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r."_ _ __ -.: _ _ The Brookhaven Medical Research Reactor (BMRR)' became operational in 1959 to support
L.

= _=_- _ .': - _ ¢- _ BoronNeutronCaptureTherapy(BNCT)researchintheMedicalDepartmentof theBrookhaven

o -- _ _ E _ o .., NationalLaboratory(BNL). The researchwas interruptedin 1961after the failure of initial
o = ".-Z_ _ _ .__ _ BNCT trials to show efficacy.

o _ - _ _ _ _ ;_ _ In 1988, a moderatorto produceanepithermalneutronbeamwas designedandinstalledin
o _ _ ....... one of the shutters at the BMRR. The horizontal section of the BMRR extending from the core
o _ - .e ._ ._ _, _ s out to the epithermalport is depictedin Figure ! includingthe reactorcore, graphitereflector,

= = _ .= o _ _, = inner bismuth shield, moderator tanks in C, A and B, beam shutter, outer bismuth shield, and
" _0 _ ".-ce_ ,_ _ o _- ._ _, Li_CO,in polyethylene(Li-poly)shieldat the irradiationpo,. The moderatorregionC consists
•_ -_ [ '_ _ _ _ _ _ of two empty spaces. The AI and A120_ which was identified by Brugger and Less _ as a good
•_ _ _ _,,.= o = = _ moderatorto produceanepithermalbeamwereselectedby FairchildandWheelePas the primary

I_ _ _ ,- .-. _ "-' _ _] moderator.Platesof AI andAI20, werefilled in the A andB regionsof the existingshutterto
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Figure I. The PresentBMRREpithermalBeam.
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Table I. Comparisons of MCNP Calculations and Dosimetric Measurements After One Fuel
Element in Place of the Graphite Stringer in June 1992.

Comment, Difference

MCNP I.Epithemud flux + 18%

2. Beam _#..utron &migamma dosemproportionally inere..ued

3. No perceptible change in neutron .pectmm

Meagre I. Epithermal flux in air + 16%

2, Themuti flux at different dcptlm in the lucite phantom + 18%

3. Ncmron dot_ rate in air + 17%

4,Gamma do_ rate in air + 14%

produce the present epithermal neutron beam. A 38-mm-thick Li-poly shield was added in 1991
around the bismuth port to reduce the neutron flux coming from outside the port.

An irradiation point for future reference is labelled as the "X" point in Figure i. There are
now 30 partially spent fuel elements in the core. The reactor may be operated at 3 MW power.
Since the moderator was assembled in 1988, dosimetric measurements and calculations in air and

in phantoms have been made_'5at the epithermal port. The BMRR beam is the best available now
to proceed with BNCT. The purpose of this study is to show how this beam can be further
improved based on MCNP calculations which are confirmed by dosimetric measurements.

POSSIBLE CHANGES

To improve an epithermal beam, the major target is to increase the epithermal flux and to
reduce the fast neutron dose in the beam. Possible changes of the BMRR beam are in the areas
including the core, moderator assembly, and irradiation port. The graphite reflector and inner
bismuth would be very difficult to modify at this time. MCNP calculations of the BMRR beam
were made to predict improvements of the neutron beam at the epithermal port. After each
change was made, the calculated results at the "X" point were normalized by the calculated values
of the present design. Finally, optimized changes in each area were combined to predict an
improved epithermal beam.

Reactor Core One way to increase the epithermal flux at the irradiation port is to shift the
fuel elements in the core toward the port while still retaining a critical but controlled condition.

in the present core, there are two spaces facing the epithermal port which are not fueled. One
is a graphite stringer and the other is a tube for sample irradiation. In June 1992, the BMRR was
operated with one fuel element replacing the graphite stringer. While the element was in
position, flux and dose measurements at the epithermal port were made to compare to the
previous measured values and MCNP calculations. The results are listed in Table I. The MCNP
calculation predicts increased fluxes and doses by !8% for such a change. Different dosimetric
measurements in a lucite phantom and in air verified the calculated results. The thermal flux
measured by bare and Cd-covered gold foil activation at different depths in the lucite phantom
went up 18% on average while the neutron and gamma dose rates measured by paired ionization
chambers went up no more than 18%.

These results indicate that most of the epithermal neutrons reaching the irradiation port come
from fission neutrons produced in the front rows of fuel elements on the epithermal side of the
core. By changing the core configuration while maintaining criticality and control, the beam
intensity at the epithermal port can be effectively increased without reducing the beam quality.
An alternative is to place new fuel elements in the first or even second rows facing the epithermal

: .' ,' •........ '._'-' port to shift the power distributionsin the core toward the epithermalport. Thus, the beam
intensityat the epithermalport will be significantlyincreased. This part of proposedchangeis
..... _,,,;,,,,,,,_,, °, rh,,RMRI2. The increaseof epithermalflux ispredictedto be 40%.
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Table 2. Comparisons of Beam Parameters at the Irradiation Point "X".

Power 4),_ DJa,_ D,/a,_ J/,l,
MW x 10t x 10""¢Gy xlO'":Gy

n/cma/s /(n/crez) /(n/cre:)

BMRR'* 3 1.2 4.8 i.4 0.67

May 1992
Stage lA"* 3 i.4 4.8 1.4 0.67

June 1992
Stage IB" 3 1.7 4.8 i.4 0.67

Oct. 1992

Stage2" 3 2.2 3.4 1.7 0.72
FY 1993

* Calculatedby MCNP _ Measured

Moderator Tank C, A & B The two empty spaces in moderator tank C can be filled with
aluminum pellets to move the moderator assembly toward the core. The packing density of
aluminum pellets was assumed to be 60% in the MCNP calculation. Then, space left in the beam
shutter can be designed to accommodate the outer bismuth (or lead plus %i) shield and this will
allow an air indentation at the irradiation port so that the beam is directed more toward the "X"

point. MCNP calculations also indicate that the beam can be enhanced by optimizing the
moderator configuration and thicknesses of AI and A1203 to increase the epithermal flux and
reduce the fast neutron dose.

Bismuth Shields The outer bismuth blocks shield the patient from the neutron induced

gamma rays from AI and construction material. An alternative is to use lead plus 0.05% atomic
number de|ksity of eLi to replace bismuth. The eLi captures the thermal neutrons while the lead
appears to be more effective to moderate fast neutrons than is bismuth.

Combined Changes With a combination of feasible changes, the calculated results of new
design are compared to the calculated values of the present design and listed in Table 2. The

Figure 2. The New Design.
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final design is seen in Figure 2, At stage2, the major changesinclude: (I) Four new fuel
elements are placed in the first row facing the epithermalport; (2) The C tank is filled with
aluminum pellets; (3) A pieceof 14.6..cre-thickAI followed by a piece of 41.2-cm-thick A!203
Is filled in the A and B tanks;(4) Bismuthshieldat the irradiationport is replacedby 13.4 cm
of leadplus 0.05% atomicnumber densityof _Li; (5) A 15.8 cm air indentation is created at the
irradiation port from the face of leadshieldto the "X" point.

The final result shows, with a relatively insignificant increase of the gamma dose per
epithermal neutron, the neutron dose per epithermal neutron can be reduced by 30% and the
epithermal flux can be increasedby 80%. With the new design, the epithermal flux at the "X"
point is 2.2 x 10_ n/cm2/secat 3 MW power and the neutrondoseper epithermal neutron is 3.4
x 10"" cGy/(n/cmZ). The neutroncurrent to flux ratio can also be increased by 7% from 0.67
to 0.72 to gain more penetration into the head.

CONCLUSIONS

Improvements for the BMRR epithermal neutron beam have been evaluated by MCNP
calculations and measurements. Different dosimetric measurements have been made a_er one

fuel element was in piace of the graphite stringer in the core. Measurementsshow an 18%
increaseof beamintensitywithout reducingthe beamquality. Theseresultsare consistentwith
the predictionsof an MCNP calculation.

Major changesto enhancethe beam includerearrangingthe fuel elements in the core,
placingaluminumpelletsin the moderatortank C, redesigningthe moderatorassembly,replacing
theouterbismuthby leadplus0.05% atomicnumberdensityof 6Li, andmodifyingthe irradiation
port to accommodatean air indentation. The MCNP calculatedvaluesfor the presentandnew
designswere comparedto demonstratethe improvements.The resultsshow that the epithermal
flux can be increasedby 80% at the irradiationport. The neutrondose per epithermal neutron
can be reducedby 30%. The beamdirectionalitycan be improvedby 7%.

REFERENCES

1. J. B. Oodel, "Descriptior,,of Facilities and Mechanical Components, Medical Research
Reactor(MRR)," BNL 600 O"-173), BrookhavenNational Laboratory,Feb. 1960.

2. g. M. Brugger, T. J. Less, G. G, Passmore,"An Intermediate-EnergyNeutron Beam for
NCT at MURR," BNL-S1994, BrookhavenNational Laboratory,Jan. 1986.

3. O. K. Becket, Y. D. Harker, L. O. Miller, R. A. Andrel, F. J. Wheeler, " Neutron
Spectrum Measurements in the Aluminum Oxide Filtered Beam Facility at the
Brookhaven Medical ResearchReactor," Neutron Beam Design. DeveloDment. and
Performancefor Neutron CantureTherapy, O. Harling and R. Zamenhof, eds., Mar.
1989, PlenumPress,Ne_ t'ork, 1990.

4. S. K. Saraf, J. Kalef-Ezra, R. O. Fairchild, B. H. Laster, S. Fiarman, E. Ramsey,"
Epithermal Beam Developmentat the BMRR: DosimetricEvaluation," Neutron Beam
Desitn. Development.andPerformancefor Neutro_lCaptureTherany, O. Harling and
R. Zamenhof, eds., Mar. 1989, PlenumPress,New York, 1990.

$. H. B. Liu, " IsodoseCurves andTreatmentPlanningfor Boron neutronCaptureTherapy,"
Dissertation in Nuclear EngineeringProgramof University of Missouri-Columbia,Aug.
1992.

• (Re,search supported by US DOE contract DE.AC02-76CHQ0016)










	DE93005580_BNL48184
	DE93005580_BNL48184-2
	DE93005580_BNL48184-3
	DE93005580_BNL48184-4
	DE93005580_BNL48184-5
	DE93005580_BNL48184-6
	DE93005580_BNL48184-7
	DE93005580_BNL48184-8


