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l:AST-Rl\Sl’OSSE CI{)’OCWNICCALORIMETENCOWAINING A 52-KG RADIATIGNABSORBER*

Pililip J. Bcndt and John L. Yarncll

Los Alarnos Scientific Laboratory, Los Aliunos, N. N. t17545

.lwr isothermal liquid helium boiloff calorimeter containing a 52-kg copper

rtidiation absorber, and having a time constant < 1 s, was built to measure fis-

235
sion product beta and gamma radiation from 60-mg U foils irradiated in a

nuclcii] rcactcr. The short response time was achieved by the large reduction

in heat capacity of solids at 4 K, and by nearly isothermtil operation. Though

the initial power level was - 5 W, the maximum thermal energy storage was ‘- 1

joule.

The Al clad foils were transported in - 1 s, and cooled to liquid helium

tcmpcraturc in - 3 s. Boil-off helium gas wrIs warmed to room tcmpcraturc in u

controlled manner, and measured with a hot-film anemometer flowmetcr, which

was calil)ratcd

healing of the

absorlwr was C

by comparison with a dry-test volume flowmctcr, and by electric

radiation absorber. The correction for gamma leakage from the

3%, and the correction at short cooling times for sample cool-

down, ~.~.l.m activity of the Al cl~dding, :ind systcm response time, amounted

to 3.4”. at 10 s. The overall accuracy (1 u) of the radiation mcasurcmcnts

is < 2’., except at the shortest cooling time [10 s), ~here it rises to 4°0.

—.- --—-- —
●
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F&%T-R~sp@JsE CR)’OGENICcALORIhW’rERcONTAINING A 52-KG IW)lAI’IO!IJ ABSORBER*

Philip J. Bendt afid John L. Yarnell

Los Alamos Scientific Laboratory, Los Alnmos, N. M. 87545

INTKL)lNJCTIOh

We describe an isothermal liquid helium boil-off calorimeter which was

used to measure fission product l)eta and gamma radiution following exposure

235
of 60-mg U foils to the thermal neutron flux in

Reactor. This work is part of a program sponsored

ulatory Commission to prcwide better values of the

the Los Alamos C)mrga W’cst

by the U.S. Vuclcar Rcg-

fission product decay

heat following reactor shutdom, for use in reactor safety rvalu;]tions.

Particular effort was dircctcd at reducing the unccrtiiinty during early

cooling times (10 to 1000 s), where the present AM 5.1 I)ecay }Ivat Stnndnrdl

is assigned an uncertainty of + 20%, - 40$.

The calorimeter had a thermal time constant of < 1 s, even though it

contained a copper radiation absorber weighing

time was achieved by operating the calorimctor

taking advantage of the large reduction in the

4 K. For comparison, the time constant of the

temperature is > 400 s.

52 kg. The short response

nearly isothcrrml]y, and by

heat capacity of solids at

radiation absorber at room

LAYOUTOF TllE EXPERIMENT

The 235 U foils were placed in 8-mm x 39-mm cnvclopcs of 0.127-mm thick

Al, which were scaled by electron-beam welding. A dart was used

the samples from the reactor to the sample release chamber above

.—
●
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to transport

the calorimeter
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:,t~rt of irradiation, the dart was pushed into position

long, flexible

was cjccttxl by

and stick in a

plastic rod.

30-psi helium

wooden target

Following an irradiation

gas, and took a fraction

in the snmple release

chamber. The dart tr~veled - 5 meters, and the outer sleeve of the dart was

stripped away when the dart cntcrcd the release chamber.

The hinged halves of the dart separated upon impact on ti~~ wooden

tnrgct, and the sample then fell under gravity into a funnel and was guided

into a tube which led to the liquid helium reservoir in the calorimeter.

Thc same tube was used to fill the helium reservoir, and to conduct the

boil-off hrliurn gas to the Flowmcter. The sample took - 1 s to drop, and

- 3 s to cool from - 400 K to 4 K, during which time the burst of boil-off

gils

the

off

csc:qml through the ball valve iibovc the calorimeter. Four seconds after

sample wus cjcctcd from the rcnctor, the ball valve was closed, and hoil-

gas then passed through the room tcmpcraturc heat exchanger and hut-film

2ancmomctcr flowmctcr. Since

ivity of helium gas, accurate

the systcm.

the flometer makes use of the thermal conduct-

measuremcnts require that air be kept out of

At couling times > 30,000 s, when the absorbed radiation is 6 70 mh’,

the anemometer flowmcter is no longer accurate, and a calibrated dry-test

volume flowmctcr was used to make integral mcasurcmcnts sf the slowly vary-

ing gas flow. In this mode of operation, the s~cep gas was turned off, and

the dry-test meter was attached to the helium exhr.ust line.
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DESIGS OF TIIE CALLNIWTER

The uranium sample fell to a position centrally loc:ltcd in the 52.lig

copper radiation absorber, which was a cylinder 178-mm diam and 29s-mm high

(see Fig. 2). The reservoir at the top was 3/4 filled with 1.2 liters of

liquid helium. A 196-ohm manganin coil was imbcdded in Stycast 2&lSOlT epoxy

in a groove near the bottom of the cylinder, and was used for clectric-

heating calibration of the flwmctcr. The reservoir also contained a liquid

level sensor and germanium resistance thermometer (GeRT), ant! three GcRTs

were attached to the absorber. A copper vacuum jacket surrounded the radiation

absorber, and the entire assembly was inmlersed in a liquid helium bath contained

in a conmmrciai dcx+ar. All electrical leads passed t!]rough the outer Ilcliurn

bath. The c~tlorimcter was assembled by s~lcccs.sivc high-tcmpcr:lture hru=ing in

a hydrogen furnace.

The outer helium bath was operated at 15 torr :ihovc atmospheric pressure

by venting it through a bubbler. This raised its tcmpcraturc by 25 mK :lbr)vc

the boiling point of the liquid in the reservoir, and prcvcntcd condcns=tiorr

of the boil-off gas on the tube walls.

A significant precaution about warming the boil-off helium gas was to

minimize the changes in temperature gradients, since this caused changes in

gas storage along the tube , aad thereby distorted the time profile of the gas

flow rate. This was especially important at low temperatures, where the gas

density was high. lie chereforc minimized the volume of tubing between fixed

temperatures. After leaving the absorber, the boil-Gff vapor flowed through

tubing in thermal contact with the outer helium reservoir; it then passed

through a short length of thin-wall tubing in vacuum, and through a long tube

in thermal contact with a liquid nitrogen bath. Above the cnlorimcter, the

boil-off gas flowed through a horizontal heat cxchangcr. h’:~ter at 27°C flowed

through the outer jacket of the heat cxchangcr.
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I’I:RI:OILU4N(X OF TI{E CAL(N? I MET i’.k

Since we had a two-phase system, the tempcraturt? of the liquid helium

depended on the pressure in the reservoir. With maxir,n;m gas flow, the pres-

sure drop along the transport tube :ind across the flcth~ieter was not more

than one torr, and the liquid helium temperature did not rise more than

1.7 mK, according to the saturated vapor pressure cur;e.
3

The heat capacity

of the 1.2 liturs of liquid helium in the reservoir \.as - 550 joules/K, so

the maximum energy storage in the liquid helium was - 1 joule. The heat

capacity of the radiation absorber ~’as only 4.4 joules/K, and since the max-

imum tcmpcraturc rise (rncasured with a GcRT) was 40 mK, cl~ergy storage in the

hloch was < 0.2 joule. The heat leak into the absorber was proportional to

the tc’rnpcrnturc difference bct~iccn the at,sorbcr and the outer helium bath,

and wus S00 BIi/K. The maximum heat Icak was 20 uN, which ti~s neglected.

The 40-mK tcrnpcraturc rise of the absorber is the AT necessary to trans-

fer + 3 watts across the copper-liquid interface in the reservoir. Convection

currents in the liquid helium, initiated by thermal cooling of the irradiated

S,ample, provided rapid heat tran~port to the liquid-vapor interface. lie

ol)scrvcd supurhcating of the liquid helium only rihen the liquid was quicsccnt.

T!$t time constant o, the calorimeter was measured by making step changes

in elcctr~cJl puwer to the heater in the absorber. For changes between power

Icvels that were both above 70 ml+’, the response was well rcprcscnted by a

single exponential, The time constant was 0.85 * 0.0!? S, based on 10 mcas-

urcmcnts including both increases and dccrcases in power. Since the thermal

time constant of the absorber was estimated to be < 0.16 s, the response of

the calorimeter was dominated by the time constant of the helium gas transport

and measurement systcm. An important contribution wiIs the time required to

build up pressure across the flowmctcr.



CAL1BMTIOS NW OxrA RICUR[)l!iG

Approximately 10’; of the helium clr~poriited from the liquid in the res-

ervoir did not pass thr~’?h the flowmctcr, but remained in the volume formerly

occupied by liquid. In order to convert liters/s of helium gas flow into mh’

of heat deposited by beta and gamma rudiation, it is necessary to know the

4
“appurent t! heat of vaporization of liquid helium at Siituriitcd vapor pressure

5
equal to atmospheric pressure. Room temperature gas flow calibriltion meas-

urements of the anemometer flowmeter were made by comparison with a calibr:lted

di~-test volume flowmeter. In addition, the anemometer flowmcter was cali-

brated by joule heat deposited .n the abs~rhcr, by measuring both voltage and

current supplied to the electric heater, and correcting for the resistance of

the lead wires.

The gamma leakage out of the radiation absorber was 6 30”. .1 corrcct~on

for this was obtained from Monte Carlo calculations based on cx~)t’rimcntally

determined gmma spectra. Additional corrections had to be made at short

28
times for the 2.24-minute Al activity produced by neutron cdpture in the Al

cladding of the sample, and for the initial disturbance caused by dropping the

irradiated siimpl~ into the liquid helium reservoir. To correct for these ef-

fects, the average signal for three irradiated dummy Al samples was

subtracted from the calorimeter power recorded when a uranium-loaded sample

was measured. Ne also corrected for the 0.85-s response time of the systcm

These corrections amounted to 3.4% at 10 s, and were < 0.1% for cooling

times > 400 s.

The data were rccordcd by con’rcrting the anemometer flowmctcr bridge

voltage (dc output) to a pulse train with a voltage-to-frequency converter,

and counting pulses in 1-s and 10-s intervals in a 4,096-channel pulse-height



. .
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tinalyzcr USCCIin the multi scaling mode. The contents of the pulse hei!,ht

analyzer were triinsfcrrcd to magnetic tape for canputor analysis. Ihe calori-

meter mcasurcmcnts were normalized by the number of fissions in the =-I-;l-,

which was dctcrmincd by radiochcmistry. Our error analysis showed the over-

all uncertainty (1 o) of the cxpcrimcntal data is < 2% except at the shortest

cooling time (10 s) , where it rises to 4%.
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FIGURE C.4PT10NS

Fig. 1. Layout of the experiment, showing the sample release chumbcr, the

top of the calorimeter, and the hcliu.m boil -off gas tubing. which

passes through the heat exchanger and the unemomctc~ flowmtcr.

Fig. 2. The active portion of the hcliu.m boil-off calorimeter. The radio-

active sample falls to the bottom of iI thimble in the liquid helium

reservoir, where it is centrally locuted in tl]e copper radiation

absorber. The bottom of the liquid nltrogcn reservoir and the outer

liquid helium bath are XISO shown.
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