

shown in Fig. 2.4.
2.2 Nuclear Reaction Model

The differential cross section is calculated by the same assumption as that of Johnson et
al.,? except some modifications, The neutron production reaction of "Li(d,n)*Be is only considered
for the main reaction among the possible reactions shown in Table 2.1, and in the calculation of
cross sections the Serber's stripping reaction model* and the evaporation process are taken into
account by the following linear combination.

d%o ) ( d% ) ( d’c )
— =AS' - + AC' _— s (25)
(deEn dQQE; fgorber dQdEy Jgy apolation

The first term by the Serber's theory is written as follows:

(_d_o_2 ) -1 BB}y 6 — for [EvEo2 < {AE) 2
dQdEy fserwer 2 [(EnEo2P + EvEe) (03407
=0 for [E-Eg/2 2 2{AE) 2
(2.6)

where E, : Incident deuteron energy,
E, : Binding energy of deuteron,

Q, : YEu/Eq .
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And the second term of evaporation process is due to compound reaction:

d’c

dQdE,

where T :3.2YEgA ( A:mass number ).

Here we modified the Serber's cross section by adding the energy cut-off (E.=E/2 £
FWHM , full-width-half-maximum) for the neutron spectrum tail by Eq. (2.6), because the high
energy tail of Serber's spectrum breaks an energy conservation law and that model may be valid

= En-g('E’rJT), . (2.7)

Evapolation

only for a gross structure. This energy cut-off, however, can not eliminate producing the negative
energy neutrons in lower energy tail by this model. This may provide the unreasonable increase of
the lower energy neutrons below ~2 MeV, and also the break-up reactions to two or three bodies
should be taken into account for low energy range. Hence this modification is not valid for such
low energy region. The other type of reaction is also necessary to be considered for the higher
energy neutrons above E,; Q-value of 15 MeV means there is a possibility for generating the high
energetic neutrons of E,+15 MeV to the ground state of residual nuclei. Since this is not considered
here, higher energy neutrons are produced only as an evaporation tail.

The A and A_. are energy dependent mixing parameters of two spectral shapes. The energy
cut-off of 6 MeV for A, comes from the low energy limit of stripping reaction for Li. The
shoulder of 10 MeV was introduced as an energy-weighting parameter but it was insensitive. The
parameter A, was weighted for lower energy deuterons shown in Fig.2.5. The energy cut-off of 2
MeV for the energy of coulomb varier and the high energy cut-off of 15 MeV for energy weighting
parameter were introduced for A.. The values of parameters in Agand A, were determined by the
trial and error method to reproduce the measured spectrum and angular distribution. The
evaporation part 18 ésscntially needed for representing the angular distribution.

2.3 Comparison with the Experiments

The present source model was confirmed by comparison with the experimental data for a
thick lithium target. These measurements correspond to the spectrum at the place far away from the
target, because those experimental setup were performed at least 2 meters away from the target.
For this geometry, we can assume the target is a point, and then the observed spectrum is written

stmply as follows:

J(2Ene)
ACLEm)

dE, 2.8)

NI[ [ d% 1
PEO)= L (deEn)CM' (dEy/dx)
0

The spectra at 0 degree calculated by the above equation are shown in Fig. 2.6 for various incident
energy for deuterons. It is clearly seen that the peak energy is shifted with decrease of deuteron

74._
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energy and the peak energy corresponds closely to the half of deuteron energy; the peak energy
shifts 4 MeV to 15 MeV corresponding to the incident deuteron energy of 10 to 40 MeV. This wide
energy range is the merit of the energy selective neutron irradiation facility (ESNIT). The neutron
spectrum by 40 MeV deuterons has the peak closed to the D-T reaction neutrons, but the spectrum
is broadened spread over 30 MeV. The spectrum with a 4 MeV peak obtained by 10 MeV
deuterons has few neutrons above 10 MeV. Thus a study by combination of neutron irradiation
with these spectra will give energy dependent effects of neutron irradiation damage on test
materials.

Figure 2.7 shows the comparison of the calculated spectra for O degree by Eq. (2.8) with
the measured ones.®” The present calculations agree well with the Lone's data® for 23 MeV and
with the Weaver's data® for 18 MeV, but are inconsistent with the Goland's data.” In Fig. 2.8, the
spectrum for 35 MeV case is compared with the data by Johnson. et al. for various angles.” One
can see from the very high energy part of the spectrum measured in UC-DAVIS that there exist a
peak around 45 MeV corresponding to neutron emissions to the levels of *Be below 15 MeV. At
the energy of 45 MeV, the measured flux is 100 times larger than that of this calculation, but 100
times smaller than the flux around 15 MeV. Below 40 MeV the difference is smaller especially at
forward direction by a factor of 2 and the agreement at the large angles is within a factor of 2-3.

The 0-degree neutron emission yield for the energy integrated spectrum above 2 MeV is

also compared with the experimental curve summarized by Lone® as shown in Fig. 2.9. The

calculation was normalized to this experimental curve at 35 MeV. It can be seen that the relative
energy dependence of the calculation shows fairly good agreement.

The angular dependence of neutron emission by the present calculation, shown in Fig.
2.10, agrees fairly well with the experiment for high energy deuteron, but for lower energy the
flux at large angle is slightly larger. This is consistent with the large evaporation value for low
energy deuteron in the model as seen in Fig.2.6. However this is not serious discrepancy because
most of the contribution to the irradiation field comes from the forward emission in which the

agreement is enough.

Table 2.1 Neutron producution channels and Q values for d-Li reaction

Target Reaction QMeV)

i (d,n)sBe + 15.0
(d,2n)"Be - 39
(d,3n)°Be - 14.5
(d,pn)’Li - 22
(d,aYHe + 142
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Fig. 2.1 Deuteron reaction inside of the Iithium target.
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2.2 Calculation model for neutron flux distribution in the irradiation space.
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Spectrum mixing parameters
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Fig. 2.5 Energy dependence adopted for mixing parameters of two spectra.
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Fig. 2.6 Calculated neutron energy spectrum at forward for various deuteron energies.
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3. CHARACTERISTICS OF NEUTRON IRRADIATION FIELD
3.1 Neutron Spectrum

Since the range of deuteron in lithium is about 16 mm for 35 MeV and 21 mm for 40 MeV,
respectively, the thickness of lithium target should be more than 22 mm for the 40 MeV case. The
neutron flux at the place was estimated by the uncollided flux. The neutron scatterings by the
lithium and the thin target backing material were neglected in the calculation, because the forward
contribution of the scatterings will be a few % by inference from the D-T reaction neutron case.

Neutron source distribution along the deuteron range has to be considered for neutron
spectrum calculation at the place very close to the target. When the neutron field near the target is
used as neutron irradiation space, the distance from the reaction position to the irradiation point
varies with the deuteron energy corresponding to the energy loss. This means the neutron flux
spectra from the positions closer to the sample , i.e., at the deeper positions in the range, are
contributed larger than the spectra at the higher energy deuteron on the lithium surface due to the
1/* effect. Thus the neutron spectrum at the position close to the target is sensitive to the depth
because of deuteron reaction energy as mentioned in the previous section. This situation is shown
in Fig. 3.1 for the case of 35 MeV deuterons at the positions of the surface just behind the lithium
layer to the 50 mm distance from the surface ajong the O degree axis. One can see that the spectra
shift to lower energy at the positions closer to the target. The peak energy at the surface is 6 MeV,
while the peak energy at the position far away from the target is about 12 MeV. The change of
spectrum shape saturates at the distance over 30 mm from the surface. For low energy deuterons,
the spectrum change is small because of the shorter deuteron range. For example, the range of 18
MeV deuteron is 5 mm. This kind of spectrum shift is very important for the irradiation at the place
very close to the target in which the highest neutron flux can be obtained.

3.2 Neutron Flux Distribution

Here we assume that deuteron current is 40 mA and the beam size is 20-40 mm in diameter.
Since the "Li(d,n) reaction has a strong anisotropy of neutron emission, most of neutrons are
emitted in the angles within 20 degree. The neutron flux distribution along the 0 degree axis shows
almost the 1/r* dependence. The distribution on the axis perpendicular to the 0 degree axis,
however, is very steep due to strong anisotropy of emitted neutron by higher energy deuteron. The
peak neutron flux above 2 MeV at the point just behind the target is about 1 x 10** n/cm’/s for
deuterons above 35 MeV. The neutron flux decreases quickly with the distance from the central
axis, i.e., 10 1/10 at the 20 mm distance. This gradient becomes gentle with increase of the distance
from the target.
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The deuteron energy dependence of the neutron flux distribution is shown in Fig. 3.2 for
three energies. The neutron flux distribution generated by 40 MeV and 40 mA deuterons with a
homogeneous beam profile of 40 mm-diameter spot is very strong at the forward, while the flux
distribution generated by 23 MeV deuterons are broader than that of 40 MeV deuterons. Moreover
the peak flux intensity is different by three times between both neutron fields. The irradiation
volumes for the material test can be estimated from Fig. 3.3 which plots the obtained irradiation
volume versus the lower limit flux required for the various deuteron beam conditions, When the
beam current increases by 25%, i.e., to 50 mA, the flux should be increased by 25% as plotted in a
dotted line because the neutron yield is proportional to the current. Hence the required irradiation
volume of more than 125 cm? with the flux level above 1.5 x 10" nfem?/s can be achieved by 50
mA for the 40 MeV deuteron.

The flux gradient less than 10% at the irradiation field is another design requirement. As
mentioned before, the flux gradient at forward direction is dominated by the 1/r* law, while the
gradient in perpendicular direction can be improved by increasing the target area for the front
position, e.g., from 20 to 40 mm diameters. Therefore the flux gradient is limited only by 1/
law. If one desires smaller gradient, one should go far from the target. The gradient is written as

dP . oA 17 <0154,

dr 2
then to get the gradient smaller than 10%, it is necessary that r > 20 cm. This is impossible to keep
the flux above 1 x 10" n/cm*/s by 50 mA beam. To resolve the steep gradient near the target, the
utilization of deuteron beam with a ring beam profile seems to be attractive. This concept leads the
ring source distribution at the target and the gradient inside the ring is expected to be improved.
Figures 3.4 and 3.5 compare the flux contour maps for both cases of squared and ring shape beam
profiles, respectively. In the case of tehring profile, the flux at the center decreased so that the flux
gradient came to be modest. One can see the flat flux distribution around the front space of the
target for the ring case. However, due to angular dependence of emission neutron energy spectrum
as seen in Fig.2.8, the ring beam may give lower energy neutrons at the central region than those

of the spot beam.

— 12._
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Fig. 3.1 Spectrum shape change with the distance from the target surface for 35 MeV

deuterons.
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Fig. 3.2 Neutron flux contour map for various incident deuteron energies. (hatched part

is the Li region)
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4. CHARACTERISTICS OF NEUTRON FIELD IN TEST SAMPLES

In a practical neutron field for irradiation test, there exist a lot of scattered neuatrons coming
from the irradiation room wall and sample itself. Especially the scatterings in sample itself make a
spectrum change of irradiation neutrons. Thus a neutron transport calculation was performed to
obtain the neutron flux inside of the sample taking account for those scattered neutron components.
For this calculation, the MORSE-CG' ! Monte Carlo neutron transport code and the DLC87/HILO'?
multigroup cross sections were used. The DLC87/HILO library has 66 neutron energy groups and
21 gamma-ray groups up to 400 MeV neutron energy with P; Legendre expansion at energies
above 14.9 MeV and P, at energies below 14.9 MeV. The calculation model includes a irradiation
room and a test material sample. For simplification the following model is adopted for all cases
with 10, 23 and 40 MeV deuterons as shown in Fig. 4.1.

(1) The lithium target 20 mm is followed by 3 mm-thick stainless steel vacuum boundary.
(2) The source region is defined as 20 mm in diameter and 15 mm in thickness.
(3) The neutron source is homogeneously distributed in the source region and the source
neutron energy spectrum and angular distribution are given by the tables calculated from Eq.
(2.8).
These approximations are not valid for the locations near the target less than ~30 mm as discussed
in Sec.3.1, but still useful for a quantitative discussion.

The irradiation room is 3 m x 4 m square and 3 m height surrounding by ordinary concrete
wall as shown in Fig. 4.1, The target is set at the distance of 1.5 m from both walls. The test
materials are chosen in iron and alumina with a cylinder of 50 mm in diameter and 80 mm in length
placed at the 10 mm distance from the target chamber of stainless steel. The sample is divided in
several cells for flux estimation as shown in Fig. 4.2. The details of model around the target is
shown in Fig. 4.3.

Figure 4.4 shows comparison of the neutron spectra inside of the iron sample between with
and without the room wall. Since the input source is given above 1 MeV because of limitation of
the reaction model, there is a peak at 1 MeV due to this cut-off. The difference between both cases
is very small and within the statistical errors in calculation. The difference is small even in thermal
neutrons though those low energy neutrons are not shown. This is because the sample is placed
very close to the target. Hence this indicates that it is not necessary to take care of room returned
neutrons so much.

Figures 4.5 and 4.6 show the spectra at various locations inside of the iron and alumina

samples for the 40 MeV deuteron case. The energy spectrum in the iron case decreases neutrons in
the 6-8 MeV region with increase of the depth, while the spectrum in alumina flattens. One should
note that the effective peak energy is shifted to higher energy in the iron case. Figures 4.7-4.9
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show the spectra at the center of second layer ( 10-20 mm inside of the iron and alumina samples )
for three different deuteron energies. It is seen that the spectrum for iron is larger than that of
alumina below 4 MeV, but smaller at the 4-15 MeV and almost the same for higher energy part . It
is noticed that the effective neutron peak energy is different form each other inside of samples with
afew MeV.
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Fig. 4.3 Detail of model around the target.
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5. CONCLUSIONS

The source model of thick lithium target for Li(d,n) reaction was formulated to calculate
neutron field characteristics with the incident deateron energies of 10-40 MeV. The calculations of
the neutron flux spectrum distributions were also carried out near the lithium target. The neutron
peak energy varied 4 to 15 MeV with the deuteron energy of 10 to 40 MeV. The neutron flux of 5
x 10'* to 1 x 10" n/fcm?/s is achievable for the irradiation corresponding to the deuteron energy.
The required irradiation volume of 125 cm” can also be obtained by the 40 MeV deuteron
acceleration with 50 mA. The flux gradient requirement can not be satisfied by the ordinary beam
profile but there is possibility by using a ring beam profile.

The present source model can be applied to the calculation of the neutron flux and damage
parameters on the test specimens, and to the shielding design of the neutron irrdaiation facility.
Using the present source model, the calculations of spectra including influences due to the test
material itself and the irradiation cell wall were carried out for iron and alumina. From the results,
the room returned neutrons do not affect much the spectrum inside of the test samples.

The calculations of damage parameter such as dpa, PKA and transmutation using the
present spectra are also necessary. Through such calculations, the capability of ESNIT not only for
material irradiation R&D in the scientific aspect but also for evaluation of the influence of high
energy tail and for reduction of such influence by adopting the operation at the optimum peak
energies, is expected to be exhibited. These calculations will be performed in the further studies.
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APPENDIX 1 : Jacobian in Relativistic Kinematics

The Jacobian used in Eq. (1) in the text is obtained from the following relations of
relativistic kinematics. As illustrated in the Fig. A.1.1, the neutron energy and angle in the center
of mass system are written by the energy and angle in the laboratory system, and the Jacobian is

derived from those derivatives as follows:

Enc =1 Ea By EX-M2 cost A1)

and

‘ 1
cosB_~=1c - P p L 2 :
e = Mcos Bl v cos&)nL-B y +8in"0 (A2}

where Bar=4/1- (M“ ]2 and B = HEEEM%
B EnL Egq+My;

o) M 3E3 C
o M3 E3 L
M, E /; M/ E;c B¢
o1t po ) L o ><\ o
M,E, L\( o / MaFac
o .
M4 E4L °M E
4" 4cC
Laboratory System (Lab.) Center of Mass System (C.M.)

Fig. A.1.1 Definition of energy and mass. Here the numbers correspond to
1=deuteron, 2=lithium, 3=neutron and 4=beryllium. And E; and E.,
are energies in Lab. and in C.M. systems, respectively.
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Then, the Jacobian is, dropping the index of neutron,

J(Ec.cosb)
o(EL.cos8y )

JE~ d(cosd JE~  d{cosd
;\ ¢ 9(cosO¢) C (cosO¢) (A3)

dE d(cosb;) i d(cos6;) OE

Each derivative is obtained from the differentiation of equations (A.1) and (A.2). For neutron,

JEc p |
{1 g -
E)EC _ E ’ A5
d(cos8;) = WP a2
d(cosf) 3 B
m =YA 2(1 - B—LCOSBL) , (A.6)
d(cosh M}
(cosbe) _ ¥BMy 'A-sn(l _COSZGL), (A7)

dEp. (BLEL]3

2
where A =yz(coseL - Bﬁ) + sinzﬁL. From Egs. (A.4) to (A.7), the Jacobian can be written as:
L

] =y2A'3’2{(BcoseL- Blz)z +(1- Bz)(l - é)} . (A.8)

This value agrees with the classical formula of J = B, / B, in the reference ( Ohlsen G.G.: Nucl.

Insttum. Meth. 37, 240 (1965) ) at low energy limit.

. 28 .
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APPENDIX 2: Spectra of the Collided and Uncollided Neutrons at the Iron

Sample Location for Deuteron Energies of 10, 23 and 40 MeV.

The spectra of the collided and uncollided neutrons at the sample location are compared in
Figs. A.2.1-3 for three deuteron energies. The figures are normalized to the 50 mA case. The
spectra of the uncollided neutrons were calculated by Eq. (4) for 40 mm-diameter beam and the
collided ones dorie by the method described in Sec. 4. Thus these are not direct comparison but
still useful to understand the phenomena. The spectra of the collided neutrons are 3 times lower
than the uncollidéd ones below 23 MeV, while the those of 40 MeV is a half of the collided
neutrons. The peak energies of the collided neutrons are higher than those of the uncollided ones
and there is a valley around 4 MeV excluding the 10 MeV case. The numerical data for these
spectra are listed in. Tables A.2.1-A.2.2.

Table A.2.1 Uncellided flux produced by deuterons with 10-40MeV and

50mA at 2.5cm.

Energy Ed=40 MeV Ed=23 MeV Ed=10MeV
MeV) (/MeV/cm?/s)
2.0000 1.2064e+13  5.6520e+12 1.6424e+12
4.0000 1.7862e+13  8.2085e+12  2.1432¢+12
6.0000 2.1493e+13  9.6790e+12  1.9000e+12
8.0000 2.3720e+13  9.8670e+12  1.2880e+12
10.000 2.4945e+13  8.7975e+12  7.8803e+11
-12.000 2.5269%e+13  6.7130e+12 3.5471e+ll
14.000 2.4350e+13  4.4751e+12  2.2037e+11
-16.000 2.2390e+13  2.8776e+12  1.3400e+11
18.000 1.9390e+13  1.6944e+12  8.0235e+10
20.000 1.5669¢+13  8.6130e+11 4.7486e+10
22.000 1.1798e+13  3.8201e+11 2.7852e+10
24.000 8.3200e+12 1.1990e+11 1.6219e¢+10
26.000 5.6710e+12  7.8780e+10 9.3885¢+09
28.000 3.7012e+12  5.1540e+10 5.4070e+09
30.000 2.3194e+12  3.3598e+10  3.1000e+09
32.000 1.3575e+12  2.1832e+10  1.7703e+09
34.000 6.7500e+11 1.4148e+10 1.0073e-+09
36.000 1.4961e+11  9.1465¢+09  5.7125e+08
38.000 1.5456e+10  5.9000e+09 3.2296e+08
40.000 1.0459e+10 3.7987e+09 1.8207e+08
Total>2MeV 47026e+14 1.1344e+14 1.5686e+13



JAERI-M 92-191

2.5cm (MORSE-CG/DLC87)

Table A.2.2 Collided flux in Layer #2 of iron by deuterons with 10-40 MeV and 50mA at

Energy Mid- Ed=40 MeV Ed=23MeV Ed=10MeV
. Boundary Energy (MeV/cm?/s)
MeV) (MeV)
40.000 37.500 1.6155e+11  1.5830e+09 2.4797e+08
35.000 32.500 0.7550e+11 4.2622e+09 6.0827e+08
30.000 28.750 2.2732e+12  8.3069e+09  1.4065e+09
27.500 0 26.250 3.6529%+12 1.3969e+10 1.8585e+09
25.000 23.750 5.7136e+12 3.7623e+10 3.7056e+09
22.500 21.250 8.3083e+12 1.7586e+11 6.5222e+09
20.000 18.750 1.052%+13  4.9090e+11 1.2800e+10
17.500 16.200 1.1565e+13  1.1503e+12 2.3131e+10
14.900 14.200 1.0923e+13  1.7788e+12  3.5232e+10
13.500 12.850 1.0366e+13  2.3420e+12 5.217%+10
12.200 11.100 8.798%e+12 2.8965e+12  9.0087e+10
10.000 9.0950 7.1158e+12  3.2660e+12 1.5377e+11
8.1900 7.4450 57157e+12  3.1105e+12 2.3248e+11
6.7000 6.0950 5.0078e+12  2.8353e+12 3.1092e+11
5.4900 4.9900 5.0199+12 2.5649%+12 3.6593e+11
4.4900 4.0850 5.7294e+12  2.5032e+12 4.1226e+11
3.6800 3.3450 6.6534e+12  2.7932e+12  4.3570e+11
3.0100 2.7350 8.118%+12 3.1595e+12 4.6600e+11
2.4600 2.2400 1.0023e+13  3.3336e+12  5.3559e+11
2.0200 1.8350 1.3115e+13 4.0345e+12 5.6198e+11
1.6500 1.5000 1.8093e+13  4.3840e+12 6.0132e+11
1.3500 1.2300 3.0288e+13 4.9427e+12 6.4383e+11
1.1100 - 1.0085 1.5236e+13  3.5887e+12 3.6997e+11
0.90700 0.82500 1.6538¢+13  3.7317e+12  3.893%+11
0.74300 0.62050 1.5872e+13  3.4425e+12 3.4572e+l11
0.49800 0.41600 1.7990e+13 3.7287¢+12  3.8072+11
0.33400 0.27500 1.6425e+13  3.4486e+12 3.2209e+11
0.22400 0.18700 1.4666e+13 3.3555e+12  3.1165e+11
0.15000 011825 1.5594e+13 2.5466e+12 2.2865e+11
0.086500 0.059150 1.5336e+13  1.9912e+12 2.3407e+11
0.031800 0.023400 2.7769e+13  4.1686e+12  3.5024e+11
0.015000 0.011050 1.5750e+13  3.4907e+12  1.5141e+11
0.0071000  0.0052250  2.5865e+13 3.1039%+12 3.6404e+11
0.0033500 0.0024650 2.4847e+13  1.3199e+12 1.1526e+11
0.0015800 0.0030600  2.2784e+13 9.6334e+11 3.270le+11
0.0045400  0.0027750  5.05%6e+12 0.0000 5.2949¢+09
0.0010100 - 0.00061800 1.0005e+14 0.0000 0.0000
0.00022600
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APPENDIX 3
Program List for Calculation of the Neutron Flux Distribution

This program is written'in command-file based on FORTRAN77 in VAX/VMS computer system.

pid

CRE FLX.FOR
FLX MAP CALCULATION

MAIN PROGRAM OF FLUX MAP CALCULATON
FOR D-L1 SCURCE
BY Y. OYAMA JAERI AUGUST 31, 1989 -

EDO = INCIDENT DEUTERON ENERGY (MEV)
DEN = NEUTRON ENERGY BIN ( MEV)
NMAX = NEUTRON BIN NUMBER
DX = X-AXIS BIN (CM)
DZ =Z-AXIS BIN (CM)
IXMAX= X BIN NUMBER
[ZMAX= Z BIN NUMBER
DO = THICKNESS OF LI LAYER (CM)
RO = SOURCE RADIUS
W() = CURRENT PROFILE
DELTAE = DEUTERON ENRGY MESH FOR RANGE CALCULATION
DEV = MESH FOR RANGE TO CALCULATE SOURCE DISTRIBUTION "

N OoOoOoOnNDoOo0a0n0o0n0a0a00n000an0nts

COMMON /DRANG/ EDO,DR(100),EDR(100), DRM(50),DELTAE,
1 IRM,DEDR(100),DEY

~ COMMON /SPACE/ X(100),Z(100) EN(100) -
COMMON /SOURCE/DO,R0,W(50) JRMAX ,KPHM,A
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€ =——=—=——c DATAINPUT
C ++---< DEUTERON & NEUTRON
DATA ED0,E0,DEN.NMAX/40.0,1.0,2.,20/
C +----r--< MAPPING REGION
DATA DX,IXMAX,DZIZMAX/0.5,5,0.5,10/
C +-r----< SOURCE REGION
DATA DO,R0/2.2,2.0/
DATA JRMAX,KPHM,DELTAE,DEV/10,18,0.5,0.1/
DATA CUR/0.05/
C----—-< NOMALIZATION
C  ANORM=0.95/1.602E-16
CCC «~ REVISED '91.12.17 —--ereees
ANORM=1.335/1.602E-16

- DO 30J=1.7
30 W()=L0
DO 31 J=8,JRMAX
31 W()=10
C
C  READ(1,100) ED0,E0,DEN NMAX
READ(1,*) EDO
C  READ(1,101) DX,IXMAX,DZ,JZMAX
100 FORMAT(3E12.4,16)
101 FORMAT(2(E12.5,16))
1004 FORMAT(2X,13,2X F10.4)
WRITE(6,1000) EDO,DENNMAX, ANORM
WRITE(6,1001) DX IXMAX,DZ,IZMAX
WRITE(6,1002) DO,R0,JRMAX KPHM,DEV
WRITE(6,1004) (J,W()),J=1JRMAX)
1000 FORMAT(/5X,EDO (MEV) = ,F10.2,2X,NEUTRON BIN (MEV) =,
1 F10.2/2X,NEUTRON BIN NUMBER =',13,2X,NORM=',1PE12.5)
1001 FORMAT(/5X,’X-MESH (CM) = F10.4,2X,’X-BIN NUMBER ="]4,
1 2X,Z-MESH (CM) = 'F10.4,2X,Z-BIN NUMBER = ',14)
1002 FORMAT(/5X, TARGET THICKNESS (CM) = "F10.4,2X,
1 'TARGET RADIUS (CM) = 'F10.4, TARGET RADIUS BIN =",
2 14/5X,PSI ANGLE BIN = 'J42X, TARGET THICKNESS MESH = ',
3 F10.4//p
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C
CALL DRANGG

C
DO 6 I=1, IXMAX+1
DO 6 I=1,IZMAX+1
S(1,)=0.0

6 CONTINUE

Comeee < MAPPING REGION LOOP

DO ! I=1,IXMAX+1
DO 2 J=1,ZMAX+1
DO 3 K=1 NMAX
EN(K)=K*DEN
X(T)=(1-1)*DX
Z()=(J-1)*DZ

ENN=EN(K)

XX=X(I)

Z7=Z(J)
C

CALL FLX(XX,ZZ,ENN FLXX)
C

FLUX(LJ K)=FLXX/A*ANORM
S(LD=SAD+FLUX(L],K)

CHECK WRITE(6,2000) LJ.K,FLXX.S(LJ)

2000 FORMAT(2X,1='13,J="13,K="13,FLXX = EI12.5,
1 2XSA))=\EI2.5)

3 CONTINUE
SAN)=S(LN)-(FLUX(L,J, )+FLUX(LI,NMAX))2.
S(11)=S(1.))*DEN

2 CONTINUE

1 CONTINUE
C --—---—--——< LOOP END
WRITE(6,300) EDO

300 FORMAT(1H1,2X, INCIDENT DEUTERON ENERGY (EDO) =,
1 1PE11.4, [MEV]Y) :
WRITE(6,203)
WRITE(6,200) (EN(K),K=1NMAX)
DO 4 I=]1, IXMAX+1
WRITE(6,201) LX(D)
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DO 5 J=1IZMAX+1
WRITE(6,202) J,Z(J)

CHECK WRITE(6,203)
CHECK WRITE(6,200) (EN(K),K=1,NMAX)

205
200
201
202
203
204

213

212

WRITE(6,204)

WRITE(6,200) (FLUX(LT,K),K=1 NMAX)

WRITE(6,205) S(1,)
FORMAT(2X, FLUX SUM (>2 MEV) = IPE12.4)
FORMAT(2X,1PE11.4,7E11.4)
FORMAT(/1X,<<I="13,>>'2X,' X (CM) =,1PE12.4)
FORMAT(/1X,'<J="13,>'2X, Z (CM) =',1PE12.4)
FORMAT(2X, ** NEUTRON ENERGY **")
FORMAT(2X.' ** NEUTRON FLUX **)

CONTINUE

CONTINUE

WRITE(6,213) CUR
FORMAT(1H1/2X, DEUTERON CURRENT =/F10.4," [A])

WRITE(6.212) (X(1),J=1 IXMAX+1)
FORMAT(2X,’ X POSITION (CM): "8F10.1)

=INT(IZMAX+1)/8.0+1.0)

DO 7 L=1,1ZZ

IKM1=(L-1)*8+1

TKM2=L*8

WRITE(6,211) (Z() J=IKM1,IKM2)

DO I=1,IXMAX+1

WRITE(6,222) (S(LJ*CUR J=IKM1,IKM2)

ENDDO

211 FORMAT(2X,'Z POSITION (CM) ='8F5.1)
222 FORMAT(2X,17X,1P8E10.3)
7 CONTINUE
STOP
END
G .
C SUBROQUTINE DRANG ==> (ED0,DR,EDR,DRM)
C DEUTERON DEPTH VS. DEUTERON ENERGY
C BY Y.OYAMA 28 AUG. 89
C

SUBROUTINE DRANGG
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COMMON /DRANG/ EDO,DR(100),EDR(100), DRM(50),DELTAE,
1 IRM,DEDR(100),DEV
COMMON /SPACE/ X(100),Z(100),EN(100)
DIMENSION E(100),R(100),5(100)
C  EDO=3s.
C  DELTAE=05
IM=INT(EDO/DELTAE)
AM1=2.014102*931.4812
DO 1 I=1,]M
E()=EDO-(I-1)*DELTAE
EDD=E(I)*1000*0.5
B1=SQRT(E(I)**2+2.*E(y* AMI)/E(D+AM1)
B2=-0.5831+0.562¥LOG(EDD)-0.1183*LOG(EDD)**2
1 +0.009298*LOG(EDD)**3-0.000166*LOG(EDD)**4
DEDX=(0.00153/B1%*2)*(LOG(21470.¥B1**2/(1-B1%*2))-B1**2-B2)
S(I)=1/DEDX
1 CONTINUE
S(IM+1)=0.0
DO 2 K=1,]M
R(K)=0.0
2 CONTINUE
DO 3 K=1,IM
DO 4 J=1K
R(K)=R(K)+0.5*(SUJ)+S(J+1))*DELTAE
4  CONTINUE
3 CONTINUE
DO 6 K=1,M
R(K)=R(K)/(0.5297/7.%6.022*100)
6  CONTINUE
WRITE(6,101)
101 FORMAT(1X,NO.,5X, EDO - ED(MEV) ',5X, DEPTH(CM))
DO 7K=1,IM
WRITE(6,100) K,EDO,E(K-+1),R(K)
100 FORMAT(2X,12,2X,1PE12.4 2X E12.4,2X E12.4)
7 CONTINUE '
C  DEV=0.05
IRM=INTR(IM)/DEV)+1
R(0)=0.0
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DO 8 I=1,JRM+1
DR(I)=(I-1)*DEV
8  CONTINUE
DO 21 I=1,IRM+1
DO20K=1IM
IF(R(K).GT.DR(I)) THEN
EDR(D=(E(K+1}-E(K))*(DRD-R(K- DY REK)-R(K-IN+EK)
GO TO 2! '
ELSE
GO TO 20
ENDIF
20 CONTINUE
21  CONTINUE
DO 22 1=1,1RM
DEDR(I)=EDR(I)-EDR(1+1)
22 CONTINUE
DO 23 J=1,JRM+1
K=INT(J/2)
DRM(K)=DR(])
23  CONTINUE
WRITE(6,103)
103 FORMAT(2X,NO.'2X,'DR(CM)' 6X, EDR(MEV)')
WRITE(5,102) (K.DR(K),EDR(K),K=1,IRM+1)
102 FORMAT(2X.]12,2X,1PE12.4 2X E12.5)

RETURN

END
C
C SUBROUTINE FLX
C

SUBROUTINE FLX(X,Z,EN,FLXX)
COMMON /DRANG/ EDO,DR(100),EDR(100),DRM(50) DELTAE,
1 IRM,DEDR(100),DEV
C  COMMON /SPACE/ X(100),Z(100),EN(100)
COMMON /SOURCE/DO,RO,W(50) JRMAX, KPHM,A
C  DIMENSION $5(50,50,200),R(50) PH(200)
DIMENSION R(50),PH(200)
DRR=RO/JRMAX
DPH=2+*3.14159/KPHM
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DO 51 J=1JRMAX+1
R(N)=(J-1)*DRR

C W(H=1.0
51 CONTINUE
A=00

DO 55 J=1,JRMAX
A=A+3.14159*RI+1)**2-RI)**2)*W(J)
55 CONTINUE
DO 52 K=1KPHM+1
PH(K)=(K-1)*DPH
52 CONTINUE
G1=0.0
C DO 1I=1INT((IRM+1)/2)
Cop— < SOURCE REGION LOOP

DO 11=1,RM
DO 2 J=1,JRMAX
' DO 3 K=1 KPHM
RL=(Z+DO0-DR(D)**2+(X-R{I*COS(PH(K)))**2
1 +RQO*SIN(PH(K)))**2
RL=SQRT(RL)
TH=ACOS((Z+D0-DR(I))/RL)
DO 3 K=1KPHM
RL=(Z+DO0-DR(D))**2+(X-R(I)*COSPH(K))**2
1 +RA)*SIN(PHK))Y**2
RL=SQRT(RL)
TH=ACOS((Z+D0-DR(I))/RL)
ED=EDR(])
DED=DEDR(I)
CHECK WRITE(6,200) 1] K RL,TH.EN
200 FORMAT(2X,1="13,7=,I13,K="I3,RL="E12 5,
1 ' TH='E12.5, EN='E12.5)

C
CALL DLI(TH,ED.EN,G)
oo
G1=G1+G*W({J*R(J)*DRR*DPH*DED/RL**2
3 CONTINUE
2 CONTINUE
1 CONTINUE
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C ---------< SOURCE REGION LOOP END -

FLXX=G1

CHECK WRITE(6,1000) FLXX
1000 FORMAT(2X,FLXX="E12.5)

RETURN
END

9]

SUBROUTINE DLI{TH,ED.EN,G)

O

a0 o 0 0 o a0 a0

OO 0O o 0 0 o oG a0

D-LI REACTION NEUTRON PRODUCTION

............... -< DIFINITIONS

DLIFOR
' 1989.7.5 -

Calculation of Energy and Angular Distribution of Neutrons
Produced by 7-Li(d,n)Be-8 Reaction

Cross Section : R.Serber : Phys. Rev. 72 (1947) 1008
D.L.Johnson and F.M.Mann : J.Nucl.Materials,
85&86 (1979) 467
Stopping Power: H.M.Andersen and ].F.Ziegler : Hydrogen Stopping

Power and Ranges in All Elements, Pergamon (1977)

KMAX = Incident Deuteron Energy [MeV]
DIMENSION SUM(20),F1(0,100),F2(20,50,100),

* (31(20,100),G2(20,100),G(20,100),EDCT(20)
KMAX =Incident Deuteron Energy [MeV]
EDX = Deuteren Energy [MeV] in Lab-System
EDC = Deuteron Energy [MeV] in CM-System
EN,] = Emitted Neutron Encrgy [MeV] in Lab-System
ENC = Emitted Neutron Energy [MeV] in CM System
TH = Neutron Emission Angle [Degree] in Lab-System

_THR = Neutron Emission Angle [Radian] in Lab-System

THC = Neutron Emission Angle [Degree] in CM-System

COMMON /DRANG/ EDO,DR(100),EDR(100), DRM(50),DELTAE,
1 IRM,DEDR(100),DEV
COMMON /SOURCE/DQ,RQ,W(50)JRMAX KPHM,A
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DIMENSION EDCT(20)
REAL IEDX1
C -—--------——<DEFAULT DATA>
DATA KMAX,DELTAE,IEDX1,IEDX2/35,1.00,10,15/
DATA IDTH,ITH1,EXM/15,0,45/
DATA SIGS0,S1GS1,S1GC0/0.06,0.04,0.01/
DATA ITEMP,JPRT2,IPRT6/0,1,0/

KMAX=ED
NORM=1.0
SIGC1=0.001
SIGS2=0.05
Ceneeeie LIMIT OF STRIPPING REACTION +vrormemmmmemememesnmnsnanss
KMIN1=INT(6/DELTAE)
Cernemre LIMIT OF COMPOUND FORMATION -
C  KMIN2=INT(1.65/DELTAE)
' KMIN2=INT(1./DELTAE)

C

101 FORMAT(2I6)

102 FORMAT(2F6.3)

103 FORMAT(316)

CHECK  WRITE(6,601) KMAX,DELTAE,JEDX1,JIEDX2,S1GS0,SIGCO,ITEMP

601 FORMAT(1H ,//,5X,INCIDENT DEUTERON ENERGY ='13,3X,DE ='F6.2,
* 31X 'EDX1 ='F3.0,3X,EDX2 ='I3,/,5X,'SIGS0 = F6.2,/,5X,
*SIGCO =, F6:2,/,5X, ITEMP ='12,/)

| o < SET CONSTANT
AMU=931.4812
EB=2.23
EDX1=IEDX1
EDX2=IEDX2
Al1=2,014102
A2=7.016000
A3=1,007823

© A4=8.005305

AMI1=AI*AMU
AM2=A2*AMU
AM3=A3*AMU
AM4=A4*AMU
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ALI=T7.

- ACOMP=9.
RAD=3.1415927/180.
KMAXD=KMAX/DELTAE
EDCT(1)=0.
EDCT(2)=0.1000
EDCT(3)=0.3590
EDCT(4)=1.7339
EDCT{(5)=3.9984
EDCT(6)=7.2014

EDCT(7)=11.3839
EDCT(8)=16.5819
EDCT(9)=22.8274
EDCT(10)=30.1496

THR=TH
COST=COS(THR)
SINT=SIN(THR)
TANT=TAN(THR)

T3=EN
BETA3=SQRT(T3**2+2.*T3*AM3)/(T3+AM3)

EDCMAX=(KMAX*AM2+AM1**2+ AM1*AM2)/SQRT(2*KMAX* AM2+(AM1+AM2)**2)-AM1
EDD=ED*1000.*0.5
C ------< 1 TO 1000 MEV RANGE FORMULA OF STOPPING POWER >-------c------
B1=SQRTED**2+2.*ED*AMD)/(ED+AM1)
B2=-0.5831+0.562*LOG(EDD)-0.1183*LOG(EDD)**2
1 +0.009298*LOG(EDD)**3-0.000166* LOG(EDD)**4
DEDX=(0.00153/B1**2)*(LOG(21470.*B1**2/(1-B1**2)}-B1**2-B2)
C ----< RELATION OF RELATIVISTIC KINEMATICS >-- -
BETA=SQRT(ED**2+2.*ED*AM1})/(ED+AM1+AM2)
'BB=BETA/BETA3
GAMMA=1/SQRT(1.-BETA**2)
TANTC=SINT/GAMMA/(COST-BB)
ENC=GAMMA*(EN+AM3-BETA*SQRT(EN**2+2 *EN*AM3)*COST)-AM3
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IF(TANTC.LT.0) THEN
THC=3.14159-ATAN(TANTC)
ELSE
THC=ATAN(TANTC)
ENDIF

EDC=SQRT(2*ED* AM2+{AM1+AM2)**2)-(AM1+AM2)
ED1=(EDC**2+2%EDC*AM2)/2/(AM1+AM2+EDC)

BETA3C=SQRT(ENC**2+2.*ENC* AM3)/(ENC+AM3)
R=BETA/BETA3C
IF(R.LT.1) GO TO 2000
THMAX=ATAN(1 /GAMMA/SQRTR**2-1.))
IF(THR.GT.THMAX) GO TO 20
2000 CONTINUE
C ---< JACOBIAN (CLASSICAL)
C  DEDW=BETA3C/BETA3
C DEDW=1/DEDW
C ----< JACOBIAN { RELATIVISTIC) >
AA=GAMMA**2%(COST-BETA/BETA3)**2+1-COST**2
DJ1=GAMMA**2%(1-BETA/BETA3*COST)**2/AA**1.5
DJ2=(GAMMA*BETA*AM3/BETA3/(T3+AM3)y**2%(1-COST**2)/AA**1.5
DEDW=DJ1+DJ2

IFEDC.GT.EDX1) GO TO 1000
IF(EDC.LT.6) THEN
51GS=0.0
ELSE
SIGS=(SIGSO-SIGS1Y(EDC-6)/(EDX1-6)+S1GS1
ENDIF
GO TO 1001
1000 SIGS=SIGS0
1001 CONTINUE
IREDC.GT.EDX2) GO TO 1100
1001 CONTINUE
IF(EDC.GT.EDX2) GO TO 1100
SIGC=(SIGCO-SIGC1Y*(EDX2-EDC)/EDX2+S1GC]
GO TO 1101
1100 SIGC=0.
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1101 CONTINUE

C umereen < C.M. FRAME CROSS SECTION WITH LAB.SYSTEM PARAMETER >---
XS1=(ED1-EB)*EB
XS21=((ENC-ED1*0.5)**2+EB*ED1)** 1.5

TH0=SQRT(EB/ED1)
XS22=THO/THO**2+ THC**2)**1.5
C----< CORRECTION WITH QUASI-FREE SCATTERING CONTRIBUTION >-------
C----< NO USE BECAUSE OF SMALL EFFECT >- JR—
C  $=0.22-0.002*ED1
C  XS22=THO/(THO**2+ TANTC**2)**],5%(1-5)+S*COSTC
C
C --< HIGH ENERGY TAIL CUT
C  IE(ABS(ENC-ED1*0.5).GT.1*1.53*SQRT(EB*(EDCMAX-1.6-EB))) THEN
IF((ED1-6.).GT.0) THEN
IF(ABS(ENC-ED1*0.5).GT.2*SQRT(EB*(ED1-1.6-EB))) THEN
XS=0.0
ELSE
X8=0.5*X51/XS21*XS22
ENDIF
ELSE
XS=0.5*XS1/X$21*X§22
ENDIF
C -—-< NUCLEAR TEMPERATURE (ACOMP=9 OF BE-9)
T=3.2*SQRT(EDC/ACOMP)
IF(ITEMP.EQ.0) GO TO 3500
L=0
3000 L=L+1
IFEEDC.GT.EDCT(L)) GO TO 3000
Li=L-1

L2=L
T=(FLOAT(L1)-1.)*0.5+(EDC-EDCT(L1)/(EDCT(L2)-EDCTL1))*0.5

3500 CONTINUE

C —--< EVAPOLATION CROSS SECTION >- -
XC=ENC*EXP(-ENC/T)

F1=NORM*SIGS*XS/DEDX*DEDW
F2=NORM*SIGC*XC/DEDX*DEDW
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THMAX1=THMAX*180./3.14159

THC1=THC*180./3.14159
CHECK  IF(LEQ.7) WRITE(6,246) IJ,K ED,EDC,BETA,BETA3,BETA3C,BB.R,
C * THMAX1,THC1,ENC,XS,DWDW DEDE F1(1,J,K),F2(I.] K}
C246 FORMAT(1H ,313,1P15E8.1)
CHECK

G=F1+F2

GO TO 10
20 G=0.0
10 CONTINUE
CHECK
C  IF(IPRT6.EQ.0) GO TO 4000
C WRITE(6,600) (ITH(),1=1,9)
C DO70J=236
C  WRITE(6,603) J,(G(1,J}.]=1,9)
C70 CONTINUE
C  WRITE(6,602) (SUM(]),I=1,9)
C4000 CONTINUE
WRITE(2,200) (FLOAT(1),J=2,40)
WRITE(2,200) (G(10,0),J=2,40)
IF(IPRT2.EQ.0) GO TO 5000
WRITE(2,200) (FLOAT(}),J=2,40)
WRITE(2,200) (G(2.]),J=2,40}
WRITE(2,200) (FLOAT(J),J=2,40)
WRITE(2,200) (G(3.0),J=2.40)
WRITE(2,200) (FLOAT(J),J=2,40)
WRITE(2,200) (G(4.]).J=2,40)
WRITE(2,200) (FLOAT(J},J=2,40)
WRITE(2,200) (G(5J),J=240)
WRITE(2,200) (FLOAT(J),]=2,40)
WRITE(2,200) (G(6.)),J=2.40)
WRITE(2,200) (FLOAT(J),J=3,40)
WRITE(2,200) (G(7.J),J=340)
WRITE(3,200) (TH(I),I=1,20)
WRITE(3,200) (SUM({),1=1,20)
C5000 CONTINUE
C600 FORMAT(IH ,//,3X,EN[MEVT' 9110}

O O 0O O 0000 00000 an
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C603 FORMAT(2X,15,6X,1P9E10.2)
C602 FORMAT(IH ,/,5X,SUM'5X,1P9E10.2,///)
C200 FORMAT(6E12.5)

C
C
C
C
C

IF(IPRT6.EQ.0) GO TO 999

DO 99 K=1,35

WRITE(6,654) K, F2(5,2,K),F2(5,3,K},F2(5 4 K},F2(5,7,K},
* F2(5,10,K).F2(5,13,K),F2(5,16,K),F2(5,19,K),

* F2(5,22,K),F2(5,25,K)

C654 FORMAT(1H ,I5,1P10E10.2)
C99 CONTINUE
C999 CONTINUE

CHECK

RETURN

END
8! < COMPILE $ LINK
3! FOR/LIS FLX.FOR

FOR FLX.FOR

LINK FLX.0OBJ
$!
$!  ASS/USER FLX.DAT FOR001 IINITIAL INPUT
$!  ASS/USER LPAO: FOR006 IOUTPUT DEVICE
8! ASS/USER FORO06.DAT FORO06 'OUTPUT FILE
$!  RUNFLX IEXECUTION
$l4+++++< CLEAN UP FILES >+++++++++++++++++++H+++tHHHHH bbbt bbb+
3 DEL FLX.FOR;*
3 DEL FLX.OBJ;*
$!  DEL FLX.EXE;*
$ PUR FLX.EXE
$ PUR FLX.COM
$ PUR FLX1.COM

S+t +++++< END >+4+++++++++++ 54+ 444 bbb bbb



