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I. U?l'ROlJUCTIO>l 

Do•im•try, in th• larg•r ••nae, 1• the detenuinatton ot th• energy 

abaorbed in a m.ed1w:i exp1>eed to ioni~ina; nue>lee.r re.cU.ations. Accurate and 

adeouate dosimetry is eaaentie.1 in radiation eti'eata ttudtee. Sinot only 

neutrona and am·ma1 oen p•uetrate more than • f'ew centimeter• er solid 

tter, de1oription ot' thH• rt.diat1ona fa ueually the Ht impof'tant. 

The uima r•Y• int~raot W1 th th• electrons of' the ma en al, produoing 

energetic electron which produoe ionisation. Neutrons in eraot wt h the 

clei, enert;.111 the nuclei to caun int•n•• ionisation and elao die• 

placing of' other atoma or r.- ma tel"ial • 

.Aoco.rdi to Co'l tna and Calkins ( 1'), ther• •xi ~t t9°1) h11oao btoal 

approaohet to doai ttys (a) deaoription or the radi ti on field,, end 

(b) some type of cleaorlption of the effeot of th• radia.tion f'leld upon the 

••t•rtal b•ing 1n'f'•st1gated. !\lost of the Ute.ratur• oonoerniug radiation 

effeots 4eeort.'bee the ra.die. ti on tield••in m.oet 4'•H• tnehquat•l)' because 

of the exp•rt nttol df.fficvlti•s 1nYolved in uasuring a radiation ·apeotrutra.. 

Aotually. 4 he m.eohaniae of r•diation damage tU.ot.ite difl'eren type• 

or oti:metry for ditteren erlale (3). For . tale and alloys, dtkm&ge 

18 oa'l.uted cM.efly by oolU.ton •1th fae neutronsJ the bee dosime ey 1• a 

detorlp ion of th• neutron sp•ctN atld time of e1'po1ure. Cen.mio and in• 

or ·anio aoUda requ1r• th• neuwon epeotrum, ga:mia ei:wu•gy 4epobi tion rate,, 

cd 1me of xpoaure. Organlo m&t1;1dale •re dmae,od by the di eruption ot 

their •••k cov•lent bond•. The ••tent or the demege appear• to be relattd 

o the total ene.rgy e'beorptionJ ·neaaure11utnt of this (including spe 1ftoat1on 

ot tb• individual o ntribut1ona -f'rom .neu rone end. g ••} ade a •ly 
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desori be he dose reoe1 ved by organic material• . 

Calodmetry 11 a u•efUl ethod • loyed o eAeure energy a'b1orpt1on. 

tt ha1 not enjoyed ®oh popular\ ty beoa •• other thode of ra.dt&tion 

mea•un•nt: involving ioni i•.tion and ao'll1va.t1on are much timplet". Rowe•er, 

calorimetry doee ke 1 t poosible +>o pve • direct meaa r.-nt ot a dote.g• 

d•1oription ueetul tor ~rgento .llla.teri•'• radi•tion effects •tud!e•••tbe 

rate of tnergy absorption. 

ln y oases it 1• 4ea1rtd lllake these ineuuttemonte within the oore 

of a nuolear reactor. The re1:1ote op•ratton of a oalori11et.r in an intense 

r•diation field bas many Umi ta ti on• and problem• not encountered in ordinary 

calori try. 

Tb11 theaia d•aoriN• the dea:lgn and atin ot • d le calor1 eter 

eyatel'A which makes poeaible th• separation or the oon ribut1ona of nttutron 

dosage Wi tbin the co.re or e. reaotor. h•n properly oe.Ubrat~. 

the t mpe~ture diff"ereno• produced in the oalori tr• i• direotly 

proportional to the ra .. e of energy absorption. 

'the feasibility or the proposed dedgn waa flrat tnwetigated through 

oalaulati ona end through away ot o~ber calori •try projeote . ·1th the 

taet flux a'Y81le.ble 1n he Iowa State t"niYerei1\Y R• lO Reaotor, tee11b1l1t7 

waa indiaated through the aae or aensi tive temperature Maaunng eqUipment. 

Three oalorimetere have been oonstruoted tuid te1ted, yielding ••~•factory 

mea ure11uu1ts of radle1rl.on dos • · 
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Ju Calorimetry 

l'be i'lrat :reoordetl uae of oe.lorlmetr1 in th• nuclear field was l..7 

Cur! e and Laborde (JO) in lSOS to meaaure the heat absorbed in •· sample 

conta1nint; rt.c.Uul'.ll. Oalorlmet1·y baa tong bHD used for aoourete det•rmina• 

t1on of the n.te or beat evolution from radhact1·ve aterlele. 

AeuordiDg to their funotion, o~lorime ere are typed ae adiabetio 

or isothermal. 

l. Adiabatic .oelori:n.eqre 

In •diabatic o&lor1metry, no heat ta trllrd11ferr•d troa the calorimeter 

(inner part) to the je.oket. '!'hit ia beat aocoinplilhed by M1ntaining both 

at the a e te::uperature. The rat• or beat generation is dirao ly propor• 

tion&l to the obaerved rate or te:?&peratur. riae . 

The uee of an adiabatic cdortmeter h de•cr1bad 'by t..10, l'ewhu:ret, 

and Dur ton ( S) fo.r mee.eurl.ng the ge.m:.na ray onergy abtor d in e. epple ot 

ferrous sulfate. Their caloriater waa Otllibrattd by an eleot.rioal heat-

ing f'ila,,r..ent by obaenir>.g the rat<J of' t•:::Gpof'ature inortu~ee for ftrioue 

p01rer inpyte. Thei r epperat-us included elaborat• htating olrcuits to 

maintain e.ll parts at the aeme temporatun inal.U'1n.g adiabatic concU tions . 

Adiabatio ee.lori:ueterc were t:ieod by F!sobcn· of l . 1. T .. (4) and by 

.Anderson and ~at te of" He.rqll . ' gland ( 1). tor in•pl le M6tuuireJ.iMU~ta. Be• 

ea.use of he pioactioal d1f'fic Uioa of ueing thcurmo•tate. theae 1uveet• 

1 a tor a fOQnd 1 t necoaae..ry to have tba ee.lorimetare connected to vaeuut11 

pumps to promote adiabetio oondittont. lt ••• necet$&ry to wait tor tht 
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ce.torim•te.r e.m the je.cut to ettain the eame tem nature before recording 

the rat of temporatur• increase. tf this condition did not oocu.r. ~x

trapob.tton 1:\'aa used. Tbemoeou11lcu: wore e:.nplo~d for temp ra.ture 

moaoure:m.ent1. Fiacher t..aed the npooific hoat o.f th.4 absorbers in doter. 

mh:dng the p:-oportionalt ty oonatuti Anderson and Waite used "leotrioa.l 

cal1bra.tion. 

2. Ieotharul calorimeter• 

Thel"lll&l tquilibrlum 11 neoasae.ry ir1 ieothe.rma.l calorlt0.et.ry to aieaa1u·e 

the T&te ot h•at generation. 'l'bf sttady•atate ·tempera.tu.re dif!'tU"tUl.Qe ie 

d1reotl7 proportional to the h.ea.ttng r•t• • 

Ueaaurffents in the O.lc Ridge Graph! te Rea.oto.r ue!ng iaothenul 

oalo.-imaun h•Ye 'been reported. lU.ohardao-n .. Allen• end O~ylt ( U) 

utiU. i•d le.re• ( 18 inobta !orig) iaoth.r·•l oalor1Mttra oontt.1nin1; tJNt-pbe 

of n10• D2o. carbon, alwainU«l,. •nd bl1mutb. Binder, S.opp, tnd Towne (2) 

desoribe a sm.alhr calorlater ( ! hiobe• long) 'Which. oontained two o.mplee 

(nylon and grapht te) at the ._. ti•~ Doth groups of inftsti.gatora uud 

•1•otrloa1 calibratioiu thenooouplee w&r• uted to mft.&aui-e wall tem et'fltun•• 

81nder •t al. tl>und e:xoellent •irtement b4 tween the oalorimetrto !Maaure-

ments and mu1t1•grou.p odou.la.ti.ona . 

'?he aeoura.oy of 1eotoo:rraal -oalod.metert h iin'prowd by incteasing the 

ttmP')r«ture 1rad1en\ b•tw'een the calorl.neter end the 3aoket. liE>W«v.r, 

en.ouatton t>t 'the oalodmeter preae-ntt praotioal diffioulti•a and 1.a not 

r••lly zwceslUln;' • For reproduoiMUty .. • oonttant w.out3l mutt be ma1n .. 

te.ined which ta praotioall;r impoaaible at eome di•tanoe trom the pump. 

Xe fact, an inoreaae in th• temptn:·ttur• gradl•n.t r•eul t• in an. inoreaee 

in the time requit•.d to aohleve •quilib:rium. 
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s. Oo"tlperleon 

The adi•ba o oe.lod ter poasees the advent ·et or not requiring a. 

long period of t1li1e to a·t in equilibrium. •••~r• nts o•er a fi minu 1 

are usu lly sufficient. However , a.ttaining atrictly ediabe.tic condi tiona 

posea probl ma. A oompl•x thermoatat may be ~aed to aintain proper 

temper turea . fie. t 'trt.n f 't' is mini:id. Jl!d b the use of vacuum and hithly 

polished aur~eoea, A jacket that i8 vecuu tight muet be aet'V'4l enough to 

wi thatand th pr.asure, even though any inoreaee of as in the o lori 'tier 

aasembly 1Dcreasea h a roduotion 1n the oalort ter it elt. A long,. 

t.eavy vaouu line would be required for operation within a r•eo or. 1l'o 

prae ical eolt1tion e~1sta ror elhtlnati heat cor:idvoted hrough conn oting 

and support wire&, benoe th1 wi 11 be a eouroe of u•ror 1n the1 diabe 1o 

calori ter. 

tao he 1 calorimeter• .rea ire • relat1 ely lon'-': ~ri od o ti 

reac ther l • u111 riu ·-perhapa tbi r"'y irmtes to an ho~r. or ptJr• 

po•ea of reproduoib1Uty, it 1e desirable f or the aurroundinga o held 

at constant tf1!lperatu.re. o vaouWll ie required, o that he mas& of the 

oe.lorime~er my be at a m u • F.xtre e care to minimizt oonduotion and 

r diant heat transfcu· ia unnecessary. 

ain rt$son is th t only the easuremen of te1apenture di fferance, ru>t --
a 1olute te pera.tu:rea of all and jacket, h re utre<l. A• •hmrrn in • 

ollowing eeotion, resistanoe themometers in a l'fheatatone bridgo oirout t 

can be profit bly employed to eaeure thia tempereture differenoe direotly. 

Thia direct a urement ()f te pei•atl•re differ nae, plus the advantt ., of 

low aaa, dtotat.d the oho1oe ot ieotbennal oalorimetry. 
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in the UTR-10 ren.o"lor for t•stint; the oalorimoters ia at the inside ond 

The dhtribution of fhsion energy ia useful tor er.am.in.inc po&aible methode 

r.f' en~rgy tJ:"11uumhsion to the abeorber snm:ple .. A typio~l <Us ... ribt,ti.on of 

fifloion enttl"EY in given in Tabl~ 1 (5. P• 71) . 

Table l.. Distribution ot fies ion en.rgy 

Kinetic energy of fiesion fragment. 
Beta deoay energy 

ai:r.ma decay energy 
Neutrino enorgy 
Energy or fission neutrone 
Instantaneous r,e.m'.'lS• r&y energy 

Total t1uion e11o:rgy 

162 ldev 
5 
s 

u 
6 
6 

195 flev 

ooola.nt. The range or bet• partlolea h no more than a f'ew oenti etera 

through aolld ':lllterial, l\nd they •lso cannot reaob the abeorber sample con• 

te.1 ne~ in the onlori ~er. fol'IOvter, l'>rema&tre.hhm(f: wi 11 affect the ab• 

eo:rber. contributing dosage es gam..'lllt. :-ays. Tbe neutrinos are not <:'e ected 
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in the ••ple. 

Th• dosage reoeived trom the fiaeion neutrone is en i portent con• 

tribution. Activation of tbe eau1ple material ie possible by neutron ab-

sorption proceuou1 exoi ~ation of the a tome it 1Uc:1.t1y by colliaion with the 

energetic neutrons. If tbe absorbere UHd h«'Ve lttw croaa • otion for the 

absorption of neutrons, •• h th• c r:se for b)'dngmi, 04rbon, and lead, the 

energy abaorbed through oti•ation ill be amen. The ti'allafer of kinetic 

energy by f'&at neutron flux, however, will b1lt 1 ortent. The general ex-

pree•ion for tho numb r of' prooeaees in a nuolear .r aotion may be adapted 

to pr.diet the dose re •• dn (\It tta/gm}. received by one gra of bso.r'ber 

material, 

d"'= kJ 00 NcrlE)c:t>lE)EdE: 
0 

1 

where k ia the a,,.rege traction ot Jdnet10 eMrgy tranaferred per ne itron 

colUaion (It • U/( A+ l} 2). 

B 1• the number of ato~• of absorbu· pr aenii per gnnl (I • A•/A). 

er (&) 1• the orota •eotion for eoattering (barn.a). 

cl> ( ~) la th ncn.~t;.,.on tlux ( n utrona/om2•aeo). 

1e the ftlergy of th• incident n•UtJ'on• (W•v). 

For an •'PpJ>oxime.t• e'Vll.luation of thb integral, 'tYro ah1pli fying 

• sumptiont ere made• (a) the neutron flux 1a assumed to oona1st ot one 

gJ'oup of 0.6 evneutr1>n1o.t1.0" (10) 10 neut:rone/omi•HOJ (b) an auumri 

av.rage croet notion for fa.at neutron• is eotimated from th• char a in 

th• aaee r>f the aem.plee are thoee aotvel ly u•ed ht the e·xper1 en •• 

As aeeu in able 2, th• hydrogen Wi 11 be the prino1pal absorber ot 

fut neutrons. Since the muut ot a hydrogen ato• nearl,, eqtiab that or a 
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Table a. .t•ti ted fut neutron doH ratcu in at:eorber terida 

Faat neutron Ea ti ted aea of et1•ted 
oroas aecti on doee rate sample total doae 

il• ent .A (barns) ( io·3 wattt/gm) (t;•) ( io-~ wetta) 

B l 3 o.1a s.2 2.s 
0 12 1.5 0.0086 l .. 2 t> .15 
.Al 27 s C>.OOS? ----· ___ a 

Pb 20'1 e 0.0001 266.0 0.03 

•Al inu not tet ted at a aall\ple. 

neutron, the llaltimum. kinetic energy .1a traneterred fro:is neutron ooll:taion. 

the raat neutron heating o the heavier etome (c•rbon, alu inu , and lea ) 

11 'tir otioally negligi le oomp red to the f h rog•n• 

A• •••n f ro the f1aa1on a otruQ, approxlma ely ioe aa muah ener y 

ia released in tb• for~ of ga • thau in the ror ot neutrons. The 

r•lativtly high ganuaa flux in the reaotor, plu1 the pene rat1 .,. pour of 

g a radiation indicate that the gu.naa Nill oona 1 .. ute an importani 

ener·y oontr1but1on. 

The abaorption of' g• raya 1n the 1.b1orber takH pl•o• by three 

rincipal meohaniemet (•) pho~oe1ectr1o absorption, (b) Co~p on 1ca ter-

1 g by tht eleotrone in th• ato••• and ( o) roauotion o~ eleotron•po 1 tron 

pa1re. The •b1orpt1on ooeff'ioient p can b• expr••••d int nna of he oo-

efficiente for photoelectric. Com ton, •nd. pei r roduotion, "t , er, and K, by 

he tollowing oxpreaeion (7) • 

2 
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Th• Oo:npton eoatteMng prooosa pndo::nin tes for gamaia e.nerg1e in 

the in termedie. e range. If 1 t is anumed tba. t .all of' the gamma flux in 

the reaotor m y b char cteriaed &s b ving energy in hat ranie. the ••• 

abaorp1:i.on ooeffioient p/f may •imply be expreseedt 

Th• Compton oottering coer icient <I" ia e. croee seotion tor th• inter-

otion of' the incident pboton with the eleetrone of the ab~orber. H" e<T 

ie e cross aeotion for interaov on ith one eleotrQn, heu cr d pends •pon 

the numb r or elflatrone in h4l tlbeorbi,rs 

p A"" 't 
A 

Tr.a doH rat f"t (mev/1 c-gm) fro~ ge.ra:n rays in the absorber is given 

5 

ht:re l is he gam:lla intend ty (lllev/om2-aeo) and pie te the ma.as bt1Jorpt1on 

coettioi nt (om2/gm) fQr the •bsorber m teria.1. ~inoe 1t is ssu d that 

tll in.tera.o ions ' y b• charaeterhed a Oompto.n aoettoring, th dose rate 

trom gammas m y be wrl t:ten. 

ln order o oo~p•r• the gam.~ doaag• reoeived by o different 

= 
( r/A), 
(:/A)z 

er1a.la. 
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lt is noted that I,, A•, ftlld 8 CT are conetute . 

In the proposed calorimeters,, du!l\inum finds use tUS a structural 

materiel . Aluminum, in addition to the heating by feet neutrons and ge.imaaa, 

undergoes the (n, ic ) reaction with thfirmal neu.t.rona fon.tting Al- 28 whtoh hae 

a 2. 4 minute half' life . The deoey ot the Al• 28 releases a beta ray e.nd a 

gamma ray. Th• beta. n.ya will mostly b6 absorbed in the aluminulll end the 

gem.ma rays e.y be partially absorbed . Therefore. the doa ge in an empty 

calorimeter should be subtr cted from the total observed dosage to 

determine the sample doaage . 

In the oe.ae of the samples to be ue•d, 1 t is seen that the dosage 

received is due only to the e.tteote of fest neutrons and g•mmaa . ""rom the 

preceding dtscueaion, 1t may be stated that the heating or the lead eample 

is due to gamma activity only1 the l!lample containing hydrogen and oubon 

(paraffin) rill r eoai tre dosage from both gl!l .. nnnas and fa.at n•utrons . Thue • 

the lead abaorber sample euff ioes for gamm.a dosimetry. 1hen# b co puting 

the gtun::na doaeg• in the paref'fin and subtre.otiug this from the combined 

dosage, the fast neutron dosage is obtained . 
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Three calorimeter aaaeinbliea, identical in e er~· det111l exc• t or 

the •b•orber 1emplea used, •ere conet ottd. A oroee•aeot1on of a calor-

i eter ia snown in Fisure l. The first calorimeter contained no •baorber, 

'l'he calo:rimeter (i•••• the inner cnn) wae constructed ff'Ot!l spun 

in diameter. The end oloaure of th'1 qalorimoter wa.a tbe GlllXle material, 

pr•saed on tor tii;bt friction f1 t. In order to Hsure oon istenoy 

ainong calorimeters, the maHea of thetJe auembU•s were m.ade as clos ae 

posaible . In tbia oaso the oombin~d &58 vaa 6.065 ? 0.020 grams . 

'l'he jacket wee made froiu a. oor.11..11•n•oial aluminum 8•o nce•cepaoi t:y can 

o.ooe tnobes thick, 4 .70 1nohea long and 2.12 inct.•• 1n diemeter. Tbe 

end oloaurtt of' the j•cket was aleo a ti ht friqtton Ut . lflhe wiH,us of 

the je.olcets and their end c loaunt also re at close a posei ble J t:M a 

combined sa was held to H.o O :t 0.020 gr~u . All :aluminum aur o•t 

were cleaned c.arefully with aceton prior to aase bly in ord•r to mim.mi&• 

the eoou letion or aluminum oxide which inorea••a r•diant heat tranaf•r• 

Four reaittance temperature gagea were used in each oalorime r. All 

of the t&&H uaod were 'ldF StiJc.ona, anufaotured by he RdP Corporation, 

Hudson, ?le• tta.11pahire • The e.gee were RdF type BN-200, oonte.ining CP 

iobl resistance wire and haviJ:li • b kel1 te oe.rrier material. T'he noailltll 

reshtanoe of the gage1 • 200 :t 2.0 ohms et 70 e>F. At roo temperature, 

the oalibrat1oll faotor supplied by the nufooturer ie o.00310 ohms/ohm-°F. 
_ .... 

two age• were mounted on opposite aidee of the outside or the 
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.J A Cl< 'E. T REMOVABLE END 
SAMPi.. E 

OLJTSIDE' SUPPDt<:.T WIRE:. - 4 Req•o. 
C..E.~R. 5 UPPORT WI RE. . 

END 11-JSULAToR, 
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calorimeter. and two gages were similarly moun.te-d on the outside of the 

jacket . Moun ting was done with RdF high- temperature (oeramic) oement. 

using contoured clrunps ouahioned with neoprene, and maintaining approx• 

imately 150 psi on the gagee for curing . The gages were oured, in 

aooordanoe with the manufacturer ' s recommendations. for one hour at 

140 or, two hours at 175 oF, and two hours at 260 oF . 

The calorimeter was supported by five o . 064•incb die.meter EC grade 

aluminum wires which also serve as electrical connectors . Copper wires 

would bave been more satisfactory for this purpose, except that the copper 

he.s undesirable nuclear ohara.o terlst1ca . The aluminum. support 'WI.. res 

were ieolated from the calorimeter and from the jacket ends with polyethylene 

insulation. All eleotrioal connections were soldered with a. special 

aluminum eu teo tio . 

A heating ooi 1 was oonte.ined in each oalor1me ter and connected to the 

outside of' the jacket through the support wires . Thia heating filament 

wae made from 24 inches of o .oo:Sl-inch diameter enatneled niohrome wire . 

The res is te.noe of this f'ilarn.ent was approximately 120 ohms . ln the lead 

end paraffin abaorbere. the wire wu uniformly distributed, attemDting to 

approximate a uni form heat sou roe . For the empty odorime ter, the file.men t 

was coiled next to the inside surface . 

For the actual construction, the support ~~res, the jacket end closure. 

and the calorimeter with absorber and gages in pl•oe were •uba.saembled aa 

pictured in Figure 2. After this subassembly was fitted into the jack• t . 

electrical oonneotions were completed, e.nd the lead wires were oonneoted 

(Figure 3) . 

A styrofoam holder to replace the inner central stringer of the re• 
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l 

Figure 2. Sub ssembly oonsisting of calorimeter, 
aupp.ort wires, temperature g tts, «lld 
end closure ( 'Oproxim.a.t ly t'ull size) 
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Figure a. Cotaplet.ed lelorimeter aase1'llbly. With electr1ct!.l connoct1one 
( appro.xim&toly fQll •iee) 
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aotor theri!!al column served the dual purpose of positioning the o6lorimetere 

end insulating them from their eurround1ngth TH.s holder waa ade from 

two ident1o l pi o~a of etyr~foam and is thown in Figure 4, open, With the 

o•lori~Ater assembly and lea~ wir•a in place . Thi~ holder aleo •as vaed 

during the eleotrioal oaUbrat1on runs . 

The heatatone bridge u•ed in Cl>njunoUcm with the redetanoe temp• 

eratnre gag.s was a Be:ldwin-lima .. Eeilton SR-4 lndioawr, TyPtt • Although 

thia inetrumen,t reads unit strain in microl.nchea per inoh, the reading• 

inay be easily e.onve.rted to dezrees Fahrenheit. Ji. two•ann bridge Oirc i ti 

was ueed, w1 tr. two gages in series in ee.ch of tho arms. Parallel connect• 

ion of the gages 1s undesirable, because ael!•hea.ting it eondders.bly 

tnoreased . 

Jn atte:it t ne Wtde to keep all concitions similar in tt-.s oonstruotion 

nd est1n~ of the oalo.rimeters, so that th <Si ff'erenoe in vaoh sample 

caused by the ef'feots of re.di a ti on heating 1• e.ooura.tely obaerv d . 
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IV• DES 1<1! >Jl>.tYSIS 

Attalysie of the operating ohar•cterlettoe of the oalorimetara it 

usefUl for pred1ot1 the r•quirementa for tes ing oonditions . Beatill,f; or 
a calorimeter 1• to 'be from one ot two souroeaa (a) the ebotrio•l onF 

applied to the filament for oalibration, or (b) the energy abaor ed from 

neutrons and ge.m. aa 1n th• r•actor er.Tironment . 

An eatim•tion uaing he t ~rfln&fer to determine the te~perature 

cU fferenc• expected between the calorimeter an ,be ;taolcet is i'tr11 dt 

to study the r•quirer.ienta for the teiiipe:rature lll8&auring apparatus. Then, 

the ·•~atetone bridte o1rouit vaed with the resistence therm.ometn·• 11 

analyaed , cihowing how this temper&.tu.nt di!'.tenmce rae.y be lllilfltured. 

Finally, the feasibility of reetatance tbertnom.etera to~ use in racBa.tton 

f1elda is diaoueaed . 

Heat trenam1Hion oaloulat1on11 are used to pl'fJdict an a proxi a11e 

temperature di ff'erenoo between the <U•lcrritaeter and je.oket . For all oal• 

oulationa , 1 t is eHu e<l that the totd dote re¢eived by tho ••nmle ii 

o.060 watts. The meohani1uu of conduction , :re.diat1on. and ~tt1ral oon• 

veotion ere obeoked separately., The temperature dS.ff'e.renoe for each oaae 

is found, assuming that each ia the 1ole ~ethod of h~at transtniaaion. 

'b:U'!dllll'H ( 9) hae been ueed as a referenoe . 

l, (fondue tion 

For eteady• ttate oon uotion, it ie convenient to • ploy t~.e potential 
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for for the rate of heat tlow, q (Btu/hr)• 

a 

where A t 1• the temperatur• diff'erenoe ( dttgre a 'F) between the jaek•i 

end oelorlMter, and R 1s the total oquive.lent the.r l r•d•tanoc (hr- °F/B } 

tw en the eUl".faoe of' the celori t•u· end the surface of he jacket. 

UBint:, one•d.i ond.ond geo try, ·; i8 ••t1in&ted to be 162 hr .. Of/Btu. For 

a heat !'low of o.oso watts excl111dvely by oo.tu~uotion, the temperature 

difference ia tbtn egtimated to be 24 or. 

The radiant heat trana:nh ion between the oe.lor1!11$ter and the jacket 

can he •attmat•d -witfl Hottel'•$ vt<tion (S, P• 72) . 

wher• 1 1 the Stefan•Bolt111uwn oonatent, A1 i• the eff•otiw: ere• of' he 

inside cylinder, and f'u~ i• ~ tunotion of geome ry and eurraoe condition. 

An ee. t tion or the f'aotor f12 ta e treating the two a 1rfec e ae 

parallel planes, and th eurrao condition aa "polished aluminu ". For 

e. hoe.t flow of' 0 .060 watta by radiation., e\ bsU tu ti on of' numerical va.lu•• 

yields a temperature d1tt•u·enoe on the order ot io3 0r . Thh mode or Mat 

trattaadHion 1a probably negligible . 

s. Convection 

The pr•dt.otion of heat tl'tw•fer by oon-veation ie baee on "ewton•a 

law o cooling (9 . P• 6), 

<:i,c = ~e A, At 10 
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where h0 1t the ooe:ffioient oi' beat tranefer ( Btu/hr-tt2•°F) . .t1 11 the 

eurr•ce t.re of the oalorimeter ( ft2). and At i• the temperature di tterenoe 

( °?).. If 1 t b a.asu1nad that the •mpera-eure difference ia small (a f•w 

degree•}• en approxi te procedure for hori1ont&l tubes giTen oAdtllll& 

(9. P• 17'7} may be emp lo~d to estimate b0 ., 

11 

where D1 1• the diameter of the calorimeter. If 0 .050 watte are trana• 

ferred by oonveot1ou, t quationa 10 and 11 predi~t a At of 1 •• °f, showing 

that oonveotiol'.t ro.e.y be the prinoipal modo o!' !'.eat tr nsfer in the oe.lorimeters . 

Even tho\l h the oalculatio~ a.re approxiinate, the neoeasi ty of aaurtng 

e 11 temperatw-e diff'•rencea in the oalorimetert ie indioated by this re• 

aulti. 

It h readily appt1rant that the heat transfer oharacter1et1os ot the 

•bow probably oxia a due to leaJr ot autfioient in ormatinn d to o'ftr• 

a1mpl1fioation. In taot, i h tl.) ht e.xpeoted th t the· ohareotenetioe lfill 

..-ry from one oalorimeter o another inoe amaU di f'fer'8noea y •Xiat in 

aurr oe condition end 1n detatll o f' geometry. 

1n the caltb:ro.tion of the oalorimete.r& by •dding lmown he .. tnz; re.tea 

leot.(ically, 1 t is poasible to determine an o••r-all ooetf ioient te.kirig 

into a.ocotmt all geometry e.nd all odes ot• heat transfer. Tbe over-all 

o ffiotent times th• meaa\:lred temperature d1.tfereno• gives the rate o 

energy absorption by the oalorimotu•. 
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Remot• meaattrement of a. e:ma.11 temperati.tre di.ffe:reno• i• :required for 

an in-pile oelori~eter. All of the 1nveat1i•tort previously cited ueed 

thermoeoupl•o for thie purpoe•. Some uncertainty eximts with the uee of 

themocou.plee in a radil\t!.on ti.eh~, e'iltln though they are in wry COIDIAC>n 

uuce• 1t'h4uin~ot1ples r e1uire the meat!lurfJ nt or ffry emel l voltages and 

tho tUJ$ of refert'lnoe point which rnak• ope~ation lnoonven:tent. 

A reehtence tberm.om.e ter reprteente another,, though less oommonly 

uaeo, approaoh tr> tho remote IYUHH•11r,ttM'flt or temperaturtt . iokel ta the 

most popub:r materiel f'or th!e apnUoa.tion, a1noe 1t• resistance vertee 

greatly with temp~reture and dnoe i • rea otUf is nearly lin &r •t or• 

di nary t .. 11persturea . A convenient form ot reetctanoe theraio er, known 

a1 an "RdF Sttkon", inoorpor• es e grid ~r very small diaoete~ n1okel 

Wire 1andwioh d. between two th1n eheete of h1avbting meterlal . TM.a 

aeaeinbly is cetJ::tented to th• eurfaoe J1f wbtoh the temperatur• l.e bo1UE 

mequred. tn ov~r · :resp•ct, the reehtenoe thermo'lllOter r,age 1e td:mUar to 

an Si•4 etrdn gage .. e:xoe,pt that tempenture 'ft !MfeJsured instead of meohan• 

!cal e re.in. 

For en 1sother 1 Qe.lorimeter it ia 1;mly n~c:H1l!lse.ry to measure the 

teopen+ure difference between the oelor!met$r an<I the ~eolret . A ~ •• 

atone br! dge oiroui t , whioh h uud in xperimental strees 4Ulalyeia ri h 

SR-4 strein ga&es for measurement of bending abratne with temp•re.turt oom• 

pensatlon, adapts well to the r.ie1umrement of temperatll're d!f'tffrenoea with 

the realatenoe th•rmometera. f!uch a oirouit is ehown tn r'igur'e 5. In 

oper tion_ the o&librated ratjo of tffl, reateteno+ta R., s.nd Rb ia a.djusted 

to null th~ galvonometer a. Reshtanoea H1 and R0 represent th reeiatanoe 



www.manaraa.com

Rj 
;-------, 

~-~ f'--'"-----~r---< 

~--- - __ ! 
/ns;de go9es 

Ro ;----- ---, 
1---.I--' \ \r-.... ,--------t---. 

~-------

I 
. I 

----------, 

EMT= '--------,-------111,.__ 
I 

!.._ __________________ _) 

br/dge- /nd/ccfor un/t- · 

• •• 



www.manaraa.com

23 

thermometer gages on the calorimeter and jacket respectively. For a 

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

R; 
Ro = 

If the gages both experience the same change in temperature, 

the balance of the bridge is not changed, since R1 ~ R0 • 

~a 
2 .. 

If the inside gage undergoes e. temperature increase denoted as 

12 

13 

14 

6R0 + ti R, which is greater than the increase of the outside gage ~R0 , 

then a ARa of the calibre.ting resistance is needed to bale.nee the bridge: 

~\ + fl R0 +AR 
l?o i- A Ro 

Since R1 ~ R0 , Ra~ Rb, and the AR terms are small, Equation 15 becomes 

Al' 
I + I+ A Ro. 

: 
~I> 

AR A Rea 
: 

iz .. 

15 

16 

showing that ARa is proportional to the difference of the change in R1 

and R0 • Thus, the Wheatstone bridge makes possible the direct measure• 

ment of a temperature difference. 

The suitability of SR•4 strain gages for use in radiation fields has 

been investigated by Smith e.nd Rendler of the Naval Research Laboratory 

(11), (13). Their findings show that bakelite gages bonded with oeremio 

cement operated satisfactorily with an integrated fast flux up to 6 (10) 17 
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'ound t hat t he 

cri tioal area wa& t be 'bre king down of t he inaul• ion be tween t':. element 

&nd ground. t 1aper backed gages were ••t1af actory onl y in verv low fluxe• • 

h o nductou or at re1n gagea t ested by Sll\!th and Rendl•r were 

Cone an an IUld Niebro V••both are alloy• of niokel . e oe, t~~ all• 

ntokel oonduoto~• of the re i•~anoe te~p rature ~age• should ehow ~ si ilar 

tm:r.un!. ty whtm proper b•old.n and ceunt a.re ueed . 

Tht t•mrort.t ure ooef fioien af th• nickel used in ht ga r;ea for these 

exp•rimenta 1s g1ven by the manufac turer •• o . 0031 ohtn:11/ohm• °F. which 

pr vides excellent aensi t ivi t y. Thh, rttdiation re~i tanoe, and t he in• 

&t.ru nt tion ti> measure tempera ure dif!'ereuoe directly make the ·se or 

Tllo Ae\ltron epec.tnia ia giwn,. nor ii any apeo1fioation of' the gainuia 
field. Thit 1 a typioal e.x .ple of in deque.t• info et1on. 
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A. Calibration 

.After the oeJ.i:>rime ter asce!tl.'bli•• wer• completed the gagea were checked 

with e :rHiatano• bridgo to 1.neuM"e thet: thlly bad not been d me.ged. Aleo,. 

the ruietnnce ot the {t.ttl•* to ground wae m•l!Ul'Ul"ed tb vuit1 that they had 

boen properly 1a0unted and wind. It w•s not poa&ible to check the temper-

•ture oaUbre.tioc £actors suprlted by the manufe.cturer beoaua. or th• la.ck 

of aui b .le t~erattlre•meti.aur1ng $qu1pment for cotllparhon. Actually, the 

temperature oc'lHira~hn f'Jotors thet1u1elvu 11u·e not lmr:iol"te.nt, dnce the 

couvu•t4ion to deireeo Ftihrenhe1 t 11 l)nly for e oonventen.t frame of' refer ... 

For a oall bration run, the oelo.rbi.eter aue::nbl.y was sealed in the 

etyrotoam enoloaure which fits the reactor therme.l oolumn. The 8.l!S$embly 

we.a tested tn an en'ti.rt.u:u:aent ot approximately 90 °r, eurrounded by adol tion-

al blooks of atyrofoam to rrcttct from oonvaotion currents. 

About an tour vtnti first required :f~r the temperature gsges to warin up. 

Since our rent f'rom tbs SR•4 indicator <uniaes acme ael f•heati ng, the 

gae.;n ddf"ted until they t'Cil&ohod equilibrium. thh i.ni ti al retiding oorr•· 

apondod to the aero readifib-•einoe no oul"rent wa.a t!pplied to the hen tine; 

file ent. After stabilb1ng at the ini ttd reeding_ tbe r1 lament wae he.Qt.• 

ed ueing dry•celt 'batteries. The voltege reng•d trot:i 1.5 to 3.0 volte, '"i th 

a rheostat used for valtas,e edjustr:u~nts. The ptmer su plied to th$ calo• 

rtmeters wae ueaeu:red '#1 t'i a "'tol ~o'!:er-fln'.!1leter c1rou1 t. 

Sino• time we.a not of •·r.~ es$11u1oe, ~pproxt!!la4tely ttti hour waa allo d •t 

e ch ee'ttins to give more 1;htui en~ugh 'tim• for th~ *tteinmant of' equilibrium. 
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· treme oare in 

handling wui r.eoeue.ry eo ae not to alter the oharaoteriet:ioa 'between the 

time or calibration and the time of reaotor ope~ation. 

To convert obt.u:u.•'·nsd strain indicator readings tf.) degrees Fahrenheit 

for convenient l"f:lferenoe. the definition or th~ gage raotor for R•4 

Gage Feo tor • tin! t change tn r••htanoe 
Unit atrain 

17 

The man1.2faoturer euppU.ea a calibration relating th• uctt change in re• 

siatanoe to the temp•rature enabling oo~pletion of the oaloulation. 

B. Reao or Operation 

The oalorimo ter assembly an the a tyrofoem. holder uni ~ were placed 1 n 

the thenal column of the '"TR•lO the day before the scheduled run. 'l'hil 

was to euure oolltplete oquiU.bri1;lll with the thena.e.1 oond.1. tiona of the 

reaoto.r and the fis&iC)n•pTodu.ot gl11:D.'M aoUvi ty prennt. 

Prior to re•otor start•up, th• :ncderetor-eo.olant ( U.E;ht weter) wu 

maintained et PO OF- end oiroulated through the aore. 'the presence of the 

warm moclerator-eoolant shit lds !\t>me of the reaidue.l ge."Mla aot1Y1ty, l'?1d 

moval of the control end safety rods •~3 not initiated until the ind1oete.d 

the calorimeter waa in oquilibrium wit~ the new ~ond1t1ont. 

the neutron flux and tbe gamma aoti~i~y aooo:lpanying :fission. 
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T jnoreeae of reoo .or t ower from i ro to th 1 ·kw full power level 

required a.bout H'te n minu~et. nring this ti:nt., aom.e ener y bsor .ti on 

w s noted. During the period a.t full pow ,r operation, t•:llpent.ture 

di.f"ferenoe reading were a,ken at two•:ninutc intleM'lll• e.ne plotted aga1..n1t 

ti • The plot showed au er. ·roaoh to <' i.;iUbrium ooncH.tion•• the roaetor 

rvn ae er ded. 

The three oalori t re wen tests in three eaparate r na. In order 

that the data obtained may be oor.d.e tently comparable., the 90 °1 :noderie.tor-

ooolent te. erature waa contr lled as olo .. ly aa poa1ible, the ower waa 

automatioe:lly oontirolled at 10 br. end the ea.we shh& rod poll tions nre 

UHd to minlmhe flux tilting. 

The meaeured temnerature ditterenoe ob•~rTtd in the r••~tor r· at 

correlated •1 tb the rate of nergy e.b•orpticn using the o"Uri:-es obtained in 

the oalibre:Hou. Then, ued on the meaaur•fil4n e f'rom the three oalorimetere, 

the ine.1 r 1tulta for the energy ab1orbed from f'&e neutron• Md g 1 have 

been obtained. 
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Vl. RESULTS 

Th results t"rom c l!br tin5 and t sting o.f' he nuclear odor1me ere 

rely to provide a eonvoci.ent f.'rt:une o i·eterenoe. The eYperimentel pl'Ol?'r 

is conveniently di"i~ed into two ph s.,a. the electrical oali br .. i&n, and 

the in•pi le determination or radi•tit'l dotutt;;6. f'ro the reevlt or the 

experimental work,, the dosimetry r cdved from fa• neutron and g m~aa 

A. Oalorlm.eter Calibration 

power eupplied to ~he Meting "ilament ia ~1'7en in Table 3 for he hre 

Table 3. ...lectrioal calibration of oalorime t•r• 

Eleotrio power t qui li bri um Comp1.tt t pera• 
Absorber on ft lament bridge rea.dtng ture dif!erenoe 

Cdorime tez> ma.terial (10•3 tttta) (JJ- tn/1n) (OF) 

l None 0 0 0 
15.7 525 o.s 
3a.o 1820 l.l! 
61 . 8 3270 2.11 

.Pe.rnfti n 0 0 0 
14 . 0 720 0.46 
~m .o 20ao l.34 
e2.1 3630 2. M 

Lead 0 0 0 
16.6 825 o.6s 
40.0 2020 1.30 
64.0 3070 l.98 
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oalori tera. J\pproxS.mately one ho\lr was allowed for eeoh eetting ot 

voltage and ourren t to in•ure equi U. bri.um. although only ebou t one•hal:f 

hour w e required tor a o.015 watt inorearu,. 

For use in reducing the d• a from the in•pile testing, the oeli• 

bration curYee in Jt'igure 6 are ueetul. It ia apparent from these oaU• 

bration curves that the over•all coefficient of beat transfer for the 

oalorimetere is oonetan t for the ran.:;• of tempera ure ditft1rencea encounter• 

ed. However, a elightily different value of thia coefficient 1• o'taerved 

for eech oelodmettr assembly. 

B. M•••urement1 in Reaotor 

In order to determine the reqvired length or time for a dosage 

aeurement 1n the reactor,., data relating the tim.e and te.lllperature ditfer• 

eDoe are plotted . Such a plot for the three reaotor runs ii shown in 

figure ? • The temperature dii'ferenoe which ts apprt>aohed aeymptotioally 

1B taken •• the • teady•atate value tor the purpoae ot deterllining the doae 

ObeerYed Total Total 
Mau of temperaturt obaerved doe age 

Calori .. Abaorber •arnple d1fferenoe doee rate ! n H'llple 
meter material (graiae} ( O?) (watts) (watts} 

1 None 0 0.132 0.021 -----
2 Paraffin 21 •• 1.090 o.oso 0.009 

3 Lead 266.() 2.193 0 .069 o.04a 
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The doae rate 1n the aomple only 11 obtai~ d by subtracting th• tal 

observed doae rate in the empty oalorimeter from the total obter ed rate 

tabulated for pa.raftin or l ad. 

c. Computed Dosage• 

In order to correlate the data, h: is eaa1.niwd 'tlhat th• 1ame neutron 

ane g,e.:::.mu !'lux 1• preaented to the calort*' t•r• at eaoh separate run. 

Thi• is r•nsona.hle, &inoe ~he neutron flux la a meaaure of the inttantaneoua 

power of the reactor, an tbe ~-- aott 1 ty which i • MaS\•r•d h hat 

eooompanying the ftetion prooees and the fitaion produot• of' 1hort halt 

life. 

As aeen frc~ T•ble 2, the energy tre.n1ferred b fast ne trone 

to carbon, aluniinl..im, or lead m.ay be exp CJted to be only about one per 

cent (or less) of that transferred to hydrogen. fhu•, it ta valid to 

aaauDllll that the heating in he lead temple it due a ost entirely to the 

ab10rption of gamma raya. Then th• doaag r•t• obsen•d for l atl oan be 

tabl 5 is baaed on the experinutntally obeerYtd oombinad doa es for 

neutron and Eiam:nae in the lead a.a paraffin ab•orber et.mples. 'rhe 

oaloulatione are ma.de in the folloW'in ordert (a) all gamma doee ret••• 

(b) faat neutron doae rate• in paraffin, hydrogen, and carbon, and (o) 

the oo bined do•• r•t•e in h drogen l!llld carbon. 

Firet, the ~ate ot energy absorption from g • rays in tho element• 

-- ( t./A) 1 

t'V ·>2 ' 
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where r1 is known for lead. fhe total do .. re.te from garn.-ne.a in he 

paraffin is th•n oeterm1nea by adcUng tb• tot•l ttll1trrUI doH rat for 3.2 

raiaa of hydrogen to the otal & :na don rate ror lS.2 r;rt.as or oar on. 

This total dose rate tb\11 determined for paraff'in ie divid•d by them•••• 

giving the tabulated dcse rate 1n watts per gram • 

.Aftor the ga'Ml.a dose rates have been collputed, the det rmin•t1one 

for the fut neutron dose rates y be ad._. Th• fast ne tron dose rate 

for parer 1n it the d1f.fe~enoe between the observed oombined dose rat. and 

the oalculated ga:: a dost rate. Fro:n Tt\ble 2, the fraction of the total 

neutron dose rate in par~ffin due to absorption in hydrogen is shown to 

b9 ( 2.30}/( 2.45). Mill tiplyint thia f"raution by the total neutron do.e rate 

in paraffin and dividi11.g l::y the we1 ht or hydrogen ::ir•sent givee the tabu• 

lated fut neutron do•• rate in hydrogen. /.. similar prooedurt11 h <f'ollo•e4 

tor carbon. 

Fh1elly. th• doaa rates rrol'IJ. the combined ef feot of ge.mmae t.r.d n troM 

f.or h"drogen • d oarbor' re '"en as tl:t su the 1ridh1du J g1tr- a and 

neutron doae r• ••· "'hi• oompletea tr.o eonatruct1 on of""• e 5. 



www.manaraa.com

Te.bl• 5. Experimental dose.gt re.tea in absorber& 

Calcicla.ted dose 
Observed dose rate Dose rate n.te J.'rt>m 
trom n~utrons end Dose rate from. from fnat neu trona and 

asa g8Ulmee combined ga:n,uu• only neutrns on~ t;mmn§• combined 
Absorber (gm) 1./A. ( io-S watte/gm) ( io-s •atta/gm) ( io· watts gm} ( 10· watt•/gia) 

Lead 266.0 .!~6 o.1so o.1ao --- / 
........ ,. 

Pera.f'fin 21.4 --- 0.420 0 .. 261 o.1ss 
_____ .... _ 

~ 

U)'drogen 3.2 1.000 ----.. 0 .455 l.00 1.45 

Carbon 18.2 .ooo --- o.22a 0 .. 011 o .2ts 
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VII. DISCt SSIO OF ar.srtTS 

It is intere•Ung to oo ru• th• ex erlm.entally determined rttea of 

do as• w1 th hoae predicted theoretioAlly. The dose rate eetimat•d w! th 

simpl! tying aseumpti.ona tor hydrog1u1 (0.00012 watte} i• eo whet l•H than 

he •xperimental value (0.00100 watte). 'l'h1• probably doe1 not ean that 

the ex rrimenbl ve.lue ia in •rrorl more probably. the computed n.lue 1• 

in error. In order for th• dose r•te predictSon to b$ oorr•otly nade. 

a co plete •pecU'S.oe.tion o.r the flu.x diatdbution at that point in the 

reactor 1a n cea&ery. The term ftfaet lux• i• not an &dequeto speo1f1oat1ou. 

The diacrepanoy here po1nta out very vividly the 1 ortenoe or pro erly 

de1oribing the re.dittion•••nd h01\' an ine.de uate 1pecif'1oation oan lead to 

lerge errors. 

Compe.r1eon of the experi~ntal c!oeaee r•t• 1n hydttogen "'- h the wo.rk 

of other tnveetigatora leads to the ••me diff'iculty. Rioh&rd•on et •l• 

(12) and Binder et al. (2) aeparetely te•ted 11othermal oalorimetera in the 

Oak Ridge Graph1 te Reaotor at 3500 kw. !iohardann report• • doae rate in 

h rogen or o.oo7t65 oat/gm-Ho wbt.oh 1a e ual to o.o:n2 watt.ell m., inder 

publiahee 1.5 (lo)17 ev/p•oeo which •qt.iala O.OHO we.tt.1/gm. lt should be 

noted that the teeta ,..,.. me.de in different location" ic tho same %'e1.ctor. 

but that the reaults ahow fairly good agree ent. In addition. Binder 

meaaured the flux epeotr i , oo•aputed the neutron Cloao rate, abd thowed 

exoellent Bt:.re•;~ent between theory and oalor1metr1• 

lo co. par1son ie poeeibl• tor the obaervtd gmnu. doeage ratea, •ino• 

infe>r t1on is laoking oonoern1ng the t;uu specstrum aa a fUuot1on or in• 

atantaneoua reaotor power, oore hhtory. and other tao-tore. 'f!owever. 1 t 
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1• reasonable bat the g&rAln• energy relee•• during th• fiea1on prooeea 

add1 the aflIMI contribution at any gtTen reaotor power. Sine• th• gammas -
trom fiaaion, e.r.d the gatll'l'laa froQ aeoondary prooeeeea fl.U"niab much mor• 

••&1labl• energy then do the 1aaion neutrona, it ta reasonable hat the 

1 should be several ti~•• that reoet•.a from 

neutrona. 

time re uirad for me.king a dueege ee.aurement w1 th th" ieothermal calort• 

meter. I y be general11ed th•t calorhwtere whioh aaun greater doae 

rate require longer to aohi•Te equilibrium. or so work, the time 

the speed C)f response could be 1ncreaa d by making he oe.lort ter1 amaller, 

but et the expenae or t.ooure.oy. 

poseible With a oalori ter of this deaign. elnoe the emperature ditf'er.noe 

would probably be too a U. On the oth•r band. it appear a poasiblft to 

uae the oe.lori a.tera w1 thout lllDdifioaUon to aaure much larger doHa 

than those enoountered. 

'l'he \Jee of' na1atenoe ther.nornatere aud the uee or h• l'fbeatetone 

ridge olroui t tor direct •esu.rement or temper.ture dtff'erenoe appears to 

be eatiafactory 1n all ree ecte. Thi• •)'lftem ha• many edveh"'•g•• over the 

more w1del uaed altern 1ve••the.r:nooouploa. ~ny noertatn y •••oota ed 

with the emperature oonvera:ion f'aotor of' the redatanoe thermome tera it 

• gages . 

The electrical o U r• ion sohe • ia a poH1b1• source or error. 
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Th• nichrome heating w1r• may only approximate an un14'orm heat eoi.J rceJ the 

wtrea may conduct away more heat during calibration than durin~ op•ration. 

Th«itrefor•, the calibrt.ted 'Values may either be too h1&h or too low. 

Eleotrioal oalibrstion, howev•r, ae~s to ~ the best method. 
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VIU. CONCLUSIONS 

The following oonoluaioat are made on ~h• baeia of thi1 works 

l. The ieothermal calorimeter 1• a aatiefaotory dev1oe for doaimetry 

of inten1e nuchar re.dia111on in ttttma of th• 'F•t• of emrgy deposition in 

an abeorber tertal. 

a. The iaotherm&l oalort eter hae the dtaadvantagea of a relatively 

long t ime re uireo f or king ta.easureaenta. and of comp•ratively low 

senai tht ty to eall qµa t1 ti•• ot r•di•tion. 

3. By th• judioiou1 ohotoe or abaorber material•• i•ot hermal oal~rl.· 

etera 01t.n be utilised to separate type• or radiation. 

4. Resi&t.nce tber.lo tere of't'er excellent oaaibHi ties for 

temperature 1ne1Hure111ent in the reac t or environment. 
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Durin th& courae or thi projctot, HYeral notllible a.reu ror further 

1n oe 1 ·etion have beoome •pparent. It 1 eUe't'tt6 that the oalo.rimetrio 

method ia a valuable tool •• an adjunct to stucty of radiation effeo ta on 

organic materisle. 

!n the oonetruoMon of tmother oe.lor!wster, 1t would be 11.ClvtUttag•oue 

to e.tt•mpt 'further reduotion or mass. Perh•p• thinn r alum.i®m could be 

ueed for the oalt>dmeter• ... i t ma only b., n&o•oary to ttpor depoet aluminum 

directly on 11ample. The m l!IEI ttf th• upport wiree could be eli:m1.nated by 

~dng nylon thr.,ade to l!lupport the odorirneter in the j&oke~~ and using 

fine OO!'> r 'Wint f'or eleotrlcal oonnecttone • 

.Anothor area or tnvestigntlon 1• to etudy th• ef.1'eote of e1ce an~ 

geo~ttry or h~ oalorimetere. Pnssibly there exiet1 ~ optimum ee.:tple 

atse. Thh irlf''or::ut""!on \'IOUld be very belpt'ul in he dedl)n of more 

etficient oalorime .. ere. 

Alternate thod• of calibration should be attfJ1!1pt&d to aub1tantiate 

further the results. One thod would involve teatin in e. 1.xed radiation 

fitld ot known energy and d11trl butitm .• oheoktng •~erimtntal r• ulta w1 th 

thoae obtained bv 01tloulationa. In anoth•r method, an a.d1abat!o ottlor1•t•r 

could be tested •&•1nat fUl isothermal oalor1mete.r. Oth•r po1111tb1lit1ee in• 

Tolve tr~ uae of oh•mioal dolimeters, aot1"11ltion an&lyaia. threshold d•• 

teotora, or ionisation chelllbers either atngly or in combination wt 

ethods. 

other 

no-yel projeot Wl)uld be the oonetruotion of a. calorimeter that per-

mite sim~ltaneoua operation in both the adta~atio and isothe:r:oal ode. 
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A oalorlmet•r oonte.ining two absorber•. one for gamnas and tht other 

tor neutron•, would be muoh more oonvenient than the separate oalor1met.re 

ueed here. For 1nv.e1ttgation of radiation etreots, proviehn ooul~ be 

madit to hold the aampl• H well •• the two detector a'baol"bert • Mneorement 

of t~e gu-ne. and xwmtron doeage aimultaneoualy With the Hmple ex.pH\.'~• 

would •i~plity correlating data and wo~ld requir• l••~ time to make the 

meae uremen ta. 
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Xll. APPENDIX 

Table • 'ti -t• rt.turt dii' ··e.re,o.a data tor reao or run number 1, 
12 Dooember 1965. Calor1El8ter ooateina no ebao~ber 

time fro •tart of 
10 ~ oper•don 

( iruaeo) 

OaOO 
2t00 
•soo 
6100 
8t00 

10•00 
12:00 
14s00 
16100 
l9s00 
21100 
23&00 
25s00 
27100 
29•00 
31:00 
33100 
38;00 
37:00 
39100 
41100 
4 iOO 
'66100 
41i00 

cram 

AE 
Ob•tl" d reading 

(µ.in/in) 

415 
•eo 
515 
660 
5 0 
600 
655 
676 
685 
760 
190 
820 
855 
920 
P6l 
970 

1()00 
1030 
1060 
1070 
1100 
11$0 
1136 
1135 

A-t 
Compu d d1 f4'•r•no• 

( ) 

0 . 281 
o .~no 
0.332 
o.sss 
o.~1• o.sa1 
0.423 
o.4~5 o.••2 o.•a• o. &10 
0.6SO 
0.552 
o. r;s• 
o.591 
o .626 
o. 646 
o.o 
o.ee• 
o.ep1 
0 .110 
0.1~ 

0.732 
o.1s2 

------· ... -----·-· ·----....................... ...._. _________________ _ 
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T:able 1. Time••tempu•a.ture e!. f'tennc~ d ta !'or reao or run number 2, 
17 D ce11ber 196 • Calorltneter hae parAttin a eor •r 

from e teri: of lle .d "t 
op :r ti.on Observed reeding Ca 1 ted d:\1'"'•re».oe 

inuec) (µ1n/1n) (Gp} 

0100 420 .211 
2:00 4SO .sto 
4J00 606 .326 
6100 110 .497 
8100 8$2 • G 

10100 660 .556 
13100 910 .sea 
15100 960 .Gs 
11;0 1060 .685 
l9t00 110. .'713 
21:00 ueo .750 
23t00 1250 .794 
~ 100 1 80 . 82 
27s00 lSJ.O .846 

h-00 1360 . 612 
3~t00 1400 .905 
3 tOO 1460 .944 
~.oo 1613 .960 
39t00 157$ l.OlG 
41*00 1600 1.032 
43s00 1640 l.058 
46100 16'/0 1.ove 
48:00 ieeo 1.oe3 
60i00 1686 i.oae 
5li00 1£190 1.0~0 
Scram. 
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T•ble a. 'l'ime•• tempera.t\irt diftereno• de.ta for reactor run number s. 
19 Deaembor 1985. Calorimeter baa lead absorber 

Tiae from start ot 
10 kw oper ti on 

(min:a.o) 

OsOO 
2t00 
~.oo 
8100 

lOiOO 
14100 
l?tOO 
19100 
22,00 
24t00 
2St00 
ia.oo 
3()400 
32~00 
~4•00 
SGtOO 
3St00 
40100 
•2•00 
44100 
46100 
48:00 
50i00 
52 00 
G4r00 
58100 
58100 
80100 
62100 
scram 

/lE 
Observed Hading 

(Jl in/1n) 

265 
730 

1017 
1426 
loss 
2016 
2060 
2186 
2355 
IM65 
2545 
2630 
2715 
2795 
2675 
29f 5 
3000 
30 0 
3001 
$1&6 
3176 
3216 
32l)5 
3287 
zaro 
3365 
8!80 
3395 
MOO 

ll t 
Co pu tfld ditfennoe 

(Of') 

0 . 164 
0 .411 
o.ass 
0 . 919 
l .022 
1 . 300 
l . 329 
1.409 
1 . 519 
1 .583 
1.642 
1 .896 
1 .751 
1.80! 
1.664 
1.900 
l.9ZS 
1.961 
1. 991 
2. 022 
2. 04.e 
2. 014 
2. 099 
2. 120 
2. 141 
2.164 
2.1ao 
2. 190 
2.1ss 
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