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of 0-0.2 mr/hr, the dose rates at the other positions were 

measured with the scale at the range of 0-2 mr/hr. 

The curve in the figures show the points where the 

dose ratio is the same or the isodose lines. 
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IV DISCUSSION 

4-1 Gamma Ray Spectra 

When the reactor is shut down the fission product 

gamma rays predominate. Since the spectrum (Fig. 3-1) was 

measured a ft er a short period of decay, many short-lived 

isotopes were present. Furthermore, some of the short-lived 

decays are very energetic. It is very difficult to determine 

exactly wha t gamma rays were emitted (13) . 

However1 t he spectrum showed that the count rate 

or the intensity is approximately exponential function of 

energy 

Counts perminute (c/m) = Ce-l . lBE 

Under t he same geometrical conditions, the constant C depends 

on the operation time before the reactor is shut down and on 

the decay time. 

When the reactor is operated , the total amount of 

energy emitted is mostly from prompt-fission gamma rays, 

fission-product gamma rays and neutron capture gamma rays. 

Although the amount of energy from these three sources, i.e. 

prompt fission, fission product and neutron capture gamma 

rays are comparable in magnitude, the neutron capture gamma 

rays tend to be more penetrating than the other two kinds [13] • 

All the spectra recorded at the beam tube and the 

thermal column consistently show a peak at 0.478 Mev, when the 

reactor was operated at different power levels. Since the 
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radiation from the core through the centerlines of the beam 

tube and the t hermal column must penetrate 1/8 in. boral in 

these experiments, it is quite probable that the peak is due 

to boron - 10 . Boron-10 has very high thermal neutron cross 

section 3390 barns and it gives rise to a o.478 Mev gamma 

ray as a result of neutron capture : 

Bl0 / 
Li7 t ct + 2.792 Mev (a) 

+ n 
Li7*t ~ ~ + 2.314 Mev (b) 

Li 7* ~ Li7 + ~ + 0 . 478 Mev (c) 

For thermal neutron, 94 per cent of the disintegrations pass 

through reaction (a) l14). In some spectra (Figs. 3-3 ind 3-5) 

there are peaks due to characteristic X-rays. However the 

resolution of the spectrometer is not sufficiently accurate 

to identify these characteristic X-rays. The gamma ray in­

tensity was found to be proportional to the reactor power. 

The spectrum at the reactor top shows a clear peak 

at 0 . 51 Mev which is due to annihilation radiation . The other 

peak is at 1.33 Mev. It is possible that this peak is due to 

r136, since the yield of r136 from fission of u235 is high 

(15] , Usually, the lower portion of the different spectra 

taken with the reactor running can be considered as being 

approximately a linear function of energy. 

Reactor core gamma ray spectra are supposed to have 

a peak at 2.23 Mev which is due to the thermal neutron capture 

gamma ray of hydrogen; however the shield around the core is 

thick and the thermal neutron cross-section of hydrogen is 

not large, 0.33 barn. Furthermore, the spectrum of core gamma 
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rays is really a superimposition of many spectra; these 

probably account for the fact that the peak of that gamma 

ray was not seen in the above spectra. 

4-2 Shielding Survey 

The dose rates shown in Fi~. 3-9 - 3-17 are ac­

curate to only about+ 0 . 05 mr/hr. 
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Since the core centerline is 3 feet above the floor, 

the dose rate is the highest on the wall at that level. The 

reactor core is not exactly in the center of the pool but it 

is closer to the south side than to the north side. However, 

the dose rate from the core streaming through the thermal 

column was reduced by 4 inches of lead placed inside the 

thermal column in front of the concrete plug and the dose 

at the adjacent faces was reduced by the addition of steel 

plates on the outer wall of the adjacent faces. Therefore 

the dose rates at the thermal column face and the adjacent 

faces were lower than those at the other faces. 

The maximum dose rate at the 3 feet above the floor 

and on the wall of the reactor is about 0.8 mr/hr. This 

value is approximately equal to the calculated value using 

the point source model and the build-up factor of 1 t 2 r,-,:... 

(Appendix). Because of the effect of multi - scattering 

in the shield, the build-up factor of 1 t 1~~ gives a cal­

culated value lower than the measured value. 
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V CONCLUSIONS AND RECOMMENDATIONS 

The gamma ray spectra of t he University of Maryland 

reactor core measured at different power levels are linear in 

the part of 1-2 to 4 Mev which is the second important range 

of energy in the shielding problem . 

Since high energy gamma rays are the most important 

in shield i ng, it is recommended that gamma ray spectra of the 

Universi t y of Maryland reactor be measured by a multiple ­

channel spect rometer with a wider range of energy, if the 

intensity from the core is very high, perhaps a dead time 

correction should be made , Measurement of the gamma ray 

spectra of the operating core requires a low neutron induced 

background and high resolution , a multiple-crystal spectro­

meter might be useful here. 

The effect of multiscattering of the gamma rays 

from the core requires using 1 +o.. r,,c as the build-up factor 

for the point source model instead of the build-up factor of 

1 t ~1.. 1- where a is constant and r, -x... = { ~; 'L , for laminated 

shield (Appendix); the constant a depends on the thickness 

and materials of the shield. In the case of the University 

of Maryland reactor, a is equal to 2. 

In the calculation of the reactor dose rate, the 

choice of average gamma ray energy is approximate. It is 

recommended that (a) the neutron capture gamma ray energy 

be calculated from the constitution of · the core, (b) the 
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gamma ray spectrum be divided into a number of discrete energy 

groups e.g . at 1, 2 ... , 8 Mev and finally, (c) the dose rate 

be obtained b~ adding these contributions. 



APPENDIX 

~ tJ,.,
1
.. Value of the Dose Rate at the Outside Wall of the 

~ers1h, 

----

~ ..2£. Maryland Reactor at Core Level 

at t Wi th the point source model, the gamma ray flux J 

he distance R i n cm from the point source is given by 

( 1) 

Where I 

18 
o is the intensity in Mev/ sec of the point source; it 

Proport ional to the power level of the reactor 

Bis the build-up factor 

/M~is the gamma ray attenuation coefficient of i th 

mater1a1 -1 
, in cm 

~· i "- s the thickness of i th material. 

On t he basis of 190t 5 Mev of useful energy emitted 

Per 
-

l fission OBJ, about 3,3 x 1013 fissions per second yield 

Kw of 

8 

thermal power. Thus, the number of fissions per 

eco.nd in 
the core is 

Where P 
is the power level, in Kw. 

S = 3,3 x 1013 P fissions/sec. 
(2) 

PJ:>i.nc1 
? Pal gamma ray sources in the reactor core: (l) about 

·5 Mev 
t of prompt gamma rays per fission, (2) gamma decay of 

iss1 
f on Products in equilibrium operation gives 5 Mev per 

iss1 
on, (3) in a reactor using u235, 1,5 neutrons produced 

Pel" f 
ission are captured in nonfissionable material, releasing 

As stated in the Introduction, there are three 
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about 7 Mev per capture [9]. Then, there are a total of about 

23 Mev of gamma rays per fission. The point source intensity 

I 0 is given by 

I 0 = 3.3 x 1013 x 23 P Mev/sec ( 3) 

Although each gamma ray has a specific energy, 

practically, there is a continuous distribution; approximately 

the energy distribution may be considered to have an average 

energy 3 Mev [9]. The ratio of gamma flux to dose rate J/D de­

pends on the energy, however, from 60 Kev to about 7 Mev 

that ratio differs by no more than 25% from the value appro­

priate for 2 .5 Mev [;6] 

i = 6.50 x 105 Mev/cm2 .sec per r/hr 

where Dis given in roentgens per hour. From Eqs. (1), (3) 

and ( 4) 

lol3 X 23 e-~ f-,:, X..:, 
n = 3 · 3 x PB -,-A,__,.,--- r /hr o.5 X 105 4 R2 

or 
- ~ A •. it.:. 

D = 1.17 x 1012 PB _e_4_~R-2--- r/hr 

The build-up factor B can be given by 16 

(4) 

(5) 

(6) 

B = 1 + a(fx)k (7) 

where a and k are constant 

r- is the attenuation coefficient for shield 

~ is given by Il9] 

for laminated shield. 

In the case of the University .of Maryland reactor, 

two main materials are present: 

water ~;.., at 3 Mev • 0.0398 cm-l l;.7] 

thickness of water x1 = 3½' = 106.68 cm 



concrete 

then 

Hence 

or 

~lat 3 Mev - 0.073 cm-l 

thickness of concrete x2 = 7' = 213.35 cm 

r-x = ~1x1 ~ ~vx2 = 4 .25 t 15 .6 

rx • 19.85 

D -- 1 17 X 1012 X 1.4264 X 1.68 X ____ · _! -----c: 
. 102 ~ 4 TI. x 1.025 x 105 

x[ 1 t a(19.85)kj P mr/hr 

D: 2.17 x 163 [1 + a ( 19 . 8 5 ) k ] P mr /hr 

with the power level of 10 kw and assuming k 

D = 2.17 x 162 [ 1 t 19.85 a] mr/hr 

If a= 1 D = o.453 mr/hr 

• 1 [16] 

If a= 2 D. o.862 mr/hr 
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