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I. INTRODUCTION

Dosimetry, in the lerger sense, is the detemination of the energy
absorbed in a medium exposed to ionizing nucleer redistions. Accurate and
adequate dosimetry is essentisl in rediation effects studies, Since only
neutrons snd gammes ¢san penetrete more than a few centimeters of solid
metter, desoription of these redietions is usually the most importent,
The gemme reys intersct with the electrons of the meterial, producing
energetic electrons which produce ionization., Neutrons intersct with the
muclei, energizing the nuclei to cause intense ionizetion and also dis-
placing of other atoms of the materiel.

Aocording o Collins end Calkine (2), there exist two philosophicel
epproeches to dosimetry: (e) deseription of the radistion field, and
(b) some type of deseription of the effect of the redietion fleld upon the
meterisl being investigated. Most of the 1iterature concerning radiation
effeots describes the redietion fielde-in most ceses inadequetely beceuse
of the experimental difficulties involved in measuring e redietion spectrum.

Actuelly, the mechenisms of radiation deamege dictate different types
of dosimetry for different materials (3). For metels end elloys, damege
is csused chiefly by collision with fast neutrons; the best dosimetry is a
desoription of the neutron spectrum end time of exposure. Ceramic and ine
orgenie solids require the neutron speotrum, gamma energy deposition rate,
end time of exposure. Organic msterials are demsged by the disruption of
their weak covalent bonds. The extent of the demage appears to be related
to the total enmergy abserption; messurement of this (ineluding specification
of the individusl eontributions from neutrons end gammes) mey sdequately



describe the dose received by organic materials.

Celorimetry is & useful method employed to measure energy absorption.
It has not enjoyed much populerity because other methods of radiation
measurement involving ionigation end activation are much simpler. Fowever,
calorime try does make it poesible %o give 8 direct measurement of a dosage
deseription useful for nrgenic meterials radietion effects studies=-the
rete of enmergy absorption.

In meny cases it i desired to meke these messurements wi thin the core
of & nuolear resctor. The remote operation of & calorimeter in an intense
rediestion field has many limi tations and problems not encountered in ordinery
calorime try.

This thesis desoribes the design and testing of e simple calorimeter
sys tem which mekes possible the separation of the contributions of neutren
end gemma dosage within the core of & resctor., When properly calibrated,
the temperature differemce produced in the calorimeters is directly
proportional to the rate of eanergy sbsorptien.

The feesibility of the proposed design was first investigated through
celoulations end through study of other ealorimetry projects. With the
fast flux evailable in the Iowa Stete University UTR-10 Resctor, fessibility
wes indicated through the use of lquaitiv' tempera ture messuring equipment,
Three celorime ters have been constructed and tested, yielding satisfactory

measurements of redietion dosage.



11, DESIGN CONCIDERATIONS

A+ Calorimetry

The first recorded use of calorimetry in the nuclear flelé was by
Curie and laborde (10) in 1808 to meesure the heat absorbed in e sample
conteining redium. Celorimetry hee long been used for scourate determina~
tion of the rsate of heat evolution from redicsctive meterials.

Aooording to their funotion, calorimeters sare typed as adiebetioc
or isethermal.

1. Adiebetioc celorime ters

In edisbetic calorimetry, no heat is transferred from the cslorime ter
{imner pert) to the jecket, This is best sccomplished by meinteining both
at the ssme tempersture. The rete of heat generetion is directly propore
tionel to the observed rete of temperature rise.

The use of an sdiebetic celorimeter is described by lago, Dewhurst,
end Burton (&) for measuring the gamme ray energy sbsorbed in & sample of
ferrous sulfate. Thelr calorimeter was calidrated by an electrical heate
ing filament by observing the rete of temperature incresse for various
power inputs. Their epperetus included elaborate heating eireuits to
meintein all parts at the seme tempersaturs insuring adisbatic conditions.

Adisbatie calorime ters were used by Fisoher of M, I, T. (4) and by
Anderson end Walte of Harwell, Englend (1) for inepile messurements. Be-
ceuse of the practioal difficulties of using thermostats, these invest-
igators found it necessary to heave the calorimeters comnected %o vacuum

pumps to promote adiabatic conditions. It wes necescery to wait for the



calorimeter and the jmcket to ettein the seme temperature before recording
the rate of temperature inecreese. If this condition did not oocur, exe
trapolation wes used. Thermocouples were employed for temperature
measurements. Fischer used the specific heat of the sbsorbers in deter-
wining the proportionality constent; Anderson and Wai te used electrical
calibretion.

2 Isothermal calorimeters

Thermal equilibrium is necessery in isothermel calorimetry to measure
the rete of heat generation., The steady-state temperature difference is
directly proportional to the heating rete.

Measurements in the Osk Ridge Grephite Resotor using isothermal
calorimeters have been reported. Richardson, Allen, snd Boyle (12)
utilized large (18 inches long) isothermal calorimeters conteining semples
of HgO, Dg0, carbon, aluminum, end bismuth. Binder, Bopp, end Towns (2)
desoribe a smaller cealorimeter (3 inches long) whioh conteined two seamples
(nylon and grephite) at the seme time. Both groups of investigetors used
electrical calibration; thermocouples were used %0 messure wsll temperstures.
Binder et al. found excellent egresment between the calorimetric messure-
ments end multi-group caleulations.

The scourscy of isothermal ocalorimeters is improved by inereasing the
temperature gradient between the calorimeter snd the jecket. However,
evecuation of the calorimeter presents prectical difficulties and is not
reslly necessery. For reproducibility, & constent vecuum must be meine
teined which is preactically impossible at some distance from the pump.

In fect, an increase in the tempersture gradient results in an inoreese

in the time required to achieve egquilibrium,



%+ Couperison

The sdiebatic celorime ter possess the adventage of not reguiring e
long period of time to ettain equilibrium. Measurements over & few minutes
ere usuelly suffioient., However, atteining striotly edisbatic conditions
poses problems. A complex thermostat mey be used to meintein proper
temperatures. Heet transfer is minimiged by the use of wvecuum end highly
polished surfeces, 4 jemoket that is vecuum tight must be messive enough to
withstend the pressure, even though eny inoreese of mass in the calorimeter
assembly inoresses heat production in the calorimeter itself., A long,
heavy vecuum line would be required for operation within a reector. ¥o

prectical solution exists for eliminsting heet conduoted through eom«ﬂng
‘ and support wires, hence this will be a source of error in the adiabatic
calorime ter.

Isothermel celorimeters require s reletively long period of time %o
reech thermel eguilibriuvme-perhaps thirty minutes to en hour. For pure
poses of reproducibility, it is desirable for the surroundings to be held
et constent tempersture. No vacuum is required, so that the mess of the
celorimeter may be st & minimum. PExtreme care to minimige conduction and
readient heat trensfer is unnecessary.

The isothermel celorimeter wee chosen for this investigetion. The
main remson is that only the measurement of tempereture difference, not
ebsolute temperestures of wall and jecket, is required. As shown in a
following section, resistence thermometers in & Wheststone bridge cirouit
can be profitebly employed to messure this temperature difference direotly.
This direct measurement of tempereture difference, plus the advantege of

low mess, diotated the choiece of isothermal calorimetry.



Be. Estimated Dosege

Retimation of the rete of energy sbsorption in various semples is
useful in cheecking the design of the celorimeters. A convenient locstion
in the UTR-1C resctor for testing the calorimeters is at the inside end
of the center stringer of the thermal column. Here, spproximetely six
inches from the core $ank, the thermal and fast neutron fluxesz sech are
approximately 1.0 x (10)10 neutrons/emZ~ses.

The fission process furnishes energy in seversl different forms.

The distribution of fission energy is useful for exsmining possible methods
of energy transmission %o the absorber semple. A typicel distribution of

fission energy is given in Table 1 (5, p. 71).

Teble 1. Distridbution of fission energy

Kinetio energy of fission fregments 162 Vev
Bete deocay energy 5
Ganma decay energy $
Neutrino energy 1n
Energy of fission neutrons 6
Instantsneocus ponmae-ray energy 6

W~

Totel fission energy 186 Hev

The heavy fiesion fragments do not escape from the fuel region; their
energy is converted to heet which is ultimately removed by the moderatore
coolant. The renge of beta perticles is no more than & few centimeters
through solid meterial, and they also cannot reach the abeorber sample con-
teined in the calorimeter. Howsver, bremsstrehlung will affeet the abe

sorbver, contributing doseze as gemme reys. The neutrinos are not detected



in the semple.

The dosage received from the Tission neutrons is en importent con-
tribution. Activation of the sample material is possible by neutron abe
sorption processes; excitation of the atome is likely by collision with the
energetic neutrons. If the sbsorbers used heve low cross sections for the
sbsorption of neutrons, &s is the cese for hydrogen, carbon, and lead, the
ensrgy absorbed through ectivetion will be smell. The trensfer of kinetie
energy by fest neutron flux, however, will be importent. The genersl ex-
pression for the number of processes in & nuclear resction may be adapted
to predict the dose rate, d, (wetts/gm), received by one gram of absorber

meterial,
o
dw= k [ N oc(E)d(E) EJE 1
©

where k is the eversge fresction of kinetic energy transferred per neutron
collision (K » 28/(A+ l)z).

¥ is the number of atoms of absorber present per grem (N s As/A).

o(E) ie the oross section for sceattering (barns).

$(5) is the neutron flux (neutrons/ocm-ges).

B is the energy of the incident neutrons {iev).

For en epproximate evaluation of this integral, two simplifying
sssumptions are made: (&) the neutron flux is sssumed to consist of one
group of 0.5 Mev neutrons at 1.0 x (10) 10 neutrons/em*~gec; (b) en assumed
average oross section for fast neutrons is estimeted from the charts in
Fughes (6)« The estimeted dose retes ere given in Teble 2. The values for
the messes of the samples are those ectvelly used in the experiments.

As seen in Teble 2, the hydrogen will be the principel absorber of

fest neutrons. Since the mass of & hydrogen atom nearly equals that of a



Teble 2. Estimated fast neutron dose rates in absorber materials

Fest neutron Estimeted Meses of Estimated
oross section dose rete semple total dose
Element A (barns) (10°% watts/gm) (gm) (10™° watts)
H 1 3 0.72 8.2 2.3
¢ 12 1.6 0.0088 18.2 0.15
Al 27 3 0.,0087  l e
Fb 207 é 0.0001 266.0 0.08

®Aluminum not tested as a semple.
neutron, the meximum kinetic energy is trensferred from nsutron c¢ollision.
The fast neutron heating of the heevier stoms (carbon, sluminum, and lead)
is prectioslly negligible compered %o thet of hydrogen.

As seen from the Tission spectrum, approximately twice as much energy
is releesed in the form of gemmes than in the form of neutrons. The
relatively high gamma flux in the resctor, plus the penetrating power of
geamme redistion indicete thet the gemuss will constitute an importent
energy contribution.

The absorption of gamme rays in the absorber tekes plece by three
principal mechanisms: (e) photoelectric absorption, (b) Compton scattere
ing by the electrons in the atoms, and (o) prodvetion of electron-positron
pesire. The ebsorption coefficient 4 can be expressed in terms of the co-
efficients for photoelectric, Compton, snd peir production, T, o, and Kk, by
the following expression (7):

/,(. 5 T+ T + % !



The Compton scattering process predominates for geamma energies in
the intermediete renge. If it is assumed that sll of the gemme flux in
the resotor may be cherescterized as heving enerpgy in that renge, the mess

absorption coefficient u/P may simply be expressed:

The Compton scattering cosfficient o ie & cross section for the inter-
action of the ineident photon with the electrons of the absorber, If.o
is the cross section for intersction with one electron, then o depends upon

the numbar of electrons in the absorbar:

o AR
o = A e d ‘

The dose rate ry (mev/secegm) from gemne rays in the absorber is given

& V.

where I is the gemms intensity (mev/em®-gec) end u/p is the mass absorption
coefficient (em®/gm) for the sbsorber meterisl, Since it is assumed that
all interactions mey be charecterized as Compton seettering, the dose rate
from gammes may be written,

A* Z |
fx=l—_A—-——-¢0— P

In order to compsare the geamme dossge received by two different materiels,
the above expression mey be used to obtein the ratios of the gemme dossge:

rea N (Z/A)z

\
~3
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It is noted that I, A%, end oo ere constents.

In the proposed oalorimeters, sluminum finds use ss & structural
meterial, Aluminum, in eddition to the heating by fast neutrons end gemmes,
undergoes the (n,¥) reaction with thermal neutrons forming Al~28 which hae
& 2.4 minute half life. The decay of the Al-28 relemses & beta rey and a
gemme ray. The bets rays will mostly be absorbed in the aluminum end the
gemme rays mey be partially sbsorbed. Therefore, the dosage in en empty
calorimeter should be subtrected from the total observed dosege to
determine the sample dosage.

In the cese of the semples to be used, it is seen that the dosege
received is due only to the effects of fest neutrons end gemmes. From the
preceding discussion, it may be stated thet the heeting of the leed semple
is due to gemme ectivity only; the sample conteining hydrogen and cerbon
(pereffin) will receive dosage from both gemmas end fest neutrons. Thus,
the lead ebsorber semple suffices for gamma deosimetry. Then, by computing
the gamme dosege in the pareffin snd subtrecting this from the combined

dosege, the fast neutron dosage is obtained.
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I1I. DESCRIFTION OF APPARATUS

Three celorimeter assemblies, identicel in every detsil except for
the sbsorber semples used, were constructed. A cross~section of & calor-
imeter is shown in Figure l. The first calorimeter contained no sbsorber,
the second conteined pereffin, end the third conteined lead.

The calorimeter (i.e., the inner oan) wes constructed from & spun
eluminum certridge 0.012 inches thick, 1.20 inches long, enéd 1.20 inches
in diemeter. The end olosure of the celorimeter was the seme material,
pressed on for & tight frietion fit. In order to eassure consistency
emong celorime ters, the masses of these assemblies were mede as close as
possible. In this omse the combined mass wee 6,088 * 0.020 grams.

The jacket was mede from a commercial aluminum Be-ounce-cepacity can
0,008 inches thick, 4,70 inches long end 2.12 inches in diemeter. The
end closure of the jacket was also & tight friction fit. The masses of
the jeckets end their end closure slso were as close as possible; this
combined mess was held to 14,060 1 0.020 grame. All sluminum surfeces
were cleaned cerefully with scetone prior to assembly in order to minimige
the esccumuletion of aluminum oxide which incresses rediant heat trensfer.

Four resistence temperesture geges were used in each ocslorimeter. All
of the gages used were RAF Stikons, menufactured by the R4F Corporation,
Fudson, New Hampshire. The gages were RAF type EN-200, containing CP
Niokel resistence wire end having e bakelite cerrier meterial. The nominal
resistence of the geges was 200f 2.0 ohms et 70 °F. At room temperature,
the calibration festor supplied by the menufecturer is 0.00810 ohms/ohm<°F ,

Two gages were mounted on opposite sides of the outside of the
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calorimeter, and two gages were similerly mounted on the outside of the
jecket., Mounting wes done with RIF high~-tempereture (ceramic) cement,
using contoursd clamps cushioned with neoprene, and meinteining approx=-
imately 160 psi on the gages for curing. The geges were cured, in
eccordence with the menufecturer's recommendetions, for one hour at

140 °F, two hours at 1756 O°F, end two hours at 260 °F,

The celorimeter was supported by five 0.064~inch diame ter EC grade
aluminum wires which also serve as electrical comnectors. Copper wires
would have been more satisfactory for this purpose, except that the copper
has undesirable nuclear charecteristics. The aluminum support wi res
were isoleted from the calorimeter and from the jacket ends with polyethylene
insuletion. All electrical connections were soldered with e special
eluminum eutectic.

A heating coil wes contained in each calorimeter and connected to the
outside of the jacket through the support wires. This heating filament
was made from 24 inches of 0.003l=inch diemeter enemeled nichrome wire.

The resistence of this filament wes epproximately 120 ohms. In the lead
end paraffin ebsorbers, the wire was uniformly distributed, attempting to
epproximate & uniform heat source. For the empty calorimeter, the filement
was coiled next to the inside surface.

For the actual construvetion, the support wires, the jacket end closure,
end the calorimeter with absorber and geges in place were subassembled as
pictured in Figure 2. After this subessembly was fitted into the jecket,
electrical connections were completed, and the lead wires were connected
(Figure 3).

A styrofoam holder to replace the inner central stringer of the re=-
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Figure 2. Subassembly consisting of calorimeter,
support wires, temperature gages, end
end closure (evproximately full sise)




o

Figure 3. Coapleted 3sl
(epproximetely full sigze)

orimeter sssembly, with glectrical epnnections
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actor thermal column served the duel purposs of positioning the omlorime ters
and insulating them troﬁ their surroundings. This holder was mede from

two identicel pieces of styrofoem end is shown in Figure 4, open, with the
celorime ter essgembly and lesad wires in plece, This holder also wes used
during the electrical cslibration rums.

The Wheststone bridge used in conjunetion with the resistance temp~
erature geges was & Seldwin-lima-Femilton SRe4 Tndicstor, Type W. Although
this instrument reads unit strein in mieroinches per inoch, the readings
mey be easily converted to degrees Fahrenheit. A twoearm bridge cireuit
was uvsed, with two geges in series in esch of the erms. Parellsl connect=
jon of the geges is undesirsble, becesuse self~heating is considersbly
inereesed.

An attempt was mede to keep sll conditions similer in the construetion
and testing of the celorimeters, so that the 4ifference in each sample

caused by the effects of rediation heeting is moocvrately observed,
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IV, DESIGN ANALYSIS

Analysis of the operating cherscteristics of the oslorimeters is
useful for predicting the requirements for testing conditions. FHeating of
e calorimeter is to be from one of iwo sources: (ea) the electriocal power
epplied %o the filament for oelibration, or (b) the energy absorbed from
neutrons and gemmas in the reactor environment.

An estimation using heet transfer to determine the temperature
difference expected between the celorimeter end the jecket is Tirst made
to study the requirements for the temperature measuring epperstus. Then,
the Wheatstone bridge circvit wsed with the resistence thermome ters is
analyged, showing how this temperature difference mey be measured.
Finally, the feasibility of resistance thermometers for use in rediation

fields is discussed.

Ae Vewnt Trensmission

Feat trensmission celoulations are used to predict en approximete
temperature diference between the calorimeter and jacket. For all cale
culations, it is essumed that the total dose received by the sample is
0.060 watte., The mechanisms of conduction, rediation, and natural cone
vection are checked separately. The temperature difference for sach case
is found, assuming that each is the sole method of heat transmission.
Yohdems (©) has been uesed as & reference.

1. Conduction

For steady-state conduction, it is convenient to employ the potential
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form for the rate of heat flow, q (Btu/br)s

At
5T ¢

where A t is the temperature difference (degrees ¥) between the jecket

end calorimeter, snd R is the total equivalent therusl resistence (hre°F/Btu)
betweer the surfece of the uhriu«r end the surface of the jmk“-

Using one~dimensionsl geometry, B is estimated to be 162 hre°F/Btu. For

¢ heat flow of 0.080 wetts exclusively by conduction, the temperature
difference is then estimated to be 24 °F,

2. Radient heat trensmission

The radiant heat transmission between the calorimeter and the jecket

osn be estimated with Hotvel's equetion (8, p. 72).

q_n.t =, SA|§|2_ (T|4"T7_4) e

whers s is the Stefan-Boltgmenn constant, Ay is the effective erea of the
inside oylinder, and 1, is & function of geometry end surface condition,
An estimetion of the fector fy, is mede %ﬂakting the two surfaces as
perallel planes, and the surfece condition es "polished aluminum®™., For

e heat flow of 0.080 watts by redietion, substitution of mumerical velues
yields & temperature difference on the order of 10° °F. This mode of heat
trensmission is probably negligible.

3. Convection

The prediction of heat trensfer by convection is besed on Newton's

law of oooling (8, p. §),

(ic = l'\c An At 10
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where h, is the coeffiolent of heat transfer (Btu/hr-ft2-%F). 4, 1s the
surface eres of the calorimeter (z’tz), and At is the tempersature difference
(°F). If it is mssumed that the temperature difference is small (a few
degrees), an approximate procedure for horigontel tubes given MoAdems

(¢, pe 177) may be employed to estimste hgo

at )'/4 n

he = 0.27 {"S.

where Uy is the diameter of the calorimeter. If 0.060 watts are trense

ferred by conveotion, Equations 10 and 11 predict a At of 1.4 °F, showing

that econveotion may be the prineipal mede of heat trensfer in the celorimeters.
Even though the caloulations are approximate, the necessity of messuring

smell tempereture differences in the calorimeters is indicated by this re-
sult.

4, Over~all heat transmission

It is readily epperent thet the hest trensfer cherscteristies of the
eelorimeters should be determined experimentelly. FError in the estimations
above probably exists due to leck of sufficient informetion and to over-
simplification. In fact, it is to be expected that the charecteristics will
vary from one celorimeter to enother since smell differences mey exist in
surface condition end in deteils of geometry.

in the calibration of the calorimeters by adding known heating rates
elagtrically, it is possible to determine an over-all coefficient teking
into scoount all geometry end all modes of heat transfer. The over-all
coefficient times the meemsured temperature difference gives the rate of

energy absorption by the calorime ter.
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Be Temperature Hessurements

Remote messurement of & small tempersture difference is required for
an inepile celorimeter. All of the investigetors previously cited used
thermocouples for this purpose. Some uncerteainty exists with the use of
thermoeovples in a redistion field, even though they are in very common
usege. Thermocouples recuire the messurement of very small volteges and
the use of 2 reference point which make operstion inconvenient,

A resistence thermome ter represents another, though less commonly
used, approach %o the remote measursment of temperature. Niockel is the
most popular material for this epplication, since {ts resistance veries
greatly with temperature and since its response is nearly linear at ore
dinery teamperstures. A convenient form of resistence thermometer, known
as an "HdF Stikon", incorporates e grid of very small dismeter nickel
wire sendwiohed between two thin sheets of insuleting meterisl. This
assembly is cemented to the surface of which the temperature is being
measured. In every respect, the resistance thermometer gege is similer to
an ShHed strein gege, except thet tempersture is messured instead of mechene
fcal strein.

For en icotherma]l celorimeter it is only necessary to measure the
tempereture difference between the celorimeter end the jecket. A Wheate
stone bridge eirouit, which is used in experimental stress enalysis with
SR=4 strein geges for measurement of bending strains with tempereture com=
pensation, edepts well to the nmessurement of temperature differences with
the resistence thermometers. Such a oirouit is shown in Pigure 5. In
operetion, the calibrated ﬂt;o of the resistences Ry ond Ry is adjusted

to null the galvonometer G. Hesistances R; and R, represent the resistence
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thermome ter gages on the calorime ter eand jacket respectively. For a

balanced bridge, the ratios of the resistences may be written,

Ri Ra
Ro Rb 12

If the gages both experience the seme change in temperature,

AR A Ro
) 0 R, 12
the balance of the bridge is not changed, since Ry = Ro'
gi + AR Z.’ = ZI
Ro+ ARo = Re i R 14

If the inside gage undergoes & temperature increase denoted as
AR, + AR, which is greater than the increase of the outside gage AR,

then & AR, of the calibrating resistance is needed to balence the bridge:

Ri + AR, + AR Ra + AR,
Ro + ARe 18 15

S8ince Ry« Ry» Rae Ry and the AR terms ere small, Equation 15 becomes

AR A Ra
AR A ARa
go 5 25 18

showing that ARy is proportionael to the difference of the change in Ry
and R . Thus, the Wheatstone bridge makes possible the direct messure=-
ment of a tempereture difference.

The suitability of SR-4 strain gages for use in rediation fields has
been investigated ﬁy Smith end Rendler of the Naval Research Laboratory
(11), (13). Their findings show that bakelite geges bonded with ceramic

cement operated satisfactorily with an integrated fast flux up to 6 (10)17
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neutrons/om?, where the fest flux wae & (lo)n uumm/uz-:«.l

They
found that the metel element of the strain gage wes unaffected, dut the
eritical srea was the bresking down of the insuletion between the element
snd ground. Paper backed geges were satisfectory only in very low fluxes,

The conduetors of the strein gages tested by Smith and Rendler were
Constenten and Nichrome Ve«both are alloys of nickel. Fence, the alle
nickel conductors of the resistance temperature geges should show & similar
immuni ty when proper becking snd cement are used.

The temperature coefficient of the nickel used in the gages for these
experiments is given by the menufecturer as 0.0051 ohms/ohm="%, which
provides excellent sensitivity. This, radiestion resistence, and the ine

strumentation to memsure tempersture differsnce directly meke the vse of

these zages very sttrective.

i¥o neutron spectrum is given, nor is eny specification of the gemms
field. This is & typical example of inedequate informetion,
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V. EXPERTMENTAL PROCEDURE

As Celibretion

After the cslorimeter sssemblies were completed the geges were ohecked
with & resistence bridge to insure thet they hed not been dameged. Also,
the resistance of the geges to ground was measured to verify thet they had
been properly mounted and wired. It waes not possible to check the temper-
eture oalibration fsctors supplied by the manufecturer beceuse of the leck
of suiteble teupersture-messuring equipment for comparison. Aectually, the
tenperature e¢slibration feotors themselves ere not importent, since the
couversion o degrees Tshrenheit is only for e convenient frame of refer~
ence.

For & ocalibration run, the cslorimeter assembly was sealed in the
styrofoam enclosure which fits the resctor therwal column. The assembly
wes tested in en environment of epproximately 90 °P, surrounded by edéi tion
&l blocks of styrofoam to pretect from conveotion currents.

Abvout an hour was first required for the temperature gsges to warm up.
Since current from the SRed4 indicetor omuses some selfeheating, the
goges drifted until they reeched equilibrium, This initial reeading corre-
sponded to the gero reading--since no current was applied to the heeting
filement. After stebilising at the initial reeding, the filement was heate~
ed using dry-cell batteries. The voltege ranged !‘m’ 1.6 to 3.0 volta, with
a rheostet used for voltage edjustments. The power supplied %o the celo-
rimeters was measured with a volime%er--ammeter oiroult.

Sinoe time was not of the essence, eprroxinmately an hour wes allowed at

each setting to give more then enmough time for the atteinment of equilibrium,
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It was necessary to calibrate sach calorimeter separately. BExtreme care in
hendling was necessery so 8s not %o alter the cheracteristios between the
time of calibration end the time of resctor operation.

To convert observed strain indicator reedings to degrees Fehrenheit
for econvenient reference, the definition of the gage Tector for SHe4

strein geges wes used:

Gege Factor s Unit OhH; :: r::;s-m. -

The menufsoturer supplies & calibration relating the unit chengs in re=-

sistence to the temperature eneabling completion of the celoulation.
Be HReactor Operation

The oalorimeter assembly end the styrofoam holder unit were placed in
the thermal column of the UTR~10 the day before the scheduled run. This
wes to essure complete equilibrium with the thermal conditions of the
reactor end the fiseioneproduct gamme motivity present.

Prior to resctor start-up, the mederstorecoolant (light water) was
meinteined at 90 °F end olroulsted through the core. The presence of the
warn moderator-coolant shields some of the residual genma setivity, end
hests the resctor structure ts spproximets operating conditions. The re-
movel of the control end ssfety rode wes not initisted until the indiceted
temperature difference for the calorimetsr became constent, showing that
the oslorimeter wes in squilibrivm with the new conditions.

This equilibrium value was taken as the garo. It took inte aceount
the residual gamre setivity present and the temperature of the operating
reactor., Differences in the readings from the run, then, socounted for

the neutron flux and ths geamma sotivity sccompanying fission.
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The inoreese of reasctor power from gero o the 10-kw full power level
required about fifteen minutes. During this time, some energy absorption
wes noted. During the peried at full power operation, temperature
éifference readings were taken at twoe-minute intervals and plotted against
time. The plot showed en spprosch to equilibrium conditions, the reacter
run was erded.

The three oalorimeters were tested in three seperete runs. In order
thet the dets obteined mey be consistently comparsble, the 80 °F moderetore
coolent temperature was controlled as closely as possible, the power was
sutomaticelly controlled at 10 kw, and the same shim rod positions were
used to minimige flux tilting.

The measured temperature difference observed in the resctor run was
correlated with the rate of energy absorption using the curves obtesined in
the celibration. Then, based on the messurements from the three calorimeters,
the finel results for the energy absorbed from fast neutrouns end gemmas have
been obtained.



¥I. RESULTS

The results from celibreting end testing of the nuelear cslorime ters
have i:nn converted from strein indicator resdings into degrees Fahrenheit
mersly to provide & convenient freme of reference. The experimentel progrem
iz conveniently divided inte two phases, the electricel calibration, and
the inepile determination of redistion dosege. From the results of the
experimental work, the dosimetry received from fast neutrons end gemues

aay be separated.
Ae Celorimeter Celibration

The steady-stete temperature difference as a fupnotion of the electrical

power supplied to the heating filement is given in Table 3 for the three

Teble 3. Electricel ocslibration of calorimeters

Electric power Equilibriuam Computed temperse
Absorber on filement bridge reading ture difference
Celorimeter material (103 watts) (#in/in) (°r)
1 None 0 0 0
15.7 825 0.53
38.0 1820 1.12
61.8 3270 2.11
2 Paraffin 0 0 (1]
14.0 720 0.46
38.0 2080 1.34
62.7 2630 2.34
3 Lead 0 0 0
16.5 828 0.58
40,0 2020 1.30

64,0 3070 1.98
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celorimeters. Approximetely one hour wae allowed for eech setting of
voltage and current to insure equilibrium, although only about oneehalf
hour wes required for e 0.01l6 watt inoreese.

For use in reducing the date from the inepile testing, the cslie-
bration eurves in Figure € are useful, It is apparent from these calie~
bretion ocurves thet the over-all coefficient of heat trensfer for the
ealorimeters is constent for the range of temperature diff<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>