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1. Introduction

For the URAM-2 Project [2] (study of radiation effects in cold moderator
materials) reliable data on absorbed dose rates in metals and hydrogeneous materials
are quite necessary to know. Until recently, an estimate for the absorbed dose in
hydrogenous materials due to scattering of fast neutrons has only been made based
on the knowledge of neutron flux and spectra which were measured by the activated
foils method. It is really not precise estimate, and a direct measurement of the dose

rates including those of by gamma-rays absorption was needed.

2. Methods of measurements
Three methods have been applied:

e Calorimetric measurements;
e Radiolytic gas production method;
e Estimates from the knowledge of neutron flux and spectra.

2.1. The calorimetric measurements have been performed in a common use way
by a sample temperature recording versus time at a constant radiation field
(constant power of the reactor). Samples were kept inside an evacuated
chamber. Row experimental data were processed accounting for a loss of a
heat due to, mostly, thermal radiation. These losses have been estimated by
analyzing of the samples temperature records after the reactor was switched
off. Copper and light water in a stainless steel capsule were chosen to be
samples.

2.2. Radiolytic gas production in a polythelene film was estimated by recording
a gas pressure inside isolated space. The gas production factor is a
referenced value - 3.1-107 mol/J of the absorbed energy [3]. This value has
been checked for the given sample (a film of the low density polythelene of
0.135 mm thickness) at a known gamma-radiation field from a Cs-source,
and it appeared to be the same as the referenced one in the range of the

experimental error about 5%.
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2.3. Neutron flux and neutron spectra were measured by activation foils
method. To estimate the fast neutron flux, seven isotopes were used: Ni, Fe,
Ti (three isotopes), Al, and In; Cu and Cr were used for determining the
thermal neutron flux, and for a draft estimate of the resonance neutron
spectra. Some samples were wrapped into Cd foils. A restoring method of

fast neutron spectra is described in [4].

3. Description of the irradiation rig

The cut-away section of the irradiation evacuated chamber is shown in Fig.1,
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Fig. 1 Cut-away section of the evacuated chamber with the samples; notation see in

the text of the paper.



and a cross-section of the chamber with surroundings is shown in Fig.2.

Fig. 2 Horizontal section of the evacuated chamber with surroundings, lay-out of the
samples. I, II, III, and IV - sites of activation foils, 1, 2, and 3 — capsules with
water, 4 — capsule with polyethylene, 5 — water moderator of the reactor, 6 —
block KO-1.

Inside the vacuum jacket Fig. 1 (/) there are:

¢ the evacuated capsule with a polythelene film (weight 5.99 g) inside it (2) and
the copper tube (5) holding it and transferring radiolytic gas to a pressure meter

which is located about 9 m distance in the protected area.



e A copper ring (4), 89.4 g of weight, suspended onto three thin (0.2 mm) Ni-Cr

wires (3); two “copper-constantan” thermocouples are welded into the ring.

e Three small, vacuum-tighten barrels (7) of stainless steel filled with distilled
water. They are suspended onto thin wires as the copper ring does, and located in
circular way around the axis of the vacuum jacket (see in Fig.2). Their

' temperatures are measured with thermocouples welded into the necks (8) of the
barrels. All thermocouple wires are passed through the long tube (/0) which also
serves both for pumping out air from the vacuum jacket and as a holder of the
whole construction alongside the upper holding tube (11). Masses of steel and

water in each barrel are equal — (14.410.1) g.

o The steel framework (9) serves for fastening the wires which support the copper
ring and the barrels.

o At thé outer side of the jacket four sets of foils for activation (pos. 6 in Fig.1 and
pos. I-IV in Fig.2) were fixed on in such a way so that to take them out from the
jacket after an irradiation as soon as’possible without radiation loads onto the

staff.

The irradiation rig with the holding tubes /0 and 11, 2.7 m length, is fastened
to the existing construction composed of a biological shield on the cart and
engineering environments (pumps, valves, measuring instruments). Thermocouples
and pressure meter readings were stored in a computer file with a periodicity of once

per 27 sec.

4. Experiment, analysis and results

Only one run of irradiation was performed. Control rods at the side of channel
N3 were in position 340 mm (KO-1) and 85 mm (PO). Grooved water moderator
was installed instead of cold moderator. Power of the reactor has been risen linearly
in time from 27 kW and kept constant at 243 kW for 2.5 hours. Then the reactor
power was decreased down to zero in a time so short as 12 min. The temperatures of
the samples were permanently recorded onto PC. Some readings of thermocouples

one can see in Fig. 3. It is clear that thermal losses should be accounted



for during the data processing because the temperatures during the heating are not
linear in time as it would be for good thermal insulation conditions. Only at the
initial stage of the heating up to several degrees it is acceptably to neglect this
correction.
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Fig. 3 Records of the sample temperatures

Then, corrections for the heat losses were done by two methods:

1. Assuming the Newton law of cooling, that is, a heat loss is always linear
proportional to the difference between the temperature of the sample and
surroundings. Then the heat production in the sample at i-th moment of time Q;

may be restored from the relation:

at, - at,

where C, is a specific heat of a material of the sample (which is temperature

oT oT
Qich.M ( + —]

dependent), M is a mass of the sample, and the terms inside the brackets are

the time derivatives of the sample temperature at the i-th instant of heating
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2.A

and at the k-th instant of cooling corresponding the same temperature of the

sample, respectively. For the capsules with water
Cp "M =Cpsteel Mieer + prater'Mwater,

evidently. Real quantity of Q was considered to be as an averaged over the

whole range of i and k available from the experiment.

ssuming that

where the maximum of temperature derivatives is an extrapolated value of the
“time derivative of temperature versus temperature” function, down to the
initial temperature (14 OC in the case); it reflects the certain fact that heat
losses are negligible when temperature difference between a sample and

surroundings is close to zero.

Method N° 1 gave a little bit lower values of Q than method N° 2, up to 10%.

Method N° 2 can be considered more reliable because temperature of surroundings

was higher after the irradiation than before that, and the values of the negative

derivatives are lower a little than it would be if temperature of surroundings is kept

constant. Finally, the results in Tables 1 and 2 are those restored by N° 2 method.

Examples of positive derivatives behavior are shown in Figs. 4 and 5.

Table 1

Initial heating rates and respective dose rates
dT/dt, K/sec P=(:12:‘Zgl\’/lw PTIWI\fIg\’V
1 [Copper ring (8.4+0.2) 107 3.0+0.1 127405
2 |WaterinbowI N°1 | (29+0.2) 107 10.8 £0.7 %) 46 +3 %)
3 [WaterinbowI N°2 | (3.2+3.5) 107 12.6 £0.6 *) 53+3%)
4 |Waterinbowl N3 | (3.2:3.5) 107 12.6 £ 0.6 *) 53+3%)

Note:*) - dose rate in water.




Table 2
Dose rates in water, mW/g/MW

Site | Site Site | Site | Site | Site
1 12 |3 |I* | 0 [IID
1 | Calorimetry, water in s.s. bowls, total dose| 46" | 53" | 53"
rate:
2 | The same, dose rate by neutrons only: 33 | 40 | 40
3 |Calculation, based on neutron fluxes,| - - - 18| 10| 8
epithermal part:
4 | The same, fast neutron part: - - - | 27|31 |22
5 | Dose rate by all energy neutrons: - - - | 45| 41 | 30
6 [Total dose rate (neutron+gamma): - - - 58 | 54 | 43
7 |Total dose rate estimated from the row 6|39*| 51 [ 46
values with account on geometry factors
Notes: * - See sites numbering in Fig.2.
¥ - Uncertainty of the values is 6+7%.
*“This value is quite approximate.
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Fig. 4 Time derivative of temperature of the cupper sample versus time
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Fig. 5 Time derivative of temperature of the water sample N°3 versus time

Gas pressure in a volume space of polythelene sample appeared to be linear in
time as expected; in the volume of 168.9 cm® the gas pressure was increasing with
rate of 5.8 pbar/sec during irradiation at 243 kW of reactor power. It gives 90
mW/g/MW absorbed dose with an uncertainty of about 10% (7% of which is due to
the pressure meter error and the rest — due to not precise knowledge of which part of
the volume is “warm” during irradiation and which is under “room temperature”
condition). Gas production factor was chosen to be equal to 3.1-107 mol/J.

Converting a dose rate value from polyethylene to water by a formula




which assumes that neutron scattering part of dose is inverse proportional to the
number of hydrogen atoms per gram, and the gamma part of dose Qy is insensitive to
composition and equal to that of copper, we have Quo = (73 £ 7) mW/g/MW. This is
1.2+1.6 times more than the value of dose rate in water retrieved from direct
measurements by calorimetric method — (53 £ 3) mW/g/MW. There are two evident

reasons for the discrepancy:

¢ The copper ring reflects more radiation (both gammas and neutrons) onto
the polythelene than onto the water filled capsules. Rough estimation gives

this correction to be about 10+12%.

e The barrels with water are inside a shadow of neutron flux made by KO-1
control block whereas the polythelene container is on the flux; it makes the

dose rate at the polythelene site about 15% more.

Then, the dose rate in water converted from polythelene with an account for the
geometry factors and for hydrogen density, would be (55 + 6) mW/g/MW, which is
in good agreement with the directly measured value (53 £+ 3) mW/g/MW.

Fast neutron spectra and evaluated neutron fluxes are given in Tables 3 and 4
and in Fig. 6. The values correspond with the earlier data [4]. Evaluated neutron
fluxes were used to calculate dose rate in water due to neutron scattering. Recoil
protons and recoil oxygen atoms were considered to be the only contributions to the
neutron dose. The latter of them is negligibly small, about (1+1.5) mW/g/MW.
Rigorous energy dependence of the elastic scattering cross-section of hydrogen was
applied. Results are in Table 2, together with those restored from calorimetric
measurements at steel-walled barrels filled with water. When obtaining values in the
table, gamma dose was assumed to be constant inside all experimental area. If
comparing contents of rows 1 and 7, one can see reasonable agreement between them
within experimental error which is about 10% for the neutron flux based method.

It is worth mentioning that our results of dose rates in water and in metals are
in reasonable agreement with earlier experimental results for dose rate behind water

moderator at channels 4-6 [5].
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Table 3

Fast neutron spectra at three positions of activation foils (see Fig.2);

fluxes are in units of 10° n/cmzlsec/MeV, energy in MeV, for 1.5 MW reactor power.

E Site I Site IT Site ITI
0.2 2760.0 3251.0 2320.0
0.4 1455.0 1712.0 1228.0
0.6 1005.0 1187.0 841.0
0.8 771.5 910.2 646.1
1.0 637.4 744.4 525.2
1.2 522.5 608.5 426.6
14 428.2 497.3 346.2
1.6 350.8 406.3 280.8
1.8 287.5 331.8 227.6
2.0 235.5 271.0 184.4
2.2 193.0 221.3 149.3
24 158.3 180.8 120.8
2.6 129.8 147.7 97.8
2.8 106.5 120.7 79.1
3.0 87.5 98.7 64.0
3.2 71.9 80.8 51.8
34 59.2 66.2 42.0
3.6 48.7 54.3 34.0
3.8 40.2 44.6 27.6
4.0 33.3 36.7 22.5
4.2 27.6 30.3 18.3
4.4 22.9 25.0 15.0
4.6 19.1 20.8 12.3
4.8 15.9 17.3 10.1
5.0 13.3 14.4 8.3
5.2 11.2 12.1 6.9
54 9.5 10.1 5.8
5.6 8.0 8.6 4.9
5.8 6.8 7.3 4.1
6.0 5.8 6.2 3.5

11




" Table 4

Fast (integral), thermal and epithermal neutron fluxes at three positions of

activation foils (see Fig.2) for 1.5 MW reactor power.

Fast neutrons E>0.4

Thermal neutrons

Epithermal neutr.

MeV, 10" n/cm?/sec '10"? n/em?/sec 10" n/cm?/sec/eV
Site I 1.35 1.75 0.33
Site I 1.57 1.28 0.22
Site IIT 1.10 0.97 0.18
Site IV 0.66 - -
10000 .
s
1000 - . ¥ g
$3
>
3 100 1
T
b3
e o right side position
i 104 ® left side position
k-
w
1 4
0.1-

0.1

1
E. MeV

10

Fig. 6 Fast neutron spectra at the two positions of the activation foils, See Fig. 2.

Neutron flux at the central position is in between them.
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In the Table 5 dose rates at the site of the polythelene capsule are shown. This
site is most important because it corresponds to the site of an irradiation chamber of
URAM-2 project. As it was already mentioned, there was a significant difference
between the dose rate extracted from radiolytic gas measurement and that of other
two methods. But after corrections which were made to take into account the
geometry factors mentioned above, all values were brought into good agreement, see
rows 3+5. The averaged value (65 = 5) mW/g/MW would be as good as to be a
conventional value for the dose rate in water at the site of the polythelene. It occurs
to be within the error ranges for both calorimetric and radiolytic gas production
methods of dose rate measurement, and the neutron flux based calculations. In line

with this, an absorbed dose rate in solid methane should be 0.12+0.14 W/g/MW.

Table 5

" Dose rates in the supposed center of the URAM-2 irradiation chamber

Sample, method of acquisition Dose rates, mW/g/MW
Polythelene, experiment, gas production
L method 90+9
2 | The same, corrected for the copper ring effect 809
3 E;azelzr), converted from the row 2 value by 64+8
Water, experimental values corrected for the
4 | KO-1 and copper ring effects (corrections for 68+4

the real position of the chamber)

Water, retrieved from neutron fluxes values

5 | and corrected for the real position of the 63+3
chamber

6 | Water, the conventional value 655

7 | Methane, converted from the row 6 130+ 10
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, Kynarun E. H., lla6anun E. I1. E16-2002-79
MOIIHOCTH 103 OKOJIO BOOAHOIO 3aMmeltuTesis peakropa UBP-2:
9KCIIEPUMEHT U aHaIH3

IaHHasd paboTa MOCBALICHA H3MEPEHHIO MOLITHOCTH MOJIOLIEHHOH 03Bl B Me-
TA/UIaX ¥ BOIOPOAOCOAEpXAaIlUX MaTepHanax (IOJIMSTHICH, Boda) Ha KaHaie Ne 3
peaktopa UBP-2 B HemocpencTBeHHOM OIM30CTH OT BOASHOTO 3aMEIJIMTENA HEM-
TpoHOB [1]. BBUTH HCTIONB30BaHBI TPH METOAA ONPEHCIICHHSA 103, KOTOpPHIEC NallH
CpaBHUMble pe3ynbTaThl. nd Meau MomHOCTh A03bl cocraBwia 0,013 Bt/r
Ha 1 MBT MoOmHOCTH peakTopa ¢ TOYHOCTBIO +3%, g NONHATHIEHA
(0,090 +0,009) B1/r/MBT u mna Bonst (0,053 £0,003) Br/r/MBT.

PaGora BbimonHena B Jlaboparopuu HeiitpoHHO#M ¢usuku uMm. U. M. ®panka
OWsIN.

Coobienne OGbeaMHEHHOrO HHCTHTYTa SfepHbIX HccaenoBanuid. ly6Ha, 2002

Golikov V. V.|, Kulagin E. N., Shabalin E. P. E16-2002-79
Dose Rates Near Water Moderator of the IBR-2 Reactor:
Experiment and Analysis

Adsorbed dose rates in metals and in hydrogenous materials (polyethylene
and water) have been measured at the neutron beam channel No. 3 of the IBR-2 re-
actor just behind the light water moderator [1]. Three methods have been applied,;
all of them gave the comparable results, if accounting for some corrections due
to nonuniformity of the irradiation field. In metals (copper) it appeared to be
0.013 W/g/MW of the reactor power with an accuracy to £3 %; in polyethylene
and water — (0.090 +£0.009) and (0.053 £0.003) W/g/MW, respectively.

The investigation has been performed at the Frank Laboratory of Neutron
Physics, JINR.

Communication of the Joint Institute for Nuclear Research. Dubna, 2002
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