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ABSTRACT 

The operating charaoteristics of the Clinton pile have been 

studied. 'lhe "best" values of' these characteristios are tabulated 

below. 

Barometric Coefficient -0.4 lob/mil Hg 

Operating Yetal Temperature Coefficient ~Oo3 1nh/oc 
(Operating temperature distribution) 

Operating Graphite Coefficient .. O~8 inh/CC 

Operating Total Coerficient 
(OperatIng temperature distrib~tion) 

-101 inh/Oc 

Metal Temperature Coefficient 
'. (Unif'or}J1 temperature) 

00.,4 ioh/OO 

Graphite Temperature Coefficient ... 1.9 inh/OC 
(Uniform temperature in vacuum) 

Overall Temperature C~fricient 
(Uniform temperature in vacuum) 

.. 2.3 Inh,1OC' 

Xenon PoisioningCoefficient 25 inh/lOOO kw 

The best value of the yield times cross section for Xei35 is' 

1&: ~8.5 x 1014 parns. Assuming Q fission yield or 0.059 the XelSS 

cross section 183.1 x 106 barns. 
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OPERATING CHARACTERISTICS OF A CHAINoREACTING PILR 

Introduction 

A ohain reaotion established within a moderated uranium system will 

show a variation in reactivity depending upon ita environment. A graphite 

moderated pl1ein communication with the atmosphere will show a baroa 

metric effect,due to changes in ~itrogen concentration Within the reacting 

medium. Variations in the temperature of the reacting system will ~ro­

ducevariatlons in reactivityo Changes due to change in relative humddlty 

are extremely small and are not easily measure.do 

A unit from which appreciable' powGr is withdrawn will show the same 

sort of phenomena, but these will greatly influence the dynmnlcs of' the 

reacting system. Temperature changes will-not be uniform, but will depend 

on total power output and position in the pile. The unit considered in 

this report is the Clinton Laboratories pile" It consists of a 24 foot 

graphltocube with a uranium rod lattice" Cooling is accompll shed 'by an 

air stream flowing over each rod o Throughout !!lost 'of this work the '­

operating power was about, 4000 k:w t the maximum metaltemperature>'250o CD 

the pressure drop through the cooling; air channels. 12 inohes water "::;' 

(2 .. 2 em Hgo). 

There' ere, in e.ddi tion to vari etionsdu6, to environment .self= ':' . 
induced variations due to the chain reaction itselro FisSion products 

formed from the reaction will presumablyproduca a 16ss in reactiVity;;-': 

Xe 135 has been -previQusly reported as ~ significant polsion..Attempt~~ 

to detect other: poisions have led '\:;o no positiveresultso . 

.'-
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.. j As normally operated using the maximum metal temperature a2 the 
, 

control point. transients due to heating of the met$l and graphite are 

not o8s11y interpreted. Diurnal variations in inlet air temperature 

cause periodic variations in oparating level and reactivity. It 1s 

therefore not easy to analyse operating data to obtain values oharacter­

istic ot the un1to Under ideal.conditions starting with a.cool rested 

pile (from whioh the Xenon has decayed) and operating at constant power 

with.constant inlet air temperature end constant barcmetric pres8ure. 

the pile will show the following transient= 

-8 lnh :: PA(l"e -~'at) l' PB(loe =Mbt) oj> CP f! ... l ~e (1 .... J...t) _ \ (l_.-"'t~ 
where 

P is the power output t 

A end.B are constants depending on the rate of heat 
transfer to the coolant. 

M is the rate of flow of the cool~ng air D 

e and bare. constants depending on t he rate of heat transfer 
to the coolant, the heat capacity of the metal end of the 
metal and graphite respectively. 

C is a constant dependfng on the Xenon distribution 1n the 
pile end the Xenon cross section, 

'\e end .}\..y are the Xenon and !odi,ne deoay constants respec'\#ively .. 

The tirstcomponent will be due to the rise in metal temperature. 

This factor shows a half-period of 105 min when the power is 4000 kw and 

the air 1'101."1 i.8 105 c .. f om. .After this time the metal will come to a 

heat flow equilibrium with the graphite with which it 1s in contaet. The 

heating of the, graphite will now be the controlling element as shown by 

the second.faotor. Its half period is about 3/4 hourso Thermal equiliQ 

bl"ium will be 90% complete in 7 hours,. The third transient 1s due to the 

formation of Xeno~135. In 72 hours this will have reached 99% of saturation. 

No longer term transfents have been observed .. 

~ 
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The Barometrio Coeffioient 

The method used to measure this coeffioient was to find times when 

the operatlngpile was thermally stable and there was a considerable 

change in air pressure. 

In ODe oase the barometer ohanr.;ed 5.8 um, in 6 hoUl's, which 1s about 

as large as haa been observed. Although the oentral metal showed DO 

8ignificant temperature change in this case. the graphite temperature •• 

,which _re kllO'llm. dropped by a small amount" These temperatures were 

averaged weighting according to the aquare ot the ne~rcm. deDIt ty at 

each point. Tile average ~ropPed' 30 Co This change was taken to be repre-

8entatt ve of the average pile temperature. even though tbe central metal 

did not follow the trend. (The pile wss being operatecl to keep the central 

metal temperature constant). , During this run the'Xenon concentration wae 

at saturation 80 no correction had to be made. A 8light airpre88ure 

correction had.to-be made because of small ohange in flow rateo 

Date = 5=8=45 

Pressure inside pile at 
~pproximQtely the center 

Pressure Change 

tnhour.value of rod motion 
(Motion was into pile) 

Average Graphite Temp. 

Temperature Correction 
(with ooerficient of -103 ~) 

-oC 

Reactivity change due to bero 

~arometrio coefficient 

12«30 A .. M. 

721 .. 4 

o 

o 

10100 

o 

o 

5t30 A.M. 

724.2 

2 0 8 

... 100 

9903 

21>2 

... 1.2 

- .43 

7130 A.V.' 

727.2 mm of' fig 

5.8 mm of Kg 

-1.3 inhour 

98.0° C 

3 .. 9 inhour 

-2.6 lnJ10Ur 

- .45 Inhour 
miD. Hg 
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In this case, the inOreaS8 in reaotivity due to temperature drop 
I 

W8sgreeter than the decrease in reactivity due to eir pressure rise. 

(The temperature 'correction 1s subtracted from the reactivity change 

due to rod motion). 

Other II10thcds of getting the coeff1cient were tr1ed. During 

thunder storma there ere frequently sudden barometrio, changes .11 ch can 

be made use or if the pile 1s at thermal equil1brium. 'lhe method has the 

disadvantage that the ohanges are of 80 short duratloD that the power 

level 1& not likely to be exactly constantc There is also aome question 

a8 to whether the interstices of the graphite follow thebar'ometr1c 

chengeo An occurrence of this type at 12,30 PoM~ on June 7, 19450 was 

examined and e ooefficient of -.1 inh/mm Hg was~bteined .. 

Another method 1s to, measure the reactivity before and after starting 

the fena. This method h~8 the di8fldV8~age of a temperature change not 

only of the metal, but also of the air in the channels and probably in 

the graphite eceanrenying the pressure change., The determination of what 

1s the average pile pressure with the fens operating alao becomes impor­

tant. The average pile pressure ~8 been calculated as the total d1ffer-

ence in pressure from the atmosphere to the exit face minus half of the 

pile differential. This 1s probably the best estimate considering the 

instruments aveUableo A unit change in the average pre~sure measured 

in this way is approximately equivalent to a unit c~enge in barometric 

pressure as fer as the reactivity is concernedo The value obtained by a 

measurement of this type is =.15 i~mm Kg. 'his value is considered 

les8 reliable' than the previOUS value because of the many unoertainties ... 
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Three experimental evaluations were made of the magDit~de of the 

XenoD poi.loning during each of whJ'ch the reactivity of the uDit was 

followed for several days (described below). During these periods baro ... 

metrio fluctuations of a few mdllimeters ocoarred. Theae reactivity chauge8 

were ~t satisfactorily eliminated by assuming ooeffioients of .003. 

-006. -o.a lab/_ Hg respectively. 

'fte "'beet" ,"lue of the barometrio coeffioient; i8 therefore thought 

to be -0.4 .. + 0.05 1Jib/mrit~. The previously reported value (CP-1300) -
..... 26 inb/mm Kg. 

Temperature Coefficient 

Introduction 

The net result of an inorease in the temperature of a graphlte 

moderated uranium pUe is a ohange in reaotivity. !his change 01' reao­

tlnty 1s due to the follOwing terms 

~I = .o.Kt, .,. ~K i' AtK ... 11\ K, 

where the first term evaluates the reactivity ohange due to a change in 

neutron leakage from the pile, the second term gives the change due to 
I 

Doppler broadening of U238 resonance ).avels. the third term; the leveling 
, I 

of neut~on density at high temperature. the fourth, the oontribution 
, 

due to ~r18tion of'\. with neutron ener~. 

The mean "free path ,of a neutron increases with temperature so that 

a larger fractional leakage will occur 'at high temperatureso This wi~l 

produce a loss in K with temperature riseo The broedeni~g of the U238 

re80nance (E -10 ev) with temperature rise will cause greater resonance 

absorption and therefore a loss in Ko The absorption and particularly 

~he fi881~n CrOss section ofu235 deviate from the ~V law so that at 

higher temperatures a smaller fraction of the total neutrons will be 

r 
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absorbed by U235• This will also. produce a negative coefrioisnto At 

high temperature. on the other hand, the ripple in the neutron distrl ... 

buti;on in the la.ttice will become less pronounced because of. the larger 

mean free path, so th~t K. should increase if this factor could be 

evaluated alone .. 

Of the total coefficient described above, the leakage. leveling and 1... 
terms depend. upon neutron energy and therefore vary essentially with the . 

temperature of the moderatoro The sum of these may therefore be evaluated 

by mea.suring the temperature coefficient due to a ohange in graphite 

temperature alone .. 

The resonance efre~tt .on the other hand, is a funtion of metal tem= 

perature, and may be evaluated by measuring the metal temperature 00-· 

efficient with the graphite held at constant temperature .. 

The errOrS in calculating the oontributions of these various effects 

is such as to give no reliable estimate of the ooefficient expected.. An 

empirical evaluation has therefore been made for each pile erected 0 The 

Argonne and Clinton piles hav~ both been found to have negative coeff'iclentsQ 

At the Argonne it has been possible to change the whole pile temperature 

uni~ormly, and to observe di reotly the variations of rea,cti vi ty with 

temperature 0 Beoause of the research and production oommdtments at Clinton 

it haa not bean possible to observe the effect in this manner except on 

two occasions. In the first instance, the pile was heated with artificially 

heated air (CF-1300) and a coefficient of =0015 i~oC was observedo 

In the second instanoe, the pile cooled for several days, and the reacti-

vity was followed. The temperature effect was mixed with Xe deoay and 

barometric changeso These measurements are described belowo. ReactivitY 

changes associated with variations in temperature are easily observed in 
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the pile operating at high powaro These changes. expressed in termS of 

"operating" coefficients, involve non-uniform temperature changes. and 

must be converted to uniform coefficientso 

An independent measurement of the DIetel temperature coefficient can 

be useful in the evaluation of Doppler broadeningo This measurement oan 

be made most satisfactorily by an analysis of the t~mperature transient 

at the time of pile at8J*t-up or shutdowo 

Operating Temperature Coefficient . 

The change in reaotivity of the pile et equillbrium per degree change 

in control metal temperature (in practice. the hotte,at slug) may be called 

the op~re:ting total temperature coefficiermo It is the sum of the con-

tributions due to changes in metal temperature. graphite temperatura and 

nitrogen concentrationo This coefficient was originally evaluated when 

the maximum permitted metal temperature was changedo The value of 

=.58 in~oC was reported in CP."l300. 

Independent evaluetions of the same' ooeffioient were made based upon 

normal operating record8~ PeriOds of equilibrium operation were found 

during a three month interval characterized by similarity in all opera." 

ting conditio~ except pile temperaturso The limiting conditions were 

the following, 

No shutdown nearer than three, hours previous to the runo 

All available temperatures constant during-the three 
hours within T 2cCo 

Power level constant within + 0025%. 

Inlet air temperature within + 10 C. except in one case. 
, '-

Exit air temperature within i 30 C. 

Amount of nitrogen in pile wi thin ±. 003%. 
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The amount of nitrogen in the pile was t8.ken to be proportionel to 

the average air pressure divided by the average eirtamperature (absolute 

soale). The average air pressure was assumed to be the barometric pres­

sure minus half or the pile differential pressure l' and the averar;e 

tem.perature to be the a"erage of inlet and outlet air temperatures.' 

, Three seta of 4ata were found for three different values ot nltrogen 

conoentration. From the rod positioDS at t heae tl1188 the difr~rencel 1n 

re act l,,! ty were oaloulated,_ These were correoted tor the Xenon poision­

ing and trom thi8 and the oentral metal temperature the ooeff'101ents 

were caloulated .. 

Case Inhour Inhour Inhour Metal Temperature Operating 
Difference (Xenon Difference, . Ditference °c Total 

CorrectIon) (Xenon ' Coefficient 
Correoted) 

I 29002 1000 19~O2 28 .... 068 1nh ..:r 
II 17022 804 68 .. 8 50 01038 

lIt 62",98 904 53.6 50 .. 1.07 

The lack of agreement in the coefficients is taken to mean that the 

conditions were not sufticiently stringent. but aince any~ther re­

duction in tolerance would elimina.te the data altogether. the metbod was 

abandoned in' favorot the pile sbart-up method. 

When the Clinton Pile was first put into operation. a series or cali-

bration measurementa were made. Among them waa one or the temperature 

coefficients of the metal alone which gave a' YBlue or ;".66 inh/oC 'ror 

the central alug. the experiment i8 described in detail in CP=108l. aDd 

1s referred to in CP-l300 where the measurement is said to be subject to 

corrections - due to the fact that some heatIng or thegraph1te took 

/ 
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place and due to the better knowledge of the position of the active center 

of the pileo later, as reported in OP ... 13oo, metel. temperature coefficient 

measurement. were made under operating tempereturedbtr1bution by shut­

tIng down the pi.le when at thermal equilibrium and t&klng o.rltlcala at 

low power as the fans 0001 the metal. The graphite coels very little 

while t~ metal 00011 to graphite temperatureo Usiq thi.s'method the 

ooett'icient waa det&!'IDined to be ""043 inb,.l'OC. Prom thie reault the 000 . , 

etficient tor a uniform temperatUl'e ohange was oalculet~ to be 0.12 iM/ce. 

A single pile start-up cm be used to meaaure both the operBtl~ 

metal and the operating tot~l temperature coefficient. It the pile is 

rapidly brought to so,., power level two temperature transients ooour. 

First, the metal heating by itaelf with beat transter to the graphite 

small, and then as the metal temperature beoomes significant a transition . \ 

. to the seoond transient. where the graphite and metal temperature. riae 

together 0 The temperature distribution during this rise iB essentially 

that of equilibrium conditions, 80 t hat the coeffioient obta~ned from 

the rise isS1sothe ooefficient tor equilibrium conditlon&o 

In preparation for a etartoup measurement the cooling tans are run 

for as long a period as possible during a .hutdown to lower the pil. 

temperatureo With the fans running the .power is brought up to 1 kw to 

establIsh the position of the 'U2 rod for constant powe~ at that temperao 

tUNe Since the 12 rod is most comrement for operation it elone 1s used 
\ 

for the measurements. '!'hen the pile is brought up to full power end a 

log is kept or oentral metal temperature. /12 rod posi1;ionp and the bare-
r 

meter reading for an hour or morao From the 12 rod oalibration a oon-

v~Tai.on is made from rod position to reaotivity.. These values are ' 

correoted for ohanges in t he 'Xenon concentration (oorrection usually about 

4 iDhours) and in air pressure (amounting to abcut 1 inhour)o 
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A plot i8 then made 8S in Figures 1 and 2 of the difference between 

the instantaneous value of the hottest slug temperature and the equili­

,brium value tor that power level, wit~ the d1fferencs plotted 88 ordinate 

on a semi-log Bcale and time as abscissa on a linear scaleo Since the 

pile power ie,not uausllyheld constant until temperat~ equilibrium il 

attained, an equilibrium value i. ohosen which will make the seoond 

temperature transient appea.r 8S 1Il8.k1ng a plot or reaotlvityagalnat,tillD. 

'the temperature and reactivity curves when ana17zed sbow two component., 

which ere, respectivelyp parallel. 

The two temperature exponentials aa plotted here are eac~ of the 

1'orm T-'l'o : P(l ....... kt) where p. k, ~d To are oODatants. P de pend a on 

the power level end the rate of heat transfer to the coolant. k depend. 

on the rate 01' heat transfer alone, eod To i8 the initial temperature. 

'On one run the data (S8 plotted in Figures land 2) were a8 follow .. 

Time 

1134 PoMo 

1,43 

Metal Coeffioient 

Temperature (from analyzed 
curve not fran data ourve), 

8lt.Oo c 

4010 C 

1609° C Difference 

Operating Metal Coefficient -.30 1nh/OC' 

Time 

ls50P. M. 

2:50 P. M. 

Dirference 

Metal Temperature 

22.40 C 

11 • .,0 C 

10070 C 

Central Graphite 

,25090 C' 

13.5° C 

1204 0 C 

Reaoti vi. ty from 
analyzed curve 

21 0 0,inh 

1.0 1nh 

2600 1Dh 

Reactivity 

3003 1nh 

1700 inh 

1303 inh 

gpe~~1~g iotal 
: 1803 :.103 lnh/OC (1007 x .,3 g 302 inh due to 

08 c en 'to.6 metal temperature ri8e) 

Operating' 0 10.1 =0 0 82 inb/OC (10.1 inh due to ~raphite 
Graphite Coefficient D I2:.r ~ , . temperature rise) 

r.; 
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To check the hypothesis that the graphite followed the sarns exponen­

t181, a plot We8 made of the' difference' between the instantaneous oentral 

graphite.'temperature and the equilibrium value on 8. log scale against 

time on a linear soale. The curve ,obtained was a straight line p~allel 

to the metal temperature lineo The values . obtained trom four runs of 

this type Inoludingthe above gave the 'following results. 

Date 

6-9=46 

7-23-45 

9-21-45 

12 .. 6-45 

Operating Vetal 
1'emperature 
Coefficient 

-.3 Inh/oC 

-.a· n 

-.15 ft 

-.2 " 

Operating 'lotal OperatIng Graphite 
Temperature Temperature 
Coeffioient Coefficient 

-1 ... 3 1M/OO "().8 inh/oc 

-104 . " -10.0 " 
... O.? ft -0,,6 It 

... 1.0 " ... 0 .. 8 " 

The accuracy of the measurement depends to a large extent on the 

accuracy of the control rod calibration. The change in the control rod 

calibrat10n aa the pile heats upls a factor which haa not been assessedo 

BOIII'8V8l", the fact that the two sets of high values we~ obtained on one 

regio~ of the rod wt:ile the two sets of low value# were obtained on an­

other pOints to an error in control rod calibrat ion.. Oooasional Changes 

in metal loading and in the position of poisons are fee tors affec~ing 

rod calibrations. 

Wo account has .been taken of the thermal expanslon of the air 1n the 

g~aphlt. 80 the operating coefficient. 1s for metal, graphite, and airo 

~etal and Graphite Coefficient " 
. I 

Certain coefficient measurements could not be classified a8 operating 

ooefficients. beoauseof different temperature diatributionso Durin~ 

a lOW' power run hI. Ootober. 1944 t when the decay of the Xenon was being 

\ 
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followed, correotlcns dus.to temperature ohanges fit the best when a 

temperature coefficient of ~lo3 i~C was used. This i. reported· in 

CP~2192. In this case (mentioned later 1n thisoreport in the section on 

Xenon) the metal waa at the temperature of the adjaoent graphi teo In 

another· MID ot this type, February, 1945, a value of -1.2 1M/oo gave 

the beat resultse 

In two other measurements reported 1 n. CP .. 2222, the pi Ie was allo ... 

to s1t after ahutdcwa until the metel temperature dropped to graphite 

temperature 0 A critical waa taken, the pile was cooled by the tana, and 

then anothAI' reac~1Yit7 measurement was taken. '!'he values of temperat~ 

coeffioient obtained wore -1.1 111h/°C and -1.6 inh/OC.. In a later run 

of the same type, a value of =09 lDh/OC wae obtained. 

Temperature Coefficient Without Gradient 

'!'he temperature ooefficient for the pile at uniform temperature was 
-

measured only onoe when the pile was heated ovornight by radiators in 

the inlet air duct~ The vslue observed.aa reported in CP·l~OO is ·.75 i~Co 

Best Values based OD the available d.tel' -...... --... -.~ . 

("penting total Coeffioient : 01.1 lnttfOC ! .1 (temperature reference 
point at central or; 
hottest slug) 

Operating Metal Coefficient :: -0 0 3 inb/°C .,. .05 (Temperature reference 
-. point at central or 

hottest slug) 

Operating Graphite Coeffioient :...008 l~C :t 01 
(no correcting tor nitrogen) , 

(Temperature reference 
point eentralgraphite) 
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" Summary or Exl!rimental Results 

Coerrio.ient Value, Per OC With Temperature Metal Graphite . Temperature Re_rlc.· 
Inh,lOC Respeot, '1'01 . Distribution '1'emperat~e Change 

Difference Distribution 

Operating -.58 Hottest Slug Operating Operating Operating CP-1300 
'1'otal 

It -.68 " It " It lot pre"" 
rtously 

It -1.38 " It " It reported 

" "'1.07 .. " " It " 
.. ... 1 .. 3 " It .. " " 
It -1.4 It It ft It tt 

tt .... 1 " It It .. 'It 

It -1.0 It It It tt u 

Operating -.66 " .. It " CP .. I081 
Metal 

It -.43 11. " " It CP-1300 

" -.3 It " It It Not pre-
viously .. -.3 u It " .. reported 

It -.15 n " - " .. .. 
tI ... 2 .. It .. It .. 
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SUmmary of ~erimantal Results (Continued) 

Coefficient Value. Per °c With Temperature . Metal Graphite Temperature Remarke 
InhrC Respect TOI Distribution. Temperature Change 

. DIfference Distribution 
Operating 
Graphite ;"08 Central Graphite Operating Operating . Operating Not pre-

/ vlously 
It -1 0 0 .. It It II reported 

It . ""05 .. It " " It 

II -.8 n It " ft .. 

:Metal and 
Graphite -103 All Points It Zero Uniform CP.,,2185 

tJ -101 " .. .. It CP"2222 

It ... 1.5 " .. It It, CP"'2222 

" -0.9 It If " Operating Not pre-
viously 

" ... 1.2 Average Pi Ie tt It " repOrted 
Temperature· 

Total -.15 All Points Uniform Zero U~form CP-1300 

* The average of available temperatures was 'obtained using the square of the neutron densities a8 weight factorso 
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Calculated Coefficients For A Uniform Temperature Distribution 
\ 

With the help of Messrso Weinberg and Scalettar a ealculetioD was 

made of some coefficients for the pile changing temperature unifor~y. 

The.average temperature in any slug channel was obtalnedby the formula 

where 

T (Z) : TV' M 
.J 

. L ' 

ir,(,) M2 (.) da : '1'11.(.86) 

1,1(1) d • 

1M, is the metal temperature at the hottest point of the row., 

r(z) = the temperature distribution as a func~lcn of position 
(z) in the row. -

As an approximation in lieu of good data we took e sine function 

starting at sero at the beginning of the row of metal and reaching a 

maximum at a8 cm behind the center of the pUe, which 1s the measured 

hottest paint. 

V(s) .: the neutron density d:tstribution for which we took- the 
sine function reaching a maximum at the center and 
zero at 50 em beyond .~ech end of the metal roWBo 

The average :temperature along a d:lameter was obtained by a simUar 

equation: 

where 

TJ'It(r) :; Tyt' 

R I ' 1 R(r): ,r(r)r dr 
1 R" -j rI- (r)r dr 

o 

:: T,," C, 87 ) 

TV" '= temperature st r: 0 for aome constant Z 

R(r) : radial temperature distribution function which was 
,'. obtained from a cross sectional temperature plot , 

. where 

M(r) :. radial neutron distribution. taken to be ·Jo· (2.4' R~) 
r ; variable radlus p 

R ::. radius of metel loadings 50 em.is augmentaticJD dhtane80 
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Multiply1n& the two together we get the eftective average metal 

temperature. 

Tveft : .,.,(,86)(,,87) :: 016 'lUO 

where 'MO= 'lempereture ot hottest sluCo 

Then the metal temperature coefticientls 

eM: CU' : .0S :: "'04 .1Dh 
:Ti ":li' CSc 

where CM 18 the coetncient 'tor the metal with constent temperature rise 

over the pile e 8Dd Cu, 1s the coefficient with operating temperature 

d1 atri butt on. 

It _ aflSUlll6 the same temperature distribution relative to the hot­

test graphite point a. was calculated for the metal e we have 

TG ave - 0.76 'lGo • 

'lhen C'G.: 
CG = :76 "'08 

:75 II ... 101 iab 
00 

where Co is the graphite coerflolentror a uniform temperature distribu­

tion.and COG i8 tor an operetlng temperature dletributiono 

The assumption that the graphite temperature distribution'is the 

same as the metal neglect. the fact that-the hottest point in the 

graphite is farther trom the center of the pile than the hottest point 

1n the metal. However, the error introduced is probably not greater 

then 0.1 inhjoC. This value for graphite includes the contribution due , 

to the ",ariation in the nitrogen content of the graphite and channels. 

P : RDT dP : ROdt for constant denai ty. 

Then 

m T 0c dP _ dL , tor dP :: 1 mrn ot If&, d1 : \lOr : __ -::-__ -yr-,- ,r mmHg " 
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Since 8 change or 1 mm or Hg produces 004'inh ohange in reaetivityp 

,. -1" ,- °C , and 
04 IIlIi 

°c _ T 
inti - o:tP 

an avera~ pressure ot 140 end average absolute temperature or 385 gives 

Nitrogen temperature coefricient... lnb. - 0.4 P - 004 x ·740 _ 0.8 tah 
- l'C" '1' - 386 1rC 

The correotedgraphite coeffioient will ~eretore b. 

CON: Co - (12 correction): -1.1 - 008 :-1~9 ~ • 

Then the oaloulated temperature ooefficient ot the lattice in vacUO tor 
" 

un1tor.m temperatUre distribution is 

Total Tempereture Coefri'cient g ... 1.9= 0 0 4 : .... 2 0 3 inh 
. .~o 

Evaluation of Causes of' Temperature Coefficient 

From above 

OK • ~ Kot ',-k t ilt1c i At k 

where Alit 1. the change in reactivity due to change in leakage, Ark 1. 

the change due to Doppler broadening of' u238 resonance p At,k is due to 

the ~eve1ing eN'ect of,the neut~on density at high temperatures, ~k is 

due to the variation in '\. with neutron energy. 

In'C~-478 Morrison evaluates the taetors causing the temperature 

coefficient and gives an estimate of the temperature coetficient tor a. 

lattice with rods 1.6 em radius, while the Clintcn pile has rods of 1.4 

em radius. Assuming that this discrepancy will cause only small errore, 

a re-evalu8tion of ''lk is made using Mo-rrison' 8 valUes of A1k ~d .Atk,. 

since ~ wes stated to be the least reliable. 
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fletal CoefticieDt :. 4rk 

'lie 
.6t;k 

Al[k 

-20 ... 

Morrison 

-loS x 10-6 

-2.7 x 10·& 

+4.6 x 10.5 

-9.7 x 10-& 

Graphite Coet.rlo1e~ -Alk t 4tk tA,k 

total =Alk.Atk.Aak~~ = -9 x 10.6 
Coefflo1eut -l 

Xenon Poi 80Ding 

Our Value 

. -1.0 x 10 ... 6 :: =.4 l~C 

-8.6 x 10-6 

-4." z 10-6 = -1.9 tn1tJOC 

-6.' x 10.6 • -2.1 ~C 

The inhour val. of the Xenon POiloninC wal determined by caloulatlne . 

a theoretioal ourve for the relative amount of Xenon pre.ent; end metoh1nc 

it to a reactivity ourve oorrected for other er"otao 

In order to oalculate the Xenon ooncentret~on during a run the pre­

vious pile history haa to be known. but not further baok than 72 houri 

because the Xenon whioh was present at that t1me wUI have deoayed· to 

less than 1% of the original value .. 

where 

'k1wt_... ).1 (k p etl r.-~e(t-t) co .... Ay(t-l.1 

'!'he formula tor the oonce:trati on at ~ time. t. 18 1 
.. ~ - Xi - >;; ~ [ . 

~ = deoay constant: 0.1060 hr-! 

~e : deoayconstant: 0.0737 hr-1 

P ("(,)= the p~ower le'991· in KW 

k = proportIonality constant 

dt 

When used for oaloulation it is best expressed in t~i8 form for the 

conQentratlon at any time tn. 
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~ ... ~~. b [Pi (e-~tn 
.,. e-Artn 

e~eti .-l'xJt-l) . ); ~ . 
N!J 

• 'Io.r\ -i'itt -1j] 
.,.. Nxe :: ~k 

where Pi 1. the POWI' 1.".1 trom ~ - ~ until "l.- We .. e indebted to 

Mr. Soall.tar tor sett1ng up these eqGetloDs. 

In Figuresl end 2 are ShORn the power levals ot the period 1-4-4& 
\ 

,to 1=8-'6 and the resulting oaloulated Xenon oauaentratlonlo ExpertmaD-
I 

tally, we plotted the reaoti vi ty 1088 of the pile as a tunction ot ti_. 

getting the reactivity rrom the control rod positions and oOrrecting 

this ror'barometr~~ ohanges with a barometrio coefficient ~t ~o3i~mm eg • 
. the curve, Figure S, that _ then obtained shond temperature and Xenon 

tranaients. or the total run whioh la.ted over t~ur day., about 16 houri 

are occupied by temperllture transients. These Occur at t he beginning. 

when the pile came to rull pOWer at 2000 0, and again in the middle of. 

the pariCld when it ohauged to 4000 0. , .hide from. these period. the 

reaoti vi ty ourve showed a shape which could be matohed by varying the 

ordinate_or the caloulated Xenon ourve to the proPer valueo Wi t~ thi, 

done we could .Ned ott the lnbour value or the Xenon ror any time. 

Since the 4000 KW run lasted ror two daya the Ir.turation value weI reached 
? 

within 5%. At:he end of that time the inhour value wes 100.7. At com-

plate saturation it 'WOuld hav~ been 106 .. 2 Inhoura. The power left1 wee 

4040 KW. 80 the saturation value or the Xenon poi8oning or the Clinton 

pile is 26 l~megawatt. 

This value correaponds to yO-: 18 x.104 barns. Using y-to be .069, 

which is the SUM of 0.056 tor XeISS rrom the 11S6 decay reported in 

CC-2219 and 5 .. 6~ or 0.056 : 0.003 reported 88 the independent fIssion 

yield of Xe136' in CC-SOO7, we obtain 0;, : 3 0 0 x'106 barnso 
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In the first evaluetion of Xenon poisoni"g done in October 1944, 

and reported 1n CP-2192, 2205 1M/megawatt wes found to be the satura ... 

ti on polscming t y~ =- 16 x 104 barns and 0:. ;:i. 2. 'I x 106 barns. using 

y .i 0 .. 059. Dur! nil this run Q barometric coefficient of ...o~3 Inh/mr. Bg 
. . . 

and a total operating temperature ooeffi01ent of -108 'illh/OC were ~.cl. 

tn another Xenon run, February 21. 1946, 2& tab/megawatt \'1&8 ob-
. ") ., 

served as saturation Xenon poi8oning t ye:'s 1806 x 104 barns, and ~e .: 

3.1 x 106 barns. Barometric coetficieut of -.5 1Dh/1IIIIl Bg and total 

operet'ing temperature coefticient of .. 102 iDh/oC were used 8ati~factorl1J" 

During this run the pile was I shut down for four days end t he Xenon deoa,. 

was followed" 

Lon~er Period Poison 

The February 21, 1945, run which lasted four days was also analysed 

for a pos8ible ·longer period poison. the decay time ot tour days would 

make a decay of half·Ute of about a "\\"ekmoat prominent. No effeot 

was observed, and oonald.ering the aocuraoy of the measurements we Od 

8ay that a poi Bon of halt-life ot about a week and ~~ 2500 would 

probably have been observed. 

During the run of October, 1944, reported in CP~2192. a large amount 

of metal whi<1h had been in the pUe three month. or more was discharged 

and a ohange in reactivity which could be attributed to a long-Uved 

poison trom fission products was not observed" 




